
BNL-NUREG—38409

TI86 014855

INSIGHTS FROM AN OVERVIEW OF FOUR PRAs*

R. Fitzpatrtck, L. Arricta, T. Teichmann, and V. Davis**
Department of Nucloar F.nergv
Bronkhaven National Laboratory

Uptun, NY 11973

ABSTRACT

This paper summarizes the findings of an investi-
gation of four probabilistic risk assessments (PRAs),
those for Millstone 3, Seabrook, Shoreham, and Oconee
3, performed by Brookhaven National Laboratory (BNL)
for the Reliability and Risk Assessment Branch of the
U.S. Nuclear Regulatory Commission (NRC). This group
of four PRAs was subjected to an overview process with
the basic goal of ascertaining what insights might be
gained (beyond those already documented within the in-
dividual PRAs) by an independent evaluation of the
group with respect to nuclear plant safety and vulner-
ability. Specifically, the objectives of the study
were 1) to identify and rank initiators, systems, com-
ponents, and failure modes from dominant accident se-
quences according to their contribution to core melt
probability and public risk; and 2) to derive from
this process plant-specific and generic insights. The
effort was not intended to verify the specific details
and results of each PRA but rather — having accepted
the results — to see what they might mean in a more
global context. The NRC had previously sponsored full
detailed reviews of each of these PRAs, but only two,
those for Millstone 3 and Shoreham, were completed and
documented in time to allow their consideration within
the study. This paper also presents some comments and
insights into the amenability of certain features of
these PRAs to this type of overview process.

NOMENCLATURE

ADS Automatic Depressurization System
AOV/SOV Air Operated Valve/Solenoid Operated Valve
ATWS Anticipated Transient Without Scram
BWST Borated Water Storage Tank
CCW Component Cooling Water

*This work was done under the auspices or: the U.S.
Nuclear Regulatory Commission. Views in this paper
do not necessarily represent those of the U.S. Nu-
clear Regulatory Commission.

**Intermountain Technologies, Inc.

DG Diesel Generator
DHR-LT Decay Heat Removal - Long Term
EEP Emergency Electric Power
Era Emergency Feedwater
EGLS Emergency Generator Load Sequencer
ESF Engineered Safety Features
ESFAS Engineered Safety Features Actuation System
F&B Feed and Bleed
HPCI High Pressure Coolant Injection
HPI High Pressure Injection
HPM High Presure Makeup
HPR High Pressure Recirculation
LOCA Loss of Coolant Accident
LOOP Loss of Offsite Power
LPCI Low Pressure Coolant Injection
LPCS Low Pressure Core Spray
LPR Low Pressure Recirculation
LPSW Low Pressure Service Water
MFW Main Feedwater
MOV Motor Operated Valve
MSL Main Steam Line
PORV Power Operated Relief Valve
RBCS Reactor Building Cooling System
RBSS Reactor Building Spray System
RCIC Reactor Core Isolation Cooling
RCICSC Reactor Core Isolation Cooling - Suppression

Pool Cooling Mode
RCP Reactor Coolant Pump
RCS Reactor Coolant System
RHR Residual Heat Removal
RPV Reactor Pressure Vessel
SBLOCA Small Break LOCA
SLC Standby Liquid Control
SSF Safe Shutdown Facility
SSP Solid State Protection
SW Service Water
UST Upper Surge Tank

INTRODUCTION

This paper summarizes the findings and i n s igh t s
from an i n v e s t i g a t i o n conducted by Brookhaven National
Laboratory (BNL) for the Nuclear Regulatory Commission
(NRC). l
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A brief review was performed on four different
probabilisitc risk assessments (PRAs) with the broad
objective of ascertaining what insights might he
gained (beyond those already documented in the PRAs)
by an independent evaluation. This effort was not in-
tended to verify the specific details and results of
each PRA but rather to accept the results and see what
they might mean on a plant specific and/or generic
plane. The four PRAs evaluated were Millstone 3,'
Seabrook,3 Shoreham,** and Oconee 3. a The NRC had com-
missioned full detailed reviews of each of these four
PRAs. Only two, however, were completed and available
as further input to the st idy; these were the review
of Millstone 3 by LLSl." and the review of Shcreham by
BNL.7 The objective of the review was focused on
Identifying the dominant (leading) initiators, failure
modes, plant systems, and specific components that Tf-
fected the overall core melt probability (CMP) and/or
risk to the public from each of the four plants.

The selection process for which plants would be
investigated was, of course, primarily directed by
which plants had existing PRAs that had been submitted
for NRC review. Beyond that, however, the attempt was
made to cover as wide a spectrum as possible tn the
various features of the plants. MiLlstone 3 was in
its later stages of construction when its PRA was com-
pleted and represents a Westlnghouse pressurized water
reactor (PWR). The Seabrook plant is similar it that
it was also under construction and was a Westinghouse
PWR. Shoreham represents a General Electric boiling
water reactor (BWR) and again was under construction
when its PRA was completed. The fourth plant, Oconee
3, represents a Babco;k & Wilcox PUR and it had com-
piled its own operating experience base prior to its
PRA effort. The Oconee experience base was also aug-
mented by those of its essentially duplicate sister
plants, Oconee Units I and 2.

APPROACH

Having selected the four, PRAs for investigation,
Che task then became that of deriving the various con-
tributions of interest. The char" - of the study re-
quired chat the dominant or leading contributors to
core melt probability and/or risk to the public from
the following categories be identified and ranked: 1)
initiating events, 2) failure modes, 3) plant systems,
and 4) specific components. The first category, ini-
tiating events, provided no challenge as all four PRAs
had already broken down the contributions of the vari-
ous initiating events.

In determining by what method the succeeding cat-
egories of interest would be derived from the PRA,
there was one concern that was constantly kept in
mind. The concern was that the data to be extracted
should not be masked by any of the various aggregation
schemes used in the four PRAs. Aggregation is simply
the combining of like sequences in reporting results.
For the four PRAs under study, it was determined that
none were aggregated to an extent that would be of
real concern with respect to masking the detail of the
results.

In order to demonstrate how the information was
extracted from the PRAs, excerpts from some of the
tables in the final report are incorporated here.
Each PRA provided a listing of the leading sequences
and the top three for Oconee are shown in Table I.
The contribution to core melt probability from indi-
vidual system and component failures, as well as fail-
ure modes (human error, dependencies, etc.), were then
examined. Tahle 2 shows the contribution from system

and component failures to each of the listed core melt
sequences. This information was obtained directly
from the PRA by examining the leading cut sets o[ each
sequence. The first column of Table 2 identifies the
sequence by number and designator. The second column
provides the core melt iirohahillty contribution, in
percent, from ':he individual sequence and in the pa-
renthesis the percent by weight of the cut sets exam-
ined. The third column lists all of the system faiL-
ures associated with each sequence. The fourth column
gives the contribution in percent to the total CMP,
i.e., column 2 times the parenthetical percent of the
column 2 total CMP that was found by examination of
the loading cut sets (28x97.53% = 27.3); it is impor-
tant to note that the probabilities that these per-
centages represent are conditional, that is, dependent
upon the Initiating event and any preceding system
failures. The fifth column provides the failure mode
contributions to each of the system failures. Four
such modus were dominant in the PRA: common cause, de-
pendent, random, and human error. As used herein, de-
pendent failures refer to failures related rn the ini-
tiating event or in some Instances to preceding system
failures.

The sixth colunn gives the contribution in per-
cent to the total CMP and in parenthesis the percent
of the column 2 total CMP that was found by examina-
tion of the cut sets. For example, in Sequence 1,
93.5* of the failure contribution of the low-pressure
service water system is from random failure and 4.1%
from dependent failures. Note that in many cases (in-
cluding this example) the column six failure mode con-
tributions do not total to 100% of the column 4 num-
bers in parentheses. This is because only those modes
identified as leading contributors were considered.

The seventh column identifies the components as-
sociated with the relevant failure modes. For the de-
pendent and human error modes, no components are iden-
tified since for these modes individual component
failures are not associated with the system failure.
The eighth column provides the individual component
contribution to system failure for each failure mode.
For example, in Sequence 1, 58.4% of the low pressure
service water system contribution to the overall se-
quence CMP is due to failure of motor operated valves
and this yields an overall 16.4% contribution to the
CMP (28x58.4% = 16.4).

From the type of information provided in Table 2,
a third table can be constructed in order to consoli-
date and sum the contributions to internal CMP from
systems, failure modes, and components. Table 3 was
taken directly from Ref. 1 and includes the summation
of all of the leading sequences not just the 3 se-
quences from the previous two tables. In Table 3,
each system is considered separately, as indicated in
the first column. The second column lists the total
number of leading sequences in which the system ap-
pears as a contributor, and the third column gives the
summation of percent contribution to CMP for those se-
quences. The remaining five major columns give the
failure mode contributions, including an "unspecified"
column which provides quantification of the residual
failure mode contribution not readily determined by
examination of the cut sets. For the "random" column,
the component failure contributions to the respective
failure modes are identified. The numerical entries
for these columns were obtained directly from the Ta-
ble 2-equivalent in the report and represent the di-
rect percent of the internal CMP of each failure mode
and component failure.



An example will aid In Interpreting Table 1. The
high-pressure injection system (HtU) appears as a sys-
tem failure element in six of the leading OH1 se-
quences. The total contribution of these six se-
quences Co the CMP (verified by quantified cut set ex-
amination) is 51%. In other words, if the HPI failure
probability could be reduced Co 0 under the conditions
of the six accident sequences, the total CMP calcu-
lated by the PRA for iucernal events would he reduced
by ac least 51%. (The total contribution to CMP by
those six sequences totalled 56", however, the loading
quantified cut sets actually examined tot.illed Che
51%.) The HPt failure contribution to CMP consists of
19.2% human, 29.4% dependent, and 2.3" unspecified.
The final step remaining Is slmplv to sum the columns
of Table 3 and this yields the contribution by failure
modes and components to the overall CMP.

RESULTS OF THE INVESTIGATION

Having performed the methodical approach outlined
above for each of the four PRAs, the data of incerest
begins to emerge from the appropriate tabular for-
mats. Table 4 provides the comparative results from
the four PRAs with respect to overall Internal core
melt probability and percent contribution by major
initiator categories.

Tables 5, 6, and 7 represent the equivalent de-
rived resulcs as that of Table 3 but for Millstone 3,
Seabrook, and Shorehara, respectively. These four ta-
bles provide the overall breakdown of contribution to
internal core melt frequency by systems, failure modes
and specific components. The results are presented in
this format to enable the reader to identify more spe-
cifically where the contributions are coming from.

All of the preceeding discussion and tabularlzed
results refer to CMP from internal events. External
events and public risk were also included In the
study;' however, the amount of detail and focus In
these two areas was much more divergent than that for
CMP. For example, in the Shoreham PRA only one exter-
nal event was considered (flooding at reactor building
level 8) and it was Included in the internal events
category. Also, the Shoreham PRA did not include an
anlaysis of public risk. Nonetheless, the Insights
derived from these areas of the study are also In-
cluded in the following section.

INSIGHTS

This section is divided into two parts. The
first part lists the major insights reported in the
study. The second part comments on this overview pro-
cess and addresses the amenab*lity of certain features
of the PRAs to this type of review.

The following are the major insights reported in
the study:
• All four PRAs were conducted with numerous refine-
ments over the WASH-14008 effort and have yielded
more realistic results.

• The core melt probabilities due to internal events
are identical (within error bounds) for three of
the plants, and that for the fourth (Seabrook) is
relatively close (see Table 4 ) .

• With the possible exception of the low pressure
service water system initiator at Oconee, none of
the PRAs shows any internal events to be "outliers"
(see Table I).

• The dominant risk sequences represent only a small
fraction (typcially less than IX) of rhe total

contribution to CMP and are characterized hy loss
of the containment function due to direct hspass or
overpressurtzatlon.

• In the two PRAs (Millstone nnd Seahrook) which spe-
cifically documented risk contribution by sequence;
interfacing systems LUCA represented ever 9RX of
the total contribution to early fatalities. Al-
though not specifically quantified, the Shoreham
PRA appears to Identify large LOCA with early sup-
pression pool failure as its leading contributor to
early fatalities.

• The CMP and risk associated with the Interfacing
systems LOCA (event V) , .is demonstrated by the
Oconee PRA, can ho substantially reduced by appro-
priate selection of operating configuration, test-
ing procedures, and prohibition of testing the in-
terfacing valves with the roactor ac power/pressure
(see Table 4).

• The leading contributors to Intent fatalities would
appear to be Interfacing systems LOCA, large LOCA
with early containment failure, station blackout
greater than six hours, and RCP seal LOCA.

• The Shoreham PRA results listed in Table 7 are
driven to a large excent by one major assumption
within the PRA. The PRA has adopted a generic
failure to scram probability troa NUREG-04609 and
assumes the common mode failure of the control rods
to Insert as the only contributor. The PRA states
that a Shoreham-specific analysis was done and that
the results were on the order of 25% lower than thp
NUREG, but were not used in the study. Had these
results been used, the CMP as well as the dominant
sequences, failure modes, system failures, and com-
ponent failures as summarized herein would all be
changed.

• The different plant PRAs showed wide variance as to
what internal accident initiators dominated the
CMP. For Shoreham (BUR), ATVJS dominated and LOCAs
were insignificant. For Oconee, LOCAs contributed
approximately 30% of the CMP and large LOCA contri-
bution was 1.5 times that of saall LOCA. Even the
results for the two Westinghouse plants (Seabrook
and Millstone) were considerably different from one
another. Seabrook and Millstone both found small
LOCA greater than large LOCA in terms of contribu-
tion to CMP, but small LOCA contribution was U S in.
Seabrook and UX in Millstone.

• The CMP percentage contribution from internal and
external initiators are shown below for the four
PRAs analyzed.

Plant

Millstone
Seabrook
Oconee
Shoreham

Contribution
from Internal
Initiators (%)

76.4
80.0
21.3
100.0

Contribution
from External
Initiators (%)

23.6
20.0
78.7
*

*The study did not consider external events.

The main Insight drawn from these results is
that the usual breakdown of percentage contribution by
Internal versus external initiators of about 80/20 was
fully ""versed in the Oconee study. The Oconee re-
sults are for the modified plant; the external initia-
tor dominance (mainly Internal floods) was even more
dominant In the original plant.



The following discussion addresses the overview

process itself:
It is believed that this type of PRA overview

process does provide meaningful insights beyond those
typically documented In PRA results. It was also
clear, however, that :i rour-PRA data base proved some-
what sparse tor developing large amounts of generic
insights. A comment is also in order as to the ease
of applying this overview technique to the various
PRAa. As it turns out, the nconee 3 PRA was found to
be the most amenable of the four to this process. The
driving factor that led to this situation was that the
Oconee PRA provided leading cut sets for each of the
leading sequences. The three other PRAs tended to
provide more aggregated results. That Is, gruups of
similar cut sees were combined and reported as one
quasi cut set which tended to obscure specific falLure
modes and specific components. Sometimes digging
through various porttons of the PRA would allow fill-
ing in the blanks and sometimes not. In spite of this
small shortcomming, it is believed that the relative
ranking of the results for each plant is stUl valid
although the quantification of the various contribu-
tions could be somewhat low.
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DISCLAIMER

This report was prepared us ;in account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any 'gency thereof, nor any of theii
employees, makes any warranty, express or hnplied. or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would no! infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Gcvcrnment or any agency thereof.


