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INDTAN POINT UMNIT 3
SUXTTTARY reconAier SYSIER

A. SUINMARY

A.1 INTROOUCTION

-

The Indian Point Unit 3 auxiliary feedweter system (AFS) functions as @
heat removel system for the steam gener2tors. It can operete in
conjunction with, or independer..!y from, the main feedvater system for
emergencies or as optional equipment in startup, shutdowm, or hot
standby conditions.

The analysis is based on the system as it exists in three given
electrical states. These states are:

e Full power :
o lLoss of one bus (either bus 3A or bus 6A)
e No electric pover.

The boundary of the analysis is pictured in Figure 1. The turbine steznm
supply fron the stean generators, the piping systens and 211 of the
auxiliary feedwater system components are included directly in the
analysis. The water supplies themselves are not analyzed in detail, and
the electrical power supplies are outside the boundary of the 2nalysis
as is the AFS actuation signal. The anaTysis is conditional on the
presence of an AFS actuation signal. Finally, some hunan interactions
are included vithin the 2nalysis and sone are outside the bouncary.
Within the boundaries, the human interaction through test 2nd
meintenance, as well as operétor response tc systen feilure on demanc,
are censidered. )

A.2 RESULTS

The AFS unavailability was calculated for the three states of the
electric pover system. The results are shown in Table 1, the AFS
Unavailability Table. Table 1 indicates that there is considerable
inportance attached to the state of the electric pover system. The AFS
depends on two electrical buses for power, and is designed to function
vithout electric pover. Hovever, loss of 211 electric pover does
increase the system unavailability since the two motor-driven punps
vould becone inoperative.

The dominant contributors to unavailability are cifferent for each state
of the electric pover systen. The dominant contributers to the full
powers state are:

e MNenrecoverable Randon Failures - Failure cf the CST and city vater
supply (mean unavailability: 1.07 x 10-6, approximate
unavailability contribution: 43.5%).
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Indcpencent Huran Error - Failure of the cperator 1o velve in the

City vélér coupled vith & ?$i1ure of the CST veter supply (mean
uneva11eh?1ity: 4.70 x Y07, arproxinate unavailebility
contribution: 19.1%).

Independert Hunan Error - Failure of the operator to staert the

turbine-driven punp, naintenance on one noter-driven pump and
feilure of either set of discharge velves on the regaining
notor-driven punp (nean unavailability: 3,24 x 10'7.'epproxinete
unavailability contribution: 13.2%).

Test and Maintenance - Motor-driven punp maintenance coupled with a

fa1lure of the tirbine-driven pimp treéin and failure of either set
of discharge valves associated vith the renaining motor-driven purp
(mean unavailability: 1.44 x 10- » 2pproxinate unavailability
contribution: 5.9%).

Independent Hunan Error - Operator failure to start the .

turbine-driven punp coupled vith a failure of one nmotor-driven pump
and the failure of either set of discharge valves on the ren2ining
notor-driven punp (mean unavailability: 1.19 x 107, approximete
unavailability contribution: 4.8%).

Independent Human Error - Operator failure to start the

turbine-driven punp coupled with failure of one notor-driven pump
and maintenance on the other motor-driven pump (nean
uravailability: 8.28 x 10-8, approximgte unavailability
contribution: 3.4%).

Test and Mzintenance - Turbine-driven punp meintenance coupled vith
failure of one notor-driven punp end failure of either set of
discharge valves on the other nmotor driven punp (mean
unaveilability: 7.03 x 10°®, approxinate unavailability
contribution: 3.0%).

Test and Maintenance - Motor-driven pump maintenance coupled vith

failure of the other two punps (rean unavailability: 3.68 x 10‘8,
approxinete unavailahility contribution: 1.5%).

For the case vhere one electrical bus wvas not functioning, the dominant
contributors are:

Independent Hunan Error - Operator failure to start the

turbine-driven pimp coupled vithk failure of either set of discharge
valves on ghe renaining motor-driven punmp (nean unavailability:
6.03 x 107, approxinate unavailability contribution: 27.2%).

Indeperdent Hunar Error - Operstor failure to stert the

turbine-driven punp coupled with naintgnance cn the motor-driven
punp (mean unavailability: 2.82 x 107>, zpproximate
unevzilability contribution: ~ 32).

08128081281 N






0

v is @ conparison of the AFS study to WASH-140C,

AFS Stucy Scenerics Meen Unaveilebility
Full Power to the AFS (start to & hours) 2.46 x 10-€
Loss of one bus to the AFS 1.48 x 104
(stzrt to 8 hours)
Mo electrical power to the AFS 1.43 x 1072

(ste-* to 8 hours)

WASH-1200 Scenarios

Small pipe break (start to 8 hours) 3.50 x

Snall pipe brezk (8 to 24 hours) 1.10 x 10-3

Loss of net offsite electric power 2.50 x
(start to 8 hours)

Loss of net offsite electric pover 3.40 x 10-3
(8 to 24 hours)
High energy pipe break (start) 2.20 x 10-2

A.3 CONCLUSICHS

The results presented in this section show that in the emergency mode
the Indian Point 3 auxiliery feedwater system is very reliezhble.
Nedundancy, separation, availability during testing, and recoverability
nake the system sound. Figure A shows the resulting curves for the
three scenarios dealt with in this study. . The results are based on the
failure of the auxiliery feedvater system to deliver 2t least 200 gpm to
each of two stean generators. Approximately 30 ninutes are available
frem the time of reactor trip until auxiliary feecdwater is recuired
based on normel stezm generztor water inventories. The dominant
cerntritutors to conditicng) unaveilability are human error (inection),
test and naintenance, and nonrecoverable random failures.

In the "Full Power" cese, the dominant contributor is the failure of the
tvo vater sources. The other najor contributions include three test and
naintenance and four independent human error scenarios.

The "Loss of One Bus" case is deminated by two independent human error
scenarios. The loss of electric power to the one motor is primarily
responsibtie for the increased unavailebility over the "Full Power"

case. ‘dditiorally, there are three test and maintenance, tvo
nonrecoverable random feilure, and one independent human error scenarios.

The "No Pover" case is quite different. Nov only the turbine train can
be available, so single elenent cutsets in the turbine trzin nmove up.
Topping the list is the failure of the operator to stert the
turbine-driven pump, followed by test and maintenance, and then the
nonrecoverable rancon failure of the turbine punp train. This case
shows that even with nultiple failures leading to 2 complete loss of all
pover, the AFS should operate successfully (less than 2 2% chance of
failure). .
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E.1 SYSTEM Finctice

Tne emercency function of the euxiliery feecweter system (AFS) is tc
previce neet remove) for tne reactor cocléent system when the mein
fesometer syetem is unavéiledle. A simplifiec block ciecrem of the AFS
is showr 4n Ficure 2. Weter is suppliec through three pumps to each ¢f
four steem generétors. The AFS must provice this furction curing smell
(less then 2-inch) loss of ccolent 2ccicents (LOCA) as well és curing
trensients thet leaed to & loss of mein feeoweter. The AFS provides 3
initia) cooling to prevent overpressurizetion of the reecter coclent
system enc hee sufficient weter supplies to remove the residuel heet
generétec by the reector for 2t leest 24 hours et hot shutcown
conditions. The system is 2)s0 used curing normel plant startup,
shutdown, anc het stencby conditions., Requirements for success under
emergency conditions ere thet flow from 2t least one pump (400 ¢pm) te
celiverec to &t least two steam generators (200 gpm to eech) within®30
rinvtes of the initie) cemenc to precluce totel loss of weter invertory
ir. the steer ceneretor. :

B.2 SYSTIM OPIRATION (INCLUDING OPERATOR INTERACTIONR)

h simplifiec ciacrem of the zuxiliery feecneter system for Incien Point
Unit 3 is presented in Figure 3. The suxiliery feedwater system
consists of twe sutsystems eech capetle of supplying 100% of the
requirec flow. Ore subsystem utilizes two moter-criven pumps each with
& cepacity of 400 gpm. The cdischarge piping is érréncec $O thét each
pump supplies twd steam generetors. A separate subsystem utilizes &
steem turbine-criven pump, with the steem supoly frem re. 32 enc/er

rc. 33 steem ceneretors upstream of tre mein steer iscletion velves., A
préscure recucirg control velve recuces the steem supply préssure 1o tre
60C psi cesign velue of the turbinre. The steem turtine-criven pump
supplies & tote) of 800 opm to all four steam generators.

Redundent weter supplies are available to the AFS. The primary source
is by oravity feec from the seismic Cetecory 1 condensete storege tank
with a tote) cepacity of 600,000 gellons. Of this totel volume,
360,000 cellons ere ceciceted for AFS use. Aveilavility of water from
this source is gueranteed by LCV-1158 which closes when the quentity of
weter in the concdensate storzge tank drops to 360,000 gellons, isoléting
the condensete storage tiénk outlet from other systems. Redundant level
incicetors anc control room alarms ére prcvidéc to monitor the
condensate storezoe tenk volure. When LCV-1158 closes, mekeup to the:
main condensers 1¢ preventec eno & sufficient cuentity of weter is
aecurec to be éveiletle to remove the resicduel heet oeneretec by the
reector for 22 nours &t hot shutcown conditions. TwO lockec open meruel
velves, butterfly velve CT-6 ano gete velve CT-64, ere present in series
along the mein supply line from the concensete storzoe tenk. Output
from recuncent position switches on botn CT-6 anc CT-64 are displeyec
eng elermed in the contrel room.
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Eecn auxiliery feecnater pump t2ies suction frem & coomCrn healer theliuce
a crecs vaWneé anc er cper marue) cet: valve (CT-27, C7-23: C1-26, C7-2%:
enc C7-76, CT-30). Incivicuel ficw transmitters éré proviCeC On the
cucticr to eacn of the two moter-criven purps (rc. 21 énc nc. 2Z2),
These ‘nstruments providé pump sucticn pressurés incicétec in the

certra) control roor by P1-1263-R, P1-1264-R, anc P1-12€5-R for eech
[ purp. These trensmitters 21so provice @ low-suction flow pump trip
feeture for each of the motor-oriven pumps.

The emergency weter supply for the auxiliery pumps is the one &nc
one-naif million gallon city weter storage tenk whicn is sherec tetween
Units 2 and 3. There is & normally cpen manual géte velve (CT-48) in
the city water supply line loceted in an eccessible tunnel outsicde the
auxilizry pump building. Each pump is supplied from & heecer through @
check ano fail closed air-operéted control vélve which is normelly
closec (CT-25, PCV-1187; CT-28, PCV-1188; end (T-31, PCV-1189). These
valves ere controlled menuelly by a switch locéeted in the central
control room which operétes the solenoid, applying or removing eir from
the valve. The valve position is indicétec in the control room,

Discheroe from each of the pumps is routec to the steem generetors é&s
illustrated in Figure 3. Steem generators 31 énc 3Z ere suppliec by
motor-driven auxiliary feedwater pump 31. Steem generators 33 and 3¢
are suppliec by motor-driven euxiliery feecweter pump 22, AN four
steem generators are supplied by the turtine-criven auxiliery feeowater,
purmp 32. ;

£ ach of the incividual auxiliery feedwater lines is provicec with an
air-operatea, fail open, flow control valve for feecveter regulation
(FCv-405A, B, C, D, anc¢ FCV-406A, B, C, D). The contrcller for the
feeaweter flow control vélves for the motor-criven pumps (FCV-£084, B,
C, D) &nd trne controllers fer the feecweter flow control._velves for tne
turbinz-criven pump (FCV-405A, B, C, enc D) ére normelly meintéinec in @
fully cpenec position. Eech of these eight lines &1so incluces 8 check
velve and two manuel iscléetion velves in series with the gir-operéted
valve. A common flow trensmitter for each steem generator is used to
indicete flow in the central control room from the header common to the
motor-driven and turbine-driven pump sections. Pump discharge pressure
incicators are provided btoth locally and in the control room,
Recirculation lines, which are provided for pump protection, are locetec
upstream of the check valves at the pump discherges (BFD-31, 34, 39) anc
are routed back to the CST.

Leve) in the steam generators is meinteined manually from the control
room by positioning the flow control velves. Eech vélve cen be
positionec from the control room via electric/eir converters. Air to
these valves is from a common heéader which is suppliec by instrument eir
compressors powered from 480V switchoeer buses. The &ir supply to the
velves is automatically.backed up by &n emergency high pressure nitroger
(tottle) system.

0612A041281/1



¢ proviced vith ar 2utonetic ritrogen backup. Three nitroger
heities are located insicde the 2uxiliary feed pump roon which connect
intc the instrument eir supply Covrsireen of a chech velve. A pressure
regulator set at 50 psig will feed nitrogen into the instrument air
supply systen vhenever the nornmal air suoply pressure decrecases be'oy
this setting. A pressure switch (PC-)355-S) located at the bottles wild
arnuncizte in the control roon to wern the operator vhenever the bottles
recuire changing. ' 3

In addition to remote control from the control roon, 211 of the AFS
punps and reguleting velves can be operated Yoc?1ly in the auxiliary
feedvwater building.

The design of the AFS does not have the capebility to automatically
terminate feedwater flow to & depressurized steen generetor 2nd provide
fiow to the intact steam generator. This is acconplished by the
operator. .

B.2.1 MUTOR-DRIVEN AUXILIARY FEEDUATER PUIMP

The nctor-driven auxiliary feeduater punps are Ingers..!-Rend Conpany
No. 3HNMTA, nine-stage, horizontal split case centrifugal units, each of
vhich supplies 400 gpn of water at 2 head of 1350 psi. The notor drives
are furnished by Yestinghouse Electric Corporation. :

Auxiliary foedvater punps 31 and 33 are driven by notors supplied fron
independent 480V emergency buses, 3A and 6A respectivelv. Control
switches exist both locally and in the central control room on the
condensate and feedwater supervisory peznel. The locel switches allow
“Start and Stop" pushbutton cperztion of the punps. The sivitches in the
control roznm have three positions, "Cn-Aute-Trip." The following
conditiors will automatically stert the pumps as cescribed:

1. The loss of either of two nain feedvieter punps.

2. Two-out-of-three coincidence of low-low stean generator level in any
one of four steam generators. '

3. In the event of a "Safety Injection" signal with a loss of offsite
pover, the following vill occur:

a. A1 buses will clear, tripping the punps if they are on the line.

b. The pinps will he provided vith a stort signal 2s part of the
avtonztic safeguard bus reloading sequence.

4, Loss of offsite poier with no "Safety Injection" sigral will provide
both punps with a start signal after the diesels have tied into the
480V buses. A tine delay is atssocieted vith starting the punps to
allow for loading of the diesels.
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1tége cn estrer tus 35 or 84 will trip the purp fecC by the bus,

T

The felloming ircicetions enc elerrs ére Provicec in the centre) centre)
reom to riniter the pumps:

1. Pump ecr-off-auto trip lights
2. Sefecuercs off-normal alerm
3. Pump euto trip alerm

4. Pump on local control alarm.

Eech motor-driven pump is provided with @ pressure sustéining contro)
system to prevent the pump from “running out." As the gischerge
pressure of tne pump decrezses below the set pcint of 1358 psie, PT-4064
for pump 31 end PT-406B for pump 33 will generate & signal thet wil)
ovérride the signel from the flow controllers on the concensate end
feecweter supervisory panel. The sionel will operate to close the
velves until the pressure is restored in the discharge line having Yow
pressure, g

B.2.2 TURBINI-DRIVEK AUXILIARY FEEDWATER PUMP

The full-size turbine-driven pump is & Worthington Corporetion

No. &-WT-127 horizontel, multi-steoge, centrifuoe) pump with & cepecity
of €00 gpm et 1350 psi. The turbine drive is & horizental exiel flow,
noncondensing unit rated at 970 HP &t 3570 RPM. Steam to crive the
turbine is suppliec from the mzin steam lines associctec with steem
ceneretors 32 end 33 upstream of the main steam isoletion vélves,

Twe tempereture controlled éir-opereted shuteff velves, PCV-13104 enc
PLV-1210E, ere mounted in series in the steem line tc the turbine-criven
pump. These velves have been adcec tc provice for the urilikely event of
the steam line rupturing within the duxiliery feedweter pump room.

During turtine operstion, the steam supply pressire is reguleted by
PCV-1138. This pressure control valve maintzins & 600 psie steam
pressure to the turbine. Pressure controller 1176-S senses the
downstream pressure anc generates a signal for use by the positiorer.
The contré) sionz) cereretec by the positioner is then eppliec to the
Ciephragm of PCV-1139 through the start solenoids. Pressure controller
1176-S will 2lso alerm low pressure &t 550 psig in the central contro)
room. Once the pressure has Leen reduced, the steem enters the turbine
steem chest which contains the governor anc turbine trip velves.,

The turbtine-driver pump is a veriable speed device, whereas the two
motor-driven pumps ére constant speec devices. The speec of the
turbing-oriver pump is governec by & remote pneumétic speed chencer
(HC-1118) that is locetec on the concensate &ng feeowater supervisory
penel in the centre) control room. The speed chenger is designec to

operete over an entire speec range of 0 to 100%.




Presiore a0 oo7f value PLVL 36 18 Gses 8¢ the stear desvetipr are -
suonly velve for tre ewviliery feeC pump turting, The roce of Cpereticr
¢f trig velve s cortrolleo by "Trip-Aute-0n" switches: cre locetec ir
tré cerire) contril rocm, enc Cre in the ewriliery Losiler feec purp
tuilding. Thete switches control tne pesition of colenoic valves

Meunieéc on the &ir inlet to the velve ectuétor. Ir treir ceerergizec
stete, tnece solercic velves 21lom the pesitioner output to open the
vélve,  Normelly, the velve 18 meinteinec in stencty, with the centred
svitches in "Auto." In this stete, the positioner output is cut off &nc
full instrument eir pressure is epplicc to the valve actuztor holcing
the velve closec. Tre sclenoic valves will be eutometicelly ceenercizec
énc the pump stertec by eny of the fullowing:

1. Two-out-of-three coincidence of low-low weter level in any twe of
the four steer ceneretors

2. Loss of offsite power (pr viced thet a "safety injection" signe)
cdoes not exist). )

The turvine governcr velve s corirclled by & governer enc speed. .
crhéngér. The speec chenger cen be opereted locelly or from the contre)
rocm by HC-1118. A trip velve has been proviced to immecietely shut
covn the turbine con an cverspeed of 4516 RPM., Turbine speed is
inciceted in the centrél contrel room en¢ &lso locally. Uncér normel
conditions, the cperétor must use KC-1118 to bring the turbine up to
speec; the eutcometic signel to PCV-1139 will neot cdo trhis. On loss of
eir to HC-111€, the speec chenger feils in the full closec position.
Operetor ection is reouired locelly at the turbine 10 reset enc opéréte
the turbine-criven AFS pump. :

E.2 SUPPORTINE SYSTI NS : :

The AFS is stertec by a signel from the safeguards actuétion system
(SAS) which sterts the moter-criven 2uxiliery feecweter purp. Menue)
éctuetion from the contrel room is elso possitle. Power supplies for
eech component reouiring electricz) power are icentifiec in Table 2.
The piping anelysis is shown in Teble 3. The instrument 2ir system is
the primery air supply for controllec operation of all air-operetec
valves in the system, 2s well 2s the speed control system on the
duxiliery feecwater turtine. The city weter supply system is requirec
2s & emergency weter supply for the system.

The cperétor must open the three normally closec air-operéted stop
velves (PCV-1187, 118E, 118¢2) on the supply lines from the city weter
supply to the euxiliery feed pumps upen lose of flow from the concensete
storece tenk., This cen be donée from tne control room urncer norme)
congitiens. However, &s the City weter velves ere feil cleosec velves,
upen loss of AC power from the 120V AC cistribution syvstem or less of
instrument &ir coupled with the loss of the nitrogen tottle teckup,
these velve. must be jecked coen locélly in the pump room. Due to the
depencdence of the 2uxiliery feecweter turbine speec cortrel system
(HC-1118) on instrument air, the pperztor must . ohorzte the turbing
loceélly in the pump rocm upon less of instrument 2ir by uvse of & henc
Jéeck mechenism loceted on the centroller.,




A Sl

<7 f

ey

S i 4
- .

The fclioming procecures form tne test schecuie for Ircien Point

Unit 3. The procecure number 1S in pérentheces. A ceteilec eccount cf

beth the requirecd testing frequency anc the incirect testing of &1l AFS

compcnents is provicec in Teble B. The mejor test procecures &nc their

gererel epplicetior eare outlined btelow:

1. Each moter-driven euxiliery feeowater pump is sterted et intervels
not greeter than every month (3PT-M20) with full flow ecteblishec tc
the steem gererétors once every refueling (3PT-R7).

2. The steam turtine-driven auxiliary feedweter pump is stertec &t
intervals not greater than every month (3PT-M20) with full flow
establisned to the steam generators once every refueling (3PT-R7).

3. Tne eir-cperéted discherge valves on both the motor-driven pump
treéins and the turbine pump train are stroked & least once eeach
quérter (3PT-020). *

&. The auxiliary feedweter pump turbine manue) overspeec trip ir testec
on & varizble schedule. The first test involves use of the manue)
overspeed turbine trip lever to trip the turbire Curing opereation
(3PT-VBA). The other test runs the turbine up until it ectuelly
cverspeeds to test the setpoint of the mechenice) overspeec trip
mechenism, The turbine is uncouplec from the pump during this
seconc test (3PT-VEB). For beth of these tests, the trip mechenism
must be reset following the test, ; '

The eutcrmatic initiztion of the two motor-criven AFS puTps upeon receipt

of en ergineered sefecuerc (SI) signe) is testec enc verifiec &t
refueling (i.e., approximately 18 month intervels).

B.5 MAINTENANCE REQUIREZMENTS

The plant technical specifications 1imit the amount of time that an
éuxiliary feedwater pump or auxiliary feeowiter pump trein may be out of
service for 72 hours. Further, a minimum of 360,000 callons of water in
the condensate storage tank and the beckup supply from the city water
supply must be available. If during power operation, these conditions
cennot be met within 72 hours, the reactor must te pleced in the hot
shutdown condition within the next 12 hours and subsequently cooled
telow 3500F using normal operating procecures.

B.6 COMMON CAUSE ANALYSIS

The method used to perform the common cause feilure analysis is besed on
the system fault tree logic mocel. A seerch is performec to icentify
those combinations of basic events thet result in system feilure or more
simply, the cutsets. In other duentificetions, each cutset was
evaluated by considering each besic event 2s an incepercent 'black box'
with certain failure characteristice, Common cavce differe in that it

10



gsgs ¢ feilure crerecteristic thet escr ¢f the teeic everte
v & tee igecs, A s1r;:= €ré"ple coulc te & cuteet where &) of
tre C everts ére lccetec ir tre seme reoor enc suscep.wtle tc fire.
e dte of the Commen Ceéuse seercr ére groups of cutiets dcerntifiec

by common feilure cherecteristics eno the etsence of bLarriers. Berrxcr‘
Letncen corporents, both physicel r.hG goministretive, are ccneicerec in
the analys :s.
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Requirements for success uncer cMErgency conditions are thet flow free
ét leest ore pump (400 cpm) te celiverec to ot leest two steem
gerereters (2C0 gpr to esch) within 20 rinutes of the initial cemenc,
Success ef the system i¢ exemingc for thre corcitione) pretebilities
dssocietec with loss of the verious stetes of the electric power syster,
Instrument &ir system, meintenance, anc hurér error. ;

C.2 SYSTEM FAULT TRit

A feult tree wes constructed to mode) the failures thet must occur to
prevent successful system operetion. The top event is cef inec és

“AFS Failure te Deliver et Least 200 gpm to Eech of Two Stesm
Generetors.” Sufficient flow is cefined 2s the flow from et leest ,one
purp train celiverec to at least two stezm ceneritors. The fault tree
shiws thet, for the syster to feil, we must fail to celiver sufficiers
flew to et leest trhree of the four steem ceneretors. In cech cese, tnis
recuires that there is no or insufficient flow through the steem
gererstor inlet velve section, or thet there is no or insufficient flow
celiverecd to tnet section. Secondly, we must heve no or insufficient
flow from either moter-oriven pump (i.e., both must feil) end nc or
i.sufficient flow from the turbine-criven pump. Finally, there is no
weter from either of the two potential water scurces. This complete
feult tree mocel is presentec in Figure ¢ where the system 15 moceleo
cown to the level of mejor components. Incluced were the pumps, valves,
electricel supply, motor cperetors, and turbine anc cortro) mechanisme,
het mocelec were crein lineg, crein velves, piping, anc cornectec lines
vhich ére srel) in size, 1.e., whose feilure woulc rot sigrificently
evfect the system. The AFS is mocelec from the water SOurces, with the
priority of weter supplies being the Concenséte Steréege Terk anc the
City weter tenk to the Steam generators. Electrically, it is mocelec
from the bus to the system,

C.3 FAULT TREE CODING

Tetle 4 is & 1ist of basic events, their failure moces, their
corresponcing cooes, and unaveilability (or failure protetility on
cerang).

C.& NMINIMAL CUTSETS

The minima)l cutsets were identified using FATRAM (part of RAS). The
velid minimal cutsets for each electric power stéte cifferec beceuse
when & power stéte was given &s & concition, some of the cutsets
chenged. This, in & general sense, is why loss of electric power
increeses uneveilebility., An exemple woulo be & three-event cutset
being reducec tc & two-event cutset. One of the members no loriger hes &
fractiona) unavailebility; it nhas teen cefined 2s ore. Therefore, the
néw two-event cutset will have & hicher unaveilefility, end this, in
turn, will leec te 2 higher system uneveilability.
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Tre moet drmporient cutsets ere listec in Telde &, Réncem Teilures cf
e~ of trhe L2sic events ére reccveréelle enc rust bE COMIINEC wilh humer
error protitilities tefore fin2)l gquentificetion. Teble 5 is besic to
the erelyveis tnet follows. For exerple, when the test enc rmairienerce
ceuse 18 irtroduced inte, sey, the turbine pump tréin, the turbing purp
tréir feilure moces ére ectivetec. Then the remeining cutset elements
icentify the other feilures tnet must occur to ceuse syster feilure.
Deteils of the englysis and results are given in the following sectiors,

The numbers thét eppear in the quentificetion of the AFS were célculatec
by & methoc of histoorzm multiplicetion. The histogrems for the besic
components are crézted from & mean anc variance for those besic ,
components. The béscic components ére then built into lerger components
as needed for evelueting the cutsets from the fault tree. Tetle 6 is &
coellecticn of the "supercomporents” usec in the AFS célculetions,

Tetle 7 tells the story of how =ach supporting row &nd column of Tatle 1
w2s creeted, using the supercompenents énd Oother neecec cete.

D.1 RANDO™ FAILURES (See Tebles 7.1, 7.2, and 7.3)

Rencom system feilures reflect the system malfunctions thet occur as &
result of rancom component failures. The ccincicentel failure of eacn
corponent in an AFS cutset results in 2 system rendor feilure. These
renc-m feilures can be divided into two types, nonrecoveratle and
recoverébi¢. This situétion coes not include, and shoulc be
cifferentictec from, test and maintenance, common ceuse, enC inceépencent
humén errors. : ‘ '

Norrecoverehle rancom feilures for the AFS are those which cennct be
repeirec within ¢ specific time freme. The guréticn cf the time freme
depencs on System demancs enc component cepebilities. )

Recoveratle failures reauire action for success when & failure occurs.
Section D.4 on human interaction will elsborate on the subject of
recovery by repeir of the system.

D.2 TEST AND MAINTENAKCE (See Tebles 7.4, 7.5, and 7.6)

D.2.1 TESTING

Testing of the AFS consists primerily of surveillence testing to satisfy
trhe plent technica) specificetions ang ASME Section X] requirements.

Moenthly testing is performed on each AFS pump. For each pump test the
meruel _ete velves in the pump discrerge lines ére closed enc the pump
js stertec menuelly (from the control room or the local control panel).
Each pump is then run 20 to 30 minutes to a1low for stebilizetion of the
system. PReouirec pump data is then tzken and recordec. The AFS pump
test i then stoppec end the menual cete velves ere opened fully.
Succeseful completion of the pump monthly test recuires thét the AFS
purp cevelop minimum cdifferential preccure on recircueletion flom,
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«  The conderszte stc-2ge tank (CST) s roritored by 2 cortinued recuncers
incdicetor enc 2lerns tc verify the volune of veter it contéins.

The other components in the systen have different test intervals.
Teble 8 indicates these intervals.

’ D.2.2 MAINTENANCE

The plant technical specifications 1init the anount of tine an zuxiliary
feedveter punp or auxiliary feedvater punp train nay be out of service
to 72 hours after vhich the plant nust shut dovn.

Packing replacenent and adjustnent is the doninent ceuse of maintenance
on valves. In most cases, this maintenance can be performed with the
valve in the normal position for systenm operation (fully open or fully
closed). Valve repairs requiring disassenbly of the valve, although not
frequently occurring, nay have 2 najor inpact on systen availability due
to system isolation recuirenents necessary to safely perforn this
neintenance. Those valves vhich require full AFS shutcdovn in érder for
repeir alsc require & plant shutdowr (per tecknicel specifications) and,
therefore, do not contribute to the maintenznce unavailability of the
AFS. Those valves requiring maintenance vhich only need a single AFS
prmp train to be shut dovn do contribute to maintenance unaveilability
of the AFS.

Punp maintenance consists of a2 range of actions from mejor disassembly

to packing adjustnent. For the AFS punps, most maintenznce perforned

requires isolation of the punp from the system and, therefore, <
contributes to the maintenance unaveilability of the punp train.

The maintenarce on large motors ranges from inspection and cleening to

rajor disassendbly. The prevalent feilure mode is bearing failure vhich
requires partial disassenbly of the motor. A1l meintenence of the AFS

punp notors contribute to maintenance unavailebility and is included in
the punp train maintenance unavailability.

Turbine maintenarce can rarge from sinple adjustmerts to mejor
disassenbly. These outages are accounted for in the mzintenance
contribrtion to unavailability of the turbine-driven pump train.

Table 9 gives the unavailability associated vith maintenance on the
motor-driven punp train and the turbine pimp train. These figures are
based on plant specific data 2s conpiled.

D.3 HUMAN INTERACTION (See Tahles 7.7, 7.8, end 7.°)

The 1ikelihood of human inaction has been quantified into histogrens

using discussions vith operators, supervisory personnel, ard engineers;

and after revieuwing operating histories at other plants. The judgnents
. teke into account the high stres conditions in the control roon during
: energencies along wiht the competing time demands in the 30 nminutes the
operator will heve to perfornm his tash.
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The fellovirs histegrams represent the knoilecge obteired.
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*¢ tehle belov indicates ‘he reen 2n? viriance of the hissocrzmng aheve:

With Existing Procedures

d. : lMean Varience

Actiore in Cortrol Poon

f (30 ninu*es) .007 (.02)2

Actions Outside Control Roon

f (30 ninutes) . .04a (.07)2

These failure frequency distributions are used in the following analyses
to evaluate the probability thet an operator takes correct action
following a recoverable system failure.

The operator hes the cepenility to recover from 2 loss of the folloving

conponents:

1. Turbine-Driven Auxiliary Feedwater Pump Trip. A major contributor
to turbine-driven auxiliery feedveter punps failure to siart on
cerand is a failure of the turbine controle; primarily cdue to
turbine trip on overspeed during startup. The operator nay menually
reset the overspeed trip, or take control of the turbine driven
AFS pump if during 2 demand this pinp did not operate. BRzsed on
experience and plant-specific date for similar units, 505 of the
failures to start are assumed recoverable within 20 ninutes. The
frequency of failure for the operator failing to take“action within
30 ninutes is f = 0.044 nean with 0.0029 varizance.

2. Failure of Either Condensate Storage Tank Outlet Valve. Failures in
either CST outlet valve are both doninant contributors to failure
for the cases 2nalyzed. There is a readily available source of
veter for the AFS in the event th2t no vater is coning fron the
CST. The city water storage tank is lined up with the AFS and can
supply the vater needs. When the AFS experiences 1o suction, the
operator can switch over to the city water by opening zir-operated
valves PCV-1187, 1188, and 1189, If the systen air is out, it is
essumed in the report that there voould not be enough tine to open
the velves, since they do not have hend cranks and vould heve to be
jecked open. ;

16
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Forevien €f @xieting pleant procecures reveelec @ commer cause feilure
ctentie) during putp testing which occure merinly, In thege teste, tng

merél cete velves, BFL-48-1, 2, 5, enc 7 fo- the turbine-oriven pump,
énc ZFD-3€, 3B, 21, enc 43 for the moter-criven pumps, eére clcsec enc

the puros éré run in tne recirculéetion moce for 20 to 20 minutes. kt
tne corpletion of these tests, the pumps are securec end the merue) cete
vélves gre cpered. The common cause feilure is the error of feiling te
recpen the manual gcste velves efter the flow test. Teble 7-10 reflects
the cquantificetion of this common cause.

The comporénts comprising the AFS are in twe genera) locetions, the
euxiliery pump room énc the switchgeer room. With respect to
susceptipilities the following is @ treztment of component
susceptitilities to the environment:

¢ Conducting Mecium - None present. Even if brought into the areé,
the eauipment is protected.

¢ Impect - The AFS is well protected 2ceinst porteble sources. There
éré no sources presert except for the turbine pump which, bteceuvse of
its plecerment (ancle with respect to the other pumps), poses no
rezsornable threet to them. '

¢ Terperéture - Fire is & possible risk anc is cezlt with in énother
. section of this study. A turbtine pump steem line brezk is 21so
possitle, but is numericelly small with respect to other causes.

¢ Corresion - Neo source of sufficient moicture; reculer reinterence.

® Grit - Portetle sources coulc be & pretlen, tut ecuiprent is well
Proteclec anc heevy oirt is not generatec curing power cperétions.

¢ Vitretion - Seismic problems ére deelt with in another section of
this study.

¢ Explosion - Very unlikely; only portatle sources and they are
cerefully controllec. Sufficient seperetion exists to offer scme
protection.

The similar perts cutsets identified in Tatle 10 show & common cause
effect due to ¢ cutset contezining 211 the seme type of perts. If tre
perts feil as a group, the system will fail. These components are
testec regulerly tut some problems mey rct be exposed. For exemple, if
@ few similer perts show sicns thet they ére reaching the enc of usefu)
life, it mey be & cooc iocee to check all parts of thet type. Howmever,
there are situations where tests do not eccuretely verify thet e
component is functioning properly. for exémple, the motor pump treéin is
velvec off and the pump is testec, but there is no flow test to ensure
théet the discherce veéives are not plucoec or ctherwise obstructed.

These environmente) common cause candicetes and the similer perts commor
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icitly cugrtifiec ir the AFS secLicn,
bul ére corsicerec to be in the rerge of 10710 ¢r e (tnis epp!
1C Those cherecteristics above net céelt witr in anciner sectior),
FErge mes &rrivec ét due 1o the fect thet these events ere less likely
then & pipe rupture which hes beern quentifiec in WA SH- 1400 es
10-10 failures/nr.

cit
€ ¢
ce!

The ceormmon teuse contribution is primerily due to 2 commor humen feilure
following testing--leaving 211 menua) céte velves in the closec positier
following testing. Thnis is a recoveratle failure &nd the unavailability
contritution incluces trhe 20 minute rec<ponse time for opereéter
intervention. Other common cause contritutions except seismic, which ¢
eveluetec in encther section of tnis stucy, were founc to ve negligitle
whén compéred to the tabuleted values.

D.5 OTHER

The category "cother" like parts of the common ceuse anelysis are not
explicitiy cuentifiec in the AFS cection, The seme ercument epplies
here. "“"Cther" cortritwtors to ungvéileuility happen with much lTees
freauency then pipe rupture, end therefore, woulc heve 2 velue less then
thet of & ?ipe rupture failure rete. Since the pipe rupture number

(1.0 x 10-10 failures/nr) is not et all cominete in the AFS section, &
sreller nurter would not te of significence either. Thus the cetegory -
"other" i¢ cefined as € which in the AFS section is less then

1.0 x 10-10,
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TABLE 1

INDIAN POINT .07
AUNILIARY FEEDwAicn SYSTEM Ul~i-.LASILITY TABLE
° s | d Loss 9f

conLTiaytor Full Pouer ! o i ' A3 Pover Y
REIL] / / /
dosresoverad)s i
Ren223 Tailires 1.1¢ 3 12-3 2.8 x 103 3.11 x 30°3
Mean / /
HonreZovaradle
Tes: 272 ‘ainienanze | 2.81 x 12-7 4.33 4105 4.16 x 19-3
Indenenzens
4u73n Ierae 1.93 2 10°3 8.13 2 10°3 7.05 x 1973
Nean D 10 "’E;””
ST S0NEe 1.35 x 19-8 1.235 x 10°8 : 10-3
ean of JiNers t € €
Tota! Hdesn 2.45 x 1079 1.49 x 10-¢ 1.43 x 10°2

Joninans Contridutors to Tose)

Apz-zxi=ite Ferieniaze. 2 1) 37 e 10 (vd)
of Tosa) 229 (Refer-
ence tadle 1o see for
this coluan)
tean 2.35 x 106 1.44 x 104 1.43 x 1072
Yarianze 3.82 x 10712 1.05 x 10-8 1.70 x 10§
5th Percentils 4.77 x 10°7 5.22 x 105 4.90 x 19°3
Madian 1.71 2 10°6 1.10 x 10-% 1.03 x 10-2
95th Percentile £.82 x 1073 3.1% x 1079 2.53 x 10°2

l;;£a1:u1a:es dntails are found in Tadle 7.X ti.e., 2.1 through 7.19).
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TABLE 3

INDIAN POINT 3 PIFING ANALYSIS

Potential for

_— Digmeier System 4 i ;
Pipe Section (inches)  Fatlure Othgrpiz:.ea Initiating Event Comments
SnZensaIte S‘.aruc. Tank 12 No Yone aa Alnoss entisre seztion
Su2ply Line . can de isalated.
City water Storage Tank 16 No Non2 LR Al=a5% entire gaztian
Suzzly .ine (sefore san be isslaces,
€1-23) ¢
City Water Storage Tank 8 No None o Al90st entire section
Suooly Line (after C7-49) can de isolatesd.
Ayx Feez Ling Down- 4NE No Yes - Main Feed Feed Line Break NoT is2lated froa
stream of 872-78-3 % AF WS /7 $1i27 genewator dowae
te2n Generator 33 streas of tne feaesa2ter
iscletiaon valves.
Ry Teed Line Downe N2 N3 Yes - Mzin Feed fees Line Braak” Kot isnlezes fron
si-esn of BFL-72-3 %0 AFASLF STE2™ generalor £own-
Stean Gensrator 34 sirean of the feedmaier
jsolation valves.

Aux Feed Line Dywn- 418 lio Yes - Main Feed Feed Line Break Not isdlated froa
trean of BFD-78-3 to AFRS /W7 steam generator Cowne
Steam S2nerator 32 strean of the fesdmater

isolation valves.
Ryx Feed Line Down- &N8 No Yes - Main Feed Feed Line Break Not isolated from
stream of SFD-79-3 to AFAS/H steam generator down-
Steam Generator 31 stiream of the feedwater
isolation valves.
Mein Steat to AFWS 4 No Yes - Main Steam  Sieam Line Sreak  No isdlation dut
Tursine Upsirean of only < inch breac.
¥5-4)
Mzin Stezn to AFWS 4 « N> Yes - Main Stean  Steam Line Eresk WO iso\;tion but
Turtine Upsiream of only & inIn Brid..
542
Maim Soesm v EFQ ¢ Yo Yoo - Mpim Stape  Ciaa= Lims Eapak N2 deslatios St
Tu=sinn Downsgireas of only < inth dreag

M5-81 an3 “8.32
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TABLE §

SUPERCCMPONENT CUTSETS (UP TO THREE BASIC EVENTS)

There 2re no cutsets containing one basic event.

Cutsets with two besic events.

1) 1) W2 N

Cutsets vith three basic events.

L) 1) WP3-OP WC2 WP2. 2) w2 WP3-0P WP2 3) WD2 WD3 ¥4
7) 4) P3-0P HCY wWP2 5) ¥ UP3-0P P2 €) DY WD3 D4
10) 7) UP3-0P PY 1D4 8) uD3-0P M ues ) WDY . wD2 MWD&
13) 10} UP3-CP WP ¥D2 1)) UP3-0OP WPy \P2 12)° WP3-0P WPY 13
1¢) 13) ¥ wWD2 WD3 .
. , Wy
CEECL02138IN 25
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TAJLE &

SUPERCOMPONENT MEAW AdD VARTANCE--LIDIAH POINT 3

Table 6.1. Supercoaponent J41--CST Yater Supply

Conponent . . IRE fean o
(Ref. Table 4) EOF) Miwe Yarfance {hours) Unavailability Yarisnce Reference®
1. PXY00056 9.15 x 10-3 1.01 x 10-14 365 3.34 x 10-5 1.35 x 10-9 ]

2. PXV0064G 9.15 x 10-8 1.01 x 1014 . 365 3.34 x 10-5 1.35 x 10-9 1
3. PTKOCSTS 8.48 x 10-10 5.10 x 10-17 365 3.10 x 10-7 5.79 x 10-12 49

Superconmponant U1 Mean = 6.71 x 10-5, Variance = 4.22 x 10-9

*See iten number in Section 8.2 (Table B.2-2, Data Tables).

SUPERCOMPONENT W1 LAYOUT




(2

TADLE 6 (continund)

SUPZRCOMPOAENT MEAN AND VARIANCE --TaDIAA POINT 3

Table 6.2. Supercoaponent W2--City Water Supply

'COHDONCﬂt & 3 IR Mean - § oo P nk
(Ref. Table 4) Fail/Hour Variance (hours) Unavailability Variance Reference
1. PXV00433**  9.15 x 108 1.01 x 10-7% 1,75 x 10*5  1.60 x 10-2 3.09 x 10-4 1
2. PTKCITYS 8.43 x 10-10 5.10 x 10-17 88 3.10 x 10-7 6.79 x 10-12 49

Supercoaponent 42 ifean = 1.60 x 10‘2. Yariance = 3.09 x 10-4%

*Spe item number in “ction 8.2 (Table B.2-2, NData Tables).

.

t+Since these compar - © are never flow tested to be sure they are not plugged, the MTTR used was one-half

of the plant life t

<1 5y A0 years or 1.75 x 10*9 hrs.

SUMERCOMPONENT W2 LAYOUT




TABLE 6 (continued)

PERCOMPOMENT MEAN AdD VARIANNCEC-=T40IAL POLHT 3

5.3. Supercoaponent 1, R2, RI--CST Supply Valves

Conponent £asiltiour i IR
(rln( l’]h)f‘ 4) Fas i/ nour iriance

{fean

: . it 4 Yarianc
(hours) Unavailability '

1. PCY00240 6.91 x 10-9
(299, 32Q)

2. PXV00276 9.15 x 10-0
(305, 335)

Sup2rcoaponent R1, 2, M3 ilean = 1.02 x 10-%, Variance = 1.17 x 10-9

’

*See item nuwaber in Section 8.2 (Table B.2-2, Data Tables).

SUPERCOMPONENT R1, R2, RJI LAYOUT

[




S | ) 1 ¢ )
O (conLinued)

SUPZRCOMPOAEAT IEAN AWD 7‘\/«'\;{71 \Al'_\’:i- -‘_&_‘«'_‘7)_2"‘_\;1» P lx:_f___}

Table 5.4. Supercompoaent S1, S2, S3--City Supply Valves

’

iy INTT AN
Lomponent T P MITR an Yanfaas

Fail/H Yariance ¢ y . .t iriance
(Ref. Table 4) ai1/Hour . (“qurs) Unavailability '

1. PCY0OC25Q 6.9 x 10- 1.03 x 10-8
(C23Q,°C31Q)

2. PAV1187Q
(1188Q, 11879)
pluj 1.69 x 10-7
failure to -
nperate

2 , = & &
Supercounanent S1, S2, S3 ean = 3.01 x 10°<, Variance = 1.41 x 10-3

*Seop iten nuaber in Section 8.2 (Table 8.2-2, Data Tablesl.

SUPERCOMPONENT S1, 52, 53 LAYOUT

- —

| S—
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TABLE 6 (continued)

SUPERCOMPOHENT IMEAN AND VARIAHCE-=IilDIAN POINT 3

Table 6.7. Supercomponent C1, C2, C3, CA--llotor-Oriven Punp Discharge Valvas

Component ) ' MTTR ilean :
“(Ref. Table 4) Fail/Hour Variance (hours) Unavailability Variance Refercnce*
1. PXV0620G 9.15 x 10-3 1.01 x 10-14 6575 6.02 x 104 4.37 x 10-7 ]
(621, 622, 623)
2. PAYA06AG 1.69 x 10-7 6.90 x 10-14 6575 1.11 x 10-3 2.98 x 10-6 9
(4068, C, D) -- - ' e 4.98 x 10-4 4.03 x 10-7 8
plug
fail to operate
» 3. PCV0037Q -- -- -- 6.91 x 10°5  1.03 x 10-8 J
) (35, 40, 42)
4. PXV0038G 9.15 x 10-8  1.01 x 10-1% 6575  6.02 x 10-% 4.37 x 1007 "

(36, 41, 43)

Supercouponent fean = 2.08 x 10'3, Variance = 3.96 x 10-6,

*See iten mmber in Section B.2 (Table B.2-2, Data Tables).

SUPERCOMPONENT C1,C2, C3, CA LAYOUT
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TABLE 6 (continued)

SUPERCOMPOHENT MiAN AND VARIAACE=-=THOIAd POINT 3

Table 5.8. Suparcoaponent E1, £2, E3, EA--Turbine-Driven Punp Discharge Valves

Coaaponent ; . ATt Hean - .
(Ref. Tahle 4) Fail/ilour Variance {hours) Unavailability Variance Reference®
1. PXAV04305G 9.15 x 10-8 1.01 x 10-1% 6575 6.02 x 10-% 4.37 x 10-7
(432, 434, 109) .
2. PAYAD5AQ 1.6 x 10-7 6.90 x 10-1% 6575 1.11 x 10-3 2.98 x 10-6
(4058, C, D)
3. PCV04709 - - - 6.91 x 10-9 1.03 x 10-8
(471, 472, 473)
4. PXV0A31G 9.15 x 10-3 1.01 x 10-14 6575 5.02 x 10-% 4.37 x 10-7

(483, 4n5, 487)

Supercoaponent €1, E2, E3, E4 itean = 2.33 x 10-3, Variance = 3.62 x 10-6,

*San jtem number in Section 3.2 (Table B.2-2, Data Tables).

SUPERCOMPONENT E1, E2, E3, E4 LAYOUT




TABLE 6 (continued)

SUPERCOMPONENT HEAN AdD VARIAICE--INDIAN POINT 3

Table 6.9. Supercomponent D1, D2, D3, D4--Steam Generator Supply Valves .

vE

2. 6CY0004X 6.9 x 1007 4,87 x 10713 4#e 2.76 x 1076 7.79 x 10712

Component “MTTR ean .
(Ref. Table 4) Fail/Hour Variance bhours) Unavailability Variance Reference*
1. PCY0057Q -- -- -- 5.9 x 10-9 1.03 x 10-3 3
(68, 69, 70)
4

Supercomponent 01, D2, N3, D4 ilean = 7.19 x 10-9, Variance = 1.03 x 10-08
*Seo iten nwaber in Section 3.2 (Table 3.2-2, Data Tables).

**Suggested time for AFUS to perform its limited function (1/2 of 8 hours) (D.8).

SUPERCOMPONENT D1, D2, D3, D4 LAYOUT

e




TAELE 7

INDIAN POINT UNIT 3
DEVZLOPMINT OF ENTRIES TO AFS UNAVAILZEILITY TABLE (TAELE 1)

Table 7.1. Nonrecoverable Rancorm Feilures
Full Power

RAS Developed Dominant Cutsets

: x3 Approximate
Futset Unavailability Conty thulion
1. Failure of the CST water 1.07 x 10-6 94.4% -
suppoly, wi (Table 6.1) and
failure of the city water
supply, wZ (Teble 6.2)
TOTAL 1.14 x 10-6 100.0%

12414040681 e

wm




TABLE

| IRDIAN POINT UNIT 3
vELOPHINT <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>