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Literature survey on probabilistic

safety study
Jun Yamazaki<
Abstract

Probabilistic safety study has extensively been developed for nuclear energy
use with the basic techniques of probabilistic safety assessment(PSA) or Probabili-
stic Risk Assessment(PRA) which is now indispensatle especially for nuclear reac-
tor safety and particularly with respect to the evaluation of severe accidents and
to the achievement of safety goal. In the field of non-reactor fuel cycle facil-
ities, however, there is at the present moment very limited application of PSA.
This report summarizes several papers related to probabilistic safety study on nu-
clear fuel cycle facilities given, as basic data for Safety study of facilities
such as reprocessing and plutonium fuel fabrication facilities in Tokai Works.
Contents cpnsist of classification and summarization of about 60 papers in addi-

tion to comments related to the safety study of the Tokai facilities.

Work performed by PESCO Ltd. under contract with Power Reactor and Nuclear Fuel
Development Corporation '
PNC Liaison: Health and Safety Divisian, Tokai Workes (Y.Kitahara)

¢ : Engineering Division, PESCO Co. Ltd.
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Chapter 1

Objectives and Organization of the Reactor Safety Study

1.1 INTRODUCTION

Although nuclear power plants have

advantages over fossil plants in most.

areas of environmental effects and in
the cost of electricity, they have some
potential for accidents with larger
public consequences than fossil-fueled
plants. While the safety of nuclear

plants has been much ‘discussed in

nuclear circles for more than twenty
years, it has only recently attracted
wider interest. Much confusion exists
in this area principally. because the
published results of early studiesl have
been widely misunderstdod and because no
recent assessment of reactor risks has
been made. The principal purpose of
this study is to assess the risks to-the
public from potential accidents in nu-
clear power plants of the type being
built in the United States today. It.is
intended that the present study will
produce a more realistic assessment of
these risks than has been provided in
earlier work; it may also help to dispel
some of the existing confusion.

It 1is important to understand that the
earlier studies of nuclear power plant
accidents were performed with objectives
other than realistic risk assessment in
mind. The AEC's major early study,
published in 1957, was performed by
Brookhaven National Laboratory (BNL) and
was entitled “"Theoretical Possibilities
and Consequences of Major Accidents in
Large Nuclear Power Plants."2 Its
objective was to provide an estimate of
the upper limit to the consequences that
might be 4involved in such accidents in
order to help the Congress ensure that
legislation .being considered to provide
government indemanification of the public
would be adequate. It is of interest
that, at the time of the BNL study, only
2 few very small military power plants
existed and no commercial nuclear power
plants ‘were in operation, although some
were being designed and constructed.
Furthermore, techniques for predicting

lHA'SH 1250, Chapter 6, sumsarized some

of this early work.

25 more complete discussion of this
study (WASH 740) is contained in
Chapter 5 of this report.

(5)

the likelihood of failure of engineered
systems had not been well dewveloped.
Clearly, even if the reliability
techniques needed for risk assessment
had been available, the engineering
information needed to draw meaningful
conclusions about the probability of
aciidents " in future plants did not
exist. )

For these reasons, the 1957 effort
devoted little attention to the proba-
bility of occurrence of accidents. 1In
the past 10 years the development of
reliability techniques has progressed
considerably. Further, as a result of
the increased use of commércial nuclear
povwer plants in the last decade, a well-
developed approach to the safety design
of water-cooled reactors and specific
engineering designs needed to implenent
2 quantitative approach to risk
assessmeat nowiexists, :

12 OBJECTIVES OF THE REACTOR SAFETY
STUDY

At the start of the Reactor Safety Study
in the surmer of 1972, there was consid-
erable uncertainty about the applicabil-
ity of reliability techniques to quanti-
tative risk assessment and about the
ability of these techniques to achieve
credible estimates of the occurrence of
events of low probability. Experience
had indicated that application of these
techniques generally led to estimates of
failure of engineered systems that were
so small as to contradict common
experience. Miach of the uncertainty
that -~ existed 1is exhibited in the
statement of objectives given to the
Reactor Safety Study by the Atomic
Energy Cormission on August 4, 1972:

“The principal objective of the study is
to try to reach some meaningful conclu-
sions about the risks of nuclear
accidents using current technology. It
is recognized, however, that the present
state of knowledge probably will not
permit a complete analysis of low-
probability accidents in nuclear plants
with the precision that would be desira-
ble. Where this is the case, the study
will considexr the uncertainty in present
knowledge and the consequent range in
the predictions, as well as delineating
outstanding problems. In this way, any
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uncertainties in the results of this
study can be placed in perspective.
Thus, although the results-of this study
of necessity will be imprecise in some
aspects, the study nevertheless will
provide an important first step in the
development of quantitative risk analy-
sis methods."”

As confidence within the study group
grew in the ability to achieve a mean-
ingful risk assessment, the Reactor
Safety Study added the following more
specific objectives under its original,
broadly stated charter:

a, Perform a gquantitative assessment of
the risk to the public from reactor
accidents. This requires analyses
directed toward determining both the
probabilities and the consequences
of such accidents.

b. Perform a more realistic assessment
as opposed to the "conservatively-
oriented" safety approach taken in
previous studies of this type and
the licensing pxocess for nuclear
power plants.

c. Develop the methodological ap-
proaches needed to perform these
assessm:nts and gain an understand-
ing of their limitations.

4. Idenéify areas in which future
safety research might be fruitfully
directed. : .

e. Provide an independent check of the
effectiveness of the reactor safety
practices of industry and the
government.

1.3 ORGANIZATION OF THE REACTOR
SAFETY STUDY

The study was organized to be indepen-
dent of the AEC's operating and
regulatory organizations. Professor
Norman - C. Rasmussen of MIT, as Director
of the Reactor Safety Study, reported to
the Commission. While funds and such
other assistance as were needed wexe
provided by the AEC, the study operated
under the general charter provided by
the Commissicn, but received no other
direction from it.

.To assist Dr. Rasmussen in the technical
rmanagement of the’ study, the AEC

lThis same independence was preserved by

the U.S. Nuclear Regulatory Commission
when it assumed sponsorship of the
study on January 19, 1975.

(6)

assigned Saul Levine: as Project Staff
Director, In addition, one part-time
and seven full-time participants were
AEC employees. One participant was fron
the operational side of the AEC to
assist in matters involving design and
the others, on loan frxom the AEC's
regulatory staff, were technical safety
specialists with detailed knowledge of
reactor plants. Additional participants
were furnished by contractors and
national laboratories to fulfill the
specialized technical needs of the
study. Some of the organizations and
their field of expextise were:

a. Boeing Company-Fault tree analysis.

b. Aerojet Nuclear Company-Data collec-
tion, fault tree and event tree
analysis.

c. Scienc? Applications, Inc.—-Data
analysis, quantification of fdult
trees and event trees.

3. lLawrence Livexmore Laboratory-Fault
tree analysis.

e. Sandia Laboratories-Data analysis,

Tault tree analysis and consequence
modeling.

£. oak Ridge National Laboratory-
Systems engineering analysas.

g. Teknekron-Technical editing.

h. Hanford Engineering Development
Laboratory-Consequence modeling.

The work by the above organizations was
performed almost entirely at AEC Head-
guarters under the direction of Dr.
Rasmussen and Mr. Levine.

In addition, work was contracted to
other organizations not located at
Headquarters. However, it was directed
in considerable detail by the Reactor
Safety Study. Included were:

a. Battelle Columbus Laboratory-
Radioactivity release and transport;
analysis of molten fuel

interactions.

b. Battelle Pacific Northwest Labora-

tory-Radiocactivity release - and
transporxt.
c. Oak Ridge National Laboratoxy-

Radioactivity release and transport;
safety design rationale.

d. Aerojet Nuclear Company-Radiocactivi-
ty release and transport.
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Report No. 034 TR

Title : A review of the American Nuclear Society Symposium on the Probablistic
Analysis of Nuclear Reactor Safety.

No. of Pages: 6 (7)

Publisher: (Journal) Annals of Nuclear Energy: Vol. 6 pp. 19 to 24

Date : 1978 August 2 ‘

Affiliation: Nuclear Engineering Dept., Queen Mary College, University of London.
Author: J. Shaw

The symposium was originally held in May 8-10, 1978 in LA with 300

attendents/ delegates representing ANS, ENS, NEA/OQECD.
The process took the form of panel discussion that could be outlined as follcws:
(i) non-availability of skilled persons to carry out the analytical work.
( ii) lack of agreement on applying methodology.
(iii) tackling technical difficulties associated with safety related differences

among various types of reactor plants.
(iv ) lack of technical data.

With respect to PRA methodology, a new aspect has been proposed.
This implies the utilization of 'knot-points’, i.e., the deterministically
selected parameters in order to generate anyaltical function called "response
surfaces™; such surfaces were used in a Monte Carlo type simulation in order to
calculate the characteristics of accident consequences.
PRA methodology has been applied to structures, ieteorlogy. safety sudies and
external events, One case related with an "FBR' might be of interest. It shows
that operational risk are much far smaller than societal risks and are compa-
rable with those of LWR.
A calculation of failure probability of shut-down heat removal system of the
said FBR (Clinch River) furnished the values of 3 E-4 per year to 4 E-6 per
year where is to be attribuied to loss of the off-site power initiator, where
such range would depend on the diesel generator failure probabilities.

On PRA in determing risk criteria and design studies, it has been

suggested that maximum risk criteria should be adopted and used in the FBR
case.

(7>
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FBR safety programmes were carried out mainly by General Electric,
some dealt specifically with fault tree analysis in order to determine the
various aspects of a reactor trip logic system.

Moreover, papers concerning computer codes and data system were
presented in which details were given on computer programme packages for
evaluating fault tree and fault tree probability analysis such as :

SLAP: sensitivity analysis by list processing. o

FAUNT: fault tree network calculation.

PL-MOD: a computer code for modular fault tree analysis and evaluation.

AUTOET: a computer code which automatically draws a system event tree and
eliminates unnecessary branches and lables each accident sequence

PATREC: a code for evaluating reliability of complex system by fault tree.

SKIRON: 2 code for evaiuating atmospheric dispersion for design basis accident

anz2!ysis.

PRA has also been applied on waste disposal, yet the unavailability
of data implied the necessity to conduct future study. Risk studis were
conducted where public oppositicn is an important consideration for those
responsible for energy planning, since the formelation of socially viable
policies requires an understanding of the reasons for such opposition.

This paragraph is not concluded, because the original available is
not complete. Therefore, further processing of this paper has been suspended.

(Incomplete Paper)
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Report No. 039 TtR

Title: Probabilistic Risk Assessment in Reactor Safety

No. of Pages : 10

Publisher: ?

bate (1978/1979) referring to the latest reference 1978 May 8-16

Affiliation: Office of Nuclear Regulatory Research, USNUREG Commission.
Washington, D.C.

Author: lan B. Wall

Two insights gained from the RSS furnished that
(i) 90% of accidents affecting public results are to be attributed to core-
melting.
( ii) 2% of accidents initiated by core-melting would lead to significant
consequences. Such type of happings is to be attributed to malperformance
of the containment in terms of the latter’s thermal and mechanical load.

A tabulated alternate containment design suggested amendemnts in points
related to design pressure, volume, vent gases, condense steam, lower inmitial
pressure, inhibiting gas accumulation as well as others.

Risk due to containment failure modes and overpressure failures were
illustrated and calssified in terms of early fatalities and latent effects.

Regarding the improvement of safely systems, four selection criteria
vere proposed. They are: .
1. Breadth of technical support(i.e., judgement of persons knowledgeable in
reactor safely)
2. Risk reduction potentials.
3. Generic applicablility, and
4. Cost of impiemeniation.

(9)
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8 p oo

Some points related to seismic reserach were mentioned. They include:
Performance of realistic risk assessment for seismically-iniated events.
Quantification of margins of safety from current seismic methodology.
Developing an imoroved seismic methodology.

Determining variahility inherent in seismic methodology as permitted by
current NRC regula{ions and guides.

It is concluded that further work is required in this regard.

(10)
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Report No. 030 TtR

Title : Survey of Applications made of the Results of Probabilistic Szfety
Analysis of Nuclear Power Plant.
Second Draft Report - Extract -

No. of Pages : 32

Publisher : ( SINDOC/NEA ) " not specifies”

Date : 1985 September

Author : (?) :
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~ This report has "Table of Contents” covering (1) Introduction,
(2) Fundamentals of Probabilistic Approach, .(3) Reivew of the Reports on
Practical Applications and (4) Summary and Conclusion.

The available copy. however, contains parts of Chapter 3 (covering
the terminology of PWG/ Task 2) and parts of Chapter 4 as well.
Regarding Chapter 3, Task 2 has been tabulated in terms of NPP, i.e. ruclear.
power plants in NEA member states. type, year of operation, power. description
of analysis, results/ criteria, manpower cost as well as the assigned PSA/PRA-
level.

PSA/PRA application in licensing process including part ani on-going
experience were presented.

Some Data Analysis on Japanese BWR compared with those in the U.S..
the data base are are presented in handwritten form. The item pertaining to data
base was given in terms of reports published by EPRI, NUREG, CRIEPI etc.

Chapter 4 furnishes that the main 2im was the development of common
understanding of the different approaches to the use of PSA/PRA to nuclear

power plants.

There is also a an interesting statement which could be summarized
as follows:

(11)
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" Although the effectivness of the use of fault trees and event trees has been
acknowledged, it should be pointed out that the PRA/PSA approach in issues
related with rare or unknown phenomena or events suffer from limitations.”

The conclysion urges for carrying out further development of adquate
approaches to systematic PSA/PRA application during the life-cycle of nuclear
power plants. ‘

i

(12)
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Report No. 064 TR

Title: Results of the Reliability Benchmark Excercise and Future CEC-JRC
Programme '

No. of Pages: 12

Publisher: Commission of the European Communities, Joint Research Center.

Ispra Establishaent.
Date: 1984 November
Author: A. Amendola

This report is a preprint of a2 paper presented at the International
ANS/ENS Topical Xeeting on Probabilistic Safety Methods and Applications,
held in San Francisco, California during the period 24 - 28 February 1985.

A contribution towards identifying problem areas and for assessing
PSA methods and procedures of analysis, JRC has organized a wide-range Bench
mark Exercise on systems reliability. This has been excuted by ten different
teams involving seventeen organizations from nine European countries.

The excercise has been based on a real case (AFS of EDF Paluel PYR
1300 ¥We Unit), starting from analysis of technical specifications, logical
and topological lavout and operational procedures.

The terms of references included both qualitative and quantitative
analyses. The subdivision of the excercise into different phases and the
rules adopted, allowed assessment of the different components of the spread
of the overall results.

It appeared that modelling uncertainties may overwhelm data uncertain
-ties and major efforts must be spent in order to improve consistency and
completeness of qualitative analysis.

After successful completion of the first exercise., CEC-JRC programme
has planned seperate exercises on analysis of dependent failures (CCF) and
human factors before approaching. the evaluation of a complete accident '
sequence. ‘

(13)
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Report No. 015/066/070 TtF
-Title: Nuclear Fuel Cycle Risk Assessment- Review and Evaluation of Existing
Records-

No. of Pages: 107/107/130

Publisher: Division of Risk Analysis. Office of Nuclear Regulaory Research,
US Nuclear Regulatory Commission, Washington, D.C. 20555, NRC FIN
B2402

Date: 1984 May (published); 1983 October (completed)

Authors’ Affiliation: Battelle Columbus Laboratories (1), Columbus, OH 43201,

Science Applications Inc. (2), Palo Alto, CA 94304
Authors: P.J.Pelto, R.E.Rhoads, W.E.Vessely (1) and R.R. Fullwood (2).

The US Nuclear Rgulatory Commission initiated the Fuel Cycle Risk
Assessment Program to provide risk assessment methods for use in the
reghlalory process for nuclear fuel cycle facilities other than reactors.
The first report of this program. NUREG/CR-2873, defined and described fuel
cycle elements considered in the program.

The second report, NUREG/CR-2933, described the survey and compilation
of fuel cycle risk-related literature. This report presents a review of the
state-of-the-art of risk assessment methods for nuclear fuel cycle facili-
ties and an evaluation of the adequacy of these methods to meet the NRC's
needs for risk assessment information. The approach used to perform this
work included: Identification of potential uses of fuel cycle risk assess-
ments at NRC; review of currently available fuel cycle risk assessment
methods: and identification of potential methods development needs.

(14)
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1.0  SUMMARY

This report presents a review of the state-of-the-art of risk assessment
methods for nuclear fuel cycle facilities and an evaluation of the adequacy of
these methods to meet NRC's needs for risk assessment information. The report
was prepared as part of the Fuel Cycle Risk Analysis Program being conducted
for NRC by Pacific Northwest Laboratory, Battelle-Columbus Laboratories and
Science Applications, Inc. .

The approach used to perform this work included the following activities:
) édentifigation of potential usés of fuel cycle risk assessments at NRC
e Review of currently available fuel cycle risk assessment methods
o Identification of potential E§T5333‘3§7216ﬁﬁ§§§ needs, L

These activities are summarized in the remainder of the section.

1.1 POTENTIAL USES OF FUEL CYCLE RISK ANALYSIS AT NRC

The results of risk analysis studies can be applied in a number of ways to
assist in regulating and licensing fuel cycle facilities. These applications
can be divided into five general categories: :

determining regulatory compliance

guiding regulatory action

providing public information

allocating regulatory resources

improving facility owner safety perspectives.

Each of these areas is discussed in detail in this report. A general character-
istic of these applications is that the Probabilistic Risk Assessment (PRA)
results aid in making licensing or regulatory decisions. They provide impor-
tant information in the form of quuntitative measures of systems safety, but
they must always be used in conjunction with other information and prudent
judgment to provide sound regulatory or licensing actions. Many of the applica-
_tions suggested would form part of a value/impact or cost/benefit analysis and
would be compatible with the requirements of the NRC's Committee to Review
Generic Requirements (CRGR). It should also be noted that the potential appli-
cations presented here/have not necessarily been endorsed by the NRC. They are
presented as suggestions to help stimulate discussion between program staff,
NRC Research staff and staff in the Office of Nuclear Material Safety and Safe-
guards who would be the eventual users of fuel cycle risk assessment methods.

To be of maximum benefit, the methods used to perform a PRA must be
tailored to the specific application of the results (although studies could
easily have multiple objectives). Potential desirable attributes of fuel
cycle risk assessment methods include such factors as accuracy, comprehensive-
ness, reproducibility, technical acceptability, ease of implementation, ease of
understanding, expense of implementation, plant-specific, and site-specific.
The potential uses of risk assessment were grouped into four applications
categories: state-of-the-art; risk ranking; issue review; and facility owner
assessments. Table 1.1 presents these groupings of potential uses of risk
assessment and key method attributes.

(15)
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TABLE 1.1. Groupings of Risk Assessment Utilization by Method -Attributes

Group Designation Uses of Risk Assessment Key Attributes
State-of-the-art Dgter@ining Regg]qtory' Accurate, Comprehensive,
Comp]1ance Providing Reproducible, Technically
Public Information Accepted
Risk Ranking - ldentify Areas of Regulator i :
1 y. Comprehensive, R -
Action,.Evaluating Regula- cib?e » Reprody

tory Alternatives,
. Determining Need for Backfit
Resource Allocation

tssue Review Regdiatory Issue Review . Easy to Implement, Easy
to Understand, Inexpen-
- sive, Reproducible
Facility Owner Improving Owner Safety Easy to Implement, Easy
Assessments Perspectives to Understand

1.2 METHODS AVAILABLE FOR FUEL CYCLE RISK ANALYSIS

i A review of currently available risk assessment methods that are
applicable to fuel cycle risk assessment was performed. This review focused on
methods for estimating radiological risks to the public and plant workers from
accidents. Other risk categories such as radiological routine risk. and
nonradiological risk are planned to be addressed in subsequent efforts.

As a first step in the review, previous risk assessment studies for the
different types of fuel cycle elements were examined. The fuel cycle elements
can be grouped into three categories: transportation, processing and storage,
and mining and milling. Methods for risk assessment of geologic and shallow
land disposal operations were not reviewed in this report.

0f these fuel cycle element categories, a greater number and more detailed
assessments of radiological accident risk to the public have been performed for
transportation.” A wide range of established methods are available and they
have been applied in varying degrees of detail depending upon the objective of
the studies. Quantitative assessments using tools such as event trees and
fault trees have been performed for many of the fuel cycle transportation
steps. Accident initiating events are well defined and several data bases on
accident frequencies and severities are available/ " The response of the
transportation package to the accident environment and the resulting release
fraction are not as well characterized.

‘Several ‘studies have been performed which address the radiological
accident risk to the public for processing and storage fuel cycle operations.
These studies vary in their purpose, scope and key analysis assumptions. Only
a limited number of studies have been performed for such operations as
conversion, enrichment and fuel fabrication. A wide range of analysis methods
are available, but in general they-are not as well developed as those used in

(186)
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transportation risk assessments. Relatively few quantitative assessments using
such tools as event trees and fault trees have been performed. Accident
initiating events are not well defined for processing and storage operations.
Data bases are available on component failure rates but are seldom based on .
actual fuel cycle facility operating experience. External events and operator
errors may be important risk contributors and are seldom considered in detail
in the risk assessment studies performed to date. .

A very limited number of studies have been performed to assess the
radiological accident risk to the public from mining and milling. This may be
due in part to the potential dominance of other risk categories such as
radiological routine risk and nonradiological accident risk. Analysis methods
which have been used for processing and storage fuel cycle operations are
applicable to mining and milling, but for the most part have not been applied.

Only a very limited number of assessments of radiological accident risk to
the workers have been performed for the three fuel cycle element categories-
This risk category is more important for processing and storage operations than
transportation and mining and milling. The analyses that have been performed
utilize methods similar to those used in addressing radiological risk to the
public. In particular, the same set of postulated accidents are used. This is
a key limitation and methods need to be developed to identify accidents and
accident initiating events specific to occupational exposure. o

A fuel cycle risk assessment can be divided into several elements. These
include: _ ]

Transportation . -
Scenario Analysis and Probabilistic Modeling
In-Plant Consequences

Environmental Transport and Consequence Analysis
Human Factors

External Events

Uncertainty and Sensitivity Analysis

Data

Presentation of Results

A brief summary of the state-of-the-art for each of these risk elements is
presented in the following paragraphs.

Transportation

A wide range of methods have been developed and applied to assess the
radiological risk to the public from the transportation operations in the
nuclear fuel cycle. The use of risk analysis methodologies based primarily on
accident severity categories using historical data bases is most appropriate
for comparative efforts at a very general level of detail. Techniques hased on
a specific set of accident scenarios can be useful in determining maximum
potential system impacts for utilization in a licensing procedure or in
comparing very specific aspects of two or more shipping systems. Fault
tree/event tree analysis techniques seem most appropriate for quantitative
determinations of absolute system risk. The use of fault trees facilitates the

(17)
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performance of risk sensitivity evaluations, which permit an analysis of the
importance of the various factors that contribute to system risk, This
information can also be used to identify wavs to decrease the uncertainty in
the risk evaluation and study the effects of possible design or regulatory
changes on the risk. Most transportation risk evaluations depend on the
specific system parameters assumed. All of the methodologies require
additional supporting data and evaluation techniques for accident frequencies,
severities, and potential consequeiicés. '

Scenario Analysis and Probabilistic Modeling

A large selection of scenario analysis methods are available which are
applicable to fuel cycle facilities. Many studies have simply postulated the
accident sequences directly without using systematic modeling techniques. This
approach is useful for preliminary comparisons but may not be adequate for more
detailed applications. Several systematic methods to identify and model
accident sequences have been developed. These include fault trees, event
trees, cause-consequence diagrams, and the GO methodology. Many of these can
be used qualitatively or quantitatively depending upon the specific
application. :

The probabilities of the identified release sequences must be calculated,
as little or no direct statistical data is available. Probabilities for the
release sequences are obtained from estimates of the frequency of each
component fault within the release sequence. Sources of information for
assigning fault probability values are: ‘1) experience with the component or
similar components; 2) testing; 3) engineering analysis and 4) engineering
judgment. Care must be taken to account for any potential dependency among
component faults in the release sequence.

The basic approaches described have both common and separate strengths and
limitations. A major limitation is that no method can assure that all
potential release sequences have been identified. A physically realizable
sequence may be omitted because of simplification, oversight, lack of _
understanding of the system, or inability to envisirn all possible sequences.
Other basic l1imitations are the necessary data requirements, potential
dependencies (common cause failures), and difficulties in modeling potential
human interaction with the system. : ’

In-Plant Consequences

A range of methods is available to assist in analyzing the in-plant
consequences of a fuel cycle facility accident. Relatively simple semi-
empirical models are available and have been applied to many of the release
phenomena. However, many have not been experimentally validated. More complex
models have been developed which are applicable to fuel cycle facility accident
analysis given the proper data and degree of system detail. This information
is not available for many applications and the cost to obtain it may be

prohibitive. No overall in-plant consequence analysis approaches have been
developed. In the fuel cycle facility risk assessments performed to date, the

in-plant consequence analysis has relied extensively upon engineering judgment.
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Environmental Transport and Consequence Analysis

Most of the environmental transport and consequence analysis modeling for
fuel cycle facilities has been for environmental releases as a result of
routine operations. In several cases, such as DOE (1979b), models have been
developed and applied to fuel cycle facility accidents. No overall
probabilistic consequence analysis models (analogous to the CRAC model used for
nuclﬁar reactors in U.S. NRC (1975) have been developed for fuel cycle .
facilities. .

Human Factors

Human factors models have been developed and applied to military systems,
aerospace systems, and nuclear power plants. The fuel cycle risk analyses
conducted to date have not incorporated these models due to limitations in
system description detail and the availability of human error data. If this
information is available for the fuel cycle facility of interest, existing
approaches can be directly applied.

External Events

Much of the development and application of external events analysis
methods has been in the nuclear power plant safety assessment area. While
there has been some extension to other elements of the nuclear fuel cycle
(primarily reprocessing), external events analyses have generally not received
the emphasis in non-reactor nuclear applications that has been accorded them in
reactor studies. However, because the methods developed and used in reactor
applications are reasonably generic, no major obstacles appear to be applying
these techniques to fuel cycle facilities.

Uncertainty and Sensitivity Analysis

A wide range of uncertainty and sensitivity analysis methods have been
developed. Only the simpler approaches, such as limited data uncertainty
analyses and basic sensitivity studies, have been applied to nuclear fuel cycle
facilities (other than the repository). The field of uncertainty analysis for
PRA is still in the developing stages. Ongoing research is being conducted in
the nucler reactor area and should be applicable to more detailed PRAs of fuel
cycle facilities.

Data

Each of the risk elements has data requirements. Data is seldom available
specific to fuel cycle facility operations. Data from related industries and
nuclear power plants is available and is often directly applicable to many fuel
cycle risk assessments. Some work has been accomplished on establishing a
specific data base for reprocessing operations. For detailed risk assessment
applications, similar efforts may be required for the other fuel cycle elements.
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Presentation of Results

A large selection of methods for calculation of results; analysis and
interpretation of results; and presentation and documentation of results are
available. Many of these methods have been developed for reactor risk analysis
but are applicable to other fuel cycle facilities. Some of the simpler
approaches have been applied to. fuel cycle facility risk analyses. The

selection of a specific method is highly dependent upon the intended use of the
risk analysis.

1.3 POTENTIAL METHODS DEVELOPMENT NEEDS

A general conclusion from the reviews discussed above is that no new basic
methodology is needed in order to perform meaningful risk analyses on the
nuclear fuel cycle. However, for some applications, existing methods may need
to be adapted or extended and additional data may need to be collected. This
report discusses these types of methods development needs in some detail.

Table 1.2 presents a summary description of the relative importance of
potential methods development needs for the four applications categories

listed in Table 1.1. This information is somewhat subjective and presented for
preliminary planning purposes of the Fuel Cycle Risk Assessment Program.
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TABLE 1.2. Potential Methods Development Needs

Risk Element

Scenario In-Plant Environmental Human External  Uncertainty Presentation
Risk Application Analysis Consequences Consequences Factors Events " Analysis Data of Results
State-of»the-art M H M H H M H L
Risk Ranking M M L M M M M L
Issue Review M M L M L . M M L
Facility Owner M H L H L M H L
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Title : Nuclear Fuel Cycle Risk Assessment: Survey and Computer Compilation of
Risk-Related Literature
NUREG/ CR-2933 ; PNL- 4350 ; GF

No. of Pages: 11

For : Division of Risk Analysis, Office of Nuclear Regulatory Research, USNRC,'

Hashingtbn, D.C. 20555, NRC FIN B 2404

Publisher: Pacific Northwest Laboratory, Richland, WA 99352

Date : 1982 October

Authors: R.K. Yates, A.M. Schreiber, A.W. Rudolph

- This report presents survey methodology and computer compilation of fuel
cycle- risk related literature (reactors are excluded). The survey covers the
nuclear facilities in the U.S. and in other countries. The computer compilation

has been implemented by using BASIS (Battelle information management system).

The paper could be viewed process-wise as follows:
A) Document characterization/ bibliographic information, which is inputted in
sequential manner as:
( 1 ) accession number
( ii) title
(iii) report number
(iv ) authors
( v ) document date
( vi) publisher
(vii) affiliation
(viii)physical.]ocation of report
(ix ) conference/journal title
( x ) categories, i.e. document review shorthand notation
( xi) synopsis, i.e. abstract .
(xii) order date for internal use only
(xiii)eﬁtry date
B) 1- RISK elements were determined to be :
(1) system description
( i) scenario analysis
(111) probabilistic modelling
(iv } in-plant consequences
( v ) ex-plant consequences
( vi) human factors

(vii) external factors
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C)

(viii)uncertainty/ sensitivity analysis

( ix) data collection, evaluation and manipulation for quantification of
consequences and probabilities.

( x ) results for NRC licensing and regulatory purposes and for public

information .

2- FUEL CYCLE elements comprising 14 items such mining, milling etc.

The above B-1 and B-2 were arranged in a (10x14) matrix called the document
review matrix.
Moreover, 16 risk categories were devised as an array; risk options and paths

were incorporated so that a (4 x 16) matrix was obtained. The categorization
was carried out in terms of:

( i ) operation period

( ii) radiation-related hazard

(iii) accident

(iv ) routine operation

( v ) plant staff

( vi) offsite population

(vii) decomission{ﬁg period

(viii)non-radiation-related hazard .

By coupling B and C, the function of document review matrix would be performed

(23)
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Number of Pages : 230
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The data requirement for risk assessment implies (i) the combination of events

that could lead to undesired states, (ii) frequencies in which such combinations
might occure and (iii) consequences §§ociated with each undesired state.

Usually the expected end use of the results dictate the scope required for
conducting the PRA with its three levels, i.e. (1) system analysis; (2) systems
and containment analysis and (3) systems, containment and consequences analysis,
where the data requirements are cumulative, i.e.. each successive level requires
all the data needed in the lower level.

The basic levei comprises several tasks to be caried out such as identification

of all sources of radioactive materials at the site. in addition to the initiating
events that could lead to the release from eich source. Identification of functions
to be performed for prevention of accident sequence, establishing relevant system,
defining sucess criteria and grouping the initiating events accordingly.

As to the analysis, it would be conducted by constructing the event trees,
where their structures merely reflect functional and systea interrelationships
as such. The fault trees representing ALL ways, in which an undesired event wight
occure, would be the models usually used for quantification of plant system.
For calculating the accident sequence frequency quantitatively and for identifying
the probable faults qualitatively, the event trees and fault tree models are lo be
used with proper data. The final task lies in the interpretation and analysis
of the results, where the cut sets worked out in the preceeding stage indicate
to the significant contributors either to the possibility of plant damage or
to the reflease of radioaclive materials.

Meeting Lhe data requirements implies populating the data base for risk

assessment with mean value, medium value. error factor for each potential
failure mode of each system's component deemed to be subject to analysis.
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For encompassing uncertainies, distributions such as log-normal can be of use,
where basic information on probability sequence uncertainies and sensitivities
to parameter valves would be possible to compute.

Regarding data avalability on PRA/PSA for support of PNC requirements, IEAL
suggested the utilization of System Reliabiljty Service (SRS) Data Bank of the
UKAEA. The SRS Data Bank comprises two computerized data stores, i.e. (i) generic
reliability data sets obtained from published information, manufacturer, data

collection excercises and (ii) event data sets containing raw data from operator,
test history etc.

In the data base development procedures, particular emphasis is placed on the
models adobted.'i.e. time- related (exponential, Weibull, gama and log-normal)
as well as demand models, the normalized formula for test contributions to
component unavailability.
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Title : Probabilistic Risk Assessment (PRA): Status Report ard Guidance for
Regulatory Application - Draft Report for Comment -
No. of Pages: 173
Publisher : Division of Risk Analysis, Office of Nuclear Regulatory Research,
Washington, D.C. 20555
Date : 1984 February

Authors: several

In discharging its legal responsibilities for the NPP's regqulation,
the NRC is faced with following types of decisions:

(1) How safe should plants be ? - ((This involves socioceconomic consideration,
which has sofar been based on judgements
from quantitative perspective))

(2) How safe are they ?

(3) Is there a need for improvement ?

(4) Ensuring desired level during life-time !

(5) Related issues requiring research !

Points 2 to 5 addressed in this paper show the wide coverage of technical
disciplines invoived, i.e., from statistics to human behaviour, mostly

using the probabilistic methods. PRA, however, provide a mechanism to display
areas of uncertainty. PRA does such process better than the conventional
deterministic analyses, and such a fact is actually a strength of PRA rather
than a weakness. .

New facts, which were found in the course of investigations, were incorporated,
i.e., small LOCA in PWR or transient in BWR ( rather than large LOCA) are now

estimated to be the principle contributors to risk.
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However, a review of some problems which created considerable conern might

be of interest.
a) what is required in PRA could be outlined in (1) understanding of existin
existing information base, and in (2) perspectives on all methods used,
i.e covering wide range of sciences such as statistics to human behaviour.
b) quantification of the system model that usually involve two steps, namely
(1) tree reduction called as minimum cut sets (i.e., minimum group of
failures needed for describing a particd]ar branch of tree), where
Boolean algebra (not usually controversial) does not furnish important
additional information, and

(2) actual quantification itself (more problematic), since this implies
tracing distribution of each contributing factor ranging from semi-

log presentation to applicatiopn of Monte Carlo method.

The PRA conceptual review in this report stressed on the following points:
1- Degree of completeness.
2- Representativness of the model

3- Extent of validity of data, role of human error etc.

4- Accident process and soure term:
( i ) core damage and its frequency
( ii) in-vessel énd ex-vessel core melt
(iii) in-vessel and in-containment, fission product transport.
( iv) temperature and pressure threats to containment integrity
- source term assessment is due to be ‘more’ mature by 1986.
5- Offsite cosequence analysis (anticipated to be mature; however, the

uncertainties estimate remain large due to the following reasons):
( i ) magnitude of source, since it influences all consequences.
( 1i) effectiveness of emergency response.
(iii) dose-response re]atfonship pertaining to somatic and genetic effects.
( iv) modelling of deposition process (condensation possibility, rain-
out moisture).
6- External initiators such as seismic events, floods, aircraft etc.
(events such as floods due to pipe-break are also classified under this

categories).
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It is worthwhile to state the procedures of PRA. Such processes are usually
categorized as:
SYSTEM ANALYSIS
1. Initial information collection
2. External event analysis (optional)
3. Analysis of human reliability and procedures
4. Event tree development
5. System modelling
6. Data base development
7. Accidnet sequence quantification
CONTAINMENT ANALYSIS
1. Physical process
2. Radionuclide release and transport
3. Environmental transport and conseguences
4. Uncertainty analysis

5. Development/ interpretation or results

An overall PRA studies for 25 NPP in the U.S. were conducted, where
12 of them are LWR-type and Level III has been covered.
TMI accident prompted PRA studies for 7 NPP in addition to ane plant before
the accident date (1979). Most of them were carried out by the NRC; however,
it is stated that the multi-volume report worked out by EPRI is difficult

to comprehend and assess without extensive and dedicated scruting.
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Report No. 20 TG
Title : PRA Uses and Techniques
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Summary Report of NKA Project SAK-1
No. of Pages : 140
Publisher: Nordic Liaison Committee for Atomic Energy (nka)
Date : 1985 June |
Authors: Edited by Stephen Dinsmore, Studvisk, Energietekﬁik, A,B, Sweden

This report presents several PRA-:%udies in Level 1, i.e., in
field of reactors only in the following Scandinavian countries: Denmark(*),
Finland(*), Norway and Sweden (*), where the countries earmarked with

astriks are those having at present nuclear power plants.

The basic point in this paper is the approach adopted and which
is based on benchmark studies. Two studies were performed in this context,

and they might be presented in the following manner:

BENCHMARK 1.:

Reliability parameters in high pressure injection system (HPIS) in PWR
were compiled in terms of generation and propogation as well as system
quantification was carried out by using well-established computer codes
as follows: MOCARE (in Riso), REPINT (in VTT) and FRANTIC (in Studsvik).

BENCHMARK 2.:

System modelling with emphasis on less feed water (transient analysis)
in BWR in form of event trees, or alternatively, cause- consequence
diagram.

Reliability block-diagrams were compared with fault trees.

Moreover, Benchmark 2 also showed that carful review/ close contact with
persons intimately familier with the system, such as plant operators, is

important as much as the choice of the technigque.

(29)



PNC J8409 90-001

The report concluded that systematic search methods - both
computerized and manual - were developed for identification of common-

cause failures, where such processes would help the licensing authorities
evaluating the NPP safety.
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PRA (PSA) approach is to be adopted in the future since it makes use
of existing yet not complete data, eliminating thus inappropriate decisions
that heavily relied on subjective judgement.

PRA is thus a quantification yielding a probability distribution function.

The actually observed safety records of power plants in terms of extensive
overdesign, redundancy, testing and maintenance and regualtive overview do
furnish somehow satisfaction in this regard.

There is, however, 2 need for a relevant tool to make a realistic assessmeni
whenever any modification in design or operating procedures has to be made.
This tool starts with: '

i- Predictive insight in the plant after introducing such modification.

2- Consideration to probability theory, reliability/ probability tree analysis.
3- Abstraction of power plant in form of trees, diagrams. charts GO-models etc.
where such tool would somehow enable preparation of 'more’ rational decision.

The reasoning behind such conclusion is outlined in terms of data
groups that incorporate:
(a) failure rate
(b) repair time
(c) consequences. which., in turn, are initiated by:
( i) pressures ’
( ii) temperatures
(iii) release rates
(iv ) dose rates
( v ) radioactivity deposition
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The decisions based on the aforementioned points yield the conceptual
flow as follows:

Basic Data
1 2 3
Re-order Direct Concious re-structuring
filtering Assimilation through
PSA/PRA
Boundary
scenarios meaning through
"cumulative’ probability-
consequence distribution
DECISION

The general rules of consequence caiculations are:
1. Probablistic modelling undertaken with a set of pre-specified guidlines
as to what will and will not be included.
- Justification: otherwise the model can not be terminated. -
2. The consequence portion of the model is 'likewise’ based on a "FINITE"
model of reality. 5
3. The data base, from which failure rates etc. are taken, is "INCOMPLETE".

It is of interest to re-write the concept introduced by the authors
in their wordings: " At the first glance, it would seem that the three
points mentioned above should invalidate the usefulness of PSA- but such a
conclusion is inappropriate. Aay decision is always started and completed
in the absence of sufficient data.”
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In fact, if sufficient data existed, there would be no need for a prolonged
process since the risks and rewards would be documented; it is precisely
because of the absence of such efficiency that we need PSA.

In "real’ system, incompleteness will have two forms, namely:
- an overlooked event sequence.
- an unrecognized common mode interaction.
The type of ‘overlooked' /" missed’ event sequence could be considered as
discrete event that does not fit in the same distribution as others; hence,
the probability distribution function (p.d.f.) usually presented as
frequency- consequence plot will be in some regions affected by such discrete
events. However, the cumulative distribution function (c.d.f.) furnishes
infornation on probability having a consequence greater than any value, i.e.,
what is needed for decision making.
Moreover, since c.d.f. is an integral of p.d.f., the deatiled structure of
p.d. f. would not be important as it might appear in the first glance.
Errors and discrete values would thus have little effects on cumulative
distribution.

There are cases where judgemental decisions to eliminate one risk may
introduce multiple failure points. The interfacing LOCA - where valves are
not properly operating on the high pressure side - has been considered large
enough so that it dominates the PWR-risk in WASH-1400.

However, it goes without saying that "an example is not a proof”; and there-
fore PSA can not be guaranteed to always show that a judgemental decision/
subjective inference is invalid or overly conservative.
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It appears that there is a wide spread misunderstanding as to the
intended use of the probabilistic estimates and this has led to the critisim
of the general appraoch. Actually, the probabilistic approach is nothing else
than an extension of the deterministic approach.

This could be readily exemplified in the case of evaluating an integrity of
a bridge. One usually begins by considering an idealized case. where the
material properties and the environmental conditfons are assumed to be some
average value one the one side and to be based on theoretical or empirical
relationship. However, it is quickly realised that such idealized case is
unrealistic, because of the following facts:

(i) our imperfect knowledge of material properties.

( ii) material inhomogenities in the environment (static)

(iii) material variations in the environment (dynamic)

Due to such kind of findings, i.e., the unrealism from deferministic
viewmpoint, all or some of the idealized inputs would be replaced by the so-
called "worst-case™ values.

Furthermore, if probability distribution were 'incorporated’ in the input
variables, the probabilistic approach would mergef Accordingly, the deter-
ministic approach - our basis of comparison - is. in fact, the concentrated
probability distribution in one point.

A pure mathematical abstraction on comparison between deterministic
and probablistic approaches is stated. It starts by setting a2 critical value
equal to 'f' of a limited number of controlling variables. The "f’ could be
one or more combination of the following:
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(1) mathematical function
( i) computer code
(iii) set of tables
(iv ) set of graphs

Strengths and weaknesses of the probabilistic approach were clarified
in terms of several points of interest, which are categorized as follows:

Demerits :

———— c— —

Merits

(c)

(2) the models [f,g] used are insufficient: vet, even a poor model

would provide a starting point for improvement.

(b) the forms of probabilities distribution are unknown:; however,

some forms provide reasonable ideas about approximate distribu-
tion, and the sensitivity-type analysis can contribute in
assessing the necessisties for more exact knowledge.

the available data are insufficient for estimating the required
input parameters. This is a justified criticisim with respect
to the lack of efficient data, i.e., the needed information
in such aspect.

(d) the inapplicability of the probabilistic approach to a single

unit. This is an unfounded criticisim, since initiating-acci-
dents (top event) could be considered as coin tossing case.

: (a) probability as such provides a common scale for comparison of
risks from various events. It further furnishes more information

than 'yes/no’ answer usually resulting from the determibnistic
approach.

(b) recognition that no certain outcome in every sitastion can be
expected; however, the aim of risk quantification has orderly
been achieved.

(c) ability to assess the impact of conservatism.

As a conclusion, it can be readily seen that probablistic approach

could be considered as valuable tool for assessing the likelihood of variocus
critical events. The probability estimate can be used as a quantity for
comparative purpose rather than an absolute measure of probability of occur-
ance of an event. It is, thus, a powerful tool for use in decision making
and shall be used and developed further as well.
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Using event/fault tree methodology for determining the sources of
uncertainties in PRA were presented. They comprise two categories:

(i) modelling uncertainties, i.e., in fault tree - with some limitations -
as well as those associated with the event tree.

(ii ) Data uncertainties which, in turns, comprise three types (field data,
of direct relevance, field data drawn from related areas judged to be
of some relevance and. expert opinion.

The review incorportes interpretation of the probability, in which
the probabilities as such fall in three categories, namely the emperical( i.e..
frequencies), the logical and the subjective. The logical one stems from
the believe that not all probabilities have numerical values, and hence
the Bayes principle apply (indifference principle).

The subjective theory presents a solution to the problems that arose
in the logical view of probability. However, there is no continuation due
to unavailability of further pages as well as those containing the references.

( Incomplete Paper )
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The fundamental ideas behind the use of PSA/PRA in the Federal
Republic of Germany are elaborated proceeding from the different stages of the
NPP- safely decision making process. The deterministic and probabilistic
approaches are generally discussed and characterized.

Deterministic and probabilistic approaches are shown Lo be just in
iterative safety decision making. Both approaches have different advantages,
which compliment each other very efficiently. The real advances in NPP-safety
assessment have been achieved by a combination of probabilistic anzlysis and
deterministic approaches.

The fundamental principles for the national approach to the use of
the use of PSA/PRA are layed down in the BMI- Safety Criteria (Bundesminister-
ium des Innern, Sicherheiltskriterien fuer Kernkraftwerke); i.e. scope and depth
of application in accordance with the state of PSA- development to supplement
the deternministic approach to achieve "Sufficient reliability” and "well balanced
design”.

The defence in depth concept has further been improved to an advanced
probabilistic concept, which enables a more differentiated application of
reliability engineering to provide optimal plant response to disturbances,
transienls or accidents.

Examples for probabilistic approaches in regulatery guides, codes
and slandards are given.
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A more systematic use of PSA in licensing, has evolved during the
past years. Further use of PSA/PRA for Lhe opecaticnal euperience, precursor
studies, specail safely issues, design modifications for operating plants and
design oplimization for new plants is surveyed.
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This report comprises six major chapters. The first one, i.e., Chapter
"A” deals with the recommendation for the development of such manual., where
PRA refers to the definition based on NUREG/CR-2300.

Chapter "B covers the manual contents and the format required for PSA
utilization and implementation for safety decisions.Chapter "B" is composed
of two parts: Part 1 on the utlization of PSA in terms of technical specif-
ication. system’s-and- compcnent’'s identification. backfitting., training of
operators. plant availability, design evaluation, new safely issues and
ranking. (excluding Level 8). emergency planning, PSA application in oper-
ating procedures. system interaction, experience evaluation. inspection
activities, (excluding Level 3), severe accidents, improved understanding.
rapid decision tool for generic applicability, operational manual alloca-
tion, compliance with target values, dominant accident sequence identifica-
tion. comparison of designs. (excluding Level 3), accident-managgment. test
maintainance and repair policy and financial risk.

As to Part 2 of Chapter "B". the following items are covered:implementation
scope and objectives, overview of PSA, review of PSA application. plant
analyses. data analysis, system reliability analysis, accident sequence
anzlyses, uncertainty analysis. further analysis for specific application.
(excluding experience with PSA- management)

Chapter "C” deals with the respoases of the Advisory Group to topics
not addressed in Section A.
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Chapter "D" lists members and observers of the advisory group. Chapter
"E” covers the references provided to the advisory group as well as the
topics addressed by the members of the group.

Chapter "F" presents the meeting agenda.
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The data analysis of probabilistic risk assessment (PRA) falls in three
broad categories: facility design. site, and operation, gemeric,and facility-
specific, and PRA methodology. Through manual library research and computerized
information retrieval system, International Energy Assqé?ales Limited staff
completed 2 PRA literature search. Publications were analyzed in 2 way that
helped in determining the following:

(i) identification of risks.

( ii) development of comprehensive risk assessment methods.
(iii) demonstration the use of the melhods mentioned in (ii).
(iv ) offering an evaluation of the risk assessment techniques.

There was actually no data base or data base management system in the
United States available to the Power Reactor and Nuclear Fuel Development Corpo-
ration (PNC) for reprocessing probabilistic risk assessment. This due to the fact
that the process of data collection on PRA is more or less directed loward Lhe
gathering of such data on compbnent failures.

Although the United States programs in this area have been mostly un-
successful, the United Kingdom System Reliability Service (SRS) has developed a
data base to support PRA studies.

As developed and applied by System Reliabilily Service. reliability

technology encompass all branches of engineering, sysiem analysis, logistics,
mathematics and statistics.
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The SRS Reliebility Data Bank is continually expanding to provide datla
for the SRS team of systems reliability analysts. SRS is managed by the Uniled
Kingdom Atomic Energy Authorily under the auspices of the Department of Industry.

SRS service has a worldwide reputalion for excellence, integrity and
technical ability &s well.

Hence, in the light of the zbove, IEAL recommends that PNC considers
the possibility of becoming an associate member of SRS. In fact, associate
membership will entitle PNC, among others, to have access to the generic reliability
data on components and systems covered by the SRS Reliability Data Bank.

(42)
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This paper discusses the role of decay heat removal syétem in
providing core protection. PRA is performed in three subsequent phases:
a) event tree development (anticipation of offsite power loss): depending

on the severity of the failure(s)- passive failures such as pipe break

were excluded- the core uncovery had been postulated by considering the

decay heat removal capabilities of the systems.

The systems’ approach has been adopted in order to facilitate the process

of determining the overall outcome of each path of the event. ,
The event tree was constructed for the Millstone Unit 1. The thermal-
hydraulic ’components’ used for tree-layout including the terminology
comprise the following:

(1)
(2)
(3)
(4)
(5)
(6)
(M
(8)
(9)

0P: offsite - power

GT: gas turbine

FU/FWCIS: feedwater/ feedwater coolant injection system.
RI : reactor isolation

S/R: safety/ relief valves

IC: isolation condenser

ICH: isolation condener makeup

MPR: manual pressure relief depressurization

DG: diesel generator ;

(10) Core spray
(11) LPCI: low pressure coolant injection

This is to be used against 3 criteria, namely:

(i

) NCU: No Core Uncovery

( ii) CU : Core Uncovery
(iii) PN : Path neglected due to low probability.
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b) thermal-hydraulic analysis had been conducted by break-down processes
in individual systems and individual components.

c) Fault tree has been developed for the system and consequently the
failure rates were determinted too.

The analysis has been performed with WAEQAM computer code
(EPRI- 217-2-5 (Jan. 1976) which provided cut sets of all pathways.

This case study furnished that puiting the condenser-makeup valve
on dc-power would reduce the core uncovery probability by a factor of 20.
Therefore. PRA coupled with value/impact analysis can effectively be used
to reduce risk in plant operation, where value-portion has been obtained
by implementing the modification introduced by IEEE Std. 500-1977, and the
impact-portion has been estimated to have a specified value that includes
both engineering and capital cost as well.

(4 4)
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The public’s view concerning reactors accidents are summarized in the
following two tenets:

( i) If it happens, it mustn't matter.
(ii) If it matters, it mustn't happen.

To such end, safety tenents were mathematically formulated and then
equivalent equations of the general type were proposed.
The safety targets, namely:
(2) plant damage

(b) radioactivity releases
{c) radiation dose -
{d) individual risk
(e) societal risk, and
(f) cost-benift aspects
were subject to review in this study.
Furthermore, the safety targets in the U.K. comprising some items, in addition
to proposed assesment levels were presented. Comparison with the prevailing
risk levels in sociely, the tenets as well as the professional targets had
been made with graphical illustration of some comparative aspects.
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Basic principles and engineering principles were comprehensively presented
in this paper. The priciples set out are intended not only for licensing and
operration, but also for the Inspectorate’s own work on safety assessment.

The basic principles comprise radiological ones in normal conditions (operating/

standstill) and fault conditions, radioactive waste, procedural evaluation of

of fault condition and protective system.

The engineering principles are, in turn, divided into general and specific that

cover the following:

( 1) general on plant design, testing and inspection as well as ,maintenance.

( ii) reactor core and fuel including design, operation and monitoring.

(iii) primary coolant circuit.

(iv ) reactor heat transport system including system design and coolant.

(v ) protection system where safety related instrumentation and special
principles for shut down systems were included.

( vi) essential services.

(vii) containment system.

(viii) fuel and absorber handling.

( ix) radiological protection engineering covering the fields of direct
radiation, contamination by radioactive material as well as instrumentation.

( x ) radioactive waste management engineering including storage, handling and
transport in all of its physical form, i.e., gaseous, liquid and solid.

( xi) analésis of plant faults, transients and abnormal conditions.

(xii) operating condition.

(xiii) reliability analysis.

(xiv) layout.
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( xv) external hazard covering abnormal wind loading, seismic effects. flood,
fire, explosion, missiles etc., and aircraft impact as well.

(xvi) decommissioning

(xvii) quality assurance

The final pages are devoted to the explanation of the terms used. which
are arranged in alphabetical order, where 44 items were included in the said
glossary.

(47)
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The estimation of potential senrce terms and resultant radiation dose to general
population was performed by PNL-Battelle (DOE) upon ANL (Argonne N.L.), where
the latter was asked by the US NRC.

Three damage scenarios of the 102 Bldeg at the G.E.-Vallecitos Nuclear Center
were taken into account. The building in terms of location, area, floor-and
basement has been graphically presented and verbally explained.

Based on the radioactive inventories, particularly in glove boxes, and anti-
cipating that seismic shocks, whose vibrating intensities might affect the
standard performance as well as the opertaion of relevant equipment, which in
the final end might lead to the distortion of the latter’s integrity, radiation
dose models were applied and dose models estimates with respect to fime,
distance, human ventilation and deposition were calculated.

The report concluded that maximum residual plutonium contaminants on the
ground at significant location in all scenarios do not exceed the limits of
0.2 micro Curie per m##2 proposed by the EPA.

The conclusions are explicitly presented in tabulated form of all scenarios
in the attached two sheets of paper.
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CONCLUSION

The "best estimates" of the source terms generated by the three postulated
levels of containment loss are shown in Table 1.

TABLE 1. Postulated Airborne Releases for Various Deérees of
Containment Loss for Barriers in the 102 Building

Scenario 1

Perforation of the Enclosures in and the Pu Analytical
Laboratory Structure

Instantaneous airborne release ———

Additional airborne reiease of Pu within next 2 hours 0.4 mg Pu

Additional airborne release of Pu within next 6 hours 4 mg Pu

Additional airborne release of Pu within next 16 hours 10 mg Pu

Additional airborne release of Py within next 3 days 8 mg Pu
Scenario 2

Collapse of the Pu Analytical Laboratory and Loss of HEPA
Filter-sealing Entry to the Radiocactive Materials Laboratory

Hot Cells
Instantaneous airborne release 20 mg Pu
Additional airborne release of Py within next 2 hours 0.8 yg Pu + 4§ uCi FP
Additional airborne release of Pu within next 6 hours 3 wugPu+ 10 uCi FP
Additional airborne release of Pu within next 16 hours 7 ug Pu-+ 30 pCi FP
Additional airborne release of Pu within next 3 days 10 upg Pu + 130 uCi FP

Scenario 3

Collapse of the Pu Analytical Laboratory and Loss of HEPA

Filter-sealing Entry to the Radioactive Materials Laboratory

and Perforation of the Enclosures in and the Structure

Enclosure of the Advanced Fuels Laboratory
Instantaneous airborne releése 20 mg Pu
Additional airborne release of Pu within next 2 hours 2mg Pu+ 4 uCi FP
Additional airborne release of Pu within next 6 hours 50 mg Pu + 10 uCi FP
Additional airborne release of Pu within next 16 hours 400 mg Pu + 30 uCi FP
Additional airborne release of Pu within next 3 days 3 gP<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>