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1.0 INTRODUCTION AND GENERAL DISCUSSION

The Westinghouse Electric Corporation {hereinafter referred to as Westinghouse)
tendered on June 30, 1975, with the United States Nuclear Regulatory Commission
(hereinafter referred to as the Commission) a proposed preliminary standard or refer-
ence system design, designated as the RESAR-35 design, for a nuclear steam supply
system. The submittal was in the form of an application for a Preliminary Design
Approval by the Commission and was in response to Option 1 of the Commission's
standardization policy, WASH-1341, "Programmatic Information for the Licensing of
Standardized Nuclear Plants.” Option ) allows for the review of a "reference system”
that invoives n entire facility design or major fraction of a facility design out-
side the context of a license application. The application was docketed on July 31,
1975,

The initial Commission policy statement on standardization of nuclear power plants
was issued on April 28, 1972. It provided the impetus for both industry and the
Commission to initiate active planning in their respective areas in order to realize
the benefits of standardization while maintaining protection of the lealth and safety ‘
of the public and of the enviroment. In a subsequent statement issued on March 5,
1973, the Commission announced its intent to impiement a standardization policy for
nuciear power plants. The Commission’s standardization policy, WASH-1381, was issued
on August 20, 1974. Amendment 1 to WASH-1381, dealing with “options” and Yoverlaps,”
was issued on January 16, 1975. The regulations governing the submittal and review
of standard designs under the "reference system” option are found in Appendix 0 to
Part 50 and Section 2.110 of Part 2 of Title 10 of the Jode of Federal Regulations H

{hereinafter referred to as 10 CFR). H

A standard safety analysis report in the form of a Westinghouse Reference Safety ,
Analysis Report, RESAR-3S, was submitted with the application. The information in
RESAR-35 has been supplemented by Amendments 1 through 13. RESAR-3S and these amend-
ments are available for public inspection at the Commission's Public Document Roof ,
1717 H Street, N. W., Washington, D, C. 20555.

This safety evaluation report summarizes the results of the technical evaluation of
the proposed RESAR-3S design performed by the Commission's staff, delineates the
scope of the technical matters considered in svaluating the radiological safety
aspects of the RESAR-35 design, addresses the comments made by the Advisory Comittee
on Reactor Safequards in its report of July 14, 1976, and addresses the resolution of
the outstanding issues previously identified during our review. Environmental
aspects were not considered in our review of RESAR-35, but will be addressed in each
utility application for a construction permit which references RESAR-3S.

1-1 711155
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Rased on our evaluation of the ~roposed RESAR-3S nuclear steam suprly system dosign,
we conclude that (1) a Freliminary Design Approval for the proposed design can be
granted, (2) the proposed design can be incorporated by reference in construction
permit and standard balance-of-plant design applications, and (3) a nuclear steam
supply system utilizing the proposed design can be constructed without endangering
the health and safety of the public. Our detailed conciusions are presented in
Section 19 of this report.

Utility applicants referencing RESAR-3S in the future will retain architect-engineers,
constructors, turbine generator vendors, and consultants as needed. Prior to a deci-
ston for issuance of a construction permit, we will evaluate for each utility appli-
cation which references RESAR-3S the technical competence of the applicant and its
contractors to manage, design, construct, and operate a nuclear power plant.

ihe review and evaluation presented in this report is only the first stage of a con-
tinuing review by the Commission's staff of the design, construction, and operating
features of the proposed RESAR-3S nuclear steam supply system. Prior to a decision for
issuance of an operating license for any application which references RESAR-3S, we will
review the final design of the proposed RESAR-3S nuclear steam supply system to deter-
mine that all of the Commission's safety requivements have been met. The facility may
then be operated only in accordance with the terms of the operating license and the
Comnission's regulations under the continued surveillance of the Commission's starf.

Amendment 1 to WASH-1341 states that utility applications for construction permits
tendered on or after January 1, 1976 that reference a standard design should only
reference those portions of standard design safety analysis reports consistent with the
standardized scope as defined in Amendment 1 to WASH-1341. The WASH-1341 document
further states that a standard design applicant wishing to standardize items not
within the standardized scope, may do so by submitting the necessary information frr |
staff review under the topical report program. After January 1, 1975, non-standardized j
scope items may be referenced by utility applications only as part of the topical |
report program. |

BESAR-3S originally contained descriptions of certain "optional” systems that were not
within the standardized scope of Amendment 1 to WASH-1341. At our request and in
accordance with the provisions of Amendment 1 to WASH-1341, Westinghouse deleted from
RESAR-3S the descriptions of these systems. In a cordance with the provisions of WASH-
13417, Westinghouse subsequently submitted for our review the descriptions of these
systems in the form of topical reports.

Westinghouse also offers several of its systems and components which are in the
standardized scope of Amendment 1 to WASH-1341 as options to its customers. We have

reviewed these systems, have identified them as being options, and have presented our
evaluation of these systems in the appropriate sections of this repert.
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In the course of our safety review of the material submitted, we he d numerous
reew1ngs with representatives of Westinghouse to discuss the proposed nuclear steam
supply system design and performance. During our review, we requested Westinghouse
to provide additional information that we needed for our evaluation. Tnis additional
information was provided in amendments to RESAR-35.

As a result of our review, a number of changes were made in the proposed nuclear
steam supply system design. These chenges are described in the amendments and are
discussed in the appropriate sections of this report.

A chronoloyy of the principal actions relating to the processing of the application
is included as Appendix A to this report. A bibliography for this report is included
as Appendix B. A copy of the Advisory Committee on Reactor Saveguards' report on
RESAR-3S is included as Appendix C.

Since a standard nuclear steam supply system does not include the entire facility, it
is necessary to specifically and extensively describe the safety-related interfaces
between the nuclear Steam supply system and the balance of plant. Interface informa-
tion addresses the pertinent safety-related design requirements including the jperat-
ing environment; inputs to transient and accident analyses; and the layout, struc-
tural, and performance requirements necessary to assure the compatibility of the
nuclear steam supply System with its mating portion of the plant and site. This
information has been included in RESAR-3S and our evaluation of the interface infor-
mation in RESAR-3S is contained in Section 1.7 of this report.

General Description

The proposed RESAR-3S standard design will consist of a nuclear steam supply system
with a thermal power rating of 3425 megawatts, which includes a core thermal power of
3411 megawatts plus 14 megawatts from pump heat, and a four loop reactor coolant
system. The proposed reactor coolant system will be housed in a containment building
which is not within the scope of RESAR-3S and which will be designed by applicants
that utilize RESAR-35. The scope of RESAR-3S will include many of those components
and systems which are directly related with the normal operation and emergency shut-
down of the reactor, and will include a2 standard system of integral supports for the
reéactor coolant system. Figure 1-1 graphically summarizes the desigr scope of
RESAR-35. A listing of the major components and systems within the scope of RESAR-3S
is presented in Table 1-1 of this report. A more detailed listing is presented in
Table 1.7-1 of RESAR-3S,

Not included in the RESAR-3S scope are the conventional balance-of-plant features such
as the auxi,iary service facilities and the general “ervice facilities. Such facil-
ities include plant buildings and structures, the ultimate heat sink, onsite and
offsite electrical systems, the main steam system exclusive of the steam generators,
and the turbine-generator and its auxiliaries. Howeyer, the RESAR-3S scope does
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TABLE 1-1

COMPONENTS AND_SYSTEMS WITHIN THE SCOPE OF RESAR-3S

Reactor Core
Reactor Coolant System

Reactor Vessel

Reactor Vessel Internals

Rod Cluster Controls

Burnable Poison Rnds

Control Rod Guide Thimble P\ugs
Encapsulated Primary Neutron Sources
Encapsulated Secondary Neutron Sources
Control Rod Drive Mechanisms

Steam fienerators

Reactor Coolant Pumps

Press.rizer

Pressurizer Relief Tanx

Chemical and Volume Cortrol System

Pumps with Motors

Heat Transfer Equipment
Tanks and Demineralizers
Filters and Orifices

Boron Concentration Meter
Residual Heat Removal System

Residual Heat Removal Pumps
Residua! Heat Exchangers

Emergency Core Cooling System

Safety Injection Pumps with Motors
Accumulators

Soron Recycle System

Pumps with Motors

Recycle Evaporator

Tanks and Demineralizers with Resin
Filters

Nuclear Equipment Supports

Reactor Vessel Supports

Steam Generator Supports

Reactor Coolant Pump Supports
Pressurizer Support Ring

Reactor Coolant Loop Pipe Whip Restraints




TABLE 1-1 (Continued)

Piping
Reactor Coolant System
Valves, Including Operators

Reactor Coolant System

Chemical and Volume Control System
Residual Heat Removal System
Emergency Core Cooling System
Boron Recycle System

Hand1lins Equipment for Fue)l and Reactor Vessel Intermals

Refueling and Fuel Handling Machines

Fael and Rod Cluster Control Handling Equipment '
New Fuel Storage Racks :
Spent Fuel Storage Racks

Instrumentatior and Control

Main Contrnl Room Panel Board

Board and Panel Mounted Instruments

Auxiliary Control Panels

Reactor Control snd Protection System Reactor
Process Control

Reactor Protection Leogic

Engineered Safeguards Initiation and Actuation
Circuits Testing System

Rod Control System

Rod Position Indication System

Stean Dump Comntrol System

Feedwater Control System

Nuclear Instrume: .ation System

Process Instrumentation and Controls |

Containment Pressure Sensors

Leading Edge Flowmeter Measurement System

Incore Instrumentation

Loose Parts Monitor

Plant Electrical Equipment
Rod Drive Power Supply System
Pressurizer Heater Variable Power Controller
Vital Instrument Alternating Current Power Supply for
Nuclear Steam Supply System Instr.nentation and Control
Motors for Westinghouse-Supplied Equipment




1.2.1

include the delineation of interface infarmation pertaining to the compatibility with
RESAR-3S of those balance-of-plant features that have a direct bearing on the integrity
or on the functional capability of the systems within the RESAR-3S scope.

For thuse systems that are within the scope of RESAR-3S, the detailed piping design
and layout are provided only for the reactor coolant system. For all other systems,
RESAR-35S includes the necessary interface information for the balance-of-plant
applicant to design the piping and system layout,

The RESAR-3S nuclear steam supply system is designed such that system and components
within the nuclear steam supply system that are important to safety will not be
shared between units at multi-unit stations,

Reactor System

The proposed pressurized water reactor system will include the reactor vessel and
nozzles, integral supporis, reactor vessel head assembly, the reactor core, and all
internal appurtenances required to support the reactor core. This is all within the
scope of RESAR-3S,

The proposed RESAR-3S reactor core will consist of fuel rods made from uranium-

dioxide pellets contained in slightly cold-worked Zircaloy-4 tubing which will be
plugged and seal welded at the ends to encapsulate the fuel. The fuel pellets will con-
sist of slightiy enriched uranium~-dioxide powder that will be compacted Ly cold pres-
sing and then sintered to the desived density. A1l fuel rods will be internally
pressurized with heljum during the welding process. The design height of the fuel
pellets within each rod is 143.7 inches, while the overall fuel rod length will be
151.6 inches.

The RESAR-3S fuel rods will be combined in a 17 x 17 array to form fuel assemblies.
These fuel assemblies will have eight spacer grids and contain guide thimble channels
for the neutron absorber rods, burnable poison rods, or neutron source assemb:ies.
The RESAR-3S core will be formed of 193 fuel assemblies. A1l fuel rods within a
given fuel assembly will have the same uranium enrichment. Ffuel assemblies of three
different uranium enrichments - approcimately 2.10, 2.60, and 3.10 weight percent
uranium-235 - are proposed to be used in the initial core loading to establish a
favorable radial power distribution. Two regions consisting of the two lower
uranium enrichments will be interspersed so as to form a checkerboard pattern in

the central portion of the core. The third region, which will be arranged around

the periphery of the core, will contain the highest uranium enrichment. The fuel
reloading pattern will be typically similar to that of the initial core with depleted
fuel interspersed checkerboard style in the center and new fuel on the periphery.

The core will normally operate approximately one year between refuelings. Approximately
one-third of the core will be replaced at each refueling.

0
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¥.2.2

1.2.3

Reactor Control System

The RESAR-35 reactor control system wili include full and part length rod cluster
control assemblies, huvnable poison rods, and the capability for regulation of the
boric acid concentration in the reactor coolant. The burnable poison rods will normal-
ly only be used for the initial core of any RESAR-3S plant because of the first core's
higher reactivity. The mechanical control assemblies will consist of clusters of
stainless steel clad, silver-indium-cadmium alloy absorber rods which will be inserted
in guide tubes in the fuel assemblies. There will be two categories of full length
control rod assemblies - control assemblies and shutdown assemblies, Control assemblie
are designed to compessate for reactivity changes due to variations in operating
conditions of the reactor, and the shutdown assemblies are designed to have the neces-
sary negative reactivity to provide an adequate shutdown margin. The RESAR-3S control
system for the full leagth control assemblies is designed to accommodate plant step
load changes of ten percent and ramp changes of five percent per minute over the range
of 15 to 100 percent of full power under norma’. operating conditions. The part length
control assemblies are designed to control axial neutron flux shape and axial xenon
oscillations. The soluble boric acid neutron absorber will be varied to control long
term reactivity changes resulting from fuel depletior and fission product buildup,

cold to hot zero power reactivity change, reactivity changes prroduced by intermediate-
term fission products such as xenon and samarium, and burnable poison depletion.

Reactor Coolant System

The RESAR-3S reactor coolant system will include the reactor; four coolant loops, each
with a steam generator and a reactor coolant pump; a pressurizer with associated relief
and safety valves and 3 pressurizer relief tank; and two residual heat removal trains.
Significant parameters for the reactor coolant system are listed below. This coolant
system design does not include loop stop valves,

Normal Operating Pressure, pounds per square inch, absolute 2250
Reactor Power, megawatts, thermal 3411
Reactor Vessel Inlet Tomperature, degrees Fahrenheit 558.1
Reactor Vessel Outlet Temperature, degrees Fahrenheit 618.3

Total Reactor Flow Rate, pounds per hour 140,300,000
Steam Pressure, pounds per square inch, absolute 1,000
Total Steam Flow, pounds per hour 15,140,000

The reactor coolant pumps are designed to circulate reactor coolant through the

core and steam generators in order to transfer the thermal output of the core to the
secondary side of the steam generators. An electrically heated pressurizer will be
connected to the suction side of the reactor coolant pump in one of the coolant loaps.
The pressurizer is designed to establish and maintain the reactnr coolant pressure.
Two air operated relief valves and three self-actuated safety valves will be connected

to the pressurizer vapor space and their discharge will be to the pressurizer ?;‘l_i_ef//P
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1.2.%

1.2.5

The two residual heat removal trains will each consist of a heat exchanger and &
circulation pump. The pumps' suctions will he connected to the hot legs of two reactor
coolant loops and their discharges wili be connected to the safety injection pump
discharge lines, The residual heat removal system will be used to remove decay heat
during normal plant cooldown and shutdown,

Engineered Safety Features

The engineered safety features within the scope of RESAR-3S include the major por-
tions of the emergency core cooling system and those portions of the containment
isolation system relating to the systems within the scope of RESAR-35, This system

s designed to provide core cooling and protection for the complete range of postulated
primary and secondary coolant pipe break sizes, which are evaluated in Section 15.5

of this report.

Those portions of the emergency cure cooling _ystem within the scope of RESAR-3S
include four accumulator tanks connected to four cold leg safety injection lines and
two high pressure and one low pressure injection systems wi th provisions for recir-
culating the borated coolant at the end of the injection phase. Each of the three
systems will be able to take its suction from either the refueling water storage tank
or the containment sumps, which are outside the scope of RESAR-35. The emergency
core cooling system is designed to provide core cooling in the event of either large
or small ruptures of the reactor coolant system.

The boric acid injection portion of the emergency core cooling system, which is part
of one of the high pressure injection systems, will consist of the boron injection
tank, boron injection surge tank, boron injection recirculation loop, charging pumps,
and the associated valves. The boron injection tank will be connected to the reactor
coolant system by means of a loop from the refueling water storage tank, through the
charging pumps, to the boron injection tank inlet. The boron injection tank outlet
will be connected through a common manifold pipe to pipes connected to each of the
four reactor coolant cold leg lines.

The boric acid injection portion of the emergency core cooling system is designed to
provide sufficient shutdown capability in the event of any singie steam pipe rupture
or spurious lifting of a pressure relief valve.

Protection Systems

The plant protection systems within the scope of RESAR-35 include the reactor trip
system and the engineered safety features actuation system.

The reactor trip system will consist of sensors connected with analog circuitry
consisting of two to four redundant channels, designed to monitor various plant

7111632
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parameters; and digital circuitry, consisting of two redundant logic trains, which
will receive inputs from the analog protectior channels in complete the logic nec-
essary to automatically drop the full length contrn) rod assembiies into the core and
shut the reactor down.

The engineered safety features actuation system will consist of instrumentation and
controls to sense accident situations and initiate operation of the necessary engi-
neered safety features. The system will consist of (1) an analog portion employing
three to four redundant channels per plant parcmeter being monitored and (2) a digital
portion utilizing two redundant logic trains which will receive inputs from the ana‘oq
protection channels and actuate the engineered safety features.

The functions initiated by the engineered safety features actuation system include
the following:

(1) Reactor trip

(2) Sefety injection

(3) Containment cooling

(4) Auxiliary feedwater flow

(5) Containment isolation

{6) Steam line iselation

(7) Main feedwater line isclation

(8) Emergency diesel operation ,‘
{9) Control room isolation

(10) Containment spray actuation

1.2.6 Chemical and Volume Control System

The RESAR-3S chemical and volume control system will include two centrifugal and one
positive displacement charging pumps; the volume control and chemical mixing tanks;
the mixed and cation bed demineralizers, the reactor coolant filters, various heat
exchangers, and the reactor cooiant purification pump; the boron thermal regeneration
subsystem; and various other components described in Sections 1.7 and 9.3 of RESAR-3S.
The system will be located outside of the containment building,

The chemical and volume control system will be connected to various systems including
the reactor coolant system, the waste processing systems., and the reactor makeup water
system. The system is designed to control and maintain the reactor coolant inventory
and to contrgl the boron concentration in the reactor coolant,

Power Sources

Westinghouse has identified in RESAR-35 as an interface requirement that 2 minimum of

two independent emergency onsite pewer supplies must be provided, each of which must

be able to supply the power requirements of one of the redundant sets f engineered

safety features. The normal and emergency power supplies will be described in ap-

plications which reference RESAR-3S. 479

. i A
1-10 211164 -+4

P s




1.3

1.4

1.8

Comparison with Similar Designs

The RESAR-3S nuclear steam supply system proposed design is essentially the came as
that of plants utilizing the Westinghouse RESAR-3 Consolidated Version nuclear steam
SUpply syst ae.ign such as the Standardized Nuclear Unit Power Plant System (SNUPPS)
plants which include Wolf Creek (Docket Number STN 50-482), Callaway (Docket Numbers
STN 50-483 and STN 50-486), Tyrone Energy Park (Docket Number STN 50-484), and Sterling
(Docket Number STN 50-485). To the extent feasible and appropriate, we have made use
of our previous evaluations of those features that are similar to the RESAR-35 design.
Where this has been done, the appropriate sections of this report identify the other
facilities involved. Our safety evaluation reports for these other facilities are
available for public inspection at the Commission's Public Document Room, 1717 H Street,
N. W., Washington, D, C, 20555,

Requirements for Future Technical Information

Westinghouse has identified in Section 1.5 of RESAR-3S the verification test proorams
applicable to the RESAR-3S nuclear steam supply system. These programs are aimed at
verifying the nuclear steam supply system design and confirming the design margias.

Tha objectives and schedules for completion of these verification programs are given.

A listing of the programs that we have determined to be necessary to verify the RESAR-3S
design and their objectives is contained in Table 1-2 of this report,

A1l the verification test programs listed in Table 1-2 have been completed; however,
we have not completed our review of the results of the programs. These test programs
are discussed further in Section 4.0 of this report,

Based on the staff's review of the verification programs, we have concluded that (1)
the test programs outlined in RESAR-35 will provide the necessary information to
verify the RESAR-35 nuclear steam supply system design and (2) in the event any of the
proccams provide unexpected results, appropriate restricticn. on operation can be used
and/or modifications in designs can be made to protect the heaith and safety of the
public.

In addition, we have listed in Table 1-3 items discussed in this repovt which will
require the submittal of additional technical information prior to approval of the
final design. Also indicated in Table 1-3 are referonces to the sections in this
report in which each of the items are discussed. We have determined that this infor-
mation is of the type that in accordance with the provisions of Section 50.35 of 10 CFR
Part 50 can be left for later consideration.

Sunmary of Principal Review Matters

Our tecrnical review and evaluation of the information submitted by Westinghouse

included the principal review matters summarized below. 37
FH+—353
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1-2
VERIFICATION TEST PROGRAMS

Objective

11.

Verification Tests

Rod “luster Control Spider Tests

Grid Tests

Departure from Nucleate Boiling

Single Rod Burst Test

Fuel Assembly Structural Test

Prototype Assembly Tests

Loss-of-Coolant Accident Heat

Transfer Tests

G-Loop Tests

Verify structural adequacy
Verify structural adequacy

Determine effect of 17 x 17

geometry on departure from
nucleate boiling heat flux

Determine maximum flow
blockage

Determine mechanical strength
of assembly

Demanstrate per formance of
17 x 17 fuel assembly

Simulate blowdown in fuel
assembly

i
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TABLE 1-3

ITEMS REQUIRING ADDITIONAL TECHNICAL INFORMAT

Section(s) in this Report in Which Discussed

Seism’c and environmental qualification 3.7
of Class IE equipment 7.6.1
Fuel surveillance 4.2.1.3
4.2.1.4
4.4.1
Fuel rod bowing 4.2.1.3
4.4.1
6.3.4
Hydraylic load on fuel assemblies 8.251.3
during a postulated loss-of-coolant
accident
Dynamic analysis of reactor 4,2.2
internals and piping Toops
Use of part length control rods 4.3.1
Geparture from nucleate boiling analysis 4.:5.1
Submittal and review of HYDNA computer code 4.4.1
Verification of THINC computer code 4.4,1
Reactor coolant pump overspeed 5.4.1.2
Changeover from injection to recirculation mode 7.3.2
Sensor response time testing 7.+3.3
Electrical grid decay rate verification 8.1
Waterhammer effects 10.2
Justification of trip delay times 15.2.1
. Verification of control rod insertion times 15.2.1
. Lrss of normal feedwater analysis 15.2.1
2 Completion of review of computer codes used 15.2.2
in accident analyses
. Submitzal and review of steamline and feedwater 15.5.2
}ine break accident analyses 15.5.4 s
711167
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1.6

We e/aluated the design and expected performan.e characteristics of the systems and
components inportant to .afety to determine whether they are in accord with the Commis-
sion's Genera) Design Criteria ana Quality Assurance Criteria, anu other applicable
guides, codes, and standards, and whether any departures from cri teria, codes, and
standa~ds have been identified and justified. Of course, the acceptability of particu-
Tar sites will be determined during the course of our review of utility applications
for construction permits which reference RESAR-3S.

We evaluated the expected response of the nuclear steam supply system to anticipated
operating transients and to a broad spectrum of postulated accidents and determined
that the potential consequences of a fev highly un)ikely postulated accidents {design
basis actidents) would exceed those of al other accidents considered. We performed
conservative analyses of these design bas s accidents and determined that the calcu-
lated pots.tial offsite doses that might result in the very unlikely event of their
occurren  woul ! be within the Commission's guidelines for site acceptability, as
given in 10 CFR Part 100, for typical sites when the RESAR-3S nuclear steam supply
system design is combined with an acceptable balance-of-plant design,

Re- -lution of Outstanding Issues

In our report to the Advisory Committee on Reactor Safequards or RESAR-3S and at the
Advisory (. wmittee on Reactor Safeguards meetings on RESAR-3S, we had identified
certain oucstanding issues which required that Westinghouse provide additional in‘or-
mation to confirm that the nroposed design would meet our reguirements or where sur
review was not yet complete. We have resolved all of these issues in a manner accept-
able fr issuance of a Preliminary Design Approval. These ftems are discussed in the
applicable cections of this report,

We are presently considering on a generic basis the question of whether capability
should be provided for transferring heat from the reactor to the environment from
normal reactor operating conditions to cold shutdown using only safety-grade systems.
If we determine that this capability should be provided, we will require that the
RESAR-3S design and the designs of the balance-of-plant portions of applications refer-
encing RESAR-3S be modified accordingly. We have determined that such modifications
are technically feasible and conclude that this matter can be left for pest-preliminary
design approval stage consideration.

Interface Information

Interface information must be specified to assure that components and systems within a
standard design will perform their intended safety functions. Interface information,
therefore, is utilized to provide a basis for assuring that the safety-related aspects
of the matching portions of a nuclear plant design are compatible.
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In various sections of this report we have discussed interface information as we
determined that it was appropriate. Westinghouse has provided interface information
for its design throughout ilhe various sections of RESAR-3S and in particular
Section 1.7.

We have reviewed the interface information provided by Westinghouse and have determined
that this information is sufficient to determine the compatibility of the safety-related
systems and components within the scope of RESAR-35 with the balance~of-plant design

to be submitted in applizations referencing RESAR-3S. The interface information
provided in RESAR-3S is also adequate to determine the validity of the RESAR-35 acci-
dent analyses when RESAR-35 is reterenced by a balance-of-plant design application.

We, therefore, conclude that the RESAR-3S interface information is acceptable.
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2.0 SITE CHARACTERISTICS

Appendix 0 to 10 CFR Part 50 requires that standard design applications include the
site parameters postulated for the design, and an analysis and evaluation of the design
in terms of these postulated site parameters.

Since RESAR-3S describes a proposed standard nuclear steam supply system, the only
site-related parameter which is directly related to its design is the seismic input
which is discussed in Section 3.5.1 of this report. Protection of the RESAR-3S systems
and components important to safety from all design basis site-related parameters and
phenomena, such as tornadoes and floods, will be provided by buildings, structures, and
systems which are outside the scope of RESAR-3S. Westinghouse has identified the
safety-related equipment within the scope of RESAR-3S and required as an interface that
applications utilizing RESAR-3S provide adequate protectien for this equipment from
site-related phenomena.

We have roviewed the identification of safety-re' .ted equipment provided in RESAR-3S
and the site-related phenomena for which protection must be provided and conclude that
they are acceptable.




3.0 DESIGN CRITERIA FGR SYSTEMS AND COMPONENTS

Conformance with the General Design Criteria

Westinghouse states that the RESAR-35 nuclear steam supply system will be designed in
accordance with the Commission's "General Design Criteria for Nuclear Power Plants,"”
Appendix A to 10 CFR Part 50. On the basis of our review of the documentation sup-
porting this statement, we conclude that the RESAR-3S nuclear steam supply system can
be designed to meet the requirements of the General Design Criteria applicable to the
nuclear steam supply system, Oiscussions regarding compliance with each applicable
criterion are presented in Section 3.1 of RESAR-3S.

Classification of Components and Systems
System Quality Group Classification

Criterion 1 of the General Design Criteria requires that nuclear power plant systems
and components important to safety be designed, fabricated, erected, and tested to
quality standards commensurate with the importance of the safety function to be
performed.

We have reviewed Westinghouse's classification sy.tem for pressure-retaining companents
such as pressure vessels, heat exchangers, storage tanks, pumps, piping, and valves in
fluid systems important to safety, and the assignment by Westinghouse of quality groups
to those sections of systems required to perform safety functions within the scope of
RESAR-3S.

Westinghouse has used the classification system of the American Nuclear Society {Safety
Classes 1, 2, 3, 2nd4 Nan<Nyclear Safely), which corresponds to Lhe Commission's Quality
Groups A, B, C, and D in Regulatory Guide 1.26, "Quality Group Classifications and
Standards.” Westinghouse has applied this classification system to those fluid con-
taining components which are part of the reactor coclant pressure boundary and other
fluid systems important to safety where reliance is placed on these systems to (1)
prevent o1 mitigate the consequences of accidents and malfunctions originating within
the reactor coolant pressure boundary, (2) shutdown the reactor and maintain it in 2
safe ~hutdown condition, and (3) contain radiocactive material.

RESAR-3S fluid systems pressure-retaining components important to safety that are

classified Quality Group A, B, or € will be constructed to the American Society of
Mechanical Engineers Boiler and Pressure Vessel Code (hereinafter referred to as the

ASME Code) as follows:
Y1i17s
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3.2,2

Component (ode

Quality Group Section 111, Division 1, 1974 Edition
A Class 1
B ] Class 2
C Class 3

Quality Group A components will comply with Section 50.55a of 10 CFR Part 50. Quality
Groups 8 and C components will comply with Subsection NA-1140 of e ASME Code.

Components that are classified Muality Group D will be constructed to Divisions | or 2
of Section VIII of the ASME Code or to American Natignal Standards Institute Standard
831.1-1973, as appropriate. Quality Group D components sucn as orifices, boron meters,
strainers, and gas traps will not be constructed to any code.

Seismic Category | systems and components are identified in Section 3.2.1 of RESAR-3S.
The purification loop of the chemical and volume control system, the boron thermal
rageneration subsystem, and the boron recycle system are non-seismic Category 1 por-
tions of systems within the scope of RESAR-3S that also perform a safety function but,
because of their limited radioactivity content and location within seismic Category 1
structures, need not be designed to seismic Category 1 requirerents. These fluid
cystems and those fluid systems identified in Section 3.2.2 of this report have been
classified irn an acceptable manner in conformance with Requlatory Guide 1.26 in Table
3.2-1 and on system piping and instrumentation diagrams in RESAR-35. As noted in
fection 3.2.2, excluded from this review are those structures and balance-of-plant
fluid systems that interface with RESAR-3S fluid systems.

The basis for our acceptance has been conformance of Westinghouse's designs, design
criteria, and design bases for pressure-retaining components suth as pressure vessels,
heat exchangers, storage tanks, pumps, piping, and valves in fluid systems import.it
to safety with the regulations as set forth in Criterion | of the General Design
Criteria, the requirements of the codes specified in Section 50.55a of 10 CFR Part 50,
Regulatory Guide 1.26, staff technical positions, and iadustry standards.

We conclude that, for fluid system pressurc-retaining components important to safety
within the scope of RESAR-35, the system quality group classification with regard to
system and component design, fabrication, erection, and testing conforms to the
quality standard requivements cited above and, therefore, is acceptable.

Seismic Classification

Criterion 2 of the General Vesign Criteria requires that nuclear pawer plant Struc-
tures, systems, and components important to safety be designed to withstand the
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effects of earthquakes without Joss of capability to perform necessary safety func-
tions. These plant features are those that will be necessary to assure (1) the
integrity of the reactor coolant pressure boundary, (2) the capability to shutdown
the reactor and maintain it in a safe shutdown condition, or (3) the capability to
g-event or mitigate the consequences of accidents which could result in potential
offsite exposures comparable to the guideline exposures of 10 CFR Part 100.

With respect to thase safety-related Westinghouse fluid systems and components,
including their supports, within the scope of RESAR-3S, we have reviewed the seismic
classification to determine that those systems and components designed *o withstand,
without loss of function, the effects of a safe shutdown earthquake, have been
classified as seismic Category I items. These seismic Category I fluid sys.ems and
components are (1) the reactor coolant system, (2) the emergency core cooling
system, (3) the residual heat removal system, (4) the chemical and voluwe control
system, and (5) portions of the fuel handling system. Excluded from this review are
structures and balance-of-plant fluid systems that interface with RESAR-3S fluid
syst.ms and those portions of the RESAR-3S systems which are within the balance-of-
plant scope. These are identified in Table 1.7-1 and the appropriate sections of
RESAR-3S. The safety and seismic classification of these structures, systems, and
components will be reviewed for each application which references RESAR-3S.

i Systems and components important to safety that will be designed to withstand the
effects of a safe shutdown earthquake and remain functional have been identified in
an acceptable manner and classified as seismic Category I items in conformance with
Regulatory Guide 1.29, "Seismic Design Classification,"” in Table 3.2-1 of RESAR-3S.
A1l other systems and components that may be required for operation of the nuclear
steam supply system are designed to other than seismic Category I requirements.
Included in this classification are those portions of seismic Category I systems
which will not be required to perform a safety function.

We conclude that, for systems and components important to safety within the scope of
RESAR-35, the seismic classification conforms to seismic Category [ requirements and,
therefore, is acceptable. The basis for acceptance is the conformance of the Westing-
house designs, design criteria, and design bases for systems and components important
to safety with the Commission's regulations as set forth in Criterion 2 of the General
Design Criteria, and to Regulatory Guide 1.29, staff technical positions, and industry
standards.

i e e b b TSl o

3.3 Missile Protection Criteria

I
J
:
|
Criterion 4 of the General Design Criteria requires that systems and components impor- |
tant to safety be protected against the effects of missiles generated both from within 1
the containment (internally generated missiles) and externally. The responsibility for
protection of safety-related systems and components is not within the scope of RESAR-3S.
Therefore, our review was limited to identifying (1) the sources of internally generated
missiles and (2) the systems and components to be protected from missiles aig}qggrfgiet‘ ‘
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requirements. RESAR-3S does not include the design analysis and criteria used for
structures or barriers that will protect essential systems and components from
missiles generated internally or outside the containment structure. We did not
include turbine missiles in our review since the turbine placement and its design
and operating characteristics, as well as overall plant layout and structural charac-
teristics, have to be considered in assessing turbine missile damage potential.
Similarly, we did not include tornado-generated missiles in our review of RESAR-3S.
Therefore, applicants referencing RESAR-3S must consider the effects of postulated
missiles and provide the necessary protection to all safety-related ~omponents.

We have reviwed the RESAR-3S systems and components to be protected from missiles.
The review included missile sources and internally generated missiles associated
with component overspeed failures and missiles that could originate from high-
pressure system ruptures of equipment and systems within the scope of RESAR-3S.

Section 3.5 of RESAR-3S describes the characteristics of postulated missiles which
may occur inside the containment from failure of equipment within the scope of the
RESAR-35 nuclear steam supply system. These missiles include control rod drive
mechanism missiles, valve bonnet missiles, piping temperature sensing element

assembly missiles, reactor coolant pump temperature sensing element missiles,
pressuyrizer instrument well missiles, and pressurizer heater missiles. The character-
istics of these postulated missiles are identified as interface information to be
used by balance-of-plant designers in providing adequate missile protectien.

; We conclude that, for systems and components important to safety within the scope of
RESAR-35, the identification of RESAR-3S equipment to be protected from missiles and
the description of the postulated missiles generated from RESAR-3S equipment conform
to the Commission's requlations and to applicable regulatory guides, staff technical
positions, and industry standards, Conformance to these requirements constitutes an
acceptable basis for satisfying the applicable requirements of Criteria 2 and & of
the General Design Criteria.

3.4 Protection Against Dynamic Effects Associated with the Postulated Rupture of Piping

Criterion 4 of the General Design Criteria requires that structures, systems, and
components important to safety be appropriately protected against the dynamic effects
from the postulated rupture of piping.

We reviewed RESAR-3S to determine that the design will accommodate the effects of
postulated pipe breaks and jet impingement forces from postulated piping system
ruptures. Westinghouse states that the criteria to be employed for determination of
the systems to be evaluated, the location and types of piping breaks which will be
postulated, and the protection measures against pipe whip for the reactor coolant
system piping will be in accordance with Westinghouse Topical Report WCAP-8082,
"Pipe Breaks for the LOCA Analysis of the Westinghouse Primary Coolant Loop."
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We have reviewed and accepted WCAP-8082 by letter to Westinghouse dated May 22, 1974 l
for purposes of specifying pipe break Jocations in the reactor coclant system piping.

Our approval is based on the finding that implementation of the criteria specified in

WCAP-8082 provides a level of protection equivalent to that resulting from the applica-

t.an of the criteria of Regulatory Guide 1.46, "Protection Against Pipe Whip Inside

Containment."

The validity of the criteria contained in WCAP-8082 will be dependent on the dynamic
response of the overall reactor coolant system as mounted and constrained by the
component supports. Because the detailed design of the reactor coolant system compo-
nent supports may vary in actual plants incorporating the RESAR-3S nuclear steam supply
system, we will require that each applicant referencing RESAR-3S supplement the informa-
tion provided in RESAR-35 on the determination of the type of breaks postulated for the
reactor coolant system piping., Each such applicant will be requirec to demonstrate

that its specific reactor coolant system component support designs lie within the

design envelope of WCAP-8082.

RESAR-35 covers only the pipe break criteria for the reactor coolant loop piping.
Pipe break criteria for other nigh energy and moderate energy lines inside and outside
the containment will be included in each plant application referencing RESAR-3S.

For the reactor coolant system, provisions for protection against the dynamic effects
associated with pipe ruptures and the resulting discharging coolant provide acceptable
assurance that, in the event of the occurrence of the combined loadings imposed by an
earthquake of the magnitude specified for the safe shutdown earthguake and a concurrent
single pipe break of the largest pipe at any one of Lhe design basis break locations,
the following conditions and safety functions will be accommodated and assured:

(1) The magnitude of the design basis loss-of-coolant accident cannot be aggravated
by potential multiple failures of piping.

(2) The emergency core cooling system can be expected to perform its intended
function.

(3) .sstems and components important to safety will be appropriately protected,

Westinghouse has provided as interface information the pressures and temperatures of
the fluids in systems within the RESAR-3S scope. In addition, they have identified the
RESAR-3S safety-related equipment which must be protected from the effects of postu-
lated pipe ruptures. The criteria and cesign bases that will be used to preclude the
consequences of postulated pipe ruptures will be reviewed for applications which
reference RESAR-3S.

On the basis of our review, we conclude that the criteria that will be used for the

identification, design, and analysis of reactor coolant loop piping where postulated
breaks may occur constitute an acceptable basis for meeting the applicable requirements
of Criteria 1, 2, 4, 14, and 15 of the General Design Criteria. i 2, S 7
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3.5.1

Seiswic Desi

Criterion 2 of the General Design Criteria requires that systems and components
important to safety be desigred to withstand the effects of earthquakes. We reviewed
the RESAR-35S systems and components important to safety to determine their ability te
withstand the effects of earthquakes.

Seismic Input

We have reviewed and evaluated the seismic design input criteria that will be employed
by Westinghouse with respect to all seismic Category | systems and components within
the scope of RESAR-3S.

The RESAR-3S nuclear steam supply system will be designed to ., ‘thstand a maximum
horizontal ground acceleration of 0.4 times the normal gravita_ional acceleration at
2ero period with ground response spectra as specified in Figure 3.7-1 of RESAR-3S. In
addition, the builiing design must meet the following restrictions:

(1) The reactor building structure shall have maximum zero period acceleration at the
aperating deck of 2.0 times the normal gravitational acceleration.

(2) The reactor building structure shall have a maximum zero period acceleration
amplification at the operating deck of 5.0 times the maximum ground acceleration
at the site.

(3) Buildings other than the reactor building containing safety class equipment shall
have maximum floor accelerations at zero period at the highest floor elevation at
which Westinghouse equipment is located as specified in Figure 3.7-2 of BESAR-1S.

The ground response =pectra and damping values specified in RESAR-3S are consistent
with the recommendations of Regulatory Guides 1.60, "Design Response Spectra for
Seismic Design of Muclear Power Plants,” and 1.61, "Damping Values for Seismic Design
of Nuclear Power Plants.”

We find this information ad.guate to determine the acceptability of the "FSAR-3S
seismic design. Of the sites we have previously evaluated, approximastely 9u percent
had a safe shutdown earthquake characterized by a maximum horizontal ground accelera-
tion equal to or less than 0.4 times normal gravitational acceleration.

Westinghouse will provide balance-of-plant designers with respon.. spectra for all
support points ot the nuclear steam supply system piping and primary equipment such
as the reactor, reactor coolant pumps, steam generator, and pressurizer. We will
require that these response spectra envelop the response spectra for the actual site
conditions and structures for applications utilizing RESAR-3S.

CALLT
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Conformance with the recommendations of Reqgulatery Guides 1.60 and 1.61 provides
reasonable assurance that earthquake accelerations imposed on Category ! systems and
components are adequately defined to assure a conservative basis for the design of
such systems and components to withstand the consequent seismic loadings. Compli-
ance with these guides constitutes an acceptable basis for satisfying the provisions
of Criterion 2 of the General Design Criteria.

Seismic System and Subsystem Analysis

Modal response spectrum and time history methods for multi-degree-of-freedom systems
will form the bases for analyses of all major seismic Category ! systems and com-
ponents. Governing response parameters will be combined by the square root of the

sum of the squares when the modal response spectrum method is used. Corrective terms
involving double summation of products of responses will be used for modes with closely
spaced frequencies.

Three components of seismic motion will be considered - two horizontal and one vertical.
The total response will be obtained by the square root of the sum of the squares of the
three components for the modal response spectrum method or by algebraic combination at
each time step for the time history method.

Floor response spectra inputs to be used for design and test verification of struc-
tures, systems, and components will be described in applications referencing RESAR-3S.
Dynamic analysis of vertical seismic systems will be employed for all systems and
components where dynamic amplifications in the vertical direction are significant.
System and subsystem analyses will he performed on an elastic basis.

For the case where a component or system is supported from two or more locations with
relative displacements and different response spectra, it is our position that where
the response spectrum method is used, the procedure involve two steps. First, a static
analysis must be made by considering the maximum relative displacement between support
points; i.e., the design displacement is obtained by adding in an absolute manner.
Second, a dynamic analysis must be made assuming no relative displacement between
support points by using the worst floor response spectrum when the support points are
in the same structure or the enveloped floor response spectrum when the support points
are in separate structures. Results from these two steps, static and dynamic, are to
be combined in an ab: 2lute manner. For piping components, these results should be used
in accordance with Paragraphs NB-3652 and NB-3653-1 of Section III of the ASME Code.

Westinghouse has stated that there will be no components in the RESAR-35 scope of
analysis which will be connected between buildings, and that the primary components of
the reactor coolant system will be supported at no more than two floor elevations. The
staff position on seismic Category I piping systems supported from two or more loca-
tions is applicable only to the reactor coolant system in RESAR-3S because this is the
only system in RESAR-3S where the system piping is within the RESAR-35 scope. We will
apply this position on applications which reference RESAR-3S for all other seismic

Category I piping systems.
3-7 711 177 ,}kw 5#5 .
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Analysis for the case where a component or system is supported from two or more loca-
tions with relative displacements and different response spectra complies with our
position and Secticn 111 of the ASME (ode.

We conclude that the dynamic methods and procedures for seismic systems analyses
proposed by Westinghouse provide an acceptable basis for seismic design of the reactor
coolant system and all seismic Category ! components within the scope of RESAR-3S,

Mechanical Systems and Components
Dynamic Analysis and Testing
Evaluation

Criterion 1 of the General Design Criteria requires that structures, systems, and
components important to safety be designed, fabricated, erected, and tested to
quality standards commensurate with the importance of the safety function to be
performed.

We reviewed the RESAR-3S criteria, testing procedures, and dynamic analyses to be
employed to ensure structural and functional integrity of the reactor coolant piping
system, mechanical equipment, and reactor internals under vibratory loadings, including
those due to fluid flow and postulated seismic events.

We reviewed the preoperational piping vibrational and dynamic effects testing program
to be conducted during startup functional testing on reactor coolant system piping,
Components, and component supports within the scope of RESAR-3S classified as ASME
Class 1. The purpose of these tests will be to confirm that these components and
supports have been designed to withstand the dynamic loadings from operational tran-
sient conditions that will be encountered during service as regquired by Paragraph NB-
3622.3 of Section 111 of the ASME Code. The ASME Code requires that the designer be
responsible, by observation under startup or initial operating conditions, for ensuring
that the vibration of piping systems is within acceptable levels, Westinghouse has
conmitted to perform a preoperational piping vibrational and dynamics testing program
in accordance with Paragraph NB-3622,3 of Section 11 of the ASME Code. The preopera-
tional vibrational testing of Class 1 auxiliary piping and Class 2 piping will be
reviewed in applications referencing RESAR-3S,

Since RESAR-3S provides a preoperationa) piping test program which covers only the
rexctor coolant loop and surge line piping, the testing program appropriate to all

other piping will be provided and reviewed on each plant application referencing
RESAR-3S.

We will require that the preoperational piping testing programs include development of
loads similar to those experienced during reactor operation and be consistent with
our positions concerning preoperational piping dynamics effects test programs.
Selected Tocations in the reactor coolant piping system that will be subjected to
visual inspection and measurement (if needed) as performed by the piping designer
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during these tests must be provided. For each of these selected locations, the
allowable deflcation (peak-to-peak) criteria that will ve applied to establish thatl
the stress and fatigue limits are within the design levels must be provided, If
vibration is noted beyond the acceptance levels set by the criteria discussed above,
corrective restraints will be designed, incorporated in the piping system analysis,
and installed. If, during the test, the reactor coolant piping system restraints
are determined to be inadequate or damaged, corrective restraints will be installed
and another test performed to determine that the vibrations have been reduced to an
acceptable level.

Proper functioning of safety-related mechanical equipment is essential to assure the
capability of such equipment to perform protective actions in the event of a safe
shutdown earthquake. The dynamic testing ard analysis procedures which will be
implemented to confirm that all seismic Category I mechanical equipment will func-
tion during and after an earthquake of magnitude up to and including the safe shut-
down earthquake and that all equipment support structures are adequately designed to
withstard seismic disturbances are acceptable.

Subjecting the equipment and its supports to these dynamic testing and analysis
procedures provides reasonable assurance that in the event of an earthquake at the
site, the seismic Category | mechanical equipment identified in RESAR-35 will continue
to function during and after the se smic event, and the combined loading imposed on the
equipment and its supports will not 2xceed applicable code allowable design stress and
strain limits., Limiting the stresses of the supports i-.der such loading combinations
provides an acceptable basis for assuring that the design of the equipment supports
will withstand the dynamic Toads associated with seismic events as well as operational
vibratory loading conditions without gross loss of structural integrity.

The RESAR-3S reactor internals structures are similar to those of Indian Point Unit 2
which has been established as iLne prototype for a four-loop riant internals verification
program and was fully instrumented and tested during ‘nitial start-up. Differences
between the RESAR-3S reactor and that at Indian Point Unit 2 result from the use of

17 x 17 fue) assemblies and the replacement of the annular thermal shield with neutron
shielding paneis in the RESAR-3S design. These internal modifications have been
analyzed and will be confirmed by instrumenting the Trojan reactor which utilizes

17 x 17 fuel assemblies and neutron shielding panels. We wil. review the Trojan test
data to substantiate the acceptability of the uesign modifications. In addition,
applicants referencing RESAR-3S will conduct the confirmatory prefunctional and hot
functional testing examination for internals integrity to fulfill the requirements of
Regulatory Guide 1.20, "Comprehensive Vibration Assessment Program for Reactor Inter-
nals During Prevperational and Initial Startup Testing."

The preoperational vibration test program outlined in RESAR-3S will be used to verify
the design adequacy of the reactor internals under loading conditions that will be
comparable to those experienced during operation. The proposed combination of tests,
predictive analysis, and post-test inspection will provide adequate assurance that

711170
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the reactor internals can be expected to withstand flow-induced vibrations without
loss of structural intearity during their service lifetime. We will review the
preoperational vibration test program that will be submitted with the final design
épplication in accordance with Regulatory Guide 1.20 for assurance that it constitutes |
an acceptable basis for demonstrating the design adequacy of the reactor internals
‘n satisfying the applicable requirements of Criteria 2 and 14 of the General Design
Criteria.

Conclusion

Except for the guidelines for conducting the visual observations which we will review
at the final design review, the preoperational vibration test program which will be
conducted during startup and initial operation on the reactor coolant piping system,
restraints, components, and component supports classified as ASME Class 1 within the
scope of RESAR-35, is acceptable. [mpiementation of the test program will provide
adeguate assurance that the piping and piping restraints of the system have been
designed o withstand vibrational dynamic effects due to valve closures, pump trips,
and other operating modes associated with the desian basis operational transients. The
planned tests will develop loads similar to those experienced during reactor operation.
Compliance with this test program constitutes an acceptable basis for fulfilling the
applicable reguirements of Criterion 15 of the General Design Criteria.

The conduct of the preoperaticnal vibration tests will be in conformance with the
provisions of Regulatory Guide 1.20 and, therefore, will constitute an acceptable basis
for demonstrating design adequacy of the reactor internals, and satisfy the applicable
requirements of Criteria 1 and 4 of the General Design Criteria.

The dynamic system analysis to be performed 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 postulated loss-of-coolant accidents and the
safe shutdown earthquake. Westinghouse recognizes the need to properly interpret all
potential dynamic loads for the design that can be developed for specific pipe rupture
loads at specific locations. The analysis will provide adequate assurance that the
combined stresses and strains in the components of the reactor coolant system and
reactor internals will not exceed the allowable design stress and strain limits for the
materials of construction, and that the resulting deflections or displacements of any
structural elements of the reactor internals will not distort the reactor internals
geometry to the extent that core cooling may be impaired.

The methods to be used for component analysis have been found to be compatiole with

those used for the systems analysis. The proposed combinations of component and

system analyses are, therefore, acceptable. The assurance of structural intearity f

the reactor internals under postulated loss-of-coolant accident conditions for the most

adverse postulated loading event provides assurance that the design will witustand a

spectrum of lesser pipe breaks and seismic loading events. Accomplishment of the

dynamic system analysis constitutes an acceptable basis for satisfying the applicable
requirements of Criteria 2 a«d 4 of the General Design Criteria. : €3
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3.6.2
3.6.2.1

Analysis Methods for Seismic Category ! Components
Eva'.ation

Criterion 2 of the General Design Criteria reguires that structures, systems, and |
components important to safety be designed to withstand the effects of earthquakes.

We have reviewed the RESAR-3S information concerning design transients and methods of
analysis for seismic Category | components, including those desiynated as (lass 108
3, or component supports under Section 11 of the ASME Code and component supports,
reactor internals, and ¢'ner components not covered by the ASME Code.

We reviewed the 1ist of transients to be used in the design and fatigue analysis of

all RESAR-3S ASME Code Class 1 components, component supports, and reactor internals
within the reactor coolant pressure boundary. The number of events for each tranmsient
are included in RESAR-3S along with assurance that the number of Joad and stress cycles
per event have been and will be properly taken into account. All design transients :
such as startup and shutdown operations, power level changes, emergency and recovery
conditions, switching operations (i.e., the startup or shutdown of one or more coolant
lo0ps), control system or other system malfunctions, component malfunctions, transients
rasulting from single operator errors, inservice hydrostatic tests, and seismic events
that are contained in the ASME Code-required "Design Specifications™ for the components
of the reactor coolant pressure boundary, are specified, All transients or combina-
tions of transients are categorized with respect to the nlant operating conditions
identified as “normal,” "upset,” “emergency,” or “faulted.”

The RESAR-1S transient conditions selected for equipment fatigue evaluation are based
upon a conservative estimate of the magnitude and frequency of the temperature and
pressure transients resulting from those conditions.

We find that the design transients, plant conditions, and loading combinations speci-
fied provide an acceptable basis for the design of the reactor coolant pressure
boundary for all conditions and events expected over the service lifetime of the plant
and satisfy the requirements of Criteria 14 and 15 of the General Design Criteria.

We reviewed the descriptions of the computer programs that will be used in dynamic and
static analyses to determine the structural and functional integrity of seismic Cate-
.,y 1| ASME Code and non-ASME Code items and the analyses to determine stresses. The
design control measures were reviewed to determine compliance with Appendix B of 10
CFR Part 50. A brief description and the extent of application of each of these
computer programs are included in RESAR-3S.

As required by Appendix : of 10 CFR Part 50, we determined that the applicability and
validity of the abcve computer programs have heen shown by one of the following

methods:
711181
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3.6.3
3.6.3.1

(1) The computer program is recognized and widely used with a sufficient history of
successful use to justify its applicability and validity without further demon-
stration by the applicant.

(2) The computer program’'s solutions to a series of test problems, with accepted
results, have been demonstrated to be substantially identical to those obtained
by a similar program which meets the criteria of (1) above.

(3) The program's solutions to a series of test problems are substantially identi-
cal to those obtained by hand calculations or from accepted experimental test
or analytical results published in the technical literature.

Westinghouse employs an inelastic methnd of analysis to evaluate the design of safety-
related ASME Code Class 1 components, component supports, reactor internals, and other
non-ASME Cnde items for the faulted plant condition (NB-3225 and Appendix F of the ASME
Code). The design analysis or test methods and associated stress or load allowable
limits that will be used in evaluation of faulted conditions are those that are defined
in Appendix F of the ASME Code.

We reviewed the inelastic stress and deformation design limits specified by Westing-
house for ASME Code Class 1 components, and for component supports, reactor internals,
and other non-ASME Code items, and the methods of analysis used to calculate the
stresses and deformations resulting from faulted condition loadings. We find these
Timits and methods to be acceptable.

Lonclusion

The criteria used in the methods of analysis that Westinghouse will employ in the
dasign of all seismic Category 1 ASME Code Class 1, 2, and 3 components and component
supports, and other non-ASME Code items are in conformance with established technical
positions a'd criteria described abcve.

The use of these criteria in defining the applicable design transients, computer codes
used in analyses, analytical methods, and experimental stress analysis methods will
provide assurance that the stresses, strains, and displacements caiculated for the
above-noted items will be adeguate for the design of these items. We, therefore,
conclude that the analysis methods for seismic Category I components are acceptable.

Code Class 1, 2, and 3 Components, Component Supports, and Core Support Structures
Dis.ussion

Criterion 1 of the General Design Criteria requires that structures, systems, and
components important to safety be designed, fabricated, erected, and tested to
quality standards commencurate with the importance of the safety function to be

performed. ? 1 1 182
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We have reviewed the RESAR-3S information concerning the structural integrity and
operability of pressure-retaining components, their supports, and core support
structures within the scope of RESAR. "3 which are designed in accordance with the
rules of Section [11 of the ASME Code.

We reviewed the plant and component operating conditions, design transients, and
design loading combinations considered for each system that provides the basis for
the design of ASME Code Class 1, ¢, 3, and component support items within the scope
of RESAR-3S for all conditions ind events expected over the service Tifetime of the
plant.

The acceptability of the combination of loading conditions and design transients
applicable to the design of ASME Code constructed items within a system, including
the categorization of the appropriate plant and component operating condition for
each initiating event, such as the postulated loss-of-coolant accident and the safe
shutdown earthquake used with each loading combination, are judged by comparison
with the recommendations of Regulatory Guide 1.48, "Design Limits and Loading
Combinations for Seismic Category I Fluid System Components," and with appropriate
standards acceptable to the staff developed by professional societies and standards
organizations. The corresponding stress limits applied to the design of ASME Code-
constructed items are specified in the appropriate subsections of Division 1 of
Section 111 of *he ASME Code. The need for more conservative stress limits for
active comnonents and their supports are considered in the context and with the
other features of the operability assurance program,

The objectives in reviewing the loading combinations and stress limits employed by
Mestinghouse in the design of ASME Code Class 1, 2, 3, and component support items
within the scope of RESAR-35 were to confirm that each of the plant operating condi-
tions have been included, that the loading combinations and design transients
applicable to the design of ASME Code constructed items and the categorization of
proposed operating conditions are appropriate, that the design stress levels associ-
ated with each imposed loading combination are lTow enough to provide adequate
margins with respect to the structural integrity of the item, and that for active
componerits and their supports, stress levels are considered in the operability
assurance program.

ASME Code Class 2 and 3 Components

A11 safety-related ASME Code Class 2 and 3 systems and components within the scope
of RESAR-3S will be designed to sustain normal loads, anticipated transients, the
operating basis earthquake, .nd the safe shutdown earthquake within design limits
which are consistent with those outlined in Regulatory Guide 1.48. The rpecified
design basis combinations of loadings of the safety-related ASME Code Class 2 and 3
pressure-retaining components in systems classified as seismic Category I provide
reasonable assurance that in the event that an earthquake should occur at the site
or other upset, emergency, or faulted plant trans.;is lehogdaoccur during normal
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plant operation, the resulting combined stresses imposed on the system components
wouid not be expected to exceed the allowable desiagn stress and strain limits for
(o the materials of construction. Limiting the stresses under such loading combinations
provides a conservative basis for the design of the system components to withstand |
the most adverse combinations of loading events without gross loss of structural '

integrity.

The RESAR-3S design load combinations and associated stress and deformation limits
specified for all ASME Code Class 2 and 3 components within the scope of RESAR-3S
constitute an acceptable basis for design in satisfying Criteria 1, 2, and 4 of the
General Design Criteria and are consistent with our positions.

3.6.3.3  Analytical and Empirical Methods for the Desiqn of Pumps and Valves

The operation of certain pumps and valves is relied upon to shut down the plant or
mitigate the consequences of an accident. These are termed "active" pumps and valves.
Certain of these active pumps and valves may be required to function coincidentally
with the postulated accident or event. Other active mps and valves may be required
to function only after a postulated accident or event has occurred. We reviewed the
procedures for demonstrating the operability of active pumps and valves within the
scope of RESAR-3S during or after postulated accidents or natural events.

The objective =7 our review of the pump and valve operability assurance program was to
determine whether the program will assure the onerability of a component which is
required to function to shut down the plant or mitigate the consequences of an
accident.

The operability assurence program proposed by Westinghouse applies to active pumps and
valves in seismic Category [ systems within the scope of RESAR-3S including those which
may be classified as ASME Code Class 1, 2, and 3. The program will demonstrate the
ability to withstand postuiated seismic loads in combination with other significant
loads without loss of structural integrity and to perform "active” functions, such as
pump operation and valve opening or closure, when a safe plant shutdown is to be
effected or the consequences of an accident are to be mitigated. The component oper-
ability assurance procedures specified by Westinghouse constitute an acceptable basis
for meeting the requirements of Criteria 1, 2, and 4 of the General Design Criteria as
related to operability of ASME Code Class 1, 2, and 3 active valves and ASME Code “lass
2 and 3 active pumps.

3.6.3.4 Pressure Relieving Devices

The design criteria for the installation of the RESAR-3S pressure-relieving devices
are not within the scope of RESAR-3S and, therefore, findings as to acceptahility
will be made during our review of individual applications referencing RESAR-YS,

711184 #7352




3.6:3.8

3.6.3.6

Component Support Design

The primary system component support design must provide adequate margins of safety
under all plant operating conditions. The supports included within the scope of
RESAR-3S are described in Table 1.7-1 of RESAR-3S,

The acceptability of the combinations of loading conditions and design transients
applicable to the design of component supports within a system, including the
categorization uf the appropriate plant and component support operating condition
for each initiating event, such as the postulated loss-of-coolant accident and the
safe shutdown earthquake used with each loading combination, were judged by compari-
son with the recommendations of Regulatory Guide 1.48 and with appropriate standards
developed hy professicnal societies and standards organizations that are acceptable
to us. The corresponding stress limits applied to the design of component supports
will be as specified in Subsection NF of Division 1 of Section II1 of the ASME Code.

in addition, for the component support tnat affects the operability requirements of
the supported component, deformation limits were also specified. The deformation
Vimits for active composent supports »ill be compatible with the operability require-
ments of the components supported. In establishing allowable deformations, the
possible movements of the support base structures were taken into account.

The objective in the review of component supports was to determine that adequate
attention has been given the various a‘pects of design and analysis, so that there
is assurance as to support structural integrity and as to operability of active
components that interact with component Supports.

The specified design basis loading combinations used for the design of safety-

ralated ASME Code Class 1, 2, and 3 component supports in RESAR-35 systems classified
a. seismic Category [ provide assurance that in the event of an earthquake or an
"upset,"” "emergency,” or "faulted" plant transient, 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 suoport components to withstand the
most adverse combination of loading events without loss of structural integrity or
supported component operability. The design load combinations and associated stress
and deformation limits specified for ASME Code Class 1, 2, and 3 component supports
constitute an acceptable basis for satisfying applicable portions of Criteria 1, 2, and
4 of the General Design Criteria.

Interfaces

Westinghouse has delineated in RESAR-3S the responsibilities between Westinghouse and
the balance-of-plant designer for mechanical components, systems, and testing procedures.
We find this delineation consistent with what is done for custom plants :nd, therefore,

acceptable. . r=
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Westinghouse has committed to furnish the balance-of-plant designer with necessary
interface information in accordance with our positions. Wwe find these commitments
acceptable.

Westinghouse's delineation of responsibility and commitments to furnish interface
information will assure that the integrated plant design is within the design
envelope of RESAR-3S, thus achieving compatibility between the nuclear steam supply
systems and components and the balance-of-plant design.

Inservice Testing of Pumps and Valves

To ensure that all ASME Code Class 1, 2, and 3 pum; . :nd valves within the Westing-
house scope of responsibility will be in a state of operational readiness to perform
the necessary safety functions throughout the life of the plant, Westinghouse has
committed to design the pumps and valves within the scope of RESAR-3S such that a
test program will provide baseline preservice testing information and a periodic
testing schedule.

Westinghouse has conmitted to provide the reference test data svecified in Subsections
IWP and IWV of Section XI of the ASME Code for pumps and valves within its scope of
supply.

Compliance with these ASME Code requirements constitutes an acceptable basis for
satisfying the applicable portions of Criteria 37, 40, 43, and 46 of the General
Design Criteria.

Each utility application referencing RESAR-3S will be required to provide a program to
include reference data for pumps and valves procured outside the scope of RESAR-3S, and
the utility will be required to implement an inservice testing program covering peri-
odic testing of pumps and valves for the life of the piant in accordance with Sub-
sections IWV and IWP, respectively of Section XI of the ASME Code.

Seismic Qualification of Category | Instrumentation and Electrical Equipment

Criterion 2 of the General Design Criteria requires that structures, systems, and
components important to safety be designed to withstand the effects of earthquakes
without losing their capability to perform their intended safety functions.

The proper functioning of essential instrumentation and electrical equipment in the
event of a safe shutdown earthquake is necessary to initiate protective actions
including, for example. the operation of the engineered safety features.

Westinghouse has stated that the required seismic tests will conform to the procedures
as specified in the Institute of Electrical and Electronics Engineers (IEEE) Standard
344-1975, "Guide for Seismic Qualification of Class I Electric Equipment for Nuclear

.:>Jl:l;l.63‘;' ;L.l.i:..._ :?
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Power Generating Stations." A complete listina of the instrumentation and electrical
equipment within the scope of RESAR-3S is found in Table 1.7-1 of RESAR-3S.

Regulatory Guide 1.89, "Qualification of Class IE Iquipment for Nuclear Power Plants,”
provides that in the case of applications for which the safety evaluation report issue
date is July 1, 1974, or after, the qualification of Class IE equipment take .nto
account aging and environmental efiects as specified in [EEE Standard 323-1974, "IEEE
Standard for Qualifying Class IE Equipment for Nuclear Power Generating Stations.”
Westinghouse will conduct seismic qualification tests for all equipment after pre-
qualification in accordance with 1EEE Standard 323-1974, including the Nuclear Power
Engineering Committee position statement of July 24, 1975, for aging and environmental
effects. The seismic tests will conform to the procedures as specified in IEEE
Standard 344-1975, which will account for multi-axis and multi-frequency effects of
seismic excitation and fatigue effects caused by a number of operational basis earth-
quake events.

Westinghouse has subinitted Topical Report WCAP-8587, "Environmental (ualification of
Westinghouse NSSS Class IE Equipment.” This report describes the Westinghouse program
for demonstrating the environmental qualification of instrumentation and electrical
equipment important to safety. We are currently evaluating the test methods and
procedures to be adopted by Westinghouse as described in WCAP-8587 to satisfy the
objective of IEEE Standard 323-1974 with regard to the environmental qualification of
instrumentation, controls, and electrical equipment important to safety.

We conclude that the commitments made by Westinghouse will facilitate the development
of a seismic qualification testing program which, when implemented for presently
available seismic Category ! instrumentation and electrical equipment, will provide
adequate assurance that such equipment will function properly during the excitation
from vibratory forces imposed by the safe shutdown earthquake and under the conditions
of post-accident operation and are, therefore, acceptable.

Environmental Design of Mechanical and Electrical Equipment

Our evaluation of the environmental design of mechanical and electrical equipment is
discussed in Section 7.6.1 of this report.
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4.1 Susmary

Criterion 10 of the General Design Criteria requires that the reactor core and
associated systems be designed to assure that specified acceptable fuel desian limits
are not exceeded during any condition of normal operation, including the effects of
anticipated operational occurrences. We have reviewed the information provided in
RESAR-35 in support of the proposed reactor design Our evaluation is contained in
the following sections.

Te. RESAR-3S5 nuclear steam supply system is designed to operate at a thermal power
rating of 3425 megawatts with sufficient margin to allow for transient operation and
instrument error without causing damage to the core and without exceeding the pressure
settings of the safety valves in the coolant system. The core thermal power level
will be 3811 megawatts. The 14 megawatts difference is the net contribution of heat
to the reactor coolant system from the reactor coolant pumps.

The core will be cooled and moderated by light water at a pressure of 2250 pounds per
square inch, absolute, in the reactor coolant system. The reactor coolant will
contain beron as a neutron poiscn. The concentration of the boron will be varied as
required to control relatively slow reactivity changes including the effects of fuel
burnup. Additional boron, in the form of burnable poison ruds, will be employed in
the first cycle to establish the desired initial reactivity.

4.2 Mechanical Design
4.2.1 Fuel

4.2.1.1 Description

The fuel assemblies will consist of 264 fueled rods, 24 quide thimbles, and one

instrumentation thimble arranged in a 17x17 array. The instrumentation thimble w'il

be at the center of the assemblies and wili facilitate the insertion of neutron

detectaors. The guide thimbles will provide channels for inserting various reactivity :
controls. The fuel rods will contain uranium dioxide ceramic pellets hermetically
clad in Zircaloy-4 tubes supported at both ends by stainless steei fuel assembly

nozzles. Alignment and transverse spacings will be maintained by efght spacer qrids

spaced uniformly along the axis of the assembly.

ATl fuel rods will be internally prepressurized with helium during final welding to
minimize cladding compressive stresses during service. The level of prepressuriza-
tion is designed both to preclude any cladding tensile stresses due to a net internal
pressure and to preclude clad flattening. The specific level of orepressurization
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will be dependent upon the planned fuel burnup and will be determined for the fina)
design,

The fuel assembly design (17x17 array) is mechanically similar to the previously
used wWestinghouse fuel assembly (15x15 array). Those mechanical aspects which
differ are indicated in Table 4-1 of this report. The differences are essentially
geometric and will result in a lower linear power density and other increased safety
margins for the 17x17 fuel assembly.

The evaluation of the Westinghouse fuel mechanical design is based upon mechanical
tests, in-reactor operating experience, and engineering analyses. Additionally, the
in-reactor performance of the fuel desigr will be subject to the continuing surveil-
lance programs of Westinghouse and individual utilities. These programs provide
confirmatory and current design performance information.

Themal Performance

In our evaluation of the thermal performance of the reactor fuel. we assume that
densification of the uranium fuei pellets may occur duriny irradiation in power
reactors. The initial density of the fuel pellets and the size, shape, and distri-
bution of pores within the fuel pellet influence the densification phenomenon. The
effects of densification on the fuel rod will increase the stored energy, the linear
thermal output, the probability for local power spikes, and the thermal resistance
of the radial gap.

The primary effects of densification on the fuel rod mechanical design analysis are
manifested in caiculations of fuel-cladding gap conductance and time-to-collapse of
the cladding.
ported cladding to become dimensionally unstable and to flatten into an axial gap
caused by fuel pellet densification. Gap conductance ~alculations predict the
increase in thermal resistance due to opening of the fuel-clad radial gap.

Time-to-coliapse calculations predict the time required for unsup-

The engineering methods to be used by Westinghouse to analyze the densification
effects on fuel thermal performance have been previously submitted to the staff and
reviewed. The methods addressed include testing, mechanical analyscs, thermal and
hydraulic analyses, and accident analyses.
in “Technical Report on Densification of wWastinghouse PWR Fuel" issued on May 1¢,
1674, and in our evaluation of Westinghouse Topical Renort WCAP-8185, "Reference
Core Report 17x17," in a letter to Westinghouse dated July 26, 1974.

The results of our review ¢re reported

The Westinghouse predictions of uranium dioxide densification are founded entirely
upon empirical correlations. The data employed by Westinghouse were obtained from
the examination of Westinghouse fabricated fuel irradiated in commercial power
reactors, The values of the correlation parameters are both typical of the Westing-
house fuel fabrication process and independent of the fuel assembly dimensions. The
Westinghouse predictions are conservative relative tc their data. We independently
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TABLE 4-1

FUEL MECHANICAL DESIGN_COMPARISON

Design Parameter

FUEL

FUEL

FUEL

ASSEMBLY

Rod Array
Number of Fueled Rods
Number of Spacer Grids
Number of Guide Thimbles
Inter-rod Pitch, inches
Average Thermal OQutput

(4 loop), kilowatts per foot

PELLETS

Density (theoretical), percent
Fuel Weight/Unit Length
(per rod, not assembly),
pounds per foot

CLADDING
Qutside Radius, inches

Thickness, inches
Radius/Thickness Ratio

&estiaﬁ%se Westinghouse
-3 upicai @raﬂon Fuel

17x17 15215
264 204
8 7
24 20
0.496 0.563
5.4 7.0
95 94
U, .64 0.462
0.187 0.21
0.0225 0.0243
8.31 8.68
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assessed the Westinghouse analysis of densification effects by comparing predictions
tc data from the Saxton experimental pressurized water reactor. We conclude that the
methods to be employed by Westinghouse will consider the effects of densification in
the reactor fuel assemblies in a manner which adequately describes the fuel behavior
and are, therefore, acceptable,

Mechanical Performance

Although 1imited operating experience exists on 17x17 fuel assemblies, substantia’ly
all of the in-reactor operating experience with Westinghouse fuel rods and assemblies
is applicable to the RESAR-3S fuel design since the 17x17 fuel assembly is a slight
mechanical extrapolation from the 15x15 fuel assembly. The current use of similar
fuel rods and assemblies has yielded operating experience that provides confidence in
the acceptable performance of the RESAR-35 fuel assembly design. The range in design
parameters for which in-reactor experience is specifically applicable has been tabulat-
ed in Table 4-2. By the time a RESAR-3S nuclear steam supply system has been con-
structed, there will .v significant additions to this experience. The assemblies
referred to in Table 4-2 have been irradiated for up to six years and have had peak
exposures of 30 gigawatt days per me.. - tonne, totaling more than 70 million megawatt
hours of power generation.

During this power reactor service, a small fraction of the fuel rods have experienc~d
defects. However, there has been n. instance where cladding defects have threatened
either the plant or the public safei,; ' ..dding defects were caused by excessive
manufacturing impurities, excessive covlant cross-flow velocities, and fuel pellet
densification. Excessive manufacturing impurities have been eliminated by modifications
to the manufacturing procedures and cross-flow velocities were reduced by modifications
to baffle joints. Uensification effects are discussed earlier in this section. The
fuel related modifications required adjustments of design limits rather than a mechani-
cal redesign of the fuel assembly.

Confidence that the mechanical characteristics of the RESAR-3S fuel assemblies are
predictable is enhanced by the results of out-of-reactor mechanical tests. Although
most of the current results are from tests on typical 15x15 fuel assemblies, we expect
the mechanical Behavior of the 17x17 fuel assemblies to be similar since the 17x17
fuel assembly is only a slight mechanical extrapolation from the 15x15 fuel assembly.
Topical reports describing the tests and analyses that have been performed by Westing-
house on the 17x17 fuel assemblies are listed in Table 4-3.

We have reviewed Topical Report WCAP-8278 and have determined that it provides an
acceptable basis for demonstrating that the design of the 17x17 fuel assembly is
adequate to withstand the effects of flow induced vibration under normal operating and
transient conditions. Our final approval of this report is awaiting only the confirma-
tory results of the post irradiation surveillance program at Trojan. This matter is
discussed further in Sectiuns 3.6.1.1 and 4,2.1.4 of this report.
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TABLE 4-2

RANGE OF DESIGN PARAMETER EXPERIENCE

Parameter Range of Power Reactor E.perience

Fuel Rod Array 14 x 14, 15 x 15, and 17 x 17
Rods per Assembly 179 to 264
Guide Thimbles per Assembly 16 to 24
Assembly Envelope, inches 7.76 to B.43
Inter-rod Pitch, inches 0.563 to 0.463
Plenum Length, inches 3.27 to 6.69
Prepressurization, pounds per sguare

inch, absolute 14.7 to over 400
Diametral Gap, inches 0.0065 to 0.0075
Spacer Grids/Assembly 7 to 9
Fuel Column Height, inches 120 to 144

TABLE 4-3

GENERIC DESIGN EVALUATION TOPICAL REPORTS

Tests & Analysis Topical Report Titles Topical Report Number
Hydraulic Flow Test of the 17x17 Fuel Assembiy WCAP-8278
An Evaluation of Fuel Rod Bowing WCAP-8346
Effect of a Bowed Rod on DNB WCAP-8176
17x17 Design Fuel Rod Behavior Ouring Simulated
Loss-of-Coolant Accident Conditions WCAP-8289

Safety Analyses of the 17x17 Fuel Assembly
for Combined Seismic and Loss-of-Coolan*

Accident WCAP-8236
Fuel Roa Bowing WCAP-8691
Revised Clad-Flattening Model WCAP-8377
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The consideration of fuel rod bowing in the 17x17 desfan was previously analyzed by
Westinghouse and documented in Topical Report WCAP-8346, The topical report de-
scribed an analy<is of rod bowing based upon deliberation o1 the potential mechanisms
causing fuel rod bowing. The analyses were rigorous and compatible with the available
data. The methidology of the topical report was approved with the requirement that
observations of fuel rod bowing *n modified fuel assemblies (rod-off-Lottom) sub-
stantiate this methodology. Subsequent observations, however, indicated that the
magnitude of rod bow wes underpredicted.

Consequently, Westinghouse has reassessed its analysis in licht of this new informa-
tion and has documented its findings in Topical Report WCAP-8691, In this report,
Westinghouse has documented its rod bowing experience to date which is based upon
the inspection of 27 different regions of fuel (about 25,000 fuel rods) including
more than 70 assemblies at burnups beyond 27,000 megawatt day- per metric tonne of
uranium, This experience has demonstrated the exposure (burnup) dependence of rod
bowing.

We have compleced our review of WCAP-8691 and have concluded that with the modifica-
tions cescribed in our "Interim Safety Evaluation Report on Westinghouse Fuel Rod
Bowing," dated April 1976, WCAP-8691 provides acceptable methods for predicting the
magnitude of fuel rod bowing and for evaluating power density changes due to local
changes in moderation. The a2ffect of rod bowing on departure from nucleate boiiing
is discussed in Section 4.4.1 of tnis report.

Seismic :ffects and vertical loads from postulated double-ended hot and cold leg
breaks during the postulated loss-of-coolant accident were analyzed in WCAP-8236.
We fo nd this analysis acceptable, However, West nghouse subsequently postulated a
new a.ymmetric hydraulic horizontal load caus-. by a postulated pipe break within
the oiological shield. Westinghouse has performed a preliminary analysis which
indicates that the fuel assemblies will be able to accommodate this load. We con-
clude that this is acceptable for the preliminary design review stage. We will
review this matter for individual applications referencing RESAR-3S at the final
design review stage.

Al: of the other topical reports listed in Table 4-3 have been reiewed and approved.

4,2.1.4 Fuel Surveillance

Performance 6f the fuel during operation will be indirectly monitored by measurement
of the activities of both the primary and secondary coolant for comr” ‘ance with
technical specification limits. OUnsite surveillance ncrmally includes examinations
of fuel rod integrity, fuel rod and fuel assembly dimensions, alignment, and

surface deposits.

For new fuel designs for which there is no operav..g experience, we require that a
supplemental fuel surveillance program be conducted. The supplemental fuel surveillance
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program is directed st monitoring the behs /for of the actual fuel systems as

they perform in-reactor thus demonstrating th. adequacy of the conclusions reached
from ‘he design evaiuation. Such & « ogram is being conducted on two of the First
plants using the 17x17 design and includes the capability to perform dastructive
fuel rod tests.

Lonclusion

Wwe conclude that the cladding integrity of the RESAR-35 fuel will be maintained and
that significant amounts of radioactivity will not be released during normal opera-
tion. Our conclusion is based on (1) operating experience with similar fuel, (2}
results of out-of-reactor tests based on assemblies of similar design, (3) increased
thermal margins of the 17x17 fuel, (8) technical specification reauirements to
monitor and 1imit ¢ffgas and effluent activity, and (&) the existence of a con
tinuing fuei rod surveiilance program and non-destructive post-irradiation examina-
tion reguirements.

Peactor Pressure Vessel Internals

We have reviewed the information presented in RESAR-3S on:

(1] The pnysiwar and design arrangements of all reactor internals structures,
tomponents, assemblies, and systems, including the manner of positioninc and
securing such items within the reactor pressure vessel, the manner of providing
for axial and Tateral retention and support of the interrals assemblies and
components, and the manner of accommodating dimensinal changes due to thermal
and other effects.

{2) The design loading conditions that will provide the basis for the design of the
reactor internals to sustain normal operation, anticipated operational occur-
rences, postulated accidents, and seismic events including all combipnations of
design loadings that will be accounted for in the design of the core suppart
structure, such as operating pressure differences and thermal effects, seismic
loads, and transient pressure Juads associated withs postulated loss-of-coolant
accidents,

(3) Each combination of design loadings categorized with respect to the "rarmal,”
“upset,” "emergency,” or “faulted” condition as defined in Section III of the
ASME Code and the associated des), stress intensity or deformation limits.
The design loadings include the safe shutdown earthquake and cperating hasis
earthquake Toads.

(4) The design bases for the mechanical design ¢ the reactor vessel internals

including 1imits such as maximum allowable stresses, deflection, cycling, and
fatigue 1imits, and core mechanical and thermal restraints fc - positioning and
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Additional discussion of the design of the reactor pressure vessel internals can be
found in Sections 3.6.2 and 3.6.3 of this report,

Wastinghouse has committed to perform a dynamic system analysis of the reactor internals
and of the broacn and unbroken piping loops. This analysis will be provided with the
final design. The dynamic system analysis will be performed to provide an acceptable
basis for confirming the structural! design adequacy of the reactor internals and the
unbroken pising loops to withstand the combined dynamic effects of the postulated
occarrence of a loss-of-coolant accident and a safe shutdown earthquake.

We have reviewed the analytical methods descritied in RESAR-3S and find that they
will provide adequate assurance that the combined stresses and strains in the
components of the reactor coolant sustem and reactor internals will not exceed the
ailowable design limits for the waterials of construction as specified in Appendix F
to Section :11 of the ASME Code. MWe also find that the resulting deflections or
displacements of any structural elements of the resctor internals will not distort
the reactor internals geometry to the extent that core cooling can be impaired.

The assurance of structural integrity of the reactor internals under the postulated
safe shutdown earthquake and the most severe loss-of-coolant accident conditions
provides auded confidence that the design can be e pected to withstand a spectrum of
lesser pipe breaks and seismic loading combinations.

Ue conclude tiat the use of the proposed analytical techniques will result in an

acceptable structurai design for the reactor internals, and constitutes an accept-

able basis for satisfying the requirements of Criteria 2 and 4 of the Genera) b
Design Criteria.

The design procedures and criteria that Westinghouse will use for the re
internals conform to established technical procedures, positions, standar », and ‘
criteria that we find acceptable.

|

The use of the specified design transients, design loadings, and combinations of
Toadings as applied to the cesign of the reactor internals structures and components
will provide reasonable assurance that, in the event of an earthquake or of a system
upset or faulted condition transient during normal plant operation, the resulting
deflections and associated stresses imposed on the structures and components
involved will not exceed ASME Code allowable stresses and deformation limits for the
materials of construction. Limiting the stresses and deformations under such
loading comhinations provides an acceptable basis for the design of these structures
and components to withstand the most adverse loading events whitch have been postu-
lTated to occur during the service lifetime without loss of structural integrity or
impairment of function. In addition, the desiagn procedures and criteria to be used

by Westinghouse in the design of the reactor internals constitutes an acceptable

basis for satisfying the applicable requirements of Criteria 1, 2, 4, and 10 of the

General Design Criteria. - |
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Materials Considerations for Reactor Vessel Internals

The maintenaice of the integrity of the reactor vessel internals in service s
essential to assure that all reactor fuel assemblies remain in place. Proper place-
went of fuel assemblies is necessary to permit unimpaired operation of che control
vod assemblies for safe reactor operation and shutdown. To evaluate the adequacy of
the proposed design, we reviewed the materials selection and compatibility, fabrica-
tion controls, and the extent of testing proposed by Westinghouse.

We have reviewed the adequacy and suitability of the mat.eials specitied for the
Jower core support structure including the core barrel, neutron shield pad assenbly,
core baffle, lower core plate and core supports; the upper core Support structure
including the top support olate, beam sections, upper core plate, support columm,
and guide tube assemblies; and the in-core instrusentation support structure.

Westinghouse has identified by specification the materials used for construction of
thes* components. We have determined that these materials meet the reguirenents of
sections 11 and 111 of the ASME “ode. The major material that will be used is Type
304 stainless steel. The bolts and dowe) pins will be fabricated from Type 316
stainiess steel, except for the radial suppert key belts, which will be fabricated
from Inconel-750. All materials that will be used in the reactor vessel internals
are in conforsance with the requirements of Appendix 1 of Section 111 of the ASME
fode.

Residual cold work in austenitic stainless steel is known to accelevate water corro-
sion. Expressing cold work in terms of increasad yield strength, a yield strength

of 90,000 pounds per square inch for Types 304 and 316 stainiess steel corresponds

to residual cold work greater than ten perc vt and less than 20 percent. We have
selected a yield strength of 90,000 pounds per square irch as 2 conservative criterion
for the use of cold worked austenitic stainless steel in light water reactor internals.
This contre] imposed on the use of =0ld worked stainless steel will provide adeguate
protection during reactor operation rom conditions which could lead to stress cor-
rosion of the materials and loss of reactor internal structural integrity.

The only stainiess stee) material that will be used in the reactor yessel internals
with yield strength greater than 90,000 pounds per square inch is the Type 403
Jtainless steel used for the core holddown spring. However, significant crack growth
{s considered to be impossible for this component considering the stress state and
possible flaw size. The core holddown spring is acceptable based upon ASME Code Case
1337, which requires quenchirg or normalizing the naterial from 1775 to 1825 degrees
Fahrenheit and a minimum tempering temperature of 1125 degrees Fahrenheit for four
hours in arder to minimize susceptibility to stress-corrosion cracking of the material.
We conclude that this material will be compatible with the reactor coolant and is

accéptable for this use.
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We have reviewed the controls that will be imgosed on the fabrication of the reactor
vessel internals and conclude that they are in conformance with the recommendations
of Requlatory Guides 1,31, “Contral of Stainless Steel Welding™; 1,37, “Quality
Assurance Requirements for Cleaning of Fluid Systems and Associated Components of
Water-Cooled Nuclear Power Plants”; and 1.44, “Contrul of the Use of Sensitized
Stainless Steel.”

The controls specified Sn Table 5.2-9 of RESAR-15 on the reéactor coolant chemistry
rovide reasonable ass rsnce that the reactor vessel internals will be adequately
sratacted during operation from an etivironment which could lead to stress corrosion
of re matertals and loss of component structural integreity,

The materials selection, fat- aliom practices, and examination and protection Pro-
cedires will be performed in :tco da.ce with the recommendations of the ASME Code
and staff. This provides reasonable atiurance that the materials used for the
reactor vessel internals will not he susceptible to stress corrosion during service.

The vse of materials proven to be satisfactory by actua) service experience and con-
forming to staff and ASME Code recommendations constitu .cs an acceptable basis for
compliance with the requiremenis of Criteria 1 and 14 of the General Jesiagn Criteria.

Evaluation
Reactor power in the RESAR-3S ruc'ess stear supply system will be controlled by
permanent devices such as the rod ¢lester cuntrol assemblies, temporary devices such
#s the burnable poison assemhiies uied only in the initial core, and boric acid, &
solable chemical neutron absorber. Tha reactor control system will dircet the
control rod drive mechanisms to insert, hold, withdraw, or trip the rod cluster
control assemblies. The chemical and volume control system will provide another
means of reactivity control by varying the concentration of boric acid in the
coolant to effect relatively slow reactivity changes.

The control rod system will consist of 53 clusters of full length rads and eight
tlusters of part length rods to shape the reactor power distribution and to compern-
sate for changes in reactivity resulting from fuel burnup, Each cluster will have
24 absorber rods fastened at the top end to a common spider assemb! ¥. The absorber
material that will be used in the control reds is a silver-indium-cadmium alloy
which 1s "black” to thermal neutvomns and in acdition, has a resonance absorption
capability which increases its worth., The alloy will be in the form of extruded
rods sealed in stainless steel tubes.

The full length rod cluster control assemblies will be divided into two groups -

control and shutdown. The control group will compensate for reactivity changes due

to variations in operating conditions of the reactor. such as power and temperature
variations. The control and shutdown groups will provide adequate shutdown margin

-
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(1.6 percent reactivity) in the event of a reactor trip. Shutcown margin is defined
as the amount by which the core will be subcritical at hot shutdown if all rod
cluster control assemblies are *ripped, assuming that the highest worth assembly
remains fully withdrawn and assuming no changes in xenon or boron concentration or
part length rod cluster control assembly position.

The manually controlled part length rods will be designed to control the axiul
neutron flux shape and axial xenon oscillations should they occur Restrictions on
the use of the part length rods are discussed in Section 4.3.1 of this report.

The soluble boric acid neutron absorber will be varied to control long term reac-
tivity changes resulting from fuel depletion and fission product buildup, cold to
hot zerc power reactivity change, reactivity cranges produced by intermediate-term
fission products such as xenon and samarium, and burnable poison depletion,

For the RESAR-3S accident analyses, a conservative rod drop time of 2.1 seconds to
85 percent insertion has been used. This time is based on tests conducted at the
Westinghouse Test Engineering Laboratory in the D-1oop hydraulic test facility.

The objectives of our review were to determine that he design, fabrication, and
construction of the control rod drive mechanisms will provide structural adequacy
and that suitable 1ife cycie testing programs have been utilized to prove opera-
bility under service conditions.

We evaluated the design criteria for both the internal pressure containing portions
and other portions of the control rod drive mechanisms.

The design stress limits, including fatigue limits, and deformation limits as
appropriate to the components cf the control rod drive mechanism were compared with
those of specified codes, previously designed and successfully operating systems, or
with the results of scale model and prototype testing programs.

Loading combinations are dafined as those Joadings asseciated with plant operations
which are expected to occur one or more times during the lifetime of the plant and
include but are not limited to loss of power to all recirculation pumps, tripping of
the turbine generator set, isolation of the main condenser, and 'o0ss of all offsite
power, combined with loadings caused by natural accident events. These load com-
pinations were compared with those specified for each of the plant operation condi-
tions as dei'ined in Paragraph NB-3113 of the ASME Code.

The design criteria and the testing program to verify the mechanical operabiiity and
1ife cycle capabilities of the reactivity control system conform to established cri-
teria, codes, standards, and specifications that we find acceptable. The use of
these criteria and programs provide reasonable assurance that the cystem will func-
tion reliably when required, and form an acceptable basis for satisfying the mechan-
fcal reliability requirements of Criterion 27 of the General Design Criteria.
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4.2.4.2

Materials Considerations

The integrity of the control rod system is essential to assure unimpaired operation
of the control rod assemblies for safe resctor operation and shutdown, and to main-
tain the integrity of the reactor coolant pressure boundary. To evaluate the
adequacy of the design proposed in BESAR-3S, we reviewed the materials information
relating to mechanical properties, the methods to contrel sensitization of stainless
steel, welding and brazing, compatibility, testing, and c¢leaning and clean)iness
control.

All parts of the control rod drive mechanisms that will be exposed to reactor
coolant will be fabricated exclusively from austenitic stainless steels, martensitic
stainless steels, nickel-chrome-iron alloy, and cobalt based altoys. A1l pressure
containing parts will be made from Type 304 austenitic stainless steel. The 400
series martensitic stainless steel will be used only wherever magnetic flux will be
carried by parts exposed to the main coolant. Cobalt *.sed alloys will pe used for
the pins and latch tips, and nickel-chrome-iron alloy w.11 be used for latch assembly
springs. Hard chrome plating will provide wear surfaces on the sliding parts and
will prevent galling between mating parts.

The reactivity control components metals that will be exposed to the primary ccolant
will be Types 304 and 308 austenitic stainless steel, nickel-based alloys, 17-4 PH
stainless steel, and nickel-based braze. The reactivity control components consist
ef the full and part length rod cluster contro) assemblies, the burnable poison
assemblies, the neutron source assemblies, and the thimble plug assemblies. All
components of full and part 'ength rod cluster zontro)l assemblies will be fabricated
from Types 304 and 308 stainless steel except for the retainer, which will be of 17-
4 PH material, and the springs, which will be Inconel-7i8 alloy at coolant surfaces.

We reviewed the selection of the reactivity control system materials for compati-
bility in a pressurized water reactor environment, for adequate mechanical proper-
ties at room and operating temperature, for resistance to adverse property changes
in a radioactive environment, and for compatibility with interfacing components.
The compatibility of all materials used in the reactivity control system in contact
with the reactor coglant satisfies the criteria of Articles NB-2160 and NB=3120 of
Section 111 of the ASME Code,

The controls imposed on heat treatment and fabrication of the materials of the
reactivity control system are such as to minimize the probability of stress-corrosion
cracking and provide assurance of satisfactory service performance. Specifically,

the controls that wil) be imposed upon the austenitic stainless steel of the control
rod drive mechanisms will limit naximum yield strengtn to 90,000 pounds per square
tnch and will conform to the recomsendations of Regulatory Guides 1.31, "Control of
Stainless Steel Welding"; 1.37, “"Quality Assurance Requirements for Cleaning of

Fluid Systems and Associated Components of Water-. aled Nuclear Power Plants”; and
1.44, "Control of the Use of Sensitized Stainless Steel.” In addition, the martensitic
stainless steel will be tempered at a minimum temperature of 1100 degrees Fahrenheit.

412 “11109 ¥
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Of the reactiv Ly control components, the full- and part-length absorber control rods,
the neutron source rods, and the burnable poison rods will use cold worked Type 304
austenitic stainless steel tubing. The tubing, which is welded and drawn, has & typical
yield strength range of 80,000 to 90,000 pounds per square inch. Although Westing-
house's Materials Specification permits yield strengths up to 95,000 pounds per

square inch, the Materials Specification requires the tubing to pass the American
Society of Testing Materi.!s 262, Practice E intergranular corrosion test. On this
basis, we conclude that this 'imit is acceptable. Material cleaning and cleanliness
control will be in accordance with Regulatory Guide 1.37 for all of the reactivity
control components and the aging treatment for the precipitation hardenable 17-4 P4
material of the rod cluster controi assembly retainer will be at 1100 degrees Fahren-
heit in accordance with our requirements.

Conformance with the ASME Code and the recommendations of the requlatory guides men-
tioned above, and with the stated limits on allowable maximum yield strength of coid
worked austenitic stainless steel and minimum tempering or aging temperatures of marten-
sitic and precipitation nardened stainless steels constitutes an acceptable basis for
meeting the requirements of Criterion 26 of the General Design Criteria.

Based on our review, we conclude that the design, fabrication, and testing of the
control rods and control rod drives will be in accordance with Section (Il of the ASME
Code and our requirements and are, therefore, acceptable.

4.3 Nuclear Design

The nuclear design of the RESAR-3S nuclear steam supply system is the same as that em-
ployed in the Westinghouse RESAR-3 Consolidated Version reference design. Our review
of the nuclcar desicn of the RESAR-3S nuclear steam supply system was based on the
information provided in RESAR-3S, referenced topical reports, and discussions with
wWestinghouse.

The design bases presented for the nuclear design of the fuel and reactivity control
systems are acceptable and comply with all applicable Goneral Design Criteria.

Descriptions of the fuel assembly enrichments, physics of the fuel burnout process,
burnable poison distributions, soluble boron concentraticns, delayed neutron frac-
tior, and neutron 1ifetimes have been provided. The values presented for these

parameters meet the design bases and satisfy the applicable sections of the General
Design Criteria.

We conclude, on the bases of our review and the similarity of the nuclear design with
that of other approved nuclear steam supply systems, that the RESAR-35 nuclear design
is acceptable.
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4.3.1 Power Distribution

Westinghouse's design bases pertaining to power distribution control are as follows:

(1) The core will not be operated with peaking factors greater than 2,32 under
normal operating conditions to ensure that the initial conditions used in the '
postulated loss-of-coolant accider . analysis are valid.

{2) Ouring normal operation and faults of moderate frequency, the peak power in the
fuel will be Iimited to 18 kilowatts per foot to prevent fuel melting.

(3) During normal operation and faults of moderate frequency, the power distribu-
tions will be limited to prevent the departure from nucleate boiling ratio from
decreasing below 1.30.

Westinghouse has presented a detailed discussion of the power distribution control
and monitoring techniques to be used in conjunction with the RESAR-3S design and the
power distributions that result from employing these techniques. We have reviewed
this information to ascertain that the design bases given above can be met.

The .eactor will be provided with two types of neutror monitoring instrumentation
systems to measure core power distributions - a system of movable incore tission
chamber detectors and a system of fired ion chambers located symmetrically around
the core outside the reactor pressure vessel. The movable incore detectors will be
capable of measuring the fuel rod peaking factor to within five percent and will be
used to make periodic incore maps of the power distribution. The ion chambers
located outside the reactor pressure vessel will provide an irdication of total
power, relative power in each quadrant of the core, and the relative power in the
top and bottom of the core. Limits placed on the axial power offset, as measured
from the relative power in the top and bottom of the care, and the radial tilt will
ensure that the core peaking factor can be maintained pelow the design limit value
and all power distributions produced will be conservative relative to the decign
power distribution used in the departure from nucleate boiling analyses.

The power distribution monitoring procedure proposed involves the maintenance of an
essentially constant axial offset as measured by the excore detectors. The intent
of constant axial offset control is to maintain the axial power distribution and,
therefore, the 2xial xenon distribution constant as a function of power level thus
Timiting the magnitude of axial xenon transient effects on the peaking factor., This
will be achieved by restricting operation to a plus or minus five percent band alout
a target va'ue of flux difference (upper minus Tower excore detector readings) as
measured under equiiibrium full power conditions with essentially no rods in the
core. This target value must be updated monthly. Above 90 percent of full power,
the flux difference must be maintained within the operating band. Between 50 per-
cent and 90 percent of Tull power, the flux difference may be out of this band no |
longer than one hour in any 24 hour period. Greater flexibility is allowed below 50

percent of full power. . 711201 L= |
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tontrol of the flux difference within the target band will be accomplished using the
full<length contral rods and the boron control system. This is referred to as

Mode A by Westinghouse. This procedure is identical to the one reviewed and approved
in several recent operating license cases and currently in use at operating We ting-
house reactors. Recent operating experience from some of these operating plants in-
dicates that these plants can be effectively operated within a plus or minus fiv-
percent of fset band.

A second means of power distribution control, referred to as Mode B by Westinghouse,
involves the use of the part-length contrel rods together with the full-length rods and
the soluble boron control system. Westinghouse has identified potential departure from
nucleate batling problems associated with the use of part-length control rods. As a
result, we have required that part-length controls not be used in currently operating
Westinghouse plants. This subject is under generic review by Westinghouse and the
staff. uUntil this item is resolved to the satisfaction of the staff, only Mode A
control will be allowed. A1l operating Westinghouse plants are now using this mode of
control. Except for some limitations on load follow capability near end of core life,
operation without part length rods presents no operational difficulties. Since the use
of part-length control rods is not required for safe operation of the plant, and based
on our evaluation of power distribution in the RESAR-3S core, we conclude that the
power dist~ibution can be controlled in an acceptable manner.

Westinghouse has selected a value of 2.32 as the design peaking factor and, to Justify
the use of this value, has performed extensive calculations to predict the expected
power peaking that can occur during both steady-state and load fallow operations when
using constant axial offset control. The conditions studied includec the extremes
allowed by both control modes such as continuous operation at the limits of the band
and operation outside the band for up to 24 hours below 90 percent power. An allowance
for calculational error of five percent was applied to the expected peaking factors.
This error was determined by Westinghouse from comparisons between measured and cal-
culated distributions. The comparison between expected and design peaking factors
demonstrates that the plant can be operated below the design value. Thus, the design
peaking factor ot 2.32 is appropriate for use in the safety analysis.

The power distributions produced during normal operation with cunstant axial offset
control can be degraded during faults of moderate frequency (defined 1n Section 158.1
of this report as Cordition Il transients) and this degradation must be demonstrated
to be acceptable within the context of the design bases listed earlier. To show
that fuel melting does not occur during faults of moderate frequency, Westinghouse
has evaluated the effects of mispositioning full-length and part-iength rods and
allowing axial xenon redistribution without operator intervention for up to one
quarter hour. For those events in which overpower conditions could arise, such as
rod withdrawa! conditions, it was assumed for analysis purposes that total power
would be limited to 118 percent by the overpower trip. Otherwise, maximum total
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4.3.2

4.3.3

power was assumed to be limited to 102 percent. This analysis demonstrates that
peak linear power density can be limited to prevent fuel melting. Further demonstra-
tian of this is presented in the accident analyses. We find this justification
sufficient for the preliminary design review stage.

Power distribution must alse he 1imited to ensure that the departure from nucleate
boiling ratio is not less than 1,30 during both norma) operation and faults of moderate
frequency. Westinghouse currently uses a chopped cosine axial power shape with a peak-
to-average value of 1.55 and a design enthalpy rise hot channe)l factor as the basis for
the departure from nucleate boiling related safety analyses and protection system
settings.

Wesiinghouse has selected a value of 1.55 as the design enthalpy rise hot channe)
factor at full power. Studies performed by Westinghouse show tnat the design enthalpy
rise hot channel factor is conservative assuming control rods are inserted to the power
dependent ingertion Timits. Constant axial offset control requires that rods be po-
sitioned above these insertion limits thus providing margin to the design limits during
normal operation,

Reactivity Coefficients

The reactivity coefficients reflect the changes in the neutron multiplication due to
varying core conditions such as power, temperature, pressure, and void changes. These
coefficients vary with fuel burnup. Westinghouse has presented calculated values of
these coefficients and has alsc evaluated the accuracy of these calculaticns. We have
reviewed the calculated values of the reactivity coefficients and have concluded that
they adequately represent tne full range of expected values. We have also concluded
that the reactivity coefficients used in the safety analysis conservatively bound the
expected values including uncertainties.

The predicted total power coefficient is strongly negative for all reactor conditions
throughout core life, satisfying the requirements of Criterion 11 of the General Design
Criteria. Westinghouse will measure the moderator temperature coefficient and the
power coefficient during startup tests of plants . ferencing RESAR-3S to check the
calculated values and to ensure that conservative coefficient values were used in the
accident analyses.

Control

To allow ‘or changes of reactivity due to reactor heatup, changes in operating con-
ditions, fuel burnup, and fission buildup, a significant amount of excess reactivity
will be built into the core. Westinghouse has provided sufficient information relating

to core reactivity balance for the first core, has shown typical values for a reload
core, and has showr that means are incorporated into the design to control excess

reactivity at all times.
11203
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Control wi1! be achieved with movable control rods and through the variation of
boron concentration in the reactor coolant. Calculations made by Westinghouse show
that sufficient additional control rod worth will be provides to accommodate the
reactivity effects of the most limiting accident (steam line break) at any time
during the core life with an allowance for the most reactive control rod assembly
stuck in the fully withdrawn position and for calculational uncertainties. In

addition, the chemical and volume control system will be capable of shutting down

the reactor by adding soluble boron poison, maintaining it in the ccld shutdown
condition at any time during the core life, and maintaining the reactor at least
five percent subcritical when refueling with control rods removes. This cambination
of contro] systems satisfies the requirements of Criterion 26 of the General Design
Criteria.

Core reactivity will be controiled by means of boron chemical poison dissclved in
the coplant, the control rod assemblies, and burnuble poison rods. The reactor will
be operated at steady-state full power with most of the full-length control rods
withdrawn. Limited insertion of the fuli-Tength control rods will permit compen-
sating for fast reactivity changes, such as the effects of minor variations in
moderator temperature and boror concentrations, and controlling the axial power
distribution without impairing shutdown capability. Soluble boron poison will be
used to compensate for slow reactivity changes including those associated with fuel
burnup, change. in xenon and samarium concentration, buildup of Tong-1ife fissicn
products, burnable poison rod depletion, and the large moderator temperature change
from cold shutdown to hot standby. The soluble boron poison system will provide the
capability to take the reactor at least ten percent subcritical in the cold shutdown
condition.

The proposed full-Tength control rod assemblies are divided into two groups - control
and snutdown. The control groups are used during normal gperation whereas the shutdown
groups are always withdrawn prior to criticality and are available to provide for rapid
reactor shutdown if required. Roed insertion will be controlled by the power dependent
inserticn limits that will be given in the technical specifications, These limits will
{1) ensure that there is sufficient negative reactivity available to permit the rapid
shutdown cf the reactor with ample » -gin, (2) ensure that the worth of a control rod
that might be ejected in the unlikely event of an ejected rod accident will be no worse
thar that assumed in the accident analyses, and (3) along with the power distribution
control procedure, ensure that the axial peaking factor does not exceed the limiting
value used “or the accident analyses.

We have reviewed the calculated rod worths and the uncertainties in these worths, and
conclude that rapid shutdown capability will exist at all times in core life assuming
the most reactive control rod assembly is stuck fn the fully withdrawn position. The
estimate of uncertainties is based upon appropriate comparison of calculations with
experiments. On the basis of our review, we conclude that Westinghouse's assessment of
reactivity control is suitably conservative, that adequate negative reactivity worth
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has been provided by the control system to assure shutdown capability, and that the
control rod and soluble boron worths are acceptable for use in the accident analysis.

tabili

The stability of the reactor to xenon-induced power distribution oscillations and the
control of such transients have been discussed by Westinghouse in RESAR-35. Due to
the negative power coefficient, the reactor will be inherently stable to oscillations
in reactor power. Also, the control system, described in Section 7.7 of this raport,
will provide adequate protection against total power instabilities.

The core is calculated to be stable against X-Y xenon oscillations throughout core
Jife. Westinghouse has verified this stability in a startup physics test for a 193
fuel assembly core. The core is stable to axial xenon oscillations until a core
exposure of 12,000 megawatt days per metric tonne of uranium is reached. Westinghouse
has provided sufficient information to show that axial oscillations will be detected
and controlled before any safety limits are reached, thus preventing any fuel damage.

Analytical Methods

Westinghouse has described in RESAR-3S the computer prrgrams and calculational tech-
nigues used to calculate the nuclear characteristics of the reactor design and has
provided exarmples to demonstrate the ability of these methods to predict experimental
results, We conclude that the information presented adequately demonstrates the
ability of these analytical methods to calculate the reactor physics characteristics of
the reactor described in RESAR-35. Therefore, these calculated physics characteristics
are appropriate for use in the accident analysis.

Therma! and Hydraulic Design
Evaluation

The principal criterion for the thermal-hydraulic design of a reactor is avoidance of
thermally-induced fuel damage during normal steady-state operation and during antic-
ipated operational occurrences. Westinghouse used the following design limits to
satisfy this criterion:

(1) The margin to departure from nucleate boiling will be chosen to provide a 25
percent probabiiity with 95 percent confidence that departure from nucleate
boiling will not occur on fu  ~ods having the minimum departure from nucleate
boiling ratio during normai operation and anticipated operational occurrence.
(This is referred to as the 95/95 criterion.) The preliminary 1ESAR-3S core
desigr uses a minimum allowable limit of 1.30 for the departure from nucleate
boiling ratio. The 1,30 is based on the one-side confidence limits for the
original data base for the W-3 departure from nucleate boiling correlation
described below. A winimum allowable limit of 1.28 has been justified based on
statistical analyses of applicable 17x17 data,
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(2) Operating conditions are selected to assure hydraulic stab.lity within the core, |
thereby preventing a premature departure from nucleate boiling,

{3) The peak centerline temperature of the fugl will be less than the melting point j
(5080 degrees Fahrenheit for unirradiated fuel) during normal cperation and any 1
anticipated operational occurrence. ‘

The thermal and hydraulic design parameters for the reactor are lysted in Table 4-4 of \
this report, A comparison of these parameters with those of the RESAR-3 Contolidated
Version is given in the table.

The margin to departure from nucleate boiling at any point in the core is expressed in
terms of the departure from nucleate boiling ratio, which is defined as the ratio of
the heat flux required to produce departure from nucleate boiling at the calculated
local coolant conditions to the actual local heat flux. The departure from nucleate
boiling correlation to be used for the design of this core is the ®W-3 correlation with
the "R" grid spacer factor which is described in the Westinghouse Topical Report WCAP-
£536, "Critical Heat Flux Testing of 17x17 Fuel Assembly Geometry with 22-inch Spacing.”
We have reviewed this method and accepted it for use in applications using 17x17 fuel.

Another parameter that influences the thermal-hydraulic desigr of the core is rod-to-reod

bowing within fuel assemblies (mechanical and nuclear aspects of fuel rod bowing are

discussed im Section 4.2.1.3 of this report;. Experimental data on the extent of

bowing in the 17x17 fuel design is not yet available; however, acceptatle methods based ,
on data obtained with the 15x15 fuel design are available at this time. Although the |
1717 fuel desian includes a departure from nucleate boiling penaity for rod bowindg,

recent data show this penaity to be inadequate. We have determined, however, that

other design margins exist to offset the presently-indicated penalty due to rod bow.

Prior to the final RESAR-3S desian data will be available such that rod-to-rod bowing
will be adequately accounted for. Based on the observations that rod bowirg is a time
dependent process for which operational penalties can be imposed if deemed necessary,
we conclude that the presently available information is adequate for issuance of a
construction permit or a Preliminary Design Approval. The adequacy of the final desian
will be determined at the final design review stage.

In steady-state, two-phase, heated flow in parallel channels, the potential for
hydrodynamic instability always exists, For year., Westinghouse has used the HYDNA
code to predict the inception of hydrodynamic instability for its reactors. Although
the HYONA Code assumes that the core consists of parallel closed channels, Westing-
house has demonstrated by experiment that flow in parallel open channels which more
accurately describes the flow in Westinghouse's reactors, is more stable than in
parallel closed channels,

Resulis of HYDNA calculations fur RESAR-3S show that the inception of hydrodynamic
instability will occur at a power level in excess of 185 percent of rated power.
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3 1GN PARAMETERS

Rzactor Core Heat Dutput
(megawatts thermal)

System Pressure, fiominal
(pounds per square inch, absolute)

Minimum Departure from fucleate Boiling
{io for Design Transients

Total Thermal Flow Rate
{million pounds per hour)

Effective Flow Rate for Heat
Transfer (million pounds per hour)

Average Velocity Along fuel Rods
(feet per second)

Ave r9e Mass Velocity
(miﬁ

Coolant Temperature
{deq .es Fahrenheit)

Design Nominal Inlet
Average Rise in Core

f o Heat Transfer Surface Ares
ware feet)

Average Heat Flux
(British thermal units per hour per
square foot)

Maximum Heat Flux
{British thermal units per hour per
square foot)

Maximum Thermal Output for Normal
Operation (kilowatts per foot)

Fuel Ceatral Temperature at Beginning of
Life, Maximum at 100 Percent Power
{degrees Fahrenheit)

Sgithout fuel densification effects

Duith fuel densification effects

ion pounds per hour per square foot)

RESAR-135

340

2250

].30

140.3

134.0

16.7

2.62

558.1
62.7

59,700

189,800

440,300

12.6

3250

RESAR-3 :
Consolidated Yersion

3411
2250
1.30
142.2
135.8
16.8

2.66

59,900 (59,700)°
189,400 (189,800)°

454,600 (474,500)°

13.0 (12.6)°

3250 (3500)°
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Although the MYDNA code has not been submitted for our detailed review, we conc lude

that the margin for hydrodynamic stability is acceptable for the issuance of a construc-
tion permit or a Preliminary Design Anproval. We will review the methods used in the

HYDNA code prior to the approval of the final design. |

Preservation of nucleate boiling as the mode of heat transfer between the hot spot of
the fue)l cladding and the coolant not only assures that the cladding temperatures are
only slightly greater than that of the coolant, but that the fuel centerline tempera-
ture will not reach the melting tempersture. Using its thermal performance model.‘
Westinghouse has calculated that at the beginning of core life at 100 percent prwer,
with a linear heat generation rate of 12.6 kilowatts per foot, the fuel centerline
temperature will be 3250 degrees Fahrenheit. The peak power density that would occur
for a reactor trip at the 118 percent maximum over power trip is lTess than 18.0 kilo-
watts per foot. At a linear heat generation rate of 18.0 kilowatts per foot, Westing-
house calculated a centerline temperature of 4150 degrees Fahrenheit, thus indicating
no fuel melting. We have reviewed and approved the Westinghouse methods of calculating
fuel temperature as repsrted in “Additional Testimony on Point Beach-2 Nuclear Plant

in regard to Fuel Densification and its Effects,” issued by the Atomic Energy Commission
on February 2, 1973, and “Technica! Report on Densification of westinghouse PWR Fuel,”
issued by the same Commission on May 14, 1974. These methods are general in nature
and apply to all Westinghouse plants, including RESAR-35. We concluae that the
westinghouse calculations adequately show that there will be no fuel melting.

For the reactor described in RESAR-35 and other recently reviewed Westinghouse designed

reactors, the THINC computer code has been used to calculate core thermal-hydraclic

performance characteristics. The code considers cross-flow between adjacent assemblies

in the core and thermal diffusion between aajacent subcharnels in the assemblies. The

effect of local power distributions is considered. As a result of these considerations,

the THINC code permits the computation of more realistic power shapes than those that ;
had been available from previou.ly used computer codes. These power shapes are

especially important at the design overpower conditions.

The Westinghouse topical reports on the THINC program, WCAP-7956, "THINC-IV - An

Improved Program for Therma) and Hydraulic Analysis of Rod Bundle Cores," and WCAP- :
#054, *Application of the THINC-IV Program to PWR Design," are still under review by

the staff. On the bases of our review of these codes to date, we do not anticipate

that any significant changes to the thermal-hydraulic design of the core will be

required and, therefore, conclude that the presently available information is adequate

for issuance of a construction permit or a Preliminary Design Approval.

‘Supplan:nta! informaticn on fuel design transmitted from R. Salvatori, Westinghouse
NES, to D. Knuth, AEC, as attachments to letters NS-SL 518 (12/22/72), NS-SL-52
(12/23/72), NS-SL-528 (12/29/72). and NS-SL-543 (1/12/73) (Westinghouse Proprietary),
and supplemental information on fuel design transmitted from R. Salvatori, Westing-
house NES, to D. Knuth, AEC, as attachments to letters NS-SL-527 (1/2/73) and

NS5-SL-544 (1712/73).
711268 FH6—f+5— |
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4.4.2

Conclusions

On the basis of our review of the thermal-hydraulic des.un of the proposed RESAR-3S
core including the design criteria and the steady state analysis of the core thermal-
hydraulic performance, we have identified two codes that must be reviewed for the
final design. These result in requirements for:

(1) Verification of the THINC code on both the subchannel and core wide bases, and
(2) Submittal and review of the HYDNA computer code.

On the basis of our review of the analytical techniques applied to the previously
reviewed and approved 15x15 core designs, we have concluded that for the 17x17 core

design, there is reasonable assurance that ()} the proposed thermal-hydraulic design
will account for departure from nucleate boiling and fuel centerline temperature

Timitations in a satisfactory manner, and (2] the conservatism in the thermal-hydraul ic

design procedures can be verified. Therefore, we conclude that the presently avail-
able information on the preliminary thermal-hydraulic design of the RESAR-35 reactor
is acceptable for issuance of a construction permit or Preliminary Design Approval.

In the event that the analytical methods are determined not to be conservative durina
the final design review, appropriate restrictions on operations can be established at
the operating license stage for plants employing the RESAR-3S nuclear steam supply
system.




5.1

5.0 REACTOR CODLANT SYSTEM

Summary

Section 50.2{v) of 10 CFR Part 50 defines the reactor coplant pressure boundary as all
those pressure~containing components of pressurized water-cooled nuclear power re-
actors, such as pressure vessels, piping, punps, and valves, which are:

(1) Part of the reactor coolant system, or
(2) Connected to the reactor coolant system, up to and including:

(a) the cutermost containment isolation valve in system piping which penetrates
primary reactor containment,

(b) the second of two valves norrally closed during normal reactor operation in
system piping which does not penetrate the primary reactor containment, and

(c) the reactor coolant system safety and relief valves.

The reactor coolant system contains the reactor vessel, including the control rod
drive mechanism housings, the reactor coolant side of the steam generators, the reactor
coolant pumps, a pressurizer, and the interconnecting piping and valves associated with
these components, A description of the scope of the RESAR-3S reactor coolant system is
contained in Section 1.2 of this report and Section 1.7 of RESAR-3S.

The residual heat removal system, emergency core cooling system, and chemical and
volume control system are the principal systems connected to the reactor coolant
system. The proposed RESAR-3S nuclear steam supply system design incorporates a
pressurized water reactor in a four-loop reactor coolant system. The reactor coolant
system will circulate water in a closed cycle, removing heat from the reactor core and
transferring it to the steam generators. Each coolant loop will consist of a 29-inch
inside diameter hot Jeg pipe between the reactor vessel outlet and the steam generator
intet, a 31-inch inside diameter crossover pipe from the steam generator outlet to the
reactor coolant pump inlet, and a 27.5-inch inside diameter cold leg pipe connecting
the pump discharge to the reactor vessel inlet. The RESAR-3S reuctor coolant system
design does not inciwde loop stop valves. The pressurizer will be connected to one of
the hot legs by a 17 -inch schedule 160 surge line while spray Tines will be conrected
to two cold legs. The reactor coolant system will include a pressurizer relief tank,
together with the interconnecting pining and instrumentation necessary for operational
control, and to receive, condense. and cool steam discharged from the pressurizer
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5.2.1

safety valves. The entire reactor coolant system will be located within che contain-
ment building. A simplified diagram of the reactor coclant system is provided in
Figure 5-1 of this report.

During operation, the reactor coolant system will transfer the heat generated in the
core to the steam generators where steam will be produced to drive the turbine-
generator, Borated demineralized water will be circulated in the system at a flow
rate, pressure, and temperature consistent with achieving the design reactor core
thermal-hydraulic performance. The water will also act as a radiaticn shield, and
neutron mederator and reflector. The reactor coolant system design is essentially the
Same as that of RESAR-3 Consolidated Yersion.

Integrity of the Reactor Coolant Pressure Boundary
Design of Peactor Coolant Pressure Boundary Components

Criterion 4 of the General Design Criteria requires that structures, systems, and
companents important to safety be designed to acconmodate the effects of normal opera-
tion, maintenance, testing, and postulated accidents. We reviewed the design of the
reactor coolant pressure boundary components to deteemine that component quality will
be commensurate with the importance of the safety function of the reactor coolant
pressure boundary, Our general review of Class 1, 7, and 3 components is contained in
Section 3.4.3 of this report,

We determined that the design loading combinations specified under Section IIT of
the ASME Code for Class | components have been appropriately cateyorized with respect
to the plant condition identified as "normal,” “upset,” “emergency,” or “faulted.”
The design 1imits proposed by Westinghouse for these ulant conditions are consistent
with the criterfa recommended in Regulatory Guide 1.48, "Design Limits and Loading
Combinatiens for Seismic Category I Fluid System Components.” Use of these criteria
will provide reasonable assurance that, in the event an earthguake should occur at
the site or other system upset, emergency, or faulted condition should develop, the
resulting combined stresses imposed on the system components will not exceed the
allowable design stresses and strain limits for theé materials of construction.

Limiting the stresses and strains under such locading combinations provides a basis
fr - the design of the system components for the most adverse loadings postulated to
occur during the service lifetime without loss of the system's structural integrity.
The design load combinations and associated stress and deformation limits specified
for ASME Code Class 1 components constitute an acceptable basis for design in
satisfying the related requirements of Criteria 1, 2, and 4 of the Genera! Desian
Criteria.

We have reviewed the informaticn provided in RESAR-3S and conclude that pressure-
retaining compenents of the reactor coolant pressure boundary as defined in Section
50.55a of 10 CFR Part 50 have been properly identified in Table 3.2-1 of RESAR-3S

and classified as ASME Section II1, Code Class 1 components, Mﬁq
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Westinghouse states that reactor coolant pressure boundary components will be con-
Structed in accordance with the requirements of the applicable codes and addenda as
specified in Section 50,55a of 10 CFR Part 50. In confirmance with these require-
ments, the code edition and the applicable addenda for each ASME Section 111, Code
Class 1 component will be based on the dates related to the construction permit
applications referencing RESAR-3S and id atified in the applicants’ preliminary
safety analysis reports,

We conclude that construction of the components of the reactor coolant pressure
boundary in conformance with the ASME Code and the Commission's regulations provides
adequate assurance that component quality will be commensurate with the importance of
the safety function of the reactor coolant pressure boundary and is acceptable.

Westinghouse has stated that no ASME Code cases considered unacceptable to the
Commission will be applied in the construction of pressure-retaining ASME Section
i1l Class 1, components within the reactor coolant pressure houndary. Westinghouse
has also stated its intent to comply with egulatory Guides 1.84, "Code Case
Acceptability-ASME Section II] Design and Fabrication,” and 1.85, "Code Case
Acceptability-ASME Section 111 Materials." in the event the use of new ASME Codée
cases are planned, staff authorization shall be obtained prior to their application
in the construction of ASME Section 11, Class ) components.

We conclude that compliance with the requirements of these ASME Code cases, in con-
formance with the Commission s regulations, will result in a component quality level
that is commensurate with the importance of the safety function of the reactor
coolant pressure boundary and is acceptable.

Overpressurization Pratection

Protection of the primary system against overpressurization will be provided by two
power operated pressure relief valves and three safety valves, which are within the
scope of RESAR-3S. The three safety valves in conjunction with the steam generator
safe“y valves, which are not within the scope of RESAR-3S, will “rotect the reactor
coolant system against overpressure in the event of a complete ..ss of heat sink,
assuming that the reactor does not trip. The relief valves will be designed to
Timit the pressurizer pressure to a value below the high pressure trip set point for
2]l design transients up to and including the design percentage step load decrease
With steam dump, but without reactor trip.

The required capacity of the pressurizer safety valves was determined from con- -
sideration of a complete loss-of-steam flow to the turbine with credit taken for
steam generator safety valve operation (assumed to have a capacity to 105 percent of
rated steam flow) and maintenance of the main feedwater flow, but with no credit for
reactor trip. The peak reactor coolant system pressure will be limited to 110
percent of the design value of 2500 pounds per square inch, absolute. No credit is
taken for operation of the pressurizer relsef valves, steam line rélief valves,
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steam dump system, reactor control system, pressurizer level control system, or
pressurizer spray.

A loss of load transient has also been analyzed for the case where the main feedwater
flow is lost at the same time that steam flow to the turbine is lost. For this
transient, the system will be protected against overpressurization by the pressurizer
and steam generator safety valves in conjunction with the reactor protection system.
The maximum pressure reached will be 2550 pounds per square inch, absoiute.

The methods used by Westinghouse to analyze the overpressure protection of the reactor
coolant system are presented in Topical Report WCAP-7769, “Overpressure Protection for
westinghouse Pressurized Water Reactors,” Revision 1, along with specific revisions
Jertinent to RESAR-3S. The margin for overpressure protection predicted in WCAP-7769,
Revision 1, is acceptable.

There have been several reported incidents of reactor vesse] overpressurization in
pressur’ red water reactors during startup and shutdown in which the limitations of
Appendix G to 10 CFR Part 50 have been exceeded. We have initiated discussions with
applicants, licensees, and vendors, including Westinghouse, on & generic basis relative
to overpressure protection during these conditions. We will require that any correc-
tive measures resulting from our review of this generic matter be incorporated in the
RESAR-3S design and in applications referencing RESAR-3S,

5.8.3 Reactor Coolant Pressure Boundary Materials

Criteria 1 and 14 of the General Design Criteria require that the reactor coolant
pressure boundary be dasigned, fabricated, erected, and tested so as to have an
extremely low probability of a rapidly propagating failure and of a gross rupture. In
addition, they require that the reactor coolant pressure boundary be tested to quality
standards commensurate with the importance of the safety function to be performed.

Our review included the compatibility of the reactor coolant pressure boundary con-

struction materials with the reactor coolant, contaminants, and radiolytic products to

which the system will be exposed. The extent of the corrosion of ferritic low alloy .
steels and carbon steels in contact with the reactor coolant was reviewed. In addition, \
we reviewed the contrals that will be used to prevent cracking of austenitic stainless

steels and the fracture toughness and welding reguirements for ferrite materials,

5.2.3.1 Waterial Specifications and Compatidility with Reactor Coolant

The materials proposed for use in the components of the reactor coolant pressure
boundary have been identified by specification by Westinghouse, and will be procured
in accordance with the requirements of Section III of the ASME Code, including Addenda
and Code cases appropriate to comply with Appendix B to 10 CFR Pact 50. The residual
elements in the ferritic material of the reactor vessel beltline will be controlied in
order to reduce the sensitivity of the material to irradiation embrittlement,
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Austenitic stainless steels in a variety of product forms will be used for construction |
of pressure-retaining components in the reactor coclant pressure boundary. Unstabilized !
austenitic Type 304 and 316 stainless steels will normally be used. Because these '
compositions are susceptible to strass-corrosion cracking when exposed to certain

environmental conditions, process controls will be exercised during a)l stages of

component manufacturing and reactor construction to avoid sensitizatiun of the materfal

and to minimize exposure of the stainless steel to contaminants that could lead to

stress-corrosion cracking, :

Nonetallic thermal insulation used on sustenitic stainless steel components will
conform with the recom endations of Regulatory Guide 1.36, "Nonmetallic Therma)
Insulation for Austenitic Stainless Steel.”

The materials of constructicn of the reactor coolant pressure boundary that wil)l be
exposed to the reactor coolant have been identified and all of the materials are
compatible with the expected environment. General corrosion of all materials, except
unclad carbon and low alloy steel, will be negligible. For these materials, conserva-
tive corrosion allowances have been provided for all exposed surfaces in accordance
with the requirements of Section [1] of the ASME Code.

The specificat’n for reactor coolant water chemistry is shown in Table 5,2-9 of
RESAR-35. The reactor coolant system water chemistry has bee~ selected to minimize
corrosion. Period.( analysis of the chemical composition will be performed to verify
that the coclant water quality conforms to the specification. lne chemical and volume
control system will provide the means for adding chemicals to the coolant te scavenge r
oxygen and to control the hydrogen ion concentration, MHydrazine and hydrogen will be
used to scavenge oxygen, and lithium hydroxide will be used for hydrogen fon concentra-
tion control.

The controls imposed on reactor coolant chemistry are in confoimance with tne recommenda-
tions of Regulatory Tuide 1.44, “Control of the Use of Sensitized Stainless Steel,”

and provide reasonable assurance that the reactor coolant pressure boundary components |
will be adequately protected during operation from conditions that could lead to !
stress corrosion of the materials and loss of structural integrity of a component. '

The instrumentation provided for the control of reactor coolant water chemistry will
provide adequate monitoring capability to detect changes on a timely basis to effect
corrective actions before stress-corrosion attacks occur at an unacceptable Tevel.

The use of materials of proven nerformance and conformance with the recommendations of
Regulatory Guide 1.44 constitutes an acceptable basis for satisfying the requirements
of Criteria 14 and 31 of the General Design Criteria.

Fabrication and Processing of Ferritic Materials

The pressure-retaining componer.s of the reactor coolant pressure boundary that are made
of ferritic materials m.ii “eet requirements for fracture toughness during system hydro-
static tests and any cor.aition of norma. operation, including anticipated operational

occurrences. - 711215 7 -a 2 _"t‘};___i
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A1) materials must meet the acceptance standards of Article NB-2330 of Section I11
of the ASME Code and the requirements of Appendix G to 10 CFR Part 50,

We have reviewed the materials selection, toughness requirements, and extent of
materials testing proposed by Westinghouse and find them acceptable. These require-
ments provide assurance that the ferritic materials used for pressure retaining
components of the reactor roolant pressure boundary will have adequate toughness
under test, normal, and transient cperation. A1l ferritic materials will meet the
toughness requirements of Section 111 of the ASME Code (1974 fdition;. In addition,
materials for the reactor vessel will meet the acceptance criteria of Appendix G to
10 CFR Part 50.

The fracture toughness tests and procedures required by Section II1 of the ASME

Code, as augmented by Appendix G to 10 CFR Part 50 for the reactor vessel, provide
reasonable assucance that adequate safety margins against the possibility of non-
ductile behavior or rapidly propagating fracture can be established for all pressure-
retaining components of the reactor coolant pressure boundary.

The use of Appendix G of Section 111 of the ASME Code, and the results of fracture
toughn- 55 tests performed in accordance with the ASME Code aid tiie Commission's
re-Jlations in establishing safe operating procedures, provide adequate safety
margins during operating, testing, maintenance, and postulated accident conditions.
Compliance with these ASME Code provisions and the Conmission’s requlations con-
stitutes an acceptable basis for satisfying the requirements of Uriterion 31 of the
General Design Criteria.

We reviewed the proposed control of preheat of ferritic steel welding for conformance
with the requirements of the ASME Code, Section 111, Appendix D, Paragrayh 0-1200,
supplemented by Regulatory Guide 1.50, “Control of Preheat Temperature for Welding
of Low-Alloy Steel.” The controls imposed on welding preheat temperatures are in
conformance with the recommendations of Regulatory Guide 1.50. These controls
provide reascnable assurance that cracking of components made from low alloy steels
will not occur during fabrication and minimize the possibility of subsequent cracking
due to residual s'resses being retained in the weldment.

The controls imposed during procurement and fabrication of the ferritic steel
pressure-retaining components of tre reactor caolant pressure boundary will a&lso
conform to the recommendations of R-gulatory Guides 1.34, "Control of [lectroslag
Weld Properties,” 1.37, "Quality Assurance Requirements for Cleaning of Fluid Systems
and Associated Components of Water-Cooled Nuclear Plants,” and 1.43, “Control of
Stainless Steel Weld Cladding of Low-21loy Steel Components *

Compl iance with the above vecommendations constitutes an acceptable basis for
meeting in part the requirements of Criteria 1 and 14 of the General Design Criteria.

i
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5,2.3.3

5.2.4
5.2.4.1

Fabrication and Processing of Austenitic Stainless Steel

We have reviewed *he information provided by Wer inghouse on the criteria for
testing, controlling alloy composition, and heat treatment to avoid sensitization in
austeniftic stainless steels.

Westinghouse has demonstrated that the possibility of intergranular stress corrosion
in austenitic stainless steel used for components of the reactor crolant pressure
boundary will be minimized because sensitization will “e avoided and adequate pre-
cautions will be taken to prevent contamination during manufacture, shipping,
storage, and construction,

Austenitic stainless steel is subject to hot cracking (microfissuring) during
welding if the weld metal composition or the welding procedure is not properly
controlled. Because cracks formed in this manner are small and difficult to detect
by nongestructive testing methods, welding procedures, weld metal compositions, and
delta ferrite percentages that minimize the possibility of hot cracking must be
specified, We have reyiewed the proposed welding procedures and have found them to
be in compliance with our reguirements.

The controls that will be imposed upon components constructed of austenitic stain-
less steel used in the reactor coolant pressure boundary conform to the recommenda-
tions of Regulatory Guides 1.31 "Control of Stainless Steel Welding,” 1.34, “Control
of £lectroslag Weld Properties,” 1.36, "Monmetallic Thermal Insulation for Austenitic
Stainless Steel,” 1.37, “"Quality Assurance Requirements for Cleaning of Fluid Systems
and Associated Components of Water-Cooled Nuclear Power Plants,” and 1.44, “Control
of the Use of Sensitized Stainless Steel.”

Material selection, fabrication practices, examination procedures, and protection
procedures performed in accordance with these recommendations provide reasonable
assurance t'at the austenitic stainless steel in the reactor coclant pressure
boundary will be sound and free from hot cracking (microfissures) and in a metal-
Turgical condition which precludes susceptibility to stress-corresion cracking
during service. Conformance with the above regulatory guides constitutes an accept-
able basis for meeting the applicable requirements of Criieria 1 and 14 of the
General Design Criteria.

Reactor Coolant Pressure Boundary Inservice Inspection and Testing
Evaluation

Criterion 32 of the General Design Criteria requires that components which are part
of the reactor coolant pressure boundary be designed to permit periodic inspection
and testing of important areas and features to assess their structural and leaktight
integrity. Inservice inspection programs are based on Section XI of the ASME Code,
"Rules for Inservice Ins.ection of Nuclear Power Components.”
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5.2.4.2

L O P

We reviewed Westinghouse's definition of the reactor coolant pressure boundary
against the irspection requirements of Section XI of the ASME Code for all Class |
pressure-conta .ning comporents and their supports except for those components
excluded under IWB-1220 of Section X1 of the ASMF Code. The RESAR-3S reactor
coolant pressure bouncary includes all pressure vessels, piping, pumps, and valves
which are part of the reactor coolant system, or connected to the reactor coolant
system, up to and including:

{1} The outermost containment isolation valve in system piping that penetrates
the primary reactor containaent,

(2) The second of two valves normally closed during normal reactor operation in
system piping that does not penetrate the primary reactor containment, and

(3) The reactor conlant system safety and relief valves.

We reviewed the design and arrangement of the reactor coolant system components to
determine conformance with the requirements of WA-1500, "Acctessibility,” of Section XI
of the ASME Code. Tne design of the reactor coolant system incorporates provisions
for access for inservice inspection of all ASME Class 1, 2, and 3 pressure-retaining
components and systems in accordance with Section X1 of the ASME Code. Tools and
equipment have been designed and are included in RESAR-3S to facilitate the remote
inspection of those areas of the reactor vessel not readily accessible to inspection
personnel.

Conclusions

We will require that selecied welds and weld heat-affected zones be inspected
perfodically. We conclude that the designs of all ASME Code Class 1 components of
the reactor coolant pressure boundary incorporate provisions for access for inser-
vice inspections in accordance with Section X1 of the ASME Code and that methods
have been developed to facilitate the remote inspection of those areas of the
reactor vessel not readily accessible to inspection personnel. We will require that
each RESAR-3S plant maintain the access provided by Westinghouse to ensure that the
inservice inspection program for all Class 1, 2, and 3 components will be cenducted
in accordance with the requiremerts of Section XI of the ASME Code. The conduct of
periodic inspections and leakage and hydrostatic testing of pressure-retaining
components of the reactor coolant pressure boundary in accordance with the require-
ments of Section XI of the ASME Code provides reasonable assurance that evidence of
structural degradation or loss of leaktight-integrity occurying during service will
be detected in time to permit corrective action before the safety function of a
compenent is comproaised. Compliance with the applicable portions of these in-
service inspection and hydrostatic test requirements of Section X1 of the ASME Code
constitutes an acceptable basis for satisfying the requirements of Criterion 32 of
the General Design Criteria.
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. 1 Materials
Evaluation

Criterion 31 of the General Design Criteria requires that the reactor coolant

pressure boundary be designed with sufficient margin to assire that when Stressed under
Gperating, maintenance, testing, and postulated accident cond:iions, ine boundary will
behave in a nonbrittle manner and the probability of rapidly propagating fracture will
be minimized,

We have reviewed Westinghouse's material specifications for the reactor vessel and
closure studs. Their adequacy for use in the construction of such components was
asse .ed on the basis of their material, mechanical, and physical properties; the
etfects of irradiation on these materials; their corrosion resistance; and fabrica-
bility. We reviewed the welding controls and procedures for low alloy and austenitic
steel welds,

The fracture toughness of the ferritic materials to be used for the reactor vessel and
the appurtenances thereto were reviowed to assure that such components will behave in a
nonbrittie manner and that the probability of rapidly propagating fracture will be
minimized nder operating, maintenance, testing, and postulated accident conditions.
The review included the descriptions of the fracture toughness tests to be performed on
all ferritic materials that will be used for the reactor vessel and appurtenances
thereto and corsidered the acceptability of the proposed transverse Chavpy-¥-notch
impact test specimens, dropweight teést specimens, and any other test specimens included
by Hestinghouse in its program.

The test procedures specified by Westinghouse were reviewed.

The toughness properties of the reactor vessel beltline material will be monitored
throughout service life with a material surveillance program that will meet all the
requirements of the American Society for Testing and Materials (ASTM) Standard
185-73 and Appendix H to 10 CFR Part 50,

The composition of the ferritic materials specified for the reactor vessel and the
allowable limits for residual elements such as copper, sulfur, and phosphorous were
reviewed,

We determined that the composition of reactor vessel beltline material, including
welds, will be controlled to minimize the copper and phosphorus content, thus
ensuring that its sensitivity to radiation damage will be low.

Although the use of controlled composition material for the reactor vessel beltline
will minimize the possibility that irradiation will cause serious degradation of its
toughness properties, Westinghouse has stated that snhould results of surveillance

tests indicate that the toughness has degraded to an unacceptable level, the reactor
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vessel can be annealed to restore the toughness to an acceptable level. We will |
require that each RESAR-3S plant maintain the capability for an in-place anneal of ,
the reactor vessel {f required. :

We reviewed the adequacy of the reactor vessel material surveillance program to .
monitor changes in the fracture toughness properties of the ferritic materials in
the reactor vessel beltline.

We reviewed tre end-of<1ife fluence calculated for the vessel beltline, the maximum
predicted shift in reference transition temperature, the number of capsules, and the
number and types of specimens to be placed in the capsules. We conclude that the

| program is in compliance with ASTM Standard E 185-73 and Appendix H to 10 CFR Part SO.

We determined that the ferritic materials in the reactor cooiant pressure boundary

will meet the toughness requirements of Section 111 of the Code. In addition, the

material for the reactor vessel and reactor vessel studs will meet the acceptance |
criteria of Appendix G to 10 CFR Part 50.

5.3.1.2 C(onclusions

The specifications of the materials to be used for the construction of the reactor

vesse! and its aprurtenances have been identified and found to be in confor.. :
with Section 111 of the ASME Code. Special requirements of Westinghouse witn
regard to control of residual elements in ferritic materials have been identified
dnd are considered acceptable.

Special processes used for manufacture or fabrication of the reactor vessel and its
appurtenances have been fdentified, and appropriate data reports on each process as
required by Section 111 of the ASME Code have been submitted by Westinghouse. Since
certification has been made by Westinghouse that the materials and fabrication
requirements of Section 111 of the ASME Code will be complied with, the special
processes to be used are considered acceptable.

Special methods used for nondestructive examination of the reactor vessel and its
h appurtenances have been identified, and have been found equivalent or supericr to
I the techaigques described in Appendix ¥ of Section IIl ~* the ASME Code. Demonstra-
tions have been made using these special techmiques and have satisfied all require- |
ments of the ASME Code. The special methods of nondestructive examination are |
deemed acceptable. .

Special controls and special weiding processes used for welding the reactor vessel |
and its appurtenantcs have been fdentified and found to be qualified in accordance

with the requirements of Sections 111 and .X of the ASME Code. The controls imposed

on welding preheat temperatures w’ll be in conformance with the recommendations of

Requlatory Guide 1.50, “Control of Preheat T wperature for Welding of Low-Alloy
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Steel,” and pro-ide reasonable assurance that ¢ “acking of components made from low l
alloy steels will not occur during .«brication an' will minimize the possibility of |
subsequent cracking due to residual stresses being retained in the weldment. The

controls iiposed upon austenitic stainless steel welds to ensure adequate delta !
ferrite content will be in conform.nce with Regulatory Guide 1,31, “Control of |
Stainless Steel Welding,* i

The fracture toughness tests required by the ASME Code and by Appendix G to 10 CFR
Part 50 provide reasonable assurance that adequate safety margins against the |
possibility of nonductile behavior or rapidly propagating fracture can be estab- |
lished for all pressure-retaining components of the reéactor coolant boundary. |
The use of Appendix G of the ASME Code as a guide in establishing safe operating

procedures, and use of the results of the fracture toughness tests performed in

accordance with the ASME Code and Commission's regulations, will provide adequate

safety margins during operating, testing, maintenance, and postulated accident |
comditions, Compliance with these ASME Code provisions and Commission's regulations ]
constitute an acceptable basis for satisfying the requirements of Criterion 31 of l
the General Design Criteria.

Pre:sure-Temperature Limits

|
The following pressure-temperature Timits to be imposed on the reactor coolant t
pressure boundary auring operation and testing were reviewed to assure that they l
will provide adequate safety margins against nonductile behavior or rapidly propa- I
gating failure of ferritic components of the reactor coolant pressure boundary, as !
réquired by Criterion 31 of the General Design Criteria, :

(1) Pressure-temperature limits for preservice hydrostatic tests

(2) Pressure-temperatu, 2 limits for inservi~c ieak and hydrostatic test
(3) Pressure-temperature limits for heatup and cooldown operations

(4) Pressure-temperature 1imits for core operation

|
Appendices G and ¥ to 10 CFR Part 50 describe the conditions that require pressure- |
temperature limits and provide the general basis for trese limits., These appendices |
specifically require that pressure-temperature limits must provide safety margins at
least as great as those recommended in Appendix 6 to Section [II of the ASME Code,
“Protection Against Nonductile Failure,” during heatup, cooldown, and test con-
ditions. Appendix G to 10 CFR Part 50 also requires additioral safety margins |
whenever the reactor core is critical (except for low-level physics tests), |

Actual operating limit curves camnot be determined at the preliminary design stage
because the fracture toughness and other required tests have not been performed on |
the actua)l material that will be used. Typical operating Timit curves, with F
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5.3.3

temperatures shown relative to the reference transition tempersture, and the basis for
deternining the curves, were reviewed and compared with the acceptance criteria
described below.

de evaluated the pressure-temperature operational and test limitations for accept-
ability oy performing check calculations using the methods referenced in the ASME Code
and in the Welding Research Council Bulletin 175, "PVRC Recommendations on Fracture

Toughness.”

We conclude that upon the satisfactory resoluticn of the generic matter of overpressur-
ization, as discussed in Section 5.2.2 of this report, the reactor will be capable of
being operated in a manner which will meet the requirements of Appendix G to Section I1]
of the ASME Code and Anpendiz G to 10 CFR Part 50,

The use of Appendix € of the ASME Code as a quide in establishing safe operating
limitations, using results of the fracture toughness tests performed in accordance
with the ASME Code and the Commission's regulations, will assure adequate safety
margins durirg operation, testing, maintenance, and postulated accident conditions.
Compliance with these ASME Code provisions and the Cou.  <ion's renulations constitutes
an acceptable basis for satisfying the requirements of  (terion 31 of the General
Design Criteria.

Reactor Vessel Integrity

A1 portions of RESAR-35 relating to the integrity of the reactor vessel were reviewed
to assure that the information 15 complete and that no incorsistencies in information
or requirements exist *hat would reduce the certainty of vessel integrity.

We have reviewed the factors contributing to the structural inteqrity of the reacter
vesss® and conclude that the design, materials, fabrication, incpection, and guality
assurance requirements will conform to applicable Commission regqulations and regu-
latory guides and to the rules of Section 111 of the ASME Code. The stringent fracture
toughness requirements of the Commission's requlations and Section [I1 of the ASME
Code will be met, including requirements for surveillance of vessel matérial propert es
throughout service life. Also, operating limitations on temperature and pressure will
be established for the vessel in accordance with Appendix G, “Protection Against
Nonductile Failure," of Section 11l of the ASM. Code and Appendix G to 10 CFR Part 50,

The integrity of the reactor vessel will be assured because the vessel:

(1) Will be designed and fabricated to the hich standards of quality required by
the ASME Code anc any pertinent ASME Code cases;

{2) Will be made from materials of controlled and demonstrated high quality;

711202
513 #0297




{3) Wil be subjected to extensive preservice inspection and testing to provide
assurance that the vessel will not fuil because of material or fabrication
deficiencies,

(4) Wil) be required py the Commission to be operated under conditions and proce-
dures and with protective devices that provide assurance that the reactor
vessel design conditions wil not be exceeded during normal reactor operation,
and that the vessel will not fail under the conditions of any of the postulated
accidents;

(5] Will be required by the Zemmission to be subjected to periodic inspection to
demenstrate that the high feitial quality of the reactar vessel hai not de-

teriorated significantly under service conditions; and

{6) Can be annealed to restore the material toughness properties if this becomes

necessary.
5.4 Comparent and Subsystem Design

5:4.1 feactor Coalant Pumps
5.4.1.1 Description

The reactor coolant pumps will be sized to provide adequate core couling flow to
maintain a departure from nucleate boiling ratio arester than 1.30 under norma and
transient operating conditions. The estimated design loop flow will be 35.08 willion
pounds per hour,

Sufficient pump rotational inertia (95,000 pounds-feet sguared) will be provided by
a flywhee! in conjunction with the impeller and motor assembly to provide flow during
coastdown ~hich 15 adeguate to maintain a departure from nucleate boiling ratio
greater than 1.30 in the event of loss-of-,ump power.

pumps.  Suction will te from the bottom and disc*arge will be hovizontal. The pumps
will be composed of three reqions - the hydraulics, shaft seals, and the motor,

|
The reactor coolant pumps will be vertical, single stage, centrifugal, shaft seal i
5.4.1.2  Pump Flywhee! Integri !
Criterion 4 of the General Design Criteria requires that structures, systems, and
components of nuclear power plants important to safety be protected against the i
effects of missiles that might result from equipment failures, Because flywheels !
nave large masse. and rotate at speeds of about 1200 revolutions per minute during ;
normal reactor operation, a loss of integrity could result in high energy missiles l
and excessive vibration of the reactor coolant pump assembly, The safety conse-
quences could be significant because of possible damage to the reactor coolant I
system, the containment, or the engineered safety features. |
:
:
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The potential for the reactor coolant pump flywheel to becowme a missile in the event
of & rupture in the pump suction or discharge sections of reactor coolant system
yiping {5 under generic study by Westinghouse ang us. The [lectrical Power Research
institute has contiacted Combustion Engineering, Incorporated to perform a 1/5 scale
reactor coolant pump research prograw. The objective of the program will be, in
part, to obtain empirical data to substantiate or modify current mathematical models
used in predicting pump performance during a postulated loss-of-coolant accident,

We will be following the development and performance of this program as well as other
industry analytical and experimental programs on a generic bac<is.

We have determined that additional protective medsures, such as prevention of excessive
pump overspeed or Vimitation of potential consequences to safety-rulated equipment,
are technically f.asible, If the results of the generic investigations of this

matter indicate 'hat additional protective measures are necessary to assure that an
acceptable Tevel of safety is maintained, we will require that they be implemented.

Information tn RESAR-3% on matérials selection and the procedures used to minfmize
flaws <nd isiprove mechanical properties were reviewed to establish that sufficient
infor ation is provided to permit an evalyation of the adeguacy of the flywheel
materials,

The fracture toughness of the materials, including materials tests to be used, were
reviewed to establish that the flywheel materials will exhibit adequate fracture
toughness at normal operating temperature.

Wormal and anticipated transient conditions are used by Westinghouse as the basis for
the design of the flywheel. The desian speed of the flywhee! is 125 percent of the
normal Synchronous speed of the motor. e adaition, the completed flywhee! will be
subjected to 100 percent volumetric, ultrasonic inspection using procedures and
acceptance criteria equivalent to those specified for Class 1 wponents in Section
I11 of the ASME Code.

The flywheel Agsign, including allowable stresses, design overspee aiderations,
shaft and bearing adequacy, and the consequences of pump seizure is heing reviewed on
& generic basis. 1f the results of this review indicate that modifications ave
warranted, we will require ‘hem to be made. The loss of flow incident is eva'uated n
Secticn 15.4 of this raport,

The probability of loss of pump flywheel integrity can be minimized by the use of
suitable material, adequate design, preservice spin testing, and inservice inspec-
tion, Westinghouse's selection of materials, fracture toughness tests, design
procedures, preservice over” 2in testina program, and access for an inservice
inspection program for rea nt punp flywheels have been reviewed and found
acceptable on tae basis of cun.  mance with Regulatory Guide 1.14, "Reactor [oalant
Pump Flywhee! Integrity,” and established industry codes and standards. e will
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5.4.2.1

require that each RESAR-3> plant maintain access to the pump flywnee! to ensure that
the inservice inspection progras will be conducted in accordance with the recosmen-
dations of Regulatory Guide 1.14,

The use of suitable materials with adequate fracture toughness, conservative desian
procedures, preservice testing, and inservice inspection for flywheels of reactor
coolant pump motors provide reasonadle assurance of the structural integrity of the
flywheels in the avent of design overspeed transients or postulated accidents.
Conformance with the recomsendations of Requlatory Suide 1.14 constitutes an accept-
able basis for satisfying the applicable portions of Criterion &4 of the Geneczl
Design Criteria.

Steam Generators

The steam generators will be vertical shell and U-tube evaporators with integral
moisture Separvators. he primary reactor coolant will enter the steam generator
lower hemispherical head and flow through the U-tubes qiving up heat to aenerate
steam on the shell side of the unit. The U-tube and tubesheet boundary will be
designed to withstand full reactor conlant side desian pressure and temperature with
atmospheric pressure on the secondary side so as to prevent the activity generated
withir the primary system from passing over to the secondary system. Since the steam
generators must provide a heat sink for the primary reactor coolant system during
certiin shutdown conditions, they will be at a higher elevation than the core to
assure natural circulation flow for decay heat removal,

A nain steam line flow restrictor, consisting of a disc with several venturi-type
nuzzies, v’ .7 be welded inside each stea= generator steam outlet wozzle, [t will be
designed to limit the blowdown rate of steam from the steam generators in the event
af @ main steam 1ine rupture.

Feedwater flow mwust pass through a preheater section of the steam generator before
entering the boiler section of the stéam generator, [n the preheater section, the
feedwater will be heated almast to the saturation temperature. The steam-water
mixture which flows up through the tube bun'le muyst pass through a set of centritugal
moisture separators which will remove most of the entrained water. The remaining
steam will then pass througn steam dreyers to raise the steam quality before leaving
the steam yenerator. The proposed BES ~-a steam genevators will be similar to those
used in the RESAR-3 Consulidated Version des jn,

The secondary side overpressure protection system is not within the scope of the
AESAR-3S design and is, therefare, not described. However, we require that the
following measures, which are assumed in the transient and accident analyses and are,
therefore, interface requirements, be incorporated in the balance-of-plant design.

We have determined that these measures are technically feasibie. 711225
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{1) Safety relief valves must have a total capacity of 105 percent of the design
sceam flow at 110 percent of the steam generator design pressure,

{2) Power operated relief valves must pass at the no-load pressure a steam flow
equal to 15 percent of the steam flow used for plant design, There must be at
least one valve per main steam line located upstream of the main steam line

T D T W e e

isolation valve.

{3) The maxicium capacity of any single safety or power operated relief valve must be
255 than or ¢,ual to 1.05 million pounds per hour,

{4) The maim sccam Tine “solation valves located outside the containment must shut
off fl-w fror either the forward or reverse direction within five seconds i

The safaty and relief valves must be at full operation when the accr-ulated

-—
&
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pressure is 103 percent of the valve setting.
5.4.2.2  Steam Generator Materials

Criteria 14, 15, and 31 of the General Design Criteria require that the reactor
coolant pressure boundary have an extremely low probability of abnormal leakage and
be designed with sufficient margin to assure that design conditions will not be
exceeded during normal operation and anticipated cperational occurrences, and that
the probability of rapidly propagating failure of the reactor coolant pressure
baundary wili be minimized. The steam generators form important parts of the
boundary.

we have reviewed tne sejection of sieam generalor “wierials znd the controls which ;
will be exercised during the fabrication of these components. The steam generators

will be fabricated as ASME Code Class ! components. The mechanical properties for '
the materials selected for the steam generators will meet the ASME Code requirements
as stated in Appendix [ of S¢ tion 11! and Parts A, B, and C of Section Il of the
ASME Code. Welding procedures and fabrication processes will be qualified in .
accordance with the requirements of Sections [I{I and IX of the ASME Code. Fracture ,
toughness of ferritic materials used in the steam generator construction will meet

the requirements of Article N8-2300 and Appendix G, Paragraph G-2000 of Section [I1

of the ASME Code.

The procedures for weld-depositing corrosion-resistant cladding on the tube sheet

will be cualified according to the requirements of Article ON-214 of Section IX of
the ASME Code., The laconel 600 tubes will be expanded for the full depth of the

tube sheet to avoid the presence of a deep crevice between the tubs and tube sheet
pursuant to the recommendations of Materials Engineering Branch Technical Pasition
MTEB 5-3, "Monitoring of Secondary Side Water Chemistry in PWR Steam Generators.”

which is contained in Section 5.4.2.1 of the Standard Review Plan. The welds between a
the tubes and tube sheet will mest the requirements of Sections III and IX of the !

ASME Code. ~y ]l—}—ff'*"“f’fﬁ'ff"""‘
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5.4.3

Onsite cleaning and cleanliness control will be in accordance with the recommenda-
tions of Regulaiory Guice 1.37, “Quality Assuyrance Requirements for (leaning of
Fluid Systems ard Associated Components of Water-Cooled tuclear Power Plants,” and
as stated in American National Standards Institute Standard %45.2.1-1973, “(leaning
of Fluid Systems and Associated Components for Nuclear Power Plants.”

Conformance with the above stated applicable codes, standards, positions, and
criteria constitutes an acceptable basis for meeting the applicable requirements of
Criteria 14, 15, and 31 of the General Design (riteria.

The staff has under consideration appropriate monitoring of secondary water chem=
istry and inservice inspection programs to further enhance steam generator tube
intagrity. Upon completion of our review, we will consider appropriate recommenda-
tions or requirements for use in connection with the RESAR-3S design.

Steam Generator Inservice Inspection

Criteria 1 and 32 of the General Design Uriteria require that components which are
part of the reactor coolant pressure boundary or other components important to
safety be designed to permit periodic inspection and testing of critical areas for
structural and leaktight integrity. The design of the steam generators as described
fn RESAR-35 was reviewed to establish that use of the specified inspection tech-
niques is feasible.

We conclude that the steam generators have been designed to permit inservice in-
spection of all ASME Code Class 1 and 2 components including individual tubes as
recomnended in Regulitory Guide 1.83, “Inservice nspection of Pressurized Water
Reactor Steam Generator Tubes,” and Section XI of the ASME Code. We will require
that each RESAR-35 plant provide access fo the steam generators to ensure that the
inservice inspection program will be conducted in accordance with the recommenda-
tions of Regulatory Guide 1.83 and the reguirements of Section XI of the ASME Code.
Conformance with Regulatory Guide 1.83 'nd Section XI of the ASME Code constitutes
an acceptable basis for meeting the applicable portions of Criteria 1 and 32 of the
General Design Criteria,

Residual Heav Removal System

The residual heat removal system will be designed to remove decay heat and sensible
heat from the reactor coolant system and core during the latter stages of cooldowr.
The system will also control the reactor coolant temperature during refueling and
provides the means for filling and draining the refueling cavity. The system will
consist of two parallel flow trains each consisting of a residual heat removal heat
exchanger, a residual heat removal pump, and the associated valves and instrumenta-
tion necessary for operational control. The inlet lines to the system will be
connected to the hot legs of two of the reactor coolant system loops and the return
Tines will be connected tu the cold legs of the four reactor coolant system loops.

”’
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The valve arrangement will be such that at all times the emergency core cooling
system can inject into the reacter vessel should the need arise. This will not
limit or hamper the residual heat removal function n¢ ’he heat eachangers.

The residual heat removal system will be placed into uperation approximately four
hours after imitiation of plant shutdown when the temperature and pressure of the
reactor coolant system are below 350 degrees Fanrenheit and 400 pounds per square
inch, guage, respectively. Assuming operation of the two pumps and two heat ex-
changers, and that each heat exchanger will be supplied with component cooling water
at design flow and temperature, the residual heat removal system is designed to
reduce the reactor coolant system temperature from 350 to 150 deyrees Fahrenheit
within sixteen hours after being placed into operation. If one of the two pumps or
heat exchangers were not operable, safe cooldown of the plant would still be pos-
sible but the time required for cooldown would be extended.

Use of the residual heat removal tystem for normal plant cooldown will not compromise
its use as part of the emergency core cooling system. The valves .ssociated with the
system will normally be aligned in such a way as to allow use of *ne necessary portions
of the system for emergency core system recirculation coeling should the need arise.

Residual heat removal system isclation has been provided through the use of inter-
locks which prevent opening of the isoiation valves when the reactor coolant systen
pressure is greater than 425 pounds per square inch, guage, and automatically close
the isolation valves when the reactor coolant system pressure reaches 750 pounds per
square inch, guage, This is in compliance with our pesition and is, therefore,
acceptabla. These interlocks are discussed further in Section 7.6.4 of this report.

We determined that the RESAR-3S residual heat removal system design did not originally
meet the singla failure criterion in that one of the two isolation valves in the suc-
tion lines of each of thz two trains were powered from the same source, the failure of
which would have prevented the operation of both residual heat removal system trains.
Westinghouse proposed utilizing the auxiliary feedwater system alung with tne Steam
generator power-operated relief valves as backup to tne residucl heat removal systen.

It is our position that the system provided to remove residual heat be capable of
reducing the reactor coolant temperature to a cold shutdown value (200 degrees
Fahrenheit ar less) within a reasonable period of time (on the order of a day) with
either only onsite or only offsite power available and assuming the mest limiting
single failure. The auxiliary feedwater system along with the steam generator
power-operated relief valves, however, would not be capable of reducing the reactor
coolant temperature to a cold shutdown value within a reasonable period of time,

Consequently, Westinghouse specified as an interface reguirement in RESAR-35 that the
balance-of-plant design include provisions for supplying Class IE electrical power to
the residual heat remcval system suction isolation valves ir such a manner that the
single failure criterion is satisfied for both system operation and isolation. e
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5.4.4

find this to be acceptable. [n addition, however, Westinghouse has described in
RESAR-3S a temporary power supply arrangement as a means of accomplishing this inter-
face requirement. We have not reviewed Westinghouse's proposed temporary power supply
arrangement since the specific design wili be provided by the balance-of-plant designer
and, therefore, will be reviewed in applications referencing RESAR-3S,

We have determined that with Westinghouse's suction line isolation valve power inter-
face requirement, the KiSAR-3S residual heat removal system design complies with the
requirements of Criteria 19 and 34 of the fGieneral Design Criteria and, therefore,
conclude that the RESAR-3S residual heat removal system design is acceptable.

The residual heat removal system will be inspected periodically during normal plant
operation by .pplicants referencing RESAR-3S. Recalibration of the instrumentation
channels, should it be necessary, will be done during each refueling operation.

We are presently considering on a aeneric basis the question of whether capability
should be provided “ar transfevring heat from the reactor to the environment from
normal reactor operating conditions to cold shutdown using only safety-grade systems,
with only offsite or onsite power available, and assuming the most limiting single
failure. If we determine that this capatility should be provided, we will require
that the RESAR-35 design and the designs of the balance-of-plant portions of applica-
tions referencing BESAR-3S be modified accordingly. We have determined that such
modifications are technically feasible and conclude that this matter can be left for
post-preiiminary design approval stage consideration.

Pressurizer

The pressurizer will maintain the reactor coolant s’stem pressure during steady-state
operation and will limit pressure changes during transiants. It will contain a water
volume sized to permit the reactor system to experience a step load increase of ten
percent at full power without uncovering the electrical heaters in the pressurizer and
to maintain the pressuie high enough so as not to activate th2 aign pressure injection
system. Above the water level will be a volume of steam sized to prevent water relief
through the safety valves following a loss of load with credit taken for the pressurizer
high water level initiating a reactor trip and without reactor control or Steam dump.
The steam volume will be large enough to accommodate the surge resulting from a 50
percent reduction of full load with automatic reactor control and 40 ~ercent steam
dump without the high water level reactor trip point being reached., No reactor trip
will occur if the secondary system limits the primary system to a step ¢ ange of ten
percent,

Electric heater bundles, located in the lower section, and water spray noz.les in the
top head of the pressurizer will maintain the steam and water at the saturation
temperature which corresponds to the desired reactor coolant system pressure.

During outsurges, as the system pressure decreases, some of the water will flash to
steam limiting the pressure dacrease and the electric heaters will act to restore the
normal operating pressure. During insurges, as the system pressure increases, some
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steam will naturally condense limiting the pressure increase while the automatic water
spray will condense more steam to reduce the pressure to the normal operating level.
Three ASME Code safety valves will be connected to the upper pressurizer head to
rélieve system qverpressure. Two motor-operated relief valves will alse be provided
to limit the Vifting frequency of the safety valves.

The safety and relief valves will discharge to the pressurizer relief tank, located
within containment. For coverpressure protection for anticipated transients and
accident conditions, which is discussed in Section 5.2.2 of this report, credit wil)
only be aken for saf=ty valve operation,

5.4.5 Pressurizer Relief Tank

The pressurizer relief tank is within the scope of RESAR-3S and is designed o condense
and cool the discharge from the pressurizer safety and relief valves. The tank will
normally contain water under a predominantly nitrogen atmosphere. However, connections
will be provided to permit the gas in the tank to be periadically analyzed to monitor
the concentration of hydrogen and/or oxygen. The sample lines and gas monitors are

not within the scope of RESAR-3S.

By means of its connection to the waste processing system, the pressurizer relief

tank will provide a means for removing any non-condensabie gases from the reactor
coolant system which might collect in the pressurizer vessel. The tank design is
based on the requirement to absorb the pressurizer discharge during a ten percent step
load decrease. The pressurizer resaonse was evaluated for a discharge of pressurizer
stean equal to 110 percent of the voiume above the full-power pressurizer water level
set point. The volume of water in the tank will be capatle of absorbing the heat from
the assumed discharge, assuming an initial temperature of 120 degrees Fahrenheit and
increasing to a final temperature of 200 degrees Fahrenheit. 1f the temperature in
the tank rises above 120 degrees Fahrenheit during plant operation, the tank will be
cooled by spraying in Lool water and draining out the warm mixture to the waste
processing system,

Rupture discs on the relief tank will provide sufficient relief capacity (1.6 million
pounds per hour at 100 pounds per square inch, guage) to prevent tank overpressurization.
The tank design pressure of 100 pounds per square inch, quage, will be equal to twice
the calculated pressure resulting from absorption of 110 percent of the steam volume
discharged from the pressurizer. The tank and rupture disc holders will also be
designed for full vacuum to prevent tank collapse if the contents cool following a
discharge without the normal addition of nitrogen. Based on the analyses presented in
Section 15 of RESAR-3S, for any anticipated transient the pressurizer relief tank
pressure will not exceed the design pressure of rupture discs. Therefore, there is no
anticipated transient for which reactor coolant would be released to the containment.

Based on the margin provided in the design bases for the pressurizer relief tank and
the determination that reactor coolant will not be released to containment for any
anticipated transients, we conclude that the design of the pressurizer relief tank is

1 res :
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5.4.8

5.4.7

£.4.8

Safety and Relief Valves

The pressurizer safety valves are within the scope of RESAR-3S and will be the totally
enclosed pop type vaive. The valves will be spring-loaded, self-activated, and with
back pressure compensation features. The combined capacity of the pressurizer safety
valves will be designed to accommodate the maximum surge resulting from complete loss
of load. The pressurizer safety valves, with a total relieving capacity of 1.26
million pounds per hour, will prevent reactor coolant system pressure from exceeding
110 percent of system design pressure of 2500 pounds per square inch, absolute, in
compliance with Section 11 of the ASME Code. This objective will be met without
reactor trip or any operator action.

The relief valves are within the scope of RESAR-3S and will be quick-opening and
operated automatically or by remote control. Remotely operated stop valves will be
prov’ded *o isolate the power-operated relief valves if excessive leakage develops.
The pressurizer power-operated relief valves, each with a relieving capacity of
210,000 pounds per hour, will be designed to limit pressurizer pressiure to a value
below the high pressure reactor trip setpoint for all design transierts up to and
including the design step load decrease with steam dump.

These valves are similar to those used in previous Westinghouse designs and are
acceptable,

Loose Parts Monitor

Occasiorally, miscellaneous items such as nuts, bolts, and other small items have
become loose parts within reactor coolant systems. In addition to causing operationa)
inconvenience, such loose parts can damage other components within tra system or be an
indication of undue wear or vibration.

For such reasons, for the past few years we have required many applicants to initiate
a program or to participate in an ongoing program, the objecti.ve of which was the
development of a functional, loose parts monitoring system within a reasonable period
of time. Recently, prototype loose parts monitoring systews have been developed and
are presently in operation or being installed at several plants.

RESAR-3S includes, as an option, a loose parts monitoring system which we have found
acceptable for use in previous Westinghouse plants. We will impose the requirement
for installation of an acceptable loose parts monitoring system on each app)icant
utilizing RESAR-3S.

Reactor Vessel Supports

On May 7, 1975, we were informed by a licensee of a pressurized water reactor, Virginia
tlectric and Power Company, that the asymmetric loading resulting from a postulated
pipe rupture in the reactor coolant system had not been taken into account in the
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5.5

original design of the reactor pressure vessel support system for the lorth Anna Units
1 and 2 (Docket Nos. 50-338 and 339;.

This 1oading results from the forces induced on the internals within the reactor
vessel caused by differential pressure conditions within the vessel immediately
following a postulated loss-of-coclant accident. In addition, the asymmetric loading
from transient differential pressures that would exist around the exterior of the
reactor vessel from the same postulated pipe rupture was not included in the original
design analysis. However, the symmetric leadings from such a postulated pipe rupture
were included in the original analysis of the reactor pressure vessel supports.

It is our opinion that these factors related to the design of the reactor pressure
vessel supports are gemeric in nature and may apply to the RESAR-3S design. Accord-
ingly, we are taking steps to review this problem on a generic basis to determine the
extent of the problem.

We have informed Westinghouse of the nature of this problem and have requested Westing-
house to verify that the design procedures for the reactor pressure vessel support
system wil? properly include the asymmetric forces described above in the final design
of the supports. Westinghouse has provided verification that the final design will
include the asymmetric forces.

Based on our review of this yeneric problem to date, we have determined that the
methodology necessary to model the complete reactor coolant system in sufficient
detail to determine analytically the magnitudes and phase relationships of the vessel
support system loads from the transient prescure differentials has been developed by
Westinghouse. e calculational technigues have been refined so that it is practical
to evaluate the a:tual dynamic system response to all the known transient loads.
Fyrthermore, We-tinghouse nas informed us that structural analyses based on the loads
developed Ly the worst case loading demonstrate that Westinghouse reactor coclant
support systems now being designed can sustain these loads and remain within conserva-
tive design basis stress limits comparable to those stress limits specified in Appen-
dix F of Section IIl of the ASME Code.

On the basis of our review of this problem to date, we have concluded that Westinghouse
can properly account for these forces during the final design of the reactor vessel

support system.

Conclusion

Our review of the RESAR-3S reactor coolant system included review of the integrity of
the reactor coolant pressure boundary, the reactor vessel and its appurtenances,

system component and subsystem designs, and the residual heat removal system. We have
determined that the proposed design of the reactor coolant system conforms to the
Commission's regulations and to applicable regulatory guides, staff technical positions,
and industry standards, and conclude that the desiagn is acceptable.
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6.1

5.2

6.0 ENGINEERED SAFETY FEATURES

Supmary

The purpose of the various engineered safety features will be to provide a complete
and consistent means of assuring that the plant personnel and the public will be
protected from excessive exposure to radioacti~e materials shouid a major accident
occur in the plant. In this section we discuss the engineered safety feature systems
proposed for the RESAR-3S nuclear steam supply system, Certain of these systems or
parts of these systems will have functions for normal plant operation as well as
serving as engineered safety features, A description of the scope of the RESAR-3S
engineered safety features is contained in Section 1,2 of this report and Section 1.7

of RESAR-3S.

The engineered safety features provided within the scope of RESAR-3S and evaluated
Aerein are those portions of the containment isclation system relating to the systems
within the scope of RESAR-3S and the emergency core cooling system, The piping

design and layout and certain components are outside the scope of RESAR-3S, A detailed
description of the scope of RESAR-35 can be found in Section 1.7 of RESAR-3S.

We have reviewed the proposed RESAR-35 systems and components desfignated as engineered
safety features. These systems and components will be designed to be capable of
assuring safe shutdown of the reactor under the adverse conditions of the various
postulated destin basis accidents described in Chapter 15 of this report. They will
be designed to seismic Category I reguirements and ta function even with the complete

loss of offsite power.

Components and systems will be provided in sufficient redundancy so that a single
failure of any component or system will not result in the loss of the capability to
achieve safe shutdown of the reactor in accordance with Criterion 35 of the General

Design Criteria.

Containment Systems

RESAR-3S describes a nuclear steam supply system utilizing a four-lcep reactor coolant
system, a 3411 megawatt thermal pressurized water reactor, and associated auxiliary
sustems, (he containment systems for a nuclear generating station utilizing the
RESAP-3S design will include a reactor con ainment structure, containment heat re-
moval svstems, containment isolation systems, and containment combustible gas

control systems. However, RESAR-35 includes only _he portions of the containment
The remainder of the

isolation system for the systems within the scope of RESAR-3S.
containment systems will be included in applications which reference RESAR-35.
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Westingnouse hac provided mass and energy release information for postulated loss-of-
coolant accidents for use in establishing the containment design conditions and design-
ing the containment subcompartments and coupunent supports. These calculations are
designed to maximize mass and energy release so as to conservatively maximize contain-
ment pressure for purposes of establishing containment design. The containment pres-
sure calculations which mininize containment pressure for the emergency core tooling
system analysis are discussed in Section 6.3 of this report.

Applicants which ri ference RESAR-35 will provide the pressure evaluations for contain-
ment design, the design pressure evaluation for subcompartment designs, and the con-
tainment response to ruptures in the secondary system. The containment type, such as
dry, subatmospheric, or pressure suppression, fs not specified in RESAR-3S. For any
containment type, the mass and energy information provided by Westinghouse ‘n RESAR-3S
will be acceptable for containment design purposes previded the maximum calculated
containment precsure is lTess than that assumed by Westinghouse in calculating the mass
and energy release ratec from a postulated loss-of-coolant accident. Westinghouse
assumed a contaimment pressure of 61.7 pounds per sguare inch, absolute, following the
initial blowdown to calculate the mass and enwrgv release data.

The contatement pressure calculations for the emergency core cooling system evaluation
are only applicable to dry containment types. Therefore, applications which reference
RESAR-3S and utilize containment types other t{han dry will be required to provide
additional analyses and/or justification.

Containment Functional Design

The containment will provide a low leakage barrier that encloses the nuclear steam
supply system including the reactor, steam ge~erators, reactor coolant pumps, and pres-
surizer, as well as certain components of the engineered safety feature systems.
RESAR-3S contains no specific information on containment design. However, the effects
of operation and accident condition of the RESAR-3S systems on the containment dwsign
must be accounted for.

Westinghouse has calculated the mass and energy release rates resulting from postulated
loss-of-coglant accidents for use in containment design calculations and for use in
cortainment subcompartment analysis. These calculations are described in Westinghouse
Topical Report WCAP-8264, "Westinghouse Mass and Energy Release Data for Contaisment
Design," Revision 1. Westinghouse has also provided long-term mass and energy release
data in Tables 6.2-1 through 6.2-4 of RESAR-3S.

We have reviewed the methods ang assumptions described in WCAP-8264 and have concluded
that these methods will conservatively maximize mass and energy release to the contain-
ment and are, therefore, acceptable. We will require that applicants which referepce
RESAR-35 demonstrate that the mass and energy release data calculated by Westinghouse
is applicable (o their specific containment design.

iy ary i
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6.2.2

The methodology for calculating mass and energy release from secondary system ruptures
and the pressure response for both subcompartument and containment design considerations
will be presented for our review in applications referencing RESAR-3S.

Containment Isolation System

The containment isplation system is designed to isolate the containment atmosphere from
the cutside enviroement under accident conditions. Only those containment jsolation
valves for RESAR-3S systems are within the scope of RESAR-3S and are evaluated herein.
The detatled descr ption of isplation provisions for the balance of plant will be
supplied in applications utilizing RESAR-3S. A complete listing of the containment
isolation valves within the scope of RESAP-38 is provided in Table 6.2-7 of RESAR-3S.

Double barrier protection, in the form of closed systems and isolation valves will be
pravided sc that no single valve or piping failure 4 result in the loss of contain-
ment integrity. The reactor building isclatior sinal wiltl be activated by high re-
actor building pressure. Certain contairment is-lation valves will also isolate fol-
Towing low steam line pressure or low primarv  ystem pressure. Following receipt of a
containnient isolation signal, &1l fluid pe~ ' -ations within the scope of RESAR-35 not
required for operation of the engineered safety features equipment will be isolated.
Remotely operated isolation valves will nave position indication in the control room.

The twe containment beilding sump recirculation lines, each of which will supply suc-
tion to two high pressure and one low pressure injection systems and the containment
spray system, will each be provided with a single, motor-gperated gate valve outside
the containment building. The valve will be enclosed in a leak-tight compartment,
Also, the piping from the sump to the valve compartment will be enclosed in a concen-
tric guard pipe, The valve compartment and the guard pipe will not open tc the
containment building atmosphere,

We have reviewed the design of the containment sump recivculation line isolation pro-
visions and conclude that system reliability will be greater with only one valve in the
Tine. In addition, we have determined that the recirculation system is closed outside
the containment and that a sin e failure of an active component can be accommodated
with only one isolation valve in the 1ine. As an interface requirement, the closed
system outside containment will be missile protected, seismic Category [, and Safety
(lass 2 design, and will have a design temperature and pressure rating at least equiv-
alent to that for the containment. On this basiz, we conclude that the proposed con-
tainment isolation provisions fir the containment recirculation lines are in confor-
mance with Criterion 56 of the General Design Criteria and are, therefore, accept. sle.

The residual heat vemoval system suction lines will each contain two motor-operated

valves inside containment. These valves (1) will be equipped with diverse "prevent

open” and "auteclose" interlocks to prevent overpressurization of the residual heat

removal system, (2} will be c¢losed during reactor operation, and (3) will remain closed

in the event of an accident. In addition, the outermost valve in each line will alse
o MBSy
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be a containment isoletiun valve. The residual heat removal system suction lines will l
be connected to the same closed, engineered safety features system outside containment :
as the containment swemp recirculation lines. !
|
|
:
|
!
|
)

It is our position that a single containment isolation valve in each residual heat
removal system suction 1ine inside contaimment in conjunction with the closed engi-
neered safety features system outside containment satisfios our double barrier protec-
tion containment isolation requirement. On this basis, we conclude that the proposed
containment isclation provisions for the residual heat removal system suction lines are
in conformance with Criterion 55 of the General Design Criteria and are, therefore,
acceptable.

Contaimnment isclation valves in engineered safety features lines which are required :
to perform a safety function following an accident are operated remotely from the f
control room. Automatic closure of these valves would defeat their design purpose since |
following an accident they must be cpened or remain open in order for the engineered

safety features to operate. On this basis, we conclude that the remote operation of

these valves is in conformance with Criteria 55 and 56 of the General Design Criteiia

and is, therefore, acceptable.

Our review of the containment isolation system within the scope of RESAR-3S has in-

cluded schematic drawings and descriptive information for the isolation provisions for

fluid systems within the scope of RESAR-3S which penetrate the containment boundary. !
The review has also included Hestinghouse's proposed decian bases for the containment
isalation provisions and analyses of the functional capability of the containment
isolation system.

Based on our review, we conclude that the containment isolation provisions within the :
scope of RESAR-35S are in conformance with Criteria 54, 55, 56, and 57 of the General
Design Criteria and are, therefore, acceptable.

ombustible Gas Control in Containment

e — |

Following a postulated loss-of-coolant accident, hydrogen may accumulate inside the

containment. The major sources of hydrogen generation within the scope of PESAR-3S

include chemical reaction between the zirconium fuel rod cladding and steam, and radi-

alysis of agueous solutions in the reactor core and in the containment sump. F

Westinghouse has analyzed the post-loss-af-cuclant accident hydrocen generation from ]
the steam supply system described in RESAR-3S with respect to sources of hydrogen
generation described above. This analysis is consistent with the auidelines of Requ-
latory Guide 1.7, "Contro) of Combustib’e Gas Concentrations in Containment Following a
Loss-of-Coolant Accident,” and is, therefore, acceptable.

In our evaluation of applications referencing RESAR-35, we will consider any additional
sources of hydrogen generation and assure that the assumptions used in the RESAR-35
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analysis are consisten* with the balance-of-plant design and with the resultino con-
tainment hydrogen concen'ration. We will also review the provisions for atmospheric
mixing within the cortain ent.

Hydrogen recombiners, which are used tr limit the concentration of hydrogen in the
containment following a postulated loss- f-coolant accident, are not within the scope
of RESAR-3S. A hydrogcn sampiing syst .., hydrogen recombirers, and a backup purae
system design will be described in applications referencing RESAR-3S.

Emergency Core Cooling System
Design Bases

Criterion 35 of the General Desion Criteria and Section 50.46 of 10 CFR P.rt 50 require
that an emergency core cooling system be provided which can perform its sa’‘ety function
assumirg a8 single failure.

The RESAR-3S emergency core cooling systenm will be designed to provide emergency core
croling during those postulated accident conditions where it is assumed that mechanical
failures oicur in the reactor coolant system piping result, 3 in loss of coolant from
the reactor vessel greater than the available coolant makeup capacity using normal
pperating equipment, The emergency core cooling system will also be designed to pro-
tect against steas 1ine hreak consequences. The RESAR-3S emergency core cooling
system will be similar in design, size, and capacity te those of the Commanche Peak and
Trojar plants which are also Jesigned for core outputs of 341) negawatts thermal.

The system design bases are to prevent fuel and cladding damage that would interfere

with adequate emergenty core cooling and to mitigate the amount of clad-water reaction ]
for any size break up to and including a double-ended rupture of the laraest primary ‘
coolant line. These requirements will be met even with minimum engineered safety

features available.

The emergency core cooling system will have the required number, diversity, reli-
ability, and redundancy of components such that no single failure of active emergency
core c.oling system equipment during the short term or no single failure of active or
passive equipment during the long term of an accident will result in inadequate coolina
of the reactor core. Each of the proposed emergency core cooling system subsystems
will be designed to function aver a specific range of reactor coolant piping system
break sizes, up to and including the flow area assoctated with a postulated double-
ended break in the largest reactor coolant pipe (10.48 square feet is the double-ended
area).

The boric acid injection portion of the emergency core cooling system will be designed

to control the reactivity insertion accompanying the rapid cooldown following any

single steam line rupture or spurious relief valve lifting. Control of the reactivity

insertion will be accoampli ned by injection of high concentration boric acid solution —

into the reactor coolant ' ystem., The range of steam lineé ruptures protected against is _
up to and including the double-ended circumferential rupture of the largest pipe in the :

steam system. ok 711&7 W
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6.3.2

System Design |

In the event of & postulated design basis loss-of-coolant accident, mass and energy
will be released from the postulated pipe break to the containment. These releases
will occur over a time period depending upon the particular loss-of-coolant accident
that has been postulated. Within this time period several phases may be cunsidered to
occur 1n terms of blowdown, refiil, reflood, and post-refiood phases. These are
discussed separately below.

The blawdown phase of the accident is the time immediately following the occurrence of :
the postulated break during which most of the mass and energy contained in the reactor

system, the primary coglant, and the metal and core stored energy will be released to

the containment. The refil]l phase is that time during which the lower reactor vessel :
wlenum will be refilled to the bottom of the core by the emergency core cooling system.

The reflood phase is that time during which the core will be recovered by the emergency
core cooling system and, for cold leg %reaks, the time period during which most of

the secondary energy will be removed from the steam generators. The remaining energy
in the secondary system, along with decay heat from the reactor core, will be released
to the containment during the post-reflood period.

far hot leg breaks, the broken piping will provide a direct path for fluid from the i
core to travel directly intoc the containment without passing through the steam genera-
tors. Therefore, the secandary system energy will be removed at a2 much slower rate.

Following a postulated loss-of-voolant accident, the emergency core cooling system will
operate initially in the passive accumulator mode and the active high head injection
mode, then in the active low head injection mode, and firally in the recirculation
mode.

The emergency core cooling system will consist of four accumulator tanks, two high
pressure and one low pressur2 injection systems, with provisions for recirculation of
the borated cuolant after the end of the injection phase, Various combinations of
these systems will assure core cooling for the complete range of postulated break
sizes,

Each of the four accumulators will have a total volume of 1350 cubic feet with a
winimum volume of borated water of 850 cubic feet and & maximum volume of nitrogen gas
of 500 cubic feet at a minimum pressure of 600 pounds per square inch, gauge. The
minimum boric acid concentration will be 1900 parts per million. fach tank wil) be
connected to one of the reactor coolant system cold legs with two check valves in
series. A normally open motor-operated gate valve will also be located in the lines
between each accumulator and the cold leg piping. As discussed in Section 7.6.3 of
this report, these valves will be provided with appropriate interlocks to assure tha:
the valves will be open during power operation when availability of the accumulators is

required., ,‘ ~
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Upon actuation of a safety injection signal, the high pressure injection mode of
operation will consist of the operation of two centrifugal charging pumps, rated at 150
gallons per minute each at a design head of 5800 feet, which provide high pressure
injection of boric acid solution by means of the boron injection tank whose contents
are maintained at a nominal 21,000 parts per miilion boron concentration, into the
reactor coolant system. Also designed Lo operate during the high pressure injection
mode are two safety injection pumps, rated at 425 gallons per minute each at a design
head of 2680 feet, which will take their suction from the refueling water storage tank
which contains a boron concentration of 2000 pa<ts per miilion.

Low pressure injection will Le provided by two riilsiz)l heat removal pumps, rated at
3000 gallons per minute each at a design head of 375 Teet, which will take their suc-
tion from the refueling water storage tank.

Upon actuation of the low-level alarm from the refueling water storage tank, suction
will be transferred automatically to the containment sump for the recirculation mode of
operation. Then following manual realignment of several valves to complete the change-
over from the injection mod> to the recirculation mode, the emergency core cooling
system will provice the long-term cooling requirements by recirculating the reactor
coolant, which will have spilled from the ruptured pipe and collected in the sump, back
te the reactor vessel. The return of the sump water will be through the reactor coeol-
ant cold legs for 17.5 hours after the accident as discussed in Section 6.3.3 and

simul taneously through both the hot and cold legs thersafter to control boron precipi-
tation in the core during long-term post-accident cooling.

The boric acid injection portion of the emergency core cooling system will consist of
the boron injection tank, boron injection surge tank, boron injection recirculation
loop, charging pumps, and the associated valves. The system piping, layout, and heat
tracing are not within the scoepe of RESAR-35. The boron injection tank will contain
900 gallons of 21,000 parts per million boric acid solution and will be connected to
the reactor coolant system by means of a lvop from the refueling water storage tank,
through (he charging pumps, to the boron injection tank inlet. The boron injection
tank outlet is connected through a common manifold pipe to pipes connected to each of
the four reactor coolant cold legs.

The boron injection surge tank will contain 75 gallons of the same concentration of
boric acid as the boron injection tank and will be used to supply surge capacity for
the boron injection tank recirculation loop. During normal operation the boric acid
solution will be recirculated by the two recirculation pumps continucusly in a closed
loop consisting of the boran injection tank and boron injection surge tank. This will
be done to maintain mixing and prevent stratification. The safety injection signal
will automatically stop the recirculation pumps and close the valves in the recircu-
lation lines.
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6.3.3

As an interface requirement, Westinghouse has stated that redundant and separate heat
tracing must be provided in applications referencing RESAR-3S. This heat tracing will
be installed on all piping, valves, flanges, instrumentation lines, and pump casings
carrying the 21,000 parts per million boric acid solution. This will minimize the
potential for boric acid precipitation. As an added precaution against boric acid
precipitation, the small lines which allow recirculation during normal oper .ion

will be provided with flow indication and alarms. If these lines become clogged, the
operator in the control room will be provided with flow indication allowing him to take
the necessary corrective action.

Design Evaluation

We reviewed the proposed emernency core cooling system design to determine that our
diversity, reliability, and redundancy requirements will be met such that no single
failure of the emergency core cooling system oquipment will result in inadequate cool-
ing af the reactor core as specified by Criterion 35 of the General Design Ci.teria.
Specifically, we evaluated the system's ability to withstand a single active failu'e
during the short term or a single active or passive failure during the long term
following a postulated loss-of-coolant accident.

The two safety injection pumps wi'1 recei.e water from the refueling water storage
tank through a common header. We detormined that the initial proposed design did not
meet the single failure criterion in that the header contained a single valve, the
closure of which would prevent the safety injection pumps from receiving water. West-
inghouse subseguently modified its design by adding a second valve in parallel with
the original single valve, We have determined that this arrangement meets the single
failure criterion and conclude, therefore, that it is acceptable.

The miniflow bypass line from the two safety injection pumps converge into a common
header. We determined that the original proposed design did not meet the single
failure criterion in that the header contained a single valve, the closure of which,
when pumping against the pumps' shutoff head, could severely dama  both safety in-
Jection pumps. Westinghouse subsequently modified its design by replacing the single
valve in the header with two valves, one in each miniflow bypass lire. We have deter-
mined that this arrangement meets the single failure criterion and conclude, therefore,
that it is acceptable.

Westinghouse has identified six motor-operated valves in the proposed emergency core
cooling system design which should not move from normal alignment during certain phases
of the postulated loss-of-coolant accident. These . lves and the required alignments
are as follows:

(1) Safety injection pump discharge (hot leq injection), one valve in each of two
injection trains, which must remain closed.

711240
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(2) Safety injection purp discharge (cold ieg injection), one valve to a comion
header in the cold leq injection train, which wust remain open.

(3) Residual heat removal system pump discharge {hot leg injection), one valve - a
cormon header in the hot leg injection train, which must remain closed.

(4) Residual heat removal system pump discharge (cold leg injection), one valve in
each of the two injection trains, which must remain open.

We determined that the emergency core cooling system design did not originally meet
the single failure criterion in that electrica) malfunctions could result in spurious
valve movements to undesirable positions and thereby vesult in loss of capability of
the system tu perform its intended safety function. WNestingnour:, therefore, elected
to lockout power to thzse valvrs with power to be restored by manual action at the
motor control centers.

[t is our positi.n, however, that when lockout of power to valves that are required
to open or clos: in various safety systen operational sequences is elected in liew of
design changes in order to meet the single failure criterion, that {1) capability be
provided to lockout and (sstore setive power to ihe valves from the m3in control room
and (2) redundant po= *:on indication be provided in the main control room. This
position is documented in Flectrical, Instrumentation and Controls Systems Branch
Technical Position FICSE 18, "Application of the Single Failure Criterion to Manually-
Contralled Electr cally-Operated Valves," which is contained in Appendix 7-A of the
Standard Beview Plan. Consequently, Westinghouse included the capability to lockout
and restore motive power to the six affected valves from the main control room and to
provide in the main control room redundant indication of the positions of the valves.
We have determined that with this modification the design meets the single failure
criterion and ¢ .aclude, therefore, that it is acceptable.

€.3.3 Performance Evaluation

The emergency core coaling system has been designed to deliver fluid to the reactor
coolant system in order to control the predicted cladding temperature transient
following a postulated pipe break and for removing decay heat in the long-terw,
recirculation mode.

Appendix K to 10 CFR Part 50 of the Commission's regulations requires that the combina-
tion of emergency core cooling system subsystems to be assumed operative shall he

those ava.lable after the most damaging single failure of emergency core cooling
system equipment has accurred. The worst single fatlure was identified by Westinghouse
as the 10ss of one residual heat removal pump, which along with the assuertions of
maximum containment cooling and reduced emeraency core cooling flow, results in the
wmaximum calculated peak clad temperature.

Westinghouse had originally provided in RESAR-3S the results of its swall and large
break loss-of-coolant accident analysis assuming that the fluid temperature in the

s (7 bE AL R




upper head region of the reactor vessel was equal to that of the cold lea, On

August 9, 1976, however, Westinghouse informed the staff that the fluid temperature
in the upper head reqion of the reactor vesse) may be higher th-n that assumed i .ne
loss-of-coolant accident analysis. A thermocouple reading at connecticut Yankee
(Docket No. 50-213) confirmed that the fluid temperature in the upper head is higher
than that originally assumed.

Consequently, Westinghouse reanalyzed the loss-ol-coolant accident conservatively
assuming that the fluid temperature in *he upper head region of the reactor vess=l
is equal to that of the hot leq. The large break loss-of-coolant accident analysis
was limited to a spectrum of four doubie-ended quillotine breaks with discharge
coefficients of 0.4, 0.6, 0.8, and 1.0. 1o supplement the analysis, Westinghouse
submitted Topical Reports WCAP-8566, "Westinghouse ECCS “aur-Loop Plant (17 x 17)
Sensitivity Studies,” and WCAP-B865, “Westinghouse ECCS Fuwc-_dop Plant (17 x 17)
Sensitivity Studies,” which cover other break sizes, types, and locations and
demonstrate that the guillotine breaks are the worst cases for this type plant.

The analyses submitted by Westinghouse identified the worst break : the double-ended
cold leg aquillotine break with a Moody multiplier of 1.0. The calculated peak clad
temperature was 2148 degrees Fahrenheit which is within tre acceptable limit of 2200
degrees Fahrenheit as specified in Section 50.46(b) of 10 CFR Part 50. In addition,
the maximum Tocal metal/water reaction of 6.7 percent, and total core wide matal/water
reaction of less than 0.3 percent were well below the allowable limits of |~ percent
and one percent, respectively. The analyses were performed based on an 2- sumed total
peaking factor of 2.32, 102 percent of the rated core power le.21 of 24|| megawatt.
thermal, and 102 percent of a peak linear power density of 12.6 kilowatts per fogt.

The postulated small bresk luss-of-coolant accidet analysis included a three-break
spectrum specific to RESAR-3S and referenced Westinghouse Topical Report WCAP-8356,
“Westinghouse Emergency Core Cooling System - Plant Sensitivity Studies." The
four-inch diameter pipe break was identified as the limiting small break with a
calculated peak clad temperature of 1673 degrees Fahrenheit, This clearly indicates
that the postulated small break loss-of-ccolant accident is not the limiting case.

The effect of rod bow on fuel rod behavior has not been included in the emergancy
core cooling system analysis for RESAR-35 in an explicit manner. We expect that
prior to startup of the first RESAR-3S plant, information on rod bow for Westinghouse
17 % 17 fuel will be available and will be used to assess the effect of rod bow in
emergency core cooling system performence. The operating technical specification
limits established during the operating license review stage of plants referencing
RESAR-3S will include a consideration of rod bow. Restrictions on operations can be
imposed if the results of rod bow studies indicate the need. This matter is discussed
further in Section 4.2.1.3 of this report. The presently available information is
adequate for issuance of a cuns*ruciion permit or a Preliminary Design Approval. The
adequacy of the final design will be determined at the final design review stage.
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Appendix K to 10 CFR Part 50 of tie Commission's regulations requires that the effect
on the containment pressure of operation of all the installed pressure reducing
systems and processes be included in the emergency core cooling system evaluation.
For this evaluation, it is conservative to minimize the containment oressure since
this will increase the resistance to steam flow in the reactor coolant loops and
reduce the reflood rate in the core. Ffollowing a postulated loss-of-coolant accident,
the pressure in the containment building will be increased by the addition of steam
and water from the primary reactor system into the containment atmosphere. After
initial blowdown, heat transfer from the core, primary metal structures, and steam
generators to the emergency core cooling system water will produce additional steam.
This steam, together with any emergency core cooling system water, is released from
the primary system postulated break to the containment during both the blowdown and
the reflood and post-reflood phases.

Energy removal within the containment occurs by several means. Steam condensation on
the containment walls and (nternal structures serves as a passive energy heat sink
that becomes effective early in the blowdown transient. Subsequently, the operation
of the containment heat removal systems, such as containment sorays and fan coolers,
will remove eneray from the containment atmosphere. When the energy removal rate
exceeds the rate of energy addition from the primary system, the containment pressure
will decrease.

The emergency core cooling system cortainment pressure calculations for RESAR-3S were
made with the Westinghouse emergsncy core cocling system evaluation wodel. Ue con-
cluded that Westinghouse's containment pressure model is acceptable for the emergency
core cooling system evaluation. We require, however, that justification of the
plant-dependent containment input parameters used in the analysis be submitted for
our review of @ach plant utilizing RESAR-3S.

We have raviewed the containmment input data postulated by Westinghouse relating to
containment net-free volume, passive heat sinks, and containment heat removal systems
and find that the data for the passive heat sinks are conservative in comparison with
our recormendations contained in the staff technical paper, "Minimus: Contairment
Pressure Model for PWR ECCS Performance Evaluation.” The passive heat sink data are
based on measurements within the containment of similar nuclear plants.

Fach application utilizing the RESAR-35 emergency core cooling system evaluation must
show that the significant containment parameters for the balance of plant are conserva-
tive when compared with those used in RESAR-3S,

On the basis of Westinghouse's use of cur recommerlations contained in the staff
technical paper described above, we conclude that the plant-dependent information
used for the analysis to determine the minimum emergency core cooling system contain-
ment pressure following a postulated ioss-of-coolant accident for RESAR-35 is
conservative. Therefore, the analysis is acceptable for use in the evaluation of
emergency core cooling system performance.
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Appendix K to 10 CFR Part 50 of the Conmission's regulations alse requires that the
combination of emergency core cooling subsystems to be assumed operative shall pe
available assuming the most severe single failure. This worst single failure was
identified by Westinghouse as the loss of one residual hea vemoval pump, which pro-
vided, within a consistent set of assumptions, (1) the maximum containment cooling a
reduction in emercency core cooling flow and (2) the maximum calculated peak clad
temperature,

A review of the RESAR-3S piping and instrumentation diagrams has indicated that spur-
fous actuation of specific motor-operated valves was considered in *he selection of
the worst single failure. We have concluded that the emergency core cooling system
performance will be adeyuate in the event of any postulated failure of a single
active component.

We have also reviewed the proposed procedures and the system design for preventing
excessive boric acid buildup in the reactor vessel during the post loss-of-coolant
accident long-term cooling period and have concluded that switchover time from cold
to simultaneous hot and cold leg injection must be changed from 24 hours, as proposed
by Westinghouse, to 17.5 hours after a loss-of-coalant accident. This change is
required to assure that, in the event of a cold leg break, the concentration of the
bori¢ acid in the core region does not exceed the solubility Timits. We also require
that in the case where only two subsystems are available, they should be alianed in
such a manner that one subsystem injects into the hot leg and the other into the cold
lea. This arrangement would assure that even in the case of a hot ieg break,
sufficient flow through the core is provided., These changes are administrative and
will be verified during our review of the final design and incorporated in the
technical specifications.

We will require that in applications referencing RESAR-35, the applicants use actual
values for the emergency core cooling system piping flow resistances, emeraency core
cooling system and reactor coolant system volumes, and residual heat removal system
piping flow resistances. In addition, the effects of rod btowing will be considered
In the development of the technical specifications for the nuclear peaking factors
for plants utilizing RESAR-3S. To prevent water hammer, we will also require that
venting provisions be described in the final design application for the emergency
core coaling fill system. The emergency operating procedures will also be reviewed
during the operating license stage of review.

On the basis of our review of the information submitted by Westinghouse, we conclude
that {1) the loss-of-coolant analyses that were performed conservatively represent
the RESAR-3S desion and are in conformance with the requirements of Appendix K to

10 CFR Part 50, (2) the emercency core cosling system performance conforms to the
peak clad temperature and maximum oxidation and hydrogen generation criteria of

10 CFR Part 50.46, (3) the emergency core cooling systen performance will be adequate
in the event of any postulated failure of a single component and (4) adequate systems
are available *o provide long term core cooling. Therefore, we conclude that the
design of the RESAR-35 emergancy core cooling system is acceptable.
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The boric acid injection portion of the emergency core couling system has been designed
to deliver concentrated beric acid solution to the reactor coolant system to control
the reactivity insertion following a postulated steam line break. While the concen-
trated boric acid solution is being injected into the reactor coolant system, the
shrinkage caused by the cooldown following a steam line break will be made up by the
water taken from the refueling water storage tank.

The postulated steam line break analysis, which is provided in Section 15.4 of
RESAR-3S, indicates that although limited fuel cladding damage is permissible for a
Condition IV accident (defined as a limiting fault in Section 15.1 of this report),
the minimum departure from nucleate boiling ratio does not go below 1.30. We conclude
that fuel damage will not occur from the main stram line break accident.

The boric acid injection portion of the emergency core conling system will include the
valves, pumps, tanks, and recirculation equipment needed to provide reactivity control
in the event of a steam line break. We have reviewed the drawings, component descrip-
tions, performarce analysis, design criteria and interface information and have con-
cluded that the boric acid portion of the emergency core cooling system will be de-
signed to conform to the Commission's requirements as set forth in the General Desian
Criteria, regulatory guides, and staff technical positions. wWe conclude that the
system will be capable of performing its function with only onsite electric power or
with only offsite electric power, assuming the most restrictive single failure of an
active component and that no fuel damage will occur. On this basis, we conclude that
the proposed design of the boric acid portion of the emergency core cooling system is
acceptable.

Tests and Inspections

Westinghouse has stated that the operability of the emergency core cooling system can
be demonstrated by subjecting all components to preoperational tests, periodic testing,
and in-service testing and inspections. The precperational tests that will be per-
formed by applicants referencing RESAR-35 fall into three categories:

{1) System actuation tests to verify (a) the operability of all emergency core
cooling system valves initiated by the safety injectior signal, the phase A
containment isolation signal, and the phase § containsent isolati-n signal and
{b) the operability of all safeguard pump circuitry do.~ through the pump breaker
control circuits and the proper operation of all valve interlocks.

{2} Accumulator injection tests to check the accumulator system and injection line
to verify that the lines are free of obstructions and that the accumulator check
valves and isolation valves operate correctly. The utility applicant wili
perform a low pressure blowdown of each accumulator with the reactor head and
internals removed to neet the test objective.
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6.4

(3} safety injection pump tests to evaluate the nydraulic and mechanical nperfarmance i
of the pumps as they deliver through the requived flow paths for emergency core
cogling. The tests will be divided into two parts - pump operation under miniflow
conditions and pump operation at full flow conditions, By measuring the flow in
cach pipe, applicants referencing RESAR-35 will make the adjustments necessary
to assure that no one branch has an unacceptably low or high resistance. System
checks will be made to ascertain that total line resistances are sufficient to
prevent excessive runout of the pump,

For preoperationsl testing of the emergency core cooling system, Westinghouse has

stated that it can be tested in accordance with Regulatory Guides 1.1, “Met Positive

Suction Head for Emergr _, Core Cooling and Containment Heat Jemoval System Pumps,” :
1.68, "Preoperational and Initial Startup Test Programs for Water-Couled Power

Reactors," and 1.79, "Preoperational Testing of Emergency Core Cooling Systems for

Pressurized Water Reactors.” The emergency core cooling system components will be

designed and fabricated to permit inspection and irservice tests in accordance with

Section XI of the ASME Cade, We find this acceptable.

Canclusion

The emergency core cooling system will include t'e valves, pumps , motors, and jnstru-
mentation needed to provide protection for the loss-of-coolant accident. de have
reviewed the drawings, component descriotions, design criteria, performance analyses,
and interface information ~.d have determined that the RESAR-35 emergency core cooliny
system design conforms co the Commission's requirements as set forth in the General
Design Criteria, regulali~ry quides, and staff technical positions as cited above.

We, therefore, conclude thit the proposed design of the emergency core cooling system
15 acceptable.

Engineered Safety Features Materials

We have reviewed the mechanical properties of materials selected for the emergency
core cooling system and find that they wil) satisfy Appendix [ of Section I11 and
Parts A, B, and C of Section Il of the ASME Code and our position that the yield
strength of cold worked stainless steels shall be less than 30,000 pounds per square
inch,

The propesed controls on the use and fabrication of tm austenitic stainless steel in

the system satisfy the recommendations of Requlatory Guides 1.31, “Control of Stainless

“teel Welding," 1.36, “Nonmetallic Thermal Insulation for Austenitic Stainless Steel,”

1.37, "Quality Assurance Requirements for Cleaning of Fluid Systems and Associated

Comporents of Water-Cooled Nuclear Power Plants,” and 1.44, “Control of the Use of i
Sensitized Stainless Steel." Fabrication and heat treatment practices performed in
accordance with these requirements provide added assurance that stress-corrosion
cracking will not occur during the postulated accident time interval.

Yillin
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 Applications referencing RESAR-3S must show that the controls on the hydrogen ion
concentration of the reactor contaiwsent sprays following a postulated loss-of-
coolant accident are adequate to assure freedom from Stress-corresion cracking of the
austenitic stainless steel components and welds of the engineered safety features
throughout the duration of the postulated accident to completion of cleanup. In
addition, they wmust show that control of the acidity of the sprays provides assurance
that the sprays will not give rise to hydrogen gas evolution by corrasion of the
materials described in RESAR 'S, i. accordance with the recommendations of Regulatory
Gaide 1.7.

We have reviewed the selection of materials proposed for the emergency core cooling
system in conjunction with the expected chemistry of the cooling and containment

spray system water. Westinghouse has shown that the use of sensitized stainless

steel will be avoided. We conclude that the proposed controls on material and cuoling
water chemistry will provide assurance that the integrity of components of these
systems will not be impaired by corrosion or stress-corrosion.

Conformance with the ASME Code, the recommendations of the regulatory quides mentioned
abave, and with our stated position on the allowable maximum yield strength of cold
worked austenitic stainless stee) constitutes an acceptablie basis for meeting the
requirements of Criteria 35, 38, and 41 of the General Design Criteria.
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7.1.1

7.2

7.0 INSTRUMENTATION AND CONTROLS

General

The RESAR-3S instrumentation and control systems have been reviewed using the Com-
mission's General Design Criteria, applicable standards of the Institute of flectrical
and Electronics Engineers (TEEE), applicable regulatory guides, and staff technical
positions as bases for evaluating their adequacy. The documents used ir the review are
listed in Table 7-1.

Interface Inform:tion

We have reviewed the interface information provided in RESAR-3S for the instrumentation
and controls associated with the proposed design. We have found that the interface
information and criteria contained in RESAR-3S, as sumalemented by the additional
interface requirements included in this report, provide reasonable assurance that the
balance-of-plant design can be accomplished in a manner that will validate the assump-
tions in Section 15 of RESAR-35. Based on the above, we conclude that the instrumen-
tation and control systems specified in RESAR-3S can be implemented in an acceptable
manner,

We have identified in the sections that follow interface information in addition to
that provided in RESAR-3S. Our interface acceptance criteria for specific RESAR-3S
systems are listed in Table 7-2 of this report. We will review the implementation of
each interface requirement specified in RESAR-3S as supplemented by the additional
interface requirements included in this report during our review of applications ref-
erencing RESAR-3S to ascertain that these requirements are satisfied.

Reactor Trip System

The RESAR-3S reactor trip system will be comprised of two to four redundant and inde-
pendent channels per trip input. [Input signals from nuclear instrumentation, process
bistables, or direct sensor contacts will operete miniature relays in the solid state
input cabinet whenever the conditions monitored reach a preset level, Contacts of the
input relays will supply signals to the lTogic portion of the system, located in the
adjacont logic cabinet. Electrical and physical isolation between redundant channels
will be maintained throughout the input cabinet. The logic circuits can be connected
to produce various logic combinations such as “two-out-of-four” and “one-out-of-two."
Two redundant logic trains will be provided for each reactor trip. Each logic train
will be capable of operating a separate and independent reactor trip breaker through
undervol tage release provided in the b= - <er. The two trip breakers in series will

viidis b
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TABLE 7-1

DOCUMENTS_USED IN THE
REVIEW OF INSTRUMENTATION AND
COMTROLS SYSTEMS

i. Westinghuuse Reference “afety Analysis Report, RESAR-3S

Z, 10 CFR Part 50 and Appendix A to 10 CFR Part 50, “General Design (riteria
for Nuclear Power Plants”

3. Regulatory Guides, Division 1, Power Reactors
4. Electrical, Instrumentation and Control Systems Branch technical positions

5. Institute of Llectrical and Electronics Engineers (IEEE) standards

IEEE Standard 279-1871 - “Criteria for Protection Systems for Nuclear Power
Generating Stations”

{EEE Standa 4 308-1971 - “Criteria for Class If flectric Systems for Nuclear
Power Generating Stations™ )

IEEE Standard 323-1974 - "I£EE Standard for Qualifying Class If Equipment for
Nuclear Power Generating Stations”

TEEE Standard 334-:971 - "Trial-Use Guide for Type Tests of Continuous Duty
Cilass I Motors Installed Inside the Contaisment of Nuclear Power Generating
Stations”

[EEE Standard 336-1371 - “Installation, Inspection, and Testing Requirements
for Instrumentation and Flectric Equipment During the Construct.on of Nuclear
Power Generating Stations"

IEEE Standard 338-1571 - “"Trial Use Criteria for the Periodic Testing of
Nuclear Power Generating Station Protection Systems”

{EEE Standard 379-1972 - "Trial Use Guide for the Application of the Single
Failure Criterisn to Nuclear Power Generating Station Protection Systems”
IEEE Standard 387.1972 - “Trial Use Guide for Type Test of Class 1 Electric
Valve Operators for Nuclear Power Generating Stations”

IEEE Standard 384-1974 - “Trial Use Standard: Criteria for Separation of
Class If Equipment and Circuits”
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connect power for the control rods and when either of the trip breakers opens, power
will be interrupted to the rod drive power supply, which will cause insertion of all
rods by gravity, Bypass breakers will be provided to permit testing of the trip
breakers.

The following reactor trips are provided:

(1) Source range high neutran flux

(2} Intermediate range high neutron flux

(3) Power range high positive neutron flux rate

(4) Power range high negative neutron flux rate

(5) Power range high neutron flux

(6) Core overtemperature delta T (temperature difference)
(7] Core overpower delta 7 (temperature difference)
(8) High pressurizer pressure

(9) Low pressurizer pressure
(10) High pressurizer level
(11) Low reactor coolant flow
(12} Reactor coolant pump bus undervoltage

(13) Reactor coolant ~ump bus underfrequency
(13) Low-low steam aenerator water level
{15} Turbine trip
(16) Safety injecticn system actuation
{17) Low feedwater flow
(18) Manual

We have reviewed the descriptive information for the reactor trip system, including
functional logic diagrams, testiny provisions, bypass featuves, interface information,
design criteria, design bases, and the analysis provided by Westinghouse on the ade-
quacy of these criteria, bases, and interface information. On the basis of our review,
we conclude that the design of the reactor trip system satisfies our requirements
jdentified in Section 7.1 of this report and is acceptable.

The sensors for the reactor coolant pump bus undervoltage and +—.'_. nnequency trips are
not in the RESAR-3S scope. It is our position that iny input to the reactor trip
system, including those which are cutside the nuclear steam supply system scope,
should not in any we: result in the degradation of the overall reactor trip system.
Therefore, we will require that the reactor coolant pump bus undervoltage and under-
frequancy trip inputs, including the sensors, be designed to satisfy all the require-
ments of 1EEE Standard 279-1971. Specifically, we will require that the balance-of-
plant design for the reactor coolant pump undervcltage and underfrequency trip inputs
and other reactor trip system interfaces satisfy the following requirements:

(1) The reactor ccolant pump undervoltage and underfrequency relay§ and their asso-
ciatsd instrument trans. ormers and related connections si.11 be qualified fon
Class IE service and be installed in a seismic Category I structure.
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(2)

(3)

The reactor coolant pump undervoltage and underfrequency trip inputs shall satisfy
all other criteria identified in Table 7-2 of this report.

The other reactor trip system interfaces in the balance-of-plant scope shall
satisfy all the criteria identified in Table 7-2 of this report.

Engineercd Safetv Features Systems

The engineered safety features systems will be initiated and cortrolled by the enai=
neered safety features actuation system which is within the scope of RESAR-2S. This
system will consist of an analog portion consisting of three to four redundant channels
per plant parameter monitored and a digital portion consisting of two redundant logic
trains which will receive inputs from the analng portion. Each of the digital logic
trains will be capable of actuating the reguired redundant engineered safety features
systems,

The engineered safety features actuation system will initiate the 1 lowing functions:

(1)

(2)

()

(5)

(6)

(7)

(8)

A reactor trip, provided one has not already been generated by the reactor trip
system,

Cold leg injectinn isolation valves which are opened for injection of borated
water by safety injection pumps into the cold legs of the reactor coolant system.

Charging pumps, safety injection pumps, residual heat removal pumps, and associ-
ated valving which provide emergency makeup water to the cold legs of the reactor
coolant system follewing a loss-of-coolant accident.

Containment air recirculation fans and filtration system which serve to cool the
containment and Timit the potential for release of fission products from the

containment by reducing the pressure following an accident.

Those pumps outside the scope of RESAR-3S which serve as part of the heat sink for
containment cool ‘ng, such as service water and/or component cooling water numps.

Motor driven auxiliary feedwater pumps.

Phase A containment isolation, whose function is to prevant fission product
release.

Steam line isolation to prevent the continuous, uncontrolled blowdown of more than
one steam generator and thereby uncontcolled reactor coolant system cooldown.

71252
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(9) Main feedwater line isolation as required to prevent o mitigate the effect of
continued feedwater flow.

{10) Start the emergency diesels to assure backup sup,’'y of power to emergency and
supparting systems components

{11) TIselate the control room intake durts to meet control room occupancy requirements
following a loss-of-coolant accident,

(121 Contaipment spray actuation which performs the following functions:

fa) Initiates containment Spray to reduce containment pressure and temperature

following a loss-of-coolant or steam].né break accident inside of containment.

(b} Initiates Phase B containment isplation which isolates the containwent
following a loss of reactor conlant a=cident gr a steam or feedwater line
break within contaiument to 1imit radicactive releases. (Phase B isolation
together with Phase A isolation results in tselation of all but the safety
injection and spray lines penetrating the containment.)

We have reviewed the design description of the enginsered safety features actuation
system including functiomal Yae’ “fsrvaps, testing provisions, bypass features, desian
criteria, design bases, and the anaiysis provided by Westinghouse on the adequacy of
these criteria and bases and conclude thal they are acceptahle.

The containment isolation system, steam 1i). isolation system, containment spray svs-
tem, and the auxiliary feedwater system are outside the RESAR-3S scope. We will re-
guire that the balance-of-plant design satisfy the ipecific interface raquirements for
the electrical instrumentation and controls associated with the engineered safety
features systems as identified in Table 7-2.

tmeraency Core Cooling Syste

kestinghous. nas identified six motor-pperated valves in the proposer emevgency core
cooling system design which should not move from normal alignment during ceriain
phases of the postulated loss-of-conlant accident. We determined that these valves
did not originally meet the single failure criterion in that electrica’ malfunctiong
could result (g spurious valve movemenis Lo undésirable positions and thereby result
in loss of capability of the emergency core cocling system to perform its intended
safety “unction. In Tieu of design changes, Westinghouse subsequently ele *2d to ‘cck
out power to these valves with power to be res .red by manual action at the motor
control centers.

It is our position that when lockout nf power to walues that are required to open or
¢lose in varifous safety system operational sequences 15 elected in \iry of design
changes in order to meet the single failure criterion, (1) canab.lity be orovided
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to lockout and restore motive power tn the valves from ihe main control roem and (2)
redundant position indication be provided in the main control roowm. This position is
documented in [lectrical, Instrumentation and Controls Systems Branch Technical Position
EICSB 18, Application of the Single Faflure Criterion to Manually-Controiled
Electrically-Overated Valves," which is contained in Appendix 7-A of the Standard
Review Plan.

Consgquently, Westinghouse included the capability to locknut and restore motive power
to the six affected valves from the main control room and to provide in the main cons
trol room redundant indication of the positions of these valves. 4e have determined
that with this modification the design meets the single failyre ¢riterion and conclude,
therefore, that it is acceptable.

Changeover from Injection to Recirculation Mode

The proposed desion of the RESAR-3S emergency core cosling systom incorporates auto-
matic initiation of switchover from the injection mode to the recirculation mode
whereby the containment sump isolation valves will be automatically opened on receipt
of a refueling water storage tank low Jevel signal in conmjunction with a safaty in-
jection signal. Operator action will be required to realign the charging and safety
injection pumps for the recirculation mode and to close the suction line valves from
the refurling water storage tank.

we are concerned that when emergency core cooling system changeover functions are
dependent on operator action, the operator might not correctly perform the safety
function within the required time period. Further, we require that the instrumenta-
tion and controls provided tn accomplish the changeover to the recirculation mode be
designed to meet IEEE Standard 279-1971.

We were particularly concerned about the consequences of the refueling water storage
Lank suction valves not being closed by the operator after the changeover is ac=
complished. Westinghouse has documented that their design ¢riteria will assure that
sufficient head will be provided to close the refueling water storage tank suction
check valves during the changeover and that failure on the part of the operator tu
close the refueling water storage tank suction isolation valves after the changeover
will not impair the functioning of the safety iniection pumps.

The question of completely automatic switchover is a generic con. n is under
discussion between Westinghouse and us. We have determined that comt . eiy automatic
changeover is technizally feacible. Westinghouse has committed t¢ incorporate in the
emergency core cooling sy‘s\m design any changes which may result consequent to the
resolution of this generic concern.

On the basis of this commitment and our review of the design information and logic
diagrams, we conclude that the desian for the emergency cere cooling system changeover
from iniection to recirculation mode satisfies our reguirements referred to in Section

7.1 of this report and is acceptable. A -Z‘TF 86 3
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We will require that thoce portions of the emergency core cooling system related to
changeover to recirculation that ars outside the scope of RESAR-3S meet the design
criteria specified in Tatle 7-2 of this repart.

Boric Acid Injection Portion of the Emergency Core Copling System

It s our position that recundant heat tracing and redundant safety grade temperature
monitoring systems be provided on all systems containing high concentration beric acid
solution when those syctems are relied upon to mitigate the consequences of an acci=
dent. Also included are components through which the solution is vecirculated in order
to prevent precipitation,

The temperature monitoring system to be provided must indicate and alarm in the control
room any deviation from the temperature control band at selected locations in the
cystem. “his énsyres that the temperature of the selution is above the precipitation
temperature for the concentration present in the system, The monitoring system should
satisfy the requirements of IEEE Standard 278-1971.

The heat tracing is outside the scope of RESAR-3S, however, Westinghouse has provided
interface criteria requiring one hundred percent redundant heat tracing for all piping,
velves, and flanges. Westinghouse 15 providing the required temperature monitoring
described above for those parts of the system that are within the scope of RESAR-3S.

We have reviewed the design description of the boric acid injection portion of the
emergency core cooling system including functional logic diagrams, testing provisions,
bypass features, interface infurmation, design criteria, and design bases and the
analyses provided by Westinghouse on the adequacy of these criteria and bases. Based
on th's review we conclude that the electrical instrumentation and controls within the
scope of RESAR-3S associated with the bori¢ acid injection portion of the emergency
core cooling system conf~rm to our requirements and are, therefore, acceptable.

In addition to meeting the interface requirements specified in RESAR-3S, for 2pplica-
tions which reference RESAR-35, we will require that the heat tracing satisfy the
following requirements:

{1) The iemperature monitoring system shall be consistent with all the safety
criteria implemented in the boric aciu injection portion of the energency core
cooling system itself,

{2) Should the heat tracing be designed using redundant emergency power SOurces,
such a design should not compromise the physical and electrical independence
requiremerts between the plant redundant engineered safety features power
sources and should satisfy the recommendations of Regulatory Guide 1.75,
"Physical Independence of Electr stems, "
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In addition, we »ill require that those parts of the boric acid injection portionr of
the emergency core cooling system which are outside the scope of RESAR-2S meet the
design criteria specified in Table 7-2 of this report,

Periodic Testing of Reactor Trip System and Engineered Safely
features Actuatiun Systen

Westinghouse has documented that periodic testing of the reactor trip system and
engineered safety features actuation sys*em are in conformance with the recommendations
contained in Regulatory Guide 1.22, "Periodic Testing of Protection System Actuation
Functions,” We have reviewed the documentation on periodic testing of the enginecrs.
safety features actuation System up to the final actuated devices, such as pumps,
valves, and breakers, and conclude that the design conforms to Regulatory Guide 1.22.
The review to determine compliance with Regulatory Guide 1.22 for the testing of these
final actuated devices will be covered in our review of applications which reference
RESAR-3S.

Hestinghouse is developing & program for response time testing of sensors for the
reactor protection system and engineered sufety featu. :5 excluding the nuclear detec-
tors. We will review the program during our review of the final design. Technical
specifications are provided in RESAR-35 requiring response time testing of the reactor
trip system and engieered safety features.

We conclude that the criteria for the periodic testing of protection systems satisfy
the requirements identified in Section 7.1 of this report and are acceptable.

Main Steam Systom

The Westinghouse aralysis of the postulated main steam line brear accident assumes a
blowdown of no more than one steam generator. The interface information provided in
Section 10,] of RESAR-3S stipulates that a failure of any main steam line or malfunc-
tion ot a valve installed therein must not cause uncontrulled flow from more than one
steam generator. To validate these assumptions, Westinghouse has identified {in
Table 15.4-7 of RESAR-3S) equipment and circuits required in the recovery from a high
energy line rupture. Most of the required equipment and circuits are outside the
RESAR-3S scope.

In specific project applications referencing RESAR-35, we will require that the design
for the main steam system satisfy the following requirements as identified in RESAR-35.

(1) The electrical instrumentation and controls for the power operated relief valves

must be independent and designed such that no single failure can cause opening of
more than one power operated relief valve.

245065
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{2) Any single failure in the electrical instrumentation and controls for the main
steam tsolation valves should not cause a failure of valves downstream of the
main steam isolation valves.

{3) Fatlure in any single vzlve in either the upstream or downstrearm side of the main
stéam isolation valves should not result in steam flow in excess of the amount
established in RESAR-3S accident anmalysis.

He will review applications referencing RESAR-3S to determine that the electrical
instrumentation and contrals meet the interface requirements identified in RESAR-3S and
to assure that no single instrumentation or controls failure will result in the blow-
down of more than one steam generator.

Systems Required for Safe Shutdown

Westinghouse has identified the following capabilities as being required for safe shut-
down: boration, vesidual heat removal, and auxiliary feedwater, the latter of which is
not in the sco”= of RESAR-3S. Also, Westinghouse has included a 1ist of instrumentation
and controls for systems in the RESAR-3S scope, in addition to other design features,
that will be provided by the balance-of-plant designer to achieve and maintain 2 safe
shutdown condition in the event an evacuation of the control room is required,

He have reviewed the descriptive information relating to these systems inciuding the
interface design requirements for other systems to be described in applications utiliz-
ing RESAR-3S to 4ssure that the operators will be able to achieve a safe shutdown
condition of the plant from outside the main contral voom. The review ingluded the
functional logic diagram, interface requirements, desian criteria, design bases, and
Westinghouse's analyses of the adequacy of these criteria and bases. Areas of par-
ticylar intergct are discussed below

Residual Heat Removal Systen

We determined that the RESAR-3S residual heat removal system design did not origi-
nally meet the single failure criterion in that one of the two isolation valves in
the suction lines of each of the two trains were powered fram the same source, the
failure cf whirh would have prevented the operation of both residual heat removal
system trains, Hestinghouse proposed utilizing the auxiliary feedwater system along
with the steam generator power-ope-ated relief valves as backup to the residual heat
removal system.

It is our position that the system provided to remove residual heat be capable of re-
ducing the reactor coolant temperature to a cold shutdown value (200 degrees Fahrenheit
or less) within a reasonable period of time {on the order of a day) with either only
onsite power available and assuming the most limiting single failure. The auxiliary
feedwater system along with the steam generator power-operated relicf valves, however,
would not be capable of reducing the resctor coolant temperature tc a cold shutdown
value within a reasonable period of time.
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Consequently, Westinghouse specified as an interface requirement in RESAR-35 that the
balance-cf-plant design include provisions for supplying Class I electrical power to
the residual heat removal system suction isolation valves in such a manner that the
single failure criterion is satisfied for both system operation and isglation. We

find this to be acceptable. In addition, however, Westinghouse has described in
RESAR-3S a temporary power supply arrangement as a means of accomplishing this inter-
face requirement. We have fiot reviewed Westinghouse's proposed temporary power supply
arrangement since the specific desion will be provided by the balance-cf-plant designer
and, therefore, will be reviewed in applications referencing RESAR-3S.

We have determined that with Westinghouse's suction Tine isolation valve power inter-
face requirement, the RESAR-3S residual heat removal system design complies with the

requirements of Criteria 19 and 34 of the General Design Criteria.

Instrymentation for Safe Shutdown

To meet the reguirements of Criterion 19 of the General Design Criteria and to exercise
effective control of the shutdown systems from outside the contral room, Westinghouse
has identified instrumentation for monitoring the steam generator pressure, steam
generator level, pressurizer preéssure, pressurizer lesel, and direct monitoring of
reactor coolant system temperature and interface requirements for local instrumenta-
tion for the auxiliary feedwater system, componenet cooling water System, and service
water system as necessary instrumentation.

We have reviewed the design description of the instrumentation required for safe
shutdown including interface information, deésign criteria, and design bases. Based on
this review we conclude that the ¢ >otrical equipment, instrumentation, and controls
within the scope of RESAR-3S associated with the RESAR-3S instrumentatior required for
safe shutdown comply with our requirements and are, therefore, acceptable.

in addition to meeting the interface requirements specified in RESAR-3S, we will
require that those portions of the systems required for safe shutdown outside the
scope of RESAR-3S meet the design criteria specified in Table 7-2 of this report.

Conclusion

We have reviewed the design description of the systems required for safe shutdown
including functional logic diagrams, testing provisions, bypass features, ‘aterface

im rmation, design criteria, and design bases and the analysis provided )y Westinghouse
on the adequacy of theze criteria and bases, Based on this review we com lude that

with the exception of the residual heat removal system, the electrical equipment, instru-
mentation, and controls within the scope of RESAR-3S associated with the RESAR-35
systems required for safe shutdown conform to our requirements and are therefore
acceptable. f
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In addition to meetiny the interface requirements specified in RESAR-3%, we will re-
quire that those portions of the systems required for safe shutdown outside the scope
of RESAR-35 meet the design criteria specified in Table 7-2 of this report,

Safety-Related Display Instrumentation

The safety-related display instrumentation will provide information to enabie the
operator to perform the required manual safety actions and to determine the effect of
those actions after a reactor trip. The readouts will include those necessary for
post-accident surveillance and those required to maintain the plant in a hot shutdowa
condition or to proceed to cold shutdown.

The scope of our review of the safety-related display instrumentation included the
monitoring of the reactor trip system, engineered safety features, and post-accident
and incident information. The design of the automatic bypass indication of a protec-
tive function at the system Jevel 15 outside the design scope of RESAR-3S. We require
tnat applications which reference RESAP-3S provide a system for automatic bypass in-
dication of safety-related functions consistent with the recommendations of Regulatory
Guide 1.47, "Bypassed and Inoperable Status Indications for Nuclear Power Plant Safety
Systems."

The Westinghouse design will provide, for safety-related NESAR-3S scope equipment,
those devices necessary for bypass and status indication and the desian will interface
with the balance-of-plant design such that the overall design is consistent with the
recomnendations of Regulatory Guide 1.47.

We have reviewed the design description, design criteria, interface information, and
analyses of the manner in which the design ¢f the safety-related display instrumenta-
tion will conform to the proposed design criteria. We conclude that the design of the
safety-related dicplay instrumentation conforms to our requirements referred to in
Section 7.1 of this report and is, therefore, acceptable.

In addition to meeting the interface requirements specified in RESAR-35, we will
require that those portions of the safety-related display instrumentation outside the
scope of RESAR-35 meet the design criteria specified in Table 7-2 of this report as
well as the additional requirements stated above,

Other Instrumentation Systems Required for Safety and Other Safety-Related Matters
Environmental and Seismic Qualification

westinghouse originally referenced a number of tepical reports in RESAR-3S with regard
to the environmental and seismic qualification of instrumentation, controls, and elec-
trical equipment importunt to safety. We found a number of these referenced topical
reports to be unacceptable. Therefore, we required that Westinghouse commit to a
satisfactory program for demonstrating the envircnmental qualification of instrumen-
tation and electrical equipment important to safety.
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Ir response to this requirement, Westinghouse has - mmitted to qualify the instrumenta-
tion, controls, and electrical equipment importart t» safety in the RESAR-3S scope, to
the requirements of [EEc Standard 323-1974, ' (EEE Standard for Qualifying Class IE
Equiprant for Nuclear Power Generating Stations” including the Nuclear Power Engineer-
ing Committee's position statement of July 24, 1975 hy an appropriate combination,
acceptable to ws, of any or al)l of the following: type testing, operating experience,
qualification by analysis, and ongoing qualification. In addition, Westinghouse has
submitted Topical Report WCAP-8587, “Environmental Qualification of Westinghouse NSSS
Class IE Equipment.” This report describes the Westinghouse program for demonstrating
the environmental qualification of instrumentation and electrical equipment important
to safety, We are currently evaluating the test methods and procedures to be adopted
by Westinghouse as described in WCAP-8587 to satisfy the objective of IEEE Standard
323-1974 with regarc to the environmental qualification of instrumentation, controls,
and electrical equipment important to safety to assure the operability of essential
systems following such events as a loss-of-coolant accident or a main steam line break
accident inside containment.

With regard to the seismic qualification of seismic Category ! instrumentation and
electrical eqaipment in the RESAR-35 scope, Westinghouse has referred to a number of
topical repurts. A recent addition to the list of references is Topical Report WCAP-
8373, "Qualification of Westinghouse Seismic Testing Procedure for Electrical Equipment
Tested Prior to May 197(," which is intended to evaluate the Westinghouse seismic test
program against our reguirements for seismic qua’ification. From a generic review of
the above referenced topical report, we have concluded that the report in its present
form does not provide an acceptable basis for seismic testing of instruments, control
devices, and electric equipment to assure that these safety components will t their
performance requirements during and following a safe shutdown earthquake. Wes nghouse
has, however, committed to make the required seismic tests conform to the procedures
specified in 1EEE Standard 344-1975, “IEEE Guide for Seismic Qualification of Class |
Electrical Equipment for Nuclear Power Generating Stations.” These test procedures
account for multi-axis and multi-frequency effects of seismic excitation and fatigue
effects caused by a number of operating basis earthquake events. We find this commit-
ment to be acceptable.

We conciude that the above commitments for qualification of Class IE equioment in the
RESAR-3S scope of supply wil) facilitate the development of a seismic qualification
program comsistent with the abjectives established in [£EE Standard 323-1974 and that
they provide an acceptable basis for the preliminary design approval of the Cless IE
equipment seismic qualification,

Independence and Identification nf Safety-Related Equipment

we have reviewed the proposed design criteria for the separation of redundant safety-
related equipment and their physical identification as described in Sections 7.1.2.2
and 7.1.2.3 of RESAR-3S, respectively. We conclude that these critecia meet the
requirements of [EEE Standard 384-1974 as augmented by Regulatory Guide 1.75 and

consider the proposed design acceptable. . N _r—;———%T
7-13 v¥LIZ60 v {16




For each app)ication which utilizes RESAR-3S, we reguire that the balance-of-plant
design criteria for the separation of reaundant safety-related equipment and their !
physical identification also satisfy the above stated requirements.

7.6.3 Accumulator I<olation Valves

The proposed design of the control circuits for the accumulator isolation valves !
includes provisions to automatically open the isolation valves on the occurrence of a .
safety injection signal with the reactor coolant system pressure above the safety

injection unblock pressure and for redundant and independent indicating systems for

each valve, The interlocks will be testable and will meet the applicable gualification

test standards for safety equipment.

To meet the single failu. . cterion for electrically-nperated valves, Westinghouse has

elected tu Tockout power . cthe accumulator isolation valves when the reactor is at

power. For the purpose of check valve leak testing, oneé accumulator at a time may be

iselated provided the reactor is held in a subcritical condition, The techmical spec-

ifications will require the valve to be reopened before a return to criticalaty is

permitted, '

We conclude that the proposed design of the contrnl circuits for the . wulator iso-
lation vaives satisfies our reguirements referred to in Section 7.1 of this report and
meets the positions of Electrical, Instrumentation and Control Systems Branch Téchnical
Position EICSB 4, "Requirements on Motor-Operated Valves in the ECCS Accumulator
Lines,” which is contained in Appendix 7-A of the Standard Review Pian, and is,
therefore, acceptable.

In addition to meeting the interface requirements specified in RESAR-3S, for appli-
cations which vef : mce RESAR-3S, we will reouire that the balance-of-plant instru-
mentation and controls for these isplation valves satisfy the criteria for the emer-
gency core coolins system identified in Table 7-2 of this report.

i
|
|
\
|
7.6.4 Residual Heat Removal System Overpressure Protection Interlocke
Because of the potentially severe consequences of cverpressurization of the residua)

heat removal Systems, we require a high degree of assurance that the low prescure

residual heat removal system be isolated from the high prec<i-e in the reactor coolant 1
system. :
It is our position, therefore, that, in addition to satisfying the requirements of

Criterion 34 of the General Design Criteria in the residual heat removal function, the
overpressurization protectici of the residual heat removal system from the reactor

coolant system be assured by providing two motor-operated iselation valves in series on

each iplet line between the high pressure reactor coolant system and the low pressure

residual heat removal system. The initial Jesign proposed in RESAR-3S Aid not conform

with our position for a high pressure to Tow pressure interface with regard to pro-

viding interlocks on these isolation valves.
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7.8.5

In the proposed initial design, the redundant isolaticn valves were to have been sep-
arately interlocked with independent pressure signals to prevent their being opened
when the reactor coolart system pressure is greater than 425 pounds per sguare inch,
quage, and automatically closed when a predetermined pressure is excaeded. Each valve
in the same train was to have been powered by 4 separate engine red safety feature bus
and have individual control circuitry, Westinghouse maintained that this protection
interlock design in conjunction with the independence between the power and untro!
circuitries for the redundant isolation valves provided adequate protection., With
regard to the testability of these interlock signals, Westinghouse stated that the
pressure interlock signal and Togic could 'e tested online up to the slave relay which
provides the signal to the valve control circuit without adversely affecting safety.
#e determined that this design did not comply with our requirement for diversity of
pressure interlocks.

Consequently, we reguired that the pressure interlocks provided for the redundant
isolation valves be derived from pressure signals using diverse principles. West-
inghouse subsequently modified their design to provide diverse “prevent open’ anc
“autoclose” interlocks. We find tais to be acceptadble and conclude that the electrical
instrumentation and controls associated with overpressure grotection of the residual
heat removal system are acceptable.

In applications which reference RESAR-35, we will require that the halance-of-plant
design satisfy the following interface requirements:

(1) To maintain the electrizal power independence and pressure interlack independence
for residual heat removal system isolation valves, the power assicnment for the
redundant trains of the residual heat removal system shall satisfy the interface
requirements previdec in Table 8.1-2 of RESAR-3S.

(2] The balance-af-plant interfaces for the residual heat removal system at the
nuclear steam supp.v system boundary shall satisfy all the criteria identified in
Table 7-2 of this rejort.

conclusion

We have reviewed the design description of all other instrumentation systems required
for safety including functional logic diagrams, testing provisions, bypass features,
interface information, design criteria, and design bases, and the analysis provided by
westinghouse on the adequacy of these criteria and bases. Based on this review we
conclude that the electrical equipment, instrumentation, and controls within the scope
of RESAR-3S associated with the RESAR-3S instrumentation requirc’ for safety confom to
our requirements and are, therefore, acceptable.

. in addition, we will require that those portions of the instrumentation systems re-

Guired 7or safety outside the scope of RESAR-3S meet the design criteria specified in

Table 7-Z of this report. ? ’ g I;E;1;--~__
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7.8

Gontrol Systems Not Pequired for Safety

The following control systems which are not reguired for safety are identified in
RESAR-3S: reactor control, rod control, plant con 11 system interlocks, pressurizer
pressure control, pressurizer water level control, . eam generator water level control,
steam dump control, and incore instrumentation. Westinghouse has documented mo major
differen.*s in the instrumentation and controls for the above systems and those pro-
vided in its previous designs.

Based on our review of the preliminary design of the RESAR-3S control systems, we con-
clude that failures in these control systems will not be expected to degrade the capa-
bilities of the plant safety systems to any significant deqree or lead to plant cons
ditions more severe than those for which the safety systems are desioned to protect
against ana that these contro) and instrumentation systems satisfy r.s reguirements and
are acceptable.

In addition to meeting the interface requirements specified in RESAR-3S, we will re-
quire that those portions of the RESAR-35 control systems outside the scope of RESAR-3S
meet the design criteris specified in Table 7-2 of this report.

Anticipated Transients Without Scram

Our review of anticipated transients without scram is contained in Section 15.5.7 of
this report.




8.1

€.0 ELECTRIC POWER SYSTEMS

Except for the specification of certain interface reguirements, the electric power
systems are totally cutside the RESAR-3S scope and will be described in applications
which reference RESAR-3S.

Interface Requirements

He have identified in Table 8-1 of this report our interface accepte ce criteria for
electric power systems. These criteria will form the basis for our review of
applications which reference RESAR-35 to determine overall design conformance with
the staff's requirements.

Westinghouse hes specified in Section 8 of RESAR-3S the alternating and direct
current loads, load groupings, safety load sequencing, minimum number of independent
power sources, and other electric power system requirements of the RESAR-3S design,
It is our position that these interface reguirements be satisfied in the balance-of-
plant electric power system design to validate the assumptions made in the RESAR-3S
accident analysis and to provide an acceptable bacis for our conclusion that the
RESAR-3S design will satisfy the staff's requirements.

The following additicnal interface requiresents shail form the basis of our review
of each application which references RESAR-3S:

(1) Westinghouse states in Section 8.0 of RESAR-3S that the nuclear steam supply
iystem is designed such that no fuel damage will occur if the plant sustains a
credible gri¢ decay rate of up to five Hertz per second based on an under-
frequency reactor trip setpoint of 57 Hertz as specified in the technical
specifications. Westinghouse further states that a Tower underfrequency
reactor trip setpoint will prevent fuel damage for credible arid decay rates of |
less than five Hertz per second.

We are currently evaluating Westinghouse Topical Report WCAP-8424, "An Eval- 1
uation of Loss of Flow Accidents Caused by Power System Frequency Transients in

Westinghouse PWR's,” which provides the bases for Westinghouse's statements.

We find this is acceptable for the preliminary design stage of review. We will

determine the acceptable arid decay rate limit, and, hence, the acceptable under-

frequency reactor trip setpoint during the final design review stage. ;

For applications which reference RESAR-3S where credit is taken for the reactor
coolant pump coastdown and the pumps must be disconnected on arid frequency
excursions beyond the acceptable limits, we require that t 3] gace-of -
I i) |
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design be such that the reactor coolant pump bregkers and the associated
instrumentation and controls be designed and qualificd in accordance with the

. requirements of IEEE Standards "79-197) and 308-1971 including that the breakers
R be Tocalsd in a seismic Category I structure.

(2] We are concer, ed about the spurious operation of tiermal overload devices

F provided for sar‘ty-related motor operated valvas which could negate the

3 completion of the )squired safety functions of a system during an accident

i condition, Since RES. 2-35 coes not include the thermal overload protection
eriteria for safety-related motor operated valveés and does not provide the
criteria for the application of these devices, we require that the balance-of-
plant design for therwal overload protection of safety-related motor operated
valves in RESAR-3S satisfy either of the followina requirements:

{a) Thermal overload protection of safety-related system motor operated valves
shall have the trip setpoints set at a value high enough to prevenu
spurious trips due to design imaccuracies. trip set point drift, or
variations in the ambient temperature at the installed location. The trip
setpoint chosen shall be consistent with that of any branch circuit
protective device ssed. Periodic tests are required and shall be per-

[ formed on each of the thermal overload devices to verify the accuvacy and
reliability of the overload trip setpoint.

{b) Thermal overload protection may be bypassed under accident conditions and
the bypass circuitry shall be designed to IFEE Standard 279-1971 criteria
as appropriate for the rest of the safety-related system,

8.2 Conclusion

With the balance-of-plant design satisfying the interface criteria identified in
Table &-1 of this report, the requirenants of RESAR-3S, and the additional require-
ments ‘escribed above, we conclude that the electric power systems will be com-
patible with RESAR-35 safety systems funcional requirements and wili validate the
assumptions made in the RESAR-3S accident «qalysis. A detailed review of the
electric power systems will be performed on ndividual applications which reference
RESAR-35.
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9.1.2

9.0 AUXILTARY SYSTEMS

Auxiliary systems include such systems as the uel storage and handiing facilities
and systems; water systems; process auxiiiarie., and air conditioning, heatina,
cooling, and ventilation systems. The auxiliary systems included in the RESAR-3S
scope include the new and spent fuel stovage racks, fuel handling system, chemical
and volume control system, and the baron recycle system. In addition, Westinghouse
has provided certain interface requirements for the station service water system;
ultimate heat sink; component cooling water system; and the air conditioning, heat-
ing, cooling, and ventilation systems.

Fuel Storage and Handling
New and Spent Fuel Storage

New and spent fuel will be stored in racks, which are included in the RESAR-35
scope. Each fuel storage rack will be composed of incividual vertical cells which
can be fastened together in any number tc form a module that can be firmly bolted to
anchors in the floor of the fuel storage area. The new fuel racks will have a
storage capacity of one-third of a core and the spent fuel racks will have a storage
capacity of one and one-third cores. The new and spent fuel racks will be designed
te seismic Category | requirements.

Unlike previously approved Westinghouse piants, the new and spent fuel racks will be
Tocated in a single underwater storage facility. Also, tie minimum center-to-center
spacing has been reduced from 21 inches to 14.2 inches. This spacing is sufficient
to maintain the effective multiplication factor at a value of 0.95 or less for fuel
having the highest anticipated enrichment and arranged in unborated water in the
optimum moderation confiquration.

We have reviewed the proposed design bases and interface requirements of the new and
spent fuel storage racks and have determinid that they meet the applicable positions
set forth in Regulatory Guide 1.13, “"Fuel S‘orage Facility Design Basis,” and the
reguirements of Criterion 62 of the General Design Criteria. Therefore, we conclude
that ihe proposed design of the new and spent fuel racks is acceptable.

The design of the fuel storage area will be described in applications referencing
RESAR-3S.

Fuel Handling System ';, 1 1267

The fuel handling system will consist of the equipment needed for the transfer of
new and spent fuel between the fuel storage area and the reactor vessel. The fuel
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However, if Westinghouse can demonstrate that the reactor coolant pumps are capable of
operating without cooling for Tonger than 30 minutes without loss of function and the
need for operator protective action and if safety-qrade instrumentation is provided to
detect the 10ss of component cooling water to the reactor coolant pumps and to alarm

in the control room, that portion of the coaponent cooling water system that supplies
cooling water to the reactor coolant pumps can be desi- od to non-seismic Category 1
requirements and Quality Group D. The entire instrumentation system, including audible
and visual statu: indicziors for loss of component cooling water should meet the
requirements of IEFL Standard 279-1971.

The cor onent cooling water system design will be reviewed in applications referencing
RESAR-3S.

9.3 Frocess Auxiliaries ‘
9.3.3 Chemical and Volume Control System

The chemical and volume control system will be designed to control and maintain the

reactor coolant inventory and to control the boron concentration in the reactor

coolant. In addition, purification of reactor coolant will also be accomplished by

the process of demineralization and reactor coolant chemistry will be controlled F
th, wgh the process of chemical addition. The system will also maintain seal-water '
injection flow to the reactor coolant pumps and provide a means of filling, draining,

and pressure testing the reactor coolant system. The centrifuga! charging pumps also

serve as high head safety injection pumps in the emergency core cooling vstem. This

function of the charging pumps is described in Section 6.3.2 of this repc

Reactor coolant boron concentration will be controlled using the chemical ana volume |
control system by adding makeup for either boration or dilution for the large reac- |
tivity changes needed during shutdown and startup, or by thermal regeneration to

compensate for the reactivity changes due to xenon transients. The boron concentration

of the reactor _wolant can pe vontinuously monitored by a boron concniration measure-

ment systza which measures the boron concentration of the letdown flow in the chemical

and volume control system,

The thermal regeneration subsystem will control the boror concentration of rsactor
coolant letdown flow by varying the temperature of inline boric acid demineralizers.
In this way, boric acid can be sdded to or removed from the reactor coolant without
dilution flow. When necessary, makeup boration and dilution will be accomplished by
adding either borated or pure water to the system, The use of this system will reduce
the volume of waste reactor coolant that must be processed by the waste processing
system.,

The charging pumps w:11 be available to supply porated water from the refueling water
storage tank or from the boric acid tanks to maintain refueling boron concentration.
The injection of the borated water will be through the nermal charging path or, as a
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9:3.2

9.‘

backup, through the seal injection path. A1)l portions of the chemical and volume
control system necessary for safe shutdown are designed to seismic Category |
requirements.

Applicants utilizing RESAR-3S must provide ad quate component cooling water at 105
degrees Fahrenheit or less to the letdown hea exchanger, excess lotdown heat exchang-
er, and seal water heat exchanger. In additica, a reactor makeup water storage tank,
resin fill tack, boric acid tanks, and reactor makeup water pumps must be provided as
well as provisions for maintaining a temperatire of 65 degrees Fahrenheit or gieater
for all portions of the system which will normally contain a nominal four percent
boric acid solution.

We reviewed the adeqguacy of Westinghouse's proposed design criteria and design bases
for periorming the necessary functions of the chemical and volume control system
during normal, abnormal, and accident conditions. We conclude that the design criteria
and design bases are in conformance with the General Design Criteria and are, there-
fore, acceptable.

Boron Recycle System

The boron recycle system will be designed to collect and process the excess reactor
coolant effiuent for reuse of the boric acid and makeup water. It will decontaminate
the effluent by means of demineralization and gas stripping, and will use evaporation
to separate and recover the buric acid and makeup water. The boron recycle system
will be capable of processing the total volume of water collected during a core cycle
as well as short term surges,

The basic system design and the design for many of the components are described in
KESAR-35. However, applicants utilizing RESAR-3S must provide designs for heat tracing
and certain other eguipment identified in Table 1.7 of RESAR-3S.

The boron recycle system will be used intermittently throughout normal reactor opera-
tion and will not be required for safe plant operation or shutdown. We have reviewed
Westinghouse's proposed design bases and criteria and interface requirements for the
baron recycle system. We determined that failures of the system will not affect safe
plant operation or shutdown. We conclude that the boron recycle system design is
acceptable.

Air Conditioning, Heating, and Ventilation Systems

The air corditioning, heating, and ventilation systems required for essential and
nonessential areas outside containment will be provided by the balance-of-plant
designer. However, at our request, Westinghouse provided temperature and humidity
design interface "equirements for those areas that will house RESAR-35 safety-related
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9.5

We have reviewed Westinghouse's range of temperature and humidity design interface
requirements for areas housing safety-related equipment furnished as a part of RESAR.IS
and corclude the information is adequate for an applicant referencing RESAR-35 to
design the necessary air conditioning, heating, and ventilation systems. These

systems will be eva..ated in applications referencing RESAR-35.

Fire Protection System

The fire protection system is outside the scope of RESAR-3S and, therefore, will be
addressed in apolications referencing RESAR-3S. The cnly aspects of fire protection
within the scope of RESAR-3S are the specification of fire protectien criteria for
RESAR-3S scope equipment and interface requirements,

As a vesult of investigations and evaluations being conducted by the stafi on nuclear
power plant fire protection systems, we will request that Westinghouse re-evrluate its
fire protection criterta and interface requirerents in conformance with Auxiliary and
Power Conversion Systems Branch Technical Position APCSB 9.5-1, "Guidelines for Fire
Protection for Nuclear Power Plants,” which 1§ contained in Standard Review Plan 9.5.1.
1¥, as a result of our evaluation of this information, we determine that additional
réquirements are indicated to further improve the fire protectio. capability of the
RESAR-13S design, we will require that they be implemented.

B e e
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10.0 STEAM AND POWER CONVERSION SYSTEM

General

The steam and power conversicn system will convert the thermal output of the nuclear
steam supply system to steam to drive the turbine-generator. This system is outside
the RESAR-3S scope and will be designed by the balance-of-plant designer, The
RESAR-35 design does not extend beyond the steam generator's feedwater and steam
nozzles.

Interface Information

The auxiliary feedwater 3ystem is an engineered safety feature that will be designed
by the balance-of-piant designers for applications utilizing RESAR-3S. A4is system
is required to fulfill the requirements of Criterion 34 of the General .esign
Criteria when primary plant parameters are above the design capacity of the

residual heat removal system. Westinghcuse has provided the required system flow
rates, pressure, temperature, initiation time, and other necessary interface
information regarding the auxiliary feedwater system.

We are currently evaluating design and operating conditions that could result in
damage to feedwater system piping as a consequence of feedwater flow instability
occurrences such as occurred at Indian Point 2 on November 13, 1973. The results
of this investigation may result in further reguirements being imposed upon
RESAR-3S and/or applications referencing RESAR-3S so that unacceptable damage will
not result trom water hammer effects. We will implement the results ef our generic
investigation at the fipal design review of RESAR-3S.

We have reviewed the interface information provided by Westinghcuse and have
determined that adequate information is provided to enable balance-of-plant designers
to design a steam and power conversion system, including the auxiliary feedwater
system, th.t will support the RESAR-3S nuclear steam supply system. On this basis,
we conclude that the interface information provided by Westinghouse relative to the
steam and power conversion system is acceptable. The steam and power conversion
system design, including the auxiliary feedwater system design, will be evaluated in
applications which reference RESAR-3S.

10-1




11.0 RADIOACTIVE WASTE MANAGEMENT

Sourcy Terms

Radicactive materials in liquid effluents may be released to the environment by a
nuclear plant utilizing a pressurized water reactor from the liquid waste processing
system, the boron recycle system, the steam generator blowdown system, and the turbine
building floor drain system. Of these, only the boron recycle system is within the
standard scope of RESAR-35, as defired in Amendment | to WASH-1341, However, RESAR-3S
does provide as interface information concentrations of radiocactive materials and flow
rates in strz2ams that (1) are input to the radicactive waste management 5ystems and
{2) are used as the design basis for shielding and building ventilation systems for
applications referencing RESAR-3S.

We have reviewed the mathematical models and the parameters used to calculate primary
coolant concentrations and the inpuy rates to the radicactive waste management systems
fram the components within the nuclear steam supply system, We found that the para-
meters and calculations used to obtain primary coolant concentrations are consistent
with those given in NUREG-0017, "Calculation of Releases of Radioactive Materials in
Liquid and Gaseous Effluents from Pressurized Water Reactors.” Westinghouse has also
provided the primary coolant concentrations to be used for desiagn of the radioactive
waste management systems based on a value of one percent of the fuel having cladding
defects. This value is acceptable.

Waste Management Systems

The radicactive waste management systems will be designed by the balance-of-plant
designers for applications utilizing RESAR-35. We have reviewed the interface infor-
mation provided by Westinghouse and have determined that adequate information is
provided to enable balance-of-plant designers to design radivactive waste management
systems that will support the RESAR-3S nuclear steam supply system. On this basis, we
conclude that the interface information provided by Westinghou : relative to the waste
management systems is acceptable, The designs of the waste manayement systems will be
evaluated in applications which reference RESAR-3S.

YL
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12.0 RADIATION PROTECTION

Genera}

Since the RESAR-3S design 1s Vimited to the nuclear Steam supply systew, only
certain aspects of radiation protectior are within the scope of RESAR-3S. These
aspects include the source terms for RESAR-3S =2quipment, including the reactor
conlant system, and those design aspects of the RESAR-3S equipment and interface
requirements related to radiation protection. Our review of these areas is dis-
cussed below,

Assurigg that Occuggjional Radiation Exposures Will Be as Low
as Is Reasonably Achievable

We reviewed the policy, design, and operational considerations related to assuring
that cccupational radiation exposures will be as low as is reasonably achievable
for the RESAR-3S design. The review considered descriptions of how experience from
past designs and operating plants have been used to develop improved radiatica
protection designs for the nuclear steam supply system. It also includsd an eval-
uation of the implementation of the appropriate guidance provided in Regulatory
Guide 8.8, "Information Relevant to Maintaining Occupationai Radiation Exposure as
Low as 1s Reasonably Achievable (Nuclear Power Keactors),” and information on
proposed alternatives,

in Appendix 12A of RESAR-3%, Westinghouse provides radiation protection design con-
siderations that are related to RESAR-3S equipment, and design recommendations for
the balance-of-plant designer related tc shielding, installation, and layout of the
RESAR-3S equipment. These design considerations cover the following in various
degrees «f detail: the reactor; evaporators; pumps, filters, and demineralizers;
tanks and heat exchangers, remote and/or automatic systems contrcl operations; and
the reactor coolant system.

We reviewed the RESAR-3S material for evidence that the design will be in accord-
ance with Regulatory Guide B.8, including incorporation of measures for reducing
radiation levels and time spent where maintenance and other operations ave re-
quired, and instructions to designers and engineers regarding design considerations
for achieving this. We alsc reviewed the application for evidence that Westing-
house has inco: porated previously tested good design features and has used op-
erating experience to improve on the design of the plant with regard tc assuring
that occupational radiation exposures will be as low a5 is reasonably achievable.

We have determined that Westinghouse has shown sufficient concern and familiarity
with the as low as is reascnably achievable principles in the area of desian con-
siderations to conclude that this aspect of radiation protection is acceptable.
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12.3

Appendix 12A of KESAR-3S includes many of the design guidance items of Requlatory Guide
B.8; however, many of these are included only as recommendations. It will, therefore,
ve necessary for applications which reference RESAR-3S to include a complete Section 12
in order to demonstrate that adequate radiation protection will be provided from the
radiation sources specified in RESAR-3S.

Radiation Sources

We reviewed RESAR-3S to evaluate information on radiation sources for RESAR-3S equip-
ment, as they relate to im-plant radiation protection., This includes the description
of the sources of radiation that will form the basis for the radiation protection
program and be used in the shield design calculations by the balance-of-plant designes.

Our acceptance criteria require thzt all sources of radiation be described in the
manner. and to the degree needed for shielding codes used in the design process, for
plans and procedures development, for assessment of occupationa) radiation exposure,
and for equipment specification. The sources of radiation of interest include those
that will necessitate shield.ng, special ventilation designs, traffic or access controi
considerations, special plans and procedures, and monitoring equipment,

Regulatory Guide 1.7U, “Standard Format and Content of Safety Analysis Reporis for
Nuclear Power Plants,” provides that airborne sources that can be created by leakage or
release from a nuclear steam supply system, such as that described in RESAR-3S, by
opening noraally closed containers such as tanks, pump casings, or vent spaces, and the
pressure vessel, be identified by location and magnitude, in 2 manner useful for de-
signing appropriate ventilation systems and in specifying appropriate monitoring sys-
tems. The assumptions made in arriving at quantitative values for these variov <curces
should also be specified.

In Section 12.1.3 of RESAR-35, Westinghouse provides four categories of neutron and
gamma ray information regarding the reactor radiation scurce at power. In addition,
this section provides radiation sources related to various systems which will be sup-
plied by Westingnouse. The radioactive source terms and leakage rates necessary to
complete the analysis of onsite exposure due to airborne radicactive material are
specified in Section 11 of RESAR-3S.

In our review of the source term section of RESAR-35, we examined the source term
tables and the conditions given for definition of the source terms. These descriptions
meet our acceptance criteria as being sufficient and appropriate for input to shielding
calculations. In the cases where the total quantities of a particular source have not
been provided by Westinghouse because of the limited part of the system design within

ts scope, applicants utilizing RESAR-3S will be required to obtain and provide the
added information,
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orevent a fission product release to the environment which would result in an undue
risk to the haalth and safety of the public in excess of limits established in 10 CFR
Part 100. A Condition IV event is not to cause a consequential loss of required
function of systems needed Lo mitigate the consequences of the accident, such as the
emergency core cocling system and the containment.

Westinghouse's classification of events analyzed is itemized in Table 15-1 of this
report,

Input Parameters and Analytical Techniques 7ar Accident and Trans ent Analyses
input Parameters

As part of our review of the RESAR-3S accident and transient analysis, we reviewed the
assumptions and input parameters employed by Westinghouse in its analyses. A discus-
sion of the more significant assumptions and input parameters follows in this section.
Unless otherwise noted in this report, mathematical models and methods used by Westing-
house have been previously reviewed and found acceptable by the staff in conjunction
with approved plants using a Westinghouse miclear steam supply system.

Rea~tor protection system trip set points and the assumed trip delay times used in the
analyses are tabulated in Table 15-2 of tnis report. These values are suitable, pro-
vided that they remain conservative with respect to the set points finally implemented,
fully accounting for all sensor and process delays and uncertainties.

The rod insertion time used, 2.1 seconds to reach 85 percent of the rod travel, was
based on previous measurements applicable to the 12 foot 17x17 rod cluster control
assemblies. Instrument ervors and time delays assumed for the analyses will be
justified as part of the final design review of RESAR-3S.

Events initiated at full power were assumed to start at a core thermal power leve' of
3479 megawatts, which is 1.02 times the proposed core thermal power level in accordance
with Regulatory Guide 1.49, "Power Levels of Nuclear Power Plants." tHowever, Regula-
tory Guide 1.49 states that the possible offsite radiological consequences of postulated
design basis accidents made to demonstrate acceptability of the site in accordance with
10 CFR Part JO may be made at a higher core thermal power level not to exceed 4109
megawatts thermal. A value of 3579 megawatts thermal was used by Westinghouse as the
initial core full power condition for analyses of the loss of normal feedwater, loss of
reactor coolant from small breaks, loss of coolant, steam generator tube rupture, and
fuel handling accidents. Although the loss of normal feedwater analysis does not
involve radiological consequences, we conclude that analysis at 3579 megawatts thermal
is a conservative evaluation of system design adequacy for operation at 3479 megawatts
thermal and is acceptable for the preliminary design review. However, we require that
the loss of normal feedwater analysis be performed at 3479 magawatts thermal in accord-
ance with the guidance of Regulatory Guide 1.49 for the final design application.

As noted in Section 4.3 of this report, the values of tt- core physics parameters
used in the accident analyses have been reviewed and found to be suitably conservative.
They were chosen to represent the most adverse conditions of core life for the event
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TABLE 15-2

TRIP POINTS AND TIME DELAYS TO TRIP ASSUMED IN ACCIDENT ANALYSES

limiting Trip

Trip Point Assumed Time Delay
Function in Analyses {Seconds)
Power Range High Neutron
flux, High Setting 118 percent .5
Power Range High Neutron
Flux, Low Setting 35 percent 0.5
Overtemperat: ‘a delta T Variable {see 6.0
(temperature  fference) Figure 15.1-]
of RESAR-3S)
Overpower delta T Vari-.le (see 6.0°
(temperature difference) Figur. 15.1-1
of RESAR-3S)
High Precsurizer Pressure 2410 pounds per 2.0
square inch, quage
Low Pressurizer Pressure 1860 pounds par 2.0

squase inch, guage

Low Reactor Coolant Flow
(from Toop flow detectors)

87 percent loop ‘low 1.6

Reactor Coolant Pump
Undervoltage Trip 70 percent 1.5

Turbine Trip Not applicable 1.0
Low-Low Steam Generator 33 percent of narrow 2.0
Level range level span

High Steam Generator Level
Trip of the Feecwater Pumps,
Closure of Feedwater System
Valves, and Turbine Trip

75 percent of narrow 2.0
range level span

Rncgor Coolant Bus Underfrequency 57 Hertz 0.1
Trip

"Total time delay, including resistance temperature detector bypass loop fluid transport
delay, effect of bypass loop piping thermal capacity, resistance temperature detector

time response, and trip circuit channel slectronics delay, from the time the temperature
difference in the coolant loop exceeds cise trip setpoint until the rods are free to fall

‘Used for drop in line frequency combined with a loss of flow trarsient
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considered with respect to reactivity coefficients, control rod worths, and local
power peaking factors. Reload cores or operating configurations other than those
considered must be reexamined to ascertain that they cannot result in more severe
transients than have been considered.

The departure from nucleate boiling calculations were performed using a critical
heat flux multiplier of 0.86, thus providing a 14 percent design margin. Final
judgment of the sdequacy of this multiplier will be made after the completion of our
review of the test programs discussed in Section 1.4 of this report for the final
design review. This matter i. discussed further in Section 4.4.1 of this report.

Analytical Technigues

We have reviewed and approvad most of the analytical techniques used by Westinghouse
in the RESAR-35 accident and transient analyses. Those for which we have not completed
our reyiew are described in the following topical reports:

WCAP-7898 Long Term Transient inalysis Program for Pressurized Water
Peactors - BLKOUT
WCAP-7907 LOFTRAN Code Description
WCAP-7908 A FACTRAN IV Code for Thermal Transients in a 'JO2 Fuel Roa
WCAP-7909 A Digitai Computer Code for Transient Analysis of a Multi-Loop
PWR System - MARVEL -'
l
WCAP-7956 THINC-1V = An Improved Pregram for Thermal and Hydraulic Analysis ;
of Rod Bundle Cores :
WCAP-7973 Calculation of Flow Coastdown After Loss of Reactor Coolant
Pump - PHOENIX
WCAP-7980 WIT-6 - Reactor Transient Analysis Computer Program Description

A1 of the analytical techniques used by Westinghouse in the RESAR-3S accident and
transient analyses, including those for which we have not completed our review, have
been used in applications utilizing Westinghouse reactors which we have approved. As
ciscussed in the remainder of Section 15 of this report, we have determined that the
margins predicted by these methods are acceptable for the issuance of a construction
perpiit or a Preliminary Design Approval. We will complete our raview of these methods
prior to approval of the final design.

Technical Specification Limits Qualified by F:ocident and Transient Analyses

Results of the postulated accidents investigated are sensitive to the values of many
operating parameters which de®ine conditions at the start of the transient and
govern the response of the sy  tem model to the postulated accident condition. Our

review and approval of these analyses constitutes approval of the operating condi-
tions and plant characteristics which have heen found to be within the 'ange that
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has been justified by the analyses. As a result, technical specifications must
assure that operating conditions and trip setpeints are such that there is no poten-
tial for transients of more severe consequencos than those predicted by the reviewed
conditions.

Westinghouse has proposed 1imits on control vod operations and core power distribution
which are consistent with limiting operating conditions qualified by the accident
analyses. The proposed power distribution 1imits will not result in a peak linear
power density in excess of 12.6 kilowatts per foot, which is the value qualified by
all of the accident analyses. The Timits are to be enforced by operating procedures
and technical specification limitations on power distribution using constant axial
affset procedures to assure that engineering heat flux ard nuclear enthalpy rise hot
channel factors do not exceed design limits. Additional procedures will require
confirmation of power distribution using & movable incore detector system at each fuel
loading and periodically during power gperation. A limit on core radial power asym-
metry (power tilt) will be monitcred and alarmed usin, the excore detector system,
Axial power distribution will be controlled by control bank position and monitoring of
flux di€€-~ence between the top and bottom excore detectors.

The overtemperature and overpower deita T (temperature difference) trips and the high
flux trip will provide protection against departure from nucleate boiling for al)
combinations of pressure, powe' , coolant tonperature, and axial power distribution
which are within the operating range between hich and low pressure reactor trips
provided that the transient is slow with respect to piping coclant transit delays from
the core to the temperature dete ors (about four seconds) and axial peaks are below
design values. The flux difference measurement will be incorporated in analog cir-
cuitry which will automatically reduce the overtemperature delta T (temperature dif-
ference) trip setpoint whenever flux differonce limits zre exceeded. Alarms on flux
difference and radial power tilt will ! derived from the plant process computer. The
technical specifications include average temperatu-e versus power safety limit curves
with pressure as a parameter to define the trip limit with all loops operating and
with one coolant loop out of service. The curves define the loci of points for which
the departure from nucleate boiling ratio is greater than 1.3.

Protection against departure from nucleate boiling during loss of forced reactor
coolant flow transients will be provided by the reactor coolant pump bus undervoltage
and underfrequency trips and the low reactor coolant loop flow trip (87 percent of
Toop flow). However, the analyses submitted by Westinghouse qualify this protection
only for assumed initial operating conditions within the nominal operating range of
reactor pressure, steady state power level, and coolant tempere’ure and flow con-
ditions. Westinghouse has not proposed limits on core eperating conditions which
would assure that initial core coolant flow and temperature are wit. in the range
evaluated in the accident analyses. Accordingly, based on the data provided in
RESAR-35, we will include th> following additional core operating limits in the

-
technical specifications at the final design review stage: (’11285
15-6 _}‘ i !H e Tutls

¥ | T \.I / L




15.4

Parameter Limit Vﬂﬁ"

{1) Reactor Vessel (a) 140.3 million pounds per hour
Mimimum Coolant Flow at maximum core power level of
3411 megawatts thermal

(b) 100.9 million pounds per hour with
three lcop operation at maximum
core power level of 2396 megawatts

thermal .
i
{2) Core Coolant 589.4 degrees Fahrenheit maximu :
Average Temperature
(3) Pressure in the Pressurizer 2250 plus or minus 30 pounds per

square inch, absolute

We conclude that the tecnnical specifications proposed by Westinghouse plus the
additions indicated above wil! be adequate to maintain core operating conditions
within the limits qualified by ihe accident analyses provided that final limit
values and core monitoring procedures account for measurement uncertainties and
power distribution uncertainties.

Anticipated Transients

A number of plant 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 Jifetime. Such transients meet the criteria of
Condition Il in the evaluation and classification presented by Westinghouse.

We have compa:red the Condition Il events Tisted in Table 15-1 of this report to
typical anticipated events normally considered for safety reviews. The event
“Complete Loss of Coolant " ~w" is classified as a Condition I1] fault by Westing-
house but we consider this as an anticipated transient and we evaluated it as such.

We have reviewed the analyses submitted for anticipated tvansients to ascertain tnat
the transients will not viclate the specific criteria which follow:

{1) Pressure in the reactor coolant and main steam systems should not exceed 110
percent of design pressure {(Section [l of the ASME Code).

(2) Clad integrity shall be maintained by ensuring that the minimum departure from
nucleate boiling ratio throughout the transient will satisfy the 95/35 criterion,
{The 95/95 criterion provides & 95 percent probability, at a 95 percent confi-
dence level, that no fue! rod in the core experiences a departure from nucleate
boiling.)

*The limit value is the value used in the safety evaluation; technical specifications
must assure that measured values are less than the tabulated value by suffic1ent
margin to account for uncertainties.
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(3) Other plant conditions of a more serious nature are not induced by the transient
if other independent faults of a more serious nature have not occurred.

We conclude that the most limiting analysis in regard to core thermal margins is
that for the uncontrolled control rod assembly bank withdrawal with the reactor at
full power. For this transient the calculated minimum value of the departure from
nucleate boiling ratio was approximately 1.35, which is within the Timit value we
find acceptable as evidence that clad integrity will not be jeopardized.

The most 1imiting transient with respect to pressure within the eactor coclant
system is the loss of external electrical load transient and/or turbine trip from
maxim:m power conditions (102 percent of power). In the analysis o1 the lass-of-
load transient, no credit has been taken for steam dump or operation of the secondary
side power operated relief valves. Steam release has been assumed through the

safety relief valves, whose sizing is discussed in Section 5.8.2.1 of this report.
The calculated peak primary system pressure of 230 pounds per square inch, absolute
did not result in violation of the 110 percent pressure overpressure limit,

Reactivity can be added to the core by adding primary grade water to the reactor
coolant system via the reactor makeup portion of the chemical and volume control
system, Various chemical and volume control system malvunctions which could lead to
an unplanned boron dilution incident have been reviewed. Westinghouse has analyzed
boron dilution transients starting from plant conditions of startup, power operation
{automatic and manual), hot standby, cold shutdown, and refueling.

We require that a minimum of 30 minutes be availabl- from receipt of an alamm for
operator action during a boron dilution sccident during refueling or startup. As a
result ot our requiroments, Westinghouse proposed certain changes. Ouring refueling,
Westinghouse will require that valves FCV-1108, FCV-1118, 8439, 8441, and 8453 of
the chemical and volume control system be locked closed. This has been included in
the RESAR-35 technical specifications.

This procedure will €liminate all possible direct paths for addition of unborated
water to the reactor cooiant system. The only remaining path 1s via the reactor
water storage tank, The technical specifications will require sampling of the boren
cencentration before addition of this water. As an additional precaution, the
source range instrumentation neutron high count rate will be alarmed in both the
containment and the control room and a high source range flux level will be alarmed
in the control room. Typically, the source range high flux alarm will be cctivated
one decade above the count rate setting being used. Thus, not only will addition of
unborated water be prevented, but an increase in the subcritical multiplicat.on
factor will be alarmed.

We conclude that the changes proposed by Westinghouse will provide adequate protec-
tion against a boron dilution accident during refueling or startup and are,

therefore, acceptable. i;y 1 1 287
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For power operation in the manual control mode, the fuel will be maintained within
thermal 1imits by the overtemperature delta T (temperature difference) trip. In the
manual or automatic control mode, the operator will have more than 30 minutes after
receipt of the first alarm to take corrective action. We require that a minimum
time of 15 minutes be available to the operator for corvective action during power
operation. Therefore, we find the consequence of a boron dilution accident accept-
able for power operaticn.

Rod cluster control assembly (control rod) misalignment accidents including a
dropped full-length control iod, drosped full-length control rod bank, and a mis-
aligned full or part-lengtn control rad have been analyzed by Westinghouse. The
analyses were performed using the TURTLE' code to determine X-Y peaking factors. We
have reviewed this code and find it acceptable for reference in RESAR-3S. The
THINC-IV4 code was used to calculate the departure from nucleate boiling ratio. For
the transient response to a droppped control rod or control rod bank, the LOFTRAN®
code was used.

Misaligned rods will be detectable by (1) asymmetric power distributions sensed by
excore nuclear instrumentation or core exit thermocouples, (2) rod deviation alarm,
and (3) rod position indicators. A deviation of a rod from its bank by 14.4 inches
or twice the resolution of the rod position indicator will not cause power distribu-
tions to exceed design limits. In the event of a dropped control rod, the automatic
controller may return the reactor to full power. Analysis indicates that a depar-
ture from nucleate boiling ratic of less than 1.30 will not 0 _ur durina this event,

For the case of dropped control rod groups, the reactor +ill be tripped by the power
range negative neutron flux trip and will be protected fr = core damace. For cases
where a control ro¢ group is inserted to its insertion limit with a single control
rod in the group fully withdrawn position, analysis indicates that the departure
frum nucieate boiling ratio will remain areater than 1.30.

We conclude that anticipated transients will not lead to more serious plant condi-
tions and that the plant design is acceptable with respect to transient response to

events that mig't occur during the plant Tifetime.

Pastulated Accidents

RESAR-3S presents analyses to evaluate the effects and potential consegquences of
pestulated accidents due to single faults which have a small to extremely remote
probability of occurrence. Such accidents meet the criteria of Conditions I11 and
Iy i< the evaluation and classification presented by Westinghouse.

-S.’Il?omare and R, F. Barry, "The TURTLF 24.0 D! fusion Depletion Code," WCAP-7758,
June 1968.

‘L. E. Hochreiter, H. Chelemer, and P. T. Chu, “ {INC-IV - An Improved Procram for
Therma l-Hydraulic Analysis of Pod Bundle Cores," WCAP-7956, June 1973,

i
1. W. T. Burnett, C. J. McIntyre, J. C. Buker, and R. P. Rose, "LOFTRAN Code ¢ 1 15S8
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will review the methods used by Westinghouse prior to final design approval of
RESAR-35.

Rupture of a Control Rod Drive Mechanism Housing

The mechanical failure of a control rod drive mechanism housing would result in the
ejection of a rod cluster control assembly. The consequencs, of this would be a
rapid reactivity insertion together with an adverse core power distribution, pos-
sibly leading to localized fuel rod damage.

Although mechanical provisions have been made to make this accident extremely un-
Tikely, Westinghouse has analyzed the consequences of such an event, Methods used
in the analysis are reported in WCAP-7588, "An £valuation of the Rod Ejection
Accident in Westinghouse Pressurized Water Reactors Using Spatial Kinetics Methods,”
Revision 1, which we have reviewed and accepted by letter to Westinghouse dated
August 28, 1973. Tnis report demonstrates that the "adiabatic” model used in the
accident analysis is conservative relative to a three-dimensional kinetics
caleulation.

The ejected rod worths and reactivity coefficients used in the analysis have heen
reviewed and are reasonable. The Westinghouse criteria for gross damage of fuel are
a clad temperatyre of 2700 degrees Fahrenheit and an energy deposition of 200 cal-
ories per gram. We find these criteria acceptable and conservative in relation to
our criteria of 280 calories per gram as described in Regulatory Guide 1.7/7, "Assump-
tions Used for Evaluating a Control Rod Ejection Accident for Pressurized Water
Reactors.”

Four cases were analyzed - the beginning of cycle at 102 percent and zero power, and
the end of cycle at 102 percent and zero power. The worst case from the standpoint
of energy deposition was the end of cycle at 102 percent power case which resulted
in an energy deposition of 150 calor’es per gram. The end of cycle zero power case
produced the highest clad temperature which was 2650 degrees Fahrenheit. The
analysis also shows that less than ten percent of the fuel goes through departure
from nucleate boiling. As a result, gross fuel damage would not occur.

We have determined that the assumptions and methods of analysis used by Westinghouse
are in accordance with Regulatory Guide ' 77. On this basis, we conclude that the

predicted consequences of a postulated rod ejection accident are acceptable.

Spectrum of Steam Piping Failures Inside and Outside of Containment

The analtyses and effects of postulated steam line break accidents inside and outside
containmert during various modes of operation with and without offsite power have
been reviewed. The accident conditions which resulted ... the most severe consegquences

were determined and evaluated.
97
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The results of the analysis of the spectrum of steam line break accidents showed no
expected fuel damage and no loss of core cooling capability. The minimum departure
from nucleate boiling ratio experienced by any fuel rod was grzater than 1.30. The
maximum pressure within the reactor coolant and main steam systems did not exceed 110
percent of their respective design pressures. wWe determined that .ne results present-
ed for the steam line break accident are not unlike those determined for comparable
plants and, on this basis, conclude that they are acceptable and sufficient for the
preliminary design review stage. We will review the methods used by Westinghouse
prior to final design approval of RESAR-3S.

Spectrum of Piping Breaks Within the keac “or Coolant Pressure Boundary

westinghouse has performed analyses of the performance of the emergency core cooling
system in accordance with the requirements of Section 50.46 of 10 CFR Part 50. The
analyses considered a spectrum of postulated Lreak sizes and locations and were
performed with the evaluation model descri.ed in the Appendix K to 10 CFR Part 50. We
have reviewed this information and our evaluation is contained in Section 6.3.4 of
this report.

Reactor Coolant Pump Rotor Seizure

The analysis of an instantaneous seizure of a rotor of a reactor coolant pump during
any allowed mode of operation has been reviewed. Westinghouse has classified this
accident as a Condition IV event. We consider it to be in the infrequent incident
category which requires that the plant be designed to Timit the release of radioactive
material to assure that doses to persons offsite are limited to values which are a
small fraction of 10 CFR Part 100 guideiine values. The parameters used as input were
reviewed and found to be suitably conservative. The results of the amalysis showed
that the peak clad surface temperature reached was 1837 degrees Fahrenheit. This
assures that the fuel damage will not be extensive and that there will not be a con-
sequential loss of core cooling capability. The analysis showed that the maximum
pressure within the reactor coolant and main steam systems would not exceed 110
percent of their respective design pressures.

We conclude that the calculated consequences of a postulated reactor coolant pump
rotar seizure are acceptable for the preliminary design review stage.

Anticipated Transients Without Scram

A number of Llant transients can be affected by a failure of the scram system to
function, For a pressurized water reactor, the most important transients affected
include loss of ~ormal feedwater, loss of electrical load, inadvertent contro! rod
withdrawal, and laoss of normal ele” 'rical power.

In September 1973, we issued WASH-1270, "Technical Report on Anticipated Transients
Without Scram for Water-Cooled Power Reactors’ establishing acceptance criteria for

15-12 Y1121

IH—9%6




anticipated transients without scram. In conformance with the regquirements of Appen-
dix A to WASH-1270, Westinghouse submitted an evaluation of anticipated transients
without scram in Topical Report WCAP-8330, "Westinghouse Anticipated Transients
Without Trip Analysis.”

On December 9, 1975, we fssued our "Status Report on Anticipated Transients Without
Scram for Westinghouse Reactors” in which we noted that certain additional analyses
and justification of the Westinghouse analysis model are needed and that certain
changes in typical Westinghouse plant desiyns are indicated. These design changes
include the following:

(1) Diverse means of actuating turbine trip

(2) Diverse means of initiating the auxiliary feedwater system (or the analyses must
be revised to exclude the effects of automatic initiation)

{3) Diverse means of izolating the containment (or the analyses must be revised to
asswne manual initiation ten minutes after the anticipated transient without
scram event)

(4) Diverse means of interrupting power to the rod drive mechanisms on reactor scram

We have not completed ocur review of Westinghouse's anticipated transients without
scram model. However, we have discussed with Westinahouse additional sensitivity
studies which can be used to assess the uncertainty with regarc to those portions of
the model which we have not accepted. Westinghouse has advised us that the results

of these latest sensitivity studies indicate that the anticipated transients without
scram acceptance criteria limiting reactor coolant pressure boundary stresses to
"Emergency Conditions," as defined by the ASME Code, can be met without any change in
the design of the reactor coolant system. Therefare, while our review of the Westing-
house model is incomplete, we believe that provision of diverse means to trip scram
breakers, actuate auxiliary feedwater systems, and trip the turbine following an
anticipated transient without scram event would result in satisfying our acceptance
criteria. In addition, applicants referencing the generic Westinghouse analyses would
be required to provide plant specific analyses to demonstrate that (1) autematic con-
tainment isolation is not necessary 1a . eel the limits, (2) the auxiliary fesdwater
valves will be sufficiently open to permit the required auxiliary feedwater, and (3)
the effects of anticipated transients without scram events on piping between the
pressurizer and pressurizer relief tank and on the tank itself would not result in
more serious consequences than analyzed.

We have determined that these design changes are technically feasible and can be
incorporated into the design of a RESAR-35 plant when our review of this generic
matter is completed.

15-13 Y1252 HE 199

e e e




15.6

15.7
15:T.)

We intend to continue cur review of anticipated transients without scram on a generi

basis and will require that any changes indicated to be needed in the RESAR-3S design
by the result of approved analyses be incorporated into the design in a timely manner.
We will issue a Pr liminary Design Approval for RESAR-3S on this basis.

Summary Conclusions

On the basis of our review of the RESAR-35 accident and transient analysis, we find
the consequences of normal and anticipated transients and postulated accidents at core
thermal power levels up to 3411 mega.tts thermal to be acceptable. However, the
following items must be completed prior to final design approval:

{1} Trip delay times and uncertainties used to estanlish final trip setpoints within
analyses values must be fully justified

{2) Reports on the steamline break and feedwater line break accidents must be sub-
mitted and reviewed

(3) A generic review of all computer codes used in the accident analyses and iden-
tified in Section 15.2.2 of this report must be completed

(4) Rod insertion times used in the safety evaluation must be verif'ed by test
results

(&) A report describing the methods used. including the application of codes, for
analyses of the loss of flow transient must be submitted for generic review

Radiological Consequences of Accidents

General

As part of aur review of RESAR-3S, we have analyzed the radiological consequences of
several postulated accidents to show, in a relative way, the magnitude of the calcu-
lated dose to be expected when evaluating applications utilizing RESAR-35. We have
made reasonable dose reduction assumptions concerning the effectiveness of various
systems outside the scope of RESAR-35. For each application utilizing RESAR-35, we
will perform calculations using specific assumptions that are valid for the particular
plant and site.

The accidents analvzed in evaluating the RESAR-3S nuclear steam supply system include
the hypothetical loss-of-coolant accident including leakage of the emergency core
cooling system equipment following a loss-of-coolant accident, a hydrogen purge of the
containment after a loss-of-coolant accident, a fuel handling accident, a rod ejection
accident, and the steam generator tube failure and main steam line failure accidents.

On the basis of our experience with the evaluation of the steam line break and the
steamn generator tube rupture accidents for pressurized water reactor plants of similar
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TABLE 15-3
ASSUMPTIONS USED IN THE ESTIMATE OF LOSS-OF-CODLANT ACCIDENT DOSES

Thermal Power Leve! 3579 megawatts

Operating Time 3.0 year~

Reactor Building Leak Rate {zero to 24 hours) 0.10 percent ]
(greater than 24 hours) 0.05 percent

lodine Composition

Elemental 91 percent
Particulate 5 percent
(rganic 4 percent
Two-Hour Thyroid Dose Reduction Factor for Spray 8.5
TABLE 15-4

RADIOLOGICAL CONSEQUENCES OF DESIGN BASIS Accloowts’

Two-rFour Dose Two-hour Dose
to Thyroid (rem) to Whole Bedy (rem)

Steam Generator Tube Failure 8.6 0.57
Steam Generator Tube Failure with

Coincident lodine Spike 34 0.57
Loss of Offsite Power Incident 0.62 1 55 than 0.1
Loss of Offsite Power with

Coincident lodine Spike .80 less thap 0.1
Steam Line Failure 1.8 less than 0.1
Steam Line Failure with 5 percent

Fuel Clad Failure 25 w18
Rod Ejection - Case 12 16 Jess than 1

Case 23 35 less than 0.1

Loss of Coolant 150 €.6
fuel Handling 12 6.6

rM)-r an assumed relative concentration of 4.6 x 10‘4 seconds per cubic meter. 711235
26190 1 assumes all relesses through the containment. '

3&“ 2 assumes a1l releases through the seqondary system.
5
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As part of the assessment of a postulated loss-of-coolant accident, we and west}nq-
house have also evaluated the consequences of leakage of containment sump water con-

taining radicactive fission products which will be ¢circulated by the emergency core .
cooling system outside the conta’rment after a postulated loss-of-coolant accident. :
We and Westinghouse have assume’ the sump water to contain a mixture of iodine fission |
products in agreement with Regulatory Guide 1.7, "Control of Combustible Gas Concen- :
trations in Containment Following a Less of Coolant Accident.” After 3 vostulated '
loss-of-coolant accident, this water will be circulated outside of _ne containment in

an area to be designated by the balance-of-plant designer. 1f a source of leakage

should develop, such as from a pump seal, we believe g portion of the iodine would

become gaseous and would exit to the outside atmosphere. The offsite doses resulting w
from such a sequence of events depends upon the temperature and magnitude of the

assumed leakage and the site meteorology. Based on the assumption that ten percent of

the <. 1ine in the water become: gaseous, we calculate that a leak rate of about one

gallon per minute over a period of one-half hour would result in doses (without filters)

which could exceed 150 rem (roentgen equivalent man) for a relative concentration of

a.6 x w07t seconds per cubic meter from this source alone.

- removing iodine, the offsite doses from possible pump leakage in this area will be
within the guidelines of 10 CFR Part 100, even for substantial amounts of leakage. As
a result of the analysis discussed above, we will require that for those plants refer-
encing RESAR-3S, the balance-cf-plant designer locate the emergency core coaling
system equipment in an area served by filters whicn are effective in removing fedine
and which conform to the requirements cf engineered safety features system.

I
If the emergency core cooling system equipment area is served by filters effective in l
l

15.7.3  Fuel Handling Accident

We have evaluated the rad ological consequences of a fuel handling accident. Our
assumptions for this accidut are consistent with the conservative assumptions of
Regulatory Guide 1.25, "Assumptions Used for Evajuating the Potential Radiological
Consequences of a fuel Handling Accident in the Fuel Handling and Storage Facility for
Boiling and Pressurized Water Reactors,” and are listed in Table 15-5. We assumed
that the filters used to mitigate the conseauences of this accident will meet the
requirements of Regulatory Guide 1.52, "Design, Testing, and Maintenancr Criteria for
Atmosphere Cleanup System Air Filtration and Adsorption Units of Light-Water-Cooled
Nuclear Power Plants.” They have, therefore, been assumed to have a removal efficiency
of 95 percent for all forms of iodine. We will reguire that those plants which refer-
ence RESAR-3S install engineered safety features filters which .eet the requirements
of Regulatory Guide 1.52 to mitigate the consequences of a ruel handling accident,

The calculated doses are listed in Table 15-4 of this rrport.

Using an assumed value for a relative concentration of 4.6 x 10‘4 seconds per cubir |
meter for calculational purposes, the resulting dose would be about 12 rem thyroid and |
6.6 rem whole body. Thus, the consequences of the postulated loss-of-coclant accident

are more limiting. ';:11336
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Total Number of Fuel Rods in the Core
Number of Fuel Rods Involved in the Refueling Accident
Power Peaking Factor
lodine Fractions Released from Poo.
Elemental
Organic
Effective Filter Efficiency
Elemental
Organic

15-18

100 hours
50,952
264

1.85

75 percent
25 percent

95 percent
95 percent




Contro] Rod Ejection Accident

We have evaluated the consequences of a control roo assembly ejection accident assum- '
ing that the releases are through the containment (Case 1) and the secondary System |
(Case Z) respectively. The assumptions for Case | are listed in Table 15-6 and for :
Case 2 in Tables 15 . and 15-8. The resulting doses with a relative concentration of '
4.6 x 10" secon’, per cubic meter are listed in Table 15-4,

Steam Generator Tube Failure and Steam Line Failure

The assumptions used in the analysis of the steam generator tube failure and steam
Tine failure accidents are listed in Tables 15-8, 15-9, and 15-10. The resulting
doses for these accidents are listed in Table 15-4 for a relative concentration of 4.6
X ln" seconds per cubic meter. These doses were calculated based on the maximum
activity concentrations in the primary and secondary coolants specified in the techni-
cal specifications for recent Westinghouse plants.

Hydrogen Purge Dose Analysis
r

Balan'e-of-plant applications will provide redundant recombiners for the purpose of
control’ ing the concentration of hydrogen after a postulated design basis loss-of-
coolant (ccident. In the event of failure of bath recombiners, a backup purging mode
will be ur<d. We will evaluate the radiological consequences of purging during the
course of our review of each application which references RESAR-3S to assure that the
loss-of-ceolant accident plus purge doses are within the exposure guidelines of 10 CFR
Fart 100. In some cases, filtration of the hydrogen purge effluent may be required.

Postulated Radioactive Releases Due to Liquid Waste Tank Failures

The consequences of tank railures that could result in the release of contaminated

Tiquids to potable water supplies is site dependent, and will be revievad far indivi-

dual license applications. We have evaluated the cource terms prov dea .n RESAR-35 !
for these tarks and we conclude that they are acceptable for use in zalculating the

radioactive releases due to liquid tank failures by applicants referencing RESAR-1S. }

Radioactive Waste Gas Lecay Tank Failure Accident

Since the gaseous radioactive waste system is outside the scope of RESAR-35, ‘he
consequences of the radioactive waste gas decay tank failure accident will be described
in applications which reference RESAF-3S. Appropriate technical specifications will

oe placed on the maximum activity that can be stored in one tank at any time such that
single failure of active components, such as lifting or sticking of a relief valve,
w:ll not result in radiologicai consequences that exceed small fractions of 10 CFR

Part 100 guideline doses. 7112%
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= TABLE 15-6

, ASSUMPTIONS USED 1IN ANALYSIS
OF CONTROL RDD ASSEMBLY tn%cﬁ&*mr (CASE 1)*

i. Thermal power level of 3579 megawatts.
2. 10 percent fuel failed in transient,
. 10 percent of fodine and noble gas inventory in gap of failed fuel.
. Release of total gap activity in failed fuel to containment building.

3

4

5. 50 percent plate-out of radicactive iodines.
6. Containment building sprays are not initiai~d.
7

Containment building leak rate of 0.10 percent per day for 24 hours and one-half of this
value thereafter.

3. Standard ground level release meteorology and dose ¢ainversion factors.

¥hssumes a1l re-eases through containment.

TABLE 15-7

ASSUMPTIONS USED IN ANALYSIS
OF CONTROL RDD ASSEMBLY FJECTTON ACCIDENT (CASE 2)*

1 Vs 10 percent fuel with ¢lad failures after accident.
2. 0.25 percent fuel melted after accident,

3. 100 percent of noble gases and 25 percent of iodines contained in melted fue,
instantaneously released to reactor coolant system,

&, Pressure egualization between primary and secondary < rstems reached in 40 minutes.

*Rssumes all releases through the secondary system.

w3

11229
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TABLE 15-8
GENERAL ASSUMPTIONS USED [N ANALYSIS OF CONTROL 200 |
~ FRATOR

AS GE?
= TUBE FATLURE AND STEAM LTNE FAILURE % |

1.  Thermal reactor power = 3579 megawatts.
Z. Steam generators operating pressure = 1100 pounds per square inch atsolute (maximum).

3. Maximum set pressure for lowest set safety valves = 1350 pounds per square inch,
absolute.

4. Enough water storaze is available to provide plant cooldown on blackout conditions
when auxiliary feedwater pumps are ppevated.

5. Cooldown rate following accidents of 50 degrees Fahrenheit per hour with no offsite
power (maximum).

6. Auxiliary feedwater punps capable of pumping feedwater into the steam gererators when |
the safety valves are discharging.

7. Automatic startup of auxiliary feedwater pumps following blackout and capability to
deliver full flow within 60 seconds.

8, Maximum auxiliary feedwater enthalpy = 80 British thermal units per pound,
9. Safety injection water enthalpy = 80 British thermal units per pound {maximum).
10. Minimum auxiliary feedwater flow = 500 gallons per minute per steam generator.

11.  Secondary system piping design capable of isolating flow to any secondary system pipe
break,

12. Primary coolant volume = 12,93 cubic feet.

13. Stea. generator secondary side volume = 5725 cubic feet. |

14. Primary syster operating conditions = : 2 degrees Fahrenheit and 2235 pounds per square
inch, gauge.

15. lodine decontamination factor of 10 between water and steam. :

16. Primary and secondary coolant equilibrium concentrations as limited by standard
technical specifications (one microcurie per gram 1-13)1 equivalent and 100/E microcuries
per gram for all isotopes with half lives greater than 15 minutes, and 0.1 microcuries
per gram [-131 equivalent for secondary conlant).

17. Primary to secondary leak rate as limited by standard technical specifications (one
gallon per minute).

18. lodine source spike factor of 500 after accidents.

19. A1l releases through the secondary system (except Rod fiection Accident, Case 1).

20. For accidents assumed to occur in coincidence with an iodine spike. the primary coolant
concentration is as limited by the standard technical specifications for 48-hour
periods (60 microcuries per gram 1-131 equivalent at 100 peccent power).

2)Y. Ten percent of fodine and noble gases fuel activity in  ps.

#Assumes all releases through the secondary system. '}'ﬁ'?ﬁ"'*—'%—tj-f_"7 |
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TABLE 15-9

ASSUMPTIONS USED IN ANALYSIS OF
STEAN GENERRTOR TUBE FA1L URE ACCTBENT

- —

Isolation of failed steam generators within 30 minutes of accident.
Steam generators controlled at safety valve settings.

No more than 125,000 pounds of primary c~ala .t are transferred to the secondary
side of the faulty steam generator fr° . .n. the accident.

Pressure equalization between defective steam generator and primary system reached
within 30 minutes.

TABLE 15-10
ASSUMPT IONS USED IN ANALYSIS

Steam line isolation valves fully close within ten seconds of break.

Only one steam generator blows down even if one of the isolation valves *ails to close.

Contents of one steam generator .winimum 91,000 pounds of water and maximum 9,300
pounds of steam) released to envirsnment within 30 seconds.

Primary and secondary system pressur s equalized after 30 minutes.

Primary system pressure remains at 2235 oounds per square inch, gauge for first two
hours following failure,

PRI Y e mom——



=l T ek

16.0 TECHNICAL SPECIFICATIONS

The technical specifications in an pperating license defi.e certain features, charac-
teristics, and conditions governing operation of a facility that cannot be changed
without prior approval of the Commission. Final technical specifications will be
developed and evaluyated at the final design review stage. However, in accordance
with Paragraph 3 of Appendix O to 10 CFR Part 50, an application for a Preliminary
Design Approval of a standard design is required to include preliminary technical
specifications. The regulations require an identification and justification for the
selection of those variables, conditions, or otkar items which are determined ac a
result of the preliminary safety analysis and evaluation to be probable subjects of
technical specifications, with special attention given for those items which may
significantly influence the final design.

We have reviewed the proposed technical specifications presented in Section 16 of
RESAR-3S with the objective of identifying those items that would require special
attention at the preliminary desian review stage, to preclude the neces<'ty for any
significant change in design to support the final techmical specificat’ 5. The
propased technical specifications are similar to the standard technical specifications
being developed for plants using nuclear steam supply systems desianed by Westinghouse.

On this basis, we conclude that Westinghouse's pr posad technical specifications are
acceptabie for the prelinfinary design review stage.

' 11302
48109 A
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17.13

17.2

17.0 QUALITY ASSURANCE

Section 17 of RESAR-3S describes Westinghouse's Nuclear Energy Systems' Quality As-
surance program by reference to Topical Report WCAP-8370, "Westinghouse Nuclear
Energy System Divisions (uality Assurance Plan.” The program covers safety-related
equipment from design through procurement, fabrication, manufacture, turnover, and,
ac applicable, installation, preoperational tests, and operation of a standard 3425
megawatts thermal pressurized water reactor nuclear steam supply system. Our
evaluation of this quality assurance program is based un a review of the informa-
tion provided and discussions and meetings with Westinghouse to determine how their
guality assurance program complies with the requirements of Appendix B to 10 CFR
Part 50, "Quality Assurance Criteria for Nuclear Power Plants and Fuel Reprocessing
Plants,” and the applicable requlatory guides, whict are listed in Table 17-1.

Organization

Ruclear Energy Systems is a group of Westinghouse divisions which provides nuclear
power plant services and equipment. As shown by Figure 17-1, Nuclear Energy
Systems operates under an Executive Vice-President who reports to the President,
Westinghouse Power Systems. This Executive Vice-President establishes Nuclear
Energy Systems quality assurance policy which each Nuclear Energy Systems division
implements. This resuits in uniform implementation of Appendix B to 10 CFR Part
50. The Pressurized Water Reactor Systems Division of Nuclear Energy Systems is
the lead division with respect to design and procurement as shown by Fiqure 17-2,

Each division has an organization specifically responsible for guality assurance
and for quality control which reports at a high enough level to assure independence
consistent with Criterion I of Appendix B to 10 CFR Part 50. Quality management in
each division is free of prime responsibility for schedule or cost, has the au-
thority to stop work pending resclution of quality matters, and has the freedom to
(1) identify quality problems, (2] initiate, recommend, or provide soluticns
through designated channels, (3) verify implementation of solutions, and {4) con-
trol further processing, delivery, or installation of nonconforming items. In each
division, persons performing quality assurance functions have access to higher
management for arbitration of unresolved issues.

The Executive Vice President of Nuclear Energy Systems has established a Quality
Assurance Committee which includes the Quality Assurance and Reliability Managers
of each division. The Pressurized Water Reactor Systems Division's Product As-
surance Manager 1§ Chairman of the Quality Assurance Committee. This committee is

HHET w1303
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TABLE 17.1

REGULATORY ~UIDES APPLICABLE TO
QUALITY ASSUKnNCE PROGRAMS

Requlatory Guide 1.28, "Quality Assurance Program Reguirements Design and Con-
struction)."”

Regulatory Guide 1.3, "Quality Assurance Requirements for th- Installation,
Inspection, and Testiig of Instrumentation and Electric Equipment.”

Regulatory Guide 1.37, "Quality Assurance Requirements for Cleaning of Fluid
Systems and Associated Components of Water-Cooled Nuclear Power Plants.”

Regulatory Guide 1.38, “Quality Assurance Requirements for Packaging, Shipping,

Receiving, Storage, and Handling of Items for Water-Cooled Nuclear Power Plants.”

Regulatory Guide 1.39, "Housekeeping Requirements for Water-Cooled duclear
Power Piants.”

Regulatory Guide 1.54, "Quality Assurance Regquirements for Protective Coatings
Applied to Water-fooled Nuclear Power Plants.”

Regulatory Guite 1.58, “Qualification of Nuclear Power Plant Inspection,
Examination, an' Testing Personnel.”

Regulatory Guide 1.64, "Quality Assurance Reyuirements for the Design of
Nuclear Power Plants.”

Regulatory Guide 1.70, “Standard Foroat and Content of Safety Analysis Reports
for Nuclear Power Plants.”

Regulatory Guide 1.74, “Quality Assurance Terms and Definitions.”

Regulatory Guide 1.88, “Collection, Storage, and Maintenance of Nuclear Power
Plant Quality Assurance Records."

Ragulatory fuide 1.94, “Quality Assurance Reyiirements for Installation,

Inspection, and Testing of Structural Concrete and Structural Steel During the
Construction Phase of Muclear Power Plants.”
T11304
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responsible for auditing activities throuch 't Nuclear Energy Systems to arsess
whether the requirements of Appendix B to 10 CFR Part 50 are effectively met. The
Quality Assurance Commit'ee has the authority to identify problems, recommend

solutions, and verify eff :ctive implementation ot ar*ions .nd policies. The Quality
Assurance Committee audits each Nuclear Energy Systems division annually to assess the
scope, implementation, and effectiveness o7 the division's program, The recommendations
of this committee for improves and more consistent pol cies, when adop*ed, resylt in
further polic, directives authorized by the Nuclear Energy Systems' Exe.utive Vice-
President.

Quality Assurance Program

The quality assurance program applies to all cafety-ielated systems d components

of Westinghouse nuclear steam supp!y systems. The program comnits Westinghouse to
coniply with the requirements of Appendix B to 10 CFR Part 50 and to follow the guidance
provided by the Commission in WASH-1283, "Guidance on Quality Assurance Requirements
Juring Desisn and Procurement Phase of N ‘sar Power Plants,” dated May 1974, and WASH-
1309, “Guidance on Quality Assurance Requirements Nuring the Construction Phase of
Nuclear Power Plants," dated May 10, 1974, Westinghouse has also agreed to follow
Commission guidance in WAS:-1284, "Guidance on Quality Assurance Requirements During
the Operations Phase of Nuclear Power Plants,” dated October 26, 13973, when applicable.

Since each Nuclear Energy Systems division has a different scope of work, each Division
Marager must further amplify the (ommon quality assurance policy as necessary for local
application. Each division estab.ishes, documents, and implements a program which
assures that safety-related items meet the applicable requirements of Appendix 8 to 10
CFR Part 50, In addition, each division requires that applirahle requirements of
Appendix B to 10 CFR Part 50 be implemented by all sub-tier suppliers of safety-related
items. The Gen=ral Manager of each division authorizes, reviews, and approves the
quselity assurance program for his division. A gquality assurance manual, reviewed and
approved by the division's quality assurance management, defines the program. A matrix
which relates the proredures of the various manuals to the applicable criteria of
Appendix B to 10 CFR Part 50 is given,

The Nuclear Energy Systems quality assurance policy is zommunicated by means of appli-
cable manual- and formal training and indcctrination programs. Managers in the divi-
sions are committed by the program to assure that their groups are familiar with the
division's program and comply with applicable procedures in the quality assurance
manual,

The program includes provisions for the control of agesign information, Contrartual
requirements from an applicant for a construct<on permit and the contents of the
safety analysis report provide inputs to *he design process. These inputs are
reviewed as the 4 sig progresses, Analyses are accomplished in accordance with
applicable codes, standards, and requlatory requirements, ¥nowledgeable aroups
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within Westinghouse, including quality and reliabi'ity personnel, independently
review drawings and equipment specifications prior to issuance. Cognizant Nuclear
Energy Systems personnel also review suppliers’' detailed designs and procedures.
Design changes are controlled ‘n a manner similar to the initial design, In addition,

Westinghouse performs independent design verification activities, formal in depth l
design reviews, and performance tests on a selective basis to confirm that equipment
will perform satisfactorily. Interfaces are defined and documented.

The quality assurance program includes provisicns for control of purchased items and
services. Westinghouse evaluates the quaiity system of each prospective supplier of
safety-related items. Purchase orders are reviewed for technical and quality raquire-
ments. Quality Engineers review purchase requisitions, purchase orders, and subsequent
change notices. Nuclear Energs Systems reviews and retains supplier decumentation
which demonstrates acceptable quality. Audits and .eedback of discrepancy data are
used by Quality Engineers to measure sipplier performance.

Each division controls nonconforming maierial, parts, and components to prevent
inadvertent use and provide for their identification, segregation, and disposition.

Nuclear Enerqy Systems requires records which show the quality of the product. They
provide a filmed copy of these records to the utility prior to plant acceptance. Prior
to item installation at a plant site, a copy of the purchase order, the app'icable
design specification, and a quality release are also provided to the utility. The
quality release identifies approved nonconferuance rep =is.

Westinghouse executes a ¢ wprehensive audit program. This audit program provides
Nuclear Energy Systems management with infermation on the effectiveness of ' quality
assuranc~ Lcogram. Westinghouse audits activities affecting quality at Westirghouse
and at supplier facilities. Audit areas include all quality related procedures and
operations. Trained personnel, not having direct responsibilities in the area being )
audited, ccnduct the quality assurance audits in accordance with defined procedures and
checklists.

17.4 Implementation d

The Commission's Office of Inspection and Enforcement has conducted inspections to
examine the implementation of the quality assurance program commitments made by Hest- |
inghouse in RESAR-3S to ascertain their conformance with Appendix B to 10 CFR Part 50. \
The examinations encompassed the Westinghouse Nuclear Energy Systems Pressurized Water L
Reactor Systems Division, Electro Mechanical Division, Specialty Metals Division, and
the manufacturing divisions in Tampa and Pensacola. These examinations focused on
quality assurance activities related to the design, procurement, and manufacture of

systems and components for nuclear power plants; and for each organization examined,
includet a review of estabiished procedures and instructions and the execuiion of

provisions cantained therein.
g~ L1308
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12.5

Based on these inspections, the Office of Inspection and Enforcement has determined
that there are no substantive unresolved issues relating to the implementation of
the quality assurance program which require further identification and followup a*
this time. We, therefore, conclude that the implementation of the Westinghouse
RESAR- 35 quzlity assurance program commiiments is consistent with the ongoing ac-
tivities in the Westirghouse Nuclear Energy Systems divisions,

Continuing acceptability will be contingent upon Westinghouse maintaining a sustained
satisfactcry level of program implementation which will be verified through an on-
geing program of periodic inspections by the Office of Inspection and Enforcement.

Conclusions

We find that the quality assurance program described in Section 17 of RCSAR-3S pro-
vides for a comprehensive system of planned and systematic controls which adequately
demonstrate Westinghouss's ability and commitment to comply with each of the 18
criteria of Appendix B to 10 0™ Part 50. In addition, we have determined that
Westinghouse quality assurance «- -onnel have sufficient authority, organizational
freedom, and independenc: to perform their quality assurance functiont effectively

and without undue infl.ence from those arganizational elements direczly responsinle
for zost and sche“uies.

We conclude tha the quality assurance program described in RESAR-3S complies with
the requirement of Appendix B to 10 CFR Part 50 and is acceptable.
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18.0 REVIEW BY THE ADVISORY COMMITTEE ON REACTOR SAFEGUARDS

At its 195th meeting on July 8-10, 1976, the Advisory Committee on Reactor Safeguards

completed its review of Westinghouse's application for a Freliminary Design Approval |
for its proposed RESAk-3S standard nuclear steam suoply system. A copy of the Commit- |
tee's report on RESAR-3S, dated July 14, 1976, which contains certain comments and
recommendations, is included as Appendix C to this report. The actions we have taken

or plan to take in response to the Committee's comments and recommendations are

described (n the following paragraphs.

(1} The Committee recommended that during design, procurement, construction, and
startup, timely and appropriate interdisciplinary system analyses be carried out ,
to assure complete functional compatibility across each interface for the entire |
spectrum of anticipated operaticns and postulated design basis accident conditions,

We have transmitted the Committee's recommendations tu Westinghouse for its
consideration in proceed’ng with the RESAR-3S design. We have recognized the
importance of defining the safety-related interface information reguired to
establish compatibility of RESAR-3S with the balance of plant. As discussed in
Sertion 1.7 of this report, we have concluded that this interface information is
acceptable for the Preliminary Design Approval, However, as part of ocur long
range effort to improve the implementation of the Commission's standirdization
policy, we have inftiated a dialogue with the nuclear industry in an effart to
develop improved prucedures for defining interface requirements for standard
plant gesigns, Through this effort and additional experience that will pe
gained in evaluating standard plant designs during the Final Design Approval
stage, we wl]l be able to assuve functional compatibility between RESAR-3S and
the balance-of-plant design.

(2] The Committee stated that an issue to be resclved prior to preliminary design
approval for RESAR-3S involves the pessibility of a single failure leading to
the 10ss of the residual hest removal system. The Committee recommended that \
this matter be resolved in .1 manner satisfactory to the staff and wished to be
kept informeqd,

Our evaluation of the residual heat removal system is discussed in Section 5.4.1
of this report. This matter has been resolved in a manner satisfactory to the g
staff, By issuzice of this repert, the Committee is being informed of the 1. wilts

of our evaluation. 711310

(3) The Committee recommended that westinghouse emphasize analyticel and experimental
Programs to substantiate the conservatisms in the current Westinghouse emergenc y
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(4)

core cooling system evaluation model and to establish the accuracy and uncertain-
ties in their pest-estimate calculations. Timely progress reports should be
provided on the perforvance of the 17x17 fuel, the control systems, improvements
in the analytical models, test verification of analytical methods, and reliability
studies undertaken to establish meaningful improvements in components, systems,
and arrangements for emergency core cooling systems and the dependent auxiliaries
necessary to sustain the heat transpart systems. The Committee recommended that
if emergency core tooling system improvements, such as obtainable from higher
raflooding rates, can be achieved, consideration should be given to incorporating

them into RESAR-3S.

We have transmitted the Committee's recommendations 0 westingnhouse for its con-
sideration in proceeding witn the RESAR-3S design,

The (omnittee stated that further review should be made on the adequacy of the
RESIR-13S provisions for the maintenance, inspection, and operational needs of the
plant throughout its service 1ife a d for eventua) decommissioning. In particular,
the Commitiee stated its belief that the staff and Westinghouse should review
methods and procedures for minimizing, and, if necessary, for removing accumula-
tions of radicactive contamination so thal maintenance and inspection programs

can be more effectively and safely carried out.

During the past year, we have been reviewing the activation product problom, irclud-
ing data on occupational radiation exposures related to activation products and
metiods and procedures for preventing or reducing and remoying accumulations of
radipactive co. tamination in the primary coolant system of light water reactors.
Information gatherad at conferences on decontamination and decommissioning and
inputs from specific technical sources industry have resulted in our examining

thic issue in more detail in the review of nuclear power plant applications. We
are presently in the process of developir a research need wnich will address
specifically the following subjects:

(a) Study of cost and effectivaness of precursor elimination.
(5) Evaluation of effectiveness of decontamination .ethods.

tc) Evaluation of systems and methods for corrosion rate reduction and corrosion
product retention control.

The draft working paper for Reguiatory Guide 8.8, Revision 2, "Information
Relayant to Assuring that Occupational Radiation E.vosure at Nuc lear Power
Staiions Will Be as Low as Reasonably Achievable,” incorporated all of our find-
ings to date on methods and procedures that are effective in reducing radioac-~
tive cxposure related to activation products, and was reviewed by industry in
April 1975. Two areas we have identified where information is lacking or insuf-

Y1131

ficient are (1) the costs associated with various measures, and (2) the guantitative
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(5)

(6)

benefits in reduction of occupational radiation exposure associated with the
measures. Because we do not have this information, we do not require additional
design features for exposure veduction in plants presently under review, We are
presently undertaking a research program tc answer these questions.

We are continuing our study of the problems associated with decommissioning but
as yet we do not require specific design provisions for decommissioning. A few
reactors have been decommissioned and we know from this experience tha. the re-
sultant exposures can be kept within acceptable bounds. Because the experience
In this arca has been acceptable to date, we plan to continue our investigations
further into this matter before we require that any special features be incor-
porated during the design and construction of a plant,

to review RESAR-3S for design changes that wil) further improve protection
against sabotage.

The Office of Nuclear Regulatory Research has funded studies concerning possible
modes of sabotage at nuclear power p'azats. Any recommendations resulting from
these studies regarding additia 1 design features to protect against acts of
industrial sabotage will be considered by the staff for incorporation in the
RESAR-3S desigr.

The Committee pointed out that generic problems relating to large water reactors
are discussed in the Committee’s report dated April 16, 1976. The Committee
stated its belief that procedures should be developed to incorporate auproved
resolution of these itcis into RESAR-3S.

Trese generic problems are being worked on by the staff, various reactor vendors ,
and other industrial organizations and will be the subject of continuing attention
by the staff,




19.0 CONCLUSIONS

Based on our evaluation of the proposed RESAR-3S nuclear steam supply system desian,
we conclude that:

(1) Westinghouse has described, ana’ /zed, and evaluated the proposed design including,

(2)

(3)

()

(5)

but not Timited to, the principal engineering criteria for the design; the inter-
face information recessary to assure compatibility butween the submitted design
and the balance of nuclear power plant; the envelope of site paraweters postulated
for the design; the quality assurance program to be applied to the design, procure-
ment, and fabrication of safety-related fealures of the nuclear steam supply
system; the design features that affect plans for coping with emergencies in ‘he
operation of the reactor or major portion thereof; and has identified the major
features and components incorporated therein for the protection of the health and
safety of the public;

Such further tecnnical or design information as may be required to complete the
safety analysis and which can reasonably be left for later consideration will be
supplied prior to or in the final design application;

Safety features or compcnents, if any, which require research and development
have been identified by Westinghouse and it has described, and will conduct,
research and development programs reasonably designed to resolve safety questions
associated with such features or components:

On the basis of the favegoing, there is reasonable assurance that: {1) such

safety questions will be satisfactorily resolved at or before the issuance of the
operating license for the first nuclear power plant utilizing the RESAR=35 nuclear
stcam supply system; and (i1) taking into considerarion the site criteris contained
in 10 CFR Part 100, a facility can be constructed and operated without undue risk
to the health and safety of the public, provided the site characteristics conform
*o the distance requiresents of 10 CFR Part 100, and ~rovided further that the
balance of plant is properly designed and constructed in conformity with the
interface requirements specified in RESAR-3S and in this report, as discussed
above; and

Westinghouse is technically qualified to design the nuclear steam supply system
described in the RESAKR-3S document.
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L‘ APPCNDIX A

CHRONOLOGY OF RCVIEW OF |
REFERENCE SAFETY ANALYSIS REPORT RESAR-3S

June 27, 1975 Application submitted for acceptiace review

! July 3, 137% Letter to Westinghouse advising of receipt of application
July 11, 1975 Meeting with Westinghouse to discuss content of application
July 31, 1975 Letter to Westinghouse stating that application acceptabls

|
r
for docketing and transmitting acceptance review questions
July 31, 1975 Application docketel

September 4, 1975 Submittal of Amendment No. 1, consisting of a response to '
Tetter dated July 31, 1975 inciuding covies of piping and
instrosentation drawings

October 30, 1975 Letter to Westinghouse requesting a“ditiora) information and
response tu staff positions

October 31, 1975 Letter to Westinghouse transmitting review schedule

November 11, 1975 Letter to Westinghouse requesting additional infarmation and i
response to additional staft positions

November 14, 1975 Letter to We-tinghouse requesting additicnal information and
response to additional staff positions

November 18, 1975 Letter from Westinghouse comcerning review schedule

December 2, 1975 Letter to Westinghouse requesting additiona! information
and resporse to additional staff positions

scheduls, optional systems, and outstanuing information
December 18, 1375 Submittal of Amendment No. 2. comsisting of response to

i letters dated Oc:ober 30, November 11, and November 14, 1975

| via4a

o g+

{
!
I
!
i
|
December 100, 1975 Meeting with Westinghouse to discuss review procedures and I
|
I










Meeting with Westinghouse to discuss capability to achieve
cold shutdown using only safety-grade systems

submittal of Amendment No, 13, consisting of response to
letter dated August 31, 1976
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