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Project Managers: M. Licitra, M. Ley
Review Branch: CSB: DSI

Review Status: Incomplete

Enclosed is the Draft Safety Evaluation Report (BSER) (Enclosure 1), for

the 3eawer Valley Power Statfon, Unit 2 (BVPS-2) prepared by the Containment
Systems Branch (CSB). This report is based on the staff's review of the
applicant's Final Safety Analysis Report (FSAR) as amended, and the
applicant's response to staff requests for additional information. We

have noted that the FSAR contains blank tables with statements to the effect
that information will be provided later. In many cases, this information
has not been filed; the applicant should be requested to provide a schedule
for filing suitable amendments to complete the FSAR., In additfon, the
following unresclved ftems in the DSER also need to be addressed by the
applicant:

1. The methodology used by the applicant to compute the mass and
energy release rates from postulated reactor coolant pipe breaks
for the contaf . ant analysis and the containment subcompartment
analysis. In this regard, the applicant’'s response to NRC
Question 480.7 did not fully justify the use of the unapproved
methodology.

The mass and energy release data for postulated main steam line
breaks have not been documented in the FSAR. Completion of our
review of the applicant's main steam 1ine break analysis s
dependent on the receipt of this information,

3. The applicant should discuss and justify the barometric pressure
used in the containment depressurization analysis. This information
is needed to verify the acceptability of the containment functional
design.
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T. M. Novak

6.

The subcompartment design pressure differentials for the reactor
eavity, steam generator and pressurizer compartments have not
been documented in the FSAR. In addition, the applicant has

not provided an analysis of the forces and moments on the
Peactor vessel due to the dffferentfal pressure caused by a

RCS break within the reactor cavity. Completion of our review
of the applicant's subcompartment analysis s dependent on

the receipt of this information.

The applicant should address the potential for whipping pipes,
high velocity jets of water or steam, or direct streams of
water to adversely affect the integrity or performance of
the suop's protective screen assembly. Furthermore, the
:ﬁpnunt should discuss and justify the acceptability of

e anticipated water velocity at the fine mesh screen (based
on one-half of the avaflable free area to account for blockage).

The applicant should further justify the acceptability of the
50 percent blockage assumption that 1s used to assess emergency
sump performance, by specifying the types (and total quanttty
of each type) of Insulation used in the Beaver Valley 2
containwent and discussing the susceptability of the insulation
to become dislodged by virtue of 1ts proximity to high energy
1ine piping.

The applicant should provide the results (test report) of the
sunp mode] testing conducted by the Alden Research Laboratory,
#nd discuss the significance of the results relative to the
perfurmance of the as-built, Beaver Valley 2 emergency sump.

The applicant should discuss the performance characteristics
of the post-accident hydrogen monftoring system to be installed.

The applicant proposes to & clude certain valves from Type C
testing (for example, the s afety fn gction system penetrations
and recjculation spray system penetrations). The applicant
should provide justification for excluding these and any other
penetrations from Type C testing to facilitate staff review
of the plant's Technical Specifications,
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{ Please contact our staff 1f you have any questions regarding these open
‘w.
Enclosure 2 fs the SALP fnput for this DSER fnput in accordance with
Office Letter No. 44,
Pdintyet g1-n- 4
., . .":;'.'.:.".;-.':‘;;! ,
R. W. Houston, Assistant Director
for Reactor Safety, DSI
Enclosure:
As stated
cc w/o encl,: R, Mattson
D. Efsenhut
cc w/ encl.: G. Knighton
M. Licitra
M. Ley
R. Capra
t. | >
DS1:CSB DSL:CSB/BC
ey 35600 5t 2 | Yhapaner | iytier
w. s’fi/iro s,' ,‘1""""
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CONTAINMENT SYSTEMS BRANCH
| XNP&T FOR PRAFT SAFETY EVALUATION REPORTY
BEAVER VALLEY POWER STATION = UNIT NO, 2

DOCKET NO.: 50-412

6.2 CONTAINMENT SYSTEMS

The Beaver Valley Power Station, Unit 2 Containment Systems

include the containment structures and associated systems, =osCHy A<
tnzxzxiug con.ainment heat removal systems, containment

isolation system, and containment hydrogen control system,

that function to prevent or control the release of

radioactive fission products which might be released into

the containment atmosphere follouino.o postulated loss of

coolant accident (LOCA), secondary system ,ipe rupture, or

fuel handling accident. e

ropE e MART 1021 EECAT 1 A4 70 THE
The staff has reviewed thqﬂlnstxllliﬁi design, design bases

and safety anqtysos for the containment and the containment _

- i ——

systems provided in the FSAR, The scceptance criteria used
#s the basis for our evaluation are contained in Section
6.2.1, "Containment Functional Design,™ 6.2.2, "Containment
Heat Removal Systems," 6.2.4, "Containment Isolation
System," 6,2.5, "Combustible Gas Control in Containment,”
and 6.2.6, "Containment Leakage Testing," of the Standard
Review Ploan (SRP), NUREG-0B0D. These scceptance criteria
include the applicable General Design Criteria (GDC) of

Appencgix A to 10CFR Part 50, Regulatory
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Guides, Branch Technical Positions, and industry codes

ond.s’andarcsa as specified in the above cited sections

of the SRP.

6.2.1 Containment Functional Design

6.2.1.1

Containment Structure

The containment structure for Beaver Valley, utilizes
the subatmospheric containment concepts, and houses
the Nuclear Steam Supply System (NSSS), including

the reactor coolant system (RCS), associated
auxiliary systems and certain components of the plant
engineered safety feature systems. It is a steel~-
lined reinforced concrete structure with an internal
free volume of about 1,800,000 cubic feet. The
maximum and minimum internal design pressures of the
containment structure are 45 psigs and 8 psias
respectively, and the design temperature is 280 F.

(See also Section 3.8 of the SER).

During normal operation, the containment structure
is maintained at a2 subatmospheric pressure (i.e.»
about 9 to 12 psia). In the event of a high energy
Line break accident, the containment would be
depressurized and a subatmospheric condition e~

established within 60 minutes; this condition would



be maintained for at least 30 days following an

foccidcnt.

Maximum Pressure/Temperature and Depressurization

Analyses

The applicant has performed containment response
analyses for a spectrum of postulated reactor coclant
system and secondary system pipe ruptures to verify
the containment functional design; i.e., the accept=
ability of the containment design pressure and con=
tainment depressurization criterion, and establish
the pressure and temperature conditions for environ=-
mental qualification of safety-related equipment
located inside containment. The containment
functional analyses include the peak containment
pressure analysis and the containment depressurization

analysis.

With respect to the peak containment pressure analysis,
the Loss of coolant accidents (i.e.,» RCS pipe breaks)
analyzed by the applicant include a spectrum of hot

leg and cold Leg (pump suction and pump discharge)

breaks, up to and including the double-ended rupture

of the largest reactor coolant Line. The spectrum of




secondary system pipe breaks analyzed by the applicant
“include double-ended and split breaks of the main steam
.line at different reactor power levels (i.e.,» 102%,

70% and 30% of full powers, and the hot shutdown
condition). A single failure analysis is not necessary
for the peak containment pressure evaluation since the
peak pressure for each case analyzed occurs before
active engineered safety feature systems can influence
the results. The design basis accident for peak
containment pressure (containment integrity DBA)

was determined to be the double-ended guillotine break
in the hot leg (HLDER). The peak containment pressure
calculated by the applicant (using the Stone and Webster
LOCTIC computer code, was 44.7 psigs which is below the
containment design pressure of 45 psig. The applicant
also performed a sensitivity study and found that the
initial conditions which result in the highest peak
cdlculated pressure are the maximum initial containment
pressure (11.6 psia), maximum initial containment
temperature (105" F) and maximum initial containment
dewpoint (105" F), i.e.r relative humidity. These are
the Limiting valves that will be allowed by the Technical

Specifications.



The staff has performed a confirmatory analysis of
*»this design basis accident using the CONTEMPT-LT/28A
computer code. The results of the staff's analysis

are in godd agreement with the applicant's results.

For the secondary system pipe break analysiss the
applicant analyzed a spectrum of main steam Line
break accidents covering different double ended
ruptures and split breaks of the main steam Line,

and reactor operating power levels from hot

shutdown to full power. For the DER, the forward
flow area (effective break area) is linitod'to

1.4 FT2 by & flow restrictof. T;oudsfferen:.singlo
active failures were considered, namely, the failure
of a main steam isolation valve to close and the
failure of an emergency bus to energize (causing the
failure of one ESF train which results in minimum
containment heat removal capability). Redundant
valves are provided for automatic isolation of the
main feedwater Lines. The highest containment
pressures 41.2 psigs, was calculated for a full DER

at 30X powers, with a MSIV failure, and with an
initial containment pressure of 11.6 psia and initial
containment dry bulb and dewpoint temperatures of
105° . The highest containment temperature, 333° ¢,

wos calculated for o 0. 707 1t2 gplit break at 30%



power, assuming either a MSIV failure or emergency

*bus failure, and with an initial containment pressure

of 9.11 psias initial dry bulb temperature of 105° f

and initial dewpoint temperature of 55° F.

With respect to the containment depressurization
analysis. only pump suction ruptures were determined

to be of concern since they produce the highest

energy flow rates during the post=blowdown period.

The design basis accident for maximum depressurization
time and subatmospheric peak pressure (containment
depressurization BBA) was found to be the double~

ended rupture of the pump suction Line (PSDER),

with miminum ESF (lLoss of offsite power and emergency
diesel generator failure resulting in the Loss of

one engineered safety feature train, i.e., one

charging pumps, one safety injection pump, one quentch
spray pump and two containmert recirculation pumps

with assocfated ccolers), The applicant also
performed a sensitivity study and found that the
inftial conditions which result in the maximum
depressurization time are: initial containment pressure
of 9.85 psias inftial containment temperature of 85° ¢,
inftial containment dewpoint of 85° F, service water

temperature of 86" F, and refueling water storage tank



temperature of SO° F. These are the Limiting valves
“that will be allowed by the Technical Specifications.
-The applicant calculated a maximum containment
depressurization time of 3480 seconds, which is within
the design Limit of 3600 seconds, and a subatmospheric

peak pressure -0.08 psig.

The staff is unable to conclude on the acceptability

of the applicant's containment depressurization analysis
at this time because the applicant has not stated the
barometric pressure used in the analysis. The applicant
will be required to discuss and justify the barometric
pressure for the plant site. This matter will

remain an open item pending the receipt of additional

information.

The staff's review of the applicant's containment
response analysis has included the postulated reactor
coolant system and secondary system pipe breaks,
initial conditions, input parameters and assumptions.
However, the methodology ued to calculate the mass and
energy release rate date for the LOCA and MSLE accident
has not been reviewed due to # Lack of information (see
Section 6.2.1.3 and 6.2.1.4 of the SER). Therefore,

the staff can not conclude on the acceptability of
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the applicant's analysis at this time. This will be
an open item until further information is provided by
the applicent regarding the calculation of the mass

and energy relesse data.



.s.
.
»
-

Prg;ggtign ‘Il‘"l! ’l!ll! frg- !x;!rnlg Pr!!!gr!

The containment structure is designed to withstand the

external (differential) pressure load due to & post-

visted inadvertent actuation of the containment quench

spray system during normal plant operation. The
saximum pressure differential s based on the
difference between the maximum barometric pressure and
the minimum attainable internal containment pressure,
The applicant calculated o minimunm internal pressure

of 8.0 psia for this postulated event.

The staff has revieved the applicant’'s analysis and ~ A4S
found that the applicant's ottu./ptionn regarding
initial containment conditions and containment quench
Spray system operation tend to minimize the

containment pressure (e.g., winimum inftial air

partial pressure, maxioum initial containment temp~
erature and final containment temperature ubéth equalg U
the minimum RWST temperature). The applicant sy yla
#ssumed & barometric pressure of 14,36 psia, which 4s
the maximum expected barometric pressure for the Beaver
Valley 2 site. Based on the conservative analysis
performed by the applicont, the staff concludes that

the containment external (differential) pressure

design basis 18 scceptable.
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8ub;o-p|rt-cnt analyses are required to determine the
sacceptability of the design differential pressure
loadings on containment internal structures fros high
energy line ruptures. The sppliceant has por¥oruod the
necessary subcompartment analyses for the reactor
cavity, K steam generator compartmentsand the
pressurizer compartment, where high energy Line
Fuptures are postulated to occur. The spplicant has
developed models for oa;h oubconﬁort-cnt, with a
selected pipe break location, type and sfze, and
inftial conditions, that result in maximum

differential pressure loads on the subcompartment

walls,

The mass and energy release rate data used in the sub~
compartment analyses were calculated using the SATAN=VI
computer program (WCAP=B8306). The acceptability of
using SATAN=VI for this purpose is currently under
separate staff review., This matter will remain an open
ftem until such time that pending staff information
needs under the Westinghouse Topical Report Review

are satisfied.
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The applicant used the THREED computer program to
anslyze the pressure transients in the reactor cavity,
tho-stoon generator compartment and the pressurizer

compartment. The staff's confirmatory analysis is

based on the COMPARE~MOD 1A computer code.

A separate discussion and review of the analyses of
the reactor cavity, stcu-"ongrator and pressurizer

compartments are presented below.

Reactor Cavity Analysis

The reactor cavity is a heavily reinforced concrete
structure that performs the dual function of providing
reactor vessel support and radiation shielding. For

the reactor cavity analysis the applicant postulated a
150 1nz cold leg, limited displacement rupture (LDR) at

the reactor vessel nozzle. The staff has reviewed the
applicant's analysis and concurs in the selection of
the design basis pipe break, contingent upon the
acceptability of the mechanically constrained Limit on

the pipe break size. (See Section 3.6 of the SER).

The reactor cavity subcompartment model employed by the

spplicant was developed to account for all important
Mode !

obstructions to flow., Thisais consistent with the

recommendations conccrn1na nodal ization that are



presented in NUREG/CR=1199, "Subcompartment Analysis

Procedures Report." We have examined the applicant's

i wodlER »accerdantl wiv'y Curremd NRC
nodal model and find it, acceptable. Quide ne oo Lprilibel

‘A u-'es:-/.:&-uaa,\“mr-'«c €
/7

) ANb,
The applicant calcuated a peak differential pressure

load on the reactor cavity wall of 115.9 psid, for the
2 Tk Seleet e n of wrg preak 922 'ccoaton end

design basis 150 in LODR. —At—essumptions—utitiz
He ute of mutruints 4v it e brénk oreo 018 dscussesd i1n Secron 3 6.

the applicant in the raa

"THE 683U med inkel Conditong orechesen +o Mmaximilie vmé

Leyiewed and found to be acceptable. In addition, the
pens e S,

d'merento| PressuYE TP,
staff performed a confirmatory analysis using the

COMPARE=MOD 1A computer codc,uh}%ﬂconfirlod that the
applicant’s result is conservative. MHowever, the
design basis value of the differential pressure load on
the reactor cavity wall is not documented in the FSAR;
therefore, the staff can not confirm that the reactor
cavity wall design basis is satisfied. This will be an
open ftem pending the receipt of additional information

from the aspplicant.

The applicant has not provided in the FSAR an analysis
of the forces and moments on the reactor vessel due to
the differential pressure across the vessel caused

by a reactor coolant system pipe break within (he
reactor cavity., This matter will be an open item
pending the receipt of additional information from the

applicant.



Steam Generator Subcompartment Analyses

Steam generator cubicle 2 weas selected as the rep~-
resentative steam generator cubicle since all three
steam generator cubicles are similar 4n design,

The applicant analyzed thrce RCS breaks 4n the stean
generator compartment to evaluate loads on the sub~-
comparteent walls and component supports., Main stean
Lines are not routed through the stear generator
cubicles and are, therefore, not considered in the

analysis., The three pipe Fuptures analyzed include

2
@ 360=9n" LDR at the steanm generator outlet nozzle, a

2
180=4in" LDR a2t the reactor coolant pump (RCP) outlet

nozzle, and a 70.7-in2 longitudinal intrados split
break at the steam generator inlet elbow. These
breaks were chosen from the nine breaks in the
spplicant’'s sensitivity study as being Limiting cases
which envelop conditions resulting from all nine
breaks. The staff has revievwed the spectrum of

postul ated breaks analyzed by the applicant and finds

them acceptable.

The applicant's nodalization scheme of the stean
generator subcompartment was developed to *ake into
sccount all significent physical obstructions to flow.
The staff has revieved the applicant's model and finds

it acceptable. The results of the spplicant's analyses
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predict a peak differential pressure of 12.9 psid for

the design basis 70?-1n2 longitudinal intrados split

break. However, the design basis value of the differ=-
Load

ential pressure A ©On the steam generator wall is not

documented in the FSAR. This will be an open itenm

pending the receipt of additional information fronm

the applicant.

Pressurizer Subcompartment Analyses

The applicant considered three breaks for the
pre2ssurizer cubicle, and the pressurizer relief tank
cubicle; namely a spray Line DER in the upper
pressurizer cubicle, a surge Lline DER a4t the
pressurizer nozzle and a surge Lline DER in the
pressurizer relief tank cubicle. The applicant's
nodalization models of the pressurizer subcompartment
were developed to take into account all critical
restrictions to flow. The staff has reviewed the
applicant’'s models and the spectrum of postulated
breaks and finds then appropriately conservative and

acceptable.

The results of the applicants analysis of the spray
Line DER in the upper pressurizer cubicle gave a peak
differential pressure of 18.07 nsid across the

pressurizer nodel boundary surface. However, the




design basik value of the differential pressure load on

the pressurizer cubfcle walls is not documented in the

FSAR. This will be an open itenm 96 pending the receipt

of additional information from the applicant..

6.2.1.3 Mass and Enercy Release Analyses for Postulated LOCA

The applicant calculated the mass and energy release
rate data for reactor coolant system pipe breaks at three
break locations including the hot leg piping between
the reactor vessel and steanm generator, the cold leg
piping at the pump suction, and the cold leg piping at
the pump discharge. The results indicate the pump
suction break is the worst case for long term con-
tainment depressurization, and the hot leg break is
Pea¥
the worst case for containmentApressure. The staff
has reviewed the applicant's spectrum of breaks, the
description of the LOCA transient models and the single
failure considerations, and finds thenm acceptable.
The method used by the applicant <o compute the mass
and energy release rates from reactor coolant pipe
breaks for the containment functional analyses is
described in a reference Westinhouse letter that is
currently under staff review. At this time, we are
not in a position to conclude on the acceptability of
the blowdown methszology. This matter will remain an

open ftem pending the completion of the staff's review.
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6.2.1.4?Hass and Energy Release Analyses for Postulated

4

6.2‘105

Secondary System Pipe Ruptures

The applicant has computed the mass and energy release
rates for postulated ma'n steam Line breaks using the
MARVEL C-aputer Code (WCAP-8843, 1977). However, the
mass and energy release data for the MSLB analysis were
not documented in the FSAR. The staff has requested
this information for review, and to facilitate the
staff's confirmatory analysis. This matter will remain
an open item pending the receipt of additional infor~-

mation.

Minimum Containment Pressure Analysis for Emergency

Core Cooling System Performance Capability Studies

Appendix K to 10CFR Part SO requires that the con-
tainment pressure used for evaluating core cooling
effectiveness during reactor vessel reflood shall not
exceed a pressure calculated conservatively for this
purpose. The calculation must include the effect of
operation of all installed containment pressure

reduc ing systems and processes. The corresponding
reflood rate in the core will then be reduced because
lessened containment pressure reduces the resistance to
steam flow in the reactor coolant loops and increases

the boiloff rate from the core.



6.2.1.6

The applicant has performed the required containment
6% addrensed (M Seetirn G 2.1.8 ofF e FsA(Z,

beck=pressure calculotioqkusing the methods and ass~-
u;ptions described in “Westinghouse Emergency Core

Cooling System Evaluation Mode~Summary,"™ WCAP-B8339,
Abpendix A, for the limiting case LOCA, the double=-

ended cold leg guillotine break (C_ = 0g4) (i.e, the

break found to produce the highest peak cladptzzp-
erature). Mass and energy release rates for this

break were calculotedﬂ using the method described in

Section 15.6.5 of the FSAR. This method is evaluated

separately in Chapter;15 of th{s SER.

The staff has reviewed the applicant's input parameters
used in the minimum containment pressure analysis
including initial containment conditions, containment
net free volume, containment active heat removal,
passive heat sinks, heat transfer to passive heat
sinks, and found them to be acceptobly conservative,

and in conformance with BTP CSB 6-1.

Summary and Conclusions

The staff has evaluated the Beaver Valley, Unit 2 con-
tainment functional design with respect to the ‘
acceptance criteria in SRP Section 6.2.1.1.a, 6.2.1.2,

6.2.1.3, 6.2.1.4, and 6.2.1.5 and concluded that
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General Design Criteria 13, 16, 38 and SO have been
met with the following exceptions:
T A. The method used by the applicant to compute the

mass and energy release rates from postulated

/L‘bilzﬂfg rFeactor coolant system pipe breaks for fhe
-7
At ’AIQZ;' I“J containment analyses and for the subcompartment
r'*g,,u‘ ,1"’1 EEMA NG TO BE
Nﬁv’i o analysis WAapproved by the staff,
ﬁ/#'é ;ﬂ"‘s
ﬁflp‘é "ﬂ,Z. The mass and energy release data for postulated
Vi LN o pIC
/*VZ/;$OJA(7 main steam Line breaks have not been documented
\
9""F 7 Zz0 in the FSAR. Staff acceptance of the applicant's
g/
bbuéwvﬁ 4ér main steam line break analysis is continger{upon
/
& 0‘, 7 the receipt of this information. forstirecnere,—
Thestaff—ds ynable to-reoyiew the-apnlicantte
BeTR_stedm Uine breaks—with comttPUed-—SfeedwaTer
—aTd T 40 W T h O Ut—this AT TR t4or—

'{,8. There are two open items concerning the staff's
review of the applicant's subcompartment analysis.
First, subcompartment design pressure differentials
for the reactor cavitx/ond‘-stean generator and
pressurizer compartments have not been documented
in the FSAR. Second, the applicant has not
provided an analysis of the forces and moments

on the reactor vessel due to the differential
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pressure caused by a RCS break within the reactor
. cavity. Staff acceptance of the applicant's
subcompartment analysis is contingent upon the

receipt of this information.

6.2.2 Containment Heat Removal Systems

The function of the containment heat removal systems

is to remove heat from the containment atmoshpere to
limit, reduce and maintain at acceptably low levels, the
containment temperature and pressure following 2 loss of
coolant accident or -ai; steanm l%ne break. In addition
to heat removal provided by passive means such as heat
transfer to containment structures and components, the
Beaver Valley 2 design includes active containment heat
removal systems (CHRS). The active CHRS includes two
Spray systems; namely, the quench :pr;ay system (QSS) and —=—
the recirculation spray system (RSS); the containment air
coolers are not included in the CHRS. The CHRS is
designed to depressurize the containment to a sub-
atmospheric condition vithin one hour. For a discussion
of the fission product removal function of the CHRS,

see SER Section 6.5,

The QSS is composed of two redundant 100 percent capacity
trains each containing a quench spray pump, a chemical

injection system and riserpipe leading to two spray headers.



- 16 -

The two tri!ns_;onncct to the two common 360-degree
spray headers ;6 parallel with risers 180 degrees apart,
There are a total of 159_5}raco model 1713A nozzles on
the two quench spray ring headers; 120 nozzles on the
lower header and 39 nozzles on the upper header. Each
quench spray pump is rated at 3000 gpm of sprox'flow to
the spray headers. Both Spray pumps operating together
can supply approximately 4500 gPm to the spray headers.
The QSS is designed to spray cold borated water into the
containment from the refueling water storage tank (RWST)
no later than 83 seconds ’fter receipt of a containment
isolation Phase B signal (cIB). Sodium hydroxide (NaOH)
solution from the chemical additive tank (CAT) is added
to the quench spray by means of the chemical injection
System upon receiving a CIB signal. Once the quench
spray discharge has ended, flow from the chemical
injection pump is automatically diverted to the

containment sump.

The RSS is designed to provide sdditional depressur=
ization of the containment and to maintain the con-
tainment at a subatmospheric condition in the long ternm
following the accident. The R5S consists of two 360
degree spray ring headers and four pumps and heat
exchangers. Each spray ring header contains 292 SPRACO
model 1713A nozzles, and is fed by two risers, with
each riser originating from one of the recirculation

coolers.,
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The two rcdund;nt recirculation spray pumps that feed
each header are each supplied with emergency power from
separate diesel generators. Each RSS pump takes suction
from fhe containment sump at approximately 3480 gpm (50%
heat removal capacity). The RSS is capable of_operating
in the post-accident environment to aintin a sub-
atmospheric pressure for X0 days following a high energy

Line break.

The RSS pumps are started automatically about 628 seconds

after receipt of a CIB signal, and the spray becomes EcFFscrwve
about 714 seconds after the CIB signal. When the water

in the @UST reaches a predetermined low level, the flow

from two of the RSS pumps is automatically diverted to

the cold leg recirculation node/;;Fgccs.

The CHRS satisfies the provisions of Regulatory Guide

1.26, "Quality Group Classifications for Water, Steam and
Radicactive-Waste Containing Components of Nuclear Power

Plants,"” and 1.29, "Seismic Design Classifications, ™

for engineered safety features. The applicant has

provided testing information (FSAR Section 14.2,72('9°T"““ G(‘”JT"“

Wit fe aa. o -t R K*au\fm.’.’vtl,;‘v--.(f
demonstrating the ability of the quench spray system and 16§ " J.+al

p— -
e ™ ’/, oo wn

recirculation spray system to function following a FariJaisr
. (-o.f S Uu(c‘i
postulated single active failure,. ™ *%

Cwilr -’""'"‘/



Regulatory Gu;ae 1.82, "Sumps for Emergency Core Cooling
and Containment Spray Systems," provideds design

guidelines for containment sumps that are to serve as
sources of water for ECCS and the containment spray

system following a LOCA. The guidelines address
redundancy, location and arrangement criteria,'as

well as debris screen provisions to ensure adequate

pump performance. The staff has review the Beaver e

Valley 2 sump design against this guidance,

A single containment sump has been provided, and is

enclosed by a2 protective screen assembly that has a

total screen area of about 150 ftz. Furthermore, the
containment sump is divided at the center Line by
screening and vertical bars so that a failure of

either half would not adversely affect the other half,
The redundant recirculation pump suctions are located
in seperate halves of the sump. Therefore, even though
the single sump design is not in accordance with
Regulatory Guide 1.82 recommendations, the staff has
concluded that adequate measures have been taken to

assure that the RSS function will not be lost.

The protective screen assembly provides three stages
of screening, namely, vertical trash bars, a coarse
mesh screen (3/4" opening) and a fine mesh screen

(3/32" opening). The fine mesch screen opening is
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sealler than the smallest coolant passage gap in

th; reactor core and smaller than a spray nozzle orifice.
The screen eassembly rises vertically approximately 5 feet
above the containment floor, and is arranged so that no
single failure could result in the clogging of all
suction points of the recirculation spray system,
Following a LOCA, the top of the screen assembly would

be under about 10 feet of water. System design allows
for 50 percent blockage of the sump screening without
loss of function. However, the applicant should further
justify the acceptability of 50 percent blockage
assumption by specifying the types (and Quantity of each
Eype) of insulation used within the Beaver Valley 2
containment, and discussing the susceptibility of the
insulation of become dislodged by virtue of its proximity

to high energy Lline piping.

The applicant has conducted containment sump model testing
at the Alden Reserach Laboratory, but has not reported

the results to the staff. The staff has learned, however.,
that the sump model used differs from the sump design
shown in the FSAR. The staff has requested the applicant
to provide the results of the Alden sump tests and

discuss the significance of the results relative to
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the performance of the as-built, Beaver Valley 2 sump.
This information has not been received. This matter
will remain an cpen item pending the receipt of the
Alden test report and an accompanying discussion of

the applicability of the results to the as=-built

Beaver Valley 2 sump.

The staff has reviewed the net positive suction head
(NPSH) calculations submitted by the applicant. The
analysis shows the NPSH available to the reciculation
pumps during both the spray mode and the low head

safety injection mode is always greater than the required
NPSH. The applicant has complied with the provisions

of Regulatory Guide 1.1, "Net Positive Suction Head

for Emergency Core



Cooling and Coétninlent Heat Removal Systems"”, with one
exception. Regulatory Guide 1.1 states that containment
heat removal systems should be designed so tha+* adequate
NPSK is provided to system pumps assuming maximum
expected temperatures of pundﬂzluids and no 1n§rease in
tontainment pressure from that present before the
postulated LOCA., Instead, the applicant calculated the
G% siciod nThe Fg AR, Section ¢.2.2.3.2
NPSH availablgAusing & saturated sump model (f.e., the
containment atmospheric pressure is conservatively
assumed to be equal to the vapor pressure of the liquid
in the sump, ensuring that credit is not taken for
containment pressurization during the transient). The
staff has previously found the saturated sump model to

be conservative and, therefore, acceptable,

The staff has reviewed the information in the applicant's
FSAR and in responses to staff requests for addtional
information concerning the containment heat removal
systems to assure conformance to the acceptance

criteria contained in SRP Section 6.2.2. The staff

finds that the containment heat removal systems satisfy
the requirement of General Design Criteria 38, 39, and
40, and the provisions of Regulatory Guide 1.1 on an
scceptable alternative basis as defined above. However,
there are several issues in Regulatory Guide 1.82 which

the applicant has not adequately addressed, and for
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which additional information is needed before the staff
can conclude on the acceptability of the sump design.
In considering the location of the sump within the
containment, the applicant should discuss the potential
for whipping pipes, high velocity jets of ulterror
steam, or direct streams of water (which may contain
entrained debris) to adversely affect the integrity

or performance of the sump protective screen assembly,
The applicant should also address the acceptability of
the water velocity at the fine mesh screen, based on
one~half of the available free area to account for
blockage. The acceptability of the materials used

in the construction of th. sump screen assembly, and
the inservice inspection requirements for the sump
components, as well as the provisions made to

facilitate such inspections, should also be addressed,

Secondary Containment Functional Design

The Beaver Valley Z design does not include a secondary

containment.

Containment Isolation System

The function of the containment isolation system (CIS)
is to allow the normal or emergency passage of fluids
through the containment boundary while preserving the

ability of the boundary to prevent or Limit the escape



- 22 -

of fission products that may result froe postulated
accidents. In general, for each fluid system
penetration at least two barriers are required
between the containment atmosphere or the reactor
coolant system and the outside atmosphere, so that
failure of a single brrier will not prevent isolation

of the containment.

Containment isolation for Beaver Valley 2 is accomplished
in two phases. The containment isolation Phase A (CIA)
signal isolates all non-éisentiol.systeu lines
penetrating the containment, and is initiated by any of
the following: (1) high containment pressure (Hi=1
setpoint); (2) low compensated steam Line pressure;

(3) pressurizer low pressure; or (4) manual actuation.
The containment isolation Phase B (CIB) signal isclates
the component cooling water supply and return lines for
the reactor coolant pumps (RCPs) and control rod drive
mechanism (CRDM) shroud coolers, and the service water
lines to the containment recirculation air coolers., The
CIB signal is initisted by high containment pressure
(Hi=3 setpoint) or by manual actuation. The containment
isolation signals which initiate containment iscolation
functions are summarized in Table 6.2.4=1. The applicant
has documented that each system Line having automatic

containment isolation valves, which must be immediately
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isolated following an accident, is isolated by one of the
signals in.Table 6.2.4=1, Although the Phase B isolation
signal is not actuated by diverse parameters, it is scceptable
because the affected Lines are considered important to the safe
shutdown of the plant and are capable of remote manual isola=
tion. The staff concludes that adequate diversity has been

provided with regard to the different monitored parameters

which actuate containment isolation.

TABLE 6.2.4-1
CONTAINMENT ISOLATION SIGNALS
AND ACTUATION PARAMETERS

Containment Isolation Phase A signal
8. High Containment Pressure (Hi=1)
b. Low Compensated Steam Line Pressure
€. Pressurizer Low Pressure E b vowmive el h'sn Pl'wse 2,

d. Manual Actuation s"ﬁ"“" a \
e e o ——  S——————0 / & H"Y" Cnteiinment ,Dye‘,t,ure(p-{;.'i/

b b. k\“wur\! Ac‘t'ﬂ“On

<¢..'0.+7 ...Laj9¢ tion Sigvel
a. High Containment Pressure (Hi=1)

b. Low Compensated Steam Line Pressure
t. Pressurizer Low Pressure

d. Manual actuation



Main Steanm Isolitiqp Signal

a. High Steamline iressuro Rate

b. High Containment Pressure (Hi=2)
c. Low Steamline Pressure

d. Manual Actuation

Feedwater Isolation Signal
a. Steam Generator Hi=Hi Water Level
b. Safety Injection Signal

t. Low TAVG and Reactor Trip

Containment Vacuum System Isolation Signal
8. Containment Isolation Phase A Signal ( Hi-' )

b. Manual Actuation

The staff has reviewed the applicant’s containment isolation
system design bases and containment isolation provisions

&8s documented in Table 6.2-60 of the FSAR, for conformance

to General Design Criteria (GDC) 54, 55, 56 and 57 and
Regulatory Guide 1.11, “"Instrument Lines Penetrating Primary
Reactor Containments". The applicant's containment isolation

system design is summarized as follows:

(1) There 2are at least two barriers between the atmosphere
outside containment and the atmosphere inside
containment (or the RCS) on each system line penetrating

the containment.

(2) The two barriers consist of one of the following

arrangements:



(3)

t;o normally closed manual valves with administrative
control, one inside containment and the other outside
containment;

two automatic isolation valves, one inside
containment and the other outside containment, a
simple check valve may not be used as the

automatic isolation valve outside containment;

one automatic isolation valve inside containment

and one normally closed manual valve under
administrative control outside containment (or

the reversed arrangement);

@ sealed system (closed system) inside containment
and one fsolation valve outside containment, which

is either automatic, remote manual, or manual under

administrative control.

Isolation valves of the ESF related systems, which are

essential to mitigate the effects of an accident,

remain open or move t, their open position post-accident.

These valves are remote manually controlled and operated

from the control roonm.
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(5)

(86)

(7)

(8)
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Motor operated valves (MOV) are used for systes Llines
which are bart;of an ESF related system, and fail "as
is" on loss of power supply. Solenoid operated valves
are used when greater reliability post-accident and o
safe-failure position are required. ALl power operated
valves are designed to fail in the position that provides
greater safety upon loss of power or control air.
Mechanical and electrical redundancy are provided by
designing two disolation barriers between the RCS or
atmosphere inside containment and the atmosphere
outside containment with two separated lE power sources.

s 5((&»-;;\“"""’ \""Hﬂ
Containment purge systou;*solationAcazs two 42-in.

whieh are

butterfly valvos,Aonly open during plant cold shutdown

and closc/ automatically within 10 seconds upon receipt

of a high radiation signal.

The containment isolation system is designed to meet

the single failure criterion.

The closure time for each containment isolation valve
is Less than 60 seconds. System lines which have no post~-
accident function are provided with air-operated valves

@
(AOV) uithAe103uro time of 10 seconds.

The applicant's containment isolation provisions are reviewed

against the requirements of GDC 54, S5, 56, and 57 (Appendix A

to 10 CFR Part 50) and the supplementary guidance of SRP 6.2.4,

where applicable. Staff®™g review has confirmed that the

containment isolation system meets the explicit requirements

e

of 60C 54, 55, 56, and 57 uithAfoltouing exceptions:
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(3

The contafnnqu vacuue pusp and hydrogen recombiner
suction Llines ;rc provided with two solenoid-operated
1sol!}ion valves in series outside containment.
Therefore, the contzinment isclation provisions differ
from the explicit requirements of GDC 56. However, the
isolation valves are located as close as possible to the
containment, and the associated system piping is designed
in accordance with the break/crack exclusion criteria of
Branch Technical Position MEB 3-1, Furthermore, the
valves are hermetically sealed, precluding the need to
encapsulate the valves. ‘Since thg lines are used post~
accident, for containment atmosphere sampling and hydro-
gen control, locating the valves outside containment im=
proves the functional reliability of the valves. There-
fore, the staff finds the isolation provisions for these

Lines to be acceptable alternatives to the explicit re-

quirements of GDC 56,

The emergency core cooling system safety injection

lines and reactor coolant pump (RCP) seal injection Lines
are equipped with weight-loaded check valves inside con-
tainment and motor-operated valves (MOV), outside contain-
ment which do not receive 2 containment isolation signal
to close. The safety injection Lines discharing to the
hot and cold legs of the reactor coolant system and the
RCP seal injection Lines are important to safe shutdown

or are part of an engineered safety feature system,
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Provisions have been made to detect possible leakage
from ;hcso lines outside containment, thereby allowing
remote manual instead of sutomatic isolation

valves. The staff, therefore, finds that the containment

isolation provisions for these lLines are acceptable

alternatives to the explicit requiresents of GOC $3.

The quench spray pump discharge and recirculation

spray pump discharge Lines are provided with a

normally open, remotely=-controlled, motor operated

valve outside containment and a weight-loaded check

valve inside containment. The isolation valves in the
containment depressurization (quench and recirculation
spray) systems open upon receipt of a CIB signal, if not
already open, with the exception of the caustic addition
line to the containment sump which automatically opens
after the quench spray discharge has stopped. The recir=
culation spray pump suction lLines are provided with

a single, normally open, remotely~controlled, motor oper=
ated valve outside containment since it is not practical
to locate a second valve inside containment where it

would be submerged following a LOCA; these valves do not
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receive an automatic isolation signal for closure.
Therefore, the containment isolation provisions for these

lines differ from the explicit requirements of GDC 56

regarding their actuation and number.

These lines are part of ESF systems, and are required

to be open to perform their post-accident safety function.
The ESF systems are closed outside containment, and are
safety grade. Therefore, the staff finds the use of re=
mote-manual instead of automatic isolation valves accep~
table. 1In addition, the.single isolation valve outside

Suckewn

containment in the recirculation spray pump Llines is ac~
ceptable because system reliability is improved with a
single valve and the piping between the outside of the

containment wall and the isolation valve, as well as the

valve, are contained within a leak=tight encapsulation.

The staff has also reviewed information provided by the appli=-
cant to demonstrate compliance with the provisions of NUREG-
0737 Item I1.€.4.2, "Containment Isolation Dependability™. As
previously described, the applicant has complied with the pro=
visions regarding diversity in parameters sensed for initiation

of containment isolation, and has considered the functional
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the functional rqu%rc-cnts of all systems penetrating
containment and has made acceptable provisions for
1sollt*on-of systems not requirec for mitigation of the
consequences of an accident or safe shutdown of the plant.
The applicant also made provions that resetting of a
containment dsolation signal will not result in the
automatic reopening of containment isolation valves.

In addition, the applicant has designated all system

Lines penetrating the containment as essential or
non-essential systems by appropriate signals. Therefore,

the staff concludes that the ipplicont has complied with

the provisions of NUREG-0737 item 11.E.4.2.

The applicant has stated that all containment isolation
barriers as well as electrical and control components
required for initiation are protected from missiles and
the effects of natural phenomena to ensure their
performance under all anticipated environmental
conditfons. The staff, therefore, finds that the
containment isolation system meets the requirements of
G0C 1, 2, and &. The containment isolation system

also meets the provisions of Regulatory Guide 1.29,
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“8;1:-1c Pesign Cliisificotion", and 1,26,

"Quality Group

Classifications and Standarsds for Water-, steam-, and

Iadiooctive-Uoste-Cont01n1n9 Components of Nuclear Power

Plants.". -

In summary, the staff has reviewed the information in
the applicant's FSAR and in response to NRC Questions
concerning the containment isolation System to assure
conformance to all of the acceptance criteria contained
in SRP Section 6.2.4. The staff concluder that the
Beaver Valley 2 containment isolation system meets the
requirements of General Design Criteria 1, 2, 4, 16,

54, 55, 56, and 57, and is, therefore, acceptable.

6.2.5 Combustible Gas Control System

Following @ loss of coolant accident, hy®rogen may ac

rumulate

8s a result of (1) metal=water reaction between the zirconium

fuel cladding and the reactor coolant, (2) radiolytic

decomposition of the water in the reactor core, (3) radio-

lytic decomposition of the water collected on the sump floor,

(4) hydrogen released from the pressurizer gas space and re-
sctor coolant, (5) corrosion of metals by the alkaline soluy=
tion used for containment spray. The function of the com=

bustible gas control system (CGCS) is to monitor and control

the potential hydrogen accumulation within the containment at=-

mosphere below 4-volume percent following @ design basis

accident.
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In the event of a Lttl, tvo redundant, independent, full capa-
city electric hydrogen recombiners will be available outside
contoinlogt to control the containment hydrogen concentration.
Each recombiner has a capacity of 50 SCFM and is designed to
Seismic Category I criteria. One hydrogen recombiner is per=
manently installed in the safeguards area; the other recombiner
will be transferred from Beaver Valley, Unit 1 and installed in
the safeguard ares following an accident. (In addition to the
two safety related hydrogen recombiners provided, a non-safety
grade containment purge system s available to purge the con=-
tainment atmosphere as an aid;‘to uecﬁup.) Each hydrogen re-
combiner system includes flow control capability, a blower, @
temperature-controlled electric preheater, a thermal recosbiner,
and an air blast heat exchanger. The safeguards area is a Sei~-
swic Category I concrete structure locBted adjacent to the con-
tainment. The penetrations, and components within the safe~
guard area are protected against tornados and missiles. The
hydrogen recombiners and all associated valves are remote man=-
vally controlled from panels located in the safeguards ares,
outs ide of the recombiner cubicles, to allow access and mini-
mize exposure of personnel. The staff has reviewed the hydro-

gen recombiner system design concept and finds it acceptable,

Two redundant, independent hydrogen analyzers are installed in
the cable vault ares to monitor the hydrogen concentration in

the containment atmosphere. The analyzers are also used to



check the efficiency of recombiner operation. The hydrogen

analyzer is classified as Class IE, Seismic Category I and func~
tional tc;ted with a calibrated gas sample. Indicators are
provided in the main control room to monitor hydrogen concen=~
tration. Annunciation is also provided in the main control room
for hydrogen analyzer/recombiner local panel troubl}. Based on
the staff's review, the post-accident hydrogen monitoring system

meets the requirements of NUREG-0737 Item II.F.1, Attachment

6, "Containment Hydrogen Monitor",and the single failure cri-
terion. However, the applicant has not reguired a sufficient=
ly complete description of the operntiﬁg characteristics of the

hydrogen analyzer to be installed.

( The applicant has analyzed the potential hydrogen generation
within the containment us:ng the guidelines provided in Regula~-
tory Guide 1.7, and calculated the hydrogen concentration for
both one and two recombiner operation. The analysis shows that
@ single recombiner, initiated when the containment hydrogen
concentration reaches 3.1 volume percent (i.e., approximately
& days post-accident), is sufficient to maintain the hydrogen
concentration in the containment atmosphere below the lower
flammability Limit of & volume percent. The design of the
Beaver Valley, Unit 2 containment is similar to the Beaver
Valley, Unit 1 and Surry containments, which use recombiners.

The staff has previously confirmed, using the COGAP computer
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code, that there is sufficient time before the containment hy=-

drogen concentration reaches 3.1 volume percent to manually
initiate the post-accident hydrogen recombiners, and that a
single recombiner can acceptably control the hydrogen concen=

tration in containment below 4.0 volume percent.

The applicant has stated in the FSAR that the containment de~-
sign allows air to circulate freely. Furthermore, all cubi-
cles and compartments within the containment are provided with
openings near the top as well as openings in the floor to allow
air circulation. The applicant has also performed an analysis
to demonstrate that adequate mixing of the hydrogen in the con-
teinment atmosphere will be ensured by the turbulence created by
the containment spray system and thermal convection. There~-
fore, sufficient -ixigg of hydrogen in containment will occur
to prevent stratification and to eliminate areas of potential
stagnation. The staff finds that adecuate passive and/or ac~-
tive design measures have been incorporated into the contain-
ment design to ensure adequate hydrogen mixing within contain-
ment and, therefore, the applicant’'s hydrogen mixing provisions

are acceptable.

In summary, the staff has reviewed the information in the appli-
cant's FSAR and in response to our guestions concerning the

combustible gases control system to assure conformance to all




of the acceptance criteria contained in SRP Section 6.2.5. The
staff concludes that the applicant's combustible gas control sys=
tenm -cet; the requirements of GDC 41, 42 and 43, satisfies the
design and performance requirements of 10 CFR 50.44, the provi-
sfons of Regulatory Guide 1.7 and the requiresents of NUREG-0737
Item II.F.1, Attachment 6, except for the following item. The
applicant has not discussed in sufficient detail the perfor-
mance characteristics of the actual post-accident hydrogen mon-
ftoring system to be installed. Therefore, this will remain an

open item pending the receipt of additional information.

g

6.2.6 (Containment Leakage Testing Progranm

The containment design includes the provisions and features
required to satisfy the testing requirements of Appendix J

to 10 CFR Part 50. The design of the containment penetrations
and isolation valves permit preoperational and periodic leakage

rate testing at the pressure specified in Appendix J to

- 10 CFR 50.

The staff has reviewed the containment leakage testing program

contained in the FSAR and in the response to NRC Questions, and

finds them acceptable with the following exception. The appli-

cant proposes to exclude certain valves from Type C testing (in=-
Seledy IrjPe R ENTys A

cluding thﬁkpenetrations and recirculation spray system penetra-

tions). The justification for excluding penetrations from
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Type C testing will be evaluated in conjunction with the staff

review of the facility Technical Specifications.

Other than the exception mentioned above, the proposed reac-
tor containment leakage testing program complies with the re=-
quirements of Appendix J to 10 CFR Part 50. Such compliance
provides adequate assurance that containment Lleak=tight inte~
grity can be verified periodically throughout service Lifetime
on a timely basis to maintain such leakage within the Llimits

of the Technical Speci““cations.

Maintaining containment leakage rates'vithin such Limits pro-
vides reasonable assurance that, in the event of any radio-
activity releases within the containment, the loss of the
containment atmosphere through the leak paths will not be in
excess of acceptable Limits specified for the site, Compli=-
ance with the requirements of Appendix J constitutes an ac~
ceptable basis for satisfying the requirements of General De~-

sign Criteria 52, 53 and 54.
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