30 April 2003

Executive Director’s Office

Attn: Committee for the IAP Prize
American Institute of Physics

One Physics Ellipse

College Park, MD 20740

Subject: Nomination of Dr. Chauncey Starr for the 2003-04 IAP Prize
Dear Members of the Committee:

I wish to place in nomination for the American Institute of Physics Prize for Industrial
Applications of Physics, Dr. Chauncey Starr, Founder and President Emeritus of the
Electric Power Research Institute (EPRI). I suggest for the Committee’s consideration
the following wording for the prize citation:

For pioneering the peaceful application of atomic energy to electric power
production, and for the development of the cost/benefit risk analysis procedures
used throughout industry and regulatory agencies today as an integral part of
their decision-making process.

In support of this nomination, I attach the following documentation:

1. One-page EPRI biography of Chauncey Starr
. A complete curriculum vitae
3. His 1969 Science paper that initiated the discipline of cost/benefit probabilistic
risk analysis.

Although the enclosures total somewhat more than the 15 pages the prize rules suggest, |
would ask the committee’s indulgence given that an individual of Chauncey’s age (91!) is
likely to have a long list of accomplishments, a list that continues to expand even today.

In 2000, Chauncey was awarded the George E. Pake Prize of the American Physical
Society. As you know, the Pake Prize is one of the most prestigious awards of the APS,
given to those very rare physicists who combined original research contributions with
leadership in institutional management. Chauncey’s Pake nomination was supported by
Glenn Seaborg, Wally Zinn and Al Schriesheim, all pioneers with Chauncey in the
development of peaceful applications of atomic energy. The Pake citation reads,

"For visionary leadership and physics contributing to the establishment of a
worldwide nuclear power industry for peaceful purposes.”

I would maintain the contributions that gained Chauncey the Pake Prize also satisfy the
eligibility conditions of the IAP Prize. The reactor designs that Chauncey pioneered
while employed by Rockwell International and Atomics International form the technical



basis of the low-enrichment, non-weapons producing nuclear power plants that are under
construction today outside the United States and those that will likely be constructed
domestically in the near future (two US nuclear utilities have applied for preliminary
approval by the Nuclear Regulatory Agency for four new units to be built on current
plant sites).

However, in addition to his contributions to pioneering the nuclear power industry as
recognized by the Pake, Chauncey also, almost single-handedly, created the discipline of
probabilistic risk analysis, outlined in his seminal 1969 paper in Science, which today is
utilized by a wide variety of industries and regulatory agencies to assess and adjudicate
technology developments and issues which affect public health and safety. It is this
contribution, utilizing principles of physics to balance risk and societal benefit, which I
believe additionally, and independently, qualifies Chauncey Starr for the IAP Prize.

One might argue that Chauncey’s original contribution (the enclosed Science paper)
occurred while he was Dean of Engineering at UCLA, and thus does not satisfy the
“while employed by industry” eligibility requirement for the Industrial Application of
Physics award. However, I can assure you from many personal conversations with
Chauncey on the subject, that his thoughts expressed in that paper were formulated while
he was president of Atomics International, initially to allay concerns over perceived
problems surrounding nuclear power plants, and subsequently expanded to include a
broader range of technology risk assessment. Moreover, real progress in the application
of risk analysis only began after he became president of EPRI in 1971, especially in
connection with the assessment of environmental risk and economic cost. Chauncey
insisted EPRI pursue a number of environmental technologies, amelioration of sulfur
dioxide emissions in particular, an effort opposed by the overwhelming majority of US
electric utilities at the time, arguing that the present cost of preventing acid rain, was
more than offset by the future cost of consequent environmental damage. He was right.

Risk analysis has been vital in effecting the safe and economic transfer to the public
benefit the fruits of progress in many technologies pursued by chemical, biomedical,
energy and transportation companies, as evidenced by the membership of such industrial
giants as Exxon and Proctor and Gamble in the Society of Risk Analysis (an organization
co-founded by Chauncey).

These applications of Chauncey’s contributions to the discipline of risk analysis applied
to industry have been underway for three decades and continue today. However, I really
wanted to find an example which dramatically and explicitly satisfies the IAP Prize
requirement that, “the application of the contribution must have resulted in a significant
industrial development within ten years prior to the award.” Well, I have one.

About 20% of US electricity is produced by a fleet of approximately 105 nuclear power
plants. Almost all have, or will soon have, reached their original design lifetimes. Until
new plant construction restarts in the United States, the nation is in danger of losing a
major portion of its electricity resource, obviously with great economic damage and
environmental risk if those plants were to be replaced by fossil generation, the only



reasonable alternative. In the last decade, the nuclear power industry has undertaken
development of a number of technologies designed to substantially and safely extend
existing plant lifetime beyond original design specifications. Working with the Nuclear
Regulatory Agency, and applying the risk analysis formalism pioneered by Chauncey
Starr to select and implement specification lifetime extension technologies, the nuclear
power industry has begun the process of plant relicensing and thus this pending disaster
will be averted. A “side effect” of nuclear plant lifetime extension, is that nuclear power
is rapidly becoming our cheapest national source of electric power, save hydro. I was
recently told by an attorney for FERC (Federal Energy Regulatory Commission) who
handles relicensing of all hydroelectric plants on federal land, that the licensing
procedure for nuclear plants, new or old, is far simpler, faster and straightforward,
partially due to the NRC and nuclear power industry’s cooperative use of risk analysis.

In my job at EPRI, I serve part time on the “red team” assessing possible terrorist threats
to the nation’s electricity delivery infrastructure. Risk analysis is key tool helping us
prioritize where and how utility and national resources should be applied to assure
maximum security consistent with economic realities.

I hope the committee acts favorably on my nomination of Chauncey Starr for the AIP
Industrial Applications of Physics Prize. Chauncey has received throughout his career
many different awards, honors and recognitions, but I know those that he appreciates
most are the ones that identify him as a physicist. Along with John Wheeler, Alvin
Weinberg and Edward Teller, his old colleagues on the Manhattan District Project, they
and Chauncey may well comprise the majority of the living senior Fellows of the
American Physical Society. As he begins his tenth decade of life, Chauncey comes to
work every day and is still full of new ideas. Most recently he has been in the national
news concerning a new concept he and I have been working on, the energy SuperGrid, a
network of superconducting cables cooled by cryogenic hydrogen for combined delivery
of electrical and chemical power. Last week the DOE decided to include the SuperGrid
as part of its strategic plan to revitalize the national electricity transmission system...but |
urge the IAP Prize Committee not defer the deserved recognition of Chauncey Starr
waiting for the 25 years to transpire that it will surely take to realize his latest vision!

Sincerely,

2ot

Paul M. Grant
EPRI Science Fellow
Fellow, American Physical Society
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Chauncey Starr
President Emeritus
Electric Power Research Institute

Dr. Chauncey Starr was the founding
President, and later Vice Chairman of the
Electric Power Research Institute. After
serving for more than a decade, he was
appointed President Emeritus, the position
he currently holds. From 1967 to 1973 he
was Dean of the UCLA School of
Engineering and Applied Science,
following a 20-year industrial career,
during which he served as Vice President
of Rockwell International and President of
its Atomics International Division.

Dr. Starr received an electrical engineering degree in 1932 and a Ph.D. in physics in 1935 from
Rensselaer Polytechnic Institute in Troy, New York. He then became a research fellow in physics at
Harvard University, working with Nobelist P.W. Bridgman in the field of high pressures. From 1938 to
1941, Dr. Starr was a Research Associate in cryogenics at the Bitter Magnet Laboratory of the
Massachusetts Institute of Technology. During World War Il, he served with the Bureau of Ships,
U.S. Navy, and the Manhattan District at the Berkeley Radiation Laboratory and Oak Ridge
Tennessee. He has received honorary Doctorate Degrees from Rensselaer Polytechnic Institute, the
Swiss Federal Institute of Technology, and Tulane University.

For his work in the peaceful uses of atomic power, he received the Atomic Energy Commission
Award, in 1974; the Walter H. Zinn Award, in 1979; and the Henry D. Smyth Award, in 1983 as a
pioneer in the field. He received a Distinguished Contribution Award from the Society for Risk
Analysis in 1984. The United States Energy Association selected him as the 1990 recipient of the
United States Energy Award for exceptional contributions to energy and to international
understanding. Dr. Starr received the 1992 Rene Dubos Environmental Award for his contributions to
the understanding of the interactions of energy and the environment.

In November 1990, Dr. Starr was awarded The U.S. National Medal of Technology. He was chosen
for his outstanding career in industry and education, including his founding and leadership of EPRI,
and major contributions in nuclear power, risk assessment, and energy studies. In March 2000, he
was awarded the Pake Prize of the American Physical Society for leadership and physics contributing
to worldwide nuclear power for peaceful purposes.

In addition to numerous professional memberships, Dr. Starr is a member and past Vice President of
the National Academy of Engineering, and a founder and past President of the American Nuclear
Society, and a Fellow of the American Physical Society. He is also a member and past Director of the
American Association for the Advancement of Science, a Foreign Member of the Royal Swedish
Academy of Engineering Sciences, and an Officer of the French Legion of Honor.



DR. CHAUNCEY STARR
President Emeritus
Electric Power Research Institute

Dr. Chauncey Starr was founding President and Vice Chairman of the Electric Power
Research Institute. He is now President Emeritus. He was appointed to this position
following five years as the founding President of EPRI. From 1967 to 1973 he was Dean
of the UCLA School of Engineering and Applied Science, following a 20-year industrial
career, during which he served as Vice President of Rockwell International and
President of its Atomics International Division.

Dr. Starr received an electrical engineering degree in 1932 and a Ph.D. in physics in 1935
from Rensselaer Polytechnic Institute in Troy, New York. He then became a research
fellow in physics at Harvard University, working with Nobelist P.W., Bridgman in the
field of high pressures. From 1938 to 1941, Dr. Starr was a Research Associate in
cryogenics at the Massachusetts Institute of Technology. He has received honorary
Doctorate degrees from Rensselaer Polytechnic Institute, the Swiss Federal Institute of
Technology, and Tulane University.

Dr. Starr became associated with the Manhattan District in its early days at the Radiation
Laboratory of the University of California at Berkeley, and later at Oak Ridge. Following
World War II, he pioneered in the development of nuclear propulsion for rockets and
ramjets; in miniaturizing nuclear reactors for space; and in developing atomic power
electricity plants. Subsequent activities included energy systems of all types. For his
work in the peaceful uses of atomic power, he received the Atomic Energy Commission
Award in 1974, the Walter H. Zinn Award in 1979, and the Henry D. Smyth Award in
1983. As a pioneer in the field, he received a Distinguished Contribution Award from
the Society for Risk Analysis in 1984. The United States Energy Association selected him
as the 1990 recipient of the United States Energy Award for demonstrating to an
exceptional degree long-term contributions to energy and to international
understanding. In November 1990, Dr. Starr was awarded The National Medal of
Technology from the President of the United States for his contribution to engineering
and the electrical industry. On May 6, 1992, Dr. Starr received the 1992 Rene Dubos
Environmental Award. He was chosen for his outstanding career in industry and
education, including his founding and continuing leadership of EPRI and major
contributions in nuclear power, risk assessment, and energy studies.

In addition to numerous professional memberships, Dr. Starr is a member and past Vice
President of the National Academy of Engineering, and a founder and past President of
the American Nuclear society. He is also a member and past Director of the American
Association for the Advancement of Science, a Foreign Member of the Royal Swedish
Academy of Engineering Sciences, and an Officer of the French Legion of Honor.



Position

Residence

Birthdate & place

Education

AWARDS

1964

1973

1974

1975

Chauncey Starr, Ph.D.

Chauncey Starr
Curriculum Vitae

President Emeritus

Electric Power Research Institute (EPRI)
3412 Hillview Avenue

Palo Alto, CA 94303

95 Stern Lane, Atherton, CA 94027
telephone: 415/324-8494

April 14, 1912, Newark, New Jersey

E.E. (1932), Rensselaer Polytechnic Institute (RPI)
Ph.D. (1935), RPI

Research Fellow (1932-1935), RPI

Charles A. Coffin Fellow (1935-1937),
Harvard University

Honorary Doctorate of Engineering
Rensselaer Polytechnic Institute

Roval Swedish Academy of Engineering
Sciences (Foreign Member)

Atomic Energy Commission Award for Meritorious
Contributions to the national atomic energy program

Pender Award
The University of Pennsylvania

2 September 1992



1978

1979

1980

1980

1983

1984

1986

1988

1988

Chauncey Starr, Ph.D.

French Legion of Honor

Nominated to rank of officer in recognition of efforts in
promoting and furthering understanding between
France and the United States in the field of scientific
and industrial achievements

Walter H. Zinn Award
by American Nuclear Society for Outstanding
Contributions to the advancement of nuclear power

Founder's Award

by the Seventh Energy Technology Conference in
recognition of scientific planning and management
talents leading to successful establishment of
innovative concept of industry-wide energy technology
R&D, the Electric Power Research Institute (EPRI)

Honorary Doctorate of Engineering
by Swiss Federal Institute of Technology

Henry D. Smyth Award
by the Atomic Industrial Forum, Inc. for contribution to
nuclear energy

Distinguished Contribution Award
by the Society for Risk Analysis for contributions to
risk analysis

Honorary Doctorate of Science
Tulane University

"Tommy" Thompson Award
by the American Nuclear Society for contributions to
nuclear reactor safety

Rockwell Medal

by the International Technology Institute for excellence
in Technology and contributions to the betterment of
mankind

3 September 1992



1990 1990 United States Energy Award
by the United States Energy Association for
long-term contributions to energy and to
international understanding

1990 The National Medal of Technology
by the President of the United States of America for its
contribution to engineering and the electric industry.

PROFESSIONAL EMPLOYMENT:

1987-Present President Emeritus, and Consultant
Electric Power Research Institute
Palo Alto, California

1978-1987 Vice Chairman

Electric Power Research Institute

1973-1978 Founder and President
Electric Power Research Institute

1966-1973 Dean, School of Engineering and Applied Science,
University of California at
Los Angeles

1946-1966 North American Rockwell, Incorporated President,

Atomics International Division Vice President, North
American Rockwell Los Angeles, California

1942-1946 Manhattan District, including Radiation Laboratory,
University of California at Berkeley, California;
Tennessee Eastman Corporation and Clinton
Laboratories at Oak Ridge, Tennessee

1941-1942 Bureau of Ships, U.S. Department of the Navy research
in electronics devices for study of transients in ship
structures

1938-1941 Massachusetts Institute of Technology; Research

Associate in properties of materials at low
temperatures, and the production of liquid hydrogen
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1935-1937 Harvard University; Research Fellow engaged in

physics of metals at high pressures, with P.W.
Bridgman

PROFESSIONAL ACTIVITIES:

Current

Past

National Academy of Engineering (past Vice President)

Royal Swedish Academy of Engineering Sciences (Foreign Member)
American Nuclear Society (Fellow; Founder; past Director and President)
American Association for Advancement of Science (former Director)
American Physical Society (Fellow)

American Society of Engineering Education

American Institute of Aeronautics and Astronautics

Society of Sigma Xi

Tau Beta Pi

Office of Technology Assessment, Energy Advisory Committee

School of Engineering and Applied Sciences, UCLA (Adjunct Professor)
School of Engineering, Stanford University (Consulting Professor)
National Council on Radiation Protection & Measurements (Consociate Mbr)

Society for Risk Analysis, Journal of Risk Analysis Editorial Board

University of California at Los Angeles, Board of Advisors

U.S. Government, President's Task Force of Science Policy
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U.S. Government, President's Energy Advisory Committee
Office of Science and Technology, Science and Technology Panel
Office of Science and Technology, Subpanel on Research and Education

U.S. Delegation to U.S./U.S.S.R. Joint Committee on Cooperation on Peaceful Uses
of Atomic Energy

U.S. National Energy Conference for World Energy (Delegate)

U.S./Israel Binational Advisory Council for Industrial Research and Development,
Energy Subcommittee

U.S. Air Force Nuclear Panel, Scientific Advisory Board

U.S. Congress, Board of Advisors to ad hoc Committee on the Environment
Republic of China, Board of Advisors for Science and Technology

The Rockefeller University, Rockefeller University Council

National Academy of Engineering, Committee on Public Engineering Policy
(former Chairman)

National Academy of Sciences and National Academy of Engineering, Joint
Environmental Studies Board

National Academy of Engineering, Commission on Engineering Education

National Academy of Engineering, Committee on Career-Long Education for
Engineers

Institute for Defense Analyses (Director)
International Electric Research Exchange (Principal Representative)
Atomic Industrial Forum (Director)

NASA, Research and Technology Advisory Council
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NASA, Committee on Space Power and Electric Propulsion (former Chairman)
Eta Kappa Nu (Eminent Member)
Scientific Research Society, Board of Governors (former chairman)

Engineers Joint Council, Board of Directors

PATENTS
Title Date Issued Patent Number
Calutron structure 7/26/55 2,714,166
Apparatus for producing ions 11/19/57 2,813,979

of vaporizable materials

Process of impregnating graphite with 7/26/60 2,946,699
a uranium compound

Nuclear reactor 1/8/63 3,072,553

IMPACT OF ACCOMPLISHMENTS

Selected Significant Accomplishments:

I. From an engineering point of view:

Early work on properties of materials, and techniques for measurements at
liquid helium temperatures;

- Contribution to the basic feasibility and performance of high current ion
sources, and their use in large scale isotope separation;

- Development of Sodium and polycyclic organics as practical coolants for
reactors, which included building prototypes, and applications for satellite

power units;

- Pioneered in Risk Analysis approaches to large-scale engineering decisions.
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II. From a management point of view:

- Founded Atomics International (division of North American Rockwell) and
two European subsidiaries;

- Built up faculty and scope of the engineering program of University of
California at Los Angeles while Dean of Engineering;

- Founded and managed the first five years of the Electric Power Research
Institute, now the principal vehicle for electric utility industry R&D;

- Distinguished service on at least eighteen boards and advisory committees,
including service for DOD, DOE, OTA, AEC, NASA, ENC, Republic of China,
NCRP, four universities, PSAC, OSTP, NAE, NAS;

- Contributed fundamental insights to energy policy decisions involving the
integration of resources, technology, and environmental options and
constraints;

- Contributed to the foundations of risk assessment as a basis for optimal risk

management. Regarded as the guru in risk analysis.

Dr. Starr has been indefatigable in publishing and speaking on a series of related
themes. EPRI's files list 280 titles and texts in just the last fifteen years, 66 in the last five
years, and a total of over 400 documented papers.
The range of topics covered, ranked by frequency, are as follows:

- Energy Supply, Demand, and Options *

- Energy-Related R&D Strategies and Results *

- Environmental Effects and Controls

- National Science Policies Related to Energy

- Risk Assessment and Risk Management *

- Engineering Education Policies

- Fuels and Waste Disposal *

Chauncey Starr, Ph.D. 8 September 1992



- Proliferation of Nuclear Weapons *

- Conservation and Effective Utilization of Resources
He has made seminal contributions that have appreciably affected national policy
directions on many of these topics (particularly those marked with an *). His

contributions in most of these fields has been sustained over 20 to 30 years, so that he
has become a steady source of rationalized policy thinking.

SELECTED SPEECHES AND PAPERS (since 1977):

Starr, C., "Technical Innovation: The Answer to Resource Depletion", presented to the

International Conference on Energy Use Management, Tucson, AZ, October
24-28,1977

Starr, C. and R. Balzhiser, "Assessment of Electric Power Generation Options and
Issues", presented at the World Energy Conference, Munich, Germany,
September 1980

Starr, C., "Evolutionary Science and Ethics: A Regulatory Challenge",
LLOYD'S OF LONDON PRESS Symposium and Workshop on Radiation and
Energy, New York, NY, December 8, 1983

Starr, C., "Electricity", U.S. Committee on Energy Awareness,
New York, NY, December 8, 1983

Starr, C., "Economics Growth, Electricity and Nuclear Power",

Atomic Industrial Forum, Plenary Session, 1983 Annual Conference, San
Francisco, CA, October 30-November 3, 1983

Starr, C., "Risk Management, Assessment, and Acceptability",
Society for Risk Analysis, Knoxville, TN, October 1, 1984; published in RISK
ABSTRACTS, Vol. 2, No. 2

Starr, C. and M. Searl, "U.S. Electricity Needs Versus Planned Capacity Additions,"
International Scientific Forum, Ft. Lauderdale, Florida, November 27, 1984;

and Nuclear Power Seminar, Paris, February 14, 1985

Starr, C., "Creating Nuclear Power in a Developing Industrial
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Country," Israel Nuclear Society 1985 Annual Meeting, Beer-Sheva, Israel,
February 6, 1985

Starr, C., "Risk Uncertainty and Risk Management," Plenary
Session, International ANS/ENS Topical Meeting on Probabilistic Safety
Methods and Applications, San Francisco, February 25, 1985

Starr, C., "Form Value of Electricity," Introduction to the American Power Conference
meeting, Chicago, April 22, 1985

Starr, C., "Energy Investments in the 1980s," Keynote address,
Stanford University Executive Seminar, July 7, 1985

Starr, C., "Challenging Existing Technologies," 1985 Policy Issues Forum, Aspen,
Colorado, August 1985

Starr, C., "Management Significance of Risk Analysis," Nuclear Power Management
Conference, Stanford University, August 15, 1985

Starr, C., "Dealing with Uncertainty in Risk Regulation," Society for Risk Analysis,
Washington DC, October 1985

Starr, C., "Stages in the Management of Risks," 9th Annual International Scientific
Forum on the Silent Energy Revolution, Copenhagen, October 1985

Starr, C., "EPRI and the Search for Excellence," American Nuclear Society Winter
Meeting, San Francisco, November 1985

Starr, C., "Economic Growth, Social Change and Energy, “Workshop on Energy-
Economics and Utility Planning, Taipei, Taiwan, December 1985

Starr, C., "The United States in 2000: Power-less or Power-full?" Canadian Nuclear
Association 25th Anniversary meeting, Ottawa, June 3, 1985; and Los Alamos
National Laboratory Colloquium presentation, Los Alamos, NM , May 6, 1986

Starr, C., "The Engineer in a Technological Society," Tulane University Commencement
Address, New Orleans, LA, May 17, 1986

Starr, C., "Planning Energy Systems: The Effects of Uncertainty,"
International Symposium on the Total Risk and Benefit Impact of Energy
Alternatives, University of Waterloo, Waterloo, Ontario, Canada, May 20-23,
1986
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Starr, C., "The Risk of Living," Stanford University Seminar, May 29, 1986

Starr, C., R. Balzhiser and F. Culler, "The Influence of Research and Development on
Future Trends," 13th Congress of the World Energy Conference, Cannes,
France, October 5-11, 1986

Starr, C., "Engineering Diversity in Risk Analysis," AAES Risk Analysis Panel Meeting,
Arlington, VA, October 23, 1986

Starr, C. and C. Whipple, "The Strategic Defense Initiative and Nuclear Proliferation
from a Risk Analysis Perspective" Yale University Seminar on International
Security and Arms Control Program, New Haven, February 10, 1987

Starr, C., "The Management of Human Risk," Science and Technology Advisory Group,
Republic of China, Taipei, R.O.C. March 24, 1987

Starr, C. and M. Searl, "An Energy Assurance Strategy," Council on Alternate Fuels
Research, Alternate Fuels Research Institute, San Francisco, April 9, 1987

Starr, C. and C. Whipple, "Understanding Nuclear Power Safety Goals in Light of the
Chernobyl Accident," International Atomic Energy Association Coordinated

Research Meeting, Rez, Czechoslovakia,
April 13-17, 1987

Starr, C., "Technology Innovation and Electricity Futures, “Energy Technology '87,
Annual Meeting, Washington DC, April 14, 1987

Starr, C., "Public Acceptance and a Functional Perspective on Risk Analysis in Nuclear
Power," Probabilistic Safety Analysis '87 Annual Meeting, Zurich, Switzerland,
August 31-September 3, 1987

Starr, C., "Creating Nuclear Power in a Developing Industrial Country," Pakistan
Engineers and Scientists Association,
Stanford, CA, September 19, 1987

Starr, C., "Reshaping Fission for Social Acceptability," International Scientific Forum on
Fueling the 21st Century, Moscow, U.S.S.R, October 5, 1987

Starr, C. and C. Whipple, "The Strategic Defense Initiative and
Nuclear Proliferation from a Risk Analysis Perspective,"
Society for Risk Analysis Annual Meeting, Houston,
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November 1-4, 1987

Starr, C., "Risk Assessment and Emerging Technologies," AAES-NRC Workshop on
Management of Technology, Washington DC,
November 4-5, 1987

Starr, C., "Global Climate Change and the Electric Power Industry," National Climate
Program Office Strategic Planning Seminar, Washington DC, January 5, 1988

Starr, C., "Implications of Continuing Electrification," Inaugural Symposium sponsored
by the National Academy of Engineering on "An Energy Agenda for the
1990s," Arnold and Mabel Beckman Center, Irvine, California, May 11, 1988

Starr, C. and C. Whipple, "Acceptable Risk in Regulation: The Impact of Recent Court
Decisions on Public Policy for Risk Management," Society for Risk Analysis
Annual Meeting, Washington DC, November 1, 1988

Starr, C. with M. Searl, "Global Projections of Energy and Electricity," American Power
Conference Annual Meeting, Chicago, Illinois, April 24, 1989

Starr, C., "Advanced Reactors: A Retrospective," American Nuclear
Society/National Institute of Standards and Technology Conference, "Fifty
Years with Nuclear Fission," Gaithersburg, Maryland, April 26, 1989

Starr, C., "Future Needs for Nuclear Power," IAEA/ANL International Workshop on
"Safety of Nuclear Installations of the Next Generation and Beyond," Chicago,
Illinois, August 28-31, 1989

Starr, C. "Public Acceptance of Nuclear Power," luncheon address, IAEA/ANL
International Workshop on "Safety of Nuclear Installations of the Next
Generation and Beyond, Chicago, Illinois, August 30, 1989

Starr, C., "Twenty Year Retrospective on Risk Management," presented at GPU Nuclear
Corp. Risk Management Symposium, Parsippany, New Jersey, September 6,
1989

Starr, C., "Risk in Developing Nations" presented at the Society for Risk Analysis, San
Francisco, CA, October 30, 1989

Starr, C., "Is Nuclear Power a Viable Option for Helping to Control Greenhouse
Warming?" Submitted on request to the EPA Journal, January 18, 1990
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Starr, C., and M. Searl, "Global Energy and Electricity Futures: Demand and Supply
Alternatives" Conference on "The Reality and Consequences of a Global
Climate Warming" sponsored by the University of Tulsa and the International
Council of Tulsa, April 3, 1990, Tulsa, Oklahoma

Starr, C., "Organizing for Risk Management" Conference on "The New Public Health,
1990" Section EHO2, Environmental and Public Health, State of California, Los
Angeles, April 25, 1990

Starr, C., "Global Energy and Electricity Futures" The Atlantic Council, Energy Policy
Book, Chapter VI, June 29, 1990

Starr, C., and M. Searl, "Global Energy and Electricity Futures: Demand and Supply
Alternatives" sent to Energy Systems and Policy , June 29, 1990

Starr, C., EPRI Retrospective "An Introspective and Prospective View" "The more things
change, the more they stay the same”. EPRI Advisory Council, San Francisco,
California, August 5, 1990

Starr, C., and M. Searl, "Role of Energy and Electricity Alternatives”. Prepared for the
ENS/ANS-FORATOM Meeting in Lyon, France September 23-28, 1990.

Starr, C., "Risk Management Commentary" for Dr. D. Allan Bromley Assistant to the
President for Science and Technology Washington D. C. September 3, 1990

Starr, C., "Energy and Social Development" W.B. Lewis Memorial Lecture, University of
Toronto, Canada October 19, 1990

Starr, C., and M. Searl, "Global Energy and Electricity Futures" The American Power
Conference Chicago, Illinois, April 29 to May 1, 1991

Dr. Starr has produced at least 41 publications, not including invited papers for
meetings, congressional testimonies and lectures. The following have been selected as
significant examples of his written work:

"Magnetic Properties at Low Temperatures-1I," Theoretical Phys. Rev. 58 (1940),
984

"Design of Hydrogen Liquefiers," Rev. Sci. Inst. 12 (1941) 193
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"The Role of Multipurpose Reactors," Nucleonics 11, No.1 (January 1953), 62-64

Sodium Graphite Reactors, co-authored with R. W. Dickinson, (Reading, MA:
Addison-Wesley Publishing Company, 1958)

"Energy, Power and Society," Scientific American (September 1972)

"Philosophical Basis for Risk Analysis," co-authored with Richard Rudman and
Chris Whipple, Annual Review of Energy 1, (Palo Alto, CA: Annual Reviews,
1976)

"The Growth of Limits," in Proceedings of the Edison Centennial Symposium on
Science, Technology and the Human Prospect (New York: Pergamon Press, 1979)

"Risk Benefit Analysis and Its Relation to the Energy/Environment Debate", in
Directions in Energy Policy: A Comprehensive Approach to Energy Resource
Decisionmaking (Cambridge, MA: Ballinger Publishing Co., 1979)

"Risks of Risk Decision" with C. Whipple, Science 208 (6 June 1980) 1114

Starr, C. and M. Searl, "Generating Capacity Requirements for Economic Growth
1990-2000", Public Utilities Fortnightly (April 29, 1982)

Starr, C. and C. Whipple, "A Perspective on Health and Safety Risk Analysis",
Management Science 30, No. 4 (April 1984)

Starr, C., “Managing Electricity Production Effects," in Risks and Benefits of
Energy Systems, Proceedings of an International Symposium organized by the
International Atomic Energy Agency with the United Nations Environment
Programme and the World Health Organization, Julich, FRG, April 9-13, 1984
(Vienna: International Atomic Energy Agency, 1984)

Starr, C., "Uranium Power and Horizontal Proliferation of Nuclear Weapons",
Science 224 (1 June 1984) 952-957

Starr, C., "Industrial Cooperation in R&D," Research Management XXVIII, No. 5
(September /October 1985)

Starr, C., "Risk Analysis and Risk Management," in Risk Analysis in the Private
Sector, ed. C. Whipple and V.T. Covello (New York: Plenum, 1985)
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Social Benefit versus
Technological Risk

What is our society willing to pay for safety?

The evaluation of technical ap-
proaches to solving societal problems
customarily involves consideration of
the relationship between potential tech-
nical performance and the required in-
vestment of societal resources. Although
such performance-versus-cost relation-
ships are clearly useful for choosing
between alternative solutions, they do
not by themselves determine how much
technology a society can justifiably pur-
chase. This latter determination re-
quires, additionally, knowledge of the
relationship between social benefit and
justified social cost. The two relation-
ships may then be used jointly to de-
termine the optimum investment of
societal resources in a technological
approach to a social need.

Technological analyses for disclosing
the relationship between expected per-
formance and monetary costs are a
traditional part of all engineering plan-
ning and design. The inclusion in such
studies of all societal costs (indirect as
well as direct) is less customary, and
obviously makes the analysis more dif-
ficult and less definitive. Analyses of
social value as a function of technical

The author is dean of the School of Engineer-
ing and Applied Science, University of California,
Los Angeles. This article is adapted from a paper
presented at the Symposium on Human Ecology
held at Airlie House, Warrenton, Virginia, in

Chauncey Starr

performance are not only uncommon
but are rarcly quantitative. Yet we
know that implicit in every nonarbi-
trary national decision on the use of
technology is a trade-off of societal
benefits and societal costs.

In this article I offer an approach
for establishing a quantitative measure
of benefit relative to cost for an im-
portant element in our spectrum of
social values—specifically, for acciden-
tal deaths arising from technological
developments in public use. The anal-
ysis is based on two assumptions. The
first is that historical national accident
records are adequate for revealing con-
sistent patterns of fatalities in the pub-
lic use of technology. (That this may
not always be so is evidenced by the
paucity of data relating to the effects
of environmental pollution.) The sec-
ond assumption is that such historically
revealed social preferences and costs
are sufficiently enduring to permit their
use for predictive purposes.

In the absence of economic or socio-
logical theory which might give better
results, this empirical approach pro-
vides some interesting insights into ac-
cepted social values relative to personal
risk. Because this methodology is based
on historical data, it does not serve to
distinguish what is “best” for society
from what is “traditionally acceptable.”

Maximum Benefit at Minimum Cost

The broad societal benefits of ad-
vances in technology exceed the asso-
ciated costs sufficiently to make tech-
nological growth inexorable. Shef’s so-
cioeconomic study (I) has indicated
that technological growth has been
generally exponential in this century,
doubling every 20 years in nations hav-
ing advanced technology. Such tech-
nological growth has apparently stim-
ulated a parallel growth in socioeco-
nomic benefits and a slower associated
growth in social costs.

The conventional socioeconomic ben-
efits—health, education, income—are
presumably indicative of an improve-
ment in the “quality of life.” The cost
of this socioeconomic progress shows up
in all the negative indicators of our so-
ciety—urban and environmental prob-
lems, technological unemployment, poor
physical and mental health, and so on.
If we understood quantitatively the
causal relationships between specific
technological developments and societal
values, both positive and negative, we
might deliberately guide and regulate
technological developments so as to
achieve maximum social benefit at min-
imum social cost. Unfortunately, we
have not as yet developed such a pre-
dictive system analysis. As a result, our
society historically has arrived at ac-
ceptable balances of technological ben-
efit and social cost empirically—by
trial, error, and subsequent corrective
steps.

In advanced societies today, this his-
torical empirical approach creates an
increasingly critical situation, for two
basic reasons. The first is the well-
known difficulty in changing a techni-
cal subsystem of our society once it has
been woven into the economic, politi-

_cal, and cultural structures. For exam-

ple, many of our environmental-pollu-
tion problems have known engineering
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solutions, but the problems of economic
readjustment, political jurisdiction, and
social behavior loom very large. It will
take many decades to put into effect
the technical solutions we know today.
To give a specific illustration, the pol-
lution of our water resources could be
completely avoided by means of engi-
neering systems now available, but, pub-
lic interest in making the economic and
political adjustments needed for apply-
ing these techniques is very limited. It
has been facetiously suggested that, as
a means of motivating the public, every
community and industry should be re-
quired to place its water intake down-
stream from its outfall.

In order to minimize these difficul-
ties, it would be desirable to try out
new developments in the smallest social
groups that would permit adequate as-
sessment, This is a common practice
in market-testing a new product or in
field-testing a new drug. In both these
cases, however, the experiment is com-
pletely under the control of a single
company or agency, and the test infor-
mation can be fed back to the con-
trolling group in a time that is short
relative to the anticipated commercial
lifetime of the product. This makes it
possible to achieve essentially optimum
use of the product in an acceptably
short time, Unfortunately, this is rarely
the case with new technologies. Engi-
neering developments involving new
technology are likely to appear in many
places simultaneously and to become
deeply integrated into the systems of
our society before their impact is evi-

dent or measurable.

This brings us to the second reason
for the increasing severity of the prob-
lem of obtaining maximum benefits at
minimum costs. It has often been stated
that the time required from the con-
ception of a technical idea to its first
application in society has been drasti-
cally shortened by modern engineering
organization and management. In fact,
the history of technology does not sup-
port this conclusion. The bulk of the
evidence indicates that the time from
conception to first application (or dem-
onstration) has been roughly unchanged
by modern management, and depends
chiefly on the complexity of the devel-
opment.

However, what has been reduced
substantially in the past century is the
time from first use to widespread inte-
gration into our social system. The
techniques for societal diffusion of a
new technology and its subsequent ex-
ploitation are now highly developed.

Our ability to organize resources of
money, men, and materials to focus
on new technological programs has re-
duced the diffusion-exploitation time
by roughly an order of magnitude in
the past century.

Thus, we now face a general situa-
tion in which widespread use of a new
technological development may occur
before its social impact can be proper-
ly assessed, and before any empirical

-adjustment of the benefit-versus-cost

relation is obviously indicated.

It has been clear for some time that
predictive technological assessments are
a pressing societal need. However, even
if such assessments become available,
obtaining maximum social beaefit at
minimum cost also requires the estab-
lishment of a relative value system for
the basic parameters in our objective
of improved “quality of life.” The em-
pirical approach implicitly involved an
intuitive societal balancing of such
values. A predictive analytical ap-
proach will require an explicit scale qf
relative social values.

For example, if technological assess-
ment of a new development predicts an
increased per capita annual income of
x percent but also predicts an associ-
ated accident probability of y fatalities
annually per million population, then
how are these to be compared in their
effect on the “quality of life”’? Because
the penalties or risks to the public
arising from a new development can be
reduced by applying constraints, there
will usually be a functional relationship
(or trade-off) between utility and risk,
the x and y of our example.

There are many historical illustra-
tions of such trade-off relationships
that were empirically determined. For
example, automobile and airplane safe-
ty have been continuously weighed by
society against economic costs and
operating performance. In these and
other cases, the real trade-off process is
actually one of dynamic adjustment,
with the behavior of many portions of
our social systems out of phase, due to
the many separate “time constants” in-
volved. Readily available historical data
on accidents and health, for a variety
of public activities, provide an enticing
stepping-stone to quantitative evalua-
tion of this particular type of social
cost. The social benefits arising from
some of these activities can be roughly
determined. On the assumption that in
such historical situations a socially ac-
ceptable and essentially optimum trade-
off of values has been achieved, we
could say that any generalizations de-

veloped might then be used for predic-
tive purposes. This approach could give
a rough answer to the seemingly simple
question ““How safe is safe enmough?”

The pertinence of this question to
all of us, and particularly to govern-
mental regulatory agencies, is obvious.
Hopefully, a functional answer might
provide a basis for establishing per-
formance “design objectives” for the
safety of the public.

Voluntary and Involuntary Activities

Societal activities fall into two gen-
eral categories—those in which the in-
dividual participates on a “voluntary”
basis and those in which the participa-
tion is “involuntary,” imposed by the
society in which the individual lives.
The process of empirical optimization
of benefits and costs is fundamentally
similar in the two cases—namely, a
reversible exploration of available op-
tions—but the time required for em-
pirical adjustments (the time constants
of the system) and the criteria for op-
timization are quite different in the two
situations.

In the case of “voluntary” activities,
the individual uses his own value sys-
tem to evaluate his experiences. Al--
though his eventual trade-off may not
be consciously or analytically deter-
mined, or based upon objective knowl-
edge, it nevertheless is likely to repre-
sent, for that individual, a crude op-
timization appropriate to his value
system. For example, an urban dweller
may move to the suburbs because of a
lower crime rate and better schools, at
the cost of more time spent traveling
on highways and a higher probability
of accidents. If, subsequently, the traffic
density increases, he may decide that
the penalties are too great and move
back to the city. Such an individual
optimization process can be compara-
tively rapid (because the feedback of
experience to the individual is rapid),
so the statistical pattern for a large
social group may be an important “real-
time” indicator of societal 4rade-offs
and values.

“Involuntary” activities differ in that
the criteria and options are determined
not by the individuals affected but by
a controlling body. Such control may
be in the hands of a government agen-
cy, a political entity, a leadership
group, an assembly of authorities or
“opinion-makers,” or a combination
of such bodies. Because of the com-
plexity of large societies, only the con-
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Fig. 1. Mining accident rates plotted rela-
tive to incentive.

trol group is likely to be fully aware
of all the criteria and options involved
in their decision process. Further, the
time required for feedback of the ex-
perience that results from the con-
trolling decisions is likely to be very
long. The feedback of cumulative in-
dividual experiences into societal com-
munication channels (usually political
or economic) is a slow process, as is
the process of altering the planning of
the control group. We have many ex-
amples of such “involuntary” activities,
war being perhaps the most extreme
case of the operational separation of
the decision-making group from those
most affected. Thus, the real-time pat-
tern of societal trade-offs on “involun-
tary” activities must be considered in
terms of the particular dynamics of
approach to an acceptable balance of
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social values and costs. The historical
trends in such activities may therefore
be more significant indicators of social
acceptability than the existent trade-
offs are.

In examining the historical benefit-
risk relationships for “involuntary” ac-
tivities, it is important to recognize the
perturbing role of public psychological
acceptance of risk arising from the in-
fluence of authorities or dogma. Be-
cause in this situation the decision-
making is separated from the affected
individual, society has generally clothed
many of its controlling groups in an
almost impenetrable mantle of author-
ity and of imputed wisdom. The public
generally assumes that the decision-
making process is based on a rational
analysis of social benefit and social
risk. While it often is, we have all seen
after-the-fact examples of irrationality.
It is important to omit such “witch-
doctor” situations in selecting examples
of optimized “involuntary” activities,
because in fact these situations typify
only the initial stages of exploration of
options.

Quantitative Correlations

With this description of the problem,
and the associated caveats, we are in a
position to discuss the quantitative cor-
relations. For the sake of simplicity in
this initial study, I have taken as a
measure of the physical risk to the in-
dividual the fatalities (deaths) associ-
ated with each activity. Although it
might be useful to include all injuries
(which are 100 to 1000 times as nu-
merous as deaths), the difficulty in ob-
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Fig. 2. Risk (R) pibtted relative to benefit (B) for various kinds of voluntary and

involuntary exposure.

taining data and the unequal signifi-
cance of varying disabilities would in-
troduce inconvenient complexity for
this study. So the risk measure used
here is the statistical probability of
fatalities per hour of exposure of the
individual to the activity considered.

The hour-of-exposure unit was chos-
en because it was deemed more closely
related to the individual’s intuitive
process in choosing an activity than a
year of exposure would be, and gave
substantially similar results. Another
possible alternative, the risk per activ-
ity, involved a comparison of too many'
dissimilar units of measure; thus, in
comparing the risk for various modes
of transportation, one could use risk
per hour, per mile, or per trip. As this
study was directed toward exploring a
methodology for determining social ac-
ceptance of risk, rather than the safest
mode of transportation for a particular
trip, the simplest common unit-—that
of risk per exposure hour—was chosen.

The social benefit derived from each
activity was converted into a dollar
equivalent, as a measure of integrated
value to the individual. This is perhaps
the most uncertain aspect of the cor-
relations because it reduced the “qual-
ity-of-life” benefits of an activity to an
overly simplistic measure. Nevertheless,
the correlations seemed useful, and no
better measure was available. In the
case of the “voluntary” activities, the
amount of money spent on the activity
by the average involved individual was
assumed proportional to its benefit to
him. In the case of the “involuntary” ac-
tivities, the contribution of the activity
to the individual’s annual income (or the
equivalent) was assumed proportional
to its benefit. This assumption of
roughly constant relationship between
benefits and monies, for each class of
activities, is clearly an approximation,
However, because we are dealing in
orders of magnitude, the distortions
likely to be introduced by this approx-
imation are relatively small.

In the case of transportation modes,
the benefits were equated with the sum
of the monetary cost to the passenger
and the value of the time saved by that
particular mode relative to a slower,
competitive mode. Thus, airplanes were
compared with automobiles, and auto-
mobiles were compared with public
transportation or walking. Benefits of
public transportation were equated with
their cost. In all cases, the benefits
were assessed on an annual dollar basis
because this seemed to be most relevant
to the individual’s intuitive process. For
example, most luxury sports require an
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investment and upkeep only partially
dependent upon usage. The associated
risks, of course, exist only during the
hours of exposure.

Probably the use of electricity pro-
vides the best example of the analysis
of an “involuntary” activity. In this
case the fatalities include those arising
from electrocution, electrically caused
fires, the operation of power plants,
and the mining of the required fossil
fuel. The benefits were estimated from
a United Nations study of the relation-
ship between energy consumption and
national income; the energy fraction
associated wtih electric power was
used. The contributions of the home
use of electric power to our “quality
of life”—more subtle than the contri-
butions of electricity in industry-—are
omitted. The availability of refrigera-
tion has certainly improved our na-
tional health and the quality of dining.
The electric light has certainly provided
great flexibility in patterns of living,
and television is a positive element.
Perhaps, however, the gross-income
measure used in the study is sufficient
for present purposes.

Information on acceptance of “vol-
untary” risk by individuals as a func-
tion of income benefits is not easily
available, although we know that such
a relationship must exist. Of particular
interest, therefore, is the special case of
miners exposed to high occupational
risks. In Fig. 1, the accident rate and
the severity rate of mining injuries are

plotted against the hourly wage (2, 3).
The acceptance of individual risk is an
exponential function of the wage, and
can be roughly approximated by a
third-power relationship in this range.
If this relationship has validity, it may
mean that several “quality of life” pa-
rameters (perhaps health, living essen-
tials, and recreation) are each partly
influenced by any increase in available
personal resources, and that thus the
increased acceptance of risk is expo-
nentially motivated. The exient to
which this relationship is “voluntary”
for the miners is not obvious, but the
subject is interesting nevertheless.

Risk Comparisons

The results for the societal activities
studied, both “voluntary” and “involun-
tary,” are assembled in Fig. 2. (For de-
tails of the risk-benefit analysis, see the
appendix.) Also shown in Fig. 2 is the
third-power Ttelationship between risk
and benefit characteristic of Fig. 1. For
comparison, the average risk of death
from accident and from disease is
shown. Because the average number of
fatalities from accidents is only about
one-tenth the number from disease,
their inclusion is not significant.

Several major features of the benefit-
risk relations are apparent, the most
obvious being the difference by several
orders of magnitude in society’s will-
ingness to accept “voluntary” and “in-
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voluntary” risk. As one would expect,
we are loathe to let others do unto us
what we happily do to ourselves.

The rate of death from disease ap-
pears to play, psychologically, a yard-
stick role in determining the acceptabil-
ity of risk on a voluntary basis. The
risk of death in most sporting activities
is surprisingly close to the risk of death
from disease—almost as though, in
sports, the individual’s subconscious
computer adjusted his courage and
made him take risks associated with a
fatality level equaling but not exceed-
ing the statistical mortality due to in-
voluntary exposure to disease. Perhaps
this defines the demarcation between
boldness and foolhardiness.

In Fig. 2 the statistic for the Vietnam
war is shown because it raises an in-
teresting point. It is only slightly above
the average for risk of death from
disease. Assuming that some long-range
societal benefit was anticipated from
this war, we find that the related risk,
as seen by society as a whole, is not
substantially different from the average
nonmilitary risk from disease. How-
ever, for individuals in the military-
service age group (age 20 to 30), the
risk of death in Vietnam is about ten
times the normal mortality rate (death
from accidents or disease). Hence the
population as a whole and those direct-
ly exposed see this matter from differ-
ent perspectives. The disease risk perti-
nent to the average age of the involved
group probably would provide the basis
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for a more meaningful comparison than
the risk pertinent to the national aver-
age age does. Use of the figure for the
single group would complicate these
simple comparisons, but that figure
might be more significant as a yard-
stick.

The risks associated with general avi-
ation, commercial aviation, and travel
by motor vehicle deserve special com-
ment. The latter originated as a “vol-
untary” sport, but in the past half-
century the motor vehicle has become
an essential utility. General aviation is
still a highly voluntary activity. Com-
mercial aviation is partly voluntary and
partly essential and. additionally, is
subject to government administration
as a transportation utility.

Travel by motor vehicle has now
reached a benefit-risk balance, as shown
in Fig. 3. It is interesting to note that
the present risk level is only slightly
below the basic level of risk from dis-
ease. In view of the high percentage
of the population involved, this prob-
ably represents a true societal judgment
on the acceptability of risk in relation
to benefit. It also appears from Fig. 3
“that future reductions in the risk level
will be slow in coming, even if the
historical trend of improvement can be
maintained (4). .

Commercial aviation has barely ap-
proached a risk level comparable to
that set by disease. The trend is sim-
ilar to that for motor vehicles, as shown
in Fig. 4. However, the percentage of

Fig. 6 .(ab('we). Group risk plotted relative to year.

the population participating is now only
1/20 that for motor vehicles. Increased
public participation in commercial avi-
ation will undoubtedly increase the
pressure to reduce the risk, because,
for the general population, the benefits
are much less than those associated
with motor vehicles. Commercial avia-
tion has not yet reached the point of
optimum benefit-risk trade-off (5).
For general aviation the trends are
similar, as shown in Fig. 5. Here the
risk levels are so high (20 times the
risk from disease) that this activity
must properly be considered to be in
the category of adventuresome sport.
However, the rate of risk is decreasing
so rapidly that eventually the risk for

general aviation may be little higher
than that for commercial aviation. Since
the percentage of the population in-
volved is very small, it appears that the
present average risk levels are accept-
able to only a limited group (6).

The similarity of the trends in Figs.
3-5 may be the basis for another hy-
pothesis, as follows: the acceptable
risk is inversely related to the number
of people participating in an activity.

The product of the risk and the per-
centage of the population involved in
each of the activities of Figs. 3-5 is
plotted in Fig. 6. This graph represents
the historical trend of total fatalities
per hour of exposure of the popula-
tion involved (7). The leveling off of
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m;)tor-vehicle risk at about 100 fatali-

ties per hour of exposure of the partici-
pating population may be significant.
Because most of the U.S. population is
involved, this rate of fatalities may
have sufficient public visibility to set
a level of social acceptability, It is in-
teresting, and disconcerting, to note
that the trend of fatalities in aviation,
both commercial and general, is uni-
formly upward.

Public Awareness

Finally, I attempted to relate these
risk data to a crude measure of public
awareness of the associated social ben-
efits (see Fig. 7). The “benefit aware-
ness” was arbitrarily defined as the
product of the relative level of ad-

vertising, the square of the percentage

of population involved in the activity,
and the relative usefulness (or impor-
tance) of the activity to the individual
(8). Perhaps these assumptions are too
crude, but Fig. 7 does support the
reasonable position that advertising the
benefits of an activity increases public
acceptance of a greater level of risk.
This, of course could subtly produce a
fictitious benefit-risk ratio—as may be
the case for smoking.

Atomic Power Plant Safety

I recognize the uncertainty inherent
in the quantitative approach discussed
here, but the trends and magnitudes
may nevertheless be of sufficient va-
lidity to warrant their use in determin-
ing national “design objectives” for
technological activities. How would
this be done? ,

Let us consider as an example the
introduction of nuclear power plants
as a principal source of electric power.
This is an especially good example be-
cause the technology has been primar-
ily nurtured, guided, and regulated by
the government, with industry under-
taking the engineering development
and the diffusion into public use. The
government specifically maintains re-
sponsibility for public safety. Further,
the engineering of nuclear plants per-
mits continuous reduction of the prob-
ability of accidents, at a substantial
increase in cost. Thus, the frade-off of
utility and potential risk can be made
quantitative,

Moreover, in the case of the nuclear
power plant the historical empirical
approach to achieving an optimum
benefit-risk trade-off is not pragmati-

cally feasible. All such plants are now
so safe that it may be 30 years or
longer before meaningful risk experi-
ence will be accumulated. By that time,
many plants of varied design will be
in existence, and the empirical acci-
dent data may not be applicable to
those being built, So a very real need
exists now to establish “design objec-
tives” on a predictive-performance ba-
sis,

Let us first arbitrarily assume that
nuclear power plants should be as safe
as coal-burning plants, so as not to
increase public risk. Figure 2 indicates
that the total risk to society from elec-
tric power is about 2 X 10—? fatality
per person per hour of exposure. Fossil
fuel plants contribute about ¥ of this
risk, or about 4 deaths per million pop-
ulation per year. In a modern society,
a million people may require a million
kilowatts of power, and this is about
the size of most new power stations,
So, we now have a target risk limit of
4 deaths per year per million-kilowatt
power station (9).

Technical studies of the consequences
of hypothetical extreme (and unlikely)
nuclear power plant catastrophes, which
would disperse radioactivity into popu-
lated areas, have indicated that about
10 lethal cancers per million population
might result (10). On this basis, we cal-
culate that such a power plant might
statistically have one such accident
every 3 years and still meet the risk
limit set. However, such a catastrophe
would completely destroy a major por-
tion of the nuclear section of the plant
and either require complete disman-
tling or years of costly reconstruction.
Because power companies expect plants
to last about 30 years, the economic
consequences of a catastrophe every
few years would be completely unac-
ceptable. In fact, the operating com-
panies would not accept one such fail-
ure, on a statistical basis, during the
normal lifetime of the plant.

It is likely that, in order to meet the
economic performance requirements of
the power companies, a catastrophe
rate of less than 1 in about 100 plant-
years would be needed. This would be
a public risk of 10 deaths per 100
plant-years, or 0.1 death per year per
million population. So the economic
investment criteria of the nuclear plant
user—the power company—would prob-
ably set a risk level 1/200 the present
socially accepted risk associated with
electric power, or 1/40 the present
risk  associated with coal-burning
plants.

An obvious design question is this:

Can a nuclear power plant be engineered
with a predicted performance of less
than 1 catastrophic failure in 100 plant-
years of operation? I believe the answer
is yes, but that is a subject for a different
occasion. The principal point is that the
issue of public safety can be focused
on a tangible, quantitative, engineering
design objective.

This example reveals a public safety
consideration which may apply to many
other activities: The economic require-
ment for the protection of major capital
investments may often be a more de-
manding safety constraint than social
acceptability.

Conclusion

The application of this approach to
other areas of public responsibility is
self-evident. It provides a useful meth-
odology for answering the question
“How safe is safe enough?”’ Further,
although this study is only exploratory,
it reveals several interesting points.
(i) The indications are that the public
is willing to accept “voluntary” risks
roughly 1000 times greater than “in-
voluntary” risks. (ii) The statistical
risk of death from disease appears to
be a psychological yardstick for estab-
lishing the level of acceptability of
other risks. (ili) The acceptability of
risk appears to be crudely proportional
to the third power of the benefits (real
or imagined). (iv) The social accept-
ance of risk is directly influenced by
public awareness of the benefits of an
activity, as determined by advertising,

usefulness, and the number of people

participating. (v) In a sample applica-
tion of these criteria to atomic power
plant safety, it appears that an engi-
neering design objective determined by
economic criteria would result in a
design-target risk level very much lower
than the present socially accepted risk
for electric power plants,

Perhaps of greatest interest is the fact
that this methodology for revealing ex-
isting social preferences and values may
be a means of providing the insight
on social benefit relative to cost that is
so necessary for judicious national deci-
sions on new technological develop-
ments.

Appendix: Details of
Risk-Benefit Analysis

Motor-vehicle travel. The calculation
of motor-vehicle fatalities per exposure
hour per year is based on the number of
registered cars, an assumed 1%5 persons
per car, and an assumed 400 hours per




year of average car use [data from 3 and
11). The figure for annual benefit for
motor-vehicle travel is based on the sum
of costs for gasoline, maintenance, insur-
ance, and car payments and on the value
of the time savings per person. It is as-
sumed that use of an automobile allows
a person to save 1 hour per working day
and that a person’s time is worth $5 per
hour.

Travel by air route carrier. The estimate
of passenger fatalities per passenger-hour
of exposure for certified air route carriers
is based on the annual number of pas-
senger fatalities listed in the FAA Statisti-
cal Handbook of Aviation (see 12) and
the number of passenger-hours per year.
The latter number is estimated from the
average number of seats per plane, the
seat load factor, the number of revenue
miles flown per year, and the average
plane speed (data from 3). The benefit
for travel by certified air route carrier is
based on the average annual air fare per
passenger-mile and on the value of the
time saved as a result of air travel. The
cost per passenger is estimated from the
average rate per passenger-mile (data
from 3), the revenue miles flown per year
(data from I2), the annual number of
passenger boardings for 1967 (132 x 109,
according to the United Air Lines News
Burecau), and the assumption of 12 board-
ings per passenger.

General aviation. The number of fatal-
ities per passenger-hour for general avia-
tion is a function of the number of an-
nual fatalities, the number of plane hours
flown per year, and the average number
of passengers per plane (estimated from
the ratio of fatalities to fatal crashes)
(data from 12). It is assumed that in 1967
the cash outlay for initial expenditures
and maintenance costs for general avia-
tion was $1.5 x 10°. The benefit is ex-
pressed in terms of annual cash outlay
per person, and the estimate is based on
the number of passenger-hours per year
and the assumption that the average per-
son flies 20 hours, or 4000 miles, annual-
ly. The value of the time saved is based
on the assumption that a person’s time is
worth $10 per hour and that he saves 60
hours per year through traveling the 4000
miles by air instead of by automobile at
50 miles per hour.

Railroad travel. The estimate of rail-
road passenger fatalities per exposure hour
per year is based on annual passenger
fatalities and passenger-miles and an as-
sumed average train speed of 50 miles
per hour (data from 11). The passenger
benefit for railroads is based on figures
for revenue and passenger-miles for com-
muters and noncommuters given in The
Yearbook of Railroad Facts (Association
of American Railroads, 1968). It is as-
sumed that the average commuter travels
20 miles per workday by rail and that
the average noncommuter travels 1000
miles per year by rail.

Skiing. The estimate for skiing fatalities
per exposure hour is based on information
obtained from the National Ski Patrol
for the 1967—-68 southern California ski
season: 1 fatality, 17 days of skiing,
16.500 skiers per day, and 5 hours of
skiing per skier per day. The estimate of
benefit for skiing is based on the average

number of days of skiing per year per
person and the average cost of a typical
ski trip [data from “The Skier Market in
Northeast North America,” U.S. Dep.
Commerce Publ. (1965)]. In addition, it
is assumed that a skier spends an average
of $25 per year on equipment.

Hunting. The estimate of the risk in
hunting is based on an assumed value of
10 hours’ exposure per huntirig day, the
annual number of hunting fatalities, the
number of hunters, and the average num-
ber of hunting days per year [data from
11 and from “National Survey of Fishing
and Hunting,” U.S. Fish Wildlife Serv.
Publ. (1965)]. The average annual ex-
penditure per hunter was $82.54 in 1965
(data from 3).

Smoking. The estimate of the risk from
smoking is based on the ratio for the
mortality of smokers relative to nonsmok-
ers, the rates of fatalities from heart
disease and cancer for the general popu-
lation, and the assumption that the risk
is continuous [data from the Summary of
the Report of the Surgeon General's Ad-
visory Committee on Smoking and Health
(Government Printing Office, Washington,
D.C., 1964)]. The annual intangible bene-
fit to the cigarette smoker is calculated
from the American Cancer Society’s esti-
mate that 30 percent of the population
smokes cigarettes, from the number of
cigarettes smoked per year (see 3), and
from the assumed retail cost of $0.015
per cigarette.

Vietnam. The estimate of the risk as-
sociated with the Vietnam war is based
on the assumption that 500,000 men are
exposed there annually to the risk of
death and that the fatality rate is 10,000
men per year. The benefit for Vietnam is
calculated on the assumption that the en-
tire U.S. population benefits intangibly
from the annual Vietnam expenditure of
$30 x 10"

Electric power. The estimate of the risk
associated with the use of electric power
is based on the number of deaths from
electric current; the number of deaths
from fires caused by electricity; the num-
ber of deaths that occur in coal mining,
weighted by the percentage of total coal
production used to produce electricity;
and the number of deaths attributable to
air pollution from fossil fuel stations [data
from 3 and 11 and from Nuclear Safety
5. 325 (1964)]. It is assumed that the
entire U.S. population is exposed for
8760 hours per year to the risk associated
with electric power. The estimate for the
benefit is based on the assumption that
there is a direct correlation between per
capita gross national product and com-
mercial energy consumption for the na-
tions of the world [data from Briggs,
Technology and Econonmic Development
(Knopf, New York, 1963)]. It is further
assumed that 35 percent of the energy
consumed in the U.S, is used to produce
electricity.

Natural disasters. The risk associated
with natural disasters was computed for
U.S. floods (2.5 x 107 fatality per person-
hour of exposure), tornadoes in the Mid-
west (2.46 X 10 fatality), major uU.S.
storms (0.8 X 10 fatality), and Cali-
fornia earthquakes (1.9 x 107 fatality)
(data from I1). The value for flood risk

is based on the assumption that everyone
in the U.S. is exposed to the danger 24
hours per day. No benefit figure was as-
signed in the case of natural disasters.

Disease and accidents. The average risk
in the U.S. due to disease and accidents
is computed from data given in Vital Sta-
tistics of the U.S. (Government Printing
Office, Washington, D.C., 1967).
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the risk for motor vchicles, certified air
route carriers, and general aviation can be
obtained from Figs. 3-5.

8. In calculating “benefit awareness” it is as-
sumed that the public’s awareness of an
activity is a function of A, the amount of
money spent on advertising; P, the number
of people who take part in the activity; and
U. the utility value of the activity to the per-
son involved. A is based on the amount of
money spent by a particular industry in
advertising its product, normalized with re-
spect to the food and food products industry,
which is the leading advertiser in the U.S.

9. In comparing nuclcar and fossil fuel power
stations, the risks associated with the plant
eflluents and mining of the fuel should be
included in cach case. The fatalities as-
sociated with coal mining arc about Y4 the
total attributable to fossil fuel plants. As the
tonnage of uranium ore required for an
cquivalent nuclear plant is less than the
coal tonnage by more than an order of
magnitude, the nuclear plant problem primari-
ly involves hazard from eflluent.

10. This number is my estimate for maximum
fatalities from an extreme catastrophe result-
ing from malfunction of a typical power
reactor. For a methodology for making this
calculation, see F. R. Farmer, “Siting cri-
teria—a new approach,” paper presented at
the International Atomic Energy Agency
Symposium in Vienna, April 1967. Applica-
tion of Farmer’s method to a fast breeder
power plant in a modern building gives a
prediction of fatalities less than this as-
sumed limit by one or two orders of magni-
tude.

. “Accident Facts,” Nat. Safety Counc. Publ.
(1967).

12. FAA Statistical Handbook of Aviation (Gov-
ernment Printing Office, Washington, D.C.,
1965).

9

Printing

1

—




	Nomination Letter
	One-Page EPRI Bio
	Curriculum Vitae
	1969 Science Paper



