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A. SUMMARY

A.1 INTRODUCTICN

The component cooling system (CCS) is evaluated for its ability to
perfura its heat removal function during the recirculation phase of all
LOCAs and during all transient events, The primary function of the
system following an accident is to remove residual and sensible heat
from residual heat removal (RHR) heat exchangers, RHR pumps, safety
injection pumps, charging jumps, and supply water to the auxiliary
component cooling pumps fcr recirculation pump cooling.

The analysis is carried out uncer the following conditions:

e The system was operating in the normal mode of coeling prior to the
LOCA or transient.

e No operator action to recover the system following failure or to
correct ceficiencies in the system are considerad in this analysis
for the first hour following an initiating event,

e System success is: one of three pumps starts and operates for
24 hours; and one heat exchanger continues to operate for 24 hOurs.

A.2 RESULTS

Table ) summarizes the results obtained for the compcnent cooling system
analysis. Twe cases of electric power are presented: "No Loss of
Offsite Power" and "Loss of Offsite Power." Three boundary conditions
for each electric power case are analyzed: power at all 480V buses, loss.
of power at a single bus, and loss of power at two 480V buses.

The analysis has revealed the following dominant contributors to failure
of the CCS to supply a sufficient amount of cooled water to time

t = 24 hours:

e Case 1 - No Loss of Offsite Power, Mean

- Power at all 480V buses
o Passive valve failure (service water supply) 1.0 x 10-7

(95.5%)
- Power at two 480V buses ,
¢ Failure of the two operadble pump trains 1.6 x 10-6
(94%)

- Power at one 480V bus
e Failure of the operabie pump trein (95.5%) 8.3 x 105
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o Case 2 - Loss cf offsite power Mean

- Power at al) 4S0V buses

e Random failures in the pump trains (63%) 1.9 x 10-7
o Passive valve failure (service water supply) 1.0 x 107
(31%)
- Power at two 480V buses g
e Failure of the two operable pump trains 3.0 X 10~5

(99.7%)

« Power at ore 480V bus
e Failure of the operable pump train (99.9%) 1.5 x 10-3

No comparison 1s made to WASH-1400 results as there is no comparable
system analysis in WASH-1400,

A.3 CONCLUSIONS

The component cooling system is required to support plant operations and
will be operating at the time of the initiating event. For this reason,
this system is unusual in relation to the plant standdby emergency
systems in that the cominant contributors to system failure, with power
available to all pumps, are passive valve and pipe failures.
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B. SYSTEM CESCRIPTION
B.1 SYSTEM FUNCTION

The CCS is one of three subsystems of the auxiliary coolant system (ACS)
of Indian Point 3. It is a closed loop cooling system which is designed
to remove resicdual and sensible he2t from various primary plant
components during power operations, shutdown operation, and under
accident and transient conditions. The system also provides a barrier
between the primary plant and the environment to prevent radiocactive
releases to the environr nt,

A block diagram and a simplified system p.ping arrangement are presented
in Figures 1 and 2. Success of the system is defined as: one of three
CCS pumps operating initially, followed by a second pump as power is
available; and one of two CCS heat exchangers operating supplying
postaccident loads.

B.2 BASIC DESCRIPTION

The CCS consists of: Three pumps, two CCS heat exchangers which are
cooled by service water, two CCS surge tanks, and two supply and return
heacders. Table 2 presents the normal and emergency flows required to
the CCS and the number of pumps and heat exchangers required during
various plant conditions.

The CCS pumps are horizontal, centrifugal pumps rated at 3,600 gpm at
150 psi. During normal plant operation, two of the three pumps are
required to supply the necessry flow for plant cooling 'oeds. During
accident conditions, one of three pumps is required a2t the start of the
recirculetion phese to supply the necessary flow for the plant emergency
cooling loads followed by & second pump as pCwer becomes availadle.

The three CCS pumps are always lined up to the common pump discharge
header and pump return header. The pump discharge header cross-tie
valves and the pump suction header cross-tie valves are normally open
during power operation. Both CCS heat exchangers are fed from the
common’ pump discharge header. Low discharge pressure on either heat
exchanger supply header (which ingdicates insufficient capacity) is
annunciated on the ACS panel in the control room and starts the third
CCS pump.

€ach CCS pump requires a minimum flow of 500 gpm for the removal of pump
heat. A low flow in the CCS supply heacer of 1,500 gpm is alarmed in
the control room at the ACS panel.

The CCS pumps are supplied from the following 480V switchgear buses:

o Pump No. 31, Bus No. SA
e Pump hNo. 32, Bus No. 2A
¢ Pump No. 33, Bus No. SA




Each of these 280V switcngeer buses is supplied by separate emergency
giesel cenerators, I

"The CCS surge tanks are locatec in the primary auxiliary building (PAB)
and have a normal working volume of 1,000 gallons., The surge tanks
accommodate changes in operating volume of tne CCS due to changes in
cperating temperature, The free volume of each tank is sufficient to
accommocate an in-lezkage from a rupture of 2 reactor coolant pump
thermal barrier cooling coi) for three minutes. Mzkeup to the tanks for
system leakage is normally ,roviced by tno flash evaporator through a
manual valve, The primary ~ater storage tank is the alternate mzkeup
supply for the surge tanks. The surge tanks are normally vented to
atmosphere; however, high radiation cetected at the CCS return headers
causes 2utomatic closing of the vent valves. Relief valves on the surge
tanks.discharge to the waste holdup tank to provide pressure relief when
the normal vents are closed. The high radiation condition is alarmed in
the control room., Surge tank levels are indicated and alarmed ir the
control room. '

The two CCS heat exchangers are shell and tube-type heat exchangers
which are cooled t. the service water system. The heat exchangers are
designed to remove 3.14 x 107 Btu/hr at a shell sice AT of 129F with
5,320 gpm CCS flow &nd a tube side AT of 7°F with 9,100 gpm service
water flow., Both heat exchangers are lined up on the component cooling
side and the service water side., After recirculation has started,
service water is linea up to both heat exchangers and the component
cooling loops are split into two distinct subsystems., During accident
concditions, only one heat exchanger is required for heat removel. The
heat exchaenger cutlet temperature is monitored and alarmed in the
control room as s header return temp2rature,

The CCS is basically two distinct systems from the neet exchangers back
to the CCS pumps. The necessary cooling lines are tranched off of these
main supply and return headers. Most of the components cooled by the
CCS receive flow during all plant conditions; the exceptions are
discussed in the following:

e Reactor coolant pump cooling. Two series, motor-operated, isolation
valves are provided for the reactor coolant pump supply line, the
reactor coolant pump motor cooling return line, and the thermal

. barrier return line, These valves are automatically closed upon
receipt of a containment isolation phase B signal. Each valve in a
single line receives power from a separate 480V MCC (either 36A
or 36B) which in turn receives power from the vital switchgear
buses. FCV-625 in the return line from the reactor coolant pump
thermal barriers also closes on a high fiow condition in this return
line. This high flow condition is indicative of a thermal barrier
cooling coil failure. Closure of FCV-625 1imits the amount of
in-lezkzge from this failure.
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o Excess letdown heat exchanger cooling., The supply line to this heat
exchanger contai's two, series, air-operated, normally ocpen val.:s,
These valves are designed to fail closed on loss of power or loss of
air. These valves receive a containment isolation phase A automatic
close signal. The return line from this heat exchanger contains two
series, air-operated valves. One of the valves is normally closed.
In all other respects, the operation of these valves is the seme as
the supply valves.

o Residual heat removal heat exchanger cooling. Each RHR heat
exchanger receives component cooling water from a separate CCS
supply header. Each RHR heat exchanger has a normally closed
motoroperated valve located in the CCS outlet li-3, These valves
receive an automatic open signal from the engineered safeguards
actuation system.

The three safety injection pumps receive flow during all plant
conditions. Two safety injection pumps are supplied from one CCS supply
header; the third safety injectiun pump is supplied from the other CCS
supply heacer, Each pump drives an attached circulating pump which is
capable of supplying tre cooling requirements for the safety injection
pump using the water contained in the CCS supply heacers. The CCS
outlets o° the three safety injection pumps are monitoured for flow and
alarmed in the control room on low flow.

The two RHR pumps also receive flow during all plant conditions, cne
from each supply header. Flow from these pumps is ingicatec lecally ang
alarmed in the control room on low flow.

Thers are four 2uxiliary compenent cocling pumds which are used to
supply component cooling water to the engineered safcguarcs system
recirculation pumps. Two pumps supply a single recirculation pump from
a single CCS supply header. These pumps are included in the low ,
pressure recirculation system analysis and, therefore, are excluded from
this analysis.

B.3 SYSTEM OPERATION DURING EMERCENCY CONDITIONS

As stated previously, two of the three CCS pumps are required to te in
operation to support plant power operation and both CCS heat exchangers
will be in operation (receiving service water). The following
paragraphs discuss the response of this system to various emergency
conditions.

e Unit Trip, No Blackout and No Safety Injection. When the unit trips
and no Dlackout or safety injection occurs, the system will remain
in operation 2s it was before the event since all power recuirements
will have transferred from the unit auxiliary transformer to the
station auxiliary transformer, and the “CS pumps will continue to
operate.
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Unit Trip, With Blackcut anc No Safetv In‘ection, When tnis
concition occurs, all (LS pumps 2re trippea. tiectrical power is
reestablished using the emergency diesel ceneraters. CCS pumps are
automatically started by this event as a function of energized
(1ive) 480V buses.

The CCS pump is started for th  conagition to protect the reactor
coolant pumps (RCP) lower radi bearing &nd seal package since the
charging pumps will have trippe and RCP seal and lower radial
bearing water will be cerived rom hot reactor coolant system (RCS)
water. The compconent cooling water 111 cool this hot RCS water as
it passes by the thermal barr.er heat exchanger,

Unit Trip, With Blackout and With Safety Injection. When this
congition occurs, all CLS pumps 2ire tripped. ectrical power is
reestablished using the emergency diesel generators. The following
events will occur ir the component cooling loop:

- Valves 822A and 8228 (RHR heat exchangers) are openec.

- The auxiliary component cooling pumps are started to brotect the
motors of the recirculation pumps from the containment accicent
atmosphere.

- The shaft driven circulating pumps will te running when the
safety injection pumps run and will supply cooling services for
these pumps.

These events occur 2utomatically as a result of the engineered
safeguarcs seaquence signal, When the injfecticn phase safeguarcs is
completes and the recirculation phase is enterec¢ into, two CCS pumps
or cne CCS pump are started by recirculation pnase switches RS-2 anc
RS-5. RS-2 will start one pump; RS-5 another pump if all four 480V
buses are energizec and a second service water pump is running.
Positioning RS-2 to the "On" position will start pump 33; if it
failed to start, pump 32 would be starteg; and if pump 32 failec to
start, pump 31 would be started. This aciion is independent of the
supporting service water system pumps. Pcsitioning switch RS-5 to
“On" will (providing power is available and two of the selected
recirculation phase service water pumps are running) start pump 32.
If pump 32 fails to start or is running, pump 31 is started.

Unit Trip, No Blackout With Safetv Injection. If there is a safety

injection signal and the unit trips with no blackout, the CCS pumps
which were running will continue running and the standby pump will
start,

8.4 SUPPORT SYSTEMS

Successful operation of the CCS recuires operation of the service water
system and the electric power system, A1l three CCS pumps receive power
from the 480V cwitchgear duses supplied by the emercency diesel
generators. Both CCS heat exchangers receive service water from the
conventiona) service water header, .
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8.5 INSTRUM NTATION AND CONTZOLS

Control cf the CCS pumps is accomplished by the plant operator from the
ACS penel in the control room.

The contro) switch for each pump breaker is located at the &CS panel in
the control room; status light indications are above each switch., As
each pump breaker control circuit is icentical, only the circuit for
pump no. 31 will be discussed.

The contro) switch has four positions (spring-return to Auto).

o Pull-out., The pump is disabled from starting by any automatic start
signal, "With the switch in this position, the "Safeguards Equipment
Locked Open™ alarm will be énnunciated on the safeguards panel in
the control room,

e Stop. The pump breaker is tripped open.

9 Auto. The pump will te started for any cne of the following
conditions:

- Low discharge header pressure during normal operation,
- Tired start on a "Unit Trip with Blackout or No SI" condition.,
« Timed start on a "SI and No Blackout" condition.

- Automatic stert during SI and blackout when snifting from tne
injection phase to the recirculation pnase,

NOTE: The operator must make the switchover, automatic starting is
a result of recirculation phase switches RS-2 and RS-5 being turned
to “On" by the operator.

o Start., The pump will be started.

‘While the pump is running it can be tripped by:

Placing the control switch to the Stop or Full-out position
Undervoltage on the assciated 480V switchgear bus

Blackout and SI conditions

Overload.

)

A1) motor-operated or air-operated valves used for contzinment isclation
are operated from the containment isolation panel in the co trol rcoom,
The RHR heat exchanger outlet motor-operated valves are  crated from
the ACS panel in tnhe control room.

Automatic operation of the CCS in recponse to emergency conditions has

been discussed in the preceding paragraphs. The standbty CCS pump will
start automatically in response to 2 low heacer pressure from either
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supply n<acer (sensec 2t tne heat axchanger inle*) or in response to a
safety ‘njection signal,

During system operation, heacer pressure, supply and return temperature,
header flow, and individual component flows are monitored in the control
room, Abnormal system conditfons are alarmed in the .control room on the
ACS panel, { g

B.6 TECHKNICAL SPECIFICATIONS

The plant technical specifications require that the reactor not be
brought above the cold shutdown condition unless:

®

Two CCS water pumps together with their associated piping and valves
are operable. This condition may be modified to allow one of the
two operable pumps to be out of service provided it is restored to
an operable status within 24 hours.

Two CCS heat exchangers and associated piping and valves are
operable. One CCS heat exchanger or other passive component may be
out of service for a period not to exceed 48 hours provided the
system still operates at design accident capebility.

Two auxiliary component cooling pumps, one per each recirculation
pump, together with their associated piping ana valves are operable.

Two 2uxiliary compcnent ccoling pumps serving the same recirculation
pump may be out of service, proviced at lea2st one is restored to an

cperable status within 24 hours and at least one 2uxiliary component
cooling pump serving the other recirculation pump 1§ cemonstratec to
te operable.

If the CCS is not restored to meet the above requirements within the
times specified, then:

- If the reactor is critical, it shall be brought to the hot
shutdown condition ut\lxzing normal operating procedures. The
shutdown shall start no later than at the end of the specified
time period.

- If the reactor is subcritical, the reactor coolant system
temperature and pressure shall not be increased more than 25OF
and 100 psi, respectively, over existing values.

- In either case, if the requirements for operable components are
not satisfied within an acditional 48 hours, the reactor shall
be brought to the cold shutdown condition utilizing normal .
operating procedures. The shutdown shall start no later then
the end of the 48-hour period.
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8.7 TESTING AND MAINTENANCE

1. Automatic starting of the CCS pumps and the auxiliary component
cooling pumps in response to recirculation switchover is performec
every refueling cycle.

Perioaic testing of the CCS pumps is required by ASME Section XI.
The required frequency of testing is monthly during normal plant
operation. ASME Section XI also requires monthly testing of the
auxiliary component cooling pumps. Pump cperability is checked
annually using 3PT-A9. In addition to the annual operability check,
plant operating procedures require a weekly shift of operating CCS
pumps.

Routine monitoring of the CCS is performed by the plant operators to
determine system status.

2. Periodic maintenance is performed as required on the components of
the CCS system, This maintenance includes such items as
lubrication, inspection, and adjustment.

3. Contribution of Maintenance.

A review of plant work permits revealed two maintenance actions on
CCS pumps in 4-1/2 years of plant cperation. (This excludes cole
shutdown pericos.) Using the data from the work permits, we obtain
for the probability of pump unavailability cue to mainterarce the
following distribution:

Mean: 1.84 x 10-2 Unavailability of 2 component
cocoling pump cue to
maintenance

Variance: 1.64 x 1074,
Upon completion of pump maintenance, testing is performed to
determine pump operability and to ensure correct system linewp., At

the completion of this testing, the pump is returned to its normal
lineup (auto or running).

B.8 OPERATOR INTERACTION WITH THE COMPONENT COOLING SYSTEM

As this system is required to support normal plant operation, most
operator errors that affect system operation will be annunciateg or
indicated in the control room within a short perioc of time after their
occurrence. These actions include placing the standby pump switch in
the "Pull-Out"” position, or mispesitioning manual or power operated
valves. These errors do not contribute to system unavailability on
demand during accident conditions.

Operator error after maintenance is precluced by the testing that is

performed at the completion of the maintenance and the requirements
imposed on system cperapiiity.
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Cperator error during the shift from injection phase to recirculation
phase of LOCA events s possible an¢ is discussed in the recirculation
system gescription,

Operator error during the splitting of the CCS and service water system
is discussed in Section D.5 of this analysis.

B.9 COMMON CAUSE ANALYSIS

Table 3 represents 2 listing of the components included in the component
cooling system analysis, their failure mode, their location, and their
susceptibility to various causes of common cause failure. The
contribution of common cause failures to system failure is presented in
Section D.6.

10
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C. SYSTEM FAULT TREE MODELING AND RLSULTS
C.1 EVENT TREES

In the event trees, the CCS is includeéd with failure of the
recirculation phase events.

C.2 SYSTEM FAULT TREES

Figure 3 presents the fault tree developed for the Indian Point 3 CCS.
The top event, "No or Insufficient Flow (NOIF) from the Component
Cooling Water System”, may be further defined as flow delivered to the
supply headers that is less than tne ce-acity of one component cooling
pump.,

C.3 FAULT TREE CODING

Table 3 is a list of basic events, their failure modes, the
corresponaing codes, and the failure rates associated with these events.

C.4 MINIMAL CUTSETS

The minimal cutsets for the CCS are identified in Table 4.

The single event cutsets, block F of Figure 1, consist of piping
failures whicn result in system failure and failures in the service
water supply to the CCS heat exchangers. The piping feilure effects
table, (Table 5) presents the results of the analysis of piping failures
cn the CCS.

The two event cutsets, dlocks D and € of Figure 1, consist of failures
in the two heat exchanger trains, failures in the supply and return
heacers, and failures of the two surge tanks. 8lock D consists of the
following basic events:

e TXV24--C: Service water inlet valve, SWN-34, tran<fers closed
e TXV36--C: Service water outlet valve, SWN-36, transfers closed
e " UXV7SOAC: Heat exchanger 31 inlet valve, 759A, transfers closed
e UXV76SAC: Heat exchanger 3) outlet valve, 765A, transfers closed
o UHEOO3IL: Heat exchanger 31 loss of cooling capability

(rupture, plugging, etc.)
e UTKCO31L: CC surge tank 31 leak or rupture.

Block E consists of the following basic events:

TXV34-1C: Service water in'et valve, SWN-34-1, transfers closed

TXV36-1C: Service weter outlet valve, SWN-36-1, transfers closed

UXV7598C: Heat exchanger 32 inlet valve, 7588, transfers closed

UXV765BC: Heat exchanger 32 outlet valve, 7658, transfers clcsed

TXV33--C: “ervice water crossover valve, SWN-33, transfers
c¢losed

.
L B B R
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o TXV32-1(: Seryice azter crossover valve, SWN-33-1, transfers
closed

¢ UHEOQ32L: Heat sxcnenger 32 loss of coeling capability
(rupture, plugging, etc.)

o UTKOO32L: CC surge tank 32 leak or rupture.

Blocks A, B, and C of Figure 1 icentify the components that comprise the
three event cutsets. Block A consists of the following basic events:

e JBS-35AD: No power at switchgear bus SA

® 4BS-3310: Nc control power at switchgear bus SA

e UXV760AC: Pump 31 suction valve, 760A, transfers closed

e UXV762AC: Pump 31 discharge valve, 762C, transfers closed

o UCV761AQ: Fump 31 discharge check valve, 761A, transfers
. closed/fails to open

e UPMO031S: Pump 31 fails mechanically; start or run

e UMD0031S: Motor for pump 31 fails

e UCCCO31IF: Control circuit for pump 31 fails.

Block B consists of the following basic events:

e JBS-32AD: No power at switchgear bus 2A

e 4BS-333D: No control power at switchgear bus 2A

o UXV760BC: Pump 32 suction valve, 760B, transfers closed

o UXV7628C: Pump 32 discharge valve, 7628, transfers closed

e UCV761BQ: Pump 32 discharge check valve, 7618, transfers
closed/fails to open

o UPMO0D32S: Pump 32 fails mecnanically; start or run

e UMO0032S: Motor for pump 32 fails

¢ UCCO032F: Control circuit for purp 32 fails.

Block C consists of the following basic events:

e JBS-33AD: No power at switchgear bus 6A

e 4BS-333D: No control power at switchgear bus 6A

e UXV760CC: Pump 33 suction valve, 760C, transfers closed

® UXV762CC: Pump 33 discharge valve, 762C, transfers closed

e UCV761CQ: Pump 33 discharge check valve, 761C, transfers
closed/fails to open

e UPMOO33S: Pump 32 fails mechanically; start or run

e UMDO033S: Motor for pump 33 fails

e UCCOO33F: Control circuit for pump 33 fails.

12
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0.

CUANTIFICATION BOUNCARY CONDITION, OFFSITE POWER AVAILABLE

0.1 QUANTIFICATION OF SINGLE FAILURES (BLOCK F) (HARDWARE )

The single event failures consist of piping failures which fail the
entire CC system, no flow from the conventional service water heacer,

and service water valve SWN-31 transferring closed.

No flow from the conventicrz service water header. This failure
results in plant shutdown ana is detected upon occurrence. This
event is ouantified at the event tree level and is shown here only
for completeness.

Pipe failures. Table 5 identifies the pipe sections whose fzilure
results in CCS failure. The mean and variance for failure in a
single section of pipe is:

Mean: 8.60 x 10-10 Probability of failure per
hour per section

Variance: 6.00 x 10-17,
we have determined 17 major sections of CCS piping whose failure
results in system failure. This results in the following piping
contribution to failure:

Mean: 1.46 x 10-8 Probability of failure per
hour '

Variance: 1,24 x 10-13,
SWN-31 transfers clesed. This valve is normally open and the
failure of interest transfers closed. This failure mode results in
& loss of service water flow to the CCS heat exchangers which causes
high temperature alarms on the CCS heat exchanger outlet, Recovery
from this failure during normal plant operation consists of
transferring the service water supply to the CCS heat exchangers to

the other service water header. The mean and variance for this
event are:

Mean: 9.15 x 10-8 Probability of failure per
hour

Variance: 1.01 x 10-4.
The single event contribution to system failure per hour is now:
Q810ck F = piping + valve
= 1.06 x 10°7

Variancegioek F = 1.53 x 10-14,

13
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The failures cescrited above require immeciate plant shutccwn if they
occur during plant cperatien. For this rezson, single feilures prior to
the initiating event are not consicereg in this analysis.

The single failures which affect this analysis are those which occur
after the initiating event., The time period of interest is the first
24 nours after the initiating event. After the first hour following an
initiating ‘'event, the CCS is split by procedure into two separate and
distinct subsystems. Operator error during this split is giscussed in
Section D.5 of this analysis, After the split, there are no single
failures which can fail the CCS. For these reasons, the single event
failure contridbutions to system failure are those failures which occur
during the first hour after an initiating event. The protability of
system failure due to single event failures is described by the
following mean and variance:

Mean: 1.06 x 107
Variance: 1.53 x 10-14,

D.2 QUANTIFICATION OF TWO EVENT CUTSETS (BLOCKS D AND E) (HA&DHARE)

As stated in Se.tion C.4, the two event cutset contridbutions to failure
consist of fai.ures in blocks O and E of Figure 1. For block D we have:

Manual valve (service water) (2)
(failure per hour)

Mean: 9.15 x 10-8
Variance: 1.01 x 10-14

Manual valve (CCW) (2)
(failure per hour)

Mean: 9.15 x 10-¢
Variance: 1.01 x 10-14

Heat exchanger
(failure per nhour)

Mean: 9.73 x 10-7

Variance: 3.34 x 10-12
Surge tank (leak or rupture)
(feilure per hour)
(same as pipe rupture)

Mean: 8.60 x 10-10

Variance: 6.00 x i -17,

14
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a2l

The probability of failure for block D is now:

Mean (D): 4 gvalve + aneat exchanger + qgtank
« 1.34 x 1076~

Variance (D): 2.84 x 10-12,

For block £, we have two additional service water valves in the
supply line. This results in the following distribution for the
probability of failure of tlock E:

Mean: 1.52 x 1076
variance: 3.01 x 10-12,

The failures cescribed above are failures per hour, and we are
interested in failures on demand. Note that failures in either
component cooling train which occur during plant rperation are
immediately detectable. Operator action would then be tzken to
getermine the cause, and repairs would be initiated. These failures are
included in the maintenance contribution to system failure. Given that
the system was operating prior to the initiating event, the failures
that affect this system are those failures which occur from the time of
the initiating event to time t = 24 hours after the initiating event,
Approximately 1 hour after the initiating event, tne operator is
directed, by procecure, tO split tne CCS and the service weéter system
into two distinct subsystems. This results in a change in the
components in blocks D and E. 8lock O now consists of:

Txv3d--C
TxV36--C
UXV75CAC
UXV7635AC
UKEQO3IL
UTKO03 L
Txv32--C
Nine sections of CCS piping (including pump suction and discharge

cross-ties).

Block € consists of:

TXv34-1C
TXV36-1C
LAv759C
UXV7658C
* UKEOO32L
uTXC032L
TXv31--C
Seven sections of CCS piping.

15
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.

NOTE: After the split, CCS pumps 31 ang 32 will te supplying heat
exchanger 31 and CCS pump 33 will te supplying heat exchanger 32. The
CCS neat exchanger cross-tiz will be isolated.

The following equation defines protebility of system failure due to
random failures in blocks D and E:°

Q = [(&v3 + v2 +V1) (8¥3 + v2 + V1)]
+ 1 - (4V3 + V2 + V1) (6V3 + V2 + V1)
x [23(5v3 » v2 + V1 + 9va)] x [23(5v3 + v2 + V1 + 7v4)]
where
V1 = Probability of surge tank failure
V2 = Probability of heat exchanger failure
V3 = Probability of a manual valve transferring closed
V4 = Probability of a single pipe section failure

Using the 2bove equation, the probability of system failure due to
random two event failures is:

Mean: 3,52 x 10-°
Variance: 2.91 x 10-16,

0.3 OUANTIFICATION OF THREZ EVENT CUTSETS (3LOCKS A, B8, C) (HARDWARE
FATLUREDS)

As stated in Section C.4, the three event cutset contribution to system
failure on demand consists of random failures in the pump trains,
blocks A, B, and C of Figure 1. For block A we have:

o Pump (including motor and controls) i
- Failure td start (on demand)
Mean: 1.36 x 103
Variance: 1.22 x 10-6.

- Failure to run (per hour)

. Mean: 3.26 x 10-6

Variance: 2.47 x 10-11,

16
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o Manual valve
- Transfers closea (per hour)
Mean: 9.15 x 10-8
Variance: 1.01 x 10-4,
¢ Check valve
- FaiIsvto open (on demand)
Mean: 6.91 x 105

Variance: 1.03 x 10-8,

Blocks B and C consist of similar components. With a safety injection
signal and no loss of offsite power, the CCS pumps which were running

continue to run. The probability of failure per hour of a running .CCS
pump train is descrited by tne following districution (made up of pump
failure to continue running and manual valves transferring closed):

Mean: 3.44 x 10-6
Variance: 2.13 x 10-11.

For a time, t = Z4 hours, we have the following distribution for failure
ef an operating pump train:

Mean: 8.26 x 10~5
Variance: 1.23 x 10’8.

With a Toss of offsite power, the CCS pumps are started as a result of
the cperator action which occurs when entering the recirculation phase
of the accident (with the diesel ger:rators available). The probability
of failure to start on demand of a previously operating CCS pump train
is made up of: Pump failure to start on demand; check valve failure to
open on demand; and the transferring closed of either the pump suction
valve or discharge valve during the period of time that the pump 1§
idle. For a time, t < one hour, the probability of failure of a single
manual valve is:

Mean: 9.15 x 10-8
Variance: 1.01 x 10-14,

For a single previously operating pump train, the probability of failure
on cemand is cescribted by the following distribution:

Mean: 1.43 x 10-3

Variance: 1.13 x 10-6.

17
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Given a successful start, the CCS pump must operate for 24 hours. The
total probability of failure (start anag operate for 24 hours) for a
single previously operating CCS pump train is now:

Mean: 1.51 x 10-3

Variance: 1.03 x 10-6, . -

Ouring plant operation, one CCS pump train is normally in stancby. Pump
failure to start on demand and check valve failure to open on demand
remain as previously cefined; however, the manual valves' contribution
to pump train failure on cemand must be developed. Plant nrocedures
require routine snifting of the CCS pumps weekly. The fault detection
time for this event is taken as one-half of the test interval (84 nours).
This results in the following distribution for failure of a single
manual valve in the standby pump train:

Mean: 7.69 x 10-6
Variance: 6.74 x 10-11,

The failure of the standby pump train to start on cemand is now
described by the following mean and variance:

Mean: 1.44 x 10-3
variance: 1.13 x 10-6,

Given a successful start, the pump must continue te run for 24 hours,
which results in a total failure protenility for tne stancby pump of::

Mean: 1.53 x 10~3
Variance: 1.03 x 10-6,

The following expression defines the probability of failure for the CCS
pumps with differing probebilities for the status of the stancby pump.

& 2 2 2 2
0 sunps * PUIS) [(2) p(or)? x P(STBY)] + 37(0S) [kz) P(0P) ]
where:

P(1S) = Probability of having one pump in standbv which scuals

1 - (probability of maintenance of a single CCS pump) .

P(0S) = Probability of having one CCS pump undergoing
maintenance. '

P(OP) = Probability of failure of a running (or previously
running) pump (to t = 24 hours).

P(STBY) = Probability of failure of the stancby pump (to

t = 24 hours).

18
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For the pump contribution tc-sjs:em failire, with no loss of offsite
power and power availaple at all 480V ¢, itcngear buses, we have the
following dgistribution:

Mean: .15 x 10-10 -

Variance: 7.99 x 10-16, ' 3
For the pump contribution to system failure, with a loss of offsite
power and power available at all 48CV switchgear buses, we have the
following distribution:

Mean: 1.87 x 10-7

Variance: 1.21 x 10-13,

D.4 QUANTIFICATION OF TEST AND MAINTENANCE |

D.4.1 Test Contribution

Testing of the CCS consists of starting the stancby CCS pump monthly to
satisfy ASME Section XI reauirements and the weekly pump shift to
satisfy plant cperating requirements.

Mo system lineup changes are reouired for this testing. Therefore, no
contribution of system failure on demand is assigned because of testing.

D.4.2 Mazintenance Contribution

The maintenance contribution to system failure is incluced with the
cuentification of the pump trains' effect on system 7ailure.

0.5 QUANTIFICATION OF HUMAN INTERACTION

The operator error of ailing to switch from injection to recirculation
is presented in the recirculation system analysis and is not quentified
here.

With sufficient electric power, and after the shift to recirculation has
teen successfully completed, the operator is reguired by plant
procedures to shift the CCS and service water system lineups. This
shift results in splitting the CCS ang the service water system into
distinct subsystems. After the shift, pumps 31 or 32 of the CCS will be
supplying a single header, and pump 33 will be supplying the other
header. Each CCS neat exchanger will be receiving water from a separate
service water heaader.

No probability for system failure due to operator errors in this shift
are assigned for the following reasons:

o In order to start the shift, plant conditions iust be stable, with
sufficient electric power available and the shift to recirculation
successfully completed. Conditions in the control room by this time

19
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will be 2pproécnhing the conditions in the control room during norma)l
plant operations,

e The procedure details by valve number, the tequence of steps that
must be performed to complete the shift, Verification of each
significant change is monitcred by monitoring the system conditions;
major errors will be immediately cetected and corrécted.

e |If problems are encountered, the shift is not made and the system
remains or is returned to the ncrmal lineup.

D.6 QUANTIFICATION OF COMMON CAUSE

Although there are many similar components sharing common locations in
the CCS, a large portion of these components are not highiy susceptible
to common cause failure mechanisms bacause they perform a passive
function., These items include manual valves, check valves, tanks, heat
exchangers, and piping. The active components of the system, the CCS i
pumps, and various motor-operated valves are more likely cancdidates for
cemmon cause failure and are discussed below. External events such as
earthquakes, flooding, etc., are discussed elsewhere in this report.

a. Fire. The three CCS pumps share a common room in the primary
auxiliary building at elevation 68'. The "Review of the Indian
Point Station Fire Protection Progrem" cescribed this area as
having a low fire loading and postulated no fires which could
affect all tnhree CCS pumps.

b. Moisture. Located in the vicinity of the CCS pumps ere the CCS
heat exchancgers, the CCS surge t2nk, 2nc the piping and valves
for alignment and isolation of this esouipment. Leakage (spray)
from these components is cdetectatle during plant operation énd
would be correctasd upon occurrence prior to damage occurring.
This common cause failure is not quantified for the above reason,

¢. Grit. During plant operation, no grit producing ectivities
occur. During plant shutdown, these activities are protected
against by plant procedures. This mechanism for common cause
failure is not aquantified for this analysis.

d. Other causes - Other common caw<z susceptibilities, such as
manufacturer, test and maintenance prc-edures, etc., are
possible contritutors to common cause failure of the CCS pumps.
Howeer, the plant test program, maintenance program, and
techn1cal specifications combine to (1) aid in discovery of pump
protlems and (2) limit the effects of common cause failures. No
quantification is performed for these causes of failure.

NOTE: The CCS pump breakers are susceptidle to the common cause
failure mechanisms of fire, moisture and grit due to their common
location in the switchgear room, Quantification and discussion of
these effects are presented in the event tree analysis as these
effects would te felt throughout the plant,
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D.7 SYSTEM FAILURE CUANTIFICATICN

The failure freauency per demand for the CCS is made up of the following
contributors: single event, couble event, 2na triple event random
harcdware failures; test and maintenance in conjunction with random
harcdware failures; human error contribution to failure; anc common cause
contribution to failure. i

The probability of failure of the CCS, given no loss df offsite power,
to time (t = 24 hours) is characterized by the follewing mean and
variance:

Osystem:  @singles + adoubles + atriples + aTdM
aoperator error + gcommon cause

1.11 x 10°7
Variance: 1.58 x 10-14

With a loss of offsite power, we have the following distribution for
failure ~f tne CCS to operate to time, t = 24 hours:

Osystem: 2.97 x ]0-7

Variance: 1.24 x 10-13,
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£. QUANTIFICATION BOUNDARY CONDITION, LOSS OF ONSITE POMER BUS/ES)

1. Loss of a single 450V bus

a. No loss of offsite power. The following equation defines
the probadbility of failure for the CCS pumps given a loss of
@ single 480V switchgear bus supply:

Qpumps = P(1S) [P(OP) x P(STBY)] + P(0S) {p(or))
where the terms of the equation remain as cefined in
Section D.3. For conservatism, the failed 480V switchgear
bus.is cefined as a bus supplying a running CCS pump. The
pump train contribution to system failure under the
conditions defined above is:

Mean: 1.64 x 10-6

Variance: 5.72 x 10-12,
The probapility of system failure uncer these conditions is:

Qsystem: 1.75 x 10-6

Variance: §5.72 x 1012,

b. Loss of offsite power. The squation cefined ahove is also
applicatle for this case. The pump trair ~ontribution. to
system failure uncer these concitions is:

Mean: 3.0 x 10-5
Variance: 2.38 x 10-10,
The probability of system failure is now:
Osystem: 3.02 x 10-5
Variance: 8.37 x 10-10,
2. Loss of two 480V buses

a. No loss of offsite power. Uncer these concitions, the
contribution to system failure of tne CCS pumps is the value
determined for a single CCS pump. From Section D.3, the
value for an operating pump to time t =24 hours is:

Mean: 8.26 x 105

Variance: 1.23 x 10-8

22
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This results in tne following prodability of system failure
uncer these conditions:

OSystem: 8.27 x 10-5’
Variance: 1.22 x 10-8,
b. Loss of offsite power. Under this condition, the :
contribution to system failure of the CCS pumps is the value
determined for a single, previously operating, CCS pump.
From Section D.3, this value is:
Mean: 1.51 x 10-3
Variance: 1,03 x 10-6

which results in a system probability of failure of:
Osystem: 1.51 x 10-3

Variance: 1.03 x 10-6,
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TABLE 1

SUMMARY OF RESULTS--COMPONENT COOLING SYSTEM ANALYSIS

sase 1--No Loss Of Uffsite Power

3th 35tn
e e Percentile Percentile Meaian aASd- 1400

Scuncary Condition
Power at All iusu_
Singles 1.1 2 1077 1.5 210714 2.0 2 10°8 2.6 x 10°7 6.5 x 10°3
Heat Zxcmangers 3.5 x 10°9 2.9 x 10°1% 5.3 x10°11 1,14 108 3.1 2 10-10 No *
Pumo Traing 9.1210°0  8.0x10°'8 4,1:10°72 3.3a 0% 1.2 2 10°0  Comoaranle
Test ang Mainianance (wit= dump trains) Analysis
Jperator Irror -
Common Cause .
Jtner -

System 1.1 a2 10*7 1.3 2 10-1¢ 2,2 z 10-8 2.6 x 10°7 7.5 x 10°8
Souncary Condition
Pomer 2t Two 3usas
Singles 1.1 ¢ 19°7 1.5 2 10°4 2.0 x 103 2.5 2 10°7 5.8 2 10-8
meat Ixinangers 3.5 « 1079 2.3 2 10'!5 6.3 z 10°1) 1.1 = 10-3 8.} 2 10°1° No
2ump Trains 1.5 « 10-% §.7 2 10712 1.3 2 1077 4.7 5108 2.5 = 10°7 timzarasie
Test an3 Maintenance (wita Jump trains) nalysis
Cperatar Irror -
<3T0N Cause .
Otner .

System 1.3 x 10°8 5.7 21012 2.3 x 197 4.8 x 10-9 1.0 x 10°6
Bouncary congition
Sower 4t One 3us
Singles 1.1 5 1077 1.5 21074 2.0 2108 2.6 2 1077 6.6 x 108
Heat facnangers 3.5 2 1079 2.9210°8 6.3 x30°1 1.1 103 3.1 2 10-10 No
Pumo Trains. 8.3 = 1072 1.2 x 10-8 1.2 x 103 2.0 x 10°4 4.5 x 10°3 Comparadle
Test ang Maintenance (with pump trains) Analysis
Operator Error -
Common Clause -
Otner -

System 8.3 x 10°5 1.2 = 10-3 1.1z 19°5 2.3 ¢ 104 4.7 2 10°5

-
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TABLE 1 (continued)

SUMMARY OF RESULTS--COMPONENT COOLING SYSTEM ANALYSIS

Case 2--Loss Uf Offsite Power

35th

stn
Mean Varfance Parcentile Percentile ¥ecian ¥-1200
Souncary Zongition
Power at All Buses
Singles 1.1 2 10°7 1.6 x 10°¥ 2.9 108 -2.5 x 107 6.6 x 10-8
Heat Iichangers 3.5 x 10-9 2.9 2 10°'8 5.3 x10-11 1.13x 10°8 8.1 x 10-10 No
Pumo Traing 1.3 x 107 1.2 2 10=13 2.0 « 10°9 6.0 x 10°7 7.0 = 10-8 Comparable
Test ang 4aintenance {witn pump trains) Analysis
Operstor Irror - g
Common Zause -
Siner -
System 3.0 x 19°7 1.3 2 10°"3 5.3 x 103 7.8 x 10°7 1.9 x 10°7

Bouncery Condittion
Pawer 3t Teo Suses

Singles 1.1 a 107 1.5z 10°1% 2.0 x 10-8 2.5 x 1077 5.5 z 108
Heat facrangers 3.5 « 1079 2.9210°)8 §.3x210°17 1.1 x 108 8.1 x 10°10
Puma Traing 3.3 « 10°3 8.4 x 10710 5.1 % 106 7.3 2 1073 2.9 x 1073 Comoaranle
Test ang “aiatznance {with pump traing) Analysis

Cse-dtoe Irrgr
Common Zause
Qtner

System 3.0 x 19-% 8.4 2 10°10 5.3 x 106 7.4 x 10-3 2.0 x 10-5

Boundary Condition
Power at One Bus

Singles 1.1 x 10°7 1.5 2104 2.0z 108 2.6 x 10°7 5.5 2 10-8
Heat facnangers 3.5 x 109 2.9 x 10°'6 6.3 x 10-11 1.1 z 10-8 3.1 x 10°10 No
Pump Trains 1.5 z 103 1.0 = 106 4.3 x 10-¢ 3.5 z 103 1.2  10°3 Comparable
Test an¢ Maintenance {with pump trains) Analysis
Operator Error -
Common lause -
Other -

System 1.5 x 1073 1.0 x 10°6 4.3z 10°¢ 3.4 2 1073 1.2 2 103

. s
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TABLE 2

REQUIRED CCS FLOWS FOR PLANT COKDITIONS

Normal Operation

Shutdown Flow

Accident Conditions

Compancihs, Cosled Flow (gpm) (gpm) Flow (gpm)
Component Total Component Total Component Total
1. MNigh liead Safety 15/pump 45 15/pump 45 15/pump 45
Injection Pumps :
2. Residual lleat Removal 15/pump 30 15/pump 30 15/pump 30
Pumps :
3. Residual lleat Exchanger - - - 4000 - 4000
4. Recirculation Pumps - - - - 40/pump 80
5. Spent Fuel Pit Heat 2000 2000 2000 2000 - -
6. Reactor Coolant Pumps
a. Upper Motor Bearing 150/pump 600 - - - -
lleat Exchanger
b. Lower Motor Dearing 5/pump 20 - - - -
Heat Exchanger
c. Pump Thermal Barrier  25/pump 100 - - -
7. Letdown Heat Exchanger 1000
. Seal Water lleat Exchanger 200 - -
9. Primary Makeup Water 404 -
lleat Exchanger
~ 10. DBoric Acid Regeneration 815 - -
System
11. Waste Evaporation 155 - -
System
12. Charging Pumps 90 270 - -
13. Excess Letdown Heat 230
Exchanger '
14. Reactor Vessel Support 50 - -
Blocks
15. Miscellaneous Sample 168 - -
Heat Exchangers
6,100 6,075 4,155

Two of Three Pumps

One of Two lleat
Exchangers

Two of Three Pumps
One of Two lieat
Exchangers

Two of Jhree Pumps
One of Two lleat
Exchangers
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[ABLE 3

. BASIC EVENT DATA COMPONENT COOLING - INDIAN POINT 3
Fault Farlure Data Comnon Cause Data
Event Description ana Tree Comnent s
Fatlure Mode Coding Mean WO Varlance Milk  Reference Locat lon Susceplivility
No.*
No Power at Switcngear Dus 2A JUS-32A0 - - - - - Control Blug. Vo l, i, M See (¥
El 15 Analysis
No Power &t Switchyear Bus SA JUS-35A0 - - - - - Controi Blug. . See P
£l 18 Analysis
No Pomer 4t Switchgear Bus 6A JUS-36A0 - - - - - Control Blay, o See L
El 15 Analysis
No Conteol Power at Swilchyear 485-13130 - - - - - Coatrol Blug. - See ¥
m Bus 2A El 15 Analysiy
No Control Power at Switengear aus-1310 - - - - - Control Bluy. ' See 1P
Bus 5A £l 15 Analysiy
No Control Power at Swilchgear 445-3320 - - - - - Control Blag. N > See (P
Bus 6A £V IS Analysis
No Flow from Service Water TSWZROFL - - - - - L)) - e SW
Supply Neader (Conventional) ' Analysas
CC Pump 31 Does Hot Start UPMO03 1S 136 x 103 p 1,22 x 10-6 - 7| PAB EN 41 v, H, i
Does fot Continue Ruaning 3.26 x 10-6 W 2,42 % W0 yp fext 15
CC Punp 32 Does Mot Start UPH0032$ 136 % 103 0 ).22 x 10-6 - i PAB E) 43 Y, i, 0
Uo2s ot Cont laue Ruaning 3.26 x 1006w 2.47 « 10-1)  p Text 15
CC Pusp 1) Dues Mot Start UPM00 335 1.36 x 10-3 D 1.22 x 10-6 - I PAB EI 4)° v, M, |
Dues Mot Continue Ruaning 326 x 10°6 5 2,47 x 10V o Text 15
CC Pwop 31 Motor, Does Not UMOn0 1 in - - - - - Same as Pump Vo b, i1, M With Puap
Start/itun
CC Punp J2 Motor, Does Mot UMO0032N - - - - - Same as Pump Vo I, U, M Hiln Pusp
Start/iun
CC Pump 31 Mator, Does Not UMO00 33K - - - - - Same as Pump ¥ 1.0, 8 Hith Pusg
Start/iun

“Reference awmber ~efers Lo Item Aumbers Ia the plant fallure dala sect 1un of this report,
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TABLE 3 (continued)

BASIC EVENT DATA COMPONENT COOLING - INDIAN POINT 3

Faull Fallure Data Common Cause Data
Event Description and Iree C L8N
Fatlure Rade Coding Mean WO  Variance MIIR  Reference Location Susceplibility
: No.*
Pump 31 Discnarge Valve, UXVI62AC 9.5 2 10°%  w Lol x 10710 e Text I Pump Discharge i
Transters Closed
Pump 12 Discherge Valve, Uxv7628C 9.05x 10°8  u 1.01 x W ja Text I Pump Discharge i
fransfers Closea 5
Pump 1) Discharge Valve, uxv/e2cC 9.05 x 108w 1ol x WM o Text ) Pump Oischarge I
Transfers Closed
Heal Exchanger 31 lalet Valve, UXVI59AC 9.15 x 10°80 1.0t x 10-14 a4 Test | Near Heat Exchanger 1
Transfers Closed
Meat Exchanger 32 Inlet Valve, UXV7590C 9.15 x 10°80 w10} x 10-M a Teat | Near leat Excnanger i
fransters Closed .
Meat Cecnanger 31 Outiet Valve,  UXVZ65AC 9.15 2 W08 w1t x 101 ja Text | Near Meat Exchanger i
fransfers Closed
Meat Frchanger 32 Outlet Valve,  UXV2656C 905 x 108w 1ol x W0 4 Text 1 Near Heat £xchanger I
Iransters Closed
SW inlel Lo lleat Faen, 31, 1XVO34AC 915 x 10-8 Lol x 10-10 o Text 1 PAD Hear leat
iransfers Closed Exchanger i
SW lalel Lo Heat Excn. 32, TAv0348C 9.15 x 10°8 w1l x WM ja Text | PAD Near Heat
Transfers Closed Exchanger ]
SW Outlet from Heal Exchanger 31, TXVOISAC 9.15 x 108 W Lol x 10-1 ja Text I PAU Near lleat
fransfers Closed Exchanger i
SW Uullet from leat Exchanger 32, TXVOISHC 9.15 2 1078w Lot x 07" o Text I PA Near ileat
Iransfers Ciosed Exchanger I

*Helerence numuer refers Lo ilem aumbers (n the plant fatlure data section
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TABLE 3 (continued)

BASIC EVENT DATA COMPORCNT COOLING - INDIAN POINT 3
Fault Fallure Data Common Cause Dale
€ rent Doscription and Tree Comment s
Farlere Mude Codlng Mean W/ Variance MIIR  Reference Locat lon Susceplinvility
No.*
€C Pump 31 Bresner, Does Mot Close/ UCBOOIIX - - - - - Switchgear Bus 5A ¥, I, N Witn Pusg
Transfers Upen
CC Pump 32 Brearer, Does Not Close/ uCu00i2x - - - - - Switcngear Bus 2A v, L, W, N Witn Pump
Transters Open
CC Pump 33 Ureaner, Does Hot Close/ UCBOUIIX - - - - - Switchgear Dus 6A vV, I, N Hitn Pump
Transiers lipen
CC Surge Taws )i Leas or Rupture  UIKOOJIL 8.60 & 10-10  u 6.00 x 10-7 i Text ay PAB E) O1° I
CC Surqe Tam 32 Leak or Ruplure  UNEDODIL 8.60 x 10-10 W 6.00 x 10-} in Teat 48 PaB E1 8)' i
CC Heat Encnanyer 31, Loss of UHEDO S L 9.73 » 0~/ i L34 o2 10712 o Text 24 PAB E1 55 to B! ]
Couling Capaniliny (L2an/Hupture)
€C teat Exchanger 32, Loss of wiE0DI2L  9.73 = 107 W38 x 104 ia Text 24 PAG €1 55 to U1* I
Cooling Capanliity (Lean/Ruplure) 4
Pumo 31 Suction Valve, Transfers  UXVIGOAC 9.15 = 10-8 W 101 = 10-1% 1o Test ) Pump - Suct toa i
Closeu
Punp )2 Suction Valve, Transfers UtyI608C  9.15 = 10-8 W10l x 10°19 ja Text 1 Puap- Suct lon I
Closed
Pump 1) Suclion Valve, Transfers  URV/0GCC 9.15 » 108 W0l x 10-1 la Text | Pump Suction i
Closed
Purp 11 Dischargs Check Valve, UCviBIAG 6.9 = 1073 o Luix 08 - 3 Pump Discharge I
Farls Lo Upen
Pump )7 Discharge Cnecr Valve, WCvi618q  6.91 x 10°° 0 1.03a 108 - | Pump Discharge i
fFalls Lo Open f
Pump )1 Discharge Check Valve, Ucv76iCQ  6.91 = 10°3 D 1L.u)x 108 - 3 Pump Discharge i
Fatl- to Open
epelecance nwmner refers Lo Ilem nuaabars in the piant fallure dats section of tnis report. .
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TABLE §

SYSTEM EFFECTS OF PIPE FAILURE - INDIAN POINT 3 COMPONENT COOLING SYSTEM

Pipe Section

Diameter
(Inches)

System
Failure

Potential for

Other Systems Impact

Comments

s¢

#199 CC Pump Discharge
Header to lleat Exchanger 31

#211 CC pump Discharge
Header to Heat Exchanger 32

#209 CC Pumps Discharge
Cross-Tie Header

#53 CC lleat Exchangers
Cross-Tie leader

#53 Supply Header from
Heat Exchanger 31
(Three Sections)

#53A Supply Header
from Heat Exchanger 32
(Three Sections)

#52 Return Header from
RHR Heat Exchanger 31
(Three Sections)

#52 Return leader from RIR
lleat Exchanger 32
{Three Sections)

$197 CC Pumps Suction
Cross-Tie lleader

14

14

14

12

16
12
16
12
12
16
12
16
12

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Systems Cooled by CC
System Fail

Systems Cooled by CC
System Fail

Systems Cooled by CC
System Fail

Systems Cooled by CC
System Fail

Systems Cooled by CC
System Fail

Systems Cooled by CC
System Fail

Systems Cooled by CC
System Fail

Systems Cooled by CC
System Fail

Systems Cooled by CC

May split the system

and recover one half

of system. (Operator
action)

Same As 1 Above

Same As 1 Above

Same As 1 Above

h

Same As 1 Above

Same As 1 Above

Same As 1 Above

Same As'l Above

Same As 1 Above

1062A032381
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TABLE 6

INDIAN POINT 3 COMPONENT COOLING SYSTEM - CAUSE TABLE

Fallure Data

Hour Iy Demand systan Chtouy FONlere Doth (8 24 hours)

dasic Events

Mean Variance Mean Varlance Mean

Varilance

case |
BOUNDARY _COUDIFI0N:
P_@’R‘KFTL'L Mists

I. Single bvents

a. Manual Vaive 9.15 x 10°8 1.01 x -1 . -
b. Service Water Supply Falls* - - - -
c. Piping Fatlure (17) .46 x 10-8 1.24 x 10-13 = -
TUIAL 1.06 x 10-7 1.53 x lo- 14 System Failure 1.06 « 10°7
2. lleat Exchanger [ralns )
a. Tramn 0 1.34 x W0~ .64 x 10-12 < -
b. Train € 1.52 x 0 3.00 x l0-12 - -
fOIAL System Fajlure 3.52 x 10-9
3. Punp Trains
&. Operating Punp 3.44 x W06 2,13 x 101! -
0. Stamity Pump - - 1.84 x 10" 1.13 x 10-6
¢. Previvusly Operating Pump & - .43 x 10-3 .13 x 10-6
1UTAL System Fallure 9.15 x 10-10
4. Tesl and Maintenance (with pump trains)
5, Human Error =
6. Lonnon Cause
/. Otner - '
SYSTEM TulAL 1 ox 1077

1.51

2.91

1.99

.54

1g-16

10-18

ig-14

» Sarvice water shown for completeness only, quantified at Lhe evenl Lree level,

6ZA033IB1/)



*19A2| 2921 1WA JU) 1® Payjiivent

t/1RIELovZ90L

‘Auo ssaua1a|duod JOj UmOus Jarem 2UIAIRS &

LT

X p9t| dngivy wayshg

(sutea) dund yagm)

W01 HIISAS

2u10

2509 VOBV

20203 vewngl
2oUPURIVIPYW DUP 158

winj

37

9-01 ¥ X (vl - - dung burreaadg K snoyadsg
g-01 ¥ =01 * vy’ » . dung Kapuer§ *a
& 3 (-0t X 12 901 ¥ W' dung buiyesadg *e
supvay Owng
01 ¥ 1672 ¥ 26°C duny)ej weshs Wi .
e E 21-01 ¥ 10°¢€ g-01 ¥ 25°\ m.....ﬂ.“ .c.
* -0 ¥ o872 01 ¥ ¥ET nesy *
" 4 suiray s2bueuixy e
¥ 90" L danpiey warshs -01 ¥ £5°1 -0t * 90" w101 )
ok - ““-o_ ® 02 m-o_ x 9yt (71) @snpieg Giydig °3
- . - «S1194 Apddng s eH 2214075 "Q
£ p1 =01 ¥ 101 p-01 ¥ G176 ALEA (FIury TP
syuanr) 21bwm s *
_S2509_0A1_Jy Ninid
THOY S TUNDD AWAINNOR
1 YD
53.‘ 2OUP|IPA ERUTINTY (]

(sanou g2 = 1) P1PQ 2un(1PY

12233 wars4sg

£y anoiy

LRLOIE R LS

s1UaA] 31509

JI0YL 35NVD - WILSAS ONT100D ININOJWOD € IN1Od NYIONI

(panutjuod) 9 3Gyl




/AR LOV2901

TI@AB] 22U 100AD duY 1P PALJiavenh *Ayuo sSauaya| dwod JO) UMONS JPY1PR 2ILASRG

g-01 * 22°1  ¢-01 ¥ 42°9

p-01 ¥ £2°1 c-01 ¥ 92°n

(svren dund yyym)

@aniie y waysig
9-01 ¥ €171 f-Mr e - .
9-01 ¥ €171 g-0r * vp'i “ .
s 4 11-01 ¥ £1°2 9-01 * vp'f

WI0L WIISAS

2™y

5097 wiwen ) ¢

0L uegayy *

BIUPUA VP pur 182

- Ho~

wing
dung Guiyesody Aysworansy *»
Gumg Augwierg "9
dung Guryeaadg v
suivs| dung ‘g

g -01 ¥ 1672  g-01 ¥ 26°C unj1e g wayshg Wiy
= * 21-01 ¥ 10°¢ 9-01 x 2671 Juirs) a
- - 21-01 ¥ ¥8°2 9.0t ¥ pf*| g virsy tv
sutes) sabueudxy 1edy 2
p1-01 ¥ £§° (-0l ¥ 90°1  @unpiey wpyshg p1 -0t ¥ €67} (-01 * 907 W10}
- » r1-01 x p2°) g-01 ¥ 9y°| (£1) 2anp1e g burdyy *o
o " - - S0 A ddng sarepn 2314006 g
= - p1-0t * 1071 g-01 ¥ S1°6 JAFA (PrURY T
syupay 2y huyr,
— SO0 TV_¥ i
SNOTLIONGD AuvOnnog
1 5v)
AUPLIPA (L] FueLiep ueay ERTLINTY ue el
s S1UPA3 Diseq
(sa00u §2 » 1) vreQ aungyey 122113 wRshS purnag £y anop

IR Aunyp ey

378YL 3ISNVYD - WILSAS ONIT00D ININOJWOD € INIOd NVIGNI

(panutjuod) 9 3gyy



Amecovezoon

TQPAD] PR YUAAD 2yY 10 PALJ1rvend A(Yo SSAUAI2|WOD JO) UMOUS Jates 2D aJ2S o

£1-00 X 06°1 01 X 1672 ; WAL WIISAS
. 2m0 "¢
- 25np) vowwo) 9
- J0253 Ureny| *G
(svtea) dund yyim) 2IVPURIVIPY PUP 152]
£1-01 * 1271 (-01 ¥ (R°1 aunpje g wayshs w0} :
9-01 ¥ €171 -0 * et - - dung bugrpaady Asnoiazag *d
g-01 ¥ 171 =01 * ve’t . - dung Aqpuris *q
- & 1-01 * g1°2 g-01 ¥ ¥p°L dwing Gurarsedg e
Suies) tang “g
q-01 ¥ 1A°2 §-01 ¥ 26°C @Jnye g wayshs winl
- - 21-01 * {0°¢C 9-01 x 2671 Juies] "a
s . - 21-01 X ¥A"2 901 X BE'Y 0 vivsy “®
supesy s2bueydxy rean "2
p1-01 ¥ €671 (=01 ¥ 9071 dunpied waishs p1-01 X €5°1 (=01 % 90°) win!
. - £1-01 ¥ $2°1 .01 ¥ 9¥°t (£1) 2anpye g burdig >
$ - - - vSi1e Ayddng sa1eN 2214025 "0
i . pr-0t ¥ 1071 f-0t * S1°6 2ALPA [PUIPW ‘P

sjuarl 216uyg )

_S2509_1y_ 1y an0d
TNOTS IONOD ANVUNIOE
2 I’V
FEULINLYY [TLETY] FUeLIPA uray acne|aep e
s10aA3 J150Q
(sJnou p2 « 1) PIPQ 2unpiey 130)s3 sty P it Ay anon
. piv( 2unpe g

378Y1L 3SNYD = WILSAS ONIT00D ININOJWOD € INIOd NVIONI

(panuijuod) 9 319yL

39



TABLE 6 (continued)

INDIAN POINT 3 COMPONENT COOLING SYSTEM - CAUSE TABLE

Fallure Data

Hour | Demand Fallure Data (t = 24 nours)
Basic Events . System Effect
Hean Variance Mean Variance Hean Variance
CASE 2
BOURDARY _CORDT 3 10N:
POAE AT T "0usES™
l. Single Events
a. Manual Valve 9.15 x i0-U 101 x 1014 - -
. Lervice Water Supply Fatls* - - . -
S c. Piping Fallure (17) 1,46 x 108 .24 x j0-1) . -
TUTAL 1.06 x 10-7 1,53 « 1014 System Failure 1.06 x 10-7 1,53 x 10-14
2. lieal Exchanger Irains "
3. fratn D 1.3 x 10°6 2. 44 x 10-12 - - ;
b, frain € 1.52 x 10°6 3,01 x 10-12 . -
1o1aL System Fallure 3.51 x 1079 2,91 x 10-16
3. Pwnp Trains
a. Operating Punp 3.44 x 106 2.13 x 10-1! . -
. Standoy Pump - - .99 « i0-3 1.13 x 10-6
6. Previously Operating Pump - - 1.4 x W-3 1.13 x 10-6
1OIAL System Failure 3.01 x 10°5  8.34 x 10-10
4. [est and Maintenance (with pump trains)
5. Wuman Ercor &
6. Common Cause -
7. Otner - |
. '
STSIEH TOIAL 3.02 x W05 8.3 x 10-10

* Service water shown for completeness only, quantified at the event tree level,

1062803318171
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TABLE 6 (continued)

INDIAN POINT 3 COMPONENT COOLING SYSTEM - CAUSE TABLE

Fallure Dala

Hour | Demand Fatlure Data (U * 24 hours)
Basic Events L4 Systea Effect
Mean Variance Mean Variance Mean Variance
CASE 2
BOUNDARY CONDITION:
PUtd AT O 85
b, Single | vents
a. Manual Valve 9.15 x 10-8 1,01 x w0~ - -
D, Service Water Supply Falls* - - - -
c. Piping Fablure (17) 1.46 « 10-8 .24 x o1 - -
(01AL 1.06 x 10-7 1.53 x 10-11 System Fatlure 1,06 x 10-7 1,53 x 1o~ 14
2. hieat Exchanger Irains
a. Train D 1,34 x 106 2.04 x 10-12 - .
v, fraln £ 1.52 x 10°6 3,01 x 10-12 - -
10IAL System Fallure 3.52 x 1079 2.91 x 10-16
3, Py Trains
a. Operating Pump 3.44 x 10-6 2.13 x 10-41 - -
0. Standby Pump - - .44 x 10-3 1.13 x 106
C. Previously Operating Pump - - 1.43 x 16-3 1.13 x 10-6
T0IAL System Fallure 1.51 x 10-3 1.03 x 10-6
4, Test and Maintenance (with pump trains)
5. lwnan Errur -
6. Connun Cause -
1. Otner »
1.51 x 10-3 1.03 x l0-0

SYSIEM TOTAL

* Service water shown for completeness only, quantified al the event Lree level,

U62A0 3518171
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COMPONENT
COOLING PUMP
NO. 31 TRAIN

COMPONENT
COOLING PFUMP
NO. 32 THAIN

COMPONENT
COOLING PUMP
NO 32 TRAIN

[

Figure 1. Indian Point 3 Component Cooling Water System Block Diagram
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Figure 2. (Sheet 2 of 2)




NO OV INSUI FICIENT G« : 4
FLOW OF COMPONENI ;
COOLING WA I £ (CCW) 1
10 SAFEGUANDS

e EQUIPMENT 2
n

3 AUX CCW PUMPS (ULCCWACCW)

SAFETY INJECTION PUMPS [UCCWSIPS)

ARESIDUAL HEAT REMOVAL PUMPS (UCCWILHAP)

4 AESIDUAL HEAT REMOVAL HEAT EXCHANGENS (UCCWIIHK X)

COW PUMPS COW HIEAT .
OF :
:f,',:“é"‘ft'“cgn FAIL TO SUPPLY EXCHANGER FAIL CCW SURGE TANKS
SUFVICIENT 10 SUIPLY LEAK OR HUPTURE
AUPTUNE)
WATER O COOL WATER

Sv

HEAT EXCHANGER
NO . JIFAILSTO
COOL OR surLY

HEAT EXCHANGERN
NO.32 FAILSTO
COOL OR SUPPLY

COW SUNGE TANK
NO. 31 LEAK OR
AUPTURE

CCW SURGE TANK
NO. 32 LEAK OR
RUPTURE

WATER WATER
82
L
j r
NOIF FIOM NOIF 1 ROM ! NOIF FIHOM
COW PUMP CCW PuMP ! COW PUMP :
NO. 31 TRAIN NO. 32 TRAIN l NO. 33 THAIN

Figure 3. Indian Point 3 Component Cooling System Fault Tree
(Sheet 1 of 4)
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