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FOREWORD

This Executive Summary Repcrt provides a concise discussion of the major
results, conclusions, and recommendations of the Three Mile Island,

Unit 1 (TMI-1) probabilistic risk assessment (PRA) performed by Pickard,
Lowe and Garrick, Inc., (PLG), and GPU Nuclear Corporation (GPUN). It
also presents an overview of the historical perspective of PRA
methodology and a comparison of the results with those of some other PRAs.

In addition to this Executive Summary, this PRA is documented in a set of
reports that discuss eacn part of the analysis as shown in Figure 1,
Each report in the set is described briefly:

o Technical Summary Report. The purpose of this report is to provide an
overview of tne THMI-1 PRA methodology and results in more detail than
is done in the Executive Summary. This report contains material
necessary for understanding the following reports and should be read
first,

¢ Plant Model Report. The Plant Model Report contains a description of
all of the event sequence diagrams and event trees defining the
scenarios that make up the plant model for TMI-1. It describes the
initiating events, the interactions between support systems and
frontline systems, the plant damage states, the quantification of the
plant medel, and the detailed results.

¢ Systems Analysis Report. The Systems Analysis Report presents all of
the system pertormance models used to calculate the numbers used for
evaluating the event trees, thereby producing scenario frequencies.

e Uata Analysis Report. This report presents the basic component data
vase (e.g., equipment failure rate and length of time to repair)
geveloped for use in the TMI-1 PRA systems and initiating event
frequency analysis, A discussion of some of the technigues used and
steps taken in developing the data base is also presented.

¢ Human Actions Analysis Report. The Human Actions Analysis Report
provides the plant event sequence models with frequencies for both
favoravle and unfavorable operator actions. This report quantifies
the frequency of failure of the identified human actions. These
frequencies are included in the plant model to delineate the human
cuntribution to the core camage frequency.

¢ Environmentai and External Hazards Report. The Environmental and
txternal Hazards RKeport (LLHR) characterizes the impact of
environmental ang external hazards on TMI-1, Environmental hazards
cause equipment failure from sources within the plant boundaries;
e.g., fire, internal flood, steam, etc. Such environmental hazards
may simultaneously affect several plant components., External hazards,
on the otnher hand, are causes of equipment failure that originate
outside the plant boundaries; e.g., earthquakes, external floods,
aircraft crashes, etc, The EEHR sorts through all such hazards to
getermine which ones contribute significantly to core damage frequency.
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1. INTRODUCTION

il  BACKGROUKD

The TMI=1 PRA was initiated by GPUN in the fall of 1933, The consulting
firm of PLG was retained as the primary contractor for the conduct of the
Study. It is a Level 1 PRA, as de‘ined by the PRA Procedures Guide
(Reterence 1), including a treatment of external events. GPUN undertook
Such a study to develop a manayement decision-making tool that would help

address various important issues, including safety, plant availability,
ana economic costs and benefits,

1.2 OQBJECTIVES

The overall objectives of the TMI-1 PRA were to:

¢ Perform an independent and plant-specific assessment of the level of
satety of the operation ot TMI-1 to ensure that GPUN 1s carrying out
its corporate responsibility to generate electricity in a manner that
affords adequate protection for the health and safety of the public
and its employees,

¢ Improve GPU iclear's functional capabilities to use PRA as a tool
for decision making and resource allocation for possible

modifications of the plant contiguration, operation, maintenance, and
emergency planning,

¢ Provide a quantitative assessment of the range of the frequency of
core camage, independent of regulatory criteria, with the
documentation of results ana methods in a form suitable for detailed
technical review and public presentation.

To meet these objectives, specific goals in the course of the PRA have
been to:

¢ Develop a quantitative assessment of the range of the risk from

operating TMI-1 in terms of the likelihood of core damage and its
associated uncertainty,

o Icentifv the significant contributors to risk, considering accident
initiators, both internal and external to the plant,

¢ Rank plant systems and components quantitatively in terms of their
contribution to the frequency of core damage.

o Uevelop a plant risk mode) and the tools for its use by GPUN in
future THI-1 risk management applications.

o Develop and organize a data base with previsions for periocdic

updating consistent with the requirements of the plant risk model and
its tools.
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1.3 SCUPE OF THE PRA

The THI-1 probabilistic risk assessment is a plant-specific assessment of
core damage frequency, including such accident initiators as pipe breaks
and the effect of floods, earthquakes, fires, and other more complex
events, It includes consideration of all alleviating systems* and all
systems whose failure to perform might increase the consequences produced
Dy an initiating event. Both safety and nonsafety systems were
considered for any favorable or unfavorable contribution that they might
make to influence the frequency of core damage scenarios. Containment
safety features were included for possible use at some later date for
extending the analysis to incorporate containment respense and offsite
consequences.,

In a truly plant-specific risk assessment like this, each plant seems to
reveal its own set of dominant risk contributors. To allow early use of
the PRA as a risk management tool, a "first pass," Phase [ model was
developed in the first 8 months of the project. Phase | was an
abbreviated though a comprehensive scoping analysis intended to
facilitate a more detailed and lengthy second phase, Phase I produced an
approximate or focusing PRA to identify early those systems and
assumptions that require more ini.rmation or a more detailed analysis
prior to their incorporation in the final risk model, In TMI's case, for
instance, the control building ventilation system was found to be cne
whose failure could lead to core damage, but little was known about the
course of events following its failure, including such facts as: given
system failure, how long it would take to heat up the rooms, at what
temperature components in these rooms would begin to fail, etc., The
results of Phase I precipitated a study that lasted more than a year
before finalization of the control building ventilation system failure
model and its incorporation into the detailed Phase II PRA model .,

In Phase 11, key systems and scenarios for plant safety were analyzed
very closely, with the objective of identifying potential changes in
design and operation. The Phase Il risk model evolved over 2 years and
included four major revisions to reflect the expected THMI plant
performance accurately, Each major revision was followed by further
analysis to refine assumptions about plant systems and operator
performance, An important result of this refinement was the treatment of
human actions. These actions, while not unique to the TMI-1 PRA, were
usea much mere extensively than in previous PRAs. They include such
actions as possible miscalibration of sensors, manual actuation of

systems whose automatic actuation had failed, and operator recovery of
systems postulated to fail.

*The term "alleviating" is used throughout the TiMI-1 PRA reports in the
sense of lebster's New Collegiate Dictionary sense of "b. to partially
remove or correct.,” (Qther synonymous terms, such as ‘mitigate,” are

reserved for otner special applications, such as "to mitigate the
corsequences of core damage,"
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In addition to producing the risk model, the scope of the PRA involved
the transfer of PRA technology to GPUN staff and computer facilities.
The codes involved were developed specifically to simplify the
quantification of the TMI PRA model, including special input preparation
codes to streamline processing.

The mest important result of the TMI-=1 PRA has been to identify
vpportunities to reduce the core damage frequency. To facilitate the
cortinued quantitative management of the TMI-1 risk, the following
adaitional products have been developed:

1. A final report, including this summary report and a technical summary
report,

Z. The PRA model, consisting of system and scenario models and data
pases.

1.4 HISTORICAL PERSPECTIVE

Nuclear safety has been a visible and fundamental ccncern in the
development and commercialization of nuclear power. From the beginning
of the nuclear industry, safety design philosophy has centered around
“defense in-depth," characterized by the multiple fission product barrier
concept supported by upper bound, deterministic calculations. This
approach nas served the cause of nuclear safety well, Carried to an
extreme, however, it can lead to the wasteful use of resources and the
unnecessary introduction of equipment complexity that can actually reduce
safety. With the growth of experience with operating nuclear power
plants, the upper bound calculations have been replaced with an
analytical approach that assesses nuclear power plant safety more
realistically by putting such upper bound results into context.
Probabilistic risk assessment is the approach, PRA,is both a systematic
identification of the levels of damage that could result from nuclear

plant operation ana a rigorous assessment of the 1'kelihood of such
occurrences,

The upper bound deterministic approach for assessing nuclear power plant
safety is specified in the Code of Federal Regulations, The Code
requires the analysis of a fixed set of predefined accidents for the
reactor plant. Originally, the most severe of those accidents, the
maximum hypothetical accidents, were selected to »stablish required
distance factors from the plant (Reference 2). The somewhat arbitrary
nature of these distance factors began to stir interest. In the early
1960s, F, R, Farmer, of the United Kingdom, propoied a new approach to
power plant safety based on the reliability of coisequence-limiting
equipment (Reference 3). At the time, the United Kingdom, facing a need
to bring nuclear power plants closer to large populations, began to
abandon the somewhat arbitrary notions of plant sifety and espoused a
more realistic and quantitative definition of rish to public health,
Meanwhile, in the United States, a series of studies sponsored by the
U.5. Atomic gnergy Commission were undertaken in the early and mid=-1960s
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to probe the merits of using reliability techniques in the safety
analysis c® American nuclear power plants., These studies (Reference 4)
identified the need for special data and analytical tools, such as fault
tree analysis, to perform meaningful quantitative risk analysis.

Interest in probabilistic risk assessment continued to grow during the
1960s. Analysis techniques were borrowed from statisticians and
reliability engineers (References 4, 5, and 6) and developed into tools
suitable for pregicting failure frequencies for large, complex nuclear
power plant systems. The penefits in terms of safety control and
uncerstanding were documented in Reference 4, (This referenre developed
a methodoiogy for attacking the problem of probabilistic risk assessment
of complex plants,) KWith the evolution cf reliability techniques, people
began to Delieve that it was possible to estimate the likelihoo¢ of ]ow
freque.acy, high consequence accidents at nuclear plants. In 1972, the
U.5 Atomic Energy Commission undertook the Reactor Safety Study (RSS)
under the direction of Professor N. C. Rasmussen of MIT (Reference 7).

It was the most thorough investigation of reactor safety of its time,
ang, as such, it set the stage for the understanding of safety for years
to come., it calculated the risk from the operation of 100 U.S. light
water reactors of then current design operated at base power. The report
showed the wdy to derive and present risk results meaningfully to
txchnical specialists and policymakers alike. The finished document
fermed a basis for thorough discussion of risk methodclogy, thereby
focusing criticism, review, and improvement, Three important findings of
trhe study were that: (1) the risk associated with the operation of
selected nuclear power plants was indeed small, (2) the dominant
contributor to risk was not the large loss of coolant accident, as
previously emphasized in the Code of Federal Regulations, but (3) it was
the more probable transients and the small loss of coolant accidents
(LOCA) that often make up most of the contribution to risk.

The accigent that occurred at TMI=2 in March 1979 (Reference 8) had a
profound impact on the nuclear industry and on the concept of risk
assessmert, Portions of the TMI-2 sequence of events were not included

in getail in the RSS analysis, causing many to question the validity of
the analyses.

In truth, the transient at TMI did fit the RSS sequences, albeit not
exactly, The transient fit in the scise that a small LOCA with a failure
of high pressure injection was included as one of the Reactor Safety
Study (RSS) sequences. However, it did not fit exactly because the
numerical probabilities that the RSS placed on this scenario represented
an accident progression going all the way to core melt., What the RSS did
not model was the likelihooa that operatcr interruption wou'd be the
cause of the failure of high pressure injection flow. It also did not
model the operator's subsequent action to restart high pressure injection
(KPI) flow which prevented loss of reactor vessel integrity.

The initial reaction to the TMI accident was negative with respect to the
value and role of probabilistic risk assessment; on reflection, the
attitude changed., Two important post-TMI indeperdent studies recommended
greater use of probabilistic analysis techniques in assessing nuclear
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plant risks and in making decisions about auclear safety. They were the
report of the President's Commission on the Three Mile Island zccident

(Reference 9) and the so-called Rogovin Report (Reference 10). Following
the leada of these commissions' renorts, several post-T:il NRC reports also
noted the value of quantitative risk analysis (References 11 through 14),

A draft report of the "OPSA, Oyster Creek Probabilistic Scfety Analysis,"
was completed in 1979 (Reference 15), It was begun before the TMI=2
event, but coincidently already included many of the features suggested
by the TMI-Z post-mortem., The Zion (Reference 16) and Indian Point PRAs
(Reference 17) and others performed by PLG for various utilities built on
the Oyster Creek PRA methods and also aaded important improvements
including: expanded common cause failure analysis, uncert-inty
quantification methods, methods for assembling and dissect ng the
resuits, analysis of dependent failures and human interactions,
containment and core response analysis, modeling of external events

( :arthquakes, fires, floods, etc.), and incorporation of the
$/te=specific topography, emergency preparedness plans, and changing
weather patterns in the consequence model, One impact of the above
advar.es has been a more accurate specification of the contributors to
risk. The methodology now allows identification of the contributors to
risk and the ability to observe, in increasing detail, what is driving
the risk. This is vital for making decisions on design modifications,
procedural options, or any other risk management action on the part of
the utility., Knowledge of the contributors to risk enables effective
risk management.

In adaition to the advances made by these recent PRAs, a very significant
sign of the ceveloping maturity of risk assessment was the publication of
a KA procedures guide (Reference 1). Developed by experienced
practitioners in private industry, in the NRC, and in national
laboratories, this guide defines what is meant by a PRA and describes

some of the alternative methods available for performing each of its
aspects,

The important risk scenarios from otner PRAS cannot be directly applied
to TMI=1. Recent experience indicates that the scenarics important to
risk are even more plant specific than realized after the early PRAs., A
striking example is the cdifference in dominant risk contributors between
the Irdian Point Units 2 and 3, which are similar units located on the
same site (Reference 17).

The ultimate reason for doing a risk assessment is to assist utility
management in making safety-related decisions. The risk assessment
provices vital “nput to the decision-making process. A PRA can assist in
making decisions about whether to modify a plant or its procedures for
operation and maintenance by comparing the calculated risk to the risk at
other plants and to the Nuclear Regulatory Commission's (NRC) proposed
séfety goals, After the final results have been assembled, the
methodology permits a clear examination of risk contributors from szvera)
different perspectives and at successive levels of detail. Risk
quantified before and after any propcsed change allows prediction of the
effectiveness of the change. With this detail, options can be jdentified
that can be the most effective in reducing risk,
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Reduction in the frequency of core damage may result from changes in
specific plant components, personnel training, or procedures., The
plant-specific risk model developad in this project is designed to assist
in this level of decision making,

It is also important to note that as a "model" the PRA provides an
estimate of the actual but not exactly known core damage frequency.
Changes to this estimate can also result from incorporation of new

information, changes in study assumptions and/or better analysis methods,
which do rot affect the actual core damage.
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2, RESULTS

This section summarizes the results of the PRA, The quantification of
the frequercy of core damage is presented in Section 2.1, The freauency
of core damage is .alculated from the sum of the frequencies of a
multitude of postulated accident sequences. Each such accident sequence,
or scenario, consists of an initiating event and the failure of one or
more systems designed to alleviate the consequences of the initiating
event, These results are presented in Section 2.2, Section 2.3 puts
these results intc perspective relative to regulatory guidelines and to
other PRAs, Finally, Section 2.4 identifies new information that will,
when incorporated into the PRA, reduce the total frequency of core
damage, All of the results presented here are discussed in somewhat
greater detail in the lschnical Summary Report and in great detail in
Section 6 of the Plant Mudel Report.

2.1 CORE DAMAGE FREQUENCY

The curves in Figures 2-1 ana 2-2 are key results of the PRA, Both
ficures are presented because *wo formats have become widely used in PRAs
to present core damage frequency and its associated uncertainty,

Figure 2-1 is a probability density curve,* and Figure 2-2 is a

cumulative probability curve, Those curves represent our complete state
of knowledge about the TMI-1 core Jamage frequency, including uncertainty,

Uncertainity about the frequency of core damage stems from many factors,
including variation in cata, modeling approximations, and incomplete
information, Such uncertainty has been accounted for, to the extent
possible, in all elements of the study. As shown, Figure 2-2 indicates a
mean frequenc: of 5.5 x 10°% per year and a median (our "best

estimate") ~f 1,5 x 10°%, It also communicates that the T!1-1 PRA team
is 902 com . .ant that the core damace frequency is between 2.6 x 10°

and v.4 x 109 per year,

The frequency of core damage is calculated from the sum of the
frequencies of accident sequences, It is important to note that although
the risk of operating TMI-1 is characterized, in part, by the core damage
frequency, the actual health risk to the public can only be measured by
performing containment and offsite consequence analyses, Such analyses
take into account the effectiveness of containment safety systems in
containing radiation leakage and the effect on public exposure of weather
population distribution and evacuation during any leakace,

*The area under the probability density curve between any two freguency
values gives the probability that the core damage frequency will be
greater than or equal to the lower freouency and less than or equal to
the upper frequency. The total area under the curve is eoual to 1 and
represents our certainty that the core damage frequency must be bounded
by the frequencies under the curve. Any point on the cumulative
distribution curve indicates the probability (y-axis) that core damaqge
frequency will be less than or equal to its x-axis value,

2-1
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shown in Table 2-4, These comparisons consider differences in PRA
methodology, plant design, ana statistical representation of the
results. Tne aifferences identified in the comparison illustrate the
need for extreme caution in making such comparisons, Comparisons are
meaningful only when there is commonality of such items as initiating
events, basic event data, scope, and methods of calculating urcertainty.

As indicatea in Tabie 2-4, the TMI-1 PRA core damage frequency is
relatively high in comparison to the results from other PRAs. A major
reason fer this is the nature of the major contributors to core damage
frequency and the assumptions used in the quantification of their
frequency. Two major contributors (responsible for approximately half of
the THI-1 total) are loss of control building ventilation and fires in
electrical equipment rooms. Section 2.4 describes the potential impact

of new information on reducing the core damage frequency from these
contributors,

These scenarios were not treated in detail in most of the other studies

referenced in Table -4, Other studies might also be at a more refined

point in terms of incorporating modifications to reduce the frequency of
such scenarios, In addition to these major items, the comparison to the
results of otier PRAs may be affected by differences in PRA methodology

and assumptions., <. e examples of such differences are:

e Treatment of Potential Common Cause Failures. Potential common cause
failures of identical redundant equipment have not been treated the
same in all PRAs., Later PRAs, especially PLG's, have used advanced
methodology. For instance, in the case of the TMI~1 PRA, the
analysis used generic and all available TMI-1 specific data. These
data were used consistently for analyzing the failure rate of
identical components (e.g,, valves and pumps) within and across
reduncant trains of all systems. The results of other PRAs, those
using the Interim Reliability Evaluation Program (IREP) methodology,
for example, do not include the impact of this state-of-the-art
treatment of common cause failures.

¢ Accounting for the Impact of Potential Human Actions. Human actions
were considered extensively 1n tne THMI-1 PRA, Approximately one-half
of all the human actions analyzed were those taken to recover failed
systems, A very consistent, uniform method was used to document the
basis for the numan action numbers used in the TMI-1 PRA; therefore,
the TMI-1 PRA team did not hesitate to incorporate such actions where
appropriate, The operator was never automatically assumed to be
successful. On a case-by-case basis his actions were carefully
characterized and the likelihood of success was quantified. Wherever

such analysis was not performed the operator was assumed to have been
unsuccessful,

Systems analysis in all the PRAs generally use the techniques developed
for reliability analysis, System logic models are developed as a
framework for analyzing accident sequences that may lead to core melt,
These mocels are used to analyze the top events (hLeadings) of event trees
and the systems that support the top events, Generally, the systems
analysis of the Limerick and Big Rock Point PRAS was similar to the
Reactor Safety Study. The Reactor Safety Study methodology application

2=4
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TABLE 2-2. INITIATING EVENT CATEGORIES CONTRIBUTING
SIGNIFICANTLY TO CORE DAMAGE FREQUENCY

Percert Mean
Contribution Frequency
Description to Core Damace per Reactor
Frequency Year
[NTERNAL 80.6 4,43 x 1074
Loss of Support Systems: 52.8
Loss of CBY 36.4 2.00 x 10~4
Others 8,7 4.53 x 105
Loss of Offsite Power* 5, 2.90 x 10°5
Loss of River Water to Pumphouse 2 1,58 x 10°5
A1l Other Transients 11.. | 6.09 x 1073
Very Small LOCAs (includi. g
| steam generator tube rupture) 10.1 5,58 x 10°5
A1l Larger LOCAs 6.5 3,58 x 1075
LOCA outside Containment ¢ 0.1 1.00 x 10'7 ‘
EXTERYAL 19.4 1,07 x 107% |
Fires Explicitly Modeled** 15,7 8.64 x 1075
A1l Other Fires and AN |
Internal Floods <2 < 1,00 x 10°5 ;
|
| Earthquakes 0.5 2.70 x 10°6
External Flood 1.4 7.5 x 1078 I
Tornado << 0,1 1.2 x 1078
Turbine Missile < 0.1 2.3 x 1077
Aircraft Crash < 0,1 1.0 x 10‘7
Toxic Chemical i < 0,1 2.6 «x 10'7
| {

*Loss of offsite power could also be included in the externa) catecory,
**Fires, though internal to the plant, are usually categorized as
external events,
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TABLE 2-3, SYSTEMS CONTRIBUTING SIGNIFICANTLY
TO THE FREQUENCY OF CORE DAMAGE FROM INTERNAL EVENTS

&
System Total
Contribution

System to Core Damage

Freauency From

L . Internal Events
Control Building Ventilation 432
Decay Heat Removal 37%
® High Pressure Injection 37%
Electric Power 242
Main Steam and Feedwater 23%
® RCS Pressure Control 22%
Decay Heat Cooling Water 21%
Intermeaiate Closed Cooling Water az
® ‘ Emercency Feedwater 6%
Irstrument Air a2
Nuclear Services Cooling Water 4%
e Ergineered Safeguard. Actuation 2%
Reactor Protection 12

®

NOTE: A system's contribution is calculated by adding the frequency of
all sequences in which the failure of the system occurs and core
damage results, rhis sum is .hen divided by the total core damage
frequency from internal events only to calculate the percentage
contribution from each system. Since rmore than one system failure

& may occur in each core damage sequence, the totai percentage due
to all system contributions exceeds 1002. Thesa precentages are
higher than would be obiained by basing them on the total core
damage frequency.
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TABLE 2-4. CORE MELT FREQUENCY COMPARISON
(Occurrences per Reactor Year)

Sheet 1 of 2
“<ope and Plant Asse: sment
PRA St
udy SotNes - Date Published Venuor Team o
PEll_s
IMI-1 - Internal 3.5 x 104 4.4 x 10°4 Level ) Babcock 8 wilcox PLG/GPUN General Pudblfic Utfiities
Internal and External 4.5 x 10°9 5.5 x 1074 01/87 Nuclear
Midland Internal and 2.0 x 104 3.0 x 1073 Level 2 Babcock & Wilcox PLG Consumers Power Company
External 05/88
Indian Point 2 - Internal 5.0 x IO': 7.9 = 10-3% -
Internal and External 1.0 x 107 1.4 x 10° 04/82 westinghouse PLG Consolidated Edison Company
Indtan Point 3 - Internal | 3.0 x 10°5 1.3 x 1074 -
Internal and External 5.0 x 10°5 1.4 x 1674 04/82 westinghouse PLG Consol fdated Edison Company
R55-Surry-Internal 6.0 x 10-5 1.2 x 1078« Leve! 3 westinghouse WASH-1400 AEC NRC
10/75
Iton - Internal 5.0 x 1073 5.7 x 10°% Level 3 Hestinghouse PLG Commonweal th Edfson
Interna) and External §.2 x 1075 6.7 x 1075 09/81
DRS Internal 4.0 x 10°% 6 x 1075 Level 3
Oconee-Internal 2.0 x 107 4.0 x 1074« Leve) 2 Babcock & Wilcox RSSMAP NRC
05/81
Sequoyah 6.0 x 107 1.2 x 1078 Level 2 westinghouse RSSMAP NRC
02/81
Arkansas N clear One - s x 1075 Level 2 Ba.cock & Wilcox 1ReP NRC
Internal 06/82
Calvert Cliffs - 2 x 1073 Level 2 Combustion IREP NRC
Internal 05/82 Engineering
Crystal River 4 x 104 Level 2 “abcock & Wilcox SAl NRC/1REP
12/81
Bellefonte Unft 1 - Between J0~4 Level 1 Babcock & wWilcox PLG Tennessee Valley Authority
Internal and External and 107 10/85
Seadbrook - Internal and 1.9 x 1074 2.3 x10% Level 3 Westinghouse PLG Pudblic Service Company of
External 12/83 New Hampst ire
Oconee Unft 3 - 1.8 x 1074 2.5 x 1074 Level 3 Babcock & wilcon Duke Power Electric Power Research
Internal ard External 06/84 Company /NSAC Institute
BaRks
Crand Gulf - Internal 3.0 x 1075 6.0 x 1075« Level 2 General Electric RSSMAP NRC
10/81
RSS-P~ach Bottom 3.0 x 10°5 6.0 x 10°5 level 3 General Electric WASH-1400 AEC/NRC
Internal 10/75
Limerick - Internal 1.5 x 10°3 2.8 x 1075 Level 3 General Electric SA1 Priladelphia Electric
09/82 Company
Browns Ferry Unf® 1 - 2 x 10! Level 2 Genera! Electric IREP NRC
Internal Cr/82
A

*Calculated from the mediar; assumes lognorma'® distributfon; uncertainty factor of §.
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TABLE 3-1 (continued)

Sheet 2 of 2
.
Cperator Action Specific
Category Cperator
Operator Action Category | Contribution Actior
ifi { ’
(specific operator action) zto i:::ugzrzge Contribution
rcent
l (percent) fpe )
¢ Operator initiates HPI cooling. 1
¢ Throttle makeup flow using MU-Y16s <
efore diesel gener tor train A
fails.,
¢ Operator identifies SGTR, <
| o Throttle makeup flow using MU-V16s, <
F o Cool the plant down to repair a el
| small leak,
| o Throttle makeup flow using MU-V217, <,
i o Recirculation avarlable and i <.
x initiated within 10 minutes of BWST
Tow level alarm during a small or
[ very small LOCA, i |
| i !
| @ Throttle makeup flow using | : €ad
1 MU-¥217, given that offsite 7 |
‘ power is lost after plant ;
: trip. | 5
| ® Cool the plant down during | ‘ <,
| an SGTR leak in RCS, | |
} !
Manual Backup to Automatic Actuations | 8 |
| |
o At least one pump started, gfven ! | 2
no offsite power, no instrument | {
air, and only one train of ! [
emergency AC power avaflable, | |
o Primary safety valves reclose | | 2
after passing water, and { |
operator throttles HPI flow. | !
¢ At least one pump started, given ! | 1
no offsite power and only | ‘
| one train of emergency AC | |
‘ power available, l
] ]
4 ¢ At least one pump started, given | 1 ;
| no offsite power and no ! |
| Instrument air, i ,
¢ PORV recloses after passing : | <
“ater and operator throttles { |
HPT flow, ;
¢ Given emergency AC train A 7 i £l
; or B and offsite power I '
availadle, { ;
Total Contribution to Core Damage l ' !
Frequency of A1l Manual Actions i 50
s .

0560G110987ESR
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