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ABSTRACT

This document presents information essential to understanding the risk
associated with inter-system loss-of-coolant accidents (ISLOCAs). The method-
ology developed and presented m this document provides a state-of-the-art method
for identifying and evaluating plant-specific hardware designs, human perfor-
mance issues, and accident consequence factors relevant to the prediction of the
.ISLOCA risk. This ISLOCA methodology was developed and then applied to
a Babcock and Wilcox (B&W) nuclear power plant. The results from this

: application are described in detail For this particular B&W reference plant, the
assessment _ indicated that the probability of a severe ISLOCA is approximately
2.2E -06/ reactor-year.

FIN B5699-Inter-System LOCA
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APPENDIX A-
.'HISTORICAltEXPERIENCE RELATED TO ISLOCA EVENTS

A.I. Summary of ISLOCA Precursor Events

A' search of the:LERs was performed by the_ MEL to collect and analyze
those events that can loosely be categorized as ISLOCA precursors. This

search was performed by application of computer software. This appendix is a
description of these ISLOCA precursors found in the LER data base. A number

of _ generalizations were made after reviewing the LERs. The ISLOCA precursors ,

that resulted in an overpressurization.and/or leak out- of the RCS typically
involve either: a.) a series of human errors, b.) inadequate procedures or,
c.) existing hardware failures in combination with a human error or inadequate
procedures.

The work related to a review of Licensee Event Reports (LERs) relevant
,

tothe!SLOCAwasinitiatedinaNRCmemorandum. This memorandum was from N.

Thomasson, Office for Analysis and Evaluation of Operational Data / Trends & j

Patterns /palysis Branch-(AE00/TPAB) to S. Diab, Office of Nuclear Reactor
Regulation / Risk Applications Branch (NRR/RAB). After the issuance of the
memorandum, the results'of LER searches-performed by contractors at the Oak
Ridge National Laboratory (ORNL) were made available to the INEL.

The ORNL provided the LERs on twelve systems.of. interest to the INEL. A
review of-the LERs regarding ISLOCA. events'for these-twelve systems was
perfcrmed. This review included items related to human error. The results of
the review indicate that some aspect of personnel error were found in the
following categories:

(a) Valve transfers open, i.e., spurious opening (214 LERs
with personnel involvement),

(b) Failure to.close (201.LERs with personnel errors
-indicated),

(c)- ' Valve problems where maintenance might have been
. involved (27 LERs),-

(d) Possible maintenance and testing errors linked to
check valve problems (16 LERS),

(e) Maintenance and testing errors related to non check
valve problems (156 LERS),

(f) Instances where valves were not tested as required and
subsequently found to be inoperable (5 LERs), and

A-3
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(g) T Root cau'se analysis of valve failures after 1986
(human error x 23-times cited, design error - cited 10

-times,- procedural deficiency - cited 10 times, and
construction error-- cited one time).

Of the:1113 LERS identified by the top most search strategy, i.em_ "any valve

problems in the twelve interfacing systems," there were 80 LERs indicating
-valve problems.where leaks were involved.

Regarding position / indicator alarm problems, some 42 LERs were
identified, and of these, two related instances where position / indicator alarm

= failures were linked (presumably caused) to human errors. !
|

A review of the LER data base produced several events that can be

considered potential precursors to an ISLOCA. The pre ISLOCA events are

described in the foll_owing sections in terms of the LER number and facility
where the. events happened,

ANO 1, 1/20/69. LER-89-002

During a complicated-transient at Arkansas Nuclear One, Unit 1, a single-

check valve in a High-Pressure Injection (HPI) train failed to seat properly,
resulting in' a backflow of reactcr coolant water to lines outside containment
(which were not instrumented for high piping temperatures or pressures).

-Detection was_-accomplished when tape attached to the-pipe began to smoke and
set off alocal area smoke detector causing an alarm to ring in the control
room. The backflow occurred for approximately 10 to 15 minutes before tne
fire alarm was observed and-investigated,

Because of several equioment failures, control room personnel were
involved in an unusual post-trip condition that complicated their response to
the initiating event. At the time when backflow was occurring, the reactor
experienced a minor-overcooling event caused by the overfeed of the
once-through steam: generators (OTSGs). Because their attention was focused on
-stabilizing the post-trip _cooldown rate, the backflow condition was not
observed. Since the backflow was not released outside of the llPI piping, no
appreciable pressurizer level decrease would have been observed. However,

overcooling transients do result in RCS shrinkage 2nd an attendant decrease in

A-4
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pressurizer level. Thus, any leak that may have occurred might have been
masked by the effects of overcooling, making detection and diagnosis difficult
if other equipment did not direct the operators' attention to the condition.

Approximately 6 months later at the same unit, back leakage of reactor
coolant through a faulted safety injection check valve occurred three times.
The leak was detected promptly by control room personnel as a result of

pressurizer level decreasing and the valve was reseated by injecting High-
Pressure Safety injection (HPSI) water through it. A second occurrence was
also detected promptly and corret;ed in a similar fashion. The third
occurrence of leakage could not be terminated by HPSI injection, and
mechanical maintenance personnel were required to enter the containment
building and physically rescat the valve. In all three instances, the leakage
was promptly detected and monitoring was facilitated by pressure
instrumentation on the low-pressure side of the valve, which causes an audible
alarm in the control room.

ANO-2,6/26/B9,LER-89-012

During plant heatup, RCS backleaked three times through a safety
injection system check valve. Each time, the valve was reseated by injecting
water using HPI pump. The leakage rate was brought to within acceptable
limits and the_ plant heatup continued.

During.the next day, an unrelated problem forced the plant into a
cooldown mode. While shutdown, the check valve was inspected and the valve
disk was found to be disengaged from the disk shaft. Two rollpins, normally
connecting the disc shaft to the valve disc, were found to be missing.
Another check. valve was inspected and both rollpins were found to be intact.
However, une of the rollpins was loose and cracked. The cause of the rollpin
failures was unknown.

Braidwood-1,12/1/89, NRC IN No. 90-05

Braidv.voc Unit 1 experienced a discharge of 68,000 gallons of water
through tho inadvertent opening of an RHR suction relief valve to the hold-up,

tanks. Tha premature opening of the suction relief valve was attributed to

A-5
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the presence of foreign material lodged between the valve spindle and the
valve guide. The response time by the crew was approximately two hours for
locating the stuck open valve, terminating the discharge, and starting to
refill the pressurizer. The crew performed well for this type of situation
considering the absence-of Emergency Operating Plans (E0P). To their credit,

they were able to combine two abnormal operating procedures. Conclusions

suggested that E0Ps need to be available for other than at power modes and
that relying on ad-hoc procedures places an unnecessary burden on crews.

Browns Ferry-1, 8/14/84, LER-84-032
_

Similar to the Hatch-2 event, incorrect installation or assembly of a

pilot solenoid valve led to a check valve for the core spray system being held s

open. While designed for 500 psi, the core spray system was subsequently
overpressurized (approximately 1000 psi) but was not damaged due to
substantial design margins. A small relief valve on the core spray system did
lift during the overpressurization.

BWR Testable Check Valves

A study by AE00 (1985) identified eight events that occurred at BWRs
involving the failure of an isolation check valve. Five of these events also
involved the inadvertent opening of another isolation check valve that -

represented the final isolation barrier between the high- and low-pressure
portions of the system. Four of these events occurred during rower operations
and resulted in overpressurization of an ECCS system. The inadvertent opening
of the final check valve in all five of the events was attributed te personnel
errors during surveillance testing. The most serious of these events resulted
in the contamination of thirteen workers who were sprayed by coolant from a
relief valve af ter it was over-pressurized.

Catawba,3/90

In March 1990, after a seven-week refueling outage, Catawba Unit 1
experienced a potential overpressurization of the RHR and RCS systems. Three

RCS pressure transmitters had been isolated for weldin, of tube fittings
during the outage and were still in an isolated state during the time of the
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event. _ Unaware of this, the operators tried to make use of inoperable
instruments during filling and initial pressurization-of the RCS, RCS

charging flow was; delivered to the pressurizer relief tank; rising tank level
was used by'the operators to detect that the RCS-had pressurized. Errors in
planning and scheduling allowed the error to occur and this worked in
conjunction with the lack of procedure requiring the tagging of inoperable

-i instrunents in the control room'(an error of omission on the part of
v managerrent) to set the stage for the event. Part of the recovery phase was

enhanted by a systems engineer who recalled an'information notice on ISLOCA,

and then assisted in a review of system diagrams for potential leakage paths.

Catawba, 6/11/90 EN No. 18679

After realignment of the RHR trains following check valve testing, an
operator-was supposed to close and lock the RHR recirculation valve before
proceeding with the' periodic test procedures. But, before the valve was
locked closed, the operator performed the next two steps of. the procedure.

_.

The two steps opened the RHR A &~B trains crot.s connect. The RWST was then

lined up with_the RCS, which resulted in 5000 gallons of RCS inventory being
' dumped into.the RWST.-~The RHR cross connect valve was closed within 30

seconds which stopped the loss of RCS inventory. The two operating reactor
coolant pumps were manually tripped due to the loss of pressurizer level and
the drop'of RCS pressure (from 335 psig to 110 psig). The plant was in RHR

L core-cooling mode _at the start of this event.

Cooper,1/21/77,LER-77-04

A testable check valve in high pressure coolant injection (HPCI) failed
t'o-fully close because of-a broken sample probe (from the main feedwater line)
wedged under the disk. The outboard isolation valve-was opened, as required,x

for-the HPCI Systeri Turbine Trip and Initiation Logic Surveillance Test
allowing feedwater .tackflow into HPCI system. Opening the valve allowed
backflow of' feedwater to the pump, suction piping.

A-7
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D C. Cook-112, 10/20/88

'.One of two internal Anchor Darling swing check valve bolts (installed in
the:ECCS);was_found broken during inspection. The other bolt was found to be
cracked. The redundant-ECCS train check valve was also check and was found to
have one biocen and one cracked bolt. This event is a generic problem related-

to the Diablo Canyon Event.
1

Diablo Canyon-2, 10/15/88

-Retaining block studs _found broken in RHR swing disk check valve-(PIV);
apparently a-generic problem for Anchor Darling check valves (see NRC
information notice 88-85 dated October 14,1988).

Farley-2,11/27/87-

During a refueling outage at Farley Unit 2, test and maintenance
_ personnel failed to refill a section of pipe that had been drained during
testing. 'While stroke testing a valve on this line, this section of pipe
refilied= and overpressurized, causing a' pressure relief valve to lift. The

- relicf valve failed to reseat and_ approximately 2,400 gallons of reactor
coolant discharged to the PRT, causing the rupture disk to blow.

In order to terminate the leak, an RHR train had to be isolated from the
RCS. Although procedure _ inadequacy was. cited as the cause of the initiating
event,, administrative controls governing these types of tests and inadequate
communication during the operations' engineering planning interface also-

contributed to the' event failure.

.

. Hatch-2,10/28/83,LER-33-112

At-Hatch Unit 2, incorrect installation or assembly _of a testable check
valve _that'was a part of the pressure boundary between the high-pressure (RCS)
- and low-pressure (ECCS) systems led to the valve being held open for about 4
months. The event was thought to be due, in part, to a failure to use and
follow approved maintenance and assembly procedures. The occurrence of errors
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was:similar to those-that occurred during the Browns Ferry event and are
documented.in'information Notice No. 84-74.

LaSalle-1, .10/5/82,-- LER-82-115

Testable check valve was cycled for a test while the plant was operating
at 20% power, however when the air pressure was removed the valve failed to
reclose. The check valve was found to be 5% open. The failure of the check
valve was caused by. dry actuator lubricant, degraded pre-load on the actuator-

-

spring, and the bypass valve- stayed open causing the pressure to equalize
across the check valve.

LaSalle-1, 6/17/83, LER-83-067

This event was similar to- the LaSalle-1 10/5/82 event. The HPCS!

testable check valve. failed to close after a quarterly test. This failure was
caused by insufficient-spring-tension of the actuator assembly, a stuck open
bypass valve, and possible thermal binding of the check valve disc. During
subsequent plant shutdown, the bypass valve closed without help as the reactor-
pressure and temperature decreased. The check valve then closed after the
bypass. valve closed.

4

LaSalle-1, 9/14/83 LER-83-105 '

) During RHR System Relay logic Test,_injectio'n valves were opened (as.per
- z

procedure) leaving the injection check valve as the only ; solation between RHR
1

and RCS. This valve leaked because of-improper timing (misalignment of the
L . interfacing gears) and t.he packing gland being too tight, both of which

resulted from maintenance errors. Reactor coolant immediately t,egan to leave -

L the system after the check valve failed, but was secured by operators by
j closing the injection valve that was originally opened. --During the time of
H the event, the reactor water level dropped from the +50" to the 0" mark. The -

- majority of--the lost water was , dumped to the suppression pool while some wert
to the drywell .

||
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Limerick-1,6/1/89,LER-89-039

At' Limerick Unit.1, the licensee determined, via a self-assessment, that j
!the Shutdown Analysis was inadequately performed and that RHR overpressur-
Iization and an Interfacing Systems LOCA could . cur as a result of a fire in

certain areas. This was contrary to the previous Shutdown Analysis. The

errors in the pre'vious Shutdown Analysis occurred as a result of the
following: (a) a lack of detailed procedures in performing the Safe Shutdown
Analysis, and (b) a misunderstanding or misapplication of detailed regulatory .!

requirements.

Three main finding of the assessment were: a fire in the main control
room could spuriously open RHR suction valves, a fire in certain plant areas
could open'three reactor water cleanup valves, and a fire in the auxiliary
eo_uipment ' room could dump smoke into the shutdown room.

McGuire-2,9/5/89,-LER-89-010

While stroke timing a-valve at McGuire Unit 2, operators inadvertently-
released, over a 30-second period, 200 gallons of primary coolant to the

-pressurizer relief tank (PRT) and 2000 gallons to the auxiliary building.
Operators were alerted to the abnormal condition when they observed
pressurizer level decreasing and pressurizer relief tank level increasing.
While attempting to return the system to pretest status, they subsequently

~

opened another valve ~that began-draining the refueling water storage tank
~(RWST). Approximately 8,000 gallons of water from the'RWST were also drained
to the auxilitry_ building over a 30-min.ce period. Control room persorinel

were notified of the flooding in the auxiliary building by Radwaste Chemistry
personnel.

A year prior-to this flooding event, a valve stroke-timing test resulted
in the overpressurization of- the chemical and volume control (CVC) system.

; Although procedural- changes were made to preclude the recurrence of that
. event, the changes only addressed the operation of valves that were involved

: tr. that particular event. The valves involved in the 9/5/89 ovent were
I overlooked when implementing that procedural change. Operators' attention was
|-
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focused on preventing the reoccurrence of the 1 6; ' vent, therefore other
Loverpressurization'and backleakage pathways were ignored.-,

,

In| addition, the procedure required a review of. system conditions prior
|to initiation of|the test, it did not adequately address all conditions that-
couldfexist. ;The operator (s) had a high. degree of-confidence in the technical

-

adequacy of the procedure they were following and hence, did not recognize the
existence .of potential abnormal' conditions that could arise as a result.
Thus, a combination of procedural inadequacies, training that focused operator
attention to prevent a specific event, operator's belief in the adequacy of
procedures, and-inattention to potential problems contributed to this ?looding

,

event,

i

Pilgrim-1,9/29/83,LER-83-04E'

.0verpressurization of the HPCI system pump suction occurred during a
test of the HPCI logic system. At the time of the event, the reactor was at
96% rated power. The cause of the event was inadvertent opening of two HPCI
discharge valves coupled with a partially open HpC1 testable check' valve.'

- Rusted linkage on 'the: check valve contributed to- the check valve failure.

Verbal = miscommunication between operators resulted in the opening of the two
HPCIivalves.

: Pilgrim-1,4/12/89,. lek-89-014
.

! -During-preparation for the Reactor Core Isolation Cooling (RCIC) logic-

I function-system test, six circuit breakers to' motor-operated valves were
in' correctly positioned. At tne time, the reactor was at 25% rated power and
ascending. An Instrument'& Control technician, a Control Room Operator, and-
an Equipment Operator divided the task of positioning the breakers at the

. local area and incorrectly positioned the breakers. During verification of
the tagouts for the breakers, they did not detect the errors the others had

-

made. In addition, local inspection and verification of the circuit breakers-
was not conducted-by the supervisor as-required.

Low-pressure RCIC suction piping was exposed tu high-pressure reactor
coolant due to the incorrect breaker positions and approximately 100 gallons
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of reactor coolant (at 1000 psig and 300'f) was discharged to an area quadrant
19 a mixture of steam and water. The RCIC was subsequently declared

inoperable and a-plant shutdown was completed 4 days into a 7 day Litriting
Condition for Operation (LCO) for RCIC recovery,n

No pre evaluation briefing was conducted by the operating shift prior to
j prepsration for the RCIC logic function system test, although required by

Technical Specifications. Two of the personnel were performing this test for

the first time. The two coerators (the CR0 and the EO) were unaware of
-reasons for the tagouts and said they were only following the instructions on
the tagout sht et. Both operators had attended an on watch training module for r

tagging prior to this event. in addition, the procedure did not include
precautions to warn workers of the effect that incorrectly performing the|

._

s; steps wculd have on the safet) system. i

Pilgrim-1,2/11/86,LER-86003

L
:

. fruring maintenance of electrical cable, a 480 V saf ety-related bus was5

" inadvertently de energized resulting in the disablement of some primary,

J containment isolation' capability. The event occurred during a scheduled ;

maintenanco activity. The electricians grnunded a non-safety cabic, which
'

should have opened a supply breaker. -lhe supply breaker failed (insev Jich
trilmd the main feeder breaker thereby de-energizing the bus the is vas ;

!$ without power for approximately eight minutes.- The cause for the evMt' was a
~

i
temporary modification (performed in 1976) that was not reflected the plant

,

electrical' prints and the electricians not verifying that the cables were de- .

energi;ted before attempting to work on the cable.
.

River Bend, 10/7/89, LER-89-036
6 , .

ro ,

('.' During normal full power operation, it was discovered that various motor
.

operated valves (including thirteen in the RHR system and ene in the reactor
core is01ation cooling system) in the plant were energized when the valves i

shuuld,be de-energized according-to the' design basis of the plant concerning
:the plant fire hazards analysis._ Accordingly, fire watches were initiated on
'the valves or:the valves were.deienergized. Two of the valves were considered

.
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. to be in a potential ISLOCA pathway, and could be activated during a fire if ;

the valves were energized.
;

Salem 2, 10/27/89~ EN No. 17242 i

While the reactor was in hot shutdown ECCS check valves started to :
leak, resulting in' pressurizing the RHR suction piping to 600 psig. The !

- reactor was returning to service and the RCS was in the process of being
pressurized. The design pressure for the RHR system was 450 psig. The check ,

valves were repaired and rtiurned to service. -

Sequoyah-1,5/23/88,LER-88-021

i
With Unit-1 in cold shutdown, the A train of the RHR was placed in

'service-(to enhance the B train operability). An operator went to open two
RHR valves, but wrote the valve numbers incorrectly. Consequently, a manual

valve used to align the R16 discharge with the RWST was opened. After opening
the manual valve, the operator noted unusual flow noises and called the
operator in the control room.- The control room operator stopped the B train t

RHR pump and entered procedures for a loss of RHR. , The cause of the event was ,

a miscommunication. Inventory loss to +.he RWST was estimated to be 6000
- gallons.

'
;

Foreign Reactor Event. December 1987, Inside NRC December 5, 1988

1' . During plant startup the motor operated check valves isolating the.RHR
system from the RCS were closed by actuating their motor operators. Howeve ,

one of._the check valves did not close. fully. This condition was displayed on
both .the control room indicator and-on a CRT alarm. The operators chose to r

ignore _the position indication-and alarm (believing them to be false) and- -

continued startup' activities. A 2-mm relief-valve opened but its defective
indicator did not show it as being open. Approximately.14-hours after startup
a high temperature alarm in.a CVCS filter actuated. it was at this point when

- -

it was first recognized that'the check valve was not closed and the decision
,

! . was made to shi.sdown the plant. At some point during the shutdown the
operators-attempted to close the check valve by opening a down-stream MOV in

L
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order to create a differential pressure across the vr.1ve. This did not work
and the plant was shut down.

Shoreham, 7/24/85., LER 85-031

A low reactor water level signal (while in refuel mode) started the
reactor protection system. The low reactor water level was caused by an

operator inadvertently opening the RHR suction valve before the shutdown
cooling valve had completely closed. The event resulted in a direct patn from
the reactor vessel to the suppression pool. A low reactor water trip caused
the shutdown cooling suction valves to close isolating the leak path. The

,

water level was restored within 15 minutes.
F

Susquehanna-2. 5/28/84, LER-84-006

Dual-indication (both open and close) prompted control room operators to
attempt to rescat a testable check valve by opening an injection valve (which
was normally. closed). Opening the injection valve allowed backleakage to the ,

*

RHR heat exchanger. The. injection valve was then closed. A loose diaphragm

plats: connector csused an improper contact which resulted in the dual
indication. The injection valve failed to completely close after cycling.

-Trojan, 4/9/09. LER-89-009

During cold-shutdown at the Trojan plant, one of two residual heat
removal (RHR) isolation valves was determined to be inoperable after it was

Ldiscovered that the valve;would not close automatically. The valve had been
wired incorrectly; its placement was based on an inadequate as-built drawing.
Post installation = testing did not detect this problem because-this particular

-

failure mode was not considered. Inus, the valve would have opened at any-

? pressure on-an auto-open signal but would not have respor,ded to the auto close
'

signal,Erenderi_ng low-pressure RHR piping vulnerable to a failure of the other
check ' valve. Although detected during the 1989 refueling'' outage, the error
occurred during tne 19BB~ refueling outage, indicating that the plant operated

-in.this -condition during the interval between outages.
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Vermont Yankee, 12/12/75,LER-75-24 1

!A testable check valva did not seat properly and allowed overpressur- ;

ization even though indicator lights in the control room showed that the valve |

was completely closed. Before stroke testing of the normally closed injection
HOV, a normally open H0V was closed. However, the MOV did not cloa !

completely (approximately 1" was left opened). When the injection HOV was !
:

opened, it allewed backleakage into the RHR system though the testable check;

valve. A steam water mixture was discharged from a tube sheet-to shell flange {and three M ;vstem relief valves,

t

Vogtle-2, 3/9/89 LER-89-003

;,

To prepare for initial heatup at Vogtle Unit 2, control room personnel '

were preparing-to perform a pressure isolation valvo leakage test. In order
,

to establish test conditions, the shif t supervisor decided, without approved
procedures, to de-pressurize the RHR system by momentarily opening two ;

locked closed valves (an error in intention). Accordingly, an equipment
operator was dispatched by a reactor operator to open the two locked-closed '

valves but not to return them to a closed position (due to a misunderstanding
between the SS and the RO). The reactor operator duplicated this error and

j

subsequently dispatched a second equipment operator to veriiy that the valves
were open, Both RHR valves were 1cft locked open for 14 hours. Upon

discovery, both RHR trains were declared inoperable. '

5 '

This failure was attributed to the shift supervisor failing to follow
: approved procedures, and inadequate communication between control room

L personnel. The shift supervisor failed to ensure that the valves were
returned ~to the closed position, as required by technical specifications, and
other knowledgeable shift personnel failed to point out implications that this
would have on the unit. During this event, RCS coolant passed from the RHR

system to the refueling water storage tank, ud from there to the atmosphere.
However, because the unit had not achieved its initial criticality, no

| radiation was released,

l
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A.2. Summary of '/alve Event Rate Dete;mination

H. T. O'Connor

P.roblem Definition

,

The purpose of this calculation is to determine the rate at which
operators inappropriately open remotely operated valves. These rates were
compared with human failure rates generated by other means in this ISLOCA
study. In order to perform the calculation, it was necessary to collect data j

en the number of applicable events, and inf ormation on an appropiiate valve
population matched to the events. The event data was obtained from Licensee *

!Event Reports (LERs), and the valve population data was obtained from the
'NuclearPlantReliabilityDataSystem(NPRDS). Although there are several

limitations on the use of both of these data sources-(expounded upon in the '

body of this document), it is believed that thir. failure rate dttermination
'will serve as a rough check on the primary calculation.

Results

Failure rates exprested in terms of events per valve hour were
Icalculated for nine different valve applications. The valve applications and

their asso';tated rates are listed below.

Valve Anolication Events Per Valve-Hour
*

Containment Spray Suction Valvo from 1.9E 7
Containment Sump

Main Steam Isolation Valve (BWR only) 7.4E-8 (Lowest rate)

Residual. Heat Removal (RHR) Containment 2.6E-7
Sump Suction Valve

-Residual Heat Removal (RHR) Shutdown 5.9E-7
-Cooling Suction Valve

Residual Heat Removal. (RHR)' Hot teg_ l.5E-7
Injection Isolation Valves >

. -Residual :leat Removal (RHR) Suction 1.lE-7
; Valve from Reactor Coolant System
g

| Residuel Heat Removal (RHR) Discharge 3.3E-7
Valve to Torus"

.
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.

Residuci Heat Removal (RHR) Suction 4.8E-7
Valve from Suppression Pool

,

Reactor Core Isolation Cooling (RCIC) 6.8E-7 (Highest rate)
Steam Supply Isolation Valve

2.2E 7 (Aggregate)

:

The aggregate event rate (determined by summing all of the failures and
all of the valve-year data) is 2.2E-7 ovents por val'.t hour. '

pfq1giled Description _of Hgthodoloov

froblem Definition

The purpose of this calculation is to determine the-rate at which i

operators. inappropriately open remotely operated valves. The calculated rate
will be used as an independent check of a rate determined via a different
method LLERs and the NPRDS were selected as the data sources for this
determination.

The original problem leading to this calculation was a neec for a backup
calculation showing the probability that an operator will-open a RtiR letdown
motor operated valve when it is not appropriate to do so. However,

insufficient data are available in the LERs to answer this specific question.
Therefore, the genera 1' problem of determining the rate at which operators open
remotoly operated; valves at an inappropriate-time was fcrmulated. The rate

; calculated is expressed in terms of events per valve-hour.

|_ _In erder to calculate such an event rate., it is necessary to determine
,

L the number of events cccurring within a certain time frame for the numerator,
and _to _ determine valve-hours based on an appropriate population of valves in.
service during the same time period for the denominator. The manner in which
the event data and the valve-hour data were obtained is discussed below, as is
_the final event, rate' determination.
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.

Event Data

i

LIMITAT10iiS .|

The events composing the numerator of this event rate calculation were
identified from existing LERs.. The user must be cognizant of the limitations j

of using LERs to derive the data for this type of calculation. I

Not every event is reported in LERs. Only certain types of events are
required to be reported in LERs (10 CFR 50.73). Thus, when answering a

specific question, such.as the one in this event rate determination, it is
probable that there are many more events that would be of interest than are-
actually reported in LERs. Therefore, the rate at ..ich the particular ,

failure mechanism-actually occurs is very likely to be higher than the
calculated rate.

'

On the other hand, it must also be realized _that events with some
operational or safety significance generally are reportable under 10 CFR '

50.73.. For this study, then, it is reasonable to determine the rate of
occurrence of events'in which inappropriately opening a valve results in some
operational''or. safety concern.

' SEARCH STRATEGY

r The only available system for rapidly searching all LERs for eventsz

involving a particular type of problem is the Sequence Coding and Search
System'(SCSS). Information about the event described in the LER is captured
by SCSS. in coded- fields; by searching these fields for particular codes, the
events of interest are identified. 'The various commands and field codes used
-in'SCSS are described in Sequence Coding and Search System for Licer:ec Event
Reports,.ORNL/NOAC-231/VI.

The user of the' event rate information from this database must i

understand the limitations of the searching strategy. The accuracy of the LER

search depends heavily upon the accuracy of the SCSS coding. It is assumed
that the SCSS coding!is accurate and consistent; if not, certain events'may
have been missed. (Additional events that are not applicable wou11 not appear:
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in the final event rate calculation because of an event screening step in the i

search strategy.' No formal study has been done te verify the validity of the
,

assumption concerning SCSF consistency.)

The search for this event rate determination was conducted in two steps. -

First, SCSS was searched to identify all of the events in which an operator
action was linked to opening a valve. 'This scarch strategy, which produced
nearly- 2000. events, was as follows: !

-

FIND
+

<lCOMP> 270 350 <EFF) (AK Al)
o +

t

-END

(Note: . This part of the search identifies all of the LERs containing an
operator action -[lCOMP 270), a valve [lCOMP 350), and either an effect'
code of " transfer open" [EFF AK) or an effect code of "open" [LFr Al).
A-total of 2183 LERs were identified in this part of the search.)

.

LINK )
+.
<! COMP 270)

,
<y

<EFF>(AKAI) ;
+

END

(Note: This part of the-search looks thrnugh already identified LERs ,

i for those events in which:the operatorLaction [lCOMP 270) is linked to *

' or causes a later-" transfer open" code [Ef f AK) or the "open" code [EFF ,

E 'Al]. There cat be several intervening steps between the operator action ;

and the " transfer open" or "open," therefore, the relationship-is not -

necessarily a direct causal effect. . Of the 2183 LERs previously
identified,1977 fulfilled the criteria of this part of tha search.) r

'Because the valves in the event data nust be matched to a representative

" population for the event rate determination, and because good valve population
data is available from NPRDS for=only certain systems, the various systems ;

~

invol'ved--in the events'were listed using the following SCSS connand: 1

- r

* - ,

VALUES * <PSYS).

(Note: This enmmand produces a table of the various systems. involved in
the LERs previously identified. The systems may or may not be

A-19
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-associated with the valve faisure - if the system is named in the LER,
it will appear on this list.)

i

Table A 1 contains the resultant list of systems involved in the LERs.
Certain systemr containing components readily identifiable within NPRDS were
selected for further evsluation. A second SCSS search was then conducted for
each system to identify the LERs contuining a valve " transfer open" event of
interest. ~(the "cpen" cede, [EFF Al], was climinated because evaluation of a
sample-of the LERs _ identified with this code showed that events of this type.
were'not of interest in this determination.) A typical example of the logic
used in these searches is as follows:

k

FIND 4

+

<! COMP) 270 350 <EFF> AK <PSYS> BH i

+

END
*

LINK i

4

<!C0(4P) 270 ,

+ .

!
<! COMP > 350 <EFF> AK <PSYS) BH
+

EhD
.

DISPLAY !

(Note: -The only functional differences between this search strategy.and
the one_ used previously is the. inclusion of the (PSYS BH] _ filter to >

fidentify-only those LERs containing a valve ." transfer open" in the "BH"
system, and the exclusion of the (Eff AI] code. The search was repeated
for each of the various systems selected.)

,

,

A list of LERs_resulted from each system-oriented search. The LERs were -

then individually' evaluated to determine whether orinot the event should be
counted when determining the event rate. Only those LERs with event dates
between January 1,1984 and June 30, 1990 were included. The 1984 cutoff was
selected-to minimize-the impact of-differences in LER reporting practices

, arising.from a revision to the--LER reporting rule. The 1990 cutoff was
selected because more recent LER data may be incomplete and because it is

= convenient to cut off.the data at the end of the quarter when calculating the
valve-hour data.- Documentation of the LER evaluations is provided in !

lable A+2.
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.

Table A.I. Systems involved in events with valve transfer open problems

Search Strateay Informatin,0 (downloaded directly from SCSS)

VALUES * <PSYS>

A " VALUES" ANALYSIS WILL BE PERFORMED FOR THE PSYS FIELD !

1977 OUT OF 1977 LERS || AVE BEEN PROCESSED |
SECONDS: 37.76 (CPU) 363.53 (CLOCK)- RAT!0:0,104 ,

'

1977 OUT OF 1977 LERs CONTRIBUTED TO THE ANALYSIS

THE ACTIVE LIST OF 1977 LERs HAS 117 UNIQUE VALUES IN THE P5YS FIELD
FOR THE STEPS INCLUDED IN THIS ANALYSIS :

(Note: The system listed may not'necessarily be the system linked to the valve i

problem.) t

KEY VALUE NUMBER OF STEPS DESCRIPTION
......... .. ............ ................................

P0 lib 9 18.1%) OPERATION ACTIVITY
DB B77 13.3% CONTAINMENT ISOLi, TION i

PT' 682 10.4% -TEST / CALIBRATION ACTIVITY
PM 620 9,4% MAINTENANCE / REPAIR ACTIVITY
PD 337 5.1%) DESIGN ACTIVITY

-- PZ -208 3.2%)- UNKNOWN ACTIVITY
Fi 184 2.8%) CONDENSATE AND FEEDWATER
EC 178 2.7%) : LOW VOLTAGE ac.(LESS THAN 600V)

-PA 157 2.4%) ADMINISTRATIVE ACTIVITY
KF- 119( l.8% FIRE PROTECTION

.

PI 97( l.5% INSTALLATION ACTIVITY :

EB 95 1.4% -MEDIUM VOLTAGE ac (35KV TO 600V)
FF 95 1.4%) -TURBINE BYPASS
PF 87 1.3%) FABRICATION ACTIVITY
IW 85 1.3%) ENGINEERED SAFETY FEATURES ACTUATION
AF. 81 1.2%) PRESSURIZER (PWP.)
BP' 77 1.2%) MAIN-STEAM PRESSURE RELIEF (PWR)
BK 71( l.1%) CHEMICAL AND VOLUME CONTROL (PWR)

: ED

66(.1.0%)
70 l.1%) VITAL: INSTRUMENT, CONTROL, AND COMPUTER ac

|= 10 g REACTOR PROTECTION
FS _65( l.0%) TURB0 GENERATOR
EA 61( 0.9%). HIGH VOLTAGE ac (GREATER THAN 35KV)
IZ 59( 0. 9%) - NON NUCLEtR lhSTRUMENTATION

L WP 59( 0.9%)= REAC(OR' WATER CLEANdP-(BWR)
EE 53 0.8%) de
BA 52 0.0%). - AUXILLARY FEEDWATER (PWR)
PC 51 0.8%) CONSTRUCTION ACTIVITY

"

BR 49( 0.7% NUCLEAR BOILER OVERPRESSURE PROTECTION (BWR)
BF 42( 0.6% RESIDUAL HEAT REMOVAL (PWR).
CB 39( 0.6% ESSENTIAL RAW COOLING / SERVICE WATER
BH 35( 0.5%) REslDUAL HEAT REMOVAL. (BWR)
KB. 27( 0.4%)- SAMPLING

_
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Table A 1. (continued)
-- --

AB 25 0.4%1 CONTROL ROD DRIVE
WA 25 0.4%h LIQUID RADWASTE
CA 23 0.3%) COMPONENT COOLING WATER
PR 21 0.3%) RADIATION PROTEC110N ACTIVITY
BS 20 0.3% COREFLOODINGACCUMULATOR(PWR)
WC 19( 0.3% GASEOUS RADWASTE
FA 19( 0.3% MAIN STEAM
HA 18( 0.3% REACTOR BUILDING HVAC |
DE 17( 0.3% CONIAINMENT SPRAY
ll 17 0.3% LEAK HONITORING
AD 17 0.3% REACTOR VESSEL
11 16 0.2% TURB0 GENERATOR INSTRUMENTATION AND CONTROL
11 16( 0.2%) FEEDWATER CONTROL
BN 16 0.2%) HIGH-PRESSURE COOLANT INJECTION (BWR)
HH 13 0.2%) CONTROL BUILDING HVAC
FL 13 0.2%) VARIOUS THERMAL CYCLE DRAINS AND VENTS
IN 12 0.2Y RADIATION HONITORING
HC 11 0.2% PRIMARY CONTAINMENT VACVVM REllEF
SF 11 0.2% REACTOR AUXILIARY BUILDING,

BC 11 0.2%) -REACTOR CORE ISOLATION COOLING (BWR)
'

CD 10( 0.2% BORATED / REFUELING WATER STORAGE (PWR)
BL 10( 0.2% INTERMEDIATE PRESSURE INJECTION (PWR)

'

FK 9( 0.1% MOISTURE SEPARATORS, REHEATERS
FP 9( 0.1%) CONDENSATE DEMINERALIZER
KP 9( 0.1%) LUBE OIL ,

SE 9 0.1%) SECONDARY REACTOR CONTAINMENT (BWR)
AI 8 0.1%) RECIRCULATING WATER (BWR)
HF 8 0.1%) REACTOR AUXILIARY BUllDING HVAC
KA 8 0.1%) AVXILIARY STE/B
AE 8 0.1%) PRIMARY COOLANT (PWR)
KH 7 0.1%) COMPRESSED GAS
KC 7( 0.1%) CONTROL AND SERVICE AIR
FD 7(.0.1%) MAIN CONDENSER
WK 7( 0.1%) EQUIPMENT DRAINAGE (INCLUDING VENTS)
CC 7( 0.1%) ESSENTIAL COMPRESSED AIR
BE 7( 0.1%) STANDBY LIQUID CONTROL (BWR)
PX 6( 0.1%) OTHER ACTIVITY
AH 6( 0.1%) STEAM GENERATOR (PWR)
BD 6( 0.1%) EMERGENCY BORAT10N (PWR)
IJ 6( 0.1%) PLANT MONITORING-
KD 5( 0.1%) DEMINERAllZE0 WATER
HD 5( 0.1%) SECONDARY CONTAINMENT HVAC-STANDBY CAS TREA1 MENT
BX 5( 0.1%) LOW PRESSURE CORE SPRAY (BWR)
FR 5( 0.1%) CIRCULATING WATER
CK 5( 0.1%) EMERGENCY GENERATOR e ARTINGi

DA 5( 0.1%). SPENT FUEL . POOL /RE;, CLING- POOL COOLING AND
CLEANUP

lY 5 0.1%) ATWS
SW 5 0.1%) MISCELLANEOUS / UNKNOWN STRUCTURES
ZZ 4 0.1%) UNKNOWN
HE' 4( 0.1%) DRYWELL/ TORUS HVAC AND PURGE (BWR)
IP 4( 0.1%) REACTOR POWER CONTROL
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Table A-1. (continued)

Cr 4( 0.1%) CONDENSATE STORAGE ,

fH 4( 0.1%) STEAM EXTRACTION
WF 4( 0.1%) STEAM GENERtTOR BLOWDOWN (PWR)
BW 4( 0.1%) HIGH PRESSUkE CORE SPRAY (8WR) ,

IH 4( 0.1%) EMERGINCY GENERATOR INSTRUMENTATION AND CONTROLS
'

DH 3( 0.0%) CONTAINMENT COMBUSTIBLE GAS CONTROL
KR 3( 0.0%) BORON RECOVERY
IC 3 0.0%) PANELS

,

FC 3 0.0%) TURB0 GENERATOR TURBINE STEAM SEAllNG
ZX 2 0.0% OTHER

,

KX 2( 0.0% CHEMICAL ADDITIVE INJECTION .

HI 2 0.0% EMERGENCY GENERATOR llVAC ,

FE 2 0.0% NON-CONDENSIBLE GASES EXTRACTION |
HT 2 0.0% ClllLLED WATER
BT 2 0.0% UPPER HEAD INJECTION (PWR)
SC 2 0.0% REACTOR ORYWELL (BWR)
CI 1 0.0% EMERGENCY GENERATOR FUEL
KW l 0. 0%) - RAW SERVICE WATER
HR 1 0.0%) PUMPING STATIONS HVAC
DD 1( 0.0%) CONTAINMENT ISOLATION LEAKAGE CONTROL
SH 1( 0.0%) CONTROL BUILDING
WE 1 0.0%) NONRAD10 ACTIVE WASTE (LIQUID, SOLID, & GASEOUS)
D1 1 0.0%) CONTAINMENT ICE CONDENSER (PWR)
HS 1 0.0%) MISCELLANE0US STRUCTURES HVAC

|
SU 1( 0.0%) PANELS s

CH 1 (. 0.0%) EMERGENCY GENERATOR LUBE OIL *

IS 1( 0.0%) RECIRCULATION FLOW CONTROL (BWR)
SL 1( 0.0%) TURBINE BUILDING
KI 1( 0.0%) POTABLE AND SANITARY WATER
EN 1( 0.0%) CONDUIT AND CABLE TRAY
IX 1( 0.0%) SOLID STATE PROTECT!CM/ CONTROL
CL 1( 0.0%) EMERGENCY GENERATOR 8 ^') LING
DF 1( 0.0%) CONTAINMENT PRESSUk. aVPPRESSION MAKE-UP (BWR)
SK 1( 0.0%) FUEL BUILDING

SECONDS: 38.47(CPU) 366.63 (CLOCK)--RAT 10:0.105

,

,

.
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Table A-2. ' Licensee' Event' Report evaluations

PWR Residual Heat' Removal System

LER Number Acolicable NPRDS (qde Description

~
244/84-003- Yes RHCTSCVA RHR containment sump suction valves. were opened before

shutting the appropriate downstream valve; the procedure >

was not followed.

255/86-034 No Design problen.

269/87-002 No Appendix R problem.

; 327/88-021 No Loss of RHR when incorrect manual valve (RHR pump
discharge to RWST) was opened.

327/89-011 Yes RHRXDSVA Two different cases of opening the hot leg injection -

i
30 isolation valve per procedure, but the crocedure was
g; wrong.

328/84-012 Yes (None available) RHR to RWST recirculation valve was opened per procedure,
but the procedure was wrons.

,

338/87-022 Yes (None available) RHR heat exchanger outlet valve war stroked open per
procedure, but the procedure should not have been done
under existing pl.nt conditions.

346/E7-011 No. Nitrogen bubble in RHR piping.

348/86-020 he The operator increased plant pressure too rapidly,
thereby lifting a RHR loop suction relief valve.

361/84-017 No Shutdown cooling heat exchanger flew control valve was
#found locked open.

354/87-008 Yes- RHCTSCVA RHR containment sump suction valve was stn ~ n tested per
procedure, but should not have been because piping was
not filled. This resulted in a pressure pulse that
opened a relief valve.

-

u 7 h 'e r *w' ' "
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Table.A-2. (continu'ed) ;
,

..

4

370/89-010 ~(No)- Not included on this page because it is a containment
,

spray systen valve -- see c.#.ainment spray syste:t.
.

:-

p 382/86-015 No- RHR valves were not closed when they should have been.

425/ 9-003 Yes (Nune available)- Two RHR test return valves were opened outside of8
procedure.

~456/88-008 No= RHR pump drain valve was found cracked open.

456/89-016 No RHR pump s9: tion relief lifted due to inadequate pressure
; - control.

'457/90-002 Yes RHRXSCVA RHR suction valve from reactor coolant system was opened
inappropriately. Because another valve had been left in-
an unusual ~ position, a flow path was created; the Senior

; 2 Reactor Operator should have recognized this.
*

>

|; 482/85-066 Yes (None available)- RHR recirculation valve to RWST was opened on .two*

occasions in accordance with a deficient surveillance
procedure.

483/84-016 Yes (None available) RHR injection balance line isolation valve was opened per
: procedure. This should not have been done, as it created

a path to pump the reactor coolant system to the RWST via
| the RHR system.

!NR Residual Heat Removal System

LER Number Applicable NPRDS Code Description*

5 324/84-011 Yes (None available) Operator opened the RHR discharge to the radioactive
i waste control system valves because he thought RHR was

lined up to the suppression pool, not the reactor vessel.'

!- 324/84-014 No The valve was travelling because its jack was in the
wrong place.,

i.
'

i

I
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. Table A-2. - (continued) -

,

374/84-009' No Improper valve liceup due to breaker miss-positioning.
*

(This is considered to be a different problem than an
operator miss positicning a valve during routine,

,

operations.).

263/85-004 .Yes (None available) The RHR inter-tie line valve was opened per an improper
test procedure.

277/85-020 Yes (None available)' The full flow test return to the torus valve was opened;
the operator did not recognize that a flow path was *

created.

322/85-031 Yes RHSPSCVA The RHR suction valve from the suppression pool was
Jopened prematurely.

i 324/8c-012 No A reactor scram occurred while testing RHR valves;
Y beliered to have been caused by a pressure puise created

1E 'during valve testing.
3_

.'
.

352/85-064 Yes RHRRSCVA A shutdown cooling suction valve was opened prematurely. |

388/85-016 Yes (None available) RHR injection line flow control valve was opened per a5

faulty procedure.

397/35-030 Yes RHSPSCVA RHR suction valve from the suppression pool was opened [
| prematurely. (Same as LER 322/85-031)

:

458/85-008 Yes RHSPSCVA RHR suction valve from the suppression pool was ' opened i

i prematurely. (Same as LER 322/85-031) |
! 265/87-010 Yes (None available) RHR system test return valves were opened to perform an |

evolution not covered by a procedure. ;

i
, 321/87-010 Yes RHSPDSVA Two RHR' discharge valves to torus were opened to perform ~

an' evolution not covered by a procedure.

:

.

,
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Table A-2. '(continued),

J.

; 397/87-013 No Valve wire problem.

; 298/88-010 No Valve mechanical problem.

| 271/89-013 Yes RHR4SCVA Two RHR pump shutdown cooling suction valves were opened ,

I per procedure withoat realizing a drain path had been
'

created.

387/89-003 No A faulty procedure' allowed opening a valve without having'

'

completely filled a line. (Although this is very similar
to other events included, the circumstances in this event

'
are such that it is considered to be a different problem .i
than the one of interest.)

461/89-009 No Automatic valve actuation, not operation action.
'

30 397/90-006 No Appendix R problem.
>no

'"
Main Steam System

.

LER Number .Applicabla NPRDS Codg Description
.

301/88-001 No MSIV opened as a result of an improperly operated
breaker.

i .

'. 312/88-019 fk) Auxiliary steam valve was used to control pressure after ;
a regulating valve failed. t

| 370/88-009 No A main steam miscellaneous drain valve was failed open i

fer maintenance. (This is a different type of problemt

,

than an operator miss positionirg a valve.)

397/84-090 No Main steam drain valves were opened per a startup check
list without having appropriate plant conditions. (It is

,

'

believed that these are not remotely operated valves, and
; are therefore not applicable.) !

.

h i
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Table A-2. .(continued)
j ..

I 339/84-009. Yes . (None available) A pump casing cooling line isolation valve was opened as
per a faulty procedure,

'

I 370/89-010 Yes CSCTSCVA The containment spray suction valve from the containment
sump was stemke tested per a procedure that had
insufficient precautions.

Reactor Core Isolation Cool'ino System -

LER Nunicer Applicable NPRDS Code DescriDtion

293/89-014 No Valves were opened during a test when a' relay was
actuated.

325/88-020 No No events of the desired type in this LER.

E 373/84-060 No- No operator errors linked to valve operations-in this
LER.

1

374/84-025 No. A valve opened automatically whn: an instrument was !<

vented. j

416/84-051 No A high steam flow experienced when opening valves caused
an automatic isolation. (This is more a problem with
inadequately controlling the opening rate of a valve than
it is with choosing a wrong valve to open or opening a- j

4

valve when it should not have been.) !

416/84-056 No A high steam flow experienced when opening valves caused !

an automatic isolation. (Similar to LER 416/84-051)
i

; 416/89-009 Yes RITUMSVAT . The shift supervisor (SS) directed a tag clearance and
i opening of RCIC isolation valves without warming the
! lines. (It is assumed that this means a steam supply

isolation valve.)
!
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Table A-2. (continued).

' Intermediate Pressure In.iection System

LER Number' Applicable NPRDS Code Description

; 255/84-005 No Inadvertent actuation of. safety injection while replacing
' fuses.

'306/84-001 '-Yes. '(None available) Boric acid storage tank suction was automa'icaliy swapped. '

when an operator followed;a faulty test. procedure.

362/84-035 Yes (None available) Safety injection minimum flow bypass valves were opened
for a surveillance test procedure that should not havei

been performed because the other train was already )
inoperable.,

b 370/89-011 No. Opening a valve caused an entry into Technical
i Specification ~3.0.3; opening the valve was a necessary
j and appropriate action.
'

. .

;.. 413/90-003 No Safety >fnjection system valves were opened to relieve
i' pressure in a cold leg injection line caused by leaking

check valves. This placed the plant in an un analyzed
condition. (Although this event micht be of the right
type for this investigation, further evaluation will not

i be done because there are no NPRDS codes to cover these
valves.),

;

,

1.
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SPECIAL LERs and GENERAL OBSERVA!!ONS

While reviewing the LERs to find' applicable events, certain LERs were
found to be especially pertinent because they are typical of cestain kinds of .

events. Copies of these LERs are provided as a supplement to this report.

In general, the largest number of events in which valves were opened
inappropriately involved inadequate procedures. The problems with procedures

,

include (a) situations or plant conditions not covered by procedures, (b)
errors in tne sequence of valve manipulations in the proceduies, and (c)
inadequate precautions in the procedures. Another apparent problem is the

' difficulty in visualizing alternate flow paths that could be creattd by
opening a valve. .

'

One particular type of event is particularly noteworthy because it
occurred at three different plants over a relatively short time, in LERs

'

32285031, 39785030, and 45885008, RHR suction valve from the suppression pool

was opened prematurely, creating a drain path from the reactor vessel to the
suppression pool. The root cause in all of these events was the failure to
recognize that additional time was required to allow a certain valve in the
path to completely close prior to opening the RHR suction valve. (It appears
that this problem has been resolved across the industry; no other events have
been reported since 1985.)

Valve-Hour 0.311

The various valves identified in the event data were cross-referenced to
NPRDS application codes where possible. The NPRDS application codes
correspond to specific _ valves in the plant. For example, a main steam
isolation valve in a BWR plant is identified with the application code
MSISBVA. NPRDS contains information for each commercial nuclear power plant,

|- specifically, the number of components with a particular appl.ication code
present in the plant, and the dates on which the component was_put into end

|| taken out of service. Thus, valve-hours can be readily calculated for those .

I valves with application codes in NPRDS.

-A-31 i
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The computer program that derives the valve hours from NPRDS data first
performs a quality check on the data to ensure that only reasonable dates are
used.. Then it calculates the number of hours a particular compor,ent has been
in service at a particular plant on a quarterly basis, and sums the hours for ;

the individuu, components across all plants for each quarter. Finally, it

sums all quarterly values to derive a total number of in service hours, i

It is important to note that the information on valve hours represents
In service hours, and not necessarily operating hours. Essentially, the
number of hours calculated is equivalent to the number of calendar = hours in
the quarter multiplied by the number of components; adjusting as necessary for
in service or out-of-service dates that fall during the middle of-a quarter.
Therefore, the final-event rate more closely resembles t ra_te based on a
calendar time period than one based on actual system operating time.

The calculated valve hours are presented in Table A-3.

Event Rate Determination

The event rate is calculated by simply dividing the total number of in-
service hours for:an application code into the number of applicabic events [

involving that application code. |

Gent Rate = N" ' "'#
-

Total Hours
'

An aggregate failure rate for all of the component groups (application
codes) was determined by summing all of the events, summing all of the hours,
and dividing the hours into the events.

t

As discussed above, the fina1 event rates can most'accuratcly te thought
,

of as "the number of safety significant or operationally significant events-in
which an operator inappropriately opened a valve per valve in-service hour."
The calculated rates are presented in Table A-4. Because of the inherent bias
in the: searching strategy toward missing some applicable events rather than
toward including nonapplicable events, the event rates are more accurately

|
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thought of its minimum rates (i.e., the events happen at least this often)
a

rather than inanimum rates.

lable A-3. Valve hour data
'

.

1 rend Analysis of NPRDS Key Component Data 84Q1 Through 90Q2
humber of Hillion Hours by Application Code and Quarter

Index 1 is 1984, Ql; index 26 is 1990, Q2
_.

^4L 2LV?.1 EL9?l ELM"3 MK?4 EM"5 19"1 d%"I M M ".3 RW"2

CSC15CV4 0.159 0.166 0,16e 0.1[8 0.168 0.170 0.179 0.190 0.100
M515t'VA 0.402 0.4 04 0.424 0,428 0 441 0,454 0 477 0.47? 0.478
M515FbA 0.304 0.314 0.318 0,319 0.320 0 329 0.349 0.367 0.307
R HC TLCV A 0.244 0.251 0.254 0.25! 0.253 0 258 0.210 0 280 0.278

) RHRR 5tVA 0.100 0.101 0.106 0. l U 0 110 0.114 0 119 0.119 0.119
'

RtRID5VA 0.39? 0.408 0.413 0.414 0.415 0.426 0.447 0.470 0.469
RtR15CVA 0.240 0.251 0.254 0.255 0.257 0.263 0,261 0.302 0.303
RHiPO5VA 0.170 0.l'0 0.172 0.172 0.108 0,170 0.l'? 0.172 0.10B
RHSP5CVA 0.190 0.191 0.199 0 200 0.2D5 0.21? 0.221 0.221 0.222
R11UMSVA 0.041 0.042 0.044 0 045 0.047 0 (48 0.051 0.051 0.051

APPt 2LV".lQ D!WHll ELMll MM"2 EONld Mfilj EMW.lf- MN2"l? OlN4"Il

CSCTLCVA 0.194 0.201 0.703 0.199 0.205 0.212 0.?21 0.273 0.223
d51SEVA 0.492 0.512 0.515 0.518 0.524 0.530 0.546 0.572 0.593
M515PVA 0.386 0.398 0.411 0.402 0 416 0.439 0.447 0.453 0.454
R HC TSCV A 0.2e6 0 292 0.298 0.292 0.302 0.313 0.316 0.316 0.317
RHRR SCV A 0.123 0.128 0 !?9 0.130 0.131 0.132 0.136 0.143 0.148
RHRX05VA 0 401 0.503 0.514 0.503 0.516 0.533 0.545 0.553 0,555
RHC15CVA 0.319 0.330 0.342 0.335 0.347 0.364 0.373 0.361 0.362
AH5005VA 0.170 C,172 0,173 0.177 0.179 0.181 0.181 0.186 0.168
RH5PSCVA 0.228 0.236 0.237 0.240 0.242 0.?45 0 251 0.262 0.211
RITU"5VA 0.053 0.055 0.055 0.056 0.057 0.057 0,054 0.003 0.065

APPL [[WWlj D[ ND"R EMl DLN2MZ1 CEh0N23 EL .L4 M.MNZ E N2?R 101Dfh0"M

CSCTSCVA 0.234 0.24B 0.244 0.24B 0.252 0.252 0.246 0,249 5.409
M5158VA 0.599 0.5S9 0.583 0.594 0.601 0,001 0.568 0.$94 13.536
M515PVA 0.469 0.48" 0.475 0.488 0.501 0.501 0 490 0.496 10.t97
RHCTSCVA C 2 '' O.3U 0.328 C.334 0.340 0.340 0.333 0.330 1.746
RHRR 5CVA J' O.lU 0.147 0.149 0.150 0.150 0.147 0.149 3 3S8
?HRx05VA :: . 0. k '4 0.%3 0.592 0 001 0101 0.588 0.594 13.295
RHRAR va 0.416 0.408 0.417 0 426 0.426 0.417 0.422 8.908
RH5P05VA 0.190 0.166 0.188 C.190 0.190 0,166 0.188 4,651
RHSP5CVA

. .

0.066 0.065 0.066 0.066 0.066 0.065 0.066 1.406
0.274 0 268 0.271 0 274 0.274 0.20B 0,271 6.246

RITUMSVA 0 E t,

-
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Table'A-4. Event rate calculation worksheet (events per valve hour)

NPRDS Code # of-Events Valye Hour.1 LyftnLRate j

CSCTSCVA 1 5.408E6 1.9E-7 i

MSISBVA .1 13.536E6 7.4E-8

RHCTSCVA 2 7.746E6 2.6E-7

RHRRSCVA 2 3.388E6- 5.9E-7

RHRXDSVA 2 13.295E6 1.5E-7

. RHRXSCVA- 1 8.908E6 1.10-7

RHSPDSVA 1 4.651E6- 3.3E-7

RHSPSCVA 3 6.246E6 4.8E-7 i

RITUMSVA- 1 1.466E6= .6.8E-7
........ ....,,..... ........... ..........

-Aggregate 14 64.644E6 2.2E-7

,

a (

e

4
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b
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APPENDIX B |
COMP 0NENT FAILURE RATES

i

IThis Appendix contains the fallu e rate data used in the B&W reference
'

plant ISLOCA assessments. Two sets of component failure rate information were
collected and eveluated for use in the assessments. |

!

The first data set is the result of the sorting and aggregation of LERs
.(Section B.I.). These data were sorted and counted to estimate the hourly
failure rates associated with different compnents and failure modes. Not all
the information obtained from this_ source is usable (e.g., the hourly failure
rate for a valve to close). The deficiencies with respect to generating
failure rates with the LER data are well known and understood. Specifically,
not all the equipment failures are reported and it is very difficult to obtain
the .omponents exposure history. Also it may appear that the LER data base
was ased to develop demand failures based on hourly information. These L[R

calculated demand rates were not used in the analysis'and are provided only to
highlight the make up of the failure modes observed in the data base.
However, most of the LER data' provide interesting insight into the causes and
severity of the hardware failures.

'

The second set of information (Section 0.2.) is a list of applicable
failure probability data collected from a variety of published sources It is,

used to provided a comparison to the LER 9enerated rates and for furnishing

p demand-based failure probabilities when needed.
,

| The second set of data provided the preferrtd source of information used
in this assessment. Wherever possible, the data identified as NUCLARR

.,

catagory l was used since it is the most complete and has the highest
-statistical confidence of any other available data, further, this data is

based on actual-~ operation experience and generated from plant records.

A' review of'the data base will show that both BWR and PWR data was used
-to dt;velop the' failure rates. The selection of both sets of data was based on
-information that both_ BWRs and PWRs use similar motor operated valves.

Although service histories vary, the increased confidence produced by using a [

B-3
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-

larger population of val'ves prompted the use of the combined LWR failure rates
in the analysis.

-
.

The remainder of this Appendix is a listing of the data used in the
assessment of the ISLOCA frequency of occurrence in the B&W reference plant.
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B.I. Aggregated LER Data
;

*
.

I

l$LOCA b ALYL FAILURE AAALY$15 I

j.............................

COMPONINT: Motor-0perated valve F AlttRt MODIt f ati to Open

AGGRIGAit FAlltRE nAT(5

i (ventt # H:urs failure Rate .

........ ......... ....... .. .

lotal: 164 338006080 ,485195E 6
Pre-1984; 152 174459552 .011262[-6 I

Post-19831 12 163548528 733721C 7

FAILtRE CAUSE BREAKDOWN
,

t
Description # '.ints % t,f Total

|. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........ .......... ,

. Personns'.-(Maintenance) 7 4

. Design Error 3 2 !
Fabrication / Construction /QC 1 1 !
Procedural Inadequacy i I !
tacessive Wear 1 1 I
Cerrosion 3 2 |Lack of lbbrication 2 1

- Packing Problem 5 3
Mechanical / Control Part Problem 5- 3
Seat / Disc Problem 1 1 '

Bearing / Bushing Problem i I
L tatt $ witch Problem 14 9

.Torque $ witch Problem 27 16 |(1M;tric Motor Operator Problem 41- 25 - 1'strIcel input Problem 35 21
anown 17 10

L

LfAK RAf( LSTIMATC
(1980-1988)

*

i

teak Stre # Events % of Total 1

..............,......... ...-..... .....- ....

Large Le& {tnternal)- 0 0
Large teat (external) 0 0
small teak (internal) 0 0
$ mall teak (external) 0 0

FAlltNE RATES SY $YSTIM-,

J.
Vendor System - # (vent 6 i Hours Failure Rate
...... . ... ..........................e.... ........ .......... ............
BW . Emergency Core Cooling Systems- 16 45215424 .353061E-6 >

CE- High Pressure Safety injection ? 31556448 .221824E 6
GE . High Pressure Coolant Injection 22 16449552 .133742E 5
Gt low Pressure Core Spray 15 11685038 .126206[-5
Gt Reactor Core isolation Cooling 16 14408352 .111046E-5

. 6F. Reector Water Cleenup - 5 11885088 420595E 6s

GE Nesidual Heat Removal = 5t. 35655264 .151450E 5
VE tmerger.cy Core Cooltng Systems 29 134C46768 .216342f-6

I
- q

B-5
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15LOCA VALVE FAILURE ANALYSIS
..,..........................

COMPONENT: Motor-Operated Valve: FAILURE MODE: Fall to close -*

AGGREGATE FAILLRE RATES

i Events # Hours Fellure Rate
... .... ......... ............

I Total: 156- 3380080B0 461527E-6
Pre 1984: 112 174459552 .641982E-6

Post-1983: 44 163548528 .269033E-6

FAILURE CAUSE BREAKDOWN -
.

Description # Events % of Total )=

............................... ........ .......... .

. ersonnel (Operations) 6 4 i

Personnel (Maintenance) 5 '3 i
Personnel (festing) 1 1 - 1

' Design Error
.

4 3

Fabrication / Construction /QC 6 4

Procedural Inadequacy 2 1

Normal Wear 1 1 a

Excessive Wear 1 1

~ Corrosion 3 2

Lack of Lubrication 2' '1
Foreign Material Contamination 3 2

Packing Problem - 4 3

Mechanicel/ Control Part Problem ~ 9 6

Limit Switch Problan 13 8
: Torque Switch Problem 31 20
Electric Motor Operator Problem 22 14

Electrical Input Probism . 31 20
Unknown

'

12 , <8

LEAK RATE EST!KATE

(1980-1988)-

Leak Sire i Events % of Total
-...................... ........ ..........

.Large Leak (internal) 83 68
Large trJs ' external) _ 0 0

$ mall Leni t nternal) - !! 12i
knali Leak '(external) 0 0

/ H umgr -4TES BY SYSTEM

Vendor System # Events- # Hours -Fat?ure Rate
...... ............s...................... ........ .......... ............

BV Emergency Core Cooling Systems 9 45215424 .199D47E-6
CE High Pressure Safety injection 3 31556448. ,950677E-7

- CE Low Pressure safety Injection 5 293024164 .170634E-6' >

- GE - High Pressure Coolant injection 21 16449552-- .127663E-5
GE lsolation Condenser 3 1139760 .263213E-5e

,

GE Low Pressure Core Spray 14 11885088 .ll7794E-5
GE . Reactor Core Isolation Cooling- 25 14408352- ,113510E-5'

GE Reactor Water Cleanup 24 11885088 .201933E-5
GE Residaal Heat Removal ' 37 35655284 ,103771E-5

' VE Emergency Core Cooling Systems 15 134046768 .ll1901E-6

l

!

,

|
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.1$lDCA VALVE FAltuRC ANALYSl$
' .............................

.

[ . COMPONEN!! Motor-Operated Valve L FAILURE MODE: Inte nal leakage

i

AGGREGATE FAILURE.xAlf*
.

. >

f Events' # tbuts Fatlure Rate
. . . . . . . . . ......... ............

ITotal: 57- 338006080 .168635E 6
Pre-1984: 24- 174459552 .337567E-6

. Post-1983: 33- 16354S528 .201774E 6- ,

,

FAILURE CAUSE BREAKDOVN

. Description i Events % of: Total
............................... ........ ..........

Personnel (Operations) 2 4

Personnel (Maintenance) 3 5

. Design E rv or 1 2

Fabrication / Construct ion /QC 2 4
>

Corroston 1 2

Excessive Vibration 1 2

Seat / Disc Problem 24 42

Limit Sritch Problem 2 4 ;

. Torque Switch Problem 12 21,

Electric Motor Operator Problem 2 4

L9known 7 12

LE AK RATE ESTIMATE

(1980 - 1988), ,

Leak Stie i Events % of Total
,

...................... ......... .........,

.Large Leak (internal) 1 2

Large L . -(external) 0 0

Small t'# (internal) 48 98
5 mall Lw;4 '(external) 0 0

FAILURE RATES BY SYSTEM

.

. Vendor--bystem- .f Events i Hours failure Rste'

*

...... .................................... ........ .......... ............

BW Emergency Core Cooling Systens 1- 45215424 221163E-7
GE ' ' High Pressure Core Spray - 1 1955856 .5112P5E-6

; GE liigh Pressure Coolant injection S. 16449552 .303959E-6
-GE ~ Isolation Condenser 1 1139760' .877377E-6

' GE Low Pressure Core Spray 5' ~11385088 .420695E-6
GE , Reactor Core-Isolation Cooling 5 14408352 .347020E-6
GE. Reactor Vater Cleanup 6' 11885088 .504634E-6
GE Residual Heat Removal 30 35655264 .841390E-6

!

L;. . . ' VE ' Emergency Core Cooling Systems . 3 134046768 ,223802E-7

wI

e

4
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!sl0CA VALVE FAILLRE ANALYSls
.............................

CD4PONENT Motor-Operated Valve fAlllRE HODE: External Leakage / Rupture

AGGREGAIE FAlltRE RATES

f Events i Hours failure Rate
........ ......... ............

Total: 37 338006050 ,10946dE-6
Pre-1954: 26 174459552 .l(3031E-6

Post-1953: 11 163545528 .672583E-7

FAILUKE CAU5r BREAKDOWN

Description # Events % of Total
............................... ........ ..........

Corrnston 1 3

Seal / Gasket Problem 4 11
Packing Problem 29 70
Mechanical /Centrol Part Problem 1 3

Unkaown 2 5s

LEAK RATE ESTIMATE

(1980 - 1988)

teak Site # Events i of Total
. .................... ........ ..........

Large Leak (internal) 0 0
Large leak (evternal) 1 4

Swall Leak (internal) 0 0

small Leak (external) 23 96

FAILURE RATES BY SYSTEM

Vendor System i Events i Hours latlure Ratz
...... .............................. .... , ..... .......... ....... ....

EV Emergency Core Cooling Systems 1 42!15424 .221163E-7
CE High Pressure Safety f rjection 7 31556448 .221824E-6
CE low Pressure Safety In3ection 2 29312416 .582537E-7
GE High Pressure Coolant Injection 4 16449552 .243167E 6

,

GE Reactor Core Isolation Cooling 4 14408352 .277616E-6
GE Residual Heat Removal 8 35655264 .224370E-6
VE Emergency Core Cooling Systems 11 134046768 .820609E-7

B-8
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l$lDCA VAlit FAlllRE ANALY$15
;.............................

-CDNPONENT: Motor-Operated Valve FAILURE MODE: Fail to Operetn as Required -
(Control Valves Only) (e.g. f a ti to control around

set point )

AGGR(GATE FAILURE RATE $ -
,

f Events '# Hours failure Rate-
.,......- .........- ............

Totalt 115 338008080 .340228E-6-
. Pre-1984: 93 174459552 .533074E-6
Post 1983 22 163548528 .134516E-6,r.

_

FAILURE CAU$[ BREAKDOWN

Description f Events % of Total
.................... .......... ,,. .... ........... i

Fersonnel(Operations) 6 5
' *

! ~
Personnel (Maintenance) 6 5
Design (rror ' 7 6

Fabrication / Construction /DC. 6- 5
Procedural Inadeyuary 2 2 - ;

' Mechac! cal / Control Part Problem 14 12
, _ DLimit Switch Problem 8 7

Torque $ witch Problem 5- 4
Electric Motor Operator Prrblem 24- 21
Electrical input Problem

. 26' = 23 -

Failure of Component Supply Sys 1 1

Unknown 10 9

,

LEAK RATE ESTIMATE
(1980 - 1988)'

&

Leak Stre f Events % of Total
.................... . ... .... ........ .

Large Leak (internal) 19 100' >

.Large Leak (external) 0 0 4

Small Leak (internal)'- 0 0

Snell Leat (external) 0 0

FAILURE RATES BY SYSTEM-

Vendor System f Events i Hours Failure Rate = .

...... .................................... ........ .......... ......... .

, = - BW Emergency Core Cooling Systems 7 45215424 .154814E-6
CE High Pret1ure Safety injection 6 31556448 .190135E-G
CE . Low Pressure Safety injection 2 29302416 ~.682537E-7
GE_ = High Pressure coolant injection 15 16449552- .911878E-6
GE ~ Isolation Condenser 2 1139760 .175475E-5
GE . Low Pressure Core Spray 11 11885088 ,925529E-B
GE Reactor Core Isolation Cooling 14 14408352 .57165bE-6-

L
- GE Reactor Water Cleanup 4 11885088- .336556E-6.

LS , ' GE . ' Residual Heat Removal 38 - 55655264 .106576E-5
VE Emergency Core Cooling Systems 16 134046768 .119361E-6--

t-
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ISLOCA VALVE FAILURE.ANALY51$.

4 /b CDMPONENT: Motor-Operate'd Valve FAILURE MODE: Plugged /fransfer Closed2

'

AGGREGATE FAILURE RATE 5
_

-# Events -# Hours failurs Rate,

........ ......... ... ... ....

Totah 5 338008080 .147925E-7.
Fre-19847 4 174459552 -.229279E-7

Post-1983: 1 163548528 .611439(+8

FAILURE CAUSE BREAKDDVN i

- Description- # Events % of Total
,j-............................... ........ ..........

- Procedural Inadequacy 1 20
Electrical loput Froblem 4 80

.

LEAK RATE ESilMATE
(1980 - 1988) ' ' i

.-Leak Sire- # Fvents % of Total
--...................... ........- .......... ,

Large Leak (internal) 0 0
. Large leak (external) .0 0

Small Leak (internal)- 0 0

Small Leak (external) 0- 0

- FAILURE RATES BY SYSTEM

- Vendor- System f Events 'f Hours Failure Rate
...... ......................... ....... ........ .......... . ..........

CE ,High Pressure Safety injection 1 31556448 .316892E-7'
WE. Emergency Core Cooling Systems 4 -134046768 .298403E-7

,
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ISLOCA VALVE FAILURE ANALYats- |y .............................
1:

H*# ' ' CDNPONENT:) Motor-0;.erated Valve - FAILURE H0DE': Maintenance / Replacement
i

g _ - AGGREGATE FAILURC RATES

f Events f Mowrs failure' Rate
........ ......... ............

-Total; = 13 338008080 .384606E 7
Pre-1984; 11 174459552 .530518E-7 -

. Post-1983: 2- -163548528 .122287E-7-

FAILLRE CAUSE BREAKDOWt4

Description # Events % of Total
................,.,............ ........ ..........

Personnel '(Operat ions) - 1 8 '

' Design Error- 5- 38
Fabricat ion / Cons t ruct ion /QC . '2 15

_ Procedural Inadequecy 1 .8 '*

Excessive vibration- 1 8 <

Torque Switch Problem 1 8
Electric Motor Operator Problem 1 0
Electrical input Problem 1 8 '

LEAX RATE ESTIMATE
(1980-1988)

Leak' Size. # Events % of Total-
. . . . . . . . . . . . . . . . . . . . , ........ ...........

Large Leak (internal) 0 0 '

targe Leak (exterral) 0 0
5 mall Leak (internal) -D. 0

Small Leak (external) 0- 0

*

FAILURE RATES BY SYSTEM

Vendor' System .
.

f Events # Hours- Failure Rate-

BW - Emergency Core Cooling Systems, 2 45215424 .442326E-1
GE . ' High Pressure Coolant injection 3 10449552 .182375E-5 :
GE ' Low Pressure Core Spray . 1 -11885088 .841390E-7
GE Reactor Core Isolation Cooling 4 14408352 ,27761EE-6
GE- ... Reactor Water Cleanup -1 11885088 .841390E-7
GE- Residual Heat Removal.- 2 35655264 .560926E-7

.
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ISLOCA VALVE FAILURE ANALYS15
.......m...................

'COMPCNEhit Motor-0perated Valve FAILURE MOOC: Test Not Performed

AGGREGATE FAltuRE RATES

# Events ,f hours failure Rate
........ ......... ............

Total: 't 338008080 .591701E-8
Pre-1984: ~2 174459$52 .114639E-7>

Post 1983t 0 163548528 .000000E+0

FAILURE CAUSE BREAKDOWN

Description i Events % of Total
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........ ..........

Personnel (Operations) 1 50 i

Personnel (Maintenance) ! 50 -j
I

!

LEAK RATE ESTIMATE ;

(1980 - 1988)

Leak $ ue -# Events % of Total
..... ................ ........ ..........

,

large'tesk.(internal) 0 0

- ij. : .Large Leak (external) 0 0

small Leak (internal) 0 0

Small Leak (external) 0 0
.

#_
F4! LURE RATES BY SYSTEM

,

. Vendor System ' f Events # Hours fatture Rate
...... ... ....................-.......... ........ ........... ............

WE | fmeegency Core Cooling Systems 2 134046768 .149201E-7
. .

3
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ISLOCA VALVE FAILURE ANALYSIS '
...........................a.

*' iCOMPONiWTi Mot'or-Operated Valve- FAILURE MODE: Improper Valve Configurat1en
~

.
_ AGGREGATE FAlllRE RATES;-

r

. # Events :# Hours- Failure Rate
......... .......+. _. .........

Total: 19 338006080 ,567116E-7
Pre-1984:~ - 10 174459552= 4573198E-7'

.u;
' Post-;PS3: 9- 163548528_ .55029fE-7

sa. __ FAILURE CAUSE BREAKDOWN
-a -

Description ~ # Events -% of Total3li - i... 4.... . .................. . . . . . . . . ..........

- Personnel (Operations) 12 63
.. Personnel (Maintenance) 1 5-
Design Erroc 1 5

,

Procedural Inadequacy 5 26

1 LEAK RATE ESTIMATE
(1980 - 1988)'

Leak Size # Events % cf. Total
.............. ... .... ........ .,........

Large Leak (internal) 6 i-- 100
-Large Leak (external)' -0 0

. Small teak -(icternal) 0 0

- Small Leak-.(external) -0 0,

- FAILURE RATES BY 'SY$YEM

.3r_
Vendor; -System # Events f Hours Failure Rate.
..... 1 ................................... ........ .......... ............

'

BW. Emergency tore Cooling Systems 1 452154?4 ,221163E-7
CE High Pressure Safety injection 1 ~31556440 .31689?E-7. *

,

CE . Low Pressure Safety injection 1- 29302416 .341268E-7
- GE _ Reactor Core isolation Cooling 4 14408352 27761EE-6
' GE ;- Reactor Water Cleanup 4- -.11885088 .33655SE-6
.GE- : Residual Heat ~ Removal 2 =35655264 ,560926E-7
WE | Emergency. core Cooling Systems 6 134046768' .447604E-7

,

J
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15LDCA VALVE FAILURE ANALY$l$
.............................

COMPONENT: Mutor-Operated Valval FAILURE MODE: Transfer Openi
,

;, ,. ' AGGREGATE FAILURE RATES -

~

# Events i Hours Failure Rate,

-.. ..... ......... ............
.

Total: 15 33800B080 443776E-7
Pre 1984: 0 -??4459552 .000000E+0

Post-1983: 15 163548528 .,917158E-7-

FA! LURE CAUSE BREAKDOWN
.

Desctlpticn.. # Events % of Total
............................... ..4........ ..........

* ~
Personnel (Operations) 8- 53 Ll
Personnel (Tetting) 3 20 !7
Electrical input Problem 1 7 - .|

Unknowni 3 20

LEAK R ATE ESTIMATE
(1980 - 1988)-

-t
Leak Site : # Events % of lotal
...................... ........ ..........

Large Leak (internal) 11 100<

Large teak (external) 0 0,

. Small Leak (internal) 0 0

Small Leak (external) 0 0

FAILURE RATES BY SYSTEM-

Ver. dor- System f Events i Hours failure ~Eate,

...... .................................... ... .... .......... ............

dW Emergency Core Cooling Systems 1 45215414- .221161E-7
GE. High Pressure Coolant Injection 3 16449552 .182375E-6-

*

GE Reactor Core isolation tooling 1 14408352- .694041E-7
VE Energency Core Cooling Systems 10 134046768 - ,746008E-7

_

k

9

, i
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ISL3Ct VAtVE FAILtmE ANALYS15
....................... ...c.

COMPONENT: Air Operated Valve FAILlRE M0f' Fa 1 to Open.

AGGR(GATE F A:LDR[ RATES

f Eventh # Hours f ailure Rate
........ ...,..... . . . . . . . . . . . . .

Total: 14 174300288 .100450E-7
Pre-1984: 9 E8671312 30l*98E 6

Post-1983: 5 80228970 .579BS1[-7

T Allure CAL'5E F,RE A*.DOWN

Descrip; ton f Ivents % of letal
............... ............. . ........ ..........

Persennel (Maintenance) 1 7
- - - -

Leaking / Ruptured Diaphragm 1 7

Mechanical / Control Part Problem 2 14
L imit Switch ' Problem 1 1

Failure of Component Supply Sys '? S0
Unin w 2 14

LEAK RATE E!!!iiATE
(1980 .980)

Leak Stre f Events % of Total
...................... ........ . ........

Large Leak (internal) 0 0
Largs leak texternal) 0 0

Small Leak (internal) 0 0eas'

N- Small Leak i uternal) 0 0t

FAltlRE RA1LS BY SYSTEM

vendor System i Events # Hours Failure Rate
...... ................._.................. ........ . . . . . . . . . . ............

BW Emergency Core Cooling systems 2 1863552 .<34337E-6
CE High Pressare Safety injection 1 13524152 .739415E-7
CE Low Pressure Safety injection 1 22>4032 .443649E-6

~

GE Reactor Water Cleanup 8 59425440 ,134622E-6
WE Emergency Core Cooling Systems 2 3835017e .521509E-7

B-15
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ISLOCA VALVE FAILDRE ANALYSIS
.............................

00HPONENiiAirOperatedValse FAILURE MODE: Fail to Close

AGGREGATC Fall 0RE RAff 5

i Esents i Hours- F6. lure oate
~

........ ......... ............

Totali- 38 174900288 .217266E-6
Pre-1984: 30 88671312 .338326[-6=

Post-1983: 8 86228976 .927762E 7

F AILURE CAUSE BRE AADOWN -

Description i Events %'of Total
..... ......................... ........ ..........

Fabrication / Construction /QC- -1 3
*

Lack of Lubrication' 4 11 |
Foreign Material Contamination -5 13 . ,,.

' Packing Problene 1 3 !

Leaking / Ruptured Diaphragm - 1 3

Mechanical / Control Part Problem 6 16

Solenoid Problem 1 3
Electrical Input Problem 2 5

Failure of Component Supply Sys 15 39
Unknown 2 5

LEAK RATI ESTIMATE
-(1980-1988)

Leak Size f Events % of Total
...................... ........ ...... ..

Large' Leak'(internal) 16 84

Large Leak (external) 0 0 '

Small teak-(internal)' 3 16

Small Leak (external) 0 0

FA! LURE RATES BY SYSTEM

Failure Rate
i Events.......-.'f

Hours--Vendor . Systemi
......... ............i ......: ...................................

CE- High Pressure Safety Injection ~4 13524192 .295766E-6
GE- -Reactor Water Cleanup- 10 59425440 4269244E-6
VE Emergency Core Cooling Systems 15 3B350176 .39tl32E-6

L
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p
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-ISLdCAVAL'EFAlluttANALYSISV

g. .......... .................

- k
.. LC0HPONENTi Air Operated V lve' FAILURE MODE: Internal Leakage .

-

AGGREGATE FAILURE RATES
*

-'e .

;, f (vents i Hours -Failure Rate
'

' *
........ ..... ... ............

Total: 46 -174900288 ,263006E-0
, .

'E Pre-1984: '33 8567131? 4372160E-6
; _ Post-19831 13- 66228976 .150761f-6-

_

FAILURE CAUSE BREAKDOVN

~ Description i Events % of Total
............................... ........ ..........

Fabrication / Construction /QC. 2 4-
' Procedural Inadequacy 1- 2
Corrosion 2 -4
Foreign Matertal Contamination 3 7

Mechanical / Control Part Problem 3 7 *

Seat / Disc Problem -27 59
Unknown 8 17

,

:-LEAK RATE CSTIMATE.
(1980 - 1988)

.. Leak S t re -- # Events _ % of Total
.. ................... ........ ........,.

~

Large Leak (internal) 1= 6
LargeLeak-(external) 0 0

Small teak (internal) . 15 .- 94

.5 mall.Lesk (external)- 0 0

- FA!!,URE RATES BY $YSTEM
-

, . _ .

' Vendor ' System- # Events i Hours- Failure Rate
.......'....... .................... -......... . . . . . . ........ ............

BW ' Emergency Core Cooling Systems _2 1863552 .254337E-6
CE - High Pressure Safety. Injection -3 13524192- .?21824E-6
GE-

- WE -~

-- Reactor Water Cleanup - 8 59425440 .134622E-6
Emergency core. Cooling Systems 2B :38350176- .730113E-6

_
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#+ ISLOCA VALVE FAltuRE ANALY111

.
:....... ..-,................

'COMFONENit Air Operated Valve - FAILURE N00t: . External Leakage /P.upture
~

AGGREGATE FAILURE RATES -

f Events # Hours failuie Rati

Total: 13 174900288 .743280E-7
Pre-1984: 7- 68671312 .789432E-7

Post-1983: 6 86228976 .695321E-7

FAILURE CAUSE BREAKDOWN .

Description 2 events ? Si icta)
.......................... . . . ...... . ..........

Procedural Inadequacy ! 8

Seal / Gasket Problem 1. 8

Packing Problem 9 69
Leaking / Ruptured Diephragm 7 15

P

LEAK RATE E$ilHATE
(19o0-1988)

Leak $1:e # Events % of Tota)
. . . . . . . . . . . . . . . . . . . . . . . ......... ..........

LargeLeak'(internal) 0 .0
- Large Leak (external) 0 0

Emall Leak (internae) 0 0

small Leak = * external) 9 100 ;

2

FAl'.0RE RAff 5 BY 3YSTEM

,

~. Vr odor - Systri # Events. ( Hours Failure Rate
....... ............. ..................... ........ .......... ............

GE_ Residual deat Removai ? 534826'31 .373951E-7-

WE Emergen.y Core Cooling systems 6 3835017E .156452E-6-. .;

.
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Ebl 15LDCA VALVE. FAILURE ANALYS!$
.... ...... ..................

CDMPONENT). Air Operated Valve F AILURE H0DE: Fail to Operate as Required
-(Control Valves Only) (e.g. f all to control around -

s?.t point)

- AGGREGATE FAILURE RATE!

f Events i Hourt Failure Rate
..... .. ......... . . . . . . . , . . . ..

Total: 19 474900288 .106633C-6
Pre-1984: 14 886713!2 .157886E-6

Post-1983: 5- 86228t?6 ;,5798blf-7,

FAILURE CAUSE BREAKDOWN

| Description f Events- % of Total
............................... .... .. -........,.

Personnel (Operations) 1 5
1 5 ' S .. . ''Design Error

_

4 21Foreign Material Contamination, ,

Mechanical /Conteo1 Part Prob 1pm 4 21
Pilot Valve Problem 1 5

'flectrical input Problem 1 5,
failure of Component ~1pply Sys 3 16-

= Unknown- 4 21

,

LEAK RATE ESTIMATE-
(1980 - 1988)

'

-Leak Stre i Events- % of Total
f ...................... ........ ..........

Large Leak (interns 1) 4 100
Large Leak (external) -0 0
Scali Leak (internal) 0 0

_

Small Leak (external) .0 0

FAILURE RATES BY SYSTEM

Vend:r Svstem i Events # Hours Failure Rate
.-......._............ .................,... ......., .......... ............

BW . Emergancy Core Cooling Systems 1 7863552 ,127168E-6
| . CE High Pressure Safety injection 4 13524192 .369707E-6

GE Reactor Water Cleanup 9 59425440 .151450E-6
VE Emergency Core Cooling Systems - 4- 38350176 .104301E-6

i ,

,.

,

r
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ISLOCA VALVE FAILLRE ANALYSIS
.............................

COMPONENT: Air Operated Ya',ve~ FAILURE MODE: Plugged / Transfer Closed

- AGGREGATE FAILURE RATES

f Events- # Hourc- Failure Rate
........ ......... ............

~ Total: 4 174900288 .228701E 7
Pre-1984: 3 - 88671312 .338328E-74

Post-19831 1 86228976 ,115970E-7

FAILURE CAUSE BREArDOVN

Description # Events % of Total
.................... .......... ........ ..........

. Leaking / Ruptured Diaphragm 2 50
Failure of component Supply Sys 2 50

LEAK RATE EST! HATE

(1980 - 1988)

Leak Site .# Events % of' Total
...................... ........ ..........

Large Leik (internal)' 0 -0
.Large Leak (external) 'O O

Small Leak (internal) 0 0

Small Leak (external) 0 0

FAlllRE RATES BY SYSTEM

-Vendor System ~# Events i Hours failure Rate-
...... ................................... ........ ........... -............

BW Emergeacy Core Cooling Systems' 2 7863552 .254337E-G.'

'

GE- Reactor Water Cleanup 1 59425440 .16827BE-7
WE Emergency Core Cooltsg Systems 1 38350176 .260754E-7

4
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$ -15LOCA VALVE FAILtRE ANALYSIS
.............................

,

JCOMP0hENT:-Att Operated Valve. FAILURE MODE: Maintenance / Replacement

AGGREGATE FAILURE RATES

f Ev'ents- # Hours Failure Rate
........ ......... ............

Total: 5 174300288 .285877E-7
Pre-1984: 5- 88671312- .563BBOE-7'*

'

Fost-1983: 0 86228976 . 000000E +0 --

rAILURE CAUSE BREAKDOVN

' ' Description f Events % of Total
............................... ........ ..........

9
Personnel (Maintenance) 2 40
Design Error- 3 60

,

LEAK RATE EST!KA'd
(1960 - 1988)

9

Leak Size- f Events % of Total
.......... . ......... ........ ..........

Large Leak (internal)- 0 0
" Large Leak,(external)= 0 0

'Small Leak (internal)' 0 0

5mell Leak (external)- 0- O

a.
'

FAILURE RATES BY SYSTEM

-Vendor : System' s Events # Boars -F6tlure Ratn
,

...... ................................... ........ .......... ............

= BV | Emergency Core Cooling Systems 2' 7863552 ;254337E-6 -

'CE High Pressure Safety injection 3 13524192 .221824E-6
,

4

,

l
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ISLUCA VALVE FAILURE ANALYS!$
.................. ....... 4

C0aPONENT;iirOpiratedValve FAILURE MODEt improper Velve Configuration
~

AGGREGATC FAllVRE RATES

-# Events i Hours Failure Rate
-........ ......... ............

Total: 2 174900288 ,114350E-7

Pre-1984: 1 88671312 .112776E-7
Post-1983: 1 86228975 .Il5970E 7

Ei FAILURE CAUSE BREAK 90WN -

Description '# Events % of Total
....,..............-....... ... ........ ..........

Personnel (Operations) 1 50

,y UnknownL 1 50

|:
*

LEAK RATE ESTIBATE ,

(1980 - 1969)

Leak $1:e i Events 'A of Total ;

-...................... ........ ..........

Large Leak (internol) .i 100-
- Large Leak (external) 0 0

Small Leak (internal) - 0 0

Small Leak (external)' 'O O

Fl!LLRE RATES BY SYSTEM

9endor System . f Ev=nts i Hours Failure Rate
'

................................... ........ .......... ............
7.....

-CE High Pressure Safety injection !- -13524192 .739415E-7

f3E Reactor Water. Cleanup
'

1 59425440 .16827BE-7

.
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15LOCA VALVE FAILURE ANALYSIS-
..................... ......

,

- COMPONENT: Air Operated Valve ... FAILURE MODE: Transfer Open
'i'

AGGRi MTE FAILURE RATES
e

L

- # Events i Hours . Failure liste
........ ......... . . . . . . . . . . . . -

- Total: 1- 174900288- .571754E-8.-
Pre-1984: 1 88671312 .112776E-7

Post +1983: 0 66228976 ;000000E+0

FAILURE CAUSE BREAKDOVN

sescription f Events % of Total
..............................._ ........ .......... ,

_j Personnel _(Operations). I 100

LEAR RATE ESTIMATE- -

- -|1960 - 1988)

Leek Site. # Events % of Total.-
... ................... .. .... ....... .. .

Large Leak (internal) 1 100
Large Leak (external) 0 0

Small test (internel) 0 0

small Leak (external)- . 0 .- 0
,

FAILURE RAM S BY SYSTEM

Vendor. ' System i Events # Hours failure Rate
...... ................................... -........ ........,. ............

VE - Emergency Core Cooling Systems 1- .38350176 .260754E-7

4

+
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- ISLOCA VALVE FAILURf ANALYSIS'
.............................

COMPONENT: solenoid Operated Valve , FAILURE MODE:. Fall to Open

- AGGREGAlt FAILURE RATES
~

f. Events # Hours failure Rate:
. . . . . . . . . ........ ............

Total: :- 9 - -14139120 .636531E-6
Pre-1984: L9 7273680 .123733E-$

Post-1983: -0 -6865440' 4000000E+0

FAILURE CAUSE BREAKDOWN
-

Description- # Events % of Total
............................... . . . . . . . . . ..........

Personnel'(Kalntenance) I' _11

Mechanical / Control Part Problem 1 11

Solenold Froblem _ 6 67-
Unknown 1 11

1

5LEAKRATEESilRA1EI
-(1990 - 1988)-

Leak Stre 'f Events % of Total
...................... - ....... ..........

Large Leak _(internal) -- O _ 0

Large Leak-(external) 0 0

Small Leak (internal) 0 0*

SmallLeak'(external)-- 0 0

FAILURE RATES BY SYSTEM

-

' Vendor : System f Events i Hours Failure Rate
-...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~ . . . . . . ........ . . . . . . . . . . ............-

GE . ~ Reactor Vater Cleanup 8 11885088- .613112E-6
.

f

-

$
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ISLDCA VALVE FAILURE ANALY$l$
!

'

............... 2............

. COMPONENTi. Solenoid Operated Valve FAILURE MODE: Fall to Close
|; _ _ . . . - -. _

p AGGREGATE FAILURE RATE 5 -

|-+

|} # Events # Ebuts Failure Rate +

-.. ..... ......... ............

-Total: 19' .14139120 .134376E-5
;- -Pre-1964: 18 '~ 7273680 .247467E-5
'; Post-1983: 1 6865440 ,145657E-6

FAILDRE CAUSE BREAKDOWN s

Description...............................- ,,....... % of Totali Events
..........

Corrosion . 1- :5
Foreign Material Contamination - 4 21

' *

Excessive Vibration 4 = 21

_. Mechanical / Control Part Problem 4 21
'+

Limit Switch Problem 5 26
Solenoid Problem 1 5

LEAX RATE ESTIMATE
(1980 - 1988)

.

Leak Stre 'i Events '% of Total
....... .............. ........ ..........

Large Leak (internal) 11 92
Large Leak (external) 0 -0
Small Leak (internal) 1 8

. Small Leak-(external) 0 0

*

FAILURE RATES BY SYSTEM

Vendor 1 System # Events f Hours - Failure Rate-

H$ghPressuchSafethnehton 2540hh 4h649E6CE

GE Reactor Vater Cleanup 5 --11685088 .420695E-6-

.

n
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ISLOCA VALVE FAILURE ANALY$l$ .
.............................

' COMPONENT: $olenoid Operated Valve FAILURE MODE: Intwrnal Leakage

AGGRE6 ATE FAILURE RATE $

f Events i Hours- Failure Rate
. . . . . . . - ......... ............

Total: 6 14139120 ,424354E- 6 -

Pre-1984: 3 7273660 .412445E-6
. Post-1983: 3 6865440 .436971[-6

FAILURE CAUSE BREAKDOWN-

Description f Events % of Total
.......-.................... ... ........ ..........

Personnel (Maintenance)- . 2 33
Foreign Material Contamination 1 17

Seat / Disc Problem 1 17
.

Unknown 2 33 ,

|
!'

LEAK RATE ESilMATE i'
s

'

(1980 - 1986)

- Leak Site i Everts % o) Total
......................- ........ . . . . . . . . . -

Large Leak (internal)- 0 0 a
large Leak (external) 0 0 i

Sma41 Leak (internal) 3 c- 100.3

- Small Leak (external) 0 0

.

- FAILURE-RATFS ST SYSTEM

Vendor Systen i Events # Hours failure Rate
-.

i
- CE L High Pressure Safety Injection 1 225a032 .443645E-6

GC- Reactor Water Cleanup 3 =11885088 .252417E-6 *

t
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.!$tDCA VALVE FAILURE'ANALYS15
- - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -

=!^ --COMPONEhi(SolenoidOperated' Valve _ FAILURE M30E: Fall to Operate as Required

t r= AGGREGATE F AILURE RATES

# Events f Hours failure Rate
.. ....... .. .........

Totalt -. 9 14139120 .636531E-6
-Pre-19841 9'- 7273680 !.123733E-5.

-Post 1983 0 6865440 .000000E+01

-NAILURECAUSEBREAKDOVN
-

.

Description
.

f (ven's % of Total . ;
........-...... ............. ........ . . . . . . . . . . .

Foreign Material Contamination 3 33
teaking/ Ruptured Diaphragm .I !! ,

~r' Solenoid Problem 1 11 *

. Electrical Input: Problem' 4 44
4

: LEAK RATE ESTIMATE

(1980 1988)
-

Leak Stre f Events- % of Total
< ....................... ....... ..........

Large Leak (internal): 0 0-
' .targe leak (external) 0 0-

',

5 mall teak (internal) 0 0 !

; small Leak (external) 0 0 *

n FAILURf Raft 5 BY $YSTEM

- Vendor : Syst'em - # Events f. Hours- Failure Rate
...... ................ .......... ......,- ........ .......... ............

CE - High Pressure 5afety injection 4 2254012 .177459E-5>

~L GE -' Reactor Vater; Clear.up ' 4 !!885088 .336556E 6

,

:
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ISLOCA VALVE FAILURE ANALYSl$'

,;; ...... ...................

COMPONENT Solenoid Operated Valve ' FAltlRE H0DEt Plugged / Transfer Closed

-"i - -

- AG6REGATE FAILURE RATES-

;# Events i iburs . Failure Rate
........ ......... ............

Total: 16 -14139120 .113161E-5
. Pre-1984: 16- 7273680 .219971E-5*

h' , Post-198J 0- 6865440 ,000000E+0-'

r'AILURE CAUSE BREAKDONN -

; = Description # Events % of Total
:+ ......... ..................... ........ ..........

.. Solenoid Problem 4 - 25
' M' Electrical Input' Problem it - 75--

- LEAK RATE ES11 MATE a
, . (1980 - 1988) r

.5- Leak Site : # Events % of Total-
...................... ........ ..........

Large leak (internal) -0 0-
Large Leak (external) ~0- 0

Small Leak (internel) -0 0 *

knall Leak (external) 0 0

FAILURE RATES BY SYSTEM -

-Vendor-~$ystem # Events # Hours Failure Rate-
...... ............... ................... ........ .......... ............

GE . Reactor Vater Cleanup 16 11885088 .134622E 5
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!$LOCA VALVE FAILURE.ANALYS15
.................. ..........

= COMPONENT: Solenoid Operated Valve FAILURE MODF: Maintenance / Replacement

E

AGGREGATE FAILURE RATES

# Events i Hours failure Rate
........ . . . . . . . . . - . . . . . . , . . . . - .

Tetal: 1 14139120- .707257E-7
Pre-1984: 1 7273680 4137481E-6 ,

Post-1983: .O. 6855440 .000000E+0

FAILURE CAUSE BRIAKD3WN

Description i Events % of Total
............................... ........ ... ......

Fabrication / Construction /QC 1 100

LEAK RATE ESTIMATE
(1980 .- 1988)

Leak Size # Events % of Total
. . . . . . . . . . . . . . . . . . . . . . _ ........ ..........

Large Leak (internal) 0 0
Large Leak (external) 0 0

Small Leak (internal) 0 U

small Leak (external) 0 0

FAILURE RATES BY SYSTEM

Vendor system i Events 8 Hours failure Rate
...... .......................... ........ ........ .......... .............

GE ' Reactor Vater Cleanup 1 11885088 .841390E-7

r

I
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: ISLOCA VALYL FAILURE ANALYSIS
T*;,"

_

c
2.. . . . . . . . . . . . . . . . . . . . . . . . . . . .

COMPONENT: Solenoid OperateJ Valve' FAILURE MODEi Test hot Performed
- _ .

AGGREGATE FAILURE RATES

# Events > i f Hours- - Failure Rate,

........ ......... ......--.....

Total: 1 14139120 .70/257E-7
Pre 19841 1 L7273680 .13748)E-6

' Post-lta3: 0 6865440' .000000!+0-

FAILURE CAUSE BREAKDOWN ;

Description f Events % of Totalcs; -

;

.. ............................ ........ ....... .. 1Y ~ Personnel (Operations) 1 100 I

LfAX RATE ESTIMATE
,

(1980 - 1988)

- Leak Size = f Events % of Total +

...................... ........ ..........

~ p" Large Leak (internal) 0 0 i

Large Leak (external) 0 0
Small Leak- (internal) ' O O

Small teaO(external) 0 0

,

s

Y

w

4

w
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ISLOCA VALVE FAILURE ANALYSIS
' ......... ....au.............

: s. COMPONENT: Solenoid Operated Valve FAILURE M00ft improper Valve Configuration,

AGGREGATE FAILURE RATES

'# Events .i Hours failure Rate
........ ......... ............

Total: 1 14139120 .707257E-7
' Pre-1984: I 7273660 .1374BIC 6
Post-1983: _0 6865440 .000000E+0

,

FAILURE CAU$E EREAKDOW't

| Description. # Events' :f Total
................... ........... ......... ........

e - Personnel (Operattor,s) i 100
m

LEAK CATE ES11 MATE

(1980 1988)

Leak Stra-. - f Events % of Total
................,....... ........ ..........

Large L:ak (internal)| 0 0-
LorgeLeak-(external). 0 0

Small Leak (inturaal) . 0 0-
Small Leak (externa')- O. 0

-FAILORE' RATES BY SYSTEM

'; Vendor $y1 tem' # Events d' Hours Failure Rate
-

...... .................................... ........ .......... ............

GE Reactor Vater Cleanup. I 11885088 ,841390E-7

y

_.

,.

1.

,
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ISLOCA VALVE FAltl&E ANALV$15
.... ..........a........... .

'CDMPONENTi Check Valve FAltVRE MODE: Fett to Open q

= AGGREGATE FAILURE RAffS*

f Events / Hours failure Gate
........ ......... ............

Total: 9 276433056 .325576E-7
8- 142218144 .562516E-1Pre-1984: "

-Post-1983: 1 -134214912 .745073E-8
o

FAILURE CAU5r BREAKDOVN -

Description' i Events % of Total
............................... ........ ...........

_

Personnel (Maintenai.ce) 1 11

Foreign Material Contamination 4 44
'

Hechantcal/ Control Part Problem 1- 11'

Utiknown 3 33

, _ .

LEAK RATE ESTIMATE
(1980 1988)-

Leak Site i Events % of Total
.................... 4 ........ ..........

-LargeLeak_(internal) 0 -- 0

targe Leak (externat) - 0_ 0

- Snull teak (internal) 0 0

. Small Leak (external) 0 0

FAILURE RATES BY SYSTEM
,

Vend :-.' ' bystem i Events i Hours Fallure Rate
,

;..................... ............ ,....... ... ...... ..................

BV : . Emergency Core Cooling Systems 2 43249536 462432E-7.
' CE High Pressure Safety Iniection 1 39445560 .253513E-7
; GE - High Pressure Coolant Injection 1 -7049803 ,141847f-6
- GE Reactor Core isolation Cooiing 2~ 12006960 .166570E-6

GE- Reactor Vater Cleanup 2- 23770176 .841390E-7
: VE - - Emergency Core Cooling Systems 1 !!2223B56 .891076E-8

,

i
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15t0CA VAL 40 FAllVRE ANALY$1S=

...........u..........,....-

COMPONENii.Ct:eck Valve FAILURE MODEi Fail to Close

~#~
- AGGREGATE F AILURE RATES

f Events # Rours Failure Rate
........ ......... .............

Totali 30 276433056 .308525E-6
Pre-1984: 25- 142218144 .175786E-6

,

. Post-1983: 5 134214912 .372536E 7

FAILURE CAU$E BREAKDOWN

Description # Events % of-Total '

Personnel (Maintenance) 2- 7

-Design Error
.

4 13
Fabrication /Conttruction/QC 4 13
Foreign Material Contamination 2 1

Mechanical / Control Part Problem 5 17
Seat / Disc Problem- 3 10
L imit . Switch Problem - 2 7

Unknown 6 27

LEAK RATE ESTlHATE .

.(1980-1988)

Leak $ lie f Events % of Total.

...................... ........ ..........

Large Leak (internal) 17 89
LargeLeak(external) 0 0 4

Small Leak (internal) 2 11

SmallLeak(external) -0 0

4 FAllVRE RATES BY SYSTEM

Vendor . System
_ _

f Events # Hours'- Failure Rate
. . . . . . - ............... ................... ..,..... .......... ............

BV.. - Emergency Core Cooling Systems 3 43249536 .693649E-7- _

s- -: rt - High Pressure Safety injection 3 39445560- .760541E-7
GE Hip 5 Pressure Core Spray 2 1117632-. ,178949E-5
GE _ Hign Pressure Coolant Injection _2 -7049808 . 283695E-6,,

'
1 Gr- Reactor Core isolation Cooling- 2 12006960 ,166570E-6z

GE - Reactor Vater Cleanup 2 23770176 .841330E 7-
i GE Residual Heat Removal- 7 . 14856360 471173E-6-

Vf Emergency Core Cooling Systems 9 112223856' .601968E-7 '

.
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15LOCA VALYL FAILL*f - Autf 51$
.............................

COMP 0hlNit Check Valve. FAltlRE MODL: Internal leakage

AGGRlwit F AlltRE RAf(S.

f Events # Houre fallbre %te
. ........ .......+. ............

fotah 4 276433056 .144700[.7
Pre 1984: 2 14ttl8144 .140629( 7

fost+19831 2 134714912 .149014t 7
i

FAllLRI CAV5[ BR(As.DDVN

DesertDtion f [ vents % of Total
q....... ...................... ........ ..........

Packing Problem ' I t$
'

Mechanical / Control Part Problem 1. t$
Seat / Disc Problem 1- t$.

-Unknown 1- t$'

.

L( AK RAT [ [511 MAT [
(1980-1988)

1

Leak $1t, # [vente % of lotsi |
......................- ........ .......... i

- 6 Largeteak(external) _
O O ILecpeLeak(interr.al).

0 0 =- ,

'

SmallLeak(internal) 4 100
'

SmallLeak'(external) 0 0:
,

FAltLW[ RAl[$ BY SY$1[M ;

;

Vendor System # (vents # Hours - failure Rete '

...... ..................... ............, ........ ........,. ............

CI High Pressure safety l'jection- 1 39445$60 .tS3513r.;

GE Reactor Water Cleanup . I 23770176 .42009$t-7
*

GE Restdual Heat Removal . 1- 148$6360 .673117t+7
V[. (mergency Core Cooling $ystems - 1 110223856 . 89107f>f * 8-

!

I
*
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15LOCA VALVC FAILURE AhAlf t!5
'

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .
,

2

CDNP0hfNit CPeck Valve FAllt%f kDDt: t uternal Leakage / Rupture ;

. . I
AGGREGATE FAILURI RAT [.

# Events # Hours Failure Rate
!. ...... ......... ... ........

Totalt f 17 FF6433056 .6149771 7
Pre 1984: 9 142218144 .63283DE+1

'

Post-1983: 8 134tl4917 .596056t+1 ;

F AILURt CAUS( BRIAKD7WN ;

Description # twents % of total
....-........................... ........ ..... ....

Personnel (Maintenance) I t

Seal / Casket Problem 8 47 i
Packing Pr601em 6 29 *

Weld failure ! $
Ura nown t it

(fAK RAit ($7) MATE
(1960 + 1988)

-k $lte f Events % of total
..................... ........ ..........

LargeLeak(interrial) 0 0'
Large leti (external) 0 0 - i

'

$ mall Leak (Internal) 0 0-
- Small Leak (external) 13 100

TAILLRI RAf[$ $f $YSTIM
,

' Vendor' Syst em .
f (vents. . . . . . . . '.# Hours. Feilure Rate

. ... ............................,...... . . . . . . . . . . . ............

BW (mer0ency Core Cooling Systems '1 L 43249536 .231216t*7
CE High Pressure Safety injection - 4 39445560 .101405t 6
GE Reactor Core isolation Cooling 't 12006960 .8328500 7
GE= Reactor Water Cleanup 1 23770176 420695t 1
GE Residual Heat Removal ? 14856360 ,13462t[ 6

. VE tmergeney Core Cooling Systems 8 112223856 712860(-7 +

>

.-.

>
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15lDCA VAtVI I AlltRL A%At1515
................. u..........

(DMf 0%l hi: Check Value IAlltm[ M3DI: Revetse leakage (Check Valies)

AGGRlGAl{ I AlltEl RAl[5

# [se-ts e now s fatlure R6ter
... .... . . ..... .... .....

Tota h 161 270433050 .5P2419t-6
Fre 1984: lil 142718144 .700491t-6
rost-1983, 50 1342.4912 .37thRt-6

F AlttRi CAUSt BRI AtDNN

Descr ipt ion # lit +ts % of Total
............... .... ......... . ...... ... ......

Fersonnel e"> jrsttons) 1 1

Design Irtc 10 t,

fabrication /Coestruction/QC 1 1

Procedural triadegancy 1 1

Intessive Veer 4 ?

Cctrosion 3 7

oreign Material Cortam,nat ton 14 9

Seal / Gasket Problem 3 2

Mechanical / Control Part Froblem 3 ?

Seat /0tse Problem 15 47

Unknown 46 79

iLAK RAll (511 Mall
I (19Bf1 - 19BB)

I
leak Stre # [ vents % cf letal
.... ................ ........ .. .......

Large lean (internal) 3 3

Large leak (ex t erna l) 0 0

Small tea (ir ternal) 110 96

Small teak (enterral) 1 1

FAllVRL RA1ES BY 5Y51tM

Vendor Systen # Ivents i Hours fatture Rate
...... ............................... ... .. .... .......... . . . . . . . . . . .

EW [mergency Core Cooling Systems 9 43749536 .?08094[ 6
#i1 5 Pressure Safety injection 19 39445560 481676E-6CE 9

C[ Core F1 md Accumulators 47 450B004 .104257t+4

CE Low Pressure Safety injection 4 13524197 .295766f-6
GE High Pressure Core Spray 6 1117632 .536B49[-5
GE High Pressure Coolant injectton 10 7049808 .141847E.5

GE tow Pressure Core Spray 2 2971772 .673112f-6
GL Reactor Core Isolatton Cooling 5 12006960 ,416425t-6

GE Reactor Vater Cleanup 6 ?3770176 .25241?I-6
GE Residual Heat Renosal 22 14856360 .146064E-5

VE imergency Core Cooitng Systems 31 11??23656 .776233E-6

6-36
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15LtKA VALV[ TAILURt AhALT$l$
.............................

COMPDNINii Check Valve iAltLRE 6.301: Fatt to Operate as Required

AGGR(GATE FAllVR( RAl[$

# (vents- .# Hours failure Rate
........ ..... ... ............

letal- 6 7164330$0 .180875[ 7
Pre 1984: $. 14??!B144 .3$157tt-1 ' l

-

Post 1983: 0 134714912 .000000f*0 '

I

f AILURI CAUS[ BR&ALDOVN j

Description f twents % of total '

......... ..................... ....... ..........

Design (rror 1 20 j
Corrosion 2 40 i

Mechanical / Control Part Problem 1 to
Seat /Dite Problem 1. 20 ?

i

LEAK RAl[ I$11 Malt - i
-(11,80 1980)

'

-Leak Site- # [ vents ' % of Total
....................... ........ .... .....

LargeLeak(internal) 0- 0 ,

large leak (external 0- 0 ,

$ mall Leak (internal 0 '0 *

1ma11 Les lenternal 0 0
' ;

F AILURE RAl($ Bf SYlitM i

Vendor- System # (vents i Hours failure Rate
...... .................................... ........ .......... ............ !

'

Bd fmergency Core Cooling Systems t 43749536 4624320-7*
.

GE
'

High Pressure Coolant lejection- 1 '7049808 .141847t+6
.GC Reactor Core isolat ton CW1bg 1 12000960 .232850E.7

- GE . Residual Heat Removal 1 1485fd50 .673112t-7
,
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11LOCA VAlvt i Altim! ANALY515
.........r.........s.........

- COMPDRf hii Check Valve - T AILURE M3Dl: Plugged /1ransfer Closed

AMR[ GAT [ FAILURL "'ll5

i [ vents i Hours- f~ allure Rate
........ ....... .. ............

Totair 1 176433056 .361761T 8 i

Pre 1984: 1 14tt18144- ,703145t 8
Post +1983: 0 134tl4912 .00000Dt+0

F AltuRL CAU5f BRf AKODW ,

|

Description i (vents 1 of Total i

!......................... ..... ........ ..........

Foreign Material Contaminat' n 1 100

,

ifAK RAlf ($11 mal [
(1980-1988)"

leak tire # (sents % of Total ,

- ...................... ........ ..........

. Largeleak(internal) 0 0 ;

large Leak (external) 0 0

$ mall Leak (internal) 0 0

$ mall Leak (tuternal) 0 0

FAILURt RAILS BY SYST(M ,

Ve.edor -System i Ivents i Hours failure Rate
-......--........... ........................ . . . . . . . . - .......... ............

y' ' .
VE (mergency Core Cooling Systems- 1 112223856 .8910160-6
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15LOCA VALVE FAILDRE AkALY515
*.............................

COMPONINii Chetk Valve FAltVk[ MDD[r fest Nut Performed

#
AGGR(GATE FAILURL RAl[$ s

!.

# (vents i hours failure Rate |........ ......... ............
;

total: 3 - 276433056 .108525[ 7 &

Pre-1984: 3 14?tig!44 4210943t 7 !

Post 1983r - 0 134214912 .000000E+0 i
f

FAILUR[ CAUSC BRE AKDOVN

Description. f twents .1 of 10.a1 ;

............................... ........ .......... ,

Personnel (Maintenance). I 33 !
.4. . Procedural Inadequacy 2 67 [

L[AK RAl[ t '!Kt!! '

_(1980- 4Fi j

sysk $ tie - n <j . g.1 , ett ?. ' . . . , , . . . ;
...................... . . . , s

large Leak (internal) 0 0 . i
large Leak (esternal) 0 0

*

$ mall Leek (internal)- 0 0
Small Leak (externe 1) 0 0

FAILURE RATC$ Bf $YsitM

Vendor System i fvents # Hours railure Rate. . . . . . . . - . . . . . . . . . . '..... - .........................,.... .... ............

GE High Pressure Coolant Inject' ion !. 1049808: ,283695[-6 ,
'

WC imergency sore Cooling Systems 1 112223856 .891076f B

;>
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ISLOCA VALVE TAILURC AAALY$1$
.............................

CDMPONf ki: CteckVhive FAllDRf HDDt: Improper falve Conf 1puration
,

AGCRIGAl[ FAILURE RAf ti

i [ vents i Hours Failure Rate
........ ......... ............

Total: 2 2164330$6 .723502E-8
Pre-1984: 2 -14ttl6144 *40629I-7..

Post-1983 0 134tl4917 .000000t+0
,

4

FAILURE CAU$[ 64( AKDOVN
]

Description- f Cvents 1 of Total
............................... ........ ..........

Personnel (Operations) 2 100 '

LEAK RAIL ES11MAf[
(1950 - 1988)

- leak' Size f [ vents 1 cf Total
t...................... ........ ..........
'Large leak (internal) 0 0

-,4 Large Leak (enternall 0 - 0
5sna11 Leak (internat) 0 . 0--.

Small Leak (enternal) 0 0

i
-*(AllVRE RA1($ BY $Y51LM

Vendor System e Events -t Hours failure Rete |
...... ..................................... ........ .......... - ............ t

BV . Emergency Core Cooling Systems 1 43249536 .231210E-1
GC- Reactor Core Isolation Coolt99 1 12006960 ,8328500-1

:
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?
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- 15LDCA VALVI FAltl*t A%ALY$11
.............................

CDMPONthii Testable Check Valve FAltlRt MODI: f a t i t o Open

AGGREEAll FAILUR( RATC$

f (vents -# Hours failure Rate
r ,. ........ ......... ............

Total: 1 17195232 .581556E 7'
Pre-1984: 0- 8736680 .000000t+0

Post 1983 1 6456352 .1182540 6

j' FAILtRE CAU5E BREAKDOVN
. i

Description f [vehts % of Total
............................... ........ ........... ;

timit $ witch Problem 1 100

LEAK Raft [$11HAf[
(1980 - 1988) ;

leak lite f Events 1 of Total
....................... ........ ..........

-targeLeak.(inte.nal) 0 0 *

Largeteak(external) 0 0
,

$mell Leak (internal 0 0
$nall Leak (enternal n 0

.,
FAILUR[ RAf[$ BY $Y$i;M

s
<.

Vendor System f [ vents # Hours Failure Rote |
...... ... 4.............................. ........ .......... ............

- GE - Residual Heat Removel 1 6221952 .160721[-6

+
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15LOCA VAlvt FAILURL ANALY$l$
. .............................

COMP 0NINit festable Check Valve (AlltR[ M3Dit Fati to Close

AG6RIGAft FAlllR[. RAff'$
i

f twents f Hours failure Rate '

...... . ........ ............

Total: 3 1719$t32 .174466t 6
Pre-1984: 2 8738B80 .228662[-6

Fost 1983: 1 8456362 118254[-6-

FAlltRC CAUS[ RRIABDNN
1

Description f [ vents % of Total
....................... ....... ....... ..... ....

.; Personnel (Maintenance) 2 67
~

Mechanical / Control Part Problem 1 33

LEAK RAl[ ElilMAlf-
(1980 - 1988)- ,

'

Leak Site f [ vents % of Total
...................... ........ .......... ,

- Large Leak (internal) - 3 ~100
'

Large leak (enternal) 0 :0 .;

. SmallLeak(internal) 0 0 ;

y $ mall Leak-(external) 0 0
,

(A1LlRf RATI$ BY $Y$f[M

Vendor System f fvents i Hours failure Rate
'

(_.. - ...... _ .. .... ........ ....... .. ............

: GE High Pressure Coolant injection- 1 2349936 42$543[ 6
GC- tow Pressure Core Spray 1 2971272 .336556[-6 *

GE Residual Heat denmal 1 6221952 .1607t![ 6
r
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1$LOCA VALVI IAILUR[ ANALY$15
.............................

COMPON[ Nil f est6ble Check Valve IAlLUR[ MODE: Internal leakage

AGGRCGATL FAILURE RAi[$

# (vents i Hours failure Rate
........ ......... ............

fotal: 2 1719$232 .1163 tit-6
Pre 1984: 0 8736B80 .000000C+0

Post 1983: 2 64563$2 .236508f-6
)

FAllt$t CAU50 BREAKDOVN

Description i twents % of Total
............................... ........ ..........

Seat /Olst Problem 2 100 .

i

4

LEAX RATE f 511MAf[
(1900 - 1988)

Leak $1re i twents % of Total.

....................... ........ ..........

LargeLeak(Internal) 0 0
Large Leak (enternal) 0 0

$ mall Leak (internal) 2 100
$ mall Leak (external) 0 0

Fall'RC RATES BY SYlitM

Vendur - 5.ys t em i Cvents i Hours failure Rate
...... ' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........ .......... ............

GT - Res hlusi-keat Removal 2 C221952 .321442f 6

;

l

:

w-

1
I

2
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.th

.15t0CA VALVE FAILURE AMLY$11
'- .............,...............

00P.P0h(NI: 1estable Check Valee FAlltRE MODL: Luternal terkage/ Rupture

AGGREG41f FAILURE RAl[$ -

i twents i Hours failure Rate
........ ......... .............

Total: 2 17195232 ,116311[ 6
Pre-1964: 1 873B880 .ll4431L 6

. Post-IS531 1 8466352 .118254E 6'

FA'LURI CAUS( BR[ Ar00V'(

Description f (vents % of Total =
................................ . . . . . . . . ..........

$eal/ Gasket Probleen 1 50 3

Packing Problem 1 $0 ;

1

LtAK RAT [ [$11 MATE
(1980-1988)

Leak Stre i twents % of Total
.i

...................... ........ ..........

Large Leak (internal) 0 0

Large Leak (external)- 0 0

5 mall Leak (Internal) 0 0 .

Smell leak (external) 2 100.- j
-

FAILURE rafts Bf $YSTEM
~

'
:I

Vendor -5ystem. # Events :# Hours failure Rate
........ ......... .............. . . . . . - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - - ,

.

_

GE Reactor Core Isolstton Cooling 1 2401392 .416425E 6

GE - Residual Heat Removal- 1 6?l1952 .160721(-6

I
-

9

r

,

:

1

4

.
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15LOCA VALVE FAllVRE ANAliSI5 I
.............................

,

(JMPONENT: Testable Check Valve FAILURE MDDf: Improper Valve Configuration ~ 1

AG5RIGAlt FAILURE RAll$

f Fvents f tburs failure Rate
........ ......... ............

Total: 2 1719$232 .116311( 6
Pre 1984: 2 8736880 .228862E 6

Post 1983 0 8456352 .000000t+0

FAILURE CAU5! BRCALDOWN

Description f twents % of Total
................................ ........ ..........

Personnel (Operations) 2 100

P - t

f. . it AK RATE E111MA1C -

~" (1960-1968)

teak $tte f twents % of Total
...................... ........ ..........

Large Leak (internal) 0 0
targeLeak(externs 1)- 0 0

,

small Leak (internal) 0 0

$ mall teak' (external) 0 0

FAILURE RATES BY Sf51[M
:

Vendor System- # [ vents # Hours failure Rate
-...... ................................... ........ .......... .............

GE - H10h Pressure Coolant Injection 1' 2349936 .42$543E 6

GE . Reactor Core Isolation Cooling i 2401392 .416425[-6
:

b

k

9

.

B.45
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15LOCA VALVI FAlltRE ANALV515
.............................

COMPDNEhl: 1estable (teck Valve FAlttRE HODE: Transfer Open

AGG&lGAll FAllVRL RAl[$

# Events f Hours Failure Rate
........ ......... ............

Total: 1 17105?32 .581550[-7
Fre-1984: 0 6738680 .000000E+0

Post-1983: 1 8150352 .118754E-6

FAILUR[ CAUSE BREAKDOWN

Description # Even s % of 10tal
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , ........ ..........

Personriel (Operations) 1 103

LEAK RAfr. [511MATC
(1980 - ISBB)

Leak Stre # Events 7,of Tota'
...................... ........ ..........

Large Leak (Internal) 1 100
Large Leak (enternal) 0 0

Small Leak (internal) 0 0

small Leak (external) 0 0

FA!LDRt RATES BY SYSTEM

Vendor System f [ vents f Hours Failure Rate
...... ............ ..................... ... .... .......... ............

GE Low Pressure Core Spray 1 2971212 .330556E-6

B-46
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t

ISLOCA VALVE FAILURf AhALYS1$- .

.............................

CCMPONthi: Relief /Sofety Valve TAllt*! MODt rail to Open
,

'

AGGRIGAlf FAltVRt RAl[$
1'

f Events i Hours failure Rate
'

_ ........ ......... ............
'

Totalt- 2 ~76$99936 .t010b6f 7
Pre-1984: 2 39126864 .511157f 7

Post 1983: 0 37473072 .000000[+0
,

I

FAlltRE CAU$( BRCALDDWN |

Description f tvenu n of Total '

............................... ........ ..........

foreign Material Contamination 1 60 ,

Unknown 1 60 |
s

!

LIAK RAi[ ($11MA1C
(1980-19B8)

Leak Stre f tvents % Df icial
...................... .... ... .. .......

LargeLeak(internal) 0 0
LargeLeak(enternal) 0 0

small Leek (internel)- 0 0

$ mil Leak (external) 0 0

FAILURE RAlf$ BY $Y$1[M

Vendor . System f (vents f hours failste Rate ;
...... ............................ ...... ........ .......... ............

WE -Emergency Core Cooling Systems 't 10276704 ,194614C-6-
[
i

-

,

|

I ,
i,.

I

f:
(

| :-
.

4

F

t

.

! -
|:
'
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15LOCA VALVE FAILURE ANAlfS15
.............................

COMP 0hENT: Rollef/ Safety Valve FAILUR( MCDE: Fall to Close

AGGREGATE FAILURE RATES

f Events i Hours failure Rate
. . . . . . . . . . .... .... ............

Total: 4 76599936 .522193C-1
Pre 1984: 1 39126664 .255578E 7

Fost-1983: '3 37473072- .800574E-7

TAILURE CAU$f .t1EAKDOVN
1

Description i Events % of Total
j.......... .................... ........ . . . . . . . . . . -

Hechanical/ Control Part Problem 1 26 iL' '

Seat / Disc Problem 2 50 1

Unknown 1 25
,,

)
LE AK RATE E$11KATE '

(1980 - 1988) _

Leak-Stre i Events 1 of-Total
...................... ........ ..........

Large Leak (Internal) 2 67 ;

large Leak (external) 0 0

- Small ieak (internal) 1 33

Small Leak (external) 0 0
,

'

FAILURE RATES BY SYSTEM

'

Vendor ~ Sy'st em . f Events f Hours Failure Rate
......- ................................... ........ .......... ............

' GE . . Reactor Water Cleanup 4 17827632 .224370E-6 ;

o

,

4

8

T

k

i

,

i
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l$lDCA VALVE FAILURE ANALY$11
.............................

COMPONEhit Relief / Safety Valve FAILURE HDDE: Internal Leakage

AGGREGATE FAlltRE RATES

f Events f Hours fallute Rate
........ ......... ............

Total: 25 76595936 .326371E-6
Pre-1984: 10 39126664 .255!7BE-6

Post.1983: 15 37473072 .400287E 6

FAILURE CAU$E BREAKD M

Description i Events X of Total
............................... ........ ..........

Fabrication / Construction /QO 1 4

lack of Lubrication 2 8
- foreign Material Contamination 2 8

Mechanical / Control Part Problem 1 4

. Seat /Dise Problem 10 40
Unknown 9 36

LEAK RATE E5flHATE
(1980 . 1988)

Leak Stre f Events % of total
...................... ........ ..........

Large Leak (internal) 0 0
Large Leak (external) 0 0

small teak (internal) 17 100 -

- Small Leak (erternal) 0 0

FAILURE RATES OY $YSTEN

. Vendor .- - System f Events i Hours Fallure Rate
...... .................................... ........ .......... ............

CE' High Pressure Safety injection- 7 11270160 .621109E.6 t

GE- Reactor Core isolation Cooling i 2401392 416425E-6
-GE Reactor Vater Cleanup 2 17827632 .112185E 6

?' GE Residual Heat Removal 9 17827632 .504B34E-6
VE - Emergency Core Cooling Systems 3 10216704 .291922E-6-

i

t

e

t

. Yi
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15tDCA VALVI FAllVRC AhAlill!
.............................

00HPDNENT: Pelief/ Safety Valve - FAILURf MDDC: f aternal Leakage / Rupture

AGGRIGATC (AILLRL RAl[5

# [ vents i Hours failure Rate
........ ......... ............

Total: 10 76599936 .130546f 6
Pre 1964: 1 391?tB64 .178905t 6

Post-1983: 3 37473072 .600$74[ 7

FAllVRf CAUSC BRIAKDOVN

Description f (vents % of Total
............................... ........ ..........

Personnel (Maintenance) 1 10

Des tD'i (tror 1 10

fxcessive Vibration 3 30
seal / Gasket Problem i 10 j

bellows / Boot Problem 4 40 |

L(AK RAll (Si! mal [ -|
(1980 + 1968) - |

Leak $tte i fvents % of Total
;...................... ........ ..........
'

large leak (internal) 0 0

La"geLeak(enternal) C 0

Snell L*ak (internal) 0 0
Small ,.L(evternal) 4 100

FAILURI RAl[$ BY SY$1(M

Vendor- System i [ vents i Hours failure Rate
...... ................................... ........ .......... ............

. El High Pressure Safety injection 6 11270160 .532379[-6
Gt High Pressure Core Spray 3 558816 .536649[ 5
VE (mergency Core Cooling Systems 1 10276704 .973074f 7

,

B

s -
*
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15LDCA VALVE FAltuRE ANALYS!$
.............................

IE0MPONENT: Relief /$afety Valve FAILURE H0DE: fat) to Operate as Required

AGSR[ GATE FA!LlRt RAl[$- )

# (vents # Hours failure Rate
,........ ......... ............

Total: 4 76599936 .$22193t-7
.

Pre-1984: 4 39126664 .102231E-6 !

Post 1983: 0 37473072 .000000E+0 '

,

FAILURt CAUSE BREAK 00VN

iDescription f Events % of Total *

............................... ........ .......... 4

Unknown 4 100

;

(EAK RATE (STIMATE
(1980 - 1988)

,

Leak $tze f Events % of Total
...................... ........ .......... i

Large leak (internal) 0 0 -

Large Leak .(external)- 0 0 !
Small Leak ~ (internal) 0 0

.Small. Leak (external) 0 0 '

FAILURE RATES BY $Y11EM !

,
= Vendor = $ystem f Events f hours fatlure Rate [.. ... ..........+......................... ........ ..........- ............

.t CE High Pressure Safety Injection 1 11270160 .881298E-7 [4T - Energency Core Cooling Systems 1 10276704 .973074E-7

)

,

,

! ';

og

-.

$

.
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ISLOCA VALVE l AILURE ANALYS15
...,.........................

CDMPONENT: Reitef/5afety Valve . ALLURE MOD (: Premature Dpen

AG3REGATE FAlltRE RAlf 5

i Events i Hours failure Rate
........ .. ...... ............

Total 20 713991;6 .261093E-6
Pre-1984: 13 39tifB64 .332137E 6

Post 1983: 7 37473072 .186B00E-6

FAILURE CAU$E BREAK 0WN

Description f Events % of Total
............................... ........ .......-..

Personnel (Maintenance) 1 5

- Design Error 1 5

Fabrication / Construction /QC 2 10
-Procedural Inadequacy 1 5

Foreign Material Contamination 1 5

Mechanical / Control Part Problem 1 $

-Seat /Olse Problem 't 10 1
'

Unknown 11 55

LE AK RATE ESTIMATE

(1980 - 1908)

Le6k Stre i Events % of Total
...................... ........ ..........

Large Leak (internal) 5 56

Large Leak (external) 0 0

Imall Leak (internal) 4 44

(> $nall Leak (enternal) 0 0

FAILURE RATES BY SYSTEM

vendor $ystem f Events # Hours Failure Rate
...... .................................... ........ .......... ............

BV Emergency Core Cooling Systems '2 3931776 .508675E-6
CE High Pressure Isfety injection 5 11270160 .443649E-6

. CE tow Pressure Safety lnjection 3 9016128 .332137E 6
GE Reactor Vater Cleanup 3 17827632 .168278E.6

,
'

GE Residual Heat Removal 1 17877632 .560926E-1
VE Emergency Core Cooling Systems 5 10270704 .486537E 6

.-

!

B-52

- .. . . . . - . . -



_ _ __ _ _ __ _ ___ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ . _ .

15t0CA VALVE FAILURE ANALLS
.............................

OCOMP 0r:N z Relief / safety Valve FAlttRC MODE: Maintenance / Replacement

AGGREGATE FAf tlR[ RA1($

-f (vents f Hours failure Rate
..... .. ......... .. .........

total: 1 76599936 .13054BE 7..,

Pre-1984: 1 39176864 .tL!578E.1
Post-1983: 0- 37473072 .UD0000E+0 I

!
FAllt*E CAUSE BREAKDOW

!.
Description i Events- % of Total ;
............................... ........ . ........ .

Des 1Dn Error 1 100
..

E

LEAK RATE (STIMAtt
,

'

(1980-1988) t

teak Stre # (vents % of lotal
.................... . ........ . . . . . . . . . . . .[

.-targeLeak(internal) 0 0 :Large leak (external) 0 0
SmallLeak(internal) 0 0

-Small teak (external) 0 0 :

FAltt*E RATES BY SYSTEM

Vendor System. f Events f Hours failure Rate
...... - ................................... ........ .......... ............

. Cl fHighPressure$4fetyinjection -1 112/0160 .BB7298E 7,

,

)

. [

-i

-

3
|:
|

.
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15LOCA VALVs F AILURE AhALY515
.............................

CDMP0hCN1; Reitef/ Safety Valve F A!LtR[ HDDit Fall to Restat (Reitet valve)

AGLRE GAIC allt*I RAI(5

f Etents # Haurs fatlure Pete
........ . ...... ............

Total: 22 76599936 2672 0f.[- 6
Pre-1984: 9 3912t BC4 .230020E-6

Pest-1083: 13 37473072 .346915C-L

F AILURE CAU$t BREALDOWh

Description i Egents % of lotal
............................... ....... ... ......

Personnel (Maintenance) 1 5

latessive Veer 3 14

Mechan)(al/ Control Part Problem 1 5

5est/ Disc Problem 3 14

Unknown 14 64

[[ AK RAll (5TIMAIL
(1980 + 1988)

Leak Stre f [ vents 1 of letal
...................... ........ ..........

Large Leak (internal) 12 55
Large L.eak (external) 0 0

Small Leak (internal) 10 45

Snell Leak (external) 0 0

FAILURE RATES BY SYsitM

Vendor System # (vents # Hours Failure Rate
...... ................................... ........ .......... ............

BW Emergency Core Cooling systems 1 3931776 .254337C-6
CE High Pressure tafety Injection B 11270160 .709B39E 6
GE Reacter Water Cleanup 5 17827632 .280463E-6
WE Emergency Core Coc1tng Systems 8 10270704 .778459C-6
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;

i

B.2. Data From Generic Sources ;
;

The f ailure rates listed herein were gleaned f rcre a report by fide, et, al 0d and |

1 AE A-1(CDOC $08.8'I The failure rates reported in both docunents were entracted f ra other well documented I

sources. Alto included herein, is any significant infomation reportedly used in deriving the failure rates.

!

Codes used in deternining and reporting tte f ailure rate information include:
3

!

NUCLARR CATIG04Y I (hl) = 19 PRA data sources

NUCLARR CATEGORY 2 (h2) = LtR and IPIS$ data sources
P

NUCL ARR CAffGORY 3 (h3) = 1[[[ and apt 0-3 data sources

estimated values (see equat1*n attached) [
* =

only the redian value was t tvorledi in all other cases either the mean or mean andf = +

median were reported

$ = calculated value (set quation attached)
/0 = per demand

/H = per hour

/CY = per cycle

W/0 a without

CAV = check valve

(F = error factor ,

-RF = range factor
'

LB = lower /minta sm bound

580 = station blackout
UB = upper /marimum bound.

[quations used:

Where the eean, median, or error f actor was not reported in the ref erenced documents, they were

calculated using the following: ,

i -

=

| Error Factor = (95% Upper Bound)/ Median

Mean/ Median =emp((In(trrorFactor)/1.E,449)I)/2)

1.6449 = constant for 90% confidence interval (95 & $1 bounds)
Estimate of Crror factor = square root of Upper fiound/ Lower Boad

r
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,

B.2.1. Failure Rates for Mechanical Components

CitCK VALVE I AlltRE. RAIES - if LF OPlRAllhG CitCK VAIVI
IAll 10 CLD51

$DlRCl MI AM MIDIAN VARIANCE DA1A Rif!RINC1

LIOE/RECOMMr.NDED 1.0E-03 /D $6.2E-04 /D - Er = $ B l P.l?

(NVCLARR NI) (CATEGORY 1)
2.EE-05 /D $2.?f-05 /D UB = 2.1E-05 /D B4

tr = 3.2

ASEP- 1.0E-03 /D $8.0E-04 /0 Er . 3 B-1 P.12

1 REP /NREP 2.0E-06 /H $1.4E 06 /H Er = 4.1 6 1, P.12

IREP' l.0E 03 /0 1.0E-03 /D $UB(95%)=3.0E-03/D B 3, P.126
(f = 3

3.0E-06 /H 1.0E-6 /H EF = 10 B 3, P.126

(BASED ON $UB = 1.0E-05 /H
1 ACTUAf104
PER MONIH)

NUREG-2726 1.0E-03 /D $8.0E-04 /0 EF = 3 B-2, P.119
(IREP)

3.0E 06 /H $1.lE-06 /H Er = 10 B-2, P.119
(1 ACTUATION
PER MONTH)

SEABROOK PRA 2.7E-04 /D $1.6f-04 /D EF = A.4 6 1, P.12

NUREG-4550 1.0E-03 /0 $8.0f-04 /D tt = 3 8-2, P.119

5HOREHAM PRA
B 2, P.!!9BWR- 7.9E-04 /D -- -

(fESTABLE CKV;
AtiUMES MONTHLY

TESTING)
B-2. P.1205.8E-04 /0 -

( A55UME$ MONIHLY
TESTING)

NUREG-2815_ 7.2E-04 /D . *5.0E-04 /D. .US = 3.6E 03 /D -B-2. P. 120
(A$5UMES HDhTHLY LB = 2.?E-04 /0
TESTING) *EF = 4

t: OCONEE NPP PRA
TILTING DISK 1.3E-04 /D *1.0E-04 /D Uf!(95%) = 2.7[-04 /0 0-2. P.123
TYPE VALVE (UPDATED) LB($1) = 3.0E-05 /D

?lf = 3
$ WING TYPE 9.8E-05 /D '7.bt 05 /D UB(95%) = 2.lE 04 /0 B 2. P.123

-valve LE(5%) = 2,0E-05 /0
'EF = 3.2

B-2, P.124ZION NPP PRA 8.4E-07 /D -- -

(UPDATED; INCLUDES

INTERNAL /REVER$[
LEAKAGE)

. ISLOCA - PWR 2.8E-04 /0 . $1.7E 04 /D RF = 5 B-6, f.A-B
,

(BASED ON LPI
AND HPI VALVE ~

EXPERIENCE)

.

B-56
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I

I
|
!

CHlCK VA1VE I AlltRE RAl[5 - $ttr OrtRAlthG CHICK VALVL
Fall 10 DPIN

50lRC[ HfAN MIDIAN -VARIANCI DA1A RiflLLNCI i

flDt/RECO*fhDED 5.0(-05 /D - $3.10-05 /D If = 5 B 1. P.12 |
(huCL ARR hl) (CAftGORY1) ' j

ASLP 1.0[-04 /0 $8.0t-05 /D If = 3 6-1. P.12 |
1RtP/hREP 2.0E-07 /H $1.5C 01/H tr = 3.5 B-1. P.12

B 1. P.12litt 500 6.0E-05 /D -- -
,

SCADRDOK FRA 2.7t-04 /D $1.8t-04 /0 tr . 4.4 B 1, P.12 ,

)

VA5H+1400 1.2[ 04 /0 19.0t-05 /0 ff a 3 8-1. P.12 ;

1.2t+04 /0 #1.00-04 /D (F=3 B 2. P.ll3 i

UB(95%)=3.0[-04/D 4
.

| LB(5%). = 3 # -05 /0

NURIG 4550 1.0[+04 /0 $B.00 05 /D tr = 3 6 2. P.ll3
(DlVELOPl0 IN
SB0 STUDf)

NURIG 2815 7.2E-05 /0 '5.4E-05 /0 UB a 3.6E-04 /D B-2. P.114 ,

(A55UME5 NONTHLY LB e 2.9E-05 /0
ftSTING). *[F = 3.5

NUREG 2723 1.0E-04 /D : $8.00-05 /0 ff=3 B-2. P.113
3.0l-07 /H .11.1E-07 /H t r = 10 B 2. P.113

(1 ACTV4110N
PER MONTH) ,

SHORlHAM PRA
BWR 7.9E-05 /0 U 2. P.lle-- --

(T[5fAbLC CK .

ASSUMES MDNTHLY

TESTING)<
t

B-2. P.ll45.4E-05 /D -- +-
;

(ASSUMES HDN1HLY

T[511NG)

NURf G-1363 6.4E-05 /0 *S.0E-05 /0 WMX) = 1.7f-04 /0 B-2. P.114 i
, ;n) = 1.7L 05 /D.

'U = 3.2
3.DE-08 /H *2.3t 08 /H B 2. P.!!4

'

OCONLI NPP PRA-
5WihG TYPt 9.BE-05 /D +7.f.L-05 /D UB(95%) = 2.10-04 /D 'l-2. P , ll ?
-VALVE (UPDT LB(5%) = 2.0C 05 /0

*Er a 3.2
i!LT!hG DISK 8 ?E-0S to '7.0E-05 /D US(95%) = 1,7t 04 /0 0 2. P ll7

TYPE VAtVE. .(UPDA1LD) LB(5%) = 1.9E-05 /D
*tr = 3

ZION kPP.PRA- " 4.3C 05 /D B 2. P.ll7-- --

-1R(P 1.00-04 /0 1.0E-04 /D EF * 3 B-3..P.126
$UB(95%) + 3,0E-04 /0

|: 3.0E 07 /H -1.0E 07 /H tf = 10 B-3, P.126 i
(BASED ON I $UB(95%)=1.0E-06/H

^

'

ACTUAfl0Ni

PER MDN1H)f

!

1

-

B-57

. - . . . . . . - -_ - . - .- .- - - . ..- _ . - . - . . - - .



.- __ _ - _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

DN(I VALV[ FAlltRE RA115 - Silf OrleAllhG Ot(K VALYL
INilthAl LI AKAM

SOLRCI MfAN MIDIAN VAnl ANC[ DAT A Ril[RI NCf

(!Dl/R(COMMENDE D 3.0E-06 /H $1.1[ 06 /H tr = 10 B-1 P lt
(huCLARR hl) (CATIGORY 1)

2.ft-06 /H $9 3C-07 /H tlB = 1.9t-06 /H 0-4
LF = 8.5

1RtP/httP 3.0f-C6 /H $6.3[-07 /H LF = 18.3 B 1. P.17
(CA1ASTR0rHlC)

1.0E-07 /H $1.7E-09 /H tr = 83.1 B-1, P.12
(Mlh0RLtAK)

1RCP 5,0t 07 /H 1.0(-08 /H $UB = 1.0f-05 /H B 3, P. lib

(CA1A51ROPHIC) Er = 100
3,0E 05 /H 1.0E-06 /H fF = 10 B-3, P.)t6

(Mlh04) $UB(95%) = 1.0!-05 /H

B 1 P.12litt-500 5.0E 07 /H -- --

SEABROOK PRA 5.4(-07 /H $3.B(-07 /H [F = 4 B-1, P.lt

VASH-1400 3.BE-07 /H $3.0(-07 /H tr = 3 B-1, P.l?

UD = 9.0[-07 iH

V!,$H-1400 2.7t-06 /H 1.0t'-08 /H UB a 1.0[-07 /H B7
ti a 10

B S. P.0 2615LOCA - (WR 3,4E-07 /H -- --

15LOCA PWR 8,7f-08 /H -- - B-0, P,A ?0
(LE AL R ATE =
200 GPM -

ACCUMULAfOR5

& LPl $Y51[N5)

tfR DATA 1.4[ 08 /H -- -- B-B '

$10t-07 /H -- --

(RIVERSE LEAK)

>

i. DECK val C FAILIRE RAffS - SCtf OP(RA11NG DECK VALVL
[Xi(RNAL LLAKAM

SDtRCL Mt AN MiDIAN VARIANCf DA1A RIiiRfNCE

[lDE/RfCOMMENDED 5.0E-08 /H $1.90-08 /H' [r + 10 B-1, P.12
(NUCLARR h?)

B-1, P.1?It[E-500 5.DC-08 /H -- --

-- -- B-5, P.C-26ISI.0CA - BVR 1.0C-0/ /H ,

LIR DATA 6,1( 98 /H ~ -- B-6

CIECK VALVE FAlltRt RAlt5 - 5LLI OPIRATING DWCK VALVI
[Ki[RNAL RtFilR[

SOLRCE M[AN MiDIAN VARIANCf DA1A NfILRINCC L

WASH-1400 2.7t-08 /H $1.02 08 /H tr = 10 A-1. P.1r
LIB = 1.0E-07 /D
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9

$All1Y/Rit!!I VALVE FAlllRE RAlf $
I All 10 OPIN

SOURCE MM W DIAA , ARI AhCE DAT A Rif lRE NCE

E /REEOMMINDID

(NUCLARR (N1) ',

EttlEF YALVI _ 3.0E-03 /D $1.9E-03/0 lf = $ B 1, P.12

(CA1.dDRY1) |

ASEP

5AFL1Y VALVE 1.0E-05 /0 $5,0E-06 /D EF = 3 B-1, P.12
RELitf VALVE '1.0E 05 /D $8.0E-C6 /D EF 3 B 1, P.12

(PORV)

IREP/NRIP
,

SAf t1T VALVE 2.0E*05 /H $1.2E-05 /H tr 5 B-1, P.12
(PRIMARY ,

5 ATE 1Y W VE)
'

5 ATE 1T VALVE - 6.01 07 /H $4.4E-07 /H Er = 3.7 B-1, P.12
,

(EDDE SAFE 1Y
V AL VE )

1EEE-500
SArE1Y VALVE. 4,0t-03 /D .- -- B-1 P.12
REElEF YALVE 1.0E-02 /D -- +- B-1, P.12

IEEE-500
- SAFEIY VALVE 4.0E-03 /CY B 2, P.137-- -

E1DE/RECOHME NDED

($EABN00KFRA)
5AFEIY VALVE 3.0E 04 /D $1.9E-04 /D tr = 5 B 1, P.12 t

REL!EF VALVE 3.4E-05 /D $1.3E-05 /D tr = 9.5 B 1. P 12
REll(F VALVE ' 4.3E-03 /0 $3.4E+03 /D tr * 3 B 1 P.12

(PORV) *

WASP 1400
REllEF VALVE 1.2E 05 /D $9.0E-06 /D [F = 3 B-1. P.12

WASH 1400
REL!EF VALVE 1.2E 05 /D #1.0E-05 /D EF = 3 B-2, P.129

UB(95%) = 3.0E-05 /D
LB(5%) = 3,0E-06 /D

i

! NUREG-1363

RLLl[F VALVE 8.9E-03 /D *B.8E-03 /D UB(95%)=1.1[-02/0 B-2, P.129
(BVR ONLY) LB(5%) = 6.BE 03 /D

*Er = 1.3 ,

RELIEF VALVE. B.7E-06 /H *B.6E-06 /H B 2, P.129
(BVR ONLY)

RElltf VALVE . 4.9C-03 /D *2.4E-03 /0 00(95%)e 1.1'-02 /D B 2, P,129
(BVR ONLY) LB(5%) = 2.lE-04 /D
(UPDATED)- *EF = 7.2

(PORV)
REllEF VALVE 3.1E 03 /D *1.0E-03 /D UB(95%) * 4.7E 03 /D B-l, P.133

(V/0 COMMAND) LB(5%) = 2.lE-03 /D
*FF = 1.5

REll[F VALVE 3,0E-06 /H . *2.9E-06 /H B 2 P.133
(W/0 COMMAND)

REllEF VALVE 3.2E-03 /0 '3.lf 03 /D 'J-2, P.133

-RELIEF VALVE ~ (VliHCOMMAND)
.

B 2, P.133-
>

3.!E-06 /H *3.lE-06 /H
(WITH C06 MAND) >

5AFETY VALVE 3.9E-03 /D '3.6E-03 /D UB(95%) = 7.4E-03 /D B 2. P.137
LB(5%) = 1.8E-03 /D

'EF = 2
5AFETY valve 1.7E-06 /H *1.6E-06 /H B 2 'P.137
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NL8tIG 2128
Rit if f VALVE - 3.0t-04 /D $1.lt 04 /D If = 1D B-2, P.129
R[LitF VALVL 't.0E 02 /D $1.M -02 /D IF = 3 B 2, P.133
SAFL1Y VALVI 1.0E-05 /0 18.0E 08 /D tr = 3 F 2, P.138

-(BVR ONLY)
(FRlMARY

SArtTY VALVE)
$AFETY VALVE 1.0E-05 /0 le.0L-05/D [F = 3 E 2, P.138

(CODI W Eff
VALVL)

NURtG-4550-

RitltF YALVI 3.0E-02 /D $1.1t*02 /D if = 10 B 2. P.133
(PORV)

OC0ktt JtPP PRA
RELitF VALVE 4.9f-03 /D *t.4E 03 /D UB(95%) = 1.ll-02 /D B 2. P.129

(PORV) LB(5%) 2.lt-04 /D=

*[F = 7.2
SAFETY VALVE 2.7t 04 /D '2.7t-04 /0 UB(95%) = 8.0l 04 /0 B-2. P.138

(UPDAl[D) LB($%) 1.4[-06 /D=

(FRE55UR12[R *Er = 1
(SATITY VALVI)

|NLHIG-2815 .
6.51-03 /D *2.9f 03 /D UB = 8.0E-02 /0 B 2. P.137SAFITY VALVE

(CODE SArtif LB = 1.3E 03 /D '
VALVE) 'IT = 8.1

SAr[TY VALVE 4.3E-02 /D *2.7f-02 /0 UB = 4.3E-01 /0 B 2, P.131
(BWR: PRIMARY LB = 1.7E-02 /D

SAFETY VALVE) *tf = 5 i

IREP 3.0E 04 /D 1.0t-04 /0 I f = 10 B-3. P.127
$UD(35%) = 1.00 03 /D

WufuAL VALVE FAlltRE RATES
Fall TD DPLN/C10SE -

50(RCr .MEAN MLDIAN VARIANCE DATA R[ilRfNCE

[10E/ RECOMMENDED

(NUCLARR N 1 ) -- 5.0E-04 /D $1.9E-04 /D (F = 10 B-1, P.12
-(CATEGORY 1)

1 RIP /NREP_ 2.0E 07 /H $1.5E-07 /H -tr = 3.5 B-1, P.12

NURIG-2815 2.6E 02 /D 'I.9E-02 /D UB = 1.3t 01 /D B-2. P.93
(1 ACTUAT10N Lb = 1.0E-02 /D

PER HONTH) *ti = 3.6 *

NIREG-2728 1.0E-04 /D $8.0E-05 /D EF = 3 B 2. P.93
B 2 P.933.0E-07 /H 2.4E-07 /H --

(1 AC1UAi!Oh
PCR MONTH)

'B-2, 7.93'lEEE-500 7,0f-05 /CY -- -

(PWR)-
B-2, P.946.0t 05 /CY -. .--

(BWR)

hlRtG 1363- 6.3E-05 /D '5.2[-05 /0 UB(95%) = 1.6E 04 /D B-2. P 94
(E5F VALy($ LB(5%) = 2.1E-05 /D

ONLY) *[f a 2.8

2.4L-09'/H *2.0E-08 /H B-2. P494
(ESF VALVES

ONLY)
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|

IRLP 1.0(-04 /D 1.0t 04 /D (F = 3 P 3, P.it0 I

$UB(95%) * 3.0E 04 /0 |

i

MANUAL VALYL FAltlRE RAl[$
'

IWitREAL lt AAA(4

50tEC[ MIAN MEDIAN VARIAhC[ OATA Ri fi k( NCf

EIDI/RICOMMINDE D |

(SEf. BROOK FRA) 5.0[ 08 /H $1.9t-0B /H ff * 10 B-1, P.lt I
r

MAN'JAL VALVE T AltlRI RAlt$
IXIlRNAL LC AKA(1

LDLECE MI AN MIDIAN VARIANCE DA1A kilfRINCL

IIDE/RICOMMtNDIO
(NattARR NZ) 3.0E-08 /H $1.1[ 06 /H E F = 10 B-1 P it

(CAllGORT?)

MANUAL VALVE TAltlRE RAlf $
EX1tWAAL RUPilRE

R[ItR(NCE MLAN MEDIAN VARIANCE DATA R(F(kfNCf

-WASH-1400 2.7E-08 /H $1.0l-08 /H [F = 10 B-1, P.It

Motor-Oletated Valve i AlltRE RATES
f.'ll 10 OPf N/Cl0SE/ Fall 10 OrtRAll-

$0lECE MEAN MIDIAN VARIANCf DA1A RIT[RfMC[

EIDE/RECOMM!NDID

(NUCL ARR N1) 3.0E-03 /0 $1.9(-03 /D EF = 5 8-1, P.lt

(CAltGORY1)>
'

4.4f-03 /D $3 ?E-03 /D UB = 1.2E 02 /0 01
IF = 3.8

A5tP 3.0E-03 /D $2.4t-03 /D EF = 3 6 1 P.12 '

IR[P/NRIP 1.0E-05 /H $2.4E-06 /H EF = 15.B B-1. P.12

IREP 3.0t-03 /D $1.0L'-03 /D $UB = 1.0E 02 /D 8-3, P.l?B
EF ~ 10

IEEC-500 6.0E 03 /D B-1, P.12-- -

1[([ 500 4.0I-03 /CY B 2, P 102-- --

(PVR ONLY)
8.0E-03 /CY -+ - B 7, P.101
(BWR ONLY)

$fAE U K PRA 4.3E-03 /0 $3.! J3 /D ff = 3.7 B 1, P.l?

VA5H 1400 1.2[ 03 /D $9.6[-04 /0 EF = 3 8-), P.12

WASH-1400 1.0E-03 /0 $8.00-04 /D EF a 3 B-2, P.103
UB(95%) = 3.0E-0310
LB(5%) * 3,0E-04 /0

NURfG-1363 4.lE-03 /D '4.lt-03 /0 UB(95%) = 4.9E 03 /D -B-2 P.102
(PWR E5F (B(5%) = 3.4E-03 /D
VALVES ONLY) *EF = 1.?

(V/0 COMMAND)

B-61

. - .



. . . . ,
_ _ _ _ _ _ _ _ _ _ _ _

6.2E-03 /D '6.2C-03 /n B-2. P.102
(PWRESF

VALVES ONLY)
(VITHCOMMAND)

1.9E-06 /H *1,9E-06 /H B-2, P.102
L (PW ESF*

= VALVE $ ONLY)
6.8E-03 /D '6.8E-03 /5 00(95%) = 7.4E 03 /D B 2, P.101

(BW ESF LB(5%) = 6.?[-03 /0
VALVESONLY) *EF = 1.1

(W/0 COMMAND)
3.1E-06 /H *3.!E-06 /H B-2, P.101

'
(EW ESF

VALVES SNLY)
(V/0CLMMAND)

9.6E 03 /0 *9.6E-03 /D B-2, P.101
! (BW ESF
'

VALVES ONLT)
(VITH COMMAND)

4.4E-06 /H *4.4E-06 /H B-2, P.101
(EW E5F

VALVES ONLY)
(WITH COMMAND)

NUREG-4550 3.0E 03 /D $1.1E-03 /D f f = 10 B-2, P.103
(FROM$B0

STUDY)
;1NCLUDES HARDWARE FAULTS; 5.0E-04)
(INCLUDES CIRCUlf FALETS; 2.5E-04)

,

OCONEE NPP PRA 1.0E-01 /0 '8.7E-02 /0 UB(95%)a 1.6E-01 /D B-2, P.105
(UPDATED) LB(5%) = 2.7E-02 /0 ,

(30 DEODS, *EF = 2.4
5 F*1 LURES)
6.4E-03 /D *6.3E-03 /D UB(95%) = 7.7E-03 /D B-2, P.105

(UPD/.TED) LB(5%) = 4.5E-03 /0
(6725 DEMANDS, *EF = 1.3
42FAlltSES)

ilDN NPP PRA 5 7E-03 /D -- -- B 2, P.105
(1647 DEMAND $,

10 FAILURES)
-

3.7E-03 /0 -- -- B 2 P.105
(1720 DEMANDS,

7FAlltiRES)
1.6E-03 /D - -- B-2, P,106

(UPDATED)
(11310DEMAN05,

14 FAILURES)

Motor-Operated Yelve FAlllRE RATES
FAIL TO CLOSE Wh1LE INDICATING C'')SE0

SOURCE MEAN MEDIAN VAP M.NCE DATA REFER [NLE

'
ISLOCA - PW 1.1E-04 /0 -- -- B-6, P.A-10

ISLOCA - BWR 1.10-07 /D -- -- B 5, P.C-26

Mater *)perated Vahe FAILURE RATES
TV"&c.RS OPEN

$0lRCE MEAN MEDIAN VARIANCE DATA DEFERENCE

15LOCA PW D.2E-08 /H -- -- B-6 P.A-10

15LOCA - BW 3.4E-07 /H -- -- B-5. P C-26
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Motor-Operated Valu FAlltRE RATES
INADVERIENTLY OPENED

SOURCE MCAN MEDIAN VARI AhCE DdiA REFERENCE

15LOCA - EUR 3.4E-07 /H . -- -- B-5, P.C-26
..

htor-Operated Valve FAltl5:0 RATES
Fall 10 RIMAIN OPIN -

$0lRCE MEAN 1DIAN VARIANCE DATA REFERENCE

IREP 1.0E-07 /H 1 OE-07 /H Ef = 3 B-3, P 126
$UB(95%) =-3.0E-07 /H

kotor-Operated Valve FAILLRE RATES
SPW10US OPERATION

$0UREE MEAN MEDIAN VARIANCE DATA REfERlWCE

EIDE/RfCOMMENDEC

(NUCLARR N1) 5.0E-06 /H - $1.9E-08 /H EF = 10 B-1, P.12
(CATEGORY 1)

IRE P/NRI.P ' . 2. 0E-07 /H $1.50-07 /H EF = 3. 5 D-1, P.12
.(INCLUDES OTHER

FAILURE MODES)

SEABROOK FRA & 9.2E-08 /H $6,0E 08 /H - EF = 4.6 B-1, P.12
!$LOCA - PVR (INCLUDL5 OTHER B-6, P.A-10

fAlLUREMODES)

!WASH-1400 3.BE-07 /H $3.0E-07 /H EF = 3 0-1, P.12 !

(INCLUDES OTHER

FAILURE M00f5:
.i

EXCEPT COMMAND

--FAUlit)

Motor-Operated Valve FAltlRE RATES '

1NTERNAL liAKAGE

SOURCE MEAN MEDIAM VARIANCE DrIA REFERENCE

NUCLAPR 7.7E-07 /h $6.0E-07 /H UB = 1.9E-06 /H B-4
'

(TRANSFERS EF = 3.2
; OPEN)

E!DE/ RECOMMENDED

-(SEAER00K PRA) .1.0E-07 /H- $3.BE-08 /H~ EF = 10 B-1 P.12

-IREP/NREP 1.0E-07 /H !?.7E-09 /H EF = 83.7 B-1 P.12
'

(CATASTROPHIC)

IREP 5.0E-07 /H' % .0f-08 /H $US = 1.0E-06 /H B-3, P.126
(CATASTROPHIC) EF = 100
9.3E-08 /H -- --

'(BWR) ,

.(TRAFTFERSOPEN) !

IISLOCA - PWR 5.5E 07 /H 3.4E-07 /H RF = 5 B-6 P. A-10
1.4E-07 /H~ -- --

(PWR)

(DISKRUPTURE)
9,3E-08 .4 -- --

(PWR)

(TRANSFERS OPEN)
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B-8-ttR DATA 1.9E-07 /H
'

----

4.4E-08 /H - +-

- (IRANSFERS OPEN)
5.6E 07 /H -- --

(IMPROPER CONFIG.)

WASH-1400- ~ 2.7E-08 /H $1.0E-08 /H UB = 1.0E-07 /H B-7
EF = 10

Motor-Operated Valve FAlltRE RATES
LXilRNAL LEAKAGE

'- 50tRCE MLAN MEDIAN VARIANCE DATA REFERINCE

E!DE/ RECOMMENDED

(NUCL ARR N2) - 1.0E-07 /H $3.8I-OS /H FF = 10 B-2. P.12
(CATEGORY 2)

-1EEE-500' l.0E-07 /H -- -- B-1, P.l?

.ISLOCA -PVR' l.0E-07 /H -- -- E-6. P.A-11

LER DATA - 1,1E-07 /H - -- -- B-8

Motor-Operated Valve FAILURE RATES
EXTERNAL RUPTLRE

$0tRCE MfM MEDIAM VARIANCE DATA RffERENCf.

WASH-1400 2.7E-08 /H $1.0E-08 /H EF = 10 0-1, P.17

ISLOCA - BWR '1,4f-07 /H -- -- B-5, P.C-26

Motori0perated Valve FAlltRE RATES
. INTERNAL DISK RUPitRE

$0URCE HEAN ' MEDIAN VARIANCE DATA REFERENG

B-6. P.A-8l$ tora - BWR 1.4E-07 /H -- --

>
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B.2.2. Failure Rates for Electrical Components

elS1 Ant.t

SOURCE EAN ME DI AN VARIANCE DATA REl lr.I NCE.

IEEE 500 30-06 /H $1E-06 E F = 10 B-D. P.028
IE-L6 /0 1BE-07 EF 3 B-9, P.628

PRLSStRE SW11CH
Fall TO Fl*Cil0N

S0WCE M!AN E DIAN VARIANCE DAIA REFERENCE

IREP/NUREG-2728 8.3E-Of-/H $5.0E-06 EF = 3 B-2, P.199
(ASSUHES 1
DEMAND / DAY)

-_.

WASH 1400 1.0E-05 /H #8,3E-06 /H UB(95%) a 2.5E-05 /H B-2, P.199
(ASSUMES 1 LB(5%) = 2.5[-06 /H
DEhAND/DAT) EF = 3

IEEE-500 4.0E-07 /H *1.1E-07 /H UD = 1.9E-06 /H B-2, P.201
LB = 1.0E-08 /H

*EF = 13.8

'UREG-2815 2.0E-07 !H *l.5E-07 /H UB = 1.0E-06 /H B-2, P.201N

LB = 0.0E-08 /H ,

*EF = 3.5
c

PRESStRE SVITCH, PROCESS

Fall 10 OPEN/CLOSE/0PERATE

- 50$CE KAN HEDIAN VARIANCE DATA REFERENCE
4

EIDE/ RECOMMENDED

(NUCLARR N2) 3.0E-07 /0 $1.1E-07 /0 EF = 10 B-1. P.24

IEEE-500 1.5E-07 /D $1.2E-07 /D EF = 3 B-1, P.24

SEABRDOK PRA 2.7E-04 /D -- -- B-1, P.24 -

IREP 1.0E-04 /D 1.0E-04 /D EF = 3 B-3, P.126
,

$UB(95%) = 3.0E-04 /D

K WJAL SVITCH
Fall TO OPEN/CLOSE/0PERATE

SOURCE KAN MfDIAN VARIANCE DATA REFERENCE

1 REP 3.0E-L.a /0 1.0E-05 /D EF = 10 B-3, P.127

$UB(95%) = 1.0E-04 /0

FRESSLRE SVITCH, PRDCESS

SPtRIOUS OPERATIDM

S0tRCE MI AM MIDIAN VARIANCE DATA REF ERENCE

EIDE/RECOMMENDEO

NUCLARR N1) 1.0E-06 /H EF = 10 B-1, P.24

IEEE-500 1.0E-07 /H $7.0E-08 /H EF = 4 B 1, P.24
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^1:

TEMPERATURE SWilCH-
FAIL.TO FUNCT10N'

SOURCE NEAN MEDIAN VARIANCE DATA RifERENCE

6-2. P.200SHOREHAM PRA 2.3C-06 /H ' -- ~ +-

(BVR)

lEEE-500 2.0E-07 /H *1.6E-07 /H OB = 3.9E-07 /H B-2, P.202
LB = 5.0E-08 /H

*ll = 2.B

TEMPERATURE SW!iCH, PROCESS

RAIL TO DetN/CLDSE

SDdRCE MEAN- MEDIAN V ARI ANCE DAT A REFERINCE

E!DE/ RECOMMENDED

(NUCLARR N3) 3.0E-07 /D $1.lE-07 /D EF = 10 B-1, P.23

IEEE-500 -1.5E-07 /0 $1.2E-07 /D EF = 3 B-1, P,23

1

- TEMPERATURE SVITCH, PROCESS i

SPUR 1005 DPERATION j

SOURCE HEAN MLDIAN VARIANCE DATA REFERENCE

CIDE /RECONMEhDED

(NtCLARR N1) 1.0E-06 /H $3.8E-07 /H EF = 10 B-1, P.23

IEEE-500 2.9E-07 /H $2.3f-07 /H EF = 3 B-1, P.23

. PRESSURE TRANSMITTER
Fall 10 FUNCTIDN

,

MEAN MEDIAN VARI ANCE DATA REFERENCESDURCE

huREG-1740 1.9E-Ob /H *l.9E-06 /H UB(95%) = 2.3E-06 /H B-2, P.205

(VITH COMMAN9) LB(5%) = 1.6E-06 /H
*EF = 1.2

-1.7E-06 /H 'l.7E-06 /H
(W/0 COMMAND)

IEEE-500- 8.8E-07 /H '7. lC-07 /H US = 1.7E-06 /H~ B-2, P.206-

(RECDMMENDED: LB = 2.0E-07 /H
-NOT REPORTED *EF = 2.9
AS A MEAN)

lEEE-500 1.4E-06 /H $1.1E-06 /H EF = 3 B-1, P.23

EIDE/ RECOMMENDED

(NUCLARR N1) 3.0E-06 /H $1.1E 06 /H EF = 10 0-1, P,23

SEABROOK PRA 7.6E-06 /H $5.2E-06 /H Er = 4.2 B-1. P.23

WASH-1400 2.7E-06 /H $1.0E-06 /H EF = 10 'B-1, P.23

| (VALUE FOR
PRESSURE SVITCH)

PRESSURE ELEMENT

FAIL TO FUNCTIDN

SOURCE MEAN HEDIAN VARIANCE DATA REFERENCE

EIDE/ RECOMMENDED

B-66
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(NJCL ARR N1) 1,0E-06 /H $3.8E-07 /H EF = 10 B-1. P.23

!!EE-500 1.9E-06 /H $1.3E-06 1 EF = 16 B-1, P.03

LEVEL TRANSMITTER
Fall TO FUNCTION

$DlRCE ME AN MEDIAN VARIANCE DATA RIFIRENCE

NORFG .2?? 1.9E-OS /H *1.9E-06 /H UB(95%) = 2.3E-06 /H B-2, P.205
(WITH COMMAND) LB(6%) = 1.6E-06 /H

*EF = 1.2
1.7E-06 /H *1.7E-06 /H

(W/0 COMMAND)

1[ E-500 1.4E-06 /H *1.3E-06 /H UB = 3.0E-06 /H B-2, P.20R
(RECOMMENDED: LB = 7.lE-01 /H

__

NOT REPORTED *EF = 2.1
AS A HEAN)

iEEE-500 1.5E-06 /H $1.4E-06 /H EF = 2 B-1, P.24

E!DE/ RECOMMENDED

(NUCLARR N1) 3.0E-06 /H $1.1E-06 /H EF = 10 0-1, P.24

SEABROOK PRA 1.57E-05 /H $1.3E-05 /H EF = 2.7 B-1, P.24

. WASH-1400 2.7E-06 /H $1.0E-06 /H EF = 10 6-1, P.24

LEVEL ELEMENT
Fall 10 FUNCTION

SDURCE MEAN MEDIAN VARIANCE DATA REFERENCE

E!DE/ RECOMMENDED

(NUCLARR N1) 1.CI-Ou /H $3.8E-07 /H EF = 10 B-1 P.24

LEVEL SWITCH. PRDCESS
F AIL TD DPEN/CLOSE

_

4

SDURCE MEAN MEDIAN VARIANCE DATA REfERikCE

E1DE/ RECOMMENDED

(NUCLAR3 N3) .3.0E-07 '1 $1.1E-07 /D EF = 10 B-1. P.24

IEEE-500 3.3E-08 /D $3.0E-08 /D EF = 2 B-1, P.24

,

LEVEL SWITCH, PRDCESS

SPURIDUE DPERATIDN

$0WCE MEAN HEDIAN VARIANCE DATA REFERENCE

EIDE/RECCHWENDED

(NUCLARR N1) 1.CE-06 /H $3.8E-07 /H EF = 10 B-1. P.24

[EEE-500 1.7E-06 /H $1.6E-06 /H EF = 2 B-1, P.24

TEMPERATURE ELEMENT

Fall TO FDMCTIDN

SDURCE MEAN HEDIAN VARI ANCE DA1 A REFERENCE

E!DE/RECCMMENDED

(NUCLARR N1) 1.0E-06 /H $3,8E-07 /H EF = 10 B-1. P.23
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IEEE-500 4.0E-06 /H $1.8E-06 /H EF = 8 6-1, P.23

' liMPERAllRE TRANSNITTER
Fall 10 FlMCTION

SOURCE. MEAN MEDIAN VARIANCE DATA RffERENCE

IEEE 500- 3.7E-07 /H *2.6E-07 /H UB = 3.3E-06 /H B 2, P.206

(INCLUDES:-1. LB = 1.9E-07 /H
ZERO OR MAX *lf a 4.1
OUTPUT, 2.

NO CHANGE

OF OUTPUT)-

IEEE-500 1.4E-06 /H $9.8E-07 /H EF = 4 5-1, P.23

EIDE/ RECOMMENDED

(NUCLARR N1) 3.0L-06 /H $1.lE-06 /H EF = 10 6-1, P.23

WASH-1400 2.7E-06 /H $1.0E-06 /H EF = 10 B-1, P.23

(VALUE FOR
PRESSURE SVITCH)

i

ALARMS

FAIL 10 FUNCTI0d/0PERATE

SOURCE MEAN MEDIAN VARIANCE DATA REFERENCE

NUCLARR (N3) 1.0E-06 /H $3.8E-07 /H EF = 10 B-1, P.22

IEEE-500 2.5E-06 /H $6,0E-07 /H EF = 16 B-1, P.22

ALARMS

SPURIOUS OPERATION

50tRCE MEAN NEDIAN VARIANCE DATA' REFERENCE

NUCLARR (N3) 3.0E-06 /H - $1.1E-06 /H EF = 10 B-1, P.22

IEEE-500 1.7E-06 /H $4,4E-OL /H EF - 15 B-1, P.22

SWITCHES. E NERAL
Fall 10 OPEN

500RCC MEAN MEDIAN "MllANCE DATA REFERENCE

E!DE/ RECOMMENDED

"(WASH-1400) 1.0E-05 /0 $6.2E-06 /D EF = 5 8-1, P.22

IEEE-500 2.BE-07 /D $5.0E-08 /0 EF = 21 B -1, P.22

i.
5 WITCHES, ENERAL',-
Fall TO CLOSE

_ SOURCE MEAN MEDIAN VARIANCE DATA REFERENCE

{ EIDE/ RECOMMENDED

(WA5H-1400) 1.C605 /0 $6.2E-06 /0 EF = 5 B-1. P,22I

IEEE-500 3.0E-08 /D $1.0E-08 /D EF = 11 B-1, P.22

! B-68
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$VilDES, ENERAL
.$PURIOUS OPIRAT100

SOURCE MAN - ME DI AN -VARIANCE DATA REIERENCE

VASH-1400- 1.0E-06 /H' $3.8E-07 /H EF = 10 B 1, P.22
(INCLUDES
FAILURE TO

-PROVIDE PROPER
DUTPUT)

EIDE/ RECOMMENDED

- (IEEE 500) 4,2E-06 /H $2.5E-07 /H EF = 50 B-1, P.22 ;

(REDUCED BY-
'

ENGINEERING

JUDGEHENT)

INDICATOR'
FAIL TO FIMCTION

$0tRCE KAN EDIAN VARIANCE DATA REFERfMCE

EIDE RECOMMENDED 1.0E-06 /H $3.BE-07 /H EF = 10 B-1. P.24
(IEEE-500)-

IEEE-500 1.4E-06 /H $1.3E-06 /H EF = 2 B-1, P.24

INSTRIMNTATION, ENERAL -
FAIL TO OPERATE

50lRCE :- KAN - KDIAN VARIANCE DATA REFEREhCE

! REP 3.0E-06 /H 1,0E-06 /H EF = 10 B-3, P.!!9

$US(95%) = 1.0E-05 /H

l
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APPENDIX C
REFERENCE B&W PLANT SYSTEM DESCRIPTIONS

The Reference B&W Plant began commercial cperations 1976. The reactor
is designed for a core power level of 2,772 MW(t) and a net electrical output
of 906 MW(e). The reactor coolant system (RCS) comprises four reactor coolant
pumps (RCP), two once-through steam generators, and has a total RCS fluid
volume of 11,500 f t. A simplified schematic of the system is shown in Figure
C-1. lhe relevant interfacing systems are described in subsequent sections.

_

w

B
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C.I. High-Pressure Injection System

A simplified diagram of the High-Pressure injection (HPI) system for the
reference B&W plant is provider' in Figure C-2. Table C-1 and C-2 list
important operating characteristics of the HPl system. Two independent trains

are shown and each train is capable of performing the system function. These
trains are connected to two low-Pressure injection (LPI) suction lines
commonly connected to the Borated Water Storage Tank (BWST). Also, additional

valves are insta'lled at the discharge side of the HPl pumps to alloc cross
connections between the two independent trains. The HP1 pumps are r|sted at

2000 psig and can discharge coolant at 500 gpm. Once the HPI system is
initiated, the HPI pumps will take suction from the BWST, and discharge
borated water to two redundant flow paths leading to the cold legs penetrating
the reactor vessel.

In the event of a loss-of-Coolant Accident (LOCA), with the primary
system pressure reaching 1650 psig, a Safety Feature Actuation Signal (SFAS,
starts HPI pumps P58-1 and P58-2 and opens HPI isolation valves HP-2A, 28, 2C,
and 20. The function of the High-Pressure Injection (HPI) system is to
prevent core uncovery by injecting borated water into the core at high Reactor
Conlant System (RCS) pressure. This provides the initial cooling needed to
prevent fuel temperaturet from reaching 2200*F. Fuel temperatures in excess
of 2200 F can lead to a zirconium water reaction with fuel and or cladding
failure. If the pipe breik is large enough to exceed the make up system
capacity and small enough to maintain pressure above the Low-Pressure
Injection (LPI) system initiation setpoint, the HPI system can be aligned to
take suction from the Decay Heat Removal (DHR) pump. While the HPI system is
providing make up, the water lost from the RCS is being collected in the
Containment Emergency Sump. When the BWST is depleted, the DHR pumps provide

suction to the HPI pumps frem the Containment Emergency Sump. Long-term

cooling for intermediate size breaks is also provided. Also, the HPI system
provides borated water injection for large ruptures in the Main Steam Piping,
which cause excessive contraction of the RCS.

The testing of the WI system is typically performed when the reactor is
shutdown for normal refueling. One train of the equipment that would be
called upon to operate is tested. A safety actuation signal is applied

C-4
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-separately to the HPI pump motor breaker and the HPI valves. The test is-
considered to_be_ acceptable when the devices respond within a specified time

-

-frame. The valves that _are required to stroke must be in their safety
. positions within 30 seconds. Provisions are also made to facilitate :
performance testing of components during operation of the plant. Quarterly, |

the ' applicable-valves are stroked and the HPI pumps are tested in a
recirculation mode to the BWST to ensure the capability of the pumps to
perform their SFAS function. Once every 31 days, each valve in the flow path

.

is verified to be in its_ correct position.

(- Tabl e' C-1. HPI Component Data
l
|

*

l' HPI Pump Motor

Horsepower 600
Amperes 77

HPI_ Pump

Type 11-stage centrifugal
Capacity

-Head-
~

500 gpm
2700 ft~. (1200#)

Design-Pressure 2000 psig
Design Temperature 300*F

i-
|

L

1

L

__
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Table C-2. HPI System-Alarms and Setpoints.

Annunciator

50*F-BWST Temp Low .
8 ftBWST LVL' Low to SFAS.

HP INJ 1(2) Flow High 475 gpm
HP INJ 1(2) Flow Low 75 gpm

Computer

HPI Pump.Recirc. Flow Low -37 gpm
HPI Discharge Header Press High 375 psig
HPI 1(2) de oil. pump on de oil pump on

|

l'

|

|

..

C-8
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C.2. Decay Heat Removal \ Low-Pressure Injection System
-

A simplified diagram of the Reference B&W Plant Decay He ' Removal-
DHR/LPI system is shown in Figure C-3. Two independent trai.- vith suction
line valves, pumps, and heat exchangers are shown. These trains are connected
by common lines to the reactor hot leg outlet and BWST, but independently
connected to the containment sump. Also, there are_ cross connections provided
between the two trains at the discharge side of the DHR\LPI pumps. This
system also interfaces _with the HPI and Core Flood system. The DHR pumps are
siagle stage, centrifugal pumps with a rated capacity of 3000 gpm.

The DHR.and LPI systems are one and the same, but they serve different-
functions. During normal plant operations, the Steam Generators (SG) reduce
the reactor coolant temperature to approximately 280'F. The function of the
DHR system is to remove residual and sensible heat from the RCS by reducing
the: temperature from 280 to 140'F. Once reactor pressure reaches the
appropriate set point (approximately 300 psig), DHR\LPI pumps P42-1 and P42-2
are started and valves DH-11 and DH-12 are opened. The-DHR\LPI pumps take

suction from the' reactor outlet into redundant paths and-discharge coolant
through DHR coolers 1-1 and 1-2. The DHR coolers are designed to remove' decay
heat that is generated during normal shutdown. Finally, coolant passes-

through the Core Flood Injection nozzles to the reactor. The DHR\LPI system
provides other' functions such as providing auxiliary spray to the pressurizer-
for complete depressurization, maintaining temperature during refueling,
filling, and partial draining ,of .the refueling canal .

During a LOCA, if the primary system pressure drops and reaches 420.75
psig or the containment pressure increases to 18.4 psia, DHR\LPI pumps P42-1
and'P42-2 will start. Th'e DHR\LPI pumps take suction from the BWST and

inject borated water through DHR coolers 1-1 and 1-2 and then to the reactor
by _the- core flood injection nozzles. The system will remain in this alignment

-until' the level in the BWST drops to approximately 8 ft. Then the DHR\LPI
pumps are aligned to-take suction from the Emergency Sump to recirculate the
spilled water.

The system test of the DHR\LPI system is performed when the reactor is
shut down for normal refueling. One train of the equipment that would be

C-9
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called upon to operate is tested. A safety actuation signal is applied
separately to the DHR\lP! pump motor breaker and the DHR valves. The system

test is considered successful if the devices respond within a specified time
frame; valves that are required to stroke must be in their safety positions
within 30 seconds, and provisions must be made to facilitate performance
testing of components during operation of the facility, Quarterly, the DHR
valves are stroked to verify their capability to function and the DHR\LPI
pumps are tested in a recirculation mode to the BWST to ensure the pumps can
perform their SFAS function, Also, every 31 days, each valve in the flow path
is verified to be in its correct position.

__

Table C-3. DHR/LPI Comaonent Data

DHR Pump Motor

Horsepower 400
Amperes 50

DHR Pump

Type Single stage, centrifugal
Capacity 3000 gpm
Head 350 ft (150 psig)
Design Pressure 450 psig
Design Temperature 350*F

DHR Cooler
_

Type Shell and U-tube
RC flow (tube) 3000 gpm
CCW flow (shell) 6000 gpm
Design Pressure

~ lube 450 psig
Shell 150 psig

Design Temperature
Tube 350*F
Shell 250*F

Heat Transfer Rate 105 million Btu /hr

.
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Table C24L- DHR System Alarms and Sotpoints

.

Annunciator

- DHR. Cooler 1(2): Temp, High- - -280*F
DHR Pump 1(2) Suction Temp. High 315'F:
LP Inj. 1(2) Flow High 3750 gpm
LP Inj. 1(2) Flow Low- 2800 gpm
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C.3. Core Flood System

A simplified diagram of the Reference B&W Plant Core Fir ad (CF) System
is shown in Figure C 4. The CF System comprises core flood a nks (CFT) 1-1

3 3and 1-2. Each tank has a-volume of 1410 ft . Borated water occupies 1040 ft
and the remainder-is filled with pressurized nitrogen gas. Each discharge
.line contains a motor-operated stop valve, and two check valves in series that
are connected to one of the core flood nozzles. A DHR injection line
interfaces with the two check valves. There are two lines connected to a
common header that supplies makeup water or nitrogen to each tank. _

,

The principal function for the Core Flood (CF) System is to provide
emergency core injection at intermediate to low pressures and maintain core

. .

integrity during RCS leaks ranging from intermediate to hry scale. The CF

system is a passive system that requires no electrical power er operator
intervention. During a LOCA when the primary syst s pressure decreases below

the Core Flood Tank (CFT) pressure, the pressuri7ed Nitrogen sh forces the
borated water out of the CFTs and through the discharge lines allowing
refilling of the reactor vessel. This is designe: to r,cvent fuel clad
temperatures from exceeding 2200*F.

_ . - - - .

.

.

d

^Reference B&W Plont c.. rw

LPl/CFT Train-A(8) 'gy,2;j'-2
v

Cr-%(B)

Iw*Es?
*~#"

-

Mb %. a-n(a)
,,,

g,. _.

= = =

ts4-m(s) 0+4-78(77) cr-so(si)

%'LL*

Figure C-4. Simplified Diagram of the Reference B&W Plant Core Flood System.
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Testing of-the CF system is performed when the Reactor Coolant System
~

(RCS) is being depressurized. : Testing coasists of slowly lowering the RCS
pressure below the CFT pressure.and observing level changes in the CFT. The
test is considered successful when the check valves open properly, and the

-level in the-tanks decrease. When RCS pressure is increased, the check valves-

should seat with no significant level changes in the CFTs.

,
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C,4. Makeup and Purification System

The Makeup and Purification (MVP) for the reference B&W plant is shown
in Figures C-5 and C-6. Starting from the Makeup Tank, both trains are
connected through a common line. These trains interface with redundant inlet
HPI_and Reactor Coolant Pump (RCP) injection lines. Return paths to the
makeup tank include the RC letdowr. and RCP injection lines. These return paths

- include numerous types of valves, letdown coolers, seal return coolers, and
filters. The makeup pumps are rated at 150 gpm at 2500 psig with runout at
350 gpm.

The Makeup and Purification (MU&P) system performs various functions

during all phases of the Nuclear Steam Supply System (NSS) operation including
startup, power operations, and shutdown. This system is also operated during
refueling by employing purification equipment through interconnections to the
DHR system. During normal NSS operation, one of the two Makeup pumps, P37-1
or P37-2, supplies injection water to RCS through a HPI line and to Reactor
Coolant Pump (RCP) seals. The other makeup pump is on stand by. A control
valve in the RCP sea' injection line automatically maintains the desired flow
rate to the seals. Needle valves in the injection lines manually throttle
flow to the seals of the RCPs. However, part of the water supplied to the
seals leaks into the RCS. To maintain the desired coolant inventory, a
continuous letdown of coolant must occu . The reactor coolant is removed from
the cold leg and passes through one.of the two letdown coolers, E25-1 or
E25-2. Pressure- is. reduced during flow through the letdown flow station.
11. arities from the coolar. are removed by flowing through a purification.

prefilter and a demineralizer. A three-way valve, MU-ll, directs the coolant
either through the makeup-filter to the makeup tank or directly to the Clean
Waste System. The level of the makeup tank is maintained with water from the
Clean Waste System, the Boric Acid Addition Tank, or from the Demineralized
Water Storage Tank. The makeup tank also receives chemicals for addition to

the RCS. Chemicals in solution are injected into the letdown line upstream of
the makeup filters and then passed into the makeup tank, which serves as a-
final mixing location. Coolant at.the refueling boron concentration is
supplied to the RCS for preoperational fill by using the boric acid pumps and
the clean waste receiver transfer pumps or the demineralized water supply
pumps. The fill line bypasses the makeup tank and makeup pumps and connects

C-15
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into~ the. RCS through the normal makeup control valve. When the' fill operation
is. completed, the auxiliary line is secure and makeup and inventtry control is-

then continued by operation through one of the makeup pumps. The MU&P system

-also provide.; makeup-to the RCS by replenishing the inventory lost due to a
small break in the RCS pressure-boundary.

- Components of the makeup and purification system are examined
periodically to determine their operating condition. Periodic visual
inspections, testing and preventive maintenance are conducted and practiced.

C-18
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C.S. Pressure Isoirtion Valve Operability-

Interfacing System LOCA analysis at the reference B&W plant has focused
on three system isolation valves. Thu systems and their respective valves
are as follows:

1. DHR system letdown isolation valves,12 in, gate valves
2. LPI system injection valves,10 in. gate valves
3. HPI system injection valves, 2.5 in, globe valves.

The gate valves are high recovery positive shutoff valves typically u:;ed
in-systems where minimal pressure drop is desired when the valve is fully
open- They are used in many applications where they must open as well as
close, because their primary function is one of isolation. The globe valves
are typically used where- flow control or leakage is of more concern.

A number of equations are currently used by the industry to estimate-the
torque-and thrust requirements of a given valve and operator for a given
application. One of these equations, the stem force equation, is used to
estimate the stem force required to open or close a valve. This equation is
considered the heart of the total operator sizing effort and is based on a
static force balance of the internal parts of a valve. The unknown frictional
coefficients can be estimated with small-scale test valves, thei, scaled as
necessary to estimate the thrust requirements of larger valves.

L

The following sections discuss valve operator control and thrust
!' : potential, the two valve designs being evaluated at the B&W facility (the gate

valve and the ' globe valve), and the estimated limiting pressure and
differential pressure at which the valves can successfully operate, in both

-the opening and closing directions.

Valve Operator Control

The gate and globe valve applications- being assessed involve inter
: system connections-.wherein an event in one-system, such as a LOCA, can -

directly affect e_quipment, an isolation valve for instance, in another system.
The valves in question are located in the D:lR (gate valves), LPI (gate

C-19
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valves), and HPl (glob valves) systems. Operators for such valves can be
centrolled in one of two ways. 1he first is to monitor the torque output of
:he motor and shut the Operator off v !n the load (and hence the thrust
requirement of the valve) betores too large. This technique has the imbedded

assumption that the torgae, at which the motor is tripped, is in excess of'

that requered to fully close the valve. Under this condition, the motor will

trip when the valve has seated and is fully wedged and has stopped moving,
thereby effering in'inite resistance to further motion.

The second technique of controlling the operator is through position
limit switches. This techniqun allows the valve operator to develop its full

*torque and thrust potentih; until the valve is in either the fully open or the
fuily closed position. This method of control relies heavily on correctly

S

9 positioned limit switches. A misaligned or nonfunctional limit switch can
'result in cantinual to que and thrust being applied to the valve until either

the motor burns out, a power breaker trips or, if so equipped, a safety torque
limit switch trips. If the loads on the valve are excessive and exceed the*

thrust capabilities of the operator, the valve will stop moving although full
torque and thr"st will continue to be applied, subject to the limitations of a

e
torque limit sw' if one is installed.

<

The valve op alors at the reference B&W plant are controlled via the
second method, the valve position limit switches, however they do not have a _

; torque limit switch.

Operator Thrust Potential
'

.

The thrust entential of an operator will be the lesser of:

1. The mrximum rated thrust of the operator

2. The maximum thrust deliverable to the stem by the motor.

iThe maximum rated thrust of an operator is dependent on its size where
as the maximum thiust deliverable to the stem by the motor depends on the

operating characteristics of the motor and the overall gear ratio between the
motor and the stem. The resultant usable thrust will be the lesser of these

I

C-20*
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^

two values. The maximum thrust deliverable to the stem can be estimated as |
'follows:

F, -- 0 /SF [1

O - H, M,,11,, OAR [g
,

OAR = M, S /S, j3

.4 d-(0.96815 Tan a SN ) |f
SF = 24-(0.96815 - SN, Ian a) |

!

L Tan a - S /(3.14159 d) ;
3

- d- .Sd* (S / 2)p

where

F = maximum stem thrust the motor can develop -

i

0,- iiaximum operator torque the motor e.an develop j-.

- SF= stem factor-

i

OAR = ov6rall operator gearing ratio

. M,= motor rated speed' I

- H,= motor rated torque i

H,,- pull out efficiency '

M,,--application' factor
S,= stem diameter ;-

Sj= stem pitch {
5 = stem lead. '

3

S,- stem speed-

SN = stem nut friction.f
,

.
.

. . i
The above can be evaluated using the operator dependent parameters in -

Table C-5.
,

i

-.

|

.,"_ '

r.

|

|

|
|

.
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-Gate Valve

The gate V;.lve stem force equation used to estimate the thrust
requirements of a larger valve based on the testing of a smaller valve is as
follows:

F, = i ^oDP i A,P + F,d

where

f( = total stem force
l disc factor.a

d

A, - disc area exposed to the flow
DP = differential pressure

A, - stem cross-sectional area
P -pressure acting on the stem

F, packing drag load (a constant).-

-

The first term, the disk load, represents the frictional resistance ci
the disk as it moves against a differential pressure loading. The industry

typically assumes that full system pressure will act across the valve unless a
system specific application justifies a lower differential pressure. The

industry also assumes a 0.3 disk friction factor, although f actors up to 0.5
are occasionally used when additional conservatism is desired. This force

will always oppose valve motion.

The second term, the stem re'_ction load, represents the !nternal ,

|
pressure trying to push the valve' stem out of the valve. This force always

acts outwards of the. valve and will thus resist valve closure but assist valve
opening. The. industry typically assumes the pressure upstream of the valve is

I

acting on the valve stem.

I
1

1
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|
lable C 5. Operator Dependant Parameters I

__

12 in. 10 in. 2.5 in.
valve valve valve

Parameter Operator __Qperator,_ Operalgt__

Operator
manufacturer Limitorque Limitorque Limitorque
number SMB 3 150 SMB-3 100 SMB 00-15
rated thrust, lb 140,000 140,000 14,000f

Motor rated
torque, ft Ib, 150 100 15
speed, rpm 1700 3600 1700

pulloutefficiency* 0.400 0.400 0.400
application factor 0.900 0.900 -0.900

Stem '

diameter, in'. 2.'50 2.500 1.125
pitch,thd./in. 0.333 0.333 0.200- i

lead,thd./in. 0.333 1.000 _0.400 'speed,in./ min. 10.5 51.6 13.0
bStem nut friction 0.200 0.200 0.200

Stem factor 0.02688 0.03431 0.01449
overall gear. ratio 53.835 69.750 52.135 :

max. operator torque, ft lb 2,907 2,511-
19,429

282fmax. stem thrust, Ib . 108,151 73,186r

Usable stem thrust",1b, 108,151 73,186 14,000

-

L a. Values are typical of those observed by the INEL during the Motor- -

E Operated Valve-testing-program discussed under the gate-valve section.

b. For operators operating within a normal range of frictions, a 0.2
friction factor is conservative cad bounds the rate of loading concerns '

currently being explored by the INEL. :

c.- The usable-stem thrust is the lesser of the operator rated thrust and-
the maximum stem thrust that-the motor can produce.

The third term, the packing drag load, varies-from valve to valve and is _ <

- primarily' the result of maintenance to control leakage through the stem region :

of the valve. -The-industry recognizes the variability of this parameter and
assigns a conservative packing drag load to reflect extreme packing
compression. The packing drag load will always oppose valve motion.

C-23
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In order to assess the operability limits of a valve, the thrust limit
must be known. With this information, and assuming that the valve develops
~its maximum loading near closure, the variables in the above equation can be
evaluated using the following:

73,186 lb, (10 in. valve)F, =

108,151: lb, (12 in. valve)

0 % W Mow odNce Modage, mWmum now exisu1, -

0.55 for ccmplete closure'and wedging of the disc
0.70 for opening

50.240 in'86.542 in' (10 in, valve)A =
d

(12 in. valve)

4.906 in[ (10 in. valve)A, -

5.936 in (12in. valve)

2500.0 lbf (10 in. valve)F, -

4000.0 lb, (12 in, valve).

The above values for the disc factor are based on testing performed by
the Idaho National Engineering Laboratory (INEL). The U.S. Nuc1 car Regulatory

Commission is sponsoring this valve and motor-operator functionality research
in support of Generic issue (GI)-87, " failure of HPCI Steam 11ne Without

*

Isolation." Among the objectives of this research program is a task to
. determine what factors affect the performance of mater-operated gate valves
and to determine how+ ell industry's analytic tools pr'-Jict that performance.
This research program also supports-the implementation of Generic Letter (GL)

= 89-10, " Safety-related Motor-0perated Valve: Testing and Surveillance," which
is applicable to all light water reactor. safety-related motor-operated valves

-(MOVs)'as well as selected position changeable MOVs in safety-related systems.

Three boiling water reactor (BWR) process lines were investigated.
These include the HPCI turbine steam supply line, the reactor core isolation

. cooling (RCIC): turbine steam supply line, and the reactor water cleanup (RWCU)-
process line. All three of the BWR process lines communicate with the primary
. system, pass- through containment, and normally have open isolation valves.
The concern with the isolation valves is whether they will close in the. event
of a pipe break outside of the containment. A high energy steam or hot water
release in the auxiliary building could result in the common cause failur? of
other components necessary to mitigate the accident.

C-24
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One major area of the research program was the evaluation of two
full-scale flexible wedge gate valve qualification and flow interruption test '

programs. In 1989, these tests were performed, in part, at the Kraftwerk
Union (KWU) facilities near Frankfurt, Germany. Six valves were tested:
three 6 in. valves typical of those used in RWCU applications and three 10 in. j
valves typical of those used in HPCI applications. One of the 6-in. valves |
was also' tested at RCIC conditions. In all, seven design basis flow '

interruption tests were performed.

The test'results clearly show that for tha GI-87 concerns, all valves
subjected to design basis flow interruption tests required more torque and !-

subsequently more thrust to close than would be predicted using the standard
industry motor-operator sizing equation for disc load calculations at common
coefficients of friction. The highest loads recorded were the result of
internal valve damage caused from tLa high differential pressure loads across i

the valve disc as it attempted to isolate flow. The analysis of the results
also shows that the industry's disc load calculation equation is incomplete.
It apoears that the pressure distributions across the disc have obscured the
true disc-friction factor, which is probably much closer to the 0.6 to 0.7
that. Westinghouse. found after the EPRI Marshall PORV block valve tests than

-

the 0;3 that-industry has been using for the last 30 or more years.

i The equation used to estimate the stem thrust requirements of a gate
|

| valve also assumes that the maximum stem force loading occurs when the valvo- -

| 1s near full closure. At this time, the disk area is maximized as is the
differential pressure across the valve, the dominant terms in the equation.
However, based on the testing performed by the INEL, this is not always the

,

case. This observation further supports the above statement that the
industry's disc load calculation equation is incomplete. This issue is

,

currently being~ addressed by the INEL,-although the disc factors used in this
assessment should-bound this phenomena.

The remaining terms in the above equation (the valve pressure and
differential pressure) can be estimated with the id of one addulonal
assumption, that the postulated pipe break occurs in the vicinity of but
downstream of the isolation valve in question. With this assumption, the
differential pressure would be equi to the upstream pressure of the valves.

C-25
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The results thus represent the pressure at which the valve reaches its
threshold limit of operability. This threshold will differ depending on
whether the valve is being opened or closed and whether complete closing and
wedging of the disc in the seat or flow orifice blockage with minimum flow is
desired.

Globe Valve

The globe valve stem force equation used to estimate the thrust
requirements of a larger valve from testing of a smaller valve is as follows:

f, --A W + F,g

where-

total stem forcef a
g

disc area exposed to-the flowA -
d

differential pressureDP =

packing drag. load (a constant).-' f, . =

f

The first term, the disk load, represents the frictional resistance of '

the disk as it moves against a differential pressure loading. The industry
typically assumes that full system pressure will act across the-valve unless a
system specific' application justifies a lower differential pressure. This

force will always oppose valve motion when the--flow is from under the disc.
_

The seco'.d term, the packing drag load, varies from valve to valve and
is primarily the result of maintenance to control leakage through the stem ;

region of.the valve. The industry recognizes the variability of this
. parameter and assigns'a conservative packing drag-load to reflect extreme
packing compression. The packing drag load will always oppose valve motion.

.

In ' order to assess the operability limits of a valve, the thrust limit'
must be known. With this. information, and assuming that the valve develops

' its maximum loading near closure, the variables in the above equation can be
evaluated using the following:

-F- 14,000 lb-
r1
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l

|

-

3.454 in'A -
g

|

f, - 1500.0 lb,.
'

The remaining term in the above equation (the valve differential
pressure) can be estimated with the aid of one additional assumption: that
the postulated pipe break occurs in the vicinity of, but downstream of the
isolation valve in question. With this assumption, the differential pressure

!

would be equal to the upstream pressure of the valves. The results thus l

represent the pressure at which the valve reaches its threshold limit of
operability. Because the globe valve at the reference BhW plant is orientated
such that flow is from under the disc, the pressure will tend to open the
valve and will require little if any stem force. flowever, the pressure will
tend to oppose closure of the valve and the stem thrust will be determined by
the above relationship.

Valve / Operator Sizing Results

Table C-6 presents the threshold pressure and/or cifferential p ssure
at which the " 1ves will successfully operate based on the above assumptions.
The three systems evaluated include the OllR system letdown isolation valves,
LPI system injection valves, and the hPI system injection valves. Note that
degraded' voltage conditions were not considered and that these valves are
assumed to be operating at a normal system voltage of 460 vac.

|

Table C-6. Valve Data and Pressure Limit Results

Limiting Operating Pressure (psig)
ap_d/or diffeteatial oressure f osid)

Clorure
flow Complete

Orifice Closure /
Sydt.1 Valve Number S.ijtg lyng Openino BlqclAq,q _ Wedaina

DHR DH-11,-12 12 in. Gate 1906 2568 1946

LPI DH-1A,B 10 in. Gate 2336 2827 2172

HPI HP-2A,B,C,0 2.5 in. Globe N/A N/A 3619

-.
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APPENDIX D
REFERENCE B&W PLANT ISLOCA EVENT TREES

D.I. Introduction

Detailed descriptions of the ISLOCA event trees for the B&W reference
_ plant are contained in this appendix. 1hese event trees were developed based

on an understanding of the capabilities of the plant's hardware and
procedures. The vetail of the event trees is necessary to accurately describe
and analyze the ISLOCA challenge. The ISLOCA sequente events can be divided

| into three main groups: 1) initiation events, 2) rupture event, and 3)
| recovery events. The initiation events comprise all events that contribute to

,

the violation of the pressure isolation bar:ier. This can include hardware

|
faults, human errors of commission, and Ir. tent faults. The rupture event is a
single event describing the probability that, given the pressure isolation >

barrier is opened, the interfacing system ruptures. It is the result of a
series of calculations estimating the local internal pressure experienced by ,

the interfacing system and the expected rupture pressure for each component in
the-system. The last phase of the sequence considers the potential for the
operators identifying the occurrence of an ISLOCA, diagnosing the cause,-

isolating the rupture, and mitigating any possible radioactive releases (if
the sequence was not recoverei).

Given an ISLOCA has occurred, a high priority item for the control room
operations crew should be isolating the break and terminating the ISLOCA leak.
This action should be taken because the supply of water for cooling the core

'
is limited. The BWST coolant inventory is maintained at about 480,000

j gallons. A small-ISLOCA break (equivalent to a 2-in. line) will result in an
i hitial_ leak rate of about 1,000 gpm. At this leak rate the BWST would be
|

p depleted in about 8 hours. The BWST makeup system would not significantly
L affect this scenario at these 1000 gpm leak flow rates. Other postulated
| ruptures, particularly _those associated with _the DHR system, can result in

much larger leakage rates. When the breaks are isolated in a timely manner
and the leak terminated, the plant can be safely cooled down using the
auxiliary feedwater system (AFW) and steam generators (SG). This is
particularly significant for those sequences where the likely break location
would result in disabling one or both trains of the DHR system.

,

D-3
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The following sections describe the event trees developed for the five
ISLOCA sequences. The quantification of the event trees is based on a yearly
time frame. This time frame is reflected in the frequency of the initial
event-tree events. The initiating event simply postulates a particular
operating mode or status of the plant and includes consideration of multiple
interface lines. The plant operating status modeled in the initial event is
only slightly conservative. The event trees are based on the plant operating

all four quarters per year. The event trees also includes one outage (during

which manual valves Dil-21 and DH 23 are opened to allow M0 VATS testing of

DH-11 and Dil-12) with a single startup and shutdown. The event trees are _

constructed such that the downward branch depicts the failure event listed at
the top of the event tree and the upward branch denotes the complement of the
event (typically, success). The top events are a combination of individual <

component failures, human errors, and functional failures that were deemed
most appropriate for describing the individual ISLOCA scenario progression.

,

The event frequencies described in this Appendix are mean values and are

presented as point estimates. A separate uncertainty analysis has becn
performed and is presented in Appendix L.

Each event tree end-state described in this Appendix was assigned to onc

of the release categories listed below.
_

No overpressurizatloa of the low-pressure systemOK -

occurreo.

OK-op - This scenario that results in overpressurization of
the interfacing system. The system does not rupture
or leak.

LK-ned - This scenario results in a rupture in, and RCS leakage from,
the interfacing system, but no core damage occurs, The leak
is either isolated before core uncovery or the leak is too
small to interfere with core cooling.

LOCA-ic - Identifies scenarios that produce a loss-of-coolant-accident
inside containment. The ECCS is functional and as a result
this scenario is not considered a core damage event.

REL-mit - An ISLOCA in which core damage occurs The radioactive
release is mitigated through an accident management
strategy.

D-4
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'
,

e

REL-1g An ISLOCA with core damage occurs and results in a large- -

un'nitigated radioactive release. |

The REL-mit and REL-lg categories are sometimes subdivided according to
failure location, with the event-tree end states identified as RL1, RL2, etc.

These are described further in the appropriate sequence descriptior..

D.2. Makeup and Purification System Interface Event Tree - MU&P

' '

A schematic diagram of the interface between the makeup and purification
system (MV&P) and the reactor coolant system (RCS) is shown in Figure 0 1.
The base case ISLOCA event tree for this system is shown in figure D-2. The

MU&P system supplies high-pressure purified makeup to the RCS and seal
injection to the reactor coolant pumps. The normal RCS makeup flows from the
MU&P system through the HPI A-header via check valves HP-57 and HP 59.
MU&P/HPl system features include:

(a) The HPI pressure isolation check valves (PIVs HP-57/59,
HP-56/s8, HP-48/50, and HP-49/51) are welded together. This.

prevents leak testing of individual check valves. Therefore,
upon completion of a successful leak test, only one of tne tw
check valves can be assured of_ being properly seated;

(b)' The normally closed HPI MOVs (HP-2A, B, C, and Di are st oke
tested quarterly. While the A-header valve (HP-2A) is being

,
stroke tested, the MU&P system continues to provide RCS makeup

! through that line. When HP-2A is opened during the test, high-
pressure makeup water backflows to tha HP-pump discharge check
valve (HP-23). Once the test is completed, the M0V is closed,
and the HP_line is vented by opening HP-27 and HP-29 to a
HPI-pump test recirculation line. This same recirculation line

,

is opened to the BWST for the quarterly HPI-pump flow test. ~

This process presents an opportunity for mis-aligning the
recirc line.after the pump test, and/or HP-2A after the stroke
test, possibly allowing RCS water to backflow to the BWST.

The MU&P event tree events are defined as follows. Point estimates of
the base case branch orobabilities are also listed.

.H1-HU - Plant Operating in Mode 1. 4.0

The event tree is quantified on a yearly basis. In order to account for
the quarterly stroke tests of the high-pressure injection valves, the

D-5
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initiating event is_ quantified based on four quarters per year to obtain a
yearly estimate of the accident frequency. The subsequent events are

quantified under the assumption that the MU&P system is operating through
leg A.

- HMX-MU - K$' HP-2A Leaks Externally (Makeup Water). 2.2E-4

This event's probability is calculated by taking the product of the
hourly failure rate of 1.0E-7 (see Appendix B). The hourly failure rate is
calculuted from the LER aggregations and the number of hours per quirter
(2,190). This event results in a makeup water leak outside containment. The

leak rate is expected to be small.

HVI-MU - HPI to BWST Vent Line Left Open. 0.0013

This event addresses the possio lity that the operators inadvertently
leave the vent line open after the previous HPI pump test. The normal

procedure for executing.the pump test includes opening a recirculation line
from the pump to the BWST. This is the same line use to vent the pressure in
the HPI line between the HPI pump discharge check valve HP 23 and HP 2A after
the HP-2A stroke test. However, in the venting procedure leaves HP-1556
closed. This event considers the chance that the recirculation line
(specifically manual valves HP-27, HP-29, and HP-1556). is open at the time the

-stroke test is conducted.

The HRA-task analysis determined that the R0 must : heck the vent path.
The valves in question are locally operated and there is no direct procedural
warning for .the possibility that this line-up could contribute to an ISLOCA.
Also considered in the HRA was the lack of a valve status board in the control
room to indicate valve status for the crew, and no control room

instrumentation indicating valve positions. Modeling of the HV1 event
includes:- 1-the potential for the shift supervisor to inquire about the
status of these valves, 2-failure to send an E0 to close the valves, and 3-
errors of omission and commission for the operators to correctly close HP-27

and HP-29. The human error failure probabilities for this event were obtained
from THERP and NUCLARR. (See Appendix'E; Figure 4, 5, and 6; Table E8)

0-8
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HH1-Mu - MOV HP-2A Normally Closed is Opened. 1.0

lhe probability for this event is based on thc routine quarterly stroke
tests of MOV HP-2A. The valve is opened during this event.

hcl-MU - Pressure Isolation Check Valves HP-57 and HP-59 Normally Open. Fail
to Close. 1.0E-3

This is a demand failure rate for one valve. The failure rate is based
on cata in the NUCLARR database (see Appendix B).

These valves are welded together and can only be leak tested as a pair.
The failure rate data for one valve was used as a result. If failure of one

valve were to occur it would not be detected during leak testing. This is
because the leak test can only verify that one of the two valves is positively
seated. The selection of the demand failure rate for one valve then provides

,

a bounding case for this event.

Success of this event (valve closes) gives rise to a situation in which
the potential coolant loss from the RCS is limited to the MU&P letdown flow
rate (typically about 75 gpm). The MU&P flow will be diverted from the RCS
and the control room operators may increase the makeup flow rate in response
to the resulting decrease in pressurizer level. With the valves closed, the
net leakage rate out is limited to the diversion of make-up flow. The RCS

loss consists of the letdown rate via the MU&P system.

HC2-MU - Check Valve HP-23 Normally Free, Backleaks. 1.0E-3/2.6E-3,

Because the HP pump is tested quarterly, this valve is required to close
if a leak occurs in the PlV. For most scenarios on this event tree, the
failure probability used is the conditional probability of a second check
valve failing to close, given the failure of another check valve. Both

HP-56/58 (treated as a single check valve) and HP-23 are modeled as having
identical failure rates. The failure of the two are then correlated and the
probability of both valves failing is higher than the combination of two
independent failures. The value of 1.0E-3/ demand (EF-5) for one valve is from

l
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the NUCLARR database. The aggregated failure probability of tw- 'alver (i.e.,
HP-57/58 and HP-23) is calculated as 2.6E-6 (using Monte Carlo .ampling).

HM2-MU - Operators Fail to Close HP-2A MOV. 0.008

During the quarterly stroke test of valve HP-2A, the valve is opened and
the stroke time is measured. The valve is then returned to its normal closed
state. The possibility exists for the operators to fail to reclose the valve.
The probability is based on the combination of both hardware failure (from
Appendix B) and human error (from Appendix E) probabilities (3.8E-3 plus
3.bt-3,respectively). The HEP was determined from THERP for properly

implementing a procedure and includes omission as well as inadvertent
selection of any similar switches on the panel (see Appendix E; Figure 7 and
8, Table E9) .

HRP-HU - Interfacing System Ruptures. 0.92/0.07 - 1.0E-4/0,13

This event is evaluated in a separate analysis that uses a series of
RELAPS computer runs (Appendix f) to estimate the pressures generated in the
low-pressure piping and components. These estimated system pressures are then
compared to the estimated failure pressures. These failure pressures were
obtained from a structural analysis performed by ABB IMPELL Corporation
(NUREG/CR-5603) . The rupture probabf ities for both the system and individual
components are obtained from a Monte Carlo simulation that compares system
pressure to the estimated component failure pressure (see Appendix H).
Rupture is assumed to occur if the system pressure exceeds the estimated
failure pressure in the simulation. The rupture probability of a component is
simply the fraction of the Monte Carlo sample obsersations in which the system
pressure exceeds the failure pressure. The rupture probability estimate for a
given location in a system is obtained by combining the rupture probabilities
of components located in the area of interest. This composite probability is
the one used in the event tree.

A review and walkdown of the system, in combination with the analysis
described above, revealed two likely failure locations. The first location is
in the recirculation line to the BWST, downstream from manual valve HP-35. At

this point the pipe schedule changes from 1500 psi rated to 150 psi rated.

D-10
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Overpressurization of the BWST is not a credible scenario since this tank
contains both an overflow and vent line. The second failure location is in
the suction piping of the HP! pump. For a rupture to occur in this location,
the HPl pump discharge check valve (HP 23) would have to fail to closo when
demanded (see event HC2, above). The BWST recirculation line and the HPI pump
suction-line are identified as failure locations RLI and RL2, respectively.
Because the ECCS pumps share a common room (e.g., all train A pumps in one
room) and the recirculation line passes through one of the rooms, a failure in

4ther location would likely disSble one train of each LCC system.1his
failure would include the HPI, LPI, and CSS, but would not include the MU&P
system.

HD2-HU - Operators Fail to Detect 15LOCA. 0.0028

The HEP value reflects recognition on the crew's part that a rupture in
an interfacing system has occurred. The detection of the ISLOCA was modeled
so that is not necessary to include the identification of the cause or the
corrective actions that need to be taken to isolate or mitigate the accident.

The detection of the ISLOCA event may require that the operations crew
recognize that the'following information indicates that an ISLOCA has
occurrJJ: 1) observation of 2 out of three computer based alarms (high

| temperature alarm for the HP-pump 1-2, RAD-FA alarm, or Auxiliary building

p sump) Anf -2) recognition of I of 2 available annunciators (decreasing makeupn
I tank level or local annunciation of relief valve 1511 open). Other items not

-

taken into consideration are-indications of low seal injection for tha reactor ;

coolant pumps,-low makeup flow, decreasing pressurizer level, and decreasing
level in the makeup. tank. These other indicators were not considered since
they are typical signatures of a design basis LOCA.

Plant interviews indicated that during an ordinary stroke test of HP-2A,
-the high-pressure alarm would sound. Therefore, credit was not given for that
alarm being part of a unique ISLOCA signature. HEP values from THERP and a 2

-out of 3 failure logic based on plant interviews were used to model of the
amount of information necessary for the operators to conclude that an ISLOCA
has occurred (see Appendix E, figure 9, Table Ell).

D-11
,



HOA2-MU Operators fail to diagnose ISLOCA. 0.006

Because no Isl0CA procedure exists for this plant, part of th6 process
"

of diagnosis depends on the crew's ability to conclude that the existing fault
must lie outside of the Small Leak Procedures. failure to implement the
procedure properly was modeled in HRA event trees with quantification values
determined from 1HERP. This modeling took into account R0-E0 communication
and potential recovery f actors. The instrumentation available is described as
part of HD2-HV, " Operators fail to Detect ISLOCA." The HEP value for HDA2
reflects performance shaping factors such as time available to the crew to
diagnose, stress, resources such as procedures or instrumentation, and
training (see Appendix E, figure 11, lables E13 and E14).

H12-MU - Operators Fail to isolate ISLOCA. 0.002
|

After the operators become aware of an abnormal situation, they must
select the appropriate procedure and begin corrective action (s). H12-HV

models the probability that the crew gets caught up in trying to diagnose the
situation, forgets that HP 2A is still open, and has no ISLOCA procedure to
direct them to the right actions. In this case, the HEP value represents the
crew's realization that there is a connection between the test procedure and
the ISLOCA and takes into account the appropriate control actions ( i.e.,

clot.es the wive). The HEP was determined from THERP and represents the

potential for the crew to view symptoms properly and conclude that an ISLOCA
exists, but due to the mc 'erately stressful situation, select an inappropriate
response (see Appendix E, figure 12).

HH1-MU - Operators Fail to Mitigate the Release. 1.0

Many things determine the potential for mitigating a possible
radioactive release from an ISLOCA. These include: location of rupture,
submergence of the break, presence and operation of fire suppression sprays,
design of the_ auxiliary building (water tight doors, flow paths to the

_

environment, etc), conditions at the time of core degradation (i.e.,
temperature of the pipes, water and surfaces inside the aux-b1dg), and effects

| of severe accident phenomena such as possible hydrogen generation and burning.

|

D-12"
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The results of the aux-bidg environmental analysis (see discussion of
Dreak Sequence 5 in Appendix M) indicate that for this ISLOCA sequence, the
break will likely be submerged. However, the calculations performed for this
study only consider the time up to failure of all ECCS, and do not examine
conditions at the tirne of core degradation. Therefore, given the
uncertainties associated with the parameters mentioned above, the initial
assumption used the bounding situation that all releases are unmitigated.
Once-risk was calculated this assumption was reexarrined. Based on the

| relatively low ISLOCA risk results (i.e. 6 person-rem /Rx-year), it was deemed
| prudent to not expend additional offort on this issue.

|
|

|
D.3. High-Pressure Injection System Interface Event Tree - HP!

|

Figure D-3 shows a schematic diagram of the interface between the HP1 '

system and the RCS. The ISLOCA event tree for this system is shown in
figure D-4. Each of the two HPI pump trains branch into two injection legs.
Each injection leg then discharges into one of the RCS cold legs. The

pressure isolation boundary is maintained by:

1. two check valves that are welded together,
#

-2. a normally closed MOV (stroke tested quarterly) and,
3. the HPl pump discharge check valve.

Because the MU&P system provides normal makeup to the RCS through a connection
in HPI leg A.'that line is analyzed separately. The other three injection
legs are modeled together in the HPI event tree.

M1-HP - Plant Operating at Mode-l. 12.0

The event tree is quantified using four quarters per year multiplied by
| three injection lines. This produces a yearly estimate of accident frequency.
|- This is done to account for the quarterly stroke tests of the high-pressure

injection. valves. The event tree models the three injection 1 bes that do not
normally:have makeup flow through them. The key implication is that the
pressure boundary check valves are normally closed with a 2200 pst
differential pressure across them.
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Figure D-4. High pressure injection ISLOCA sequence event tree.
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hcl-HP - Pressure isolation Check Valves HP-56/58 Backleak. 1.3E-4

Although there are two check valves inside containment in each injection
line, these valves are welded together and physically coupled such that they
cannot be individually leak tested. As stated in the description of the HU&P
event tree, each check valve pair is treated as a single valve in the
calculation of the backleakage probability. The reverse leakage probability

is taken from the LER summaries and is estimated et 5.8E-7/ hour (see
Appendix B). Where possible, the LER valve failures were qualified as either
a large leak or a small leak, with only 37 classified as large leaks (50 gpm
was typically used to define the threshold between large and small leaks).
However, given the ambiguous nature of the qualification and the uncertainty
as to whether the LERs comprise a complete set of data, a conservative large- ;

leak fraction of 107,~is used here. The large leak failure rate of 5.8E-8/ hour
is then multiplied by 2190 hours / quarter to generate a quarterly reverse
leakage failure probability of 1.3E-4.

HN1-HP - HOV HP-2B(C D) Normally Closed is Opened. 1.0 ,

The HEP value of 1.0 is based on the routine quarterly stroke tests of
MOVs HP-2B, C, and D as directed by procedure.

HV1-HP - HPI to BWST Vent Line Left Open. 0.0013

This event models the possibility that the 3-in, recirculation line
(H0Vs 'HP-26 or HP-27, and HP-29) is open .at the beginning of the stroke test.
This line is used for the quarterly flow tests of the HPl pumps. It is

therefore possible that-this line is left open after the pump test and, along
with a preexisting failure of the PIV check valves (HP-58 and HP-59), allows

RCS water to flow back to the BWST when the HPI H0V (HP-2B) is stroke tested.
An HRA event tree was used to model the series of events that could lead to
the E01eaving these two valves open after'a pump test. Included is the

| communication between the P.0 and E0 and the potential for recovery factors
i such as the SS (or other control room personnel) verifying the position ''

these val'ms af ter . test completion. THERP values were used to quantify ...e

event (see Appendix E, Figure 13).
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HC2-HP - Check Valve HP-23 Normally Free, Backloaks. 1.0E-3

If the PlV check valves fail open, and the HPI HOV HP 2B is stroke
tested, the HPl pump discharge check valve, HP-23 (22), mus.t close in order to
prevent overpressurizing vulnerable portions of the system. Because the HPI

pump is flow tested quatterly the check valve periodically sees flow through
it, but is normally in the '' free" state. That is, most of time there is no
flow and no differential pressure across the valve. lherefore, in a situation

that exposes the valve to reverse flow, it is demanded to close and isolate
the HPI pump from the RCS. The failure probability is simply the estimated

- probability that a check valve fails to close on demand (from Appendix B).
-

HRP-HP --Interfacing System Ruptures. 0.92/0.07 - 1.0E-4/0.13

This event models the conditional _ probability that, if given portions of
the_ system are overpressurized, they will rupture. The two sets of values are
for the HPl pump suction piping and the recirculation line to the BWST,
respectively. Similarly, each value of the pair represents the probability
that tha rupture will be large or small, respectively. These numbers were

obtained-by first perf(rming RELAPS analyses of the HPI system to identify the
pressures seen by the different portions of the system upon ingress of RCS
water (Appendix-F). These local system pressures are then compared to the
estimated failure pressures of the system components (from Appendix G) in a

_

- Monte Carlo simulation using the EVNTRE computer code. The branch

probabilities are taken as the fraction of Monte Carlo observations that
reMted in large, small, or no ruptures.in the HPl system (see Appendix H for
ue details of this calculation),

Hb2-HP - Operators fail to detect ISLOCA. 0.0014

A number of indicators are available that provide status information on
the interfacing systems to the control room operators. -The operator's ability
to detect this ISLOCA sequence is based on the successful recognition of 2 of
4 computer alarms (flow indication P-465, high temperature T-464, RAD-FA, and
Auxiliary- building sump) and 1 of 2 annunciators (f alling pressurizer level or
opening of relief valve 1510 or 1511). No credit was given for flow
indicators (hA3-C-1) registering reverse flow in the analysis. All failure

0-17
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probabilities were derived from THERP. Note that this event does not include
the process by which the operators diagnose the situation (see the next event
descriptio.i,. All that is included in the HEP for HD2-HP is detection of
overpressurization of an interfacing system, not identification of the cause
or the corrective actions (see Appendix E, figure 14, Table E14).

HDA2-HP - Operators fail to diagnose ISLOCA. 0.006

This event has the same descriptio') as that for HD"-HU. THERP values

were used to quantify the implementation of the RCS small break procedure, and
to quantify the ability of the crew to identify the signature of events as an
ISLOCA (see Appendix E, Figure 11, Tables E12 and E13).

H12-HP - Operators Fail to Isolate ISLOCA. 0.002

After the operators become aware of an abnormal situation, they must
diagnose the cause and initiate corrective actions. This event models the
probability that they will fail to isolate the break. The HEP estiniation |

includes consideration of the time available for the opernors to take the
appropriate corrective action (i.e., the time to core uncovery, see
Appendices G and H). The probabilities used were derived from THERP and were

determined in the same manner as that for H12-HV (see Appendix E, Figure 16).

HMI-HP - Operators fail to mitigatc release. 1.0

Many things determine the potential for mitigating a possible
radioactive release from an ISLOCA. These incidde: location of rupture,
submergence of the break, presence and operation of fire suppression sprays,
design of the auxiliary building (water tight doors, flow paths to the
environment, etc), conditions at the time of core degradation (i.e.,
temperature of the pipes, water and surfaces inside the aux-bldg), and effects
of severe accident. phenomena such as possible hydrogen generation and burning.

The results of.the aux-bldg environmental analysis (see discussion of
Break Sequence 5 in Appendix H) indicate that for this ISLOCA sequence, the
break will likely be submerged. However, the calculations performed for this:

study only consider the time up to failure of all ECCS, and do not examine
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D,4. DHR Letdown Interface (Shutdown) Ev6,:'. Troe - DHR-5D

Once plant shutdown has been initiated, the control 1'om operators
monitor the primary system pressure and temperature in order to ensure
adherence to the limits and requirements governing shutdown (e.g., at the
Reference B&W pltnt the cooldown rate is I'mited to 100'/hr for temperatures
above 270*f and 50'F f1r temperatures below 270'f). When the RCS temocrature

and pressure are reduced to approximately 280'F and 266 psig respectively, DHR
operation is initiated, figure D-5 shows a schematic diagram of the interface
between the DHR letdown and the RCS. The ISLOCA event tree for this interface
is shown in figure D 6. The scenario of concern here begins with the
premature opening of the DHR letdown line (MOVs DH-ll and DH-12). This action
is based on the unlikely premise that shutd'.n has begun and that the control
room operators misjudge the need for DHR, misread the cooldown curve,
misinterpret the system indicators, misunderstand the procedures and '

instructions, etc. The pressure and temperatu E of the RCS will be anywhere
from 2200 psi and 600*F to 266 psi and 280'f. The lower end of the presture
range would seem more likely in those cases wierre plant shutdown proceeds
expeditiously, while the high end of the range might be possible if the plant
has spent an unusually long amount of time in hot standby or there was some
external constraint that necessitated a quick shutdown.

.

A second area of interest relates to the plant procedures for initiating
DHR operations. The two DHR letdown MOVs (DH-ll and DH-12) are interlocked
with RCS pressure !.uch that they cannot be opened if the RCS pressure is above
301 psi for DH-ll and 266 psi for DH 12. If DH-12 will not open, the
procedure allows the operators to jumper out the relays in order to bypass the
interlock. Because this action is procedurally sanctioned, the potential
exists that the operations crew could jumper-out these relays when such an
action is not warranted.

M3-SD - Plant Cooldown Mode-3-(Shutdown). 1.0

An orderly and controlled plant shutdown that requires operation of the
DHR system is assumed to occur, on average, once a year. This presents the
opportunity fcr the DHR shutdown interfacing system LOCA sequence. This

sequence is based on the premise that the control room operators are
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susceptible to the hur.an error of commission of entering DHR cooling'

prematurely. (i.e., when RCS pressure is still above 300 psi).

L DH1-SD - Operators Open DH-11 & DH-12 Too Soca While Transitioning to Shutdown
0.00005Cenditions.

The first failure event provided in figure 18 (in Appendix E), fault
Tree for Premature Opening of DH-11 and DH-l%, " Operators Misread or Fall to

Verify," represents the combined |lEh f ar the operatino crew for:

1. incorrectly reading the RCS pressure ind- Or,

2. failing to verify tnat the DH parmissive trip switch light is
not lit,

3. recording information from the wrong instrumentation.in the
control room, and erring when comoaring this information to the
core cooling tables. Likewi:e, they obtain incorrect readings
of system pressure and err in comparing correct information
r,;cinst the core cooling tables.

The HEP obtained for this failure event is negligible (i.e., < lE-4) and so
does not contribute appreciably to prematurely openi,9 DH-11 and DH-12 and

initiating an ISLOCA. The HEPs for this event were obtair.ed frnm THERP
Chapter 20, Tables 7, 9 and 10, which address selectica and commission errors
in.using control room displays [see Appendix E, Figure (s) 17,18, Table E151

The second block in the fault tree (sen Figure 17) models the operators
decision to enter decay heat removal before tempurature and pressure limits

are acceptable. The cognitive action HEP for this block was determined by
engineering judgement and reflects the possibility of a joint decision by the
SS and R0. The basis for the HEP estimate includes sanctioned jumpering of
interlocks which exist in current SD procedures. Allowance has been made for
a refusal by the 1&C technician during the execution of this procedure.

The basis for this estimation utilized the industry operating of zero
occurrences in 151; reactor-years (Rx-yr) experience. Using a Bayesian update

of a noninformative prior yields a mean occurrence rate of 3.3E-4/Rx-yr (95%
upper bound of 1.3E-3/Rx-yr). After modifying this rate for the specific
context of the B&W reference plant (as described above), an adjusted rate of
6.6E-4,Rx-yr was estimated.
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DRP-SD - Rupture of. Low-Pressure System Components. 0.11/0.34

This eve * represents the probability that, given the DHR letdown valves
are--opened prematurely, the. pressure in the interfacing system exceeds the
iailure pressure of the system components.- This is a function of the RCS
pressure at which the prematurc entry into DHR was made. If the premature
entry-into DHR is made when RCS conditions have not quite reached the set
points required by procedures, there should not be a problem. Table D 1 shows

the weighting scheme used for allocating the HEP for prematurely entering DHR -
cooling as a function of RCS pressure. Table D-2 lists the effect of this
weighting on the HEP and'the probability of producing a rupture in the
interfacing system. The values listed above are the aggregated probabilities
that the rupture will be either a large rupture or a small leak, respectively.

Table D-1.- Relative weighing of HEP as a-function of RCS pressure.
(regression used for estimating pressure-dependent HEPs)

RCS Relative _ .
Regression Output:

Press HEP- Lpa(HEP) Constant 0.666667
Std Err of Y Est 1.3E-8

2200 0.001- -3 R Squared 1

1600 0.01' -2 No. of Observations 4

1000 0.1 -1 Degrees of Freedom 2

400 1 0- X Coefficient (s) -0.00167 .

Std Err of Coef., 9.6E-12
4

A RELAPS model was constructed of the interfacing system in order to
estimate-the local pressures that would be seen by the various downstream
components. The RELAP5 calculations were performed fer the range of RCS-
pressures from 400 to 2100 psig in 100 psig increments (see Appendix F). The

slocal interfacing system pressures were then ccmpared to t e estimated failureh
_

'

-pressures. The estimated failure pressures were calculated in an independent
analysis' by IMPELL Corporation (NUREG/CR-5603). A Monte Carlo simulation was,

-used'to determine:if and where ruptures would occur (described in Appendix H).
In each Monte ~ Carlo observation, the RCS pressure was converted to a local

system pressure using an empirically derived equation. Both the RCS pressure

and the rupture pressures for each system component were randomly sampled from

0-24
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!the- postulated distributions (i.e., a: normal distribution for RCS pressure and-
.lognormal for the failure pressure). The two resulting values were compared

sand ifithe system pressure exceeded the failure pressure, the component was
assumed;to fail. If not, no-failure was assumed. The probabilities listed-
for this' event-(0.11,'0.34, and 0.55)_ represent the fraction of the 10,000
Monte Carlo observations that resulted in large, small, and no ruptures,
respectively. The system rupture probability at each RCS pressure was
weighted by the probability that the valves are opened at that particular
pressure by the operators (see Section 4.6.2.1 for further discussion on

this).

Table D-2. DHR system' rupture probabilities (weighted by the' HEP of
prematurely opening DH-ll/12) as a function of RCS pressure.___

_

RCS HEP System Rupture HEP-Weighted System Rupture-
Pressure -Probability Probability

E 9I large small no-leak large small no-leak

2200 2.lE-07 1 0 0 2.1E-07 0.0 0

2100 3.lE-07 0.999 0.001 OL 3.lE-07 4.3E-10 0

2000 4.5E-07 0.997 0.003 0 4.5E-07 1.lE-09 0

1900 6.7E-07 0.995 0.005' 0 6.6E-07 3.lE-09 0

L 1800 9.8E-07 0.994 0.006 0 9.7E-07 6.3E-09 0

|- 1700 1.4E-06 0.991 0.009 0 1.4E-06 1.3E-08 0

1600 2.lE-06 0.983 0.017 0 2.lE-06 3.7E-08 0

-150) -3 lE-DG 0.964 0.036 0 3.0E-06 1.1E-07 0

1400 4.5E 06 0.920 0.080 0 4.2E-06 3.6E-07 0

1300 6.7E-06 0.836 0.164 0 5.6E-06 1.lE-06 0

'1200 9.8E-06 0.705. 0.295 0 6.9E-06 2.9E-06 0

1100 1.4E-05 0.551 0.449- 0 7.9E-06 6.4E 06 0

1000 2.lE-05 0.403 0.597 0.0001 8.5E-06 1.3E-05 2.lE-09
900 ~3.lE-05 0.281 0.718 0.001 8.7E-06 2.2E-05 2.5E-08

'800 4.5E-05 0.178- 0.810 0.012 8.lE-06. 3.7E-05- 5.3E-07
700 6.7E-05' O.100 0.809 0.091 .6.7E-06 5.4E-05' 6.lE-06
600 9.8E-05 0.050 0.580 0.370 4.9E-06- 5.7E-05 3.6E-05
500 .l.4E-04 0.021 0.193 0.786 3.lE-06 2.8E-05- 1.lE-04
400 2.lE-04 0.007 0.012- 0.981- 1.4E-06 2.6E-06 2.lE-04

6.6E-04 0.113 0.338 0.548
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DD2-SD - Operators fail to detect ISLOCA. 2E-4

This event represents the failure of the operating crew to correctly
integrate computer alarms and control room annunciators as indicators of an
ISLOCA. This failure occurs after an ISLOCA hac been initiated. The HEP for

this event includes modeling of key computer alarms (T-362 and sump computer
alarm) and control room annunciators (for relief valve open and containment
sump alarm). See Appendix E, Figure 19 and Table E16.

DDAl-SD - Operators fail to diagnose ISLOCA (DHR-Shutdown). 0.006

In this scenarie, the system failures lie outside the scope of the Loss
of DHR procedure. The key events for this scenario involve failure of the
crew to determine the fault lies in an area not addressed in the procedure
and, troubleshooting to find the fault. The operators would need to determine
that an ISLOCA involving the DHR system was in progress, independent of
procedural guidance and using control room indications. Although the Loss of
DHR procedure will not be of direct utility in isolating critical points in

the system to mitigate the ISLOCA, it will help the .rew to determine which
points in the system are not faulted. Troubleshooting outside of the-

procedure is necessary to identify the faulted points and to determine the
flow path through which inventory is being lost. The HEPs for this event were
obtained from THERP tables in Chapter 20. See Figure 21 and Tables E17 and 7

E18 in Appendix E.

012-5D - Crew Fails to Isolate ISLOCA (DHR-Shutdown). 0.008

This event represents the failure of the crew to isolate the flow path
in the system through which RCS leakage is occurring. A prerequisite for this

event is the successful identification or determination that the system leak
is occurring through mote -operated valves DH-ll and DM-12. Failure to close
DH-ll or DH-12 will cause failure to isolate the DHR leak path. These valves
can be closed either from the control room or from the panels where they were

,

jumpered (see Appendix E, Figure 22, Table E19).

The HEPs for the control room action correspond to two independent
selection errors (i.e., the operator incorrectly presses two switches near the
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two desired switches) modified for the effect of stress. The HEPs for the
control root error _ in selecting the wrong controls were obtained from THERP
Chapter 20 tables for commission-errors in selecting a control.

DMI-SD - Operators Fail to Mitigate the Release. 1.0

Many_ things' determine the potential for mitigating a possible
radioactive-release from an ISLOCA. These include: location of rupture, '

submergence of the break, presence and operation of fire suppression sprays,
design of the auxiliary building (water tight-doors, flow paths to the
environment, etc), conditions at the time of core degradation (i.e.,
temperature of the pipes, water and surfaces inside the aux-bldg), and effects
of severe accident phenomena such as possible hydrogen generation and burning.

The results of the aux-bldg environmental analysis (see discussion of
Break Sequences 1, 2, and 3'in Appendix M) indicate that for this ISLOCA-
sequence, the break will likely 'oe submerged. However, the calculations
performed for this study only consider the time up to failure of all ECCS, and
do not examine conditions at the time of core degradation. Therefore, given
the uncertainties associated with the parameters mentioned above, the initial
assumption used the bounding situation that all releases are unmitigated.-

Once risk-'was calculated this assumption was reexamined. -Based on the
relatively low!ISLOCA risk'results (i.e. 6 person-rem /Rx-year), it was deemed
prudent to not expend additional effort on this issue."
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D.5. DHR System Letdown Interface (Startup) Event Tree DHR-SU

The DHR c,ystem may be overpressurized if the DHR letdown line remains

open while the RCS is bebig heated up and pressurized. A schematic diagram of

the DHR interface with the RCS is shown in Figure D-7 and the ISLOCA event

tret for this system is shown in Figure D-8. There are two ways in which RCS

water can enter the DHR system. One way is via the normal letdown MOVs DH-ll
and DH-12. Another way is via the MOV bypass valves DH-21 and DH-2?. These

are manual locally-operated valves. Although DH-11 and 12 are interlocked to
automatically close when the RCS pressure is above 300 psig, the valves always
have their control power removed (as required by technical specifications) to
prevent inadvertent operation, thus defeating the closure interlock.

M3-SU - Plant Heatup. 1.0

This event represents the occurrence of plant heatup, which takes place

with the reactor subcritical. Mode 3 operations cover the range from

approximately 280*F and 200 psig, to about 500'F and 2200 psig. Heatup is
primarily accomplished using the pressurizer heaters to increase RCS
temperature and pressure. (At approximately 500'F and 2150 psig, reactor
power is raised to about 5% and'the plant goes through startup operations,
Mode 2, in anticipation of entry into Mode 1, power operation.) If the plant

has just completed an extended outage, the heatup procedure specifies a number
of hold points at which periodic surveillances and tests are performed.
However, if the outage was brief, most of these items can be omitted and the
transition to Mode-2 can be accomplished relatively quickly. Because a plant

trip do'. > 't necessarily require operation of the DHR cooling system, an
estimated av cige of one startup per year is used for this event.

DMi-SU - DHR Letdown MOVs DH-11 and DH-12 are Left Open. 0.0002

This event models the probability that the DHR system letdown isolation
valves, DH-ll and DH-12, are inadvertently left open during plant startup.
Normal plant procedure at the Reference B&W Plant is to maintain the valves in
a disabled state by removing their control power (thus, defeating the safety
feature of the interlock). This is done during power operation to prevent ,

inadvertent opening, and during plant shutdown to prevent inadvertent closure
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that would isolate the DHR system. The interlock afftvding overpressure
protection is that for the pressurizer heaters. The failure of this interlock
is modeled as part of this' event' sequence. The centrol power to the valves is
energized only when the valves are to be operated. The startup procedure also
requires that the. crew verify-the position of these two valves and an
independent sign off by a separate operator. This startup event is quantified
using values from THERP- (see Appendix E, Figure 23, 24, and 25, and Table

E20).

DIL-SU - Pressurizer Heater Interlock Fails. 1.3E-3

Although DH-11 and 12 are not capable of automatically closing (control
power is always removed), the valves _ are interlocked with the pressurizer
heaters such that_ if the valves are open and the RCS pressure rises above 300
psig,-the heaters will not-operate. Tripping the pressurizer heaters will

-prevent pressurization of tha RCS above 300 psig. This event models the
probability that the interlock fails- to trip the pressurizer heaters, and is
quantified using a fault tree development that accounts for both hardware and
miscalibration faults. The fault tree is shown in figure D-9 and is

quantified using data _from Appendix B.

|- DM2-SU - DHR Bypass Manual Valves DH-21 and DH-23 Left Open. 0.0002

L

This event models the probability that valves DH-21 and DH-23 are left
open following their use during a shutdown. -Because these are locally
operated valves _ that are normally locked closed, the likel.ihood of operators
suspecting them to have been-left open is assumed to be small. Opening these
valves .is necessary to stroke test valves DH-ll and DH-12 (which is done while
the plant is shutdown). These valves have no remote position' indication or
hardware co itrol . They are administrative 1y controlled. Communication is a

key factor.in operators not approcching startup with DH-21 and DH-23 in the
open position. The event was modeled to include possibilities for recovery
prior to startup. Quantification is bases on 'THERP, Tables 7,13, and 22 from
Chapter 20 (see Appendix E figure 23 and Tables E23 and E24).
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DV1 SU - DHR Relief Valve, DK-4849 Fails to Open. 3.0E-3

The DHR relief valve is not capable of protecting the DHR system from
,

being overpressurized by the RCS (4-in, relief valve on the 12-in letdown
:line), but would provide a highly visible mechanism for informing the control
-room operators tne situation was not normal. In addition to the outlet
temperature indicator located in the control room, the relief valve discharges
to the containmen sump, which is also instrumented. Furthermore, upon

opening at its setpoint of 320 psig, the s alief valve is designed to pass
approximately 1800 gpm, a rate that cannot be replenished by the makeup
system. This rate of coolant loss would in turn produce a drop in pressurizer
level. Therefore, if the relief valve were to open, the probability of |
detecting an abnormal' conc'ition prior to reaching a pressure that would
challenge the DHR. system integrity is very high. The probability that the
relief valve fails to open is taken from the data listed in Appendix B.

1

-DDI-SU_(A,C) - Operators Fail to Detect Overpressure in the DHR System. IE-4

If the relief valve DH-4849 to the containment sump opens, the RCS sill
. lose approximately 1,800 gpm to the containment sump. This provides clues to
the operators for detection of the overpressure situation. Additionally, the
pressurizer level will- fall and activate an alarm because of the RCS inventory
loss associated with the leak. Prior to- rupture, high temperature alarm
(T362) indication will:be available on the inlet side of the DH pump. This

o information is presented in both the Reference B&W Plant computer alarm system
present in the control . room and on annunciator panel 3-4-A1. Event DDl-SU-A,C-

was' modeled using HRA fault trees and quantified with values from THERp (see
- Appendix E, Figure 26, Table E21).

'DD1-SU-(B.D) - Operators Fail to Detect Overpressure in the DHR. IE-3

The second situation examines the case when DH-4849 fails to open on

demand. In these scenarios, the operators must rely on less obvious
indications to detect overpressure. The primary indication is the annunciated
temperature alarm (DH8B/A) from the inlet side of the DH pumps. The failure
rate is higher than that for DDI-SU-A,C because of the relatively short time
frame for personnel *3 detect the overpressure prior to entry into the rupture
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phase of:the; sequence. This event was modeled using engineering-judgement and
; quantified with values from THERP (see Appendix E, Figure 30, Table E26).

DIl-SU-(A,B)_- Operators Fail to Isolate the RCS from the DHR System. 0.013
.

This event represents the possibility that operators fail to perform
necessary isolation actions. DH-21 and DH-23 are local-manual valves whose
positions can be verified only through local inspection of the valves (note
that both pairs of valves are located inside-containment). The opening of
DH-4849 is credited with increasing the probability that the abnormal
situhion will be correctly diagnosed,-but not that the actual isolation ;

-actions will_themselves be-any.more or any less difficult. Hodeling employed
HRA fault trees and values were quantified from-THERP. 'Quantification
analysis assumed that communication was required between the R0 and E0, that

-

the FO has written down or is handed written instruction, and.that personnel-
will be required to don anti-Cs (see Appendix'E, Figures 29 and 32, and Tables

E25 and E28).

DIl-SU-(C,0) - Operators Fail to Isolate the RCS from the DHR. 0.0092

Operator actions required to close DH-11 and DH-12 are straightforward.
L Personnel must energize the control circuits and close either DH-11 or.DH-12

-

in order to isolate the RCS from the DHR. Modeling accounted for the fact

j. _that control actions for these valves may be taken from the control room and
that instrumentation exists for both valve position indication and control
circuit status. .THERP values were used to estimate failure probabilities and
fault tree logic designed _to enount for the potential of achieving isolation
by. closing only one of the two valves [see Appendix E, Figure 27, Table E22

-(DIl-SU-C), and Figure 31, Table E27 (DIl-SU-D)].-

DRP-SU - Rupture of the Interfacing System. 1.0

The evaluation of previous events on the DHR-SU event. tree, included
consideration that if an abnormal condition was detected, RCS pressurization

'

would be interrupted while investigations were performed. Therefore, the
failure scenarios implicitly include the continued pressurization until a
rupture occurs in the DHR/LPI system. Consequently, this event is assigned a

D-35



probability of 1=.0, As a point of reference, the median large-rupture failure
probability of the-DHR/LPI system occurs at an RCS pressure of about 1100 psig
(note that the local pressure in the DHR/LPI system is only 65-95% of the RCS
pressure, depending on the exact location within the system).

DD2-SU-(A B.C.D) - Operators fail to Detect ISLOCA. IE-4

This event is modeled in much the same manner as DDl-SU (A,C) for

overpressure detection with the following exceptions. A longer time horizon
is available for operators to detect the same indication, the potential for
noticing PZR decrease is greater, and an E0 may be able to identify water in
one of the equipment rooms housing the DH pumps. Failure probabilities were
obtained from THERP (see Appndix E, Figure 33 and Table E29). !

DAl-SU-(A B.C.D) - Operators Fail to Diagnose ISLOCA. (see below)

:

This event refers to personnel actions and cognitive activities
subsequent to rupture. An ISLOCA has occurred and the degree to which crews

will be ole to (a) successfully diagnose the event, and (b) determine the
appropriate location from which to take isolation actions, rests on two major

'

assumptions. The first is that it will be much more difficult to detect the
involvement of locally operated valves DH-21 and DH-23 than it will be to read

! the indication prosent in the control room for MOVs DH-11 and DH-12.

L

I Secondly, the persistence of the containment sump level, temperature,
and relief valve DH-4849 open indications will provide more clues than will b2
the case for scenarios wherein the relief valve fails to open. This is
because relief valve failure would not involve inventory discharge to the -

! containment sump. Thus, operators would not receive those alarms associated
with inventory in the conta 5 ment sump prior to the occurrence of a rupture.

,

Engineering judgement was used to quantify these events. HEP calculated
values are as follows:

L DAl-SU-A 21&23, RVO - 0.52

DAl-SU-B 21&E! RVC - 0.59
DAl-SU-C ll&l2, RVO = 0.?9
DAl-SU-D 11&l2, RVC = 0.43
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(See Appendix E, Figures 33 to-36).
_

D12-SU-(A,B) - Operators fail to isolate ISLOCA. 0.113

The actions required by control room personnel to isolate the ISLOCA are
influenced by_ working in a moderately high stress environment. The equipment

operators will have to wear anti-Cs. Both groups of personnel will be in
communication with one another. The probability of this event is estimated
.from a former . HEP value for closing DH-21 and DH-23 to achieve RCS isolation
(pre-rupture case) and the availability of access to containment where the
valves are located. The failure probabilities were determined by a
combination of THERP values and room access probabilities (see Appendix E,

Figure |34 and Table E31).

DI2-SU-(C,D) - Operators Fail to Isolate ISLOCA. 0.016

For the DI2-SU-C&D scen'arios, operators must energize the valve control
circuits, and to close either DH-ll or DH-12 in order to achieve isolation.

The model.ing and-quantification for this series of _ actions took into account
the effects of stress and dependence associated with these actions. The HEP

values were determined from THERP (see Appendix E, Figure 35 and Table E32).

DMI-SU - Operators fail to mitigate release.- 1.0

Many things determine the potential for mitigating a possible
radioactive release from an ISLOCA. These include: location of rupture,
submergence of the break,. presence and operation of fire suppression sprays,
des'ign of-~the auxiliary building (water tight doors, flow paths to the
environment, etc), conditions-at the time of core degradation.(i.e.,
iemperature of the pipes, water and surfaces inside the aux-bidg), and effects
of severe accident phenomena such as possible hydrogen generation and burning.

The results of the aux-bldg environmental analysis (see discussion of
Break Sequences 1, 2, and 3 in Appendix M) indicate that for this ISLOLA
sequence, the break will likely be submerged. However, the calculations
performed for this study only consider the time up to failure of all ECCS, and
do not examine conditions at the time of core degradation. Therefore, given
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j the uncertainties associated with the parameters mentioned above, the initial

| assumption used the bounding situation that all releases are unmitigated.
! Once risk was calculated this assumption was reexamined, Based on the

relatively low ISLOCA risk results (i.e. 6 person-rem /Rx-year), it was deemed
prudent to not expend additional effort on this issta.
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D.6. Lo>f-Pressure Injection System Interface Event Tree - LPI

A schematic diagram of the low-pressure injection (LPI) interface with'

the RCS is shown in Figure D-10. The ISLOCA event tree for this system is
shown in. Figure D-II. This interface represents the classical V-secuence
configuration of two check valves in series, forming the pressure isolation
boundary between the RCS and LPI system. The system comprises two redundant
trains, with each injection line being shared with one core flood tank. Based

on work performed on the failure of PlVs, ENL has concluded that PlV check
valves on core flood tank discharge lines have experienced a higher failure
rate-than other check valves (note that this applies to check valves in
standby service, see Appendix B),

M1 - Plant Operating at Power (Mode-1). 2.0

The probability that_the plant will be operating at power is
conservatively quantified'at 1.0. This is multiplied by (2) to account for

the presence of the two LPI system injection lines.

LC1 - Backleakage of Pressure Isolation Check Valve CF-30. 7.6E-4

This event models the random, independent failure of pressure isolation
check-valve CF-30. The failure mode of interest is the time-dependent (the
valve is normally closed with a large differential pressure across it)
probability that the valve will allow significant (> 200 gpm) backleakage.

--The check valve is leak tested whenever the plant has been shutdown and is
returning to power. Therefore, failure-to-close events are not considered. A
' failure probability that applies-particularly to core flood tank (CFT)
discharge check valves is used to quantify this event. Because of-the harsher
environment and service the CFT discharge check valves experience, they have a
higher failure rate than other check valves (8.7E-8/hr compared to 1.8E-8/hr,-
see Appendix B). Backleakage events smaller than 200 gpm are not considered,
because such-leak rates overpressurize the interfacing system slowly. This
result is a high likelihood of detection and correction of the ISLOCA
precondition before the LPI system integrity is challenged. A fault exposure
time of one year (8760 hours) is used in estimating the probability of this
event.
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LC2 - Check Valve DH-76 Backleaks. 4.0E-3

Check valve DH-76 is also leak tested; therefore, this event is assumed

to have the-same failure rate as CF-30 (event LCl). This event is modeled as
a conditional probability and because the two failures are corr ,1ated, the

I probability of both valves failing is higher than the combination of two
: independent failure rates. The individual failure probability is 7.6E-4

(EF-10) and the probability of two valves failing is 3.0E-6, as estimated _by-

Monte Carlo sampling.

LC3 - Check Valve CF-28 Backleaks. 4.0E-3

Because check valve CH-28 is also leak tested, event LC3 is quantified
the same as LC2.

,

LRP - Interfacing System Ruptures. 1.0/0.09

The particular check valve combination determines where the
overpressurization occurs. If CF-30 and DH-76 fail,-the LPI system will be
overpressurized._ If. CF-30 and CF-28 fail, then the RCS water _will backleak
in;o the CFTs. LPI overpressurization will result in certain rupture, with
the DHR heat exchanger being the most likely failure location (see
Appendix H). However, overpressurizing the CFT to 2200 psig results in only '

about a 9% probability of failure, as described below.

The CFT has two likely failure modes: cylinder rupture and plastic
- collapse head buckling (see NUREG/CR-5603, Table 2-11), which at 600*F have

median failure pressures of 3130 psi and 3330 psi, and uncertainty factors of
0.24 and 0.17, respectively. Assuming the failure pressure is a lognormally
distribute ( variable, taking the natural logarithm produces a normal
distribution. The probability that the failure pressure is below 2200 psi

: (the RCS system pressure), can then be calculated from tabulated standard
normal curve areas.
Cylinder rupture:.
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P(failure press. < 2200 psi) - phi ((in(2200)-in(3130))/0,24)
,

= phi (-1.46)
- 0.0722

Head collapse:

P(failure-press. < 2200 psi) - phi ((In(2200)-1n(3330)),0.27)
- phi (-1.52)
- 0.0643

However, given head collapse, there is only a 20% probability that a rupture
will occur, therefore:

P(head collapse rupture) - (0.0643) x (0.2) - 0.013
The total failure probability of the CFT is then (assuming the failure modes
are independent):

P(total) - P(cyl rupt) + P(head coll) - (P(cyl rupt) x P(head coll))
= 0.0722 + 0.013 - 0.001 - 0.084

LD2-LP - Operators Fail to Detect ISLOCA. 0.0035

The information available to operators regarding overpressurization is
high-pressure alarm, and relief valve 1529 opening. The time for
overpressurization detection is short (< 2 min). For the operators to fail to
detect the ISLOCA, they must fail to detect the alarms associated with the

overpressure, and those alarms associated with the rupture such as DH-8B high
temperature alarms, and high-temperature computer and annunciator alarms

associated with DH pump discharge. A 3-out-of-5 failure gate logic was used
to model the operators inability to detect pertinent information. Failure
probabilities were determined from THERP (see Appendix E, Figure 40, Table
E35).

LDA2-LP - Operators Fail to Diagnose ISLOCA. 0.01

This scenario examines the operators ability to diagnose an ISLOCA after
a rupture in the LPI system has occurred. The operator can fail in the
correct diagnosis by failing to implement the RCS small leak procedure
(SW-0P-2522), thereby not carrying out the appropriate series of actions.
Operators can also fail to detect the event signature that would involve the
detection of at least four of the follo'. sing indicators: high-temperature
computer alarm T369, high-temperature annunciator alarm DH8B, relief valve
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PSV-1529 opens, high_ temperature alarm T357 for DH pump discharge, or
annunciator alarm for DH pump discharge. After the event signature has been
detected, the operators then must reach the knowledge-based conclusion that
the event signature is an ISLOCA. This aspect of the diagnosis is
knowledge-based, with a failure probability of 0.10. The HEPs were determined

using engineering judgement. The task analysis information indicated that the
crew could diagnose this event provided that two or more indications were
present. The modeling operator failure, therefore, assumed failure if three -
or more indicators were not properly addressed by the crew (e.g., ignored,
misinterpreted), (see Appendix E, figure 41)

LI2-LP - Operators Fail to Isolate ISLOCA. 0.148

For modeling purposes, isolation is considered to be those-actions that
the operators take 'to physically isolate the ISLOCA. The cognit /e aspects of
the operator determining where to isolate is considered in the vodeling a
-diagnosis (LDA2-LP). Therefore, the operator will fail to isolate the. ISLOCA
when the operator fails to close either DH-1A or DH-1B The HEP was:

. determined using engineering judgement (see Appendix E,-Figure 42).

LMI-LP - Operators Fail to Mitigate ISLOCA, 1.0

Many things determine the potential for mitigating a possible
radioactive release from an ISLOCA. These include: location of rupture,

' submergence of the break, presence and operation of fire suppression sprays,
design of the_ auxiliary building (water tight doors, flow paths to the

- environment, etc), conditions at the time of core degradation (i.e.,
temperature of the pipes,-water and surfaces inside the aux-bidg), and effects
of severe accident phenomena such as possible hydrogen generation and burning.

,

The results of the aux-bldg environmental analysis (see discussion of
Break Sequence 4 in Appendix M) indicate that for this-ISLOCA sequence, the
break will likely be submerged. However, the calculations performed for this
study only consider the time up to failure of all ECCS, and do not examine
conditions at the time of core degradation. Therefore, given the
uncertainties associated with the parameters mentioned above, the initial
assumption used the bounding situation that all releases are unmitigated.
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Once risk was calculated this assumption was reexamined. Based on the

relatively low ISLOCA risk results (i.e. 6 person-rem /Rx-year), it was deemed
prudent to not expend additional effort on this issue.

LD2-CFT - Operators Fail to Detect ISLOCA. 1E-4

For this event, the location of the failure strongly determines the
likelihood that it will be detected in a timely manner. The CFT is well
instrumented, which is an aid to operators, but the time frame for detection

is short (< 2 min). However, moattoring, as required by the plant's tech
specs, is routine. Because there are procedures to address abnormal
conditions in the CFTs, these operator actions were considered to be
rule-based. For the operators to fail to detect the overpressurization, they
must either fail to detect the CFT high-pressure alarm or fail to detect that
the CF-7A relief valve is open.

-Detection of ISLOCA after a rupture has occurred is much easier. In the
CFT scenario, the following sources of information are available: high

containment sump alarm, containment spray alarm, CFT level drop indication,
and radiation alarms. The HEP was determined from THERP and used a three out
of six failure logic (see Appendix E, Figure 36, Table E33).

LDA2-CFT - Operators Fail to Diagnose ISLOCA. IE-4

This scenario examines the operator's ability to diagnose an ISLOCA
after a rupture has occurred. The operator can fail in the correct diagnosis
by failing to detect at least four of the following indicators: high

containment sump level, spray alarms, radiation alarm inside containment, CFT
level, SFAS trip, relief valve CF-7A/B open, or CFT high pressure. After the
event signature has been detected, the operators then must reach the
conclusion that the event is an ISLOCA. Values were taken from THERP and were
used in an-HRA fault tree with a four out of eight failure logic (see
Appendix E, Figure 37, Table E34).
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LI2-CFT - Operators Fail to Isolate ISLOCA. 0.149 .

Isolation =is. considered to be those actions that the' operators take to
physically isolate an ISLOCA.. The cognitivo aspects of the operator
determining where to isolate is considered in the modeling:of diagnosis

(LDA2-CFT). Therefore, the operator will fail to isolate the-ISLOCA only when
the operator fails-to close CF-1A/B. .The value for this HEP was determined
from THERP (see Appendix E, "igure 38, no tabic).
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B & W ISLOCA Human Reliability Analysis

This appendix describes in detail the methodology and results of the
human reliability analysis (HRA) for the first ISLOCA probabilistic risk
assessment (PRA). HRA was used to model the predominant human errcrs for each

significant scenario in the PRA. HRA is a methodological tool for analyzing,
predicting, and evaluating work oriented human performance in quantitative,
that-is, probabilistic terms. As a diagnostic tool, HRA can be used to
identify those factors in the system which lead to less than optimal human
performance and can estimate the error rate anticipated for individual tasks.
In a given system, or sub system, HRA can also be utilized to determine where
human errors are likely to be most frequent. Traditionally, HRA analysts
model human performance through the use of event trees like those found later
in this appendix.

The_ general methodological framework for this ISLOCA HRA was based on

guidelines (under development)_from the NRC sponsored Task Analysis-Linked
Evaluation Technique (TALENT)._ Program (E-1) which recommends the use of task

analyses, time line analyses, and interface analyses in a detailed HRA.
NUREG/CR-1278, the Handbook'of Human Reliability Analysis with Emphasis on

Nuclear Power Plant Applications (THERP) (E-2), recommends similar techniques
'

and, in addition, provides a data base that can be used for estimating human
error probabilities (HEPs). Finally, this ISLOCA HRA integrated the steps

,

from the Systematic Human Action Reliability Procedure (SHARP) (E-3), and A

Guide for General Principles of Humn Action Reliability Analysis for Nuclear

Power Generation Statf.ons (%ft IEEE _ standard P1082/D7 [E-4]).'-

i
From this combination of approaches, the analysts identified 11 basic

steps,_. summarized below, which were used as guidelines for this HRA.
Following this brief summation of the 11 steps is a detailed explanation of
how each step was applied to the HRA process. The 11 basic steps are as

follows:

-1. Select the team and train them on relevant plant functions
and systems. (IEEE P1082)

E-5
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2. Familiarize the team with the plant through the use of
system walkdowns, simulator observations, etc. (IEEE P1082)

'l . Ensure that the full range nt pote.. ial human actions and
interactions is considered in the analysis. (SHARP) (IEEE

P1082)

4. Construct the initial model of the relevant syrtems and

interactions. (IEEE P1082)

5. Identify and screen specific human actions that are
significant contributors to the safe op1 ration of the plant.
This was accomplished through detailed task analyses, t ime
lir.e analyses, observations of operator performance in the
plant and in the simulator, and evaluations of the human-
machine interface. (SHARP and IEEE P1082)

6. Develop a detafled description of the important human
interactions and associated key factors necessary to
complete the plant model. This description should include
tha key failure modes, an identification of errors of
omission / commission, and a review of relevant performance

shaping factors. (SHARP) (IEEE P1082)

7. Select and apply a:.Jropriate HRA techniques for modeling the
important human actions. (SHARP)

8. Evaluate the impact on ISLOCA of significant human Actions
identified in Step 6. (SHARP)

9. Estimate error probabilities for the various human actions
and interactions, determine sensitivities, and establish
uncertainty ranges. (SHARP) (IEEE P1082)

10. Review results (for completeness and relevance). (IEEE

P1082)

11. Document all information necessary to provide an audit t "il

and to make information understandable. (SHARP)

The following paragraphs explain in detail how each of the preceding
steps was completed. Since the PRA/HRA process is iterative in nature, the
reader should note that several sections of this 11 step method were repeated

to refine the analysis.

E-6
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The first two steps in this process required the selection of a PRA/HRA
team and their subsequent training on the plant and its relevant systems. The

PRA/HRA team from the INEL was composed of three nembers: a nuclear engineer

(for the PRA), a human factors engineer (for the HRA), and an electrical
engineer (with .xtensive experience in both the PRA and HRA approaches). To

familiarize, or train themselves, the team members reviewed the following:

mechanical and electrical system descriptions (e.g., the reactor-

coolant, residual heat removal, safety injection, and chemical and
volume control systems),
a sourcebook of plant systems and schematic drawings,-

t
''

- the plant's final Safety Analysis Report (FSAR),
the plant's Technical Specifications (E 5),'

-

: plant procedures (operating, abnormal, emergency, maintenance,-

! administrative, etc.), station directives, and operational
'

practices.
piping and instrwne.itation diagrams (P&lDs),-

the types, capacities, and locations of check valves / motor--

operated valves identified as being pressure isolation valves.
training materials such as flow charts, lesson plans, etc.,-

crew composition (for control room and auxiliary building-

operators) and icvel of training / experience,
.significant precursor information from general ISLOCA related-

LLERs,

This training / familiarization process for the plant'n systems was enhanced by
a two-week visit to the plant and by a second one week data gathering trip.

Step #3 required that significant human actions and interactions be
incorporated into the ISLOCA PRA analysis. This was accomplished through an

extensive data collection process during the plant visit. As part of the data
collection,-the utility provided written procedures, training materials, and

'

P&l0 drawings. This data was supplemented by interviews and detailed task
"

. analyses with both licensed and non licensed nuclear operators in the plant.
Observations of control room personnel, the use of the utility's simulator,

E-7
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and system walkdowns with licensed and non licensed operators supplied
additional . informatior,.

The initial plant models were constructed in the fourth step. Using the
plant-specific data gathered in Step #3, the HRA analysts worked with the PRA
analyst and systemt, engineering personnel to specify human actions related to
the postulated ISLOCA scenarios. Significant attention was given to latent,
or precursor, human errors during normal operations which could lead to
inoperable equipment or misaligned valves. Examples of these precursor
actions included: jumpering of valves to defeat protective interlocks,
maintenance procedures, in service testing practices, and administrative
procedures governing the generation and completion of work- packages. i

i

The HRA analysts also examined actic., or initiator, failures which
could lead to an ISLOCA - and post initiating human errors during responses to
abnormal situations. Examples of initiator failures included violations of

Technical' Specifications, procedural violations (such as early entry into
decay heat removal), selection of the incorrect vent path, and reconfiguring
plant equipment, for post-initiating errors, th s HRA team examined operator

. responses following a significant break outside containment. Specifically, .

the HRA analysts looked at' operator actions entailing detection -diagnosis, ;

recovery, and isolation. !

'

The-fifth step required the HRA analysts to identify those human actions -
which are-significant contributors to the effective operation and safety of
the plant. Using the data collected in Step #3, in conjunction with a review
of operational procedures and training materials, the HRA team screened the

[
various human actions, identifying those which had a significant_ impact on ' t

Iplant operations _and/or safety with respect to.ISLOCA. These significant
human actions were included in the PRA event trees, and~they helped guide the
activities in the next step.

. - - - - - -

;

The output from the preceding step (i.e., Step #5) was a group ofg

; important human actions, for specific-ISLOCA scenarios, which were described
in generic, functional terms (e.g., operators recover system). In the sixth

E-8 '
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step. the analysts expanded the description of each of these key human actions
,'

from a functional description into specific operator tasks and subtasks (e.g.,
operator opens valve DH 23, or operator closes valve DH ll). By breaking down

the human actions into specific tasks and subtasks associated with individual
equipment and procedures,' the analysts began to identify specific failure

h d r er c gn a pe forma pn fa rs PF
which Affected a given task. These PSFs were derived from the task analyses,

i

time line analyses, evaluation of the human machine interface, and direct
observations of operator performance. Examples of PSFs included:

,

1- the quality of the human-machine interface,
2- written procedures (emergency, abnormal, maintenance, etc.), i

3- PalDs,

4- response times for systems and personnel,
p

i 5- communication requirements,

6- whether the operator actions were skill, rule, or knowledge-
based,_

7- crew experience,
.

8- levels of operator stress in_different scenarios,
-9- feedback from the systems in the plant, i

10 -- task dependence and operator dependence,

11 - location of the task (e.g., control room, auxiliary
building,etc.),

12 training for individual operator actions, including ISLOCA
situations,

l

|
- Each PSF was seen as- casting either a positive or negati/e influence on i

; the basic HEP, that is, as either decreasing'or increasing the' probability of
| failure for a given human action. For example, some of the positive PSFs

found at the plant included the following:-
|

| Workload alone was insufficient to introduce either initiating*

j. events or precursors for ISLOCA

i

|
E-9
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Newly introduced operating schematics could prove to be viable*

operator aids

Operators' practice of repeating verbal instruction increases the*

probability for effective oral communication, and

The presence of consistent labeling in the control room*
contributes to positive operator performance.

Negative PSF findings include the following:=

The lack of operator awareness regarding ISLOCA;*

Lack of specific training on ISLOCA;*

Lack of proper notes, cautions, and warnings in procedures related*

to ISLOCA;

A lack of awareness that the computer high-pi ssure alarm on the*

HPI line could be caused by either leaky check valves or h) the
makeup and purification system operation;

Lack of a valve status board in the control room, and absence of-*

prec.edures for acknowledging computerized alarms.

No main control board alarm or pressure indication was observed*

for the DHR system.

Tagging was mixed, it seemed quite good in some areas and not as*

consistent in others.

For this HRA analysis, the majority of influences from specific PSFs
were implicitly modeled as each HEP was identified and quantified using
various THERP tables and engineering judgement. A careful examination of
these tables will show how individual basic HEPs can only be identified after
associated PSFs are specified. Stress and dependence were explicitly raodeled

(using.THERP) as.two of the more significant PSFs. From a human performance

-perspective, high levels of stress lead to higher probabilities of human
error. Generally, a person's short-term memory (STM) can retain from five to
nine items of information for brief periods. However, as stress increases,

this capacity shrinks.to levels where STM can only hold three to five items.
,

This well documented finding' interacts with a phenoraenon called cognitive
tunnel vision where high levels of stress cause an operator's visual and
perceptual abilities to begin shrinking intc a limited focus so that only one

E-10;
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.

or two sr.lient aspects of his environment are featured. Also, as stress
continues to increase, the operator begins to retreat from current conditions,

'

relying on previously learned (perhaps incorrect) patterns of behavior, for
purposes of this HRA fnalysis, stress level wat considered optimal with three
exceptions: (a) When personnel were sent into containment, (b) when personnel
were attempting to isolate the ISLOCA, or (c) when site evacuation was said to
occur. THERP procedures allow for modifying HEP values as a function of
stress level and where such modifications are made they are noted.

In sevaral of the ISLOCA scenarios, low (LD), moderate (MD), and high
(HD) levels of dependence were assigned between the control room supervisor
(CRS) or shift ~ supervisor (SS) and the licensed reactor operator (RO). As

used in THERP, dependence refers to the level of interaction between two or
more workers. Dependence is usually modeled on a scale which ranges from
complete dependence (where a second worker fails on a given task because of
the failure of a primary worker on the same task) to complete independence
(zero dependence or ZD).

A detailed data collection form (see Figures #1 and #2 in this appendix)
was developed as an aid in the HRA data collection, task analyses, and the
decomposition and description activity just mentioned. This data form served

' as a template which guided the collection of the requisite information, in
sufficient detail, for each task or subtask in the dominant ISLOCA sequences.
Additional items of information, for each human action, were added to these
forms as new details surfaced (i.e., details from follow up telephone
conversations with plant personnel, the ISLOCA inspection report for this
plant, and a comparison of procedural steps to P& ids).

The outnut from the preceding step (#6) is an extensive list of operator

tasks and subtasks (with their associated PSFs) for_each human action in the
dominant PRA sequences. These detailed tasks are the required input for the
seventh step, where appropriate HRA techniques for modeling the significant
human actions were selected and applied, for each human action, the analysts
selected an appropriate technique for task modeling and quantification.
Because most of the human actions in this HRA involved the use of various

.
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p 1

seavance to ___ 1au io sut> t a a io ___ _ ___

Cr ew s t r o (4 c orpuc i t i on . _ _ . _ _

Who does 1811/ C Vttobk? -_ _

Crew e m per i enc e ' Lon_. _ Oo t t m l _ _ ,,, _ Mycerate.___, H i g h ,_ _ _ ,, _

l s t t r'c iimit 6 Fpc,r t ant f or t hls 13W/ SubtbM7 TOG or f40

T ine to perf or m tott/ subt est (after c'i ngnos is/ cec i s ion) _.

Wdi5n response t ine f or w ho l e i n s k _,_ _ _ _ _ ,,, 5t0 Dev..__ __

P! ant / System time Sv3110ble ._

If t as): not successfully cortleted, * hat i s ne = t action' __

s

-
-

___-

tt and type of a l ari c compet i ng f or atteistion ,__ ___, _

_ _ _

Ouality of plant i nter f ace - Excellent ___ Cood__ F a i r _ _ ,. Poor __ ,'er y Door

Cperators Stress: Lo*___ Optimal __ Moderate ___ Hign____

Type of i ns t r unent / c ont r o l , _ ,

HF notes on controls _ _ _ _ . _ _

_ _ . _ _ _

Consoc sence of improper per f or ma nc e High___ M: d i te _ Lo* _.._

Explain; _
_

FeedoncK/ system response to operator actson _

Cperat von rout i ne : Yes or tb Cper at l on/ tr a ns i ent understood- tem or tb

' Pr oC PeQd' YeG of Ib Proc covers case : Yes or tb

Proc we l l wr i t t e n Yes or tb Proc under stood ' Yen or to

pr oc pr a c t i c ed ' Yes or tb 60* much pract ico/ tr a ini ng on tast'

Cogni t I ve Dehav i or : SkiiI_____ nute _,_ Knowledge _____.

Tagging' 'res or tb Descr i t e '

~nd person ____2Pecovery Actions Chec k l i s t s _ _.,_ _ _Insper.tlons__ ,

Feedcack f r om AnnunC i alor s.,,,_ _ _ A I ar ms _ _ _ _ _ Displays. ___

._

Figure 1: ISt.0CA Data Collection Form, page 1 3
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i

p 2

Local or Aernote operatlon? Esplain. __.

Type of c Iot hi ng dur i ng oc t son.

.

Tasks or subtocks done GleD-by-step __,_.,_ or Dynamic .

'

Dependence : In t he or'oer of the tasks er it ical T es o- t b

Does the success / f al t ure of one act ion af f ec t the success / f a i l ure of ino newt
Yes or f6 Explain:

I f. 2 nen do .the j oti, does the act ion of e it her one affect the success / f til lure
of the nott? Yes or tb E xp l a i n_'

is the j ob done w i th rest stops ___ _ or cent i nuous per f orrvence____?
,

is there any radiat ion safety or caut son f or this job? Yes or ib

|
if yet, what dosage? . . .._____ rnr em

HP correnents of plant-spec i f Ic PSF 's :

--

:
e -

,

i'I Addi t Iono 1 Concents / obser vat 1ons : ,_

f

-

-

-

' Figure 2: .ISLOCA Data Form, page 2
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written procedures, THERP-type HRA event trees were used in modeling a
majority of the human actions in the detailed analysis. However, not all
ISLOCA scenarios were best represented by THERP event trees alone, in those
casts, HRA fault trees were used in conjunction with the typical THERP event
trees. The fault trees and THERP event trees were used in a detailed analysis

to estimate the probability of human error for each of the dominant human
actions. Quantification techniques included THERP, NUCLARR [E-8), and

engineering judgement. For each human failure, basic HEPs were calculated

using one of these techniques and were then modified using performance shaping
factors (PCFs) to realistically describe the work processes at the utility.

Prior to the quantification, or estimation of human error probabilities,
the PRA and HRA specialists reviewed and evaluated the significant human
actions, and their associated PSFs, for each of the dominant ISLOCA sequences
(Step #8). After this evaluation, the HRA analysts developed the HRA event ;

trees ano iault trees _used te m del the significant human actions, and their
associated PSFs, Nr each of the dominant ISLOCA sequences (Step #8).

-According to the SHARP method, the development and use of these HRA fault and'

event trees "provides a disciplined approach for explicitly evaluating
alternative actions and, if properly interpreted, may provide the rationale
for including some human errors known as acts of commission in the event
trees." This HRA modeled errors of commission and omission, e.ich are

identified on specific branches of the event trees seen later in this
appendix.

Assigning HEP estimates to each of the subtasks was the major activity
in Step #9 - Quantification. Traditivnally, HRA analysts model human
performance through the use of an event tree like figure 3, which represents
"HDA2HU", operators fail to diagnose ISLOCA. For example, on the top left,
Event "a" . operators select RCS small leh, procedure BW-0P-2522 - is the
success path,_ Failure to accomplish this task is modeled as Event "A" -

Operators fails to select small leak procedure. When-a second operator is

involved, such as in Event "B" - second operator fails to select small leak
procedure, the action of this second operator may be modeled in a recovery
branch, as shown in Figure 3. Since the second operator is in the control

E-14
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l

!

room in this scenario, he/she also has an oppettunity to select BW 0P-2522, |
the small leak procedure. If successful, this becomes a recovery action |

because it would bring the model back to the success path (via the dotted i

lines in Figure 3).

Individual error branches on each of the HRA event trees were quantified
using techniques from THERP, NUCLARR, see [ ]) and engineering judgement.
Specific human actions were assigned an estimate of a basic, or unmodified,
HEP. These basic HEP estimates were then revised using performance shaping ,

factors (PSFs) to realistically describe the work process at the plant. Each

PSF was either positive or negative and, accordingly, either decreased or
increased the likelihood of a given human error. For example, an analog

meter, like a pressure gauge, which does not have easily seen limit marks, may
be judged to have a negetive PSF and there would be a higher probability for
human errar in reading the gauge. Individual PSFs were derived from the task

| analyses, time line analyses, evaluation of the human-mschine interfare, and
direct observations of operator performance. They are presented as part of
the ISLOCA Inspection' Report [12).

.

Finally, all possible failure paths (i.e., sequences that included
either single or multiple human errors leading to a failure of the action
modeled by the HRA tree) were identified and used to estimate the total
failure probability for the action modeled in the HRA tree, in accordance with
the THERP guidelines. As depicLd by Figure 3, each human error event tree
may have several unique error paths. For example, event "A" and event "B"

constitute an error path in which the first R0 (reactor operator) fails to
s91ect BW-0P-2522, the small leak procedure'(event "A"). This error action is

; followed by the failure of a second R0 to select the same procedure (event

"B"). In a similar manner, failure path "A-b-C-D" models a sequence where the'

R0 fails to select. the small leak procedure, the seco*d 7/) recovers from this
| errori by correctly selecting BW-0P-2522 (event "b"), only to have both i,0's
| fail at actions ?C" and "D".. the steps which would determine if the' r was a

leak by comparing the rate of makeup to the rate of letdown. Probabilities

E 1.5
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for each unique error path were calculated by multiplying each HEP on a given
error path by other HEPs on the same path. For example, the error rate for
path "A B" would be calculated by multiplying the HEP of failure "A" (0.013)

by that for failure "B" (0.161), resulting in a nominal HEP (0.002) for that
specific path. Other error paths for this event tree include: "A-b-c-E-F",

"a-c-EJ", and "a-C-D", etc. The individual error path failure probabilities
were then summed to give the total event tree failure probability. )

Individual error paths were identified and failure probabilities were
estimated usi_ng the HEPs and tables from THERP. (The probabilistic values in i

the THERP. tables are to be considered as median values from a lognormal

distribution). In those non-procedural tasks where THERP was unable to-

generate a realistic model, two other techniques were used to generate HEP's. i

7The first method used NUCLARR which is an automated data base management

systen used to process, store, and retrieve human and eouipment reliability
data. NUCLARR~was developed by the United States Nuclear Regulatory .

Commission to provide the risk analysis community with a repository of human
error and hardware failure rate data that can be used to support a variety of '

analytical techniques for assessing risk. The human error component of
NUCLARR ccmplies with the specifications and procedures aa described in
NUREG/CR-4010, Soecifications of a Human Reliability Data Bank for Conductina

HRA Seaments of PRA's for Nuclear Power Plants. The second technique relied ,

upon engineering judgement to generate estimates of HEPs.

Basic median HEPs were converted to basic mean HEPs which have the same- ,

influence from relevant PSFs. Table El lists the basic median HEPs and
nominal mean HEPs for the event tree depicted in figure 3 (HDA2-HU). This

table enumerates the basic human actions / errors, the basic or unmodified HEPs

(median and mean), their sources from the table and item number in THERP,
whether the action was modeled as being performed in a step-by-step mode or

dynamically, PSF modifier values and the related THERP source, level of
dependency, and finally, the nominal, or modified, mean HEP with ite error

-factor (derived from THERP HEPs or THERP Table 20_-20). NOTE: the 6-digit
accuracy for numerical values in the following tables is an artifact of the
software used for quantification and does not imply 6-digit precision.
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Table E1: HEPS for HDA2-MU ROs Fail to Diagnose ISLOCA
,
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; - -Table E2: Failure Paths and Total Edlure Probabilities
'

forHDA2410.,

4

Failure Path ~ Calculations Results
-

't AB- e.913317 a e.161383 sag 2]M

2 ' AhCD '- 9.413317m &e13317m E161383 0.000028

3 AbCdEF- 9.9133t7 m 8.913317 m G.913317 m at6t303 *
1

7' 4 AbCdDGH : 8.13317 m Est33ti r e.913317 m e.08eS47 x E161383 *

b 5 AhCerGH ' e.01331713913317 m 40ses47 m Rist3e3 e4

. 6 AbcEF' - 8.913317 m G.913317 m1161383 g,900028

7 AbcEfGH . &#13317 m 8.913317 m 1980847 m 8.161383 *

|, s Aancu ~ e.913317 x teses47 m East 3e3 0.000001

; 9 aCD ' O.913317 m S.16t383 - OE16 -
1

19 aCdEF 8.913317me.913317m at6t3R3 ON

{. 11 aCdEfGH e.913317me.9t3317m Etate47m El6t3s3 *

i' 12 .C*cM e.913317 m 9. sees 47 m atst3s3 gA00001
1

|- 13 acEF e_0133t1 m Etel183 .. 8.9021M
14 ocEfGH . S.913317 m Esses 47 m 8.161383 0.NN01

|' 15 meeGH E9ese47m E161383 SM136
:-
|; Total Failure Probability 0.006
i

j Error Factor (1RRAS 4.0) 14.93
!
!-

|.
;.
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Table E2. lists the individual failure paths for Figure 3, HDA2-MU, and
the resulting failure probabilities for each path, including how the failure
probabilities were calculated (again 6-digit numbers do not imply 6-digit
precision for HEP estimates). (As a note for subsequent tcbles, failure
probabilities of "*" on the tables signify negligible error rates which were

4less than 10 .) Table E2 also lists a total failure probability for each
event tree, which is simply the sum of the failure probabilities from the

'= individual failure paths. As indicated in Table E2, the total failure
probability for the HDA2-HU event tree in Figure 3 is estimated to be about
0.006. As a point estimate, given the PSFs discussed earlier, an R0, or group
in the CR. can be expected not to enter the correct procedure after detecting ,

a loss of coolant, about six out of a thousand.

As discussed in Section 4.2 of the main report, the estimates of human~

error probabilities obtained from THERP are generally treated as point ,

estimates with a given error factor. The authors of THERP indicate that there
'

is insufficient data, at this time, to accurately determine the true shape of
Ithe underlying probability distribution associated with these point estimates

and that these distributions are unimportant. Quoting from THERP (pages 7-6
,

through7-8):-,

"Although we would like to have data clearly showing the distributions <

of human performance for various NPP (nuclear power plant) tasks, there
is ample evidence that the outcomes of HRAs are relatively insensitive
to~ assumptions about s' h distributions...."

,
.

The' authors then provide several examples to support a general conclusion: ,

;

:
L "the assumption of normal, lognormal, or other sim{lar distributions
L will make no material difference in the results of HRA analyses for NPP ,

operations. In some cases, this insensitivity may result from a well
designed system that has so many recovery factors that the effect of any
one human error on the system is not substantial.... For computational <

convenience, one might wish to assume the same distribution for-

E-20

~... ---- - - -.= --. . - . - . - - - . - - - - . . - _ _ - - - - . - . - - ,



_ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _____

probabilities of human failure as the one used for probabilities of
equipment failure, as was used in WASH-1400."

To summarize, the authors of THERP "suggest" that HRA analysts " assume" the
point estimates from THERP are medians from a lognormal distribution, even
though such an assumption is "speculativa" at best.

While the THERP approach (treating the HEPs as median values from a
lognormal distribution) has certain computational and interpretational
advantages, it has one distinct drawback, with respect to PRAs. In most PRAs,

hardware failure probabilities are assumed to be lognormally distributed. The
HEPs are multiplied by hardware failure probabilities when calculating core
damage frequencies _ This requires a median to be multiplied by a mean, a

'

procedure which does not result in a mean value of the core damage frequency.
A mean core damage frequency can be obtained by converting the me_dian HEP

values (from an assumed lognormal distribution) to EtAn HEP values, thereby
allowing the necessary multiplications.

This HRA adopted THERP's recommendation to treat each HEP as a median

value from a lognormal distribution. Detailed HRA analyses were conducted for
each of the significant scenarios identified in this ISLOCA PRA. Tables El '

and E2 summarize the results of these analyses, i.e., by converting the mediar.
HEP.i to mean HEPs using the following formulas:

Mean HEP = exp (p + );

where A = the Median HEP;

p = Ink;- and,

, , 1n (ErrorFactor)
1.545

E-21
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Converting median llEPs (from an assumed lognormal distribution) to mean HEPs

allowed uncertainties in human error to be included in calculations of the
uncertainty in core damage frequency. The actual conversions to mean HEPs

were accomplished by inserting the basic, median HEPs in each event tree into
the equations above. The resulting mean HEPs were then modified by

appropriate PSFs and used in the appropriate error branch on specific event
trees to calculate error path and total failure probabilities for each event
tree .

-

A careful review of Table El will aho~ that the conversion from median
to mean HEPs can cause problems with the resulting confidence interval. The
reader may recall that individual HEPs are considered a point estimate with
some uncertainty, e.g., a confidence interval, surrounding it. Generally,

this confidence interval is defined by calculating the upper bound (95th
percentile) and lower bound (5th percentile) for each HEP. The upper bound is

found by multiplying the nominal (modified-median) HEP by its associated error
factor (EF) and the lower bot.nd results by dividing the nominal (modified-
median) 'IEP by the same EF. For example, if the basic median HEP for event

"A" (Tablo Cl) were modified for higher stress (multiplied be a factor of 2),
it would become a value of 0.01 (the nominal mean HEP equals 0.03), the

resulting upper bound is 0.3 (0.03 x an EF of 10). Likewise, the lower bound

is 0.003 (0.03 divided by the EF of 10).

HNever, when a basic HEP is modified by several psf s, including

dependency, problems with the confidence interval begin to arise. For

example, imagine an event with a basic median HEP of 0.0001 and an EF of 10.
When this HEP is converted to a mean value and modified for stress and high

depender.ce, the resulting nominal mean HEP is 0.5 with an EF of 5 (from THERP
Table 20-20, #5), if cne calculates the upper bound for this HEP by
multiplying this value by the EF (or more correctly by multiplying the
modified median value, 0.5, by the EF), the resui, is a value of 2.5; this
value is an anomaly, because the maximum value for a probability is
constrained to be less than or equal to one (i.e., unity). To correct this
difficulty, the nominal mean HEP and EF were adjusted using a constrained
lognormal distribution (see Keily, Auflick, and Haney,1992 for a detailed

E-22

_ _ - _ - _ _ _ _ _ - - _ -



- ___-____ __-_________ - _ _ _ - _ - _ _ _ _ _ _ _ _ _ _

|

discussion). The revised mean HEP would be 0.279 with an EF of 2.5. (NOTE:

when this situation occurs in the following tables, the resulting revised
nominal mean HEP and EF are shown in the table as the values with a "#", just

below the old values for the related event.

Tables E3 through E7 summarize the HEP revisions for each sequence and

individual actions in this HRA. These tables list the inentifier for each
human action, a brief description of the human action, the mean HEP, and error
factor-EF, calculated from an uncertainty analysis using IRRAS 4.0, or
engineering judgement.

Table E3: HPI Scenario involving Quarterly Stroke Test for 2A, HU&P Flow

_,2dentifier_ _ _ Human Action _,_MeanHep_(EF)

HV1-MU HP vent line open 0.0013 (2.94)

HH1-H!! HP MOV2A opuned for test 1.0
_

HM2-HU Operators fail to close HP MOV2A 0.008 (2.?7)
HV2-MU HP vent line open(per procedure) 1.0

HD2-HU Operators fail to detect ISLOCA 0.0028 (7.40)
HDA2-HU Operators fail to diagnose ISLOCA 0.006(14.93L
H12-HU Operators fail to isolate ISLOCA 0.002 (3)

Table E4: HPl Scenario involving Quarterly Stroke Test, No MU&P Flow

identifier Human Action MeanHep_{EF)

HM1-HP HP MOV2B opened for test 1.0

HV1-HP HP vent line open 0.0013 (2.94)
HD2-HP Operators fail to detect ISLOCA 0.0014 (9.50)

HDA2-HP Operators fail to diagnose ISLOCA 0.006 (14.93)
H12-HP Operators fail to isolate ISLOCA 0.002 (3)

E-23
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Table E5: Shut-down Scenario Involving Premature Opening of DHil & DH12

_ Identifier _ Human _ Action MeanHep_(EF)__

DM1-SD Operators open DHil & 12 too soon 0.00066 (10.01)

D02-50 Operators fail to detect ISLOCA 0.0002 (10.79)

DDAl-SD Operators fails to diagnose ISLOCA 0.006 (14.93)

012-50 Operators fail to isolate ISLOCA 0.008 (5)

Table E6: Start-up Scenario Involving DHR System

Identifier Human Action MeanHep_(EF)

DM1-SU DHil & 12 left open 0.0002 (3.53)
'

DD1-SU-A C. Operator fails to detect overpressure 0.0001 (16.40)
given that relief valve opens

011-5U-C Operators fails to isolate RCS 0.0092 (3.0)

DM2-SU DH 21 & 23 left open 0.0002 (4.85)

D!l-SU-A Operators fail ___to isolate RCS 0.013 (2.37)

D01-50-B.D Operator fails to detect overpressure, 0.001 (3.0)
given ralief valve closed -

DIl-SU-D Operators fail to isolate RCS 0.0092 (3.0)

DIl-SU-B Operator fails to isolate RCS from DHR 0.013 (2.37)

DD2-SU,A-D Operator fails to detect 0.0001 (22.99)
abnormality (rupture)

DAl-SU-A Operator fails to diagnose ISLOCA 0.52 (1.6)

DAl-SU-B Operator fuls to diagnose ISLOCA 0.59 (1.5)

DAl-SU-C Operator fails to diagnose ISLOCA 0.29 (2.5)

DAl-SU-D Operator fails to diagnose ISLOCA 0.43 (1.9)
,_

DI2-SU-A Ope _rator fails to isolate ISLOCA 0.113 (4.26)

DI2-SU-B Operator fails to isolate ISLOCA 0.113 (4.26)

DI2-SU.C Operator fails to isolate ISLOCA 0.016 (2.99)

DI2-SU-D Operator fails to isolate ISLOCA 0.016 (2.99)

r
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Table E7.: Low Pressure injection System ISLOCA Scenario

Identifier _ _ Human Ac_ tion _M_can Hep _(EF)__,

LD2-CFT Operators fail to detect ISLOCA 0.0001 (2.05)

LDA2-CFT Operators f ail to diagnose IStr.'A 0.000) (43.37)

L12-CFT Operators fail to isolate 15LOCA 0.149 (5)

LD2-LP Operators fail to detect ISLOCA 0.0035 (11.15)

LDA2-LP Operators fail to diagnose ISLOCA 0.01 (10)

L12 LP Operators fail to isolate ISLOCA 0.148 (5)

In the final two steps (#9 and #10) of the HRA process, the analysts reviewed
the results of the HRA and documented all of the information needed to provide
an audit trail. As final HRA failure probabilities were generated for each
ISLOCA sequence, the HRA analysts consulted with the PRA analyst and a systems
et.gineer regarding the validity, completeness, and relevance of the results.
During these reviews, several questions arose which required more information.
Several telephone calls were placed to operations personnel at the plant and
detailed interviews or walkthroughs were conducted with a past shif t
supervisor from the plant.

The last step necessitated the documentation of the data, methodology,
and results from this HRA to provide an audit trail. This was accomplished by

creating a data notebook containing the completed data forms, pertinent
procedures, working notes from the ISLOCA inspection, and the NRC ISLOCA
inspection report.

9
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Modelina Of Human Actions And Estimated Human Error Probabilities

This section describes t M event trees and the HEP estimat9s for the
human actions identified as sign, int for the B&W ISLOCA HRA. The following

tables present HRA event trees or HRA fault trees, subtask HEP tables
documenting HEP estimation for each subtask branch on the trees, for those
instances where a THERP type (HRA) event tree was used for modeling,
additional tables are provided which show f ailure path calculations and total
failure probability estimates for each human action. (These calculations are

~

already an integral part of the HRA fault trees).
For purposes of the HRA analysis, stress level was considered optimal

with three exceptions: -(a) When personnel were sent into containment, (b)
when personnel were attempting to isolate the ISLOCA, or (c) when site
evacuation was said to occur._ THERP procedures allow for modifying HEP values
as a function of stress level and where such modifications are made they are
noted, for purposes of this study, a lower bound of 1.0E-5 for human actions
was assumed. This lower bound on the failure rate estimate includes the

-possibility of recovery actions by other members of the crew, in addition, t

'

most-instances for which there is such a low number include situations where
the time frame to respond and to recover from the abnormal event is relatively.
long, that is, it is easily measured in hours as opposed to minutes.

A-description of important. human actions modeled for the.HRA analysis <

along with their corresponding failure rates is contained in Appendix D of
this report. These actions' include pre-initiating events, event initiation or
detection, diagnosis, isolation, and mitigation ~for the HPI, DHR, and LPI
sequences.'It is important to review the event sequence descriptions, in order
to understand aspects of the work environment and task demands as they
influence safety and performance. The strengths and weaknesses of existing
procedures, training, and instrumentation help to determine future strategy
for ensJring an adequate response to the threat of ISLOCA. It should be noted
that soae events are illustrated only by fault trees and for some events, the

|| event _ tree _hnd associated-HEP data table and failure path, represent only one
i box of the fault- tree. Please consult the Table of Contents in front of this

report for page numbers of specific figures and tables.
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Table E8: HEPS for HV1-MU Fail to Close Vent Line to BWST

: i .
I

! Human Acike / Error Basic knw .Sourcei Sirphy- 5' m " ~t h THERP Basic Neekaal Errw
Median Factor THERP Step or for FSFs Searce Depeed- Mens ! Mesa Factor

.

HEP Table # Dysannic g ency HEP H74P
I I!

-|.

A SS faib to @ and emigo ED e.001 le T294 #2- SBS 1 T20-16 #2e ZD E9812e E801249 la

E EO fath no elene 27 0.003 le T29-7 #6 SBS 1 T20-16 #2e ZD 9.8837 6 49037M 19 i

C Independent ekcher fath to comet ener al 19 T2422 #3 sas 1 T20-46 #2a ZD tt613a3 11613s3 im

D FO cismen lacernet embe 100$ 1.9 NUC1ARR SBS 1 ZD 1905 &De$ 1.9 ,

7
tas E todependent chrcher talk te cernec emyr 11 59 T28-22 #3 SBS 1 T2416 #2a -ZD . Et&t_vd 414:383 18
o

F EO fails to clear 29 0.003 19 T20-7 #2 SBS I T23-17 (to- h3 e OE749 Et#471 16
11)

C Independret ches her feGs to cormt ener El 19 T20-22 #3 SBS 1 T29-16 #2e ZD e16:3s3 E161383 is

11 EO cleans inconect enke e.005 1.8 ' NUCIARR SBS 1 ZD 7 905 EeOS ._99

I 1 ,-.-i : checker tath te correct errw El 19 T2S22 #3 SBS 1 T2436 #2e ZD LI61353 E16L383 10.

.

I
!

i
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Table E9: 'HEPS for HM2 MU Operators Fail to Close HP-2A

Iluman Action / Error . Basic. Error : Source / Step-by- Afodifier Afodifier TIIERP Basic Nominal - Errnr
hiedlan Factor ' TIIERT Step or for PSFs Source Depend- Atesa hPan Factor

IIEP Table # Dynamic ency HEP IIEP

A RO falk to che IIP.2A (Omklan) 4 LOO 3 le T20-7 #2 535 1 T20-16 #2a ZD 0.0035 0.0038 10-

B RC falk to comctly close 11P.2A - 0.003 10 T29-13 #6 SBS 1 T20-16 #2a ID 0.0038 0.0038 10
(Commklen)

T
O
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Table E10: Failure Paths and Total Failure Probabilities

IIM2-MU Operators Fail to Close IIP-2A

Failure Psth Calculations Results

0.(ML'l8E00n't
1 A

0.00386.003749
3 aB

Total Failure Probability 0.008

Error Factor (IRRAS 4.0) 2.27 |
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1 ROs fail to detect '

1 LOCA for ~
:MU&P sequence-"

g P(f)=.0028

5 h
C I

3 ROs fail to observe ROs fail to observe
'

; computer alarms annunc.ators
; *2/3 failure logic
@ A
j!E (xj

i I-[* g
3 ROs fall to see -ROs fail to see

ii falling Makeup RV-1511 open at
tank level remote location

? P(f)=.0013 P(f)=.9
,

Ig
5' RO Falls to see RO Falls to see RO Falls to see
ii Hi-temp alarm RAD-FA alarm Auxbidg- sump
[ P(f)=.0081 P(f)=.0212 P(f)=.0212
g Table 20-25 #1 Table 20-25 #1 Table 20-25 #1

* Recognition requires (A,se^a' of 2 computer-based alarms and 1 of 2 avallable annunciators. High faPure rate for -
observation of 1511 opening is based on the need for personnel to happen to be in the aux building concurrent with the
incident, since only local indicsson is available; Nominal mean HEPs from Table E11 modified for recovery accons.
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i Table Ell:- HEPS for HD2-MU Operator Falls to Detect' LOCA
a

"""

:! !

| Huaman Action / Error. Basic. Error Source / Step-by- Mediner Mediner THERP - Basic Nounimal .: Error
! Median Factor THERP~ Steper- for PSFs . Source Depesw'- , Mens ' Mean Facter

HEP : Table #. ' Dynammic ency_ HEP : HEP

|
.

l . - . . .

i * A ROs fan to observe HI-temp alerne 9,95 1 19 728-25 #1.- DYN- 1' T28-16 #3 ' ZD 8.000692 Ete8692 18~
|

| B Ros inP to observe RAD-FA-alerum 6.95 50 T28-25 #1 DYN 1 T2e-I6 #3 MD e.se8692 SL212021- '16

| C ROu fpH le ebeerve Aus bldg semp ; 8.05 ' 16 T28-25 #1 DYN 1 T28-16 #3 ' MDs Estee92 0.212821 19
,

D Rom feu to etccree MU tank level decreene 0.905 1&O T20-23 #64 DYN 1 ' ZD GL913317 ;. 86913317 I4.9

E ROs feu to observe RV1511 open at reneste 0.9 - 1.0 Ess' DYN '1 ZD 9.9 - 8.? - 1.8
3*c884*8 Juderen**8! 7 .

w
e

i ,

|
|

|
!

i
_

| Cutset Analysis - Frequency Total tiean
l' MU4ank level ' RV1511 open 1.2EM

4.5E4104|.RAD-FA alarm Aux. Bidg. Sump
l

- HHompeierm Aux. Bldg. Sump 1.7E-004;

| 1.7E4104|! HHomp eierm RAD-FA eierm
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Table E12: HEPS for HDA2-MU ROS Fail to Diagnose ISLOCA-
.

human Action / Error Basic . Error Source / Ste A y- Modifier Modifkr THERP Basic Nominal Error
Median Factor THERP Step or for PSFs Sourre Depend- Mean Mean Factor

HEP Tabic # Dynarric .ency IIEP HEP

A Ros fati to eclect BW-OP-2522; small lenk 0.005 ' 10.0' T N #4 SBS 1 T20-16 #2s ZD 0.013317 0.0t3317 13.0
..

, procedure

B 2nd RO falls to eclect small leak precedure 01 10 T20-22 #3 SBS 1 T20-16 #2a ZD 0.1613a3 0.161383 10

C RO fall to detennine leak i y makeep' Jet &mn tLOO5 10.0 T20-6 #4 SBS I T2016 #2a ZD 0.013317 0.013317 10.0
mismatc h

7
to D 2nd RO fatas to determine leak from 0.1 10 T20-22 3 SBS 1 T2016 #2a ZD 0.16t383 ott61383 10* makenp'Jetdewn mismatch

E ROs fait to evaluate recent plant eveelettens to 0.005 10.0. T204 #4 EBS 1 T20-16 #2a ZD 0013317 0.013317 10.0
determine problem

F 2nd RO fails to evaluate recent plant evolutions 0.1 10 T20-22 #3 SBS 1 T20-I6 #2a ZD 0.16I323 eI6L343 10
to determine problem

G Ron fall to concinde ISLOCA teed on prior 0.0001 30,0 T20-3 #5 SLS 1 T20-16 #2a ID 0000647 GJMe0&t7 30.0
tasks

11 2nd RO falls to conclude ISIDCA bened on 0.1 10 T20-22 #3 SBS 1 T2016 #2s. ZD G161383 at61383 10
prior tasks
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Table E13: Failure Paths and Total Failure Probabilities

for IIDA2-MU

Failure Path Calculations Results

1 As nel3317 m 0.1613s3 0.002149

2 AbCD 0.013317 x 0.013317 m 0.161383 0.0fXX128

3 AbCdEF 0.013317 x 0.013317 x R013317 x 0.161383 *

4 AbCdFEII 0.013317 Rel33s7 m E013317 s 0.000847 x 0.161383 *

$ ALCdeGil R013317 m 0.913317 x Wie 47 x 0.1613A3 *

6 AbcEF 0.013317 x 0.813317 m e.161383 0.000028 -

m 7 AbcEfGil 0.013317 m 0.013317 x (Louus47 x 0.161383 *

8 AbceGil 0.013317 x 0.00t447 x 0.16t383 'O.000001

9 . ECD 0.013317 x 0.161383 0.002149

10 aCdEF 0.013317 x a013317 s 9161383 0.000028

11 aCdEfGli 0.013317 x 0.613317 s e.n00847 x 0.161383 *

12 . aCdeGII 0.013317 x 0.000847 m al61383 0.00(MN31

13 ocEF 0.0t3117x0.161383 0.001'149

I4 acEfGil C.013317 s 0.000847 x 0.161383 0.0(W)001
-_ _

15 meeG11 0.004847x &l61383- 0.000736

Total Failure Probability 0.006

Error Factor (IRRAS 4.0) 14.93
>
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"

: P(f)=.0081 P(f)=.0212. _ P(f)=.0212 - P(f)=.0212 :
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NOTE: Nominst meen HEPs from Table E14 have been modmed to account for recovery acGons by other
operators.

.

'I s

,. , . - _ . m ._ .- . . _ . ' '.
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Table E14: HEPS for HD2-HP Operators Fail to Detect LOCA ;

4

Iluman Action / Error Basic Error Source / StepJ y- ?.fodifier Modifier TifERP Basic Noa:Inal Error |
i

Median Factor TRIERP Step or for PSFs Sourre Depend- Mean Mean Facter

IIEP Table # Dynamic ency IIEP IIEP

0.05 10 T20-25 #1 INN 1 T2416 #2 ZD 8.0806*2 0.080692 10
Operators fall se olmerre CALM-P465a

0.05 10 T20-25 #1 DYN 1 T20-16 #3 MD 0.d80692 0 212021 ' 10
b Operators fall se obwne Ill-Temp alarm

0.05 10 20-25 # 1 DYN 1 T20-16 #3 MD 0.080692 0.212021 10

Operators fait to ch. RAD-FA alarmc

0.05 10 T20-25 #1 DYN 1 T20-16 #3 MI. 0.0F0692 0.212021 10

d Operaiers faa to otmene Aux, batiding sumn
alarm

0.005 10.0 T20-23 #6h DYN 1 T20-16 #5 ZD 0013317 0.013317 10.0

Operators Tsil to einene pressatiser Inele

0.9 1.9 I% Jdgmnt. DYN 1 ZD 4.9 SJ 1.0

rm f Operaters faU to elmene RV1510 or RV1511

$

Ffoquency Total Mean
Cutset Analysis

1.2E-003

PIR level RV1510(1511
9M

Hl4emp starm RADfA alarm Aux bldg. sump
3.6EM

CALM P465 HMemp alarm RADfA Alarm
3.6E-006

CAL %t P465 RAD FA alarm Aun bkfg. sump
isE M

CALM P465 HHomp elarm Aum bidg. sump
1 AE 003

l

,,
-- >
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k Operators fail to diagnose
p ISLOCA by not implementing
' procedures and selecting - '

mg effective course of action "

E
?

. (see Figure E11)1

m

I ? . P(f) = .006
- :

E

3 * Logic structure is as presented in
i Figure E11.and calculated as

presented in Tables E12 and E13.
-
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ii -. Operators fall to isolate,.
.

g - crew fails to close HP-2B

5 P(f) = .002 (EF=3)* 3

ig Tables 20-12(#3) & 20-16(#4)
'

? -

# o
t3 .- -

.
. .

2 * Value includes estimates of ''if there were means and
Ei methods available": what is the likelihood they could be
; successfully employed.iThis value has been modified
E for moderate stress due to a possible site evac'uation
g being underway per procedure BWNPS-Eplan.Rev."13

(requirements to declare a site area emergency).7
9-
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' Operators Enter -

j |Into e_arly DHR; '
: cooldown '

' '

,,

3 - P(f)=.00066 |
*

1

t
-

. -

.. .;.

y |
-

I-,

[g Operators misread ~or Operators decide on !

7 fall to verify; entry con; early entry into DHR
,,, . 8 'ditions for procedures - .from shutdown-n.

6g iP(f)= Negligible 4 :precedure'-

{ 7 P(f)e.00066(see Notes), .
,,

3 Event "a"'' ' Event "b"
,

[ Notes: This' cognitive | action HEP was determined by engineering
4

x Judgement and reflects the possibility' of a joint decision by the SS and-
'

. 3 RO. The basis for the HEP estimate includes sanctioned jumpering of
' C interlocks which exist in ^ current SD procedures. LAllowance has been - |

e made for a refusal by the !&C during the execution ~of this procedure. '

;
= y,

a

j

w

%
!. - s_

:

b

i .!
;

- , . - -
_ _ .. _ _ . _ _. r _ _ _ _ - - = _ _ _ _ _ _ _ _ _ _ _ _ _ - - . _ _ _ _ - _ - - _ - _ . .=_ ,
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1

m
..

E ROs fall to read or ; "

fail to verify -
~

-=
&

C[ P(f)= Negligible: :

h. b
,

a | I

h -ROs Fall to LROs Fall to - ROs Fallto use
|

; verify-pressure verify' status of core cooling
P : greater than valve permis- tables properly

|| ,,,

i; ; ; P(f)=.004
..

isive trip light' P(f)=.015 ;i

a Table 20-10 #1 P(f)=.004 j
Table 20-7 #2.~

| if b
.-

| R
.

3 |

| I ROs Fall to use ROs Fall to use ROs misread
'

E. core cooling . proper.' core core cooling'
3 tables. . c_ooling tabies table ' ;

C ' P(f)=.004 . P(f)=.001 P(f)=.01
@ Table 20-7 #2. Table 20-9#3 Table 20-10 #5
8

E!
*=
f
*

____ ._ m _ , _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ . . _ . _ _
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Table E15: HEPS for DMI-SD Part 2, Operators Prematurely Open LfIII & DH12 .

'i
j

Iluman Action / Error Bas'c Error Source / Step-by- Afodifier Afodifier TIIERP Basic Nominal Error

hiedian Factor TilERP Step or for PSFs ' Source Depend. Mean Mean Factor

IIEP Table # Dynamic ency llEP . IIEP

.

Operators fall to verify prusure greater than 0.003 10 T20-to #1 SBS 1 T20-16 #2a ZD 0.003749 0.003749 10
a

allemed

b Operators fall to verify status of vwive 0.003 10 T20-7 #2 SBS 1 T20-16 #2a ZD 0.003749 0.0tl3749 10

pesmhatve trip tight

Operators fall se une core cooling tablee 0.003 le T20-7 #2 SBS 1 T2016 #2a ZD 0.003749 0.003749 10
c

rei

h 4 Operators fall to reference proper core cooling 0.001 le T203 #3 SBS 1 T2016 #2= . ZD 0.001249 0.001249 10 !

I

@ ables

Operstars mhread core cooling table 0.01 10 T20-3 0 #5 Sits 1 T2J-f 6 #2a ZD 0.012495 0.012498 10
e

|

|

|

1

,

. , - . ,
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'
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'I. 7- |,

'
1
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s.

,
_ .

l. . ROs fall to' detect | ?~
~ ~

'
"

.

.LOCA
'

''
'

1 .

_ '

-T P(f) = 0.0002 .

;-
-

'

-(analyzed by IRRAS 4.0),

,

3
'

A<
,

,

c
*'" x ..t

, i "f--

A
'

% = ROs fall to detect .
ROs fall to

^
; Computer Alarms . detect Annunciators - q

8
*'?

-8 i i.

m -

$; .g ROs. Fall to de- ROs Fall.to de-
tect relief valve tect contain.y,
OPen in cont. sump alarm;;

a . P(f)=.00003 P(f)=.0145 m
Table 20-23 #1 Table 20-23 #2 :

'

;
:-

: \ ' Event"a" . Event 'b". ' ''

.I Ie

ROs Fall to ROs Fall to de-_,

detectT362g tect sump pumg: ;i

g a comp. alarm -- comp. alarm _ ,

P(f)=.0081 P(f)=.0212- ,

Table 20-25 #1 Table 20-25 #1
'g

n
> Event 'c' Event 'd" .

- NOTE: Nominal mean HEPs from Table E16 have been modined to acc.mnt for recovery acGons N other
Operators.

.

,. '+f_l''

; e-;+--i .c,a')3Nf+.-rr''+ g y )f 'V '*' 'T '''''f W' 'IT' f T''W Y- *N"'---- ---aw2-e

-
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Table E16: HEPS for DD2-SD Operators Fail to Detect LOCA

IIunan Action / trror Basic Error S ~ ce/ Step-by- Modifier Modifier TIIERP Basic Nominal Fnor

Median Factor TIIERP Step or for PSFs Source Depend- Mean Mean Factor

IIEP Table # Dynamic ency IIEP I!EP

|

Operatora fall to detect reflef vahe #4849 &0001 10.0 T20 ' f1 SBS 1 T20-16 #2a ZD 0.000266 0.000264 10.0
e

| opens h. containment

Operators fall to deted containment samp level 0.001 16.0 T20-23 #2 SBS 1 .T2416 #2a MD 0.002663 1 0.14514 10

mlanr

e Operators tail to detect T362 ( smpeter alarm 0.05 10 T20-25 #1 SBS 1 T20-16 #3 ZD 0.080697 0.080692 10

4 Operators fall to dehet samp pump computer 405 10 T20-25 #1 SBS 1 T20-16 #3 MD 0.080692 0.212021 10

* alarm

|
1

_ _ -
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E
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E
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1
: Operators fall to diagnose
; ISLOCA by not implementing
; procedures and selecting

.

W effective course of action
5 (see Figure E21)

. 7' ?
y P(f) = .006

.<

G
a .

..
..

-

'' Logic structure is as presented in7
: Figure E21 and calculated as-
g presented in Tables E17 and E18. '

e
a;

: 8
: E

G
s

| 9

- -.
_ _ - - - _ _ - _ _ -

.
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%

.

2
'E
2
5

a - operators select AB. A- operators fall to se-"

1203.35.3 loss of DHR lect correct procedure
is '

"Y" * * O r B - 2nd operator
selects falls % . electr,

e

5 R4BBVEry" procedure
C - operators fall to observe de- 1>

k c- operators observe '

crease in RCS leveldecrease in RCS*
d - 2nd2 level D-2rd operator falls toOperato'

detect decrease in RCS8 . gtg g y ,,,,
level

@
Recovery

.E e -Operators review lifting of E - Operators fall to review lifting of DH4849 per
r

pr cMureDH4849 per paragraph f-2nd| $ c,

j Operato F - 2nd operator falls to review Ilfting of4.1.5
relief valve} de,ev,lews,,

r
covery;
-O

Z' g - Operators conclude relat
ISLOCA related h-STA

E conclude
- - STA or other supervisors fall to

! 9 ,,,,,@LO,C conclude ISLOCA related

j Recovery.

8
.

P Includes the heuristic of " undoing what was just done", as well as working-

y through the appropriate procedure steps

_ _ _ _ _
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Table E17: HEPS for DDAI-SD; Operators Fail to Diagnose ISLOCA
,

' Human Action / E: Tor ' Basic Error Source / . Step-by- . Modifier Modifier THERP Basic Nominal Error
Median Factor THERP Step er - for PSFs . Source D peed- Mesa Mena Factor
. HEP. Table # . Dynamic ency HEP HEP

A Opersion fall to select ABt203.316; loss of 0.005' 10.0~~ T284 #4 SBS 1 T20-16 #2a ZD 0.013317 0.013317 10.0
DliR system

B Second operater falls to select correct 0.1 10 T20-22 #1 SBS 1 T20-16 #1 ZD E161383 &l61383 10
Procedure

C Opersion f.Il to otmerve decrease in RCS level 0.00$ 10.0 T204 #4 SBS I T20-16 F2a ZD 0.0133t7 0.013317 ' 10.0
ret ,

M D Second operator falls to elmsve decrease la 0.1 10 T20 22 #1 SRS .1 T20-16 #1 ZD E161383 0.161383 is
A RCS level

E Operators fait le review itfting of rettervarve 0.005 10.0 T204 #4 SRS 1 T20-16 #2a ZD 0.013317 0.013317 1&8
O D44379 per peregrap4: 4.1.5

F recond opeister talk to review 11' ting of relief 0.1 10 T20-22 #1 SBS 1 T20-16 #1 ZD R161383 0.161383 5.0
valve D44879

G Operaters feu to conclude IStiX'A 0.0001 30.0 T20-3 #5 SBS I ' T28-16 #2a ZD o.000847 0.000547 30.0

!! S'TA or other supervinor talk to concInde event 0.1 5.6 T20-22 #1 SBS 1 T2016 #1 ZD 0.165383 R16t383 10 t

is ISIJX'.A related '

,

t

a _ _ _ _ . _ _ _



,.
. . . . . .. . .

.. .. .. . . . . .. .
. ..

.. .

.. .
.. -. ..

-

Table E18: Failure Paths and Total Failure Probabilities

DD Al-SD; Operators Fail to Diagnose ISLOCA

Failure Path Calculations Results

1 AB 0.013317 x 0.161383 0.002149
I

2 AbCD 5013317 s 0.013317 x 0.161383 0.000028

*
3 Abt EF 0.013317 x 0.013317 x 0.013317 x CLl61383

4 AbCdEfC11 0.013317 z 0.08 3317 x 0.013317 x 0.000847 x 0.161383 *

*
5 AbCdeGil 0.013s17 x 0.013317 x CL000847 x 0.161383

| 6 A%cEF 0.013317 s 0.013357 m 0.161383 0.000028

*
7 7 AbcFE;Il 0.013317 s 0.013317 x GL000847 m a161383

w
m 8 AbceGH 0.013317 x 0 tKw24710.161383 0.000001

9 aCD 0.013317x0.161383 0.002149

| IO aCdEF 0.013317 x 0.013317 s 0.161383 0.00()028

*
11 aCdEK;Il 0.013317 s 0.013317 m G.000847 s 0.161383

12 aCdeGII 0.013317 x 0.000847 m 0.161383 0.000001

13 ocEF e.013317 x (Ll61383 0.002149

14 atEfGil 0.013317 m 0.000847 m 0.161383 0.000001

Is accGil 0.twxs47 x 9.1613s3 0.0001 %

Total Failum Probability 0.006

Error Factor (IRRAS 4.0) 14.93

|

|

_ _ -
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Crew fails to isolate |

,

for DHR-SD ISLOCA
3 ~ by closing MOV y|
,

-

P(f)=.008#
-

~

m ;

*
m

hS,

Notes: * HEP from Table 20-7 #2; Modified for high stress, Table 20-16 #4| 5
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. Table E19: HEPS for DI2-SD Crew Fails to Isolate DHR Cooldown (SD)
- . 4-

< ,

Hoenna Action / Error - -- : Basic ; Enor -: Soorte/ Step-by- Modifier Mediner THERP Basic hinet : Error. ;,

' Median Facte ..THERP| Step or.. forPSFs1 Seerte Depeed. Mena ~MensL Facter
'

| HEP. iTable # : Dymande ency HEF. 'HEF:-

.

r
.: t

n

A' Crew fetis to leoisas for DilR-SD ISIDCA by - GL983 - 10 c. T28-7 #2 .DYN 2 .. .. T35-16 #4 - ZD - 4.004 Rees ; it ' - 4
'

desang MOV

'
.

Q -

m
. 't'e

"

' N
l '

,

,

,
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' 1

- 1
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E

5 Startup with DH11

[
and DH12 Open

2

[-,, P(f)=.0002

hh ~ l
s I

IL Operators fall to return Operators fall to cycle
*

0, control power to DH11 closed DH11 and
DH12

E and DH12
| 7 P(f)=.0001 P(f)=.0001

s See Figure 23 See Figure 24
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2 1
Si.
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E i

Operel.wirs fail to cyclel ~
'

,

E closed DH11 & DH12

$ P(f)<.0001 ' ' !

i
_

h
.; ; ..

[
: ; i

,

| I I
~

' '

s ,

Verifier falls to RO fails to Verifierfails to .

--

7 RO falls to-

cycle closed cycle closed cycle closed . cycle closed [E'

m

! $; I
- DH11' DH11. DH12 DH12 !

!: a. .s

.P(ff=.31. }' P(f)=.01 P(f)=.31 P(f)=.01 g
-

'
j. I

__,

I I I
~

RO fails to RO fails to RO falls to RO falls to j
'

[ cycle closed cycle closed cycle closed cycle closed
'DH12 DH12: DH11 DH11 4

! Omission Commission * Cmission Commission !

! P(f)=.008 . P(f)=.002 P(f)=.008 P(f)=.002 ;
!

f

! !

!
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|
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E.
E ROs fail to detect

g= overpressurization
*5 In DHR
j P(f)=0.0001

P '

Q-

E#
g8 I i

;p ROs Fall to de- ROs Fall to de v ROs Fall to
.g' tect high inlet tect make-up detect falling
=g temp computer flow / letdown pressurizerm

i ifI alarm T-362 mismatch level (alarmed)
[= P(f)=.24 P(f)=.18 P(f)=.001
-p Table 20-25 #5* Table 20-23 #1

h * Corresponds to relief +

mW valve 4849,1800 gpm
g2 flow assumed
Z G,

'

m I Io" ' ROs misread ' s ROs misread
jg make-up flow let down flow

-

P(f)=.02 P(f)=.16-

Table 20-10 #1 Table 20-10 #1

$
$

_ _ _ - _ .- - _ - _ _ _ _ _ _ _ _ _ - - _ _
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Table E21: HEPS for DD1-SU-A.C Operators Fail to Detect Overpressurization

' l '

Human Action / Errwr Basic Enw - Seurre/ Step-by- Mocfier Medi5er THERP Basic Nominal Error,
,

| Median Facter THERP Step or for pts Soorte Depead- Mean Mean Factor
'

HEP Table # Dynamic ency HEP HEP

!

' A Operators faIIle deced hig : inlet tenry 0.05 19 T29-25 #1 M'4 5 T20-16 #5 ZD E909692 9.403459 188

cosapeter alarin T362

* 1.242542 2.7

5 Opere.ers adar-ad riskeep flew 8.003 19 T20-10 #1 DYN 5 T20-16 #5 ZD e.98376 0.018747 10

7 C ' Operaters adsreed let down flew & 1:13 3.0 T29-19 #1 DYN 5 T20-16 #5 MD e 0017# t.158926 3.0

$
D Operators fail to detect decreaming pre 9.0001 10.1 T28-23 #1 DYN 5 T2S 76 #5 ZD 0.000266 9.001331 18.0

leiel

,

.

t

.- _ - _ _ - _ _ _ _ _ _ _
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21

i
. . . .

5 RCc fall to isolate I
RCS from DHR==

EE

}[ ' P(f) =.0092<

! Ih 63

fh I I I |

E ROs Fall to ROs Fall to ROs Fall to ROs Fall to take
E reference restore power restore signal appropriate control i

% procedure - to control power actions related tom

.
$ b AB1203.35.3 circuits P(f)=.004(3) . DH11 & DH12

'

] P(f)=.004(3) P(f)=.0006(3) Table 20-7 #2 P(f)=.0006
g Tabie 20-7 #2 Table 20-7 #2 Tab!e 20-7 #2

, y
x x

:
I i

s ROs fail to ROs fall to ROs fall to ROs fall to
s re. store power restore power close DH-11 close DH12

to DH-11 to DH-12 P(f)=.004(3) P(f)=.15(3)
*
,

O P(f)=.004(3) P(f)=.15(3) Table 20-7 #2 Table 20-7 Gr2
Table 20-7 #2 Table 20-7 #2

8 1
,

5

1

m. , - w -w--
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Table E22: HEPS for DIl-SU_-C Operators Fail to Isolate DH11&l2, Relief Valve Open

Human Action /Errw Basic Ener Soerrel Step-by- Modifier Modifier THERP Basic Noemin=1 Fsor i

| Median Facter i THERP Step or for PSF 4 Some Depend- Mean Mens Factor
HEP Table # Dynannic ency HEP HEP

k--
3'

A Operators feu te refewsere procedere 0.003 10 T20-7 #2 SES 1 T2416 #2m ZD 19837M Re037M is
AB1201313 p(f)

B Operater= imII to restere signal peser 6.0tr3 le T20-7 #2 SRS 1 T20-14 #2a ID E003749 SL203749 18

C operusers ten te ressere poser se centret e.003 19 T20-7 #2 SRS 1 T20-It #2m 9 E0037M E803749 10-
'

ciremits ter Dil-11 }

7 ~

I

m D Operators tan se restere contret peeer to 0.003 le T20-7 #2 SBS 1 T29-16 #2a MD E0a3749 1146071 le* controlcirentes ter DII-12, ,

E Opermeues fan to cisne DII-I1 E003 10 T20-7 #2 SBS 1 T28-t4 #2m ZD e.083749 Re03749 le

F Operators feu se cleoe Dii-12 0.003 10 T20-7 #2 SBS 1 T20-56 f2a MD E083749 EI46071 le
{

|

i

,

..

2

P

w . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Figure 28: HRA Event Tree for DH2-SU,' Operators fail ta Close 0:121 & 23 Prior
to Start-up
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Table E23: IIEPS for DM2-SU Operators Fail to Close DH21 & 23 Prior to Start-up

Human Action / Esror Basic Error Sourref Step-by , hiirier M odirw THERP Basic Nminal Error
Median Factor THERP' Step or ."+- P5Fs Source Depe+id- Mean Mean Factor '

'
. HEP Table # Dynamic ency HEP HEP

l.
.

t

A Operaser talk to felie= servelumace reecedere E003 16 T2tL7 #2 SBS I T2016 #!= r,D e.983749 0.003749 18 I

J B Sc<end emers*er fans se feDow servenlance 0.1 19 T20-22 #1 SBS 1 T26-16.*2a MD e.1613a3 0.281186 5.8
,

proced w e.

5
|* A188932 11
T

7 C Operuser falh se tene= loc 3ed vehe procedere E003 10 T20-7 #2 FRS. 1 T2tLt6 #2a -ZD 9.003749 8.f43749 !d ,''m.
' m t

D Second operator talk se vedfy kxked volw 0.1 10 T20-22 *1 ' 3RS - 1 T2ELI6 #2a MD 0.161333 0.28 Is6 5.9
,f, Procedere !

>

* RISE 932 11
>

; E Operstw falh se ,srectly cbe local veke Rool le T20-13 #1 SBS 1 T29-16 #2m ZD 0.001249 0. pet 249 3.e
i f

| F Second yrstor faih te vertfy valve cbed at 5.9 T20-22 #1 SBS 1 T20-16 #2a MD c_16t34.3 E28tts6 5.9

| cormtly
t

|- i.

. * 9123932 11 i

I L

!
'

! L_ ._
,

9

J.

$
r

i

a

i

!

|
|

I
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Table E24i Failure Paths and Total Failure Probabilities

DM2-SU Operators Fai' to Close DlI21 & 23 Prior to Start-up ,

Failure Path Calculations Results
1 ABCD 0.003749 a S.1St'32 x 0.003749 m SLt88932 e

2 ABCdEF E803749 x 8.198932 x 0.003749 x 9.0012# x 1188932 e

3 ABcEF a 003749 m 0.! 80932 x 0.901249 m El89932 e
,

4 AbEF e 1511749 m &901249 m 9.1an932 e
L

5 mEF ' O.001249m81138932 0.000236

Total Failure Probability 0.000237
r, ,

g Error Factor (IRRAS 4.0) 4.85 |

' 5:

;

i
,

.

L

t

,

)

i j

'
s

.
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I 'E -|-;. |

| .y ROs fail to isolate-
L RCS from DHR

s'

; >

p P(f)=.013 |

N {Q i
|

2.;i

I I-,

3
e
; ROs Fall to , " ROs Fail to ROs Fail to take
: reference fellow locked appropriate control'

12 procedure . valve actions related to
Z? AB1203.35.3. procedure DH21 & DH23

g P(f)=.004(3) P(f)=.004(3) : P(f)=.006
3 Table 20-7 #2 Table 20-7 #2

c. -

8
" X

:
I

; n

ROs fail to ROs fall to -_.

: E close DH-21 . close DH23
e g

*

g P(f)=.02(3) P(f)=.31(1.9)
Table 20-7 #2 . Table 20-7 #2e

~
O
E

E-
=

,
.

< - - . _ _ _ _ _ _ _ _ _ . _ _ _ .
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Table E25: -HEPS for DII-SU-A Operators Fail to Isolate RCS from DHR~.

l
Iluman Action / Error Basic Error Sourtc/ Step-by- Modifier Modire TifERP . Basic Nominal Error

Median Factor TIIERP Step or for PSFs Soorte Depend- Mesa Mean Factor
IIEP Table # Dynamic ency HEP IIEP

A Orernters fau se reference precedere 0.003 30 T20-7 #2 SBS I T2SI6 #2a ZD 3.0037 # E003749 3.0
AL1201313

B Operseers fail to follow locked entre precdwres 64,03 le T20-7 #2 SBS .. 1 T2S16 #2a ZD 0.003749 Sto837M 19
OP48004 & OPJMAS

C Operators fall k armtly close Dil-21 e.003 10 T29-7 #2 SBS 5 T20-I& #5 ZD e.003749 0et*747 is

J D Operweers fan se cormey c3ene 711-13 0.003 13 Y20-7 #2 SBS 5 T20-16 #5 HD e.003749 e.5W373 10

* G.312441 L9

I
i

t

2

|

. _ _ _ _ _ _ _ _ - - _ . _ . _ _ _ _ _ _ _ - - _ - _ _ _ . -
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| Figure'30: HRA . f ault - Tree - for 001-S0-0,0 0'perator - Fail to Detect'
Overpressurization in DHR System, Relief Valves Closed
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Table E26: HEPS for DDI-SU-B,D Operators Fail to Detect Overpressurization

Humaa Action / Error Basic Erro- Source / Step-by- Mod 5fler Modiner THERP Basic ' Noeninal Enve
Median Factor THERP Step or foe FSFs Sorrce Depend- Mcar Mean Factor
. HEP- Table #. Dymmmic ency HEP HEP >

A Operosers inn se deted menundeser alarm foi (L0001 10.0 TM #1 DYN 5- me ars ZD 4.888266 EL901331 10.0
Dil-8B

7
0

,

!

,

i
,

I

I-
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Table E27: HEPS for DIl-SU-D_ Operators Fail to Isolate DH11&l2, Relief Valve Closed

i

'Isman Action / Ennr Basic Error :;ourte/ Ste W - Modifier Modifier THERP Basic Noeninal Error
Median Factor THER, Step or for PSFs Soorte Depeed- Mena Mean Factor

HEP Table # Dynamic emy HE? HEP

i
i

,A Operators faa to refmace precedere 8.003 le T20-7 #2 SBS 1 US-46 #2a ZD G.0037M 9.0037 M 19
AB1201353 - (f),

s Oper.cor fan i. mi.re .nzn=l p==er to03 le T20-7 #2 saS t T2s-16#d ID e_so37e toe 37e lo

C Operosers tan se ressere power 6, control * 003 10 T26-7 #2 SBS 1 T20-I6 #2a ZD e.003749 0.0037e9 10.

circuits for DII-11
e

y D Operators fall to rentere control pc-ser le 5.053 19 T28-7 #2 SBS 1 T2046 #2a MD 0003749 8.146071 le
contret rirtutta for DII-12

E Operaters feu se clone DH-It 9.003 10 T22 7 #2 SBS 1 T20-86 #2a ID ELes3749 0.003749 le

F Operators fan to clame Df1-12 0.003 10 T28-7 #2 SBS 1 T20-46 #2a MD 9L003749 0.146071 le

__

i

- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ . . _ . _ _ _ _ _ _ _
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E ROs fall to isolate
"

.
.

RCS from DHR- '
az

;. 59 t

; P(f)=.013 |
-

; PS Q.J '

3g4 -

i- g_, 1 | ;
-

f,o ROs Fall to . ROs Fail to ROs Fail to take |

-.
r

,

7 reference - follow locked appropriate control 1

!? procedure valve procedure actions related to-

,

E 3= AB1203.35.3 P(f)=.004(3) - DH21 & DH23 |* "y . P(f)=.004(3) Table 20-7 #2 - P(f)=.006
i Table 20-7 #2

.

-
- x

,
' a !
!

-
.1

- ' i

O'

l [.. i

ROs fait to ROs fall to !

close DH-2 close DH23 .!
- : .

. IM '
P(f)=.02(3) P(f)=.31(1.9) .-

% Table 20-7 #2 Table 20-7 #2
. 2

a

b'

'r .
,

,

-

g- -p 4 -rv .v., , 9 - + - - = * =
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Table E28: HEPS for DII-SU-B Operators Fail to Isolate RCS from DHR-Relief Open

I.

H maa Actfon/ Error Basic Error Source / Stephy- Modifier Modirwr THERP' Basic Noeninal Erver
Median Factor THERP Step or for PSFs Source Depead- Mean Mean Factor

HEP Table #. D p a mic emy HEP HEP
-

!
.

A Opermeers fan to reference precedure R003 19 T28 7 #2 583 1 T20-16 #2e ZD E9037M 8.0037M 19
ABt203J5 3

B Operators fan to follow locked enive precederve 0.003 le T20-7 #2 Sits 1 T20-16 #2s ID e.0037M 8.0037M 19
,

or44004 a ormoos

C Operseers tan se correct!y close Dti-21 S.003 le T20-7 #2 SRS 5 T20-16 #5 ZD 0.0037 M 0.015747 19

D Operators O se correctly clone DII-13 0.003 18 - T29 7 #2 SBS 5 T20-16 #5 HD e.9n37M e.509373 18

U
* 0312441 19

r

i

;

,

- ~ v .. s _. - . . -
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(

1! ' .4

',;; ROs fall to detect
y rupture
"

P(f)=0.0001,

,
. ;=

E
. ,

,

C E I I !
-

'

,

. RO #1 Fails to. RO Falls to RO #2 Falls to RO Fails to
T -detect alarms - notice DH88 Hi detect make-up notice fallin

:
;

P(f)=.51 temp alarm iet down mismatch PZR level-alarn1,
.

a P(f)=.001 P(f)=.179 P(f)=.154.
e8
!

,

7
.| |m

i.

T: Z RO Fails to see|RO Fails to see
!M b . computer rad computer sump

[ alarm pump alarm
,

*

g P(f)=.24 P(f)=.27.

!
*

\*
O

a | !
*

; ' RO misreads RO misreads i2 make-up flow let down flow I
O

i

{y P(f)=.02 P(f)=.159 !
,

'
,-;

|:xs
.

e<

f. .- 4 i
;O

L

t i

r . - . - --- - .. . _ , . _ _ _ - _ _ _ _ _ _ __
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Table E29: HEPS for DD2-SU(A-D) ROs Fail to Detect Rupture; Relief Fails Open

lluman Action / Error Basic Error Source / Stc97- Modifier Modmer TIIEEP Basic Nominal Error
Median Factor THERP Step or 'or P"s Source Depend- Mean Mean Factor

!!EP Table # D p a mic ency HEP IIEP

'
2

A RO fails en eetke compatre red alarm E05 19 T20-25 #1e DYN 5 T20-16 #5 ZD S888692 R403459 5.8

* 6.242542 27

B RO folk to notke computer sump nierva R95 54 T2W #1e D)W 5 T28-16 #5 MD e.080692 e.488679 10

* OJ74803 2.5
'

7
| |y C RO falk to notke Dil 8B high temp enerve 19001 la.0 T20-23 #2 DYN 5 T26-16 #5 ZD e.ono2e6 e.803131 10.9

(annonciated)

D RO mhreads einW flow em003 le T20-10 #1 DYN 5 T20-16 #5 ZD E003749 e.01s 47 le i

E RO mbreede h fle= 0.003 18 T2 EMS #1 DYN 5 T29 t6 #5 MD . 9_003749 &158926 it

F RO fails ne notke fall in pressertner lewt toof 10.0 T20-10 #2 DYN 5 T20-16 #5 MD ' 4.082663 e.154272 it

(eneencleted)

['

i I
f

i

. >

>

i
,

_ _ _ _ _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ . . _ _ _ _ _ _ . _ . _ _ . . _ _ _ _ _ . _ _ _ _ - _ _ . _ . _ _ _ _ _ _ . _ . _
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Table E30: HRA Engineering Judgement for DAl-SU-A,B,C,0, Operators fall to
Diagnose ISLC0A, DHR Start-up Sequence-

_ Median HEP (eel *Hgan HEP (eel*

DAI-SU-A 0.6 (10) 0.52 (1.6)

DAl-SU-B 0.8 (10) 0.59 (1.5) )

DAl-SU-C 0.2 (10) 0.29 (2.5) ,

|
.

DAl-SU-D 0.4 (10) 0.43 (1.9)

* ASSUMPTIONS: 1-Failure to implement proceduto AB 1203.35.3 2-Failure

to interpret overpressurization signatures 3-Failure to

recognize event signature as being ISLOCA: 4-Rates are

estimates based on engineering judgcnent,

E-80

- . .. - , -. - -. --_-. . . .- - -. - . . . _ . . - - . . -
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%

A.'

,
_
.
4
.

2..

~=.

"E ROs fail to isolate.

3' ; ISLOCA
.s
h P(f)=.113

hc p
a
= 1 1

h EOs fall to have ROs fall too

3 -[ access to close DH-21'

1 DH-21 & DH-23 or DH-23~ -

c
3,

5 P(f)=.10* .- P(f)=.013
: 3 from Figure 28
: ,

a
y * Assumes that, on average,10% of the time the break will

occur in the same room as DH-21 & DH-23; HEPs calculated-

i E, from engineering judgement
! %
!

*

I $
j: .

a.
'

'

! x.
|-
!

!
?-
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Table E31: HEPS for DI2-SU-A,B Operators Fail to Isolate ISLOCA

' Hannan Action / Error Basic Emr Soam/ Step 4y- Modifier Modifier THERP Basic Nossleal k.rrte
Median Factor THERP Step or for PSFs Soorte Depend- Mean Mean Factor

HEP Table # Dynaanic ency HEP HEP

A EOs ten to gain access to DH-21 and DII-23 &a 1.9 f4 Jdumet SBS 1 ZD E1 R1 1.0

8 RO f=H to cleme Dti-21 or Dfi-23 (freen F*.g=e= 0.013 1.e Figure 27 SBS 1 T20-16 #2a ZD GL813 a.813 1.0
28 & Toble E25)

I'
.

T
E

t

i.

!

.

I

C



.

,

- - _ _ _ _ _ . _
-

a &

at

m
;.:

.

4
.

5 ROs fall to isolate
ISLOCA-(close~z

2 25 DH-11 or DH-12
I- 1{ P(f)=.016

g,c:

b #
i
.

aa
IE2

. ROs fall to re- ROs fail to
. .

h; ROs fail to>

~n restore signal -store power to close DH-11 or-

; s power -control circuits DH-12m

S- b . P(f)=.007 P(f)=.007
'

P Table 20-7 #2 Table 20-7 #2. P(f)=.001-
3-

1

a
% x,

8'

-

| 7 I I
'

' O ROs fall to ROs fal: to
!' E close DH-11 close DH-12

: P(f)=.007 P(f)=.151'

Table 20-7 #2 Table 20-7 #2
; ; '

mod. Depend.
;
5

i. S -

1-

. . . - . .- .- .- -. . - -. . . - .. - .. . . - _ - . - -
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Table E32: HEPS for DI2-SU-C,D Operators Fail to Isolate ISLOCA (Close DH 11& 12

Iluman Action / Error Basic Error Saarref Step-by- Modifier Modmer THERP Ba-le No.ainal Error |
Median Factor THERP Step or for PSFs Source Depead- Mean Mesa Factor [IIEP Table # Dpiamic ency HEP- HEP

A Operosers fan se ressere signal pe=er 0.003 10 T2817 #2 SBs 2 T28-16 #4 ZD 1903749 e807499 le

B operusers fall se ressere pe=ce se centrol 0.003 le T20 7 #2 SBS :2 T2816 84 ZD a.se3749 1987499 le !
circuits

C Operosers tag se clame DII-I1 E003 32 T20-7 #2 SBS 2 T2916 #4 ZD anex49 too749, le
i

7 D Operesors fan se claw DII42 0.003 10 T20-7 #2 SBS 2 T20-t6 #4 | MD te03749 e.149234 le
$ i

8

r

!

f
1

I

h
I
r
t

. . . - _ __-_-__-.
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Al-
I

}~
ROs fail to

detect pressureg
abnormality-

g P(f)=.0001

:
E 3/6 logic gate*

for failure"

-

3

5
E
;,
] I I I Im

$ 'o ROs fall to de- ROs fails to ROs fails to de- ROs fails to de-
i tect CFT press, detect CF tank tect spray tect rad alarm

s Hi alarm in CR level alarm alarms inside contain. I
'

a P(f)=.0003 P(f)=.179 P(f)=.011 P(f)=.021
;
e

l
o

-

lROs fall to detect HOs fall to de-a

i relief valve CF7A tect HI contain- |
'

3 Opens ment sump
y P(f)=.003 level

P(f)=.005 |

E
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Table E33: HEPS for LD2-CET Operators Fail to Detect Pressure Abnormality

Human Attion/ Error Basic Error Source / Step 4 - Modir- Modifkr TIIERP Basic Nominal Error
7

Median Facter THERP Step or for Pi Source Depead- Mess he Factor

HEP Table # Dynamic recy HEP HEP

A Operators fail se deted CFT pre ===re high c.0001 ie 9 T20-2.2 #6 DYN 1 T20-16 #2a ZD 5000265 tooo266 Iat

alarm la control resen

B Operators fall to detect storm for reDef valve 6.001 10.6 T20-2.3 #6 DYN 1 T.Al6 #2a ZD to02663 8.002663 19.9

C77A epens

e.002 10 0 T20-13 #6 DYN 1 T*a6 #2s ZD s.coS3M e.on53n a s.a

C Openters fed se detect high centainment
7 semp level alarm f

D Operstoe, fah to detect oprwy elarms 0.004 10 9 T2423 #6 DYn i T2486 #*a | ZD 0810654 0.910654 10.0
o

0.00s 18.0 T20-2.3 #6 DYN 1 T2446 #2a ZD EG21305 0.82008 IG 0

E Operstars fa0 to desert red eterm inside
containment

F Operstars far. se detes t CF tank levei 0 016 10.0 TA 23 #6 DYN I T2436 #2a MD 0.SC416 0.179 MS 53

_.

W

!
i
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Cutset Analysis LD2-CFT-s

Cutset Frequency Total Mean
- . _ _ _ 4- -

_

5 pray alarms Red alarm CF tank alarm 4 lE-005

i Cra Rad . alarm CF tank alatn 1.9E-005

. 7; 'ad alarm CF tank alarm 1.lE-005''

>

ant . ., ) pray alarms CF tank alarm 9.CE-006
, ,

I.CF.'A7'' Spray alarms 'F ta'1k alarm 5.9E-006,

CF7A ale.h. Jont, sump CF tank alarm 2.7E-006
,

- Cont. sump Spray elarms Rad alarm 1.2E-006
e

CF1 n!-press Rad alarm CF tank alarm 1.1E-006

-CF7A alarm Spray alarms Rad alarm 6.9E-007

CFT hi-press Spray alarms CF tank alarm 5.9E-007

CF7A alarm Cont, swnp Rad ai;rm 3.lE-007

CFT hi-pren Cont v mr Rad alarm 2.7E-007
,_

|
i, CF7A alarm Cont, siimp Spray alarms 1.7E-007

| CFT hi-press CF7A alatin- CF tank level 1.6E-007

CFT hi-press Spray alarms Rad alarm 6.9E-008
,

CFT hi-press Cont. sump . Rad alarm 3.2E-008

L
L. CFT hi-press CF7A alarm Rad alarm 1.9E-008
|

L CFT hi-press Cont. sump Spray alarms 1.CE-008

CFT hi-press CF7A alarm Soray alar:as 9.9E-009

CFT hi_-press CF7A ala- Cont sump 4.5E-009r

1.0L ~04
.

- =
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-

L

..



. _ _ _ - _ _ - - _ _ _ _ _ _
..

.

_ _ ,
.

f' ,.[ ;p .t
_

< *.I
'

_ - $ ~.- , ,

'

'

.

12!
_

e
C [f['

..

5 ROa fall to conclude
LOCA CFT event' occured-x

5.5 P(f)=.0001:
,

-5 = A 4/s logic gets
j'# y' for failure .

'

E# I i-
.

I I 1-M Ros fall to de- ;Ros fails to ROs falls to'de- ROs falls to de ' +
{ tec^ CFT press, detect CF tank itect spray ;tect rad alarm '

' Hi alarm in CR -

~ level alarm alarms inside contain.,-

g
E . P(l)=.0003 P(f)=.179 - P(f)=.011 P(f)=.021 -

E

A - jr,
"&

i = -

.

q ,.
|

)? ROs. fall to detect . Ros fall to de- ROs fall to rk- ROs fall to de-
'

g- relief valve CF7A itect SFAS trip tect SFAS's4 tect Hi contain- .

a Opens . on RC. press on cntmt g ;s ' ment. sump
| ; P(f)=.003 <1650 >18 psia level-

'

i : P(f)=.17 P(f)=.085 P(f)=.005
( ET

! g ,

w

3
; m 3

o
| 2
L

'

c,

| A

|
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Table E34: . HEPS for LDA2-CFT Operators Fail to Diagnose LOCA CFT (after rupturi)
;

i
Human Action / Error Basic Error Source / Step-by- ' Modifier Modifk:- TISERE . Basic ' ' Nominal Error

Median Frictor TIIERP - Step or for PSFs ' Source Depend- Mean Mesa . . Factor
HEP .. Table # Dynamic ency HEP . HEP

A Ros faa to detect high containment sump level 0.002 10.0 T20-23 #8 DTN 1 T20-16 #2s ZD 0.005327 0.005327 I8.0
,

B ROs fall to detect spray alarms 0.004 10.0 T29-13 #8 DYN 1 T20-16 #2a ZD 0.010654 0.010654 50

C ROs fall to detect rad alarm inside 0.008 . 10.0 T20-23 #8 DYN 1 T20-16 #2a ZD 0.021308 6021308 10.0

containment

7 D Ros soll te detect C|r tank level 0.016 10.0 T20-23 #8 DYN 1 T20-16 #2n MD 0.042416 0.179385 5.9

$
E ROs fall to detect Crr pressure high alarm in 0.0001 10.0 . T28-23 #8 DYN 1 , 720-16 #2a ZD 0.000264 0.0002M l'd.0

c3nt.ol room-

F Ros fall to detect relief vabe CF7 A opein 0.001 10.0 T20-23 #8 DYN 1 T20-16 #2a ZD , 0.002463 0.002663 10.0

G nOs fall to defect SFAS trip en containment 0.032 1E0 T20-23 #8 DYN 1 T20-16 #2n Z'; G M 5232 0.085232 IILS
pressure >18.4 psis

II Rom fall to detect SFAS trip en RC pressere 0.064 10.0 T20-23 #8 DYN 1 T20-16 #2a ZD 4L170465 0.176465 10.0

<1650

1
!

|

|
i
|

{

|
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1
3
4 .

2 -

g .

, .,
.

' c
Z - Operators fall to close
.a CF1A(B) lm

ig ''c P(f)=.149* 4i

1, Table 20-7 #2 '
'

%
3

L
! $ * Represents the actions only, cogniton related to "where
| g one isolates" is represented as part of the failure rate for .

diagnosis. Values modified.for stress (T20-16 #4) and,
_

L E moderate dependence with preceeding. actions.'
i
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m ,
-

>

b

1

t

, a = - - . - - - .
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a
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f
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.iy
e e,

r+
iA .a

-q

. -

.-q

.E . . .

i

I Operators fall to' '

a . mitigate (i.e., sends them

:h ~c, release);

i. P(f)=1.0* -
,

,E |
'

T .
.

*Not modeled as part of this exercise, bre __;lnside
. ,.

containment is a design basia eXent and will be handled by-

plant automatics.1x
3
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.g.
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1 LROs fall to detect
l' g |pressu s abnormality '

-

"
'

P(f)=.0035 ,

,

3
1- - ' 3/5 logic gate..n

E !for fciture ,;

;, a,

# :4

a
'

; ,3'
l l'.,_

@ ROs fall to detect ROs fail to de- ROs fall to de-
'

,,, 5 relief valve PSV . tect Hi temp tect annuncia--
gg 1529 Opens annunciator for alarm-DH -

,

4 P(f)=.003 alarm DH-8B pump dischargo >

E : P(f)=.0003 P(f)=.145 !

a *

s

5 ROs fall to de- ROs fail to de-
~

.;

Er tect Hi temp tect Hi temp- -

3
g computer alarrr computer alsrrt
j T369 T357

'

j . P(f)=.081 P(f)=.293 .

'

_

!!I
'

8 ' * Represents assumption that detection of any-? Indications is sufficient for detection of the event
:$ signature.1sbie E35 presents combinations of potential fa:Iure and their asssociated probability;,

7

value generated using IRRAS 4.0 (1992 version).
w .

t

!,-
.
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Table E35: HEPS for LD2-LP Operators Fail to Detect Pressure Abnormality

i

Iluman Action / Error Basic - Error . Source / Step-by- Modifier Modifier THERP Basic Nominal Error
Median Factor TIIERP Step or reSSFs Source Depend- Mean Mean Factor

IIEP Table # Dynamic rney IIEP . IIEP

!

A Operators fall se detect relief valve PSV-1529 0.001 1%0 T20-23 #2 DYN 1 T20-16 #2a ZD 0.002663 0.002663 10.0

epem
.

8 Operators fall to detect high temp computer 0.05 10 T20-25 #1 DYN 1 T2tLl6 #2a ZD Ros0692 0.090692 5.0

mierra T369

C Operaters fall to detect high temp annanciater 6.0001 10.0 T20-23 #2 DYN T20-16 #2a ZD CL000266 0.0n0266 1EO.

7 alarm Dil43
e

D Operators fall to detect high temp computer 0.05 10 T20-25 #1 DYN 1 T20-16 #2a IID 4090692 0.540346 10
alarm T357

* 0 292763 15

E Operators fall to detect annunciator staru-Dit 0.001 10.0 - T20-23 #2 DYN 1 T20-16 #2a MD 0.002663 0.14514 10

pump dhcharge
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? Operators fall to con-
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sg past rupture information
3 P(f)=.01 (10)*
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y Operators fall to close ~ -

~ '

? . DH-1 A(B)'m

5'e . P(f)=.148 (5)*
Table 20-12 #3

-*

# .

O

::
.. .

,

O * Represents the ' actions only, cognition related to "where one:
5 isolates";is represented as part 'of the failure rate for. diagnosis _.

Values modifi' d for extreme high stress (T20-16 #6) and moderatee
& . dependence. r

7
,

: i

I

>

e

i

f

,-

'
-. .- . ~ , , ., .. . . . .. ,,.



- . - _ _ _ -. . -. -.

Review of HEPs and F:RA Failure Rates

HRA was used_to model the predominant' human errors for each scenario in

this ISLOCA MA. As discussed in Section 2.5, HRA is a methodological tool
that involves ?he quantitative analysis, prediction, and cycluatic, of work-
oriented human performance. The B & W ISLOCA PRA diagnosed those factors

within the planL's' systems that could lead to less than optimal human
performance in the initiation, detection, diagnosis, and mitigation of ISLOCA
scenarios. HRA was used as a diagnostic tool to isolate the error rate
anticipated for individual tasks and to determine where errors were likely to I

be most frequent. |

Within the context of modeling in the HRA, performance shaping factor
information is accounted for in both fault tree and HRA event tree estimates.
Many~ of the fault and event trees have-been anr.otated to provide modeling
assumptions regarding the degree of task dependence, amount of stress present,
communication requirements between R0s and either E0s or I&C technicians, use
of' anti-contamination clothing, and perceptual demands such as havit ; to
detect computer alarms or notice differences in rakeup and
letdown flow indication.

4

Inspection of the data reveals that failure rate probabilities are
highest for mitigation, isolation, and errors of commission such as
inadvertent valve -lineup after test, or faulty decisions such as early entry

L
into DHR cooldown. Diagnoses errors range.on the order of 5.9E-1 to 6.0E-3

L and, in many cases, reflect the large amount of time available for the crew to

| reach an coin.a. on the event. Rates for isolation and mitigation were

| ' observed to range from _2.0E-3 to 1.5E-1, respe ~.ivcly, and reflect the lack _ of
resources available to crews. These resources, which if present, would have
decreased the failure rate estimates,-include an ISLOCA procedure, training on
ISLOCA, instrumentation, and a procedure for computer alarm acknowledgement.
Without these items, cmo could be forced to operate in a kncyledge-based

| realm during an ISLOCA.

L

,
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Table E36 presents latent errors identified during conduct of the HRA.
fach of the errors is sreceded by the evcnt sequence number and is followed by
the noni nal (detailed) HEP value. - Desci ption of the error and the sequence' '

is' presented in Appendix D.

tam _e J 6: Latent Errors

Sequence __ vent Description Mean Hep
, ,

!!Vl-MU - HP vent line left open 0.0013

HVI-HP HP vent line left open 0.0013-

OHl-SU MCVs DH 11 & 12 ieft open 0.0002

__ DM2-SU Local valves DH 21 & 23 left open 0.0002

' Only one error of comission was identified as an initiator (i.e, DH1-
SD): operators open DHil/12 too-soon in the shut down cycle. Latent errors
involving vent line configuration shown in Table 4.6 can be of either the
omission or commission type. The low failure rate for DM2-SU reflects- the
double verification for these valves as called out by both the SP--0130 and
OP--00008 procedures.

Detailed Breakdown of Human Error Actioni

The following table represents the distribution of errors modeled in
support of ISLOCA evaluation at a B&W plant. T!e tabled values include all
the errors modeled in the supporting fault trees and HRA event trees.

Table E37: Distribution of Errors from Supporting Analyses
! ' Omission Simp 1e Commission Decision-based

Frequency 100 17 13

| Percent (%) ! 77% 13% 10%
- - .

As these data indicate, the majority of HEP data used in the present
analysis fall into the omission category. This is in keeping with

E-97
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contemporary PRA. What is unique about the ISLOCA HRA for B&W is that some
20% of the total errors modeled are from commission and complex commission
decision based sources. Although caution should be taken when extrapolating-

-from one plant's data, these_results do indicate that'PRAs may under-represent
human cont-ibution to systems failure by some 10 to 20%.

Decision-based Errori

~

The rates for decision-based errors presented in Table 4.0 were derived
using THERP and engineering judgement techniques. Whfic these failure rates
apply to those decision-based errors identif t->d and quantified in the B & W
ISLOCA analysis, they are not limited to instances where the action is the
top-level action-inLan event sequence. :To learn more about where a particular
decision-based failure fits within an action flow, the sequence identifier,

.

task description, failure rate and error factor (EF) have been presented in !
)

the preceding tables and are explained in detail in Appendix 0.

-,
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TABLE E38: Decision-based Errors (either Task or Subtask values)

Identifier Descriotion HEP
_

HDA2-MU, R0s fail to conclude ISLOCA(from prinr tasks) .006
HP*

HI2-MU, HP R0s fail to isolate HP2A, undo what was just done .002

DM1 SD R0s decide on early entry into DHR(jumpering OK) .00066

DDAl-SD* R0s fail to conclude ISLOCA from event signature .006

DI2-SD* Crew fails to send IF to remove jumpers (total .008
HEP-9.0 x 10E-5)

D;42-SU R0s fail to close DH21 & 23 .0002

DAl-SU-A R0s fail to recognize ISLOCA from event signature .52

_
(local valves open; relief valva opens)

_

DAl-SU-B R0s fail to recognize ISLOCA from event signature .59#
(local valves open: relief valve fails closed)

DAl-SU-C R0s fail to recognize ISLOCA fron event signature .29#
(MOVs open; relief valve opens)

DAl-SU-D R0s fail to recognize ISLOCA from event signature .43#
(HOVs open; relief valve fails closef

LDA2-CFT* R0s fail to conclude ISLOCA-core after rupture .0001

LDAi-LP P0s fail to conclude ISLOCA from past rupture .01

_
information _i

| NOTE. * Indicates subtask values;
! # Indicates engineering judgement used to estimate HEP.

E-99
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-Sensitivity Analv_sh

A_sens: 'vity analysis was conducted using steps #7 and #8 from the IEEE
P1082 standard, i.e., update plant model anJ-review results. The failure
paths and HEP's from the detailed analysis were reviewed to determine if
modifications to the human-machine system rould result ir, significant gains in

~

operator _ performance and a corresponding red iction in the nominal HEP. This

re-analysis was limi_ted to actions which would prevent initiation of an ISLOLA
sequence. The following actions were identifid as ways the operators'
performance could be easily optimized:

1. Procedures for sthetup, shutdown, ' quarterly stroke test being
upgraded-to reflect the appropriate operator actions, cautions,
notes, warnings, or checklists. These revised procedures would
adopt current ir.dustry standards for being syrptom-based and
would be used to extensively train plant personnel to recognize
the potential for ISLOCA.

-2. Instrumentation - hardware changes, such as including t' presence
of a valve status board in the control room, would tend tower

-

operator error. However, a simpler and more efficacious approach
would be to train operators to recognize direct and indirect
indications of an ISLOCA.

3. Trainina was improved by training contial room and E0 personnel in'

a formal ISLOCA procedure and by having training and procedures
for the handling of computerized alarms on the control room CRT. '

4. Recovery factors are included by having all tasks covered by -

proceduros'and having an 4 dependent second operator (s' *t
! supervisor, I&C or maintenance foreman etc.) wh must s. off on

| tasks performed.
i

l

i The actions which were selected aod the resulting HEPs after optimization ana

shown in Table E39.

|

|_ In the first sequence (HPI scenario involving quarterly stroke test for
2A, MU&P flow),the tasks comprising the errors HD2-MU, HDA2-MU, and HI2-MU

E-100
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were changed to reflect optimized orocedures. Specifically the changes made-
were to use a well-written, symptom-based,-ISLOCA emergency operating
procedure (st' art list with-less than 10 items) and, within the procedure, to
provide for an independent'vorification with required sign-offs by a second
person. :No other changes were necessary to achieve the risk reduction.

Table E39: Optimized HEPs from the Sensitivity- Analysis

1. HPI . Scenario Involving Quarterly Stroke Test for 2A, MUaP Flow

Event Tree Element PRA HEP Opt. HEP

HD2-HU operators fail to ''tect ISLOCA .0028 <0.0001

HDA2-MU operators fail to diagnose ISLOCA .006 <0.0001

HI2-HU operators fail to isolate ISLOCA .002 <0.0001

2.- Shut-down Scenario involving Premature Opening of DH1'. A D412

Event Tree Element PRA HEP . Opt. HEP

DH1-SD operators open DHil & DH12 too soon .00066 <0.0001

DDAl-SD operators fail to diagnose ISLOCA .006 <0.0001

DI2-SD operators fail to isolate ISLOCA .008 <0.0001

3. Low Pressure Injection Syste.n ISLOCA Scenario

Event Tree Element PRA HEP Opt. HEP

LI2-CFT operators fail to isolate ISLOCA .149 <0.0001

LDA2-LP operators fail to d.agnose ISLOCA .01 <0.0001

LI2-LP operators fail to isolate -ISLOCA .148 <0.0001

In the third sequence (Shut /down scenario involving premature opening of.
DHil;&l2)-the error DM1-SD DDAl-SD, and DI2-SD were optimized. In this case
a number of improvements were made. For DH1-SD these included: applying
proper administrative controls which would disallow the practice of defeating
interlocks =and the jumpering of DH12; and having a well written procedure with
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clearly stated RHR system limits and proper cautions about the consequences of
early_ entry into _ decay heat removal. These actions _would eliminate the
possibility that an operator would believe it procer to enter decay heat
removal prematurely by open"g DH-ll & DH-12 in this shutdown scenario. For

DDAl-SD and DI2-SD, in the event that an ISLOCA event occurred before RHR

temperature and pressure limits were acu ptable, the HEP estimates were
reduced based on the following. assumptions: that a well written, symptom-
based ISLOCA abnormal operating procedure was availabl~ 'o guide operators in

; diagnosing ISLOCA and in taking effective actions to isolate after an ISLOCA;
that operators had received extensive training on how to recognize direct and
secondary indications of ISLOCA duria the various stages of plant operations.

-In the last sequence (Low pressure injection system ISLOCA Sc.enario) the
errors LI2-CFT, LDA2-LP, and LI2-LP were optimized. These HEPs were reduced

due to the fact that-all pen annel, e.g., the control room operators,
equipment operators, and maintenance personnel would now be trained on the

-potential- foe ISLOCA and that there would be a well written, symptom-based
ISLOCA emergency operating procedure with sign-offs for a second operator's
independent verification. '

Host of the' modifications suggested by the sensitivity analysis are
- believed to be fairly simple, i.e., the ese of procedures with checklists,
verification of operator actions, specific training recognizing ISLOCA
scenarios, and the inclusion of a valve status board in the control room. The

sensitivity' analysis results point out the need to specifically address-ISLOCA
as a possible plant scenario, and underscore the need for plant personnel to
be maae aware of ISLOCA indications through appropriate modifications to
procedures and ISLOCA specific training.

s.onclusions

The current analysis indicates that human errors, particularly, errors
of commission, are an important contributor to the ccre damage frcquency for
ISLOCA sequences. However it is premature at the present time t say

whether.- in Reason's terminology [11), ' active" errors such as the decision to
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prematurely enter DHR, or the human contribution to risk due from " latent"
errors will be important at other plants. In the present case, both of these

types of errors of comission played a significant role in assessing the
plant's susceptibility to ISLOCA. If training for ISLOCA had been available
at the plant and if personne.1 had good "lSLOCA" procedures, then the

probability for 15LOCA would be reduced. Proceduralizing crew response to

computer 11 arms and providing additional valve status indication would also
serve to reduce risk.

__

.

men.
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APPENDIX F
THERMAL HYDRAULIC CALCULATIONS

F.1 Introduction

The appendix presents selected-thermal hydraulic results from studies.
involving the interfacing systems of the B&W reference plant. The thermal-
hydraulic parameters of the interfacing system loss-of-coolant-accidents were

_

calculated. The parameters that were calculated are the pressure and flow
histories within-the decay heat removal and low-pressure injection systems
piping. These calculations were based on failures of specified valves.

The ISLOCA thermal hydraulic analyses were performed using the RELAP5/- 1

M002.5 computer code. " The thermal hydraulic analysis consisted of three
complex models describing tha; a.) Decay Heat Removal (DHR) piping, b.) Low-
Pressure-Injection (LPI) piping and, c.) the Make Up and Purification
Interface (MU&P) piping. These three complex models were supplemented by
three relatively simple models. The input models for RELAPS were built within
a Lotus 1-2-3 spreadsheet. These models were developed using data from

in-service inspection isometric drawings. The spreadsheets and RELAP input
and output listings are maintained in an Energy and Systems: Technology (EAST)
group calculation file.t.

!-

.
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F.2. DHR Analysis
.

'

t

The _ ISLOCA thermal- hydraulic analysis of the OHR system involved

;modeling 643' ft of piping,- five relief valves, and all the elbows, expansions,'

and contractions. Pipe volume lengths of 4 ft were used for the DHR analysis
as-well as for the other two detailed analyses. The pipe wall friction factor
was 1.5E-4 for all the analyses." The friction losses through valves,
elbows, and orifices were-based on the Crane technical paper."

The hardware schematic is shown in Figure F-1 with RELAP pipe component-

numbers and the relief valves described. The pipe components are keyed to the

reference B&W plant component piping specifications. The RELAP5 pipe

components-70,.100, 110, 140, 470, 500, 510, and 540 are all dead ended. The
Pipe components 30, 90,130, 490, and 530 connect to the relief valves
specified. ~The reactor vessel is component 200. It was modeled as a constant
pressure ar.d temperature source- for the piping. (Note: It should be noted that
the constant pressure and temperature reactor vessel assumption results in an
overly conservative estimate of the time:averageo mass flow rate out of the
break ~. Th's assumption does' allow for an adequata method to determine if the
interfacing systems will- fail during the early rapid pressurization part of-

the ISLOCA" event.)

The ISLOCA thermal hydraulic analysis was initiated by an assumed

failure of valve DH-12. :The RELAP5 model constructed for the failure of DH-12 .

opened the valve linearly over 10 s to initiate the transient. The relief
valves were also opened linearly. The time scale for tha relief valves however
was 0.10 seconds. The RELAP5-set points of these relief valves open them at-

~

the following pressures:

Valve No. Setooint (psia)

PSV 4849 320
PSV 1508 450-
PSV-1509 450
PSV 1529 75
PSV 1550 75

.The ISLOCA transient thermal hydraulic calculations were done at the
following reactor vessel conditions:

F-5
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.

-Pressure fosia)-- Igsperature ('F)

-2200 600.0
'

E1500 546.2
1000 494.6-

500 417.0

The reactor coolant temperatures associated with reactor vessel pressures of'
500, 1000, and 1500 psia were predefined. The coolant temperatures were set
to:the corresponding saturation temperature minus 50*F. The-calculated

- results provided by the RELAP software are shown in Figures F 2 through F-13-.
Three sets of figures for each reactor vessel pressure have been provided.

The-DHR dat were correlated with componant pressure as a function of
reactor vessel pt *ure. This nearly linear relationship is shown in Figure .. i
F-14 for componen.. DH-1? DH-4849, FE-4908, AND DH-2734. ]

,

4
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-F.3 LPI Analysis
,

!

The-analysis of the LPl? system piping involved the same model that was--

used for DHR. piping. The same 643 ft of piping, 5 relief valves, and all the
elbows, expansions, and contractions were used. The origin of high pressure
and temperature (the reactor vessel) was connected at valve DH-76 instead of
DH '2. Valve DH-76 was used to initiate the transient with a 10 s opening.

-time.

The hardware schematic for this sequence is shown in Figure F-15. This

figure dascribes the RELAP5 pipe component numbers and the relief valves.
Note that the reactor vessel (RELAP5 component 200) is shown to connect to
valve DH-76. The pipe components have been keyed to the referenced B&W.
plant's component piping specifications. The RELAP5 pipe components 10, 70,
100, 110~ 470, 500, 510, and 540-are all dead ended. The pipe-components 30,,

90,130, 4s0, and _530 all- connect to the specified relief valves. The relief
valves were opened linearly over 0.1 s. The relief valves used the same
setpoints as identified in Section F.2 for the-DHR piping.

'

The flow airection was reversed for the LPI analytis. A check valve
- prevented reverse mass flow through the DHR system pup. The mass flow was
diverted through a 2-in.-line by' passing the pump. (The 2-in, line is modeled
by RELAP5 component 120 in-Figure F-15.) The 2-i'n. line contained a 0.657-in.
orifice that severely restricted the reverse mass' flow. For that reason, the

L -p assure downstream of the orifice _is much lower than upstream. This. pressure
! behavior is shown in Figure F-16.

_

Figure F-16_also shows the pressure within the piping as-a function of
node position. The node position:is keyed to hardware components. Note the

-reactor | vessel is node 161_in this analysis. These results make it readily
_ apparent that components upstream of- the orifice (closer to the reactor"

vessel)'.are likely to-fail while those components downstream of the orifice
are likely to survive.

F-7
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F.4 Makeup & Purification Interface

Three different RELAP5 -input models were used in calculations to
determine;the behavior of the MU&P_ system piping during its postulated
interfacing LOCA transient.

F.4.1 Simplified Model
.

A simplified RELAPS input model was prepared for the MU&P system. As

shown in Figure F-17, the reactor: vessel was modeled as a tank at 2200 psia
and 600*F. The tank was connected to 10 pipe volumes of 3-in. schedule 40
pipe cach for a total pipe length of 200 ft.

Figure F-17 shows a diagram of the hardware ws modeled with RELAP5. j
'

Figures F-18:and.F-19 show the pressure distribution at steady state and-the
exit mass flow rate history. The steady state mass flow rate and mass flux

rare _281.7 lb/s _ and 5487 lb/ft 3,

F.4.2 -Detailed Model Without Orifice

A detailed RELAPS input model was prepared that included the various
pipe lengths, diameters, elbows, and valves, but without an orifice. Results

for this model are shown in Figures F-20 through F-23, Figures-F-20 and F-21

show the pressure history at the various pipe locations, Figure F-22 sh us
the exit mass flow rat'e history, and_ Figure F-23 shows the steady state
pressure as a function of location along the pipe.

F.4.3 Detail Model With Orifice

The detailed RELAPS input model was modified to include an orifice area
2of 0.0045 ft . The results for this model are shown in Figures F-24 through

F-27. Figures F-24 and Figure-25 show the pressure history at the various
cpipe locations. Figure F-26 shows the exit mass flow rate history and Figure
-F-27 shows the steady state pressure as a function of location along the pipe.

F-8
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5 One-inch-Pipe
. ..

?Pipo sizes that' could be involved in an ISLOCA were determined by RELAP5

cciculations; . These calculations were performed to eliminate pipe: sizes belowc
,

Ja certain diameter from inclusion |in-ISLOCA sequences.- .The results of these ,

( ,pipeicalculat*ons indicate:that pipe sizes below one in:h' case be ~ eliminated'

V' 2from-ISLOCA considerations,

'

The-one. inch pipe _ diameter calculations are described next. Tha 1-in.
,

14tameter pipe modeled with the RELAP computer code is shown in Figure F-28.
LThe pipe'is 50.ft_long with four gate valves spaced' equally along the pipe,
JThe upstream component represents a reactor vessel at 2200 psia _and 550*F and
:the downstream ~ boundary represents atmospheric conditions. The RELAP5 analysis'e

'
indicated that volumetric flow rates are about 207 gpm when the nate valves
were assumed to have.the same flow area as the pipe and 203 gpm when the gate
-valves' were. assumed to have 80% of the pipe area. These flow rates are similarE

to:the make up flow to-the BWST. It is possible to eliminate pipe sizes less
tr -than 1 inch from the ISLOCA analysis, since the failure of a one inch line is

, not - able ~ to | drain - the BWST ,
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F.6 LPI - Opening Time and Break size Effect
.

A simplified model representing the ~ piping for the LPI system was used
for a sensitivity study of break opening time and opening size.' A diagram of
the model is shown in Figure F-29. Break opening times of 0.1 and 1.0 s and
break sizes of 0.05, 0.1, 0.2, and 0.5% were calculated. The plotted results
are shown in Figures F 20 and F-31.
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APPENDIX G
CORE UNC0VERY TIME 80VHDING CALCULATIONS i

t

G.0 INTRODUCTION

This appendix provides an estimate of the time required for the core of
I

the B&W reference plant to uncover. This conservative core uncovery time is
associated with the interfacing system loss of coolant accidents. The

;

appendix provides uncovery time estimates for both a high pressure injection
.(HPI) line break and the low pressure injection (LPI) line break. Both of

-these accidents were assumed to be initiated from a full power conditicn.

The core uncovery time estimates are based on a number of conservative

assumptions. These assumptions are detailed in Sections G.1 and G.2 of this
appendix. The results of these sections provide a lower bound on the drainage
time for the refueling water storage tank (RWST). The calculations also

provide'an estimate of the time subsequent to core uncovery. The estimated-

core uncovery ti *s are based on the time-at which the vessel's collapsed
liquid level has reached the top of the ve fuel. A summary of these times

Lis provided in Table G.I.

There'are a wide' range of uncovery times possil This variation'is~'

.possible if consideration is taken for the various ISLOCA sequences occurring
~

at different initiating' pressures and the large number of plants states ,

,

possible due to operator actions. The analysis provided in this section

L presents a minimum core uncovery time. Thase times were used to estimate the >

-Human Error Probabilities for the HP1 & LPI ISLOCA sequences.
;

Table G-1.- Summary of ISLOC? times to the onset of core b >il of f

2.5 in.
HPI 10 in. LPI

ISLOCA ISLOCA

Time to empty RWST (hr)' 2.9 .1

' Time to onset of core boil off (hr) 4.0 1.9

a. All times referenced to the beginning of the ISLOCA.

G-3

, _ - . . _ ,- . . . . _ . _ _ _ _ _ . . . . . _ .__. _ .



.. . - . - - . - - . - - - - . - _ - _ . - . - _ .

G,1 BOUNDING CALCULATIONS FOR THE SMALL DREAK ISLOCA

G.l.1 Introduction

This section documents the core uncovery time calculations for a small
break interfacing systems LOCA. These calculations are used to estimate the
minimum time required for the onset of core uncovery. The core uncovery time
estimate includes a boil down time efter ECCS pump suction was lost from the
RWST & CFT volumes.

The core uncovery time is defined in this analysis as the time at which
the ' collapsed vessel liquid level drops below the top of the core's active
fuel. This definition is not the true core uncovery time due to the presence

-of a void fraction distribution in the core. The use of the collapsed water i

level at the top of the core in these assessments provides a conservative
indication of the operator response times available before core damage occurs.

,

t

;

G.I.2 Time to Empty the RWST & CFT

*The ISLOCA small break was assumed to occur outside of the containment.
The brerk occurs on one of'the.HPI injection lines. The HPi lines are 2.5-in.
pipe immediately outside of the containment. As a consequence, the break was

.

modeled as a 2.5 in diameter leak. No credit was given for form losses, wall
friction, or. other pressure drop effects that .may reduce the break mass flow-

rate. These break assumptions were incorporated into a simplified five volume
RELAP5 model, This model was used to estimate the time required to empty the e

RWST & CFT. The primary system's LCCS and the break were explicitly modeled.
The' assumed break configuration leads to a shorter and a more conservative '

time estimhte.of when the RWST & CFT volumes empty.
L

I-

L Several' additional assumptions were incorporated into the RELAPS model

L to ensure a conservative time estimate to empty the RWST:

|
-

E The ECCS water supply was limited to 400.000 gal..

Auxiliary feedwater was avr.ilable and it was assumed that the.

steam generators were depressurized to enhance primary to
secondary heat transfer. .Thus it was assumed all core decay i
energy is removed by the steam generators. Or equivalently, no

i
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stored energy or decay heat was included in the RELAP5 model.
lhis resulted in a lower primary system pressure and a higher ECCS
mass flow rate.

It is assumed that the break flow rate will stabilize near the LPI !.

shutoff head and the timo averaged break mass flow rate will '

balance with the time averaged ECCS mass flow rate. This is |
!typical of many small break LOCA's. The steedy state ECCS mass

flow ratc was mcdeled by equating it with the steady-state choked
break mass flow rate at the LPI activation pressure. This time ;

averaged balance accounted for short intermittent periods when the
LPI wculd activate. Cantinuous LPI operation was not possible
because the total LPI mass flow rate was significantly larger than
the break mass flow rate. >

>

The CTf's are available and the drain out time will be estimated >.

by dividing the total break mass flow rate by the total volume of |
the CTF liquid inventory. The CTf's were not in the RELAP5 model |and this time estimate was done separately. ,

it is assumed that the transient is initiated at 100% powere

conditions and that there is no significant delay for reactor ,

scram. ;

,

One ilPI, 2-LPI, and 2 charging trains were modeled to refill the.

prin!ary system.
.

Figures G-1 and 6-2 describe the primary pressure response and the -

ECC$/ break flow rates for the simplified RELAP5 simulation. These figures

indicate that after about one hour the primary sy!, tem pressure will stabilize
-near 200 psia. The ECCS/ break flow rates will be approximately 330 lbs/sec.
Tht:; mass flow rate of 330 lbs/sec will deplete the RWST's volume of 400,000

,

'gallons in about 2.8 hours.

The time required to deplete the CFT's volume is modeled in the same
'manner as toe depletion cf the RWST's volume. The total volume of the CFTs

equals 2080 f t'. Once the CFTs are activated it is assumed that they empty at
an average rate equal to the ECCS/ break flow. The ECCS/ break mass flow rate ,

of 330.lbs/second provides the time es,timate for the draining of the CFTs. ;
The CFT's-tank volume of 2080 cubic feet is-then emptied in about 0.11 hours
with this break flow. The total time to drain the RWST's and CFT's coolant
inventory-is then about 2.9 hours.
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Figure G-1, Small break ISLOCA showing primary system pressure
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|

)
stored energy or'dec." heat was included in the RELAP5 model. ;
This resulted in a lower primary system pressure and a higher ECCS !

inass flow rate. '

It is assumed that the break flow rate will stabilize near the LPI.

shutoff head and the titae averaged break mass flow rate will
balance with the time averaged ECCS mass flow rate. This is *

typical of many small break LOCA's. The steady-state ECCS mass ,

flow rate was modeled by equating it witn the steady-state choked ;

break mass flow rate at the LPI activation pressure. This time
averaged balance accounted for short intermittent periods when the
LPI would activate. Continuous LPI operation was not pussible ,

'because the total LPI mass flow rate was significantly larger than
the break mass flow rate.

The CTf's are available and the drain out time will be estimated.

by dividing the total break mass flow rate by the total volume of
the CTF liquid inventory. The CTf's were not in the RELAP5 model
and this time estimate was done separately.

'

It is assumed that the transient is initiated at 100% power.

conditions _and that there is no significant delay for reactor
scram.

One liPI, 2-LPl. and 2-charging trains were modeled to refill the.

primary system.

>

Figures G-1 and G-2 describe the primary pressure response and the
ECCS/ break flow rates for the simplified REI.AP5 simulation. These figures
indicate that af ter about one hour the primary system pressure will stabilize .

near:200 psia. The ECCS/ break flow rates will be approximately 330 lbs/sec.
This mass flow rate of 330 lbs/sec will deplete the RWST's volume of 400,000

! gallons in aboat 2.8 hours. ,

-

|

| The time. required to deplete the CFT's volume is modeled in the same
| manner as the depletion of.the RWST's volume. The total volume of the CFTs

equals 2080 ft). 'Once the CFTs are activated it is assumed that they empty at
an average rate equal to the ECCS/ break flow. The ECCS/ break mass flow rate
of. 330 lbs/second provides the time estimate for the draining of the CFTs.
The CFT's tank volume-of-2080 cubic-feet is then emptied in about 0.11 hours +

with this break flow. The total time to drain the RWST's and CFT's coolant
inventory is then about 2.9 hours.
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The are several sources of uncertainty in the estimate of the time for |
the RWST and CfT to empty. These uncertainties are listed as follows: ,

;

,

The fact that the primary system pressure is a nonconstant -je

nonlinear function of: time. >

>

1he liPI and charging mass flow rates are nonlinear functions of+

the primary system pressure.
.

Primary to secondary heat transfer may greatly alter outcome.

depending whether the operator decided to depressurize the steam :
generators.

Flooding out the auxiliary building may disrupt or destroy the- .

ECCS pumping equipment before the RWST tank is empty.

Intrinsic uncertainties in the RELAP5 critical flow model..

.

.
. in a small break ISLOCA simulation that is more' typical of actual -

conditions the secondary pressure would be above 1000 psia for several hours.
. At these secondary pressures-the primary system will be maintained above the

LPI shutoff head. The proper modeling of the primary system pressure would
necessitate modeling primary to secondary heat transfer _ as well as stored
energy and core decay heat in RELAP5._ These~RELAPS models were not

incorporated _in the_ analysis presented in this section. These models were not

incorporated for~_the expressed purpose of minimizing the time to empty the !

.RWST and CFT.
-

G.1.3 Core's Upper Plenum Boil Down Time Calculation

This section will detailithe procedure used to sstimate the time
required for the core's upper plenum coolant to boil off. This calculation is

; based'on the assumption that no additional ECCS coolant is injected into the
primary system af ter 2.9 hr.

LToestimateithetimeforthecore'suppercoolantplenumtoboiloffthe
following assumptions were made:

1. No liquid in the loop regions is available to be heated by the
core.L LTheLliquid in the loop regions is assumed to eitherlexit-
the break or reside in_ the loop seals. This assumption is

G-7
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:

conservative because af ter the RWST has drained, some liquid that
is in the primary loops will drain back into the vessel region,
it is not possible to make an estimate of how much liquid would
actually drain into the vessel unless a full-systems calculation
is completed.

2. It was assumed that th? vessel upper head is completely drained by
the timo the RWST has emptied. This assumption is reasonable
since some small break PWR LOCA scenarios lead to vessel upper
head voiding.

3. It was assumed that any sensible or latent heat added to the
vessel liquid will result in no significant repressurization of
the primary system and therefore the total integrated core decay
power goes to initiate core boil off.

4. It was assumed that the remaining liquid in the vessel available
for boil off to be at the bulk subccoled conditions of 100'f at a
pressure of 200 psia. This assumption is not based on rigorous
quantitative arguments.

Two parameters must now be calculated. These parameters are required to
determine the time interval required for the collapsed coolant level to reach
the top of the active fuel. The two parameters are the total energy required
to reduce the coolant level to the top of the active fuel and the integral of
the power generation rate of the core. The time interval is determined by

integration of the core's power level until the core's energy output equals
the energy required to reduce the coolant level.

The total energy required for the reduction of the coolant level is .

composed of two contributions. The first contribution is the energy required
to raise the temperature of the reactor vessel's total coolant inventory to
saturation at 200 psig. The second contribution is the energy required to

vaporize the coolant remaining in the reactor vessel above the active fuel
region. The calculation of the minimum energy required to raise the coolant's
temperature to saturation requires the following information:

The enthalpy of the subcooled vessel liquid at 200 psia a 100*F,.

The saturation enthalpy of the vessel liquid at 200 psia..

Th9 Dulk density of the liquid at 100*F..

The coolant volume of the reactor vessel minus the upper head.

volume.

G-8
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|
,

i

The appropriate coolant volume values for the B&W reference plant were
|

utilized in the calculation. The energy required to raise the coolant j
remaining in the. vessel after RWST & Cf1 depletion to its saturation

I

temperature is 5.47L10 joules. :
;
,

. . !

The calculation of the second energy contribution required to estimate '

the time for core uncovery is described next. The calculation begins with the ;

1liquid in the reactor vessel at: bulk boiling conditions. The energy added to

~the vessel's liquid is assumed to result in liquid vaporization. This is _j
- based on the assumption that no liquid in the loop regions will drain into the i

~

i

vessel. All the liquid above the core is assumed to be turned into steam. i

'The energy needed to vaporize the liquid region above the active core region !
is- equal to energy required to vaporize the saturated liquid in the vessel ,

upper plenum. The calculation of the vaporization. energy requires the }
following information: ;

:
s

=1. The ' upper plenumf s volume of saturated liquid,
:

2. The latent heat of vaporization,
|

3. The saturation density of the liquid. '

,

With this information a total energy;of 4.85E10 joules is required to
vaporize.the upper plenum water. The.. vaporization of this water results in
the collapsed water level dropping to the' top of.the active fuel. ,

.
. .

The total energy required to reduce the reactor vessel's coolant level j
to the top of' the active fuel is the contribution of the sum of. the subcooled.<

'and vapori2ation. energies. These two energy values sum to 1.0E11 joules for
:the;B&W. reference plant.

EThe minimum timo. required for the core to uncover is determined by.
integrating. the reactor's decay _ heat: power curve from the time the RWST & CFT
emptied.to the point in where the integral equals 1.0 Ell joules. It was

i
..

arsumed in this analysis that the reactor scram started at the same time the
ECCS flow was. initiated by the ISLOCA transient.. This assumption'is

! G-9
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conservative since a delay in the core scram allows the primary system to
remair, pressurized and as a result prevents or reduces the ECCS coolant flow. !

!

The normalized ANS core decay power curve was used to estimate the

reactor's decay heat as a function of time. This decay heat curve was fit to
a quadratic polynomial by the Mathematica curve fitting routines. This curve

fit was then integrated between the time the RWST & CfT coolant volumes were
depleted and the unknown core uncovery time. This polynomial equation was '

- normalized to the initial core power. The time required to achieved a ,

collapsed water level equal to the top of the active fuel was determined by
using the Mathematica algebraic / numerical routines. |

The data used to develop the decay heat curve is the normalized decay
curve from the standard ANS decay model. The data points in the following i

table were used to develop the curve fit used in the analysis. |

The integral of core's decay heat curve from the time the RWST & CFT
. empties is required to estimate the time when the core's coolant temperature >

reaches saturation and the time the core " uncovers". A regression fit to the

Table G-2. AMS Normalized Decay Heat Curve for the H.B. Robinson Plant
( From PELAP5 )

|

Time Seconds Normalized Power |
!

100. 0.0331

400. 0.0235
__

800. 0.0196

1000. 0;0185
,

2000. 'O.0157 [

4000 0.0128- -

8000, 0.0105-

10000. 0.00965

20000. ~0.00795

60000. 0.00566- 1

0.00475100000.
_

.
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H.B. Robinson decay heat curve was utilized to provide the decay heat values
required. The regression fit of the ANS data gives:

Pd(t) = 0,012 -- 1.939 * 10~7 * t + 1.215 * 10 ' * tz4

This decay heat curve fit was then integrated using Mathematica. The

-Mathematica routines employed a quadratic curve fit to the ANS data. The

integral of this quadratic expression is:

3Eth(t) = +118.04 + (0.0122)t - (9.69 x 10'*)t' o (4.05 x 10"3)t

This inteqral when multiplied by the reference plant's nominal powrr is
the energy released to tne coolant from the time' the accident was initiated
When this expression is equated to the total energy required to uncover the
core plus the energy releaseu from the time rcquired to deplete the CFT & RWS1

.

.it' can be solved for the core "uncovery" time. The results of these
manipulctions it that the core "uncovery" time is about-4 hours.

-G;1.4 Summary

The results of this section provides a very conservative esiinte of the
time required for core "uncovery". The estimate'provided by this section-

,

indicates that the operators will have more than 4 hours'in order to identify
and isolate a small ISLOCA HPI break.

Tht inclusion of more realistic calculations -in an ISLOCA evaluation may
'

'be necessar/ for proper quantification of the evant treet. The calculations
are required-if it is determined that the core uncovery times.strongly-
influence the quantification of the event trees. The refined calculations

,
'should be' perfor,te:1 for the ' dominant sequences identified in the event tree

* -quantifichtion using the reference plant!s LOCA-procedures. These supporting
' ' calculations-could take the form of detailed RELAPS calculations, MELCOR or

simulator trials. Tnese refinements to- the calculational methodology will
provide a better estitaate of the time available for operator actions to occur.

~

There are two assumptions used in the ISLOCA HPI analysis that make a
'significant difference in the calcilated core un::overy times. These two
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assumptions are in the use of a 2i5 inch hole in the RCS liPI injection line
and the inventory of water assumed in the AWST.

The first' assumption, (i.e. the 2.5 in. hole' size), over predicts the
flow rate' This flow rate over predkt!on occurs since the HPl piping of the.

reference plant has thermal sleeves in the lines that are 1.5 inches in
diameter. These sleeves can limit the coolant flow rate to less than that
predicted in this analysis. The coolant flew is also limited by the pressure.

. drop through the HPI piping to the location of the break. The second major

assumption that influences the co.e chcovery time was the amount of coolant in
the RWST, ,

i

The core "uncovery" time for this ISLOCA HPI sequence is extended to 11
.

hours when:
, .

1)
a). the. referenca piant's technical specifications are used for

the RWST inventory and, t
*

bi): - the thermal sleeves in the HPI nozzles are included.
,

The above scoping results indicate that-the operations crer have a significant .

time period to identify'ana isolate an ISLOCA HPI sequence. _It also appears
that more refined calculations will provide a substantial time margin for the f
operations. crew to isolate the failure before the onset of core damage- occurs.
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G.2 BOUND 1HG CALCULATIOh5 r0R THE LARGE BREAK ISLOCA

G.2.1 Introduction

This section documents the core uncovery time calculations for a large
break interfacing systems LOCA. These calculations are used to estimate the
minimgm time required for the onset of core uncovery. The core uncovery time
estimate includes a boil down time after ECCS pump suction was lost from the

RWST & Cfl volumes.

F
iThe core uncovery time tu defined in this analysis as the time at which

the ccllapsed vessel liquid level drops be'.oe the top of the core's active
fuel. This definition is not the true core uncovery time due to the presence
of a void fraction distribution in the core. The use of the collapsed water
level at the top of the core in these assessments provides a conservative
indication of the operator response times available before core damage occurs.

G.2.2 Time to Empty the RWST & CFT

The ISLOCA large break was assumed to occur outside of the containment.
The break occurs on one of the LPl injection lines. The LPI lines are 10.-in.
pipe immediately outside of the containment. As a consequence, the break was

modeled as a 10.-in. diameter leak. No credit was given for form losses, wall
~

friction, or other pressure drop effects that may reduce the break mass flow
rate. These break assumptions were incorporated into a simplified five volume
RELAP5 model. This model was used to estimate the time required to empty the
RWST & CFT. The primary system's ECCS and the break were explicitly modeled.
The assumed break configuration leads to a shorter and more conservative time
estimate of when the RWST & CFT empty.

Several additional assumptions were incorporated into the RELAP5 model
to ensure a conservative time estimate to empty the RWST:

.

The ECCS water supply was limited to 400,000 gal..

Auxiliary feedwater was available and it was assumed that the.

steam generators were deprt;ssurized to enhance primary to
seconda., heat transfer. Thus it was assumed all core decay
energy is removed by the steam generators. Or equivalently,

G-13
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no stored energy or decay heat.was included in the RELAP5
model. This resulted in a lower primary system pressure and a
higher ECCS mass flow rate.

,

it is assumed that the break flow rate will stabilize near the,

LPI shutoff head and the time averaged break mass flow rate
will balance with the time averaged ECCS mass flow rate. This
is typical-of many small break LOCA's. The steady-state ECCS
mass flow rate was modeled by equating it with the
steady-stato choked break mass flow rate at the LPI activation
pressure. This time averaged balance accounted for short
intermittent periods when the LPI would activate. Continuous
LPI operation was not possible because the total LPI mass flow !

rate was significantly larger than the break mass flow rate.

The CTF's are available and the drain out time will be.

eatimatM by dividing tha total break mass flow rate by the
total volume of'the CTF liquid inventory. _The CTF's were not
in the RELAPS model and this time estimate was donc !

Iseparately.

It is assumed that the transient is initiated at 100% power.

conditions and that there is no significant delay for reactor
scram.

Two 11P1,-1-LPI, and 2-charging trains were modeled to refill.

the primary system.

Figures G-3 and G-4 descrifA the primary pressure response and the
ECCS/ break flow rates for the simplified RELAP5 simulation. 1hese figures-

indicate that' after about one hour the primary system pressure will stabilize
near 20 psia. The ECC5/ break flow rates will be approximately 850 lbs/sec.

Under these conditions the break mass' flow.is not chocked. This mass flow

rate of 850 lbs/sec will depistr the RWST volume of 400,000 gallons in about

1.1 hours.

l

Once the CFTs are activated it is assumed that they empty at an average

!. . rate' equal to the ECCS/ break flow.- The ECCS/bruk mass flow rate of 850
lbs/second provides the time estimate for the draining of the CFTs. The CFT's

volume is then emptied in about 0.04 hours with this break flow. The total
time to drain the RWST's and CFT's coolent inventory is then about 1.1 hours.

G-14
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The are several sources of uncertainty in the estimate of the time for
the RWST and CFT to empty. These uncertainties are listed as follows:

The fact that.the primary system pressure is a nonconstant.

nonlinear function of time.

The HPI and charging mass flow rates are nonlinear functions.

of the primary system pressure.

Primary to secondary heat transfer may greatly alter outcome ;- e

depending whether the operator decided to depressurize the
steam generators. i

Flooding out the auxiliary building may disrupt or destroy the.

ECCS pumping equipment before the RWST tank is empty.

Intrinsic uncertainties in the RELAPS critical flow model.*

l

The-proper modeling of the-primary system pressure would necessitate
- modeling primary to secondary heat transfer as well as stored energy and core
decay heat in RELAPS. These RELAPS models-were not incorporated in_the ;

analysis presented in this section. These models were not incorporated for
the expressed purpose of minimizing the time to empty the RWST and CFT. ,

'

G.2.3. Core's Upper Plenum Boil Down Time Calculation

This section will detail the procedure used to estimate-the time
required for the core's upper plenum-coolant to boil'off. This calculation:is
based on the.' assumption that.no additional ECCS coolant is injected into the
primary system after_l.1 hr.

To estimate the time for the core's upper coolant plenum to boil off the
...,

following assumptions were made:

1. No liquid in t'he loop regions'is available to be heated by-the
h core. The liquid in the loop regions is assumed to either

exit the break or reside _in_the loop seals. This assumption
" - is conservative-'because after the RWST has drained, some- ,

| - li. quid:that-is in the primary loops will-drain back into the "

i- vessel region.- It is not possible to make an estimate of how t

much liquid would actually drain into the vessel unless a-
full-systems calculation is completed.
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2. It was assumed that the vessel upper head is completely |

drained by the time the RWST has emptied. This assumption is
reasonable since some small break PWR l.0CA scenarios lead to j

vessel upper head voiding.

3. It was assumed that any sensible or latent heat added to the
vessel liquid will resu'.t in no significant repressurization
of the primary system and therefore the total integrated core
decay power goes to initiate core boil off.

4 It was assumed that the remaining liquid in the vessel
available for boil off to be at the bulk subcooled conditions
of 100'F at a pressure of 20 psia ~. This assumption is not
based on rigorous quantitative arguments.

Two parameters must now be calculated. These ;trameters are required to
determine the time interval required for the collapsed coolant level to reach
the top of the active fuel. The two parameters are the total energy required
to reduce the coolant level to the top of the active fuel and the integral of
the power generation rate of the. core. The time interval is determined by

'istegration of _ the core's power level- until the core's energy output equals
the energy required to reduce the coolant level.

The total energy. required for the reduction of the coolant level is
composed of two contributions. The first contribution'is the energy required
to raise the temperature of the reactor vessel's total coolant inventory to
saturation at 20 psig. The second contribution is the energy required to
vaporize the coolant remaining in the reactor vessel above the active fuel .

region. The calculation of the minimum energy required to raise the coolant's
temperature to saturation requires the following information: :

,

The enthalpy of the subcooled vessel liquid at 20 psia &a

100*F,

The saturation enthalpy of the vessel liquid at 20 psia..-

The bulk density of the liquid at 100*F..
,

The coolant volume _of the reactor vessel minus the upper head.

volume.-

The appropriate coolant volume values for the B&W reference plant were
utilized in the calculation. The energy required to raise the coolant

I
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m

remaining in the vessel after RWST & CFT depletion to saturation is 2.45E10
t

'

joules.

The calculation of the second energy contribution required to estimate
the time for core uncovery is described next. The calculation begins with the

liquid in the reactor vessel at bulk uiling conditions. The energy added to

the vessel's liquid is assumed to result in liquid vaporization. This is
based on the assumption that no liquid in the loop regions will drain into the
vessel. All the liquid above the core is assumed to be turned into steam.

4

The energy needed to vaporize the liquid region above the active core region
.is equal, to energy required to vaporize the saturated liquid in the vessel-
upper, plenum. The calculation of the vaporization energy requires the

following information:

1. The upper plenum's volume of saturated liquid,

2. The latent heat of vaporization,

3. 'The saturation density of the liquid.
.

,

With this.information a total energy of 6.03E10 joules is required to
~

vaporize the tpper plenum water. The vaporization of this water results in
the collapsed water level dropping to the top of the. active fuel. -

|The total energy required to reduce the reactor vessel's coolant level
to the' top of the active fuel is the contribution of the' sum of the subcooled
and vaporization energies. These two energy values sum to 8.48E10 joules for ;

the B&W reference plant.-

The minimum time. required for the core to uncover is determined by

integrating t'he reactor's decay heat power curve from the time the RWST "4 CFT ;a

'
emptied to the point in-where the integral equals 8.48E10 joules. It was ;

' assumed in this analysis that<the reactor scram started at the same time the -

ECl.S flow was-initiated by the ISt0CA transient. This a. nption is
conservative since a" delay in the core scram allows the primary-system to
remain pressurized and as a' result prevents or reduces the ECCS coolant flow.

,
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The normalized ANS core decay power curve was used to estimate the

reactor's decay heat as a function of time. This decay heat curve was fit to
a quadratic polynomial by the Mathematica curve fitting routines. This curve

fit was then integrated between the time the RWS1 & CfT coolant volumes were
depleted and the unknown core uncovery time. This polyr.omial equatior, was

normalized to the initial core power. The time required to achieved a
collapsed water level equal to the top of the active fuel was determined by
using the Mathematica algebratc/ numerical routines.

The data used to develop the decay heat curve is the normalized decay
curve from the standard ANS decay model. The data points in the following
table were used-to develop the curve fit used in the analysis.

The integral of core's decay heat curve from the time the RWST & CFT ,

empties is required to estimate the time when the core's coolant temperature !

reaches saturation and the time the core " uncovers". A regression fit to the
.

Table G-3. ANS Hormalized Decay Heat Curve for the H B. Robinson Plant !
( From RELAPS-)

,

ITime Seconds Normalized Power

100, 0.0331

400. 0.0235 ,

800. 0.0196
|

L 1000. 0.0185
'

-2000. 0.0157

4000- 0.0128

8000. 0.0105

10000. 0.00965

20000. 0.00795

60000. _ 0.00566 . ,

I
'

100000. 0.00475
;

,
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H.B. Robinson decay heat curve was utilized to provide the decay heat values'

required. The regression fit of the H.B. Robinson's ANS data gives:

Pd(t) = 0.012 1.939 * 10'' * t + 1.215 * 10 * t'

This decay heat curve fit was then integrated using Mathematica, The

Mathematica routines employed a quadratic curve fit to the ANS data. The

integral of this quadratic expression is:
1

Eth(t) - -118.04 + (0.0122)t - (9.69 x 10'8)t' + (4.05 x 1043)t3

!

This integral when multiplied uy the reference plant's nominal power is
the energy released to the coolant from the time the ac;ident was initiated.
When this expression is equated to the total energy required to uncover the j

core plus the energy released from the time required to deplete the CFT & RWST
it can be solved for the core "uncovery" time. The results of these-
manipulations is that the core urrovery time is about 1.9 hours.

,

G.2.4 Summary ',

The results of this section provide a very conserv(tive estimate of the f
time for core "uncovery". The estimate provided by this section indicates
that the operators-will have more than 2 hours in order to identify and
isolate a large ISLOCA LPI break. ,

The inclusion of more realistic calculations in an ISLOCA evaluation may |
.

be necessary for proper quantification of the event trees. The calculations
'are required if it is determined that the core uncovery times strongly

influence the quantification of the event trees. The refined calculations
should be performed for the dominant sequences identified in the event tree
quantification using the reference plant's LOCA procedures. These supporting
calculations could take the form of detailed RELAPS calculations, MELCOR or

simulator trials.- These refinements to the calculational methodology will ;

provide a'better estimate of the time available for operator actions to occur,

There are two assumptions useu in the large break ISLOCA LPI analysis

that make a significant difference in the calculated core uncovery ti -s.
-
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These two assumptions are in the use of a 10 inch hole in the RCS LPI
injection line and the inventory of water assumed in the RWST.

The first assumption, (i.e. the 10 in, hole si7.e), over predicts the
flow rate. This over prediction occurs since the LPI piping of the reference
plant has an internal diameter of 8.5 inches. Re coolant flow is also
limited by the pressure drop through the LPI piping to the incation of the
break. The second major assumption that influences the core uncovery time was
tt: amount of coolant in thc PNST.

,

i

The core "uncovery" time for this ISLOCA LPI sequence is extended to 3.3
~

hours when:

a). the reference plant's technical specifications are used for
the RWST inventory and,

b.) the correct flow diameter is useo for the LPI lines.

The above scoping results indicate that the operationt crew have a significant
time period to identify and isolate a large break ISLOCA LPI sequence, it

also appears that more refined calculations will provide a substantial time
margin for the operations crew to isolate the failure before the onset of core
damage occurs.

,

F

G-21



_

.-

7- .%:q y .

, ,

:.e
.

)'

4

.-

w

!

,~

.

4

- Appendix H

~ System Rupture Probability Calculations.
'

Using EVENTRE
.

c :

J. A. Schroeder +

.,

5 {

4

-.

.

7

g, i

6.

1

'' 6
,

-

f-

li-1

-

'= . - .:. , - . .- . _.



.

... __ . _ _ .

CONTENTS

-H.1. Hodeling Approach . . . . . . . . . . . . . . . . . . . . . . . . H-5

H.2. M0V HP-2A Scenarios . . . . . . . . . . . . . . . . . . . . . . . H-7

H-7HP2A-1 .............................
H-8'HP2A-2 .............................

-H.3. DHR Letdown Scenarios . . . . . . . . . . . . . . . . . . . . . . H-10

H-16H.4. References ...........................

FIGURES

H-1. System f ailure probabilities for the DHR letdown system . H-14....

H-2. System failure probabilities for the DRH letdown system
H-15(log stands.vd deviation of 0.10) ..,.............

TABLES

s H 1. . HP2A-1 scenario component failure data H-8.............

H-2. HP2A-2 scenario component failure data H-9.............

H-3. HP2A-2 f ailure mode pr obabilities . . . H-9............

H-4. DHR letdown scenario component failure data . . . . . . . . . . . H-ll

H-5. CHR letdown failure mode probabilities H-13.............

LISTINGS

LISTING 1 Program used .o Generate Distributions for HP2A-1 . . . . . H-17

LISTING 2 EVNTRE Key Word File for HP2A-1 . . . . . . . . . . . . . . H-19

LISTING 3 EVNTRE Tree Definition File for HP2A-1 H-21..........

LISTING 4 EVNTRE Sample Definition File for HP2A-1 H-22.........

LISTING S EVNTRE Binning Definition File for HP2A-1 . . . . . . . . . H-23

LISTING 6 EVNTRE Frequency Output File for ilP2A-1. . . . . . . . . . H-24

LISTING 7 EVNTRE Frequency Output File for HP2A-1 (Sensitivity Case) H-26

LISTING 8 EVNTRE Frequency dutput File for HP2A-1 (Using LHS Data) H-27.

LISTING 9 PSTEVNT Key Word File for HP2A 1 H-29......... ...

H-2

.____ _-_____-_-_ _ - _



- . . . . . - - - . .

.

; ,-

^'
LISTING 9 PSTEVNT Key. Word File _for HP2A-1 H 29.............

- LISTING 10 PSTEVNT- Rebinning Data File for HP2A-1 H-31..........

: LISTING 11 : PSTEVNT 0utput Data File .for HP2A-1. . . . . . . . . . . . H-32

LISTING:12 PSTEVNT' Output _ Data: File for HP2A-1 (Sensitivity) . . . . . H-33
~

LISTING 13 Prosram Used to Generate Distributions for HP2A-2 . . . . . H-34

LISTING 14 EVNTRE Key Word File for HP2A-2 . . . . . . . . . . . . . . H-37

LISTING 15 EVNTRE Tree Definition File for HP2A-? H-39...,.., ..,

LISTING 16 EVNTRE' Sample' Definition File for HP2A-2 H-42.........

LISTING 17 EVNTRE Binning Data File for HP2A-2 , . . .. . . . . . . H-43

' LISTING 18 EVNTRE Frequency Output File for HP2A-2 . . . . . . . . . . H-44
i

LISTING 19 EVNTRE Frequency Output File for HP2A-2 (Sensitivity) . . . H-49

LISTING 20 PSTEVNT Key Word File for HP2A-2 H-54.............

LISTING _21 PSTEVNT Rebinning Data File for HP2A-2 H-56..........

LISTING-22 PSTEVNT Output Data file for HP2A-2. . . . . . . . . . . . . H-57

LISTING 23 PSTEVNT Output _ Data File for HP2A-2_(Sensitivity) . . . . . H-58

-LISTING 24. Program Used to Generate Distributions for DHR Letdown H-59..
_

- LISTING 25 EVNTRE Key Word File for DHR Letdown 'H-71...........

LISTING 26 - EVNTRE Tree Definition File for DHR Letdown . . . H-73....

-LISTING 27 EVNTRE Sample' Definition File for DHR Letdown . . . . . . . H-83

-LISTING 28 EVNTRE Binning Data File for DHR Letdown H-54.........

LISTING 29 EVNTRE Frequency Output. File for DHR Letdown H-85.......

LISTING 30 PSTEVNT Key Word File for DHR Letdown . . . . . . . . . . . H-99

LISTING 31 PSTEVNT Rebinning Data File for DHR' Letdown . . . . . . . H-101

LISTING 32 =PSTEVNT Output Data File for DHR Lotdown- H-102........

LISTING 33 PSTEVNT Output Data File for'DHR Letdown (Sensitivity) H-103.

LISTING 34 PSTEVNT Output Data Files for DHR Letdown Cumulative-

Distributions . . . . . . . . . . . . . . . . . . . . . . H-104

LISTING 35 PSTEVNT Output Data Files for DHR Letdown Cumulative
Distributions-(Sensitivity) . . . . . . . . H-lll......

H-3

,
-

,y y
_ _ _- -



.. . .

_ - _ - _ _ _ _ _ _ _ _ _ - _

APPENDIX H

SYSTEM RUPTURE PROBABILITY CALCULATIONS USING EVNTRE

This appendix describes the quantification of the interfacing system
failure events in the event trees described in Appendix D. The failure events
occur in the Makeup & Purification System tree (Figure D-2), the High-Pressure
Injection System tree (figure D-4), and the DHR Letdown tree (Figure D-6).
The Makeup & Purification System and the High-Pressure injection System

failure events are identical. In these two trees the failure probabilities
and the components affected are conditional on failure of valve HP-23. If HP-
23 does not fail, the resulting sequences are identified as HP2A-1. If HP-23

fails, they are identified as HP2A-2.

In the discussions that follow, the method used to obtain the system
failure probabilities is described in general terms. Then the method is

applied to both the high-pressure system scenarios (the HP2A scenarios) and
the DHR Letdown Scenario. In each discussion, system pressure capacities and
resulting system failure mode probabilities are presented.

H-4
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H.l. Modeling Approach

The basic' approach for simulating the performance of low-pressure rated -
equipment exposed to a high; pressure-internal environment. consists of building _
an eventitree model that questions component failure, and failure mode. These

event-tree models are built-for each piece of equipment in the low-pressure
rated system. The-system pressure is assumed to be either normally
distributed about a specified mean value having a specified standard deviation

-

(for the HP2A-l'and HP2A-2 scenarios) or_ is uniformly distributed between
specified ' values (DHR Letdown scenario). -The component failure probabilities
are described with-lognormal: distributions having- specified median failure
pressures-and standard deviations "4 Each question in the event tree is
answered by comparing a random sample from the component failure pressure
distribution with~a= random sample from the system pressure distribution. If

the-sampled system pressure is greater than the sampled component failure
pressure, the component fails. Each component in the low-pressure rated

system is= evaluated-in this manner until'all components have been examined.
LThe failure mode of:each component is evaluated based on the ratio of the
system pressure to component failure pressure. This process is repeated for

=10,000 samples (or-observations) in the Monte Carlo simulation. Once the
-simulation is completed, the results are binned and estimates regarding the
relative frequency of equipment failures can be made.-

- These calculations were performed using the EVNTRE generalized event

tree processor,H-2:and -its associated post processor, PSTEVNT."" EVA lE
allows the- user to define parameters that_ can be manipulated by the code, or1 -

by user defined functions'. In this case,--the. parameters were the log of the

' system pressure and the log component? failure pressures. A user function was-

developed that assigned failure probabilities (either 1.0 or 0,0) and

L calculated pressure ratics ba' sed;on these parameters for each sample
~

-evaluation of the tree. The results were binned, written to a post processor

[ file, and then aggregate failure probabilities were determined using PSTEVNT.

The failure' pressures-used in the simulation were developed in an
independent' structural analysis by Impell Corporation. Not only were failure

pressures calculated, but also leak rates and areas as well. In this respect,

flanges exhibit somewhat unique behavior because there are actually two

H-5
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i failure pressures- ofrinterest. First, is the estimated Gross Leak Pressure

1 '(GLP), which'is the pressure where _a measurable leak area appears. At lower
~

-

Lpressures, leakageLaround;the gasket: is possible-but .at very small rates
_ (measured.. in mg/sec).= 10nce the GLP.is exceeded, the bolts in the flange begin
to- stretchi (elastically) and the flange -surfaces begin to separate.- At some

thigher pressure P,, the-bolts begin to yield plastically. At this point,
:large leak areas begin to. appear with corresponding large: leak rates. These_ ;

three regimes, (below GLP, between GLP and P,, and_ greater than P,) are
associated with three sizes of leaks, namely spray leaks, small leaks and
large-leaks. Each of these regimes was evaluated in the event tree model:by
determining the-ratio of system pressure to GLP, and assigning an appropriate I

failur_e-_ mode (no-leak, spray, small-leak, large leak) for each component in I.

the: system.
>

The binning scheme usedito identify the system failure modes requires
- some explanation. The binning scheme assumes that if a large _ leak occurs in

~

-any path through the tree, the end state for that path is included in the
large leak bin. The large leak bin is t_herefore the union of all-large break _

'
-

events--in-the tree. It will also-include end states that have:small leak,
spray, and;no leak--events. The total leak-area associated with the bin could
therefore be many times that of:a. single-large leak.

P

In collecting the end states for the small leak bin, _ pathways that
include 11arge leaks are~ excluded, and the. union is formed of all remaining end
states thatlinclude-at least one small leak event. Some of these paths will
;also:contain. spray and.no leak events.

In collecting-end: states for the spray _ bin,:an end state.'will'only be
L assigned to the bin if it contains no small leaks, and;no large leaks. Once

these;end states are excluded, the spray bin will consist of the union of the
remaining spray leakagelevents.

'The no leak bon -is collected, on a system basis, as--the union of all no

-

nieak pathways through-the tree.
.
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1H.2.- MOV HP-2A Scenarios

If:the RCS pressure isolation boundary is breached, high-pressure
reactor' coolant is allowed to enter _ the low-pressure rated systems. There are

two opportunities for overpressurizing and-rupturing a portion- of the low-
pressure rated pipe. The first, which is labeled "HP2A-1," involves the
backflow of high-pressure water through a 3-in recirculation line to the
borated water storage tank (BWST). Two factors exert a large influence on .the
pressure imposed on the low-pressure rated pipe: (a) the presence of a
restricting orifice and (b) the fact that the pipe empties into the BWST and
is not dead-ended. These two factors influence the maximum pressure generated

in the_ low-pressure pipe, which'is approximately 650 psi (estimated from RELAP
code calculations). 'However, for the second overpressure scenario, called
"HP2A-2," the flow does not pass through the restricting orifice and is
dead ended. This' scenario requires the-additional failure of the HPI pump

- discharge check valve (HP-23 or HP-22), to- allow backflow through the pump and
into the pump suction line. In this-case, tne pressure in the pipe would
likely. reach 2,000 psi.

HP2A-1

The HP2A-1 scenario involves' the backflow of high-pressure water through

a 3-in. recirculation lineJto the BWST. The pressure in the system will be
reduced.by a flow restricting orifice. The result is a system pressure of
approximately 650 psia. The data in Table H-1 were used in the event tree.

L The component failure distributions are all lognormal.
!

Because the analysis of this scenario was performed by Monte Carlo
evaluation of the system event tree, sample distributions _ were created based
on the component failure data in Table H-1. Sample vecters for this scenario
were created with the program provided in Listing-1. The program is not

|1 . complete in'that the essential subroutines are not listed, however, the
complete listing of all subroutines is provided with the data for the DHR

; Letdown Scenario.

The event tree for this scenario will be evaluated using the EVNTRE
computer code. EVNTRE requires a number of data files to describe the event

H-7
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= Table H-1.- HP2A-l' scenario' component failure data

Med. Fail Ln Ln- A B
Component Description

- Press _ Mean Std Dev E 1QQ1 P .999

-3"-HCC-91 Pipe, sch. 105 2712 7.905 0.360 888.4 8278.7
FE-HP4: 3" 150 psi flow el . - -955 6.862 0.040 843.6 1081.1

.

HP-33 3" Twing check ~ valve 5507 8.(14

lMean initial' pressure - 650, std. dev. - 50 psi

tree model. -The first is~a keyword file _(see Listing 2).- Following the
keyword file is the event tree description (Listing 3), the sample definition
file _(Listing 4), and the binning input data 1(Listing 5). .The EVNTRE output

- for_the base casei (sce Table H-1) is provided in Listing 6. A-sensitivity

study with the pipe failure log standard deviation decreased from 0.36 to 0.10
iproduced the-results in Listing 7.

To check the validity of the data'used in the Monte Carlo evaluation, a
. Latin Hypercube evaluation was also performed. The data for this evaluation
were-produced using the_LHS program from Sandia Natior,al Laboratory.H"

Because of the greater computational efficiency of the LHS method, only_1000
samples were generated, as opposed to 10,000 for the Monte Carlo evalustion.'

- The results.from the LHS evaluation of the-tree are provided in: Listing 8 knd
- agree reasonably _ well with the Monte Carlo results,

f

HPEA-2

This scenario.is different from the HP2A-1 scenario in that the flcw-
'

does not pass through a restricting orifice and is dead-ended. This scenario
is ~likely to' result in system pressures as high as 2000 psia. The data in

'

Table H-2 were used in tha event tree. .The component failure distributions
are allLlognormal.i

|

|

'

H-8
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: Table H-2. HP2A-2 scenario componenttfailure data i

'Med. Fail Ln . . Ln A B
Component -Description ~ Press Mean Sid Dev P .001 P=.233

P58-2- HPl. Pump 1-2- 2250 7.719 0.250 1036.6 4883.8
|6"-GCB-4 Pipe,-sch, 10S 1644 7.405 0.360 538.6 5018.5
; 6GCB4 a -- - 6" 300 psi flange-a - 2362' 7.767 0.120 1628.3 3426.4
6GCB4b 6" 300 psi flange-b- 2362- 7;767 0;120 1628.3 3426.4

,

- HP-13 - - 6" 300' psi LM valve 2170 7.682 0.250- 999.7 4710.2
4"-GCB-2 ; Pipe, sch. 10S 2075 7.038- 0.360- 679.7 6334.2
4"-GCB-1) Pipe, sch. 105 2075 7.638 0.360 679.7 6334.2

Mean. initial pressure - 2000, std. dev. - 50 psi

The EVNTRE output was saved-in a post-processor file for'later
evaluation with PSTEVNT. The keyword file and rebin data are provided in-

Listings 20'and 21. The output from PSTEVNT for the base case _and sensitivity-

case is provided in Listings.22 and 23,- Table H-3 summarizes the component
,

and system failure probabilities for the HP2A-2 scenario.

Table H-3. HP2A-2 failure mode probabilities
.

Failure' Mode probability
Component' Descrintion' Noteak Soray Small Laroe

P58-2 HPI Pump:1-2 2.45E-01 4.35E-01 3.20E-01
F _6"-GCB-41 Pipe, sch. 105 2.90E-01 7.10E-01

6GCB4a 6"_300 'psif flange-a 9.13E-01 8.67E 02
6GCB4b 6" 300 psi flange-b 9.15E-01 8.53E-02-
HP-13 6" 300 psi- LM: valve 6.31E-01 3.69E-01
4"-GCB-2 Pipe, sch. 10S- 5.44E-01 4.56E 01-
4"-GCB-ll: Pipe,-sch. 10S- 5.49E-01 4.51E-01

Total 1.18E-02 -2.43E-02 4.01E-02 9.23E-01-

Mean initial pressure - 2000, std. dev. _50 psi-

.

H-9
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H.3. DHR Letdown Scenarios

When the plant operates in a shutdown mode (i.e., modes 4 'or 5), the DriR
>ystem is used for removing core decay heat. It operates via a 12-in. pipe

connected to one of the RCS hot legs and is isolated by two 12-in. motor-
operated gate valves in series (DH-12 ar.d DH-ll). There is also an 8-in. line
that bypasses DH-ll and DH-12 that has two locally-manually operated gate
valves in series.

There are two scenarios that relate to possible ISLOCA sequences: |

(a) the premature opening of the DhR letdown line wn11e the plant is in the
process of shutting down but not yet in the operating range of the DHR systt.
(i.e., RCS above approximately 300 psi and 300*F) and (b) a plant startup with
the DHR letdown line left opan while the RCS heats up above the operating
range of the DHR system. In both situations, the DHR system is exposed to
high pressure reactor coolant that could possibly result in the rupture of
some low-pressure rated components.

The component failure data (illustrated in Table H-5) were treated the
same way in this scenario as in the previcus HP2A sc6narios. However, the

'

reactor system pressura vaties over a wide range (2000 psia down to 200 psia)
during the course of the shutdow.1. diso,pressuresatvariouscomponentsin
the system were shown (using RELAP calculations) to vary significantlyh am
the reactor system pressures. To treat these factors two system pressure
parameters were used in evaluating the system event tree. The pressure

distributions were derived by assuming the RCS pressure is uniformly
distributed over the range of 300 psia to 2000 psia, and that the pressure at ,

any point in the system could be obtained as a simple function of RCS
pressure.

Because the analysis of this scenario was performed by Monte Carlo
evaluation of the system event tree, sample distributions were created based
on the component failure data in Table H-4. Sample vectors for this scenario
were created with the program provided in Listing 24.

The event tree for this scenario was evaluated using EVNTRE. EVNTRE

requires a number of data files to describe the event tree model. The first

H-10
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Table H 4.:- - DHR_ letdown scenario' component failure data-

;

_. -Med. Fail Ln- Ln A B
-

-Component Description Press Mean_ Std Dev P=,001 P=.999

DH-4849
12"-GCB-7 Pipe, sch. 20 ~1660 7.415- 0.360 543.8. 5067.3 -
DH 0.734 .

*

DH-1517 12" M0GV,-300 psi 1704 7.441 0.200 916.'7 3167.6
18"-GCB-8! -: Pipe,-%ch. 20 1488 -7 305 0.360 487.5 4542.3-

-~
DH-2733 :18" M0GV,--300 psi 2277 7.731 0.200 1224.9 4232.8 .

18"-HCB-1 Pipe, sch, l'S 843 6.737 -0.360 -276.2 2573.4:0
14"-11C8- 1. Pipe, sch..105 _ 1090 6.994 0.360 357.1 3327'4.
DH-81 |14" SwCV,.150. psi- 1445 7.276 0.200 777.3 2686.2-

J ~12-GCB-8 Pipe, schi 20- 1660 7.415 0.360 543.8 5067.3 .

12GCBa Flange, 300. psi 2250 7.719 0 120 1551.0 3263.9
12GCBb7 _ Flange,|300. psi- 2250 7.719 C.420 1551.0 3263.9
12GCBc Flange,- 300 psi 2250 7.719 0.120 1551.0 3263.9

-P42-14 -DHR pump.1-1; 2250 7.719 0.200 1210.4 :4182.6
10"-GCBil --Pipe,1sch, 20- 1984 7.593 -0.360 649.9 6056.4

.10GCBla 10"(flange,.300 psi 2485 7.818 0.120 1713.01 3604.8
DH-43 110".SwCV,1300' psi- 2016 - 7.609 0.200 1084.5 3747.6-,

DH-45' 10"fHWGV,:300 psi 2170 7.682_ 0.200 1167.3 4033.9-
E271T1 DHR Hx1 tube sht-- 432' -6.068- 0.120 297.8 626.7
E271P' DHR Hx- plastic 1 col 1030 6.937 -0.230 504.9 2101,3

-E271C- .DHR Hx cyl.Lrupt. 1630' 7.396 0.270' '705.8' 3764.4
E271A- DHR Hx asym. hd. bkl 2030 7.616 0.230 995.0 .4141.9.

E271a- 10" out-f,-300. psi- 2485 7.818 ~0.120 1713.0 3604,8
'E271b= 10" in-f,- 300 psi. 2485 7.818 0.120 1713.0 3604.8-

6"-GCB-10 . Pipe,-sch.<10S 1585 7.368 0.360 519.2 4838.4
10"-GCB-10 : Pipe, sch, 20 1984 7.593 0.360 649.9 6056.4

. 8"-GCB-10; Pipe,-~sch. 20- 2503 7.825 0,360 820,0 7640.7
. DH-128 8"-SwCV,2300 psi :1242 '7.124 0.200 668.1 2308.8 .

4"-GCB-2= Pipe, sch. 10S' 2075- 7.638 0.360 679.7 6334.2
TE-DH2B- 10" FE,.300-psi 2485-- 7.818 0;120 .1713.0 3604.8

'

*Median. initial RCS' pressure'= 1250 (uniform between 300 and 2200 psi)
- Mediantsystein pressure- at; DH-4849 = 1188.
Median system pressure at DH-2734 - 818.

.

-

I
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is a keyword file (see Listing'25). Following the keyword file is the event-
tree description (Listing 26), the sample definition file (Listing 27), and--: -

the binning input data (Listing 28). The EVNTRE output for'the base case (see
Table H-4) is provided in Listing 29.-

The EVNTRE output was saved in a post-processor file for later
evaluation by PSTEVNT. The keyword file and rebin data are provided in
- listings 30 and 31. The output from PSTEVNT-for the base case (pipe failure
standard. deviation of 0.36) and sensitivity case (pipe failure standard
deviation of 0.10) is provided in Listings 32 and 33. Table H-5 summarizes

the component and system failure mode prooabilities from these files.

Cumulative system rupture mode distributions were also obtained. These

were produced by making separate fixed pressure Monte Carlo evaluations of the
system event trees over the range of system pressures expected during cooldown
or startup. -- The' data' resulting from -these runs are summarized by the binning.

- reports provided:in Listings 34 and 35. Listing 34 provides the result for
the base' case, and Listing 35 provides the result with the narrower' pipe
failure-distribution; The results from these two studies are shown in figures
H-1 and H-2.

,
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JDHR 1etdown failure mode probabilitiesTable H-5.1

4
Failure Mode Probability,

_ ,

-[9moonent Descriotion- _
Noteat__ _Sp*av Small__ larne -

r

DH-4849--
12"-GCB-7~ LPipe, sch,J20 7.45E-01 2.55E-Ol_

,

10H-2734'
-DH-1517-- -12" M0GV, 300 psi 9.87E-01 1.30E-02-

'18"-GCB-8~ Pipe, sch.-20 8.93E-01 1 07E-01
DH-2733 18" N0GV, 300 psi 9.99E-01 5.00E-04
'18"-HCB-1 Pipe, sch, 105 5.53E-01 4 ?/E-01
14"-HCB-1 . Pipe _sch. 10S 7.31E-01 2.70E-01<

DH-81 14" SwCV, 150 psi 9.33E-01 6.75E-02 ,

12-GCB-8- Pipe,1sch.-20 9.29E 02 7.12E-02
12GCBa- Flange, 300 psi 1.00E-00
12GCBb Flange, 300 psi 1.00E-00
12GCBc Flange, 300 psi 1.00E-00
P42-1~ _DHR; pump 1-1 9.99E-01 3.00E-04

.10"-GCB-1 Pipe, sch. 20' 9.69E-01 3.15E-02
J10GCBla 10" flange, 300 psi 1.00E-00

_

:DH-43- 10" SwCV,_-300 psi 9.98E-01 2.50E-03
EDH-45 10" HWGV, 300 psi _ 9.99E-01 9.00E-04-

.E271T DHR Hx tube'sht 1.45E-01 4.27E-01 4.27E-01
:E271P DHR Hx plasticfcol 9.40E-01 5.99E-02
E271C_ :DHR Hx.cyl. rupt. 9.55E-01 4.48E-02
E271A DHR Hx asym. hd. bkl 9.99E-01 9.20E-04
E271a-- 10" out-f, 300 psi 1.00E-00
E271b :10" in-f, 300 psi 1.00E-00-'

6"-GCB-10' Pipe, sch. 105- 9.18E-01 8.22E-02
10"-GCB-10 Pipe,,sch. 20 9.71E-01 2.95E-02
8"-GCB-10 . Pipe, sch. 20 9.93E-01 7.30E-03

:DH-128 _, 8" SwCV, 300 psi 8.58E-01 1.42E-01
.

:4"-GCB-2; Pipe, sch. 10S- 9.78E-01 2.20E-02
L .FE-DH28:- 10" FE, 300-psi 1.00E-00

Total- 1.42E-01 2.51E-01 6.06E-01~

Median initial RCS pressure = 1250;(uniform between 300.and 2200 psi)
Median system pressure at-DH-4849 - 1188.
Median. system pressure at DH-2734 - 318.

_

.H-13
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jf LISTING 1

Program Used to "enerate Distributions for HP2A-1
*

The following is a -11 sting'of t, fortran 77 program used_to generate the Monte
Carlo sample data required by the EVNTRE program for evaluation of the-HP2A-1
.model. Some of the subroutines used-by the program-are not-shown in' listing 1.
Listing 24 provides_the source code for the missing subroutines..-

* PURPOSE:
*

This program calculates: the normal distributions required for the*
.

*- Monte-Carlo evaluation of the ISLOCA HP2A.1 scenario. Three
. distributions are required. -The-first distribution corresponds to*

,

system pres jre. The required output for the first parameter is* :

1* actually the_ natural log of the system pressure.--The remaining
distributions are log normal, and are described by a log mean and*

logarithmic std. dev. The output is written in the format required by*

.the EVNTRE program.*

*

* INPUT:
4.

_The input 'is hardwired into the code, except for the value of the-*

required randon seed,-which is either read from the data file 'RANS.DAT'*
Lor input by the user. The option is provided by user dialog at run time.*

* OUTidT:
,

*-

-The output'is the-required normal distributions, and is written to file*-

'HCARLO.DAT', The data are'in the format required'by the EVNTRE code for*

*- use as sample data. The last value of the random seed is also written to
" ..' * - the file 'RANS.0AT' for use in the next evaluation.-

* -

* FILES:'
e> -............................................

* Unit' Description
. -.........................................

* 5- User input from-console
* 6 Program output to console

-* _10 Saved value of random seed
* 11 Output .for ust as an EVNTRE sample file

_

*L . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

*

* ' WRITTEN ;_ BY:
'*

.
John 1Schroeder 1/11/90*

PROGRAM HP2Al

IMPLICIT REAL(A-H,0-Z), INTEGER (I-N)
CHARACTER *8 FNSAVE
CHARACTER *3 FN5
REAL XI(10000), X2(10000), X3(10000)

~

DATA 10U5/5/,-10U6/6/, 10SAVE/10/-

H-17
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DATA FNSA.VE-/'RANS.DAT'/, FN5/' CON'/-
.

--- OPEN-(UNIT-5, FILE ' CON')'
OPEN.(UNIT-6, FILE ' CON')-

LCALL-SEEDIN(ISEED,1005,10VS,10SAVE,FNSAVE,FN5)
WRITE (6,10) -:ISEEDL .

10 FORMAT ('_ISEED;',115)

N: - 10000 ! Pick 10000 Numbers
NX: =-3 I Number of distributions requested

1 -ISORT - O l-Don't sort theinumbers

Generate the_ distribution for the initial system pressure
~*-

AMEAN - 650.- L Mean of Normal distribution-
~

.STDEV - 50. ! Standard Deviation of distribution

CALL GENN0R(AMEAN,SfDEV,XI,N,ISORT,ISEED,IER,lPOINT)- ]
00_15 I-1, N-

'

_

15 CONTINUE.
~

! Use natural -log of pressure j
' :XI(I) = ALOG(XI(I))_

|

*= Generate the distribution for failure of HCC-91-
,

AMEAN --7.905 l Mean of Normal distribution
STDEV 0.360 i Standard Deviation of distribution

: CAL L . GENNOR( AMEAN, SIDEV , X2 ; N , I SORT , I SE ED, I ER , I PO INT _)

E* . Generate ~the: distribution for failure-of HP-4
.

=AMEAN. '6.862 l Mean of Normal distribution
STDEV.= 0.040 ! Standard-Deviation of distribution

CALL {GENN0R(AMEAN,STDEV,X3,N,ISORT,ISEED,IER,IP0 INT)_

-: * Write out distributions

iOPEN(11, FILE ='MCARLO.DAT', STATUS =' UNKNOWN')-
DC 20,-I-1,.N-

O WRITE (l~1,25)-I, NX, XI(I), X2(I), 13(I)-

. 20 ~ LCONTINUEL'~
25 FORMAT (2Il0,SG12.5,/(20X,5G12.5))

CLOSE(11) -

CALL SEED 0V(ISEED, IOU 6,10SAVE,FNSAVE)
~ WRITE (6;10) ISEED

CLOSE(5)
CLOSE(6):
CLOSE(IO);

END

H-18
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n; LISTING 2 '

EVNTRE-Key Word File for HP2A-l'

:The-following is a listing of the EVNTRE key word file for the HP2A-l _ model. The
. EVNTRE key word file controls the mode of execution, input:and output options,
' and cutoff values used by.the program during ' event ' tree = evaluation.'

-

.$-- Calculation Control Keywords -------------------------------------- ---- ---
$

. MODE 3 $ Specifies the calculational mode for EVNTRE.
$- 1 - point estimate
$ 3 - sampling mode (one vector.each eval)
$- 4 - sampling mode-(two vectors each eval)
$

' ,

-NOBIN: $ Turns the binning facility on/off.
$

$
RUN $ Indicates that the tree is to be evaluated

$: after the input data has be?n processed.
$-

~

$~ KEEPCUT l 0E-6 $ Specifies the path frequency below which a
- $~ path is terminated.

$

5 - - I n p u t F i l e - S p ec i f i c a t i on Keywo rd s - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
$

~

TREEIN tree.dat- $ Specifies the : input file name .for. the
$ tree definition input file.

.5
$ BININ bin.dat $ Specifies the input file name for the
$' binning and sorting information input _ file.
$

SAMDIN mc_pntr.dat. $ Specifies the input file name for the
$ sample definition information input file.
$

-SAM 11N mcarlo.dat $ Specifies the input file name for the
$- first -set of sample input vectors.
$

. ,$_ -SAM 2iN mcarlo.dat $ Specifies the input file name for the
$- second set of sample input vectors..

'$
$ - - R e p o r t R e q u e s t Keywo rd s - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
5

S -PRTINP $ Turns on-the annotated echo of input.
$

-STATS' $ Indicates _that a branch and case frequency
$ table report will be generated.
$

PRUNE $ Causes unused cases to be dropped from the
$ branch and case frequency table.
$-

$ . _NWRTBIN
$ Indicates that a binning result report will

be generated when the. paths through the
15: tree are binned.
-$

H-19
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:

$ PRTCUT 1.0E-6 $ Specifies the minimum bin frequency required
$ to report a bin.
5

$ SAVEBIN $ Indicates that a binning results file will
$ be generated for post-processing.

L $

$-- Output File Specification Keywords ------------------ ------------------- --
$

$ INPOUT ocho.out $ Specifies the output file name for the
$ annotated echo of input.
$

$ BINOUT bin.out $ Specifies the output file name for the
$ binning result report.
5

STAT 0VT oc_freq.out
$

'

$ Specifies the output file name for the ---

branch and case frequency table.
$

SAMROUT mc_ post.out 5 Specifies the output file name for the
$ post-processing file.
$

ENDVEY $ Indicates the end of key >3rd input.

_

fi- 20
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LISTING 3

EVNTRE Tree Definition File for HP2A 1

'Thelfollowing51sia-listing of-~ the EVNTRE event tree definition file for the HP2A-
3 1: model. =Thisifile=provides the event' tree structure and default probability-and )

' parameter valuesifor_ the HP2A-1 Lmodel . |

iSLOCA System Rupture Model -- HP2A-1-

5= i

NQ
l 1.000

- . 'MC Eval '
. l What is the pressure in the Interfacin9 Syetem?

I HCC91-hip
" 3 1

1.000
3 5 Point estimates follow:
1 6.477- $ 1Ps'

-2__ 7.905_ $ 1Pf' for HCC-91
3 6.862 $ IPf' for LP 4

2 Does HCC-91 fail?- (3", sch 105, type 304 SS)
'

2 HCC91-F HCC91-NoF
5 'l- 2-
2- .1 2.

IPs' lPf'

FUN-CMP ,

EQUALL 0- ;
IF 1Ps' ,GT. IPf' THEN HCC91-F

3|If segment HCC-911f. alls, what is the' rupture size? +

2 HCC91-Lg'HCC91-Nol'
2' 'l 2

2

1: 2
1

HCC91-F
1.000 0.000

0therwise
0.000- -1. 000

4 Does HP-4 fail? . (3" flow element,150 psi rating) .

2 . H P4 - F - HP4eNoF
'S 1 -2
. 2 -- 1 3

'lPs'- 1Pf'-

FUN-CMP
, - EQUAL _ __0

IF lPs' ..GT.1Pf' THEN HP4-F-

|5 How;1arge is1the leak at HP-4?-

4- HP4-Lg HP4-Sm HP4-Sp HP4-Nol
5 1 2. 3- 4

;2' 1 3

lPs' .lr3 p

FUN-RPSZ
- -GETHRESH 3 2.071 1.000 0.750

Bin Ps'/Pf'

H-21
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LISTING 4

EVNTRE Sample Definition File for HP2A-1

-The following is a listing of the EVNTRE sample definition data file for the
HP2A-1 model, This file supplies the specifications required to set up the
sampling inodes for the tree.

ISLOCA SAMPLE RUN
10000 1

3
M1,1,1,1,A M1,1,2,1, A M1,1,3,1,A

H-22
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LISTING 5-

EVNTRE Binning Definition File-for HP2A-1

The'folloWing is a-listing of the EVNTRE binning definition file for the HP2A-1
- model.- These: data specify the logic used to. select HP2A-1 event--tree end states
that-are included in each system failure mode-bin.

ISLOCA Component failure Binning -- HP2A-1-
1 !. FSize--

;- 4 - @ Noteak-: :-Spray Small large
2- T 3- 5 $ No leak

2' *4.
HCC9t-Hot HP4-Nol

2 -2 .3 5 _$ Spray
2= *3=

HP4-Sp.
'2- 3 3- 5 $ Small leak

2- *2
HP4-Sm

24 - 3- 5 $ Large-leak,

-I +l-
HCC91-Nof. HP4-F

.

%

a-

b

a

-

I

4

. H-23
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LISTING 6

EVNTR't' Frequency Output File for HP2A-1

The following is a listing of the EVNTRE frequency output file for the HP2A-1
model. This file contains the individual component failure mode probabilities
resulting from the Monte Carlo evaluation-of the HP2A-1 model.

TREE ID: ISLOCA System Rupture Model -- HP2A-1
# IDF QUESTIONS: 5

OBSERVATIONS: 10000
FOR SERIES: ISLOCA SAMPLE RUN

SEQUENCE ID: MC Eval

__

QUESTION: 1 What is the pressure in the Interfacing System?********

Q-TYPE / TIMES ASKED: INDEP. INPUT PROB. INPUT PARM. 10000
BRANCHES: HCC91-hip

1

REAllZED SPLIT: 1.000E+00

QUESTION: 2 Does HCC-91 fail? (3", sch 105, type 304 SS)********

Q-TYPE / TIMES ASKED: INDEP. CALC. PROB. 10000
BRANCHES: HCC91-F HCC91-NoF

1 2

REAllZED SPLIT: 1.000E-04 9.999E-01

******** QUES 110N: 3 If segment HCC-91 fails, what is the rupture size?

Q-TYPE /TlHES ASKED: DEP. INPUT PROB. 10000 -

BRANCHES: HCC91 Lg HCC91-Nol
1 2

REAllZED SPLIT: 1.000E-04 9.999E-01

SUMMARY BY CASE

CASE NUMBER / SPLIT: 1 1.000E-04
DEPENDENCIES: 2

REQ. BRANCHES: 1

DESCRIPTION: HCC91-F

CASE / BRANCH SPLIT: 11.000E-04 0.000E+00

CASE NUMBER / SPLIT: 2 9.999E-01
DESCRIPTION: Otherwise

CASE / BRANCH SPLIT: 0.000E+00 9 999E-01

H-24
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- QUESTION:- 4 Does HP_-4-fail?_ (3" flow element,150 psi rating)'_
_

: ********

. :.

:Q-TYPE / TIMES ASKED: lNDEP. CALC.' PROB. . -10000 ,
'

BRANCHES: HP4-F HP4-NoF
-- I . 2

' '

:REAllZED SPLIT: - O.000E+00 1.000E+00-

'6*******--QUESTION:- 5 How large is the leak at HP-47-

Q-TYPE / TIMES. ASKED: INDEP. CALC. PROB. 10000
BRANCHES: HP4-Lg- HP4-Sm HP4 Sp HP4-Nol

1 2 3 4

J ~ REALIZED SPLIT:- -0.000E+00 0.000E+00 1.266E-01.8.734E 01-

,

m

I

F

?

y t

s =

\ <
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LISTING 7-

EVNTRE Frequency Output file for HP2A-1 (Sensitivity Case)

The following is a listing of the EVNTRE frequency output file for the HP2A-1'

model. ^This file contains the individual component failure mode probabilities
resulting from the Monte-Carlo evaluation of tl.e HP2A-1 model. The failure model
probabilities provided in this listing result from usii a pipe failure log
standard deviation of 0.10 instead of 0.36 as was_used to-produce Listing 6.

TREE 10: ISLOCA System Rupture Model . HP2A-1s
# OF QUESTIONS: S-

'

OBSERVATIONS: 10000
FOR-SERIES: ISLOCA SAMPLE RUN

SEQUENCE-10: MC Eval'-

:********2 QUEST 1'0N: 1 What is the pressure in the Interfacing System?
Q TYPE / TIMES ASKED: INDEP. INPUT PROB INPUT PARM, 10000

BRANCHES: HCC91-hip
1c - .

1.000E+C0REALIZED SPLIT:

. QUESTION: 2 Does HCC-91 fail? (3", sch 105, type 304 SS)-********

Q-TYPE / TIMES ASKED: 'INDEP. CALC. PROB, 10000
BRANCHES: HCC91-F HCC91-NoF

1 2

REAll2ED SPLIT: 0.000E+00 1.000E+00

L******** QUESTION: 3 If segment HCC-91 fails, what is the rupture-size?
Q-TYPE / TIMES: ASKED: DEP. INPUT PROB. 10000

BRANCHES: HCC91-Lg HCC91-Nol
1 2

REALIZED SPLIT: 0.000C+00 1.000E+00

SUMMARY BY CASE

CASE NUMBER / SPLIT: 2 1.000E+00
DESCRIPTION: Otherwise

CASE / BRANCH SPLIT: 0.000E400 1.000E+00

--QUESTION: 4 Does HP-4 fall? (3" flow element,150 psi rating)c -********

10000=Q-TYPE / TIMES ASKED: .INDEP CALC._ PROB. _

BRANCHES: HP4-F HP4-NoF-

1 2

| REALIZED SPLIT: 0_.000E+00 1.000E+00

_ QUESTION: S' How 1arge-is the leak at-HP-47~******** -

-Q-TYr / TIMES ASKED: INDEP. CALC. PROB. _
10000

HP4-Sm HP4-Sp HP4-NolBRANCHES: HP4-Lg'
2 3 4

. . .
1

,

. _ -REALIZED SPLIT: 0.000E+00 0.000E+00 1.187E-01 8.813E-01-|:
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-LISTING 8 j
EVNTRE Freauency Output File for HP2A-1 (Using LHS Data)

,

The following is d. listing of the EVNTRE frequency oatput file for the HP2A-1
model. This file contains the' individual-component -failure mode probabilities
resulting from _ the LHS ovaluation_ of the HP2A-1 model. The sample data u'ed to
p?oduce these results were obtained with the- Sandia LHS program instead c. the .

Fortran program in Listing _1.

TREE ID:- ISLOCA System Rupture Model -- HP2A-1
# OF QUESTIONS: S

OBSERVATI0ilS: 10001

FOR-SERIES:-ISLOCA-SAMPLE RUN
SEQUENCE ID: LHS Eval

*******] QUEST!0f: 1 What is the pressure in the Interfacing System?

-Q-TYPE / TIMES ASKED: INDEP. INPUT PROB. INPUT PARM. 1000
BRANCHES: HCC91-hip

1

REAllZED SPLIT: 1.000E+00
,

QUESTION: 2 Does HCC-91 fail? (3", sch 10S,' type 304 SS)'********

Q-TYPE / TIMES ASKED: INDEP. CALC. PROB. 1000
BRANCHES: HCC91-F HCC91-NoF

' l. 2
REALIZED SPLIT: 0.000E+00 1.000E+00

' QUESTION: 3 If segment HCC 91 fails, wliat is the rupture size?-********

Q-TYPE / TIMES ASKED: DEP. INPUT PROB, 1000
BRANCHES: HCC91-Lg 'HCC91-Nol

1 2

REALIZED SPLIT: 0.000E+00 1.000E+00
.

SUMMARY BY CASE

CASE-NUMBER / SPLIT: 2 1.000E400
DESCRIPTION: Otherwise

CASE / BRANCH SPLIT: 0.000E+00 1.000E+00

H-27
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; -

QUESTION: 4 Does HP 4 fall? (3" flow eletet.150 psi rating)********
.

Q TYPE /71HES ASKED: INDEP. CALC. PROD. 1000 |
BRANCHES: HP4 1 HP4-Nor

.

g - 1 2 |.

REALIZED SPLIT: 'O.000E400 1.000E400,-
, , - -

N i
.I

',J- ******** QMST10N: _5 How large is the leak at HP 474

U ' Q-l'YPE/T]hES ASKED: . INDEP. CALC. PROD. 1000
BRANCHLS: HP4 Lg HP4-Sm HP4-Sp HP4 Nol |

i.r 1 2 3 4 -j
'

;

T REALIZED SFLIT: 0.000E400 0.000E400 1.170E-01-8.8300 01 i
4,

+
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LISTING 9

PS1EVN1 Key Word file for HP2A 1

The following is a listing of the PS1EVNT key word file for the HP2A 1 model.
.This file is used to control PSTEVNT execution during the rebinning process used |
to obt61.1 aggregate system failure mode probabilities. i

$-- Calculation Control Keywords (for logical constants) -- - - - --- --- ---- i

$

$ COLLAPS xxxx $ Reduce rebinned results with weighing !

$ factor
$ ..

$ Causes rebinning of accident progression -REBIN ,

$ bins
$

RUN $ Causes PSTEVNT to proceed with data
$ calculations
$

NOSORT $ Do not produce sort tables
$

$-- Calculation Control Keywords (for assigned values) --- ---------------- - -

$

$

$-- Input file Specification Keywords -- ---- ------ --- ------ ---- - - - -

$
ASCTRIN $ ASCil output from EVNTRE

$

BININ pst_ bin.dat $ filename for rebinning input
1

EVNTBIN mc_ posts.asc $ filename for Ev41RE output file

$ 50RTIN sortin 5 filename for sort specification data
$

$-- Report Request Keywords -------------- --- - ----- --- ------------ ------

$,
_

$ Rebinning result is ASCllASCEAV
'

! - $.
l RPTMLST $ Write EVNTRE master bin list to message file

$

.RPTRBIN $ Write robinned bins to message file
$
$---Output file Specification Keywords -- ----- --------------- ------- ------

5

' BIN 0UT rebins.out 5 Reoinning result data
$

$ INPOUT inpout 5 Annotated echo of input
$~

KEEPOUT keep.out $ Master list of unique kept bins .

5

$ SBlNOUT sbinout 5 Rebinning result data (for additional
$ post-processing)
$

$- SORTOUT sortout $ Result of requested sorts
5.

H 29
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' $ TABOUT tabout $ Rebinning result descriptive table (s)
$

ENDKEY $ Indicates'ine end of-keyword input.

,

_

h

t

-5

V

.

.

f

f

F
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LISTING 10 i
!

PSTEVNT Rebinning Data file for itP2A 1

The following is a listing of the PSTEVNT rebinning data file for the HP2A-1
model.

ISLOCA Component failure Rebinning - HP2A-1
1 FSize
4 4 Nolcak Spray Small large
1 1 1

1

Holeak
'l 2 1

2

Spray 1

1- 3 1. ;

3

Small
1 4 1 |

4 !

-Large

;

i
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LISilHG 11

( P5fEVN1 Output Data file for HP2A-1

The following is a listing of the PSTEVN1 output data file for the HP2A-1 model.
This file contains the system failo e mode probabilities for the HP2A 1 model.

HP2A-1 BASE CASE
AGGREGATED REBil4NING prSOL15 FOR: 00mponent failure Rebinnina -- HP2A-1

FREQUENCY:
BIN TOTAL 10 ISize
8.7340E-01 8.7340E-01 A Noteak
1.2650E-01 9.9990E-01 B Spray
1.0000E-04 1.0000E400 D Large

A 10TAL Of 3 OUT Of 3 BINS WERE REQUIRED 10 CAPTURL 100.00'4 Of THE TOTAL
FREQUENCY

H-32
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LISTING 12

PSTEVNT' Output Data file for HP2A 1 (Sensitivity) |,
.

The following is a listing of the PSTEVNT output data file for the HP2A-1 model. *

This file contains the system failure mode probabilities for the HP2A 1 model.
These results differ f rom those in Listinq 11 in that a log standard deviation of :
0.10 was used for the HCC 91 pressure capacity (instead of 0.36). '

SENSITIVITY Wl1H HCC-91 LOG SICMA = .)
AGGREGATED REBINNING RESUL1S FOR: Component failure Rebinning HP2A 1

fkEQUENCY:
BIN TOTAL 10 FSize
8.8130E-01 8.8130E-01 A Noleak
1.1870E-01 1.0000E+00 B Spray

A TOTAL 0F 2 001 0F 2 BINS WERE REQUIRED TO CAPTURE 100.00% Of THE TOTAL
FREyvENCY

;

,

P

;

:

;

H 33
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LISTlHG 13

-Program Used to Generate Distributions for HP2A-2

The following is a licting of the_ fortran 77 program used to generate the Monte'

Carlo sample data required by the EVN1RE program for evaluation of the HP2A 2
scenario, Some of the subroutines used by the program are not shown in Listing
13. Listing 24 provides the source code for the missing subroutines.

* PURPOSE:
*

This program calculates the normal distributions required for the*

Monte Carlo-evaluation-of the ISLOCA HP2A 2 scenario.*

The first distribution corresponds to*

system pressure. The required output for the first parameter is*
actually the natural 109 of the system pressure. The remaining*

* . distributions are log normal, and are described by a log mean and
logarithmic std. dev. The output is written in the format required by*

the.EVNTRE program.*

*

* INPUT:
*

The input is hardwired _into the_ code, except for the-value of the-*
required random seed, which is either read from the data file 'RANS.DAT'

-

*

or input by the user. The option is provided by user dialog at run time.*'

* OUTPUT:
*

The output is the required normal distributions, and is written to file*

'MCARLO.DAT'. The data are.in the format required by the EVNTRE code for* I

use as sanple data. The last value of the random seed is also written to*

the file ' PANS.DAT' for use in the next evaluation.*

*

* FILES:

bbit bescriptibn*
* ....:..... .................................

* 5 User input from console
-* 6 Program output to console
* 10 Saved value of randem seed

11 Output for use as an'EVNTRE sample file*

* ........................................... 4

*'

WRITTEN BY:*

*

-John Schroeder-1/11/90* -
The subroutines SEEDIN, GENN0R, and SEF.00V_were written by Cory Attwood.-*

*

PROGRAM HP2A2?

IMPLICIT'REAl(A-H,0Z),_YNTEGER(1-N) -
CHARACTER *8 FNSAVE-

| CHARACTER *3 FN5
REAL X1(10000),. X2(10000),_ X3(10000), Xi(10000), X5(10000)|

REAL X6(10000), X7(10000), X8(10000)
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!

DATA 10U5/5/, 1006/6/, 10SAVE/10/ ;

DATA FNSAVE /'RANS.DAT'/, FN5/' CON'/ ;

1

OPEN (UNIT =5, FILE =' CON') .

OPEN-(UN11 6, FILE =' CON') _ ,

CALL SEEDIN(ISEED,10VS,1006,10SAVE,FNSAVE,FNS)
WRITE (6,10) ISCED :

10 - FORMAT (' ISEED =',115) |
t

N = 10000- 1 Pick 10000 Numbers !
-

NX =8 i Number of distributions requested
ISORT = 0 | Don't sort the numbers

'
Generate the distribution for the initial system pressure*

AMEAN = 2000, ! Mean of Normal distribution .

STDEV = 50. ! Standard Deviation of distribution - ;

LCALL GENNOR(AMEAN,STDEV,X1,N,150RT,lSEED,lER,lPolNT)
00 15 1-1, N

XI(l) - ALOG(X1(1))- I use natural log of pressure
15 CONTll"JE ' |

Generate the distribution for failure of P58 2-* .

t

AMEAN = 7.719 ! Hean of Normal distribution '

STOEV-= 0.250 l Standard Deviation of distrioution

- CALL GENN0R(AMEAN,STDEV,X2,N,lSORT,ISEED,lER,lPOINT).- ,

'

* Generate the distribution for failure of 6"-GCB-4

AMEAN - 7.405- | Hean of Normal distribution
~

STDEV = 0.360 | Standard Deviation of distribution

4- - CALL GENN0R(AMEAN,STDEV,X3,N,ISORT,ISEED,IER,IPOINT) ;

' . * Generate the distribution for failure of 6GCB4a

~AMEAN = 7.767 l-Mean of Normal distribution !

STDEV = 0.120 i Standard Deviation of distribution :

CALL GENN0R(AMEAN,STDEV,X4,N,ISORT,ISEED,IER,IP0INI)

-Generate the distribution for failure of 6CCB4b*

JAMEAN = 7.767 ! Hean of Normal distribution
.STDEV = 0.120 ! Standard Deviation of. distribution i

CALL GENN0R(AMEAN,STDEV,X5,N,ISOPT,1 SEED,IER,IPOINT)

Generate the distribution for failure of HP-13*

AMEAN = 7.682 i Mean of Normal distribution

H-35'
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1

SIDEV 0.250 1 Stand vd. Deviation of distribution

. CALL GENN0R(AMEAN SIDEV,X6,N,ISORT,ISEED,IER,IP0 INT)

Generate the distribution for failure of 4"-GCB 2 -*

AMEAN - 7.638 i Mean-of Normal distribution
STDEV 0.360 | Standard Deviation of distribution

CALL GENN0R(AMEAN,STDEV,X7,N,lSORT.ISEED,lER,lPOINT)

G m erate the distribution for failure of 4"-GCB ll-*

AMEAN 7.638 i Mean of Normal distribution
STDEV 0.3t0 | Standard Deviation of distribution

-CALL GENNOR(AMEAN,STDEV,X8,N,ISORT,lSEED,IER,lPOINT)

* Write out distritutions

OPEN(ll, FILE 'MCARLO,DAT', STATUS ' UNKNOWN')
D0-20, I-1, N=

WRili.(ll,25) 1, NX. _XI(l), 1 X2(1), X3(1), X4(1), X5(1),
.

36(1), X7(1), X8(1) $*

20 ~ CONTINVE.
25 FORMAT (2Ilo, $G12.5 /(20X,5G12.5))

CLOSE(ll)
!CALL SEED 0V(ISEED,10V6,10SAVE,FNSAVE)

WRITE (6,10) ISEED <

- CLOSE(5)
CLOSE(6).
CLOSE(10)

END- -

,

,

-'

!

f
i

14

>

i-

H-36-

|
-,;,-..- ._.._.a.._-.,...__-.. ._;..__, _..._--_-._....__-_.c., , . . . . . . . . , .,. .. . . . . . . . .



__ _ _ _ _ ._ - _ _ __ _ __ __ _ _ - _ - . - _ _ _ _ _ _ _ -_ _ _ _ _ _

;

;

LISTING 14
.

EVNTRE Key Ward file for llP2A 2 :

The following is a listing of the EVNTRE key word file for the HP2A-2 model. i

The EVNTRE key word file controls the mode of execution, input and output
options, and cutoff values used by the program during event tree evaluation. !

$-- Calculation Control Keywords ----- - --- ------- ------- - --- - ---- --+ -- i
'

$
!

MODE 3 $ Specifies the calculational mode for EVNTRE.
$ 1 - point estimate
$' 3 = sampling mode (one vector each eval)
$ 4 - sampling mode (two vectors each eval)
$ |

NOBIN $ lurns the binning facility on/off.

$

$

RUN $ Indicates that the tree is to be evaluated
$ after the input data has been processed
$

$ KEEPCUT 1.0E 6 $ Specifies the path frequency below which a
.$ path is terminated.

$
$ - Input file Specification Keywords ----- -- -- ---- - --- - ----- -- -- --

$

TREEIN tree dat $ Specifies the input file nr.me for the
'

$ tree definition input file.

.$=

$ BININ bin.dat $ Specifies the input file name for the
$ binning and sorting _information input file.
$-

SAMDIN mc_pntr.dat 5 Specifies the input file name for the
$ sample definition information input file.
$

_ SAMllN mcarlo.dat 5 Specifies the input file name for the
-

>
.

| $ first set of sample input vectors.
| $

-

-

$ Specifies the input file name for the i| $ SAM 2fN mcarlo.dat
$ second set of sample input vectors, t

5

$-- Report Request Keywcrds ------------------------ ------ - --- --- ----- ----

L $-

.$ PRTINP $ Turns on the annotated echo of input.
$

STATS $ Indicates that a branch and case frequency
,

$ table report will be generated. '

$. .

. PRUNE $ Causes. unused cases to be dropped from the-
$ branch and case frequency table.
$

NWRTBIN $ indicates that a binning result report will
$ be generated when the paths through the
$ tree are binned,

$'
,
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$' PRTCUT-1.0E 6 $ Specifies the minimum bin frequency required
$ to report a bin.

-$
s' SAVEBIN $ Indicates that a binning results file will

-$. be generated for post processing.
$

'

$-- Output. file Specification Keywords ------ - --- - -- -- - --- - --

$
'

$ INPOUT echo.out $ Specifies the output file name for the
$ annotated echo of input.
$-
$ BINOUT . bin.out $. Specifies the output file name for the
$ -- binning result report.
$

STATOUT mc_.freq.out 5 Specifies the output file name for the
$ branch and case frequency table.
5

SAMROUT mc_, post.out $ Specifies the output file name for the
$ post-processing file.
$ . .

ENDKEY $ Indicates the end of keyword input.
1

6

I
.

>

t

J

+

|

+

F .

.

'
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LISTING 15 i

'

EVNTRE Tree Definition File for HP2A 2
F

The following is a listing of the EVNTRE event tree definition file for the
HP2A 2 model. This file provides the event tree structurn and default ,

probability and parameter values for the HP2A 2 model. ;

!

!$LOCA System Rupture Model - IlP2A-2 i
15 :

NQ ;

1 1.000 :

'MC Eval' !
"

l Wh;t is the pressure in the Interfacing System 7
1 CCB-2-hip
3 1

1.000
8 $ Point estimates follow: '

1 7.60) $ 1Ps' (log of system press.)
2 7.719 $ IPf''for P58-2 |

3 7.405 5 1Pf' for GCB-4 i
*

4 7.767 $ 1Pf' for GCB4a
5 7.767 $ 1Pf';for GCB4b ,

6 7.682- $ IPf' for HP 13
7 7.638 $ IPf' for GCB 2 .

8 7.638 .$ 1 P t'' for GCB-ll
2 Dcas HP1 pump P58-2 fail-(i.e. seal failure)7

2 P582-F P582-NoF
5 'l 2

'2 1 2
- 1Ps' 1Pr'

FUN-CMP

EQUAL 0
IF iPs' .GT. IPf' THEN P582-F i

3 How large is the failure at HP! pump P58-27 +

-3. P582 Sm .P582-Sp -P582-Nol
5 1 2' 3

2 1 2 :

IPs' 1Pf'
FUN RPSZ
GETHRESH 2 1.00 0.75

Bin Ps'/Pf'
4 Does pipe GCB 4 fail 7 (6" pipe, sch 105, type 304SS, 300# rated)

2 GCB4-F GCB4-NoF
5 1 2

2 1 3

1Ps' IPf' ,

FUN-CMP-

EQUAL- 0-
IF 1Ps' 4GT. 1Pl' THEN GCB4-F

,
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,

,5 llow large is the leak at GCD 47
2 GCD4 Lg GCB4 Nol
2 1 2

2

1 4 4

.)
GCB4-F

1.000 0.000
Otherwise

0.000 1.000
6 Does GCB4a fail? (6" flange, 300 psi rating)

2 GCB4a F GCB4a NoF '

5 1 2
2 1 4

1Ps' 1Pf'
FUN CMP I

EQUAL 0
If IPs' .GT. lPf' THEN GCB4a F

7 How 1erge is the leak at GCB4a?
__

2- GCB4a-Lg GCB4a-Not )
2 1 2 1
2 ,

1 6 i

1

GCB4a F '

1.000- 0.000 ,

Otherwise
0.000 1.000

~8 Does GCB4b fail? (6"-flange, 300 psi rating)
2 GCB4b F GCB4b-Nof
5 1 2
2 5. -

'
.1Ps' 'lPf'

FUN-CMP-

EQUAL 0
'

IF 1Ps' .GT. IPf' THEN GCB4b F '

9 How large is the leak at GCB4b?
2 GCB4b Lg GCB4b Nol
2 :1 2

.

2

-l 8
1- ,

GCB4b F
~

1.000. 0.000|-

Otherwise
0.000 1.000 '

10 Does local-manual gate valve HP-13 fail? (6", 300 psi rating) i

2 HP13-F HP13 NoF- '

5 .- .) 2 +

2 1. 6-

L
.. FUN-CMP.

IPs'' IPf'
L

EQUAL 0
IF 1Ps' .GT. lPf' THEN HP13-F .

b
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11 How large is the leak at HP-13?
2 HPl3-Sm HP13-Nol
2 1 2

2

1 10
1

HP13-f
1.000 0.000

Otherwise
0.000 1.000

12 Does pipe GCB 2 fail? (4" pipe, sch 105, typa 304 SS)
-2 GCB2-f CCB2-Nof

5 1 2

2 1 7

1Ps' 1Pf' __

FUN CMP
EQUAL 0

if IPs' .G1. IPf THEN GC82-f
13 How large is the leak at GCB .??

2 GCB2-Lg GCB2-Nol
2 1 2

2

1 ! ?.

1

GCB2-f
1.000 0.000

Otherwise
0.000 1.000

. 14 Does pipe 4"-GCB ll fail? (4", sch 105, type 30A SS)
2 GCBil-f GCBil NoF
5 1 2

2 1 8
1Ps' IPf'

FUN-CMP

EQUAL 0
if IPs' .GT, IPf' THEN GCBil-F

15 How large is the leak at GCB-ll?
2 GCBil-Lg GCBil-Nol
2 1 2

2

1 le
1

GCBil.r
1.000 0.000

Otherwiie
0.000 1.000

H-41
4

--__ _ _ _ _ _ _ _ . - . _ _ _ _ _ _ _ _ _ _ . _ . . _ . _ _ _



_

LI$TlHG 16

EVNTRE Sample Definition file for hP2A-2

The following is~A listing of the EVNTRE sample definition data file for the
HP2A 2 r.odel . This file supplies the specification required to set up the
sampling modes for the tree.

ISLOCA SAMPLE RUN
10000 1

8
M1,1,1,1,A M1,1,2,1,A M1,1,3,1.A H1,1,4,1,A M1,1,5,1,A
M1,1,6,1,A M1,1,7,1,A M1,1,8,1,A

!
|

|
)
l

e

t

h: H-4.

!
|
'
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LISTING 17
,.

EVN1RE Binning Data file for HP2A 2 !

The following is a listing of the EVNTRE binning data file for the HP2A-2 model. ;

These data specify the logic used to select HP2A-2 event tree end states that are '

included in each' system-failure mode bin.

ISLOCA Component failure Binning -- HP2A-2
1 f S i ze -- !
4 4 _ 'Noleak Spray $ mall large
7 1 3 5 7 9 11 13 lb

3 *2 *2 *2 *2 +2 *2
P582-Not GCB4-Not GCB4a Not GCB4b-Nol HP13 Not GCB2-Not GCBil Nol i

7 2 3 5- 7 9 11 13 15
2 *2 *2 *2 *2 *2 *2

P582-Sp GCB4 Not GCB4a-Nol GCB4b-Nol HP13-Not GCB2-Nol GCBil-Not r

-7 3 3 11 5- 7 9 13 15

(1 + 1) ' *2 *2 *2 *2 *2-
P582 Sm HP13 Sm GCB4-Ncl GCB4a Not GCB4b-Not GCB2-Nol GCHil-Nol

5 4- 5 7 9 13 15
1 +1 +1 +1 +-1

:GCM-Lg- GCB4a-Lg GCB4b Lg GCB2-Lg GCBil-Lg-

;

,

i
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LISTING 18

EVNTRE frequer.cy Output file for HP2A-2

The following is a listing cf the EVNTRE frequency output file for the HP2A-2 '

model. This file contains the individual component failure mode probabilities
resulting from the Monte Carlo evaluation of the HP2A-2 model. I

l

TREE ID: ISLOCA System Rupture Model -- HP2A-2
'

# OF QUESTIONS. 15 )
OBSERVATIONS: 10000

FOR SERIES: ISLOCA SAMPLE RUN
SEQUENCE 10: MC Eval

QUESTION: 1 What is the pressure in the Interfacing System? |********

Q-TYPE / TIMES ASKED: INDEP. INPUT PROB. INPUT PARM. 10000 .

BRANCHES: CCB 2-hip
1

REAllZED SPLIT: 1.000E400

******** QUESTION: 2 Does HPI pump P58 2 fail (i.e. seal failure)? f

Q TYPE / TIMES ASKED: INDEP. CALC. PROB. 10000
BRANCHES: P582-f P582-Nof

'

1 2

RrAllZED SPLIT: 3.202E 01 6.798E-01

!******** ' QUESTION: 3 How large is the failure at HP1 pump P58 27
L

'Q-TYPE / TIMES ASKED: INDEP. CALC PROB. 10000
BRANCHES: -P582-Sm P582-Sp P582 Nol

1 2 3 .

'
REALIZED SPLIT:' 3 204E 01 4.346E-01 2.450E-01

r,

-******** QUESTION: 4 Does pipe GCB 4 fail? (6" pipe, sch 105, type 304SS,
300# rated)

Q TYPE / TIMES ASKED: INDEP. CALC. PROB. 10000-
. BRANTrS: .GCB4-f GCB4-Nof
L 1 2 i

REAllZED SPl.lT: 7;096E 01 2.904E-01
.

.QVESTION: 5 How large is the leak at GCB 4?********

QTYPE/ TIMES-ASKED: 'DEP. INPUT PROB. 10000
BRANCHES: GCB4-Lg .GCB4 Not

'

,

1- 2

REAllZED SPLIT: 7.096E-01 2,904E 01

SUMMARY BY CASE
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,-

CASE NUMBER / SPLIT: 1 7.096E 01
! DEPENDENCIES: 4

REQ. BRANCHES: -1

DESCRIPTION: GCB4-F-

CASE / BRANCH SPLIT: 7.096E 01 0.000E400 '

| --
, CASE NUMBER / SPLIT: 2 2.904E-01

DESCRIPT10d: Otherwise

CASE / BRANCH SPLIT: 0.000L400 2.904E-01

o

-QUESTION: 6 Does GCB4a fail? (6" flange, 300 psi rating) '********

'

Q-TYPE / TIMES ASKED:' INDEP. CALC. PROB. 10000
BRANCHES: GCB4a-F GCB4a NoF

1 2 '

REALIZED SPLIT: 8.670E 02 9.133E-01

'

******** -QUESTION: 7 _ How large is the leak at GCB4a?

Q-TYPE / TIMES ASKED: DEP. INPUT PROB. 10000
BRANCHES: GCB4a Lg GCB4a-Not

l~ 2

REAll2ED SPLAT: 8.670E-02 9.133E 01

SUMMARY BY CASE
y

CASE NUMBER / SPLIT: l '. 8.670E-02
_

DEPENDENCIES: 6

REQ. BRANCHES: 1

|
,,

K DESCRIPTION: GCB4a-F
. .

i
CASE / BRANCH SPLIT: '8.670E-02 0.000E+00

L
L

CASE NUMBER / SPLIT: 2 -9.133E-01-
DESCRIPTION:: Otherwise

p CASE / BRANCH SPLIT: 0.000E+00 9.133E-01
L

********-' QUESTION: 8 Does GCB4b. fall? (6" flange, 300 psi rating)

Q-TYPE / TIMES ASKED: INDEP.. CALC. PROB. 10000
BRANCHES: GCB4b-F- GCB4b NoF

1 2

REALIZED SPLIT: 8.S30E-02 9.147E-01 ;<

|
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******** QUESTION:- 9 How large is the leak at GCB4b?

Q-TYPE / TIMES' ASKED: DEP. lHPUI PROB. 10000 i

BRANCHES: GCB4b-lg GCB4b Nol 1

1 2

REAllZED SPLIT: 8.530E-02 9.147E 01

|SUMMARY BY CASF

|CASE NUMBER / SPLIT: 1 8.530E-02
CEPENDENCIES: 8 )

REQ. BRANCHES: 1

DESCRIPTION: GCB4b F i

CASE / BRANCH SPLIT: 8.530E-02 0.000E400

CASE NUMBER / SPLIT: 2 9.147E 01 i

DESCRIPTION: Otherwise .!

CASE / BRANCH SPLIT: 0.000E+00 9.147E 01-

******** = QUESTION: 10. Does local manual gate valve HP-13 fail? (6",'300 psi
rating)-
'Q-TYPE / TIMES ASKED: .INDEP. CALC. PROB. 10000

BRANCHES: HP13-F HP13-NoF
1 -2'. .

REAll2ED SPLIT: 3.689E 01 6.311E-01 |,

|

******** -QUESTION: 11 How large is the leak at WP-13? ,

Q-TYPE / TIMES ASKED: DEP. INPUT. PROB.. 10000
' '

BRANCHES:- HP13-Sm HP13 Not
l' '2

REALIZED SPLIT:- 3.689E-01 6.311E-01

SUMMARY BY CASE'

CASE NUMBER / SPLIT: 1 3.689E 01
DEPENDENCIES: 10

REQ. BRANCHES: -1

DESCRIPTION: HP13-F

; CASE / BRANCH SPLIT: 3.689E-01 0.000E400

' CASE NUMBER / SPLIT: 2 6.311E-01-
DESCRIPTION: Otherwise

-CASE / BRANCH SPLIT: 0.000E+00 6.311E-01

H 46
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******** QUESTION: 12 Does pipe GCB 2 fail? (4" pipe, sch 10S, type 304 SS)
i

Q-TfPE/ TIMES ASKED: INDEP. CALC PROB. 10000
-BRANCHES: GCB2-F GCB2-Nof

1 2 ,

'e REALIZED SPLIT: 4.562E-01 5.43BE-01 ,

******** QUESTION: 13 How large is the leak at GCB-2?
'

- Q-TYPE /11MES ASKFD:- DEP. INPUT PROB. 10000
BRANCHES: GCD2-Lg GCB2-Nol .

!I 2

REALIZED SPLIT: 4.562E 01 5.43BE 01

$UMMARY BY CASE

CASE NUMBER / SPLIT: ' l 4.562E-01
DEPENDENCIIS: 12

'

REQ. BRANCHES:. 1

DESCRIPTION: GCB2 F' ,

CASE /BRANCHSPLIT: 4.562E-01 0.000E+00
,

CASE NUMBER /SPLll:' 2 5.438E-01
DESCRIPTION: ,Otherwise

CASE / BRANCH $PLIT: 0.000E+00'5.438E-01

******** ~ QUESTION: . 14 Does pipe 4*-GCB ll fail? (4", sch 105, type 304 SS)

Q-TYPE /TIMESASKED: INDEP. CALC. PROB. 10000
BRANCHES: GCBil-F' GCBil-NoF

~t,
~

1; 2 i

REAllZED SPLIT: 4.50BE-01 5.492E-01 '

******** -QUESTION: 15 How large is the leak at GCB-ll?

Q TYPE / TIMES ASKED: ' 0EP. INPUT PROB. 10000 .

BRANCHES: GCBil-Lg GCBil-Nol
1 2

REALIZED SPLIT: 4.508E-01 S.492E-011 ,

SUMMARY BY CASE
'

CASE NUMBER / SPLIT:- 1 4.50BE-01
DEPENDENCIES: 14

REQ. BRANCHES:. 1
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..

- DESCRIPTION. GCBil-F
.

. CASE / BRANCH SPLIT: 4.508E 01 0.000E400

CASE NUMBER / SPLIT: 2 5.492E-01,

DESCRIPTION: Otherwise

CASE / BRANCH SPLIT: 0.000E+00 5.492E-01s

i

|

..

i
;
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LISTING 19

EVNTRE Frequency Output File for HP2A-2 (Sensitivity)

The following is a listing of the EVNTRE frequency output file for the HP2A-2
model. This file contains the individual component failure mode probabilities ,

ret 1 ting from the Monte Carlo evaluation of the HP2A-2 model, lhe failure model |

procabilitics provided in this listing result from using a pipe failure log
standard deviation of 0.10 instead of 0.36 as was used to produce Listing 18.

TREE ID: ISLOCA System Rupture Model -- HP2A-2s ;

# OF QUESTIONS: 15
OBSERVATIONS: 10000

FOR SERIES: ISLOCA SAMPLE RUN
SEQUENCE ID: MC Eval

,

1

QUESTION: 1 What is the pressure in the Interfacing System?********

Q-TYPE / TIMES ASKED: ;1NDEP. INPUT PROB. INPUT PARM. 10000
BRANCHES: CCB-2 hip

1

REAll2ED SPLIT: 1.000E+00

******** QUESTION: 2 00es HPI pump P58-2 fail (i.e. seal failure)?
~

Q-TYPE / TIMES ASKED: lb"EP. CALC.-PROB. 10000
BRANCHES: P582-F P562 Nof

1 2 <

REAllZED SPLIT: 3.203E 01 6.797E-Ol

QUESTION: 3 How large is the failure at HPl pump P58 27********

1

Q-TYPE / TIMES ASKED: INDEP. CALC. PROB. 10000-
BRANCHES: P582 Sm P582-Sp P582-Nol

1 2 3

REAllZED SPLIT: 3.205E-01 4.290E-01 2.505E 01
i

QUESTION: 4 Does pipe GCB 4 fail? (6" pipe, sch 10S, type 304SS,****==**
!

300# rated)
0-TYPE /TIMLE ASKE0: 'NDEP CALC. PROB. 10000<

'

BRANCHES' GCB4-F GCB4-NoF
1 2

REALI2ED SPLIT: 9.697E-01 3.0300 02

QUESTION: 5 How large is the leak at GCB-47********

Q-TYPE / TIMES ASKED: DEP. ''PUT PROB. 10000
. 6Lg GCB4 NolBRANCHES: <

2

REALIZl0 SPLIT: - /E-01 3.030E-02
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.p

SUMMARY BY CASE

CASE NUMBER / SPLIT: 1 9.697E-01
-DEPENDENCIES: 4

REQ.-BRANCHES: 1

DESCRIPTION: GCB4 F

CASE / BRANCH SPLIT: 9.697E-01 0.000E400

CASE NUMBER / SPLIT': 2 3.030E-02
DESCRIP110N: Otherwise

CASE / BRANCH SPLll: 0.000E400 3.030E-02

******** QUESTION: 6 Does GCB4a fail? (6" flange, 300 psi rating)

Q-TYPE / TIMES ASKED: INDEP. CALC. PROB. 10000
BRANCHES:- GCB4a-f- GCB4a-NoF

1 2

REAllZEP SPLIT: 8.53?E-02 9.147E 01

******** QUESTION: 7 How large is the leak at GCB4a?
.

-Q-TYPE / TIMES ASKED: DEP. INPUT PROB. 10000-
BRANCHES: GCB4a-Lg GCB4a-Nol

1 2 r

: REALIZED SPLIT: 8.530E-02 9.147E-01-, ,

SUMMARY BY CASE

CASE NUMBER / SPLIT: 1 8.530E 02
. DEPENDENCIES: 6 .

REQ. BRANCHES: 1

DESCRIPTION: GCB4a-f

CASE / BRANCH SPLIT: 8,530E-02 0.000E400

CASE NUMBER / SPLIT: 2 9.147E 01
DESCRIPTION: Otherwise

CASE / BRANCH SPLIT:- 0.000E+00 9.147E 01

' ********DQUESTION: -8 Does GCB4b fail? - (6" flange, 300. psi rating).

Q-TYPE / TIMES-ASKED: INDEP. CALC. PROB. 10000-
BRANCHES: GCB4b f GCB4b-NoF

1 2

'REAllZED SPLIT: 8.SB0E-02 9.142E-01

H-50
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w

'******** QUESTION: 9 How large is the leak at GCB4b?

Q TYPE /TlHES ASKED: .OEP. lNPUT PROB. 10000-

BRANCHES: GCB4b Lg GCB4b Not
1

'

2

REALIZED SPLIT: 8.S80E-02 9.142E 01 !<
,

SUMMARY BY CASE .

l
CASE NUMBER / SPLIT:' 1 8.S80E-02 :

DEPENDENCIES: 8

REQ. BRANCHLS: '1

p DESCRIPTION: GCB4b-F ;

; CASE / BRANCH SPLIT: 8.S80E-02 0.000E+00 a

'

CASE NUMBER / SPLIT: 1 2 9 142E-01
DESCRIPTION:- Otherwise

CASL/ BRANCH SPLIT:- 0.000E+00 9.142E-01

******** QUEST 10N: 10 Does local-manual gate valve HP-13 fail? (6", 300 psi
rating)

Q-TYPE / TIMES ASKED: -lNDEP. CALC. PROB. 10000 |
BRANCHES: HP13-F HP13 NoF -|

1. 2

REAllZED SPLIT: 3'712E-01 6.288E-01 ..

********; QUESTION: 11 How large is the leak at HP 137-

.Q.iYPE/ TIMES ASKED: DEP.; INPUT = PROB. 10000- .;
BRANCHES: HP13 Sm HPl3-Nol

'

1 2
'

, REALIZED SPLIT: 3.712E-01 6.288E-01-
n ;

SUMMARY BY CASE l

! -CASE NUMBER / SPLIT: 1 3.712E-01
DEPENDENCIES: 10

REQ. BRANCHES: 1

DESCRIPTION: -HP13-F
,

CASE / BRANCH SPLIT: 3.712E-01'0.0'00E+00
<

. CASE NUMBER / SPLIT: . 2 6.288E 01 .

DESCRIPTION: Otherwise
,

CASE / BRANCH SPLIT: 0.000E+00 6.288E 01

H-SI
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.

******** QUESTION: 12 Does pipe GCB 2 fail? (4" pipe, sch 105, type 304 SS)

. Q-TYPE / TIMES ASKED: INDEP. CALC. PROB. _ _ 10000
'

'

BRANCHES: GCB2 f GCD2 Nof
1 2

REAllZED. SPLIT: 3.555E-01 6.445E 01

'

!******** QUESTION: 13 How large is the leak at GCB 27

Q-TYPE / TIMES ASKED: DEP. INPUT PROB. 10000
BRANCHES: GCB2-Lg GCB2 Nol

1 2

- REl.' ! ZED. SPLIT: 3.555E-01 6.445E-01 - i.

.

SUMMARY BY CASE >

CASE NUMBER / SPLIT: 1 3.555E 01
- DEPENDENCIES: 12 ,

1

REQ._ BRANCHES: 1 j

. DESCRIPTION: GCB2-F

CASE / BRANCH SPLIT: 3.555E-01-0.000E400

CASELNUMBER/ SPLIT: 2. 6.445E-01-
DESCRlrTION:- n*herwise'

CASE / BRANCH SPLIT: 0.000E+00 6.445E 01

******** -QUESTION: 14 Does pipe 4"-GCB-ll fail? (4", sch 105, type 304 SS)

- Q-TYPE / TIMES. ASKED: INDEP CALC. PROB. 10000
. BRANCHES: G > l-F GCBil-Nof

1 2
*

.REAllZED SPLIT: 3.633E-0116.367E-01

******** QUESTION:- 15 'How large is the leak at GCB-ll?

- Q-TYPE / TIMES' ASKED: DEP. INPUT. PROB. 10000
BRANCHES:' GCBil-Lg GCBil-Nol

1 2

REALIZED SPLIT: 3.633E-01 6.367E-01-

SUMMARY BY CASE
-

CASE NUMBER / SPLIT: 1 3.633E-01 >

1

-DEPENDENCIES:- -14

REQ. BRANCHESt 1
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DESCRIPT10N: GCBil f

CASE / BRANCH SPLIT: 3.633E-01 0.000E400

CASE NUMBER / SPLIT:' 2 6.367E-01
DESCRIPTION: Otherwise

, CASE / BRANCH SPLIT:- 0.000E400 6.367E 01

,

%

-

-

2

_ _

O r

V

k
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LISTING 20

PSTEVNT Key Word file for HP2A 2

The following is a listing of the PSTEVNT key word for the HP2A-2 model. This
file is used to control PSTEVN1 execution during the rebinning process used to
obtain aggregate system failure t.. ode probabilities.

$- Calculation Control Keywords (for itsical constants) --- - ------- --- --

$

$ COLLApS xxxxx $ Reduce rebinned results with weighing
$ fa, tor

$

REBIN $ Causes rebinning of accident progression
$ bins
$

RUN $ Causes PSTEVNT to proceed with data
$ calculations
$

N050RT $ Do not produce sort tables
$
5 - Calculation Control Keywords (for assigned values) ---- ---- ------- --- -

3

$

$-- Input File Specification Keywords ------- -- ------ -- ------- ---- ----- --
$-

ASCTRlH $ AScil output from EVNTRI.
$

'BINIH pst_ bin.dat $ filename for rebinning input '

$
EVNTBIN mc_ post.ast $ Filename for EVNTRE output file

$

$ SORTIN sortin 5 filename for sort specification data
$

$-- Report Request Keywords ---- --- ---- --- - --- -- ----- ----------- --

3

ASCSAV $ Rebinning result is ASCil
$

RPTMLST $ Write EVNTRE master bin list to message file
$

RPTRBIN $ Write rebinned bins to message file ,

$
5-- Output File Specification Keywords - --- ------------ --- ---- ------ --- -

-$

BIN 0VT rebin.out $ Rebinning result data
.

$

$ INPOUT inpeut 5 Annotated echo of input
$

KEEPOUT keep.out $ Master list of unique kept bins
$
$ SBIN0VT sbinout 5 Robinning result data (for additional
$ post-processing)

~ $

$ SOR10VT sortout $ Result of requested sorts
$

H-S4
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$ TABOUT tabout
$ $ Rebinning result descriptive table (s) :

$ Ind':ates the end-of keyword input. '
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LISTING 21
'

7
PSTEVNT Rebinning Data file for HP2A-2

-

cThe following is t' listing of the PSTEVNT rebinning data file for the HP2A-2- -

model.

-ISLOCA Component Failure Robinning -- HP2A-2N

1 FSize
4 4 -NoLeak Spray Small Large
1 1 1

.1 -

Noteak
1 2 1

2
Spray-

1 3 1

3
Small .

*

1 4 1

4 |
''

Large

1 .

.

w
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LISTING 22.s
a:.

:PSTEVNT!0utput-Data File for HP2A-2

The' following is-a listing of: the- PSTEVNT ' output deta file for the HP2A-2 model.
This file contains<the system failure mode probabilities for the HP2A 2 model.

HP2A-2 BASE CASE . .

AGGREGATED-REBINNING RESULTS'FOR: Component failure Rebinning -- HP2A-2

FREQUENCY:
BIN TOTAL ID FSize
9.2290E-01 9.2290E-01 D Large .

4.1000E-02 9.6390E-01 C Small
2.4300E-02 9,8820E-01 B Spray
1.1800E-02 1,0000E+00 A Noleak

A TOTAL OF- 4 OUT OF 4 BINS WERE REQUIRED TO CAPTURE 100.00% OF THE TOTAL
FREQUENCY

|-
!
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LISTING 23

PSTEVNT Output Data file for-HP2A-2 (Sensitivity)

The following is a listing of the PSTEVNT output data file for the HP2A-2 model.
This file contains the system failure. mode probabilities for the HP2A-2 model.
These results differ from those in Listing 22 in that a log standard deviation of
0.10 was used for the piping pressure capacity (instead of 0.36).

SENSITIVITY WITH PIPE FAILURE LOG SIGMA .1
AGGREGATED REBINNING RESULTS FOR: Component failure Rebinning -- HP2A-2

FREQUENCY:
. BIN TOTAL ID FSize
9.8640E-01 9.8640E-01 D Large
8.5000E 03 9.9490E-01 C Small
2.9000E-03 9.9780E-01 B Spray
2.2000E 03 1.0000E+00 A NoLeak

A TOTAL OF 4 0UT OF 4 BINS WERE REQUIRED TO CAPTURE 100.00% OF THE TOTAL
FREQUENCY

i

..

i

|
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LISTING 24

Program used to Generate Distributions for DHR Letdown

:The following is a listing of the fortran 77 program. used-to generate the Monte-
Carlo sample data' required by the EVNTRE program for evaluation of the DHR
Letdown model.

*** PROGRAM DHRL ***************************************************************
*-

-* PURPOSE: >

*

* This-program calculates the normal distributions required for the
* Monte Carlo evaluation of the ISLOCA DHR letdown scenario. Thirty

-distributions are required. The first two distributions correspond to-*

pressure at different locations in the system. The required output*

for the first two parameters is actually the natural log of the*

* syste3 pressure. The remaining distributions are log normal.. .and
_are ut cribed by a log mean and logarithmic std. dev. The out~put is*

written in the format required by the EVNTRE program.*

* INPUT:
! *

The input-is read from two different data files. One provided by*

input redirection (containing problem _ control info.), and the other -*

with the required filename ' UNIFORM'. The last file must contain*

the uniformly distributed reactor system pressures. The first contains*

the component failure data.*

* OUTPUl:
*

The. output is the required normal distributions, and is written to file*

* 'HCARLO.DAT'. The data is in the format required by the EVNTRL code for

* .
use as sample data.*

* FILES:

bnkt bescriptkon
*-

.... ......................................

_5 User input from censole*

* 6 Program. output to console-
* 10 Uniform distribution data

!

|;- :11 Output for use as an EVNTRE sample file*
< * ..............................................

*

* WRITTEN BY: -

*

-John Schroeder 1/11/90*

-PROGRAM DHRL,

L
IMPLICIT NONE
INTEGER-1, IER, IPOINT, ISEED, ISORT, J, N, NOIS
REAL. MEAN(30), STDEV(30), UX, XX(30,10000), X(10000)

f
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- - - -

Read data file*

CALL READIN(ISEED, ISORT, N, NDIS, MEAN, STDEV)

The first two distributions require special treatment. The are not*

independent, and not based on a normal distribution. Instead, a*

a uniform distribution is used to describe the behavior of reactor*

pressure over the range 300 to 2200 psi. Then the first two*

distributions are derived from the reactor pressure using a curve*

fit to RELAP generated pressures as a function of reactor pressure.*

Read in the uniform distribution, calculate the new pressures*

OPEN(10, FILE =' UNIFORM', STATUS ='0LD')
D0 1 1 = 1, N

READ (10, *) UX
XX(1,1) ALOG(.9584 * UX - 10.22)
XX(2,1) - ALOG(.5715 * UX 4 103.6)

1 CONTINUE

CLOSE(10) .

Generate the remaining normal distributions*

00 10, 1 - 3, NDIS
CALL GENN0R(MEAN(1),STDEV(1),X,N,lSORT,lSEED,lER,lPOINT)
DO 5, J = 1, N

XX(1,J) - X(J)
5 CONTINUE
10 CONTINUE

Write out distributions*

OPEN(ll, FILE ='MCARLO.DAT', STATUS ' UNKNOWN')
D0 20 1 = 1, N

WRITE (ll, ES) 1, NDIS, (XX(J,1), J = 1, NDIS)
20 CONTINUE
25 FORMAT (2110, 5G12.5,/(20X,5G12.5))

CLOSE(ll)

STOP'
END

*** READIN *********************************************************************
*

* PURPOSE:
*

This subroutine reads in the program control data, and the values*

used to calculate the requested normal distributions.*

ARGUMENTS:*

*

* ........................................................................

Vari able Description*

* ........ .................................... ................... ...

* ISEED Random seed [1]

H-60
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.

*'
*' ISORT ' Sort flag --~0 => no sort, 1 => sorted [1]-
* N Number of values requested in each distribution [1]
* NDIS - Number- of distributions -requested [1]
*L MEAN . Array of mean values for each requested normal distr. [1]
:*

STDEV_ Array of: standard deviations for each distr. [1]
* .....,..................................................................

* Notes: .

* 1. Value(s) returned to calling program unit

* FILES:'
*

.-input on unit 5 (console -- use redirection to feed in data file)*

* WRITTEN BY:
*

- * , John Schroeder 1/19/90
.*

SUBROUTINE READIN(ISEED,'ISORT, N, NDIS, MEAN, STDEV)u

lMPLICIT NONE
-CHARACTER *80 LINE
INTEGER I, IDIS, ISEED,-ISORT, N, NDIS
REAL1MEAN(*),STDEV(*)

Read a comment line (discarded), then program control info*

READ (5, '(A)') LINE
READ (5, *) ISORT, N, NDIS, ISEED

Read a ccalent line (also discarded), then means and standard*

* deviations

READ (5, '(/A)') LINE
D0 10 I - 1, NDIS

READ (5, *) IDIS,MEAN(IDIS),STDEV(IDIS)
10 . CONTINUE-

RETURNi

|- END.

*** GENN0R *********************************************************************

I SUBROUTINE GENN0R(AMEAN,STDEV,X,N,ISORT,lSEED,lER,IP0 INT)
L -.C ,

| - Cc ~ GENERATES !AND0M SAMPLE 0F N NUMBERS FR0fi NORMAL POPULATION.
!- C INPUTS-
|

TC~ AMEAN = MEAN OF. POPULATION-
C 'STDEV = STANDARD DEVIATION (= SQRT OF VARIANCE) 0F POPULATION

-C. N s NUMBER OF VALUES WANTED
'C ISORT - O IF VALUES ARE T0 BE IN 0RDER GENERATED--

Cx =-lEIF VALUES ARE'TO-BE SORTED INTO INCREASING ORDER
C- 'ISEED = INITIAL SEED, AN INTEGER IN RAN'i 0F INTEGERS ON

-C' THE MACHINE USED. SEE COMMENTS IN FUNCTION URAND,

. HERE 1HIS RANGE IS DEFINED BY PROGRAMMER AND CHECKEDWC.
'C BY PROGRAM.
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C: OUTPUT'
; C' X REAl= ARRAY, DIMENSIONED TO SIZE AT LEAST N IN CALLING

'

C
- PROGRAM. THE RAND 0M SAMPLE IS RETURNED AS X.

.C. lER = 0 IF NO: ERRORS RECOGNIZED.
L C - 1:1F-FI'0BLEM IN THE TAILS OF THE NORMAL DISTRIBUTICN..

"

C - 2 IF URAND GOT ANSWER OUTSIDE Of (0., 1.]
C. IPOINT THE ELEMENT OF X THAT CAUSED ERROR FLAG TO TURN ON.
C- SUBROUTINE RETURNS AS S00N AS IER > 0.

C. WRITTEN BY C. ATWOOD, DEC.1989, BASED ON EARLIER PROGRAMS
C

IMPLICIT REAL(A-H,0-2), INTEGER (I N)
DOUBLE PRECISION URAND -

DIMENSION X(N).
' logical debug
dat3 debug '/. false./

,

C-

C GENERATE THE UNIFORM SAMPLE
C

00 40 1-1,N-
-X(1) - URAND(ISEED,lDUMMY)
if(debug) write (6,'('' uniform x(i) '',f9.6)' ) x(i)

40 CONTINUE
.C'

. . SORT VALUES.INTO ASCENDING ORDER
IF(ISORT.NE.0)'THEN

CALL SORT (N,X)'
if(debug)

+ write (6,'('' sorted uniform x o'',f9.6)' ) (x(i),i-1,n)
ENDIF

r CONVERT UNIFORM TO NORMAL (0,1)<
,

C THtN CORRECT FOR MEAN AND ST.-DEV.
D0 100 1-1,N

P - X(1) .

.
,

-if(debug) write ('s,'('' p- '',gl4.6)' ) p- l
Z = ANORIN(P,lER)-
IF(IER.GT.0) THEN

if(debug) write (6,60) ier, i, p, 2-
.60 format ('- ier, i, x, z o',214,2914.6)

IPOINT = I
RETURN

ENDIF
X(I) - AMEAN + STDEV*2.

if(debug); write (6,'('' normal x(i) '',f9.6)' ) x(i)
-100 CONTINUE

END

'

*** hNORDF.**********'********************************"*************************

FUNCTION AN0RDF(X)

c Calculates- stancard ' normal cumulative distribution function

.IMPLlL11 REAL(A-H,0-2), INTEGER (I-N)
DATAi1T21NV/.7071067812/
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U =' ABS (X) * RT21NV'
L IF(X.GT.0)'THEN ,

ANS = 1 - ERFC(U)/2-
ELSE

ANS --ERFC(U)/2-
ENDIF'

'.

,c debug-print'
c write (6, '( ' ' normal cdf(' ' ,gl4.6, ' ' ) =' ' ,914.6)'1 ) x, ans ,

ANORDF - ANS
-RETURN
END

.

L***'AN0RIN *********************************************************************
.

FUNCTION ANORIN(P,IER);
4

e Evaluates inverse normal cdf PHI-inverse (p)
-c_ -For p.in tail, starts.with Wichura approximation,*then refines
e it N times using eq.c(5.9:2)_of Thisted (1988) Elements of ;

c _ Stctistical-Computing,_ Chapman and. Hall.'

=c For p in~ center,-uses Beasley-Springer. algorithm- ,t

'
IMPLICIT-REAL(A H,0-Z),--INTEGER (I-N)

c - : Phi (XMAX) is about as-close to 1 as we:can.get in single precision
-c 1- Phi (XHAX) = 2.9E-7

-DATA;XMAX/5./
DATA:N/1/_

c: -On return, IER - I signals input error, IER-=L2 is serious error
.,

IER = 0-

IF(P.GE.1. 0R.'P.LE.0.) THEN
IER - l'

, IF(P.GT.I. 0R P.LT.0) THEN
P IER - 2-

WRITE (6,10)1p-
.10 .- FORMAT ('Jinput-error to ANORIN(',E14.6,',IER)' )

ENDIF
IF(P,LE.0) AN0RIN1= -XMAX
IF(P-.GE.1)+ANORIN.= XMAX
RETURN-

ELSE IF(P.LT. 1 .0R.~ P.Gl. 9) THEN-
Z = WICHUR(P)

'

00;50 1 1,N
.CDF_= ANORDF(Z) ,

ARG A 2*P - CDF
Z - WICHUR(ARG)

.50' . CONTINUE:
AN0RIN = Z-

ELSE.
ANORIN - PPND(P,IFAULT)
IF(IFAULT.NE.0).THEN-

*

1 WRITE (6,100) P-
-100 FORMAT (' Error fault in ANORIN(',E14.6,',IER)' )

IER -2

ENDIFn
ENDIF'
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RETURN
END

*** BINARY _**************O******************************************************-

L

T - SUBROUTINE BINARY (IY,K0EF.INTSIZ)-

LC FINDS COEFFICIENTS OF BINARY EXPANSION 0F IV4

C-:

C -IY - SUM 0F ( K0EF(I)_* 2**(I-1) )
C

C WHERE SUMMATION IS FOR I FROM 1 TO INTSIZ
C- Y MUST BE".GE. 0'AND .LT. 2**INTSIZ

IMPLICIT INTEGER (I-N) ||
DIMENSION K0EF(INTSIZ)

N -ilY -
'

00-50 1-1,lniaIZ

N2 - N/2
K0EF(I) - N - (2*N2)
N - N2 -

50' CONTINUE

IF(N.EQ.0) RETURN
C. -ERROR

-WRITE (6,'100) IY,-INTSIZ,.(K0EF(I),I-1,INTS!Z)
100-FORMAT ('iERROR IN SUBROUTINE BINARY'/

.+ ' IY y',120/' INTSIZ =',15/' K0EF '/(20I3) )
''

STOP.

END

*** ERFC-***********************************************************************
-

FUNCTION ERFC(X)

c Evaluates: the- complementary error function at X.
c: 'Uses an algorithm of _ Press et al.,1986, Numerical Recipes:-

' c .The Art of Scientific Computing, Cambridge Univ. Press.
, , c- Las presented in Section 5.10.1.1 of._Thisted, 1988, Elements

of Statistical ; Computing, Chapman 'and Hall .!ci

c. Calculation:has relatio arror < 1.2E-7 for X > 0.

IMPLICIT,REAl(A-H,0-Z),-INTEGER (I-N)
DIMENSION A(10)_
DATA A/-l.26551223, 1.000023G8, 0.37409196, 0.09678413,

.+ -0.18628806, 10.27886807, -l!.13520398, 1.48851587,
+ -0.82215223, .0.17087277/

ARG 1 /L(1'+ X/2)-
PSUM --A(1)
. TERM == l-
00:20 1-2,10

: TERM --TERM'*'ARG
'

LPSUM - PSUM + TERM *A(I)
20- CONTINUE-
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EARG = -(X**2) + PSUM
ERFC - ARG * EXP(EARG)
RETURN
END

*** PPND ************************************************************ **** *****

FUNCTION PPND(P,lFAULT)

c Algorithm AS 111 Applied Statistics, 1977, Vol. 26, No. 1.
c by J. D. Beasley and S. G. Springer
c Used for inverse of normal cdf, in middle portion of distr.

IMPLICIT REAl(A-H,0-Z), INTEGEli(1-N)
DATA ZER0/0./, HALF /0.5/, ONE/1./ -

DATA SPLIT /0.42/
DATA A0 / 2.50662 82388 4/
DATA Al /-18.61500 06252 9/
DATA A2 / 41.39119 77353 4/
DATA A3 /-25.44106 04963 7/ -

DATA B1 / -8.47351 09309 0/
DATA B2 / 23.08336 74374 2/
DATA B3 /-21.06224 10182 6/
DATA B4 / 3.13082 90933 3/ P

C HASH SUM AB 143.70383 55807 6
DATA C0 / -2.78718 93113 8/
DATA Cl / -2.29796 47913 4/
DATA C2 / 4.85014 12713 5/
DATA C3 / 2.32121 27685 8/
DATA D1 / 3.54388 92476 2/
DATA D2 / 1.63706 78189 7/

C HASH SUM CD 17.43746 52092 4

IFAULT = 0 -

Q = P - HALF
IF(ABS (Q) .LE. SPLIT) THEN

R - Q*Q
PPND = Q * (((A3 * R + A2) * R + A1) * R + AU) /

+ ((((84 * R + B3) * R + B2) * R + B1) * R + ONE)
ELSE

R=P
IF(Q .GT. ZERO) R = ONE - F
IF(R .LE. ZERO) GO TO 800
R - SQRT(-LOG (R)) "

PPND = (((C3 * R + C2) * R + Cl) * R + C0) /
+ ((D2 * R + D1) * R + ONE).

IF(Q .LT. ZERO) PPND = -PPND
ENDIF

c debug prints
c write (6,100) p,q,r,ppnd
c 100 format (' in ppnd, p, q, r, ppnd =',4g14.6)

RETURN

800 CONTINUE
IFAULT = 1
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PPND - ZERO
- RETURN
'END'

o** SORT ***********************************************************************

SUBROVIINE= SORT (N,RA)

c Implementation ~ of the heapsort algorithm given in
c- Press et al., Numerical Recipes, Cambridge Univ. Press,1986
c- On input, RA is unsorted. On output, RA is in ascending order.

IMPLICIT REAL(A-H,0-Z), INTEGER (I-N)
DIMENSION RA(N)'

IF (N.LE.0) RETURN
L-N/2+1
IR N

10 CONTINUE

IF(L.GT.1)THEN
L L-1

'

RRA RA(L)
ELSE

RRA RA(IR)
RA(IR) RA(1)
IR-IR-1
IF(IR.EQ.1)THEN

RA(1)-RRA-
RETURN

LNDIF-
ENDIF

'

:!-L:
.J L+Lt

20 IF(J.LE.IR)THEN<

-IF(J.LT.IR)THEN
:lF(RA(J).LT.RA(J+1))JJ+1

; ENDIF-.4

,

IF(RRA.LT.RA(J))THEN
RA(I)=RA(J)
1-Ju

~

=J-J+J-
ELSE:

J-IR+1
ENDIF~

~

:GO TO 20
ENDIF-

'RA(1)-RRA
GO TO 10
END

^

o**-URAND ******************=***************************************************
|:
L ' DOUBLE PRECISION FUNCTION URAND(IY,M2 RET)

C UNIFORM RAND 0M NUMBER GENERATOR, TAKEN FROM FORSYTHE, MALCOLM AND
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C- MOLER (1977)_' COMPUTER METHODS FOR MATHEMATICAL COMPUTATIONS',4

C PRENTICE HALL. IT IS BASED ON SUGGESTIONS BY VNUTH (1969).
C !M2 RET-M2 IS RETURNED ON FIRST CALL, FOR USE IN ADVISING--
C USER AS TO ALLOWABLE SEEDS. IF THIS FIRST CALL IS ONLY
C LTO FIND M2, USE ANY lY, FOR ;YAMPLE 0.,

C lY SHOULD BE INITIALIZED -T0 AN ARBITRARY -INTEGER PRIOR TO THE
C- FIRST CALL THATESERIOUSLY WANTS A RANDOM NUMBER, AND-lY

.0 SHOULO NOT-BE ALTERED BETWEEN SUBSEQUENT CALLS.
C_ VALUES OF1URAND_WILL-BE RETURNED IN THE INTERVAL-(0,1).

IMPLICIT-INTEGER (I-N)-' -

IMPLICIT DOUBLE PRECISION (A-H,0-Z)
C ON IBM PC, MAX INTEGER IS 2**15 - 1, WITH 4-BYTE INTEGERS,

- C SMALLER WITH 2-BYTE INTEGERS.
PARAMETER (INTMAX-31)-
DIMENSION K0EFA(INTMAX), K0EFY(INTMAX)~
DATA M2/0/, ITWD/2/'
IF(M2..NE. 0)-GO TO 20-

C- FIRST ENTRY
~ C ' COMPUTE MACHINE WORD LENGTH
- C INTSIZ - NUMBER OF BITS IN HOST MACHINE INTEGER' WORD
C- E.G. 31 IF INTEGER *4,15 IF~ INTEGER *2-

- C LARGEST POSSIBLE INTEGER IS (H2 - 1) + M2li = 1
INTSIZ -'O-

10 M2 - M
INTSIZ - INTSIZ +s)
H ='ITWO * M2
IF(M .GT~ H2) GO T0 10.

HALFM = M2
H2 RET - 112

IF(INTSIZ.GT.INTMAX)THEN
C ERROR IN DIMENSION-

II - INTHAX=
WRITE (6;15)~II,INTSIZ'

115 FORMAT (' DIMENSIONS T00 SFALL:IN FUNCTION URAND'/- -

_- + - ' CHANGE-THE STATEMENT'/
-

_

'+- PARAMETER (INTMAX ',12,')'/
' TO THE STATEMENT'/-+ -

' _ PARAMETER (INTMAX ',12,')'/+4

+ ' AND RECOMPILE'THE PROGRAM').
STOP

-

ENDIF-

CL COMPUTE MULTIPLIER AND INCREMENT
C' FOR LINEAR CONGRUENTIAL METHOD> :

.IA - 8 *tlNT( HALFH * DATAN(1.00) / B.00 ) + 5-

IC_= 2 * lNT( HALFM * (0.500 - DSQRT(3.00)/6.00-) ) + 1
MIC (M2 - IC) + H2

C- FOR BRUTE FORCE MODULAR ARITHMETIC, FIND BINARY COEFFS FOR IA
-CALL BINARY (IA,K0EFA,1NTSIZ)
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.

CL S IS THE SCALE FACTOR FOR~ CONVERTING TO FLOATING POINT
S - 0.5 / HALFM

C
'

COMPilTE THE NEXT1 RANDOM NUMBER
L 20 ~ CONTINUE-

,

. C -- FIND:IYL-11Y*IA (MOD 2**lNTSiz)
C- IF MACHINE TREATS ORDINARY <lNTEGER HULTIPLICATION OVERFLOW

'C' |BY;TAKING REMAINDER:(MOD 2**INTSIZ), REPLACE NEXT GROUP 0F
V 'C? STATEMENTS BY'IV - IY * IA.>

-

CALL BINARY (lY,K0EFY,1NTSIZ)
'

'IANS:= 0'
IMULT - 1
00 60 lal.INTSIZ

IF(I.GT.1) IMULT - IMULT * 2
.IF(K0EFA(I).EQ.0) G0.T0 60
JMULT, IMULT ;

00 40 J 1,1NTSIZ+1-I

IF(J.GT.1) JMULT - JMULT *-2
IF(K0EFY(J).EQ.0) C0 TO 40-
INEW - IANS <-JMULT
IF(INEW.LT.lANS) INEW - ((IANS-M2)-M2)4dtlVLT
IANS - INEW

40 CONTINUE
'60 - ' CONTINUE

IY -.lANS-

LC THE-NEXT STATFMENT IS FOR COPPUTERS 1 HAT 00 KOT ALLOW
C- INTEGER-0VERF 0W ON ADDITIONt

-IF(lY .GT. MIC).IY -|(IV M2) - M2
lY = lY'+ IC'

i

C- -THE NEXT STATEMENT IS FOR COMPUTERS WHERE THE WORD LENGTH
C- ~FOR ADDITION IS.9REATER ThAN FOR MULTIPLICATION

IF(IY/2 CGT- M2) IY;--(LYE- M2) - M2.

C THE NEXT STATEMENT ~IS OR COMPUTERS Wi!ERE INTEGER OVERFLOW
-C- AFFECTS:THE SIGN BIT ~

IF(IY .LT.LO.) IY " (IY:+ M2) + H2

-URAND'=iS * IY
RETURN

;END

***:WICHbR *********************************************************************

FUNCTION WICHUR(P)

c ApproximatesiPHI-inverse (p), the normal value corresponding to a
.c' tail: probability 1 - p. If p > .9, it has at least 2-digit
c . accuracy. Presented as Algorithm 5.10.l_(due to Wichura)

- Jc - by Thisted= (1988), Elements of Statistical Computing,
c- ~ Chapman and Hall .

IMPLICIT REAL(A-H,0-Z), INTEGER (I-N)
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..
DATA; P12/6.2831SS308/

",

- :ISICN =ilf '

W ' TAILP =L1 - P- . .

'IF(TAILP.GT.,5) THEN
~ - TAILA =~P

ilslGN =4-1-
.EN0if. ..

.V = -2 * LOG (TAILP)
X_= LOG (PI2*V)'

1T1 = ( ( (-14 ;& 6*X - X**2) / (2*V) + (2-X)) / V + X) / V
~ ANS '= : SQRT (V* (1 -T)),-

"
.c. -debug print-

.

,

ic write (6,'('' tait prob ='',914.6)'- ) tailp
c' write (6,'('' v,x,t ='',3915.6)' ) v, x, t

'

-

> c; ' write (6;'('' normal quantile ='',gl4.6)' ) ans
-WICHUR - IslGN * ANS-

? ' RETURN
END

1

'

t-

t

. i

-

.

(
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~

ISORT, N,
.

NDIS, ISEED"
0,1 10000, 30, 1234567

101S. MEAN, STDEVL
~ 1, - '1.0, 1;0

2, 1.0,- l.01 -
'

3, -7.415,- 0.360-
4, .7.441, 0.P00
5, 7.305, .0;360-

7.731,' O.200
7,- 6.737, 0:360~

-8, 6.994, 0.360
9.- - 7.276,- 0.200'

= 10, - 17.415,= 0.360
-11, 7.719, 0.120 l- c

12, ~7.719,~:0.120 )
1-13, 7.719, 0.120 l

14, L7.719, -0,200
-- 15,- 7-. 593 ~ . ~ 0.360 :,

16, :7.818, -0.120
- 17,' 7.609, :0.200
-18, ~7.682, 0.200
19, '6.068, 0.120

-20, 6.937,. 0.230
21, '7.396,. 0.270
22, ~7.616,- 0.230
23 7.818, '0.120-

12 4 ,- 7.818,, 0.120
2 5,- 7.368,-~0.360

. 26, - 7.593,.:0.360-
27, .7.825, 0.360
28,- 7.124, 0.200
29, -7.638, 0.360
30,- 7.818, O'.120'

_

h

9
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LISTING 25

EVNTRE Key Word File for DHR Letdown

The following is- a listing of the EVNTRE key word file for the DHRL model. The
EVNTRE key word file controls the mode of: execution, input and output cptions,

-

and. cutoff, values used by the program during event tree evaluation.

$ - - C al c ul a t i on C on t rol Keywo rd s - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
~

-

~$-
MODE 3 $ Specifies the calculational mode for EVNTRE.

$ 1 = point estimate
$ 3 - sampling mode (one vector each eval)
$

$
N0 BIN $ Turns the binning facility on/off.

S

$

RUN- $ Indicates that the tree is to be evaluated
S af ter the input data has been processed.
$

$ KEEPCUT 1.0E-6- $ S,necifies the-path frequency below which a
_$ path is terminated.

$.-

S - - I n p u t F i l e S p e c i f i c a t i on Keywo rd s - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
=$ f

TREEIN tree.dat $ Specifies the input file name for the
$ tree definition input file,
$'
$ BININ bin.dat $ Specifies the input file name for the

.
$ binning and sorting information input file.

| -$

L SAMDIN mc_pntr.dat $ Specifies the input file name for the
$ sample definition information input file.

~$-
~SAMlIN mcarlo,dat $ Specities the input file name for the

$- first set of sample input vectors.
5'
%- LSAM21N hcube.dat- -5 Specifies the input file name for the-
$ second set of sample-input vectors,
$

$-- Report Request Keywords ----------------------------------------------------
l$-
"$' PRTINP $ Turns on the annotated echo of input.
-$

STATS $ Indicates that a branch ar.d case frequency
-$ -table report will be generated.
-$

PRUNE $ Causes unused cases to-be dropped from the
$ branch and case frequency table.

.5
NWRTBIN- $ indicates that a binning result report will

$ be generated when the paths through the
$' . tree are binned.
$-
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'I

$ PRTCUT 1,0E-6 $ Specifies the minimum bin frequency required
$ to report a bin.
S

$ SAVEBIN $ Indicates that a binning results file will
-$ be generated for post-processing,
$

$-- Output File Specification Keywords ----------- ----------------------------

$

$ INPOUT echo out $ Specifies the output file name for the
$ annotated echo of input.
$

$ BIN 001 bin.out $ Specifies the output file name for the
$ binning result report,
5

STATOUT mc_freq.out $ Specifies the output file name for the
$ branch and case frequency table.
$

SAMR30T mc_ post.out 5 Specifies the output file name for the
$ post-processing file.
$

ENDKEY $ Indicates the end of keyword input.

|
|
'
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LISTING 26

EVNTRE Tree Definition File for DHR Letdown

-The following is a listing of_ tLe EVNTRE. event tree definition file for the DHRL
model.- This-file provides the event tree structure-and default probability and

-

parameter values-for the DHRL model.

ISLOCA System Pupture Model -- DHR Letdown
57

- NQ-
1 1.000

'MC-Eval'
1 What-is the. pressure in the Interfacing System?

1 DH4849-P
3 1

1.000
30 $ Pt estimate pressu.e data.follows:

1 1.000 $ IPs' for DH-4849-
2 1.000 $ 1Ps' for DH 2734
3- 7.415 $ IFf' for 12"-GCB-7
4 7.441 5 1Pf' for DH-1517

-5 7.305 5 1Pf' for 18"-GCB-8
6 7.731- $- IPf' for DH-2733
7 6.737 5 1Pf' for 18"-HCB-1
8 6.994 5 1Pf' for 14"-HCB-1
9 7.276 $ 1Pf' for DH-81

10 7.415 $ IPf' for 12"-GCB-8
11 7.719 $ IPf' for 12GCG8a
12 7.719 $- IPf' for 12GCB8b
13 7.719 $ 1Pf' for 12GCBSc
14 7.719- $ IPf'-for P42-1
15 7.593 $ 1Pf' for 10"-GCB-1-
16 7.818- $ 1Pf' for 10GCBla
17 7.609 $ -lPf' for DH-43

-18 7.682' $ IPf' for DH-45 '

-19 6.068 $ 1Pf' for E271T-
20 6.937 $ 1Pf' for E271P
21 7.396 $ IPf' for E271C
22 7.616 $ 1Pf' for E271A.
23 7.818 $ IPf' for E271a
24 7.818 $ 1Pf' for E271b
25- 7.368 $ 1Pf' for 6"-GCB 10
26 7.593 $ 1Pf' for 10"-GCB-10

'27 7.825 $ IPf' for 8"-GCB-10
28 7.124 5 1Pf' for DH-128
29 ~7.638- $ 1Pf' for 4"-GCB-2

-- 30 7.818 $ 1Pf' for FE-DH2B
2 Does 12"-GCB-7 pipe fail?' (12", sch'20, type 304 SS)

2: 12GCB7-F 12GCB7-NF
5- 1 2

2 1 3

1Ps'' 1Pf'
FUN-CMP

EQUAL 0
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IF 1Ps' .GT. 1Pf' THEN 12GCB7-F
3 If 12"-GCB-7 pipe fails, what is the rupture size?

2 12GCB7-Lg-12GCB7-NL
2 1 2
2
1 2

1

12GCB7-F
1.000 0.000

Otherwise
0.000 1.000

4 Does DH-1517 fail 7 (12" M0GV, 300 psi rating)
2 DH1517-F DH1517-NF
5 1 2

2 2 4 --

IPs' 1Pf'
FUN-CMP >

EQUAL .
O

IF 1Ps' .GT. 1Pf' THEN DH1517-F
5 How large is the leak e DH-1517?

2 DH1517-Sm DH1537-NL
5 1 2

2 2 4

1Ps' 1Pf'
FUN-RPSZ
GETHRESH 1 1.000

Bin Ps'/Pf'
6 Does 18"-GCB-8 pipe fail? (18", sch 20, type 304 SS)

2 18GCB8-F 18GCBS-NF
5 1 2

2 2 5
1Ps' 1Pf'

FUN-CMP

EQUAL 0
-

IF 1Ps' .GT. IPf' THEN 18GCB8-F
7 If 18"-GCB-8 pipe fails, what- is the rupte.e size?

2 18GL88-Lg 18GCB8-NL
2 1 2

2

1 6
1 -

18GCB8-F
1.000 0.000

Otherwise
0.000 1.000

8 Does DH-2733 fail? (18" M0GV, 300 psi rating)
2 DH2733-F DH2733-NF
5 1 2
2 2 6

1Ps' 1Pf'
FUN-CMP

EQUAL 0
IF 1Ps' .GT. IPf' THEN DH2733-F.

9 If OH-2733 fails, what is the rupture size?
2 DH2733-Sm DH2733-NL
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* ^'

3
f

y- - 5: = 1L 2
'

-2-- 2; :6
._ 1Ps'1 1 Pf' '.

= FUN-RPSZ-
-GETHRESH 1 1.000 - ;

'

: Bin Ps'/Pf'-
^ 10 Does 18"-HCB-1-fail? (18" pipe, sch_105)

2 -18HCB1-E 18HCB1-NF-
5- 1: 2 i

e-
- 2 - 2 7-

1Ps'- IPf'
FUN-CMP

EQUAL- 0
IF 1Ps' GT. -lPf' . THEN ~18HCB1-F !

- -11 How large is the leak at 18"-HCB-l?
2 -18HCB1-Lg L 18HCB1-NL <

E 2 1 2
2.-

.I 10
.,1

-18HCB1-F
1.000' O.000-

Otherwise . :
'0.000- .000

'12 Does:14"-HCB-1 fail? (14" pipe,-sch. 105) i

2 -14HCB1-F 14HCB1-NF-
5 1 2
2 - 2 . :8:

~1Ps'' -lPf'

FUN-CMP

EQUAL .

.0
IF'lPs' .GT. lPf' THEN 14HCB1-F

:13_How:large is.the leak at 14"-HCB-l?-

2"14HCB1;Lg 14HCB1-NL
-2 1 '2

2

-1~ 12
1-

:14flCBI-F
' l~.000 ( 0.000-:

Otherwise
0.000-. 1,000

14 Does DH-81- fail? (14"_ SwCV, 150 psi rating)
' ' ,

'2.1 :DH81-FM DH81-NoF
5 1- 2
2 2 .9.

'lPs' 1Pf'
FUN-CMP-

EQUAL :0-.
_. . IF IPs' .GT.1Pf' THEN DH81-F -

15;How large is-the leak at DH-81?
|2 DH81?Sm DH81-Nol

-- 5' 1 2

_ 2_ 2. 9
=lPs' 1Pf'
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'. FUN-RPSZ '
GETHRESH 1- 1.000

Bin Ps'/Pf'
16-Does 12"-GCB-8 fail?='(12" pipe, sch. 20)

'2. 12GCB8-FL12GCB8 NF.-

-

"

5' 1 2'
'2 2 10:

IPs'- 1Pf'
~ FUN-CMP'

EQUAL 0
IF 1Ps' .GT IPf' THEN 12GCB8-F

(17 How large is the leak at'12"-GCB-87
2:12GCB8-Lg 12GCB8-NL
2 1 2

.

2
-: 1 -- 16-

'l
12GCB8-F

. 1.000 0.000
Otherwise-

0.000 . 1.000
:lf' Doe:=12GCB8a fail? (12" flange,: 300 psi- rating)

-2.'i2GCBa-F'12GCBa-NF
.

5- 'l -2
'

'

2' 2 -- 11-
1Ps' lPf'

-FUN-CMP:
EQUALS . - 0 ..

-IF 1Ps' .GT 1Pf'-THEN 12GCBa-F--

:19~ How 1arge. is theileak at 12GCB8a?
.

2.12GCBa-Lg 12GCBa-NL-
- '2 _1- -2- -

2'
1 18

-1

?.GCBa F-
-

1.000- 0.000-
Otherwise-

'0.000 -1. 000 -'
20 Does 12GCB8b fail? .:(12" flange, 300 psi)

2 12GCBb-F 12GCBb-NF
5: 1 2-

.! 2 2 -12
1Ps' .lPf'

FUN-CMP
.EdVAL- .0=

IF 1Ps' .GT.'1Pf' THEN 12GCBb-F-"
.

21 If 12GCB8b fails, what _is the rupture size?
2 12GCBb-Lg 12GCBb-NL
2- 1 2

2L
-1 20

1

L12GCBb-F-
1.000 0.000
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4

%

:10therwi se
- 0.000-. -1.000-

1 -22 Does 12GCB8c fail? (12" flange, 300 psi) ,

2 12GCBc-F 12GCBc-NF-
- 5 -- 1 2
2 2- 13

'lPs' - 1Pf'
FUN - CMP ---

EQUAL' 0
- . IF lPs' .GT.-IPf' THEN 12GCBc-F

'
23 If =12GCB8c fails,-what is= the rupture; size?

-2L12GCBc-Lg'12GCBc-NL-
2 'l 2
2 .i

c 1 22
1

12GCBc F
1.000 0.000

Otherwise
0.000 '1.000-

24-Does.P42-) fail? -(DHR pump 1-1)
2 P421-F P421 NoF
5 1- 2

21 2 14
'1Ps' 1Pf'

'

FUN-CMP

^. - --EQUAL- .~0
.

t

s , = IF: I Ps' .GT. - IPf'- THEN P421-F
25;If P42-1 fails, what-is the rupture size?:

2 P421-Sm P421 Not
5 -- l - 2c

12. -2: -14
IPs' lPf'-

; FUN-RPSZ

-GETHRESH 1- 1.000
Bin:Fs'/Pf'

.26 Paes 10"LGCB-1 fail? (10" pipe, sch.-20)-

2 10GCB1-F 10GCB1-NF-'-

-5'-- 1 2-
-2 ,2 :15~

1Ps'' IPf'-
-FUN-CMP .

,

' EQUAL - .D'
- . IF<lPs' .GT. 1Pf'.THEN 10GCBI-F
27 How largetis the leak at 10"-GCB+1? '

~2 10GCB1-Lg 10GCB1-NL
2 -1 2

2
;- 1:- 26

1

10GCBI'- F.
1.000 0.000

Otherwise.
0.000 1.000

28_Does.10GCBla fall? (10" flange, 300 psi rating)
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.

2 1G'CBla-F-IGCBla-NF
- -53 1 2

2: 2 16
,6

. IPs' 1Pf'
FUN-CMP-

EQUAL _ _
0

+ . ilF :1 Ps'n.GT.-- lPf' THEN IGCBla-F, .

|29 If~10GCBla' fails, what is the rupture size?
2'lGCBla-Lg.1GCBla-NL
2 -1- 2
2
1 28' -

1

1GCBla-F
1.0001 0;000:

Otherwise
0.000. 1.000

L 30.Does DH 43. fail? (10" SwCV, 300 psi-rating)
2- DH43;F- DH43-NoFJ

-5 -l. 2
r2 - 2- 17.

lPs'. 1Pf'--

FUN-CMP--

EQUAL . 0
- IF IPs'? .GT.1Pf' = THEN DH43-F

- 31-LIf- DH-43 fails,- what- is_.the rupture size? _ ~

--2- DH43-Sm DH43 Nol-
5 :1 2

.

2 2' 17
'*

. 1Ps' 1Pf'
FUN-RPSZ '

m GETHRESH-~ l- 1.000
Bin Ps'/s'f'-

132 Does-DH-45 iil? -(10" HWGV, 300 psi rating)
-2- DH4b-FDDH45-NoF
5- 1- 2:

-2 2 -18
C4 lPs' 1Pf'

FUN-CMP.

EQUAL 0..

IF iPs''.GT. 1Pf' THEN DH45-F-'
33 If DH-45 fails, what is.the rupture size?-

2 :DH45-Sm:^DH45-Nol
5 'l 2

"2 2 18
-1ps, 1 p f,.

FUN-RPSZ
GETHRESH 1 1.000

. _ - Bin: Ps'/Pf'-
. 34.Does.E271T~ fail? _ (DHR hx ture sheet _flg)

__

2? E271T-F.E271T-NoF
5' 1 2
2 _2-- -19-

:1Ps' - 1Pf'
FUN-CMP
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t

- .t

EQUALL 0
. . IF.IPs''.Gi. IPf'.THEN E271T-F- 4

-

--35 If E271T fails, what--is the rupture size?
3 ;E271T-Lg E271T-Sm E271T-Not-

:5 1s 2~ 3- -

-2: 2- 19-

.lPs'- IPf'
FUN-RPSZ- '

-GETHRE!H.
Bin Ps'/Pf'-

2 2.067 1.000

-36 Does.E271P fail?--(DHR hx plastic col)
2 E271P F E271P NoF<

5 1 2
.2 -2 20

1Ps' IPf'
-FUN-CMP<'

EQUAL _ _0-
-IF 1Ps' .GT IPf' THEN E271P-F

-37?If.E271P: fails, what is the rupture size? '

2 E271P-Lg.E271P-Not
'

- ,

2 <1 -2-
2; t

1 364

1-

E271P-F-
0.200 0.800

-Otherwise
0.000" 1.000-

38 Does E271C'. fail? (DHR hx cylinder rupture),

2- :E271C-F E271C-NoF-'

5 -- 1- 2-
:2- .2 ; 21'

IPs' 1Pf'o
. FUN-CMPi-

; EQUAL- 0
IF IPs' .GT. IPf';THEN E271C-F

39 If E271C : falls, what .is the rupture size?-
'2 E271C-Lg E271C-Nol
2J l' 2-
2
1- - 38

1
'

.E2710-F
1.000 0.000-

Otherwise- >

'0.000- 1.000
~,' 40 Does E271A fail? (DHR hx asym. head buckling)

.

12- .-E271A-F E271A-NoF-

51 1- 2

.2' -2 22
lPs' 1Pf'

FUN-CMP-'

EQUAL ~. 0
,.:IF lPs' ~GT. 1PT' THEN E271A-F

.

41 -If. E271A falls, what is -the- rupture size?
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'

.

4

2 E271A-Sm E271A-Nel
'2' 1 2-,

2
:1 40

1

'E271A F-

0.200. O 800
Otherwise

0.0001 1.000
. 42 Does E271a. fail? (10" outlet flange, 300 psi rating)

::t : 2- E271a-F:E271a-NoF
5 1 2

2. 2 23
:1Ps' 1Pf'

. FUN-CMP

: EQUAL- 0
IF 1Ps' .GT. 1Pf''THEN E271a-F

43.If E271a fails, what is the rupture size?
2 E271a-Lg E271a-NoL-

.

2. 1- -21 ;

-2
1- 42

.1 -

E271a-F
1.000: 0.000 >

Otherwise
0.000 1.0004

~44 Does E271b': fail? (10" inlet flange, 300 psi rating)
2 E271b-F E271b-NoF

:5 1 2
-2 ^ -2 24

. 1Ps' 1Pf'
-FUN-CMP

EQUAL- --- _0 ._

. IF.lPs' .GT. 1Pf' THEN E271b-F-
L 45 If E271b-fails, what,is the rupture size?

..

+

2 E271b-LgLE271b-Nol 'i

j .. .2- 1 12

2'

.1 44' .

1,

|- E271b-F;-
1.000 0.000

'

'Otherwise-
.0.0001 1.000

" - 46 Does 6".-GCB-10 fail? (6" pipe, sch.-105) '

: 2: 6GCB10-F 6GCB10-NF
*

5- l' 2-'

-2. 2 25-
1Ps' 1Pf'

FUN-CHP

EQUAL 0
_

_

IF-IPs' .GT. IPf' THEN 6GCB10-F
47 If 6"-GCB-10 fails, what is the rupture' size?

2 6GCB10-Lg 6GCB10-NL
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f

.j;

-

42 Il 2-
.2=
1c

-

: 4 6;--
'

1

-6GCB10-Fi
1.000-- 0.000 '

Otherwise
_ .

.0.000- --1.000:

248 Does-10"-GCB-10 fail?-- (10" pipe, sch. 20)-
1 IGCB10-F 1GCB10-NF

~

75- -1. 2.

'

2- -2 . 26

C LFUN-CMP _ . _
1Pf'IPs'

'

'

EQUAL - . 0
IF 1Ps'' GT. 1Pf'.THEN 1GCB10-f

- 49 -_If 10"-GCB-10- fails, what- is __ the rupture size?
-

-2 IGCB10.-Lg lGCB10-NL-

-2- 1 2
-2:
-- l - -4 8 --

-11 -
-IGCB10-F '

) 000 0.000o
J0therwise

-0.0004. 1.000
50 Does 8"aGCB 10 fail? (8"-. pipe,sch,20)

. . . . 2 18GCB10-F.8GCB10-NF
1 |51 :1 2-

2 2- :27t

1Ps'' --l Pf'-
- -FUN-CMP
'

.

2
EQUAL' _ . _0

'

ilF IPs' .GT.clPf' THEN 8GCB10 F:--

* 5141f 8"-GCB-10_ fails! what' is the rupture Jsize?
2 8GCB10-Lg_8GCB10-NL- .

2 x 1: 2:u

~2- -

il t. -_50
~1

:8GCB10-F
.l.000- 0.000'

'Otherwise-
.

"'.52 Does DH-128'. fail?
" L0.000 . -1.000

-
- (8". SwCV 300-psi rating)

2.- DH128-F DHi?8-NoF
5 l~ '2.

2 2 |- .28:
1Ps f ~ 1Pf!

1 FUN-CMP:

EQUAL-. . -0
I F I Ps ': =GT. lPf' THEN DH128-F

53;1f- DH-128 fails, wh'at is the rupture size?
2 -DH128-Sm DH128-Nol
5 1 2:

.

~H-81 ,
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$ -

'l'k i;

a

-2 |- 2 - 28-
l

:-l Ps ' -lPf'-
FUN-RPSZ .

.GETHRESH . I ..1.000-
- Bin Ps'/Pf'"_

54 Does 4"-GCB 2 fall?. (4" pipe, sch. 10S).
~

2= :4GCB2-F 4GCB2-NoF--

5- 12 -2
'2- - ~2 29

iPs' 1Pf'
FUN-CMP

EQUAL 0.

'IF 1Ps' :.GT. IPf' THEN 4GCB2-F-

55 If 4"-GCB-2 fails, what-is the rupture size? ,

-2: L4GCB2-Lg 4GCB2-Nol'
2 1 2

..

2-
1 54

1 |

4GCB2-F.

-1,000 0.000-
Otherwise-- <

-0,000- 1.000'
56 Does FE-DH2B fail?---(10" FE, 300 psi ratir.g)

2' :DH28-F DH28-NoF
:5 1. - 2-

-- 2 302
.1Ps' IPf'

, ,

,

'

FUN-CMP --

EQUAL 0
IF IPs' .GT. IPf' THEN DH28-F

57tif FE-DH2B fails, what is the rupture size?
2 DH28-Lg DH2B-Not
2 _ 1 1

3
2.

~ l 56
1

.DH28-F:
-1.000~ 0.000-

Otherwise
0.000 1.000-

+

?

.
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LISTING 27 ;

EVNTRE< Sample Definition file for DHR Letdown

The'following ts a-listing-of the EVNTRE sample definition data file for the DHRL-
model, This: file supplies the- specifications required to set up the sampling
modes for the tree.

ISLOCA SAMPLE RUN
. 10000 1

- 30
' MI,1, 1,1,A M1,1, 2,1,A M1,1, 3.1,A M1,1, 4,1,A Hl.1, 5,1,A
M1,1, 6,1,A M1,1, 7,1,A M1,1, 8,1 A Hl.1, 9,-1,A M1,1,10,1,A
M1,1,11,1,A' M1,-1;12,1,A M1,1,13,1,A MI,1,14,1,A M1,1,15.1 A-

y M1,1,16.1,A= M1,1,17,1,A M1,1,18,1,A Hl.1,19,1,A M1,1,20,1,A "

M1,1,21,1,A M1,1,22,1,A M1,1,23,1,A MI,1,24,1,A M1,1,25,1,A
MI,1,26,1,A M1,1,27,1,A. H1,1,28,1,A MI,1,29,1,A MI,1,30,1,A'

,

i

d

t

E
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LISTING 28

EVNTRE Binning Data file for DHR Letdown

.The following is a listing of the EVNTRE ; inning data file for the_DHRL model.
These data specify the lojic used to select DHRL event tree endstates that are
included in each system fa' lure mode bin.

ISLOCA Component Failur. Binning - DHR ietdown
1 FSize
3 3 Noleak Small large

28 1 3 5 7 9 11 13 15 17 19 21 23 25 27 23 31 33 35 37
2

39 41 43 45 47 49 51 53 55 57 ,

2*2*2*2*2*2*2*2*2*2*2*2*2*2*2*2*3*2
*2*2*2*2*2*2*2*2*2*2

Noteak ==>
28 2 5 9 15 25 31 33 35 41 53 3 7 11 13 17 19 ?! 23 27 ,

29 37 39 43 45 47 89 51 55 57
(1 + 1 + 1 + 1 4 1 + 1 + 2 + 1 + 1)* 2 * 2 * 2 * 2 * 2 * 2 * 2 * 2 * 2
*2*2*2*2*2*2*2*2*2*2 '

Small Only ==>
.20 3 3 7 11 13 17 19 ;; 23 27 29 35 37 39 43 45 47 49 51

55 57
1+1+1+1+1+1+1+1+1+1+1+1+1+1+1+1+1+1

+1+1
Large ->

t

I

.
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LISTING 20

EVNTRE Frequency Output file for DHR tetdown

The following is a listing of the EVNIRE frequency output file for the DHRL
model. This file contains the individual component failure mode probabilities
resulting from the Monte Carlo ev,1uation of the DHRL model.

T1EC 10: ISLOCA System Rupture Model DHR Letdown.

# 0F QUESTIONS: 57
ODSERVATIO"S: 10000

FOR SERlis: ISLOCA SAMPLE RUN
SEQUENCE 10: HC Eval

******** QUESTION: 1 What is the 9.issure in the Interfacing System?

Q-TYPE / TIMES ASKED: INDEP. INPUT PROB. INPUT PARM. 10000
BRANCHES: DH4849 P

1

REAllZED SPLIT: 1.000E+00

******** QUESTION: 2 Does 12"-GCB-7 pipe fail? (12" sch 20, type 504 SS)

Q TYPE / TIMES ASKED: INDEP. CALC. PROB. 10000
BRANCHES: 12GCB7-f 12GCB7 NF

1 2

REAllZE0 SPLIT: 2.553E-01 7.447E-01

QUESTION: 3 If 12" GCB-7 pipe fails, what is the rupture size 7********

Q-TYPE / TIMES ASKED: DEP. INPUT PROB. 10000
BRANCHES: 12GCB7 Lg 12GCB7 NL

1 2

REAll2E0 SPLIT: 2.553E 01 7.447E 01

SUMMARY BY CASL

CASE NUMBER / SPLIT: 1 2.553E-01
DEPENDENCIES: 2

REQ. BRANCHES: 1

DESCRIPTION: 12GCB7 F

CASE / BRANCH SPLIT: 2.553E 01 0.000E+00

CASE NUMBER / SPLIT: -2 7.447E-01
DESCRIPTION: Otherwise

CASE /BRAi1Ch SPLIT: 0.000E+00 ?.447E-01'

- H-85
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-.,

' - ******** QUESTION: 4 Does OH 1517 fall? (12" M0GV, 300 psi rating)

Q TYPE /TlHES ASKED: INDEP. CALC. PROB. 10000
BRANCHES: DH1517 f DH1517-Nr

1 2'
REAtlZED $PLIT: 1.300E-02 9.870E 01-

******** QUESTION: -5 How large is the Icak at DH 15177

Q 1YPE/TlHES AEXED: INDEP. CALC. PROB. 10000
BRANCHES: DH1517-Sm DH1517-NL

1 2

REAll2ED SPLIT: 1.300 M 2 9.870E 01

* * * * * * " QUESTION: 6 Does 18"-GCB 8 pipe fail? (18", sch 20, type 304 SS)-

Q TYPE /TlHES ASKED: "lDEP. CALC. PROB. 10000 ~|
BRANCHES: 18CCB8 f 18GCB8 NF

1 2

REAllZED SPLIT: 1.072E-01 8.9L'BE-01
s

4

QUESTION- 7 ff 18"-GCB 8 pipe fails, what is the rupture size?********

Q TYPE / TIMES ASKED: DEP. INPUT PROB. 10000 [
BRANCHES: 18GCB8 Lg 18GCB8-NL ;

} . 2

REAll2ED SPLIT: 1.072E 01 8.928E 01 [

SUMMARY BY CASE

CASE NUMBER / SPLIT: 1_ l.072E 01-
DEPENDENCIES: 6

REQ. BRANCHES: 1 -

DESCRIPTION: 18GCB8 f [
;

CASE / BRANCH' SPLIT: 1.072E 01 0.000E400-
1

CASE NUMBER / SPLIT: 2 8.928E-01
'

DESCRIPTH.N: 'Otherwise
"

CASE / BRANCH' SPLIT: 0.000E+00 8,928E 01~
!

******** '' QUESTION: 8 Does DH42733 fail? (18" M0GV, 300 pst rating)

K 'Q TYPE / TIMES ASKED: INDEP. CALC. FROB. 10000 |
BRANCHES: DH2733 f DH2733.NF '

1 -2
REALIZED SPLIT:- -5.000E-04 9.995E-01

.
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.'

CUESiloth 9 If DH-2733 fails, what is the rupture size?********

Q TYPE / TIMES ASKED: INDEP. CALC. PROB. 10000
BRANCHES: DH2733-Sm DH2733-NL i

)'1 2

REAllZED SPLIT: 5.000E-04 9.995E 01

|

******** QUESTION: 10 Does 18"-HCB-1 fall? (18" pipe, sch 105)
,

Q TYPE / TIMES ASKED: INDEP. CALC. PROB.
.

10000 ]
BRANCHES: 18HCB1 F 18HCB1 NE i

1 2

REAllZED SPLIT: 4.470E-01 5.130E-01
.

iL

******** QUESTION: 11 _How large is the leak at 18"-1100 17

Q TYPE /11MES ASKED: DEP. INPUT PROB. 10000 ;
'

' BRANCHES: IBHCB1-Ls 18HCB1 NL ,

-

1 2
.

REALIZED SPLIT: ' 4-470E-01 5.530E-01.

'
SUMMARY-BY CASE

-CASE NUMBER / SPLIT: 1- =4.470E 01 ,

DEPENDENCICS: 10
.

REQ,2 BRANCHES: 1
i

DESCRIPTION! 18HCB1-F :

CASE / BRANCH SPLIT: 4.470E-01 C.000f400 .

'

CASE NUMBER / SPLIT: 2 5.530E-01
DESCRIPTION: Otherwise :

CASE / BRANCH SPLIT:' O.000E+00 5.530E-01
;

******** QUESTION: 12 .Does 14"-HCB-1. fail? (14" pipe, sch. 10S) |
..

Q TYPE / TIMES ASKED: INDEP. CALC. PROB. 10000 -

BRANCHES: 14HCB1-F' 14HCB1-NF
1 :2

REALIZED SPLIT: 2.695E-01 7.305E-01 i
-

~ ******** QUESTION: 13 How large is the leak at 14"-HCB-l?

Q-TYPE / TIMES ASKED: DEP. INPUT PROB.- 10000-
BRANCHES: 140CB1-Lg 14HCB1-NL .i

1 - 2-

.RE AllZED . SPLIT :- 2.695E-01 7.305E-01

,
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.,.

SUMMARY BY CASE'

CASE NUMBER / SPLIT: 1 2.695E-01
DEPENDENCIES:' 12

REQ. BRANCHES: 1

DESCRIPTION: 14HCB1-f

CASE / BRANCH SPLIT: 2.695E 01 0.000E400

CASE NUMBER / SPLIT: 2 7.305E 01
0ESCRIPTION: Otherwise i

CASE / BRANCH SPLIT: 0.000E+00 7.305E-01

******** QUESTION: 14 Does DH 81 fail? (14" SwCV, 150-psi rating) I

Q TYPE / TIMES ASKED: INDEP CALC PROB. 10000 >

' BRANCHES: DH81 F DH81 Nof
1 2

REAllZED SPLIT: 6.750E-02 9.325E-01

******** QUESTION: 15 How-large is the leak at DH 817

0-TYPE / TIMES ASKED: INDEP. CALC. PROB.- 10000
-BRANCHES:- DH81 Sm DH81-Nol

1 2

REAllZED_ SPLIT: -6.750E 02 9.325E-01 ,

******** QUESTION: 16 Does 12"-GCB 8 fail? (12" pipe, sch, 20) !

'

Q-TYPE / TIMES ASKED: . INDEP CALC.1 PROB.- 10000-
~

BRANCHES: 12GCB8-F 12GCB8-NF
1- 2

REAllZED SPLIT: 7.120E-02 9.288E-01

********- QUESTION: 17 How large is the-leak at 12"-GCB-87

Q-1YPE/ TIMES ASKED: DEP. INPUT PROB.
.

10000
-BRANCHES: . 12GCB8-Lg 12GCB8-NL

1. 2.
REAllZED SPLIT: '7.120E-02 9.288E-01 -

L -SUMMARY BY CASE

CASE NUMBER / SPLIT: -1 -7.120E-02
-DEPENDENCIES: 16

L : REQ.1DRANCHES: 1

H 88
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DESCRIPTION: 12GCB8 F

CASE / BRANCH SPLIT: 7.120E 02 0.000Et00

CASE NUMBER / SPLIT: 2 9.288E-01
DESCRIPTION: Otherwise

CASE / BRANCH SPLIT: 0.000E400 9.288E Ol

******** QUESTION: 18 Does 12GCB8a fail? (12" flange, 300 psi rating)

Q-TYPE /TIHis ASKED: INDEP. CALC.-PROB. 10000
BRANCHES: 12GCBa F 12GCBa NF

1 2
~

REALIZED SPLIT: 0.000E+00 1.000E+00

******** -QUESTION: 19 Hoe large is the Icak at i?CCiSt?

Q TYPE / TIMES ASKED: DEP.~1NPUT PROB. 10000
BRANCHES: 12GCBa-Lg-12GCBa-NL

1 2

REAE12ED-SPLIT: 0.000E400 1.000E400

-SUMMARY BY CASE

CASE NUMBER / SPLIT: 2 1.000E+00
DESCRIPTION: Otherwise

CASE / BRANCH SPLIT: 0.000E+00 1.000E+00

QUESTIONi-- 20 Does'12GCB8b fall? (12" flange, 300 psi)
~********

Q-TYPE / TIMES ASKED: INDEP. CALC. PROB. 10000
BRANCHES: 12GCBb-F 12GCBb NF

1 2

REAllZED SPLIT: 0.000E+00 1.000E+00

******** ' QUESTION: 21 -If 12GCB8b fails, what is the rupture size?

Q-TYPE / TIMES' ASKED: DEP. INPUT PROB. 10000
BRANCHES: 12GCBb-Lg 12GCBb NL

_

5 1 - 2
REAllZED SPLIT: 0.000E400 1.000E+00'

SUMMARY BY CASE

CASE ' NUMBER / SPLIT: 2 1.000E+00
DESCRIPTION:. Otherwise

' CASE / BRANCH SPLIT:- 0.000E+00 1.000E+00

H 89
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******** QUESTION: 22 Does 12GCB8c fail? (12" flange, 300 psi)

Q-TYPE / TIMES ASKED: INDEP. CALC. PROB. 10000

BRANCHES: 12CCBc-F 12GCBc Nf
1 2

REAllZED SPLIT: 0.000E+00 1.000E400

******** QUES 110N: 2.1 If 12GCB8c fails, what is the rupture site?

Q TYPE / TIMES ASKEG: DEP. INPUT PROB. 10000

BRANCHES: 12GCBc Lg I?GCBt NL
1 2

REAllZED SPLIT: 0.000E400 1.000E400

SUMMARY BY CASE

CASE NUMBER / SPLIT: 2 1.000E400
DESCRIPTION: Otherwise

CASE / BRANCH SPLIT: 0.000E400 1.000E400

**4***** QUESTION: 24 Does P42-1 fall? (DHR pump 1-1)

Q-TYPE / TIMES ASKED: INDEP. CALC. PROB. 10000

BRANCHES: P421-F P421-Nof
1 2

REAll2ED SPLIT: 3.000E-04 9.997E-01

******** QUES 110N: 25 If P42-1 fails, what is the rupture size?

Q-TYPE /11MES ASKED: INDEP. CALC. PROB. 10000

BRANCHES: P421-Sm P421-Nol
1 2

REAllIED SPLIT: 3.000E-04 9.997E-01

QUESTION: 26 Does 10"-GCB-1 fail? (10" pipe, sch 20)********

Q-TYPE / TIMES ASKED: INDEP. CALC PROB. 10000

BRANCHES: 10GCB1-F 10GCB1-NF
1 2

REALIZED SPLIT: 3.lSOE-02 9.68SE-01

QUESTION: 27 How large is the leak at 10"-GCB-l?********

Q-TYPE / TIMES ASKED: DEP. INPUT PROB. 10000

BRANCHES: 10GCB1-Lg 10GCB1-NL
1 2

REAll2ED SPLIT: 3.150E-02 9.68SE-01

SUMMARY BY CASE

H-90
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1 3.150E-02 . iCASE NUMBER / SPLIT:
DEPENDENCIES: 26 i

REQ. BRANCHES: 1
;

i
DESCRIPT10N: 10GCBI F |

.

_{
"

. CASE / BRANCH SPLIT: 3.150E-02 0.000E+00

CASE NUMBER / SPLIT: 2 9.685E-01 .,
'

DESCRIPTION: Otherwise

| CASE / BRANCH SPLIT: 0.000E+00 9.6B5E-01 ,

! !
! i

QUESTION: =28 Does 10GCBla fail? (10" flange, 300 psi rating)-********

|

Q TYPE / TIMES ASKED: INDEP. CALC. PROB. 10000
BRANCHES: 1GCBla'F 1GCBla NF

'

1 2 !

REALIZED SPLIT: 0.000E+00-1.000E+00 ;
;

QUESTION: -29 if 10GCBla. fails, what is the rupture size?********

-Q-TYPE / TIMES ASKED: DEP.' INPUT PROB. 10000
BRANCHES:. 1GCBIa-Lg 1GCBIa NL

1 2

REAllZED SPL1T: 0.000E+00-1.000E400
|

SUMMARY'BY CASE ;

CASE NUMBER / SPLIT: . -2 . 1.000E+00
DESCRIPTION:- Otherwise

CASE / BRANCH SPLIT: 0.000E+00 1.000E+00
'

s

********- QUESTIONi 30' Does DH-43-fail? (10" SwCV, 300' psi rating)

1Q-TYPE / TIMES ASKED:- INDEP. CALC, PROB.
.

10000 |
. BRANCHES: DH43-F DH43-Nof.

l.
1 2 -

+

i REALIZED SPLIT: 2.500E-03 9.975E-01

*
,

******** ; QUESTION:' 31 -If DH-43. fails, what is the rupture size?

Q-TYPt/ TIMES ASKED: INDEP. CALC. PROB. 10000 |

L ' -BRANCHES:. DH43-Sm. DH43-Nol
| . 1 . 2

*

L -REALIZED SPLIT: 2.500E-03 9.975E-01
b

|:

. H - 9_l - -
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i

******** QUESTION: 3'd Does DH-45 fail 7 (10" HWCV, 300 psi rating)
9

-Q TYPE / TIMES ASKED: INDEP CALC. PROB. 10000
BRANCHES: DH45-f DH45 Nof !

'

1 2

REALIZED SPLIT: 9.000E-04 9.991E 01 ,

i

QUESTION:' 33 If DH 46 fails, what is the rupture size 7 {
********

Q TYPE / TIMES ASKED: INDEP. CALC.-PROB.
-

10000 1

BRANCHES: DH45-Sm DH45-Nol
1 2 ;

REAllZED SPLIT: 9.000E-04 9.991E-01 ;

QUEST 10N: 34 Does E271T fail? (DHR hx tube sheet flg)********

Q TYPE / TIMES ASKED: INDEP. CALC. PROB. 10000
BRANCHES: E271T-F. -E271T-Nof .

'
1 -- 2-

REAllZED SPLIT: 8.546E-01 1.454E-01

******** -QUESTION: 35 If E271T fails, what is the rupture size? ,

10000 |-0-TYPE /TIMESASKED: INDEP. CALC. PROB. .

E271T-Nol 1BRANCHES: E271T-Lg E271T-Sm
'

.1- 2 3

REAll2ED SPLIT: 4.272E-01 4.274E-01 1.454E-01 ;

. UESTION:' 36 Does E271P fail? (DHR hx plastic col)********
Q

-Q TYPE / TIMES ASKED:- INDEP. CALC. PROB. 10000 '

BRANCHES: E271P F- E271P-NoF
14 2

.REAllZED SPLIT: -2.994E-01 7.006E-Ol

QUESTION: 37 If E271P fails, what is the rupture size?********

-Q-TYPE / TIMES AbKED: DEP. INPUT PROB. 12994
BRANCHES: E271P Lg E271P-Nol

1 2

REAll7ED SPLIT: 5.988E 02 9.401E 01-

SUMMARY BY CASE-

CASE NUMBER / SPLIT: 1 2.994E-01--
DEPENDENCIES: 36

REQ.? BRANCHES: 1
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DESCRIPTION: E271P-F

'
CASE / BRANCH SPLIT: 5.988E 02 2.395E 01

1

CASE NUMBER / SPLIT: 2 7.006E-01
DESCRIPTION: Otherwise

CASE /8 RANCH SPLIT: 0.000E400 7.006E-01
,

******** QUESTION: 38 Does E271C fail? (DHR hx cylinder rupture) -

Q-TYPE /TlHES ASKED: INDEP CALC. PROB. 12994
BRANCHES: E271C F E271C-NoF

1 2

REAllZED SPLIT: 4.480E 02 9.552E-01

********- QUESTION: 39 If E271C fails, what is the rupture size?

'Q-TYPE / TIMES ASKED: DEP. INPUT PROB. 12994
BRANCHES: E271C-Lg E271C Nol

1 2

REALIZED SPLIT: -4.480E-02 9.552E-01

SUMMARY BY CASE

CASE NUMBER / SPLIT:- 1- 4.480E 02
' DEPENDENCIES: 38

REO GRANCHES: 1

DESCRIPTION: E2710-F

CASE / BRANCH SPLIT: 4.480E-02 0.000E+00

CASE NUMBER /SPL4T:' 2 9.552E-01
. DESCRIPTION: Otherwise

CASE / BRANCH SPLIT: 0.000E400 9.552E-01
.

, QUESTION: 40 Does E271 A fail?- (DHR hx asym. head buckling)********

.Q-TYPE / TIMES ASKED: INDEP. CALC PROB. 12994
BRANCHES: E271A-F E271A NoF

1 2

REALIZED SPLIT: 4.600E-03 9.954E 01 +

******** -QUESTION: 41- If E271A fails, what is the rupture size 7 ;

4-TYPE / TIMES ASKED: DEP. INPUT PROB. 13078
. BRANCHES: E271A Sm E271A-Nol

1 2

H-93
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I
REALIZED SPLIT: 9.200E 04 9.991E 01

SUKMARY BY CASE

CASE NUMBER /SPLll: 1 4.600E-03
DEPENDENCIES: 40

REQ. BRANCHES: 1

DESCRIPTION: E271A F

CASE / BRANCH SPLIT: 9.200E 04 3.6B0E-03

CASE NUMBER / SPLIT: 2 9.954E 01
DESCRIPTION: Otherwise

CASE / BRANCH SPLIT: 0.000E+00 9.954E-01

QUESTION: 42 Does E271a fail? (10" outlet flange, 300 psi rating)********

Q-TYPE / TIMES ASKED: INDEP. CALC. PROB. 13078
BRANCHES: E271a-F E271a-NoF

1 2

REAllZED SPLIT: 0.000E+00 1.000E+00

QUESTION: 43 If E271a fails, what is the rupture size?********

Q-TYPE / TIMES ASKED: DEP. INPUT PROB. 13078
BRANCHES: E271a-Lg E271a-Nol

1 2

REALIZED SPLIT: 0.000E+00 1.000E+00

SUBMARY BY CASE

CASE NUMBER / SPLIT: 2 1.000E+00
DESCRIPTION: Otherwise

CASE / BRANCH SPLIT: 0.000E+00 1.000E400

******** QUESTION: 44 Does E271b fail? (10" inlet flange, 300 psi rating)

Q-TYPE / TIMES ASKED: INDEP. CALC. PROB. 13078
BRANCHES: E271b F E271b NoF

1 2

REALIZED SPLIT: 0.000E+00 1.000E400

******** QUESTION: 45 If E271b fails, what is the rupture size?m

Q-TYPE / TIMES ASKED: DEP. INPUT PROB. 13078
BRANCHES: E271b-Lg E271b-Nol

1 2
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REAllZED SPLll: 0.000E400 1.000Et00

SUMMARY BY CASE

CASE NUMBER /SPLll: 2 1.000E+00 .

DESCRIPTION: Otherwise

CASE / BRANCH SPLIT: 0.000E+00 1.000E+00

QUEST 10N: 46 Does 6"-GCB-10 fail? (6" pipe, sch. 105)********

Q-TYPE / TIMES ASKED: INDEP CALC. PROB. 13078
BRANCHES: 6GCB10-F 6GCB10-NF g

1 2

REALIZED SPLIT: 8.220E 02 9.178E 01

QUESTION: 47 If 6"-GCB-10 fails, what is the rupture size?********

Q-lYPE/ TIMES ASKED: DEP. INPUT PROB. 1307B
BRANCHES: 6GCB10-Lg 6GCB10 NL

1 2

REAllZED SPLIT: 8.220E-02 9.178E 01

SUMMARY BY CASE

CASE NUMBER / SPLIT: 1 8.220E-02
DEPENDENCIES: 46

REQ. BRANCHES: 1

DESCRIPTION: 6GCB10-F _

CASE / BRANCH SPLIT: 8.220E-02 0 000E400

CASE NUMBtR/ SPLIT: 2 9.178E-01
DESCRIPTION: Otherwise

CASE / BRANCH SPLIT: 0.000E+00 9.178E-01

******** QUESTION: 48 Does 10"-GCB-10 fail? (10" pipe, sch. 20)

Q-TYPE / TIMES ASKED: INDEP. CALC. PROB. 13070
BRANCHES: 1GCB10-F 1GCB10-NF

1 2

REALIZED SPLIT: 2.950E-02 9.705E-01

QUESTION: 49 If 10"-GCB-10 fails, what is the rupture size 7********

Q-TYPE / TIMES ASKED: DEP. INPUT PROB. 13078
BRANCHES: 1GCB10-Lg 1GCB10-NL

1 2
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'

REALIZED SPLIT: 2.950E-02 9.705E-01

SUMMARY BY CASE

CASE NUMBER / SPLIT: 1 2.950E-02
DEPENDENCIES: 48

REQ. BRANCHES: 1

DESCRIPTION: 1GCB10-f

CASE / BRANCH SPLIT: 2.950E-02 0.000E+00

CASE NUMBER / SPLIT: 2 9.705E-01
DESCRIPTION: Otherwise

CASE / BRANCH SPLIT: 0.000E+00 9.705E 01

QUESTION: 50 Does 8"-GCB-10 fail? (8" pipe, sch. 20)********

Q-TYPE / TIMES ASKED: INDEP. CALC. PROB. 13078
BRANCHES: 8GCB10-F 8GCB10 NF

1 2

REAllZED SPLIT: 7.300E-03 9.927E-01

QUESTION: 51 If 8"-GCB-10 fails, what is the rupture size?********

Q TYPE / TIMES ASKED: DEP. INPUT PROB. 13078
BRANCHES: 8GCB10-Lg 8GCB10-NL

1 2

REAllZED SPLIT: 7.300E-03 9.927E-01

SUMMARY BY CASE

CASE NUMBER / SPLIT: 1 7.300E-03
DEPENDENCIES: 50

REQ. BRANCHES: 1

DESCRIPTION: 8GCB10-F

CASE / BRANCH SPLIT: 7.300E-03 0.000E+00

CASE NUMBER / SPLIT: 2 9.92' 01
DESCRIPTION: Otherw.se

CASE / BRANCH SPLIT: 0.000E+00 9.927E-01

******** QUESTION: 52 Does DH-128 fail? (8" SwCV, 300 psi rating)

Q-TYPE / TIMES ASKED: INDEP. CALC. PROB. 13078
BRANCHES: Du,73.F DH128-NoF
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1 2

REAllZED SPLIT: 1.419E 01 8.581E 01

******** QUESTION: 53 If DH-128 fails, what is the rupture sire?

Q-TYPE / TIMES ASKED: INDEP. CALC. PROB. 13078
BRANCHES: DH128 Sm DH128 Not

1 2

REAll2ED SPLIT: 1.420E 01 8.580E-01

******** QUESTION: -54 Does 4"-GCB 2 fail? (4" pipe, sch. 105)

Q-TYPE / TIMES ASKED: INDEP CALC, PROB. 13078 _

BRANCHES: 4GCB2 F 4GCB2 Nof
1

.

2
REAllZED SPLIT: 2.200E 02 9.780E 01

********- QUESTION: ;55 If_4"-GCB-2 fails, what is the rupture size?

Q-TYPE / TIMES ASKED:- DEP. INPUT PROB. 13078
'

BRANCHES: 4GCB2-Lg 4GCB2.Nol
1 2

REAllZED SPLIT: 2.200E 02 9.780E-01

SUMMARY BY CASE

CASE-NUMBER / SPLIT: 1- 2.200E-02
' DEPENDENCIES: 54

REQ. BRANCHES:- 1-

_

DESCRIPTION:' 4GCB2-F

CASE / BRANCH SPLIT: 2.200E-02 0.000E400

CASE NUMBER / SPLIT:._ .2 9.780E-01
DESCRIPTION: Otherwise

: CASE / BRANCH SPLIT: 0.000E400.9.780E-01

********-LQUESTION: . o6 Does FE-DH2B fail?- (10" FE, 300 psi rating)

-Q-TYPE / TIMES-ASKED:- INDEP. CALC. PROB. 13078
BRANCHES:' -DH28 F DH28 NoF

1 2-
REAllZED SPLIT:: 0.000E+00 1.000E+00

********| QUESTION:- 57 If_FE DH2B fails, what is the upture size?.
_

_Q-TYPE / TIMES ASKED: DEP.- INPUT PROB. 13078

4; =H-97
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BRANCHES: DH2B-Lg DH28 Nol
1 2

REALIZED SPLIT: 0.000E+00 1.000E+00

SUMtMRY BY CASE

CASE NUMBER / SPLIT: 2 1.000E400
DESCRIPTION: Otherwise

CASE / BRANCH SPLIT: 0.000E+00 1.000E+00

<
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LISTlHG 30

PSTEVNT Key Word File for D!iR Letdown

The following is a listing of the PSTEVN1 key word for the DHRL model. This file
is used to control PSTEVNT execution during the rebinning process used to obtain
aggregate system failure mode probabilities.

$-- Ca t'lation Control Keywords (for logical constants) ------ -------- ------

$

$ COLLAPS XXXX $ Reduce rebinned results with weighting
$ factor
$

REBIN $ Causes rebinning of accident progression
$ bins -

$
RUN $ Causes PSTEVNT to procede with data

$ calculations
$

NOSORT C Do not produce sort tables
5

$-- Calculation Control Keywords (for assigned values) --- ------- -- ----------
$

$

5-- Input File Specification Keywords -- ------ --------------------------------
5

ASCTRIN $ AScil output from EVNTRE
$

BININ pst_ bin.dat $ Filename for rebinning input
$

EVNTBIN mc_psti.asc $ Filename for EVNTRE output file
$

$ SORTIN sortin $ Filename for sort specification data .

3
_

$-- Report Request Keywords ------------------ ------------- - -----------------,

$

ASCSAV $ Rebinning result is ASCll
$

RPTMLSI $ Write EVNTRE master bin list to message file
$

d' RPTRBIN $ Write rebinned bins to message file
$
$-- Output File Specification Keywords --------------- -------------------------
$

BIN 0VT rbin1.out $ Rebinning result data
$

'

$ INPOUT inpout 5 Annotated echo of input
'

KEEPOVT keep.out $ Master list of of unique kept bins

$,

$ SBIN0VT sbinout 5 Rebinning result data (for additional
$ post-processing)
$

$ SORTOUT sortout $ Result of requested sorts
5

H-99
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;

$ TABOUT tabout $ Rebinning result descriptive table (s) .

5 .

ENDKEY $ Indicates the end of keyword input.
:

!

..

!

,
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LISTING 31

PSTEVNT Robinning Data file for DHR Letdown

The following is a listing of the PSTEVNT rebinning data file for the DHRL model
.

15LOCA -- DHR Letdown
1 F5ize
3 3 Noteak Small large
1 1 1

1

Noteak
1 2 1

2
Smell

_

1 3 1

3
Large

:

H-101
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PSTEVNT Output Data File for DHR letdowr.

The following is a listing of the PSTEVNT output data file for the DHRL model.
This file contains the system failurc mode probabilities for the OHRL model.

DHR LETDOWN BASE CASE
AGGREGATED REBINNING RESULTS FOR: OHR Letdown

FREQUENCY:
BIN TOTAL 10 FSize

6.0644E 01 6.0644E-01 C Large

2.5116E-01 8.5760E-01 B Small

1.4240E-01 1.0000E400 A Noteak

A TOTAL 0F 3 OUT OF 3 BINS WERE REQUIRED TO CAPTURE 100.00% OF THE TOTAL
FREQUENCY

H-102
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LISTING 33

PSTEVNT Output Dita file for DHR Letdown (Sensitivity)

1he following is a listing of the PSTEVNT output data file for the DHRL model.
This file contains the system failure mode probabilities for the DHRL model.
These results differ from those in Listing 32 in that a log standard deviation of
0.10 was used for the piping pressure capacity (instead of 0.36).

SENSITIVITY WITH PIPE FAILURE LOG SIGMA = .10
AGGREGATED REBINNING RESULTS FOR: DHR Letdown

FREQUENCY:
- BIN TOTAL ID FSize
5.0654E-01 5.0654E 01 C Large -

3.4806E-01 8.5460E-01 B Small
1.4540E-01 1.0000E+00 A Noteaki

A TOTAL OF 3 OUT OF 3 BINS WERE REQUIRED 10 CAPTURE 100.00% OF THE TOTAL
FREQUENCY

L

m
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LISTlHG 34

PSTEVH1 Output Data files for DHR Letdown Cumulative Distributions

The following is a collection of PS1EVNT out. ' data fi;es for the DHRL model
with a pipe failure log standard deviation oi .36. The data provided here are
used to construct the cumulative distributions shown if Figure 1. Each output
summary represents a full event tree evaluation of the DHRL model at the
indicated constant pressure (300 psi to 2200 psi in steps of 100 psi).

BINNED OUTPUT FOR OHR LE100WN MODEL - CONSTAN1 RCS PRESSURE, PIPE FAILURE LOG
SIGMA .36

RCS PRESSURE - 300. PSI
AGGREGATED REBINNING RESULTS FOR: DHR Letdown

FREQUENCY:
BIN TOTAL ID FSize
9.9830E-01 9.9830E 01 A

NoLeak
1.7000E-03 1.0000E+00 C

Large

A TOTAL OF 2 OUT OF 2 BINS WERE REQUIRED TO CAPTURE 100.00% OF THE TOTAL
FREQUENCY

RCS PRESSURE 400. PSI
AGGREGATED REBINNING RESULTS FOR: DHR Letdown

FREQUENCY:
E:N TOTAL 10 FSize
9.8118E-01 9.8118E-01 A

Noleak
1.2300E-02 9.9348E-01 B

Small
6.5200E-03 1.0000E+00 C

Large

A TOTAL OF 3 OUT OF 3 BINS WERE REQUIRE 0 10 CAPTURE 100.00% OF THE TOTAL
FREQUENCY

RCS PRESSURE - 500. PSI
AGGREGATED REBINNING RESULTS FOR: DHR Letdown

FREQUENCY:
BIN TOTAL ID FSize
7.8556E-01 7.8556E-Cl A
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Noteak
1.9310E-01 9.7866E-01 B

Small
2.13400-02 1.0000E400 C

Large

A TOTAL Of 3 001 Of 3 BINS WERE REQUIRED TO CAPTURE 100.00% Of THE TOTAL
FREQUENCY

RCS PRESSURE 600. PSI
AGGREGATED REBINNING RESUlls FOR: DHR Letdown

FREQUENCY:
BIN TOTAL ID FSize
5.8026E-01 5.8020E-01 B

Small
3.7008E-01 9.5034E-01 A

Noleak
4.9660E-02 1.0000E+00 C

Large

A TOTAL Of 3 OUT Of 3 BINS WERE REQUIRED TO CAPTURE 100.00% of THE TOTAL
FREQUENCY

RCS PRESSURE - 700. PSI
AGGREGATED REBINNING RESULTS FOR: DHR Letdown

FREQUENCY:
BIN TOTAL ID FSize
8.0860E 01 8.0860E-01 B

Small
1.0040E-01 9.0900E-01 C

Large
9.1000E-02 1.0000E+00 A

NoLeak

A TOTAL Of 3 OUT Uf 3 BINS WERE REQUIRED TO CAPTURE 100.00% Of THE TOTAL
FREQUENCY

RCS PRESSURE - 800. PSI
AGGREGATED REBINNING RESULTS FOR: DHR Letdown

FREQUENCY:
BIN TOTAL ID rSize
8.1044E-01 8.1044E-01 B

Small i
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|

1.7796E-01 9.8840E 01 C
Largei

1.1600E-02 1.0000E+00 A
Noteak

A TOTAL OF 3 OUT OF 3 BINS WERE REQUIRED TO CAPTURE 100.00% 0F THE TOTAL
FREQUEdCY

RCS PRESSURE 900. PSI
AGGREGA1ED REBINNING RESULTS FOR: DHR Letdown

FREQUENCY:
BIN TOTAL ID FSize
7.1838E 01 7.1838E-01 B

Small
2.8082E 01 9.9920E-01 C

Large
8.0000E 04 1.0000E+00 A

NoLeak

A TOTAL OF 3 OUT (;F 3 BINS WERE REQUIRED TO CAPT')RE 100.00% OF THE TOTAL
FREQUENCY

RCS PRESSURE - 1000. PSI
AGGRERATED REBINNING RESULTS FOR: DHR Letdown

FREQUENCY:
BIN 10TAL 10 FSize
5.9724E-01 5.9724E-01 0

Small
4.0266E-01 9.9990E 01 C

Largo
1.0000E-04 1.0000E+00 A

Holeak

A TOTAL OF 3 OUT OF. 3 BINS WERE REQUIRED TO CAPTURE 100.00% OF THE TOTAL
FREQUENCY

<

RCS PRESSURE * 1100. PSI
AGGREGATED REBINNING RESULTS FOR: DHR Letdown

FREQUENCY:
BIN TOTAL 10 FSize
5.5126E-01 5.5126E-01 C

Large
4.4874E-01 1.0000E400 B
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.

Small

-A TOTAL OF 2 OUT OF 2 BINS WERE REQUIRED TO CAPTURE 100.00% OF THE TOTAL
'

- FREQUENCY
!

RCS PRESSURE = 1200. PSI
AGGREGATED REBINNING RESULTS FOR: DHR Letdown

FREQUENCY:
BIN TOTAL 10 FSize
7.0464E-01 7.0464E-01 C

Large
=2.9535E-01 1.0000E+00 B'4

- Small

A TOTAL OF 2 00T.0F 2 BINS WERE REQUIRED TO CAP 1URE 100.00% OF_THE TOTAL-

FREQUENCf

RCS-PRESSURE = 1300. PSI
. AGGREGATED REBINNING RESULTS FOR: DHR Letdown

-FREQUENCY:
BIN. TOTAL ID FSize
8.3626E-01 8.3626E-01 C

Large
1.6374E 01 _1.0000E+00 B

Small-

A TOTAL OF: 2.0VT-0F _2 BINS WERE REQJ1RLD.T0 taPTURE 100.00% OF TiiE TOTAL
1 FREQUENCY

RCS PRESSURE = 1400. PSI
AGGREGATED.REBINNING RESULTS DHR Letdown+

-FREQUENCY:'

,

BIN- . TOTAL ID FSize
~9.1968E 01 9.1968E 01'c

large
8,0320E-02 1.0000E+00'B

Small

A TOTAL OF 2 OUT OF. 2 BINS WERE REQUIRED TO CAPTURE 100.00% OF Tile TOTAL
~ FREQUENCY

RCS' PRESSURE =,1500. PSI

'H-107
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AGGREGATED REBINNING RESULTS FOR: DHR Letdown

FREQUENCY:
BIN TOTAL ID FSize
9.6400E-01 9.6400E-01 C

3.6000E-02 1.0000E400 B
Small

A TOTAL OF 2 OUT OF 2 BINS WERE REQUIRED TO CAPTURE 100.00% OF THE TOTAL
FREQUENCY

RCS PRESSURE = 1600. PSI
AGGREGATED REBINNING RESULTS FOR: DHR Letdown

FREQUENCY:
BIN TOTAL ID FSize
9.8252E-01 9.8252E 01 C

1.7480E 02 1.0000F+00 B
Small

A TOTAL OF 2 OUT OF 2 BINS WERE REQUIRED TO CAPTURE 100.00% OF THE TOTAL
FREQUENCY

RCS PRESSURE = 1700. PS!
AGGREGATED REBINNING RESULTS FOR: DHR Letdown

FREQUENCY:
BIN TOTAL 10 FSize
9.9120E Ol' 9.9120E-01 C

8.8000E-03 1.0000E400 B
Small

A TOTAL 0F 2 OUT OF 2 BINS WERE REQUIRED TO CAPTURE 100.00% OF THE TOTAL
FREQUENCY

RCS PRESSURE = 1800. PSI
AGGREGATED REBINNING RESULTS FOR: OHR Letdown

FREQUENCY:
BIN TOTAL 10 FSize
9.9354E-01 9.9354E 01 C

Large
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6.4600E 03 1.0000E400 0
Small

A TOTAL Of 2 OUT Of 2 BINS WERE REQUIRED 10 CAPluRE 100.00% Of IllE TOTAL
FREQUENCY

RCS PRESSURE 1900. PSI'

AGGREGATED REBINNING RESULTS FOR: DHR Letdown
'

FREQUENCY:
BIN 10TAL ID FSize
9.9540E 01 9.9540E-01 C -

Lar9e
4.6000E-03 1.0000E400 "

Small

A TOTAL Of 2 OUT Of 2 BlNS WERE REQUIRED 10 CAPIURE 100.00% Of Tili. TOTAL
FREQUENCY

RCS PRESSVRE - 2000. psi
AGGREGATED REBJNiilhG RESUltS FOR: DHR Letdown

FREQUEtKY:
: BIN TOTAL !D FSize

9.974SE-01 9.9748E Ol C

2.5200E-03 1.0000E+00 B
Small

.

A TOTAL Of 2 OUT Of 2 BINS WERE REQUIRED TO CAPTURE 100.00% of THE T01AL
TREQUENCY

RC$ PRESSURE - 2100. PSI

3 AGGREGATED RESlNN!f4G RESULTS FOR: DHR Letdown

FREQUENCY: e

BIN TOTAL ID FSize
9.9562E-01 9.9862E 01 C t

Large
1.3800E-03 1.0000E400 B

Small

A TOYAL Of 2 00f 0F 2 BINS WERE REQUIRfD TO CAPTURE 100.00% OF THE 10TAL,-

FREQUENCY
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:

RCS PRESSURE - 2200. PSI
AGGREGATED REBINNING RESULTS FOR: DHR tetdown

FREQUENCY:
BIN 101AL ID FSize
9.9934E-01 9,9934E-01 C

Large
6.6000E-04 1.0000E400 B

Small

A 10TAL Of 2 OUT Of 2 Bih5 WERE REQUIRED TO CAPTURE 100.00% Of THE TOTAL
FREQUENCY

i'

d

,
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LISTING 35

PSTEVNT Output Data files for OliR Letdown Cumulative Distributions (Sensitivity)

The following is a collection of PSTEVNT output data files for the OliRL model
with a pipe failure log sthndard deviation of 0.10. The data provided here are
used to construct the cumulative distributions shown if Figure 2. Each output
summary represents a full event tree evaluation of the OliRL model at the
inal.:ated constant pressure (300 psi to 2200 pst in steps of 100 psi).

SENSITIVITY RESULTS CONSTAN1 RCS PRESSURE, PIPE Fall.URE LOG SIGMA .1

RCS PRESSURE - 300. PSI
AGGREGATED REBINNING RESULTS FOR: DliR Letdown

-

FREQUENCY:
BIN TOTAL ID FSize
1.0000E400 1.0000E+00 A

Noteak

A TOTAL OF 1 OUT OF 1 BINS WERE REQUIRED TO CAPTURE 100,00% Of THE TOTAL
g' FREQUENCY

RC3 PRESSURE 400. PS!
AGGREGATED REBINNING RTSUL1S FOR: OliR Letdown

,

FREQUENCY:
BIN TOTAL 10 FSize
9.8748E-01 9.0748E-01 A

Noteak
1.2500E-02 9.9998E-01 B

Small
2.0000E-05 1.0000E400 C

Large

A' TOTAL OF 3 OUT OF 3 BINS WERE REQUIRED 10 CAPTURE 100.00% OF THE TOTAL:
FREQUCCY

.RCS PRESSURE = S00. PSI
AGGREGATED REBiNNING RESULTS FOR: OHR Letd..n.

FREQUENCY:
BIN TOTAL- ID ISize

-8.0196E 01 8.0195E-01 A
Noleak

1.9800E-01 9.9996E 01 B
Small

s
i
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4.0000E-05 1.0000E+00 C
Large

i,

A TOTAL OF 3 OUT OF 3 BINS WERE REQUIRED TO CAPIURE 100.00% OF THE TOTAL
FREQUENCY

RCS PRESSURE - 600. PSI
AGGRFGATED REBINNING RESULTS FOR: DHR Letdown

FREQUENCY:
BIN TOTAL ID FSize
6.1286E-01 6.1286E-01 B<

Small
3.8708E 01 9.9994E-01 A

Noteak
6.0000E-05 1.0000E+00 C

Large

A TOTAL OF 3 OUT OF 3 BINS WERE REQUIRED TO CAPTURE 100.00% OF THE TOTAL
FREQUENCY

RCS PRESSURE - 700. PSI
AGGREGATED REBINNING RESULTS FOR: DHR Letdown

FREQUENCY:
BIN TOTAL 10 FSize
8.9800E-01 8.9800E-01 B

Small
1.0188E-01 9.9988E-01 A

NoLeak
1.2000E-04 1.0000E+00 C

Large

A T01AL OF 3 OUT OF 3 BINS WERE REQUIRED TO CAPTURE 100.00% OF THE TOTAL
JREQUENCY

RCS PRESSURE - 800. PSI
AGGREGATED REBINNING RESULTS FOR: DHR Letdown

FREQUENCY
BIN TOTAL ID FSize
9.8490E-01 9.8490E-01 B

Small
1.4300E-02 9.9920E-01 A

NoLeak
9,0000E-04 1,0000E+00 C
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Large

-A TOTAL OF 3 OUT OF 3 BINS WERE REQUIRED TO CAP' lure 100.00% OF THE TOTAL
FREQUENCY

RCS PRESSURE - 900. PSI
AGGREGATED REBINN'NG RESULTS FOR: DHR Letdown

FREQUENCY:
BIN TOTAL ID FSize
9.9398E-01 9.9398E-01 B

Small -

5.2200E-03 9.9920E 0 C
Lar9e

8.0000E-04 1.0000E+00 A
Noteak

A TOTAL-0F 3 OUT OF 3 BINS WERE REQUIRED TO CAPTURE 100.00% OF THE TOTAL
FREQUENCY

RCS PRESSURE = 1000. PSI
A0GREGATED REBINNING RESULTS FOR: DHR Letdown

FREQUENCY:
BIN TOTAL ID FSize
9.T894E-01 9.6894E-01-B

Small
3.0860E-02 9.9980E-01 C

Large
2.0000E-04 1.0000E+00 A

Noteak

A TOTAL OF 3 OUT OF 3 BINS WERE REQUIRED TO CAPTURE 100.00% OF THE TOTAL
FREQUENCY

RCS PRESSURE = 1100. PSI
AGGREGATED REBINNING RESULTS FOR: DHh Letdown

FREQUENCY.-
BIN TOTAL ID FSize
8.5963E-01 8.5963E-01 B

Small
1.4036E-01 9.9999E-01 C

Large
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A TOTAL OF 2 OUT OF 2 BINS WERE REQLtlRED 10 CAPTURE 100.00% OF THE TOTAL
FREQUENCY

RCS PRESSURE - 1200 PSI
AGGREGATED REDINNING RESULTS FOR: DHR Letdown

FREQUENCY:
BIN TOTAL 10 FSize
6,1330E-01 C.1330E-01 B

Small
3.8670E-01 9.9999E-01 C

l '. , 9

A TOTAL OF 2 OUT OF 2 BINS WERE REQUIRED TO CAPTURE 100.00% OF THE TOTAL
FREQUENCY

-RCS PRESSURE - 1300. PSI
AGGREGATED REBINNING RESULTS FOR: DHR Letdown

CREQUENCY:
BIN TOTAL ID FSize
6.9044E-01 6.9044E-01 C

Large
3.0956E-01 1.0000E+00 B

Small

A TOTAL'0F 2 OUT OF 2 BINS WERE REQUIRED TO CAPTURE 100.00% OF THE TOTAL
, FREQUENCY

RCS PRESSURE = 1400. PSI
AGGREGATED REBINNING RESULTS FOR: DHR Letdown

FREQUENCY:
BIN TOTAL ID FSize
8.9134E-01 8.9134E-01 r

large
1.0866E-01 1.0000E+00 B

Smali

A TOTAL OF 2 OUT OF 2 Bit <5 WERE REQUIRED TO CAPTURE 100.00% OF THE TOTAL
FREQUENCY

RCS PRESSURE = 1500. psi
AGGREGATED REBINNING RESULTS FOR: DHR Letdown

H-ll4,
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FREQUENCY:
BIN TOTAL ID FSize
9.7576E-01 9.7576E-01 C

Large
2.4240E-02 1.0000E+00 B

Small

A TOTAL OF 2 OUT OF 2 FINS WERE REQUIRED TO CAPTURE 100.00% OF THE TOTAL
FREQUENCY

RCS PRESSURE = 1600. PSI
AGGREGATED REBINNING RESULTS FOR: DHR Letdown

-_

FREQUENCY:
BIN TOTAL ID FSize
9,9466E-01 9.9466E-01 C

Large
S.3400E-03 1.0000E+00 B

Small

A TOTAL OF 2 OUT OF 2 BINS WERE REQUIRED TO CAPTURE 100.00% OF THE TOTAL
FREQUENCY

RCS PRESSURE - 1700. PSI
AGGREGATED REBINNING RESULTS FOR: DHR Letdown

.

FREQUENCY:.

i BIN TOTAL ID FSize
9.9930E-01 9.9930E-01 C

Large
7.0000E-04 1.0000E+00 B

Small

A TOTAL OF 2 OUT OF 2 BINS WERE REQUIRED TO CAPTURE 100.00% OF THE TOTAL
FREQUENCY

RCS PRESSURE = 1800. PSI
AGGREGATED REBINNING RESULTS FOR: DHR Letdown

FREQUENCY:,

BIN TOTAL ID FSize
9.9980E-01 9.9980E-01 C

Large>

2.0000E-04 1.0000E+00 B
Small

i

H-ll5
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LA TOTAL OF 2 OUT 0F- 2BINSikEREREQUIREDTOCAPTURE100.00%OFTHETOTAL-*

Al FREQUENCY-

RCS PRESSURE:= 1900.. PSI - .

AGGREGATED REBINNING RESULTS FOR:"DHR Letdown
,

FREQUENCY:. .. TOTALID FSizeBIN-
-

9.9990E-01 9.9990E-01 C
Large

1.0000E-04 -1.0000E+00 8
Small

A TOTAL OF' 210VT OF- 2 BINS WERE REQUIRED TO CAPTURE 100.00% OF THE TOTAL
FREQUENCY

,

RCS PRESSURE - 2000. PSI-
' ~'

AGGREGATED REBINNING RESULTS FOR: OHR Letdown

FREQUENCY:
' BIN TOTAL. ID- FSize
9.9990E-01 9.9990E-01 C

Large
.

1.0000E-04 'l.0000E+00 B >

Small

;A TOTAL 0FL 2 OUT 0F 2 BINS WERE REQUIRED TO CAPTURE 100.00% OF THE TOTAL
~

-

FREQUENCY-

RCS PRESSURE?--2100. PSI
AGGREGATED REBINNING RESULTS FOR: DHR;Letdowny

FREQUENCYi .

BIN- . -TOTAL ID- FSize
-1.0000E+00 1.0000E+00 C

:Large

?A, TOTAL OF 1 OUT OF 1 BINS WERE REQUIRED _TO CAPTURE 100.00% OF 1HE TOTAL'
FREQUENCY

RCS; PRESSURE ='2200. PSI

AGGREGATED.REBINNING-RESULTS FOR: DHR. Letdown

FREQUENCY:

H-Il6
,

+
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u ,

BIN. . . TOTAE- -ID FSize
A. Ll.0000E+00- 1.0000E+00 C.

Larg- .

.

TATOTALOF-| l'0VT OF .11. BINS WERE REQUIRE 0'TO CAPTURE 100.00% OF THE TOTAL.-
FREQUENCY

.
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