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A. SUMMARY

A, INTACDUCTICN

Tne lew prescure injection system (LPIS) s evaluetes in the context of
& lerge or mecium loss of coclent eccicent (LOCA). Tre purpese of the
Sysiem 15 te injsct water into the core réplecing ccolant lost from the
Primery system with weter from the refueling water stcrege tenk (RWST).
The recirculetien phase, which utilizes pertions of tre syster, is
drelyzec seperetely.

The erelysis is carrieo out uncer the following concitions:
o RWST is aveilavle,
¢ Tre sefeguercs actuetion sigral (SIS) is presert,

o Success of the syster is gefinec és injectior of water intc at least
twG cola legs.

A.2 RESULTS
Tetles 12 zne 12 summarize the results for tre four ceses of glectric
Plwer unaverletility consicerec (comtinations of butes 3R énc BA) enc
11518 the WASH-1400 results.

Tre erelysis res reveelec the folloewing cemirent ceortrinuicers to LP1S
ur:;a‘?g;t]lty:

Mean
With Electric Power Avzilatle (Bus 3A anc 6A) 2.41 x 1074
¢ Single Element Failures 2.37 x 104 (¢8.2%)
- Check Valve 74i 6.91 x 10°5 (28.7%)
- Check Valve 881 6.91 x 10-5 (28.7%)
- MOV 744 3.2 x 1075 (13.6%)
- MOV 882 3.29 x 10°° (13.€%)
- Manual Velve 846 3.29 x 10°5 (12.6%"
® Doutle Feilures 5.57 x 10-6 (2.3%)
- Both RHR pumps 31 anc 32 3.29 x 1076 (1.ex)
- Pump meintenence anc ~2.28 x 10-6 (0.¢%)

harcware failure
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The overa)l LPIS syster urevii'stility 1s founc tec te 2.41 x 10-¢
curing normel power avaiievility. Uncér CegrecsC plwer COroiticrg (1css

of one Lus), tre overall LPIS system unavailatility 1s 2.3€ x 10°° enc

tne cominert cortrisutors érs snown balow:

Meen

. Decrécec € lectric Power (Bus 3A or 6A Uravailetle) 2.36 x 10-3
. Pump fails to stert on cemend 1.36 x"10-3 (57.6%)
¢ Maintenance 7.36 x 10~ (32.2%;
o Single failures (narcware) 2.37 x 10-% (10.0%)

A.3 CONCLUSIUN

The LPIS unave lebility hes teen celculated assuming different stetes of
electric power In all ceses, single failures playec 2 cominant role.
With human erri - not found & factor in this analysis, harcwere failures
anc mainterance weré founc to be the largest contributors to system
unaveilability Particulerly, with one bus unavailatle, harcware
failures cominatec.

0528404 1481/1



Fcr & large LOCA, tre LPIS Provices initial cooling of the core ang
replecss coclant lest from the Priméry system with water from the
refuelirg weter storage tenk (RWST). -

B.2 SYSTIM CONFIGURSTION

A Llach ciecrem anc a simplifizc PLID for the system ére shewn in
Ficures 1 enc 2. Success of et least one of the two RNR pump treing
will previce sufficient flow to keep the ccre covirec after a large LOCA
giver thet two of the thres intact legs (excluding the broken leg)
celiver flow to the core.

B.3 SYSTIr CPtRATION

The purps of this subsystem are activated Ly the sefety injection siorel
énc celiver 3,000 gpr eacr te the réactor coolent syster (RCS) Ly wey of
the resiciel neet removal (RHR) reeat €xchangers when tre primery system
Pressure is approxiretely 150 PSig. The function of thig portion of the
safety injection system is to celiver, upon repic cepressurization ang
less of coolent, larce quentities of weter to eic in rapicly recovering
the corsz,

The RER pLmps crew water from the RWST anc discharge to the No. 31

anc 32 RHR heet excrancers' tule sice. The heat éxchanger performs no
heét trersfer function Qurirg ective injection, but retner serves for
the recirculetior phese., The hest exchangers' discherce is ther
girectec to tre feur RCS cole legs by way of the éccuruleter cerrection
lires,

Wher a szfsty injecticn signel is generated, the following events will
occur. If outsice pewer or three diesels are availetle, btoth pumps
stert; if only two diesels are functioning, a minimum of one pump will
Le sterted. The pumps will draw water via normally open valve 882 from
the RWST and cischarge through normally open valve 744, (The control
power for velves 744 ang 882 i normelly ceenergized.) When either
velve closes, the "Sefeguaras Valve Off Normal Position" ana the DC
monitcr elerms annunciate, The flow is then to the RHR heat
eéxchancers. Ccmponent cooling s supplied to the RHR heat exchangers,
but because of the relative low temperature of the coolant from the
RWST, no actuel cooling is performed by the component cooling at this
time. HCVs 628 eng 640 are normelly open énc annunciate the "Safeguaras
Valve Off Norma) Position” alarm if either moves off of tre open
position,

The heet exchenger outlets Join into a nheader an¢ then brench off to
feec the eccumulator gischerge lines which feec the four colo legs.
Flow ingicetion is provices on the lines' feecing loops to give the
opereter incicetion of the system stetus.

0s2eA04481 1



B, SUPPCRET SYST:=m

o —

Tre system is startec by @ sicnal from the safeguarcs actuation system
(SAS}, which sterts the RHR pumps. Maruel actuation from the control
rocm is &1so possible. Electric pcaer is necessary for success of the

system. Teble 2 shows the power supplies to the various components cf

the LPIS. Pump cooling s not critica] due to the relatively short time

;n;olxe: {ébout 3C minutes) anc the low temperature of the water of the
wWST. . F

B.5 TEST RECUIREMENTS

The RHR pumps are started manually from the control room monthly (test
3PT-M18). Table 3 shows the components of the system that are tested
2long with compenents tested quarterly (test 3PT-Q22) and during cole
shutdewn (test 3PT-Vv9).

The monthly test provides verification that € manual valves remain open,
15 motor-operated valves remzin in norma) positions, and 4 check valves
cpen on ceménc. The heet exchangers are 2lso shown to pass flcw. No
vélves are strokec during this test and the system remzins in its norme)
configuration; therefore, system cperation should not be degraded during
the test. All lockec open valves, and valves 749 ang 882 are physically
verified open weekly.

The cuerterly test strokes eight MOVs and twe 2ir-operated valves while °
the system remains in normal configuration during the test.

During anc at colc shutdown, € MOVs are tested to ncte holcing required
position, 12 check valves are tested to note opening on demand and
reseating correctly.

B.6 MAINTENANCE REQUIREMENTS

Maintenance is performed as required. If a pump is found failed, it is
isolated from the system for a period up to 24 hours guring which the
pump is repaired. If repeir is not complete during this period, the
reactor is shut down. When one pump train is out of service, the other
train s tested daily.

A spere pump and associated spare parts are maintained in inventory to

accommodate expeditious exchange or repair when an installec pump is
found to be inoperable.

0528A041581/2
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Tna LPIS fault tree is developed for the avent "Insufficient Flow from |
LPIS." Tnis evant &ppears in tne large and medium LOCA 2vent trees ang |
must 22 prececed Oy 3 successful accumulator system operation wnich is

reg.ired td initiate recovery of the core.

C.2 SYSTI¥ FAULT TREEZ |

Fault tree metnodology is used to analyze the LPIS. Tne top structure
of the tree snows explicitly the parts of the system tnat are disadled
during maintenance (or testing, if applicable). Figure 3 shows the
first level of the tree. The INHIBIT gates specify the conaitions uncer
whilh the tree is developed further. The fault trees for the transfers
X, Y, and I are shown in Figure 4. Special attention should oce paid to
tae maintenanie trees Decausa the configuration of the system changes
and tne pasition of valves may cnange also. The X, Y, and Z are carrie3
tnrougn tne trees to tne train gate level where the train is eliminated
for tne f and I cases.

The fault tree contains only hardware failures. For eacn component we
list the failure mode {e.g., fails open, closed, does not start, etc.)
and failures to supply energy or the signals to actuate. The failure
causes ar2 not listed. The fault tree is complet2 in tne sanse that the
minimal cutsats of the tree are equivalent to the top cvent.

C.3 FAUT TRZIZ CODING

Tecle 3 is & list of pasic events, their failure mod2e, corresponaing
co02s, ang mean values.

C.4 MINIMAL CUTSETS

Tne minimal cutsets are identified using the blocks from Figure 1. The
five valves in single flow lines that exist in the LPIS represent five
single-event minimal cutsets. In addition, tne SI signal to start can
pe considered a single-event cutset if operator action is not included.

Check valve 741 fails to open.
Mo.or-operated valve 733 fails closead.
Cneck valve 881 fails to open.
Motor-operated valve 882 fails closed.
Manual valve B46 fails closed.

Single pipe failure (see Taole 5).

The motor-operated valves are deenergized open such that the “"Failing
Closed Mode" would be similar to a manual valve failing closed (i.e., the
gate drops into the flowpath).

Taoles 6 and 7 show the additional single event cutsets for the cases
wnere pump trains 371 or 3Z are out of service for maintenance.

0523404814811



Tng letter icentifiec bidcas freom ngure 1 represent "tlocks" thet are

groues of

'tV"' corpirerts, The mermbers of eacn letter blcen ere
w for refererce infurther analysis,

Elemgnts In The Block

Check valve 881, MOV 882, Manua) valve 846

MOV BE85A, MOV B8EEB. Trnis doutle failure woulc ellcw
water to go into the sump which would cause an
earlier start of recirculétion, but the water would
not te lost.

Manual valves 7358, 7398. Check valve 738B, RHR
pump 32. The doutle failures involving excessive
lezkage back through check valves 886A or 886B and
MOV 1802A or 18028 transferring open were founc to
te of low protetility eng nct incluced ir the mejor
contritutors (on the orcer of 10-13). Likewise
creck valves 738A or 73ES heving éxcessive leekege
anc the pump not starting on thet path were founc tc
te of low protebility anc not inc1uded in the mejcr
contributors (on the orcer of 10-8).

Manual valves 735A, 73%A. Check valve 738A, RHR
Pump 31, The doutle feilures involving excessive
lezkece beck thrcugh check velves EEEA or 8BES enc
MOV 1202A or 180ZB transferring open were founc to
be ¢f low protetility anc nct inclycec in trhe mejor
contritutors (on the orcer of 10-13). Likeaise
check valves 738A or 73EB having excessive leakage
and the pump not starting on that path were founa to
te of low protability and not included in the mejor
contributors {on the orcder of 10'8).

MOV 744, Check valve 741. Since the monthly test of
the RHR pumps does noti use the line containing
valves 883 and 1863, they are valicatec closec
monthly and the probab\l!ty of toth opening at the
time of a safety injection was considerec small.

05284041481/



Elemerts Ir The Elock

Menuel valve 742, Heet excrencer 31, MOV 8ese,

MOV 747, HCV 63E, MOV £9S8, Flow through MOVs EEga
enc BESE woule not te lost e¢ it woulo follow e
cifferent petn into the core. Trerefore, these valves
weré not incluced &s failures, MOVs 8BCA arc 8EC2 are
net corsicerec single failures since the flow will
split tetween the spray line énc the irjection heecers
on the path wnicn hes the 888 valve cpen. Tre cther
petn would run nearly normal heac if Lotn pumps were
running. In aacdition, if the conteinment spray pumps
ére running, theéy provice 300 psi hesd which woule
céuse flow into the LPIS petn,

MOV 7EIE, MOV 74SA, Heet éxchanger 3z, MOV BECA,

MOV 7¢€, HCV 640, MOV 89SA. Flow throuch MOVs EESA
erc EEES woule not te lost as it woulc fcllow &
ogifferent path into the core. Trerefore, these valves
weré not inclucec as failures, MOVs 82GA enc 8ECE ere
net consicered single failures since tre flow will
split tetween the sprey line anc the injection heecers
Cn the peth wnich has the 889 valve cpen. The otrer
petn woulc run neérly normel heae if LOth purmps ere
running. In accition, if tre containment Spray pumps
ére running, they provide 300 os1 hzac whicr weu ¢

Céusé flow intc the LPIS patrn.

Check velves 897A, 8382

Check valves 8978, 83&B

Check valves 897C, 838C i

Check valves 897D, 8380

Using these letter blocks, double failures can Le determined by the
following comtinations: (B ano C)y A", (£ anc¢ F), ane gepencing on which
cold leg has hed the large LOCA, combinatiors of G, K, I, ena J as

follows:

052840414811

LOCA Leqg Doutle Failures
1 H1, 1J, JH
2 GI, 1J, JG
3 GH, HJ, JG
4 GH, KHI, 1G.
7



Since tre prevetility of tne LOCA occurring in 2ny one of the legs s
#cuel, eeacr ¢f trese coutle fetlures iy scuelly likely. Tnere erée no
trree-glerent or nigrer crcer failurzs in tnig LPIS,

052840414811
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D.1.1 kercwere Contribution

Eech single-event minima) cutset is analyzec using plant-specific dete:
o Crecs valve 76) fails tc open on cemenc, The meen &nd veriance ére:

ednoy,: 6.81 x 1072

' 3 - ‘» 4 -e
\ervencgcv]. 1.05 » W0 ™,

. Motcr-operatec valve 744 feils closed (ceenergized open).

8 30-cav test cvcle

9.15 x 107" /hr x 24 hr/day x == 0

Pédfeov, 0y’
-5
3.2 x 107°

i =18 =
Verianceye, ¢: 1.01 x 10 18 0 (20 x 15)2 = 1.31 x 10°°,

- Creck valve 881 feils to open on demenc.

. -5
Meencvz. 6.91 x 10

1.0z x 1078,

Varianc

~o

fcve’
. Motor-operzted valve 8682 fails closed (ceerergized cpen).

8 720-nr_test cycle . 3 5g 4 10°°

.15 x 107" /hr x -

MeanMOV,C:

» 2
. , -1 (220\¢ | -8
V°"°"CEMOV,C’ 1.01 x 10 X (—?-) B e

. Manual valve 84€ fails closed (locked open).

s -8 30-cay test cvcle 24 hrg
Me°nMV,C' 9.15 x 10 “/hr x 5

0cy
£ 3.28 x 107
2
Veriance,, o 1.01 x w0, (39—5-33) s 1.31 2 10°°,

0528A041481/1



. Pipe failure., Tatle 5 snrws the pipe sections that constitute
3 o

sirgle feilures

Tre tetal nerdnare contricution for single failu 28 is the accition
of trhe ccrponents A anc D using OPD.

Eéénsingles s 2 meane, + medBuoy, c1 * meanyny ¢ * meany ¢
-5 e
6. 22691 x W07 « 3 x2,26x 10"
« 2.37x 07
Verience = 4,02 x 10‘8
singlas 2 1

D.1.2 Test Anc Maintenence Contributicon

Tre ronthly test 3PT-MIE starts each pump for 15 te 30 minutes anc
récirculates flow throuch tne heat exchenger 2nc back to the pump
suction. This test leeves all valves in their norme)l configuretien enc
essures flow through MOVs 744, 745A, anc 7458. The nigh pressure at the
MO¥s 7¢¢ injection heeds coes not allow flow through MOVs 89%A, B,

MOVs 746, 747, or HCVs 638 enc 640. The only time tnat flow is assurec
through trese valves 1s curing test RPT-V9, during or at cold shutdown,
Therzfore, if one of them fails between these tests, cetection may not
te notec during the quarterly valve tests (3PT-Q22) with a failure such
&s the gete crepping of f the stem. The valve cperater woulc still
éppeer to be normal tut the flowpath could be blockec.

Trere is come cnence thet the velves stroked curing tne Cuérterly test
will be left in the wrong position, but norne of the single failure
velves are involved in this test so the affectec valves will te treatec
in the next section on cdoutle failures.

Velve maintenance is not consicered during ncimal operation on any velve
thet must change position on a safety injection,

D.1.3 Humén Error Contribution

The LPIS receives an automatic safety injection signal to the pumps with
all velves teing set in ncrmel injection flowpath pesition. No operater
interaction is normally required during this phase until the
recirculation pnase begins.,

D.1.4 Single Failure Contribution

Tatle 8 presents the contribution of single feilures to system
unavailability.

10 d
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B¢ QUeXTIFISATION OF DOUSLE FATLURES

D.2.1 H:irowere Contritbuiten

(AN ]

All remairing hércwere failure contrituticns come from two-element
cutsets s cescribec 1n Section (. Zfech Liock 1§ exemined here to
ceterrire the méanituce of the block's contritution to unavailability.

cza 8 for C) Pump Trein Secticr

Unavailability
Subscript
Meen Veriance
RER purp (feils to stert) P 1.36 x 10-3 1.22 x 10
Crack velve (feils to open) cv 6.1 x 10-%  1.03 x 10-§
Merual valves (trensfer closec) MV 3.2¢ x 10-5 1.3 x 10-8
The mean of B8 (or C) is then
i » - 3 -3
Meeng: meany + meen., + 2 meany,, 1.46 x 10

Verierceg: 1.25 «x 10’6.

Tre purps 2lore contribute 1.36 x 1077 sc tney are the lergest
contributor in the train. The coutle feilure BC is then, using OPD:
2 s3)* -6
Meanac: (meana)B = 11,49 x 10 = 3,29 x 10

L . -11
Ver1ance8c. 2.68 x 10 3

Evaluetion of the heet exchanger blocks £ and F used the following
valves,

1
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Subscript

Unaveirlesility

Mean

Variance

Mceter velve EC9GA (B) (transfers
clesec) -

Motor velve 747 (72€8) {trans-
fers cleosec)

Mctor valve 638 (640) (trensfers
closec)

Foter valve 8EGA (8 (transfers
open) (2.00 x 10-F x 720/2)
Heet exchanger 31 (32) (plucgec)
Menuel valve 742 (treain 31)

{trensfers closec)
2 MCVs 7£3A, 74%% (train 32)
(trersfer clcsec)

MOVG
MoVl
MCV?2
MOV3

HX
Mv

2,20 x 10-5°

3.2¢ x 10-9
2.29 x 10-5
0.72 x 10-5

€
2,29 x 10-5
3.2¢ x 10-5

1.31 x 10-2
x 10-S
1.31 x
x 10-€

1.31
10-9
3.52

1.31 x 10-8

1.31 x 10-€

The etove tebulaticn summerizes the contritutors for toth tlock £ anc

L

twe MOVs (7‘5;-,

S

Lelcw enc used te compute

-
-
-
-
~

T

Tock F.
7458B),
ingle menual valve (742)

TeChs £ erc F are sliertly cifferent since crne nas twe
Using TPD eritrmetic:

re renuel valve.,

.
cel. &
4

Verience;: 1.87 x 10°8

MeenF:

Veriance.: 2.82 x 10°C.

rhen

X 10-d

Mear, F 1.3¢9 ik

15

Varience ;: 1.20 x 10°

05284041481/1

72 x 10

4(3.27 x 107%) + .72 x 107> = 1.39 x 10°%

5(3.29 x 10°°) + .72 x 1072 = 1.72 x 1079

4 & 2.37 x 078

Tre elements for block E incluce 211 the elements except the
Block F incluces all the elements except the

The ureva11a5111ty of the blocks is CCrputec
the system unaveilebility.

¥CVs 1instezc of




taC-event cutsets of the cneck valves in tne ccic legs are
eSS Shiwrn rhere:

2
Meerg : (6.91 & 10‘5) sk s wt

v
Evér witr 100 such cutsets, the contritution to system hardware
unev21lepility i still domiratec by the single-event cutsets end the
twc-2vert cutset of both pumps failing to stert,

D.2.2 Test Certritution

Referring to Section D.1.2, testing of the pumps monthly coes not degrace
the system, The querterly test of the MOVs in the heet exchenger blocks
is perfcrmea by closing and then opening each valve before the next one
is tested. Tnis prececure minimizes the contribution to unaveilability
due to & valve being left in the closed position.

£.2.5 Mzirterance Contritution

As ciscuesec in Section D.1.2, veélve meintenance is not consicered here,.
tut RER purp meintenance is & contridutor to system unavéilability,

RER pump 21 shcews one instance of being down for mainténance with the
reactor not in colo shutdown. The tota) operating hours (1976 to 19€0)
correspending to these instances yield a pump unavailebility cue to
meintenance of

Meen: 7.63 x 10-¢

Variance: 5.10 x 10-8,

Tre system fails when B is under meintenance and C also fails; trus, we
get:

Mean: 7.63 x 1079 x 1.49 x 103 = 1,14 x 10-6
Variance: 7.36 x 10-12,

Likewise, when C is under maintenance and B fails, we get the same
result. Therefore, the total contribution is

Mean: 2 x 1.14 x 106 = 2.28 x 10-6
Variance: 2.94 x 10-11,

D.2.4 Human Error Contritution

From the discussion of the tests in Section D.1.2, the flow tests after
maintenance at refueling or cold shutdown 2ssure that valves ere 2ligneo
correctly. Tne monthiy tests 6o not cnange valve position. The
quarterly tests do not contritute to valve mispesitioning, After pump
maintenance, tne pump isoiation vaives are verified open by & fiow test
of the repaired pump train, Therefore, no humen error is included due te
these maintenance procecures.

13
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Mest of the obsérvec couplec “2ilurse in the industry invelvec

MCLIr-cperétec or gir-cpeéretec velves thet héc to chenge position on

cemend. The freouent partial tests zng the full annual system test

incicate tret en unforeseen commor cause feilure 18 of low frecuency.
-

D.2.6 Deouble Failure Contritution .

Texle © summerizes the coutle feilure contritutions.

0.3 NOC TRIPLE FAILLRES

D.4 SYSTZM UNAVAILAB™ 'TY

Table 10 shows the results thet have been derived for the mean values of

the cominant contributors to LPIS unavailadility. These contritutors are
the tasis for the uncertainty analysis. The methematica) expression for

the uneveiletility of the system in terms of the unaveilebilities of the

ceminant contriduters is:

-4
Opis * 2%y * 2Quovy * Q¢ * Qnaing * BOgc * Ggp = 2.41 x 107,

Using DPD arithmetic we finc for Qupgs
Mean: 2.41 x 10-¢
Variance: 3.97 x 108
Stn Percentile: 5.52 x 10°5
Mecien: 1.82 x 10-4

95th Percentile: 6.14 x 10-9.

0528A041481/1




BONLARY, SSNOITION, DEGRADED ELECTRIC PCWIR

wnen 2itheér Bug 34 or B6A 18 not avadtletle, an RRR train beécormes
unevailetle, This causes the elements in the remeining péeth tc becors
sirgle-element cutsets. The tlock B(C) is then accec cirectly to tre
otrer sirciz 2vent cutsets to calculete the unaveilability with onre bug
eut. FReferring to Figure 2, the number of velves of each type must Le
CeterrineC SInCe the dete structure causes cepencence among velves thet
use the seémé géneric oeté bLase.

Manual (MOVS that cc not operate) = 9 or 10
3
1

Chech valves N
Pump s
The celculetion still shows thet the pump and MOV thet must chance
position dcminate the otner single elements in the flowpetn,

1f & bus is uravéeiletle ang meintenance is teing perforred, the system

woulc te urevailatle. Eoth butes down make the system unaveilatle,
Trese results ere showr i Tetle 11,

0528A041481/1
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TABLE 1A

LPIS UAAVAILASLE--ELECTRIC POUER AVAILABLE

Bus Condition

Hean Variance 5th Percentile Hedian

95th Percentile

Juses 3A and 6A

-4 -0 -5 -4 -4
Available 2.41 x 10 3.97 x 10 5.92 x 10 1.82x 10 6.14 x 10
UASH-1400 4 ) " 3 e
Conparison not given not given J.10 x 10 4.70 x 10 7.40 x 10
FABLE 13

Ars Ssnannns In

LPIS UNAVAILABLE--PARTIAL POUER AVAILABLE
Buses Unavailable

Unavailibility

Systen JA 6A JAL6A

(Mean)
2.36 x 10-? 2.36 x 10-3 1.0




TABLE 2
LPIS PCVER SUPPLIES

Conmponert Pover Supply
PHP Purmp N Bue Munber 2A
PHR Punp 32 Bus Munber 6A

051340405811 17



TABLE 2

TESTINC PEQUISEIENTS

Conponert

Testing/Incpection

PHE Punp 31
RER Pump 27

HCVEZP, HCVESD

1OV7e4; BE2;
TLEALB; 7¢6; 707

IOV74EA,8; £8CA,R
MOVEETA,B; COCA,B

Manug) Velves 73%5A,R;
73CA,B; PAE

Checl Valves 881,
73CA,B; 78]

Check Valves 887A-D;
P2EA-D

Creck Valves E87A-D;
82CA-D

Startec and stopped montFly, vhen leaving
cold shutdown, and at refueling.

Stertecd anc stopped monthly, when leaving
cold shutdown, and at refueling.

Strol.ed orce; cuarterly,

Verify cpen; nmonthly.

Stroked once; gquarterly.
Verify open; nonthly.

Verify open; monthly
Open on demand; nmonthly, refueling.
Seated correctly; leaving cold ghutdown.

Open on demand; refueling.

0512A0C08TN
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TABLE 5

SYSTEM [iFLCTS OF PIPE FAILURE

2192 “ection Janter Systea Patential for Initiating ¢
Huzlsar Hnader (in.) Failure Other Sysatess lipast Event oments
1.  Line timber 155 - Sunply 12 Tes Yos, loss of ST Ho Can be lenlated manually
tn Vil puaps fron RUST {#rlve D16)
2.  Lia» Nuaher 57 « Supply 14 Yes Lass of punp suction (and o 52e iten 1 adove
AR punps Fron Santaia- Rst)
maat sen (after
My 395)
3. Purn Suction and Dis- 14/8 Yes Lass of MIST No Individual puap can be
charge Piping (2 punps) isolated manually
4.  LUine Huaber 9, Puyp 3 Yes Loss of RUST o Can be isolated
Dischargn ta PRI lleat
txchinyers
5.  Outlet RUX ileat Exchangers 3 Yes Loss of 2UST No
6. Individual Laop Injection 6 Ho Yes, pnssible loss of o See accwwlator piping

Lines (after flouw restrict-

ing orifice) i)

associated accuwmlator

051 1\040)A1 /1
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TABLE €

ADDITIOMAL SIMGLE-EVENT MIMIDAL
CUTSETS WITE PUI'P TPAIN =T DISABLED

DUT 7O NMATHTENANCE

BPIPM2TS: FHE Punp 32 Mechenicel

BIOPI32S: RHP. Punp 32 Motor

BXV72CRC: Hanial Valve 7378

BXV735BC: . 2nual Yalve 735B

BCV/ZEEC: Ciocl Valve 72€B
TABLE 7

ADDITIONAL SIMGLE-EVENT MIMIMAL
CUTSETS VWITE PUNP TPAIN 37 DISAFLED

DUE 7O PATNTEMANCE

BPIFI31S: PHP. Pump 21 lechenical
BMOPN31S: RHR Punmp 31 lotor
BXV72°AC: Manual Valve 72CA .
BXV735AC: fenual Velve 735A
RCV72PAC: Creclk Yalve 73CA

cs13A020tIN 22



IABLE 8

CAUSE _TABLE_FOR SINGLE FAILURLS - BUSES 3A AND GA AVAILABLE

cflects
Cauyse ilean —_— s e ¢ b .
Unavailablility Copsnents Systen Otier Systens lngli;:iw)
w
Hardvare failura 6.91 x 10-3 CVZ41 fails to open fails not affected no effect '
Hardiare fallure 6.91 x 10-5 CVial fails to open fails not affected no effect
~n
w Harduare fallure 3.29 x 10-5 Y744 closes (deener- fails not affected no effezt
3ized open) "
Hardware fallure 3.29 x 10-5 VB2 closes (deener- fails not affected no effact
qized open)
Hardare failure 3.29 x 10-5 Hanual valve 845 closes fails Safety Injection o effect
(locked open)
Total Wardnare 2.37 x 104
Testing and tlaintenance 0 none no effect no effect no effect
henan Crror 0 none no effect  no effect no effect
Tl 2.3%,x 101 ’

Noninant Cantributor * Hardware failure

051 10409) /)
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TABLE 9

CAUSE TAII L FOR DOUBLE FAILURES

Effects
Cause Hean S NS
Freqiency Conponents Systen Pther Systems "‘,“'":"'1
wyean

Colncident hardware 3.29 x 1076 mainly RN puaps fails no ~ffect no effect
failuras

flaintenance and harduare 2.20 x 10-6 preap maintenance fails no effect no effect
failures

Hunan error and hardvare 0 no effect . no effect no effect no effect
failures

ToTAL 5.57 x 10-6

051 310109 N

Joalnant Contributar = iearly Equivalent Contributions



TABLE 1C

DOMINANT CONTRIRUTOR CAUSE TARLE
FOP LPIS BUSES 3A AND 6A AVATLABLE

l'ean

Doninant Cause Failure Node Uravailahility

SINGLE FAILURES
Kercvare Failures Valves stop flov .27 x 10°%

DCUBLE FAILUPES :
Coincicdent Herdwvare Failures - .20 x 10-€

'eintenance Punp unavailatle 29 » 108

TOTAL 2.41 x 10°4

0S13A040281/1




TABLE N

DO INANT--CAUSE TABLE FOP LPIS
(Ore Bus Out)

- : ] Neen
Doninent Cause Failure !'ode Usevailability
Hardvare Failure Punp fails to start 1.26 x 10-°
Maintenance . Or pump train 3 7.€2 x 10-¢
or 32
Hardvare Failure Single nonoperating 2.27 x 10-¢
valves
TOTAL 2.36 x 10-2

0513A04081 1 26
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Figure 4.

Low Pressure Injection Fault
(Sheet 1 of 8)
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