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PROPOSED MINUTES FOR THE

ACRS SURC0t1MITTEE MEETING ON RELIABILITY-- ;

AND PROBABILISTIC ASSESSMENTgg 7 g3

FEBRUARY 9, 1983 - WASHINGTON, D.C.

Purpose: The purpose of the _ meeting was to review the methodology of NUREG/

CR-2497 Precursors to Potential Severe Core Damage Accidents: A Status

Report. The meeting was one of two subcommittee meetings to discuss the

report.

Pri~ 'nal Attendees o' the meeting were: -

ACRS NRC OTHER

D. Okrent, Chairman M. Ernst, RES W. Cottrell , ORNL
M. Ilender,Itember F. !1anning, RES J. flinarick , SAI

J. Ebersole, f ember T. Spiess, NRR
W. Kerr, l' ember A. Thadani, RES
C. Siess, ihmber
W. Lipinski , Consul tant
C. flueller, Consultant
S. Guarro, Fellow
R. Savio, Staff *
L. Wainer, Staff

A complete set of attendees and a copy of the meeting agenda are attached to

the office copy of the minutes in the ACRS files.

Discussion

fl. Ernst and F. f anning of the RES Staff described the background of the Pre-

cursor Program and the status of RES action on the Status Report fiUREG/CR-2497.

The program is performed by ORNL and SAI under a contract to the NRC, and uses
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operational data (LERs) from an extended time period to assess nuclear power

plant risk.- F. Manning said that the report on the evaluation of LER for the

period 1969 through 1979 NUREG/CR-2497 had generated controversy over its

methodology and in view of the controversy, the NRC had asked that the metho-

dology be peer reviewed by the American Statistical Association, INPO, ACRS, and

other peer review groups. An EPRI workshop is planned to form a consensus about

the' precursor methodology. M. Ernst also mentioned that RES had not formed an

opinion on the methodology and indicated that the Staff would be interested in

ACRS comments on the methodology.

F. Manning stated that they plan to present the status of the precursor program

to date, in particular the 1980 - 1981 period study and information obtained at

the February 1983 EPRI workshop at the March 9,1983 Subcommittee meeting.

.

W. Cottrell of ORNL summarized the precursor program. The program was initiated

after the Lewis committee reconnendation that real data be used to obtain a

better estinate of the probability of severe core damage. The intent of the

program is to use LERS to identify potential accident precursors and estimate an

overall severe core damage -frequency for U.S. reactors. The program is compli-

mentary the p' ant PRAs currently performed by Industry and the NRC.

Other work in the precursor program than the 1969-1979 LER Precursor study

include documentation studies on diesel generator failures at Crystal River,

electrical power systems at Big Rock Point, and LERs concerned with severe

cooldown transients: PTS events and precursors.

.
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He explained that the report NUREG/CR-2497 has been reviewed extensively by

the NRC, INPO, NCAC, ORNL and SAI in its preliminary, draft, draft and final

form. He also noted that comments about the report also were made by Duke

Power and Dairyland Power on the Oconee and Lacrosse LERs. Currently, the

report is undergoing review by the NRC, a peer review panel assembled by

ORNL, and SAI, and NSAC.

He described the future plans for the precursor program. A draft of the

1980-1981 LER study to provided by_ July 1,1983. He noted that the failure

estimates for the 1980-1981 LER study would be independent of the 1969-1979

study. Computer models of event trees for sensitivity analyses and other

modifications as generated from comments from peer review will be incorporated

into the methodology of the precursor program. SAI and ORNL plan to complete

a top-down logic for the precursor program by September 1983. SAI/0RNL also

plan to obtain and incorporate more plant specific data into the study.

J. Minarick discussed the methodology and the major conclusions of NUREG/CR-

2497. The study involved the identification of potential precursors to severe

core damage, the identification of significant precursors, a calculation of

significant precursors, a calculation of an overall severe core damage from

precursor LERs, and the examination of precursors and their associated

characteristics for trends.

.

O



.

t
RPA fieeting Minutes -4- 2/9/83<

;
He mentioned that the identification of precursors involved the selection

from 19,400 LERs abstracts generated in the 1969-1979 period of 529 LERs for

further detailed review, based on the criteria in Attachment A. The detailed

review process of the 529 LERs for potential precursors was based on the

criteria that the precursor (1) resulted in a failure of a function required

to mitigate an off normal event or accident, (2) resulted in degradation of >,

2$ functions, or (3) included unusual initiating events, such as, loss of

offsite power. The detailed review process identified 169 potential ~ precursors.

He next described the quantification' of the 169 precursors and the identifi-

cation of significant precursors. The 169 precursors were mapped onto event

trees, categorized and documented, to provide a database for the calculation

of failure probabilities and initiating event frequencies.

The failure probabilities and initiating event frequencies were developed in

the following fashion:

1) The number of failures associated with a function or system was

'erived by identifying the events within the 169 database in which the

failure occurred, and then assigning a severe (by rating the failure

to rectify in the short term probabilities) to each event. The

severity ratings for a function were then summed and then divided by

the demand estimate derived from precursor data, to generate a failure

probability.

'
._,
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s

2) In cases where initiating events and failure probabilities could

not he estimated from the precursor, other estimate, such as, WASH-1400

were sequence of events trees were developed for each precursor

event, using failure probabilities and iniating frequencies. The

probability of severe core damage for each precursor was estimated.

52 precursor events were determined to be significant (SCD

frequency > 1x10-3),
.

He next discussed the trends analyses conducted in the study. The precursor

events exanined in the trends analyses were those significant event found at

plants that went critical after January 1,1969. The trends analyses included

the comparison of initiating events frequencies and failure probabilities

estimated in the study with those in WASH-1400. The analyses indicated that

the precursor studies estimates were within a factor of 10 of the WASH-1400

estimates. He noted that SAI and ORNL considered the study estimates to be

- consistent with WASH 1400 estimates, except for the failure probabilities of

the auxiliary feedwater system, PWR long term cooling and BWR ADS.

In analysing the selected precursors to see if the number of significant

precursors varied with plant age, J. Minarick noted that sal /0RNL could not
_

conclude from the data that a there was decrease or an increase in the number

of precursors with plant age. Also, the study failed to find any difference

in the number of precursors with plant type, vendors, A/Es, or plant power

rating.

.
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SAI and ORNL In the report also examined the number of precursors associated

with human error. (Operator mistakes or maintenance errors which resulted in

the failure of a system). The analyses indicated that 38% of the significant

precursors appeared to involve hunan error, 26*, of all precursor identified

involved human error, and 29% of LERs reviewed involved human error..

The study also estimated the diesel generator failure probability during LOOP,

using precursor information. The estimated probability was 0.064.

Total time on test plots trends were included in the trends analyses to d'etermine

the variation of instantaneous failure rates as a function of plant age.

The failure rate in nost initiating events or demand failures were either

constant or decreasing except for the BWR ADS failure.

J. liinarick next described the calculation of the overall severe core damage

frequency for the 1969-1979 period. The frequency was calculated using an

approach similar to Apostalokis and f40sleh. The severe core damage frequencies

contribution for 52 significant precursor events were sunned and normalized over

the total years of operating reactors in the study (432 years). The total

severe core damage frequency was estimated to be 4.5x10-3/ reactor year. He

noted that, further work on the estimate indicated that the severe core damage

frequency could be a factor of 3 lower than what was originally estimated. This

was because the original estinate assuned all the failures in the event trees to

be independent rather than accounted for dependencies between the failures.

.
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W. Cottrehl next discussed the problem and . issues derived from comments reviewed

during the pre publication review of NUREG/CR-2497. He mentioned that a few of

the misconceptions associated with the study were that the overall core damage
,

probability was percieved as a future core damage probability, the study should

have estimated the changes made in responses to the Tri!-2 event, and drafts of

the report were not peer reviewed. He also noted that the study _ did not include

failures which occurred during shutdown which could not have occurred during

plant operation, and failure immediately found by required testing after

maintenance.

|

He explained that the precursor study defined severe core damage as the logical

|
consequence of event trees. He said that the study made no effort to assess

the situation beyond core damage.

He described the problems associated with the selection criteria. He indicated

that inadequacies in the LER reporting system, lack of details in the LER

abstracts, and inherent biases in the selection process were among the problems

encountered in the study. He noted that in a 10% resample of the 19,400 LER

database, SAI and ORNL identified four more potential precursors, and subsequently

they found another potential precursor - a core uncovery event at Lacrosse. He j

said that in light of the 10% resample of the database and on comments received

ORNL/SAI feel that there are more potential precursor to be identified in

additional checking of the database.
\ ,

!
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In regards'to the calculation of the demand failure probabilities and initiating

eent frequencies, W. Cottrell indicated that the study's estimate were different

from the estimates obtained in INP0's reassessment of the study. He said that

the difference between INPGs and the precursor's estimate were attributed to the

differences in the rectifiction assignments to each failure. He noted that the

study's recti fication factor of 1 hecame INP0's factor of 0.1, 0.01, or 0.5, and

that the differences between INP0s and the precursor studies assignments were
'

due to the differences in engineering judgement credit given to operators, and

factors associated with the ascessibility and repairability of equipnent.

W. Kerr asked W. Cottrell as to what he felt was the significance of the pre-

cursor study. W. Cottrell replied that the precursor study provides a measure

on the meaningfulness of NRC and industry PRA estimates that are used in relation

to the proposed . safety goals. He also stated that the study indicated the

probability of core damage in the 1969-1979 period was higher than what is

expected at present.

A. Ruslik of the NRR Staff discussed NRR's observations on the methodology

of the precursor study. He noted that the ganeral observations were presented

in memo's dated December 16, 1982 and August 24, 1982 from H. Denton to R.

Bernero and R. flinogue. He explained -that the problem of overcounting in the

precursor study could be eliminated by identifying events as either complimen-

tary or pr,ecursor. He also indicated that the precursor study's approach to the

weighting of 1 to the Tl11-2 event produced a biased estimate of the SCD frequency.

.
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He noted that if the approach he suggested was used to calculate a probability

for the TMI-2 event, then the study's estimate of SCD would have not been biased.

Another observation he discussed were that the precursor study could assign

low conditional SCD Probabilities to events of high potential safety signifi-

cance; specifically he noted that the study assigned a low prnbability to the

Davis Resse high pressure injection runback event which was similar to the

TMI-2 event. J. iiinarick in response to the observation, said that the precursor

study failed to identify the Davis Besse event as significant because the

LER provided inadequate information or the HPI runback.

On the systems availability calculations, A. Rusiik mentioned that the study

was arbitrary in its approach to degraded systems, and that system recovery

should have incorporated more details in its approach. He also indicated that

the concept of minimum and maximum unavailability was not precise.

He mentioned that the benefits from rectificatirq were not fully accounted

for by the precursor study. He gave as examples the failure of the precursor

study to identify the Davis Besse event as a near "miss" of the Tl11-2 event, end

the loss of non nuclear instrumentation at Crystal River to be a near miss of

the Rancho Seco event.

********************

NOTE: Additional necting details can be obtained from a transcript of this
meeting available in the NRC Public Document Room, 1717-11 Street, N.W.,
Washington, D.C., or can be purchased from Alderson Reporting Company,
Inc. , 400 Virginia Avenue, S.W. , Washington, D.C. 20024, 202/554-2345.
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o L5R SY3 TEM INOLUDES MANY REPORTS OF INDIVIDUAL COMPONENT -

! !NOPERAE!LITIES WHICH RESULTED IN LOSS OF SAFETY SYSTEM t

| REDUNDANCY, BUT WHICH DID NOT PREVENT THE SAFETY SYSTEM
! FROM PERFORMING iTS FUNCTION.

.

| e LER SYSTEM ALSO INCLUDES OCCASIONAL REPORTS OF TOTAL
| LOSSES OF SAFETY SYSTEM OPERABILITY OR LOSSES OF RE-

DUNDANCY IN MORE THAN ONE SYSTEM.

;

'

e LER SYSTEM ALSO INCLUDES OCCASIONAL REPORTS OF INITIATING
i EVENTS WHICH REQUIRED THE USE OF PLANT SAFETY SYSTEMS TO
. MITIGATE THE CONSEQUENCES OF THE INITIATING EVENT.
i

|
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| o APPROXIMATELY 19,400 LERs (OR THEIR EARLIER EQUIVALENTS)
j ARE ON FILE FOR THE 1969 - 1979 TIME PERIOD.

1 o SINCE IT Y!AS NOT PRACTICAL TO REVIEW EACH LER IN DETAIL,
i CRITERIA WERE DEVELOPED TO SELECT FROM THE LER DATA BASE

THOSE CONSIDERED WORTHY OF SUBSEQUENT DETAILED REVIEW,

FOR PRECURSORS.

'l
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; CRITERIA FOR SELECTION OF LERs FOR DETAILED
j REVIEW AS PRECURSORS ..

!

|

1. ANY FAILURE TO FUNCTION OF A SYSTEM THAT SHOULD HAVE,

; FUNCT'ONED AS A CONSEQUENCE OF AN OFF NORMAL EVENT OR'

ACCIDENT,

2. ANY INSTANCE WHERE TWO OR MORE FAILURES OCCURRED,
1

3. ALL EVENTS THAT RESULTED IN OR REQUIRED INITIATION OF
! SAFETY-RELATED EQUIPMENT (EXCEPT EVENTS THAT ONLY

REQUIRED TRIP AND WHEN TRIP WAS SUCCESSFUL),

) 4. ALL CCMPLETE LOSSES OF OFFSITE POY!ER AND ANY LESS
: FREQUENT OFF NORMAL INITIATING EVENTS OR ACCIDENTS,

i 5. ANY EVENT OR OPERATING CONDITION THAT WAS NOT
ENVELOPED SY OR PROCEEDED DIFFERENTLY FROM THE PLANT

| DESIGN SASES, AND
|

6. ANY OTHER EVENT THAT, BASED ON THE REVIEWER'S
; EXPERIENCE, COULD HAVE RESULTED IN OR SIGNIFICANTLY

AFFECTED A CHAIN OF EVENTS LEADING TO POTENTIAL
i SEVERE CORE DAMAGE.

|

|

' -
_ _ _ - _ _ __ _
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i o IN;TIAL READING OF LER ABSTRACTS TO CHOOSE THOSE LERs

| WHICH DESERVE DETAILED REVIEWS FOR POTENTIAL PRECURSORS.
..

!

| o DETAILED REVIEW OF SELECTED LERs CONSIDERING:

SPECIFICS OF ACTUAL EVENT-

i

! IMPACT OF EVENT ON REACTOR PLANT SYSTEMS AT THE-

PLANT AT WHICH THE EVENT OCCURRED.

| NEED FOR SPECIFIC SYSTEMS / PORTIONS OF SYSTEMS-

i IN THE PLANT AT VIHICH THE EVENT OCCURRED FOR
1 MITIGATING OFF-NORMAL EVENTS AND ACCIDENTS.

o SELECTION OF EVENTS AS POTENTIAL PRECURSORS IF THEY:

|
RESULTED IN THE FAILUP.E OF A FUNCTION REQUIRED|

-

i TO MITIGATE AN OFF-NORMAL EVENT OR ACCIDENT.
,

RESULTED IN THE DEGRADATION OF TWO OR MORE-

i FUNCTIONS..

INCLUDED UNUSUAL INITIATING EVENTS (LOOPS AND-

| LESS FREQUENT EVENTS).
<

_ -_ .-



-- .- . - --

. .

..

,

o A 10% SAMPLE OF THE LER ASSTRACT DATA BASE WAS REVIEWED
TO IDENTIFY ANY EVENTS WHICH SHOULD HAVE BEEN SELECTED
AS POTENTIAL PRECURSORS BUT WHICH WERE PREVIOUSLY
MISSED.

o FOUR ADDITIONAL EVENTS WERE FOUND. THIS RESULTS IN AN
ESTIMATE OF 83% OF ALL POTENTIAL PRECURSORS FOUND.;

i
:

.
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o 169 EVENTS WERE SELECTED AS PRECURSORS TO POTENTIAL
SEVERE CORE DAMAGE.

i o THESE WERE DOCUMENTED, CATEGORIZED, AND " MAPPED" ONTO
! EVENT TREES WHICH DESCR| SED THE SEQUENCE OF ACTIONS

REQUIRED TO MITIGATE A TRANSIENT OR ACCIDENT. THE EVENT,

| TREE CHOSEN FOR EACH PRECURSOR WAS BASED ON THE MOST
! LIKELY INITIATING EVENT OR TRANSIENT WHICH COULD HAVE
' BEEN AFFECTED BY THE REPORTED FAILURES.

o THE EVES!T TREES CONSIDERED THE INITIATING EVENT AND,

: OPERABILITY OF FUNCTIONS REQUIRED TO MITIGATE THE
| INITIATING EVENT. UNAVAILABILITY OF REQUIRED MITIGATING
! SYSTEMS IN COMBINATION WITH AN INITIATING EVENT WAS CON-

SIDERED TO RESULT IN SEVERE CORE DAMAGE.
!

i
-
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PRECURSOR DESCRIPTION ,iND DATA

&

NSIC Accession Number: 78418

Datu: .Tebruary 2. 1973

Title: Failure of Charging Pu=p Valves to Open Af ter an Ice Storm at Maine Yankee

The .~.iilure sequence wa> :

1. During ECCS valve surveillance testing, the suction valve from the RWST to charging
pu=p 14A failed to open due to ice on the valve stem, a result of an ice stora
earlier in the day.

2. The suction valve from the RWST to charging pump 14B failed to open completely,
also because of ice on the valve stem.

Carrective action:

The ice was removed from the valve ste=s and protective covers fabricated for the
valves.

Design purpose nf faticd sy.<tsm r component:

The charging pu=p suction valves admit water from the RWST to the charging pu=ps
'

during safeguards actuation, when pump suction flow is automatically switched from the
volu=e control tank to the RWST.

Unava: lability of syatet per WASH 1400:* High Pressure Injection System (Two,of Three
Pu=ps Required on Surry): 1.2 = 10 *

Una allability of cceponer.t per W..Sil 1400:' MotorogeratedValve,failuretooperate:
1 = 10 /D

* ~1Cnavailabilities cre in units of per dencnd 3 Failure rates are in
units of per hour HR-2,

I
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. .

Reactor at 60% Charging Pump 14A Charging Pump 14B Potential
Power and Suction Valve Fails Suction Valve Falls Severe .-

Testing After to Open Due to to Fully Open Due Core
an Ice Storm Icing on Valve Stem to Icing on Valve Stem Damage

_ No - no small LOCA,,

$i -

4

No
--

9

No
a

T

/

|4

.

/
~

4
<

' '

|,i \
.

I <

NSIC 48418 - Actual Occurrence for Failure of Charging Pump Valves to Open '

After an Ice Storn at Maine Yankees .

*
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Small Reactor Auxiliary liigh I.ow Pressure l'o t en t ia l Sequence
LOCA Trip Feedwater and l'ressure Recirculation Severe No,3 ,

' Secondary Injection and 1.PR/llPI Core
lica t Removal . Cross-Connect Damage

, , ,
..

t

i

r ,

' '
No 11' i'

s

'

Yes 2'

p( F)

Yes 3 ,

N

No 4s
. ,

1
'

'4 i Yes 5~

.'% f(F) 4,

Yes 6 s

1

Yes 7
%

%

.

NSIC 78418 - Sequence of Interest for Failure of Charging Pump Valves to Open
Af ter an Ice Storm at Maine Yankee

____________.



. . .

.

.

CATELORIZATION Of ACCIDENT SEQUENCE l'RECURSORS

&

NSIC ACCESSION NUMBER: 78418

DATEOFLER$ February 7, 1973

DATE OF EVENT: February 2, 1973

SYSTEM INVOLVED: High Pressure Injection System

COMPONENT INV01.VFD: Charging pump suction valves.

CAUSE: Ice on valve stems

SEQUENCE OF INTEREST: small LOCA

ACT"AL CCCURRENCE: valve failure to open during testing

REACTOR NAME: lbine Yankee

DOCKET NLEDER: 50-309

*EAC70R TYPE: PWR
,

DESIGN ELECTRICAL RAT'NG: 825 Mwe

RIACTOR ACE: .3 yr

VENDOR: Combustion Engineering

ARCi1ITECT-ENG;NEER3: Stone and Webster

OPERATORS: Maine Yankee Atomic Power Co.

Lot:AT10N: 10 miles north of Bath, Maine

DURATION: 360(a) hours

PLANT OPEFATING CONDITION: at 60% power

SATT.TY FEATURE TYPE 0F /All.URE: (a) inadequate performance; (b) failed to start;
;nade ineperable; (d)

DISCOVERY METHOD: during testing

COM:!ENT: -
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i

e IN!TIAT|XG EVENT FREQUENCIES AND BRANCH FAILURE PROB-
ABILIT|ES WERE DEVELOPED WHERE POSSIBLE FROM THE INFOR-
MATION CONTAINED IN THE PRECURSORS.THIS WAS DONE TO:

GAIN AN UNDERSTANDING OF WHAT FAILURE VALUES WERE-

t INDICATED BY THE LER DATA BASE.

PROVIDE FAILURE VALUES FOR SUBSEQUENT RANKING OF THE-

PRECURSORS.

.

.

_ _ _ _ _ _ _ ________
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o THE NUMBER OF FAILURES V!AS ESTIMATED BY ASSIGNING |
SEVERITY RATINGS (FAILURE-TO RECTIFY IN-THE SHORT-TERM
PROBAS:LITIES) TO EACH SYSTEM FAILURE:

IF THE FAILURE WAS CONSIDERED EASILY RECTIFIABLE IN-

s HE SHORT TERM FROM THE CONTROL ROOM, A SEVERITY'

RATING OF 0.1 WAS ASSIGNED.
,

IF THE FAILURE WAS CONSIDERED RECTIFIABLE IN THE-

SHORT TERM AT THE COMPONENT, A SEVERITY RATING OF 0.5
WAS ASSIGNED.'

IF THE FAILURE V!AS NOT CONSIDERED RECTIFIABLE IN THE-

SHORT TERM, A SEVERITY RATING OF 1.0 WAS ASSIGNED.i

e THE NUMBER OF DEMANDS WAS ESTIMATED BASED ON TESTING
REQUIREMENTS AND ACTUAL TRANSIENT DEMANDS.

. ,

,
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FUNCTION FA! LURE PROSABILITY ESTIMATES
(EXAMPLE FROM TABLE C.1) _

AFW AND SECONDARY HEAT REMOVAL FAILURE

SEVERITY DEMAND FAILURE
EVENTS SEVERITY SUM ASSUMPTIONS PROBABILITY

'TP4-18 JUNE 73 0.1

PB1-4APR74 1.0

TP3-8MAY74 1.0

KEW-5NOV75 1.0 > 6.1 5624 1.1 10-3/D

DB1-11 DEC77 1.0

FAR-25 MAR 78 0.5

RS-20 MAR 78 1.0
.

TMl2 28 MAR 79 0.5 s
:
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INITidTING EVENT FREQUENCIES AND DEMAND
FAILURE PROBABILITIES DETERMINED USING

PRECURSOR INFORMA. TION
EVENT FREQUENCY

OR FAILURE
PROBASILITY

COMDINED PV,'n AND DV!R LOSS OF OFFSITE POV!ER 'MO MIN), 0.041
PER YEAR

PWR LOSS OF OFFSITE t'OWER (230 MIN), PER YEAR 0.048

liv!R LOSS OF OFFSITE POV!ER (230 MIN), PER YEAR 0.030

4PWR St.1ALL LOCA, PER YEAR 8.3 x 10

BWR SIAA.LL LOCA, PER YEAR 2.1 x 10 2

PWR AFW FAILURE, PER DEMAND 1.1 x 10'8

PWR HPI FAILURE, PER DEMAND 1.3 x 104
4PWR LONG TERM CORE COOlli G (SUfdP RECIRCULATION) 1.2 x 10

FAILURE,PER DEMAND

4PWR EMERGENCY POWER FAILURE, PER DEMAND 1.8 x 10

PV!R STEAM GENERATOR ISOLATION FAILURE, PER DEMAND 1.2 x 104
4PWR HPI FOR STEAM LINE FREAK falTIGATION (CONCENTRATED 2.8 x 10

DORIC ACID INJECTIOl') FAILURE, PER DEMAND

BWR RCIC AND liPCI FAILURE, PER DEMAND 3.9 x 10'8

DWR ADS FAILURE, PER DEMAND 2.7 x 10 2

DV!R EMERGENCY POWER F/.! LURE, PER DEf5AND 5.0 x 104

DV!R HPCI FAILURE, PER DEMAND 5.7 x 10 2

BV!R REACTOR VESSEL ISOL/. TION FAILURE, PER DEMAND 3.0 x 10'8
___
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o CERTAIN INITIATING EVENT FREQUENCIES AND FAILURE PROB-;

| ASILITIES COULD NOT BE ESTIMATED FROM THE' PRECURSOR
DATA.

'

o IN THESE CASES, PREVIOUS ESTIMATES (SUCH AS THOSE CON-
TAINED IN WASH 1400) WERE UTILIZED.

,

t

.

|
1

|

|

>
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SASED ON THE CALCULATED FAILURE PROBABILITIES AND FAILEDo

AMD DEGRADED STATES WHICH EXISTED DURING EACH PRECUR-
SOR EVENT, THE PROBASILITY OF SUBSEQUENT SEVERE CORE
DAMAGE GIVEN THE PRECURSOR CONDITIONS WAS DETERMINED
USING THE SEQUENCE OF INTEREST EVENT TREES DEVELOPED
FOR EACH EVENT.

>

;
.

,

i
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-

o THE F'FTY-TV10 EVENTS Y!!TH A CONTRIBUTION TO SEVERE CORE
DAE1 AGE EQUAL TO OR GREATER THAN 10-3 WERE SELECTED AS
SIGNIFICANT PRECURSORS. FORTY SEVEN OF THESE EVENTS
OCCURRED AT PLANTS WHICH WENT CRITICAL AFTER JANUARY,
1969,.

o THESE FORTY-SEVEN EVENTS WERE USED AS A BASIS FOR DETER-
MINING WHETHER SIGNIFICANT TRENDS WERE DISCERNIBLE IN
THE PRECURSORS

,

__ _ _ _ _ _ _ _ _
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TRENDS ANALYSIS
,

| o COMPARISON OF CALCULATED INITIATING EVENT FREQUENCIES AND
FUNCTION FAILURE PROBABILITIES WITH PREVIOUS ESTIMATES

o DETERMINATION OF TRENDS IN INSTANTANEOUS FAILURE RATES AS '

A FUNCTION OF PLANT AGE

| e D5VELOPMENT OF TIME LINES TO VISUALLY INDICATE WHERE AND
WHEN IN PLANT LIFE THESE EVENTS OCCURRED

i
i o CONSIDERATION OF VARIATION IN NUMBER OF SIGNIFICANT EVENTS
| PER PLANT AS A FUNCTION OF PLANT AGE

! o CONSIDERATION OF POTENTIAL DIFFERENCES BETWEEN PLANT
| 4 YPES AND AMONG VENDORS, A/E's, AND PLANT POWER

-,

RATINGS SASED ON THE NUMBER OF SIGNIFICANT EVENTS
,

: o IDENTIF: CATION OF DEGRADED FUNCTION EVENTS THAT OCCURRED
i WITHIN ONE MONTH OF EACH SIGNIFICANT PRECURSOR.

i

! o DETERM! NATION OF PERCENTAGES OF PRECURSORS INVOLVING
; HUMAN ERROR

o ESTIMATION OF PROBABILITY OF A DIESEL GENERATOR FAILING
TO START, GIVEN A NON-TESTING LOSS OF OFFSITE POWER DEMAND

.

.

|
4

_-- _ _ - _ _ _ - _ _
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Table 3.4. Initiating event fregnancies and desend fa!!sre probabilities determined saias
precereer information soepared with valsee deternised la the Resetor Safety Study

Frequency or f a!!ste probability
Enst

ASP Resetcr Safety
valse Stiafy valse

#Loss of offsite power (combined PWR sad BTR) 0.041 0.04
Q30 min), per year

MR loss of offsite power Q30 min), per year 0.048

BTR loss of offsite power Q30 min), per year 0.030
PWR small IACA, per year 8.3 x 10-8 10-8

8BWR small thCA, per year 2.1 x 10-s go-s

PTR AFT fallare, per demand 1.1 x 10-8 3.7 s 10-s (7 : go-e

to 3 z 10-* )
M R BPI failure, per demand 1.3 z 10-e 8.6 x 10-8 (4.4 x 10-s

t o 2.7 x 10- 8 ) *
MR Icos-tcrn core cooling (sump recirculation) 1.2 x 10-8 1.3 z 10-s (4.4

to 3.1 x 10-8)g 10-sfailure, per demand

PER emergency power failure, per demand 1.8 x 10-8 1 x 10-8I
PER steam generator isolation f ailure, per de=and 1.2 a 10-s

PER EPI for steam line break mitigation (conces- 2.8 z 10-8
trated boric acid inj ection) f ailure, per demand

hBVR RCIC and HPCI anitare, per demand 3.9 s 10-s 7,3 go-s

BTR ADS f allare, per demand 2.7 x 10-8 5 z 20-s (3.3 a.10-8
to 7.5 x 10-8)*

BWR emergency power f allere, per demand 5.0 x 10-e 1 go-s/

BUR UPCI failure, per de=and 5.7 z lo-a 9,3 10-8 (6.8 10-8
to 1.4 x 10-8)k

BWR reactor vessel isolation f ailure, per demand 3.0 x 10-8

#
Ref. 1, p. I-85/ 86, footnote 3.

b
Ref. 1. p. 63.

#
Ref. 1. Sect. 5.3.4.1, p. 64.

Ref.1. Tabl e II 5-8.
#
Ref. 1, p. II-144.

IRef. 1, p. 11-176.
IRef. 1, p. II-90.
h
Re f.1, p. 56.

1C
Re f. 1, p. II-405.

Re f. 1, p. II-3 55.
kDe &ceter Scfety St:dy failure prebabilities incinde a test and meintenance contri-

bution that would tot be incloded in numbers derived free testing. D e scatest and mainte-
nance f allere probebility la 1.3 s 10-8/D (codlan) (Ref. 1, p. II-395).

- - - - - . - - _ - . . ..
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.Tabis 5.2. Total time on test plot trend indications

Initiating event or demand failure Failure gate

PWR and BWR loss of offsite power Decreasing
PWR loss of offsite power Decreasing
BWR loss of offsite power Constant (perhaps

increasing)

FJR small LOCA Constant (po
decreasing)ghaps

BWR small LOCA Decreasing

PWR AFW demand failure Decreasing

PWR HPI demand failure Decreasing

PWR long-term core cooling Constant (pc h
(snmp recirculation) demand increasing)3 aps
failure

FWR emergency power demand failure ' Decreasing

PRR steam generator isolation Constant
demand failure

PRR HPI for steam line break Decreasing
mitigation demand failure

BWR UPCI and RCIC demand failure Decreasing

BWR ADS demand failure Increasing

BWR emergency powcr deuand failure Constant (perhaps
increasing)

BWR reactor vessel isolation Decreasing
demand failure

"See Appendiz D for cautions in interpreting these
trends,

b
This conclusion was based on a small nunber of ob-

served events.
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Table 5.3. Chi-square tests for differences between plant types and moong
reactor vendors. archit e c t-engine e rs , and power levels

Number of events
Calculated 955 cuenlative
X values X* distribEtionObserved Expected

Plant type
PSR 31 27.36 1.15 (0.86) 3.84
BWR 16 19.63

Reactor vendors
PWR

Babcock & Wilcox 10 6.14 3.02 (2.18) 5.99
Combustion Engineering 5 5.94
Westinghouse 16 18.92

All
Babcock & Wilcox 10 5.42 4.58 (3.58) 7.81

.

Combustion Engineering 5 5.25 Y
' **

General. Electric 16 19.63
Westinghouse 16 16.70

Maj or architect-engineers
Dechtel 16 15.63 8.90 (5.94) 11.10
Durns and Roe 5 2.58
Ebasco 7 4.40
Sargent and Lundy 2 6.96
Stone and Webster 3 4.71
United Engineers and 3 1.73
Constructors

) Plant power ratings, MWe
1 400-600 8 9.76 2.21 (1.15) 7.81
I 600-800 14 14.49*

800-1000 20 15.61
1000-1200 5 7.14

" Values given without Yates (-0.5) correction appear first; valnes with Yates
(-0.5) correction are in parentheses.

,

;
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Table 5.4 (sess ioned)

~

Addittemet evoets of lateroet eithle
Stasifieset processor events 1 seeth of elselfleemt preestsee ..

NSIC hSIC
assessies Date Plant Descripties ,,,,,,g,, ,,,, ,,,,,g gg,,

** No.

120293 hev. II, 1976 Batch I sh68e the plant was operstles e t 120290 Nov. 2. 1976 While testles the IC BC, se

power, all servlee water stralmers overspeed eien. bogen fleshlag
were diseevered plassed. The boek- erretiently. The estpet breeter
flesh motor s bed t ripped. A s t a nd- tr8pped estemetteetly. eed the

ins seder was 36ven to backflesh DC ese eseestly tripped,
the stratoers tulee per ehlft estil

I the metere coeld be rotermed to 120609 Nov. 2 9.1976 The RCic leverter tripped with

service. the reactor et Get power. A
seperster le the setpet treme-
former had eherted.

123150 Ma r. 2.1977 Cry s t al vital bas a f ailed besesse of the 122781 Nor. 7.1977 Torblee drives AF9 pump 38

| River 3 f attere of leverter B eetpet diede. tripped ed overspeed when
Th6s seesse e reester trip. turbine sta rted f ree the eestret board
trip, see the 30% opostos of the with male stone es the empply gn
eteespherte deep valves. The esel- beessee of a leek of gevormer i

::de.. r e t e e.. i.de F . i s ei.. respeese.

124250 Mar. 22.1977 Followles e reestte trip esseel
R?! was initiated en Bel trale
A. des of the tes BPI feelettes
valves (IrJV-24) felled to eyes
bessese of improper targee

switch settles.

128569 Jely IS. 1977 Breeselsk 2 Followleg a terbine/reaeter trip, a 120798 Jose 22.1977 thite prCI see est of servies

relief valve was beleg used to ces- for repatro end eellbrettee. the
trol resster pressere. The valve 2 A RRR phop f ailed to start der-
f ailed to reset besesse of a gresad tag operabilley test regelred by
la the solemand operator.

*
Teeksiss! Speelfleetless.

130748 Sept. 2 4.1977 Davis- A hal f-trip of the SFRCS des to es- 130943 De t . 16. 1977 The goverser for APW pump 1-2
Besse 1 inces ceases lettiated closere of esa fened elesed earles testleg.

startup f eedwater valve FTSP7A. The possible sense ses esecestre

Thts resulted in redeced water level vibrettee from the startap feed
.

le SG 2 sed subsegeest RCS tempers- pump motet.
and pressere rise. The presserteer
POKV lifted 9 times med them steek
ope n. The valve stuck open bessese
of rapid eyellas esased by the sele-
stem of a elese relay le its sentret

etreelt.
1
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* PRECURSORS INVOLVING HUMAN ERROR

SIGNIFICANT PRECURSORS 38 %-

ALL PRECURSORS 36 %-

1979 SAFETY-RELATED LERs 29 %-

.

9
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o EFFECTIVE NUMBER OF DIESEL GENERATOR FAILURES DURING
ACTUAL LOOPS = 4.2.

O ACTUAL NUMBER OF DIESEL DEMANDS = 66

DIESEL GENERATOR FAILURE PROBABILITY ESTIMATE = 4.2, ,*
,

66 .

4

.

:
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o T|-:E PRO 3 ABILITIES OF SUBSEQUENT SEVERE AND CORE DAMAGE
i DETERMINED FOR PRECURSORS ASSOCIATED WITH INITIATING

EVENTS WERE USED TO ESTIMATE THE FREQUENCY OF SEVERE
CORE DAMAGE DURING THE 1969-1979 PERIOD.;

* THE ESTIMATE WAS BASED ON AN APPROACH.SIMILAR TO THAT
DESCRIBED BY APOSTOLAKIS AND MOSLEH IN WHICH THE

|
' AVERAGE FREQUENCY IS ESTIMATED AS

hP i
i <u = 'Ti

:

V/ MERE Pi IS THE. CONDITIONAL PROBABILITY OF SEVERE CORE
! DAMAGE FOR THE ith EVENT AND T IS THE CUMULATIVE NUMBER

OF REACTOR YEARS.

.

i e
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THIS ESTIMATE IS 4.5 x 10-3o

o S|NCE THE .3.5THOD ASSIGNS A NON-ZERO PROBABILITY OF-
FAILURE VALUE IN CASES WHERE SUCCESS ACTUALLY OCCURRED,
IT CAN OVERESTIMATE (h).

o INITIAL WORK INDICATES THIS OVERESTIMATION COULD BE A FAC-
TOR OF THREE WITH THE EVENT TREES USED IN THE STUDY IF ALL-
OBSERVED COMBINATIONS OF FAILURES WERE ACTUALLY IN-
DEPENDENT FAILURES.

t

.
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' ACCIDENT SEQUENCE PRECURSOR STUDY HIGHLIGHTS 'e

.. .

.

PERIOD COVERED 1969-1979
. ..

TOTAL NUMOER OF LERs SEARCHED 19,400 .

NUMSER SELECTED FOR DETAILED REVIEW 529

NUESER SELECTED AS PRECURSORS 169

NUMBER OF SIGNIFICANT EVENTS 52 *:

4

i A PO!NT ESTlMATE OF THE FREQUENCY OF SEVERE CORE DAMAGE
'

CALCULATED FROM PRECURSOR INFORMATION FOR THE YEARS
1939 1979 LIES SETWEEN 1.7 x 10-3 AND 4.5 x 10-3 PER REACTOR YEAR.

REASONABLE AGREEMENT EXISTS BETWEEN ASP AND REACTOR SAFETY
SJ_.U. DY INITIATING EVENT FREQUENCIES AND FUNCTION FAILURE PRO-
BABILITIES.

NO VARIATION WITH PLANT AGE CAN BE DEMONSTRATED IN THE
NUMBER OF SIGNIFICANT EVENTS.

; NO APPARENT DIFFERENCES EXIST BETWEEN PLANT TYPES AND AMONG
VENDORS, ARCHITECT ENGINEERS, AND PLANT POWER RATINGS. *

4

__


