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Dear Mr. Tucker: '

.
,

subject: Transraittal of Preliminary Draft SER - Catewba Nuclear Station

.

Enclosed for your review and corvnent is the preliniinary draft SER for '-
,

Reactor Systens (Enclosure)., '

. |
Your attention is directed in particular to any open~1 tens contained withip

.
this prelininary draft. A principal objective of tbis transnittal is to

' provide for tinely identification and resolution of any additional analysis,
missing information, clarifications or other work necessary to resolve '

outstanding issues. Picase contact the staff's Project Manager, Kahtan .

''

Jabbour, regarding the need for any meetingsland, teleahone conferences to
this end. a t

Your corrents, including schedules \for corapletion oi( any further analyses
or other work associated with resolution of open items, are requested within.

four (4) weeks of this letter.
'

,'
,

' '

i Sincerely,
!

i

i Originra nigned by:

Theca r... Iiovak
Thomas H. flovak, Assistant Director

for Licensing
Division of Licensing-

Enclosures: As stated -

cc: See next page
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5.2.2 Overpressure Prote.ction !

Section 5.2.2 (overpressure Protection) for Catawba Units 1 and 2 has been
reviewed in accordance with the July 1981 edition 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 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 noted below, formed the basis for concluding that the design of the
facility for overpressure protection is acceptable.

- s
_

Overpressure protection for t5e reactor coolant pressure boundary (RCPB) is
pecvided by means of the three safety and three relief valves in combination
with the reactor protection system, and operating procedures. The combination
of these features provides overpressurization protection 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 50.
The above requirements 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 mode, the pressurizer relief valves are sized to limit system pressure
,

to a value not exceeding the safety valve setpoint (2485 psig) to minimi:e
challenges to the. safety valves. The pressurizer spray system is designed to
maintain the reactor coolant system pressure below the relief valve se point of~

2350 psig during the step reduction in load of up to 10 percent. The relief
valves limit the pressurizer pressure to a value belcw 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.

Crecit is taken only for safety valves in analyzing operationai transients and
faulted conditions.

.
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Each pressurizer safety valve is spring-loadet and has a relieving capacity of
420,000 pounJs mass per hour of saturated steam at 2485 pounds per square inch
gauge. The combined capacity of two of these three valves is adequate to
prevent the pressurizer pressure from aceeding the ASME Boiler and Pressure
Vessel Code Section III limit of 110 percent design pressure following the
worst reactor coolant system pressure transient, identified to be a 100 percent
load 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
coolant system relief valves, steam line relief valves, steam dump system, pres-
surizer level control system, and pressurizer spray.

*
s

'

The SRP Section 5.2.2 requires that the applicant demonstrate adequate relief
prctection by assuming that the reactor trip is initiated by the second safety
grade signal from the reactor protection system. The applicant has taken credit
for a high pressurizer pressure trip (the first 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-7769. We have
requested additional information on the details of this calculation, and will
report our conclusions in a supplement to this SER.

The above analyses were performed using the LOFTRAN code, a digital simulation
which includes point neutron kinetics, reactor coolant system (RCS) including
the reactor vessel, hot leg, primary side of the steam generator and cold leg,
secondary sid'e of the steam generator, pressurizer, and pressurizer surge ine.
This code is c'urrently under review by the staff. Our review has progressed to

'

the point that there is reasonable assurance that the con,clusions based on these
analyses will not be appreciably altered by completion of the analytical review.
If the final approval of LOFTRAN indicates that any revisions to 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,
and periodic testing and inspection are performed in accordance with Section XI
of this code. In Chapter 14 of the FSAR, the applicant has described his pre-
ope-ational test program, which includes testing of the pressure relieving -

11/01/82 5-2 ORR'S INPUT SEC 5.2.2 CATAWEA
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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.O.1 and II.O.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
protection 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 Criterion 15.

5.2.2.2 Overpressure Protection During Low Temperature Operation
~

.

The SRP Section 5.2.2 requires that the overpressure protection system during
low temperature operation of the plant shall be designed in accordance with the

recuirements of Branch Technical Position (ETP) RSS 5-2.

The low-temperature overpressure protection is primarily provided by the pres-
surizer relief valges (PORVs). As RCS temperature approaches the temperature
se point during plant cooldown, an annunciator alerts the operator that plant
conditions require low temperature overpressure prctection. A key-lock switch
for each train of the PORVs is placed to the low pressure position by the operator

to enable the PORV low pressure setpoint. Should a pressure excursion occur
with the low pressure mode enabled when the plant temperature is below the
temperature s'etpoint, system pressure in excess of the PORV low pressure
setpoint woulf be relieved to the pressurizer relief tank. An annunciator in
the control room ,would alert the operator to system overpressure.

,

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

As a backup to the low-temperature overpressure protection system, the residual
heat removal system (RHRS) has two suction relief valves with a cacacity of
9CO gpm each at a setpoint pressure of 450 psig. The relieving capacity of

" LPM to provide section numbers.
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each valve is acequate to relieve the comoined flow of tne two centrifugal
charging pumps. The RHRS suction relief valves provide overpressure
protection after the RHRS is put into operation and the RHRS suction isolation
valves are open at RCS pressure less than a25 psig. Also, operating
procedures require that the operator lock cut the cold leg accumulator
isolation valves in the closed position during shutdown.

The applicant has discussed a postulated failure of a DC power bus which would
initiate a low-temperature overpressure scenario by both isolating letdown and
disabling one train of the Low Temperature Overpressure Protection System,
coupled with the single failure (cl'osed) of the PORV in the unaffected train.
He has stated that the Reactor Coolant System would be protected by RHR
suction side relief valves when the RHR system is in operation, and by
alarm-initiated operator action when the RER system is isolated. To assure at
least 10 minutes for operator action, the a:plicant's operating procedures
call for a pressurizer bubble to be maintained when the RHR system is
isolated. We find the applicants' discussion of this scenario acceptable.

i

We requested the applicant to show conformance to Branch Technical Position
RSB 5-2. We will report conclusions on this area in a supplement to this SER.

5.2.2.3 Conclusions

Subject to the resolution of the aforementioned concerns, the staff concludes
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 overpre'ssurization of the
reactor coolant pressure boundary under the most severe transients and
limits the reactor pressure during normal operational transients. Over-
pressurization protection is provided by three safety valves. These
valves discharce to the pressurizer quench tank through a common header
from the pressurizer. The safety and relief valves in the primary, in

conjunction with the steam generator safety and relief valves in the
'

11/31/S2 5-4 ORR'S INPUT SEC 5.2.2 CATAKEA
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secondary, and the reactor protection syttem, 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 grade 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.

; Except for the aforementioned concerns,.the applicant has met GDC 15 and 31
.

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

.:

.

.

.

.

-
.

.

.

*LFM to previde section numoers.
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~. .7 Rssidual Heat Removal Systim *
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,T,he residual heat removal system (RERS) for Ca:av.ba Units 1 arc 2 nas been

reviewed in accordance with Section 5.4.7 of the Standard Review clan (SR?) for
the Review of Safety Analysis Reports for Nuclear Pcwer Plants, NUREG-0500. A

review of each of the areas listed in tre Areas of Review section cf SRP
Section 5.4.7 was performed according to the guidelines provided in the Review
Procedures section of'5R? Section 5.4.7. Conformance with the acceptance

criteria, excapt as noted below, formed the basis for concluding that the
,

design of the facility for residual heat removal (RHR) is acceptable. -

s

The EHRS is designed to remove heat from the reactor coolant system af ter the
syster temperature and pres.sure have been reduced to approximately 350 F and
225 psig, respectively. The RHRS is capable of recucing the reactor ccolant
to the cold shutdcwn temperature and maintaining this temperature until the
piant is started up again.

The RHRS operates ,1,n the following modes:
a

(1) Emeroency Core Coolinc System (ECCS). Injection Mode

Functions in conjunction with the high head pcrtion of the ECCS to provide
injection of carated water fecm the refueling water stcrage tank (R'.iST)
into the'RCS cold legs during the injection phase following a loss-cf-
coolant accident (LOCA).

+ .

. .. .

(2) Emercency Core Coolina System. Recirculation Mode
,

Provides long-term cooling during tne recirculation phase,fciicaing a
LCCA. This function is accomplished by aligning the RHRS to take fluid
frca the containment sump, c ol it y circulation through the RHR neat
exchangers, and su: ply it to the cold legs of R^S. During this mcde of
:;eraticn, the RHRS discharge fios is also connected to the st:tions of
One safety inje: tion ;emps anc cnarging cumos to cr0*.1 ide water r.:; ies

'

':r nic.n-head rec rculation,. Fl:w :atns sre also asai' scie f: c; 'er. -i

. . . . , . . - . ... . . . . . . . . .-, ..., . . . . . , . , b3P4 . . . -' . '.- L % - <. : n :. : : '.. *' 'e..c: :L- . .
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injection during long-term recirculatiorgmoce to prevent boron precipita-
tion in the reacter core.

(3) Refueling

Used to transfer refueling water between the refueling cavity and the
refueling _ water storage tank at the beginning and end of the refueling
operations.

.

(4) Cold Shutdown
'

.

Removes RCS decay heat and maintains cold shutdown conditions. '

(5) Startuo

Connected to the chemical and volume control system (CVCS) via the low
' pressure letdown line to control reactor coolant pressure.

<i

Design data for the RHRS are as follows:

(1) Pressure 600 psig
(2) Temperature 400*F

(3) Pump capacity 3000 gpm

(4) Number o'f independent trains Two
.. .

The RCS cooldown , time with one RHR train from initial conditions of 425 psig
'

and 350 F to 200 F is less than'24.4 hours. The two RHR trains are independent

in action and powered by separate power supplies to provide redundancy.

The Catawba plants are required to meet Branch Technical Position (BTP) 5-1,
Design 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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5.4.7.1 Functional Requirements y

As required by SRP Section 5.4.7, the RHR system for Catawba must meet G'eneral

Design Criteria (GDC) Items 1 through 5. Items 1 througn 4 regarding Quality
Standards and Records, Design Bases for Protection Against Natural Phenomena,

Fire Protection, and Environmental and Missile Design Bases are covered in
Sections ", *, *, and * of this report, respectively. GDC 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 providep by two trains for each unit. Leak

detection for the RHR system is discussed in Section * of this SER. Isolat' ion

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 operated with or without offsite
power and assuming a single failure. The two residual heat removal pumps are

conne'cted to separate buses which can be powered by separate diesel generators

in the event of logs 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 actions are permitted outside the
control room assuming a single failure, if justified. The Catawba RHR system

is designed to be fully operable frcm the control room. To assure emergency

core cooling 'ystem readiness and to protect RHR pumps, valve positions ands

pump runnin'g slatus indications are provided in the control room.

'

In a normal cooldown, power to safety injection pumps is locked out when RCS-

pressure is below 1000 psig. This is to prevent inady'ertent operation of the
safety injection (SI) pumps which could overpressurize the RHR system when SI
pump capacity is larger than RHR relief capacity. We have requested that the

applicant address these areas with regard to meeting BTP 5-1 of SRP*

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

the centrol rocm.
.

.

* LPM to provide section, numbers.
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The cooldown time with one RHR train of 24.4 p.ours is acceptable. With the
stated 4-hour time for cooldown from the standby to RHR conditions, the Catawba
plants can be brought to cold shutdown within a reasonable period of time with
or without offsite power as specified in SRP Section 5.4.7.

5.4.7.2 RHR System Isolation Requirements

The RHRS valving arrangement is designed to provide aceqtate protection to the
residual heat removal system when the reactor coolant system is at high pres-
sure operation.

- s

(1) There are two separate and redundant motor-operated isolation valves (I40V)
between each residual heat removal pumo suction and the RCS hot legs.
These valves are separately and independently interlocked to prevent valve
opening until the reactor coolant system pressure falls to below 425 psig.
If the valves are open, they are separately and independently interlocked
'to close when the reactor coolant system pressure rises above 600 psig.

One MOV in eag,h suction line is powered from Power Train B. That is, the

loss of one power train will prevent opening of both suction lines 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.

(2) ThereAre''twocheckvalvesandanopenmotor-operatedvalveoneachRHR
discharge line. The two check valves protect the system from the reactor

,

coolant system pressure during operation. The applicant 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 *.

'

" LPM to provide section numbers.
.
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5. 4. 7. 3 RHR Pressure Relief Requirements ;

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 flow 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 through 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 relief va,1ves 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
heati~ng water trapped between the two isolation valves.

51

5.4.7.4 RHR Pump Protection

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 sensors in the discharge header
provide press're indication in the control room. We have requested that theu

applicant a~ddrsss pump protection with the RCS partially drained and that the

applicant provid'e, an alarm in the control room to alert the operator to RHR
,

degradation..

5.4.7.5 Tests, Operational Procedures, and Suppcrt Systems

The plant preoperational and startup test program provides for demonstrating
the operation of the residual heat removal system in conformance with Regula-
tory Guide (RG) 1.68, Initial Test Programs for Water-Cooled Reactor Power

'

Plants, as specified in SRP Section 5.3.7, subsection III.12.
.

.
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Tne staff has reviewed the component cooling yater system to assure that
sufficient cooling capability is available to'the RHRS heat exchangers. The

acceptability 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 to withstand tornadoes, floods, and seismic phenomena. This area is
adcressed further in Section *.

The residu'al heat removal system capability to withstand pipe whip inside

containment cs required by GDC 4 an.d RG,1.46 is discussed in Section *. Pro-
tection against piping failures outside of containment in accordance with GDC 4
is discussed in Section *.

All residual neat removal lines, including instrument lines, have conta; ament
isolation features; their satisfaction of the requirements of GDC 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 residua 1 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 offsite power, the initial phase of cool'down 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 cooling following

.

.

" LPM to provide section numbers.
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tne initial phase of reactor cooldown. ThespopeofreviewoftheRHRsystem
for the Catawba plant included piping and instrumentation 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
analysis of the adequacy of those criteria and bases and the conformance of the
des 9 *o these criteria and bases..

T*. staff concludes that, except as noted in the previous paragraphs, the
,

design of the residual heat removal system is acceptable and raets the require-
ments of GDC 2, 5, 19, and 34. This co,nclusion is based on the following:

~

.

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

(2) The applicant has met the requirements of GDC 5 with respect to sharing of
structure, systems, and components by demonstrating that such sharing does
not significantly impair the ability of the r esidual heat removal system
to perform its safety function including, in the event of an accident to
one unit, an orderly shutdown and cooldown of the remaining unit.

(3) Except a' noted above, the applicant has met the requirements of GDC 19s

with resp'sct to the main control room requirements for normal operations
and shutdown, and GDC 34 which specifies requirements for the residual

_

heat removal system by meetie.g the regulatory position in BTP RSS 5-1..

.

.

* LPM to provide section' numbers.
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6.3 Emeroency Core Cooline System e

Section 6.3 (Emergency Core Cooling System) for Catawba Units 1 and 2 has been
reviewed in accordance with the July 1981 edition of the Standard Review Plan

(SRP) for the Review of Safety Analysis Reports for Nu~ clear 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 provided 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.

- s

As specified in SRP Section 6 3, subsection I.2, the design of the emergency
core cooling system (ECCS) was reviewed to determine that it is capable of
performing all of the functions required by the design bases. The ECCS is

designed to provide core cooling as well as additional shutdown capability for
accidents that result in significant depressurization of the reactor coolant
system (RCS). These accidents include mechanical failure of the reacto'r cool-

ant system piping yp to and including the double-ended break of the largest
pipe, rupture of a control red drive, spurious relief valve operation in the
primary and secondary fluid systems, and breaks in the steam piping.

The principal bases for the staff's acceptance of this system are conformance
to 10 CFR 50.46 and Appendix K to 10 CFR 50, and General Design Criteria (GDC)
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 power bus, with.

offsite power unavailable.

6.3.1 System Design

As specified in SRP Section 6.3, subsection I.2, the design of the ECCS was
reviewed to determine that it is capable of performing all of the functions

required by the design bases. The ECCS design is based on the availabili y of'
a minimum of three low pressure cold leg accumulators, the high pressure upper -
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head injection (UHI) accumulator, one charging pump, one safety injection pump,
and one residual heat removal (RHR) pump together with associated valves and
piping. Following a postulated LOCA, passive (accumulators) and active (injec-
tion pumps and associated 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 cold and/or hot legs. The low 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,
boron concentration, and nitrogen pressure can be remotely adjusted in each
tank. When RCS pressure is lower than accumulator tank pressure, barated 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 pressuri:ed o approxi-
mately 1250 psia. When the. reactor vessel pressure falls below the UHI pres-
sure, water will be injected into the top of the core.

The high-head injection system consists of two centrifugal charging pumps which
provide high pressyre injection of boric acid solution into the RCS. In addi-
tion to the high-head charging pump system, two intermediate-head safety
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 injection is accom-

plished by two RHR pump subsystems taking suction from the RWST during the
short-term ECC5 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
blockage during freezing weather. The applicant has addressed concerns about
f ailure of nonseismic piping in lines connected to the RWST by stating that
nonseismic portions would be autcmatically isolated (using seismically qualifie'd

'

valves) upon receipt of a safety injection initiation signal. *
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We have requested additional information related to the sizing of the RWST and
will address resolution 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 GDC 20. The ECCS may also be manually actuated, monitored, and controlled
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 cooling may be maintained. We
have requested additional information from the applicant to insure the installed

'

instrumentation provides sufficient information so the operator can maintain
adequate core cooling following an assumed LOCA. The acceptability of the
proposed ECCS instrumentation and controls is addressed further in Section ".

As specified in SRP Section 6.3, subsection III.3, the available net positive
'

suctian 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-
tions performed to meet the safety intent of Regulatory Guide 1.1, Net Positive
Suction Head for Emergency Core Cooling and Containment Heat Removal System

Pumps.

As required in SRP Section 6.3, subection III.11, the valve arrangement on the
| ECCS discharg'e lines has been reviewed with respect to adequate isolation
1

between the RCS and the low pressure ECCS. In some lines, this isolation is

| provided by two check valves in series with a closed isol,ation valve (high-head
injection discharge, intermediate- and low-head injection discharge to the het-

legs).
..

Other discharge lines have only two check valves in series. This arrangement
is acceptable since periodic leak detection across each check valve is performed
during plant operation. Test lines are provided for periodic leakage c' hecks of

* LPM to provide section numbers. -

.
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reactor coolant past the check vcives forming!the reactor coolant system
pressure boundaries. This is discussed further in Section *.

Containment isolation features for all ECCS lines, including instrument lines,
the requirements of GDC 56 and Regulatory Guide (RG) 1.11, Instrument Lines
Penetrating Primary Reactor Containment, are discussed in Section *. The
effects of primary coolant sources outside containment, NUREG-0737, Item
III.D.1.1, are discussed in Section ". The safety injection lines are pro-
tected frcp intersystem leakage by relief valves in both suction header and
discharge lines. Intersystem leakage detection is described in Section * for
the RHR and safety injection pump systems.

.

As s:ecified in SRP Section 6.3, subsection II.8, no ECCS components are shared
between units, which meets the requirements of GCC 5.

6.3.2 Evaluation of Single Failures

As specified in SRB; Section 6.3, subsection II, the staff has reviewed the
system description and piping and instrumentation diagrams to verify that
sufficient core cooling will be provided during the initial injection phase
with and without availability of offsite power, assuming a single failure. The
cold leg accumulators have normally open motor-operated isolation valves in
their discharge lines. One accumulator is attached to each of the RCS cold
legs. These ' isolation valves will have control power removed to preclude
inadvertent va'ive movement that could result in degraded accumulator perform-

The upper. head injection subsystem is aligned for , injection, through twoance.

parallel lines with normally open isolation valves, when the primary pressure
drops below the upper head injection set pressure. An' inadvertent valve
closure in either disenarge line will not preclude upper head injection. Each
unper head injection discharge line has two isolation valves in, series which
are closed automat'cally 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 accumulator.
.

.

! * LPM to provide section numbers.
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Th ee active injection systems are available,!each system having two pumps.
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 GDC 17. Thus, at least one pump in each injection train would be
actuated. 'The high-head injection systems contain parallel valves in the suc-
tion and discharge lines, thus ensuring operability of one train even in the
event that one valve fails to open. The low- 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 address the spurious movement of
valves whose mispositioning cculd cause degradation of emergency core cooling
system. This includes but may not be limited to the following valves:

(1) Accumulator discharge isolation valves (spurious closure)

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

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

(4) Safety injection pumps miniflow line isolation valve (spurious closure)

(5) Safety injection pump hot leg discharge isolation valves (spurious opening)
,

(6) RHR pumps hot leg discharge isolation valve (spurious opening)
.

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

The applicant has provided the following interlocks to address various single
failures.

Celd Lee Accumulator Isolation Valves - To assure valves are open durir.; oower
operation.

.

.
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RHR Suction From RWST - To prevent valves from opening during post-accicent
recirculation operation of ECCS.

RHR Pumo 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 Sumo Valve - The interlocks to prevent the control room operator
from openipg the sump valves and flooding containment with fluid from the
reactor coolant system or the RWST. The automatic features override the inter-
locks and open the valve if the RWST level is low and an "S" signal has been

'

generated (this prevents the sump valve from opening and flooding containment
during refueling as the RWST is emptied into the refueling cavity).

Charging Pumo rJormal Suction - To isolate normal charging sources after RWST
is available to pumps.

RCS to RHR Isolation Valves - Interlocks to prevent flow fron 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.

Safety Inject' ion pumo Miniflow - Interlocks to prever.t recirculation sump fluid
from being pu5'ed to RWST.p

|
- .

Containment Spray Suction from RWST - To prevent spill of RWST fluid to contain-
ment sump via ND piping.

Containment Soray Suction from Sump - To prevent spill of RWST fluid to contain-
ment sump and prevent containment spray with reactor coolant.

Residual Containment Spray - To prevent residual centainment spray with reactor
coolant.

.
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We equire the applicant to justify the compa$.ibility of these interlocks with
the functional requirements discussed in other SER sections (e.g., 5.4.7).

The applicant add-essed single failures and deadheading conditions that could
cause the safety injection and charging pumps to overheat and subsequently fail
by removing the automatic-isolation-on "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 applicant has proposed a partially automatic system with operator action
to switch the low-head system from the. injection to the recirculation mode.

~

The automatic function of the system opens the RHR pump suction valves from the
containment sump, with operator action required to isolate the RWST. Several

valves that would have to be actuated during the switchover are interlocked to
other components to prevent out-of-sequence operation. SRP Section 6.3,

subsection III.19, states where manual action is usad in the switch to recircu-

lation, a sufficient time (greater than 20 minutes) is available for the oper-

ator to respond. fhe staff has requested that the applicant address this
concern and the string 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 co.ncluded that there is sufficient redundancy
in injection ' lines and pumps to ensure adequate hot leg injection after
15 hours of cEld leg injection. This meets the requirements of SRP Section 6.3,
subsection III.S.

,

.

The applicant has addressed a single failure scenario which postulates a fail-

|
ure in volume control tank level instrumentation, diverting letdown away from
the volume control tank, and permitting continued 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 letdown flow
| to a holdup tank (on high level in the volume control tank (VCT) rather than to

'

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

|
(on icw VCT level) are both initiated independently by either of two diverse -

VCT level transmitters. In addition, the applicant has indicated that for this
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We equire the applicant to justify the compa$1bility of these interlocks 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 subsequently fail
by removing the automatic-isolation-on "S"-signal of the miniflow line. We
require that the applicant provide plans to improve his design with automatic
featn'es to address this concern.

.

.

The applicant has proposed a partially automatic system with operator action
to switch the low-head system from the. injection to the recirculation mode.

'

The automatic function of the system opans the RHR pump suction valves from the
containment sump, with operator action required to isolate the RWST. Several

valves that would have to be actuated during the switchover are interlocked to
other components to prevent out-of-sequence operation. SRP Section 6.3,

subsection III.19, states where manual action is used in the switch to recircu-

lation, a sufficient time (greater than 20 minutes) is available for the oper-
ator to respond. fhe 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 co.ncluded that there is sufficient redundancy

I in injection ' lines and pumps to ensure adequ3te hot leg injection after
15hourso[c51dleginjection. This meets the requirements of SRP Section 6.3,
subsection III.6.

,

.

~

The applicant has addressed a single failure scenario which postulates a fail-'

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

the volume control tank, and permitting continued 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 letcown ficw
to a holdup tank (on high level in the volume control tank (VCT) rather than to
the VCT) and automatic opening of a charging pump suction path from the RWST
(on low VCT level) are both initiated independently by either of two diverse -

VCT level transmitters., In addition, the applicant has indicated that for this
|
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scenario only one charging pump would normally be operating with two others in
standby as backup; one charging pump has adequate capacity for long-term shut-
down makeup requirements. Control room indications and alarms would alert the
operator to the above occuc ences and assist in diagnosing the event. Based on
the foregoing discussion, the itaff finds the applicant's response acceptable.

During the long-term recirculation cooling pnase cf ECCS, leak detection is
require to identify passive ECCS failures outside of containment, such as pump
seal failures. 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 cooling. Leak rates of
less than 50 gpm would result in scenarios in which the detection (alarm) time
would be longer, but the time available for operator 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 coolant
inventory' for this scenario,

d
We have requested that the applicant address nonseismic piping on miniflow
lines, provide procedures for resetting the ECCS after a safety injection
signal, and evaluate the effects of flooding valves and instrumentation. We
will report our evaluation of these issues in a supplement to this report.

Based on staff review of the design features and with satisfactory resolution
of the item's' d'iscussed above, the staff concludes that the ECCS complies with

'

the single-failur.e 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 to with-
stand a safe shutdown earthquake and other natural phenomena, as required by
GDC 2, are discussed in Section *. The equipment design to Quality Grcup 5, in

.

* LPM to provide section numbers.
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compliance with RG 1.26, Quality Group Classijication and Standarcs'for Water ,
Steam , and Radioactiva '/aste-Containing Components of Nuclear Power Plants, is

discussed in Section *.

The ECCS protection against missiles inside and outside containment by the
design of suitable reinforced concrete barriers which include reinforced con-

crete walls and slabs (conformance to GDC 4) is discussed in Section *. The
protection of the ECCS from pipe whip inside and cutside of containment is
discussed in Section *.

The active components of the ECCS desig; to function under the most severe duty
| loads including safe shutdown. earthquake is discussed in Section *. The ECCS

design to permit periodic inspection in accordance with ASME Code Section XI,
which constitutes compliance with GDC 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 foq decay 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 required volume of primary fluid in the
RCS. On an ECCS actuation signal, the system is aligned to ECCS operation 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'

j portion of the ECCS.

6.3.4 Testing
,

,

.

.

The applicant has committed to demonstrate the cperability of the ECCS by sub-
jecting all componer.ts to preoperational and periodic testing, as required by
RG 1.68, Preoperational and Initial Startup Test Programs for Water-Cooled
Power Reactors. The applicant has stated that recirculation sump tests as per

RG 1.79, Preoperational Testing of Emergency Core Cooling System for Pressuri:ed
; Water Reactors, will not be performed at Catawba. The applicant has referenced
!

.

" LPM to provide section numbers.
.
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McGuire sump tests to demonstrate acceptable SCCS sump design at Catawba. We

require the applicant to provide further information 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 Preoperational Tests

One of these tests is to verify system actuation, namely, the operability of
all ECCS va,1ves initiated by the safety injection signal, the operability of
all safeguard pump circuitry down through the pump breaker control circuits,
and the proper operation of all valve igterlocks.

.

Another test is to check the cold leg 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 applicant wi:1 perform a
low pressure blowcown of each accumulator to confirm the line is clear and
check the operation of the check valves,

u

Two blowdown tests of the UHI system are performed: one with low pressure
(about ICO 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-
lator to the reactor vessel and allows the setpoint from the water level

detectors to be determined. The high pressure blowdown test simulates the
i performance of the system during a large cold-leg break of the reactor coolant
i

I piping and 6cn' firms proper operation of the isolation valves.

| The applicant will use the results of the preoperational tests to evaluate the

| hydraulic and mechanical performance of ECCS pumps delivering through the flow
! paths for emergency core cooling. The pumps will be ope. rated under both mini-
i

flow (through test lines) 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) analy:e the results to ensure there is'
sufficient total line resistance to prevent excessive runaut of the cum::s an:: -

!
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adequate net positive suction head (NPSH) und6r 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.

Subjec.t to resolution of the above concerns, the staff concludes that the pre-
operationaJ test program conforms to the recommendations of RG 1.68 and 1.79 and
is acceptable pending successful completion of the program. Additional discus-
sien of the preoperational test programsis presented in Section * of this 5ER.

,

6.3.4.2 Periodic Component Tests

Routine periodic 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 miniflow lines except the charging pumps which are tested by
their normal charging function. The applicant has stated that these tests will

be performed in accordance with ASME Code Section XI.

6.3.5 Performance Evaluation

'

The ECCS has been designed to deliver fluid to the RCS to limit the fuel clad-
ding temperature following transients and accidents that require ECCS actuation.
The ECCS is also . designed to remove the decay and sensibl,e 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 calculated total oxidation of the cladding does not exceed 0.17 times
the total cladding thickness before oxidation.

.

* LPM to provide secticn numbers.

11/01/82 11 CATAWEA SER SEC 6 CRR INPUT

- .. . . - -



..

: t

*

, .

.

(3) The calculated total amount of hydrogen generated from the chemical reac-
tion of the cladding with water or steam does not exceed 0.01 times the
hypothetical amount that would be generated if all the metal in the clad-
ding cylinders surrounding the fuel, excluding the cladding surrounding
the plenum volume, were to react.

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

.

(5) After any calculated successful initial operation of the ECCS, the cal.cu-
lated core temperature is maintair.ed at an acceptably low value and decay
heat is removed for the extended perico of time required by the long-l'ived
radioactivity remaining in the core.

In addition, 10 CFR 50.46 states: 'ECCS cooling 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
Models, sets forthgcertain 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 accumulator, and
three of the 'four cold leg accumulators in the analysis. This most limiting
break is diffErent than previously reviewed UHI designs which iuentified a
DECLG break with .a discharge coefficient of 0.6. We have, requested that the
applicant provide the reason for this difference, justify that previous sensi--

tivity studies apply to Catawba, provide adequate treatment of the cladding
swelling and rupture model in the LOCA analysis, verify that methods used to

determine cold-leg accumulttor settings and assumptions are sim,ilar to previcus
UHI analyses and justify their applicability in light of the differences in

Catawba LOCA analysis results, and provide an analysis of the transients result-
ing from a break in the ECCS injection lines. We have requested additienal
information concerning the adequacy of the ECCS during shutdown /startup si'.ua-
ti:n when portions of the ECCS are isolatec to verify compliance with SRP -

Section 6.3.22.e.
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The emergency core cooling system must providd abundant core cooling to mini-
mize fuel and clad damage in accordance with the requirements of 10 CFR 50.46.
Topical Report WCAP-8479, " Westinghouse Emergency Core Cooling System Evalua-

tion Model Application to Plants Equipped with Upper Head Injection," describes
the Westinghouse calculational model for a pressurized water reactor with ice
condenser containment and upper head injection systems. We have reviewed and

approved the Westinghouse evaluation model for analyzing loss-of-coolant 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-
ings on this issue in a supplement to this report.

-
s

Containment parameters are chosen to minimi:e containment pressure so that core
reflood calculations are conservative. Fuel rod initial conditions are chosen
to aximize clad temperature and oxidation. Calculations of core geometry are
carried out past the point where temperatures are decreasing. The most limit-
ing break with respect to peak clad temperature is the double-ended guillotine

break in the pump discharge leg with a CD = 1.0. The peak clad temperature is
2195 F, which is be: low the 2200 F limit. The limiting local and core-wide clad
oxidation values calculated by the applicant were 6.9 percent and less than
0.3 percent, respectively.

The amount of bypass flow into the upper head region has been predicted by the
applicant to be sufficient to maintain the upper head region at cold leg
temperatures,. ,Similar 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
temperature :ene has been provided by a verified analytical technique.

6.3.5.2 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
small break, the calculated peak cladding temperature is 121S*F, the local
metal water reaction is 0.077 percent, and the core wide oxidation is less than

j 0.3 percent. None of these small-break analyses were analyzed with a model '
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that prope"ly accounted for fuel cladding strtin and rupture. Secause of the
magnitude of cladding temperatures involved, the error is small. A " corrected"
peak cladding temperature for these small breaks would be far below that for
large breaks and clearly would not be limiting'.

1

The core geometry remains amenable to cooling throughout both types of LOCAs
discussed above. The ECCS is designed to remove decay heat feb an extended

time following a LOCA. The staff concludes, subject to satisfactory resolution
of our concerns discussed above, that the applicant's analyses of the LOCA meet
the acceptance criteria and, therefore, are acceptable.

- s

OThe applicant has analyzed the performance of the ECCS in accordance witn the *

criteria set forth in Section 50.46 and Ap::encix K to 10 CFR 50. The staff has
reviewedtheapplicant'sevaluationandconcludesthatitisacceptableand
meets the criteria of 10 CFR 50.46 subject to satisfactory resolution of our
concerns discussed above. .

6.3.5.3 Conclusions ,

i
'

The emergency core cooling system (ECCS) includes the piping, valves, pumps,
heat exchangers, instrumentation, and controls used ,to transfer heat from the.
core following a loss-of-coolant accident. The scope of review of the ECCS for

the Catawba plant included piping and instrumentation diagrams, equipment layout ,
,

drawings, failure modes and effects analyses, and design specifications for/,, '
/

,

essential components. The staff review"has included the applicant's proposed '

design criteria and design bases for the ECCS and the manner in which the
design conforms to these criteria and bases.-

'
|

Pending resolution of the aforementioned concerns, the staff concluces that the
,

design of the emergency core cooling system is acceptable and meets the require-
ments of GDC 2, 5, 17, 27, 35, 36, and 37. This conclusion is based on the
following:

,/,

' , '..

(1) The applicant has met the requirements of GDC 2 with regard to the seismig <

design of nonsafety systems or portions thereof which could have an adve'esh

)'
<

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

(2) The applicant has met the requirements of GDC 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.
.

(3) The applicant has met the requirements of GDC 17 with respect to providing
sufficient capacity and capability *to assure that (a) specified acceptable
fuel design limits and design conditiens of the reactor coolant pressure
boundary are not exceeded as a result Of anticipatec operational occur-
rences, and (b' the core is cooled and vital functions are maintained in,

the event of postulated accidents.

(4) The applicant has met the requirements of GCC 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 maintained and the applicant's design meets
the guidelines of RG 1.47.

(5) The applicant has met the requirements of GDC 35 to provide abundant cool-
ing for ECCS by providing redundant safety grade systems that meet the

,,

recommendations of RG 1.1.

(6) 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.

* LPM to provide section numbers.

.

'

!

|
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(7) The applicant has me.t the requirements of.GDC 37 with respect to designing
the ECCS to permit testing of the operability of the system throughout the
life of the plant, including the full operational 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 oxidation, maximum hydrogen generation, coolable core
geometry, and long-term cooling are in accordance with the acceptable
evaluation model. +

-

*

.

As discussed in Section *, the applicant has met the requirements of Task
Action Plan Item III.D.1.1 of NUREG-0737 which involves primary coolant sources
outside of the containment.

4

,i

.

.

.. .

-
.

.

.

j * LPM 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) for
the Review of Safety Analysis Reports for Nuclear Power Plants, NUREG-OSCO. 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. Conformance
with the acceptance 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 for. Catawba.

.

'

.

15.1 General Discussion
'

The applicant evaluated the ability of Catanba to withstand normal and abnormal
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 wish GDC 10 and 15.

During its review of the transients and accidents analyses of Sectin 15, the
staff has cortidered GDC 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 response. For

Chapter 15 kve'n'ts per staff request, the applicant has identified the single
active component failure or operator error that is the most limiting, has pro-
vided an analysis of the incident in combination with the identified failure,-

and has described the long-term events and assessed the operator's role. Generic
Task actions (e.g., Task A-17, Systems Interaction, and A-47, Safety Implications
of Control Systems) will address related concerns. If these tas.ks identify

additional requirements we will require compliance from Catawba. Parameters

spec' fic to individual events were conservatively selected. Two types of
events were analy:ed:

(1) Those incidents that might be expected to occur during the lifetime of -

the reactor (anticipated transients).

11/C1/82 1 CATAWBA SER SEC 15 CRR'S INFUT
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(2) Those incidents not expected to occur thqt have the potential to result
. in significant radioactive material release (accidents).

The nuclear feedback coefficients were conservatively chosen to produce the
most adverse core response. The reactivity insertion curve, used to represent
the control insertion, accounts for a stuck rod, in accordance with GDC 26.
We have requested additional information c ncerning response times and discharge
rates for various components assumed to function 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 supplement to this SER.

.

Review of thermal hydraulic code THINC-IV is described in Section * of this
SER. The staff reviews of the FACTRAN and LOFTRAN codes have progressed to
the point that there is reasonable assurance that analyses results dependent

on the codes 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 improvep 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 a'ssumptions as appropriate for the event being considered:

.

1. Core power, 3427 MWT, +2 percent

2. Average reactor vessel temperature (T,yg), 590.8 4.J"F

3. pressure (at pressurizer), 2250 30 psia,

pending a satisfactory response to the aforementioned concerns, the staff
i concludes that the assumptions for initial conditions are acceptable because

.

i

* LPM to provide section numbers.
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they are conservatively applied to produce the most adverse effects. For
~

transients and accidents used to verify the ESF' design, the applicant has
utili:ed the safeguards power design value of 3581 MW(t).

15.2 Normal Operation and Operational Transients

The applicant has analyzed several events expected to occur one or more times
in the life of the plant. A number of transients can be expected to occur
with moderste frequency as a result of equipment malfunctions or operator
error 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 frequency in the Standard

Review Plan include the following considerations:

(1) ' Pressure in the reactor coolant and main steam systems should be

maintainedbelow110percentofdesignvaluas(SectionIIIofsne
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 (DNBR) will remain above the 95/95
DNBR lim'it 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 nucleate 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 thcn

_

.

.

" LFM to provide section numbers.
.

11/01/82 3 CATAWBA SER SEC 15 ORR'S INPUT

.- .- - . - . .
- - - - ~

-. .~:- :. -

-- -- -



.7'' .

t 2

- ,

. . ..

.

fuel element cladding, shall occur. Core geo:fetry is 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 GDC 10,
15 and 26 of Appendix A to 10 CFR 50.

The transients analyzed are protected by the following reactor trips:
.

(1) Power range high neutron flux
s

_

(2) High pressure

(3) Low pressure

(4) Over power AT

(5) Overtemperature AT

(6) Low coolant flow

(7) Pump undervoltage/underfrequency

(8) Low stea[n generator water level
,

(9) High steam generator water level
,

Time delays 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 functional design.

All of the transients which are expected to occur with moderate frequency can
be grouped according to, (a) increase or decrease in heat removal by the
secondary system,(b) decrease in reactor coolant flow rate, (c) reactivity and ,

* LCM to provide section numbers.
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power distribution anomalies, and (d) increase or decrease in reactor coolant
i nvento ry . 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 following events that produced increased heat
removal by the secondary system:

.

(1) Decrease in feedwater temperature (SRP Section 15.1.1),
-

.

(2) Increase in feedwater flew (SRP Section 15.1.2),
,

(3) Excessive increase in steam flew (SRP Section 15.1.3), and

(4) Inadvertent opening of a steam generator relief valve or safety valve

'(SRP Section 15.1.4).

s!

The transient which is most limiting of these with respect to fuel performance
is the excessive increase in steam flow for the case with minimum moderator
feedback and automatic reactor control. The reactor does not trip and the
plant reaches a stabilized condition rapidly following th; load increase.

| The transient'which is most limiting of these with respect to the peak pressure
is the incr' ease 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 applicant has analyzed the following events which result in a decrease in
,

heat removal by the secondary system:

I
(1) Loss 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 Section 15.2.3),

(4) Inadvertent closure of main steam i' solation valves (SRP Section 15.2.4),

(5) Steam pressure regulator failure (SRP Section 15.2.5),

(6) Loss ,of nonemergency power to the station auxiliaries (SRP Section 15.2.6),

(7) Loss of normal feedwater flow.(SRP,Section 15.2.7).
.

Plant transients which result in an unplanr.ed decrease in heat removal by the
secondary system that might be expected to occur with moderate frequency are
identified in the above list. All these postulated transients have been

reviewed. It was found that the.most limiting event in this group of events
in re' gard to the maximum pressure within the reactor coolant and main steam

systems was the tuzbine 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"th'e station auxiliaries transient. In this transient, the loss of

offite power is c,losely followed by a turbine trip and reactor trip. The
,

reactor trip occurs on steam geneator low-low water level. The emergency

feedwater 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.

15.2.3 Decrease in Reactor Coolant Flow Rate

The a;plicant 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 resulti'ng loss of all forced coolant flow
through the reactor core is the most limiting and causes an increase in the
average coolant temperature and a decrease in the margin to DNB. The reactor
is tripped from an undervoltage trip monitoring the RCP power supply and a

~

minimum DNBR of 1.55 is 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
analy' sis for startup of an inactive reactor coolant pump event. This event is
reviewed using the review procedures and acceptance criteria set forth in SRPy ,

Section 15.4.4. '

During the 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 loop startup event is due

to the decrea'se in core inlet water temperature. The maximum calculated
| pressurizer' pressure is 2440 psia and the minimum DNBR is above 2.5 during the

transient.
,

,

.

15.2.4.2 Inadvertent Boron Oilution

Section 15.4.6 of the Standard Review Plan requires tnat 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
operation, startup, hot standby, hot shutdown, and cold shutdown. Thirty

'

minutes warning is required during refueling. The staff has requested that
control rocm alarms be available to alert the operating staff to boron dilution-
events in all modes of ,operatien. The staff requires that the applicant

,
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previde an analysis for all possible boron diiution events in each of the six
operational modes and confirm that time intervais which meet the SRP criteria
frem the time of the first alarm to the time when the core would go critical is
available. 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 sing,le failure criteria. We also requested that the applicant describe
the model used in the analysis of baron dilution events and discuss the
conservatism incorporated 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
prima'ry system inventory:

i
(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 could be initiated by a spurious
signal or ope'rator error. Reactor trip occurs due te low pressurizerr

pressure. The'reactorpressuredecreasesduringtheinitialphaseofthe
transient and rea.ches the peak pressure of 2350 at 175 se,conds 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 Inventory
,

.

In Section 15.6.1 of the FSAR, the applicant provides the results of an
analysis for inadvertent opening of a pressurizer safety or relief valve.
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During this event, nuclear power is maintaine$ at the initial value until
reactor trip occurs on low pressurizer pressure. The DNER decreases initially,
but increases rapidly following the trip. The minimum DNBR of 2.0 occurred at
35 seconds into the transient. The RCS pressure decreases
throughout the transient.

15.3 Design-Basis Accidents

The staff bas 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 postulated accidents include the
following:

(1) Pressure in the reactor coolant and main steam systems should 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).

~

n
.

(2) The potential for core damage should be evaluated on the basis that it is
acceptable if the minimum DNBR remains above the 95/95 limit discussed in
SRP Section 4.4. If the DNBR falls below these values, fuel damage (red
perforation) should be assumed unless it can be shown, based on an
acceptab'le fuel damage model, that no fuel failure results. If fuel

damage'is' calculated to occur, it should be of sufficiently limited
extent so th.at the core will remain in place and geometrically 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
GDC 27, 28, and 31.

.

* LPM to provide section numbers.
.
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Other aspects of the staff review included evqluation of protection against
conditions which might lead to brittle fracture of the reactor system pressure
boundary during low-temperature operation for compliance with GDC 31 (see SER
Section *). Staff review of emergency core cooling system functional design
for compliance with GDC 35 is discussed in Section * of this SER. The staff'

coordinated its review of Chapter 15 events with the review of the auxiliary
feedwater system. Section * 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 failure unless otherwise noted. Sensitivity studies were performed to
identify parameters for initial conditions and appropriate credit for systems
and their performance during the limiting events in terms of protection of
various barriers.

15.3.1 Loss of Cog.lant Accident (SRP Section 15.6.5)

The applicant has analyzed the double-ended cold-leg guillotine (DECLG) 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 small break and

'

it results 'in 3 oeak clad temperature of 1218 F. Only safety grade equipment
is assumed to mit.igate 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 requirements of 10 CFR Part 50.46,
and Appendix K, GDC 35, and 10 CFR Part 100. This conclusion is based on the

following discussion.

.

i

* LEM to provide section numbers.
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The applicant has performed analyses of the p(rformance of the emergency core
cooling system (ECCS) in accordance with the Commission's regulations (10 C.:R
Part 50, 50.46, and Appendix K to 10 CFR Part 50). The analyses considered 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 red cladding temperature does not exceed
2200 F. -

.
'

.

(2) The calculated maximum local oxidation of the cladding does 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 apount 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 cooling.

'

(5) After any'' calculated 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 required by the-

long-lived radicactivity.

(6) The applicant has met the requirements of TMI Action Plan Items II.K.3.5,
II.K.3.25, II.K.3.30, and II.K.3.31.

Pending resolution of the aforementioned concerns, the staff concludes that
the calculated performance of the emergency core cooling system following.a
postulated less-of-coolant accident and the conservatively calculated radio- -

.
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logical consequences of such an accident ccnfprm to the Commission's
regulations and to applicable regulatory 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 -
those obta,ined for previously reviewed Westinghouse four-loop plants.

A postulated double-ended rupture at zaro power and no decay heat with and
.

without offsite power were analyzed. The applicant 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
reasonable 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 gost reactive control rod assembly was assumed to be fully
withdrawn. The worst single failure, which is the loss of one safety

injection train, was assumed in the analysis. Credit was taken for operator
action within 10 minutes to control the high head pump to reestablish normal
pressure control and to isolate the affected steam generator. Although a
return to criticality occurs, there is no fuel damage since the minimum DNBR
ratio is grea'ter than 1.3.

.. ..

The staff concludes that the consequences of postulated s, team line breaks meet
the relevant requirements set forth in the General 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 demonstrating
tht the resultant fuel damage was limited such that control rod
insertability would be maintained, and,that no loss of core cooling

"

capability resulted. The minimum departure from nucleate boiling ratic
(DNSR) experienced by any fuel red was > 1.30, resulting in no reds -

experiencing cladding perforation.
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(2) The applicant has met the requirements of GDC 31 with respect to
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 adequacy of the emergency cooling systems to provide
abundant core cooling and reactivity control (via baron injection),
pending resolution of concerns addressed in Section 6.3.

.

(4) The analyses and effects of steam line break accidents inside and outside
containment, during various modes of operation with and without offsite
power, have been reviewed and were evaluated using a mathematical mode"1

that has been previously reviewed and found acceptable by the staff.

(5) The parameters used as input to this model were reviewed and found to be
suitably conservative.

(6) The applicant has met the requirements of Task Action Plan Items II.E.1y

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 II.K.3.25
with res'pect to demonstrating the integrity and opecation of the reactor
coolan't 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 operation and tripping of the reactor coolant pumps.
.

| 15.3.3 Feedwater System Pipe Break (SRP Section 15.2.8)

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

.

| -
.

|
; * LFM to provide section numbers.
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calculated primary system pressure. A double! ended rupture of the largest
feedwater line was assumed. The turbine driven auxiliary feedwater pump is
assumed to fail and all flow from one 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 accident. No fuel damage was calculated to
occur, and the peak calculated pressurizte 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
guide' lines regarding radiological dose at the site boundary, and applicable
TMI Action Items, qThis conclusion is based upon the following:

(1) The applicant has met the requirements of GDC 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 fuel rod was 1.8, resulting in no rods experiencing
clad p'erf'6 ration.

(2) The applicant has met the requirements of GDC 31 with respect to
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 adequacy of the emergency cooling systems to provide
abundant core cooling and reactivity control (via boren injection),-
pending resolution of concerns addressed in Section 6.3.

.
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(4) The analyses and effects of feedwater lige break accidents inside and
outside containment, during various modes of operation and with and
without offMte power, have been reviewed and evaluated using a
mathematical model that has been previously reviewed and found acceptable
by the staff.

(5) The parameters used as input to this model were reviewed and found to be
suitably conservative.

.

(6) The applicant met the requirements of TMI Action Plan Items II.E.1 and

II.E.1.2 with respect to demonstrating the adequacy of the auxiliary feed-
water design to remove decay heat following feedwater piping failures,'as
discussed in Section *.

,

(7) The applicant met the requirements of TMI Action Plan Item II.I.3.25 with

respect to demonstrating the integrity and operation of the reactor

coolant pumps to withstand the postulated accident.

t

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

15.3.4 Rector Pump Rotor Seizure and Shaf t Break (SRP 15.3.3/15.3.4)

The applicant's analyses for locked reactor coolant pump rotor and a sheared
~

reactor coolan't" pump shaft assumes the availability of offsite power
throughout the event. In accordance with Standard Review Plan 15.3.3, 15.3.4,

,

adn GDC 17, we require that these events be analyzed assuming turbine trip and-

consequential loss of offsite power to the plant auxiliaries and resulting
coastdown of all undamaged pumps. Appropriate delay tim.es may be assumed for
loss of offsite power if suitably justified.

The cvent should also be analyzed assuming the worst single failure of a
safety system active component. Maximum technical specification primary

.

" LPM. to provide section. numbers.
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sy s ter.1 activity and steam generator tube leakgge at the rate specified in the
Technical Specifications should be assumed. The results of the analyses should
demonstrate that offsite doses following the accident are less than the 10 CFR
100 guidelines values.

In response to the staff request, the applicant has cc mitted to reanalyze the
event. We will report our resolution of this issue in a supplement to this SER.

.

s
.

si

.

..

-
.

.
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