A

A - et s SO
NRC PDR
L PDR

Docket Mos,: 50-413/414 PDR SYSTEM

NSIC
LB#4 Reading File

Mr. H. Tucker EAdensam

Vice President KJabbour

Muclear Production Departrment MDuncan

Duke Power Company
42?2 South Church Street
Charlotte, NC 28242

ELJordan, DEQA: 1&E
IMTaylor, DPR:I&E
ACRS (16)

hear “r, Tucker:

Subject: Transmittal of Preliminary 9raft SER - Catewba Nuclear Station

Inclosed for your review and comment is the prelinicary draft SER for
Reactor Systems (Enclosure).

Your attention is directed in particular to any oper items contained within
this preliminary draft, A principal objective of this transmittal is to
nrovide for timely identification and resolution of any aaditional analysis,
missing information, clarifications or other work necessary to resolve
outstanding issues, Please contact the staff’s Project Manaver, Kahtan
Jabbhour, reaarding the need for any weetings and teleshone conferences to
this end,

Your corwents, including schedules “or completion of any further analyses
or other work associated with resolution of open items, are requested within
four (4) weeks of this letter,

Sincerely,

by?

Thomas M. MNovak, Assistant [Uirector

for Licensing
Division of Licensing
Fnclosures: As stated

cc: See next page

8212030317 821130
PDR ADOCK 05000413
E PDR

OFFILED LLB#d{:ﬂj LADLLB#d .
sunname pKJabbour:eb | MDuncan........ EA . a l

oarep 1L LA /82 | N/ ...182 | 1/ dg/8

NRC FORM 318 (10-80) NRCM 0240 OFFICIAL RECORD COPY

USGPO: 1981--335-960



CATAXBA

Mr. H. B. Tucker, Vice President
Nuclear Production Dept.

Juke Power Company

422 Soutn Church Street

Charlotte, North Carolina 28242

cc: William L. Porter, Esq.
Duke Power Company
P.0. Box 33189
Charlotte, North Carolina 28242
J. Micnael McGarry, 111, Esq.
Debevoise & Liberman
1200 Seventeenth Street, N.W.
Washington, D. C. 20036

North Carolina MPA-1
P.0. Box 95162
Raleigh, North Carolina 27625

Mr. F. J. Twogood

Power Systems Division
Westinghouse Electric Corp.
P.0. Box 355

Pittsburgh, Pennsylvania 15230
Mr. J. C. Plunkett, Jr,

NUS Corporation

2536 Countryside Boulevard
Clearwater, Florida 33515

Mr. Jesse L. Riley, President
Carolina Environmental Study Group
854 Henley Place

Charlotte, North Carolina 28208

Richard P. Wilson, Esq.

Assistant Attorney General

S.C. Attorney General's Office

P.0. Box 11549

Columbia, Scuth Carolina 29211

Mr. Henry Presler, Chairman

Charlotte - Mecklenburg Environmental
Coalition

943 Henly Place

Charlotte, North Carolina 28207

North Carolina Electric Membership
Corp.

3333 North Boulevard

P.0. Box 27306

Raleigh, North Carolina 27611

Saluda River Electric Cooperative,
Inc.

207 Sherwood Drive

Laurens, South Carolina 29360

Mr. Peter K. VanDoorn
Route 2, Box 179N
York, South Carolina 29745

James P. 0'Reilly, Regional Administrator

U.S. Nuclear Regulatory Commission,
Region II

101 Marietta Street, Suite 3100

Atlanta, Georgia 30303

Robert Guild, Esg.
P.0. Box 12097
Charleston, South Carolina 29412

Palmetto Alliance
2135 1/2 Devine Street
Columbia, South Carolina 29205



ENCLOSURE

5.2.2 Overpressure Protection H

Section 5.2.2 (overpressure Protection) for Catawba Units 1 and 2 has been
reviewed in accordance with the July 1981 ecition of the Standard Review FPlan
(SRP) for the Review of Safety Analysis Reports for Nuclear Power Plants,
NUREG~0800. A review of each of the areas listed in the Areas of Review section
of SRP 5.2.2 was performed according to the guidelines provided in the Review
Procedures section of SRP 5.2.2. Conformance with the acceptance criteria, ex-
cept as nosed below, formed the basis for concluding that the design of the
facility for overpressure protection is acceptable.

‘ . .
Overcressure protecticn for the reactor coolant pressure boundary (RCPB) fis
provided Uy means of the three safety and three relief valves in combination
with the reactor protection system, and operating procedures. The ccmbination
of these features provides overpressurizaticon protecticn as required by the
General Design Criterion 15, Section III of the American Society of Mechanical
Engineers (ASME) Boiler and Pressure Vessel Code, the Appendix G of 10 CFR S50.
The above regquirements assure RCPB overpressure protection for both power
operation and low temperature operation (start up and shutdown). The following
is a discussion of both modes of overpressure protection.

5.2.2.1 Overpressure Protection During Power Operation

For this mcde; the pressurizer relief valves are sized to limit system pressure
to a value not’exceeding the safety valve setpoint (2485 psig) to minimize
challenges to the. safety valves. The pressurizer spray system is cesigned to
maintain the reactor coolant system pressure below the relief valve setpoint cof
2350 psig during the step reduction in load of up to 10 percent. The relief
valves limit the pressurizer pressure to a value below the high pressure reactor
trip setpoint of 2385 psig for all design anticipated transients up to and in-

cluding the design basis 50 percent step load reduction with steam dump.

~it is taken only for safety valves in analyzing cperaticnal transients and
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Each pressurizer safety valve is spring=Tcacef and has a relieving capacity of
420,000 pounis mass per hour of saturated steam at 2485 pounds per square inch
gé.ge. The combined capacity of two of these three valves is adequate to
prevent the pressurizer pressure from ~ ceeding the ASME Boiler and Pressure
Vessel Code Section III Timit of 110 percert design pressure following the
werst reactor coolant system pressure transient, identified to be a 100 percent
Tcad rejection resulting from a turbine trip with concurrent loss of main feed=
water. This event was evaluated with no credit taken for operation of reactor
coclant system relief valves, steam line relief valves, steam dump system, pres-
surfzer level control system, and pressurizer spray.

.
The SRP Secticn 5.2.2 requires that the applicant demonstrate adequate re11;f
prctection Dy assuming that the reactor trip is inftiated by the second safety
grace signal from the reactor protection system. The applicant has taken credit
for a high pressurizer pressure trip (the 7irst safety grade primary system
trip). The evaluation is supported by a generic sensitivity study of required
safety valve flow rate versus trip parameter presented in WCAP=7765. We have
requested acditiong]l information on the details of this calculation, and will
rezsrt our cenclusions in a supplement to this SER.

The above analyses were performed using the LOFTRAN code, a digital simulation
which includes point neutren kinetics, reactor coolant system (RCS) including
the reactor vessel, hot leg, primary side of the steam generator and ccic leg,
secondary side of the steam generator, pressurizer, ind pressurizer surge ine.
Thés code is cbrrent1y under review by the staff. QOur review has progressed to
the pofnt that there is reasonable assurance that the conclusions based on these
analyses will not be appreciably altered by completion of the analytical review.
[f the final approval of LOFTRAN indicates that any revisions %o the analyses
are required, the effect of these changes on Catawba will be evaluated and we
will require implementation, if indicated.

The safety valves are designed in accordance with the ASME Code Section III,
anc perfodic testing and inspecticn are performed in accordance with Section XI
his code. In Chapter 14 of the FSAR, the applicant has described his pre-

ore-ational test program, which includes testing of the pressure relieving
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cevices discussed in this SER section, and has indicated that these tests would
be conducted in full compliance with the intent of Regulatory Guide 1.68.
Additionally, Items II.D.1 and I1.D.3 of NUREG-0737 require performance testing
of relief and safety valves and relief and safety valve position indication.
Conformance to these items is addressed in Section * of this SER. With resolu~
tion of the above issues by the applicant, we conclude that the overpressure
prctection provided for Catawba at power operating conditions will comply with
the guidelines of Standard Review Plan 5.2.2 and the requirements of General
Design Crigerion 15.

5.2.2.2 OQOverpressure Protection During Low Temperature Operation

The SRP Section 5.2.2 requires that the overpressure protection system durin
y )

low temperature operaticn of the plant shall be designed in accordance with the
resuirerments ¢f Branch Technical Pesition (ETP) RSB 5-2.

The low-temperature overpressure protection is primarily provided by the pres=-
surizer relief valyes (PORVs). As RCS temperature approaches the temperature
setpoint during plant cooldown, an annunciator alerts the operator that plant
conditicns require low temperature overpressure prctection. A key-lock switch
for each train of the PORVs is placed to the low pressure position by the cperator
to enable the PORV Tow pressure setpoint. Should a pressure excursicn cczur

with the low pressure mode enabled when the plant temperature is below the
temperature sétpoint, system pressure in excess of the PORV low pressure

setpoint would be relieved to the pressurizer relief tank. An annunciator in

the centrol rocom would alert the operator to system overpressure.

The PCRY's and associated block valves are required to have safely grade
emergency power supplies in accordance with Item II.G.1 of NUREG-0737.
Section ® of this SER provides a discussion of Catawba's compliance with this
requirement.

As a backup to the Tow=temperature overpressure protection system, the resicual

neat removal system (RHRS) has two suction relief valves with a capa f
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gem each at a setpoint pressure of 450 psig. The relieving capacity of
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each valve is aceguate to relieve the combined flow of tne two cenirifugal

charging pumps. The RHRS suction relief viives provide overpressure
protection aftar the RHRS is put into operation and the RHRS suction fsolation
valves are open at RCS pressure less than ¢25 psig. Also, operating
procecures require that the operator lock cut the cold leg accumulator
isolation valves in the closed positicn cduring shutdown.

The applicant has discussed a postulated failure of a DC power bus which would
initiate aslow-temperature overpressure scerario by both isolating letdown and
disabling one train of the Low Temperature Cverpressure Protection System,
coupled with tne single failure (closed) of the PORV in the unaffected train.
e has stated that the Reactor Coolant System would be protected by RHR
suction side relief valves when the RHR system is in cperaticn, and by
alarm-initizted operator action when the ==3 system is isolated. To assure at
least 10 minutes for operator action, the azplicant's operating proccedures
zall for a pressurizer bubble to be maintained when the RHR system is

%

isclated. We find the applicants' discussicn of this scenario acceptable.
We requested the applicant to show conformance to Branch Technical Positicn
RSB 5-2. We will report conclusions on this area in a supplement to this SER.

5.2.2.3 Conclusicns

Subject to :he‘resoiution of the aforementicned concerns, the staff ccncludes

that the overpressure protection system for both normal and low temperature is
acceptable and meets the relevant requirements of GDC 15 and 31 and Appendix G
to 10 CFR Part 50. This conclusion is based on the following:

(1) The overpressure protection system prevents cverpressurization of the
reactcr coolant pressure boundary under the most severe transients and
Timits the reactor pressure during normal operaticnal transients. Cver=-
pressurization protection is provided by three safety valves. These
vaives discharce to the pressurizer guench tank through a common heacer
from the pressurizer. The safety and relief valves in the primary, in

conjuncticn with the steam generator sifety ard relief vaives in the

“
w
m



secondar}, and the reactor protection syftem, will protect the primary
system against overpressure in the event of a complete loss of heat sink.

(2) The peak primary system pressure following the worst transient is limited
to the ASME Code allowable value (110 percent of the design pressure)
with no credit taken for nonsafety-grace relief systems. The Catawba
plant was assumed to be operating at design conditions (102 percent of
rated power) and the reactor is shut down by a high pressurizer pressure
scram, The calculated pressure is less than 110 percent of design.

m

xcept for the aforementioned concerns,sthe appiicant has met GDC 15 and 31
A

and Azpendix G since they have implemented the guidelines of BTP RSB 5-2.

- My - i - -~ ’
LPY S0 previde section numbers.

. -~
1 29 C.-
“aa wvai Wl -

w
[
A
A
w
| o
P
©
(o
-y
w
m
)
o
"
o
)y
'

|
3=
-
w
}-



s -
- -
.
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The -asicual heat removal system ; for C

reviewad in accerdance with Secticn 2.35.7
the Raview of Safety Anmalysis Reports fer

~gview 2F each cf tne ara2as listed i= the Areas of Raview section ¢

Secticn 5.4.7 was performed according tc the guidelines providec in the Review
Procecures section of SRP Section 5.4.7. Conformance with the accestance
criteria, excaot as noted below, formed the basis for concluding that the
design of the facility for resicual heat removal (RKR) is acceptable.

.
S is designed tc remcve heat from the reactor coslant system aftar the

p temperature anc pressure have teen reduced to 3pproximately 230°F and

425 psig, respectively. The RHRS is capable of recucing the reactor ccclant

cold shutdewn temperature and maintaining this temperatire until the

The RHRS operates in the following modes:

(1) Emergency Core Cooling System (ECCS), Injection Moce

ocnjunction with the high head pertic th 4 aroviss

i
cratad water from the refueling water
d

¢old legs during the injection phase

nt (LOCA).

margency Core Ccoling System, Recirculation Moce

ooling curing the recircu
fen is accorplishec by
he containment sump, ccol it Cy

< T~
t to the Coid




injection during long-term recirculaticnymode to prevent boron precipita-
tion in the reactcr core.

Refueling
Used to transfer refueling water between the refueling cavity and the

refueling water storage tank at the beginning and end of the refueling
operatiuns.

Cold Shutdown

.
Removes RCS decay heat and maintains cold shutdcwn conditions.

Startup

Connectaed to the chemical and volume control system (CVCS) via the low
pressure letdown line to control reactor ccolant pressure.

T

Design data for the RHRS are as follows:

(1) Pressure 600 psig
(2) Temperature 400°F
(3) Pump capacity 3000 gpm
(4) Number of independent trains Two

The RCS cocldown time with one RHR train from initial conditions of 425 psig
and 350°F to 200°F is less than 24.4 hcurs. The two RHR trains are incependent
in action and powered by separate power supplies toc provide redundancy.

The Catawba plants are required to meet Branch Technical Position (BTP) 5-1,

Cesign Requirements of the Residual Heat Removal System. We have requested
additional information concerning the Catawba ability to meet these require-

ments. We will report our findings in a supplement to this report.
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.. Functional Requirements '

As required by SRP Section 5.4.7, the RHR system for Catawba must meet General
Design Criteria (GDC) Items 1 through S. tems 1 through 4 regarding Quality
Standards and Records, Design Bases for Protection Against Natural Phenomena,
Fire Protection, and Environmental and Missile Design Bases are covered in
Secticns *, *, *, and * of this report, respectively. GOC 5, Sharing of
Structures, Systems, and Components, is met for the Catawba RHR systems since
components_are not shared between units.

Redundancy in the RHR system is pravideg by two trains for each unit. Leak
detection for the RHR system is discussed in Section * cof this SER. Isolation
valve redundancy is discussed in Section 5.4.7.2. The staff has reviewed the
description of the residual heat removal system and the piping and instrumenta-
tion ciagrams to verify that the system can be cperated with or without offsite
power and assuming a single failure. The two residual heat removal pumps are
connected to separate buses which can be powered by separate diesel generators
in the event of 1035 of offsite power.

SRP Section 5.4.7 requires that “he RHRS must be operable from the control room
in accordance with GDC 19. Limited manual acticns are permitted outside the
control room assuming a single failure, if justified. The Catawba RHR system
is designed to be fully operable frem the control room. To assure emergency
core cooling system readiness and to protect RHR pumps, valve positions and
pump running status indications are provided in the control room.

In a normal cooldown, pewer to safety injection pumps is 5ockec out when RCS
pressure is below 1000 psig. This is to prevent inadvertent operation of the
safety injectien (SI) pumps which could overpressurize the RHR system when SI
pump capacity is larger than RHR relief capacity. We have reguested that the
applicant address these areas with regard to meeting BTP 5-1 of SRP

Section 5.4.7 to show that coid shutdown can be achieved without going outside

the ccntrol room.

*LPM to provide section numbers.
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plant

or wi
5.4.7
The R
resid

sure

(1)

(2)

ooldown time with one RHR train of 24.4 rours is acceptable. With the

d 4-hour time for cooldown from the standby to RHR conditions, the Catawba
s can be brought to cold shutdown within a reasonable pericd of time with
thout offsite power as specified in SRP Section 5.4.7.

.2 RHR System Isolation Requirements

HRS vaiving arrangement is designed to provide adeq ate protection to the
ual heat removal system when the reactor coolant system is at high pres-
cperation.

3
There are two separate and redundant motor-operated isclation valves (MOV)
between each residuail heat removal pumo suction and the RCS hot legs.
These valves are separately and independentiy interlocked to prevent valve
cpening until the reactor coclant system pressure falls to below 425 psig.
If the valves are open, they are separately and indepencdently interlocked
to close when the reactor coolant system pressure rises above 600 psig.
One MOV in eagh suction line is powered from Power Train B. That is, the
loss of one power train will prevent opening of both suction iines and
establishing normal shutdown cooling. Should this situation develop, RCS
cooling via the steam system can be resumed until power is regained to the
failed power train or manual action is taken. Further discussion of this
valve configuration is addressed in Section * of this SER.

There are two check valves and an open motor-operated valve on each RHR
discharge line. The two check valves protect the system from the reactor
coolant system pressure during operation. The agplicant has provided
design features to permit leak testing of each check valve separately
during plant operation to fulfill the staff requirements for high/low
pressure isolation with two check valves. This testing is further
addressed in Section *.

x| :ll
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$.4.7.5 RHR Pressure Relief Requirements v

Overpressure protection of the residual heat removal system is provided by four
relief valves, one on each of the suction and discharge lines. Each suction
line relief valve has a capacity of 900 gallons per minute (gpm) at 450 psig
which is sufficient to discharge the flcw from both charging pumps at the
relief valve setpoint. Each discharge line from the RHRS to the RCS is
equipped with a pressure relief valve to relieve the maximum possible back-
leakage th:ough the valves separating the RHRS from the RCS. Each valve has a
relief flow capacity of 20 gpm at a set pressure of 600 psig. The fluid
discharge by the suction side reliaf valves is collected in the pressurizer
relief tank. The fluid discharged by the discharge side relief valves is
collected in the recycle holdup tank.

The applicant will provide a reverse check valve in parallel with the inner RHR
suction isolation valve to provide protection against pressure increases due to
heating water trapped between the two isolation valves.

5.4.7.4 RHR Pump 5rotection

Each of the RHR pumps has a miniflow bypass line to prevent overheating and
ensure flow to the pump suction. A valve in the line is controlled by flow
sensors in the pump discharge header. Pressure senscrs in the discharge header
provide pressure indication in the control room. We have requestecd that the
applicant address pump protection with the RCS partially drained and that the
applicant provide an alarm in the control room to alert the operator to RHR
degradation. :

5.4.7.5 Tests, Cperaticnal Procedures, and Suppcrt Systems

The plant precperational and startup test program provides for demonstrating
the operation of the residual heat removal system in confcrmance with Regula-
tory Guide (RG) 1.88, Initial Test Programs for Water-Ccoled Reucteor Power

Plants, as specified in SRP Section 5.3.7, subsection III.12.
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Trz staff has reviewed the compcnent coeling yater system to assure that
sufficient cocling capability is available to the RHRS heat exchangers. The
azceptability of this cooling capacity and its conformance to GOC 44, 45, and
46 are discussed in Section *.

The applicant states that the system is housed within a structure that is
designed toc withstand tornadoes, floods, and seismic phenomena. This area is
adcressed further in Section *.

The residuQI heat removal system capability to withstand pipe whip inside
containment s required by GDC 4 and RG 1.46 is discussed in Section *. Pro-
tection against piping failures outside.cf containment in accordance with GOC 4
is discussed in Section *.

Al1 residual neat removal lines, including instrument lines, have conta.ament
isciation features; their satisfaction of the requirements of GOC 56 and 57 and
RG 1.11 is discussed in Section *.

Section * discusses the applicant's compliance with the requirements of Task
Action Plan Item III.D.1.1 of NUREG-0737 as it relates to primary coolant
sources outside of the containment.

5.4.7.6 Conclusions

The residual heat removal function is accomplished in two phases: the initial
cooldown phase and the residual heat removal system operation phase. In the
event of loss of bffsite power, the initial phase of cooldown is accomplished
by use of the auxiliary feedwater system and the atmospheric dump valves. This
equipment is used to reduce the reactor coolant system temperature and pressure
to values that permit operation of the RHR system. The review of the initial
cooldown phase is discussed in Section * of this SER. The review of the RHR
system operational phase is discussed below. The residual heat removal (RHR)
system removes core decay heat and provides long-term core ccoling following

*LP' to provide section numbers.
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tne initial phase of reactor cooidown. The sgope of review of the RHR system
for the Catawba plant included piping and insirumentation diagrams, equipment
layout drawings, failure modes and effects analysis, and design performance
specifications for essential components. The review has included the appli-
cant's proposed design criteria and design bases for the RHR system and his
analvsis of the adequacy of those criteria and bases and the conformance of the
des *0 these criteria and bases.

- staff concludes that, except as noted in the previous paragraphs, the
design of lhe resiqual heat removal system is acceptable and rmeets the require-
ments of GOC 2, 5, 19, and 34. This cogclusior is based on the following:

(1) The applicant has met the requirements of GOC 2 with respect to position
C-2 of RG 1.29 concerning the seismic cesign of systems, structures, and
components whose failure could cause an unacceptable reduction in the
capability of the residual heat removal syst=m, as discussed in Section *.

(2) The app]icant"has met the requirements of GOC 5 with respect to sharing of
structure, syétems. and components by demonstrating that such sharing does
not significantly impair the ability of the residual heat removal system
to perform its safety function including, in the event of an accident to
cne unit, an orderly shutdown and cooldown of the remaining unit.

(3) Except as noted above, the applicant has met the requirements of GOC 19
with respéct to the main control room requirements for normal cperations
and shutdown, and GDC 34 which specifies requirements for the residual
heat removal system by meetiny the regulatory positibn in 8TP RSB 5-1.

LPM to provide section numbers,
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6.3 Emergency Core Cocling System

Secticn 6.3 (Emergency Core Cooling System) for Catawba Units 1 and 2 has been
reviewed in accordance with the July 1981 editiun of the Standard Review Plan
(SRP) for the Review of Safety Analysis Reports for Nuclear Power Plants,
NUREG-0800. A review of each of the areas listed in the Areas of Review sec-
tion of SRP Section 6.3 was performed according to the guidelines proviced in
the Review Procedures section of SRP Section 6.3. Conformance with the accept-
ance criteria, except as noted below, formed the basis for concluding that the
design of the facility for emergency core cooling is acceptable.

.
As specified in SRP Sectfon 6.3, subsection [.2, the cdesign of the emergenc§
ccre cooling system (ECCS) was reviewed to determine that it is capable of
performing all of the functions required by the design bases. The £CCS is
cdesigned to provide core cocling as well as additional shutdown capabilisy for
accidents that result in significant depressurization of the reactor coolant
system (RCS). These accidents include mechanical failure of the reactor cool-
ant system piping yp to and including the double-ended break of the largest
pipe, rupture of a control rod drive, spurious relief valve operaticn in %he
primary and secondary fluid systems, and breaks in the steam piping.

The principal bases for the staff's acceptance of this system are curformance

tc 10 CFR 50.46 and Appendix K to 10 CFR 50, and General Design Criteria (GCC
2, 5, 17, 27,35, 36, and 37.

The applicant states that the requirements will be met even with minimum engi=-
neered safeguards available, such as the loss of one emergency cower Sus, with
offsite power unavailable.

6.3.1 System Design

As specified in SRP Section 6.3, subsecticn [.2, the design of the ECCS was
reviewed to determine that it is capable of performing all cf the functiens
required by the design bases. The ECCS cdesign is based cn the availability of

a minimum of three low=-pressure cold leg accumulators, the high pressure upper
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nead injectien (UKI) accumulator, one charging pump, one safety injection pump,
and one residual heat removal (RHR) pump tocether with associated valves and
piping. Following a postulated LOCA, passive (accumulators) and active (injec=
tion pumps and assocfated valves) systems will operate. After the inventory in
the refueling water storage tank (RWST) has been depleted, long=-term recircula-
tion will be provided by taking suction from the containment sump and discharg=
ing to the RCS cdo1d and/or hot legs. The lew=-pressure passive accumulator
system consists of four pressure vessels partially filled with borated water
and pressugized with nitrogen gas to approximately 425 psig. Fluid level,
toron concentration, and nitrogen pressure can be remotely adjusted in each
tank. When RCS pressure is lower than accumulator tark pressure, borated water
is injected through the RCS cold legs. The UHI system consists of a borated
water filled tank connected to a nitrogen tank that is pressurized to approxi-
mately 1250 psia. When the reactor vessel prassure falls below the UHI pres-
sure, water will be injected into the top ¢f the core.

The nigh-head injection system consists of two centrifugal charging pumps which
provide high=pressyre injection of boric acid solution into the RCS. In addi-
tien to the high~head charging pump system, two intermediate-~head safaty
injection pumps deliver fluid to the RCS. Both high- and intermediate-head
pumps are aligned to take suction from the RWST for the injection phase of
their operation. Both types of pumps are manually aligned to take suction from
the RHRS discharge during the recirculation mode. Low head injecticn is accom-
plished by two RHR pump subsystems taking suction from the RWST during the
short=-term ECCS injection phase and from the containment sump during long-term
ECCS recirculation.

The RWST minimum inventory is 350,000 gal of 2000-ppm borated water. To main-
tain the RWST water above the temperature of boron precipitation and freezing,
the applicant has provided the RWST with a heating system. The RWST vent lines
and screen over the end of the line are redundantly heat traced to preclude ice
Slockage during freezing weather. The applicant has addressed concerns about
failure of ncnseismic piping in 1ines connected to the RWST by stating that
nonseismic portions would be automatically isolated (using seismically qualified

valves) upon receipt of a safety injection initfaticn signal.
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we have requested additional informaticn related to the sizing of the RWST and
will address resclution in a supplement to this SER.

As specified in SRP Section 6.3, subsection II, the ECCS is initiated either
manually or automatically on (a) low pressurizer pressure, (b) high containment
pressure, or (c) low pressure in any steam line. This meets the requirements

of GOC 20. The ECCS may also be manually actuated, monitored, and controllied
from the control room as required by GDC 19. The ECCS is supplemented by
instrumentation that will enable the operator to monitor and control the ECCS
ecuipment following a LOCA so that adequate core cocling may be maintained. We
have requested additional informatton from the applicant to insure the installed
instrumentation provides sufficient infcrmaticon so the operator can maintaih
adegquate core ccoling following an assumed LOCA. The acceptability cf the

srososed ECCS instrumentation and controls is addressed further in Section *.

As specified in SRP Section 6.3, subsection III.3, the available net positive
suction head for all the pumps in the ECCS (the safety injection, centrifugal
charging, and RHR pumps) has been shown to provide adequate margin by calcula-
ticns performed to meet the safety intent of Regulatory Guide 1.1, Net Pesitive
Suction Head for Emergency Core Cocling and Containment Heat Removal System
Pumps.

As required in SRP Section 6.3, subection III.11l, the valve arrangement cn the
ECCS dfschargé lines has been reviewed with respect to adeguate isclation
between the RCS and the low pressure ECCS. In some lines, this isclation is
provided by two check valves in series with a closed isolaticn valve (high-head
injection discharge, intermediate- and low=-head injection discharge to the hot
legs).

Qther discharge lines have cnly two check valves in series. This arrangement
is acceptable since periodic leak detection across each check vaive is performed
c¢uring plant operation. Test lines are provided for periodic leakage checks c¢f
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reacior ccoiant past the check valves formingtthe reactor cociant system
pressure boundaries. This is discussed further in Section *.

Containment isolation features for all ECCS lines, including instrument lines,
the requirements of GDC S6 and Regulatory Guide (RG) 1.11, Instrument Lines
Penetrating Primary Reactor Containment, are discussed in Section *. The
effects of primary covlant sources outsice containment, NUREG-0737, Item
IIT.D.1.1, are discussed in Section *. The safety injection lines are pro-
tected frop intersystem leakage by relief valves in both suction header and
discharge Tines. Intersystem leakage detection is described in Section * for
the RHR and safety injection pump systems.

4s scecified in SRP Section 6.3, subsection [1.8, no ECCS components are shared
betwzen units, which meets the requirements of GOC 5.

6€.3.2 Evaluation of Single Failures

As specified in SRR Section 6.3, subsection II, the staff has reviewed the
system description and pipiny and instrumentation diagrams to verify that
sufficient core cooling will be provided during the initial injection phase
with and without availability of offsite power, assuming a single failure. The
cold leg accumulators have normally open motor-operated isclation valves in
their discharge lines. One accumulator is attached to each of the RCS cold
Tegs. These isolation valves will have control power removed to preclude
inadvertent valve movement that could result in degraded accumulator perform=
ance. The upper head injection subsystem is aligned for injection, through two
parallel lines with normally open isolation valves, when the primary pressure
drcps below the upper head injection set pressure. An inadvertent valve
closure in either discnarge line will not preclude upper head injection. Each
unper head injection discharge line has two isolation valves in series which
are closed automat zally when a low level in the upper head injection accumu-
lator is reached. Failure of a single valve to close will not prevent isola=

tion of the upper head injection accumuléator.

*LFM to provide section numbers.
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T~-ge active injection systems are availacie, feach system having twe pumss.
The pumps in each system are connected to separate power buses and are powered
from separate diesel generators in the event of loss of offsite power, as
required by GOC 17. Thus, at least one pump in each injection train would be
actuated. The nigh-nead injection systems contain parallel valves in the suc-
tion and discharge lines, thus ensuring operability cf one train even in the
event that one valve fails to open. The Tow= and intermediate-head injection
systems are normally aligned so that valve actuation is not required during the
injection ghase.

The staff has requested that the applicant accress the spuriocus movement of
valves whose mispositioning could cause degracation of emergency core ccoling

-

system. This includes but may not be limited to the following valves:

(1) Accumulator discharge isolation valves (spuricus closure)

(2) Safety injection pumps cold leg discharge isolation valve (spurious
closure) a

(3) RWST to safety injection pumps suction valves (spurious closure)

(&) Safety injecticn pumps miniflow line isolation vaive (spurious closure)

(5) Safety ié{ection pump hot leg discharge isclation valves (spurious opening)
(6) RHR pumps hot leg discharge isolation valve (spurious opening)

(7) RHR cold leg discharge isclation valves (spurious closure).

-
L

he applicant has provided the fcllewing interlocks to address various single
failures.

.

Cold Leg Accumulator Isclation Valves - To assure valves are open cduring ocwer
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7= Suction From RWST - To prevent valves frcm opening during post-accigent

recirculation operation of ECCS.

RrR Pump Discharge to CCP - To prevent flow of recirculation sump fluid te

RWST, prevent possible overpressure of pipe during cooldown, permit alignment
to supply pumps only during recirculation.

Containment Sump Valve - The interlocks to prevent the controi room operator

from opening the sump valves and flooding containment with fluid from the
reactor coolant system or the RWST. The autcmatic features coverride the inter-
Tocks and open the valve if the RWST lawel is Tow and an "S" signal has been
generated (this prevents the sump valve frem opening and flooding conta!nmeht
during refueling as the RWST is emptied intoc the refueling cavity).

Charging Pump Normal Suction - To isolate normal charging sources after RWST

is available to pumps.

RCS to RHR Isolatipgn Valves = Interlocks to prevent flow from RCS to RWST spill
of RCS to containment sump, potentially overpressuring charging pump and SI

pump suction lines, spraying RCS to containment via residual spray headers.
Pressure interlocks and automatic feature prevent overpressure of the RHR pump
suction line.

Safaty Injection Pump Miniflow - Interlocks to prevert recirculaticn sump fluid

from being pumped to RWST.

Containment Spray Suction from RWST - To prevent spill of RWST fluid centain=

«r
O

ment sump via ND piping.

Containment Spray Suction from Sump - To prevent spill of RWST fluid to contain-

ment sump and prevent containment spray with reactor coolant.

o
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Residual Ccntainment Spray - To prevent resicdual ccntainment spray with re




We -equire the applicant to justify the compagidility of these interiocks with
the functicnal requirements discussed in other SER secticns (e.g., 5.4.7).

The applicant add-essed single failures and deadheading conditicons that could
cause the safety injection and charging pumps toc overheat and subsegquently fail
by remeving the automatic-isolation-cn-"S"-signal of the miniflow line. We
require that the applicant provide plans to improve his design with automatic
features to address this concern.

The azplicant has proposed a partially automatic system with operator action

to switch the low-head system from-the sinrjection to the recirculaticn mode.

The automatic function of the:system ouens the RHR pump suction valves ‘rom'the
containment sump, with oparator acticn required to fsclate the RWST. Several
valves that would have to be actuated during the switchover are interlocked to
other components to prevent out-of-sequence cperation. SRP Section 6.3,
subsection III.19, states where manual action is usad in the switch to recircu-
laticn, a sufficient time (greater than 20 minutes) is available for the oper-
atcr to respond. Jhe staff has requested that the applicant address this
concern and the sizing of the RWST.

The staff has reviewed the plant's capability for hot-leg injection during the
recirculation phase to preclude excessive buildup of boron concentration in the
pressure vessel. The staff has concluded that there is sufficient redundancy

in injection lines and pumps to ensure adequate hot leg injection after

15 hours of cold leg injecticn. This meets the requirements of SRP Secticn 6.3,
subsaction III.6.

The apolicant has addressed a single failure scenaric which postulates a fail-

ure in volume control tank level instrumentation, diverting letdown away from

r

he velume control tank, and permitting ccntinued charging pump suction from
h

ad
g

volume control tank, with eventual cavitation of the charging pump(s). The

o
w
©

iicant has addressad this scenario indicating that diversion of letdown flow

Idup tank (on high level in the volume centrol tank (VCT) rather than to

*
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VCT) and automatic opening of a charging pump sucticn path from the RWST

~

Tow VCT level) are both initiated independently by either of twe diverse

-
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evel transmitters. In addition, the agplicant has indicated that for {his
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We ~eguire the applicant to justify the compagibility of these interliocks with
the functional requirements discussed in other SER sections (e.g., 5.4.7).

The applicant addressed single failures and deadheading conditions that could
cause the safety injection and charging pumps to overheat and subseguently fail
by remeving the automatic-isolation-cn-"S"-signal of the miniflow line. We
require that the applicant provide plans to improve his design with automatic
feati'ves to address this concern.

-
The applicant has proposed a partially automatic system with operator action
to switch the low-head system from-the dnjection tc the recirculation mode.
The automatic function of the-system o.ans the RKR pump suction valves from.the
containment sump, with operator acticn required to isclate the RWST. Several
valves that would have to be actuated during the switchover are interlocked to
other components to prevent out-of-sequence cperation. SRP Secticn 6.3,
subsection III1.19, states where manual action is used in the switch to recircu-
lation, a sufficient time (greater than 20 minutes) is available for the cper=-
ater to respond. Jhe staff has requested that the applicant address this
concern and the sizing of the RWST.

The staff has reviewed the plant's capability for hot-leg injection during the
recirculation phase to preclude excessive buildup of boron concentration in the
pressure vessel, The staff has concluded that there is sufficient redundancy

in injection Tines and pumps to ensure adequite hot leg injection after

15 hours of cold leg injection. This meets the requirements of SRP Section 6.3,
subsection III.6.

The applicant has addressed a single failure scenaric which postulates a fail=-
ure in volume control tank level instrumentation, diverting letdown away from
the volume control tank, and permitting centinued charging pump suction from
the volume control tank, with eventual cavitation of the charging pump(s). The
applicant has addressed this scenario indicating that diversion of letaown flcw
to 2 holdup tank (on high level in the volume control tark (VCT) rather than to
the VCT) and automatic opening of a charging pump sucticn path from the RWST
(on Tow VCT level) are both initiated independently by either of two diverse
VCT leve! transmitters. In addition, the agplicant has indicated that for this
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scenario only cre charging pump would norma’ly be cperating with twe cthers in
standby as backup; one charging pump has adequate capacity for long=-term shut-
down makeup requirements. Control room incications and alarms would aler: the
cperator to the above occu.-ences and assist in diagnosing the event. Based on
the foregoing discussion, the .taff finds the apjlicant's response acceptable.

ODuring the long-term recirculation cooling prase of ECCS, leak detection is
require to identify passive ECCS failures cutside of containment, such as pump
seal fafluges. The applicant has provided a system of water-level monitors.
With this system, the limiting leak (assumed to be 50 gpm) would be detected
and isolated within 30 minutes. The applicant has calculated that the total
leak.ge in 30 minutes would not compromise long-term cocling. Leak rates of
less than S0 gpm would result in scenarios in which the detection (alarm) time
would be longer, but the time available for cperator response would also be
longer. We have requested that the applicant provide additional information
to show that there would not be an unacceptable loss of circulating coclant
inventory fcr this scenario.

«
We have requested that the appiicant address nonseismic piping on miniflow
lines, provide procedures for resetting the ECCS after a safety injectien
signal, and evaluate the effects of flooding valves and instrumentation. We
will report cur evaluition of these issues in a supplement to this report.

Based on staff review of the design features and with satisfactory resclution
of the items discussed above, the staff concludes that the ECCS complies with
the single-failure criterion of GOC 35.

6.3.5 Qualification of Emergency Core Cooling System

The ECCS design to seismic Category I requirements, in compliance with RG 1.29,
Seismic Design Classification, and its housing in structures designed toc with=
stand a safe shutdown earthquake and other natural phenomena, as reaquired by
lala

GOC 2, are ciscussed n Section ®*. The eguipment design to Quality Group 8, in

*_FM to provide section numbers.
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comzliance with RG 1.26, Quality Group Classi#ication and Standaras for wWater-,
Steam-, and Radioactiv~ Waste-Containing Components of Nuclear Power Plants, is
discussed in Section *.

The ECCS protection against missiles inside and outside ccntainment by the
design of suitable reinforced concrete barriers which include reinforced con-
crete wells and slabs (conformance to GDC 4) 1s discussed in Section *. The
protection of the £CCS from pipe whip insice and cutside of containment is
discussed {n Section *.

The active components of the ECCS desigp to function under the most severe duty
loads including safe shutdown-earthquake is discussed in Sectien *. The E£CCS
design to permit periocdic inspecticn in accerdance with ASME Code Secticn XI,
wnich constitutes compliance with GOC 36, is discussed in Section *. This
meets the intent of SRP Section 6.3, subsection III.23.c.

The ECCS incorporates two subsystems which serve other functions. The RHR
system provides for, dacay heat removal during reactor shutdown, while at other
times the RHR system is aligned for ECCS operation. The centrifugal charging
pumps are utilized for maintaining the reguired volume of primary fluid in the
RCS. On an ECCS actuation signal, the system is aligned to ECCS cperaticn and
the CVCS function is isolated. In neither case (RHR or centrifugal charging)
does the normal system use impair its capability to function as an integral
portion of the ECCS.

6.3.4 Testing

The applicant has committed to demonstrate the cperability of the ECCS by sub-
jecting all components to preoperaticnal and pericdic testing, as required by

RG 1.68, Preoperational anc [nitfal Startup Test Programs for Water-Cooled

Power Reactors. The applicant has stated that recirculation sump tests as per
RG 1.79, Preoperaticnal Testing of Emergency Core Cooling System for Pressurizec

Wate~ Reactors, will not be performed at Catzwba. The applicant has referenced

i A1 < { - -
LPM to provide section numbers.
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MzGuire sump tests to demonstrate acceptabie FCCS sump design at Catawba. We
require the applicant to provide further in‘ormation to justify the applicabil-
ity of McGuire sump test results to Catawba. We will report cur evaluation of
this issue in a supplement to this report.

6.3.4.1 Precperational Tests

One of these tests is to verify system actuation, namely, the operability of
all ECCS vglves initiated by the safety injecticn signal, the operability of
all safeguard pump circuitry down through the pump breaker control circuits,
ard the proper cperatfon of all valve igterlocks.

Another test is to check the cold leg accumulater system and fnjectfon line to
erify that the Tines are free of obstructions and that the accumulator check
valves and isolation valves operate correctly. The applicant wi'l perform a
low pressure blowcown of each accumulator to confirm the line is clear and
check the operation of the check valves.

o
Two blowdown tests of the UHI system are performed: one with low pressure
(about 100 psi) and one with the gas pressure in the normal operating range.
The low pressure test verifies the resistance of the piping from the accumu-
Tator to the reactor vessel and allows the setpoint from the water level
detectors to be determined. The high pressure blowdown test simulates the
performance of the system during a large cold-leg breik of the reactor cooiant
piping and confirms proper operation of the isolation valves.

The applicant will use the results of the precperational tests to evaluite the
hydraulic and mechanical performance of ECCS pumps delivering through the flow
paths for emergency core cooling. The pumps will be operated under both mini-
flow (through test Tines) and full=flow (through the actual piping) conditions.

The applicant has been requested to commit to (a) by measuring the flow in each
pipe, make the adjustments necessary to ensure that no one branch has an
unacceptably low or high resistance, (b) analyze the results %o ensure tnere i5

sufficient total line resistance to prevent excessive runcut of the pumps and

. - N PR T e --
11/01/82 10 CATAWZA SER SEC 6 ORR INFU



adeguate net positive suction head (NPSH) undlr the most limiting system align-

ment, (c) verify that the maximum flow rate from the test results confirms the
maximum flow rate used in the NPSH calculations under the most limiting condi-
tions and (d) confirm that the minimum acceptable flow used in the LOCA analysis
is met by the measured total pump flow and a relative flow between the branch
lines.

Subject to resoluticon of the above concerns, the staff concludes that the pre-
operationad test program conforms to the recommendations of RG 1.68 and 1.79 and
is acceptable pending successful completion of the program. Additional discus=-
sicn of the preoperational test program is presented in Section * of this S?R.

6.3.4.2 Periodic Component Tests

Reutine perifodic testing of the ECCS components and all necessary support
systems at power will be performed. Valves that actuate after a LCCA are
operated through a complete cycle. Pumps are operated individually in this
test on their minifilow lines except the charging pumps which are tested by
their normal charging function. The applicant has stated that these tests wiil
be performed in accordance with ASME Code Section XI.

£.3.5 Performance Evaluation

The ECCS has been designed to deliver fluid to the RCS to limit the fuel clad-

-

ding :emperatdre following transients and accidents that require ECCS actuation.
The ECCS is also designed to remove the decay and sensible heat during the
recirculation mode. 10 CFR 50.46 lists the acceptance criteria for an ECCS.

These criteria include the following:
(1) The calculated maximum fuel cladding temperature does not exceed 2200°F.

(2) The calclated total coxidation of the cladding dces not exceed 0.17 times
the tctal cladding thickress before oxidatien.

*LPM to provide secticn numbers.



(3, The calculated total amcunt of hydrcge~ generated from the chemical reac-
tion of the cladding with water or steim coes not exceed 0.01 times the
hypothetical amount that would te generated if all the metal in the clad-
ding cylinders surrounding the fuel, excluding the cladding surrounding
the plenum volume, were to react.

(4) Calculated changes in core gecmetry ars such that the core remains amenable
to cooling.

(5) After any calculated successful initial operatfon of the ECCS, the calcu-
lated core temperature is maintairned at an acceptably low value and decay
heat is removed for the extended perica of time required by the Tcng-l%ved
radioactivity remaining in the core.

In acdition, 10 CFR 50.46 states: ECCS cco'ing performance shall be calculated
in accordance with a.. acceptable model, and shall be calculated for a number of
postulated loss-of-coolant accidents. Appendix K to 10 CFR 50, ECCS Evaluation
Mcdels, sets forth,certain required and acceptable features of evaluation models.

The applicant has examined a spectrum of large breaks in RCS piping and these
analyses indicate that the most limiting event is a double-ended cold-leg
guillotine (DECLG) break with a discharge coefficient of 1.0. The applicant
took credit for one train of active ECCS components, the UHI accumulater, and
three of the four cold leg accumulators in the analysis. This most limiting
break is different than previcusly reviewed UHI designs which fLentified a
DECLG break with a discharge coefficient of 0.6. We have requested that the
applicant provide the reascon for this difference, justify that previous sensi-
tivity studies apply to Catawba, provide acdequate treatment cof the cladding
swelling and rupture model in the LOCA analysis, verify that methods uced to
determine cold-leg accumulztor settings anc assumptions are similar to previcus
UHI analyses and justify their applicability in light of the differences in
Catawba LOCA analysis results, and provide a&n analysis of the transients result-
ing from a break in the ECCS injecticn 1ines. We have reguested additicnal
information concerning the adequacy of the ZCCS during shutdown/startup si‘ua=

[ dadad

tiza when portions of the ECCS are isclated to verify compliance with SRP

Sec+ion €.3.22.e.




The emergency ccre cooling system must providd abundant core cooling to mimi=
mize fuel and clad damage in accordance with the requirements of 10 CFR 50.46.
Tezfcal Report WCAP-8479, "Westinghouse Emergency Core Cooling System Evalua-
ticn Model Application to Plants Equipped with Upper Head Injection,” describes
the Westinghouse calculational model for a pressurized water reactor with ice
corncdenser containment and upper head injection systems. We have reviewed and
approved the Westinghouse evaluation mode! for analyzing loss-of-csolant acci-
dents in UHI plants. We require further information to justify the adequacy of
the break spectrum sensitivity analyses for Catawba. We will report our find-
fngs on this issue in a supplement to this report.

2 .
Containment parameters are chosen to minimize containment pressure so that core
reficed calculations are conservative. Fuel rod inftial conditions are chosen
to ~aximize clad temperature and oxidation. Calculations of core geometry are
carried cut past the point where temperatures are cdecreasing. The mest limit-
ing break with respect to peak clad temperature is the couble-ended guillotine
Brezk in the pump discharge leg with a CD = 1.0. The peak clad temperature is
2195°F, which is below the 2200°F limit. The 1imiting local and core-wide clad
oxication values calculated by the applicant were 6.9 percent and less than
0.3 percent, respectively.

The amount of bypass flow intc the upper head region has been predicted by the
applicant to pe sufficient to maintain the upper head region at cold ieg
temperatures. 451m11ar calculations performed for similar Westinghouse plants
have shown good agreement with measured values of upper head temperatures.
Assurance that upper head temperatures can be maintained in the cold leg
temserature zone has been provided by a verified analytical technique.

§.3.5.2 Small-Break LOCA

The applicant has submitted analyses for a spectrum of small-break LOCA analyses
(4=in., 6=in., 8=in.). These identify that the 8-in. break is the limiting

ma'l break, the calculated peak cladding temperature is 1218°F, the loca)
z1=water reaction 1s 0.077 percent, and the core=-wice oxidation is less *han

0.3 percent. None of these small-break analyses were znalyzecd with a model
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that properly accounted for fuel cladding stirfin and rupture. BSecause of the
magnitude of cladding temperatures {nvolved, the error is small. A "corrected"
peak cladding temperature for these small Sreaks would be far below that for
large breaks and clearly would not be limiting.

The core geometry remains amenable to cooling throughout both types of LOCAs
discussed above. The ECCS is designed to remove decay heat for an extended
time following a LOCA. The staff concludes, subject to satisfactory resslution
of our congerns discussed above, that the applicant's analysss of the LOCA meet
the acceptance criterfa and, therefore, are acceptable.

.
The applicant has analyzed the performance of the ECCS in accordance with tﬂe
criteria set forth in Section 50.46 and Appencix K to 10 CFR 50. The staff nas
reviewed the applicant's evaluaticn and concludes that it is acceptadble and
meets the criteria of 10 CFR 50.46 subject tc satisfactory resoluticn of our
concerns discussed above.

6.3.5.3 Conclusions

The emergency core cooiing system (ECCS) includes the piping, valves, pumps,
heat exchangers, instrumentation, and controls used to transfer heat from the
core following a loss-of-coclant accident. The scope of review of the ECCS for
the Catawba plant included piping and instrumentation diagrams, equipment layout
drawines, failure modes and effects analyses, and design specifications for
essential comﬁ&nents. The staff review has included the applicant's proposed
desfgn criteria and design bases for the ECCS and the manper in which the

design conforms to these criterfa and bases.

Pending resolution of the aforementioned concerns, the staff concludes that the
design of the emergency core cocling system {s asceptable and meets the require-
ments of GDC 2, 5, 17, 27, 35, 36, and 37. This conclusion is based cn the

following:

(1) The applicant has met the requirements of GOC 2 with regard to the seismic

design of nonsafety systems or portions thereof which could have an adverseé
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(2)

(3)

(4)

(6)

effect on ECCS by meeting position C.2 of RG 1.29, as discussed in
Section ™,

The applicant has met the requirements of GOC 5 with respect to sharing
of structures, systems, and components by demonstrating that such sharing
does not significantly impair the ability of the ECCS to perform its
safety function including, in the event of an accident to one unit, an
orderly shutdown and cooldown of the remaining units.

.
The applicant has met the requirements of GOC 17 with respect to providing
sufficient capacity and capabilityeto assure that (a) specified acceptable
fuel design limits and cesign conditicns of the reactor cooclant pressure
boundary are not exceeded as a result of anticipatec operatioral occur~
rences, and (b, the core is cooled anc vital functions are maintained in
the event of postulated accidents.

The applicant has met the requirements of GOC 27 with regard to providing
combined reactdvity control system capability to assure that under postu-
lated accident conditions and with appropriate margin for stuck rods the
capability to cool the core is maintaired and the applicant's design meets
the guidelines of RG 1.47.

The applicant has met the requirements of GOC 35 to provide abundant cool-
ing for ECCS by providing redundant safety-grade systems that meet the
recommendations of RG 1.1.

The applicant has met the requirements of GDC 36 with respect to the
design of ECCS to permit appropriate periodic inspection of important
components of the system.

“
.

to provide section numbers.
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Tre applicant has met the requirements of GOC 37 with respect tc designing
the ECCS to permit testing of the operability of the system throughout the
iife of the plant, including the full operaticnal sequence that brings the
system into operation.

(8) The applicant has provided an analysis of the proposed ECCS relative to
the acceptance criteria of 10 CFR Part 50, 50.46, and Appendix K to demon=
strate that their ELCS designs for peak cladding temperature, maximum
calculated cladding oxicdation, maximum hydrogen generation, coolable core
geometry, and long-term cooling are in accordance with the acceptable
evaiuvation model. . .

As discussed in Section *, the applicant has met the =~2quirements of Task
Action Plan Item II1.D.1.1 of NUREG-0737 which invelves primary coolant sources
outside of the containment.

-

LFY to provide section numbers.
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15 ACCIDENT ANALYSIS

The accident analyses for the Catawba Units 1 and 2 have been reviewed in
accordance with the July 1981 edition of the Standard Review Plan (SRP) feor
the Review of Safety Analysis Reports for Nuclear Power Plants, NUREG-0800. A
review of each of the areas listed in the Areas of Review portion of the
appropriate SRP section was performed according to the guidelines provided in
the Review Procedures portion of the appropriate SRP Section. Confermance
with the agceptance criteria, except as noted for each of the sections, formed
the basis for concluding that the design of the facility for each of the areas
reviewed was found to be acceptable forsCatawba.

15.1 General Discussion

The applicant evaluated the ability of Catawba to withstand normal and atnorma)
transients and a broad spectrum of postulated accidents without undue hazard to
the health and safety of the public. The results of these analyses are used to
show conformance with GOC 10 and 15.

Ouring its revisw of the transients and accidents analyses of Sectin 15, the
staff has cor-idered GOC 21, 26, and 28 and Regulatory Guides 1.53 and 1.105

as they apply to the events analyzed to ensure that the applicable requirements
have been met. For each event analyzed, conservative operating conditions were
assumed, and credit was taken for minimum engineering safeguards respcnse. For
Chapter 15 events per staff request, the applicant has icentified the single
active compenent failure or operator error that is the most limiting, has pro-
vided an analysis of the incident in combination with the icentified failure,

and has described the long-term events and assessed the operator's role. Generic

Task actions (e.g., Task A-17, Systems Interacticn, and A-47, Safety Impiications

-1
-
i

of Control Systems) will address related concerns. f these tasks icdentify
additional requirements we will require compliance from Catawba. Paramesers
spec fic to individual events were ccnservatively selected. Two types of

gvents were analyzed:

(1) Those incidents that might be expected to cccur during the 1ifetime of

the reactor (anticipated transients).

LR ] nc-eﬂ
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(2) Those incidents not expected tc occur that have the potential to result
in significant radicactive material reiease (accidents).

The nuclear feedback coefficients were conservatively chosen to produce the

most adverse core response. The reactivity insertion curve, used to represent
the control insertion, accounts for a stuck rod, in accordance with GOC 26.
We have requested additional information ccrcerning response times and discharge

rates for various components assumed to furcticn during the analysis of Chapter
15 events., We have also requested information regarding the allowed number of
operating loops as s»ecified in the technical specifications. We will report
our evaluation of this issue in a suppigment to this SER.

thermal hydraulic code THINC-IV is cescribed in Section * of this

ER. The staff reviews of the FACTRAN and _OFTRAN cocdes have progressed to
he point that there fs reasonable assurance that analyses results dependent
on the cocdes will not be appreciably altered by any revisions that may be
required by the staff. For some events analyzed in Chapter 15, the applicant
utilized an improved thermal design method (described in Section *). We have
requested that the applicant clearly identify the incidents for which this
method is utilized and show that implementation of this method conforms to
appropriate restrictions and limitations. We will report our evaluation of
this issue in a supplement to the SER.

The applicant accounts for variations in initial conditions by making the
following assuépt{ons as appropriate for the event being considered:

1. Core power, 3427 MWT, +2 percent
2. Average reactor vessel temperature (Tavg . 990.8 £ ¢.2°F

e Pressure (at pressurizer), 2250 + 30 psfia.

Pending a satisfactory response to the afcremanticned concerns, the staff

concludes that the assumptions for initial conditions are acceptable because

*LP¥ <o provide section numbers.




they are conservatively applied to produce the most adverse effecis. Feor
transients and accidents used to verify the ESF design, the applicant has
utilized the safeguards power design value of 3581 MW(:).

15.2 Normal Operation and Operational Transients

The applicant has analyzed several events expected to occur one or more times
in the 1ife of the plant. A number of transients can be expected to occur
with modergate frequency as a result of equipment malfuncticns or operater
errar in the course of refueling and power operation during the plant
lifetime. Specific events were reviewed to ensure conformance with the
acceptance criteria provided 4n the Standard Review Plan (SRP).

The acceptance criteria for transients of moderate freguency in the Standard
Review Plan include the following considerations:

(1) Pressure in the reactor coolant and main steam systems should be
mafntained below 110 percent of design valuas (Section III of tne
American Society of Mechanical Engineers Boiler and Pressure Vessel
Code).

(2) Fuel clad integrity shall be maintained by ensuring that the minimum
departure from nucleate boiling ratio (ONBR) wiil remain above the 95/95
ONBR 1imit for PWRs. (The 95/95 criterion discussed in Section *
provides a 95 percent probability, at a 95 percent confidence level, that
no fuel rod in the core experiences a departure for puc1eate boiling.)

(3) An incident of moderate frequency should not generate a more serious plant
condition without other faults occurring independently.

(4) For transients of moderate frequency in combination with a single
failure, no loss of function of any fission product barrier, other than

= LPM to provide section numbers.
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fus] element clacding, shall occur. Core geofetry fs maintained in such
a way that there is no loss of core cooling capability and control rod
insertability is maintained.

Conformance with SRP acceptance criteria constitutes compliance with GOC 10,
15 and 26 of Appendix A to 10 CFR S0.

The transients analyzed are protected by the following reactor trips:
-
(1) Power range high neutron flux
High pressure
Low pressure
Over power AT
Overtemperature AT

Low coolant flow

(7) Pump undervoltage/underfrequency

(8) Low steam generator water level

(3) High steam generator water level

Time celays to trip, calculated for each trip signal, are included in the
analyscs. See Section * of this SER for a discussion of the staff review of
reactivity control system functicnal cesign.

he transients which are expected to occur with moderate freguency can
cuped according to, (a) increase or decrease in heat removal by the
system (b) decrease in reactor ccolant flow rate, (c) reactivity

v

M to previde section numbers.
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powe= distribution anomalies, and (d) increase or decrease in reactcr coclant
inventory. Design-basis accidents have been evaluated separately as indicated
in Section *.

15.2.1 Increase in Heat Removal by the Secondary System

The applicant has analyzed the follewing events that produced increased heat
removal by the secondary system:
(1) Decrease in feedwater temperature (SRP Sectien 15.1.1),

(2) Increase in feedwater flew (SRP Section 15.1.2),
(3) Excessive increase in steam flcw (SRP Sectifon 15.1.3), and

(4) Inadvertent opening of a steam generator reifef valve or safety valve
(SRP Section 15.1.4).
«
The transient which is most 1imiting of these with respect to fuel performance
is the excessive increase in steam flow for the case with minimum mocderator
feedback and automatic reactor control. The reactor does not trip and the
plant reaches a stabilized condition rapidly foilowing th. load increase.

The transient which is most 1imiting of these with respect to the peak pressure
is the increase in feedwater flow transient. The applicant has calculated a
peak pressure of 2390 psia during this transient.

15.2.2 Decrease in Heat Removal by the Secondary System

The asplicant has analyzed the following events which result in a decrease in
heat removal by the secondary system:

(1) Less of external load (SRP Section 15.2.1),

LPM to provide section numbers.
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(2) Turbine trip (SRP Section 15.2.2), '

(3) Loss of condenser vacuum (SRP Sectior 15.2.3),

(4) Inadvertent closure of main steam i'soclation valves (SRP Section 15.2.4),
(5) Steam pressure regulator failure (SRP Section 15.2.35),

(6) Loss of nonemergency power to the station auxilifaries (SRP Section 15.2.6),
(7) Loss of normal feedwater flow (SRR, Section 15.2.7).

Flant transients which result in an unplan-ed decreasa in heat removal by the
seconcary system that might be expected tc sccur with moderate frequency are
fdentified fn the above 1ist. Al]l these pcstulated transients have been
reviewed. It was found that the most limiting event in this group of events
in regard to the maximum pressure within the reactor coolant and main steam
systems was the turbine trip at full power without credit taken for the
presurizer spray, PORVs, or steam dump. The reactor is tripped on the high
pressurizer pressure signal and the peak pressure during the transient is 2550
psia, well below the ASME requirements for maximum pressure to be limited to
110 percent of design pressure.

The most limiting event in regard to fuel performance is the loss of nonemergency
AC power to the station auxiliaries transient. In this transient, the loss of
offite power is closely followed by a turbine trip and reactor trip. The

reactor trip occurs on steam geneator low=low water leveli The emergency
feecwater system is automatically started. Since only safety grade equipment

is used to mitigate the event, residual heat is removed through the steam
generator safety valves. The minimum DNBR is approximately 1.7 during the
transient.

18.2.3 Decrease in Reactor Coclant Flow Rzte

fcant has analyzed the total loss of forced reactor coolant flow and
the partial loss of forced reactor coolant flow events. These events are
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reviewed using the review procedures and acceptance criteria set forth in SRP
Section 15.3.1 and 15.3.2.

The loss of off-site power and resulting loss of all forced coolant flow
through the reactor core is the most 1imiting and causes an increase in the
average coolant temperature and a cdecrease in the margin to ONB. The reactor
is tripped from an undervoltage trip monitoring the RCP power supply and a
minimum ONBR of 1.55 {s reached 4 seconds into the transient. The maximum
calculated, pressurizer pressure is 2450 psia during the transient.

15.2.4 Reactivity and Power Distribution Anomalies
15.2.4.1 Startup of an Inactive Reactor Coolant Pump at an Incorrect
Temperature

In Section 15.4.4 of the FSAR, the applicant provides the results of an
ana1yiis for startup of an inactive reactor coolant pump event. This event is
reviewed using the,review procedures and acceptance criteria set forth in SRP
Section 15.4.4,

Ouring tha first part of the transient, the increase in core flow with cooler
water results in an increase in nuclear power and a decrease in core average
temperature. Reactivity addition for the inactive looo startup event is due
to the decreases in core inlet water temperature. The maximum calculated
pressurizer pressure is 2440 psia and the minimum DNBR ¢s above 2.5 curing the
transient.

15.2.4.2 Inadvertent Boron Dilution

Section 15.4.6 of the Standard Review Plan requires trat at least 15 minutes
is available from the time the operator is made aware of an unplanned boron
dilution event to the time a loss of shutdown margin occurs during power
operaticn, startup, hot standby, hot shutdown, and cold shutdown. Thirty
mirutes warning is required during refueling. The staff has requested that

control rcom alarms be available to alert the operating staff to boron dilution:

events in all modes of operaticn. he staff requires that the applicant
11/01/82 7 CATAWEA SER SEC 15 CRR'S INPUT



previde an analysis for all possibie boron difution events in each of the six

operational medes and confirm that time intervals which meet the SRP criteria
frcm the time of the first alarm to the time when the core would go critical fis
aveilable. Also, technical specifications should be established to restrict
when alarms can be taken out of service. We will report our evaluation of
these issues in a supplement to this SER.

We require that the applicant show that equipment used to mitigate this event
meets single failure criteria. We also requested that the applicant describe
the model used in the analysis of boron dilution events and discuss the
corservatism incorpcorated into this model. We will report our evaluation of
this issue in a supplement to this SER. !

15.2.5 Increase in Reactor Coolant System Inventory

The applicant has analyzed the following events that result in increase in the
primary system inventory:

o

(1) Actuation of emergency core cooling system (SRP Section 15.5.1)
(2) Chemical and volume control system malfunction (SRP Section 15.5.2)

Emergency core cooling system operation couid be initiated by a spurious
signal or operator error. Reactor trip occurs due tc low pressurizer
pressure. The reactor pressure decreases during the initial phase of the
transient and reaches the peak pressure of 2350 at 175 seconds into the
transient. The DNBR never drops below its initial value.

The applicant's evaluation of the chemical and volume control system
malfunction event is presented in Section 15.4.6 and the staff evaluation is
addressed in Section 15.2.4.2 of this SER.

15.2.6 Decrease in Reactor Coolant Inventery

Trm

In Section 15.6.1 of the FSAR, the applicant provides the resuits of an

eanzlysis for inadvertent opening of a pressurizer safety or relief valve.



During this event, nuclear power is maintaineg at the initial value unti)
reactor trip occurs on low pressurizer pressure. The DONER decreases initially,
but increases rapidly following the trip. The minimum ON3R of 2.0 occurred at
35 seconds into the transient., The RCS pressure decreases

throughout the transient.

15.3 Design-Basis Accidents

The staff has reviewed the postulated events with regard to the facility
design basis. These events have been classified in the Standard Review Plan
as postulated accidents. The acceptance criteria specified in the SRP for
evaluation of the consequences of the nostulated accidents include the '
following:

(1) Pressure in the reactor coolant and main steam systems shoulg be
maintained below 110 percent of the design pressures, except that higher
calculated pressures may be permitted for very low probability events
(<120 percent,of design).

(2) The potential for core damage should be evaluated on the basis that it is
acceptable if the minimum ONBR remains above the 95/95 l1imit discussed in
SRP Section 4.4. If the DNBR falls below these values, fuel damage (rod
perforation) should be assumed unless it can be shown, based on an
acceptable fuel damage model, that no fuel failure results. If fuel
damage'fs’ca1cu1ated to occur, it should be of sufficiently limited
extent so that the core will remain in place and geo?etrically intact
with no loss of core cooling capability.

(3) Any activity release must be such that the calculated doses at the site
boundary are within the guidelines of 10 CFR 100 (see Section *).
Conformance with the SRP acceptance criteria constitutes compliance with
GOC 27, 28, and 31.

*LPV to provide section numbers.
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Other aspects of the staff review included evgliuation of protection against
conditions which might lead to brittie fracture of the reactor system pressure
Soundary during low-temperature operation for compliance with GOC 31 (see SER
Section *). Staff review of emergency core cooling system functional design
for compliance with GDC 35 s discussed in Section * of this SER. The staff
coordinated its review of Chapter 15 events with the review of the auxiliary
feedwater system. Secticn ™ of the SER discusses compliance of the AFW design
with the requirements in Item II.E.1.1 of NUREG-0737 and Section * discusses
compliance with Item II.E.1.2.

In the analysis of the events, the applicant investigated a broad spectrum of
related events to determine the bounding case, including the worst single .
active faflure unless otherwise noted. Sersitivity studies were performed to
identify parameters for initial conditions and appropriate credit for systems
and their perfcrmance during the limiting events in terms of protection of
various barriers.

15.3.1 Less of Coqiant Accident (SRP Section 15.6.5)

The applicant has analyzed the double-enced cold-leg guillotine (CECLG) break
with a discharge coefficient of 1.0 as the most limiting large break LOCA. In
this analysis peak clad temperature reached is 2195°F. For the small break
LOCA the applicant analyzed 4 in., 6 in., and 8 in. diameter breaks. The
results show that the 8 in. diameter break is the worst case smail break and
it results in a oeak clad temperature of 1218°F. Only safety grade equipment
is assumed to mitigate the accident.

Pending resolution of the concerns discussed in Sections 6.3 and 15.1 of this
SER, the staff concludes that the loss-of-ccolant analysis resulting from a
spectrum of postulated piping breaks within the reactor coolant pressure
boundary is acceptable and meets the relevant reguirements of 10 CFR Part 50.46,
and Appendix K, GDC 35, and 10 CFR Part 100. This conclusion is based on the
following discussion.

* LPM to provide section numbers.
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The applicant has performed analyses of the pdrformance of the emergency ccre
cooling system (ECCS) in accordance with the Commission's regulations (10 CFR
Part 50, 50.46, and Appendix K to 10 CFR Part 50). The analyses consicered a
spectrum of postulated break sizes and locations and were performed with an
evaluation model which had been previously reviewed and approved by the staff
as described in NUREG-0390 and Safety Evaluations Reports for licensing the
Sequoyah (NUREG-0011) and McGuire (NUREG-0422) plants. The results of the
analyses show that the ECCS satisfy the following criteria:
(1) The calculated maximum fuel rod cladding temperature does not exceed
2200°F. : .
(2) The calculated maximum local oxidation of the cladding dces not exceed
17 percent of the total cladding thickness before oxidation.

(3) The calculated total amount of hydrogen generated from the chemical reac-
tion of the cladding with water or steam does not exceed 1 percent of the
hypothetical amount that would be generated if all of the metal in the
cladding cylinders surrounding the fuel, excluding the cladding surround-
ing the plenum volume, were to react.

(4) Calculated changes in core geometry are such that the core remains
amenable to ccoling.

(5) After anydca1cu1ated successful initial operation of the ECCS, the
calculated core temperature is maintained at an acceptably low value and
decay heat is removed for the extended period of time reguired by the
long-lived radicactivity.

(6) The appiicant has met the requirements of TMI Action Plan Items [I.X.3.5,
I11.K.3.25, I1.K.3.30, and II.K.3.31.

Pending resolution of the aforementioned concerns, the staff concludes that
the calculated performance of the emergency ccre cocling system following a

-

postulated loss-of-coolant accident and the conservatively calculated racic-
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legical consequences of such an accident ccnfprm to the Commission's
reculations and tc applicable reguiatory guides and staff technical positions
and, the ECCS is considered acceptable.

15.3.2 Steamline Rupture (SRP Section 15.1.5)

The applicant has submitted analyses of postulated steamline breaks that show
no fuel failure attributed to the accident. These results are similar to
these obtafned for previously reviewed Westingtouse four-loop plants.

A postulated deuble-ended rupture at zaro power and no cdecay heat with and
without offsite power were analyzed. The zoplicant referenced WCAP-9226 as
justification for this selection. WCAP=9226 is currently under review by the
staff. The review of WCAP-9226 has progressed to the point that there is
reascnable assurance that analyses results will not be appreciably altered by
any revisions that may be required by the staff. The double-ended rupture
would cause an increase in reactivity due to the decrease in reactor coolant
temperature. The most reactive control rod assembly was assumed %o be fully
withdrawn. The worst single failure, which is the loss of cne safety
injection train, was assumed in the analysis. Credit was taken for operator
action within 10 minutes to control the high head pump to reestablisn normal
pressure control and to fsolate the affected steam generator. Although a
return to criticality occurs, there is no fuel damage since the minimum ONBR
ratio is greater than 1.3.

The staff concludes that the consequences of postulated steam line breaks meet
the relevant requirements set forth in the Ceneral Design Criteria 27, 18, 31,
and 35 regarding control rod insertability and core coolability and TMI Action
Plan Items. This conclusion is based upon the following:

(1) The applicant has met the requirements of GDC 27 and 28 by cemcistrating
tht the resultant fuel damage was 1imited such that control rod
insertability would be maintained, and that no loss of core cooling
capability resulted. The minimum departure from nucleate boiling ratic
(ONBR) experienced by any fuel rod was > 1.30, resulting in no rods
experiencing cladding perforation.
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The applicant has met the requirements of GDC 31 with respect to
demonstrating the integrity of the primary system boundary to withs:and
the postulated accident.

The applicant has met the requirements of GDC 35 with respect to
cemonstrating "he adequacy of the emergency cooling systems to provide
abundant core cooling and reactivity control (via boron injection),
pending resolution of concerns addressed in Section 5.3.

.
The analyses and effects of steam line break accidents inside and cutside
containment, during various modes of operation with and without offsite

power, have been reviewed and were evaluated using a mathematical mede
that has been previously reviewed and found acceptable by the staff.

The parameters used as input %o this model were reviewed and found <2 be
suitably conservative.

The applicant has met the reguirements of Task Action Plan Items II.E.1
and II.E.1.2, with respect to demonstrating the adequacy of the auxiliary
feedwater design to remove decay heat following steam system piping
failures, as discussed in Section *.

(7) The applicant has met the requirements of Task Action Plan Item [1.X.3.25
with resbect to demonstrating the integrity and cpecation of the reactor
coolant pumps to withstand the postulated accident.

(8) The applicant has met the requirements of Task Action Plan Item II.K.3.5
with respect to the cperation and tripping of the reactor coolant pumps.

15.3.3 Feedwaier System Pipe Break (SRP Section 15.2.8)

The epplicant has provided a feedwater line break analysis for Catawba using
assunptions that would minimize secondary system heat rem-val capability,
maximize heat addition to the primary system coolant, and maximize the

-

L°M <0 provide secticn numbers.
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calculated primary system pressuyre. A doublerended rupture of the largest

feedwater 1ine was assumed. The turbine driven auxiliary feedwater pump is
assumed to fail and all flow from cne of the two motor driven pumps spills out
through the break. Two cases were analyzed: one with offsite power and the
other without offsite power.

The system code used to perform these analyses is LOFTRAN (discussed in
Section *). Emergency feedwater flow is supplied to only two intact steam
generators, This is sufficient feedwater flow to adequately remove the
residual heat after reac.or shutdown. The use of only safety grade equip-
ment was assumed to mitigate this accidgnt. No fuel gamage was calculated to
occur, and the peak calculated pressurizer pressure was about 2510 psia. '

The staff concludes that the consequences of postulated feedwater line breaks
meet the requirements set forth in the General Design Criteria 27, 28, 31 and 35
regarding control rod insertability and core coolability, 10 CFR Part 100
guidelines regarding radiological dose at the site boundary, and applicable

TMI Action Items. ,This conclusfon {s based upon the following:

(1) The applicant has met the requirements of GOC 27 and 28 by demonstrating
that the resultant fuel damage was minimal, control rod inserbability
would be maintained and that no loss of core cocling capability
resulted. The minimum departure from nucleate boiling ration (MONBR)
experienced by any fue! rod was 1.8, resulting in no rods experiencing
clad perforation.

(2) The applicant has met the requirements of GOC 31 with respect ¢
demonstrating the integrity of the primary system boundary to withstand
the postulated accident.

(3) The applicant has met the requirements of GDC 35 with respect to
demonstrating the adegquacy of the emergency ccoling systems to provide
abundant core cooling and reactivity control (via boron injection),
peﬁd#ﬁg resolution of concerns acdressed in Section 6.3.
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