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As a part of the overall e f fo r t undertaken by Brookhaven National Labora-

tory (BNL) to review the GESSAR-II probabi l is t ic r isk assessment, an indepen-

dent containment performance evaluation was performed using the containment

event t ree approach. This evaluation focused pr inc ipa l ly on those accident

sequences which are i n i t i a t ed by seismic events. This paper reports the f i nd -

ings of t h i s study.

The BNL approach enta i ls the evaluation of each of the BNL revised domi-

nant seismic accident sequences1 fo r i t s potential of f i ss ion product release

given that core damage has occurred. Potential release paths were iden t i f ied

based on the GESSAR Safety Analysis report information. Accident sequences

were grouped together based on s im i la r i t i es of core damage scenarios and con-

tainment event trees were developed for each group.

The process of frequency quant i f icat ion for these CETs included

1. combining the accident sequence up to core damage with the d i f fe rent

CET functions to form a new Boolean expression

2. using the appropriate f r a g i l i t y values, integrate the Boolean expres-

sion to calculate the frequency.

When core damage occurs, the barr iers for release of rad ioact iv i ty to the

environment are the reactor pressure vessel, drywel1, containment, and shield

bu i ld ing. Failures of these structures or penetrations through them can lead

to releases. The study examines six types of penetrations that define various

potent ial release paths. Penetration types 1 to 3 interact with reactor cool-

ant pressure boundary. Failures to isolate these penetrations w i l l allow

releases to the environment, the containment, and the drywel l , respectively.

*This work was done under the auspices of the U.S. Nuclear Regulatory Commis-
s ion.
Views in th is paper do not necessarily represent those of the U.S. Nuclear
Regulatory Commission.
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Failure to isolate type 1 penetrations provides an open release path, while
failures to isolate types 2 and 3 penetrations require additional failures to
result in release to the environment. Failure of type 4 penetrations results
in a path between the drywell and the environment. Failure of type 5 penetra-
tion results in bypass of the suppression pool. Failure of type 6 penetra-
tions allows release from the containment to the environment.

Seismic containment event trees were developed. The purpose of these
trees is to investigate the integrity of the containment and the various rela-
ted structure. The effects of failure of the auxiliary building due to inter-
connecting piping were evaluated. The potential and effects of breach of the
reactor pressure vessel was assessed. Special attention was given to suppres-
sion pool bypass accident sequences in which the radioactivity scrubbing func-
tion of the suppression pool is compromised.

Three kinds of random failures of containment isolation are considered.
The first kind, due to human errors, is one of leaving spare penetrations open
during construction and failing to notice it until the accident occurs. The
second kind of random failure, also due to human error, is one of leaving
penetrations or isolation valves open after test and maintenance and failing
to recover them before the accident occurs. The third kind involves failure
of normally open valves to close on receipt of an isolation signal and the
failure of the isolation signal. It is assumed that if an isolation valve is
normally closed and it survives the earthquake, its chance of failing open is
negligible. Relevant data are reviewed to estimate the frequency of failure
for each kind of random failures.

By reviewing sections on containment penetration for PWR and BWR in Nu-
clear Power Experience (NPE), and LER abstracts for failures of containment
penetrations, incidents of uncapped spare penetrations were identified. They
occurred at Surry Units 1 and 2, and North Anna Units 1 and 2. In all four
incidents, almost all spare penetrations were uncapped outside the contain-
ment, but they were all capped inside. Therefore, no actual release path
existed. All units except North Anna Unit 2 were in commercial operation when
the violations were discovered. The total number of years of commercial op-
erations for these four units before the uncapped penetrations were aiscovered
is approximately 10.5 years. The probability that the spare penetrations will
be uncapped when the seismic event occurs was estimated from these data.



During test or maintenance activities, or during implementation of design
change, some containment penetrations may be opened and forgotten by plant
personnel after the work is finished. These open penetrations may be dis-
covered in leak rate tests later. If a seismic event occurs before they are
reclosed, these open penetrations become release paths.

Six hundred and sixty-seven LER abstracts related to containment penetra-
tions were reviewed in an effort to estimate the probability of this type of
containment isolation failure. Twenty-two incidents were identified as poten-
tial open penetrations. An estimate of the probability with which any pene-
tration will be left open and also failure to reclose the isolation valves
when an earthquake occurs are calculated.

Ten release categories were defined. Based on accident sequence and con-
tainment failure scenarios, frequency of occurrence was estimated for each
release category. Furthermore, personal injury estimates were calculated in
order to provide additional insights as to the fission product release impacts
outside containment. Risk estimates from accident sequences initiated by
seismic events were found to be more significant than those estimates from
sequences initiated by internal events. The seismic risk estimates were also
found to be subjected to greater uncertainties. These results will be pre-
sented in greater detail in the full length paper.
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