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JAPAN

Abstract

Most of the current licensing procedures in Japan are based on the
deterministic approach. The probabilistic approach has been used to
supplement regulatory decisions. Recently, the usefulness of PSA has been
more and more widely recognized. Research organizations have been developing
a series of methodologies for system reliability analysis, operational data
analysis, core melt accident analysis, environmental consequence analysis and
seismic risk analysis. Electric utilities and research organizations are
" carrying out PSAs for nuclear pover plants. o

Programme Development

Most of the current licensing procedures in Japan, vith a few
exceptions, are based on the deterministic approach. In licensing
applications, the probabilistic approach has been used to supplement the
regulatory decisions, but will not replace the deterministic approach in the
near future.

Since the usefulness of PSA has been widely recognized in Japan,
research institutes have been engaged in the development of methodologies.
For example, the Japan Atomic Research Institute (JAERI) has been developing a
series of methodologies for PSA. Also, the Power Reactor and Nuclear Fuel
Development Corporation (PNC) has been developing methodologies through the
PSA of a prototype FBR plant "Monju". v

According to the progression of methodology developmernt, its application
to practical problems has become more popular. Utilities and research '
organizations are carrying out PSA for Japanese NPPs.

Status and Qutlook

r

Probabilistic Approach in Licensing .

e

Licencing procedures in Japan are principally deterministic. In some
cases, however, the probabilistic approach is followed to define the scope of
safety evaluation. For example, a probabilistic study revealed that the
frequencies of station blackout and multiple failures in process systems are
low enough that such accidents can be precluded from the scope of
‘deterministic safety evaluation of NPPs in Japan. The probabilities of
turbine missiles and air-plane crashes are estimated in the course of design
examination of NPPs.

PSA Methodology Development
Level 1 PSA:

- JAERI provided code packages for sytem reliability analysis based on the
fault tree and GO methods as well as on a nev methodology "DeBDA" (Detailed
Block Diagram Analysis) for human reliability analysis. PNC developed a
simplified PC-based interactive PSA code "QUEST" as well as large code
packages for system reliability analysis based on the fault/event tree method.
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The Ship Research Institute developed the GO-FLOVW code. The Nuclear Power
Engineering Test Centre (NUPEC) and NSSS vendors established their own
methodologies for system reliability analysis, mostly based on the fault tree
method. ‘

Operational Data Analysis:

 Component reliability data are collected by the utilities and sent to the
Central Research Institute of Electric Power (CRIEPI) and the Nuclear Power
Engineering Test Center (NUPEC) and analyzed and evaluated there
statistically. Abnormal occurrence data are not only analyzed by the relevant
utilities but also by CRIEPI and NUPEC. Human reliability data are also
collected by the utilities using plant simulators. As for FBR, PNC has been
compiling and integrating the operating experiences of its facilities and
exchanging them with those in the CREDO database in USA. The CREDO database
provides the reliability, availability and maintainability measures such as
failure rates and repair times.

Human Factor Analysis

The importance of human factor research is highly recognized and many
nev programs have been starded in Japan. The programs at NUPEC and CRIEPI are
comprehensive ones and cover various aspects - such as human reliability
analysis, man-machine interface research, operational management, training,
utilization of artificial intelligence for operational aid and collection and
analysis of human reliability data. Utilities are collecting and analyzing
human behaviour data at thgir training centres.

‘Lével 2 PSA:

In order to estimate the source terms, JAERI developed the THALES/ART
code package for analyzing progression of a core melt accident and fission
product release and transport behavior. The utilities are using and modifying
the MAAP code developed in the IDCOR Program. As for FBR, PNC has been
developing a code package for analyzing hypothetical core disruptive accident
sequences. ‘ '

Level 3 PSA:

~ In order for assessing the off-site radiological consequence of nuclear
accidents, JAERI has developed the OSCAAR computer code package, which
‘consists of interlinked computer codes to predict (1).Transport of
" radionuclides through the environment to man, (2) Subsequent dose
distributions, and (3) Health effects in the population. PNC improved the
CRAC2 code so as to take into account long-term FP release and the effects of
undulating topography.

Seismic Risk Analysis

Several organizations are now eager to develop the methodologies for

' seismic risk analysis, intending to use the analysis results mainly in seeking
more balanced seismic designs or regulations. JAERI and PNC have established
whole sets of methodologies for seismic risk analysis. Among those tasks
required for the seismic risk analysis, the seismic hazard evaluation has
progressed, where long history of earthquake records and active fault data are
utilized with the experts’ interpretations.
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PSA for Nuclear Power Plant

JAERI started a level 2 PSA for a model Mk II BWR in 1986 aiming at
demonstrating the applicability and usefulness of the PSA methodologies
developed at JAERI. The Tokyo Electric Power Co. Ltd. (TEPCO) used the event
tree technique in the design of an advanced BWR (A-BWR) in order to find out
the best safety design of the plant. TEPCO is also carrying out level 1
PSA’s for BWR/3, BWR/4 and BWR/5. The Japanese PWR Group carried out a level 1
PSA for the Japanese standard 4-loop PWR. NUPEC has carried out level 1 PSA’s
for 1100MWe class PWR and BWR plants under sponsorship of MITI since 1987.
Then level 2 PSA’s were started in 1988 to understand the spectre of accident
sequences. NUPEC also started a level 1 PSA for an advanced BWR which is now
under construction permit stage. PNC has been carrying out the psa of the
Monju plant since November, 1982, aiming at constructing a probabilistic model
to be used in evaluating the overall safety of the plant.
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JAPAN

Goal of the Analysis/

Plant Analysing Team/ Methods Used/
Insights or Results

Date of Starting/ Procedure Guide

Completion

Applications

Advanced BWR

TEPCO
1984 to 1988

Level 1 PSA”

Level 2 PSA

To .Find Out Best
Design Concept

To provide
supplemental
information

BWR/3
BWR/4 and
BWR/5

TEPCO
1984 to 1988

Level 1 PSA

-Level 2 PSA

To Evaluate the
Difference of System
Configuration

To provide
supplemental
information

"Representative

4 Loop plant

Japanese PWR
Group
1984 to 1930

Level 1 PSA

Level 2 PSA

To Evaluate System
Unavailability and
Core Melt Frequency
of Existing Plants

To provide
supplemental

information

Mk 2 BWR
Model plant

JAERI
1987 to 1989

Level 2 PSA

To Verify MODEL
Applicability and
Usefulness of

JAERI Methodologies

MONJU
. Prototype FBR

PNC :
1982 to 1992

Levels 1,2, & 3 PSA

To evaluate overall:
plant safety & to use
to assist operational
role.

1.100MVe
BWR

‘NUPEC.
1987 to 1989

Level 1 & 2 PSA

To supply
probabilistic safety
information to the
regulatory authorities




1.100MVe NUPEC ditto  ditto
PWR 1987 to 1989
1.300MVe NUPEC Level 1 PSA Backup for licensing

ABWR 1988 - 1990 : procedure

The following points are also worth noting:
a) Current Reference Documents:

, The outlines of the PSA-related activities in Japan were introduced
in the PSA’89-International Topical Meeting: Probability, Reliability and
Safety Assessment held at Pittsburgh in 1989 (ref. 1). That paper overviewed
the status of research and development (R&D), applications in industries and
‘probabilistic approaches in licensing. A spec1a1 emphasis is placed on the
recent progress of R&D at JAERI and PNC, vhere systems analysis, consequence
analysis and seismic risk analysis are carried out for PSA’s of LWR and FBR,
respectively.

(Ref. 1) K. Sato, T. Tobioka, K. Abe and K. Alzawa,
- "Current Status on PSA-related Activities in Japan“ ,
PSA’89-Intl Top. Mtg: Probability, Reliability and
Safety Assessment, Pittsburgh,(1989)

b) Basis of PSA Programme

" Licensing procedures in Japan are principally deterministic and
there is no regulatory requlrements on the probabilistic basis. The
governmental safety research in Japan is carried forward according to the five
year safety research plan (ref. 2). The current plan is for FY 1986-1990,
where the research programs are categorized into six fields, 1nc1ud1ng
'Research on Probabilistic Safety Assessment’. The research programs in the
PSA field are carried forvard mainly by the Japan Atomic Energy Research
Institute (JAERI) and the Power Reactor and Nuclear Fuel Development
Corporation (PNC) and partlally by the Ship Research Institute. The progress
of these research programs is annually revieved by the governmental review
committee.

(Ref. 2) Nuclear Safety Commission / Committee of Safety Research on
Nuclear Facilities, "Annual Program of Safety Research in Japan- -Fiscal Year
1986 to 1990". -
¢) 1. Vho has to perform PSA’s ?

2. Scope, depth and methods of PSA’s.



_ Nuclear Safety Commission of Japan encourages industry and
regulators to perform PSA and study the phenomenology of severe accidents. As
for the PSA of LWR, JAERI, NUPEC and the utilities are performing Level 1 and
Level 2 PSA of typical plants. As for the PSA of FBR, PNC are performing
Level 3 PSA of the prototype FBR, Monju.

The results of the PSA’s are expected to be used in improving
operating procedure for accident so as to flexibly utilize the safety margins
to bring the progression of Beyond DBEs to an end or mitigate their effects,
though this is not the part of regulatory requirement in Japan.

..~ (see Table A-1)

3. Reviews of the Results of PSA’s

: PSA’s of the typical plants of BWRs and PWRs have been conducted by
‘the Japanese BWR Group represented by TEPCO and by the Japanese PWR Group
represented by KEPCO, respectively. The reviews of the results of the PSA’s
are conducted primarily by the analysis within each group. After those
intra-group reviews, the utilities have submitted voluntarily the results of
their level-1 PSA to Nuclear Safety Commission of Japan for peer review.

Similar review will soon be conducted by Nuclear Safety Commission
for PSA results of NUPEC. : :

d) 1. The Results of the Independent Peer Review

The integral core damage frequencies for all the typical BWR and PWR
plants are lower than.lO's/ry vhich is the reference value for new type
reactors proposed in "Basic Safety Principles for Nuclear Power Plants" by the
INSAG of TAEA. This is mainly attributable to the fact that the frequency of
transients is relatively small in Japanese plants due to the proper operation
management. : : '

2. The Analysts’Responses

The results of level-1 PSAs for the typical plants provide insights
into the safety characteristics of design and operation of the present LWRs.
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Organization Plant Scope and Depth of PSAs Metnods of PSAS ]
% TEPCO BWR/3 Mki Level-1 and -2 PSA, FT/ET r_nethods,
i - BWR/4 Mk2 estimate uncertainty refer NUREG/CR
‘ 'BWR/5 Mk3 - distribution as well as -2300, -2728
, A-BWR point values, ' and -1278,
: In-plant initiators ‘ Operator recovery as '
| ' well as human errors %
i , and common cause
, failures are
‘ considered
KEPCO 4 loop PWRs, i
| dry condenser ditto I ditto !
type and ice . ! i
condenser type i i
NUPEC 1100MWe PWR K
1100MWe BWR ditto | aitto ’
- 1300MWe ABWR |
JAERI BWR/S Mk2 Level-2 PSA,
Model Plant " estimate uncertainty ditto
’ .distn'bﬁtion aswell as
point values, .
In-plant initiators
PNC Prototype Level-1, -2 and -3 PSA
FBR estimate uncertainty
distribution as well as :
point vzﬂucs. ditto '

In-plént initiators-.
plus earthquake,
estimate location-

dependent .

failure effect

use location
transformation

method v t
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NETHERLANDS

Apart from the traditional reliability analyses most of the current
regulating process is based on a deterministic approach. Recently, the
usefulness of PSA has been recognized. Before Chernobyl a level-3 PSA was
foreseen to be part of the siting procedure for the at that time proposed
new nuclear power plants. After Chernobyl at least a level-1 PSA was
recommended for the existing nuclear power plants with the purpose to
optimize plant improvements. The bid specification for the PSA of the
Dodewaard BWR is in preparation and for the Borssele PWR the actual PSA-work
(level-2 minus) has already started. '

Program Development

Besides the traditional reliability analyses within the existing regulating
process, a PSA program has been set up. Before Chernobyl two new nuclear
power plants were foreseen in the Netherlands. To show compliance with the
at that time newly postulated environmental safety goals for new hazardous
installations, a level-3 PSA was foreseen to be part of the siting and
licensing procedure. Within this framework Electrowatt Engineering Services
UK (Tld.) was asked to develop a PSA Procedures Guide for the Dutch
government. This procedures guide was, although heavily relying on
NUREG/CR-2815 "PSA Procedures Guide" and NUREG/CR-2728 “IREP Procedures
Guide", taylored to the Dutch situation (to show compliance with the safety
goals). :

After Chernobyl the decision to expand the nuclear power capacity was
postponed. The government decided to reconsider the nuclear option. Several
studies were initiated to help them with this decision-making process. One
of these studies was about the possible accident management measures of the
nuclear power plants Borssele and Dodewaard. This study, performed by GRS,
recomnended to perform at least a level-1 PSA for both plants with the
purpose to optimize plant improvements. For Borssele, a 472 MWe KWU-PWR,
"both the licensee and the licensing authorities agreed with this proposal.
This resulted in a bid specification for a level-2 minus PSA. This PSA-
project was awarded to the combination KWU and NUS. The actual PSA-work
started 1 september 1989, and will last approximately 2 years. The bid-
specification for the Dodewaard PSA is in preparation and will most
probably be sent out at the end of 1989.

One of the main purposes of the PSA is to identify forgotten scenario’s with
respect to the GRS-study on accident management studies. The latter was
‘based on insights gained from the German Risk Study-Phase B (Although not
identical, Biblis-B is a larger sister of the Borssele power plant). Other
purposes are identification of the dominant accident sequences leading to
core-melt, estimation of the contribution of operator errors to the core-
melt frequency, estimation of containment response to severe accidents,
identification of dominant pathways in the containment event tree and, last
but not least, guidance on backfit decisions and accident management
measures. Because it is intended to use the PSA after completion as an
operational tool (backfitting, technical specs, etc.) the PSA is to be
maintained as a so-called living PSA.

For the Borssele PSA the PRA Procedures Guide (NUREG/CR-2300) and the PSA
Procedures Guide (NUREG/CR-2815) will be used as guidance for the PSA.

External events will be treated in a more qualitative way. For the seismic

N I T ~h de €Aavaconn TE mAarAccaruy 8 MAYe Aanantitativae
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‘analysis will be performed in a later stage. The seismic analysis has been
awarded to EQE Inc. as a sub-contractor of KWU/NUS. Internal hazards (area
events) will be quantitatively analyzed in detail. For the fire initiating
events an analysis with COMBRN is foreseen. The human error analysis will

be structured around the SHARP methodology. Both the HCR model and THERP
will be used within this framework. The system modelling uses the small

"~ event treef/large fault tree approach. For fault trees the NUPRA-code will be
used.

As far as possible plant specific data will be used. If these are not
available, generic best estimate data from other sources like the German
Risk Study will be used. For approximately 100 component-types plant
specific failure data will be collected. Uncertainty analyses will be
carried out. '

The already existing thermal-hydraulic transient analyses (e.g. LOCA.
analyses performed with RELAP V) will be used for further analyses, like the
definition of realistic sucess criteria. In case these analyses are not
available conservative assumptions from the safety report will be used, but
in case these assumptions are to unrealistic, simple best estimate transient
analyses will be performed.

In order that the PSA can be utilised, comprehended and verified the
documentation needs to be:

- lending itself to peer review,

- permitting detailed technical review

- lending itself to extensions and adaptions of the study.

The first phase of a peer review by the the IAEA took place in the last week
of August 1989. This review involved the scope of the project and how this
scope was translated into a project proposal by the contractor. The review
was conducted by a team of PSA specialists under the IAEA’s recently
initiated International Peer Review Services (IPERS). The peer review.is

" split into three phases. The second phase will be conducted approximately
halfway the project and the last phase after 907 completion of the PSA. In
combination with this peer review a training course on the review of PSA’s
was given by the team members of the IPERS-team for staff and consultants of
the Dutch regulatory authorities.

Because the state of the art of PSA's is changed since the aforesaid
Electrowatt PSA-guide, studies are at underway how to update and adapt this
guide or another PSA-guide to the potentlal use of PSA’'s in the
Netherlands. :
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SPAIN

Abstract

' An Integrated Programme on PSA realisation and use in Spain has been
established by the Nuclear Safety Regulatory Agency, CSN. A specific PSA for
each nuclear power plant in Spain will be done in a phased fashion, with
utility-wide participation. This Programme will mean a major review of the
safety of the plants. The models developed for each plant can be the basis
for future applications in many areas of nuclear power plant performance.

Programme Development

The Spanish Nuclear Safety Regulatory Agency, Consejo de Seguridad
Nuclear (Nuclear Safety Council, CSN) required in 1983 from the utility a
plant specific PSA for Santa Maria de Garona nuclear power plant for analysing
the overall safety and helping to decide about engineering modifications after

~thirteen years of operation.

Before extending this type of safety analysis to the rest of the eight
operating Spanish nuclear power plants, CSN prepared a proposal on the needs,
benefits and possibilities of such a PSA programme. Preliminary results of
. the pioneer study in Garona were used. :

The general improvement of the plant safety got from the analysis, the
- increasing utilisation of probabilistic techniques for safety analysis all
over the world and the future applications foreseen for the probabilistic
~modelling of each plant, were the basis for the proposal to implement an
Integrated Programme to carry out specific PSAs of each Spanish nuclear power
plant.

, The Proposed Integrated Programme was commented by those with interést
in the nuclear industry field and received fairly general support. ' The
Integrated Programme was approved by the CSN in June 1986. *

In its first part is an analysis of the needs, benefits and
possibilities of such a programme, as was requested by the CSN. The second
part, the Programme itself, consists of seven points: Probabilistic Safety
Analysis Requirements, Data Bank Development, Rule Making and Guidance,
' Research Plans, International Relations, Promotion of Technological Progress,
Recruiting and Training of Personnel. The main goal and the initial
motivation of the Programme is to analyse in depth the safety of the Spanish
nuclear power plants and to have a logic-probabilistic model of each plant, to
be used in future applications.

The main features are: N :
- The specific requirements to each nuclear power plant will be done
' in a time-phased fashion, to optimise the use of national resources.

- The initial level of the PSAs will be 1, as defined in NUREG/CR-2300.

- Each PSA will be revised periodically and the revision made at the
same scope of the latest PSA requirement. e



44

- Personnel from the utilities staff shall be a part of the teams
performing the studies and personnel from the CSN technical staff
will be assigned in parallel to the project, to make a continuous
and interactive evaluation and get a final study review almost at
the same time the study is presented to the CSN. '

- One of the most significant other points is the development of a
data bank at plant specific and national levels, to accumulate
information on operational events and system and component
malfunctions, to be used for the reliability data.base construction
in PSA studies. Other PSA applications for improvements in
licensing, management and other aspects of nuclear pover plant
performance, for instance to improvements in the so-called technical
specifications, are under consideration.

Status and Outlook

"The final report for the first version of the Garona PSA will be issued
after some improvements in several areas of the study have been made. The
analysis was done following the IREP Procedures Guide methodology and has been
the source of many design and procedures. ‘small changes for reducing in a
considerable amount the core melt frequency.

The second PSA was required for the Almaraz nuclear power plant, a
plant with two PWR units. A very general procedures guide, that of
NUREG/CR-2815, Revision 1, was chosen as a minimum, for the utility being free
to decide about basic methodology to reliability analysis. Utility staff was
included in the team by CSN requirement. CSN staff is performing an
interactive and continuous evaluation of the project.

The third PSA was required for Asco, another two PVWR plant again using
the NUREG/CR-2815, Revision 1, as the basic and minimum guide. Another
external event, internal floods this time, was chosen to be added to the scope
required to the Almaraz PSA. The project has been started and is belng
evaluated in the same interactive way.

The fourth PSA was required by the CSN to the Cofrentes NPP, a BWR
Mark III. Methodology and organlzat1on are basically the same as precedlng
PSAs, but more utility personnel is involved. The scope was enlarged to
include external flooding. CSN personnel is doing the review in the usual
interactive way.’

The Asco and Cofrentes PSAs are being reviewed by a peer reviev team
that mainly consists of personnel from the utility of S.M. Garona NPP. The
comments accepted by the prOJects are incorporated into the PSA partial
reports before the CSN’s review.

. The fifth PSA has been requ1red by the CSN to the José Cabrera NPP; a
Vestinghouse PWR that is the oldest plant in operatlon in Spain. This PSA will
be the first Level 2 study that will be performed in Spain. The utility is
preparing a proposal to the CSN on the project organization and technical
basic options of the study.
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~

The joint Spanish utilities orgamnisation UNESA, prepared a proposal fer-
the development of data banks which was approved by the CSN. Two data banks
on operational events and on systems and components malfunctions, vill be
developed and implemented at each Spanish nuclear power plant and co-ordinated
at the national level, to be operative in 1989. Both banks are already in
operation for a trial period. B ’

The regulatory framework is presently the individual requirements being
done by the CSN to each utility.

The approval and implementation of the Integrated Programme has created
a great demand on PSA-trained personnel in Spain. This has obliged the
elaborate training plans for future personnel. The CSN has followed this line
and given several scholarships for training of personnel, either by means of
courses, or by participation in specific development projects or tasks.

Reference

Programa Integrado de Realizacion y Utilizacion de los Analisis
Probalilistas de Seguridad en Espana. Consejo de Seguridad Nuclear. Agosto,
-1986. ~ ' '
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SPAIN

Methods Used/

Date of Starting/

Procedure Guide

Goal of the Ahalysis/'
Insights or Results/

Completion

Applications

Santa Maria

de Garoila

GE BWR Mark I
460 MWe

‘Under operation

-Personnel from
‘the utility and

a spanish
engineering
compagny. US.
consultants.
Directed by

utility personnel.

1984-1987

Level-1 analysis

JREP - Procedures
Guide NUREG/
CR-2728

Reanalysis of overall
safety after 13 years
of operation, many
small changes of
design or procedures
for reducing core
melt frequency,
models for future
applications.

Almaraz
Westinghouse
PWR’s, 2 units
930 MWe each

‘Under operation

Personnel from
the utility and
two Spanish "\

engineering firms.

US consultants.

Directed by utility

personnel.
1987-1989

Level-1 analysis
including fire
and containment

systems reliability
NUREG/CR 2815, Rev.1l

 Integrated Programme

Asco
Vestinghouse
PWR’s 2 units
930 MWe-each
Under operation

Personnel from
the utility and
a Spanish
engineering
association.

US consultants.

Peer review by
S.M Garona NPP

utility personnel.
Directed by utility

personnel. 1988-

Level-1 analysis
including fire,

internal flooding

and containment

systems reliability
NUREG/CR 2815, Rev.l1l

Integrated Programme

Cofrentes
GE BWR Mark IIIT
1015 MWe
Under ,operation

Personnel from the

Utility & Spanish
Engineering .
Association. U.S.
Consultants only
as advisors. Peer
reviev by S.M.
Garona NPP

personnel. Directed
by Utility personnel.

1989-

Level-1 énalysis,
including fire,
internal and

external flooding.

and containment

systems reliability

NUREG/CR-2815,
Rev.1

Integrated Programme
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José Cabrera Utility is
Vest. PWR preparing a
190 MUe proposal to the

Under operation CSN. 1990-

Level 2 analysis
including fire &

" flood risk analysis.

NUREG/CR-2815,
Rev. 1 & GL 88-20.

Integrated programme
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Abstract

‘ Plant specific PSAs constitute a major part of the present Swedish
periodic safety review. The results are to be reported from utilities to the
Swedish government after review by the Swedish Nuclear Power Inspectorate in a
document called ASAR. Level 1 PSAs will be completed for all Swedish plants
during 1982-1990. The studies already finished are currently comparitively
reviewed in the SUPER-ASAR programme.

The PSAs are considered as living documents and should be used in daily
safety vork at the plants.

Programme Development

In the early 1980s a programme aimed at thoroughly reviewing each
Swedish nuclear power plant at least three times during its technical lifetime
‘was proposed by the government and ratified in parliament. A thorough plant
specific systems reliability analysis (leével 1 PSA) constitutes a major part
of these "As—Operated Safety Analysis Report" (ASAR) required from the Swedish
utilities for each plant every eight to ten years of operation. Level 1 PSAs
will be completed during the period 1982-90. The utilities are responsible -
for carrying out the analyses and the Swedish Nuclear Power Inspectorate (SKI)
carries out the review of the studies. ' :

, The main objectives of this systematic reliability evaluation programme
vere very detailed, plant specific fault and event trees developed and
reviewed in close co-operation with senior plant personnel providing a
detailed map of system functions and interdependencies and identifying
sequences that are the main contributors to core damage. Computer graphic
techniques to facilitate detailed documentation, modification and analysis
vere used extensively. To the greatest possible extent actual component data
from the Swedish reliability data bank, which is continuously updated, were
used. The studies are continuously used as a basis for a systematic
evaluation of operating experience when analysing distribution and incidents,
keeping track of component and system reliability and their effect on plant
safety, for planning and revieving plant modifications and for training
personnel in system functions and interdependencies facilitating their
avareness of the safety significance of various operational and maintenance
tasks. - :

Computerised documentation systems DORISK, SUPER-TREE and CADTREE have
successfully been developed and used. Many plant improvements vere performed
mainly during the time of the PSA. The core melt frequency was reduced.

Status and Outlook

For the twelve Swedish plants eight studies have been finished. The
analyses for Forsmark 1 and 2 will be finished in 1987 and for Ringhals 3 and
4 until 1990. The review of the studies indicated significant differences. A
broad spectrum of methods and assumptions was used, which complicates a
comparison.



In 1986 the authority therefore initiated the SUPERASAR programme, to
survey and compare the results, to facilitate the use of completed studies
in the process of decision-making and to supply background for the
establishment of priorities for research projects within the area of
probabilistic safety analyses.

In a first phase the qualitative features of the studies have been
reviewed: scope and limitations of Swedish PSAs, selection and definitions of
initiating events, modelling of accident sequences, (functional sequence
diagrams, containment dependencies, core melt definitions, functional
dependencies, system crediting, success criteria), systems analysis (fault
trees for system failure modes), data (reliability databook), treatment of
dependencies), treatment of human interactions.

The results obtained will constitute the basis for in-depth sensitivity
studies, which are to be performed within the second phase to facilitate the
use of PSA in daily safety work.
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SVEDEN

Methods Used/
Procedute Guide

Analysing Team/
Date of Starting/

Goal of the Aﬁalysis/
InsightS or Results/

CompIetion

Applications

Forsmark 3
ASEA-ATOM
. BWR

‘Swedish State Power Level-1. No

Board (Util.)/ASEA- external events
ATOM 84/Feb. 1987
Under review

Required for FSAR

Ringhals 1
ASEA-ATOM
BWR

Swedish State Power Level-1. Seismic
Board (Util.) fire and flooding
1979/August 1983 '

Done within the ASAR
program. Supporting
document for severe.
accident analysis.
E.g., nev auxiliary
feedvater system

Ringhals 2
Westinghouse
PWR

Swedish State Power Levels 1 and 2
Board (Util.)/NUS No external events
Corp./1984.

Updated 1987 by

Swedish State Power

. Board (Util.)/RELCON

Done within the ASAR
program. Supporting
document for severe
accident analysis,
e.g. testing of check
valves

Barsebick 1 and

Sydkraft (Util.)/ Level-1. No

" Done within the ASAR

2 ASEA-ATOM ASEA-ATOM/1984 external events program. E.g.,

BWR 9 ' improved protection
against external pipe
rupture

Oskarshamn 1 OKG(Util.)/1987 Level-1. No Done within the ASAR

ASEA-ATOM Under review external events program. E.g.

BWR ) electric switch

' improvements

Oskarshamn 2
ASEA-ATOM
BWR

Level-1. No
external events

OKG (Util.)/1987
To be reviewed

‘Done within the ASAR

program.

Oskarshamn 3
- ASEA-ATOM
BWR

1986

OKG (Util.)/RELCON/ Level-1. No
‘external events
Under review

Required for FSAR
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. SWEDEN (continued)

Analysing Team/  Methods Used/
Date of STarting/ ProceduTe Guide

Goal of the Analysis/
InsightS or Results/

ComEIE?Ton -

AEplicatTEE§

Forsmark 1 and 2
ASEA-ATOM
BWR

Swedish State Power Level-1l. No
Board (Util.)/end external events
of 1987

Done within the ASAR

- program

Ringhals 3 and 4
Westinghouse
PWR

Swedish State Power

‘Board (Util.)

Before 1990

Within the ASAR
program
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SWITZERLAND

Abstract

PSAs have been introduced in Switzerland since 1977 with the primary
objective of refining the basis for emergency planning. The main aim of these
studies has been to evaluate the characteristics of potential releases of
radioactive materials (types, timing, amount and release energy) to the
environment of NPP’s. The effort put in level-1 analyses was limited to a
relatively rough assessment. In the mean time, the need to use PSAs as a tool
for decision making for improvements in operating NPP’s has grown. In recent
. years a number of Living-PSA applications have been identified by the ‘Swiss
Federal Nuclear Safety Inspectorate. For the safety authority the main
objective of such applications would be support in safety related decisions
and oversight. The use of Living-PSA has also been recommended to the
~utilities, where other kind of applications like optimization of maintenance
and repairs with regard to operation and avallablllty of manpower and
replacement parts might be possible. In any case, major updating of the
base-line PSA to account for extended changes in the plant or for exp11c1t
consideration of backfitting variants involving large changes in the PSA plant
model will be the responsability of the utilities.

Progfamme Developmeht

, After the publication of the first comprehensive reactor risk study
VASH-1400 in 1975, the Swiss Nuclear Safety Inspectorate decided that
emergency planning around nuclear power plants should be based on severe
accident (beyond DBA) source tetms. Rapid alarm systems surrounding nuclear
power plants were installed which urges people in the vicinity to take
basement shelter in case of a severe accident. The alarm zone was derived
from the potential doses from a passing radioactive cloud (100% of the noble
gas plus 1% of iodine). The purpose is to protect the.people from the
immediate danger arising from the dispersion of radioactive release into the
atmosphere. In 1978 a working group "Fallout" was formed, in which the
Nuclear Safety Inspectorate, other Federal bodies, the nuclear power plant
utilities and a consulting engineering company were represented, to study the
‘'problem of ground contamination which may result from nuclear aerosol releases
in case of a severe accident. It was decided to use the 3-loop PWR Goesgen as
a reference plant and to compare it with PWR Surry-1 (reference plant of -
. WASH-1400) and later with Biblis B (German Risk Study) which is similar to the
. Goesgen plant. A comparative probabilistic risk analysis was performed The
" insights gained from this simple approach were the following:

- Severe accident sequences can be grouped into two categories
according to containment failure modes (early and late). The
sequences associated with relatively low releases have higher
probabilities than the early containment failures due to steam
explosion or a large pre-opening of the containment. Hence the
emergency planning for ground contamination should be based on those
sequences which have relatively high probabilities.
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_ — Dealing with a generic problem (how to refine the bases for
emergency planning) with the help of PRA in a working group with
representatives of all interested parties with different roles

. proved to be successful in the sense that PRA is an excellent
‘vehicle to stimulate discussions and collaboration. :

In 1983 the same working group decided to conduct a similar study for a
modern BWR Mark-III (Leibstadt plant) to understand the characteristics of
severe accident sequences in order to define generic reference accident
scenarios for emergency planning. The study (PRA Level 1), vhich was compiled
in April 1986, relied heavily upon the Grand Gulf analysis by NRC-RSSMAP
methodology. The PRA level 2 study is underway and is to be completed in 1988.

In order to evaluate the backfit project, demanded by the Swiss Nuclear
Inspectorate in 1978 with respect to upgrading the plants to the
state-of-the-art, the utility NOK of the nuclear power plant Beznau decided to
perform a PRA study particularly with respect to external events. The study
started in October 1983. At first a screening analysis was done to help
define the backfit configuration. The detailed analyses in the next phase
vere then performed for the plant as it existed and also for the backfit
configuration defined as Concept 1985. The study identified weak points which
- could be corrected with simple and inexpensive fixes. Many of these
 improvements were already under ‘consideration internally at Beznau. The
ability of the PRA to independently identify weak points already recognised or
suspected by the operating staff has helped to establish confidence in the
PRA. The study also supported the need for backfit which offers a balanced
and adequate protection of the plant for both internal and external events.

An internal peer review team is currently reviewing this study for approval of
the final documentation. The level 2 study was based on the source term
knowledge of WASH-1400. This study has to be updated accordingly.

The PSA ievel 1 and 2 studies (with external events) for the old
Muehleberg plant (BWR, Mark I) have been required by the safety authority.
‘The main objectives are: '

- to ensure that the risk from internal and external events is
acceptable and balanced A

- to identify features that are keys to understanding risk to plant
and environment

— to determine containment capability to keep the risk of release to

environment low.

A In summary, the accomplishment of a PRA is not a licensing requirement
in Svitzerland. On the other hand, the Swiss safety authority considers PRA
. to be a valuable tool for the evaluation of the safety of a nuclear power
plant under the condition that it is plant-specific.  For this reason it is
required that level 1 and level 2 PRAs are made for every Swiss nuclear pover
plant. The results will be judged on a case-by-case basis and no general
safety goals have been set up. Basically no cost-benefit criteria will be
applied. Regarding general criteria in the field of radiation protection
(ALARA), the intention is that severe accidents shall be avoided and mitigated
as far as reasonably achievable (AFARA-principle); economic, social and
political factors being taken into account. '
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SWITZERLAND
Plant - Analysing Team/ Methods Used/ Goal of the Analysis/
Date of Starting/ ProceduTe Guide InsightS or Results/
CompIetion ‘ - Applications
Goesgen "Fallout" Level 1 “Compara— Basis for emergency

PUR, KWU Design

Working Group

" (authorities,

utilities, engin-
eering company
Motor Columbus) in

tive" study, no
external events,
no common cause
analysis

planning. The study
also supported some

improvements in the

hardvare for cool-

"down after a small

Switzerland break
1978 - 1986
Beznau P.L.G. for Full-scale level-1 - Evaluate the major
Westinghouse level-1,  analysis including backfit configuration
PWR VWestinghouse for external events and and identify further
level-2, under- common cause wveak points
oing review -
going : \
Leibstadt Elektrowatt Level-1 and 2 Bases for emergency
GE BWR Engineering "Comparative" - planning and identif-
Mark-III Services (UK) Ltd. study, no ication of weak
1983 — 1988 "~ external events points. The study
consideration supported upgrading
the plant with respect
to ATWS.
Fuehleberg Consulting engin- Full-scalé Ievel RKisk from internal and

GE BWR Mark-I

. eering company

1988 - 1990/91

1 and 2 including
external events &
common cause
failures based on
recent methodology

external events
acceptable and
balanced, taking into
account the major
backfit actions which

are underway
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UNITED KINGDOM

Abstract

Reliability and risk analysis in nuclear safety have a long history in
the United Kingdom. Probabilistic targets for radioactive releases vere used
in the sixties in the design of the UKAEA prototype reactors at Winfrith and
Dounreay, and in the seventies, the CEGB adopted probabilistic design safety
guidelines for its civil nuclear power stations. PSA therefore plays an
important role in the design, safety analysis, and licensing of U.K. nuclear
pover reactors. The Sizewell B PWR development, recently approved for start
of construction, involved two PSA studies in the pre-construction design and
licensing process and a further, more detailed, study is being performed for
the final safety report prior to operation. The pre-construction studies were
subjected to detailed scrutiny and public debate at the Sizewell Public
.Inquiry over the period 1983 - 1985.

Programme Development

Advanced Gas Cooled Reactors

Level-1 PSA’s necessary-for pre-construction and pre-operational safety
reports have been performed for‘the two AGRs now approaching operation at
Heysham and Torness. These reactors were designed and constructed after the
implementation of the CEGB Design Safety Guidelines referenced above.

Magnox Reéctors

The original 20 year design lifetime for Magnox reactors was set using
conservative assumptions about materials’ degradation etc. The operation of
the reactors has now demonstrated much lover rates of degradation than had
been assumed, so that a much longer lifetime is expected. Thus, the CEGB had
applied for extensions of the licensed lifetimes of the reactors vhich were
approaching the 20 year age. -

In support of the lifetime extension, "Long Term Safety Reviews" are
being performed on the Magnox reactors, approximately as each reactor arrives
at the 20 year age. These reviews include a limited level-1 PSA, including
consideration of asesimic capabilities as well as critical systems’
reliability and critical structural component integrity.

The long term safety review for Bradwell has been presented to, and
reviewed by, the UK Nuclear Installations Inspectorate. Their reviev resulted
in some requests for minor modifécations and some requests for further
analysis in support of the CEGB's case for continued operation. These matters
are to be dealt with over the next year.

Sizewell B

The level-1 PSA included in ‘the pre-construction safety case for
Sizewell B and the level-3 PRA performed by CEGB, Westinghouse, UKAEA and NRPB
in 1981/2 were extensively reviewed and debated in the Sizewell Public Inquiry
over the years 1983-85. The report of the Inquiry Inspector was published in
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early 1987 and this report agreed that the studies had showed a risk level
wvhich should be tolerable given the benefits to be derived from the reactor
operation. Government approval followed soon after the publication of the
report, and then the approval of the site licence by the Nuclear Installations
Inspectorate signalled the start of construction works on the site, in the
summer of 1987.

As a requirement for the pre-operational safety report, a comprehensive
level-1 PSA vill be performed by the design company (National Nuclear
Corporation). This PSA will analyse the design for comparison with the CEGB
design safety guidelines. ' .

Commercial Demonstration Fast Reactor

A design concept safety report on the UK CDFR (1300 MWe pool type) was
completed in 1986. This analysed events within the design basis and “‘performed
the PSA necessary for comparisons with the CEGB design safety guidelines
regarding beyond design basis accidents. 2

Supporting this report was an analysis of level-2 accident sequences
“and source terms, using PSA methodology, but not quantifying the probabilistic
aspects in numerical terms. This report identified the various factors which
could mitigate the consequences of whole core accidents. The major points in
this report were published in séveral papers at the 1986 Guernsey conference
on the Science and Technology of Fast Reactor Safety. As had been expected,
the report showed that the primary and secondary containments of the CDFR
design had a substantial capability to mitigate the consequences of whole core
accidents. : : '

Status and Outlook

Both the CEGB and UKAEA use PSA-based criteria and guidelines in' plant
design and licensing. These are based on frequency/release (i.e. level-2}),
although.in the case of the CEGB guidelines the emphasis is on the prevention
of releases by protection against fuel damage, with claims for containwent "in
reserve®. The principal numerical guideline for severe accidents
(uncontrolled releases of radioactivity) is set at 10-6 per year in the CEGB
~ design safety guidelines. S

The CEGB design safety guidelines were created in response to, and in
accordance with, the safety principles of the U.K. Nuclear Installations
Inspectorate (UKNII). In the U.K., the licensee/operator has the
-responsibility for plant safety, and the inspectorate monitors the fulfilment
of that responsibility. A parallel scheme applied in the UKAEA for the
operation of research and prototype reactors, where the operating site has
primary responsibility and the Safety and Reliability Directorate has an
inspectorial/monitoring role.

The use of the probabilistic design safety guidelines by the U.K.
generating boards ensures that at least detailed level-1 studies will be done
for all future U.K. nuclear power plants. The large research efforts in '
levels-2 and 3 analysis in the UKAEA and CEGB have created a capability for
levels-2 and 3 analysis which is likely to be applied to future plants, even
though it may have a different status in licensing from the level-1 analysis
which is now definitely required.
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UNITED KINGDOM

Plant | Analysing Team/

Methods. Used/

Date of Starting/

ProceduTe Guide

Completion

Goal of the Analysis/

‘Insights or Results/

Applications

Large FT

Sizewell B NNC/CEGB/1+ Pre}consfruction
’ safety report and
licensing
Sizewell B CEGB/W/NRPB/3 Large ET & Risk assessment
' ' multiple support ‘ '
states
CDFR ' NNC/1+ Large FT Design concept safety
report
CDFR UKAEA/3 Containment event Assessment of WCA
=, tree consequence'mitigation
\ 0
AGR ' Lafge FT Pre-operational safety
(Heysham II), NNC/CEGB/1+ ‘ ‘ report and licensing
(Torness) NNC/SSEB/1+
Magnox -~ CEGB/1- System FT Long term safety
reviews and life
extension
Notes

Level 1+ indicates some assessment of source terms for design basis accidents.
Level 1- indicates a restricted level-1 analysis

ET = event tree .
"FT = fault tree
WCA = wvhole core accident

]

NNC = National Nuclear Corporation
CEGB = Central Electricity Generating Board

'~ SSEB = South of Scotland Electricity Board.
NRPB = National Radiological Protection Board

UKAEA = United Kingdom Atomic Energy Authority

V = Vestinghouse
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UNITED STATES

Abstract

The conduct of PRAs by the NRC and the nuclear industry has grown
steadily since the publication of the Reactor Safety Study (WASH-1400). The
range of applications for PRA results and insights in achieving safe plant
design and operation has also grown. In the next few years, all U.S. plants
will be subjected to probabilistic analysis to jdentify and eliminate risk
vulnerabilities. ' '

Programme Development

The mid-1970s in the U.S.A. was marked by the first large-scale :
application of Probabilistic Risk Assessment (PRA) techniques to nuclear power
plants, the Reactor Safety Study (WASH-1400). This study demonstrated that a
nuclear power plant could be analyzed in an integrated and systematic fashion,
and served to develop risk curves for a BWR and PWR for comparison with other
sources of societal risks.

The pace of PRA development was further enhanced by the Lewis Committee
evaluation and critique of the Reactor Safety Study. Among this Committee’s
recommendations was re-examination of the fabric of the regulatory process to
explicitly incorporate more rational and cohesive methods for decision making.
" The nuclear community reacted by exploring ways of systematically applying
" probabilistic technique to NPPs in Europe and the United States.

The Reactor Safety Study Methodology Applications Program . (RSSMAP) was
initiated by the USNRC following completion of the Reactor Safety Study. The
objectives of the RSSMAP were to identify risk-dominant accident sequences for
a broader group of reactor design (one BWR, and three PWR plant designs), to
compare these sequences with those identified in the Reactor Safety Study, and
to identify risk-significant plant design differences. The RSSHMAP program was
the first significant attempt to explicitly use PRA to identify specific
aspects of plant design and operation vhich impact safety. "

The Lewis Committee report also proposed the initiation of a program to
reviev Licensee Event Reports (LERs) of operational events that have occurred
at LWRs, to identify and categorize precursors to potential severe core damage
accidents. This program, named the Accident Sequence Precursor Program, was
jnitiated in 1979. The thrust of the program is to use LERs and" other plant
data, estimated system unavailabilities, and the expected frequency of
initiating events to evaluate to potential impact of (1) safety system
unavailability, and (2) initiating event occurrences. The first major report
of the program covered events occurring betveen 1969 and 1979. Additional
repprts have been issued covering events through 1985. -~

- The utilization of PRA was further stimulated by the accident at Three
Mile Island (TMI). The TMI accident resulted in a realization that the
potential for accidents other than design-basis accidents needed to be
addressed more thoroughly in the U.S. regulatory process. Since transients,
small LOCAs, and human errors were identified in the RSS as major contributors
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to risk and were determined to be contributors to the TMI accident, there wvas
a renewed and increased focus on the use of PRA. Furthermore, the Kemeny
Commission and the Rogovin investigation strongly encouraged  the use of PRA
techniques in the regulation of nuclear pover. '

The Interim Reliability Evaluation Program (IREP) was initiated
subsequent to TMI to address the concern that differences in the design and
operation of a plant may have a significant impact on core melt frequency.
Two BWR and three PWR plants vere analyzed under IREP. Principal objectives
of IREP vere to identify those accident sequences wvhich dominate risk and to
develop state-of-the-art plant system models which could be.used as a
foundation for subsequent more intensive application of PRA. The importance
of uncertainties in component failure and human error data was also evaluated

under the IREP effort. : ' Co

Proceeding in parallel with RSSHAP and IREP were utility-sponsored PRAs
for four plants judged by the USNRC to pose potentially large risks due to the
high population densities near their site, and for a fifth plant to provide
risk insights to assist in evaluating proposed regulatory requirements. These
studies represented an important breakthrough in that they vere the first to
be sponsored, managed and directed by utilities. Also, these studies were the
first to treat external events. -

Following issuance of the Safety Goal Policy Statement in 1983, an
effort was undertaken by the USNRC to collect available information on PRA
studies concerning the risks of plants licensed in the U.S., and to prepare a
reference document containing a common base of information on such matters as
the dominant contributors to core melt and public risk, the strengths and
weaknesses of current plant designs, and the usefulness of PRA and the safety
goals in assessing such strengths and weaknesses. .-This effort culminated in
issuance of NUREG-1050.

The most recent and advanced PRA methodology development program
sponsored- by the USNRC is the Risk Methods Integration and Evaluation Program
(RMIEP)-initiated in 1982 and scheduled to be completed in 1988. The -
objectives of RMIEP are (1) to integrate internal, external, and common cause
risk methods, (2) to evaluate PRA technology developments and provide the
" basis for improved PRA procedures, and (3) to identify, evaluate and display
the uncertainties in PRA risk predictions which stem from limitations in plant
modelling, PRA methods, and data. The LaSalle plant, a BWR 5 Mark II
containment, will be used as the RMIEP reference plant. '

Status and Outlook

The USNRC developed and issued its Severe Accident Policy Statement in
1985 and followed with its policy implementation plan (Implementation Plan for
‘Severe Accidents and Regulatory Use of New Source Term Information) inm 1986.
This plan provided for the resolution of severe accident issues through (1) a
systematic examination by industry of plants for risk-contributors and (2)
regulatory use of improved source term information. '

A technical data base to support imblementation of the USNRC severe
accident and safety goal policiles was developed through completion of a '
series of plant-specific. USNRC-sponsored risk studies for five plants. These
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studies provided the technical information source from which the USNRC was
able to extract the relevant data and insights that then developed into
- NUREG-1150, Reactor Risk Reference Document. The basis probabilistic risk
assessment techniques used in NUREG-1150 analyses for severe accident
frequency estimation did not differ from those characteristically found in
- other probabilistic risk assessments. However, the NUREG-1150. analyses
contain detailed containment event tree and uncertainty analyses heretofore
not attempted in other probabilistic risk assessments on such a scale.

NUREG-1150 was issued as a second draft for peer review in June 1989,
and a peer review panel, chaired by Dr. Herbert J.C. Kouts of Brookhaven
National Laboratory has been formed. All related contractor documents should
be available by December 31, 1989.

As part of the NUREG-1150 documentation, procedure manuals for
conducting an analysis of a similar scope have been prepared and are being
- published as NUREG/CR-4550, Volume 1, "Analysis of Core Damage Frequency:

Methodology Guidelines," and NUREG/CR-4551, Volumel, tEvaluation of Severe

Accident Risks: Methodology for the Accident Progression,. Source Term,
Consequence, Risk Integration, and Uncertainty Analyses."

A generic letter relative to jndividual plant examinations was issued
by the U.S. Nuclear Regulatory. Commission in November 1988 which requested
each plant to conduct a search for severe accident vulnerabilities. Submittal
guidance for these studies was jssued as NUREG-1335 in August 1989.

, Based on recent surveys, 32 probabilistic risk analyses are currently
in progress in the United States; 13 are scheduled to be completed by the end
" of 1989. In addition, 4 studies using the IDCOR individual plant examination
methodology are also in progress. Approximately 38 U.S. plants have completed
PRAs as of this date. ‘ ,

New research programs have been jnstituted by the USNRC to reexamine

" the risk-significance of interfacing system LOCAs, with primary emphasis on

the human interface with the system, and to evaluatethe risk associated with
low power and shutdown conditions. :

In accordance with the implementation plan for the severe accident
policy statement, a systematic examination of all plants for severe accident
vulnerabilities will soon be requested by the USNRC. . The purpose of this
defined as the Individual Plant Examination (IPE), is for each utility to
understand what could possibly go wrong in jits plant so that it would be
prepared to handle such events. The IPE will involve a thorough examination
of the plant design and operation to identify dominant severe accident
sequences and their contributors. Licensees will then assess areas of
potential improvement and will implement jutifiable corrective actions.
Besides the use of a level-1 PRA to examine plant design and operation, the
Industry Degraded Core Rulemaking group (IDCOR) has developed a methodology,
termed the IPEM, which is a second option available to industry to perform the
IPE, subject to the conditions identified Ly the staff in its reviev of the
IPEM.



61

The USNRC has developed a pilot program, called the Integrated Safety
Assessment Program (ISAP), which used plant-specific PRAs and engineering
judgement to rank all pending regulatory and licensing issues at two volunteer
‘plants. The end result of the program will be a living integrated schedule
vhich assures that those issues of highest priority (safety -and othervise) are
dealt with first.. Issues of lowest priority are evaluated to check if they
still warrant continued NRC and licensee resource expenditures. Furthermore,
the USNRC is considering adopting a voluntary program (ISAP II) which would
allow licensees to access the benefits demonstrated in the pilot ISAP, along
with nev benefits (possibly such as plant-specific resolution of generic and
unresolved safety issues) based on the experience gained under the pilot
program.

The following additional points are also worth noting:
1. The U.S., in par;icular the U.S. Nuclear Regulatory Commission, does not
have a "PSA programme" per se. There exists a number of policy and regulatory
documents which discuss or require PRA studies of varying depths and which

differ significantly in prescriptiveness. The current reference documents are:

(a) "Safety Goals for the Operatibn of Nu&lear Power Plants, "Federal
Register, Vol. 51, No. 149, August 4, 1986 (attached).

(b) Generic Letter Nc. 88-20 tIndividual Plant Examinations for Severe
Accident Vulnerabilities," November 23, 1988 (Specifies a PRA of level 1).

(¢) 10 CFR 50.34(f) (Specifies systems & sequences to be analyzed).’

(d) "Policy Statement on Severe Reactor Accidents Regarding Future Designs and
Existing Plants," Federal Register, Vol. 50, No. 153, August 8, 1985.

(e) Standard Reviewv Plan, NUREG-0800, Section 10.4.9, Auxiliary Feedwater
System (PWR), Rev. 2, July 1981. (Limited to analysis of the PWR auxiliary
feedvater system). -

(£) 10 CFR 52.47

The performance of a PRA, with regards to these references, is the
responsibility of the individual applicant. Furthermore, studies done in
accordance with References b,c,e & f are reviewed by the NRC staff; there is
no published agency policy with regard to independent peer reviewvs.

2. Reference (a) above is purely a policy statement wvhich contains qualitative
and quantitative goals. Reference (b) does not require PRAs of existing
plants, but states that PRAs are acceptable as individual plant examinations.
Reference (c) requires that PRAs be performed, on specific plants whose
license application was pending as of February 16, 1982, within two years of
issuance of a construction permit. Reference (d) contains a policy statement
‘that PRAs can be used, in part, to demonstrate acceptability of nev designs.
Reference (e) prescribes a limit on unreliability of auxiliary feedwater
systems and prescribes PRA methods and component failure data for use in the
analysis. Reference (f) contains a requirement that an application for design
certification must contain a design-specific probabilistic risk assessment.
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3. Regulatory actions to deal with problems, whether revealed by PRAs or not,
are usually on a case by case basis and depend upon many factors. Nine of
these factors appear in 10 CFR 50.109, otherwise known as the "Backfit Rule,"
for those actions considered to embody new requirements. PRAs have revealed a
number of plant-specific problems which required no agency action because the
licensees voluntarily corrected the problems. Other PRA-revealed-problems,
such as the V sequence revealed by WASH-1400, have been generic in nature.
These have often been proposed as Generic Safety Issues (GSIs), and hence, are
put through a formal GSI procedure involving prioritization, assignment of a
task manager (if the priority warrants), forming a task actién plan, designing
a technical assistance or research program to provide a technical basis for
resolution, and finally subjecting the proposed resolution to many revievs by
individuals, committees, and even public comment should the resolution involve
rulemaking or a regulatory guide.
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JUNTTED STATES

ANALYZING  SCOPE

~ SPORSOR

ARKAKSAS NUCLEAR ONE-1

B&H PWR IREP

850 MWe

" Dry TAP-A45™

“Containment,
Steel-lined
Concrete

A Started
Opgration 1974

BIG ROCK POINT

GE BWR/1 Utility

72 MHe

Dry
Containment,
Steel Sphere

Started
Operation 1962

_ BROWNS FERRY-1

GE BWR/4 - IREP
1065 MMe

Mark. I utility
Containment,

Steel Drywell
and Wetwell

Started
Operation 1974

Delian
\

TEAN

SKL Level 1,
Internal
Events

SNL Level 3,.
Internal &
External
Events

Level 3,
Internal
Events

EGLG Level 1,
Interaal
Events

PL&G Level 3,
~ Internal &
External
Events

*PRA Cmpleted on Dcay'Heat Removal System Only

METHODS/USED
PROCEDURE GUIDE

INSIGHTS or
L

IREP Procedure
Guide(NUREG/
CR-2728)

PRA Proced&res
Guide
(NUREG/CR_ZBOO)

Patterded After
WASH-1400 Kith
Refinement

NUREG/CR-2728

PLG-0209
NUREG/CR-2300

NUREG/CR-2737

NUREG/CR-4713

PRA Big Kock
Point Plant,
voL. 1

KUREG/CR-2802
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UNITED STATES (continued)

ANALYZING SCOPE METHOﬁS/USED INSIGHTS or
SPONSOR TEAR PROCEDURE GUIDE RESULTS

BRUNSWICK 142
GE BWR/4 Utility £l " Level 2, NUREG/CR-2300 ~

‘ ) Internal & ' S
821 MHe External

. Events
Mark 1
Containment,

Steel-1ined
Concrete Dry-
P ye]] and Wetwell

Started
- QOperation
1977 Unit 1
1975 Unit 2

CALVERT CLIFFS-1

CE PWR RSSMAP
845 Me

Dry , IREP
Contaiament,

~ Steel-lined
Concrete

.. _Started . IDCOR
' _f" Operation 1975

© CATAWBA
W 4-Loop PHR  Utility
1145 MWe

Ice Condenser
Containment,
Steel-lined
Concrete

Started

Operation
1985-Unit 1
1986-Unit 2

SKL
BCL

SNL

gtility . -

Ut%lity

Level 1, Patterned aftef = NUREG/CR-1659,

Interaal WASH-1400 : voL. 3

Events : o

Ltevel 1, | HUREG/CR-2728 NUREG/CR-3511
Internal :

Events

Level 2, IDCOR Individual

Interaal Plant Evaluation

Events ~ Methodology (1PEM) |

" NUREG/CR-2300



PLANT

‘ COOPER

GE BKR/4 TAP-A&S*
778 Mde

Mark 1

Containment,

Steel Drywell

and Wetwell

started

Operation 1874

CRYSTAL RIVER-3

BEH PWR IREP

825 Mve

Dry ytility
Containment,
Steel-lined
Concrete

Started
Operation 1977

DIABLO CANYON 152

W PWR ytility
1086 MWe Unit 1
1119 MWe Unit 2

Dry
Containment,
Steel-lined
Concrete

Started Operation
1985-Unit 1
1986-Unit 2

65

UNITED STATE> (cont inued)

PRA PROGRAM/ ~ ANALYZING
—XPORSOR ~ I1EAM

e

"SNL

-

SAIC T\

Utility.

SAl

PL&G

SCOPE METHODS/USED
— PROCEDURE GUIDE
Level 3, NUREG/CR-2300
Internal & :
External
Events
Level 1, NUREG/CR-2728
Internal
Events
Level 2, NUREG/CR-2300
internal '

~ Events

Level 3, " pLG-0209
Internal & NUREG/CR-2300
External
Events

+pRA Completed on Decay Heat

Removal System Only

INSIGHTS or
RESULTS

NUREG/CR-4767

NUREG/CR-2515
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. UNITED STATES {continued)

PLANT PRA PROGRAM/  ANALYZING SCOPE e METHODS/USED
“SPORSOR TCAH PROCEDURE GUIDE

Pt

FITZPATRICK
BWR/4 o utility
821 Mde

Mark 1
. Containment

Started -
Operation 1975 ’

 GESSAR
GE BWR/6 GE . GE Level.3, ' NUREG/CR-2300
, . Internal &
1269 Mue - ‘\\ External
/ .~ Events
Mark 3 .
Containment
GRAND GULF-1 \
GE BWR/6 RSSMAP - SNL - tevel 1, patterned after
BCL Internal WASH-1400
1250 MWe . Events
Mark 3 " IDCOR 3 ~ Level 3, Rebaselining of
Containment A . Internal Previous Results
: Events
Started IDCOR ycility Level 2, IPEM
Operation 1985 Internal
Events
NUREG-1150 SKL Level 3, NUREG/CR-4550,
_ Internal VOL. 1
Events g

INSIGHTS or

RESULTS

NUREG-0978,
Supplements-
2, 3, and 5

NUREG/CR-1659,
vOoL. 4

IDCOR Task 21.1
Report

NUREG-1150
NUREG/CR-4550,
VOL. 6
NUREG/CR-4551,
vOL.

4
NUREG/CR-4700,
VOL. 4



PLANT PRA PROGRAM/

Paniiafunins e g

HADDAM NECK
W PHR utility
"575 NWe

Dry

Containment,
Steel-1ined

Concrete

Started

Operation 1968

INDIAN POINT-2&3

W 4-Loop PWR  Utility PLAG
873 MwWe-Unit 2 '
965 MWe-Unit 3 L

Dry
Containment,
Steel=lined
Concrete

Started Operation.
1974-Unit 2
1976-Unit 3

LASALLE 2
GE BWR/S RMIEP SL
1078 Hie |

Mark 2 -

Containment,

steel Drywell

anqlﬂetwell

Started
Operation 1984

UNITED STATES

67

'ANALYZING
TIEA

e

Utility

.\\

fcbntinued)“
SCOPE METHODS/USED INSIGHTS or
T PROCEDURE_GUIDE RESULTS
Level 1,  NUREG/CR-2300 - KUSCO-149,
Internal : cYpss, Feb. 86
Events
Level 3, _ PLG-0209 1.p. Prob. Saf.
Internai & - NUREG/CR- 2300 Study Vol. 12
External .
Events
Level 3 NUREG/CR-2300
Internal & Refined '
External Methodology
Events

«performed 3as part of Integrated safety Assessment Program



PLANT PRA PﬁOGRAM/
LIMERICK-1

GE BWR/4 . Utility
1055 MWe

Mark 2

Containment,

Steel-1ined

Concrete

. Drywell and
 Wetwell

., Started .
Operation 1986

McGUIRE

W 4-Loop PHR Utility
1180 MWe

lce condenser
Containment,
Steel-lined

Concrete

' started Operdtion

1981-Unit 1
1983-Unit 2

MILLSTOKE-1

GE BWR/3 IREP
660 MWe

Mark 1 - utility
Containment,

Steel Drywell
and Retwe]]

Started
Operation 1870

68

UNITED STATES (continued)

ANALYZING
TIEA

Pedhuct ey

utility
GE
SAIC

AN

Utility;'

- TEC

SAIC

utility

-~ SCOPE METHODS/USED INSIGHTS or
= PROCEDURE GU

IDE RESULTS |

Level 3, NUREG/CR-2300 NUREG/CR-3301

Internal
Events

Level 1,  NUREG/CR-2300
Internal
Events

Level 1, NQREG/CR-2728 NUREG/CR-3301
Internal o NUREG/CR-3085

Events

tevel 1,
Internal

‘Events



I

MILLSTORE-Z

CE PHR Utility

B70 MWe

Dry
Containment,
Steel-lined

Concrete with
Enclosure Building

Started -
Operation 1975
MILLSTONE-3

W 4-Loop PHR  Utility
1154 Mwe '
Subétmospheric
Containment,
Steel-lined

Concrete with
Enclosure Building

4

Started

Operation 1986
OCONEE-3

B&W 2-Loop PWR RSSHAP

887 MNE

Dry EPRI/NSAC

Containment,
Steel=lined
Concrete
Started IDCOR
Operation 1974

PRA PROGRAM/

69

@

UNITED STATES (continued)

- ANALYZING
TIEA

Cmam—

ytility

\\\
S ytility
T

SNL
BCL

utility
EPRI/NSAC

ytility

SCOPE

Level 3,
Internal &
External

~ Events

Level 1,
- Internal
Events

Level 3,
Internal
Events

" Level 2,

Internal
Events

METHODS/USED
PROCEDURE GUID

PLE-0209
NUREG/CR-2300

patterned After
WASH-1400 .

NUREG/CR-2300

1PEN

INSIGHTS or
RESULTS

1

10 CFR 50.59
Design Optimi-
zation

NUREG-1152
NUREG/CR-4142
NUREG/CR-4143

NUREG/CR-1659,
Vol. 2
NUREG/CR-3301.
NSAC-60
NUREG/CR-4374



PLANT PRA PROGRAM/
- “SPONSOR

OYSTER CREEK
GE BWR/Z

620 MWe

- Mark 1

Containment,
Steel Drywell
and Wetwell

‘Operation 1968

“

[ .
Started

PALISADES

CE 2-Loop PR gtility

BOS MWe

Dry o
Containment,
Steel-lined
Concrete

Started
Operation 1971

" PEACH BOTTOM 283

GE BHR/&  RSS
1065 Mwe

Mark 1 1DCOR
Containment,

Steel Drywell
and Wetwell

_ ~ IDCOR
Started ~
- Qperation 1974

KUREG-1150

gtility

70

UNITED STATES (continued) |

ANALYZING  SCOPE .  METHODS/USED INSIGHTS or
TEAM PROCEDURE GUI RESULTS
PL&G PLG-0209
NUREG/CR-2300
Delian HUREG/CR-2300
SKNL Level 3, WASH-1400 WASH-1400
Internal .
Events
£l Level 3, Rebaselining ~ IDCOR Task 21.1
Internal of previous Report
Events results
stility  Level 2, 1PEM
. Internal
Events .
. SHL Level 3,  NUREG/CR-4550, RUREG-1150
‘Internal voL. 1 NUREG/CR-4550,
Events ‘ vOL. 4

NUREG/CR-4551,

S YoL. 3 :

NUREG/CR-4700,
voL. 3



PRA PROGRAM/

71

UNITED STATED (continued)

Steel-lined
Concrete with
Enclosure building

*PRA Completed On Decay ‘Heat

Removal System Only

?LANT : ANALYZING SCOPE ‘HETHODS/USED INSIGHTS or
, SPONRSOR TEAM ‘ PROCEDURE GUID RESULTS
POINT BEACH-1
K 2-Loop PRR TAP A-45* - SNL Level 3, NUREG/CR-2300 ' NUREG/CR-4458
: ’ : Internal & L
497 MWe External
Events
Dry
Containment,
Steel-lined
Concrete -
. Started
Operation 1970
QUAD CITIES 1 g
GE BWR/3 TAP £-45% SHNL n:\\ Level 3, NUREG/CR-2300 NUREG/CR-4448
: : Internal & ' .
789 Mue External
Events
Mark 1
Containments,
Steel Drywell
and Wetwell
- Started -
Operation 1972
SEABROOK 1&2 v
W 4-Loop PWR ytility PL&G Level 3, PLG-0209 - 7 Seabrobk Stationa
' Internal & NUREG/CR-2300 ‘Probabilistic
1150 MHe External ' Safety Assess-
. Events ment, PLG-0300
Dry
Containment,




72

UNITED STATES (continued)

ANALYZING  SCOPE

Operation 1987
(Unit 1)

~ PLANT PRA PROGRAM/ METHODS/USE INSIGHTS or
SPORSOR TEAM PROCEDURE GUIDE RESULTS
SEQUOYAH 1&2 -
¥ 4-Loop PHR RSSHMAP SNL Level 1, Patterned after NUREG/CR-1659,
‘ . BCL Internal WASH-1400 voL. 1
Events
1148 MHe IDCOR - EI : Level 3, Rebaselining of 1DCOR Task 21.1
‘ Internal previous results  Report
- Events
ice Condenser IDCOR utility Level 2, IPEM
Containment, W Internal
Steel with "~ Events
Concrete - . _
Shield NUREG-1150 SKL Level -2, NUREG/CR-4550, NUREG-1150
Building B - Internal voL. 1 NUREG/CR-4550,
“\\ Events voL. §
Started Operation : NUREG/CR-4551,
- 1981-Unit 1 vOoL. 2
1982-Unit 2 NUREG/CR-4700,
P yoL. 2
SHOREHAM
GE BWR/4 utility SAIC Level 3, NUREG/CR-2300 PRA/Shoreham
. : Internal & Nuclear Power
_B19 MWe K External Station, Vol. 1
A : Events : SAI-372-83-PA-01
- Mark II IDCOR ytility Level 2, IPEX
Containment, Internal ’ . NUREG/CR-4050
Steel-lined - Events
Concrete Drywell
and Wetwell
SOUTH TEXAS PROJECT 142 v
W PWR utility PL&G ; - pLG-0209 (June 1981)
‘ NUREG/CR-2300
1250 MWe
Dry
Containment,
Steel-lined
Concrete
Started



PLANT

ST. LUCIE
CE 2-Loop PWR TAP-A-45%
830 MWe

Dry

. Containment,

Steel with

Concrete Shield

Building

Started

Operation 1976

SURRY 1&2

W 3-Loop PWR  RSS

788 Mue |
- Subatmaspheric
Containment,

Steel-lined
Concrete

NUREG-1150

Started Operation
1972-Unir 1
1973-Unit 2

SUSQUEHANNA 152

GE BWR/4 IDCOR

1050 MWe

Mark II
Containment,
Steel-lined
Concrete Drywell
_ and-ugtwell

Starfed Operation
1983-Unit 1
1985-Unit 2

PRA PROGRAM/
““SPORSOR

73

UNITED STATES (continued)

ANALYZING
TTERN

—

SKL

SKL

SNL

ytility

 =PRA Completed on Decay Heat Removal Syst

SCOPE

Ltevel 3,

Internal &

External
Events

n Level 3,

Internal

Events

Level 3,
Internal
Events

Level 2,
Internal
Eveants

em Only

METHODS/USED
PROCEDURE_GUIDE

NUREG/CR-2300

WASH-1400

NUREG/CR-4550,
voL. 1

IPEM

hl

INSIGHTS or .

RESULTS

NUREG/CR-4710*

WASH-1400

NUREG-1150

. NUREG/CR-4550,

voL. 3
KUREG/CR-4551,

voL. 1

NUREG/CR-4700,
voL. 1



o~ w P

PLANT PRA PROGRAM/

THREE MILE ISLAND

B&W PR Utility
TROJAN
W TAP A-45%

TURKEY POINT 3&4

¥ 3-Loop PHR
693 MWe

Dry
Containment,
Steel-lined
Concrete

Started Operation
1972-Unit 3°°
1973-Unit 4

YANKEE ROWE
W 4-Loop PHR  Utility

175 MWe

Dry

Containment,

Steel sphere

Started
Operation 1961

TAP 4-45*'

74

UNITED STATLS (continued)

ANALYZING  SCOPE
TEAH

PLEG Level 1,
Internal
External
Events

SNL tevel 3,

Internal

External
Events

SNL . Level 3,
Internal
External
Events

utility  Level 3,

El . Internal

Events

«pRA Completed on Decay Heat

Removal_System Only

METHODS/USED
PROCEDURE GUIDE

PLG-2029

NUREG/CR-2300

NUREG/CR-2300

© KUREG/CR-2300

- NUREG/CR-2300

INSIGHTS or

RESULTS

NUREG/CR-4762

NUREG/CR-4589
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UNITED STATES (continued)

PLANT PRA PROGRAM/  ANALYZING SCOPE METHODS/USED INSIGHTS or
i — SPONSOR TEAM .. PROCEDURE GUIDE = RESULTS
Z10N
W PHR vtility . PL&G - Level 3, PLG-0209{June 1981) Zion PSS VOL. 1
X ) Internal &  NUREG/CR-2300
1040 MWe - External :
Events
Dry _ . g
Containment,  IDCOR CEl Level 3, Rebaselining of IDCOR Task 21.1
Steel-1ined Internal previous results Report
Concrete T Events
IDCOR ytility Level 2, . IPEM
: ‘ Internal . .
Events ; ‘
NUREG-1150 BNL Level 2, NUREG/CR-4550, NUREG-1150
\ " Internal voL. 1 - NUREG/CR-4550,
Started Operation s - Events o voL. 7
1973-Unit 1 ' TN ’ _ NUREG/CR-QSSI,
1974-Unit 2 ) . - VvoL. 5

W = Westinghouse Electric

CE = Combustion Engineering

B&W = Babcock & Wilcox

BNL = Brookhaven National Lab

SNL = Sandia National Lab

SAIC = Science Applications Inac.

PL&G = Pickard, Lowe, énd,Garrick Inc.

IREP = Intrim Reliability“Evaluation Program

RSS = Reactor Safety Study (WASH-1400)
. RSSMAP = Reactor Safety Study Hethodology Applications Program
- IDCOR = Industry Degraded Core Program _

RMIEP = Risk Methods Integrated Evaluation Program

EPRI = Electric Power Research Institute. '

TEC = Technology for Energy Corporation




