SOUTH TEXAS PROJECT
PRELIMINARY SCOPING STUDY RESULTS

dickard
Pickar

/‘-‘ neer * i
Newport Beach, CA Washington, X

,Lowe and Garrick,Inc.

[ISIS = Vianagsemer




PLG-0367
Revised

SOUTH TEXAS PROJECT
PRELIMINARY SCOPING STUDY RESULTS

pH'VCIP<15 Investigator
Dennis C. Bley
Task Leaders

John W. Stetkar
Daniel W. Stillwell

Other Key Technical Contributors
Rick Grantom (HL&P) Ali Mosleh
Shawn S. Rogers (HL&P) Harold F. Perla
Vicki M. Bier Kathleen C. Ramg
Mardyros Kazarians Shobha B. Rao
Thomas J. Mikschl Martin B. Sattison
Alfred Torri
Technical Review
Stan Kaplan
Donald J. Wakefield
":’".’\H_"(i“- C. Iden
p'i“‘if“ t MA'.«_V_,'.'«‘!!‘WM'
Karl N. Fleming
Harold F. Perla

8. John Garrick

Prepared for
HOUSTON LIGHTING AND POWER COMPANY
Houston, Texas
May 1985

Pickard, LLowe and Garrick,Inc.

Engineers o Applied Scientists o Management Consultants

Newport Beach, CA Washington, D(




ACKNOWLEDGMENT

The South Texas Project study team is indebted to those not identified on
the title page who made invaluable contributions to the successful
completion of this report. Mr. Richard P. Murphy, the project manager
from Houston Lighting and Power Company, made an outstanding contribution
through his project management support and coordination of the essential
participation of several different HL&P organizations. These
organizations included nuclear services, project engineering, nuclear
licensing, reactor operations, technical support, operator training, and
maintenance organizations that support the South Texas Project Electric
Generating Stetion as well as HL&P power supply planning and engineering
and system load control. Through their supply of information,
interactions with the study team, and review of project deliverables, the
objective of achieving substantial realism and accuracy in modeling the
STPEGS plant and system was achieved.

The authors extend a special appreciation to the noteworthy contributions
of those responsible for publishing this report on a very tight schedule
and without compromising report quality as well as those who provided
valuable administrative support.

0097H052185




ABSTRACT

Houston Lighting and Power Company, as project manager for the

South Texas Project Electric Generating Station, embarked on this
Preliminary Scoping Study early in 1984 as a preliminary analysis of
plant safety using probabilistic methods. The study was performed solely
to satisfy internal HL&P needs for timely feedback of risk management
insights into the process of completing construction on STPEGS and
preparing the plant for operation. With the design nearing its final
form and the operating staff beginning the process of training and
procedure development, the time was ripe for a review of the integrated
plant--the interconnected hardware systems and their operating
environment. The Preliminary Scoping Study provides that analysis.

The Preliminary Scoping Study employs an advanced probabilistic risk
assessment methodology developed and applied by Pickard, Lowe and
Garrick, Inc., as expert technical consultant to HL&P. The work has
benefited from substantial participation and support from the HL&P
engineering, operations, and training organizations. The objectives of
the study are aimed toward the development of a plant risk model uniquely
applicable to STPEGS, both to provide early insights into the risk
sensitivities for design and procedural purposes and to be continually
used throughout plant 1ife as a living risk management tool.

The completion of the Preliminary Scoping Study has resulted in the
development of the nucleus of a plant model, a preliminary safety

quantification, and the identification of early insights into
risk-sensitive factors about STPEGS.




The Light
company ...

HL&P Perspective

Houston L1ighting & Power Company, as Project Manager for the
South Texas Project Electric Generating Station, initiated this
Preliminary Scoping Study early 1n 1984 as part of a phased
program aimed at developing a risk model through programmatic
activities consistent with the development of a Level 1 PRA.
This Preliminary Scoping Study supports this objective through
the development of a preliminary model for analyzing plant
safety.

The primary objectives of the Preliminary Scoping Study were
to provide early finsights 1nto the design and operational
sensitivities related to plant safety and to provide a
comprehensive training vehicle for HL&P personnel 1n the
probabilistic safety technology. These goals have been
accomplished <through the completion of this preliminary model,
which this report documents. During the time this Study was
being completed, calculations were performed to provide
additional 1information related to temperature rise on loss of
EAB HVAC and the decision was made to 1install fail-closed
fsolation valves in the Supplemental Contafnment Purge
Subsystem. No additional activities are indicated at this time
other than further development of the plant model through the
reduction of uncertainties.

In planning and implementing the STP plant model development
program, the technology transfer required for HL&P personnel to
assume a larger responsibility 1n the expansion of the model was
provided through the integration of HLAP personnel into the PL&G
Study team. The next phase will consist of an in-house program,
supplemented by outside resources, to reduce uncertainties 1in
key areas. Perifodically the program will be reevaluated to
define the level of activity required to support STP needs.
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This report documents the results of the South Texas Project Electric
Generating Station Preliminary Scoping Study of plant safety--a limited
application of probabilistic risk assessment technology. The study
provides a preliminary risk model of the integrated STP plant, a
first-cut quantification, and early insights into the sensitivities for
design and procedural purposes. It can serve as the foundation for a
practical risk management program for STPEGS.

1.1 THE PRELIMINARY SCOPING STUDY PROJECT

Houston Lighting and Power Company, as project manager for STPEGS,
conceived of the Scoping Study as a means to examine the integrated
response of the plant to unplanned departures from steady-state
operations. Such an integrated analysis was especially appropriate at
this time. Individual system designs, all meeting their own independent
design criteria, were nearing completion. They could be used to develop
corresponding system models, which could be 1inked togather to study
interactions and whole-plant response. Moreover, significant
construction remained and the operating staff was just beginning to train
and write procedures on integrated plant operations.

The Scoping Study described in this report began on March 28, 1984 to
satisfy internal HL&P needs for timely feedback of risk management
insights into the process of completing construction on STFEGS and
preparing the plant for operation. PLG assumed the lead responsibility
as expert technical consultant to plan, direct, and conduct the study and
to begin the process of providing HL&P with PRA technology. This
technology transfer has enabled HL&P's direct participation in the study
and can develop at HL&P the type of intimate knowledge of the STPEGS risk
model that will be necessary for a variety of risk management
applications. To help focus the technology transfer effort, two HL&P
engineers were assigned full time to the project team for the duration of
the Scoping Study. In addition, the engineering, operations, and
training organizations at HL&P provided plant documentation, answered
numerocus technical inquiries, and reviewed project deliverables. HL&P's
project manager coordinated this effort and represented the third
full-time HLAP engineer participating on the project team. The results
of this study, therefore, reflect the contributions of both HL&P and

PLG. Nevertheless, PLG was given and fully assumes the responsibility
for the results of this Scoping Study and is fully prepared to explain
the results.

STPEGS design information included in this report is derived from design
data available during the period from April to July 1984, Changes that
have been made in the normal course of plant design since that time
generally have not been analyzed or incorporated into the study results.
Specific cases where more recent information has been included are
explicitly identified in the HL&P comments attached as Appendices A and B.

0097H052185
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The ANS/IEEE PRA Procedures Guide (Reference 1-1) defines three levels of
PRA coverage. A Level 1 PRA analyzes only the performance of the plant
systems, whereas a Level 2 PRA also considers core and containment
phenomenology. A Level 3 PRA includes a complete consequence analysis.
The Procedures Guide describes the effort required to conduct and fully
document a state-of-the-art analysis at each of the three levels. Such
analyses strive for completeness in coverage of initiating events and the
modeling of the ensuing scenarios as well as the development of thorough,
stand-alone documentation. This Preliminary Scoping Study is much more
limited in coverage than any of the PRAs discussed above. The core of
work in this effort could be expanded into a complete Level 1 PRA at a
later date. The analytical coverage has been limited to those initiating
events and aspects of plant response judged most important by the study
team. Such limitations lead to broad uncertainties in the study results
in comparison to a full-scope assessment. Documentation in this report
has been limited to that required to present the results and their bases.

The validity of the current study in describing the risk comes from the
experience of its analysts-~their involvement in many full-scope PRAs,
their familiarity with the plant, and their first-hand knowledge of plant
operations. Its utility in risk management comes from its completeness
as a model of the integrated plant and its flexibility: completeness in
terms of how thoroughly it models the interrelationships among plant
systems 2% an appropriate level of detail and flexibility in terms of
ease of expansion to include analytical refinements; i.e., the ability to
take important parts of the model to the full-scope level to answer
particular risk-related questions requiring more detail. Although the
Preliminary Scoping Study is complete, it is not as detailed as a
full-scope assessment.

The objectives of the Preliminary Scoping Study can be summarized as
follows:

Provide a basis for timely feedback of risk management insights into
the process of completing construction on STPEGS.

Develop a cadre cof experienced experts in the STP plant model,
systems, and operations at PLG and HL&P.

Develop the nucleus of an STPEGS plant risk model consisting of event
sequence diagrams and event trees for a 1limited set of initiating
events, abbreviated systems models, a generic data base, a simplified
containment model, and a qualitative analysis of the impact of event
and accident sequences.

Provide a state-of-knowledge estimate of the frequency of accidents
involving severe core damage, plant damage states, and impact
categories; i.e., an estimate including uncertainty.

Develop a basis for optimizina the allocation of resources to
complete the development of risk assessment and risk management
capability at HLA&P,




The purpose of this report is to document the successful completion of
the Scoping Study objectives. The uncertainties in the numerical results
presented in this report have been quantified and are large because the
model is incompiete and both the state of knowledge of the study team and
the extent of supporting documentation are not as strong as they would be
following a full-scope study on a completed plant. Rather than draw
undue emphasis in this report to the numerical results, the authors have
attempted to use these results to lend credence to the qualitative
engineering conclusions and recommendations that were developed. The
point value numerical results would most assuredly change at the
completion of a full-scope PRA. However, past PLG experience with
similar studies provides the authors with confidence that a major portion
of the principal risk contributors and risk-sensitive factors of STPEGS
have been identified in this study.

This report incorporates the authors' response to HL&P written comments
on earlier review drafts. As required by HL&P Policies and Practices
(Reference 1-2), the appendices contain those comments and our resolution
of them.

1.2 PRA PERSPECTIVE: WHAT IS A PRELIMINARY SCOPING STUDY?

With the growth of the nuclear industry and the accumulation of a
substantial body of operating experience, a relatively new method of
safety assessment has developed that differs from the safety analyses
traditionally employed in the licensing process. This method is known as
probabilistic risk assessment. Its development for nuclear power plant
application follows its successful application in the aerospace

industry. The introduction of PRA was inspired by the assessment that
PRA can be a powerful decision-making and risk management tool
(References 1-3 through 1-6).

PRA looks quantitatively at both the consequences that could potentially
result from nuclear reactor accidents and the likelihoods of such
occurrences. Consequences of all scenarios are calculated, rather than
simple bounding cases. Then, for each consequence level, PRA calculates
the 1ikelihood of occurrence rather than assuming that some events are
“incredible” and all others have equal weight. Combining consequences,
1ikelihood of consequences, and uncertainty enables the ranking of
pricrities for accident scenarics with respect to risk. Also, PRA
establishes a framework for putting the risk of nuclear plant operation
into context with other public risks.

An identifying characteristic of PRA is its probabilistic rather than
deterministic viewpoint toward safety. The use of probabilities and
frequencies provides a means for dealing with random elements such as
variation in certain environmental conditions (e.g., occurrence of
earthquakes and floods) and certain internal plant failures exhibiting
random behavior. It also provides a framework for quantifying
uncertainty in otherwise deterministic accident simulation and
consequence models. PRA has also evolved a technology for handling rare
events that expands the completeness of accidents considered.
Consideration of man-machine interfaces in PRA is also given emphasis.

1-3
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Final results of a PRA are expressed in the "probability of frequency"
format; i.e., as a family of curves giving the frequency of exceeding
damage levels and the uncertainty in these frequencies. This family of
curves embodies the three-dimensional aspects of risk: uncertainty,
1ikelihood, and consequences.

A common misconception about PRA is that its validit, or usefulness
strongly hinges on having large quantities of dat2 available. In fact,
modern PRA accounts for variability in data (or lack of data) by
assigning probability distributions to model these uncertainties and
examining the effects of these distributions on the results. The outcome
is a probability distribution of the results. These distributions
describe the results in terms of means, medians, modes, high and low
percentile values, and other distribution parameters of interest.

Oversimplified thinking by some people in the past has led to the
identification of the central tendency prediction (i.e., mean, median, or
mode) as the "bottom-1ine" result. This thinking ignores the
distribution that embodies the statement of uncertainty. The uneasiness
about the accuracy of the ceintral estimate wrongly leads to a discounting
of the value of PRA, ironically because of a concern about the
uncertainties. These uncertainties are an important consideration
because the results may be telling us to study the issue further before
m?k:ng decisions about plant modifications or other actions to reduce
risk.

PRA has been developed and applied in a number of activities. A partial
list of examples is presented in Figure 1-1. Included are PRAs on
chemical plants and commercial aircraft systems (References 1-7

through 1-11). However, the most common application of PRA has been to
assess the safety of nuclear power plants (References 1-12 through 1-21,
for example). The first of these was the Reactor Safety Study
(Reference 1-12), which was completed in 1975. It calculated the risk to
the public from the operation of 100 (then current design) light water
reacters in the United States based on a plant specific analysis of two
plants on a composite of many different existing sites. The finished
document formed a basis for risk methodology discussion, criticism,
review, and improvement. Its influence on PRA continues to be felt to
this day.

More recent PRAs--for example, those performed on Zion, Indian Point,
Seabrook, and Midland (References 1-18 through 1-21)--have incorporated
methodology improvements, some of which emanate from RSS critiques such
as that provided by the Lewis panel (Reference 1-22). These improvements
include more complete analysis of dependent failures and human
interactions, uncertainty quantification methods, methods for assembling
and dissecting the results, containment and core response analysis,
modeling of external events (earthquakes, fires, floods, etc.), and
incorporation of the site-specific topography, emergency preparedness
plans, and changing weather patterns in the site model. In this report,
a PRA incorporating all these features is termed a "full-scope, Level 3
PRA," in accordance with the ANS/IEEE PRA Procedures Guide

(Reference 1-1).

1-4
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Two impacts of the above methodological advances are worth noting. One
is a more accurate specification of the contributors to risk. The
methodology allows us to identify the contributors to risk and observe in
increasing detail what is driving the risk level. This is vital for
decision making on design or procedural options and other risk management
actions by the utility. Knowing what the risk is and the fine structure
of that risk enables its control and effective management. A second
impact of recent methodological advances is to enhance the usefulness of
PRA in risk management and in the regulatory process. The latter
includes conformance with regulatory safety goals (Reference 1-23),
post-TMI accident 1icensing requirements (Reference 1-24), environmental
impact reports, and emergency preparedness plans (Reference 1-25).

Despite the limitations of this STP Preliminary Scoping Study, both
impacts of methodological advances are clear in the results presented in
Section 2. Note further that the Scoping Study is a much more useful
description of the risk from STP than any existing full-scope PRA. The
risk profiles from other PRAs cannot be used for STPEGS. Recent
experience indicates that risk profiles are even more plant-specific than
realized following the early PRAs. A striking example is the difference
in risk levels and domirant contributors between Indian Point Units 2
and 3, which are similar units located on the same site

(Reference 1-19). Indeed, the results presented in Section 2 for STPEGS
indicate several plant-specific factors not seen in prior work.

It now becomes clear why a plant-specific PRA is performed. In
particular, the ultimate reason for doing a risk assessment is that there
are underlying decisions to be made. The risk assessment provides vital
input to the decision-making process. A complete decision analysis
requires not only an assessment of risk but also an assessment of costs
and benefits. Only the risk assessment input to the decision-making
process is addressed in this report. Importantly, assessments of risk,
cost, and benefit should be done for each availablie decision option.

If the decision in auestion is whether to modify a plant or its
procedures for operation and maintenance, PRA can be most helpful in the
following way: After the final risk curves have been assembled, the
methodology permits a clear examination of risk contributors from several
different perspectives. The structure of the risk model allows us to
determine risk contributors in successive levels of detail. With this
detail, we are in a position to identify options tiat can reduce risk in
a cost-effective manrer and, conversely, recognize trat some proposed
changes can have no effect on risk. Thus, the qua ‘'tative presentation
of risk, before and after any proposed change, alliws us to decide
whether the change s effective or warranted. It .1so allows us to
provide a perspective by comparison with other sources of risk and with
various proposed "safety goals" or "acceptable risk criteria.” The PRA
procedures also allow us to evaluate plant changes that take place, for
example, as the plant ages. The idea is to be awarc of any new
contributors that might be significant in the future.

Risk reduction may result from changes in specific plant components,
personnel training, procedures, safeguards, containment, or emergency

1-5
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plans. The plant-specific and site-specific risk model being developed
in this project is designed to accommodate any and all such changes in
the decision analysis.

1.2.1 RISK MANAGEMENT PERSPECTIVE: EXAMPLES FROM OTHER STUDIES

Although the preoccupation of PRA thus far has been with risk
quantification and, hence, full-scope PRA projects, there have been
numerous applications of PRA to resolve particular issues and to
implement risk management (Reference 1-26). These applications afford
the opportunity to identify with concrete examples the important
interface between PRA and the decision-making process. They also
demonstrate how the performance of a limited-scope or full-scope PRA
enhances the understanding of the safety significance of design features
and identifies design weaknesses.

One important application was the investigation of several proposed
design modifications in a PWR plant. These modifications included a
refractory core ladle; a filtered, vented containment; and the addition
of hydrogen recombiners, all of which had been selected for consideration
prior to the performance of the PRA. In the course of the PRA, it was
readily identified that a fourth option, a diesel-driven containment
spray pump modified to be independent of AC power, would not only cost
considerably less, but would effect a greater reduction in an already
very low risk level than the three costly alternatives that had been
proposed prior to the PRA. More importantly, the results supported the
decision option to Teave the plant the way it was.

A second example of a risk management action enhanced by a PRA pertains
to the issue of backfitting a third auxiliary feedwater system pump in a
PWR plant to meet cne of its post-TMI requirements. The detailed
analysis of dependent failures involving support systems in this PRA
determined that the number and type of pumps in the original (two-pump)
design, which included one motor and one turbine-driven pump, was not the
key to this system's contribution to risk. The key was that both pumps
were dependent on an electrically powered chilied water system. The
third pump was installed in the turbine building so that it would be
independent of the chilled water system. The merit of this aspect of the
design had not been appreciated prior to the performance of an integrated
plant-level PRA.

There are several other examples of this type in which use of PRA models
led to enhanced risk management. Many of these provided a basis for
identifying a more cost-effective solution than otherwise would have been
obtained. The most important lesson from these applications is that PRA
not only provides a means of evaluating the risk significance of
different decision alternatives, it also helps in defining what decision
options should be considered.

The above management and technical lessons from earlier PRAs have been
taken into account in planning and conducting this scoping effort for
STPEGS. Because the risk analysts have conducted or participated in most
of the recent industry-sponsored PRA projects, the methodology used has
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benefited from the most recent advances to the state of the art. This
methodology is fully described in Chapter 4 of the Seabrook Station
Probabilistic Safety Assessment (Reference 1-20) and the mathematical
bases are documented in Reference 1-27.

1.2.2 PERSPECTIVE ON THE PRELIMINARY SCOPING STUDY

The basic idea of the Preliminary Scoping Study is to gain a substantial
portion of the benefit of a full-scope PRA for a small fraction of the
cost. One aspect of the full-scope PRA approach that has prevented a
rapid movement toward application to all plants has been the considerable
costs associated with their performance. A full-scope PRA such as that
completed on Seabrook can require as much as 20 to 25 man-years of
analysis, documentation, and review, including the necessary utility
support. A second concern has been that when the PRA is conducted in one
pass from beginning to end, there is little benefit to be derived for the
plant owner until near the end of the project when the first results
appear.

In response to the above concerns, a phased approach to PRA was developed
and successfully demonstrated on the Seabrook Station PRA. Since then,
we have adopted and refined several variations on this basic idea on PRAs
now in progress on Beznau (Swiss plant), Three Mile Island Unit 1, and
Salem Unit 1. This Scoping Study is similar to the first-phase,
limited-scope analysis of those phased projects. Having observed that
the simple "delta on WASH-1400" approach was unsuccessful (the dominant
contributors from this type of study never matched the dominant
contributors from full-scope PRAs on the same plants), PLG deveioped a
phased approach in which experienced analysts learn all they can about
the plant during the scoping phase. Working at the client’s plant and
engineering offices, they study ali available documentation; talk with
engineers, operators, and maintenance personnel; and inspect the plant.
Within the first 2 months, they develop detailed intersystem dependency
models, a detailed support system model, and a detailed event tree for
general transient initiating events suitable for use in the final risk
assessment. Only coirse system models are prepared, but based on our
extensive exparience, they include all important components.
Quantification relies on suitable data and system analyses from other
studies and includes an appropriate allowance for common cause failures.

Four of these preliminary scoping studies have been performed to date,
and the results have been most ercouraging. For the only one that has
completed the full-scope effort, the dominant contributors identified in
the scoping phase were very much in line with those eventually found from
the full assessment, even though the uncertainty in the quantitative
results is much reduced in the final assessment.

A full-scope risk assessment is a large, complex project and the
questions it seeks to answer are broad and open-ended. Futhermore, we
cannot know a priori what will be important at any specific plant.
Therefore, it is difficult to carefully control and focus project effort
and costs. The preliminary study helps to control costs by focusing
attention on the areas where detailed analysis will be most beneficial in

1-7
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realistically reflecting the plant risk. Systems or initiating events
that will never be significant contributors to risk can be identified
during the preliminary scoping assessment so that relatively little
effort can be spent on them during the full assessment. Especially
important, the preliminary assessment can reveal troublesome phenomena
that must be evaluated in more detail before the full assessment event
trees can be completed.

For instance, in the Seabrook PRA, the preliminary scoping phase found
that great uncertainty existed about the amount of reactor coolant pump
seal leakage that could occur following a total loss of component cooling
water. As a result, this event was treated conservatively and appeared
as an important contributor to the frequency of severe core damage.
After this was revealed, the Westinghouse Owners Group was able to
initiate pump seal leakage tests. If this had not been found until
later, when full quantification results became available, it would have
been difficult to initiate the same tests without serious disruption of
project budget and schedule. More importantly, an appropriate emphasis
on scenarios involving pump seal LOCAs in the SSPSA risk model was made
possible.

In our past experience with the limited-scope analyses, two different
approaches were used to develop uncertainty distributions in the scoping
phase. Method 1 consisted of simply fitting a Tognormal distribution to
upper and lower bound estimates of core melt frequency. The upper bound
was taken to be the point estimate from the preliminary risk model with
no credit for operator recovery actions, such as offsite power recovery
or manual scram following an ATWS. The lower bound was a subjective
estimate by the study team of the lower bound core melt frequency
attainable by a modern light water reactor. In Method 2, uncertainties
were propagated through the preliminary risk model with an allowance for
those risk cortributors (such as external events) that were left out or
treated in a cursory manner.

As Figure 1-2 illustrates for the Seabrook PRA, the full assesswent
results were represented by a narrower distribution than the results of
Method 1 and were situated near the center of the uncertainty
distribution obtained by Method 1. This is logical, since these results
represent an enhanced state of knowledge and therefore the distribution
should be narrower. The fact that the distribution is near the center of
the Method 1 result indicates that the degree of conservatism embodied in
the estimate of the upper bound in Method 1 was balanced by the degree of
optimism in the estimate of the lower bound. In contrast, Method 2
appears to have understated the effects of uncertainty on the low side
and is high relative to the final results. This can be explained by
conservatisms in the preliminary model that were not factored into the
quantification, the chief such conservatism being the treatment of the
pump seal LOCA. In the preliminary phase, an unmitigated pump seal LOCA
was assumed to lead tc core uncovery in 30 minutes compared with nearly

4 hours in the full assessment. This led to an underestimate of the
effects of operator recovery in the preliminary study. Therefore, the
Method 1 approach to quantifying uncertainty seemed to more reasonably
represent the state of knowledge that existed at the completion of the
scoping phase for Seabrook.
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In the current STP Scoping Study, we have followed the more rigorous
propagation of uncertainties used in Seabrook's Method 2, and have
allowed for the possibility of excessively conservative success criteria
in the best estimate case by assigning probabilities to 14 possible
definitions of these criteria--some less stringent and some more. We
believe this approach superior to those used earlier; i.e., it should
more accurately represent our true state of knowledge or uncertainty.

With regard to the qualitative insights and 1ist of dominant risk
contributors developed in the preliminary phase for Seabrook, a
comparison with the final results reveals many similarities and a few
differences. The similarities include the appearance of station blackout
scenarios in both lists of dominant accident sequences, a high
conditional frequency of delayed overpressurization failure of the
containment given core melt in both cases, and the prominence of
sequences involving failure of the primary component cooling water
system. The preliminary results also provided an early indication of the
importance of assumptions about the behavior of the reactor coolant pump
seals after a loss of seal injection and cooling. The most significant
difference between the two sets of results was the failure of the
preliminary phase to identify the risk significance of the interfacing
systems LOCA.

The importance of the interfacing systems LOCA with respect to early
fatality risk in the scoping phase of Seabrook was masked by a simplified
site (consequence) model that overestimated the consequences of delayed
overpressurization relative to those resulting from containment bypass.
Since the frequency of delayed overpressurization of the containment was
estimated to be much greater than the freguency of the interfacing
systems LOCA, the risk of the latter scenario was masked by that of the
former.

in summary, the preliminary scoping analysis provided a gocd perspective
on core melt frequency, a first cut at the dominant risk contributors,
and an improved allccation of resources for the full assessment. On the
other hand, a first-cut, preliminary risk assessment cannot be regarded
as a substitute for a fuli-scope PRA, or even for a fuli-scale plant

model.

A better perspective on the relationship between the limited and
full-coverage analyses can be seen by comparing the accident sequences
identified in the two phases of the Seabrook PRA. The top six accident
sequences identified in the preliminary phase of the Seabrook PRA are
listed in Table 1-1. These sequences resulted from a plant model of a
comparable level of detail to that in the final phase, but covering only
a small set of initiating events: general transients, loss of offsite
power, loss of service water, loss of primary component cooling water,
large LOCA, and interfacing systems LOCA. In contrast, 58 initiating
events were analyzed in the final phase, including the subdivision of the
general transient category into 14 separate transient events. The
preliminary initiators covered both internal causes and allowances for
some external events. The list of sequences from the preliminary phase
indicated a high importance for station blackout, transients both with
and without scram, and failures of the component cooling system. This
stemmed from the treatment of pump seal LOCA as discussed above.

1-9
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The top 10 sequences with respect to core melt frequency in the final
phase of the Seabrook PRA are listed in Table 1-2. As shown, the top
sequence from the preliminary phase was confirmed; the same station
blackout scenario also ranked first in the final phase. Different
variations of station blackout involving service water system failures as
the cause of diesel generator failure also appeared high on the list in
the final results. Similar success was achieved in forecasting the
importance of the PCC system and ATWS events to the final risk results
for Seabrook.

In summary, we are very encouraged about the capability to anticipate the
most important results of a full probabilistic risk assessment in a
relatively short preliminary scoping analysis. Any following analysis
can thus focus on the sequences that matter most. Figure 1-3 graphically
depicts the relationship among options for 1imited-scope and full-scope
studies. The current report deals with the Scoping Study
requantification option. It 1s suitable for supporting risk management
decisions on specific issues, but should not be confused with more
complete and realistic full-scope studies.

Readers are warned against using point estimate results of this study
independent of their broad uncertainty bounds. Comparison of point
estimate Scoping Study results with point estimates from completed
full-scope PRAs is especially inappropriate. Such comparisons will yield
unreliable, almost surely incorrect and misleading conclusions. The
Preliminary Scoping Study is incomplete, uses conservative approximations
when they do not numerically impact core melt frequency results, and
makes significant assumptions about the future content of plant
procedures. Its results have great uncertainty and must be used only
with great care and judgment. Nonetheless, when the limitations are
understood, these results should provide an important basis for risk
managemeni at STPEGS.

1.3 STP/PRELIMINARY SCOPING STUDY PROJECT PERSPECTIVE

To effect project control, a Preliminary Scoping Study Project Plan
(Reference 1-28) was developed and published in the first month of the
study. This plan defined the project tasks, schedule, flow of documents,
and detailed allocation of manpower resources needed to complete the
Scoping Study. The project plan provided the basis for measuring
progress, which is documented in monthly progress reports.

The scope of work was organized into the following technical and
administrative tasks to effect project management:

Number Task

Plant Familiarization

Initiating Event Identification

Systems Analysis

Support System Model Development

Frontline System Model Development

Survey of External Events and
Spatial Interactions

AN HEWMN -
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Number Task (continued)

7 Data Analysis

8 Risk Quantification

9 Technology Transfer

10 Definition of Phase II Approach
11 Interim Report Preparation

12 Project Management

13 Technical Review

14 Quality Assurance

15 Administration and Support

16 Authorized Meetings

The above tasks are highly interrelated and most were performed in an
integrated fashion by the project team. During the first 2 weeks, the
plant familiarization task (Task 1) began at PLG offices in California
with the transfer and review of a large volume of plant documentation.
Then, over a 3-week period, the nucleus of the team, under the direction
of the principal investigator, was moved to the Houston area. During
this period, the team members met with HL&P engineering, operations, and
training personnel at the HL&P offices at 5400 Westheimer, Southpoint,
and at the STP site while performing technical work in Tasks 1

through 5. This intensive effort accelerated plant familiarization and
enabled access to information not readily attainable from the plant
documentation. This visibility of the team in the Houston area helped
stimulate thinking among the HL&P organizations about the mutual benefits
to be realized from interactions with the effort. The remaining 11 weeks
of the Scoping Study were conducted at PLG offices in California in
completion of the tasks leading to the development of the nucleus of a
plant risk model and preliminary quantitative results.

The technical cuality of the Preliminary Scoping Study and subsequent
phases of this effort has been and will continue to ve held to the
highest standards. Six principal approaches were followed to ensure high
technical quality:

The assignment of highly competent, experienced perscnnel to the team.
The use of state-of-the-art methods, subject to limitation in scope.

The documentation of models, input data, computer programs, and other
facets of the analysis.

The involvement of owner/operator engineers and operators to ensure
that the models accurately described the plant and its operating
environment.

The conduct of independent technical reviews.

The use of comprehensive QA procedures to document that technical
standards have been achieved.

1-11
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A PLG technical review board chaired by Dr. Stan Kaplan performed
independent technical reviews of all project deliverables and received
presentations on the results from the project team. These reviews, plus
those of the analysts, task leaders, project manager, and HL&P, were
documented according to the QA procedures in Reference 1-29. The QA
procedures, which include those elements of 10CFR50, Appendix B, judged
by PLG to be relevant and useful for PRAs, include procedures for
computer program verification and documentation, document control,
procurement, QA audits, and technical reviews. The QA program was
administered by the PLG QA manager. The QA procedures are believed to be
generally more strict than those normally followed in PRAs. For example,
a computer program (SETS) used extensively in Nuclear Regulatory
Commission-sponsored PRAs, such as the Interim Reliability Evaluation
Program had not been independently verified until PLG QA procedures were
applied to it in PRA projects carried out by PLG.

1.4 REPORT GUIDE

The results of the Preliminarv Scoping Study are presented in Section 2.
These results include numerical estimates of the frequencies of severe
core damage accidents and radioactivity release states with different
potential for offsite consequences. Also, the major contributors to risk
and to core melt frequency are presented with a statement of the
important issues for resolution and other qualitative conclusions.

The matrix formalism used to assemble and disassemble the results and
other key aspects of PRA methodology are briefly summarized in

Section 3. This methodology presentation briefly reviews full-scope,
Level 3 PRA methods, and spells out in additional detail the limitations
of the Scoping Study risk model.

The remairing sections in the revort document the application of the
Scoping Study methodology to STPEGS. The piant event sequence model, or
plant model, is discussed in Section 4. This section inciudes the
selectior and quantification of the Scoping Study initiating events and a
moduiarized event sequence model with separate modules to cover the
responses of the auxiliary systems and the frontline systems.

The systems analysis task is described in Section 5. It includes the
qualitative analysis of all STPEGS systems, categorization of systems for
risk model inclusion and exclusion, the quantification of the
unavailabilities of subsystems (generally, the redundant trains of
systems), and operator actions that correspond with the event tree top
events. Section 5 includes one example of the 87 systems analysis
summaries that were prepared during the Scoping Study and provided to
HL&P as separate deliverables. Additionally, it tabulates significant
qualitative results at the systems level.

The preliminary survey of external events that was conducted as part of
the Scoping Study is documented in Section 6. This section is organized
into separate subsections for seismic events, in-plant hazards and
spatial interactions, and other external events. This survey includes
qualitative analyses of events such as seismic events, internal fires and
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floods, and external flooding due to hurricanes, which were assessed to
have some chance of impacting the results. Section 6 also includes
bounding analyses of events that were found to have negligible risk
contributions, including events such as aircraft crash, turbine missile,
tornado missile, and hazardous chemical releases. Allowances for all
external events and spatial interactions were made in the quantification
of uncertainty in the results presented in Section 2.

The scoping analysis of the containment response is documented in

Section 7. It describes the containment design and defines the plant
damage states tracked in the plant model in Section 4. These states set
the needed input parameters for the containment analysis. Two C matrices
relating plant damage states to release categories are developed, one for
each of two possible building configurations. Section 7 concludes with a
qualitative analysis of offsite impact that was achieved simply by
grouping the analyzed accident sequences according to the potential for
affecting risk to the public.
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TABLE 1-1. DOMINANT. ACCIDENT SEQUENCES FOR SEABROOK PHASE I RESULTS
Ranking Ranking by
Sequence
by Core Auxf)fary Early Independent Dependent Frequency Risk Contribution
Melt Initiating Response | Plant | Release
F nc Event A Tree End | State | Cateyo st W towante/ Latent
gl End State > Failures Failures* reactor Early
- S ear)** Fatalities g
Recovery y Fatalities
1 Loss of a3 Fail 30 2RW Onsite Power SSPS, ESFAS, | 3.0 x 10-3 1 1
Offsite Power PCC, EAH, CS, | (3.0 x 10°4)
SI, RH, CBS,
RCP Seal LOCA
2 Loss of A4 40 2P None S, SI, EAH, |9.9 x 1075 2 2
Component RH, and CBS | (9.9 x 10~5)
Cooling (Tong-term)
3 General AO 4A cB Reactor Trip None 3.3 x 10°4 No Early Low
Transient (3.3 x 10°5) | Fatalities
4 General A23 Fail 3D ZRW Onsite Power, SSPS, ESFAS, | 3.0 x 10-4 3 3
Transient Offsite Power | PCC, EAH, CS, | (3.0 x 10-5)
SI, RH, CBS,
RCP Seal LOCA
- General A12 1 A 88 ESFAS Signal cs, SI, RH, |2.6 x 10~4 No Early Low
Transient (both trains) EFW (2.6 x 10-5) | Fatalities
6 General A4 4D 2RW Component S, SI, EAH, | 1.4 x 1074 4 4
Transient Cooling Water RH, and CBS (1.4 x 10'5)
(both trains) (long-term)
TOTAL 4.1 x 10-3
(5.0 x 10-%)
Total, Al 2.7 x 104
Remaining (1.2 x 107%)
Sequences

*Indicated are specific systems at Seabrook Station.
**Numbers shown without parentheses are frequency without recovery; numbers in parentheses are with recovery.
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TABLE 1-2. SU

OF ACCIDENT SEQUENCES WITH SIGNIFICANT RISK AND CORE MELT FREQUENCY

CONTRIBUTIC. OM PHASE II OF THE SEABROOK PRA WITH APPLICABLE PHASE 1 SEQUENCES
Sequence Ranking
Sequence Applicable
1
"::.::"' vt :’:::o::""’" Resulting Dependent Faflures Frequency core | Ltent | €arly | Phase 1
(per resctor year) Melt Health | Health| Sequence
Risk Risk
Loss of Offsite | Onsite AC Power, No Recovery of AC Tower | Componant cooling, high pressure makeup 3.3-5 1 1 - 1
Power Refore Core Damage (£CCS), reactor coolant pump seal LOCA,
contziment filtration and heat removal.
Loss of Offsite | Service Water, No Recovery of Offsite Onsite 2T power, component cooling, high 9.2-6 2 2 b il
Power Power ana low pressure makeup (ECCS), reactor
coolant pump seal LOCA, contaimment
| filtration and teat removal.
Smal) LOCA Residual Heat Removal Kone, 8.9-6 3 b . -
Control Room None Component cecoiing, high and low pressure 8.7-6 5 4 3 . 2
Fire wmakeus (ECCS), reactor coolant pump seal
LOCA, contaimment filtration and heat
removal .
Loss of Main Solid State Protection System Rerctor trip. emergency feedwater, high 8.3-6 5 4 b 3
Feedwater and low pressure makeup (ECCS),
contairment filtration and heat removal.
Steam Line Operator Faflure to Ectablish Long-Term 5.6-6 6 » .  J
Break Inside Heat Removal
Contaimment
Heat Removal |
Reactor trip Component Cooling High and low pressure makeup (ECCS), 4.6-6 7 5 * 6
reactor coolant pump seal LOCA,
contatnment fi'tration and heat removal.
Loss of Offsite | Tratn & Onsite Power, Tratn B Service Train B onsfte power, component cooling, 4.4-6 8 6 . 1
Power Water, No Recovery of AC Puwer Before high and Yow prassure makeup (ECCS),
Core Mp reactor coolant pump seal LOCA,
contafinment filtration and heat removal.
Loss of Offsite | Train 8 Onsite Power, Train A Service Train A onsite power, component cooling, 4.4-6 9 7 & 1
Power Water, Vo Recovery o’ AC Power Lefore high and low pressure makeup (ECCS),
Core Daw 1ge reactor conlant n seal LOCA,
contafnment 1iltration and heat removal.
PLC Area Fire None Component coolt. ~ high and low pressure 4.1-6 10 8 - 2
makeud (ECCL), reaci. Pa T pdwp seat
LOCA, containment filtration, and heat
removal .

*Negligible contribution to risk,
';lmtiﬂed but ranked low fn Phase |.
Not included {n Phase | ‘nitfators.

NOTE: Exponential notatfon fs Indicated in abbreviated form; 1.e., 3.3-5 = 3.3 x 10-5,
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Protective systems for chemical plants - Imperial Chemical
Industries, Ltd. (Reference 1-6).

Automatic landing systems for aircraft - United Kingdom Civil
Aviation Authority (Reference 1-7).

Transport of radioactive materials (Reference 1-8).

Commercial aircraft accident experience (Reference 1-9).

Operation and growth of the Canvey Island, United Kingdom Industrial
Complex (a major nonnuclear facility involving the production and

storage of chemical, flammable, toxic, and hazardous materials) -
Canvey, United Kingdom Health and Safety Executive (Reference 1-10).

Operation of 100 nuclear reactor power plants in the United States,
the most ambitious of these projects, examining two plants in great
detail - Reactor Safety Study, WASH-1400 (Reference 1-11).

German Risk Study - the collective risk from the operation of the
German nuclear power plants is analyzed (Reference 1-12).

OPSA, Oyster Creek Probabilistic Safety Analysis - a comprehensive
risk analysis of the Oyster Creek Nuclear Power Plant
(Reference 1-13).

Accident initiation and progression analysis - a probabilistic risk
assessment of the high temperature gas-cooled reactor
(Reference 1-14),

Clinch River Breeder Reactor Plant Risk Assessment Report - a risk
assessment of the Clinch River Breeder Reactor (Reference 1-15).

Crystal River-3 Safety Study - a safety study to determine the
expected frequency of selected accident sequences associated with
the operation of the Crystal River 3 power plant {(Reference 1-16).

Zion Probabilistic Safety Study - a comprehensive risk analysis of
the Zion nuclear power plant (Reference 1-17).

Indian Point Probabilistic Safety Study - a comprehensive risk
analysis of the Indian Point nuclear power plants, Units 2 and 3
(Reference 1-18).

Seabrook Station Probabilistic Safety Assessment - a comprehensive
risk analysis of Seabrook Station Units 1 and 2 (Reference 1-19).

Midland Nuclear Plant PRA (Reference 1-20).
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LIMITED
OPTIONS

SCOPE

SCOPING STUDY
QUALITATIVE
ANALYSIS

v

SCOPING STUDY
QUALITATIVE
ANALYSIS

¥ QUALITATIVE RISK MANAGEMENT
PERSPECTIVES

-

MANAGEMENT
PLAN

P PRELIMINARY, QUANTITATIVE RISK
MANAGEMENT PERSPECTIVES

v

SCOPING STUDY
REQUANTIFICATION

% DEFINITION OF RISK MANAGEMENT
PROCESS, ALLOCATION OF PRA
RESOURCES

FULL-SCOPE
OPT!ONS

v

FULL-SCOPE
PLANT ANALYSIS
(LEVEL 1 PRA)

P RISK MANAGEMENT DECISIONS ON
SPECIFIC ISSUES

v

FULL-SCOPE
CONTAINMENT
ANALYSIS
(LEVEL 2 PRA)

P RISK MANAGEMENT DECISIONS BASED
ON CORE DAMAGE FREQUENCY,
QUALITATIVE RISK PERSPECTIVES

v

FULL-SCOPE
SITE ANALYSIS
(LEVEL 3 PRA)

- RISK MANAGEMENT DECISIONS BASED
ON RELEASE STATE FREQUENCIES AND
CORE MELT FREQUENCY

FIGURE 1-3.

P RISK MANAGEMENT DECISIONS BASED
ON FULLY QUANTITATIVE RISK
INFORMATION, NUMERICAL COMPLIANCE
WITH SAFETY GOALS CONFIRMED

SEVEN OPTIONS TO DEFINING THE SCOPE OF A RISK ANALYSIS




2. RESULTS

The two reactor units at STPEGS are essentially identical and have
certain shared structures. The degree of similarity is sufficient to
permit the results to be applied to either reactor unit insofar as
single-unit operations are concerned. Therefore, the results presented
in this section apply to each unit viewed separately. The units for
expressing accident frequency are “events per reactor year."

The results are presented in two parts to provide answers to the
following two questions:

1. What is the likelihood of core melt?
Z. What is the likelihood of offsite impact?

These questions provide a structure for the analytical work of this study
and a framework for organizing the numerical results. Preliminary
answers to these questions are provided by this Preliminary Scoping
Study. The first answer is based on a detailed study of the plant and
simplified plant models. The second answer is based on a survey of the
STPEGS containment and extrapolations from existing containment and site
analyses based on expert judgment.

To answer the important questions asked by the Scoping Study, we begin by
identifying those events disturbing steady-state operation of the plant.
The selection process for these “initiating events" is described in
Section 4.2. A list of the initiating events analyzed in this study and
their mean frequencies is given in Table 2-1. In our computatiops, the
information in Table 2-1 is organized intc a vector called the ¢

vector. The use of matrix algebra to assembi2 and analyze the risk
contritutors is explained in Section 3 but is not a prerequisite to
understanding the results in this section.

It is important to distinguish among several broad groups of initiating
events that have significantly different impacts. First are plant
transients and loss of coolant accident (events 1 and 3 in Table 2-1).
Some of these occur frequently, but the standby safety systems have been
gesigned for such events and have a good chance to work. The rest of the
initiators are really “"common cause" events, which is to say that in
aadition to initiating a sequence of events, they degrade the performance
of systems useful in stabilizing the plant.

The interfacing systems LOCA (event 2) is very unlikely to occur.
Nevertheless, because it degrades safety injection and recirculation
cooling, it leads directly to core melt. Furthermore, it bypasses
containment, increasing the potential for offsite impacts. Thus, it is
worth inciuding and has been found to be significant for other plants.

The support system faults (events 4 through 7) degrade and fail key
safety systems. Although their frequencies are much lower than simple
transients, their occurrence can have significant impact. Current design
practice that emphasizes train separation can exacerbate their effects.
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Finally, the external events and internal plant hazards (events 8

through 16) can have modest to very far reaching common cause effects.
They are mostly very rare events. Current design practice is aimed at
reducing the impacts of these events and PRA results have generally shown
that this practice has been quite successful.

The accident sequences following the initiating events, as well as the
models tracking them to core melt, and plant damage states are described
in Sections 4 and 7. Section 7 also discusses phenomenological paths
through the containment model to release categories and their
relationship to offsite impacts. These relationships are summarized in
Table 2-2, where we see that scenarios bypassing or failing the
containment and having no containment spray to scrub fission products
have significant effects. Additionally, if a large breach of containment
occurs with no containment spray before or just after core melt,
significant early impact can result.

.1 WHAT 1S THE LIKELIHOOD OF CORE MELT?

Since the principal inventory of radioactive material at STPEGS is held
within the zircaloy clad uranium dioxide fuel assemblies in the reactor
core, there can be no significant release of this material from the
reactor core unless there is core damage. A small proportion of this
inventory is contained in the gaps between the fuel and cladding. The
remainder, a much larger proportion, is trapped in the ceramic matrix of
the fuel, which would have to be raisea toward its melting temperature
(about 5,000°F) pbefore a major release could occur. In order for the
integrity of the containment to be challenged as a consequence of a
severe damage event, it is necessary for core damage to proceed to the
point of full-scale melting of the fuel and penetration of the molten
core debris through the bottom of the reactor vessel. Thus, our first
concern is with the Tikelinood of severe core damage or damage of a
significant number of these assemblies. A second concern is with the
Tikelinood of full-scale core melt.

The level of resolution of the plant damage states used to categorize the
accident sequences in the STP Scoping Study event trees does not permit a
distinction between severe core damage and full-scale core melting that
proceeds to penetration of the reactor vessei. In other words, any
accident sequence that involves severe core damage to the point of onset
of significant fuel melting is assumed in this study to result in core
melt and vessel penetration. In earlier studies, the possibility of
specifying additional plant states to distinguish between core melting
anc core damage short of melting was considered. The idea was rejected,
however, upon finding that the time interval between onset of core damage
and full scaie fuel melting is short compared with the time interval
between the initiating event and the time of core damage for risk
significant scenarios. Tnerefore, there was a physical basis for the
assumption that, given the onset of core damage, the conditional
Tikelihood of core melt approaches unity. Thus, the terms "core melting"
and "severe core damage" are used interchangeably in the ciscussion of
the results presented below and in the remainder of the report.

Uepending on the scenario analyzed, the molten core debris may be cooled
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within the reactor cavity and does not necessarily melt through the
containment basemat as assumed in some prior PRA studies, such as the
Reactor Safety Study.

Because of uncertainties, it is not possible to estimate a meaningful
point value of the frequency of accident scenarios. Hence, we express
our results for core melt frequency in terms of probability

distributions. These distributions specify a range of possible core melt
frequency values and probability weights for each value within this range.

Figure 2-1 presents the probability distribution for the frequency of
core melt estimated the South Texas Project Preliminary Scoping Study.
As can ge seen from the figure, the median core melt frequency is about

3 x 10™% events per reactor year. In other words, there is roughly a
50% chance that further study would find the core melt frequency for the
South Texas plant as designed to be less than 3 x 10°%, and a 50%

chance that the actual frequency will be found to be greater. The mean
frequency of core melt is slightly greater than 1 x 10-° per reactor
vear, or about once in 700 reactor years of operation.

Tec get some feeling for the source of the core melt frequency curve,
Figure 2-2 shows the contributions from internal events and the
combination of external events and the interfacing systems LOCA
(dominated by external event scenario frequencies). It is clear that the
external event-generated sequences have only a small impact on the total
core melt frequency. Section 2.3.2 explains the assumptions used in the
various point value quantifications of internal events using the STP
model and identifies uncertainties associated with those assumptions. It
explains how the uncertainties in assumptions as well as other
uncertainties were quantified and propagated through the results tc
develop the STP Scoping Study probability of frequency curves.

Section 2.4 provides a detailed 115t of the most significant scenarios
contributing to one example assumption set result.

Returning to the probability of core melt frequency, Figure 2-1, the
highest values are a result of the small chance that the most pessimistic
assumptions that were censidered in this study apply combined with the
possibility that our most pessimistic data for operator recovery and
nardware failure also apply. Conversely, the Towest values result from
the smal) chance that cur most optimistic assumptions and data apply.
Each possible combination of assumptions and data is weighted by the
probability that it represents the "true state of the plant system," a
system including hardware, procedures, and trained personnel that have
not yet been built, written, or trained. Substantial uncertainty is
inherent in the Scoping Study results.

The current value of the mean frequency of core melt reflects the large
degree of uncertainty associated with the Scoping Study rather than a
strony degree of evidence that a core melt is actually so likely to
occur. Note that the distribution is quite broad. According to the
results of our analysis, the core melt frequency has a 90% chance of
being in the interval between 3 x 1072 and 5 x 10=3.

2-3
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€.¢ WHAT IS THE LIKELIHOOU OF QFFSITE IMPACT?

A wide spectrum of different radioactive material releases can be
postulated. Each such release could have a different magnitude and
composition of radionuclides, time-dependent release rate, thermal energy
of release, and other factors that influence the calculation of accident
impact. Release categories have been defined that group scenarios by
these parameters. For a given release, the impact to the public is
dependent on many external factors such as the directions of the wind at
the time of the hypothesized accident, the atmospheric stability, weather
conditions, the time of day, day of the week, season of the year, speed
and effectiveness of evacuation, and many other factors. As stated
earlier, we have grouped all these effects into three impact categories
as shown in Table 2-2.

Figure ¢-3 decomposes the probability distribution for the frequency of
core melt into the contributions to each impact category. Category II,
with potential for latent impacts, and Category III, with little public
risk, provide similar contributions to core melt frequency. They arise
from related but significantly different scenario groups. Both come
primarily from RCP seal LOCA events. In the case of Category III,
electric power remains available, making it possible to operate
containment spray and scrub fission products from the containment
atmosphere. Category Il scenarios lead to the failure of onsite AC
power;, thus, sprays are unavailable following melt and the frequency of
these scenarios are somewhat lower. The Category I scenario group with
potential for early and latent impacts have much lower frequency and
occur primarily when the containment supplementary purge valves remain
open with no containment spray.

Details of the scenarios are given in Section 2.4. Consider the
foilowing as a greatly simplified summary of the basic scenaric groups:

+ Cate?or! [11. A loss of cooling water (ECW or CCW) event leads to
the loss of charging pumps and RCP thermal barrier cooling. An RCP
seal LOCA results, followed by successful safety injection. When the
shift to the recirculation mode occurs on low RWST level, nc cooiing
is available. Core melt and eventual containment failure occur
because decay heat is not removed. Containment sprays operate.

Small containment bypass paths may exist.

safety injection, no containment sgray, and rno fan coolers. The
scenario group is initiated either by a long term failure of EAB HVAC
(both normal and smoke purge modes) or an unrecovered loss of offsite
power followed by failure to deliver onsite diesel generator power.
Core melt and eventual containment overpressure are guaranteed.

Small containment bypass paths may exist. Scenarios with large
bypass paths through the supplemental purge valves with containment
sprays operable make a small contribution to this category.

® Categor; II. The loss of all AC power leads to an RCP LOCA with no

o Category I. Scenarios similar to Category Il in which the
suppiementary purge valves fail to close either because of valve
problems or a failure of ESF actuation signal combined with the
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failure of the operators to generate a signal. Note that no power is
available to close the MOVs inside containment. The interfacing
systems LOCA makes a small contribution to tnis category.

2.3 IDENTIFICATION AND QUANTIFICATION OF UNCERTAINTY

Assessing the risk from extremely rare events such as the potential
accident sequences considered in a PRA is subject to significant
uncertainties. In view of this, the authors have adopted an approach in
which the expression of uncertainty is a fundamental consideration in
presenting the results. As explained more fully in Section 3, this
consideration is embodied in the definition of risk itself. The risk
associated with potential accidents is defined by a 1ist of accident
sequences, an assessment of the likelihood and impact of each sequence,
and a statement of the uncertainty. What is particularly special about
the approach adopted by the authors is that every attempt is made to
express this statement of uncertainty quantitatively. While the
quantification of uncertainty is an important element in any PRA results,
it is especially important in this limited-coverage Scoping Study.

The Preliminary Sceping Study includes many sources of uncertainty. Some
are identical to those found in complete Level 1 studies on operating
plants such as uncertainty in basic human error rates. Many are
identical to those found in complete Level 1 studies on other plants in
the construction stage with no operating history, such as plant-to-plant
variability in equipment failure rates, uncertainty in common cause
failure data for two-train systems, and uncertainty in the exact plant
layout needed for fire analysis. Others are common to 1imitea-scope
studies such as incompleteness in coverage of initiating events,
incompleteness in supporting analyses (e.g., equipment fragilities to
temperature and seismic excitation and room heatup analyses), and
simplified systems analyses. Finally scme are peculiar to the STPEGS
design and site such as uncertainty in common cause data for three-train
and four-train systems and the capability of the RHR pumps to operate
following a LCCA, or a bieed and feed operation that creates a hot, moist
environment inside containment.

The general approach to quantification of uncertainty in the Preliminary
Scoping Study results consisted of the following steps:

e Step 1. Point estimate quantification of STPEGS risk model using a
reasunable" set of assumptions for internally initiated sequenczs
only.

e Step 2. Determination of the principal contributors to the point
estimate result.

e Step 3. ldentification of key sources uncertainty in the results of
teps 1 and 2 to include uncertainties in data, models, success
criteria, plant behavior under accident conditions and sequences and
contributors missing from the model.
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® Step 4. Construction of a simplified risk model for propagation of
sources of uncertainty.

o Step 5. Quantification of the effects of uncertainty in terms of
probabpility distributions of the frequencies of accident sequences.

In applying Step 3 to the STPEGS risk model, the following major
categories of uncertainties were identified.

® Uata Uncertainties. These include uncertainties in the data used to
quantify the risk model, especially that associated with the common
Cause events and operator actions in the dominant accident sequences
of Table 2-3.

¢ Uncertainties in Assumptions. The most important uncertainties in
assumptions were found to be the success criteria for HVAC systems,
the thermal transient response of rooms resulting from degraded HVAC
equipment, the effects of elevated temperatures on critical
components, and the performance of RCP seals under loss of CCW and AC
electric power conditions.

o Completeness. The approach to quantify these uncertainties was to
make an allowance for missing sequences based on the results of
completed, full-scope PRAs on plants similar to STPEGS.

The key uncertainties in the study and the methods used to account for
them in the quantification process are described in the following
sections.

2.3.1 UATA UNCERTAINTIES

The Scoping Study used the generic PLG data base for PWis developed 1n
the PiRAs on Seabrook (Reference 2-1), Midland (Reference 2-2), and other
plants was used without detailed review for applicability to STPEGS. It
is expected that, if a Level 1 PRA were completed for STPEGS, the data
base for component failure rates, maintenance frequencies and durations,
and human errors would not change very much in relation tc the data used
in the Scoping Study results. The most important type of data that could
change considerably is the common cause event data.

A common cause event is a failure of two or more redundant components due
to a cause other than the failure of another component. Examples of such
causes are design, manufacturing, and construction errors, erroneous
procedures, human errors in following procedures, and environmental
stresses. Common cause event