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-y i ACRS SURCOMMITTEE MEETING ON RELIABILITY
¥AR 7 1983 AND PROBABILISTIC ASSESSMENT

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 Namage Accidents: A Status
Report. The meeting was one of two subcommittee meetings to discuss the

report.

Pri=- ‘nal Attendees 0“ the meeting were: )

ACRS NRC OTHER
Nkrent, Chairman M. Ernst, RES W. Cottrell, ORNL
Bender, Member F. Manning, RES J. Minarick, SAI
Ehersole, lember T. Spiess, NRR

¥err, lMember A, Thadani, RES

Siess, Member

Lipinski, Consultant

fueller, Consultant

Guarro, Fellow

Savio, Staff*

Wainer, Staff

FoxuvuOEzOETCXIO
o e .

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

the office copy of the minutes in the ACRS files.

Discussion
M. Ernst and F. Minning of the RES Staff described the background of the Pre-
cursor Program and the status of RES action on the Status Report NUREG/CR-2497.

The program is parformed by ORNL and SAI under a contract to the NRC, and uses
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operational ﬂata (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
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 Fehruary 1983 EPR] workshop at the March 9, 1983 Subcommittee meeting.

npinion on the methodology and indicated that the Staff would be interested in
W. Cottrell of ORNL summarized the precursor program. The program was initiated
after the Lewis committee recommendation that real data be used to obtain a
better estimate 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.

i
Nther 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 Lalrosse 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 indepcndent of the 1969-1979
study. Computer models of event treces for sensitivity analyses and other
modifications as gencrated 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/ORNL 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 scvere
core damage, the identification of significant precursors, a calculation of
significant precursors, a calculation of an overall severe core damage from
precursor LFRs, and the examination of precursors and their associated

characteristics for trends.
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He mentio;;d that the identification of precursors involved the selection
from 19,400 LERs ahstracts 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 >
76 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 surmed and then divided by
the demand estimate derived from precursor data, to genecrate a failure

probability.
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.

2) In cases where initiating events and failure probabilities could
not be 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 examined in the trends analyses were those significant event found at
plants that went criticel 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, PHWR long term cooling and BHWR ADS.

In analysing the selected precursors to see if the number of significant
precursors varied with plant age, J. Minarick noted that SAI/ORNL 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., (0Operator mistakes or maintenance errors which resulted in
the failure of a system). The analyses indicated that 38% of the significant
precursors appeared to involve human 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 determine

the variation of instantanenus failure rates as a function of plant ace.
The failure rate in most initiating events or demand failures were either

constant or decreasing except for the BWR ADS failure.

J. Minarick 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 Mosleh., The severe core damage frequencies
contribution for 52 significant precursor events were summed and normalized over
the total years of operating reactors in the study (432 years). The total
snvere core danage 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 estimate assumed all the failures in the event trees to

be independent rather than accounted for dependencies betwecen the failures.
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W. Cottrekl 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 TMI-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 prohblems
encountered in the study. He noted that in a 10% resample of the 19,400 LER
database, SAI and OBNL identified four more potential precursors, and subsequently
they found another potential precursor - a core uncovery event at LaCrosse. He
said that in light of the 10% resample of the database and on comments received
NRNL/SA1 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 .tudy's estimate were different
from the estimates obtained in INPO's reassessment of the study. He said that
the difference hetween INPOs and the precursor's estimate were attributed to the
differences in the rectifiction assignments to each failure. He noted that the
study's rectification factor of 1 hecame INPO's factor of 0,1, 0.01, or 0.5, and
that the aifferences hetween INPOs 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 equipment.

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. Buslik of the NRR Staff discussed NRR's observations on the methodology

of the precursor study. He noted that the q.neral observations were presented
in nemo's dated NDecember 16, 1932 and August 24, 1982 from H. Nenton to R.
Bernero and R, Minogue. HMe explained that the problem of overcountino in the
precursor study could be eliminated by identifying events as either complimen-
tary or precursor., He also indicated that the precursor study's approach to the

weighting of 1 to the TMI-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 bheen 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 probability to the
Davis Resse high pressure injection runback event which was similar to the

T™1-2 event., J. linarick 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. Ruslik 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 rectificati~n were not fully accounted

for by the precursor study. He gave as examples the failure of the precursor
study to identify the Davis Resse event as a near "miss" of the THI-2 event, ind
the loss of non nuclear instrumentation at Crystal River to be a near miss of

the Rancho Seco event.

Ax kA bk hk kA kb kb khhkhkk

NOTE: Additional icoting details can be obtained from a transcript of this
meeting available in the NRC Public Nocument Room, 1717-H Street, N.W.,
Hashington, D.C., or can be purchased from Alderson Reporting Company,
Inc., 400 Virginia Avenue, S.W., Washington, D.C. 20024, 202/554-2345.



ACCIDENT SEQUENCE PRECURSOR

PROGRAM METHODOLOGY



SR SYSTEN INCLUDES MANY REPORTS OF INDIVIDUAL COMPONENT
INCPIZRACILITIES WHICH RESULTED IN LOSS OF SAFETY SYSTEM
REDUNDANCY, BUT WHICH DID NOT PREVENT THE SAFETY SYSTEM
FROM PERFORMING ITS FUNCTION.

LER SYSTEZM ALSO INCLUDES OCCAS!ONAL REPORTS OF TOTAL
LOSSES OF SAFETY SYSTEM OPERABILITY OR LOSSES OF RE-
DUNDANCY IN MORE THAN ONE SYSTEM.

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



APPROXINMATELY 12,400 LERs (OR THEIR EARLIER EQUIVALENTS)
ARE ON FILE FOR THE 1869 - 1979 TIME PERIOD.

SINCE IT WAS NOT PRACTICAL TO REVIEV! EACH LER IN DETAIL,
CRITERIAWERE DEVELOPED TO SELECT FROM THE LER DATA BASE
THOSZ CONSIDERED WORTHY OF SUBSEQUENT DETAILED REVIEW
FOR PRECURSORS.



CRITERIA FOR SELECTION OF L=R3 FOR DETAILED
REVIEW AS PRECURSORS

ANV FAILURZ TO FUNCTION CF A SYSTEM THAT SHOULD HAVE
FUNCTIONED AS A CONSEQUENCE OF AN OFF-NORMAL EVENT OR
ACCIDENT,

ANY INSTANCE WHERE TWO OR MORE FAILURES OCCURRED,

ALL EVINTS THAT RESULTED IN OR REQUIRED INITIATION OF
SAFETV-RELATED EQUIPMENT (EXCEPT EVENTS THAT ONLY
REQUIRED TRIP AND WHEN TRIP WAS SUCCESSFUL),

ALL CCMPLETE LOSSES OF OFFSITE PO'WER AND ANY LESS
FREQUENT OFF-NORMAL INITIATING EVENTS OR ACCIDENTS,

ANY ZVINT CR OPZRATING CONDITION THAT WAS NOT
=MVIZLOPED 2V OR PROCEEDED DIFFERENTLY FROM THE PLANT
OZSIGN DASES, AND

ANY OTHER EVZNT THAT, BAS=ZD ON THE REVIEWER’S
CX{PERIENCE, COULD HAVE RESULTED IN OR SIGNIFICANTLY
AFFEZCTED A CHAIN OF EVENTS LEADING TO POTENTIAL
SEVERE CORE DAMAGE.



[NITIAL RZADING OF LER ABSTRACTS TO CHOOSE THOSE LERs
WHICH DESERVE DETAILED REVIEWS FOR POTENTIAL PRECURSORS.
DETAILED REVIEW OF SELECTED LERs CONSIDERING:
— SPECIFICS OF ACTUAL EVENT

- MPACT OF ZVINT ON REACTOR FLANT SYSTEMS AT THE
PLANT AT WHICH THE EVENT OCCURRED.

— NZED FOR SPECIFIC SYSTENMS/PORTIONS OF SYSTEMS
IN THE PLANT AT V/HICH THE EVENT OCCURRED FOR
NITIGATING OFF-NORMAL EVENTS AND ACCIDENTS.

SELEC7ICN OF EVENTS AS POTENTIAL PRECURSORS IF THEY:

— RESULTED IN THE FAILURE CF A FUNCTION REQUIRED
TO NITIGATE AN OFF-NORVMAL EVENT OR ACCIDENT.

— RZSULTED IN THE DEGRADATION OF TWO OR MORE
: FUNCTIONS.

— [INCLUDZD UMUSUAL INITIATING EVENTS (LOOPS AND
LESS FREQUENT EVENTS).



A i0% SAV.PLZ OF THEZ LER ASSTRACT DATA BASE WAS REVIEWED
TO ICZNTIFY ANY EVENTS WHICH SHOULD HAVE BEEN SELECTED
AS POTENTIAL PRECURSORS BUT WHICH WERE PREVIOUSLY
MISSED.

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



162 EVEMTS W'"‘h. SELECTED AS PRECURSORS TO POTENTIAL
SEVERE CORE DAMAGE.

=SZ \YZEZ DOCUMENTED, CAT':GO MZED, AND “MAPPED” ONTO
CMT TOEES WHICH DESCRIEED THE SEQUENCE OF ACTIONS
EQU!'% 0 TO MITIGATE A TQA'\JS!"NT OR ACCIDENT. THE EVENT
q = CHOSEN FOR EACH PRECURSOR WAS BASED ON THE MOST

ELY IMITIATING EVENT OR TRANSIENT WHICH COULD HAVE
B EN AFFECTED BY THE REPORTED FAILURES.

THIZ EVEMT TREZS CONSIDERED THE IMITIATING EVENT AND
OPZRABILITY OF FUNCTICNS REQUIRED TO MITIGATE THE
INITIATING EVENT. UNAVAILABILITY CF REQUIRED MITIGATING
SYSTEVNS IN COVMIBINATION WITH AN INITIATING EVENT WAS CON-
SIDERED TO RESULT IN SEVERE CORE DAMAGE.
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PRECURSOR DESCRIPTION AND DATA

NXSiC Accession Number: 78418

Date: - February 2, 1973

Title: Failure of Charging Puzp Valves to Open After an Ice Storm at Maine Yankee

The Tatilure sequence @as:

1. During ECCS valve surveillance testing, the suction valve from the RWST to charging
puzp 14A failed to cpen due to jce on the valve stem, a result of an ice storm
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.

Corrective sttion:

The ice was removed from the valve stems and protective covers fabricated for the
valves.

Desior purpose cf faficd svstem ~r 2umponent:

The charginrg pump suction valves admit water from the RWST to the charging pumps

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

Uravailability of eyster per WASH 1400:" High Pressure Injection System (Two_of Three

Puzps Required on Surry): 1.2 = 10°°

Unavailability of componert per Wasil 1200:*  woror ggerated Valve, failure to cperate:
1 x10 °/D

- - - .
Unavailabilities ~re in units of per demend D '. Failure rates are in
urits of per hour HR™3,




¥
i Reactor at 60%

¢ Power and
‘ Testing After
| an Ice Storm

Charging Pump 14A
Suction Valve Fails
to Open Due to
Icing on Valve Stem

Charging Pump 14B
Suction Valve Fails

to Fully Open Due

to Icing on Valve Stem

‘W\"‘ >

AALLLLY -
TIITL 7

Potential
Severe
Core
Damage

No - no small LOCA

No

No

NSIC 48418 — Actuval Occurrence for Failure of Charging Pump Valves to Open
After an Ice Storwm at Maine Yankee




Small
LOCA

Reactor
Trip

Auxiliary
Feedwater and
Secondary
iicat Removal

High l.ow Pressure Potentlal
Fressure Recirculation Severe
Injection and LPR/NHPI Core
Cross~=Connect Damage
- No
l Yes
=
::?( F)
Yes
r No
Yes
Z(F)
Yes
Yes

Sequence
No.

NSIC 78418 — Sequence of Interest for Failure of Charging Pump Valves to Open
After an Ice Storm at Maine Yankee




CATELORIZATION OF ACUIDLYT SEQULNCE PRECLRSORS

NSIC ACCESSION NUMBER: 78418
UATE OF LER: February 7, 1973

DATE OF EVENT: February 2, 1973

SYSTEM INVOLVED: High Pressure Injection System
COMPONENT INVOIVED: Charging pump suction valves
CAUSE: Ice on valve stems

STOUENCE OF INTEREST: small LOCA

ACTUAL CCCURRENTL: valve failure to open during testing
PEACTOR NAME: Maine Yankee

DOCKET NUMBER: 50-309

PEACVOR TIPE: ?URV

PLSIUN ELTCTRICAL KAI'NG: 825 M.

RTACTOR ACE: .3 yr

ViiDOR: Combustion Engineering
AXCHITECT-ENCINEER3: Stone and Webster
OPERATORS: Maine Yankece Atomic Power Co.
LOUATION: 10 miles north of Bath, MMaine
DURATION: 360(a) hours

PLANT CPLRATING CONDITION: at 60% power

SATETY FEATURE TYPE OF FAILURE: (a) inadequate performance; (b)

@.nade incperable; (d)

DISCOVERY METHOD: during testing

CoMMENT: -

failed to start;




IMITIATING SVENT FREQUENCIES AND BRANCH FAILURE PROB-
ABILITIZS WERE DEVELOPED WHERE POSSIBLE FROM THE INFOR-
MATION CONTAINED IN THE PRECURSORS. THIS WAS DONE TO:

— CGAIN AN UNDERSTANDING OF WHAT FAILURE VALUES WERE
INDICATED BY THE LER DATA BASE.

— PROVIDE FAILURE VALUES FOR SUBSEQUENT RANKING OF THE
PRECURSORS.



THZ MUMBER CF FAILURZES WAS ESTIMATED BY ASSIGNING
SEVERITY RATINGS (FAILURE-TO-RECTIFY-IN-THE-SHORT-TERM
PROEASILITIES) TO EACH SYSTEM FAILURE:

IF THE t'NLb"" WAS CONSIDERED EASILY RECTIFIABLE IN
THE SHORT TERM FROMV THE CONTROL ROOM, A SEVERITY
RATIi\G 0!" 0.1 WAS ASSIGNED.

I THE FAILURE WAS CONSIDERED RECTIFIABLE IN THE
SHCRT TERAM AT THE COMPONENT, A SEVERITY RATING OF 0.5
VWAS ASSIGNED.

|7 THE FAILURE WAS NOT CONS!DERED RECTIFIABLE IN THE
SHORT TERM, A SEVERITY RATING OF 1.0 WAS ASSIGNED.

THZ NUMBER OF DEMANDS WAS ESTIMATED BASED ON TESTING
REQUIREMENTS AND ACTUAL TRANSIENT DEMANDS.
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FUNCTION FAILURE PROBARILITY ESTIMATES

(SXANP

LS FRONM TASLE C.1)

AFW AND SECONDARY HEAT REMOVAL FAILURE

SEVERITY DEMAND FAILURE
EVENTS SEVERITY  SUM ASSUMPTIONS PROBABILITY
TP4-18JUNE73 0.1 O
PB1-4APR74 1.0
TP3-8MAY74 1.0
EW-5NOV75 1.0 6.1 5624 1.1-10-3/D
DB1-11DEC77 1.0
FAR-25MAR78 0.5
RS-20MAR78 1.0
TNI2-28MAR79 05



INITIATING EVENT FREQUENCIES AND DEMAND
FAILURE PROEAEBILITIES DETERMINED USING

PRECURSOR IRFORMATION

EVENT FREQUENCY
OR FAILURE
PROBAEILITY
COMECINED PV AND CV/R LOSS OF OFFSITE POV/ER /~20 MIN), 0.041
PCR YEAR
PWR LOSS OF OIFFSITE POVVER (230 NIN), PCR YEAR 0.048
GVR LOSS OF OFFSITE POV/ER (230 MIN), PCR YEAR 0.030
PWR SIIALL LOCA, PER YEAR 8.3 x 107
BWR SISALL LOCA, PER YCAR 2.1 x 102
PWR AFW FAILURE, PER DEISAND 1.1 x 10°?
PWR HPI FAILURE, PER DEITAND 1.3 x 10°?
PWR LONG-TERNT CONE COCLIIIC (SULIP RECINCULATION) 1.2 x10?
FAILURE,FER DEMAND
PWR EMERGENCY POV/ER FAILURE, PER DEIGAND 1.8 x 10°?
PV/R STEAM GENCRATOR ISOLATION FAILURE, PER DEMAND 1.2 x 10°
FWR HPI FOR STEAM LINE FREAK IXITIGATION (CONCERTRATED 2.8 x 10°
EORIC ACID INJECTION) FZILURE, PER DEMAND
BWR RCIC AND HPCI FAILULE, PER DEMAND 3.9 x 10?
BWR ADRS FAILURE, PER DEIAND 2.7 x 102
EWR CHERGENCY POVVER FZILURE, PER DEIAND 5.0 x 10°
EV/R KPCl FAILURE, PER DELLAND 5.7 x 10?
3.0 x 10°

EV/R KEACTOR VECSEL ISCL/ZTION FAILURE, PER DENMAND

—— i . ——




CERTAIN IMITIATING EVENT FREQUENCIES AND FAILURE PROB-
SILITIES COULD NOT BE ESTIMATED FROM THE PRECURSOR
DATA.

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



EASED CM THZ CALCULATED FAILYURE PROBABILITIES AND FAILED
AND DZGRADED STATES WHICH LEXISTED DURING EACH PRECUR-
SOR ':VENT, THE PROBAZILITY OF SUBSEQUENT SEVERE CORE
DAMAGE GIVEN THE PRECURSOR CONDITIONS WAS DETERMINED
USING THE SEQUENCE OF INTEREST EVENT TREES DEVELOPED
FOR EACH EVENT.
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SIGNIFICANCE CATECORY




TEZFIFTY-TWO EVENTS WITH A CONTRIEUTION TO SEVERE CORE
DALACZ EQUAL TO OR GREATER THAN 103 \WERE SELECTED AS
SIGNIFICANT PRECURSORS. FORTY-SEVEN OF THESE EVENTS
CCCURRED AT PLANTS WHICH WENT CRITICAL AFTER JANUARY,
1969.

THZSEZ FORTY-SEVEN EVENTS WERE USED AS A BASIS FOR DETER-
MINING VWHETHER SIGNIFICANT TRENDS WERE DISCERNIBLE IN
THE PRECURSORS



TRENDS ANALYSIS

CCONMPARISCN OF CALCULATED INITIATING EVENT FREQUENCIES AND
FUNCTION FAILURE PROBABILITIES WITH PREVIOUS ESTIMATES

CETERMIMATION OF TRENDS IN INSTANTANEOUS FAILURE RATES AS
"'UNCTIO\' OF PLANT AGE

CZVILCPMEIENT OF TIME LINES 7O ViSUALLY INDICATE WHERE AND
WHEN IN PLANT LIFE THESE EVENTS OCCURRED

CONSIDERATION OF VARIATION IN NUNMBER OF SIGNIFICANT EVENTS
PCR PLANT AS A FUNCTION OF PLANT AGE

CCONZIDERATION CF POTENTIAL DIFFERENCES BETWEENMN PLANT
TYPZS AND AMOMG VENDORS, A/E’s, AND PLANT POWER
RATINGS SASED ON THE NUMBER OF SIGNIFICANT EVENTS

IDENTIFICATIOM OF DEGRADED FUNCTION EVENTS THAT OCCURRED
WITHIN CNE MONTH OF EACH SIGNIFICANT PRECURSOR

DETERM!NATION OF PERCENTAGES OF PRECURSORS INVOLVING
HUMAN ERROR

CST!MATION OF PROBABILITY OF A DIESEL GENERATOR FAILING
TO START, GIVEN A NON-TESTING LOSS-OF-OFFSITE POWER DEMAND



Table 51,

Toitiating event frequescies and dezend failure probabilities detersined uaing

precursor inforsation compared with values determined in the Reactor Safety Study

Frequency or failure probadility

Srent ASP Reactor Safety
value Study value
Loss of offsite power (combized PR and BWR) 0.041 0.04%
(230 min), per yesr
PR loss of offsite power (230 min), per year 0.048
B¥R loss of offsite pover (230 min), per year 0.030
PSR small LOCA, per year 8.3 z 10 lO"b
BYR szall LOCA, per year 2.1 2 104 10-+°
P¥R AFW faileres, per demand 1.1 z 10~* 3.7 = t0~° (14' 10~*
to 3 z 10¢)
P¥R EPI failore, per demand 1.3 3 107 8.6 x 107" (4.4 z 10
to 2.7 z 10-%)
PR long-term core cooling (su=p recirculation) 1.2 a 10 1.3 = 10~* (4.‘,: 10—
failoce, per dezand to 3.1 x 107%)
PR ecergency power failuore, per dezand 1.8 z 10-* 1z 109
P¥R steam generator lsclation failure, per dezand 1.2 3 10-*
P¥R BPI for steam line bresk zitigation (concem~ 2.8 3 10
trated boric scid icjection) failcre, per desand
B¥R RCIC and BPCI isilure, per decand 3.9 2 10 7.8 x 10"h
B7R ADS failure, per decand 2.7 z 10~ $ 3 10°° (3.3 xiXO"
to 7.5 x 107%)
B¥R emergency powver failcre, per demand $.0 z 10-? 1z lO"j
E¥R 0OPCI failure, per dezand 5.7 = 10— 9.8 z 107 (S.Okl 10~%
to 1.4 x 107%)
B¥R reactor vessel isclation failure, per decand 3.0 x 10?
akef. 1, p. 1-85/86, footnote 3.
bRcf. 1. 9 43,
®Ref. 1, Sect. $.3.4.1, p. 64.
d

Ref, 1, Tabl

e 11 5-8,

“Rof. 1, p. 11-144.

!Rof. 1, p.

11-176.

P2et. 1, p. 11-90,

h

Ref. 1, p. 56,

1

IP-I. 1. p.
k

The Rececter
batica that wonld

Ref. 1, p. I1I-408.
11-38%.

Sofety Study failure prebabilities inclode o test and mcinteneace contri=

rot be incloded in cumbers derived from testing.

The oo

sance feilore probebility die 1.3 x 107%/D (cedian) (Ref. 1, p. II-3935).

atest and peinte~
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.Table 5.2. Total time on test plot trend indications

Initiating event or demand failure

Failure snto
trend

PWR and BWR loss of off{site power
PWR loss of offsite power
B¥R loss of offsite power

PiiR small LOCA

B¥R small LOCA
PAR AFW demand failure
PvR HPI dezand failure

PWR long-term core cooling
(sump recirculation) demsnd
failure

F¥R emergency power demand failure

P7R stean generator isolatiom
demand failure

PR EPI for steam line break
mitigation demand failunre

BYR HPCI and RCIC demand failure
B¥R ADS demand failure

BWR emergency power demand failure

BVR reszctor vessel isolationm
demand failure

Decreasing
Decreasing

Constant (perhaps
increasing)

Constant (peshlpt
decreasing)

Dccreasingb
Decreasing
Docreasingb

Constant (peshlps
increasing)

Decreasing

Constlntb
Decreasing

Decreesing
1 . b
ncreasing

Constant (perhaps
increcsing)

screasing

aSce Apperndix D for ccutions in interpreting these

trends,

bImis conclusion was based on a small number of ob-

scrcved events,
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Table 5.3. Chi-square tests for differences between plant types and among
reactor vendors, architect-engincers, and powsr levels

Number of events Calculated 95% cumulative

x* values® x* distribution

Observed Expected

Plant type
PWR 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
General Electric 16 19.63
Westinghouse 16 16.70
Major architect-engineers
Bechtel 16 15.63 8.90 (5.94) 11.10
Burns and Roe 5 2.58
Ebasco 7 4.40
Sargent and Lundy 2 6.96
Stone and Vebster 3 4.71
United Engineers and 3 1.73
Constructors
Plant power ratings, MWe
400600 8 9.76 2.21 (1.15) 7.81
600—800 14 14.49
800—1000 20 15.61
10001200 5 7.14

%Yalues given without Yates (-0.5) correction appear first; values with Yates
(-0.5) correction are in parentheses.

8-5



Tabie 5.4 (continsed)
Sigaifissnt precarser evests Additions]l events of laterest within
L 1 wonth of sigaificant precarser ..
Ns1C . bl NSIC
sccession Pate lest seription sccession Date Description
No. Neo.

120293 Nov. 11, 1976 Mateh 1 ¥hile the plant was operating st 1202% Nov. 2, 1976 Fhile testing the IC DG, an
power, all service water strainers overspesd a viw bogans flashing
wore discovered plugged. The back- erratically. The outpst breaker
flosh motors had tripped. A stand- tripped avtomatically, and the
ing order was given 1o backilunh DG was manwally teipped.
the stralmers iwice per shift uatil
the motors counld be returned to 120609 Now, 29, 1976 The RCIC laverter teipped with
service. the reactor at 84% power. A

capacstor in the snipet trase-
former had shorted,

1231% Ner. 2, 1977 Crystal Vital bus B failed becasvse of the 12270 Mar, 7, 1M Turbine driven AFY pump I8

River ) fatlore of inverter R owtpet diode. tripped of overspend when
This caveed o resctor trip, turbinse started from the esatrel board
trip, snd the 30N opening of the wilh main steam an the supply
stmospheric dump valves. The cool- becanse of & luck of goversor
dows rate wan 164°F fa 15 min, response.
1242% Mar, 22, 19M Following & reacter trip, wassal
HP1 was initinted on BFI train
A. Ove of the tes BFI iselation
valves (NUV-24) felled to opes
because of improper torqee
awitch sétting,

128569 Jely 15, 1M Brusswick 2 Following a turbine/resctor trip, » 12009 Jeme 22, 1977 Yhile APCI was out of service
relief valve was being used to coo for repairs and oulibration, the
trol resctor pressure. The valve 2A RIR pump failed to start dur
failled to reset because of & ground ing operability test required by
ie the solenoid operator. ) Technical Specifieations.

130788 Sept. 24, 1977 Dav is~ A half-trip of the SFRCS due to we 130%0) Oct, 16, 1M The govermor for AFY pump 1-2

known causes initisted closare of
startup feedwater valve FYSPIA,
This resulted in redoced water level
in SG 2 snd subsequent RCS tempera-
and pressure rise. The pressurizer
PORY 14fted 9 times and thea stuck
open. The valve ituck opes becsuse
of rapid cycling consed by the omis-
sion of & close relay In its contrel
cirenit,

Besse 1

was found closed Suring testing.
The possible canse was sxconsive
vibration from the startup feed
pump moter,

T1-§



© PRECURSORS INVOLVING HUMAN ERROR

—  SIGNIFICANT PRECURSORS 38%
ALL PRECURSORS 36%
— 1979 SAFETY-RELATED LERs 29%



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

ACTUAL NUMBER OF DIESEL DEMANDS = 66
DIESEL GENERATOR FAILURE PROBABILITY ESTIMATE = 272 = 064



T PRO3ABILITIES OF SUBSEQUENT SEVERE AND CORE DAMAGE
CETERMINED FOR PR"CUF‘.SORS ASSOC!ATED 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

2P
——
o =L

WHERE P; IS THE CONDITIONAL PROBABILITY OF SEVERE CORE
DANAGE FO? THE ith EVENT AND T IS THE CUMULATIVE NUMBER
OF REACTOR YEARS.



THIS SSTIVMATE IS 4.5 x 1073

SINCE THE MMZTHOCD ASSIGNS A NOM-ZERO PROBABILITY-OF-
FATLUREVALULZ IN CASES WHERE SUCCESS ACTUALLY OCCURRED,
iT CAN OVERESTIMATE \.

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



ACCIDENT SEQUENCE PRECURSOR STUDY HIGHLIGHTS

PZRI0OD COVERED 1969-1979
TOTAL NUNIZER OF L=Rs SCARCHED 19,400
NUNMDER SELECTED FOR DETAILED REVIEW 529
NUMSER SELECTED AS PRECURSORS 169
NUMBER OF SIGNIFICANT EVENTS 52

A PQ'™MT ESTIVATE OF THE FREQUEMCY OF SSVERE CORE DAMAGE
CALCULATZD FROV PRZCURSOR INFORMATION FOR THE YEARS
1852-1979 LIES SETWEEN 1.7 x 10° AND 4.5 x 10° PER REACTOR YEAR.

RZASONAZLE AGREEMENT EXISTS BETWEENM ASF AND REACTOR
STUDY IMITIATING EVENT FREQUENCIES AND FUNCTION FAILURE PRO-
CABILITIES

NO VARIATIOM 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 FLANT POWER RATINGS.



