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A1 INTRCOUCTICH

Tre ccrieinment sprey syster is evaluated for the post LOCA injecticn
prese, whéréir teoretec water from the RWST is pumpec to the centeinmert
tpray héecers Ly tre corteinmeént spray pumps. Latce, guring the
recirculétionr prase, sprév Vs previcec Ly the recirculetior purps or tre
resicud) heet rercvel (RPE) purps.,

Trée arelyeis nes beer performec to determing the freauency with whicr
tre corteirmert spréy anc sccium hycdrexice (NeQH) eociticn systems woulc
be axpectec tc fail when recuirec to respond follewing 2 LOCA. These
frzouencies i1l e usec in the event trees.

S:%u= rycrerice accitior is treetec 2s @ seperate system since it weule
1 ir cecs ¢f & primery coclent relezse te containment, [t
¢ & seperéte evert 1n tne event trees.

Traz arzlyse of the contéinment sprey systeém is cérriec out uncer the
fo lswing corcitions:

o RWST i3 eveilevle
¢ Tre sefecuercs actuetion signal is present.

Sr oecmiccerz) gcercitior for the NeCr accitior syster s the success of
tra sermert Spreév system gs @ prévicus évenrt In Ing gvert trees,

L.z

Tenle 1 surrerizes the results for tre cases of electric power
eveilebility corsicerec (buses 5A enc BA) and lists the WASK-1400
results as & comperison. -

Trz eralvsis has reveelec the following dominent contritutors:

Ccrteinrsrs Sprey

¢ fElectric power to buses SA anc €A

\

- Rercom Feilures (63.3%)
-  Humer Errer (£6.7%)

o No eactric pcwar tc one bus (SA cor 6A)

Rencem Feailures (77.5%)
Maintenance (18.3%X)
Humen Error : (05.0%)
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NeCH Acciticr Sigtem Meen

o Electric pewer to tuses &2 erc £k

8.6 x 10-¢
- Rercor Failures 7.6 x 10-4 (70.2%)
- Humen Errer £ 2.0 x 10-% (20.8%}
® Nc electric pewer to one bus (52 or 6A) -1.3 x 10-2
- Rendem Failures 11 x 10-3 (gc,ex)
- Humen Error 2.0 x 10-¢ (18,¢x)

R.2 COnCLuSION

Both systems nave single failure pcints but these are generally
2ssocieted with pessive components, f.e., the containmert Spréy ruction
heacer and the spray accitive tank in the NaOM system., The tank outlet
valve in the NeC* syster is also o single failure point tut is normally
leckec in tne open pesition. Failures of this valve are coused Ly
strocturel or hurmeér errcrs arc heve beer corsicerec in tre eralysis,

In the certeinment spray System, rancor hercwere feilures due to the
SPréy purps &re theé cirinert certrituters to syster uneveilepility., The
less of one bus increases the uneveilability,

Ir tre NeCr czcitien syster, feilure of the spray accitive terk enc the
outlet valve dominate the rancer failures, while human errors associatec
with the menuel velves which ere reguirec to change pcsitice curirg
évery monthly test 2lso cortritute sigrificently to system
undveilenility,
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prizery functions of thig cvster are:

Te refuce the contasnmert pressure following & less-of-coolert
éccicent or 8 steam line treak accicert ingice containment,

Tc remcve iocire (ty Mels eccitien) raleasze to the cortainmzet

-

dlrisprive in the evert of 2 breachn ir tre fuel cleceing felloning 2

less-cf-ccs'ers eccicert.

A seccrcery fur
ICL8°r s wetsr t
4

. S . -
AL iIES 10T

cticr &f the corteinment Spray system is tc previce

¢ tme cnevccel filter barks of the corteinment

ér coclire units (this function is analyzec in a seperete
Er Te TrE certinmect fan cotling gystem),

cf the tuc spray traing celivering
6CC cpr trrcucr ity set of 221 spréy rc2zles i1
inteIn contevnTert prescure bolew the cesigr pressure
~ when The reectior core's resicuz) heat 1s releeser te
steam,

Suetess peths for conteinment $Prey Curing the injecticr phase ere

Tiiuttretec in the simphifice slces clégrem, Ficure 1. Trig cizgrer
$PTug Tratl tre Leratse witer sucpiy frem the RWST anc failure of tne
Sulitlir n2ecer lire Ne. 18) ere tre enly twe single fatlure poirts in

tre sysiem, Tre twl purp treirs in parallel illustrate that either one
¢ sufficiert for sveter success., Tre normally closec MOV in eacn spray
tréin rust cper anc tne pump must start and run for a maximum of 2 hours
w1t minious sefeguercs. Otrerwise, all valves are normally in their
cerrect pesitions for system operation.

E.2.2 Secium Hyererics Accitier

Durirg the injection phese anc centinuing 30 minutes inte the
recIrculetior prese, ot least one of the sociue hycrcxice ecciticn
treins must introduce approximately 25 gpm of the NeOH solutior from the
Spreéy 2ccitive tenk inte ar opereting conteirment sSprey trair,

Th1s success criterion is il1lustrateo by trhe simplifiec tlock giggrem of
Figure 2. Only valves that must Criange pesition are shown,

There are three single failure points: 1) supply of the NaOH solution
from trhe spray adcitive tank, 2) velve 1841 which must remain cpen
(normally lockee openr), end 3) valve 8738 not remeining closed (normally
lockee closec).
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T Spréy enc secium hyorcxice aocition systems are
flcw cregrenm, Figure 3,

- 5
I
>
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B.3.1 Gererel Description

For the injection prhase, the containmerst sprey system consists of tre
fcilowing primery comperents:

¢ Cert2inment Spray Pumps, 31 ang 22

® FMetor-Operetec Doscneérge Velves, BREA anc BEER

e Discherge Heecer Corteinment Tsolation Velves, BEGA ang BECE
® Purd Sucticr Valves, BE3A ang BESB

® Discrarcge Check Valves, 8672 anc 8678

® Tur Sets of Sprey Nezzles (221 eacr set)

o Sucticn Heiczr Line No. 18)

o Discréroe Lires,

Tme felltatre es ccieter velvet anc lines ere ecessery for syster tosts:
® Srrey Tést Line

@ Sprey Test Valves 8783 arc 872E

® Air Teet Velves BF2% enc £62E.

Tne sccium hycroxice eccition portion of the system cperetes Curing the
Injecticr prase anc for eppreximetely 30 minutes intc the recirculstice
priese (LOC2 caly). This pert of the system consists =f tne fellewing
priméry corpcrenrts, '
Sprey Accitive Tark

Atr-Coereétec Tank Velves, 8784 arc 8768

Menue) Vealves, 183CA anc 1820E

ieruel Tank Jeolation Valve 1841

Creck Valves, 18284 anc 18288

Eouctors Nos. 31 anc 32

Lines 188, 579, 187, 578

Nitrceer Supply Velve 67ZB.

Tre following velve is usec for periocic flushing of the ecuctors with
beretec weter from the RWST and for the monthly pump tests:

® Manuel Valve 8738 (from suction header No. 181)

Semple anc inttrumentation lines anc valves 3" cizmetér are notee in
Figure 3 but are not incluced in the analysis because their failure will
not effect system operation,

Lines anc valves shown in Figure 3 for charcoal filter dousing are
giscussed in the section on containment fan coolers and filtratior.

The RWST is eveluated as a separate interfacing system because it serves
several systems,
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Tee sc<8y pumre, valve, anc SPréy 20Citive tank are locatec in the
Pro=asy BurVltdry Suileseg, Spray nc2iles snc treir heacers ere lccetse
1rsice tre corteinment tutlging,

B.3.1.1 Meier System Components
The meicr comporents of the system are cescrited in the following
perec-asng,

B.3.7.7 - Certainment Spray Purps

The sprey purps are of the horizental, single stage, centrifugal type
Criver by electric meters enc are eacrn cepetle of gelivering 2 €00 opr
at 300 psic. Trs purc: aré mot fittee witn flcw or preccure
frstrumertat cr: Tre pu=ps heéve rechanice! seals whicr. de nct reauire
& tarrgl ccoling,

€ect pump res & flow rete eoual to 100% of the heat removel capability
Fecessdry T2 meirtein cortzinment pressure teélew tre cesigr pressure,

Treciflre, eetr putp n2s & flew rate sufficiert te meirtain corteinmere
WIeEetty fiilCetng @ LOC2,
THE Tnl COrtairmart sprey purpe are suppliec with 280 velt peuzr ag

o

e
w oy

N
fei® Trem Srodvicue” treskers):
Bus No. SA

& Pura e, 3
< But Ne. €A,

§ Purs le.

Dty

Zecr putp bregnsr contrel circuit i icenticel 2anc only the circuit of
Re. 31 pums wfl! be cisniesec., Zacr Lreser's corirel sevter i locetes
Cr iné safecoiros penel; <tatus ligrt incicericns are ateve eacr
$e7icn, Trér: ere tuc switchie; cre for pump No. 2} te control breeker
$2/28Y anc cre for pump fe. 32 to cortrol breaker 52/CS2. Tne switch
res tre feilewing four positions (spring return to auto): (1) Pull-Out
- Tre purg 1s cisetlec fror stértirg Ly any eutcmatic staert signal.
AIth tre switcn in this pesition the "Sefeguercs Equipment Locked Open”
eléerm will te annunciated on the safeguards panel in the CCR. (2) Stop
- Purp will be stoppac if it is running by wnergizing the trip ceil,
(3) Autc - Pirp w111 e startec by the containment spray initietior

siener. (&) Stert - Purp will be startee.

wher the pumo is running it cen bte trippec by:

@ Puttirg tre switch te eitrer the Step or Pull-Out pesitien,
® Uncervoltege et the 480 volt bus No. SA.

® By tré clesing of tre recirculation phese switch RS-1 (pump Ne. 32
only).

® The magretic overlouac Lreaker, from overcurrent.
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B.3.1.3 FKiter-Operatse 2ur- Discrarge Valve

Trers 15 crg E-ircr metor-coeretec Crechérge velve in each of the two
fice treins, Trese are #CV: 662 anc B66E (see Figure 3). These are
tre ¢nly velves which are reouirec te thénge position for the syster to
Operate. Velve A is powerec frop MCC-36A ang valve B from MCC-368.

«I.0.8 Aldr-Operetac NeC- Acditicr Vélves y

Thé twuc 2ir-operatsc velves in tre cischerge line from the sprev

GCCITIVE tank are rermelly clesec. These valves ere in peralle) s¢ if
eitrer one opers, the NeOk scluticn can Le obteined. These valves fzil
cper uper lcss of 2ir. Air is previdec from the instrument air syster,

B.3.1.5 Sprey Accitive Tank

Tre ¢orey eccitive tank is mace of certor steel anc is linec with E
stéirless steel to protect the tank from the nighly correosive caustic
ccrizirec witnin, The tenk cortaing at least & 30% Corcentretion by
wEICrT €F scoiur nycreyice (NeCR ., The KeOF ¢ effestive in remcving
giegréste! fingrgeric) iocine oy » trepping precess (fixes iocine insc a
liguic prese!. GCy rercving tne ioCine “ror trne containment aimespheére,
tré cffiite thyrcic cose 17 recucee. e KeO% will also increzse the pk
of tre fluic ir the surps.

leve! in the tenk ¢ moniteree at the safeguarcs perel in the

reél cortrel rcom (CCR! by leve) trensmitter (LT) 921, Tnis device
¢ls level controller (LC) 92) to provide 2 low level alerm (“KaQH
~Ow-Level™) at B0% level., Tne elerm is also on the sefecueres

. Terk level s also lecally roritoree by L1-837., Technica)
FTITceticrs require thet the tenk cortéir 3t least 4,000 gellons ¢f o
» Wel= sciution by weight, This correspencs to a level of 75% of 1ul}
scele. Tre leve! in the eccitive tank will te meintainecd atove 80%
(£,£00 gelions) tc precluce actuetion of the low level alarm during
rormél plert cperations.
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Flow from the tank is measured by flow trensmitter (FTJ 930 which
sigrels flow incicetor (FI) 930 mountec on the safeguaras penel. Wnen
flow 1s estaclishec with toth pumps FI-920 flow is about 50 cpm. The
terk 15 protectéc from overpressure by relief velve 1815 setr at 276 psig
with & cepecity of 20 gpm. Valve 8734 is provided for tank dreining
sheuvlc repairs te necessery (not shewn in Figure 3).

To prevent cecomposition of the NeOH it is essential to maintain an
inert atrosphere in the tank during long term storace. For this purpose
& nitrogen supply is provided to the tenk through manual valve 8728 anc
line £78. A pressure on the orcer of 1/2 to 2 psig will be mainteinee -
im the tank Ouring storage. The pressure is monitored locally on P]-23(
anc relievec when necessary through manue)l valve 871. This may be
requirec during seesonal temperature chenges. Two vacuum breakers are
instelled on the tank to aomit air when NaOh is drawn from the tank.

0613A041481/1




§.7.10.6 Spreay Nocz2les

Tre steirless steel sprey no22les eare of the ramp Lottom cesign anc ere
FET Sulliect te clegeine by perticles less then 174 inch in meximur
cimersien, The nczzles provide droplets of 1,000 micron diameter wher 2
Criferertia’ prascure of 40 psic exists ecross the ncazle. They are
locetec in the conteirment tuilcing and are connected. to four -360€

rirc reecers of racii B'2" (278.5' elevaticn), 264" (223.5° elevaticr',
4z'3" (212.8' elevetior) anc 56'€" (213.5' elevation). There are two
sets cf 221 nczzles eecr (847 nc2zles) eistritutse on the four neecsrs,
This nezzle arc neacer errengi=ert results in mer imum ceverage witn
eilner Irercr of tre syster Cperating slere.

m

g3 1.7 Liec e e Custlr
Trhe mzers of accing Nel- te the Spréy water i¢ provicec by 2 liouic jet
CLCICr, Trit 1% & cevice which uses tr: kinetic erergy cf a
pressurizec licuic to entrain ancther liquid, mix tre two, anc cischerce
irg miylorg ecziret @ ccurter pressure. The pracsurizec liguic is tre
STEL DLTT TRCRECCE aRiCn 18 USEl 10 ertreir the Nel: soluticr enc

TE THaIers Sric tné sulivir of the sprey purps. There is crs

rey

S r
fer escr sprey pump. Trey are located in the primary auxiliery

2001 Licr=e) Sveter Arrzrge-zrt

C $0 as nct t¢
1€ erc erg cpar

veler 18, Ly nature, inactive enc 2¢ sucr s arrerg
208 201" rlrmal plert Cpéreticr. Tre purps 2re ¢
tC g RulT Ly leckec cper sucticr velves EE3L ane £E22. Tre meter
Cper2t2C coscharoe velves E%F~ anc BEEE ere closec. The ciscrerge
heecer corteinmert isoleticn valves (BE9A anc BES8) are lockee open.
Tr= sprey accitive terk is fillec enc is isolated ty closec air cperatec
vélves BIEA enc B76B. ANl instrument valves are openec¢. Drain and test
cornegcticn valves are clesec eno the pipe ends are ceppec. The spray
dccitive tank Ny supply ancd vent valves are closec. In-lire tank
ciscrerce velve 1841 i¢ lockec opened anc ecuctor valves 1E38A anc 183¢:
érs iockec cper. Test valves B7E2 anc E78B, 1806R anc 1EQES are lockec
cleesc. Test valve 181X is closec, Air test valves BES2 anc BEEE ere
leckeo clesec enc their ends cappec.

B.4.2 Syster kctiatior

Fellowing & sefety injection signel the containment spray system is
brought antc service Ly either of the following sigrels:

& High-High Containment Pressure - This sional occurs at approximately

S0% of tre conteinment design pressure (setpoint is 23 psig).

® Menual Initiation - Twe buttore are simu'tanecusly actuated on the
safeguercs peanel.
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1¥ @ sprey sigrel ig initiaten ty eitrer cf the abtove, the follewing
will eccur: :

1. The spray purp cischarge valves 66~ anc BE6E are supplied with an
oper sigrel.

2. Botr spray pumps will te sigraled to stert.

3. Twc minutes after the sprey signe) is initiatec the accitive tank
discrerge valves 8764 enc 765 will bte supplied with an cper signe)
provicec thet tne Relk cancel tutton hes net beer pressec.

B.8.3 Autcretic Swveter Retperse

Whzr the spréy systém 1§ activetec 2s cescritec atove both Spréy pumps
will Crém weter from the RWST via line no. 181. The purps cischérge to
tre spréy néecers, The sprey isolation mctor-operated valves are
previcec with control switches on the safeguercs penel anc are normally
c'oses. Pceiticn inciceting lichts are proviced for each valve on the

$efsg.eros parel,

Urlzse cercellec by the operator a pertion of the pump discharge is
Cirecisc treougn the licuic jet ecutior whicr Crews the KeCH selution
frorm tre gprey eccitive tank anc injects the fluic intc the sprey flom.

x>

Z-rirute tire Coley i wtilizec ¢c trat the operétor car determine
wheirer & primery of ccclent lesk or 2 steam line break has occurreo,
erc 1f necessery, cante! tne acciticr of NeC= (ses Secticn B.£.4, Merue!
Cperater Actice), :

t wiulc tese epprevimetely 70 to 8C mirutes te ciscrerge the tote!l Nal-
cluticn in the spréy eccitive terh using Lotn purps, For the first 15
te 2z mirutes follewing tne meximum loss-of-coclant accigent, beoth sprey
purzs mey Lé cpereting, After the injection phese has been completec,
ore sprey purp will continue to operate for epproximetely 30 minutes tc
empty the RWST anc complete the addition of NeOM. F]-93C will incicate
flow from the acoitive tank., Containment pressure indicators (Pl) 948A,
O4PE, G4FC, erg SLOA, OLSE, ang 94SC, are ‘ocatec in CCR on the
safeguercs penel. The system will te taken out of service after
recirculation flow has teen estatlisnec by the 2ight-switch seqQuence
(see tne recirculation system cescription) and the RWST no longer
corntzins encugh coolent to centinue running spray pump no. 31 (er nc. 32
if nc. 31 is inoperative).

B

B.4.,4 Marua) Operztor Action

If the operator cetermines that the accicdent is ¢ steam break, he hes
two minutes te press the “"NeOH Cancel™ button on the safeguards panel.
This ection will prevent valves 876A and B768 from opening and thus the
adcitron of NeOM will be preventeo. The "NaCH Cancel™ button is
provided to reduce the chances of accidental NaOH injection ang also to
evoigc NeOH injection when tne type of accicent will not result in

0613A041481/1
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figgror D' CuCt relédse tC the centeinment atmesphere. This “Cencel”
Cértg 1l may Le Cefeeter et any lateér timg Ly opening Loth vélvés Ly
usire trair certrc) swatcres on tre safecuercs parel, Each valve is
Provices with & control switen enc pesiticr indicating lights on the
safecusrcs penel,

-

B..&8 (rnarcce! Filter Douvsirg

Tre tér moter-operetec sprey valves, BBC~ through B8OK (no "1") are
ner=e 'y closec enc uper Leirg cpenec e2ch will enrurc1ete the
“Sefescuz-ce Vealvss OFF ht'-é Positicn” alerm, Eeach velve hes @ contirc)
switch éng incicetcr ligrnts locatec on the safety injection superviscry
parel. (Feor furtrer Crtc"s see containmert fen cooling, Section B.2.)

@ CEr¢€rétel TC wirn tre cperadtir thet an unsetisfactery
€218T8, arc eppreprieté corrective ection 18 requirec. Only
grrs cxf":?; concerrec with the containmert spray system ere
EYD tne friloiirg élérme are errurcigtec on the twe

-
. 2
- .
Y -

Sefsguearce Velve CFf Normel Pogiticn = cormer 2lerm, geneératel wree
ery #rgirgersc sefecusrcs system velve lezves the pesiticn cellec
for curirg rormel plent cperetions. Only velves directly used in
e ipray syster ére listec:

. -~
Wreg)

Pegitice rT¢ Wren Velve Nere

8ac- Closec Velve leaves Charcoal filter deousing
througr full closec units.

EECK .

gecr Clesece Valve leaves Outlet of RKP heet

gesz full closec exchancers to inlet

of Sprey Hescer.

—
o
-
o

Clesee Velve open Sprey test line to RWST,

2. Sprey Accitive Tenk Low-Level - 2larm geneératec when the level in
the acdcitive tank cdecreases to ECX.

3. Sefecuercs Zcuipment Lceckec Oper - comrcn 2lérm, generated wher

cortrol switch for either of the spray pumps i1s placed in the
Pull-Qut pecertacn,
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&, High-Nigrn Containmert Pressure - common alirm, actuatec when 1/6€
préssure cetectors ihcicets 23 psig - ithin conteinment,

§. CEBCV Switchgeer Moter Trip - commor alarm, annunciated wher either
purp trips Cue tc overlicec,

-

B.E INTIRFACES WITH OTHER SYSTEMS e

\
|
Followning 2 LOCA tre conteinment spray system* including NaOH aoa1t1or
ce:en»s upern the follcwire systerms:

1. The Refueling Weter Sterege Tank - to stare and previce borated
weter for the functicns of tne system,

2. Electrical Power - purp 2anc velve oprretion (see Tetle 2 fer list of
buses ane MCIs),

3. Sefeguercs Actuetion System (for tne system start sigrals).

e 2 (v(:.
- ‘e -

;n

S AL \""l’°"'ft

At reguler srtervels p‘n°1;r¢ cf the syster are inspectec anc testec fer
grccer furcticrirg. AL ctheér times, iteéms cf ecuiprent ere rencerec
ircseretive tecause of reinteﬁence actions. In the case of testing, the
syster cen usuelly be quickly returnec tc cpereticnal stetus. In tne
case cf meintenance tris may not be possible; the times 21lowec before
shutcowr aré specifiec as cpereting limits, Bctn cencitions cen effect
svstem availzpality 2s discussec velow.

B.7.1 Syscasilcrocaary Tests

s f ol S92 % PR

Tre cgr ¢incert spray syster is @ principal plent sefeguerc that is
nerrelly or stencby Ouring reactor cperetion, (Complete system tests
cernc’ be performed when the rescter is operating tecause a safety
injecticr cigre) ceuses reactor trip, mein feecweter isolaticn anc
conteinment 1sclation, anc 2 containment spray system test requires the
system to teé tempcrarily cgisatled. The methoc of assufing operability
is by cortined systems tosts performed curing refueling shutdowns, witn
more frecuent component tests, which can te performec curing reactor
cpereation,

The refueling test demonstrates proper automatic operation of the
contéinment soray system. With the pumps tlocked, theé compcrents
receive the safeguards actuation signal in the proper sequence. The
test cemonstrates the cperation of the valves, pump circult breakers,
anc¢ automatic circuitry.

-

Tris sve.em 1§ recuncdant to the containment fen coolers for contzinment
heat removal anc pressure recuction. When necessary, the containment
spray system provides dousing water for the fen cooler charcoal filters.

10
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are start2s manually fron the control room on a monthly

ng Putd
52818, Only on2 pumd 1s run 2t & time, followed by return of tnat
f13a23%0 20 the valve lineup required for containmant spray before

anotne” Pumd 1§ tested. A pump must run for at least 15 minutes for a
succ2ssful tes:.’ Motor-operateg valves are strokec monthly from the
contral room, as part of the pump operapility tasts.

During reactor operation, th2 instrumentation is generally cnecked on
eacn snift ang tne initiating circuits test2d montnly., Tne testing is
discuss23 in the safeguards actuation system description.

Tne sc2tu™ nydroxid2 as3ition system is partially tasted wnenaver tne
associeted spray pump 15 testad, 1.2., montnly. Because of tn2
corrusiven2ss OFf thé s021um nydraxid2, flow from the spray additive tanc
is not testes. The 2ductor, howsvar, 15 testad Dy opening the locked
ciose? valve 8732 to tn2 RuST neader. This permits flusning of the
2iuctor, proving tnat it functions properly. Spray nozzles are checked
witn air 2vary 3 yeers by means of air or infrared technigues.
Cinz2atratior. of Nad~ solution in tne spray additive tank is checkad

- -

‘e ..'.‘y.
t'2 3 synnirizas tne :est/inspectian réquiraments.

.2 Maintanzaze Time _imits

2ing tc unit tecnnical specificaticns, one containment spray pump
e Jus of sarvica for a peridd not to exce20 25 nours, proviced

f tne five fan cocler units ar2 operadle ang tn2 r2maining
ins2nt spray pumd 13 demonstratad to ue operatle.

b
[TON "I '\
(&)

1ay valve reauirag for the functioning of the syste~ Zuring and
fa1l2417g ac2ic2ant congitiong may De inoparadle provice 1t 1§ rastorad
13 an op2radl2 status witnin 24 nours and all valve. in tne system tnat
praovise =ne duplicate function are demonstratad to be operadle.

On2 of tne sodium hydroxide trains can be out of service for up to

7 days pravidxng the other trains and its containment spray pump 2re
operadle.

Any maint2nance of the spray adoitive tank requires reactor shutdown.

N
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C.

SYSTEM LOGIC MODEY

)

-

C.1 TOP URXESIRED EVERTS

Two cifferent fault tree mocels have Leen constructec to evaluate the
frecuency of:

1. Irsufficient boretec water sprayec into conteinment (containment
spray curing injecticn). -

2. lInsufficient sclution injectec intc conteinmert [socium hycrcxice
acciticn).

Tre twe cifferent fault trees cerresponc to the event tree everts of
centeirment sprey (CS) enc socium hycrexice aceition (NAS, respectively,

C.z SYSTEM FALLT TREIE MODILS

Tre feult tree for the cortzinment sprey (CS) evert (item 1 atove) is
§riar e Ficirg £, INMIZIT getes Lilewm the top evert O cate corciticr
SLisstusrt celes cepencing on test or meinterérce stetes of the system,
The tree 1s st corciticre! uper success of the fellowirg cther systers:

® RWST ScreateC Water Supply (eveludtec elsewhere es & seperate syster,
o Electricel Pewer tc Supply Butes erc MCCs
® Autcmetic Stert Signal,

Trne feult trze for the scciur hydrorice eocitions (NA) event (item 2
etcveé) 1s shown in Ficure 5. The systerm cepencs uper & particuler spray
PuTp circult 2ssocieted witr its ecucter, therefcre, the spray purps ére
§niar hzre 1r eccitien te Ficure 4. (The failure frequencies for the
$Préy pury circuit eare those cerivec from analysis of the CS feult tree
erelysis. This introcuces some pessimism intc the overal) event tree
seQuerces but the compromiste is necessary tecause of the way in which CS
erc i are consigerec &s twC seperete systems in the event tree.)

C.3 BRSIC EVENT COCES

Terles & anc £ list the basic event coces appearing in the two fault
treee, Severel "house" events appeér in the trees shoxing cepencency on
tre suppcrt systems list atove. These have been coded as trcugh they
were besic events but are not listec in the tables.

Rlsc shown in Tebles 4 arc § are the applicable failure meces anc their
plant-specific failure retes with reference to the list of comporents.

C.4 RMINIMAL CUTSETS

Minimel cutsets for btotn fault trees have teen icentified using tne
computer coce PAS. These combinetions are listed in Tatles 6 anc 7.
The deminent cutsets ere icentifiec through quantifications in

12
0613A041481 1

T R TREL sy, AT e T oy A TR e e




Seztir D, et fariures are voentifiee Ly tnese tables ang ere alee
1 $TTeI8C Y Figurds | #rc 2.

C...1 Lerte‘rmers S°7é£

For tre feult tree shewr in Figure & anc consicering only hardwere
failures, trere 15 one single evert cutset (sivgle failure point). Thig
is tre passive cempenert, line 181, from the RWST to the two spray pumps,

o (FPCI%1G:  Suet ¢ line from RWST.

Tre feslure mics is pluccirg of t.¢ ling--2 véry low protetility event,
Rupture of tnis Vire wee'c alsc cavte fetlure of the syster; meweser,
Lece.se ¢ tne larze velure of weter thet weule te releasec 1t would te
ImTECIEE T CETECEC nC the rescier Shut cown, For this reescr the

rectire f2ilure Poze wes net Yistee.

Evert cuteets enc these are listed in Tatle 6. Orly

- - sps Y b}

1r@gee gre L1 CCubl e

$76278 ger CrLsTe CLtests dre eviluatac,
o - - - - - o - -

Cemo2 £22°.= =,retripe Agastine

For tr2 f2_7t tree shewr in Figure £ anc consicering only rencer
hércuére feclure 2s in Secticr C.4.1 abcve, there are four sirgle avert
Li82ts in the sccium nycrexice eccitice system., These are:

8 (TeRalx3: Plugsire of (or failure to obtair s2luticn free) tre
$Ppreéy eccitive terx,

o vt Mesrerice) fetlure closes of ters valve ESY (@
Teeves coen velve).

# DIVETIsa: Lecvec clesec test valve B738 left cper (humen
errcr),

o SASCAI/N: Nc eutomatic open signal to AOVs 876A ana 8768.

eilure frec.ercies of these single failure pointe ere giver

Teg cere-
ir Szctic

-
-
r

© -y

oo

Trerz are 17 ccutle event cutsets. Beoth single ang doutle cutsets are
Tigtee t1n Tetle 7. These ere all of the possitle rencer hercwere
feilire cutsete for the fault tree logic mocel.

13
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0. CL~“TIFICATION

D.) CCi™alinEns <pal

D.1.1 Syster States

Whergver the reacter 15 not shut Cowrn, this system -111 te in one of the
follcwirg three states:

1. RKzither tr2in out for test Or mainterance
2. Org cr the ctnér tre'r cut for meintérarnce
2, One or the ctrér treir out for test.

Besec uprr plent-specific cete, ¢ containment spray purp s unaveilatle
cué tc-testirg for en averege of 45 15 minutes each 30 deys/montn
(tve tclerarce rctec 15 ér estirmate).

Treir Urevziletle Due te Test: Mean: 1.0 x 10-3
Veriarce: .9 x 10-2,

Curirs trg gperioc 1671 12 TCEC, twl reintérence 2vents hive téen
perfcr=ec cr tne cers ewnrer' spréy purps. Tne totel cumulative purp
newrs 18 €6 6CC erc tre cut-of-service time ¢ 20 nhours (cut-cf-service
tims c2rnct excésc Z8 nours tecause of operating limits).

Trein Ungvzilesle Dug te Mainterance: Mean: 7.2 x 10-¢

Veriarce: 5.3 x 10°8.

-

. s .-
-

Toeverts for trne INMIBIT geate Shiar

~
S
~

e

—
-

& € s8¢’y
it tre

m 'lo

& er
F

s o
w O
Mmoo
o ..

ﬂ‘)
"n et

£ &5
i tne ‘éy

0.1.2 Input Conciticr

Two input concditions have been considered:

@ Bctr 42C VAC buses availetle
o Bus E2 cor Bus BA failec.

The atove concitions are evaluatec 2s ON/OFF events, Failure rate cete
us=C in subsequent quantifications 2re summariiec in Tetle 4,

D.1.2 Botr £20C VAC Buses Aveiletle

Rencrr HercCwere Failures

*For Treins A or B, the following 15 the quentification of mean rancem
harcwere feilures (reference Tetle & for data).

061320¢1481/1
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et Crer Velve €7 mechanicel closing 2ne consicering monthly

e.1 x 1078 (159) £ 2.3 100

Variarce = 1.3 x 10°°.

Sereéy Purp anc Fotor 31 (er 37) the failure to start ano failure te run
fer & average Cf lel mirytee 18

Fezr @p + 1.8 5 103
Var‘ance » 1.7 x 10-F.

KO, EFE fails tc cper:
MErc Qe s 1.5 x 16=2
Ver<ircs = 2.6 y 10-F,

T os%uCs Clieen:

.. .‘
réir @2 S A

Veriance = 1.0 x 10-8.

Loca2c Coer Corntainmert Marug) Velve B€S closing mechanice) (same as
vé.vé E2° aLove):

tec Q.
7
v : - .C
vérience = 1,2 » 10°7

Screv terzles (221 Pluecing sufficient to fail the system: the spray
fC221€% eng spréy hedters ere meintained in & dry concition anc are
inspectec every 5 yeers. Because of the environment in which these
rczzlee erist, large sc2le corrcsicn, which coulc te sufficient to plue
the sD-2. nczzlcs. w111 nct occur. For this reason, the freauency of
pieceire of the rc2zles 1s assigrec 2 negligitly smel) frequency.

Tne cre single-event cutset of suction pipe 181 plucging basec on 1 ween
cetection time is very sm:ll ang does not cortritute significantly te
syster favlure.

Failure of Qre Treain

Thern, summing the above means:
Meen: 3.1 »x \0‘3. Trair A {or B)

Veriance: 2.6 x 10-6

06134041481/1




ct2) Rercem Fevlureg

For tre stete conciticr of neithner train cut for test or reinterence,
Lesr trétrs farlirg 1

Mezr (Sp = purp train 2 = 1,2 x 105

Or2 Trate Cut, Fer Mairtararce .

For the state corerticng of Trein &2 or B out for meirterance (state
availanality Y arc reancirm feilure ¢f tne otrer train:

Meer CSpe & 2(3.1 x 10°2)(7.2 » 104) « 4.5 x 10-6,

Ore Tre'n Cut Fer Test

For the ctete corcitions of Trein A or B out for test (stete
evetlenilityl erc the fellure to recpen velve B6SE or B6OE, we have:

Yepe 18- 8 Fi20V 2 00731 1.0 5 10°2)(6.0 & 10°2)% « 5.6 » 105,

W =i ey

Tecr trets i testac mentrdy, This test rec.ires the clesing of the
mérud! Corteirmsrt dscleticr velve, BEEA cor SE9E, for the purp train
urcer tést, Trne nuren errcr for this event 18 mace up of the errcr of
cmitsien, failing to recper tre vilve, anc tne protetility cf not
ciscivering tre errcr 0f crission, From the chapter, Humer Error B2tes,
trhe fCliCa"re "urmer grrcr rates for these twC errors ore usec:

Lragy Mezr Vériance
1. Feirlure to restore valve e.0 x 10-3 1.8 x 10~°
€ priper prsiticn, .
Z2. Feilure to ciscover 2.2 x 10-2 1.9 x 10-3
errcr £,

Tre fclleming erprecsion cefines the contritution of this humin error te
sytter failyre:

Quurer. errer * Plrotn)Pironciscovery)

* 2P(one)?(nonciccovery)Plpump traie)-

"The velue 6.0 x 16°2 is used for event CXVEESA(0rB)Q vecause it is
Juccec treét, following @ LOCA which occurs when & train flow test is
teing performec, the cperetor mey not think te open the containment
iscleticn valve.

16
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r velves being closec cue to operetor
w€Er the actione, Preern)

Plersy 18 tre frecusngy for e single valve being closec cue to

Cper2iir errcr,

Plpu-= rrage; . ! :te frequercy of failure of a single pump trein cue

L€ r@r3l® “&' vrés,

errcr ¢ceroritutiza is:

Cor-¢r cé.se feilures of "ne seme typs corperent in cifferent traing
C:.7C CClur But the preesility in @ stencby system tnat is testec
moetnly &ng Cér Le meintéingc Curing reéactor cperation is judgec te be
very smi'), Accitionélly, commgn external ceauses such 2s fire or
Titicir; ere evelueted elsewhsre in this stuCy anc incorporated in tne
=iticetirg secsuénces, For thete regscns no Commer Ceuse
‘Tetior mgs Tesn igres te tre syster.

Vrdhgt latility o Eleceric Porer Averlasle

-

rieinmart sorey system unevailability wher electric power is
€ ircrme) arc emergency; 1s:

cs
Y |
-

2vérl:
Mean, CSsys b CSR * CSM + CST ¢ CSH
= 3,0y 107
v s s -0
verienCe s ].‘ x ]0 '
Tetle € Tiste the cemi-ent ceuses of unavailability enc the effects.

Rext, the concitior of lcee of eitner bus 5A cor BA 1§ en2lyzec.

D.' & But SA (Or EA' Failze

Failure of cne main tus SA or 6A will disatle one train, The other
trein 111 be urnaffectec. Tre fellowing expression defines the
frecuency of system failure given loss of power te 2 single 460V bus:

0613A04 14811




td
-

Qsyster * Plpurp trave) = Plrairtenance) * Plrest)

' : \ " b |
®lngreiscovery) Plcne)Plronciscovery)l.

-

¢f syster failure, given & loss of @ single 460V tus iy

Meer, 8 gystemt 4.0 x 1073
Vérience: 2.1 x 10-€,

Teble € Yiste trs refor couess of syster failure anc system
uréveilaoility giver bus 5% or 6A uneveilet)e.

D.1.5 Ping Failures

Pipe e lures in tre cortsrinment Spriy system heve teer eveluatec
Cuertitétively in Tells 10, Plugging of lires weule te detected

Forirlyl rubtore wowle e rescily cetectes teceuse cf the large amount
C¥ wi®€” %%2% wC.LC %@ rél2zcec, ever if the Syste™ wés not cperetire,
Plugstes € trese lerzzezizrster pipes i consicerec tc te very renmcte.

‘s 2 slignt sility ¢f line rupture guring system operaticr.
cur value of 8.€ » 1010 pccurrencee/nour per section for
re, tre four secticns in tnis syster result in ean overall failyre
10-/rour. Allewing for a twe-nour system run time, the
urzvailetility woulz te €.8 x 109 anc weule not change the system
uréveiledility velues celeculetee abcve. ~

D.2 SOO%'% mybEAypIns peayein,
. R - !

----- ’ - v - - . w

Th1S system nes twe states:

1. Besh centéinment Spréy treins operative @
2. Orne or the other containment spray trein inoperative.

0.2.2 Reércer Harcnere Failures

Trhere ere three single feilures which will fai) the system. Tney are:

. lic NeCOH frem tank
o Velve 1841 not oper
o Velve B728 not closec.

In eccition, if neitrer AQV 8764 or B open, the system will fail,
Failure to ottzin NeOM solutior from the spray acditive tank is expectec
with & frequency of: Meer = 2.0 x 10°6/nr. The causes of failure
incluce vacuum bresker not oper, no soluticn in tank, plugging of the
outlet, tank rupture, etc. The tank is inspected montnly <o the mean
out-of-service time 15 365 nours. The unevailability is:

18
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redih Qv,

variarce = 7.9 x 10°S,

Ma-
pcs

D velve 18¢7 a2t thne tark outlet car fai)l mechanically to the closec
I w18 éxpected tO oCCur witr the unavailability:

L

s
=
.
.

MeAr a¥‘ 3.2 %710

: - -
Verience & 1.2 » 107,

Meroal valve E77 from trg RWST fer ecuctor flusning will fatil the syster
if it is et Ccicsec folideing thE mortnly syster test, This i¢ & humer
errir whize w41 De coreflercd leter.

Fe~"_re ¢Ff tzetr eir-cperz2tec velves from the spray accitive térk to opsr
v fetl tne stystem., These are feil-open valves but coulc mechenicaliy
£8rY 22 pogr attr 3. fraoudnty Bf:

...: ‘_.g_ x “:.-

‘-C ‘-'.’:: ‘-CE > ‘c.'-
PR .ut& 5F 205 wistld 133

Feen _ TRE. 6.2 IC°°

z

“2"_—'{':&- . ] £ X ’c-‘lc
Tre 8.7 1 tre iirg's rancer ferlure contriteticn te sccium hycrexice
RLESES RERLYE V83

%e e 7.6 » 1078

e

Varisnce: 7.8 x 10°°,
e zeoctcr trrin coredsts of @ merue) velve, check velve, enc ecucter.
Tree: gerie) crmponerte ere surmec &8 fellows:

Cerporent Feilure Meer Vérience
Uravailetility Centritution
Manual Valve 1839, nct oper 3.3 x 10°° 1.3 x 10-°
Creck Velve 1638, stuck shut 6.9 » 10°° 1.0 x 10-8
Ezucter plussed 2.6 x 10-4 2.3 x 1077
Total fouctor Train £31 or 32 3.8 x 10-¢ 2.7 x 107

06122041221/




Wtee LOLP corteinrer: Spreéy trains are coereting, the urevailenility cf
B QCLCISr Trasng W4 s
Meern @z = 3.6 x 10-7

Verierce = 1,0 x 10-11,

Wrer or iy ore corteinmers $Prey train is cpereting:

Meer @, & 3. a 1072

Test [

Wher tre cortzinment sprey system is testec, the ecuctors are zlse
testec: trere“ore, the uraveilerility for test of this system has been
écclurtec - ir the corteirmert sprey unaveilability,

Metetgracce

Ar, TRUrl@cirse tret s rec.i-cse LC te perferrmec or tnig sveter requires
trel ne plers e srut Cowr,

8738 fror <he RWST follewing 2n ecucter tast
ireffective. Tnis type of failure is

huran errcrs: 1) failure te rescsition a valee
Ci2 D2rnaps te & cherce in snift) enc Z)

“Cr tC Ciscover the misteke.

rrcr rétes srowr in Section 0.1, the human errcr contritutior
&~ uraveilability is: ‘

teer. NAy = 2.0 x 10-4
Verigrce = 2.8 x 10~7,

Cemrmzr Cause

Beth ecucter treins coule feil due to plueging of the ecuctors by
seciment frem the sprey edcitive tenk, Utilizing ¢ bete fecter of

1.0 x 10°2 (17100 years) anc the velue for NaOM educter train
uneveilesility giver thet containment spray 13 evailetle, common cause
failures of system i1l occur with the following frecuency cssuming thet
the pretability of seciment is 1.0 x 10-4: -

20
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|
Meae, ha. e 3.0 00 YL » 1c'?)c1 - 3.0 x 10‘3)(1.0 x 10° )

Pice Faslur=ay

-

Qué itetively in Tazle 11, Trere are thnree sections, one from the spre,
aczitive tenkh, failure ¢f which failg the system, anc 2 sprey flow line
threug™ #ack @CuLli(r, £ailure ¢f which w1l f21) thet treir, As
gisc.ssec in D.Y.E, the resuting unevetlatriities oc not elter tre
previcutly.

.7 ¢

Pipe feilures in the socium hycroxice system heve Leen eva1uatg&
sveter veluds ce'cuieler

Al
L
-
-
~
~
-
[0

<Yt 4 ity

2 net= accitige uraveilinility for the cese "2oth 880V Buses

- -
"
Rigi 2t " V&3

RESE, Say.a o Bl W8
Varizece s 2.8 2 107,

Troe rge 't 18 coriretec Ly the pessive single feilures of trne systerm,

Litr power evailenls at only cre CEQV tus, only cre sprey purs trein is
aviiistla., Urcer tris conciticr, the unaveilability of the NeC® syster
[ %

4
res 2 9.0 X

Tris recolt i corirztec bty rercer failures in the sprey accitive terk,
tre ters Cutlet vélves, anc the écucter train,

Tatlzs 12 ang 12 summerize the causes of socium hygroxice accition
system failure.

£.2 STATISTICAL SUMWARY

The reculte of the sssteme’ quantificaticn heve beer summerizec in
Teole 1. Mecier enc percentile values were calcuiatec by corputer
pregrem CPL using comporent mean anc variances anc syster relistility
equations.

21
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FABLIL
MIMAARY OF RESULTS

CONTATNMENT SPRAY

Condition Mean Varance S5Lh Percenta e Fediran 95th Percentile

Electric power to 3.0 x 10-5 .1 ox 10-9 0.9 x 10-6 1.5 x 10-1 6.1 x 10-3
buses 5A and o6A.

No electric power ta 4.0 x 10-3 3.1 x 10-6 1.9 x 10-3 3.3 x 10-3 &k s 103
one bus (5A or GA).

a2

"
WASH-1400 Not given NobL qgiven 1.0 x 10-3 2.4 x 103 7.8 x 10-3

SODIUM HYDROXTOE ADDITION

Condition Mean Variance 5th Percentile Median Y5th Percentile

— -

Electric power to 9.6 x 10-4 2.8 x 10-7 a.7 x 10-4 8.3 x 10-4 1.5 x 10-3
buses 5A and 6A. ‘

No electric power to 1.3 x 10-3 6.7 x 10-6 2,4 x 104 1.1 x 10-3 ; 4.8 x 10-3
one bus (5A or 6A).

WASH-1400 Hot given Not given 3.6 x W0-3 " 5,9 x j0-3 1.1 x 10-2




IABLE 2

FLELTRICAL_INTERFACLS

Component Power Supply
N Containment Spray Pump Jl 480 VAC Bus 5A and Ureaker 52/CSI
Containment Spray Pump 32 480 VAC Bus OA and Breaker 52/CS2

Discharge Stop Valves:
MOVB6HA MCC JOA
MOV3ool MCC Inll

NnrYYaAanatany 2y
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AL A

CONTAINMUNT SPPRAY. SYSTEM COMPONENT DATA

Component and F. T. Code

Failure Mode

Hormal Stale

Motor-Uperated Valve
‘CMV 360AY)
crly Jooly
CMV Bo6Cy
CHMY Boobly

Manually Operated Valve
CXV 865A1)
CXV 86584
CXV d69A)
Crv usvul
CXx! 869AC
CXY YbYydl

Check Valve
CCY B67AY
CCy 867204

Containment Spray Pumnp
and Motor
CPMCS2IN

CPMCS22N

Spray Nozzle Sets

CNZZ2IAG
CiHZe2186

Failure to open
Failure Lo open
Failure to vpen
Failure Lo open

Fails closed
Fails closed
Fails closed
Fails closed
Left closed
Left closud

Failure to open
Failure to open

Does noi start
cv stop before
Z hrs.
Joes not starl
or stop before
Z hrs.

Plugging  SU%
Plugging S04

Closed
Llosed ]
Closed ‘
Llosed

Locked open ]

Locked open
Locked opan
Locked open
Locked open
Locked open

Upen

Upen

Not running

Not running

Passive
Passive

)|

- —

|
l

|

Fatlure Rate
Hean/Varvanee
| emand (B) or
Hourly (H) |

Data Source
lable B./2-7
(1tem ¥)

1.5 x =3y
2.0 x lo-v

L

9.1 x =iy
1.0 x lp-14

L]

Human Error

6.9 x 10-9/
1.0 x 1p-8

(0]

10-3/
-0

see text

1

19

(Lstiumated on the

hasis of enyin-

cering Judgment. )




92

TABLE 5

SODLUM HYDROXEDE ADDITION SYSTUA COMPUNINT DATA

Component and F. [. Code

Failure Mode

Normal SlLate

Faitlure Rote

Aean/Varrance

Data Source
fahle B.72-2
(1lew #)

Air-Operated Valves

CAV

3761

CAV 8760Q

Manual Valves

Cxv
Ccxv
Cxv
cxy

Check
ccy
ccy

68738X
1841Q
839AQ
4396Q

valves
818AQ
83880

Eductor
CETO021G
CETON22G

Spray Additive Tank
C TKNADIG

Failure to open
Failure Lo open

Left open

Fails closed
Fails closed
Fails closed

Failure to open
Failure to open

Plugged
P lugyed

Closed
Closed

Locked closed
Locked open ]

Locked open

5.00 x 10-4
4.03 x W=7

(i)

Human Error
‘ 9.10 x 10-8

i

Locked open ‘ tI.UO x 1g-14

Open
Open

Passive
Passive

Failure to supply Full

NaOH solution Lo

system

6.90 x 10-5
1.00 x lp-8
(0]

2.40 x 10-4
3.30 x 0=
Lo

2.00 x 10-6
6.10 x 10-13
(i

see Ltext
"

(Estimated based
on engineeriny
Judgment, )

(Estimated based
on engineering
Judgment , )
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SOOI IYDROXLDE_AUOLTON SYSTCA LHAVALLABILLIY [ (50 A (uA) ]

Lifects
Cause Unds a,?‘;.‘:;:. lity
Componenls System Other Systems
Iol;l Handon Failure 7.6 x 10-1 Lductor or valves Fails None
festing Covered by - - *
Containment Spray
Maintenance None - - -
Human Error 2.0 x 10-4 Manual valve Fails None .,
Comnon Cause 3.0 x 10-10 fductors plug Fails None
(Other
TOTAL 9.6 x 10-4

el T emetamny o
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MOVALLA
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SPNAY
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A | nwst |
NOVATED WATEN '—-
" | surrLy

PSR —————

SUCTION LINE
NO. 181 NOT
PLUGGED OR
AUPTUNED

Fiqure 1.

PUMP C5132
STANIS AND
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Relfability Block Diagram of

MOVAGGN
OFf NS AND
T MAINS OPEN

SPRAY
NOZZLES
I MAIN OPEN

Containment Spray System
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