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ABSTRACT

This report contains abstracts of articles which address various aspects
of quantitative risk analysis, covering the subjects of numerical risk cri-
teria, methodology and data. The articles were published primarily from 1976
to date in technical journals, reports, papers, etc. The articles selected
for this report were judged to have relevance to nuclear power plant risk
evaluations and to the possible establishment of the acceptability (or unac-
ceptability) of calculated nuclear power plant risks. A matrix of the various
risk criteria proposed is presented.
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INTRODUCTION

This document is a compilation of abstracts of various articles, re-
views, symposiums, reports, etc., which cover numerical risk analysis with
specific consideration given to those involved in formulating and utilizing
-numerical risk criteria. Emphasis has been placed on articles from-the nu-
clear industry, however articles from non-nuclear related fields which were
deemed relevant to nuclear risk evaluations and numerical risk criteria are
included.

Articles are classified by three categories: criteria, methodology and
data. Articles meeting the qualifications of each category are so indicated
in the "Title" table of contents, as well as .in the abstract format. The
criteria for each classification are as follows:

Criteria: Articles that discuss the need for, the pros and cons of, the
deveTopment of, and/or the philosophy of criteria are indicated with a
"C" or "_yeS".

Methodology: Articles that discuss the pros and cons of various method-
ologies, methodology requirements for probab111st1c evaluations, or
actually present a methodology that may ass1st in the development of a
risk criteria are indicated with an "M" or "yes" .
Data: Articles that discuss the problem with lack of data for risk an-
alysis, or present numerical values that may assist in the development
of a criteria are indicated with a "D" or "yes".

Examples on how this classification system is applied are as follows:

e Articles that present a numerical cfiteria would be indicated with a
llcll and IIDII

e Articles that discuss the methodology requirements for probabilistic
evaluations, including input data required would be indicated with an
IIMII and IIDII

o Articles that discuss a criteria along with various methodologies,
but do not present numerical data will be indicated with a "C" and
IIMII-

® Articles that present historical information on risk statistics would
be indicated with a "D"

e Articles that present risk comparisons would be indicated with a "D"
The format by which the abstracts are written is as follows:

File #: Brookhaven National Laboratory file number.

Title: Title of article. |

Author(s): Name of author(s) or principal investigator.



Affiliation: Corporation or university with which author {s affiliated.

Paper, Periodical, Report, Document, etc.: Presented or published (e.g.
'symposium paper presented, NUREG, report number, periodical and volume.)

Date: Date associated with previous category.

Conteﬁts Article data (pages, figures, tables, appendices, etc.) and the
classification.

Abstract: Abstract of article as presented by author and possibly modified
sTightTy to meet the requirement of this document, or abstract written by this
author.

In presenting the abstracts, we have attempted to summarize the results,
findings, and/or conclusions along with stating any uncertainties or confi-
dence levels as presented in the articles without 1nJect1ng the v1ewpo1nts of
the authors of this report.

Due to the frequent use of the word "risk" throughout the abstracts, it
was deemed necessary to clarify the specific meaning of the word. Thus fol-
Towing the initial use of the word "risk" within an abstract, it will be
followed by a symbol that corresponds to one of the following definitions:

risk® - risk expressed as expected consequence

riskPC - risk expressed as probability vs. consequence curve
riskf - risk expresﬁed as probability of fatality

risk9 - risk used in the general context to mean some measure of

consequence or harm

While the report presents a matrix of the various proposed risk cri-
teria, see Table 1, it is intended to provide a bibliography of articles which
cover numerical risk analysis for those involved in formulating and utilizing -
numerical risk criteria.




Table 1

Proposed Risk Criteria

Author

Affiliation

Date

Descriptor

Code

AIF

Atchison, R.

Bowen, J.
from
Okrent, D.

Burns, D.

Atomic Industrial
Forum

Canadian-Atomic
Energy Control
Board

UKAEA
UCLA

Los Alamos
Scientific Lab.

5-80

7-79

12-75

1979

Average number of public fatalities
per year attributable to the operation
of nuclear power (US only) exclusive
of fuel cycle should be lower than .1
per year per 1000 MW(e).

Frequency of serious core damagi per
reactor shall be lower than 10~* per
reactor year.

Each special safety system shall be
readily tested, as a system, and shall
be tested to demonstrate that any spe-

cia% safety system is no higher than
10-°,

Radioactive effluent due to normal

operation shall be such that the dose

to any individual member of the pub-
lic, from all sources shall not exceed
0.5 rem per reactor year whole body or
3 rem per year thyroid

Total expected dose to the population
around the reactor site shall not ex-
ceed 104 man-rem per year.

For any postulated combination of an
initiating event and failure of a
specific safety system the predicted
dose to any individual shall not ex-
ceed 25 rem whole body, 250 rem thy-
roid, and 10° man-rem.

The frequency per reactor year for
Toss of life shall be 10-5 with some
higher degree of confidence levels as-
signed to more severe consequence
events. '

The frequency of core melt accident
5 x 10-7/ry.



Table 1 (Cont'd)

Author

Affiliation

Date

Descriptor

vade

Canadian
Atomic
Energy
Control
Board

Farmer, F

Proposed Safety
Requirement for
Licensing of CANDU
Power Plants

"UKAEA

11-78

4-67

Critérié, on frequency of any init-

iating event assuming no special

safety system action - exposure in

Sv*

Accident Freq.
Consequence at (per reactor unit
Event per annum)

Whole Body Thyroid

0-0.0005 - 0-0.005 10-1
0.0005-0.005 0.005-0.05 1o-§

- 0.005-0.05 0.05-0.5 10~

Criteria on frequency of any serious
event sequence combining initiating

event and safety system failure - ex-

posure in SV*
Acc1dent Freq.
Consequence at (per reactor unit
Event per annum)

Whole Body  Thyroid

'0.05-0.1  0.50-1.0 10-4

- 0.1-0.3 1.0-3.0 10-5

0.3-1.0 3.0-10.0 10-6
*1SV = 100 rem

Suggested acceptable fatality rates
for events that lead to various iodine
releases

Fata11ty Rate

Consequences of Event grsons per
(curies released) ry)
10 0.3
102 2
103 3
104 2
10° 0.7
106 0.2

Arrived at this result by (1) present-
ing a thyroid dose for a given re-
lease, (2) assumed thyroid cancer rate
per man-rem, and (3) calculated fatal-
ity rate per reactor years.




Table 1 (Cont'd)

Author Affiliation

Date

Descriptor

Code

Griesmayer, M. [IEEE W.G. 5.4
- meeting of
5-15-80
Herbst, J Combustion

Hubbard, F.R. Engineering

Kinchin, G.H. UKAEA

5-80

10-76

8-78

An event causing > 10% of noble gas

inventory to be leaked into the prim-
ary coolant shall have a frequency
less than once in 5 plant lifetimes
(5 x 10-3/ry)

The frequency of large scale core
melt (> 10% of core) shall be 1less
than once 1in 25 plant lifetimes
(1 x 10-%/ry).

The frequency of large scale uncon-
trolled release (> 10% of iodine
inventory) shall be less than once in
125 plant lifetimes (2 x 10-5/ry).

Prescribed safety criteria relating
the radiological dose at site bound-
ary as a function of incident
frequency:

Incidents of moderate frequency (10

CFR 50 Appendix I) 1-0.5/r-y.

Infrequent 1nc1dents (0.1% of 10 CFR
100) 0.5-1. 25 x 10=2/r-y.

Incidents not likely to occur (small

fraction) (1% of 10 FR 100)

1.25 x 10-2-10-3/r-y.

Incidents of 1low probability (well
w1th1n) 10% of 10 CFR 100) 10-3 -
10-4/r-y.

Incidents of exceedingly low proba-
bility up to 10 CFR 100 (10 CFR 100)
10-% - 10-7/r-y

The frequency of early death close to
boundary shall be 1less than 10-6
per person per reactor year.

The frequency of delayed death shall
be less than 3 x 10-5 per person
per reactor year.



Table 1 (Cont'd)

Author Affiliation

Date

Descriptor

Code

Lellouche, G. EPRI

Okrent, D UCLA School of
& Whipple Engineering and
Applied Science

Otway, H. & UCLA School of
Erdmann, R.C. Engineering and
Applied Science

10-79

1977

1970

If the event probability carries along'

with it unacceptable* consequences and

is greater than 10~ /yr, then it

must be fixed.

If the event probab111ty is greater
than 10% of 10- /yr, its conse-
quences must be thoroughly evaluated
and decision made on the basis of
value/impact.

If the event probability is greater
than 1% but less than 10% of 10-%4,
it should be thoroughly evaluated and

~a decision made (probably) on the

basis of risk comparison with other
local risks (as well as value/impact).

If the event probab111ty is 1ess than
1% of 10-%/yr, it should be accepted

*Author does not define unacceptabil-
ity, he feels such a definition clear-
ly must arise from the socio-political
not the technical process.

Proposed risk acceptance criteria for
the most exposed individuals:

1. For essential technologies, 2 x 10
per year at 90% confidence level

2. For beneficial technologies, 10
per year at 90% confidence level

3. For peripheral technologies, not
genera11% beneficial to society,
2 x 107%/year at 90% confidence
level.

The concept of risk, based on the
authors evaluation of passed history
is as follows:

For accidents with frequencies of
fatality above 10-3 per person per
year (py) immediate action is taken to
reduce the hazard(s).




Table 1 (Cont'd)

Author

Affiliation

Date

Descriptor

Code

OtWay, H. &

Erdmann, R.C.

(cont'd.)

Wall, I.

Zebroski, E

EPRI

5-80

3-80

For accidents with frequencies of
fatalities in the vicinity of 10-4
py, people are willing to spend money
to control hazard.

For _accidents with frequencies of
fatalities in the vicinity of 10-5
py, people still recognize the risk
and may accept a certain amount of
inconvenience to avoid these risks.

For accidents with frequencies of
fatalities of the order of 10-6 Py,

© they are considered to be of no great

concern by the average person. They
are considered an act of God by some.

A tentative guideline for the frequ-

~ency of significant cladding degra-
dation such as TMI 2 would be in the

range of < 10~4/r-y.

Return period for TMI 2 like events

. for all reactors shall be no greater .

than 30 to 60 years.

Expected accidental  population dose

. < 500/pr/r-y

Expected accidental 1atent- cancer

- fatalities < 0.05/r-y.

Probability of 1 latent cancer fatal-
ity < 10™ /r -y.

Probability of early death at site
boundary <10‘8/r-y

ATWS goal of causing significant clad-
ding degradation §_10'5/r-y.

Accidents which reach the 'stage of
core melt, taking account of actual
population of civilian reactors in
operation in the U.S., shall have a
frequency of no more than one such oc-
currence in 30 years.



Table 1 (Cont'd)

Author Affiliation Date Descriptor Code

Zebroski, E. ‘ Reactor safety systems and contain- R
(cont'd.) ments shall be maintained and operated

so that even if core melt occurred a
radiation release leading to a dose of
1R or more to the public will have a
frequency per reactor year no higher
than 1 x 10-3.

Code Classification:

- core melt

- release

- dose

- safety system
cladding

- fatalities

- ATWS

- event

ME>TMOVOO =
[]




INDEX BY TITLE

TITLE AUTHOR(s} ~ . PAGE  FILE . CLASS
A Catalog of Risk . .. = Cohen, B.L., ) 1 D
) B T I - Lee, I.S. ,

A Feasibility Study of the Application of...  Mitra, S.P., 93 122  CMD

Numerical Risk Criteria in the Licensing Coppola, A.,

Miller, B.,

of Nuclear Power R1§gts in the United States

Philosophy

» Hall, R.

A General Evaluation Approach to Risk Okrent, D. 46 49 CMD
Benefit for Large Technological Systems
and its Application to Nuclear Power
A Method for Risk Analysis of Nuclear Maekawa, M;, 87 106 M
Reactor Accidents Rasmussen, N.,

Vesely, W.
A Parametric Utility Comparison of Coal Maures, K.M. | 59 60 D
and Nuclear Electricity Generation K
A Possible Standard of Risk for Beattie, J.R., 79 84 VCD
Large Accidental Releases Bell, G.D.
A Proposed National Nuclear Saféty Goal Zebroski, E.L. 75 95 CMM
AIF Position Statement on Atomic Industrial 81 91 CD
Quantitative Safety Goals Forum
An Approach to Societal Risk Acceptance Okrent, D., 31 18 CD
Criteria and Risk Management Whipple, C.
An Index of Hazards for Radioactive Waste Watson, S.R. 37 35 CM
(Revised)
Application of Risk Acceptance Criteria Johnson, D. 67 85 CD

Kastenburg, W.
Application of Risk Allocation to Reactor Otway, H. 73 69 CMD
Siting and Design
Application of the Concept of Total Risk to McNeill, H. 41 8 C
the Licensing of Nuclear Power Stations
Applying Cost-Benefit Concepts to Projects Hirshleifer, J., 56 55 MD
which Alter Human Mortality Bregstrom, T.,

Rappaport, E.
Approach to (Nuclear Reactor) Safety Birkhofer, A. 88 105 o



INDEX BY TITLE (Cont'd.)

TITLE

Approaches to Acceptable Risk

Areas of Uncertainty in Estimates of
Health Risks '

Assessment of Acceptable Risk (Using
Nuclear Waste as an Example)

Assessment of Energy Parks vs. Dispersed
Electric Power Generating Facilities

Assessment of Risk, Its Value and
Limitations (Nuclear Installations)

Attributes of Risk Criteria

Catastrophic Events Leading to De-Facto
Limits on Liability

Collision Risk and Economic Benefit Analysis
of Composite Separation for the Central East
Pacific Track System

Comparative Risk-Cost-Benefit Study
of Alternative Sources of Electrical Energy

Comparative Risks of Different Methods
of Generating Electricity

Comparative Biological Hazards of
Chemical Pollutants and Radiation

Concept of a Threshold of Effect in Esti-
mating the Human Health Risk of Chemical
Toxicants

Cost Benefit Comparison of Nuclear and
Nonnuclear Health and Safety Protective
Measures and Regulations

10

AUTHOR('s) PAGE

FILE

CLASS

Fischhoff, B., 77
Lichtenstein, S.,
Slovic, P.,

Derby, S.,

Keeny, R.

Biomedical and 77
Environmental
Assessment Div.
Brookhaven Nat'1
Laboratories,

Hamilton, L.

National Council 76
on Reduction

Protection and
Measurements

General Electric 80
Company

Dunster, H., 89
Vinck, @.

Jaquith, R.E. ' 73

Solomon, K.N., 4?2
Okrent, D.

Busch, A.C., 54
Colomosca, B.,
Vanderveer, J.

National Science 66
Information Staff

American Nuclear 32
Society

Mukherjee, R.N. 37

 Upholt, W. 29

0'Donnell, E.D., 84
Mauro, J.

21

70

23

72

109

94
16

53

68

26

42
30

102 -

Ch.

CD

CD

CMD

CD




INDEX BY TITLE (Cont'd)

TITLE

Criteria For Radioactive Waste -
A Time for Reason

Criteria for Risk Acceptance; A Health
Physicist's View

Decision Criteria for the Selection of
Risk Criteria

Design Criteria, Concepts and Features
Important to Safety and Licensing

Determination of Acceptable Risk Criteria
- for Nuclear Waste Management

Determining Acceptable Risk

Development of Adequate Risk Standards

Development of Approaches for Acceptable
Levels of Risk

Disasters as a Necessary Part of
Benefit-Cost Analysis
Economic Appfoach to Risk Benefit Analysis

Education and Public Acceptance of Nuclear
‘Power Plants

Energy and the Environment - A Risk Benefit

Approach

E~vironmental Impact of Radioactive
Release from Accidents in Nuclear Power
Reactors

German Risk Study for Nuclear Power Plants

Health and Environmental Effects of"

Electricity Generation - A Preliminary Report

High Level Radioactive Waste From Light
Water Reactors

AUTHOR(s)

Cramer, E.N.
Grebel, T.L.

Huld, A.
Temme, M.
Kinchin, G.H.
Cohen, J.d.
Starr, C.,
Whipple, C.
Farmer, F.R.
Rowe, W.D.
Mark, R.K.,
Stuart-Alexander,
D.E. :
Hirshleifer, J.B.
Delcoigne, G.
Ashley, H.,
Rudman, R.L.
Whipple, C.
Beattie, J.,
Griffith, R.,
Kaiser, G.
Reactor Safety
Company
Hamilton, L.D.

Cohen, B.L.

PAGE FILE CLASS
89 115 C
86 101 cD
78 92 C
40 10 CMD
57 58 CMD

79 9 C
75 81 - C
30 30 CM
78 82 D
30 30 CMD
54 51 C
61 62 C
81 100 D
43 3 D
45 99 MD
52 36 D



INDEX BY TITLE (Cont'd)

TITLE

Historical Perspectives on Risk for Large
Scale Technological Systems

How Safe is Safe Enough? A Psychometric
Study of Attitudes Towards Technological Risk
and Benefits

Impact on New York City of Reactor
Accidents at Indian Point

Incremental Net Social Benefit Associated
with Using Nuclear Fueled Power Plants

Index of Harm: A Measure for Comparing
Occupational Risk Across Industries

Ihitia] Quantification of Human Errors
Associated with Reactor Safety Systems
Components in Licensed Nuclear Power Plants
Is Solar Power Riskier than Nuclear

Low Level Radiation, A Review of Current
Estimates Hazards to Human Population

Mathematical Methods of Probabilistic
Safety Analysis

Measuring Social Risk and Determining
its Acceptability

Medical Aspects of Power Generation,
Present and Future

Methods for the Evaluation of Risk

Nuclear Power as a Public Issue, Pro-
tection of the Public Interest

Nuclear Power Debate - Moral, Economic,
Technical, and Political Issues

12

AUTHOR(s)

Baldewicz, W.,
Haddock, E.,
Pragoto, Y.,
Whitley, R.,
Denny, V.

Fischhoff, B.,
Stovic, P.,
Lichtenstein, S.,
Read, S.,
Combs, B.

Bayea, J.
Maoz, I.
Abrahan, S.C.,
Solomon, K.A.
Luckas, W.J.,
Hall, R.

Inharber, H.

Myers, D.
Apostolakis, G.
Lathrop, J.
Linnemann, R.

Beattie, J.R.,
Bell, E.D.,
Edwards, J.E.

Doderlein, J.

Myers, D.

PAGE FILE  CLASS
29 39 )
50 17 M
40 5 D
42 46 MD
45 40  MD
33 119 MD
90 114 D
91 07 D
49 47 M
53 50 M
91 104 D
32 22 M
92 112 c
45 4 C




INDEX BY TITLE {(Cont'd)

TITLE

t

Nuclear Power: The Answer that Became a
Question An Assessment of Accident Risk

Nuclear Reactor Philosophy and Criteria

Nuclear Systems Reliability Engineering
and Risk Assessment

Occupational Doses in the Ontario Hydro
Nuclear Power Program

On a Rational Basis for Designing for
Safety and Operability

On Risk Assessment in the Absence of
Complete Data

On the Evaluation of Biological Hazards
and Competing Risk

On the Selection of Risk Criteria

Policy Stétement on Use of PRA in

the Regulatory Process

Possible Forms for Top Level Criteria
Potential Radiation Dose to Man from Re-

cycle of Metals Reclaimed from a Decom-
missioned Nuclear Power Plant

Principles and Standards of Reac tor Saféty
Principles and Standards of Reactor Safety

Probabilistic Analysis of Accidental
Transients in Nuclear Power Plants

Probabilistic Risk Assessment in Nuclear
Power Plant

13

AUTHOR( s)

Sorensen, B.

Atchison, R.J..

Fussé]l, J.B.,
Burdick, G.R.

Wilson, R.

Lellouche, G.S.

- Kastenberg, W.,

McKone, T.,
Okrent, D.

Watson, G.S.

pParr, V.B., .

Tashjian, B,M. .
0'Donnell, E.D.

Temmé, M.

0'Donnell, F.,
Cotter, S.,
Kocher, D.,
Etnier, E.,
Watson, A.

Cave, L.,

Inter. Atomic -

Energy Agency
Ameéz, J.,
Volta, G.,
Garribba, S.

Wall, I.B.

PAGE  FILE  CLASS
84 108 c
34 45 CMD
68 76  CMD
92 111 c
65 73 oM
85 118 MD
57 87 D
P S
0 w0 o
72 3
85 103 MD
36 322 ¢
63 19 c
69 77 c
35 2

CMD
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TITLE

Proceedings of Quantitative Environmental
Comparison of Coal and Nuclear Electrical
Generation and Their Associated Fuel Cycles
‘Workshop Vols. I & II ‘

Proposed Criteria for Reactor Risk Assessment
Proposed Safety Requirements for Licensing

of CANDU Nuclear Power Plants

Quantitative Environmental Comparison of
Coal and Nuc]ear Generation Workshop Summary

Quantitative Safety Analysis- Chapter 2-
Safety Criteria

Rating the Risk

Radioactive Re]eases from Nuc]ear Instal-
lations :

Reactor Siting and Design from a
Risk Viewpoint

Recent Developments in Training of the
Emergency Organization at SSPB's Nuclear
Power Station in Sweden

Recogn1t1on, If Not the Acceptance,
of Risk in an Industrial Soc1ety

Recommended Design Criteria for Nuc]ear
Power Merchant Ships

Review of Issues Relevant to Acceptable
Risk Criteria for Nuclear Waste Management

Risk Analysis of the Fuel Cycle in the
Netherlands

Risk Assessment and Health Effects of Land
Application of Municipal Wastewater and
Sludges (Proceedings)

Risk Assessment and the Social Response
to Nuclear Power

14

AUTHOR(s)

MITRE Corporation

Burns, R.D.
Atomic Energy
Control Board
of CANDU

Bernardi, R.,
Borko, B.

Bell, G.D.
Stovic, J.,
Fischhoff, B.,

Lichtenstein, S.

Clarke, R.,
MacDonald, H.

Otway, H.J. ="
Erdmann; R.C. -

Ekholm, S.

Farmer, F.R.
Dickinson, R.W.
Levine, Z.
Cohen, J.d.
VanQOtterloo, R.,
Kenna, N.

Sagik, B.P.
Sorber, C.A.

Otway, H.J.

PAGE FILE CLASS
54 52 MD
34 44  CMD
59 29 - CMD
61 63 MD
39 34 C
58 59 D
83 113 CM
39 38 CMD

93 117 c
36 31 CMD
71 80 c
60 61 CM
88 116 D
52 37 D
62 64

MD
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TITLE : AUTHOR('s) PAGE FILE CLASS
‘Risk Assessment of Storage and Transport Simmon, J.A. - 44 20 MD
of Liquefied Natural Gas and LP-Gas - :
Risk Associated with Nuclear Power National Academy 66 67 D
v of Science.

Risk Benefit Evaluation for Large' Okrent, D. 36 33 CM
Technological System
Risk Benefit Evaluation of Nuclear Power Mietﬁiner, J., 62 65 D
Plant Siting : Savolinon, I.,

Silvennoinen, P.,

Torino, E.

Vuori, S.
Risk Benefit Methodology and Application Okrent, D. 51 30 CMD
Risk Comparison Coppola, A., 94 121 D

: . Hall, R. '

Risk in Hydroe1ectricity Production ' 'inhaber, H. 65 74 D
Risk Management Decision Rules for LNR's : Griesmayer, M. 66 89 CD
Risk of Nuclear Power Reactors (The) ~ Kendall, H.W. 56 . 56 MD
(A Review of the NRC Reactor Safety Study ‘ '
WASH-1400) ‘
Risks to the Population and the Individual Beattie, J.R. 33 22 CMD
from lodine Releases
Role of Reliability in the LMFBR Industry Penland, J.R. 68 76 c

Smith, A.M.

Goeser, D.K.
Role of Reliability and Risk Assessment Grahan, J. 38 41 cD
in LMFBR Design: Implementation of Zemanick, P.

Reliability in LMFBR Design

Role of Risk Assessment in the Nuclear Levine, S. . 82 110 - C
Regulatory Process

Safety Criteria Applied in the Design Nycz, C. 69 78 CD
of the Polish Test Reactor 'Maria’ and , ' '
Evaluation of the Effectiveness of the

Proposed Containment Systems

Safety Design Criteria and- Operat1ng Herbst, J.d. 67 75 -CD
Experience _ Hubbard, F.R. -

15
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TITLE

Secretary's Report of the Third
Meeting of IEEE 5.4

Sensitivity of Risk Parameters to Human
Errors in Reactor Safety Study for a PWR

Siting Criteria - A New Approach

Social Decision Making For High Consequence
Low Probability Occurrences

Some Probabilistic Aspects of the Seismic
Risk of Nuclear Reactors

Standards and Criteria in Use or Being
Developed for Reactor Safety

Sul fur Control in Coal Fired Power Plants:
A Probabi]istic Approach to Policy Analysis

Supplemental Testimony Regarding Health
Effects Attributable to Coal and Nuclear
Fuel Cycle Alternatives -

TMI and the Future of Reactor Safety

Use of PRA in Evaluating Safety of Nuclear
Power :

Usefulness of Alternative Integrative

Assessment Methodologies in Pub11c
Decision Mak1ng

What ATWS Risk Would be Cause for Concern

What Others Think (Wi1l the Past Be
Prologue?)

16

AUTHOR(s)
Bhattacharyya, A.K.

Samanta, P.K.
Swoboda A.L.
Hall,

Farmer, F.R.

National Planning
Association

Haldi Associates

Hsieh, T.,
Okrent, D.

Minogue, R.

Morgan, M.G.,

Rish, W.R

Morris, S.é.,
Meir, A.K.

Gotchy, R.L.

Levine, S.

Jocksimovic, V.,
Vesely, W.

Erickson, Z.,
Currie, J.,
Litchfield, J.,
Adams, R.,
McDonald, C.

Wall, I.

Van Horn, A.,
Wilson, R.

CLASS .

PAGE  FILE
74 98 co ¢
94 124 . MD
96 22 cD
51 43 CD
55 54 D
71 79 C
49 48 D
41 6 D
95 120 cM
82 123 M
64 66 M
81 87 D
80 71 cD
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Adams, R.C.

American Nuclear Society
Amesz, J.
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Ashley, W
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Atomic Energy Control
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Bayea, J.
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An empirical study of historical trends in the risks® sustained
by participating populations for various large-scale technologi-
cal systems is presented. Results are reported for three system
categorizations: Natural Hazards, Man-Made Hazards, and Occupa-
tional Hazards. A new model for risk assessment is introduced
that avoids the problems associated with assessing the value of a
human life in risk-benefit decision making. The model- treats
risk in temms of loss of life expectancy. From the historical
trends in Lf (the rate of loss of life expectancy) for the rate
systems studied, it concluded that: (1) appreciable disparities
exist in Lg for occupational hazards, despite nearly similar
benefits for the population at risk; (2) federal legislation can
have a significant impact on risk abatement; (3) federal safety
legislation efforts appear to be most responsive to high publi-
cized disastrous accidents rather than to chronic, low-level
hazards; (4) the introduction of a new technology as well as lack
of maintenance of old technology can result in risk level in-
creases; and (5) natural hazard risk levels are extremely low and
can further be reduced in some cases, either by collective or
individual precautionary measures.
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Article states no numerical threshold value is useful in setting
a "safe" level, even if such a level exists in theory. When ex-
posed to radiation, toxic-chemicals or corengenics a safe level
is considered as being the highest dose at which no effects would
be observed. With the term effect being defined in some sense
that requires a significant reaction by a organism as a whole,
then there will be a clearly defined dosage below which there
would be no evidence of a reaction. 1In all regulatory decisions
the scientist should describe as clearly as possible, what they
believe the risk to be at each of the achievable control levels.
They should describe the model or rationale for arriving at these
estimates together with the rationale for higher or lower esti-
mates, thus providing evidence of their degrees of uncertainty.
This would provide the decision maker with a usable estimate of
reduction in risk that he can balance against the social cost of
the regulation.

The Economic Approach to Risk-Benefit Analvsis
J. Hirshleifer
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at the Engineering Foundation Workshop held at Asilomar, Cali-
fornia, September 22-26, 1975
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Article covers some of the strengths and weaknesses of cost-
benefit analysis as a general procedure, then accents the special
feature that distinguishes risk-benefit analysis. The need to
account for a particular type of "external" or non-marketed ef-
fect: the chance of loss of 1ife, or other injury suffered by
members of the community as a result of adoption of a public
policy alternative under consideration is discussed. The author
states that it seems highly unrealistic to assert that the supply
and demand for risk taking will determine a definite "price of
survival probability," a price that everyone will be aware of and
can adapt to, and consequently a risk-taking equilibrium.
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The acceptability of new technology options depends upon the de-
velopment of methods to establish acceptable levels of risk®
for society against which these options may be compared. Insight
into the problems of developing acceptability criteria is pro-
vided which may lead to the development of such criteria. Dis-
cussed are the process of risk determmination, objective and sub-
jective risk parameters, valuation of consequences, societal risk
estimates and elements of a methodology for acceptable level of
risk determination, based on risk vs. benefit.

An Approach to Societal
Management

Risk Acceptance Criteria and Risk
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A quantitative approach to risk acceptance criteria and risk man-
agement is proposed for activities involving risk to individuals
not receiving direct benefits, such as employment, from the acti-
vity. Societal activities are divided into major facilities or
technologies, all or part of which are categorized as essential,
beneficial, or peripheral, and a decreas1ng level of acceRtab1e
risk to the most exposed individual is proposed (2 x 10~ /year
for essential, 10~ /year for beneficial, and 2 x 10- /year
for peripheral activity). Thelmskf probabi]ity of death from
a technology or situation, would be assessed at a high confi-
dence level (say, 90%), thereby providing an incentive for gain-
ing better knowledge. -

Each risk-producing facility, technology, etc. would have to
undergo assessment of risk both to the individual and to’society.
The cost of the latter would have to be internalized, probably
via a tax paid to the federal government, which in turn would re-
distribute the benefit as national health insurance or reduced
taxes to the individual. Risk aversion to large events would be
built into the internalization of the cost of risk.
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The risksf associated with producing electric power with nuc-
lear energy are small when compared with either the risks asso-
ciated with other methods of electricity production, coal, solar,
fusion, etc. or the societal risks to which we are exposed in our
daily lives. Scientific data supporting this position are well
documented. The public, upon whom ultimate energy decisions
rest, should become aware of these data. The consequence of poor
dec1s1ons in the deve]opment of electric energy resources is at
least an unwarranted increase in the costs of e]ectr1c1ty, and at
worst may lead to long-term society-wide economic trauma. This
position statement considers studies of the comparative risks of
several electrical energy sources, as well as other societal
risks. The American Nuclear Society concludes that compared with
all the sources that have the potential to supply large amounts
of electric power, nuclear energy is as safe as or safer than the
available alternatives and endorses nuclear power in conjunction
with the use of coal as the fuel sources for America's electrical
power needs.

Methods for the Evaluation of Risk

J. R. Beattie, E. D. Bell, J. E. Edwards

UKAEA Authority Health & Safety Branch
AHSB(S) 159, 1969 reprinted 1971

37 pages, 7 figures, 5 tables
Criteria no, Methodology yes, Data no

Mathematical methods are presented which are used to evaluate the
risk to the population distribution surrounding a hypothetical
large power reactor. The reactor is assumed to satisfy a con-
trol curve of the Farmer type relating the activity released in a
given range of curies on a logarithmic scale to the probability
that the release will occur. Probability versus consequence re-
sults are presented for cases in which the release of iodine is
The results are expressed in
the form of curves relating number of cases of thyroid cancer to
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the probability that the number lies in a given range also on a
logarithmic scale. After a general mathematical discussion has
been given, a variety of particular solutions are examined which
reveal or illustrate the effects of the release control curve,
the dose-risk curve for the individual, and the population dis-
tribution for the site, upon the form of the frequency-casualty
curve (in this case the f-N curve where N is the number of cases,
and f is frequency). A method for computing risk,PC of thyroid
dose due to a release, using the population figures and meteoro-
logical data for a site is given, including an outline of the
"STRAP" program for this purpose. The f-N cuvv~s derived in this
way are given for seven population distributions, and general
conclusions regarding comparative risks are discussed.

‘Initial Quantification of Human Errors Associated with Reactor

Safety System Components in Licensed Nuclear Power Plants
W. J. Luckas, R. Ha]I

Brookhaven National Laboratpry, Upton, N.Y. 11973
NUREG/CR 1880/BNL-NURE 51323, December 1980

34 pages, 5 tables

Criteria no, Methodology yes, Data yes

This report provides a methodology for an initial gross
quantification of human errors made in conjunction with several
reactor safety system components operated, maintained, and tested
in licensed nuclear power plants. The resultant human error
rates provide the first real systems bases of comparison for ex-
isting derived and/or best judgement equivalent set of such rates
or probabilities.

Risks to the Population and the Individual from Iodine Releases
J. R. Beattie | |

UKAEA, Authority Health and Safety Branch

Appendix to “S{ting Criteria - A New Approach" by F. R. Farmer
Appendix to SM-89/34, 1967 |

8 pages; 3 figures

~Criteria yes, Methodology yes, Data yes
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inated

Evaluates the risk of releasing jodine from a reactor in or near
a populated area. This is achieved first by assessing the total
number of cases 1likely to arise in the populated area, and
secondly, by assessing the risk, development of thyroid cancer,
to an individual living near the reactor. '

Prbposed Criteria for Reactor Risk Assessment

R. D. Burns, III

Eﬁergy Division, Los Alamos Scientific Laboratory
Response to a letter by W. E. Veseley (NRC), 1979

7 pages ‘
Criteria yes, Methodology yes, Data yes

Author proposes criteria which would require a sufficiently low
chance of core melt such that accidents involving large radio-
activity release would contribute negligibly to risk during the
expected 1life of the nuclear industry. Riskf would be dom-
instead by the more frequent, low-level releases from
LOCAs, steam generator tube ruptures, and fuel-handling acci-
dents. The proposed criteria are: (1) one core melt accident
per 2,000,000 year7per reactor; (2) an average individual latent
cancer risk of 107/ per year per person; (3) accident probabil-
ity vs consequence curves which predict annual cumulative low-
Tevel accident releases below 500 person-rem per reactor year
average. No discussion on associated confidence levels are
given.

Nuclear Reactor Philosophy and Criteria

R. J. Atchison

Director, Assessment Branch, Atomic Energy Control Board
Presentation on July 18, 1979, to the Select Committee on Ontario
Hydro Affairs Summer Schedule on Hearings on the Safety of Nuc-
lear Reactors )

July 1979

23 pages, 1 table, 1 figure
Criteria yes, Methodology yes, Data yes
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The Canadﬁan Reactor Safety Philosophy Criteria and Principles
are explained, philosophy being the defense - in depth concept.

_Five lines of defense are named and it is noted that emphasis is

placed on quality assurance throughout. In addition, the paper
states that particular care is taken to eliminate opportunities
for human error during operation or during postulated accident
situation. In applying this basic philosophy, a number of
specific criteria and principles are evolved and discussed in de-
tail: (1) design and construction are to conform to the best ap-
plicable codes, standards, and procedures; (2) all process sys-
tems essential to the reactor shall be designed such that the
total of all serious failures does not exceed 1 per 3 years; (3)
safety systems shall be physically and functionally separate from
process systems to the extent possible; (4) each special safety
system shall be readily testable, as a system, to demonstrate
that its unavailability is less than 1072; (5) standards are
set for radioactive effluents due to normal operation, for the
effectiveness of special safety systems in case of a process
failure, and for "dual" failures -(process and safety system
failure).

Probabilistic Risk Assessment in Nuclear Power Plant Regulation

I. B. Wall

Electric Power Research Institute

Paper presented at the Second International Seminar, Structural
Reliability of Mechanical Components & Subassemblies of Nuclear
Power Plants, Berlin (West), Germany, August 20, 1979

August 1979

38 pages, 2 figures, 2 tables
Criteria yes, Methodology yes, Data yes

A specific program is recommended for more effective use of
probabilistic risk assessment in nuclear power plant regulation.
It is based upon the engineering insights from the Reactor Safety
Study (WASH-1400) and some follow-up risk assessment research by
USNRC. The Three Mile Island accident is briefly discussed from
a risk viewpoint to illustrate a weakness in current practice.
The development of a probabilistic safety goal is recommended
with some suggestions on underlying principles. Some ongoing
work on risk perception and the draft probabilistic safety goal
being adopted by Canada is described. Some suggestions are of-
fered on further risk assessment research. The author does not
specifically propose a criteria, but comments and evaluates var-
jous findings and criteria that exists today. Finally, some
recent actions by the U.S. Nuclear Regulatory Commission are des-
cribed.
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The Recognition - If Not the Acceptance - of Risk in an Indus-
trial Society

F. R. Farmer
UKAEA

Journal of the Institute of Nuclear Engineering (Nuclear Ener-
gy), Volume 18, No. 4, pp. 99-105, August 1977

7 pages A
Criteria yes, Methodology no, Data yes

A discussion of the recognition and acceptance of risk within our

society. Examines the problem of drafting acceptable risk cri-
teria for both nuclear and non nuclear risks.

Principles and Standards of Reactor Safety
L. Cave
Pollution Prevention (consultants)

Nuclear Engineering 203, pp.

International, Volume 18, No.
365-66, April 1973 _

2 pages

Criteria yes, Methodology no, Data no.

Reviews the 45 paperé presented at the IAEA International Sympo-
sium on Reactor Safety, held at Julich, February 5-9, 1973. The
paper summarizes topics discussed: Acceptable Risk, Accident

Effects and Consequences, Standards and Criteria, Operation
Experience.

Risk Benefit Evaluation for Large Technological Systems
D. Okrent

UCLA School of Engineering and Applied Science

Nuclear Safety, Volume 20, No. 2, March-April 1979

16 pages, 8 figures _ _
Criteria yes, Methodology yes, Data no
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The related topics of risk-benefit analysis, risk analysis, and
risk-acceptance criteria (how safe is safe enough?) are of grow-
ing importance. An interdisciplinary study on various aspects of
these topics, including applications to nuclear power, was under-
taken. A final report, entitled, "A Generalized Evaluation Ap-
proach to Risk-Benefit for Large Technological Systems and its
Application to Nuclear Power," was issued in 1978. This article
briefly summarizes portions of the final report dealing with
general aspects of risk-benefit methodology, societal knowledge
and perception of risk and risk acceptance criteria.

Comparative Hazards of Chemical Pollutants and

Radiation

Biological

R. N. Mukherjee

International Atomic Energy Agency

International Atomic Energy Agency Bulletin, Volume 20, No. 3,
pp. 31-38, June 1978

8 pages, 3 tables

Criteria no, Methodology no, Data yes

Chemical pollutants from conventional energy and industrial
sources pose a hazard to man's health. Insufficient knowledge of
their detailed mechanisms of interaction with biological systems
represents the greatest handicap in current attempts to real-
istically assess the health risks of chemical pollutants in the
short and long terms. The author's position is that so far
nuclear power has succeeded in achieving a remarkable health
safety record. A projection from past experiences, together with
continued efforts to improve health safety aspects, seems to
justify an expectation that proposed expansions in the nuclear
power program will not have an unfavorable environmental impact.
The author concludes by saying the potential hazards and chal-
lenges from the associated radiation in man's environment have
proven manageable. More attention now needs to be paid urgently
to safeguard human health and environment against the chemical
pollutants.

An Index of Hazard for Radioactive Waste (Revised)
S. R. Watson
Lawrence Livermore Laboratory, Livermore, California

Interim Technical Report PR 78-10-80R, June 1978
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67 pages, 3 figures
Criteria yes, Methodology yes, Data no -

This is an interim report of a study to establish a risk measure
for radioactive waste repositories and to generate radiological
performance objectives. The index of hazard ought to depend upon
the nature and severity of possible consequences and the prob-
abilities of those consequences. The problem of regulating
radioactive waste repositories is reviewed, and the difficulties
are discussed. Risk-benefit analysis as a tool for regulation
has been suggested, and its contribution is assessed. Decision
analysis as a development of risk-benefit analysis is suggested
as an alternative approach, in particular, use of the concept of
expected utility. A utility function describing the possible
consequences of a radioactive waste repository is discussed in
some detail, with particular attention to the public concerns
which such a function must be address and how it is recommended
to capture them. A specific utility function is developed, and
its elicitation from a particular subject described. The repre-
sentation of public values in a decision-analytic approach pre-
sents some problems and these are fully discussed; recommenda-
tions are made as to appropriate methods to carry out this
approach. The vexing question of determining an acceptable

- safety limit is studied and recommendations are made concerning

the most suitable way to determine "how safe is safe enough."
Setting an acceptable 1imit on hazards may be approached by de-
termining the acceptable risk by: (1) expressed preference, (2)

- revealed preference, (3) comparison with background radiation,

(4) implication from accepted nuclear hazards, (5) comparison

with the cost of safety, and (6) comparison with alternatives.
.Finally, a brief discussion is given of how these concepts may be

employed to generate radiological performance objectives.

The Role of Reliability and Risk Assessment in LMFBR Design:
Implementation of Reliability in LMFBR Design

J. Grahan, P. P. Zemanick

Westihghaﬁée Electric Corporation, Advanced Reactor Division-
Nuclear Engiheering and Design, Volume 22, No.ll, 1977

9 pages, 2 tables, 1 figure
Criteria yes, Methodology no, Data yes

This paper concerns future developments in LMFBR Licensing Tech-
nology. Potential future roles of reliability and risk assess-
ment are discussed in the context of providing additional con-
firmation of the safety of LMFBR designs. Potential acceptabil-
ity criteria for risk evaluations are outliined. The reliability
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implications of designing components to the ASME Code Section III
requirements are discussed. General judgments are provided as
well as the preliminary results of probabilistic studies of
selected specific limits.

Quantitative Safety Analysis - Chapter 2 - Safety Criteria

G. D. Bell

UKAEA, Health and Safety Branch

Nuclear Engiheering and Design, 13(2), pp. 187-190, August 1970

4 pages, 4 figures
Criteria yes, Methodology no, Data no

From the author's viewpoint representation of a safety criterion
for reactors by means of an acceptable freauency distribution of
curie releases conforms with a realistic philosophy of safety in
which all sequences of events not at variance with the laws of
nature are to be considered. The frequency-curie release criter-
jon, Farmer's curve, has been given a precise interpretation and
can be used directly by designers and by safety assessors in
evaluating the adequacy of the safety provisions. To accomplish
this evaluation, the method has stimulated examination of reli-
ability considerations of systems and components and the accumu-
lation of reliability data. Finally, by evaluating the conse-
quences to the population around a site expected from a reactor
conforming with criterion, it is possible to compare the nuclear
risk with risks associated with other activities of man and with
the natural risks to which we are all exposed.

Reactor Siting and Design from a Risk Viewpoint
H. J. Otway, R. C. Erdmann

Nuclear Engineering and Design, Volume 13, No. 2, pp. 365-376,
August 1970

12 pages, 6 figures, 4 tables
Criteria yes, Methodology yes, Data yes

This paper proposes a method for assessing reactor safety, based
upon the individual mortality risk' which allows: (1) the de-
termination of necessary site exclusion radii, and (2) the evalu-
ation of safeguards in terms of the risk reduction provided. Dis-
cussed are risk concepts, biological risk, and reactor risks. To
demonstrate this method, a hypothetical 1,000 MW(e) PWR was eval-
uated. Results indicate that for a maximum individual mortality
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risk of 10-7 per year-  (at the site boundary), an exclusion
radius of 350 m is required. For a densely populated urban site,
the total risk" was found to be 0.003 deaths over a 30-year
reactor lifetime. Riskf was found to be not particularly
sensitive to accident probabilities.

The Impact on New York City of Reactor Accidents at Indian
Point

Jan Beyea

Research Staff, Center for Energy and Environmental Studies,

Princeton Un1vers1ty

Statement to the New York City Council June 11, 1979 (corrected
June 20, 1979)

34 pages, 7. figures, 6 tables

Criteria no, Methodology no, Data yes

Discusses: (1) the probability of serious. accidents at Indian

Point; (2) the consequences of such accidents for residents of

N.Y.C.; (3) and actions the city and state might take to reduce

the consequences of such accidents. Recommends that technical

studies be made to: (1) investigate alternatives to Indian

Point, noting. that other energy sources have risks associated
with them; (2) improve the safety, such as filtered venting of
containment building, emergency planning, iodine stockpiling.

Design Criteria, Concepts and Features Important to Safety and
Licensing

G. H. Kinchin

Safety and Reliability Directdrate, United Kingdom Atomic Energy
Authority

1978

8 pages, 3 figures, 2 tables
Criteria yes, Methodology yes, Data yes

This paper states that quantitative risk assessment can be used
to compare the relative safety of different plants, but to be of
greatest value, the method must be used in conjunction with
numerical acceptance criteria. This paper considers criteria for
individual and for societal risks. Existing non nuclear hazards
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are taken into account in determining the criteria, (See Table 1
of this report) and it is pointed out that the risks, both indi-
vidual and societal, from nuclear plants designed to these
criteria are much lower than those from other causes.

Application of the Concept of Total Risk to the L1cens1ng of .
Nuclear Power Stations (Draft) :

H. McNeill
Consultant
May 1979

16 pages, 1 figure '
Criteria yes, Methodology no, Data no -

The author's position is that advances in the technique of risk
assessment, heightened public awareness of safety, and the pres-
sure from 1ndusthy has demonstrated the need for improved safety
standards and criteria for the design and operation of nuclear
power stations. This study investigates the problems  associated
with the interpretation and application of current regulations
and criteria in the "licensing process," and concludes that the
concept of Timited risk9 from a single event which is the basis
for present reqgulations and guidelines is a necessary but not
adequate criterion for licensing. The concept of "total risk" is
advocated as a basis for establishing quantitative safety stan-
dards and to support licensing decisions. The author uses the
following expression to define risk: Risk to. the public invol-
ving both economic and health consequences is determined by the
integrated or total risk due to all events which can occur during
a time interval. The ‘total risk is the summation of all risks
and not just the risk for one event (the limiting event) that
might occur during the time interval.

Supplemental Testimony Regarding Health Effects Attributable to
Coal and Nuclear Fuel Cycle Alternatives

R. L. Gotchy

25 pages, 6 tables
Criteria no, Methodology no, Data yes
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The author's viewpoint is that it is extremely difficult to
provide precise quantitative values for excess mortality and
morbidity, particularly for the coal fuel cycle. While future
technological improvements in both fuel cycles may result in
significant reductions in health effects, it is concluded that
the nuclear fuel cycle is considerably less harmful to man than
the coal fuel cycle. The author notes that although there are
large uncertainties in the estimates of most of the potential
health effects of the coal cycle, the impact of transportation of
coal is based on firm statistics, with this impact alone being
greater than the conservative estimates of health effects for the
entire uranium fuel cycle.

Incremental Net Social Benefit Associated with Using Nuclear-
Fueled Power Plants

1. Maoz

University of California, Los Angeles, Department of Energy
and Kinetics

UCLA-ENG~76117, December 1976

52 pages, 9 figures, 7 tables
Criteria no, Methodology yes, Data yes

This paper assesses the "incremental net social benefit" (INSB)
resulting from nuclear-fueled, rather than coal-fired, electric
power generation. The INSB is defined as the difference between

the "incremental social benefit" (ISB) -- caused by the cheaper
technology of electric power generation, and the "“incremental
social cost" (ISC) -- associated with an increased power produc-

tion, which is induced by cheaper technology. Section 2 focuses
on the theoretical and empirical problems associated with the as-
sessment of the long-run price elasticity of the demand for elec-
tricity, and the theoretical-econometric considerations that lead
to the reasonable estimates of price elasticities of demand from
those provided by recent empirical studies. Section 3 covers the
theoretical and empirical difficulties associated with the con-
struction of the long-run social marginal cost curves (LRSMC) of
electricity. Sections 4 and 5 discuss the assessment methodology
and provide numerical examples for the calculation of the INSB
resulting from nuclear-fueled power generation.

Catastrophic Events Leading to De Facto Limits on Liability

K. A. Solomon, D. Okrent
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University of California, School of Engineering and App1ied

Science
UCLA-ENG-7732, May 1977

24 pages, 3 tables, 1 figure
Criteria no, Methodology no, Data yes

This study takes an overview of large technological systemec in
society to ascertain the prevalence, if any, of situations that
can lead to catastrophic effects where the resultant liabilities
far exceed the insurances or assets subject to suit in court,
thereby imposing de facto limits on liability. Several different
potential situations are examined, including dam rupture, air-
craft crash into sports stadium, chemical plant accident, ship-
ping disaster, and a toxic drug disaster. A1l these events are
estimated to have probabilities per year similar or larger than a
major nuclear accident.

A Catalog of Risk

B. L. Cohen, I. S. Lee

Department of Physics and Astronomy, University of Pittsburgh
Health Physics, Volume 36, June 1979

15 pages, 28 tables -
Criteria no, Methodology no, Data yes

Information on riskst is collected from various sources and
converted into loss of life expectancy throughout life and in
various age ranges. Risks included are radiation, accidents of
various types, various diseases, overweight, tobacco use, alcohol
and drugs, coffee, saccharin, and the pill, occupational risks,
socioeconomic factors, marital status, geography, serving in U.S.

- armed forces in Vietnam, catastrophic events, energy production,

and technology in general. Information is also included on
methods for reducing risks, risks in individual actions, "very
hazardous" activities, and priorities and perspective. Risks

of natural and occupational radiation and exposure to radioactiv-
ity from the nuclear industry are compared with risks of similar
or competing activities.

The German Risk Study for Nuclear Power Plants

Reactor Safety- Company (Gesellschaft fur Reaktorscherheit-GRS)
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. The results,

"leaks and tank ruptures.

For the German Federal Minister for Research and Technology
Press Release, August 14, 1979. S

5 pages
Criteria no, Methodology no, Data yes

In this study, the risk due to accidents or incidents in nuclear
power plants was investigated with particular reference to the
specific German situation. Risks due to normal operation or
other fuel cycle facilities are not taken into account. Any con-
tribution from war, sabotage, etc. was also neglected. Risk an-
alyses suffer from considerable uncertainties due to the present
stage of development of the methods and the available data basis.
therefore, can only be considered as estimates of

the risk to be evaluated. The study takes into account many re-

. sults from investigations that are also applied in nuclear licen-
. sing processes.
" the introduction of additional safety features will reduce the

A peculiarity of risk analyses is the fact that

occurrence probability, but not the resulting damage of an acci-
dent. Even with optimum safety provisions, the occurrence prob-
ability cannot be made exactly zero. Therefore, the question of
risk acceptability cannot be separated from the accident prob-
ability. 4

Risk Assessment of Storage and Transport of Liquefied Natural
Gas and LP-Gas

J. A, Simmon

Science 'App1ications, Inc. for the Environmental Protection

Agency
November 25, 1974

90 pages, 3 appendices, 15 tab]es, 9 figures
Criteria no, Methodology yes, Data yes

This report presents the results of a study to develop a method
for assessing the societal risk of transporting LP-Gas (liquefied
petroleum gas) and LNG (liquefied natural gas). The method is
illustrated through its application to the transport of LP-Gas by
tank truck and LNG by tankship in the U.S. The measure of risk
used was the probability of fatalities resulting from accidental
Fatalities are a direct, unambiguous
measure that facilitates comparison with the risk of other
activities via available historical accident data (e.g., fire,
explosions, etc.).
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The Nuclear Power Debate - Moral, Economic, Technical and Politi-

cal Issues

D. Myers III

IRRC - Investor Responsipj]jty Research Center
1977

153 pages

Cr1ter1a yes, Methodo]ogy no, Data no

A review of 'the issues surround1ng ‘nuclear power 1nc1ud1ng reac-
tor safety, waste management, safequards, economic comparisons,

etc., with the views of pro and antinuclear experts frequently
1nterspersed shows unresolved issues and reasons for the current
slowdown in plant. 11cens1ng and construct1on

The Health and Environmental Effects of Electricity Geherafion -
A Preliminary Report

Edited by L. D. Hamilton

Brookhaven National Laboratory
Biomedical and Environmental Assessment Group (BEAG)

BNL 20582, BEAG-HE/EE, July 30, 1974

131 pages, 10 figures, 11 tables

~Criteria no, Methodology yes, Data yes

This paper describes the total effort of the BEAG at BNL, includ-
ing the effort to estimate resultant deaths and health effects
due to air pollutants caused by burning fossil fuels, including
SO2 particulates. Shows derivation of tables of increased
morta11ty and morbidity due to operat1on of single 1000 MW p]ants
using various fue]s (coa], oil, gas, ‘uranium, hydro). ‘

The Index of Harm:

A Measure for Comparing Occupational Risk
Across Industries o

K. A. Solomon, S. C. Abrahan
Rand Corporation,

R-2409-RC, June 1979
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36 pages, 9 tables, 1 figure
Criteria no, Methodology yes, Data yes

This report explores the implications of an index of harm meth-
odology that compares occupational risk among works exposed to
radiological and non radiological harms. The author describes
the index of harm as being an empirically derived measure of
occupational risk in an industry and is defined as being the
fraction of years lost in a particular industry from any cause or
event by a population exposed to those causes or events for a
period .of one year (250 working days). Using methodology pro-
posed by ICRP and assigning weighting factors to arrive at an
"index of harm," the authors try to compare risks of harms based
on raw number of fatalities and various perceptions of the
"value" of different fatalities to show what happens to relative
increases of harm when different values are assigned to percep-
tion.

A General Evaluation Approach to Risk Benefit for Large Techno-
logical Systems and Its Application to Nuclear Power

Edited by D. Okrent
UCLA School of Engineering & Applied Science
UCLA-ENG-7777, December 1976

37 pages
Criteria yes, Methodology yes, Data yes

" This report briefly reviews various aspects of risk-benefit an-

alysis, by condensing 37 UCLA Engineering reports on risk-benefit
analysis. The objective of the overall study was to: (1) make
significant strides in the provision of improved bases or
criteria for decision-making involving risk to the public health
and safety (where a risk involves the combination of a hazard and
the probability of that hazard); (2) make significant progress in
the structuring and development of improved, and possibly
alternative, general methodologies for the assessment of risk and
risk-benefit for technological systems; (3) develop improvements
in the techniques for the quantitative assessment of risk and be-
nefit; and (4) apply methods of risk and risk-benefit assessment
to specific applications in nuclear power (and possibly other
technological systems) in order to test methodologies, to uncover
needed improvements and gaps in technique and to provide a par-
tial, selective, independent assessment of the levels of risk
arising from nuclear power. The principal chapters of this re-
port are Risk-Benefit and Risks in Society, On the Role and
Methods of Risk-Benefit Analysis and Decision Analysis, Histori-
cal Perspectives on Risk and Risk Management, Societal Knowledge
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of Hazards and Risks, Psychological Aspects of Risk-Benefit and
the Perception of Risk, On Economic Aspects of Risk-Benefit, Risk
Acceptance Criteria and Risk Management, Risk Assessment Methodo-
logy, Applications to Nuclear Reactor Safety.

Following is a list of the 37 UCLA reports that were condensed
and made up this report:

TITLE

Mathematical Methods of Probabilistic Safety Analysis

Bio Statistical Aspects of Risk-Benefit: The Use of Competing
Risk Analysis

Applying Cost-Benefit Concepts to Projects Which Alter Human
Mortality

Historical Perspectives on Risk for Large-Scale Technological
Systems

A Prediction of the Reliability of the Core Auxiliary Cool1ng
System for a High-Temperature Gas Cooled Reactor

Pressure Vessel Integrity and Weld Inspection Procedure
A Survey of Expert Opinion on Low Probability Earthquakes

On the Average Probability Distribution of Peak Ground Accel-
erations in the U.S. to Strong Earthquakes

The Effect of a Certain Class of Potential Common-Mode Failures
on the Reliability of Redundant Systems

Risk-Benefit Methodology and Application: Some Papers Presented
at the Engineering Foundation Workshop, September 22-26, 1975,
Asilomar, California

A Computer-Orientéd Approach to Fault Tree Construction

The Effect of Human Error on the Availability of Periodically
Inspected Redundant Systems

An Integrated Safe Shutdown Heat Removal System for Light Water
Reactors ,

On the Failure Modes of Alternate Containment Des1gns Following
Postulated Core Meltdown

Probability Intervals for the Top Event Unavailability of Fault
Trees

Statistical Models for Competing Risks Analysis
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TITLE

On Risk Assessment in the Absence of Comp]ete.Data '
Cost-Benefit Analysis and the Art of Motorcycle Maintenance

Relative Hazard Potential - The Basis for Definition of Safety
Criteria for Fast Reactors

' On the Probability of Loss of D.C. Power following A.C. Failure
in a Nuclear Power Plant

Some Probabilistic Aspects of the SeismicﬁlRisk ~of Nuclear
Reactors . o

Incfementa1 Net Social Benefit Associated With Using Nuclear
Fueled Power Plants -

On Risks from the Storage of Hazardous Chemicals
Failed Tendon Inspection via Monte Carlo

Decision-Table Development for Use with the Cat Code for the
Automated Fault-Tree Construction

“How Safe is Safe Enough? A Psychometric Study of Attitudes
Towards Technological Risks and Benefits

A Parametric Utility Comparison of Coal and Nuclear E]ectr1c1ty
Generation

A Look at Alternative Core Disruption Accidents in LMFBR's
Liability and Safety in Nuclear Power Plants
Catastrophic Events Leading to DeFacto Limits on Liability

An Approach to Societal Risk Acceptance Crlter1a and R1sk ‘Man-
agement e

Some Aspects of the Fire Hazard in Nuc1ear Power Plants

Probability Intervals For the Re11ab111ty of Complex Systems
Using Monte Carlo S1mu1at1on

‘ Earthquake Ordances for the City of Los Angeles, Ca11forn1a - A
Brief Case Study _

_'The Safety.Incentive Theory of Liability

Post-Accident Filtration as a Means of Improv1ng Containment
Effect1veness

A Look at A]ternative Core Dieruption Accidents ih LMFBR's, Part
11.
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Sulfur Control in Coal Fired Power Plants: A Probabilistic Ap-
proach to Policy Analysis

M. G. Morgan, W. R. Rish, Carnegie-Mellon University

S.C. Morris, Brookhaven National Laboratory
A.K. Meir, University of California at Berkeley

Journal of the Air Pollution Control Association, Volume 28, No.
10, October 1978 '

5 pageé, 4 figures, 1 table
Criteria no, Methodology no, Data yes

The authors state that the optimum level of sulfur pollution con-
trol for a coal fired power plant is the point where the sum of
societal costs, due to pollution, and control costs is minimized.
This basic micro-economic concept has been of limited practical
value because of considerable uncertainty in estimating both
costs. A probabilistic approach is used to characterize these
uncertainties quantitatively for a hypothetical 1000-MW(e) plant
located near Pittsburgh, Pennsylvania. Mortality effects within
a distance of 80 km of the plant have only been included. The
results allow explicit consideration of attitude toward risk and
appropriate level of investment to prevent deaths. Limitations
of the findings are discussed. Implications are described for
policy based on alternative sets of values and assumptions.

Mathematical Methods of Probabilistic Safety Analyéis
G. Apostolakis

UCLA School of Engineering and Applied Science
UCLA-ENG-7464, September, 1974,

317 pages, 64 figures, 17 tables
Criteria no, Methodology yes, Data no

This report presents the mathematical methods useful in reliabil-
ity and safety studies. The problems that these studies deal with
concern: (1) the prediction of the probability that a specified
function will be performed satisfactorily over a period of time or
per demand; and (2) the identification of events and their proba-
bilities which may lead to unfavorable circumstances endangering
the health of the public. This document includes summaries of

illustrative applications as well as references to the literature.

Chapter 2 describes the methods of handling problems dinvolving
one component or simple logical configurations -- reliability
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Abstraot:

'theory. Anbintroduction to the fundamentals of probability theory

and statistics is given. The mode]ing of the failure of compo-
nents by statistical distributions is discussed, followed by the
mathematical description of various maintenance po]1c1es Chapter
3 deals with analys1s of complex systems. Fault-tree methodology
is developed in detail, and its uses and limitations are investi-
gated. Methods, 1ike the failure modes. and effects analysis are
described. Special problems arising from software and human er-
rors as well as the possibility of common mode failures also are
discussed. -Finally, the use of statistical techniques to handle
major natural phenomena and methods of dealing with systems with-
out exploiting their logical structure are investigated.

How Safe is Safe Enough? A Psychometric Sfudy of Attitudes
Towards Technological Risk and Benefits

B. Fischhoff, P.. Slovic, S. Lichtenstein, S. Read, B. Combs
UCLA School of Engineering and App]ied Science
UCLA-ENG-7717, January 1977

47 pages, 8'figures,f7 tables .
Criteria no, Methodology, yes, Data yes

One of the fundamental questions addressed by risk-benefit anal-
ysis is "How safe is safe enough?" Chauncey -Starr has proposed
that economic data be used to reveal patterns of acceptable risk-
benefit tradeoffs. The present study investigates an alternative
technique, in which psychometric procedures were used to elicit
quantitative judgments of perceived risk, acceptable risk, and
perceived benefit for each of 30 activities and technologies. The
participants were seventy-six -members of the League of Women
Voters.

The results indicated 1little systematic. relationship between

perceived existing risks and-benefits of the 30 risk items. Cur-

rent risk levels were generally viewed as unacceptably high; when

. they were adjusted to what would be considered acceptable risk

levels, however, risk was found to correlate with benefit. Nine
descriptive attributes of risk were also studied. These nine
attributes seemed to tap two basic dimensions of risk. One dimen-
sion apparently discriminated between high and low technology
activities, with the high end being characterized by new, involun-
tary, poorly known activities, often with delayed consequences.
The second dimension primarily reflected the certainty of death
given that adversity occurs. These dimensions proved to be
effective predictors to the tradeoff between acceptable risk and
perceived benefit. The 1limitations of .the present study and the
relationship’ between this. technique _and Starr's technique are
discussed, along with the 1mp11cat1ons of the findings for policy
decisions.
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- of the outcome.

" areas are considered for risk evaluations:

Social Decision Making for High Consequence, Low Probability

Occurrences

National Planning Association and Haldi Associates
October 1978

216 pages, 5 figures, 12 tables
Criteria yes;_Methodo1ogy no, Data yes

This study deals with the process of reaching social decisions
that involve low-probability, high-consequence outcomes. It is in
3 major parts. Part I reviews the two main classes of criteria
proposed for social decisions: (1) market mechanisms and cost-
benefit analysis and (2) the approaches of Rawls and Buchanan to
achieving a social consensus. The authors propose a criteria com-
posed of eight elements for evaluating a social decision process
capable of application in Jjudicial, legislative, academic, and
managerial situations. : : : ' '

Parts Il and IIIl are case studies of different decision proce-
dures. The former inspects the administrative law procedure using
the U.S. EPA chlordane/heptachlor suspension hearings as an exam-
ple. The legal procedure is concluded to be a forward-looking
decision process which attempts to increase social acceptability
The latter examines the disjointed decision pro-
cedure concerning the d1sposa1 of nuclear waste. In both cases
the eight criteria proposed in Part I neverthe]ess provide a use-
ful tool for eva]uat1ng the process. :

Some Papers Presented
September 22-26, 1975,

Risk-Benefit Methodology and Application:
at the Engineers Foundation Workshop,
Asilomar, California _
Edited by D. Okrent

UCLA School of Engineering and Applied Science
UCLA-ENG-7598, December, 1975.

28 papers, 644 pages ’

Criteria yes, Methodology yes, Data yes

The goal of this workshop is to assess quantitatively the state of
the art on risk-benefit methodology.. 7Two new large technology
(1) nuclear reactors;
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Author(s):

and (2) shipment and storage of liquefied natural gas. Engineer-
ing failures in neither of these technologies can result in inci-
dents of large consequence. Decision or event-tree techniques,
fault-tree techniques, or failure-mode and effects analysis are
discussed as methods for risk analysis.

Risk Assessment and Health Effects of Land Application of
Municipal Wastewater and Sludges, (Proceedings)

B. P. Sagik, C. A. Sorber

University of Texas at San Antonio, Center for Applied Research
and Technology, Proceedings of Conference held December 12-14,
1977

23 papers, 330 pages

. Criteria no, Methodo]ogy no, Data yes

These proceed1ngs are 1ntended as- a record of the conference on
risk assessment and health effects of land application of munici-
cipal wastewater and sludges. The topic on agents of health sig-
nificance covers health hazards associated with wastewater ef-
fluents and sludges; chemical agents of health significance in
municipal wastewater effluents and sludges; and conventional meth-
ods of epidemiology appropriate for risk assessment of virus con-
tamination of water. The examination of the 1mpact on the food
chain includes discussions on opportunities for virus transport;
land application of sewage wastes; problems in proving that para-
sites pass to people from foods produced with refuse; the impact
of metals present in municipal sludges; and the potential health
hazard and risk assessment of toxic organic chemicals in waste-
water and sludge. The impact on water resources is discussed in
terms of minimizing the impact of viruses on water resources;
minimizing the virological impact on water resources from spray
irrigation of municipal wastewater; potential impact on water re-
sources of bacterial pathogens; obligate parasites; limitations
for land disposal of wastewater and sludges; and viruses in the
enviromment. Pathogenic aerosols are discussed in terms of aero-
sol monitoring for microbial organisms and a model for predicting
pathogen concentrations in wastewater aerosols. Factors affecting
risk assessment are evaluated in terms of wastewater unit process
efficiency; extrapolation models for risk assessment; and public
choice and the land application of municipal wastewaters and
sludges. .

High Level Radioactive Waste from Light-Water Reactors

B. L. Cohen ¢
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Depaftment of Physics, University of Pittsburgh
Reviews of Modern Physics, Volume 40, No. 1, JénUary 1977

20 péges, 13 figures, 6 tables
Criteria no, Methodology no, Data yes

The production of radioactive nuclei during the operation of a

‘light-water reactor is traced, and their decay history is fol-

lowed. The potential environmental impacts of this waste are cal-
culated and shown to be comparable to those of other materials we
produce. Assuming deep burial, it is shown that there are impor-
tant time delays which prevent the waste from reaching the bio-
sphere in the first few hundred years while its toxicity is de-
creasing by several orders of magnitude. In the long term, the
most important pathway to man was found to be through groundwater
into food and water gupp]ies, with consequences calculated to be
0.4 fatalities in 10° years from each year of all-nuclear power
in the U.S. Other pathways considered and found to be 1less
important include meteorites, volcanism, release through ground
water to airborne particulate, and human intrusion by drilling and
mining for unspecified materials and for salt. For time scales
longer than 10° years, nuclear power is shown to reduce man's
exposure to radiation by consuming uranium. A cost-benefit anal-
ysis is developed for surveillance of buried waste. Under the

‘models and assumptions it is shown that buried high-level waste is

environmentally much less dangerous than uranium mill tailings.

Measuring Social Riék and Determining Its Acceptability
J. Lathrop |

Lawrence Livermore Laboratory, Lawrence, Ca]ifornia
UCRL-81060, July 14, 1978

26 pages, 4 figures
Criteria no, Methodology yes, Data no

The implementation of a nuclear waste management technology raises
several issues concerning the regulation of social risk. This
paper presents a decision analytic approach to resolving some of
those issues. A methodology for developing a radiological risk
measure is presented, and several approaches to defining accept-
able levels of that risk measure are considered. The methodology
presented is oriented toward the development of radiological per-
formance objectives for use as guidance in the drafting of regula-
tions.
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Education and Public Acceptance of Nuclear Power Plants
G. Delcoigne
International Atomic Energy Agency, Vienna, Austria

Nuclear Safety, Volume 20, No. 6, November-December 1979

'8 pages

Criteria yes, Methodology no, Data no

The evolution of the so-called nuclear debate from the late 1960
to the present time is reviewed, and the current manifestations of
the antinuclear movement in many countries are described. Despite
the emergence of pronuclear groups and discussions in many coun-
tries, the author concludes that public education is the crux of
the problem and he discusses the role of the International Atomic
Energy Agency.

Proceedings of Quantitative Environmental Comparison of Coal and
Nuclear Electrical Generation and Their Assoc1ated Fuel Cycles
Workshop, Volumes I and Il

MITRE Corporation, McLean, Virginia

MTR-7010, Volumes I and II

2 volumes, 15 papers, 545 pages
Criteria no, Methodology yes, Data yes

This document, Volumes 1 and 11, contains the edited transcripts

~of the presentation and discussions at a workshop on the Quantita-

tive Environmental Comparison of Coal and Nuclear Electric Genera-
tion and Their Associated Fuel Cycles held at the MITRE Corpora-
tion in McLean, Virginia, on May 27 and 28, 1975. The purpose of
the workshop, sponsored by the National Science Foundation, was to

- compile the information and expert opinions to quantify the risks

arising from the various phases of coal and nuclear fuel cycles to

‘assess the economic costs and environmental consequences asso-

ciated with electric generation.

Collision Risk and Economic Benefit Analysis of Composite Separa-
tion for the Central East Pacific Track System

A.C. Busch, B. Colomosca, J. VanderVeer
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'Hsieh T., Okrent, D.

Department of'Transportation; Federal Aviation Administration
FAA-EM-77-5, June 1977 |

100 pages, 3 appendices, 36 tab]es 22 f1gures
Criteria yes, Methodology yes, Data yes

This report presents an evaluation of the application of composite
separation to the Central East Pacific (CEP)track system. Criter-
ia for the evaluation were a collision risk9 and an economic
benefits comparison of the existing four-route and proposed com-
posite six-route systems. Collision risk is defined as the ex-
pected number of mid-car accidents .in 10 million track system
flying hours due to the loss of the planned separation. A six-
month data collection was performed. Radar data from land-based

- facilities in California and Hawaii and- from Ocean Station Vessel

November were processed to determine aircraft navigation perform-
ance. Utilization of the existing system was gauged from air
traffic control facility data, and flight crew survey forms were
used to collect information necessary for comparative analysis
purposes. . The report describes estimation of collision risk model
parameters from the data. Lateral, longitudinal, and composite
collision risks were estimated for the existing and proposed com-
posite systems based upon accepted North Atlantic Systems Planning
Group (NAT/SPG) methodo1ogy, .while vertical collision risk was
calculated based upon previous NAT/SPG studies. ~Lateral collision
risk for the proposed composite system was found to be lower than
for the existing structure. Comparisons of fuel burn and flight
times indicated that the proposed composite system would be more
economically beneficial than the existing route configuration. As
a result of the study, the proposed composite system was recom-
mended for implementation on a trial basis.

o

‘Some Probabilistic Aspects of .the Seismic Risk: of Nuclear
Reactors S I

i

Un1vers1ty Ca11forn1a School of Eng1neer1ng and App11ed Sc1ence
UCLA-ENG-76113, December 1976

75 pages, 22 tables, '10 f1gures _
Criteria no, Methodology no, Data yes

The potential for existing cracks in piping systems to grow to
critical size and cause system failure during a severe earthquake
was examined, and the critical crack size based on linear elastic
mechanics was reviewed. A crude method of relating the initial
crack size, the range of strain produced in a component, and the
number of cycles to failure was proposed and discussed. The
significance of piping failure due to .ordinary crack growth
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other than the intergranular stress corrosion under seismic loa-
ding was found to be comparable to the potential for failure due
to crack growth under severe seismic loads. A s1mp11f1ed piping
system with only a few snubbers and hangers as seismic restraints
was devised. The authors state that the inverse of the maximum
Von Mises ratios at a few nodal points of the piping system was
used as the basis for indicating the change in safety factor due
to piping restraint failures. The potential importance of seis-
mic events leading to a core melt accident was examined by factor-
ing the effect of design errors and system degradation into an
estimate of the probability of a core-melt accident due to seismic
events.

Applying Cost—Benef1t Concepts to Proaects which Alter Human
Mortality

Hirshleifer, J., Bregstrom, T., Rappaport, E.

University California School of Engineeringvahd Applied Science

‘UCLA-ENG-7478, November 1974

144 pages, 2 Appendices
Criteria no, Methodology yes, Data yes

The authors contention is that a cost-benefit analysis represents
the only established technique at hand for evaluating and weighing
the consequences of large technological systems. The "ordinary"
net benefits of large technological systems 1ike nuclear power,
the consequences other than those involving risks to life and
1imb, can be evaluated by aggregating the impacts upon all indi-
viduals, weighted in accordance with the values placed upon those
impacts by the idividuals themselves. For goods and resources
traded in markets, the marked prices represent these values. For
unmarketed effects, like damage to environment, it is possible to
infer market-value equivalents. The net benefit, at a moment of
time, of a technological system like nuclear power can be divided
into two components: (1) the cost saving due to displacement of
more costly conventional power sources; and (2) the consumer bene-
fit or surplus associated with the net increment of power sup-
plied. Summation over time is accomplished by the Present-Value
formula which discounts future cost and benefit elements so as to
reduce them to an equivalent in present worth. Also included are
discussions on the "Value of Life" -- willingness-to-pay approach
and the value of survival in life-cycle models.

The Risks of Nuclear Power Reactors (A Review of the NRC Reactor
Safety Study, WASH-1400 NUREG-75/014)
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H.W. Kendall, Study Director
Union of Concerned Scientists

Union of Concerned Scientist, August 1977

- 210 pages, 5 appendices

Criteria no, Methodology yes, Data yes

An examination of WASH-1400 with a review of ‘the major technical
issues that undermined the validity of WASH-1400 was conducted by
the Union of Concerned Scientist. Issues addressed are methodo-
logy, common cause failures, design adequacy, safety issues,
radiation dispersion model, emergency response, radiological ef-
fects, misinformation and misuse, reassessment of risk. Summation
of the technical evaluations presented, resulted in some of the
following risk reassessment values: (1) that the chance of melt-
ing accompanied by large radioactive release maybe 1 in 10,000 per
reactor year (twenty times greater than the RSS value), (2) prompt
injuries and fatalities maybe 100 to 1,000 times greater than the
RSS estimates, and (3) correction of the RSS risk results for
understatement of long-term consequences shows that the largest

~accident considered could result in over 300,000 total fatalities.

On the Evaluation of Biological Hazards and Competing Risks
Watson, G.S.

Princeton University, Department of Statistics
TR-132-SER-2, September 1977

14 pages -
Criteria no, Methodology no, Data yes

This report is an expanded version of some extemporaneous remarks
made at the end of a meeting held at the Institute for Energy an-
alysis, Oak Ridge Assoc. Univ. Oak Ridge, Tennessee, September
7-8, 1977. An effort is made to find a biological basis for the
competing risk model and potential lifetimes. Clifford's results
with illness and death models are described. Miscellaneous re-
marks are made on several other related topics.

Determination of Acéeptéb]e Risk Criteria for Nuclear Waste Man-
agement

Cohen, J.J.
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Lawrence Livermore Laboratory, -University California, Livermore

California
UCLA 52404 October 1977

65 pages, 4 appendices
Criteria yes, Methodology yes, Data yes

A general methodology is developed, in this report, for use in the
development of an acceptable risk criteria (ARC) for waste man-
agement operations, which consists of performing a "scoping" study
to define issues, determine an optimal methodology for their res-
olution, and compile a data base for ARC development. The issues,
spanning technical, psychological, and ethical dimensions, are
categorized in several major areas: (1) unplanned or accidental
events, (2) present vs future risks, (3) institutional controls
and retrievability, (4) dose-response mechanism and uncertainty,
(5) spatial distribution of exposed populations, (6) different
types of nuclear wastes, and (7) public perception. The optimum
methodology for developing ARC was determined to be multiattri-
bute decision analysis encompassing numerous specific techniques
for choosing, from among several alternatives, the optimal course
of action when the alternatives are constrained to meet specified
attributes. The data base developed during the study comprises
existing regulations and guidelines, maximum permissible dose,
natural geologic hazards, nonradioactive hazardous waste prac-
tices, bioethical perspectives, and data from an opinion survey.

Rating the Risk

Slovic, P., Fischhoff, B., Lichtenstein, S.
UCLA School of Engineering and Applied Science
Environment, Volume 21, No. 3, April 1979

39 pages, 3 tables, 6 figures
Criteria no, Methodology no, Data yes

Members of four different groups, 30 college students, 40 League
of Women Voters, 25 business and professiondl people, and 15
persons selected for their professional experience with risk as-
sessment, are asked to rate thirty different activities and tech-
nologies according to their present and perceived risk and where
and how nuclear power plants relate. Paper briefly looks at the
biases by which people judge, analysis of those judgements, what
determines risk perception, and the failibility of judgement.
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Proposed Safety Requirements for Licensing of CANDU Nuclear Power
Plants

Atomic Energy Control Board of Canada
November 1978

26 pages, 2 tables, 1 figure
Criteria yes, Methodo]ogy yes, Data yes

This paper explains the Canadian Reactor Safety Philosophy,
Criteria and Principles. The philosophy used is a defense-in-
depth concept, naming five lines of defense and noting that em-
phasis is placed on quality assurance throughout. This document
proposes basic requirements that could form the framework for de-
tailed licensing regulation that would govern the design, con-
struction and operation of a nuclear power plant in Canada. Fore-
most among these requirements are: (1) the use of diversity to
ensure that there is more than one way to perform a function, (2)
the use of redundancy to ensure that a single malfunction cannot
disable a system, (3) the insistance that safety systems shall, as
far as practicable, be independent from each other and from pro-
cess systems, (4) the prevention of process failures that could
lead to the release of radioactive substances and the need to
limit the frequency of such failures to value that is as low as
reasonably achievable, and (5) the judicious use of probability
arquments in which values for unavailability and for failure
frequency must be based on direct experience or reasonable extra-
polations therefrom.

In applying this basic philosophy, a number of specific criteria
and principles were evolved and discussed in detail, those briefly
being: (1) design and construction is to the best applicable
codes, standards and procedures; (2) all process systems essential
to the reactor shall be designed such that the total of all ser-
ious failures do not exceed 1 per 3 years; (3) safety systems
shall be physically and functionally separate from process systems
to the extent possible; (4) each special safety system shall be
readily testable, as a system, to demonstrate that its un-
availability is less than 10‘3; (5) sets standards for radioac-
tive effluents due to normal operation, for the effectiveness of
special safety systems in case of a process failure, and for
"dual" failures.

A Parametric Utility Comparison of Coal and Nuclear Electricity
Generation

Maures, K.M.
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UCLA School of Engineering and Applied Science
UCLA-ENG-7719, February 1977

65 pages, 4 tables, 6 figures
Criteria no, Methodology no, Data yes

In this paper the advantages and limitations of a quantitative
model for decision making were discussed. Several different
quantitative models are presented. (The model chosen was the
expected utility maximum model, considered was the expected
value maximization rule, the mini max rule, the maxi max rule
and the Hurewicz rule.) Choosing a multivariant risk neutral
extension, using constant absolute risk aversion utility func-
tion for monetary effects and for increased mortality, para-
meters of this utility function can be selected to represent the
decision maker's preference. After describing an illustrative
set of data on the risks inherent in coal burning and nuclear
generation facilities, the chosen utility model was used to com-
pare the overall risks associated with each technology, using
the expected utility model described earlier to evaluate the
overall desirability of a coal-burning plant and an alternative
nuclear reactor. The value of the absolute risk aversion for
increased mortality risks proved to be the most significant
value in determining the preferred technology. Nuclear facili-
ties are preferable if R(y) < 5 x 1072, and coal-burning
facilities are more advantageous if R(y) > 15 x 10-3. For the
intermediate case, when R(y) = 10 x 10~°, the nuclear facility
is preferred for larger risk aversion for monetary risks, R(x),
while the choice of a coal facility results from larger values
of life. The different risk distributions considered for coal
and nuclear technologies did not produce a significant effect on
these results.

Review of Issues Relevant to Acceptable Risk Criteria for Nuc-
lear Waste Management

Cohen, J.J.

Lawrence Livermore Laboratory, Conference on Waste Management
78, University of Arizona, March 1978

Conf-780316-2, February 22, 1978

13 pages, 4 figures
Criteria yes, Methodology yes, Data no

This report states that waste management programs require de-
finitive objectives against which one could adequately judge the
acceptability of any operation or methodology. The development
of acceptable risk criteria for nuclear waste management re-
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quires the translation of publicly determined goals and ob-
jectives into definitive issues which, in turn, require re-
solution. Since these issues.are largely of subjective nature,
they cannot be resolved by technological methods. The author's
viewpoint .is that development of acceptable risk criteria might
best be accomplished by application of a systematic methodology
for the optimal impliementation of subjective values. Multi-
attribute decision analysis is well suited for this purpose.

Energy and the Environment - A Risk Benefit Approach
Ashley, H. Rudman, R., Whipple, C.

Stanford University, EPRI

Pergamon Press, NY, 1976

11 papers, 305 pages .
Criteria yes, Methodology no, Data no

The editors present a collection of seminars delivered during
the fall of 1974 that were sponsored by Stanford University and
EPRI. These seminars were a set of expositions under the title
given above. Nuclear power related seminars were entitled:
general philosophy of risk-benefit analysis; future alternatives
and technical options for the national energy system; health ef-
fects of electricity generation from coal, oil, and nuclear
fuel; public aspects of energy systems; the rate of discount for
long-term public investment; benefit-risk trade-offs in nuclear
power generation; fault tree analysis as an example of risk
methodology; energy and human welfare; and energy and the en-
viromment. : :

Quantitative Environmental of Coal and Nuclear

Generation Workshop Summary

Comparison

Bernardi, R., Borko, B.
MITRE Corporation
MTR-7004, September 1975.

12 papers, 90 ﬁages, 16 charts
Criteria no, Methodology yes, Data yes

On May 27-28, 1975 the MITRE Corporation held a workshop addres-
sing the quantitative environmental comparison of coal and
nuclear generation, as part of a continuing program of MITRE
technical and administrative support to the National Science
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Foundation, Office of Energy R& Policy. A study entitled, The
Economic and Social Costs of the Coal and Nuclear Electric

Generation: A Framework for Assessment and TIllustrative

Calculations for the Coal and Nulear Fuel CycTes, presented by

members of the Stanford Research Institute provided some input
and served as a basis for the discussions of the workshop. The
agenda was planned to summarize the risks arising from the var-
ious elements of the coal and nuclear fuel cycles to assess the
economic and envirommental consequences associated with elec-
trical generation. The following papers are summarized:

Decision Analysis Methodology to Coal and Nuclear Fuel Cycles
Routine Risks and Social Cost of Coal

Climate Modification Risk

Reactor Accident Risks

Nuclear Risks and Accident Sensitivities

Reactor Accidents and Consequences

Diversion and Sabotage

Release Mechanisms of Fuel Reprocessing Plants
Transportation Accidents and Safeguards

Risk Comparison of Recovery U.S. Reactor Plants
Nuclear Waste Management: Problems and Prospects
Nuclear Waste Disposal

Risk Assessment and the Social Response to Nuclear Power
Otway, H.J.

Project Leader, Joint IAEA/IIASA Research Project International
Atomic Energy Agency

Journal of the British Nuclear Energy Soc1ety, Volume 16, No. 4,
October 1977.

7 pages, 2 tables, 2 figures
Criteria no, Methodology yes, Data yes

A general theoretical framework for risk assessment studies is
pre-sented. Methodologies from various disciplines can be used
within this framework to allow a scientific approach to the
understanding of complex interactions between technological and
social systems. A pilot application of an attitude-formation
model to examine the underlying determinants of groups for and
against nuclear power is summarized.

Risk-Benefit Evaluation of Nuclear Power Plant Sitﬁng

Miettiner, J., Savolainen, 1., Silvennoiner, P., Torino, E.,
VYuor, S. '
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Contents:

Abstract:

Technical Research Center of Fin]and
Annals of Nuclear Energy, Volume 3 (11/12), 1976

12 pages, 11 tables, 7 figures
Criteria no, Methodology no, Data yes

 An assessment scheme is described for the risk benefit analyses

of nuclear power versus conventional alternatives. Given the
siting parameters for the proposed nuclear plant, an economic
comparison is made with the most advantageous competitive con-
ventional production scenario. The economic benefit is de-
termined from the differential discounted annual energy procure-
ment cost as a function of the real interest rate and amortiza-
tion time. The risk analysis encompasses the following factors:
radiation risks in normal operation, reactor accident hazards
and economic risks, atmospheric pollutants from the conventional
power plants, and fuel transportation. The hazards are first
considered in terms of probabilistic dose distributions. 1In the
second stage risk components are converted to a form where ex-
cess mortality is used as the risk indicator.

To apply the general approaches, calculations are performed for
the power production alternatives of Helsinki where district
heat would be extracted from the nuclear power plant. At an
interest rate of 10% and amortization time of 20 years the
1000-MW(e) nuclear option is found to be $9.1m per year more ec-
onomical than the optimal conventional scenario. Simultaneously
the nuclear alternative is estimated to reduce excess expected
mortality by 2 to 5 fatal injuries annually.

Principles and Standards of Reactor Safety
Internétiona] Atomic Energy Agency

Proceedings of a Symposium on Principles and Standards of Re-
actor Safety, February 5-9, 1973.

45 papers, 650 pages
Criteria yes, Methodology yes, Data yes

Symposium for the exchange of information on recent developments
in nuclear reactor safety. Forty papers are presented, edited
by the IAEA, in which the major topics are Philosophy of Safety
Design, Quality Assurance and Reliability, Safety Evaluation
Methods for Power Reactor, Design for Natural and Man-Induced
Disasters, Siting Consideration for Power Reactors, Standards
and Criteria for Design and Construction of Power Reactors, De-
sign Safety Features, Safety in Operation, HTGCR Safety.
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Usefulness of Alternative Integrétive Assessment Methodologies
in Public Decision Making

Erickson, L.E., Litchfield, J.W., Currie, J.W., McDonald, C.L.,
Adams, R.C.

Battelle Pacific Northwest Laboratpries
PNL-RAP-24 UC-11, July 1978

45 pages
Criteria no, Methodology yes, Data no

This paper argues for more frequent use of formal integrative
assessments in public decision making. Integrating assessment
values for all of the impacts of competing alternatives to a
particular event in common units so that they can be more re-
adily compared to identify the preferred alternatives is stres-
sed by this paper.

Aspects of integrative assessment methodologies are discussed
and the steps necessary to the performance of integrative as-
sessments are outlined. This paper compares the two major
integrative assessment methodologies, benefit cost analysis and
multi-attribute utility analysis as decision aides.

The key difference between these approaches is that in benefit-
cost analysis all consequences are values in dollars while in
multi-attribute utility analysis they are valued in units called
utils, which are specific to the analysis. Thus, the most im-
portant factor influencing the selection of benefit-cost or
multi-attribute utility analysis to perform an integrative as-
sessment is whether one believes that all consequences to be
included in the analysis can be adequately valued in dollar
terms,

Most of the paper focuses on the different approaches which
benefit-cost and multi-attribute utility analysis have taken to
the estimation of the values of the consequences of decision
alternatives in common units. The intention in doing this is to
provide the information necessary to decide whether benefit-cost
or multi-attribute utility analysis should be selected in any
particular instance.

This paper discusses various aspects of the following questions:

. (1) Should an integrative assessment methodology be used for the

overall assessment of these costs, risks, and benefits? (2) If
an integrative assessment methodology is to be used, what alter-
native methods are available and what should be the basis for
selecting a method? (3) Is it possible to use one of the
available alternatives for one portion of the assessment and an-
other for another portion of the assessment?
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On a Rational Basis for Designing for Safety and Operability
G.S. Lellouche

Electric Power Research Institute

October 11, 1979

13 pages -
Criteria yes, Methodology yes, Data yes

The author describes some of the perceived reasons behind the
inefficiency of the current NRC designing-for-safety philosophy
and for the failure of the single-failure criterion as applied.
The author goes on to state that even if the licensing issued
are more closely related to socio-political-bureaucratic aspects
of life than to the scientific basis on which they should be
founded, it seems appropriate to improve the latter. He states
that risk assessment should be mandated and implemented in the
hope of rationalizing the 1licensing process. Examines the
limitation, needs, and obstacles of such a process and concludes
that what is needed is a means of interpreting whether the risk
due to a specific 