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I. INTRODUCTION

The chief goal of United States energy policy since the Arab oil embarg6
was briefly imposed five years ago has been to reduce the national depend-
ence on imported oil. The ensuing debate over solutions has sometimes
become so intense that the importance of this goal has been forgotten in
the heat of battle among proponents of alternative solutions.

This has been particularly true in the debate over nuclear power. In the
present article we will explore some of the bases for opposition to nuclear
power and try to understand why many advocates of other alternatives,
and particularly of solar power, are not content merely to advance these
alternatives, but seek to curtail or eliminate the use of nuclear power.

The most strongly voiced objections to nuclear power, and those which
appear most to influence the general public, are those based on considera-
tions of safety and environmental protection. In addition, there is a sub-
stantial body of opinion, often involving lbighly informed individuals,
which is not particularly disturbed about possible safety or environmental
difficulties, but is concerned about the connection between nuclear weap-
ons proliferation and certain aspects of nuclear power.

These two broad areas of concern are considered in Sections II and III.
For reasons discussed in those sections, we believe that these concerns
alone do not provide a sufficient basis either to justify the anti-nuclear
power movement, or to explain the movement's success and the depth of
feeling in it. While this movement is very diverse, both in viewpoint and
in structure, it derives to a considerable extent from a dissatisfaction with
broad aspects of our society, and from a distrust of the institutions which
have traditionally determined energy policy. Because of the evident im-
portance of the societal issues in shaping the opposition to nuclear power,
we are led to consider them, perforce somewhat speculatively, in Section
IV.
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MERCER LAW REVIEW

A. Energy Supply and Demand in the United States

For perspective on the nuclear debate, it is useful to begin with a review
of the recent history of energy supply and demand in the United States.
The chief energy sources over the last several decades are shown in Table
I. (Solar energy is not listed because, to date, its contribution has not been
great enough for it to be included in standard government tabulations.)
Following common practice in discussions of large-scale energy budgets,
the energy content of these sources is expressed in the unit known as the
quad, an abbreviation for one quadrillion BTUs (British Thermal Units).
In 1977, the United States used about seventy-six quads of energy. This
was a six percent increase over the use rate in 1972, the last full year before
the embargo. Thus, our energy consumption has continued to rise despite
efforts towards conservation, but the recent rise has been at a relatively
modest rate. For the five years after 1972, the average annual rise was only
1.2%, compared to 3.2% for the preceding twenty-five years.,

Estimates of future demand are conjectural. Increases in population and
in economic expectations work towards an increased future demand. Con-
servation and acceptance of lower material expectations work towards a
decrease in demand. One of the first of the conservation-oriented estimates
was presented in the Ford Foundation study, A Time to Choose,I published
in 1974. Continuation of historical growth trends implied a demand of 187
quads in the year 2000. With what the study called a "technical fix," this
demand could be held to about 124 quads. With the (implicitly preferred)
"zero energy growth" scenario, the demand would be about 100 quads. A
subsequent study by the Institute of Energy Analysis in Oak Ridge, Ten-
nessee, 3 suggests 101 quads as a "low" estimate for the year 2000 and 126
quads as a "high" estimate. The low projection of about 100 quads for the
year 2000 represents an annual rate of increase of 1.2% from 1977 to
2000-the same growth rate as during the five years before 1977, and close
to the projected rate of increase in the number of new households.'

In line with these estimates, it appears prudent to expect a slight in-
crease in energy demand until the turn of the century, but not a dramatic
one. The exact amount is unimportant. An energy crisis will not come from
changes in demand; it will come, if it comes, from a collapse in supply.

As can be seen from the figures in Table I, we now obtain about seventy-
five percent of our energy from oil and natural gas. Quite independent of
the fluctuations implied by the Alaskan oil finds and changes in gas pricing
policy, over the next few decades we will face a growing difficulty in finding
sufficient domestic supplies of these fuels. Already, shortages of domestic
oil have driven us from importing twenty-seven percent of our oil in 1972

1. These and subsequent figures on energy consumption are taken, unless otherwise indi-
cated, from DEPT. OF ENERGY, STATISTICS AND TRENDS OF ENERGY SUPPLY, DEMAND AND PRICES

(May 1978).
2. FoRD FOUNDATION, A TIME TO CHOOSE (1974).
3. INSTITUTE FOR ENERGY ANALYSIS, ECONOMIC AND ENVIRONMENTAL IMPLICATIONS OF A U.S.

NUCLEAR MORATORIUM: 1985-2010 (Oak Ridge Associated Universities (1976) (Table 1)).
4. Id. at Table 13.
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to forty-six percent in 1977 (see Table II). The cost of these imports rose
from under $5 billion in 1972 to over $40 billion in 1977. Unless forceful
steps are taken, the trend will continue upward, provided, of course, oil
producing countries are capable of producing the oil and are willing to sell
it to us. The steps required to combat this trend are conservation and
development of additional energy sources.

TABLE 1. Energy Sources 1947-1977'

Rate Average Change
Source (quads per year) (percent per year)

1947 1972 1977 1947-72 1972-77

petroleuma 1.1.37 32.97 36.96 +4.4 + 2.3
natural gas 4.52 22.70 19.61 +6.7 - 2.9
coal 15.82 12.42 14.12 -1.0 + 2.6
hydropower 1.25 2.91 2.40 +3.4 - 3.8
nuclear power - 0.58 2.67 - +35.9
geothermal - 0.03 0.08 - + 19
TOTAL 32.96 71.61 75.84 +3.2 + 1.2

aincludes natural gas liquids
Reference: EIA Report, note 1, p. 5.

TABLE 2. Petroleum Supply 1947-1977

Rate (million Average change
barrels per day) (percent per year)

1947 1972 1977 1947-72 1972-77

domestic demand 5.4 16.4 18.4 +4.6 + 2.4
net imports 0.0 4.5 8.5 - +13

Reference: EIA Report, note 1, p. 23.

B. Difficulties with Reliance on Coal

At least during the beginning of its term, the Carter administration
looked to coal as the principal additional energy source, and it still seems
probable that coal will account for an increasing share of the energy
budget. However, there are two significant classes of difficulties in in-
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creased coal usage. The first class involves intrinsically economic consider-
ations: the costs of extracting the coal, transporting it, removing pollutants
from the stack emissions, and restoring the terrain. These costs are sub-
stantial enough that alternative paths may be preferable, but, if we truly
had no choice, we could greatly increase coal usage and keep the immedi-
ate damage to health and the environment at a level which, by traditional
standards, is tolerable.

The second difficulty in increased use of coal is at the moment proble-
matical, but could prove to be decisive. This is the possibility that, with
increased use of coal and other fossil fuels such as oil and natural gas, the
carbon dioxide content of the atmosphere will increase to dangerous levels.

This concern is reviewed, for example, in Nuclear Power Issues and
Choices, 5 a book to which we will refer in several places. It was written by
a prestigious panel in a study sponsored by the Ford Foundation and
administered by the MITRE Corporation. Two of the participants, Harold
Brown and Joseph S. Nye, later assumed high positions in the Carter
administration, and President Carter indicated his approval of the Report
by welcoming its authors to the White House just after it was released. The
main thrust of the book is to warn against the dangers of nuclear weapons
proliferation. As a result, this study has played an important part, in pro-
viding justification for the Administration's decision to postpone the repro-
cessing of nuclear fuel while continuing with the type of nuclear reactors
which do not require reprocessing. In all areas, the study is interesting as
an expression of the consensus view of an influential part of the technically
informed establishment.Although it concentrated on nuclear power, the study examined other
energy sources as well, including coal. In doing so, it paid particular atten-
tion to the prospect of increased carbon dioxide concentrations in the
atmosphere. Currently, worldwide use of fossil fuels (notably coal, oil, and
natural gas) appears to be increasing the atmospheric carbon dioxide con-
centration at a rate of 0.2 percent per year. For a' doubling of worldwide
fuel use every fifteen years, the carbon dioxide concentration could rise
enough by the year 2000 to cause the global temperature to rise by almost
20 Fahrenheit. Such an increase would "probably have a major impact on
climate" according to the Ford Foundation/MITRE Corporation study.

Neither this study nor similar analyses have yet proved that undesirable
changes will occur if the carbon dioxide concentration of the atmosphere
rises. There is uncertainty even as to the rate of atmospheric rise (as
opposed to absorption by the oceans and vegetation). But the dangers
appear to be significant and out of our control once fossil fuels are burned.

5. FORD FouNDATION/MITRE CORPORATION, REPORT OF THE NUCLEAR ENERGY POLICY STUDY
GROUP: NUCLEAR POWER ISSUES AND CHOICES (1977) (hereinafter cited as FORD FOUNDA-

TIoN/MITRE CORPORATION). See 201-03 for a discussion of carbon dioxide build-up. A later
analysis, with similar concerns, is given by W.W. Kellogg. See Kellogg, Is Mankind Warming
the Earth? 34 BULL. OF THE ATOMIC SCIENTISTS 10 (Feb. 1978).
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The amounts of carbon dioxide produced are enormous (fifteen billion tons
per year at present) and there is essentially nothing that can be done with
such masses of a gas other than to let it escape to the atmosphere and see
what happens.6

Thus, to summarize, we are faced with a situation in which we are forced
to import almost half of our chief source of fossil fuel, petroleum, and one
in which increases in the use of any type of fossil fuel raises the spectre of
major climatic changes through carbon dioxide buildup.

C. The Status of Nuclear Power

Under these circumstances, it is natural that the country should vigor-
ously explore alternatives to fossil fuels. At present, nonfossil sources pro-
vide only about seven percent of our total energy, almost entirely via
nuclear and hydroelectric power (see Table I, supra). Since new dam sites
for hydroelectric power are limited, the most prominent contenders for
further replacement of-fossil fuels alre nuclear power and solar power. In
this section, we consider the present status and prospects for nuclear
power.

Nuclear power usage in the United States has grown from an almost
negligible amount ten years ago to the point where it supplies about four
percent of our total energy budget and about twelve percent of the electric-
ity generation. There are about seventy commercial nuclear power plants
in operation,7 operated by over forty different public and private utilities,
ranging from the public giant, the Tennessee Valley Authority, to rela-
tively small private utilities such as Portland (Oregon) General Electric.

These power plants vary in electric powercapacity from under 100 mega-
watts to over 1200 megawatts. The largest plants are capable of supplying
all the electric energy used by between one-half million and one million
persons. The total U.S. nuclear capacity is about 50,000 megawatts,
amounting to about nine percent of the entire national generating capac-
ity." The fact that, with this capacity, nuclear reactors produce twelve
percent of the electricity provides rough overall evidence that they operate
reliably, despite claims to the contrary.

By way of comparison, other sources of electricity for 1977 were:9 (1)
hydroelectric power-ten percent (somewhat low in 1977 due to drought);
(2) gas-fourteen percent; (3) oil-seventeen percent; and (4) coal-forty-
six percent. Oil was used in 1977 in generating electricity at the rate of 1.7

6. Indicating the level of concern, the Department of Energy has established a new re-
search program, under the aegis of the Office of Carbon Dioxide Effects, to more fully assess
the problem.

7. DEPT. OF ENERGY, MoTrrHLv ENERGY REVIEW 41 (Aug. 1978).
8. DEPT. OF ENERGY, STATISTICS AND TRENDS OF ENERGY SUPPLY, DEMAND AND PRICES 97

(May 1978).
9. DEPT. OF ENERGY, MONTHLY ENERGY REVIEW 33 (Aug. 1978).
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million barrels per day, representing about one-tenth of our total oil con-
sumption.

The reliance on nuclear energy in some regions of the United States is
much higher than the national average. For example, in the Chicago re-
gion, about forty percent of the electricity is nuclear generated. 0 The large
local utility, Commonwealth Edision, put its first nuclear power plant
(Dresden) into operation in 1960; including the Dresden plant, it now has
a total of seven operating nuclear reactors, with six more under construc-
tion. Among individual large cities, Sacramento, California is probably the
most dependent on nuclear energy, with about eighty-five percent of its
electrical energy being nuclear generated.

During the severe winters of 1976-77 and 1977-78, regions supplied by
nuclear power were better off than those with predominantly coal-fired
plants. A large coal plant consumes about 10,000 tons of coal per day and
it is difficult for utilities to stockpile more than one to two months' supply;
moreover, some piles of coal froze hard and could be utilized only with
difficulty. Nuclear plants, on the other hand, operate for about a year
between refuelings; each year about thirty tons of new fuel are added, and
about thirty tons of spent fuel, still with much valuable energy potential,
are removed.

In addition to the seventy nuclear reactors in operation, there were
eighty-nine nuclear power plants in the United States under construction
or with construction permits, as of June 30, 1978. When completed, mostly
by 1985 or shortly thereafter, we will have total capacity of about 150,000
megawatts, roughly triple the present level. Another 50,000 megawatts of
nuclear capacity were on order as of June 30, 1978, but the time of comple-
tion of these projects is very uncertain.

Beyond about 1985, the situtation is indeterminate. A record number of
construction permits (eleven) were issued in the first half of 1978, but the
backlog of plants on order (before construction) reached the lowest level
since 1971."1 New orders have amounted to only a trickle since the latter
part of 1974, and cancellations have exceeded new orders, resulting in a
net decrease in total commitments. This decline has been due to reduced
projections for electricity demand, difficulties in raising capital, adminis-
trative and technical obstacles, and uncertainty as to the status of nuclear
power in the thinking of the public and the government. Future policy
actions could cover the gamut from phasing out nuclear power in the
United States over the next few decades to accelerating the introduction
of nuclear power so as to exceed 500,000 megawatts by the year 2000.

Outside the United States there are about 130 commercial nuclear power
plants of assorted sizes and types situated in twenty-one countries, ranging

10. Rossin and Rieck, Economics of Nuclear Power, 201 SCIENCE 582 (Aug. 18, 1978).
11. AToMic INDUSTRIAL FORUM, PROFILE OF U.S. NUCLEAR POWER DEVELOPMENT (1978);

ATOMIC INDUSTRIAL FORUM, NUCLEAR POWER PLANTS IN THE U.S. (1978).
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from the highly industrialized nations of Western Europe to poorer coun-
tries such as Pakistan and Taiwan. As of mid-1978, seven additional coun-
tries had plants under construction (Austria, Brazil, Hungary, Iran, Mex-
ico, the Phillipines, and Yugoslavia) and five had plants on order (Egypt,
Luxembourg, Poland, Rumania, and South Africa). During the period
from June 30, 1975 to June 30, 1978, the total of foreign commitments
(plants in operation, under construction, or on order) rose thirty-six per-
cent, while in the United States there was a net drop of nine percent.'2

About half of world-wide nuclear power generation in 1977 was in the
United States."

Some nations (for example, Sweden) are more dependent on nuclear
energy than is the United States." Both France and West Germany are
heavily committed to nuclear power and on a technological level, espe-
cially in the development of breeder reactors, are abreast or ahead of the
United States. The U.S.S.R. is pursuing an aggressive program of nuclear
energy development with twenty-two plants already in operation, includ-
ing one functioning breeder reactor and a larger one under construction.
The expanding Russian nuclear program received considerable press atten-
tion following a visit in mid-1978 by a group of American correspondents.
In the words of the heading of the article in Time magazine:'- "Soviets go
Atomaya Energiya. They look to nukes for more and more power."

For most countries the main motivations for pursuing the nuclear option
are: (1) the expectation that the earth will run out of abundant supplies
of oil in a matter of decades; (2) the fact that only a few countries have
substantial known reserves of coal, notably the U.S. and U.S.S.R.; (3) the
evidence that the present nuclear reactors are successful and economical;
and (4) the likelihood that electrical*nergy independence may be achieved
by a country for the indefinite future through modest stockpiling of ura-
nium and deployment of breeder reactors.

D. Objections to Nuclear Power

Despite these reasons for the use of nuclear power, vigorous objections
have been advanced against it. As of 1978, it would appear that these
objections have had particular force in the United States. Except within
the Soviet bloc, there are strong echoes of the same debate throughout the
world, but most foreign countries have even fewer options than the United
States. Policy shifts in these countries have shown no consistent pattern

12. World List of Nuclear Power Plants, 18 NucLEAR NEws 63 (Aug. 1975); 21 NucLEAR
NEws 67 (Aug. 1978).

13. See NUCLEONICS WEEK (Jan. 27, 1978), for nuclear energy generation by countries,
excluding the Soviet bloc. For estimates of Soviet bloc nuclear reactor status and electricity
generation, see World List of Nuclear Power Plants, 21 Nuci"R NEws 67 (Aug. 1978).

14. Sweden used nuclear generated electricity in 1977 at a per capita rate about twice that
of the United States. See NUCLEONICS WEEK (Jan. 27, 1978).

15. TwME, October 30, 1978, at 68.
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during 1978. Great Britain and Sweden, both early leaders in civilian nu-
clear power, have apparently reaffirmed their commitment (Great Britain
through parliamentary endorsement of reprocessing and Sweden with the
resignation of the anti-nuclear Prime Minister over the issue of nuclear
development). In Austria, on the other hand, the start-up of their first
nuclear reactor was vetoed by a close margin in a public plebiscite, almost
causing the resignation of the pro-nuclear head of government.

As suggested earlier, the main objections to nuclear power fall within
three distinct domains: (1) concerns about nuclear radiation; (2) concerns
about nuclear weapons proliferation; and (3) concerns derived from general
attitudes about the nature of society. Other arguments are often advanced
against nuclear power, based, for example, on the questioned adequacy of
uranium supplies, energy input-output ratios, and the costs of electricity
generation. However, these "practical" criticisms are generally not voiced
by those with a professional stake in practical results and even if they are
meant to be more than debating points, they could in no way account for
the fervor and vigor of the anti-nuclear movement.

The three primary objections cited above, although intertwined in the
debate, are logically distinct and they will be treated individually in the
subsequent three sections. The focus, for the most part, will be on their
impact in the United States.

II. CONCERN OVER NucLEAR RADIATION HAZARDS

Much of the hesitancy over nuclear power and much of the opposition
to it concern hazards to health and to the environment and these in turn
are almost entirely associated with nkclear radiation. There are other envi-
ronmental issues, possible thermal pollution, for example, but the radia-
tion concerns are the ones which elicit by far the widest public concern.
We will first consider these concerns over radiation and later discuss why
we do not think they suffice as the chief motivating factor in the nuclear
debate.

A. Radiation in the General Environment

We encounter many forms of radiation in our lives, including, for exam-
ple, radiation from the sun or from radio stations. The energy in each
"particle" of these radiations is small and the body can accept moderate
amounts with no ill effects. However, our interest in this article is solely
with radiations which are potentially less benign, specifically, the ener-
getic radiations which come from radioactive materials or x-ray machines.

The effects of small or moderate doses of this radiation are not known
with certainty, but the effects of large doses are well known. At sufficiently
high levels they can kill quickly. At somewhat lower exposures, they induce
radiation sickness which may or may not be eventually fatal. At still lower
doses, there are no immediate effects, but the radiation may produce can-
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cer or genetic damage to be recognized decades or generations later.
With possible consequences like these, it is natural to conclude that we

should ban all such radiations no matter what the apparent short-term
benefits. But this is an impossibility. Quite apart from any nuclear reac-
tors (or x-ray machines), the world contains substantial amounts of radio-
active materials as debris from violent stellar events which took place
before the formation of the solar system. This has left us a legacy of natural
radioactivity which has been present in the earth since it was formed. For
example, the earth has substantial amounts of uranium, about three parts
per million in the top layers,' 6 which is radioactive and plays a significant
role in heating the earth. Uranium decays to, among other things, radium,
which is also radioactive and possesses a much greater intensity of radioac-
tivity than uranium for a given amount of material. All living things also
contain natural radioactivity. Thus, mixed with the potassium in our bod-
ies is a radioactive isotope of potassium, potassium-40. Further, the earth
and its population are continually being irradiated by particles arising
from relatively recent activity in stars and other astronomical sites.

How can we usefully compare the activity which we produce in reactors
to the activity which occurs naturally? The first point we should note is
that any increase in radiation levels is believed more likely to be harmful
than beneficial. But we must also recognize that if the increase is so slight
as to add to the environment radiations which are identical in kind and
smaller in amount than those to which we and our ancestors have been
accustomed, then we are not changing the world in such a way as to cause
alarm.

We therefore must consider radiation and radiation effects in a more
quantitative way. Radiation doses are commonly expressed in terms of the
unit called the millirem (mrem), in which the term rem is an abbreviation
for "roentgen-equivalent-man," and a millirem is one-thousandth of a
rem. The further definition of the rem or mrem does not concern us here,
but the unit is useful to us as a means of making quantitative comparisons
between different levels of radiation.

The natural radiation dose varies from organ to organ, depending upon
the distribution of elements in our body. A good sampling for the body as
a whole is given by the doses for the gastrointestinal tract, the gonads, and
the bone marrow. For an average location in the United States, these
organs receive approximately eighty mrem per year from natural sources,
about one-third each coming from radioactive materials in the ground,
from radioactive materials in our bodies, and from cosmic rays." There are
large regional variations. In Denver, due to the higher altitude, the cosmic

16. A. RINGWOOD, SAFE DISPOSAL OF HIGH LEVEL NUCLEAR REACTOR WASTES: A NEW

STRATEGY 54 (1978).
17. NATIONAL COUNCIL ON RADIATION PROTECTION AND MEASUREMENTS, NATURAL BACK-

GROUND RADIATION IN THE UNITED STATES 108 (Nov. 1975).
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ray dose is about twenty mrem greater than the national average8 and
there is an additional thirty mrem increment due to higher concentrations
of radioactive minerals in the ground.'"

There are further variations. The figures above were for people living in
wooden houses. A person who lives and works in- brick buildings receives
roughly five to ten mrem extra per year, 23 while for one who lives on the
second floor of a wooden house the dose drops by a comparable amount.2'
If you share a bed, then the potassium-40 in the other person's body gives
you an additional dose of about 0.3 mrem per yearn (you get almost twenty
mrem per year from the potassium-40 in your own body). A skier at high
altitude gets an increased cosmic ray dose, but the snow will reduce the
radiation received from the ground itself.

Beyond all this natural radiation, we receive an additional radiation
dose from medical treatments, particularly x-rays. These amount to an
average of about seventy mrem per year per average person in the United
States" and much more for many of those individuals who actually receive
the x-rays.

B. Radiation from Nuclear Power

The data in the previous section provide a reference scale by which we
can gauge the radiation levels from nuclear power. If the exposures due to
nuclear power are much less than those inevitably encountered from natu-
ral causes, then we can be more sanguine about them than if they substan-
tially exceed natural background levels.

First, we consider the hazards to which the general public is exposed.
Current federal regulations require that the radiation level at the boundary
of a reactor site, from all effluents together, corresponds to less than eight
mrem per year for the body as a whole, assuming that a person spends all
his time for a whole year at the boundary.2' Thus, from the radiation
standpoint, living in a wooden house right next to a reactor is roughly
equivalent to living in a brick house far away (assuming the reactor oper-
ates without accident) or to visiting Denver for a few months each year.

The exposure levels decrease rapidly as the distance from the reactor is

18. Id. at 21-22.
19. Id. at 73-74.
20. Id. at 64-65; see also NATIONAL COUNCIL ON RADIATION PROTECTION AND MEASUREMENTS,

RADIATION EXPOSURE FROM CONSUMER PRODUCTS AND MISCELLANEOUS SOURCES 29-31 (Nov.
1977).

21. NATIONAL COUNCIL ON RADIATION PROTECTION AND MEASUREMENTS, NATURAL BACK-

GROUND RADIATION IN THE UNITED STATES 64 (Nov. 1975).
22. Calculation reported by Alvin Weinberg, at the International Conference on Radiation

and Radiation Biology, at Seattle, Washington (July 15, 1974).
23. NATIONAL ACADEMY OF SCIENCW/NATIONAL RESEARCH COUNCIL, REPORT OF THE ADVISORY

COMMIrEE ON THE BIOLOGICAL EFFECTS OF IONIZING RADIATIONS: THE EFFECTS ON POPULATIONS
OF EXPOSuRE To Low LEVELS OF IONIZING RADIATION 19 (1972).

24. NUCLEAR REGULATORY COMM'N, RADIATION STANDARDS FACT SHEET 6 (April 1976).
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increased. Nevertheless, the cumulative effect of many reactors around the
world should be considered, because some of the air-borne effluents remain
in the atmosphere for many years. Various estimates have been reviewed
in a study made under the aegis of the American Physical Society. "

2 The
study assumes, as a basis for calculation, that nuclear power is used on a
worldwide basis for 500 years at a rate of one kilowatt per person. This level
is about four or five times the current per capita nuclear usage rate in the
United States. (The 500-year period allows for the build-up of some of the
activities which will accumulate in the atmosphere, and therefore, in the
first years, the exposures will be less than those cited.)

In this projection, the average person would receive less than one mrem
per year from all aspects of nuclear power (including the estimated effects
of accidents and waste disposal), i.e., about one percent of the natural
background level. Only about 0.1 mrem per year would come from the
operation of the reactors themselves . 2

Numbers such as these have removed from the realm of serious debate
the question of health effects to the public of normal reactor operations. It
is generally conceded that, barring accidents, the reactors do not constitute
a threat to the public. The question of the likelihood and consequence of
accidents remains a matter of dispute; we will discuss this in Section II-
D.

Beyond the general public, there is a serious concern about exposure to
workers in the nuclear industry, particularly reactor personnel. Even in
normal operations, reactor workers are permitted to receive radiation doses
which are large compared to the natural levels we have been discussing,
with a limit of 5000 mrem per year for an individual worker.

There is considerable dispute as to the consequences of such a radiation
level, prolonged over a working lifetime. A standard "middle-of-the-road"
estimate" suggests that over a working lifetime of about thirty years, con-
tinual exposure to the full maximum allowed radiation level might give the
worker an increased chance of several percent of contracting cancer. Thus,
it is clearly desirable to hold the occupational exposures to as low a level
as reasonably possible, and there have been some calls for lowering the
established exposure ceiling for radiation workers.2 Without a reduction
in the overall exposure of workers, there may be a collective dose to reactor
personnel of about 1,000,000 mrem per reactor year,2 enough possibly to

25. Report to the American Physical Society by the Study Group on Nuclear Fuel Cycles
and Waste Management, 50 REv. OF MOD. PHYSICS S1 (Jan. 1978).

26. Id. at S86.
27. See NATIONAL ACADEMY OF SCiENcE/NATIONAL RESEARCH CouNCIL, REPRoOrrF THE ADvi-

SORY COMMITrEE ON THE BIOLOGICAL EFFECTS OF IONIZING RADIATIONS: THE EFFECTS ON POPULA-
TIONS oF ExposURE To Low LEvmS OF IONIZING RADIATION 2 (1972).

28. Morgan, Cancer and Low Level Ionizing Radiation, 34 BuLL. OF THE ATOMIC SCIENTISTS
30 (Sept. 1978); J. Rotblat, The Risks for Radiation Workers, 34 BuLL. OF ma AToMIc
SciENrs'Ts 41 (Sept. 1978).

29. Report to the American Physical Society by the Study Group on Nuclear Fuel Cycles
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induce a total of one or two cancers per year for every ten reactors, again
according to conventional estimates. While such a cancer incidence would
add little to the total national cancer rate, and the occupational hazards
are less than those of, say, coal usage, it is nevertheless a proper matter of
concern.3

C. Nuclear Wastes

During the early days of the military and civilian nuclear programs in
the United States, the nuclear community, including the federal govern-
ment, paid little serious attention to nuclear waste disposal. It was tacitly
assumed that the problems could be solved when the appropriate time
came, and that there was no particular reason either to hurry or worry.

Whatever the technical justification for this attitude, it has proven to
be a political catastrophe. Far from accepting the view that there is noth-
ing to worry about, the public is becoming increasingly concerned about
nuclear wastes, and a number of states have taken actions either to limit
the growth of nuclear power until the waste disposal problem is "solved"
or to bar the storage of wastes within the boundaries of the state. The first
major blow to the complacency of the federal government came in the early
1970's, when the proposed establishment of a waste disposal facility in
bedded salt deposits near Lyons, Kansas, was abandoned under the double
impact of technical uncertainties about the freedom of the site from water
and political opposition from the state government.

Now the attitude is anything but complacent. Federal expenditures on
nuclear waste management have risen from $26 million in 1969 to an ex-
pected $449 million in 1979, and the problem is being approached with the
utmost circumspection as a major matter of federal energy policy.

In this section, we will concern ourselves, for the sake of brevity, only
with high-level wastes, i.e., the main wastes from nuclear reactors. The

and Waste Management, 50 Rv. OF MOD. PHYSICS 886 (Jan. 1978).
30. For perspective, one may note the acknowledgement by Dr. Alice M. Stewart that, in

the nuclear industry, "even the more dangerous occupations are remarkably safe compared
to other industries." See THE LANCET 841 (Oct. 14, 1978). Between 1944 and 1972, about six
to seven percent of the cancer deaths among workers exposed to radiation at the Hanford
nuclear facilities were due to radiation. See Mancuso, Stewart, and Kneale, Radiation Expo-
sure of Hanford Workers Dying from Cancer and Other Causes, 33 HEALTH PHYSICS 369 (1977).
This finding is vigorously disputed in other papers and studies which conclude that there is
no evidence of deaths among Hanford workers due to radiation exposure. See Sanders, Low
Level Radiation and Cancer Deaths, 34 HEALTH PHYSICS 521 (June 1978). Dr. Ethel S. Gilbert,
an adversary of Dr. Stewart, points out that both the cancer death rate and the total death
rate are lower for Hanford workers than for the general U.S. population. Dr. Stewart stresses
that " . . . the gap between observed and expected deaths has always been narrower for
cancers than for other causes of death." Id. Dr. Stewart attributes the narrower gap in the
case of cancer to effects of radiation, while Dr. Gilbert argues that it is typical of the "healthy
worker effect," independent of radiation. But they both apparently agree that Hanford work-
ers have a better health record than the general population, including a lower cancer incid-
ence.
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core of a typical large (1000 megawatt) reactor contains about 100 tons of
nuclear fuel, in the form of enriched uranium. While the fuel is in the
reactor, nuclear fission converts some of the uranium nuclei to lighter
nuclei, and the capture of neutrons by other uranium nuclei results in the
production of heavier elements such as plutonium. Many of these products
are radioactive. A fuel element is scheduled to stay in the reactor for three
to five years. Each year, up to one third of the fuel is removed and replaced
by fresh fuel, and thus about thirty .tons of spent fuel must be handled
annually. As a first step, the spent fuel is transferred to a water-filled
cooling pond at the reactor site, where it can cool off for a period of time,
both radioactively and thermally. (The fuel is in the form of solid pellets
of uranium oxide contained in protective metal cylinders.) To date this
interim step has presented no technical difficulties, but there are limits to
the capacity of the ponds.

Originally, it was planned that on-site storage would last for several
months and the spent fuel would then be transferred to a reprocessing
plant, where the unused uranium and the newly-created plutonium would
be extracted for future use as nuclear fuel. The technology for this was first
developed in order to obtain plutonium for bombs, before the advent of
civilian nuclear power.

The residue from reprocessing is the nuclear waste, containing the fission
products, the heavy elements other than plutonium and uranium, and a
remainder of about 0.5% of the uranium and plutonium. (If there were no
reprocessing, the spent fuel itself is the "nuclear waste.") Directly after
reprocessing, such wastes would be in liquid form, but it was planned that
they be solidified by incorporation into glass-like materials. The full waste
from one reactor for one year could fit .into ten steel canisters, each about
ten feet long and one foot in diameter.3 With such small volumes of mate-
rial to be stored, the wastes could be stored at ground level, in a protected
vault, or deep underground. For many years the favored potential under-
ground site was salt beds.

However, this overall plan has. not been implemented. Following years
of federal lethargy, indecision, and reversal of decisions already taken, the
spent fuel is still accumulating at the individual reactor cooling ponds. As
long as there is room for more fuel elements in these ponds, no real harm
is done. But the ponds in many cases will run out of capacity in a few years,
and, by then, new facilities must be made available or the nuclear program
will be strangled. At present, there appears to be a reasonably definite plan
for the Department of Energy to establish federally operated away-from-
reactor storage for the fuel elements so, assuming congressional approval,
this potential crisis will probably be averted. 32 Nevertheless, a series of

31. See, e.g., Pittman, United States Atomic Energy Waste Management Programs and
Objectives, 24 NUCLEAR TECH. 273 (Dec. 1974).

32. INTERAGENCY REVIEW GROUP, REPORT TO THE PRESIDENT ON NUCLEAR WASTE

MANAGEMENT 75 (Oct. 1978).
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basic questions await resolution: (1) Should the nuclear fuel be
reprocessed? Current administration policy is to defer reprocessing, for
reasons discussed in Section III. Without reprocessing, there remains the
choice between a "throwaway" option, in which the fuel would never be
reprocessed, and a possibly more prudent "stowaway" option, in which the
fuel could later be reclaimed for reprocessing, if desired; (2) If reprocessing
occurs, should the waste be turned into a glass-like substance, or into one
or another alternative waste form which might be even more durable; and
(3) Should ultimate burial be in salt beds, or would other geological forma-
tions, such as granite or basalt, provide equally good or better isolation?

Until these questions are answered, we will have no properly defined
nuclear waste disposal plan, and the nuclear program will be open to the
charge that "no one knows what to do with the wastes." While this charge
is a natural one for nuclear opponents to make, it tells us more about the
complexities of the federal decision-making process than about difficulties
posed by the wastes themselves.

The wastes have two characteristics which make the technical problems
considerably less formidable than is often suggested. We have alluded to
one of these already-the small volume. Without reprocessing, the volume
is somewhat greater than with reprocessing. About one million cubic feet
of spent fuel will be generated by the year 2000, assuming a vigorous
program of nuclear development and no reprocessing." This corresponds
to a cube 100 feet on a side, although the waste actually must be spread
out over a considerably larger area to allow for adequate cooling. In prac-
tice, two repositories, each of about 2000 acres, would be needed by the
year 2000, and these would not be completely filled for another five or so
years later.

The other mitigating characteristic is the fact that most of the activity
decays during the first few hundred years. The most intense activity during
the early years comes from strontium-90 and cesium-137. These each have
half-lives of about thirty years, which means that after about 300 years,
i.e., ten half-lives, their radioactivity is down to one-thousandth of its
initial value. After about 600 years the activity of these components .is
down to about one-millionth of the initial value, and is no longer of any
significance.

Longer-lived activities persist in the waste, despite much smaller initial
amounts. Much emphasis, for example, has been placed on the presence
of plutonium-239, which has a half-life of 24,000 years, and thus will not
fall to one-thousandth of its original activity until after 240,000 years.

Thus, the waste hazards should be considered for two different time
domains: a period of under 600 years during which the wastes are very
radioactive, and a period extending for hundreds of thousands, or millions,
of years during which they are much less radioactive, but still have sub-

33. Id. at D-28.
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stantial activity. It is generally agreed that the security of waste burial
becomes more uncertain as one contemplates longer times. The cautious
and comprehensive draft report of the federal Interagency Review Group
on Nuclear Waste Management, headed by John Deutch, puts matters
thus:

Successful isolation of radioactive wastes from the biosphere appears tech-
nically feasible for periods of thousands of years provided that the systems
view is utilized rigorously to evaluate the suitability of sites and designs,
to minimize the influence of future human activities and to select a waste
form that is compatible with its host rock. Beyond a few thousand years
and during the period of time in which actinides and long-lived fission
products remain toxic, our capability to predict and therefore our assur-
ance of successful isolation diminishes.Y

The only credible scenarios for biological damage require the waste con-
tainers to be reached by water, the solid material of the waste to be leached
away by water, and the water and wastes to be carried up into the bios-
phere from deep underground. The barriers against this danger are the
dryness of the burial site, the resistance of the waste to leaching, and the
slowness of underground motion of water and dissolved material. We will
accept the IRG quotation above as representing a balanced consensus:
given appropriate selections of waste forms and burial sites, these barriers
can provide adequate protection for the first, say, 1000 years.

What can be said about the subsequent periods, extending for hundreds
of thousands of years into the future? This question is alluded to in the
quotation, and is one which has captured much public attention. The
problem has been put into perspective by a number of authors, most nota-
bly Bernard Cohen of the University of Pittsburgh. 5

A particularly straightforward perspective can be gained by comparing
the amount of radioactivity in the wastes to the natural radioactivity in
the earth's crust. The measure of radioactivity is the unit known as the
curie, after Madame Curie; the number of curies is proportional to the
number of partibles emitted in radioactive decay.

Consider the waste (actually, in this case, spent fuel) in the least favora-
ble situation. This comes about if we use the uranium in a throwaway fuel
cycle, with no reprocessing. After 1000 years, there will be about 40,000
curies of activity remaining from each year of operation of a single reac-
tor.3 ' Almost all of this activity will be'from alpha-particle emitting iso-
topes of americium and plutonium.

34. Id. at 26.
35. Cohen, High Level Radioactive Waste from Light-Water Reactors, 49 REv. oF MoD.

PHYsICs 1 (Jan. 1977); The Disposal of Radioactive Wastes from Fission Reactors, 236
SCIENTIFIC AM. 21 (June, 1977); A Tale of Two Wastes, 66 COMMENTARY 63 (Nov. 1978).

36. 1 ENERGY RESEARCH AND DEvELOpM ADMMSTATION, ALTFRNATIV S FOR MANAGING

WASTES FROM REACTORS AND POST-FISsION OPEMTIONS IN THE LWR FUEL CYCLE 2.75 (May
1976) (Figures based on a 1000 megawatt reactor, 1200 curies of actinide activity per 25,000
MWd, a 32% thermal efficiency, and a 70% capacity factor).
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Among the estimates of uranium resources, a relatively optimistic esti-
mate is that we will eventually find about 3.5 million tons of readily acces-
sible uranium oxide in the United States, 3" enough fuel for about 20,000
reactor-years of operation-for example, enough to run 500 reactors for
forty years. With 20,000 reactor years and 40,000 curies per reactor-year,
the total radioactivity after 1000 years will be almost one billion curies.
(With reprocessing and breeder reactors, there would be much less activity
from each reactor-year of operation, but many more reactor years; over the
centuries it might be possible to accumulate a comparable amount of long-
term activity.) This activity will be buried deep underground, perhaps
about 2000 feet below the surface of the earth.

However, quite apart from the reactor wastes, the earth is already heav-
ily "contaminated" with radioactivity from the natural radioactive ele-
ments in rocks, in coal, and, in fact, in everything. There are about thirty-
five billion tons of uranium-238 in the top 2000 feet of the earth's crust.n
The uranium is radioactive, and so are a long string of nuclei (including,
for example, radium) produced following the decay of uranium. All to-
gether, there are about 100 billion curies of alpha-particle activity in this
uranium and in its decay products; there is a like activity in the thorium
series.39 Thus, the postulated wastes, after 1000 years, would have an activ-
ity amounting to only about one-half of one percent of the natural alpha-
particle radioactivity already in the top 2000 feet of the earth.

It might be imagined that there is a special danger because the wastes
contain plutonium. However, despite popular lore about plutonium dan-
gers, plutonium is not highly toxic if ingested. Almost all the plutonium
which enters the intestinal tract in food or water passes through and out
before damage can be done. (Plutonium is very toxic if inhaled, because
plutonium is readily transferred from the lungs to the blood and to the
body as a whole; but as far as buried wastes are concerned, the only
credible paths to man are through ingestion.) In fact, as has been estab-
lished in animal experiments, ingested plutonium is much less harmful per
curie than ingested radium. 40 Thus, speaking in terms of the number of
curies, we have overestimated the hazards of the wastes as compared to

37. FORD FouNDATIoN/MITRE CORPORATION, supra note 5, at 76.
38. Cohen, High Level Radioactive Waste from Light-Water Reactors, 49 REv. OF MOD.

PHYsics 12 (Jan. 1977).
39. A. RINGWOOD, SAFE DISPOSAL OF HIGH LevEL NUCLEAR REAcTOR WASTES: A NEW

STrATY 54 (1978).
40. See, e.g., Hamstra, Radiotoxic Hazard Measure for Buried Solid Radioactive Waste,

16 NucLEAR SAFETY 180 (1975), for a tabulation of recommended maximum permissible con-
centrations for plutonium and radium as set by the International Commission on Radiological
Protection (ICRP) and other authorities. In these tabulations, as of 1975, the ingestion radi-
otoxicity for radium was taken to be from 170 to 500 times greater per curie for radium than
for plutonium. It is to be anticipated that forthcoming recommendations by the ICRP will
reduce, but not eliminate, this gap. See, e.g. Thorne and Vennart, The Toxicity of 90Sr,
226Ra and 239PU, 263 NATunE 555 (1976).
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those from the natural radioactivity of the earth. Had the comparison been
made in terms, for example, of the capacity to cause cancer if ingested, it
would have been even more favorable for the wastes.

There are other differences between the wastes and the natural radioac-
tive minerals in the earth. The wastes on the average will be buried more
deeply; an attempt will be made to find unusually dry and secure sites for
them; the radioactive species will be incorporated into synthetic rather
than natural materials; and the wastes will be more concentrated." But,
independent of these differences, the comparison shows that even an ex-
tremely ambitious nuclear program can have little overall long-term im-
pact on the radioactive character of the earth's crust.

Comparisons such as these suggest that there is little reason for serious
concern about nuclear wastes for the period beyond 1000 years, or even 500
years. Certainly the wastes would be dangerous if they should enter the
water system in large amounts soon after burial, but a combination of deep
burial, careful site selection, and the relatively smaller amounts of wastes
after 500 or 1000 years, make the long-term waste hazard modest compared
to that posed by the natural radioactive content of the earth.

In summary, there appears to be a substantial consensus that the nu-
clear waste problems can be solved satisfactorily despite the embarrass-
ment of the continued indecision in federal policy. 2 Thus, the Ford Foun-
dation/MITRE Corporation study concludes:

We are convinced that nuclear wastes and plutonium can be disposed of
permanently in a safe manner. If properly buried deep underground in
geologically stable formations, there is little chance that these materials
will re-enter the environment in dangerous quantities. Even if material
were somehow to escape eventually in larger quantities than seems possi-
ble, it would not constitute a major catastrophe, or even a major health
risk, for future civilizations.' 3

A recent American Physical Society study summarized matters thus: "For
all LWR fuel cycle options, safe and reliable management of nuclear waste
and control of radioactive effluents can be accomplished with technologies
that either exist or involve straightforward extension of existing capabili-

41. The concentration of the wastes is sometimes cited as invalidating the comparison.
However, if one accepts the "linear non-threshold" hypothesis, then the total adverse conse-
quences would be the same, given equal chance of transport to the biosphere, independent
of concentration. If this model is too conservative, then in either case the adverse conse-
quences would be very small, because the wastes will be substantially diluted during any
passage into the biosphere (barring unlikely, but conceivable, human intrusion).

42. It would be incorrect to suggest that there is unanimity. Somewhat cautious views,
emphasizing a need for more study, are expressed in Bredehoeft, Geological Disposal of High-
Level Radioactive Wastes-Earth Science Perspectives, GEOLOGICAL SURVEY CIRCULAR 779
(1978), and ENVIRONMENTAL PROTECTION AGENCY, REPORT OF AD Hoc PANEL OF EARTH
SCIENISTS: STATE OF GEOLOGICAL KNOWLEDGE REGARDING POTENTIAL TRANSPORT OF HIGH-LEVEL
RADIOACTIVE WASTE FROM DEEP CONTINENTAL REPOSrroms (1978).

43. FORD FOUNDATION/MITRE CORPORATION, supra note 5, at 19-20.
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ties. However, technical choices, including those for geologic waste dis-
posal, require further delineation of regulatory policies."" But reasonable
or not, the waste problem can be effectively cited in the nuclear debate.
This makes decisive federal action on waste disposal a probable precondi-
tion for further expansion of nuclear power.

D. Nuclear Reactor Accidents

From the time of the introduction of commercial nuclear power in the
late 1950's through the end of 1978, there have been a total of well over
400 reactor-years of nuclear reactor operation in the United States and a
roughly similar number abroad. Virtually all the reactors in the United
States and the majority of foreign reactors are so-called light-water reac-
tors (LWR's), and our consideration of reactor safety will concentrate on
LWR's.' 5

Over this period, there have been no accidents in commercial reactors,
i.e., reactors designed for electricity generation, which have caused injury
to the general public or fatal radiation exposures to any worker." There
have been fatal nonnuclear accidents among workers, of a sort which can
occur in any industrial situation, and it cannot be excluded that some
cancers among workers might result from radiation exposure. Overall,
however, commercial reactors have had an outstanding safety record.

Beyond this, there have been about 1500 reactor-years of experience on
United States naval ships, with no radiation related injuries. These reac-
tors are also LWR's. However, they are smaller than commercial reactors
and have specifications appropriate for stringent military requirements.'7

In order to better understand and predict reactor safety, the federal

44. Report to the American Physical Society by the Study Group on Nuclear Fuel Cycles
and Waste Management, 50 Rzv. oF MOD. PHysics S5-S6 (Jan. 1978).

45. Light water is ordinary water (1120); the term is used to distinguish it from deuterated
or "heavy" water (D20). In light-water reactors, the water acts both as coolant and moderator.
46. Nonetheless, there have been some reactor accidents, the seriousness and implications

of which are matters of debate: (1) There was a major release of radioactivity to the outside
environment from the reactor at Windscale, England, in 1957. The reactor was a military,
not commercial, reactor; it was not an LWR and the type of accident which occurred is
impossible in an LWR. There were no known injuries, despite the radiation release; (2) Three
technicians died in Idaho in 1961, in an accident at an army test reactor; control rods were
mistakenly withdrawn and lethal radiation levels were reached at the reactor, where the
technicians were working; (3) There was a partial meltdown in an experimental commercial
breeder reactor near Detroit in 1966, but there was no significant external radiation release
and no injuries; (4) The most relevant accident was that caused by a fire in the control circuits
of a reactor at Browns Ferry in Alabama in March, 1975. There was a threat that the cooling
water to the reactor would be lost, but cooling was maintained and there was no injury or
significant radiation release.

47. In view of the design differences, there is disagreement as to the extent to which the
naval reactor experience is of use in predicting commercial reactor safety. However, whether
or not a reactor-year of naval operation has predictive relevance comparable to that of a
reactor-year of commercial operation, the good naval record is qualitatively reassuring.
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government, in 1972, commissioned a massive study of LWR safety, car-
ried out by a group headed by Norman Rasmussen of the Massachusetts
Institute of Technology. The resulting study, 8 commonly referred to as the
Rasmussen Report or the Reactor Safety Study, WASH-1400, was issued
in final form in 1975. It analyzed the chains of events which might cause
an accident, estimated the probability of each step in the chain, and then
calculated the probabilities for accidents of different degrees of severity.

The study concluded that reactors were extraordinarily safe by any im-
aginable criterion. The most serious consequence of an accident was taken
to be possible fatal cancers, occurring over a period of several decades
following a reactor accident. It also concluded that the odds are one-
million-to-one per reactor year against an accident which might cause as
many as 170 cancers per year;" the cancer incidence would extend over
thirty years for a total of about 5000 cancers. With 100 reactors, the odds
against such an accident in any single year are 10,000 to 1. By the time
that there will be more than 100 reactors, the study suggests that the
reactors will have become still safer, through improved engineering.

The conclusions of WASH-1400 are unequivocal. To what extent can
they be believed? Nuclear proponents stress that this is the most extensive
and expert study available, and believe that critics have failed to demon-
strate errors of sufficient import to outweigh the very large margins of
safety found in WASH-1400. Nuclear opponents criticize the study as hav-
ing been a self-serving attempt by the nuclear establishment to justify the
nuclear program or, at best, an unsatisfactory attempt to analyze almost
unpredictable phenomena.

The validity of either of these assessments cannot be rigorously proven
or disproven. It is of interest, therefore, to consider the assessments made
by two relatively "neutral" groups.

First, we consider the Ford Foundation/MITRE Corporation study.0 It
concludes that WASH-1400 seriously underestimates the uncertainties in
the estimated probabilities for accidents. In particular, it suggests that the
WASH-1400 estimate of average expected fatalities "could be low by a
factor of as much as 500. On the other hand, it could even be on the high
side . . . ." However, even using the "extremely pessimistic" factor of 500,
which it terms "extremely unlikely," the Ford Foundation/MITRE Corp-
oration Report still concludes that nuclear power would not be any worse
than coal under (less extreme) pessimistic estimates for coal. On balance,
they conclude the risks of LWR's are "acceptable."

Experience suggests that the hypothesized extreme error factor of 500
was indeed pessimistic. The crucial stage in a nuclear accident would be
a loss of cooling water so severe that the fuel overheats and melts, a so-

48. NucLEAR REGULATORY COMMISSION, REACTOR SAFETY STuDY: AN ASSESSMENT OF Acci-
DENT RISKS IN U.S. COMMERCIAL NUCLEAR POWER PLANTS (WASH-1400) (Oct. 1975).

49. Id. at 83.
50. FoRD FOUNDATN/MITRE CORPORATION, supra note 5, at 241.
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called "meltdown." Had the WASH-1400 estimate of the probability of
meltdown been too optimistic by a factor of 100, as contemplated in the
Ford Foundation/MITRE Corporation Study, we would have had two
meltdowns in LWR's in the United States.5 1 In fact, there have been none,
here or abroad.

In an explicit attempt to reassess WASH-1400, the Nuclear Regulatory
Commission convened a review group in 1977, with membership carefully
chosen to achieve balance. The Review was headed by Harold Lewis of the
University of California, who had headed an earlier similar study under the
sponsorship of the American Physical Society. The Lewis Report,5 issued
in September, 1978, also concluded that WASH-1400 considerably under-
estimated the uncertainties, but was not able to conclude whether the
quoted probabilities in WASH-1400 were too high or too low. The most
cutting criticisms were directed against the Executive Summary of
WASH-1400, but here the difficulty was more editorial than substantive.
On substantive matters, the Lewis Report finds aspects of WASH-1400 to
commend and aspects to criticize, but avoids any final verdict either on
WASH-1400 or on reactor safety.

However, one can infer the "moral" of the Lewis Report in two ways.
First, its recommendations appear to be solely in the context of improving
the nuclear regulatory process, not abandoning it. Second, Lewis himself
is quoted as being rather unworried about nuclear reactor safety: 53

51. Id. at 229-30. The limiting factor of 100 for the meltdown probability was based on
200 reactor-years of experience. With U.S. experience now exceeding 400 reactor-years, the
factor should be halved. (The limiting factor of 500 for fatalities was reached by also assuming
that the chance of breaching the reactor containment after a meltdown could be twice that
calculated in WASH-1400, and that the average fatalities per accident could be about 21/2
times as great.)

52. RISK ASSESSMENT REVIEW GROUP, REPORT TO THE U.S. NUCLEAR REGULATORY

COMMISSION (Sept. 1978).
53. Los Angeles Times at 24 (October 5, 1978). This remains the clearest guide to the

implications of the Lewis Report which we have seen. The Nuclear Regulatory Commission,
in a statement dated January 18, 1979, endorsed the findings of the Lewis Report. This NRC
acceptance of the Lewis Report has been widely referred to as a government repudiation of
WASH-1400 (e.g., a headline in the Seattle Times, January 20,1979: "U.S. repudiates study
it used to tout reactor safety"). In fact, the NRC repudiated only the Executive Summary of
WASH-1400, not the study itself as embodied in its main document and extensive append-
ices. However, the NRC also explicitly concurred in the Lewis Report assessment that the
uncertainties in WASH-1400 were "greatly understated" and concluded that the "absolute
values of risks . . .should not be used uncritically." The NRC Statement added little of
substance that was not already encompassed in the Ford Foundation/MITRE Corporation
study. See FORD FOUNDATION/MITRE CORPORATION, supra note 5. However, coming from the
responsible federal agency, the statement was interpreted by many to be a very damaging
confession. Also, while the Ford Foundation/MITRE Corporation study stressed that even if
the uncertainties were stretched to the most unfavorable limit, the chances of accident were
small, the NRC (perhaps because it was once bitten with an Executive Summary) made no
such attempt to put the safety issue into an overall perspective.
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I still support nuclear fission as an energy source for this society ....
Nuclear energy has many more facets than just safety. The most serious
one in my book is proliferation . . . .We can't solve it all by ourselves
and for us to abstain from nuclear plants is not feasible; the world is going
to go nuclear, whether we or the Sierra Club like it or not, because it is
an economical way of generating electrical power. . . .The second serious
problem, I feel, is waste disposal. It's a real scandal that we haven't gotten
on top of this one. . . .And finally there's safety. in my view, it's the least
worrisome aspect of nuclear power.

In the customary shorthand of nuclear discussions, "safety" means spe-
cifically safety from nuclear reactor accidents. Thus, although the Lewis
Report, in common with many committee documents, has a basically in-
scrutable quality, the views of its Chairman seem unambiguous-whatever
the deficiencies of WASH-1400, nuclear reactors are safe enough to use.

In an area such as reactor safety, where even the most careful of analyses
do not yield completely unambiguous predictions, in the end, reliance is
perforce placed to some extent on plausibility, not strict rigor. It is, there-
fore, of interest to note views held outside the United States. We cite three:
a highly prestigious British study concluded that "the risk of serious acci-
dent in any single reactor is extremely small;"' 5' a major Swedish study
found reactors to be so safe that they suggested siting them near cities to
provide hot water for heating buildings; 55 and the Russians considered
them to be so safe that they did not enclose them in the massive concrete
containments used in the West, although recently they decided to do so,
possibly in part coupled to their entry into the export market."

While it is certainly desirable to continue with studies of reactor safety
to attain further engineering improvements, it appears that we have al-
ready achieved a level of safety and assurance well beyond that which we
normally demand of other aspects of the mechanical or natural world.
However, no matter what success is achieved in refining or quantifying
such an assessment, it appears probable that public perceptions will con-
tinue to grow more sanguine as long as there are no serious accidents, but
could reverse should we have even a relatively small accident during the
next few years, before familiarity dulls apprehension."'

54. SIXTH REPORT OF ROYAL COMMISSION ON ENVIRONMENTAL POLLUTION, NUCLEAR PowER

AND THE ENVIRONMENT (Sir Brian Flowers, Chairman 1976).
55. CLosE-BY SITING OF NUCLEAR PowER PLANTS (Stockholm 1974).
56. NUCLEONICS WEEK (Oct. 26, 1978); NUCLEONICS WEEK (Nov. 2, 1978).
56.1. *Note added in proof: This was written before the accident at Three Mile Island.

Some brief comments on the accident appear as an addendum, at the end of this article. The
record of no meltdowns in LWR's stands, but it is no longer correct to say that there have
been no serious accidents-Three Mile Island was serious, both substantively and psychologi-
cally.
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E. Perspectives on Nuclear Radiation Hazards

Having outlined briefly some of the considerations involved in assessing
the hazards of nuclear power, it is of interest to look at comparisons be-
tween nuclear power and coal. A variety of estimates of expected deaths,
including fatal cancers, from electric power generation have been reviewed
by Comar and Sagan. 5 For equal amounts of power produced, they found
that the estimated number of deaths is roughly five times as great for coal
industry workers (including miners) as for nuclear workers. As far as the
general public is concerned, coal is estimated to produce about 10 to 100
times as many deaths. A qualitatively similar assessment is reached in an
American Medical Association report which concludes that "coal has a
greater adverse impact on health than does nuclear power production.""

Both of these evaluations attempt to include the effects of nuclear acci-
dents. The uncertainties in estimating the likelihood and consequences of
such accidents is stressed in the Ford Foundation/MITRE Corporation
report. Nevertheless, this report reaches conclusions consistent with those
cited above. In the "Overview" chapter of this report it is stated: "Having
examined nuclear accidents from each of the above perspectives with very
pessimistic assumptions, we have concluded that, even when the possibil-
ity of reactor accidents is included, the adverse health effects of nuclear
power are less than or within the range of health effects from coal . . .,.

In a chapter on health effects, the conclusion is phrased more strongly:

Despite these large uncertainties, the general conclusion is that on the
average new coal-fueled power plants meeting new source standards will
probably exact a considerably higher cost in life and health than new
nuclear plants. However, both coal and nuclear power plants built in the
rest of this century could have much reduced health risks relative to
existing plants."

Undoubtedly it is possible to find analyses asserting the converse,
namely that nuclear power is more dangerous than coal, although we doubt
that these come from equivalently authoritative sources. But, at a mini-
mum, there appears to be no basis for singling out nuclear power as a
uniquely serious health hazard, and most studies indicate that it is prefera-
ble to coal. Such comparisons in themselves do not establish that either
coal or nuclear power is socially acceptable, but they raise a question as
to why nuclear power has come under such special attack.

A movement looking in the first instance for opportunities to improve

57. Comar and Sagan, Health Effects of Energy Production and Conversion, 1 ANN. REv.
oF ENERGY 581, 588 (1976).

58. Health Evaluation of Energy-Generating Sources, 240 J. OF THE Am. MED. A. 293 (Nov.
10, 1978) (report of the AMA Council on Scientific Affairs, adopted by AMA House of Dele-
gates, June 21, 1978).

59. FORD FoUNDATION/MITRE COPORATIoN, supra note 5, at 19.
60. Id. at 196.

[Vol. 30



NUCLEAR ALTERNATIVE

public health and safety might more plausibly have chosen to concentrate
on automotive accidents (which now kill at least 1000 times as many peo-
ple per year as all aspects of nuclear power) or medical x-rays (which are
now overall causing a radiation exposure which is at least 100 times
greater). Among energy sources, coal should be of greater concern than
nuclear power, and if catastrophic accidents are the prime worry, dam
safety is more of a problem than reactor safety.6 '

We can most readily understand the emergence of nuclear power as the
target of such strenuous opposition if we believe that there are other driv-
ing forces. Nuclear power then becomes a natural target through the recog-
nition, thought out or instinctive, that although the public will yawn if
warned against coal (after all, an old king), it can become truly disturbed
over nuclear power with its aura of newness and mystery. The nature of
the more profound driving forces will be considered in Sections H and IV.

Im. CONCERN OVER PROLIFERATION OF NUCLEAR WEAPONS

Among the perceived dangers of nuclear power, the most difficult to
evaluate is the connection between nuclear power and nuclear weapons.
Most of the other issues, such as radiation exposure from power plants, the
probability of accidents, or problems with nuclear waste disposal, are sus-
ceptible to scientific and technical analysis. But the question of prolifera-
tion of nuclear weapons involves not only technical assessments, but also
an array of issues in international politics, and both aspects of the problem
must be considered in evaluating the extent to which the proliferation of
nuclear weapons is coupled to the spread of nuclear power plants. 2

A. History of Nuclear Weapons Development

We begin with a short review of the history of nuclear weapons prolifera-
tion.

The first nuclear weapons were built by the U.S. during World War II.

61. NUCLEAR REGULATORY CoMMIsSIoN, REACTOR SAFETY STUDY: AN ASSESSMENT OF Acci-

DENr RISKS IN U.S. COMMERCIAL NUCLEAR POWER PLANTS (WASH-1400) (Oct. 1975) (See Main
Report, Section 6.4 for a summary of data on dam failures and comparison to estimates of
probability of reactor accidents.)

62. The material in this section is derived in large measure from the following references,
which will not be individually referenced in the subsequent text: THE ATLANTIC COUNCIL OF
THE UNITED STATES, REPORT OF THE ATLANTC COUNCIL'S NUCLEAR FUELS POLICY WORKING
GROUP: NUCLEAR FUELS POuCY (1976); 1 THE ATLANTIC COUNCIL OF THE UNITED STATES, REPORT
OF THE ATLANTIC COUNCIL'S NUCLEAR FUELS POuCY WORKING GROUP: NUCLEAR POWER AND
NUCLEAR WEAPONS PROLIFERATION (1978); Albert Wohlstetter, Moving Towards Life in a Nu-
clear Armed Crowd? (1976) (report prepared for the U.S. Arms Control and Disarmament
Agency by Pan Heuristics); FORD FOtNDATION/MITRE CORPORATION, supra note 5; Report to
APS, supra note 25; Nye, Time to Plan for the Next Generation of Nuclear Technology, BULL.
OF THE ATOMIC SCIENTISTS (Oct. 1977); Wilson, Nuclear Power Without Weapons Proliferation,
BULL. OF THE ATOMIC SCIENTSTS (Nov. 1977); Rose and Lester, Nuclear Power, Nuclear Weap-
ons and International Stability, ScIE.nIc AM. (April, 1978).
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On August 6, 1945, Hiroshima, Japan, was destroyed by a bomb composed
of separated uranium-235. It had not been tested in advance. Three days
later a plutonium bomb destroyed Nagasaki. It had been tested three
weeks earlier, partly because the theoretical probability of successful deto-
nation was not as certain as for the uranium bomb. Each bomb weighed
about ten thousand pounds but the active uranium or plutonium consti-
tuted only twenty to fifty pounds. Most of the weight was chemical explo-
sive, required to trigger the nuclear explosion. The major "secret" of the
bomb was the fact that it could be built, a fact made known to the world
by its use.

In 1949, the U.S.S.R. exploded its first nuclear device-an event quickly
detected by other nations by means of sensitive monitoring instruments.
Since the United States had succeeded in developing a deliverable bomb
in about three and a half years, it was no surprise to knowledgeable persons
that Russia could do so four years later.

Russia and the United States have continued to expand their weapons
capabilities, until now both nations have achieved the state of affairs
known as Mutual Assured Destruction-or MAD. There has been a stale-
mate characterized by the continual improvement of weapons and delivery
systems, and, simultaneously, by attempts to forge disarmament agree-
ments to limit the arms race.

England, France, and China joined this so-called nuclear weapons club
in the period from 1953 to 1964, a development which could not be con-
cealed because each nation carried out tests to make sure that its design
would work. At the present time, the United States, Russia, France and
China are continuing to test; as far as we know, Great Britain has stopped.

In 1974, India exploded a nuclear device, a fact immediately evident to
the world by the detection of seismic signals characteristic of underground
nuclear explosions. Although India stated that its device was for peaceful
applications, she is considered to have taken a crucial step in weapons
proliferation. India apparently has not made further tests.

Although most nations, and in particular the United States, viewed
India's apparent move towards weapons capabilities with great concern, it
is obvious that the Indians felt proud of their achievement, possibly be-
cause they then felt more secure. Such a feeling is easy to comprehend,
when we recall that India has been involved in armed border conflicts with
China, which had nuclear weapons well in advance of the Indian test. Of
course, the United States and Russia maintain their nuclear weapons out
of a similar sense of insecurity.

Each of the first five nations which are known to have developed and
tested nuclear weapons has done so utilizing "dedicated" facilities; i.e.,
facilities developed explicitly for weapons purposes. In fact, they devel-
oped the weapons before they had produced commercial nuclear power.
Thus, it is clear that nuclear power is not a prerequisite for nuclear weap-
ons, and has not been the favored route to them. However, possible connec-
tions do exist, and we will further explore them in this Section.
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B. Barriers to Further Weapons Proliferation

Many other nations (about fifty) possess nuclear facilities such as re-
search reactors or power reactors, and a considerable number of these
nations probably have the technical expertise required to manufacture
nuclear weapons, although none is known with certainty to have done so.
Some, such as Sweden, have gone so far as to temporarily establish fairly
large projects to study the technical and other aspects of nuclear weapons
construction. Israel, which has no civilian nuclear power, has been alleged
to have made nuclear weapons, or at least the disassembled components.

The -fact that Sweden has not proceeded to build nuclear bombs illus-
trates that some nations consider themselves more secure without nuclear
weapons than with them. Considering the large number of countries pos-
sessing the requisite capabilities, it is impressive that, as far as we know,
so few have actually made bombs. One possible reason is that many na-
tions in this category already consider themselves protected by the nuclear
umbrella of one or another of the nuclear weapons nations.

There are a number of other reasons why it may not be in the interests
of nonweapons states to develop nuclear weapons. For example, by doing
so they might induce their neighbors to do likewise, thus triggering a local
arms race dangerous to them.

The greatest danger to the rest of the world from such a local nuclear
arms race, which could possibly result in a military confrontation, is that
it could trigger a far more serious confrontation between the two superpow-
ers. The U.S. and U.S.S.R. have frequently been on opposing sides in local
conflicts, but so far these have not involved other nuclear weapon states.

There are two general classes of barriers which can be erected to inhibit
further nuclear weapons proliferation: political and technical. We will say
little about the political barriers, but some brief discussion is nevertheless
in order.

Within a year after using its own bombs, the United States in 1946
proposed, in the Baruch plan, that nuclear energy be brought under inter-
national control. This plan was opposed by the Soviet Union, and not
adopted by the United Nations. A unilateral United States action was
taken in 1953, when President Dwight Eisenhower initiated the "atoms for
peace" program, and many nations were assisted in the acquisition of
research reactors. The purpose of this was to lay the foundations for peace-
ful applications of nuclear energy in, for example, medicine and energy
production.

The first comprehensive international agreements were the 1962 ban on
atmospheric bomb testing and the Treaty on the Non-Proliferation of Nu-
clear Weapons, which became effective in 1970. Under this treaty, the
nonweapon states among the signatories 'agreed not to develop nuclear
weapons and, in return, the nuclear supplier states agreed to assist them
in the development of peaceful aspects of nuclear energy. Safeguards to
ensure compliance are enforced by the International Atomic Energy
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Agency (IAEA), based in Vienna. The chief safeguards prescribed by the
IAEA consist of periodic inspections of facilities and fuel accounting.

Over 100 countries have signed or ratified the Non-Proliferation Treaty.
Exceptions include Algeria, Argentina, Brazil, Chile, Cuba, France, India,
Israel, Pakistan, Saudi Arabia, and South Africa, but these nations are
still subject to IAEA safeguards on imported nuclear materials.

The weaknesses of institutional arrangements were illustrated by India's
nuclear test of 1974. Although India did not adhere to the Non-
Proliferation Treaty, she had entered into safeguard agreements with Can-
ada, which had supplied the reactor, and with the United States, which
provided the initial heavy water needed in the standard Canadian reactors.
Nevertheless, India proceeded to explode a nuclear device, contending that
it was for peaceful purposes and that no agreements had been violated.

C. Plutonium Production

The key to India's nuclear explosion, and the basic feature of any future
nuclear weapons proliferation based on research or power reactors, is the
production of plutonium in these reactors. Despite the fact that India did
not use plutonium produced by her commercial power reactors for the
explosive device, it is technically possible that it could have, a fact which
has highlighted the concern and illustrated the possible connection be-
tween nuclear power and weapons.

All of the roughly 200 power reactors in service today generate plutonium
as their fuel rods are consumed. The amounts, and the quality for weapons
purposes, differ somewhat from one type of reactor to another, but not by
large margins. A typical 1000 megawatt-electric reactor produces from 200
to 400 kilograms of excess plutonium per year, enough for twenty or more
nuclear weapons per year. The plutonium is referred to as excess, because
an additional 100 to 200 kilograms is actually generated, but is burned in
the reactor (and produces energy) before the fuel is removed.

When fuel is removed from a reactor, but before reprocessing, it is not
directly suitable for weapons use because the plutonium-239 is diluted by
a much larger amount of uranium-238 and because it is rendered exceed-
ingly dangerous to handle by the overall level of radioactivity from fission
products. In reprocessing, the plutonium is separated from the components
with the most intense radioactivity and from the uranium as well. It is then
available for fabrication into new fuel elements or for use in weapons.

A distinction should be made between "weapons grade" and "reactor
grade" plutonium, based on the amount of the plutonium-240 mixed in
with the dominant plutonium-239. Briefly, the greater the content of
plutonium-240, the more difficult it is to make an effective bomb.
Plutonium-240 creates the difficulties chiefly because it spontaneously
decays by the fission process. In so doing, it generates a large number of
neutrons even before assembly into a bomb. In a nuclear weapon, these
neutrons can cause preignition, thus seriously reducing the explosive en-
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ergy. The discovery of plutonium-240, in the spring of 1944, almost caused
cancellation of the plutonium portion of the wartime atomic bomb pro-
ject. 3 It was only by crash development of a triggering mechanism much
more complicated than the kind adopted for the uranium-235 bomb that
a successful plutonium bomb was made. The proportion of plutonium-240
relative to plutonium-239 in these first weapons has not been publicly
revealed, but it was probably well below seven percent. Much later, the
United States learned how to make workable bombs using plutonium with
larger amounts of plutonium-240, ranging up to and possibly above seven
percent."

Plutonium-239 results from the capture of neutrons by uranium-238.
Weapons-grade plutonium is produced by operating reactors in a rather
inefficient manner. The fuel is kept in the reactor for a relatively .short
time, typically about 1/5 to 1/10 as long as is optimum for power produc-
tion. This limits the buildup of plutonium-240 which results from capture
of neutrons by plutonium-239. In the present light-water reactors used for
the generation of electricity, the fuel is left in for longer periods of time,
resulting in plutonium -240 concentrations of twenty-five to thirty percent.

The actual deterrent effect of plutonium-240 is hard to assess, because
it is generally stated by weapons experts that, with adequate skill, bombs
can be successfully built with reactor-grade plutonium. It is also generally
agreed that such bombs will probably be less efficient. Further, high con-
centrations of plutonium-240 render the material more difficult to handle
because of increased radiation hazards. The effectiveness of these deter-
rents will thus depend upon the skill and facilities available to the group
attempting to produce a bomb.

A number of statements by weapons experts are in the public record
concerning the difficulties attendant on the use of high plutonium-240
plutonium for weapons. One of these statements is from Hans A. Bethe,
who was head of the theoretical group at Los Alamos during World War
II, and who has served as a consultant on bomb theory at Los Alamos for
many years since World War II. In testimony given before the Committee
on Government Operations, U.S. Senate, March 9, 1976, page 23, Bethe
said:

Very sophisticated nuclear weapons countries, like the U.S. and the
U.S.S.R., are able to overcome [the difficulty of using reactor-grade plu-
tonium] by special design .... However, such sophisticated devices can

63. See, e.g., J. KuNETKA, CITY OF FIRE 85 (1978); Hewlett and Anderson, The New World:
A History of the United States Atomic Energy Commission 247-51 (1972) (report WASH-1214
for U.S. Atomic Energy Commission).

64. The figure of seven percent can be inferred from published production figures from
the Hanford N reactor, and cross-section data. We do not specifically address the terrorist or
subnational possibilities of nuclear bomb construction. The difficulties presented by Pu-240,
and other difficulties, are discussed in Meyer, Loyalka, Nelson, and Williams, The Home-
made Nuclear Bomb Syndrome, 18 NUCLEAR SAFETY 427 (July/Aug. 1977).
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only be invented after many years of experimentation with nuclear weap-
ons. . . . However, if such [a new nuclear weapons country] is deter-
mined to develop nuclear weapons, they may not consider the low and
uncertain yield from [high plutonium-2401 weapons a decisive obstacle.

Of course, as is clear from the discussion, a country could circumvent
the difficulties presented by plutonium-240 by operating its power reac-
tor(s) in an inefficient manner by removing fuel before it has reached the
end of its useful life. Some types of reactors lend themselves more readily
to this option than others. Under the IAEA safeguards, it would be difficult
to do so in a covert manner; however, a nation might choose to do so
openly.

With these disadvantages in the use of power reactors, it would be more
efficient for a nation to build a'dedicated reactor if it decided to produce
weapons-grade plutonium. The cost of a small program of this kind is
probably about one-half the cost of a full-sized power plant. It does, how-
ever, require longer prior planning than is required for the diversion of fuel
from existing power reactors.

D. The Breeder Reactor and Reprocessing

Despite the dangers of plutonium as a source of weapons material, there
are strong incentives for its use as a nuclear fuel. In brief, without use of
plutonium, the natural uranium is used very inefficiently; with plutonium
utilization, the efficiency is greatly increased, indeed by about 6000%.

The reason for this lies in the composition of natural uranium. The bulk
of the uranium, over ninety-nine percent, is the isotope uranium-238 which
is hard to fission, while only 0.7% is the readily fissionable uranium-235.
Essentially, only the uranium-235 is useful as a fuel in conventional reac-
tors. In fact, to permit light water reactors to work, the natural uranium
has to be enriched to bring the uranium-235 concentration up to about
three percent. This is an expensive, but essential, step and the conven-
tional light water reactors in the United States are all fueled with enriched
uranium .65

During reactor operation, some of the otherwise useless uranium-238 is'
converted into plutonium-239 which, like uranium-235, is readily fissiona-
ble. In light water reactors, this is not done very efficiently and for every
three uranium-235 nuclei consumed, on the average almost two plutonium-
239 nuclei are produced, one of which is subsequently consumed by fission.
The remaining plutonium-239 can be extracted from the spent fuel, via so-
called reprocessing, and returned to another reactor as a component of the
fresh fuel. This cycle would extend the resources of fissionable materials
by about thirty percent.

A much larger step is taken in breeder reactors. These reactors are de-

65. Some reactors, such as the Canadian heavy water reactors, can be fueled with natural
uranium.
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signed to optimize production of plutonium-239, so as to generate slightly
more plutonium than the uranium-235 or plutonium-239 that they con-
sume. By doing so in successive reactors, the eventual utilization of the
plentiful uranium-238 is increased by about sixty-fold. This makes it eco-
nomical to use lower grade ores, and the resource base for breeder reactors
is increased far above that for light-water or similar type reactors.

A few tens of thousands of tons of uranium can make a country virtually
energy-independent for many, many years. It is easy to understand why
energy-poor countries, such as France or Japan, look upon the breeder as
essential to their energy futures. The United States, in contrast, has vast
coal deposits and sufficient uranium to be able to afford some delay in the
full development of breeders, pending assessment of all the alternatives.

A full-scale breeder reactor will generate about 600 kilograms of pluton-
ium per year, about three times as much as is generated in a light-water
reactor. Most of this will be reactor-grade plutonium, containing twenty
to twenty-five percent plutonium-240, but a portion of the fuel component
(the blanket) comprising ten percent of the whole, will produce a grade of
plutonium more suitable for weapons.

At the present time, experimental breeder reactors are in operation in
the United States, the Soviet Union, England, France, Germany, and
Japan. France also has a highly successful prototype commercial breeder
in operation, the Phenix, and (in consort with West Germany and Italy)
is constructing a full-sized commercial breeder, the Superphenix. Russia
has a large prototype breeder in operation and a still larger one under
construction.

The United States breeder program includes two prototype-sized reac-
tors. One, which will not have electric power generating capabilities, is
nearly completed at Hanford, Washington. It will be used for research and
development, especially on breeder fuel. A second, to be located on the
Clinch River in Tennessee, has been in the design stage for many years. It
would generate about 300 megawatts of electric power. However, in view
of the concerns over proliferation, and the belief that uranium resources
are sufficient to permit a delay, the Carter administration has been op-
posed to the Clinch River Breeder Reactor. At present, the entire matter
has become a political football, with Congress leaning toward proceeding
and President Carter opposed.

While reprocessing is optional for light-water reactors, it is essential to
the operation of the breeder reactor cycle, because, in a breeder fuel cycle,
plutonium-239 is the essential fuel, rather than just a moderate supple-
ment. If the supply of high grade uranium ore is sufficiently plentiful, there
is no great incentive for reprocessing. If uranium is only moderately plenti-
ful, it might be sound policy to reprocess the fuel to stretch resources for
the light-water reactor cycle, even if breeder reactors are not immediately
necessary. Finally, if uranium resources are very limited in quantity or
quality, then there is a strong incentive to develop breeder reactors as
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quickly as possible, with concurrent fuel reprocessing. The attractiveness
to a country of one or another of these options depends upon the adequacy
of its own uranium resources, the reliability of external supplies, and its
perception of the possible dangers of a plutonium economy.

E. The Status of Reprocessing

In the United States, a small commercial reprocessing plant had oper-
ated for a number of years at West Valley, New York, but was shut down
for modernization. However, it never reopened, partly for economic rea-
sons. A large new plant at Barnwell, South Carolina, was almost complete
and ready to begin operations, but shortly after his inauguration in 1977,
President Carter stopped plans for commercial reprocessing in the U.S.
The Barnwell plant is large enough to reprocess fuel from about fifty power
reactors. At the present time, the future use of the plant is uncertain.

President Carter's initiative to halt reprocessing was motivated by a
desire to set an example which would encourage other nations to restrict
the availability of plutonium and thereby lessen the risks of weapons pro-
liferation. Several countries have nevertheless continued with large scale
plans for commercial reprocessing. France has one plant already in opera-
tion and another is scheduled. England, after an intensive inquiry and
parliamentary debate, which, significantly, took place after President
Carter's initiative, is going ahead with construction of a large plant at
Windscale. Japan, also, is proceeding with operation of a relatively small
reprocessing plant, despite initial attempts by the U.S. State Department
to persuade Japan to cancel its plans.

Despite our failure, to date, to convince other nations to give up repro-
cessing, there are significant reasons for our having undertaken this effort
at persuasion. At the root is the danger that if plutonium is in wide use
throughout the world, then one or another country, or possibly subnational
groups, could obtain some for bomb manufacture. A pause now offers an
opportunity to reexamine the whole fuel cycle to see if a more proliferation-
resistant approach might be found.

The simplest institutional barrier to utilization of commercial power
reactors for weapons proliferation would be the successful banning of all
commercial fuel reprocessing. However, there is no immediate prospect of
eliminating the military reprocessing capabilities which the weapons
states already have and are using to produce plutonium for bombs. If one
accepts the fact that a limited number of countries already have nuclear
weapons and the capacity to make many more, one still can conclude that
it is urgent to inhibit the capabilities of additional countries. There is
precedent for this selectivity. After all, a large number of countries, includ-
ing, for example, Japan and West Germany, have adhered to the Non-
Proliferation Treaty, and thus are pledged not to make weapons despite
their ability to do so. Conceivably, given sufficient motive, they might also
pledge themselves neither to engage in large-scale reprocessing nor sell
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reprocessing facilities to other countries, although it should be noted that
Japan and West Germany already have some reprocessing underway.

Thus, in the rationale used to justify the abandonment of reprocessing
of commercial fuel by the United States, our example would be followed
by other countries, in the interests of world security, leaving the limited
numbers of weapons states as the only nations with either bombs or the
capacity to make them quickly. Without reprocessing plants, it would take
months to years for a country to move from a decision to make bombs to
the actual bombs, and during this time cooler heads, or outside pressure,
might convince a country to desist from the attempt.

From an economic point of view, it would make sense for all but the
largest countries to refrain from reprocessing. One full-size commercial
reprocessing plant can handle the annual fuel output of up to fifty reactors,
so small countries have little incentive to operate their own reprocessing
plant, outside of the possible desire to build weapons. They could still have
a nuclear power program, using enriched uranium fuel which the United
States, and perhaps a few other countries, would presumably continue to
sell to them.

Among the difficulties this plan faces are that it presupposes that other
countries are willing to continue to accept outside control of their nuclear
fuel supply and, perhaps more important, that the world resources of ura-
nium and enrichment capacity are sufficient to sustain nuclear power
growth without reprocessing and breeders.

F. Alternative Fuel Cycles

In view of the importance and complexity of the issues, and the hesita-
tion on the part of other countries to follow our lead, the Carter adminis-
tration proposed a new review of the entire nuclear fuel cycle question.
This is being undertaken by the International Nuclear Fuel Cycle Evalu-
ation (INFCE). Representatives of about fifty countries have joined this
program, and extensive studies are underway. The conclusions of these
studies are not expected to be issued until some time in 1979, but we will
mention briefly some of the directions the study is taking.

One direction is to reexamine various nuclear fuel cycles with the goal
of finding those which are relatively proliferation-resistant. A spectrum of
possibilities is discussed below.

The Once-Through Uranium Fuel Cycle. In this fuel cycle, uranium
is used once and the spent fuel is disposed of, perhaps by burial deep
underground. The inventory of plutonium becomes high, as more and more
material accumulates, but the plutonium is not readily accessible.

The Plutonium-Uranium Fuel Cycle. In this cycle, the one underly-
ing present plans in most countries, the plutonium produced in a reactor
is extracted and reprocessed for later use in another reactor. The fullest
version of this cycle is with breeder reactors, but it also could be done, on
a more limited scale, for the present light water reactors. In this cycle, less
plutonium will accumulate, but what plutonium there is will be more
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readily available for weapons. Variants of this cycle might make prolifera-
tion more difficult. For instance, in the "co-processing" plan, the pluton-
ium and unburned uranium would not be separated in reprocessing; thus,
the plutonium is significantly diluted. In another plan, the plutonium from
reprocessing would be "spiked" with highly radioactive fission products to
make the material more difficult to handle.

The Thorium Fuel Cycle. If a reactor has thorium-232 as its main
bulk material, instead of uranium-238, a breeding cycle would produce
uranium-233 instead of plutonium-239. By mixing a large amount of
uranium-238 with the uranium-233, the uranium-233 fraction can be re-
duced below the level necessary for bomb manufacture. Plutonium would
still be produced, but in smaller amounts than in other fuel cycles.

Beyond these technical changes which might inhibit weapons prolifera-
tion, a number of institutional changes have been suggested. Prominent
among these is the Multinational Fuel Cycle Center. In this concept, repro-
cessing and fuel fabrication would be carried out only in a few centers
under international control.

G. Perspectives on Weapons Proliferation

In assessing the proliferation problem as a whole we can reach a number
of general inferences and conclusions:

(1)Any activity in nuclear science can aid a nation towards weapons
proliferation, if only through the development of a base of people with
relevant technical training. Any reactor will be of help, at least for training,
and possibly as an eventual source of plutonium;

(2)Past weapons development has largely been' carried out indepen-
dently of, and prior to, development of nuclear power. Future proliferation
could repeat this pattern;

(3)It is too late to cut off this proliferation potential through the elimina-
tion of nuclear reactors, even if the United States considered this to be a
desirable goal. About fifty countries, from Argentina to Zaire, already have
research reactors and twenty-two of these also have reactors for electric
power generation. The importance of these reactors in providing energy
(and even medically useful radioactive isotopes) is too great to believe that
the reactors will be abandoned. Moreover, many countries view the future
shortage of fossil fuel with alarm, and believe that nuclear power provides
the only viable alternative;

(4)A country with a reactor but with no reprocessing facilities faces
another major step before it can develop a bomb. Thus, control of repro-
cessing in principle offers a second-line defense against nuclear prolifera-
tion. Countries which are known already to have reprocessing facilities at
some level include: Czechoslovakia, France, West Germany, India, Japan,
Spain, the United Kingdom, the U.S.A., and the U.S.S.R. The unilateral
decision of the United States to defer or cancel reprocessing of commercial
spent fuel has not led to major changes in the policies of these countries,
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and some, including Great Britain, France, and Russia, appear to be pro-
ceeding with no great deference to our concerns. However, the INFCE
initiative may develop acceptable technical or institutional arrangements
which could lessen proliferation dangers;

(5)In view of the importance of the proliferation issue, and the adequate
resources of domestic uranium, the United States can afford to pause for
several years in its development of reprocessing and the breeder reactor
program without seriously endangering its goal of reducing the importation
of oil, while retaining the hope that INFCE, or another study, can develop
realistic proposals leading to control of weapons proliferation;

(6)Were the United States to abandon its entire nuclear civilian pro-
gram, it would lose any direct influence on the course of nuclear develop-
ments elsewhere, and even our abandonment of reprocessing and the
breeder might reduce our influence. We are already perceived as not fully
appreciating the energy needs of other countries, and it appears unlikely
that our "moral" example would lead many others to follow, especially in
a course which many countries view as capricious folly.

In summary, we see no realism in proposals for a nuclear moratorium in
the United States in the interests of nonproliferation. The decision to halt
reprocessing and delay the breeder in the United States was a step taken
to encourage other nations to do likewise, and to realert the world to the
dangers of proliferation. It probably has been somewhat successful in the
latter objective. However, other nations have not indicated willingness to
abandon their breeder or reprocessing programs.

The United States is therefore facing the necessity of again reassessing
its position. The choices we face were recently expressed by Victor Gilinsky
of the Nuclear Regulatory Commission:

It [the United States] can now attempt to be consistent with its nonproli-
feration policy by refusing to assent to the transfer of spent fuel to Euro-
pean [reprocessing] plants, thus pulling the rug from under its close allies
and friends; or it can accept defeat in its effort to control reprocessing and
the widespread use of plutonium before adequate protection is in place;
or it can take a middle course, extending permission, for example, to
transfer spent fuel in certain cases to the European reprocessing plants
but placing strict conditions on the eventual return of plutonium."6

The difficulties of framing a policy in this complex area are illustrated
by the approval given in late 1978 by the United States for the sale of a
French light-water reactor to China. 7 Since China has already developed
nuclear weapons using separate dedicated facilities, the question of weap-
ons proliferation is not an immediate issue here. However, it is surely not

66. 21 NUCLEAR NEWS 40 (Nov. 1978).
67. New York Times news service, Seattle Post-Intelligencer (Nov. 25, 1978). Our ap-

proval is necessary in part because the reactor is being built by a French company under
licenses from Westinghouse.
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our intent to develop a nonproliferation policy in which the simplest way
for a nation to become qualified to obtain nuclear power reactors would be
for it to have already developed nuclear weapons.

IV. CONCERNS RELATING To THE NATURE OF SocIErY

The role of social views in contributing to the opposition to nuclear
power has been described succinctly in the Report of the British Royal
Commission on Environmental Pollution:

Nuclear power provides a dramatic focus for opposition in some countries
to technological development and we have no doubt that some who attack
it are primarily motivated by antipathy to the basic nature of industrial
society, and see in nuclear power an opportunity to attack that society
where it seems likely to be most vulnerable, in energy supply."

Matters may not always be as crisply defined as indicated in this quota-
tion, and the Royal Commission report itself not only urged that both sides
be "heard with greater mutual understanding," but expressed concerns
about nuclear weapons proliferation and, at least in the British context,
nuclear waste disposal. Nevertheless, the theme suggested by this quota-
tion is a major one, and the nuclear debate cannot be understood without
considering it.

In this section, we will explore some of the reasons why many people are
predisposed to antinuclear views, which then can be reinforced by easily
accepted beliefs that there exist grave environmental and health hazards.
There is, of course, a mirror to this in the pronuclear movement. But we
are convinced that ideological factors play a larger part in motivating the
antinuclear side, just as we believe that economic factors play a larger part
in motivating the pronuclear side. The economic motivation, being more
obvious, may require less explication.

A. The Credibility of Experts

Ideally, when evaluations of technical matters have implications for
social policy, an individual's technical conclusions should not be influ-
enced by his or her social views. Unfortunately, this ideal is rarely
achieved.

An anecdote may illustrate this point. Some twenty years ago, one of us
commented to a friend that in the debate over the environmental effects
of nuclear weapons tests, individual judgments among physicists as to the
environmental effects were in striking correlation with the degree of fear
the person had of Russia. Using the parlance of a later period, the hawks
saw little environmental damage in the tests, while the doves saw much

68. SIXTH REPORT OF ROYAL COMMISSION ON ENVIRONMENTAL POLLUtION, NUCLEAR POWER
AND THE ENVIRONMENT 191 (Sir Brian Flowers, Chairman 1976).
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damage. The friend, a physician, matched this by pointing out that, during
the 1956 election campaign, Democratic heart specialists expressed grave
doubts about President Eisenhower's fitness to run for a second term while
Republican heart specialists found his health quite adequate.

There are twin implications to this. First, unless carefully self-
disciplined, experts are not immune to having their technical and scientific
judgments become biased by extraneous values. Second, with the experts
themselves both fallible and divided; the lay public has almost free rein.
If a person has an impulse to welcome one or another outcome in a techni-
cal dispute, he can readily find an "expert" who will lend credibility to the
desired conclusion.

Certainly, the belief that nuclear energy is "safe" is not shared by all of
the people who can loosely be termed experts. Nevertheless, as suggested
by the earlier discussion in Section II, if public opinion were formed by
counting "expert" heads or by accepting the verdict of prestigious panels,
the fears about the health and environmental consequences of our present
reactor program would be largely allayed.

It becomes of interest, therefore, to try to understand why many consci-
entious people reject these assurances as implausible, and instead are in-
clined to believe the opposing view that nuclear power is too dangerous to
be acceptable, often uncritically accepting the most far-fetched of charges.
This readiness to believe the worst appears to be strongest among people
who are dissatisfied with the nature of current society and with its tradi-
tional leadership. They are particularly sceptical of conventional experts.
Most experts, especially nuclear experts, are suspect because of their pre-
sumed narrowness, their association with the establishment, and their
possible parochial allegiance to their own professional activity. Other fac-
tors working against the credibility of conventional experts are the Galileo
mystique that truth often (perhaps, most often) comes from intellectual
rebels, the media preference for mavericks,"' the erosion following Vietnam
and Watergate of confidence in government officials, and an even older
distrust of big business. It thus is not surprising that the dissenter is likely
to command more attention in some circles than the spokesman for the
conventional wisdom and institutions.

The nature of the institutions which have provided most of the support
for nuclear power does little to help matters. The central advocate of
nuclear power has been the federal government, at least prior to the Carter
administration. Energy issues came to a head during the Nixon adminis-
tration, at the time of the oil embargo, and the strong endorsement which
the Nixon administration (along with its predecessors) gave to nuclear
power may well have produced more opposition than support.

69. Note the attention given to the half dozen or so nuclear engineers who have publicly
"defected," in contrast to the media indifference to the statements endorsed by thousands
of nuclear engineers affirming that nuclear energy is safe.
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Utility support is of little value in modifying these reactions. Distrust is
not confined to investor-owned utilities. For example, during the antinu-
clear initiative debates in Washington and Oregon in 1976, representatives
of municipally owned utilities, the federal Bonneville Power Administra-
tion, and private utilities all tended to be pronuclear. Their testimony
appeared to be uniformly dismissed by nuclear opponents, presumably
because they were all involved in the business of providing electricity, and,
therefore, all were thought to suffer from the same bias.

B. General Political and Social Factors

To the extent that labels such as "left" or "liberal" have relevance, the
"left" in the United States tends to be against nuclear power and the
"right" for it. This is an interesting political inversion. Only a few decades
ago, technology as a whole and electrification in particular were viewed by
liberals as a key to social progress. The Tennessee Valley Authority and
the Western dam projects were widely regarded as examples of the best
that the New Deal had to offer in national social planning. Going still
further to the left, Lenin is reported to have defined communism as social-
ism plus electrification. But Lenin's endorsement is even less relevant now
than it might have been in the 1930's, and the expanding horizons of the
T.V.A. have been replaced by the austerity of California's Governor
Brown. In the current fashion, it is felt by many to be more socially con-
structive to extinguish a light bulb than to curse the darkness.

Of course, 'these issues cut across political alignments, and a liberal vs.
conservative framework does riot bring out all the complexity of the atti-
tudes. For example, the NAACP, fearing the consequences to the poor of
energy shortages, has recently come out in favor of nuclear power,7" and
many labor unions have been nuclear proponents.

Another important thread in the antinuclear web is the desire to return
to a simpler, less materialistic life. There is a strong aesthetic and moral
component in this desire. It is felt to be preferable to walk or ride a bicycle
than to drive a car, to take a cold shower rather than a hot one, or to use
a fireplace instead of a furnace. Through conservation and austerity, it is
believed that we can preserve the environment, improve our bodies and
spirits, and safeguard the future.

While there is a broad appeal in this set of attitudes, serious problems
result when they are incorporated into social prescriptions. The antinu-
clear slogan "split wood, not atoms" has a pleasant ring in the context of
rural New England, but it is hardly relevant to the needs ether of New
York City or of the woods nearest to the city.

Another aspect of the antinuclear position, intertwined with some of the
issues mentioned above, is the distaste for big business, big institutions,

70. NAACP Conference, Energy, Jobs and Black America, Wall St. J., at 12, col. 4 (Jan.
12, 1978).
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and big technology. Such attitudes find an optimal target in nuclear en-
ergy. There is more money and profit in oil, there is more government
involvement in social security, and there is higher technology in the space
program, but, overall, the nuclear industry represents our most extensive
wedding of big business and big government in a major peaceful technolog-
ical enterprise. If such a program flourishes, further prestige and authority
accrue to the responsible institutions, and prolong the structure of the
surrounding economic system which, in the view of some of the opposition,
should best be modified or abandoned.

But it is possibly not the relation of nuclear power to domestic life style
and economic arrangements which alone troubles those uncomfortable
about the nature of our society. Industrial bigness and dynamism give the
United States the potential to exert global influence. It was the power of
American industry which won World War II. In 1939, the unleashing of this
power meant saving the world from Naziism, but today our enemies, if any,
and our goals, if any, are much less clear. After Vietnam, some groups in
the country do not wish the United States to be too free to impose its
military-industrial influence upon the world. Ample energy means in-
dustrial power, and this, in turn, means military and political power. It
widens the array of choice. If one doubts the leadership or the moral health
of a country, then breadth of choice may be seen as a danger, encouraging
mischief or worse.

Consideration of international posture and military strength brings one
to perhaps the deepest source of instinctive objections to nuclear power.
Just as nuclear energy stems from the successful wedding of big govern-
ment, big business, and high technology for constructive purposes, the
atomic bomb stands as a striking success of these same agencies in achiev-
ing destruction. The horror over the bomb, 'and perhaps distaste for those
who developed it, is transferred in some minds to nuclear power. A society,
feeling guilty about the bomb but afraid to give it up, may get a sense of
moral compensation by foregoing nuclear power. (This is in addition to,
and apart from, the rather technical considerations of the possible role of
nuclear power in facilitating the development of future weapons.) There
is a visceral feeling that we come to nuclear power with dirty hands, and
should put the whole nuclear business as *far out of mind and out of sight
as possible. If we cannot, or will not, destroy the bombs, let us at least keep
them hidden in bunkers and not profane the landscape with nuclear reac-
tor cooling towers.

C. Small Is Beautiful

Having speculated about some of the roots of popular antipathy to nu-
clear power in general terms, it is of interest to turn to specific writings
which present social arguments against nuclear power and in favor of alter-
natives. One of the most influential and provocative has been Small Is
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Beautiful, by the late British economist, E. F. Schumacher.7 This book,
first published in 1973, is interesting because of its discussions of weak-
nesses in modern industrial society, its eloquence in arguing the moral and
practical advantages of other societal forms, and the character of its attack
on nuclear power. Some of Schumacher's indictments of our present so-
ciety and values can evoke sympathetic responses even from readers who
do not accept his thesis as a whole. Quite apart from whether or not they
represent a truth one is ready to accept, passages such as the following are
attractive for the positive picture they present of human potential:

[The results of research show that] an intermediate technology, a tech-
nology with a human face, is in fact possible; that it is viable; and that it
reintegrates the human being, with his skillful hands and creative brain,
into the productive process. It serves production by the masses instead of
mass production ....

I have no doubt that it is possible to give a new direction to technological
development, a direction that shall lead it back to the real needs of man,
and that also means: to the actual size of man. Man is small, and there-
fore, small is beautiful.72

It is clear that in such a construct, nuclear power must be an abomina-
tion. It was developed by massive institutions, private and governmental,
the individual plants are huge, and the average person has no way of
engaging his "creative brain" or "skillful hands" in any part of the produc-
tive process. It is capital intensive rather than labor intensive, which is to
say that the labor that goes into it is remote from the end product.

However, Schumacher goes beyond considering the social disadvantages
of "big" technology, and attacks nuclear power on safety grounds as well.
The manner and tone of this attack suggest that he has given the matter
little serious thought:

Of all the changes introduced by man into the household of nature,
large-scale nuclear fission is undoubtedly the most dangerous and pro-
found. As a result, ionising radiation has become the most serious agent
of pollution of the environment and the greatest threat to man's survival
on earth. The attention of the layman, not surprisingly, has been captured
by the atom bomb, although there is at least a chance that it may never
be used again. The danger to humanity created by the so-called peaceful
uses of atomic energy may be much greater."

[We must recognize "dimensional differences" when we encounter
them: radioactive pollution is an evil of an incomparably greater
"dimension" than anything mankind has known before. One might even
ask: what is the point of insisting on clean air, if the air is laden with

71. E. SCHUMACHER, SMAL is BEAtmL (1975).
72. Id. at 159.
73. Id. at 135.
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radioactive particles? And even if the air could be protected, what is the
point of it, if soil and water are being poisoned?"4

The continuation of scientific advance in the direction of ever-
increasing violence, culminating in nuclear fission and moving on to nu-
clear fusion, is a prospect of terror threatening the abolition of man. Yet
it is not written in the stars that this must be the direction."5

It is difficult to understand how an author of Schumacher's intellectual
sophistication could write these passages, unless one assumes that his
serious interests were not in the nature of nuclear hazards. His words
betray an obliviousness to the nuclear character of the earth and an indif-
ference to quantitative measure or comparison.

As discussed previously, since the formation of the solar system billions
of years ago, one of the most consistent aspects of the environment has
been the radioactivity in the earth and the continual bombardment of the
earth by cosmic rays from space. For better or worse, all biological species
have developed in this bath of radiation. Far from introducing a pollutant
of "incomparably greater dimension," the nuclear power program can
hardly perturb our already radioactive world. Schumacher was apparently
unaware that, to adopt his phrase, it has literally been "written in the
stars" that we will live in a world which nature has made, in an overall
sense, far more radioactive than man can make it short of nuclear war. Of
course, a major nuclear accident could in principle greatly increase the
local surrounding radiation levels, but it is a very long leap from this to
Schumacher's image of a threat to man's survival.

This, indifference to the complexities of our radioactive world suggest
that critics such as Schumacher have not been led to choose nuclear energy
as their target through a careful examination of environmental hazards.
Rather, nuclear energy is to be challenged because of the social dangers it
epitomizes. It is particularly viable as a target because it has been elevated
into a mysterious and awesome environmental threat. By finding environ-
mental and health hazards in nuclear power, opponents of bigness and
growth have been spared from facing the conceptual problems which would
arise if there existed a massive, high-technology source of energy which was
accepted as being environmentally benign.

D. Soft Energy Paths

The same general thrust in energy policy which was presented by Schu-
macher has appeared again in the writings of Amory Lovins,7" who is the
British representative of Friends of the Earth. There are differences in tone
and style between Lovins and Schumacher. Further, Lovins does not put

74. Id. at 140.
75. Id. at 143.
76. A. LoviNs, Sorr ENERGY PATHs: ToWARD A DuRARLE PEAcE (1977); Lovins, Energy

Strategy: The Road Not Taken?, 55 FOREIGN ARAms 65 (Oct. 1976).
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forth a simplistic picture of radiation dangers. However, the positive mes-
sage is similar, and the enemy is the same.

Lovins presents us with a choice between what he terms "soft" and
"hard" energy paths. "Soft" technologies are defined by Lovins as "...
diverse renewable sources that are relatively simple from the user's point
of view (though often technically very sophisticated) and that are matched
in scale and in energy quality to our range of end-use needs."" A home
solar heater is a prototypical example of soft technology. A large nuclear
power plant exemplifies hard technology.

Lovins insists that there must be a choice, not a combination: "It is
important to recognize that the two paths are mutually exclusive. Because
commitments to the first may foreclose the second, we must soon choose
one or the other-before failure to stop nuclear proliferation has foreclosed
both.""8 Although proliferation is a major concern of Lovins, his chief argu-
ment lies in the advantages he sees in the "soft" technologies, which he
characterizes as sharing the common attributes of being "flexible, resi-
lient, sustainable, and benign." These advantages have two general as-
pects. One aspect involves technical considerations, in particular, the re-
newable character of the sources, such as solar energy, and the better
match between the form in which the energy is obtained and the form in
which it is used. The second aspect is sociological, involving, again in
Lovins' view, the advantages of having diverse sources, involving
"accessible rather than arcane" technology, and being "matched in scale
and in geographical distribution to end-use needs." Sociological and politi-
cal considerations loom large: "The distinction between hard and soft
energy paths rests not on how much energy is used, but on the technical
and sociopolitical structure of the energy system, thus focusing our atten-
tion on consequent and crucial political differences."7

Without attempting to review the criticisms which have been made of
Lovins on technical, economic, and social grounds, we cite one contrast in
views.80 Lovins attacks the "hard" path of electrification: "In an electrical
world, your lifeline comes not from an understandable neighborhood tech-
nology run by people you know who are at your own social level, but rather
from an alien, remote, and perhaps humiliating, uncontrollable technology
run by a faraway, bureaucratized, technical elite who have probably never
heard of you."80 An explicit reply has been made in a speech by Sally Hunt
Streiter, an economics consultant:

77. Lovins, Soft Energy Technologies, 3 ANN. REv. OF ENERGY 477, 478 (1978).
78. A. LOVINS, Sor ENERGY PATHS: TOWARD A D RABLE PEACE 26 (1977).
79. Id. at 38.
80. For criticisms of Lovins, see, e.g., Soft vs. Hard Energy Paths: 10 Critical Essays on

Amory Lovins' "Energy Strategy: The Road Not Taken?" (1977); For other diverse views, see
Alternative Long-Range Energy Strategies, Joint Hearing Before the Senate Commission on
Interior and Insular Affairs, 94th Cong., 2d Sess. (1977).

81. A. LoviNs, SoFr ENERGY PATHS: TOWARD A DunABLE PEAcE 55 (1977).
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I think this idea is most appealing to people who have never owned houses.
Speaking for myself, my friendly local plumber is much harder to get hold
of than my friendly local utility, and I would much prefer clean reliable
old electricity to some district energy supply system. Heaven knows, I
have enough to do keeping tabs on my local school without braving the
storms to sit in on meetings of my local energy board. 2

This interchange both trivializes and epitomizes the debate. We have no
doubt that the relatively breezy pragmatism of Streiter would prevail pol-
itically over the more elegant and grander concepts of Lovins, were matters
to be fought out just on social issues. If nothing else, the demand by Lovins
that we follow soft energy paths alone, and eschew all other gods, would
probably strike most people as being too purist and doctrinaire at a time
when we should be practical and flexible.

Of course, and this is a crucial point, the debate will not be ultimately
settled on the basis of social philosophy. Lovins himself fortifies his argu-
ments with considerations of economics, and justifies an unwillingness to
subject these economic considerations to the test of the marketplace by
arguing the dangers of nuclear weapons proliferation. He, and similar writ-
ers, provide the antinuclear movement with an inspiring vision of a better
society, the promise that it will not cost more, and the hope of a durable
peace. Inspired and reassured, the antinuclear movement can go out with
enthusiasm and good conscience and fight the good fight. But the fight
itself, when it is extended to the broad public, keeps reverting to the
visceral nuclear radiation issues.

V. NUCLEAR POWER VS. SOLAR POWER

Although nuclear power today provides only about four percent of the
total energy in the United States and solar power provides less than one
percent, together with conservation measures, they represent our two
hopes for reducing future use of fossil fuels. However, instead of feeling
that they are joined in a common enterprise, many solar and nuclear
advocates view the other group as the enemy. At the extremes, the solar
enthusiasts want to phase out nuclear power as a social menace and nu-
clear enthusiasts scoff at solar power as the plaything of dilettantes.

In this section, we will briefly consider aspects of the interplay between
nuclear and solar power. We will first turn to economic issues, which are
at the heart of the doubts about solar power, and then review the areas of
concern already discussed in earlier sections.

82. Sally H. Streiter, The Soft Energy Syndrome (text of address before Conference for
Central Station Electricity Generation, Atlanta, Georgia, April 19, 1978).

83. Hydroelectric power is here omitted. Without considering the semantic issue of
whether or not it should be termed a form of solar power, there is little prospect of a significant
expansion of hydroelectric power, and it does not figure prominently in plans for future
growth of solar power.
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A. The Economics of Solar and Nuclear Power

Solar power applications fall into two main categories: direct space and
water heating, and the production of electricity. Space and water heating,
for homes or businesses, normally would be done with many small-scale
units, most commonly designed for individual residences. Electricity pro-
duction might be accomplished with units ranging anywhere from small
arrays of photovoltaic devices to massive space stations beaming power
down to receivers on the earth. At the present time, the largest effort
towards solar generation of electricity is intermediate in scale-arrays of
mirrors to direct sunlight on a large water-filled boiler.

There is no question as to the technical feasibility of solar space and
water heating, and approximately 40,000 homes and a number of commer-
cial buildings have been equipped with solar heating systems."4 The further
expansion of this market will depend upon the economics of solar power
and the availability of alternatives.

There is much dispute over the present and future costs of solar power.
It is not yet possible to resolve these arguments with assurance. Uncertain-
ties remain because: (1) the technology of specific devices and arrange-
ments is changing; (2) it is too soon to fully gauge the advantages to be
gained from mass production and standardized design; and (3) the durabil-
ity of the units has not been established. Further, the testimony of the first
generation of users may not be fully relevant, since many of them may have
been attracted to solar power for philosophical reasons, and, therefore,
they may be more willing than the general public to contribute some of
their own labor to installation, or to accept occasional mild discomfort in
periods of unfavorable weather.

It is not necessary to resolve these uncertainties in any definitive manner
if the matter is approached on a pragmatic, rather than ideological, basis.
We can encourage the development of solar power at the most rapid plausi-
ble rate without decreasing the need for other additional energy sources.
Solar and nuclear power are even complementary, in that nuclear power
does best what solar power does worst-generate electricity., Further, even
if solar power is not economical, and the major burden falls upon the
individual user, society can still benefit. For example, if an individual
invests his resources in a small car and solar heating instead of a large car
and oil heating, he himself may or may not gain financially, but society
as a whole will be the better for it.

However, we are not being asked merely to give solar energy a trial. We
are often urged instead to ban nuclear power in favor of solar power. When

84. Donald Beattie, Administrator for Conservation and Solar Applications, DOE, in a
speech given at Northwest Energy Conference in Seattle, Washington (May 31, 1978).

85. Some solar power advocates discount the need for substantial amounts of central
station electricity generation. Nevertheless, large amounts of central station electricity are
needed even in the production of aluminum used in solar devices.
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solar power is advanced as the only acceptable solution, it is necessary to
introduce cautionary notes. These cautions are sobering. For example,
consider the testimony presented to Congress by Marjorie and Aden Mei-
nel of the University of Arizona:

We doubt that solar energy can compete with nuclear or coal power, our
environmentalist desires notwithstanding, unless by deliberate action
these capabilities are crippled by unreasonable laws and requirements.
The dream of what solar energy might do to make a non-nuclear future
possible is still alive, but to allow a dream to compromise our energy
future would be national folly."

This testimony is especially noteworthy because the Meinels are solar
energy pioneers and advocates of long standing, predating the time when
solar energy captured the popular and political imaginations of the coun-
try. They base their pessimistic assessment on detailed studies of the prob-
able costs of solar power. They conclude that the present costs of solar
space heating are almost three times as great as those of electric resistive
heating, even under the assumption that electricity costs fifty mills per
kilowatt-hour (a high price for electricity), and that future improvements
are unlikely to reduce the gap below a factor of two. Further, the future
costs of solar electric power will be almost four times greater than this fifty
mills per kilowatt-hour reference. Prospects for substantial reduction in
price are dimmed by the fact that the cost per pound for solar collectors is
already close to the cost per pound of comparable mass-produced items.
These arguments do not prove that solar energy will never become econom-
ically attractive, but they suggest that we should not base national policy
on the certainty of a favorable outcome.

There are also arguments about the costs of nuclear power, but here
there is a more stable base of experience. Perhaps the most relevant experi-
ence has been accumulated by the Illinois utility, Commonwealth Edison,
which, since 1970, has put into service two large coal power plants and six
large nuclear power plants. The average cost of generating electricity in
1977 was twenty-one mills per kilowatt-hour for the coal plants and thir-
teen mills per kilowatt-hour for the nuclear plants." In each case, the
consumer pays more, covering the costs of distributing the electricty.
These figures confirm that in most parts of the country, nuclear-generated
electricity is now the least expensive, aside from hydroelectric power.

Projections for the future are uncertain, but there is no reason to expect
a dramatic change. More stringent environmental and safety standards are
driving up the intrinsic costs of all types of power plants, and inflation and
higher interest charges make the total increases even greater. However,

86. See Nuclear Power Costs, Hearings Before the Subcommittee on Environment, En-
ergy, and Natural Resources of the House Committee on Government Operations, 95th Cong.,
1st Sess. 1403-30 (1977) (Testimony of Marjorie P. and Aden B. Meinel).

87. Rossin and Rieck, Economics of Nuclear Power, 201 SCIENCE 582 (Aug. 18, 1978).
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conventional projections for the future still give nuclear power an edge over
coal, and both have a large advantage over the alternativesM

Considerations such as these make nuclear advocates very willing to
have the fate of nuclear power be decided on economic grounds. But diffi-
culties remain. A Heritage Foundation study concludes that delays caused
by the actions of intervenors have raised the costs of the Seabrook nuclear
power plant in New Hampshire by $419 million. 9 There is some possibility
that nuclear power could be made too expensive, not for engineering rea-
sons, but because the present licensing system invites prolonged delays.
Reform of nuclear power plant licensing procedures, to reduce harrassment
without eliminating the opportunity for careful review, may prove to be a
vital step in holding down the costs of nuclear power.

B. The Hazards of Energy Production

As discussed in Section Hl, the overall record to date of nuclear power
does not fall far short of its touted promise of being an environmentally
benign energy source. Reasonable projections suggest that this good record
will continue. In short, we believe that the bad name which nuclear energy
has now gotten is due to misunderstanding and misinformation.

As with other technologies, nuclear power does not have a perfect record,
and there have been incidents which show the need for greater care. How-
ever, in this connection, a surprising perspective can be gained from a
study of the hazards of different forms of energy production, carried out
by Herbert Inhaber of the Atomic Energy Control Board of Canada.9 He
concludes that, for equivalent amounts of energy, the general public will
suffer more deaths from accidents stemming from the transport of the
many tons of material needed for solar space heating units than to be
expected from the radioactivity released in the nuclear fuel cycle (includ-
ing estimated reactor accident probabilities).

We do not consider this to be an argument in favor of nuclear power over
solar power. In either case, the risks are small, and we believe that there
are substantial uncertainties in any such numbers. However, the Inhaber
study, and many others like it, are instructive. They demonstrate that: (1)
there are costs in any activity; and (2) the health and environmental costs
of nuclear power are very small compared to the chief alternative, coal, and
are not demonstrably greater than those even of solar power.

For these reasons, we are disappointed that the organized "environ-
mental" movement is largely antinuclear. We ourselves have come to

88. For example, in FORD FouNDATIoN/MITRE CORPORATION, supra note 5, at 127, it is
estimated that the generating costs, in 1985, in the Midwest, will be about 24 mills per kwhr
for nuclear power and about 28 mills per kwhr for coal (in 1976 dollars).

89. Cited in AIF INFO, ATOMIC INDuSTRIAL FoRUM (October, 1978).
90. Inhaber, Risk of Energy Production (May 1978) (report AECB-1119/Rev-1 for Atomic

Energy Control Board).
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favor nuclear energy in large measure because of its environmental bene-
fits, namely safety, low pollution levels, little claim on land area, and very
light transportation demands. Further, we believe that a conservation
ethic should welcome the use of uranium for electricity generation in place
of fossil fuels. Uranium has no alternative uses, while, for the indefinite
future, fossil fuels will be valuable for transportation and as feedstocks for
chemicals, fertilizers, and pharmaceutical products. Solar energy has envi-
ronmental and conservation advantages similar to those of nuclear power
(except in the matter of land use), but its advantages are not unique.

C. Issues of War and Peace

The most weighty reason for concern over nuclear energy is that nuclear
energy can lead to nuclear weapons and nuclear weapons can lead to world
destruction. The effects of nuclear war would be so devastating that this
concern merits the utmost respect and consideration.

But, however serious the problem, abandonment of nuclear power is
neither a possible nor a sufficient solution. Nuclear power~and nuclear
reactors are already so widely distributed that although it may be possible
to place some controls on reprocessing, we see no realistic possibility of an
international consensus to renounce nuclear power as a whole. Such renun-
ciation is especially unlikely when at least five nations already have nu-
clear bombs and show no signs of giving them up. It is hard to imagine how
Japan could be persuaded to halt its vitally needed nuclear power program
in the interests of nonproliferation, when the United States, Russia, and
China maintain their weapons arsenals.

Significantly, in the United States, the antinuclear movement is having
its greatest success in curtailing nuclear power, not nuclear weapons. For
example, the "Live Without Trident" movement in the Seattle, Washing-
ton area appears to have the effect of a pinprick on the hide of an elephant
as far as stopping nuclear submarines is concerned. On the other hand, the
opponents of a proposed nuclear power plant in a rural area north of Seat-
tle have managed to keep it tied up for years in a series of safety hearings,
and construction still has not begun.

We appear destined to live in a world with nuclear weapons. Renuncia-
tion of nuclear power by a few countries will not change that fact. Under
these circumstances, the most urgent goal is to create world conditions
which will make the use of these weapons as unlikely as possible. So far,
the threat of mutual destruction has provided an incentive for the United
States and Russia to keep their disputes from getting out of hand. This has
been possible because to date the truly vital interests of neither country
have been seriously challenged.

These interests could, however, come into conflict over oil. One can
readily imagine scenarios involving the Middle East in which either the
United States or Russia might feel compelled to take risks which, through
miscalculation, could lead to war. We do not consider this to be inevitable,
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or even very probable, but the dangers are not so far-fetched as to allow
us to exclude them in our evaluation of alternative energy plans.

Under these circumstances, it is imprudent to count on conservation and
solar energy alone to reduce our dependence on imported oil. We need all
the substitutes we can find. Nuclear power can replace oil and gas in
electricity generation (freeing gas to replace oil elsewhere) and it can fur-
ther substitute for oil through the expansion of electricity use in transpor-
tation and heating.

To ban nuclear power in the interests of peace could prove to be a tragic
miscalculation, if the effect would be to intensify world competition for oil.

D. The Quality of Life

The appeal of soft energy paths is in part the promise of a lifestyle more
consistent with our better natures and our proper relation to the environ-
ment. We believe, however, that the positive social attitudes necessary to
bring out the best in ourselves and in each other and to protect the environ-
ment flourish most readily in an atmosphere of prosperity and security.
High social morale can exist during periods of deprivation and strain, as
was exemplified in London during World War II, but to Londoners the
cause of their problems was external and their enemy was external.

If the United States enters into a period of energy scarcity which is
widely perceived to have been unnecessary, it is doubtful that the country
will accept it with good grace. The minor deprivations which exist today,
in a period of unparalleled prosperity, have often led to a less than charita-
ble public spirit. Prolonged energy shortages or escalating inflation, fueled
by higher energy prices, are more likely to create an angry public mood
than a self-sacrificing one. It would be tragic if the valuable contributions
of the environmental movement were swept aside in frustrations over en-
ergy.

It is doubtful that a forced transition to a society based on conservation
and solar power will lead to better social forms and social attitudes. If the
transition comes naturally and gradually, through the exercise of free
choice, then perhaps some of the presumed benefits could be achieved. But
if a more austere society is artificially forced upon the country because
other energy paths have been blocked, we may be faced with an ugly
scramble for the shares of what wealth remains. It may turn out that soft
energy paths and prosperity are compatible, but the viability of soft energy
paths can best be gauged in free competition with other alternatives.

E. The Character of the Energy Debate

There are important and interesting issues in the energy debate. The
question of weapons proliferation is so serious that any avenues towards
lessening the chance of war should be explored. Issues of social organiza-
tion are so complex and elusive that we should welcome the intellectual
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challenge presented by those who argue that different energy forms will
lead to a better society. These are complex and subtle matters and, both
for their practical importance and their intrinsic interest, they are worthy
components of a serious examination of our energy future.

But the very complexity and subtlety of these issues make them poor
ones in the battle for public opinion. Thus, the antinuclear movement
gains its popular strength primarily from the fact that people can be read-
ily frightened by horror tales about nuclear risks. The unreasonableness of
these fears does not lessen their potency. It will be unfortunate for our
society and for the integrity of the democratic decision-making process if
these fears prevail, and if nuclear power is rejected by an apprehensive
public. Correspondingly, it is to be hoped that whatever role solar power
assumes will be based on its own positive advantages and not on an unjus-
tified exclusion of other options.

VI. ADDENDUM (APRIL 13, 1979)

This manuscript was completed before the Nuclear Regulatory Commis-
sion's decision, on March 13, 1979, to shut down five nuclear reactors on
the east coast, pending assessment of potential earthquake hazards,9' and
before the accident, later in March, at the Three Mile Island nuclear
reactor in Pennsylvania. At the time of the writing of this addendum, it is
premature to draw final conclusions about these events, but we offer some
preliminary comments.

The potential earthquake hazards were discovered by the finding of a
flaw in the computer code used in the design of certain pipes in the reactor
plants. Significantly, the error was found by the architect-engineer firm
originally responsible for the plants. These problems did not involve the
main coolant pipes, nor is the east coast a region of high seismic activity.
Nevertheless, the NRC ordered the shutdown of the reactors until analysis
and corrective action is completed, illustrating the NRC's conservatism in
safety matters.

At the Three Mile Island generating station, the initial reason that the
mishap escalated into a serious accident was that several valves in an
auxiliary system which supplies water to the steam-generator were inad-
vertently left closed following maintenance work. This was a very serious
violation of proper procedures and of NRC operating rules. Such human
errors should be guarded against in the future by installing safety inter-
locks to prevent reactor operation unless crucial valves are properly set.

It is to be hoped and expected that these events will lead to significant
engineering and operating improvements. It has long been maintained by
nuclear proponents that the chances of a major catastrophe will be kept
small by the warning signals from even relatively minor accidents (of

91. Nuclear Energy Commission News Release, March 13, 1979.
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course, Three Mile Island was more than minor). Thus, it is important that
attention be paid to the technical lessons to be drawn from both the earth-
quake design error and from Three Mile Island.

In an overall sense, "the system worked" in both cases: the potential
earthquake problem was uncovered before any earthquake, and, despite
the errors and failures at Three Mile Island, the redundant safety features
(including alternate cooling and the cohcrete containment) were effective
in that a core meltdown was avoided, there were no immediate injuries or
deaths, and the radiation releases were sufficiently low to make unlikely
any future adverse health consequences toworkers or the public. Virtually
all the released radioactive material was in the form of chemically inert
noble gases, and very little radio-iodine (which could have contaminated
milk) escaped. If the preliminary data, indicating a total exposure of about
2000 person-rems, are correct, the radiation released in the accident will
probably not cause even one cancer.?"

The level of attention paid at Three Mile Island to an accident for which
the actual consequences turned out to be so modest indicates an extreme
sensitivity on the part of the media and the public to issues involving
nuclear power and nuclear radiation, on a scale greatly exceeding that for
other actual or potential hazards." This attention, in part, stemmed from
uncertainty as to what the actual course of events would turn out to be.
But it was intensified by the unique and exaggerated fear inspired by
radiation, a fear which was often reinforced by the media in their search

91.1. *Note added in proof: Subsequent estimates suggest that the total exposure may
have been as high as about 5000 person-rem. According to standard assessments of radiation
risks, reconfirmed in a very recent revision of the BEIR Report (see supra note 23 for a cita-
tion of an earlier version of the BEIR Report), this exposure is estimated to correspond to
one eventual fatal cancer. A small minority of experts believe the risks to be about ten times
greater, implying ten fatal cancers. A larger minority (possibility even a majority) of experts
believes that a prediction of even one fatal cancer overestimates the actual hazards of low-
level radiation. (For the 2 million people living within 50 miles of Three Mile Island, it is
expected that there will be about 300,000 cancers from other causes.)

The difference in standards applied to the nuclear industry and other energy sources was
illustrated by the gas explosion in Philadelphia on May 11, 1979 in which seven people were
killed. The accident received little national press attention and no prominent demands for
improvement in gas main safety. The same week eight oil-rig workers were lost off the Texas
coast. Again, the even was treated as routine.

It has also become apparent that one of the main fears which arose during the critical
period of the Three Mile Island accident was based on a miscalculation. There was concern
that oxygen might combine with the hydrogen trapped in the reactor pressure vessel, causing
an explosion within the reactor vessel itself. It has since been established, as confirmed by
NRC Chairman Hendrie in Congressional testimony on April 10, 1979, that sufficient oxygen
could not have evolved. Thus the original alarm of the NRC and the public was exaggerated
on this point.

92. Accidents with other forms of energy are so commonplace that, for example, most of
the United States was probably unaware that an accident, in England on March 18, 1979 (less
than two weeks before Three Mile Island), took the lives of ten coal miners. See New York
Times at A7, col. 6 (April 2, 1979).
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for drama and exploited by nuclear opponents in their attempts to draw
morals from the accident.

Concern over genetic effects appeared to be particularly intense, and, if
television comments expressing the worries of "survivors" are to be taken
as representative, quite out of proportion to reality. Certainly, radiation
can produce genetic damage, but with considerably greater difficulty than
is apparently widely believed. For example, implausible as this may ap-
pear to the reader of the popular press, whatever genetic damage was done
by the devastating nuclear bombs at Hiroshima and Nagasaki was at a
level sufficiently low so that there is no clear evidence of any genetic effects
on the children subsequently conceived by survivors of the bombs . 3 There
was significant damage from the bombs to children of already pregnant
women, in consequence of the high in-utero sensitivity to radiation. Thus
the decision to evacuate pregnant women from the immediate vicinity of
Three Mile Island was a prudent one, although, in retrospect, it proved in
this case to have been unnecessary.

The political effects, in terms of the public's acceptance of nuclear
power, may remain unclear for months or even years. Some people will
conclude that we had a near brush with disaster, demonstrating that the
so-called "horror tales" are close to reality. Others will conclude that nu-
clear power must be quite safe if the worst accident in our history has had
such minor actual consequences.

It is our own view that these events in no way vindicate the extreme
fears, but, nevertheless, are sobering reminders that the use of nuclear
power, in common with all activities, contains risks. Although the nuclear
power risks are relatively small, sustained and comprehensive efforts
should be made to reduce them further. This can best be done in an
atmosphere in which the continued role of nuclear power is accepted, and
attention centers upon correcting specific weaknesses, rather than being
distracted by a fight over the halting of nuclear power. Nuclear power is
already needed and will almost certainly prove to be even more vitally
needed in the future. Therefore, a nuclear moratorium now would proba-
bly be followed by a hasty catch-up program later. We would then have
neither the time nor the continued flow of trained engineers and techni-
cians required for orderly development and maximum safety.

An even more sobering reminder on risks was provided, during early
1979, by events in the Middle East. The nation's growing contemplation
of the use of force, if necessary, to secure our oil supply raises the spectre

93. This is the conclusion of exhaustive studies, over several decades, by the joint
Japanese-American Atomic Bomb Casualty Commission. See, e.g., Neel, Kato, and Shull,
Mortality in the Children of Atomic Bomb Survivors and Controls, 76 GENETICS 311 (Feb.
1974); NATIONAL ACADEMY OF SCIENCENATIONAL RESEARCH COUNCIL, REPORT OF THE ADVISORY

COMMITTEE ON THE BIOLOGICAL EFFECTS OF IONIZATION RADIATIONS: THE EFFECTS ON POPULATIONS

OF EXPOSURE TO Low LEVELS OF IONIZING RADIATIONS 53, 62-63 (1972); Rotblat, The Puzzle of
Absent Effects, NEW SCIENTIST 475 (Aug. 25, 1977).
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of something immeasurably worse than the worst possible nuclear acci-
dent-namely, nuclear war. If we even slightly enhance the chance of
stumbling into nuclear war by failing to proceed vigorously with all practi-
cal alternatives to oil, we will have made a poor exchange.


