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Preface

This book addresses the issues of why nuclear energy facilities are attractive
targets in war, why nations should be concerned about this, and what can be
done to minimize risks. It is directed at three audiences. The first includes
policy makers and analysts with international strategic concerns and others
who plan, regulate, and review nuclear energy development. I hope this
work will familiarize them with important issues that heretofore have re-
ceived little attention. I also have been conscious of the concerns of the
nuclear engineers and physicists who design atomic installations. When I
began this work, members of the technical community advised me that I
would have to demonstrate why systems designed to prevent major acci-
dental releases of radioactivity would not function as a result of wartime
bombardment and why the consequences would create significant strategic
costs beyond those resulting from other military actions. To meet this
challenge, I draw from available literature on accidents to indicate nuclear
installation vulnerability to willful destruction and the associated cir-
cumstances that will result in serious consequences. The final audience is the
interested lay public. In recent years the debate over nuclear energy has cap-
tured the attention of the general populace in many countries. Keeping in
mind that this audience, as well as some members of the policy community,
may not be well versed in nuclear technology, I include elementary technical
information necessary to follow the argument.
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Introduction

Despite the likely multiplication of nuclear power plants and their support
facilities throughout the world, little public consideration has been given to
their vulnerability in time of war.! Instead attention has been focused on
costs, waste disposal, accidents, plutonium diversion, and sabotage. This
situation may be understandable in the United States where war is likely to
involve nuclear weapons irradiation of large portions of the country.
However, in other regions of the world—Europe, the Middle East, Korea,
China, Taiwan, South Asia, West Asia, and southern Africa~-where nu-
clear energy installations are in place or planned, their presence affords
combatants a radiological weapon where warfare would otherwise be con-
ventional. The failure or unwillingness of policy makers in the United States
and abroad to make this matter a subject for extensive public review and
debate is unfortunate.

In one of the few treatments, Nuclear Power and the Environment,
Great Britain’s Royal Commission on Environmental Pollution laid out the
dimensions of the problem:

‘We have given some thought to the possible effects of war so far as nuclear
installations are concerned; these installations, providing vital energy sup-
plies, would be prime targets. In a nuclear war the effects of attack on
nuclear installations would be one part of the general catastrophe, but an
attack with conventional weapons leading to the release of radioactivity
would produce some of the effects of nuclear weapons. The quantities of
fission products that could be released are vast and they would not be car-
ried up into the stratosphere. The effects of war, even of “‘conventional’’
war, are inevitably horrifying, but if these effects could be magnified by at-
tack on nuclear installations, then this is a major factor to consider
whether, or to what extent to use nuclear power. This threat also exists, and
should likewise be weighed, in the non-nuclear field. The vast increase in
the chemical process industry over the last few decades has created many
industrial plants where the consequences of damage from armed attack
could be extremely serious. The unique aspect of nuclear installations is
that the effects of the radioactive contamination that could be caused are
so long lasting. If nuclear power could have been developed earlier, and
had it been in widespread use at the time of the last war, it is likely that
some areas of central Europe would still be uninhabitable because of
ground contamination by caesium.2

History supports the Royal Commission’s concerns. To cripple an an-
tagonist’s industrial ability to wage war, combatants have attacked enemy
energy sources during World War II and the Korean and Vietnam wars.3
Destruction of the environment for military purposes also has precedents.
The Dutch destroyed their dikes during World War II in order to hamper

XV
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the Germans; the Soviet Union followed a scorched-earth policy for the
same reason; and during the Vietnam war, the United States employed
herbicides to destroy enemy defensive cover and to improve target iden-
tification.* Nuclear facilities may be attractive targets for other reasons.
They represent one of the greatest concentrations of capital investment a
country is likely to possess. Their destruction could significantly augment
nuclear weapons fallout and thereby impede postwar recovery. A party with
a stake in an ongoing conflict between two countries might consider
sabotaging a facility to escalate the conflict. Finally many people in many
countries have become acutely concerned about the possible release of ra-
dionuclides from power plants. Taking advantage of this fear, a belligerent
could use the threat of radioactive contamination as a means of coercion.’

For these reasons, combatants are likely to contemplate the destruction
of atomic installations, including nuclear fuel fabrication, power, spent
fuel, reprocessing, and waste storage facilities. Radionuclide discharge
would damage the environment significantly. Major accident scenarios,
comparable to releases resulting from conventional explosives, indicate that
discharges from large depositories could contaminate thousands of square
miles. There would be significant implications for international stability
should adversaries release or threaten to release radioactive products for
purposes of intimidation. However, there are measures also available to
minimize dangers.

The purposes of this study are to demonstrate that acts of war should be
included in calculations of the risks of nuclear energy in many regions of the
world and to suggest means by which such risks can be reduced. The argu-
ment is developed in five chapters. Chapter 1 explores the biological impact
of radionuclides contained in nuclear energy installations. Chapter 2
reviews the vulnerability of these facilities to wartime destruction and the
resulting contamination. Chapter 3 assesses the implications for deterrence,
coercive diplomacy, and military strategy in Europe, the Middle East, Asia,
Africa, and the United States. Chapter 4 proposes measures to minimize
resulting strategic instability through international law, defense, engineer-
ing, and energy alternatives that make installations more war resistant and
less threatening to public health, and means to strengthen international in-
stitutions to monitor the wartime implications of nuclear exports. Chapter 5
weighs the merits of ignoring nuclear facility vulnerability in war.
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The Biological Problem
Posed by Nuclear
Energy

The biological problem posed by nuclear energy derives from the impact of
radiation on living matter.! Radiation exists at most stages of the nuclear
fuel cycle. Schematized in figure 1-1 for one type of reactor, the cycle in-
volves conversion of uranium ores into fuel that is spent generating energy
at the power plant. When the cycle is closed (it is not in most countries at the
present time), chemical reprocessing plants extract recyclable plutonium
and uranium from spent fuel and send wastes to repositories.

Of greatest environmental concern are the reactor, spent-fuel storage,
reprocessing plants, and plutonium and high-level waste repositories. Each
of these involves actinides and fission products, highly radioactive elements
derived from the fission of fuel in the reactor. The remainder of the cycle
contains materials having relatively low radiation.

Actinides and fission products emit four types of biologically significant
radiation: alpha particles, beta particles, gamma radiation, and neutrons.
Upon penetration of living matter, they transfer energy to cellular material,
damaging molecules by breaking chemical bonds and displacing electrons
(ionization), which induces further chemical changes. Either or both
somatic and genetic consequences may result.

The amount of damage will vary in proportion to the rate of linear
energy transfer (LET). Alpha particles and neutrons through proton ioniza-
tion expend energy quickly, resulting in heavy local damage that, per unit of
energy, is greater than that caused by gamma and beta particles, which give
up their energy much more slowly but consequently penetrate more deeply.
To account for different effects of radiation, several measurements have
been divised. The roentgen is a unit of X and gamma ray intensity. The rad
reflects the radiation energy absorbed by a material. Roentgen equivalent
man (rem) is a measure of the variable effectiveness of any radiation for
producing biological consequences. Thus 1 rad of beta and gamma radia-
tion is approximately equivalent to 1 rem; 1 rad of neutron radiation, 4 to
10 rem; and 1 rad of alpha particles, 10 to 20 rem. Since radiation may be
accumulated over time, dose rates are measured in time units (for example,
5 rem in one year).?

Among hundreds of actinides and fission products contained in ir-
radiated fuel and waste, iodine-131 (*3I), strontium-90 (®Sr), cesium-137
(*¥Cs), and plutonium-239 (*3*Pu) are probably the most conspicuously
deleterious to health. Each affects a different part of the human body and is

1
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The Biological Problem 3

retained for varying lengths of time, depending on naturally occurring
decay (measured in terms of the product’s half-life) and the body’s proc-
esses of elimination. The length of time it takes the body to remove half of
the substance is called the effective half-life of the radioactive product.
These half-lives, varying from seven days to almost two hundred years, are
shown in table 1-1.

Human somatic and genetic disorders resulting from exposure to these
substances vary with the radionuclide, the intensity and duration of ex-
posure, and the age and sex of the individual. Acute doses of under 100 rem
may not have any noticeable immediate impact, although minor blood
changes are possible. Exposures between 100 and 200 rem may induce
nausea and vomiting for about one or two days. A latency period of up to
two weeks follows during which the exposed individual will feel normal.
Then new symptoms—mild malaise, loss of appetite, and changes in blood
character—may appear. Recovery is likely in about three months unless
complicated by previous poor health or other injuries. At higher doses,
more life-threatening effects can be expected. Nausea, vomiting, diarrhea,
loss of appetite, and malaise, all common in radiation injury, will occur. A
latency period of a few days is followed by return of these symptoms, which
may be accompanied by infection resulting in a steplike rise in temperature,
small hemorrhages under the skin, and spontaneous bleeding in the mouth,
the intestinal tract, and the kidney.? Assuming little or no medical treat-
ment, approximately 10 percent of those exposed can be expected to die
from midline doses of 200 to 250 rem, 50 percent from 300 to 350 rem, and
100 percent from 450 to 500 rem. The administration of supportive medical
treatment, including barrier nursing, copious antibiotics, and transfusions
of whole blood, packed cells, or platelets, can significantly lower the mor-
tality threshold. See tables 1-2 and 1-3.

The effects of less acute and chronic low-level radiation are more uncer-
tain. Some radiation exposure is inevitable from natural sources, such as

Table 1-1
Half-Lives of Radionuclides in Body Organs
Critical Half-Life
Radionuclide Radiation Organ Physical Biological Effective
Iodine-131 Beta Thyroid 8 days 138 days 7.6 days
Strontium-90 Beta Bone 28 years 50 years 18 years
Cesium-137 Gamma Whole body 30 years 70 days 70 days
Plutonium-239 Alpha Bone 24,400 years 200 years 198 years
Lung 24,400 years. 500 days 500 days

Source: U.S. Atomic Energy Commission, The Safety of Nuclear Power Reactors and Related Facilities,
WASH 1250 (Washington, D.C.: U.S. Atomic Energy Commission, July 1973), p. 4-23.
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Table 1-2
Expected Effects of Acute Whole-Body Radiation Doses

Acute Exposure [within 24 hours]

Roentgens (R)° Probable Effect
0-50 No obvious effect, except possibly minor blood changes
80-120 Vomiting and nausea for about 1 day in 5 to 10 percent of ex-
posed population; fatigue but no serious disability
130-170 Vomiting and nausea for about 1 day, followed by other symp-

toms of radiation sickness in about 25 percent of those ex-
posed; no deaths anticipated

180-220 Vomiting and nausea for about 1 day, followed by other symp-
toms of radiation sickness in about 50 percent of exposed
population; no deaths anticipated

270-330 Vomiting and nausea in nearly all exposed population on first
day, followed by other symptoms of radiation sickness; about
20 percent deaths within 2 to 6 weeks after exposure; survivors
convalescent for about 3 months

400-500 Vomiting and nausea in all those exposed on first day, followed
by other symptoms of radiation sickness; about 50 percent
deaths within 1 month; survivors convalescent for about 6
months

550-750 Vomiting and nausea in all those exposed within 4 hours,

followed by other symptoms of radiation sickness; up to 100
percent deaths; few survivors convalescent for about 6 months

1,000 Vomiting and nausea in all those exposed within 1 to 2 hours;
probably no survivors from radiation sickness
5,000 Incapacitation almost immediately; all those exposed will be

fatalities within 1 week

Source: Samuel Glasstone, ed., The Effects of Nuclear Weapons (Washington, D.C.: U.S.
Government Printing Office, 1957), p. 471.
3These figures approximate biological consequences in rem.

cosmic rays, uranium and thorium in the earth, and certain radioactive
substances in the body. This background radiation will vary at different
points on the globe, but it is usually on the order of 100 millirem per year.
Although this radiation is not necessarily harmless, radiobiologists assume
that it is something the body has learned to tolerate and is used as the
baseline for setting standards for man-made radiation.

There is considerable controversy among scientists over the level at
which man-induced radiation results in significant biological effects. Ac-
cording to the Reactor Safety Study, ‘‘Exposure to even low levels of radia-
tion, in addition to the natural background of radiation that exists, is
generally believed to increase the likelihood of certain diseases and to in-
crease certain genetic effects.””* Nonetheless some additional radiation is in-
evitable from nuclear energy. Various standards have been suggested or set
as a practical threshold. For the general public, the U.S. government’s En-
vironmental Protection Agency standard is a whole body dose of 0.025 rem
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Table 1-3

Probability of Death within Sixty Days
Dose Range Minimal Supportive
(rem) [within 24 hours] Treatment (“A)* Teatment (“‘B)®

0-50 0 0

50-100 0 0
100-150 .0001 0
150-200 L0065 0
200-250 .11 0
250-300 .26 0
300-350 .54 .0008
350-400 .78 .02
400-450 93 .16
450-500 .985 .38
500-550 1.0 a
550-600 1.0 .85
600-650 1.0 97
Over 650 1.0 1

Source: Jan Beyea, A Study of Some of the Consequences of Hypothetical Reactor Accidents
at Barsebiick, DS 1 1978:5 (Stockholm: Swedish Energy Commission), and PU/CES 61
(Princeton, N.J.: Center for Environmental Studies, Princeton University, 1978), p. 11-22.
Reprinted with permission.

Note: The table represents a 25 rem shift downwards of the Reactor Safety Study curve. Thus
the curve is more conservative.

*Minimal treatment assumes little or no medical treatment.

bSupportive medical treatment includes barrier nursing, copious antibiotics, and transfusions
of whole blood, packed cells, or platelets.

per year.’ Using a more liberal standard, the International Commission on
Radiological Protection (ICRP), a worldwide body of leading ra-
diobiologists, suggests 0.17 rem per year. Allowing for greater occupational
risk, its standard for radiation workers is 5 rem per year.6

To arrive at standards, institutions have relied on studies of the
Japanese atom bomb survivors, the Marshall Islanders irradiated by bomb-
test fallout in 1954, uranium miners exposed to radon, doctors and patients
involved in radiotherapy, and animal experiments. Although statistical rela-
tions between doses and cancers have been computed, considerable uncer-
tainty about the relationship remains. Thus far, the data base is limited to
the first twenty to forty years after irradiation rather than a lifetime.
Methodologically there are questions whether the excess risk of cancer fora
given dose is a constant number of additional cases or a percentage increase;
the latter would suggest higher cumulative excess cancers (that is, radio-
induced cancers). Yet to be determined is whether radiation accumulated
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over time in small doses has the same effect as a single acute dose. The
calculation is further complicated by different estimates of the effect of
low-LET radiation.

The sex and age of those exposed have a complex relation to suscep-
tibility. Women are more vulnerable to breast and thyroid cancers caused
by irradiation and men to certain types of leukemias. People exposed in
their youth are more likely to manifest cancers and other effects than are
older people. For example, radiation-induced breast cancer is more apt to
occur from exposures in adolescence and early adulthood. People under ten
who absorb radioiodine are more likely to develop thyroid nodules and
cancers than those over twenty. Prenatal irradiation will inicrease congenital
malformities, notably small head size and mental retardation. Age also has
an effect on the rate at which cancers manifest themselves. These maladies
have a latency period that varies from years to decades and tends to be
greater for older people than for younger people. With leukemia, for ex-
ample, the period increases from nine to fifteen years with increasing age.”

Despite the uncertainties and numerous variables, estimates of the ef-
fects of radiation on people have been computed. According to one estimate
a one-time, 1-rem dose to 1 million people will result in 90 to 470 excess
cancer deaths. The range reflects different assumptions about relative and
absolute risks and whether their duration extends for thirty years or over a
lifetime. One hundred eighty deaths per million man rem often is used as an
average figure, compared with a normal cancer mortality rate of 200,000
persons per million in the United States.? (See Appendix for some man-rem
dose coefficients for delayed effects.)

At first glance, the normal cancer mortality rate might suggest that the
problem posed by radiation is relatively small. However its dimensions can
be appreciated only in terms of the numbers exposed and, assuming a
simple consequence model, the intensity of irradiation. For illustrative pur-
poses only, if 1 million people were subjected to 150 rem—the point at
which early cancers begin to manifest—one can expect either 13,500,
27,000, or 70,500 excess late cancer deaths depending on whether a low,
average, or high estimate is assumed. This represents approximately 6 per-
cent, 13 percent, and 35 percent, respective increases in cancers. In this
light, the problem is serious by any reasonable standard. Whether such a
scenario is accurate is another question; this point will be addressed later.

In addition to cancers, the most prominent somatic effects are thyroid
nodules, which are abnormal benign or malignant growths induced by in-
halation or ingestion of radio iodine through foodstuffs. Because thyroid
cancers are well differentiated, relatively slow growing, and operable, the
mortality rate is much lower than for other cancers. Other effects include
hypothyroidism and growth retardation.? Susceptibility was underscored by
the manifestation of thyroid neoplasms beginning in 1963 in almost one-
third of the Marshall Island inhabitants of Rongelap (twenty-seven of
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eighty-six) whose thyroids were exposed to 175 rd from the Bikini Island
weapons test fallout in 1954. This figure included three carcinomas.
Children under ten were found to be particularly vulnerable because of
smaller thyroid size and rapid growth of the thyroid during these preadoles-
cent years.'®

Genetic effects are more difficult to measure than are somatic ones
because they may not manifest for generations and because radio-induced
effects are difficult to distinguish from the estimated 20 percent contribu-
tion that genetics already makes to ill health. To date no such effects have
been measured. A recent study of the children of Japanese survivors of the
atom bomb uncovered no significant effect except for those exposed in
utero. A report by the National Academy of Sciences found that there is
“no direct evidence of human genetic effects, even at high doses.”” ‘‘Never-
theless,”’ it believes,

the animal evidence is so overwhelming that we have no doubt that humans
are affected in much the same way. In contrast to somatic effects, where
the concern is concentrated mainly on malignant disease, the genetic effects
are on all kinds of conditions—for the spectrum of radiation-caused
genetic disease is almost as wide as the spectrum for all other causes.!!

Among the potential consequences are gene mutations distinguished as
dominant, recessive, and sex-linked types. Some may be trivial and invis-
ible, others conspicuous and lethal. Dominant mutations may occur in the
first generation. Some 415 such abnormalities exist, with some 528 others
less well established, including polydactyly (extra fingers and toes), achon-
droplasia (short-limbed dwarfism), Huntington’s chorea (progressive in-
voluntary movements and mental deterioration), one type of muscular
dystrophy, and several types of anemia. Recessive mutations may take
many generations to manifest. There may be as many as 783 such diseases,
including Tay-Sach’s disease (blindness and death in the first few years of
life), sickle cell anemia, and cystic fibrosis. Sex-linked disorders may appear
relatively early as recessive mutations. They include color-blindness and
hemophilia. In addition, genetic mutations include chromosomal aberra-
tions or broken chromosomes, resulting in mongolism, embryonic death,
physical abnormalities, and mental deficiency. Finally, genetics contributes
to diseases of multifactoral origins, including heart disorders, epilepsy,
schizophrenia, asthma, and diabetes.??

As in the case of somatic effects, several genetic estimates per radiation
dose have been calculated (table 1-4). The most recent Ford Foundation
study suggests that 214 to 5,200 disease, that is, man-induced cases can be
€xpected for a 5 rem exposure per generation per million live births. This
§§til:ate compares with a current incidence of over 94,000 per million live

1rths.
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The Biological Problem 9

In addition it is reasonable to expect psychological and sociological con-
sequences from radiation exposure. Emotional distress has afflicted many
people who live near the Three Mile Island reactor in Pennsylvania.
Whether this will linger is uncertain. The traumatic experience of Japanese
bomb survivors suggests cause for concern, at least when contamination is
significant. Although irradiation resulting from nuclear facility destruction
will not be as dramatic—there will be no comparable fireball and shock
wave—the increasing psychological sensitivity worldwide to nuclear facility
accidents may result in effects similar to those suffered by the Japanese.??
Robert Jay Lifton documented these in Death in Life.

On the basis of interviews, Lifton found that many, if not most, sur-
vivors continued to be traumatized by their experience almost two decades
after the event. They showed a preoccupation with death and dying and a
sense of guilt at having survived. Anxieties about the connection of ill
health and irradiation were common even among people who at the time of
exposure were t0o young to remember the explosion and aftermath and
among children of survivors born in later years. The anxiety was reinforced
by the varying latent periods of different cancers. When the incidence of
leukemia peaked in the period 1950-1952, there was a feeling that the worst
might be over. However, when other cancers subsequently appeared, sur-
vivors felt that they faced a never-ending threat to life and wellbeing, raising
concerns about sexual adequacy and the danger to their children. The com-
ments of two interviewees are instructive in human terms. A young com-
pany executive said:

Even when I have an illness which is not at all serious—as for instance,
when I had very mild liver trouble—I have fears about its cause. Of course,
if it is just an ordinary condition, there is nothing to worry about, but if it
has a direct connection to radioactivity, then I might not be able to expect
to recover. At such times I feel myself very delicate. . . . This happened
two or three years ago, I was working very hard and drinking a great deal
of sake at night in connection with business appointments, and I also had
to make many strenuous trips. So my condition might have been partly
related to my using up so much energy in all of these things. . . . The whole
thing is not fully clear to me . . . but the results of statistical study show
that those who were exposed to the bomb are more likely to have ill-
nesses—not only of the liver, but various kinds of new growths, such as
cancer or blood diseases. My blood was examined several times but no
special changes were discovered. . . . When my marriage arrangements
were made, we discussed all these things in a direct fashion. Everyone
knows that there are some effects, but in my case it was the eleventh year
after the bomb, and I discussed my physical condition during all of that
time. From that, and also from the fact that I was exposed to the bomb
while inside of a building and taken immediately to the suburbs, and then
remained quite a while outside the city—judging from all of these facts, it
was concluded that there was very little to fear concerning my
condition. . . . But in general there is a great concern that people who were
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exposed to the bomb might become ill five or ten years later or at any time
in the future. . . . Also when my children were born, I found myself worry-
ing about things that ordinary people don‘t worry about, such as the
possibility that they might inherit some terrible disease from me. ... I
heard that the likelihood of our giving birth to deformed children is greater
than in the case of ordinary people . . . and at that time my white blood
cell count was rather low. . . . I felt fatigue in the summertime and had a
blood count done three or four times. . . . I was afraid it could be related
to the bomb, and was greatly worried. . . . Then after the child was born,
even though he wasn’t a deformed child, I still worried that something
might happen to him afterward. . . . With the second child, too, I was not
entirely free of such worries. . . . I am still not sure what might happen,
and I worry that the effects of radioactivity might be lingering in some way. !

Commenting on this case, Lifton concluded that although the man carries
out his life effectively and has essentially good health and normal children,
he is plagued by anxieties about his health, his marriage, and the effect of
his irradiation on his children. ‘‘Each hurdle is surmounted, only to reap-
pear in new form.”’'* A grocer expressed these feelings in still stronger
terms:

Frankly speaking, even now I have fear. . . . Even today people die in the
hospitals from A-bomb disease, and I worry that I too might sooner or
later have the same thing happen to me. . . . So when I hear about people
who die from A-bomb disease, or who have operations because of this ill-
ness, then I feel that I am the same kind of person as they.!6

The psychological trauma is further reinforced by social ostracism.
Many survivors, tainted by death, feel like outcasts and are looked upon
differently. They have difficulty finding jobs because employers are
suspicious of their health. Consequently survivors find themselves at a
lower socioeconomic level of society, feeling that in work as in other aspects
of social affairs they are impaired.!”

As long as nuclear materials are isolated, they pose no health hazard.
However, once released there are three principal and two lesser routes to
human contamination. The first is external radiation from a damaged
nuclear facility’s released products. The Reactor Safety Study suggests that
such exposure from power plants will occur over a period of thirty minutes
to a few hours. Internal radiation from inhaled radionuclides takes place
over the same time frame. The doses accumulated depend upon the physical
and biological decay and removal processes defined in terms of the effective
half-life. Inhaldtion is the most important contributor to thyroid and lung
disease. External irradiation from material deposited on the ground (the
ground dose) is the third, and usually most important, contributor to early
fatalities and long-term health effects.!® Figure 1-2 shows a view of each of
these routes.
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12 Destruction of Nuclear Energy Facilities in War

Exposure to inhalation of resuspended radionuclides that already have
been deposited on the ground and from consumption of contaminated
water and foodstuffs are of lesser significance to health. Water may be con-
taminated because some nuclear installations, notably power plants, are
located near large lakes and rivers. There is also the danger of materials
reaching into groundwater. Radioaerosols may be absorbed by the leaves
and stems of crops during the growing season, where they may linger for a
period of days to weeks; root systems can assimilate soil contaminants.
Depending on the crop (for example, rice and wheat absorb more than do
other grains), the half-life of the radionuclide, and the rate at which it fixes
in soil, root absorption may persist from months to years. Domestic
animals may be affected by a radioactive cloud directly or through con-
sumption of contaminated feed. However, as long as foods derived from
such sources are not consumed by humans or are decontaminated (for ex-
ample, milk can be decontaminated) the risks are lowered.!®

To sum up, the actinides and fission products contained in nuclear
energy facilities pose a potentially significant hazard to humans. Early and
late effects manifest in illness and death; future generations face genetic
consequences; psychological traumatization may follow as well. Whether
these repercussions occur will depend on a complex set of variables, in-
cluding the intensity, type, and rate of exposure and the age and sex of the
exposed.



The Vulnerability of
Nuclear Facilities to
Acts of War

The Nuclear Reactor

Atomic power plants are the most conspicuous portion of the nuclear fuel
cycle. By late 1979, 527 were in operation, under construction, or on order
in thirty-six countries (table 2-1). Table 2-2 suggests that by 1985 nuclear
energy will represent at least 15 percent of the electrical capacity of nine
countries, whereas only one nation had achieved this capacity in 1978. But
these estimates may be too large. For example, in 1978 the Organization for
Economic Cooperation and Development (OECD) projections for Austria,
Belgium, Canada, Denmark, Finland, France, the Federal Republic of Ger-
many, Italy, Japan, Luxembourg, the Netherlands, Portugal, Spain,
Sweden, Switzerland, the United Kingdom, and the United States were
revised considerably downward (table 2-3). Still substantial increases for
these countries are foreseen, and this is likely to apply to other nations as
well.

Incentives to Destroy Atomic Power Plants in War

The incentives to destroy nuclear facilities in war particularly apply to reac-
tors. The atomic reactor is central to the nuclear fuel cycle; it is the locus of
energy production. Without energy, machines cannot work to support the
military. The logic of this argument is obvious, though uncommonly ap-
plied, often resulting in needlessly prolonged conflict. During World War II,
power plants were only secondary targets in both German and Allied at-
tacks. Their dispersal, the inaccuracy of ammunitions, and the high cost of
the large number of bombs necessary to destroy these targets explain this
policy partially. However, it appears that poor planning may be the prin-
cipal reason for it. After the war, the United States assessed the effec-
tiveness of its military strategy on the basis of field observations, German
documents, and interviews with German industrialists and technocrats. A
chief electrical engineering designer summed up the German view of the
Allied oversight:

The war would have finished two years sooner if you had concentrated on
the bombing of our power plants earlier. The best plants to bomb would

13
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Table 2-1
Nuclear Power Plants 30MW(e) and Over, December 31, 1979

Under
Country Operating® Construction® Ordered® Total

Argentina
Austria
Belgium

Brazil

Bulgaria
Canada
Czechoslovakia
Egypt

Finland

France
German Democratic Republic
German Federal Republic
Hungary

India

Iran

Iraq

Italy

Japan

Libya
Luxembourg
Mexico
Netherlands
Pakistan
Philippines
Poland
Roumania
South Africa
South Korea
Spain

Sweden
Switzeriand
Taiwan

Turkey

United Kingdom
United States
U.S.S.R.
Yugoslavia

Total 227 226 74 527

Source: “World List of Nuclear Power Plants,”” Nuclear News 22, 2 (February 1980):67-86.
AUnits in commercial operation.
YIncludes plants that may be constructed but are not yet in operation.

“The criterion for listing a unit is either an order or letter of intent signed for the reactor. In
cases where the definition of “letter of intent”’ is ambiguous or where a special situation exists,
inclusion depends on judgment of the utility.

9A plebiscite has deferred Austria’s nuclear energy program indefinitely.
*Includes the damaged Three Mile Island reactor.
fInsufficient information.
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The Vulnerability of Nuclear Facillities 15

have been the steam plants. Our own air force made the same mistake in
England. They did not go after English power plants and they did not per-
sist when they accidentally damaged a plant. Your attacks on our power
plants came too late. This job should have been done in 1942. Without our
public utility power plants we could not have run our factories and pro-
duced war materials. You would have won the war and would not have had
to destroy our towns. Therefore, we would now be in a much better condi-
tion to support ourselves. I know the next time you will do better.!

Such opinions were typical, contributing to the conclusion of U.S. analysts
that

had electric utility plants and large substations and the larger industrial
power plants been made primary targets as soon as they could have been
brought within the range of Allied strategic bombing attacks, all evidence
indicates that the destruction of such installations would have had a
catastrophic effect on Germany’s war production.?

The Germans similarly erred in their campaign against the Soviet Union.
When war on the eastern front began, the Luftwaffe was instructed not to
attack Soviet industry, including power plants, so the facilities could be ex-
ploited under German control. Instead it concentrated on air superiority
and ground support missions. As its fortunes turned, Germany recon-
sidered destruction of Soviet industry and gave top priority to a large tank
factory and the Soviet rail network. By the time the power industry was con-
sidered for destruction, German retreats made the long-range bombing im-
possible. Commando attacks and one-way aircraft suicide missions were
never carried out.?

More recently power plants have been prime targets in wartime. In
Korea, these attacks came after two years of conflict. The delay was due to
an early decision by the United States not to destroy large Yalu River
hydroelectric dams serving both China and North Korea in order to avoid
giving Peking an excuse to intervene. The decision was reversed in June
1952 when negotiations deadlocked and destruction of the plants seemed
necessary to hasten the war’s conclusion and to make more difficult the
repair work the communists were doing in small industrial establishments
and railway tunnels.

In the Middle East during the 1973 war, Israeli planes destroyed power
stations at Damascus and Homs, Syria, to subdue Syrian military activity
and to deter other countries from entering the conflict. In Vietnam, the
United States destroyed some electrical facilities, but these were not primary
targets given their small size and Hanoi’s limited industry and reliance on
imports from abroad. In none of these cases have the implications of energy
destruction been subject to the same scrutiny as with World War I1.4
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18 Destruction of Nuclear Energy Facilities in War

Table 2-3
Nuclear Capacity Growth Estimates in OECD Countries
(in GW(e))

__ 1985 1990 2000
Forecast as of High Low High Low High Low
End of 1977 343 259 640 459 1,640 850
End of 1978 280 238 483 388 1,021 681

Source: Organization for Economic Cooperation and Development, Nuclear Energy Agency,
Seventh Activity Report: 1978 (Paris: Organization for Economic Cooperation and Develop-
ment, 1979), p. 16.

2GW(e): one thousand million watts, 1000 MW(e).

Disruption of energy production does not necessarily require destruc-
tion of the boiler (or in the case of the atomic power plant, the nuclear re-
actor). In the energy-producing cycle there are a number of vulnerable com-
ponents whose destruction could disrupt production for weeks or even
months: the main turbine generator, the electric generator, conductors
through which power flows to transformers, the transformers themselves,
which step up plant voltage for transmission, and high-tension circuit
breakers and switches through which the power is taken to outgoing lines.’
Disruption of these components is sufficient to stop production without
releasing radionuclides, but accurate bombardment and good command
and control are vital and enemy satisfaction with this limited destruction is
assumed.

Destruction of power plants for other reasons than eliminating energy
production is more likely to release contaminants. Theodore Taylor, a
noted physicist, points out the possibility that a nation may regard the civil
nuclear energy plant of an adversary as a guise for a nuclear weapons pro-
gram and thus try to sabotage or destroy it at the outbreak of war. South
Africa’s current nuclear energy program, to which some ascribe military
motivations, and oil-rich Libya’s desire to acquire a power plant may be
cases in point. Taylor also suggests that a nation or possibly a subnational
group might destroy a plant in order to escalate a conflict between two other
parties. He points to the possibility that tensions between China and the
Soviet Union could develop into a border war but one in which both sides
restrain their use of nuclear weapons.$ It might be tempting for a third en-
tity—perhaps Taiwan—to sabotage a power plant to increase hostilities.
Taylor’s scenario could be applied to other areas as well.

In each of these cases, the release of radionuclides may be an incidental
by-product of destruction, but it may also be the primary objective. Prece-
dent for mass destruction does exist. Fire, herbicides, and flood have made
effective weapons of mass destruction. Samson released several hundred
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foxes with their tails burning to set afire the Philistines’ agriculture and hor-
ticultural fields. American incendiary bombing of Japan and Germany dur-
ing World War II was the most costly use of fire in terms of human lives
lost. The Boers used incendiaries to destroy crops during the 1899-1902 war
with England; and the British did likewise in their counterinsurgency cam-
paign in Malaya in the 1950s. In Vietnam, the United States used incen-
diaries as well as herbicides and tractors with large blades, called Rome
ploughs, to destroy crops and forest cover.

Flooding caused by destruction of existing levees, dikes, or dams has at
times been even more devastating than fire. In its conflict with Japan during
the late 1930s, China destroyed a dike on the Yellow River, drowning
several thousand Japanese soldiers and stopping their advance along the
front, but it cost the Chinese several million inundated hectares of farmland
and destruction of thousands of villages, resulting in the displacement of
millions of Chinese. During World War II the Dutch destroyed their dikes
to hamper the German invasion. As the war turned against Germany, the
Germans flooded large tracts of Dutch land as they withdrew from the
country. In the Korean war, the United States attacked irrigation dams in
the north, causing widespread devastation. It also bombed dams, dikes, and
seawalls during the Vietnam war, albeit inadvertantly according to official
accounts. In addition, it employed weather modification techniques to in-
crease rainfall during the wet season, making military operations for its
adversary more difficult.”

Nuclear power plants also have enormous inherent value. Taylor noted
that

a large nuclear power plant represents one of the greatest concentrations of
high value in a small volume that exists in the modern world. The capital
cost of a 1000 Mw(e) nuclear power plant is over $100 million. [Today, over
ten years after Taylor’s writing, some 1000 Mw(e) plants cost over $1
billion.] It is difficult to think of other targets of comparable value that
might be rendered permanently useless by the explosion of a few pounds of
high explosives in the right place.®

Destruction would significantly delay the postwar recovery of any state that
heavily relies on nuclear energy.

The Vulnerability of Nuclear Power Plants

To comprehend the vulnerability of reactors to acts of war requires some
familiarity with their operation.? In general, tons of processed uranium,
thorium, and/or plutonium are fabricated into pellets, spheres, or balls and
placed in casings called cladding and assembled to form the core. In-
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terspersed among the assemblies are neutron-absorbing control rods. Fis-
sion—the splitting of the atomic nucleus that results in a release of
energy—Dbegins with their removal. To help sustain the process, moderators
in the form of water, deuterium oxide (heavy water), or graphite are
dispersed within the core of thermal reactors. They are not present in more
compact fast or breeder reactors. Resulting energy manifests as heat, which
is transported by air, carbon dioxide, helium, water, or molten metal to
water, which generates steam to drive electricity-producing turbines. These
elements also cool the core and must continue to do so even when the re-
actor is not in operation to remove decay heat continuously generated (at a
declining rate) by fission products. Although this heat will be a small frac-
tion of what it is when the reactor is in operation, without the coolant, the
core will melt, breach containments, and release radioactive products into
the environment.

There are at least twelve different types of energy-producing reactors in
operation around the world. They are distinguished by fuels, moderators,
control systems, cooling arrangements, and configurations. They include
the advanced gas-cooled reactor (AGR), boiling water reactor (BWR), gas-
cooled, heavy-water-moderated reactor (GCHWR), gas-cooled reactor
(GCR), high-temperature gas-cooled reactor (HTGR), heavy-water-
moderated, boiling light-water-cooled reactor (HWLWR), light-water-
cooled, graphite-moderated reactor (LGR), liquid metal fast-breeder re-
actor (LMFB); light-water-cooled heavy-water-moderated and cooled re-
actor (LWCHW); pressurized heavy-water-moderated and cooled reactor
(PHWR); pressurized water reactor (PWR); and thorium high-temperature
reactor (THTR).!®

Roughly 80 percent of the world’s reactors are moderated and cooled by
ordinary light water. Therefore they will be the focal point for this review of
reactor vulnerability. Figures 2-1 and 2-2 schematize the two most common
configurations: the boiling water reactor and the pressurized water reactor.
In both designs, thousands of tubes containing fuel pellets are bunched
together in a pressure vessel.

In the BWR, water boils into steam in the vessel and is transported by
pipes to turbine generators. It is then condensed with cooling water and
recycled back to the reactor. In the PWR, water is circulated through the
core under great pressure (2,000 Ibs./sq.in.; this compares to 1,000
Ibs./sq.in. for the BWR). The high pressure of the PWR allows water to
heat to 600 degrees without boiling. The heat is transported through pipes
to a steam generator, where it boils water circulating at a lower temperature
and a pressure creating steam to drive turbine generators. In both designs,
large pumps and pressurizers circulate the water.

As long as there are no major coolant pipe breaks, pressure vessel rup-
tures, mismatches of power and coolant due to excessive fission or under-
cooling, or failure to control reactivity in the raising or lowering of the
plant’s output, the reactor will operate without serious problem. To guard
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Figure 2-1. Schematic Diagram of a Pressurized-Water Reactor Power System
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Figure 2-2. Schematic Diagram of a Boiling-Water Reactor Power System
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against these events, manufacturers principally rely on equipment of the
highest integrity. Additional precautionary measures vary depending on the
producer. American designs, which dominate the world market, have two
independent emergency core cooling systems (ECCS), redundant pumps,
and emergency external power diesel generators. An effort is made to locate
reactors at least fifteen to twenty miles from urban areas. As a last line of
defense, the reactors are housed in concrete, steel-reinforced, and steel-
lined containment vessels several feet thick. PWRs are housed in dome-
shaped buildings often 200 ft. high by 125 ft. in diameter within which the
entire primary operating system is located (see figure 2-3). In some PWRs,
containment space is kept slighty below atmospheric pressure to prevent
leakage from any of the hundreds of vessel penetrations carrying coolant,
and heat, to and from the exterior. Primary and secondary containments
surround BWRs (figure 2-4). The former encloses the pressure vessel, with
reinforced concrete creating a drywell around the entire reactor vessel and
its recirculation pumps and piping. The secondary containment houses both
the reactor and its primary containment and is designed to contain low
leakage through exhaust ventilation.

The containments serve two purposes. One is to protect the reactor
against external events, such as extreme meteorological conditions, tank car
explosions, and aircraft crashes. The second is to prevent the release of ra-
dionuclides in the event of an accident. For example, in a loss of coolant ac-
cident (LOCA), primary barriers are designed to withstand the pressure
created by expelled primary coolant flashing into steam and pressurizing the
containment volume. To facilitate the task, PWRs have cold water sprays
and ice to condense the steam. In BWRs, the drywell channels steam into a
pressure-suppression chamber where it would be condensed by a pool of
water.

A spectrum of precautionary measures distinguishes American designs
from those of other countries. For example, German reactors maintain
greater redundancies. They are surrounded by a double primary contain-
ment, the inner being somewhat less stress resistant than the outer. Some
designs have as many as four emergency core cooling systems. Plants built
by other West European countries fall within the German-American spec-
trum. !

By contrast, Soviet designs place greater reliance on component depend-
ability and less on redundancy. At the official level, the Russians believe
that a nuclear power plant accident that would significantly contaminate the
environment is impossible. Although some precautionary measures are
taken—for example, coolant loops are generally isolated in concrete to con-
tain leaks and plants are provided with emergency external power
generators—some of the most notable safeguards that characterize Euro-
pean and American practices are absent. For example, the Russians do not
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Note: From unit 2, Diablo Canyon Pacific Gas and Electric Company.
Figure 2-3. Typical PWR Containment

require a population exclusionary zone around plants; instead towns for
workers are planned in close proximity. Reactors do not include emergency
core cooling systems and pressure-suppression mechanisms. And until
recently, industrial buildings rather than containment vessels enclosed reac-
tors. However, this policy may be changing. At least one 1,000 Mw(e) fa-
cility, under construction at Novovoronizh, is being built with a contain-
ment vessel 1m thick with an 8-mm steel liner. (Mw(e) equals Megawatt
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electrical. This is a measure of electricity production equivalent to one
million watts or a thousand kilowatts.) Other large plants built in the future
may be so enclosed. Recent Soviet publications also suggest that at least
some Russian scientists believe that future atomic facilities, including reac-
tors as well as fuel fabrication, reprocessing, and waste treatment facilities,
should be concentrated in remote nuclear parks for ecological reasons.?

The vulnerability of nuclear power plants can be extrapolated from the
Reactor Safety Study’s accident sequences and a Sandia Laboratory review
of their susceptibility to sabotage. Both works underscore the point that in
American designs, a significant radionuclide release can occur only if both
primary and compensatory systems are upset. According to the Sandia
report this requires disruption of two or more of the following trains. The
destruction of just one merely reduces the defense.

1. Reactor coolant makeup and decay heat removal system: auxiliary
feedwater system, residual heat-removal system, emergency core cool-
ing system, reactor coolant makeup system.
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2. Steam and feedwater lines between the reactor vessel or steam generator
and the check or isolation valves.

3. Reactor coolant makeup and cooling water systems, including: conden-
sate storage tank, refueling water storage tank, suppression pool,
closed cycle cooling water (component cooling) systems; open cycle
cooling water (emergency service water) systems.

4. Emergency power and air supplies, including emergency DC electrical
power systems, emergency AC electrical power systems, emergency air
system.

5. Reactor protection system.

6. Engineered safety features in initiation system.

7. Control room.

8. Containment.

9. Containment isolation systems.

10. Containment heat-removal systems.
11. Controls instrumentation and cabling for the above systems,!?

To this list can be added puncture of the pressure vessel.

The fact that two or more trains are required to release products
underscores the importance of redundant safeguards, suggesting that some
West Buropean designs are more resistant to attack than are American
designs. By contrast, Soviet designs are the most vulnerable. The Sandia
findings also underline the fact that releases can result from disruptions of
systems outside the containment. Of particular concern is off-site power.
According to the report:

(1) sabotage resulting in total loss of off-site power to a nuclear unit could
be accomplished with relative ease according to many scenarios, (2) the
sabotage could be accomplished from outside the nuclear plant security
perimeter, and (3) it is impossible to prevent loss of off-site power to a
nuclear unit from acts of sabotage and impractical to attempt to design to
prevent them.

Another problem is the disruption of primary and redundant coolant car-
ried by pipes from the outside.

The Reactor Safety Study categorized the magnitude of releases largely
on the failure of safeguards to perform effectively. Cited below, the
scenarios suggest what willful acts of destruction must achieve to release
different fractions of a facility’s contents. Releases range from substan-
tial—up to 70 percent—to minor discharges—thousandths of a percentile.
Tables 2-4 through 2-7 present data on these releases in sabotage scenarios
that induce a loss of coolant or some other departure from normal opera-
tion (transient) that results in a meltdown.

PWR1
This release category can be characterized by a core meltdown followed by a
steam explosion on contact of molten fuel with the residual water in the
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reactor vessel. The containment spray and heat-removal systems are also
assumed to have failed and, therefore, the containment could be at a
pressure above ambient at the time of the steam explosion. It is assumed
that the steam explosion would rupture upper portion of the reactor vessel
and breach the containment barrier, with the result that a substantial
amount of radioactivity might be released from the containment in a puff
over a period of about ten minutes. Due to the sweeping action of gases
generated during the containment-vessel melt-through, the release of
radioactive materials would continue at a relatively low rate thereafter.
The total release would contain approximately 70% of the iodines and 40%
of the alkali metals present in the core at the time of release. Because the
containment would contain hot pressurized gases at the time of failure, a
relatively high release rate of sensible energy from the containment could be
associated with this category. This category also includes certain potential
accident sequences that would involve the occurrence of core melting and a
steam explosion after containment rupture due to overpressure. In these se-
quences, the rate of energy release would be lower, although still high.

PWR2

This category is associated with the failure of core cooling systems and core
melting concurrent with the failure of containment spray and heat-removal
systems. Failure of the containment barrier would occur through over-
pressure, causing a substantial fraction of the containment atmosphere to
be released in a puff over a period of about 30 minutes. Due to the sweeping
action of gases generated during containment vessel melt-through, the
release of radioactive material would continue at a relatively low rate
thereafter. The total release would contain approximately 70% of the
iodines and 50% of the alkali metals present in the core at the time of
release. As in PWR release category 1, the high temperature and pressure
within containment at the time of containment failure would result in a
relatively high release rate of sensible energy from the containment.

PWR 3

This category involves an overpressure failure of the containment due to
failure of containment heat removal. Containment failure would occur
prior to the commencement of core melting. Core melting then would cause
radioactive materials to be released through a ruptured containment bar-
rier. Approximately 20% of the iodines and 20% of the alkali metals
present in the core at the time of release would be released to the at-
mosphere. Most of the release would occur over a period of about 1.5
hours. The release of radioactive material from containment would be
caused by the sweeping action of gases generated by the reaction of the
molten fuel with concrete. Since these gases would be initially heated by
contact with the metal, the rate of sensible energy release to the atmosphere
would be moderately high.
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PWR 4

This category involves failure of the core cooling system and the contain-
ment spray injection system after a loss-of-coolant accident, together with a
concurrent failure of the containment system to properly isolate. This
would result in the release of 9% of the iodines and 4% of the alkali metals
present in the core at the time of release. Most of the release would occur
continuously over a period of 2 to 3 hours. Because the containment recir-
culation spray and heat-removal systems would operate to remove heat
from the containment atmosphere during core melting, a relatively low rate
of release of sensible energy would be associated with this category.

PWRS

This category involves failure of the core cooling systems and is similar to
PWR release category 4, except that the containment spray injection system
would operate to further reduce the quantity of airborne radioactive
material and to initially suppress containment temperature and pressure.
The containment barrier would have a large leakage rate due to a concur-
rent failure of the containment system to properly isolate, and most of the
radioactive material would be released continuously over a period of several
hours. Approximately 3% of the iodines and 0.9% of the alkali metals
present in the core would be released. Because of the operation of the con-
tainment heat-removal systems, the energy release would be low.

PWR 6

This category involves a core meltdown due to failure in the core cooling
systems. The containment sprays would not operate, but the containment
barrier would retain its integrity until the molten core proceeded to melt
through the concrete containment base mat. The radioactive materials
would be released into the ground, with some leakage to the atmosphere oc-
curring upward through the ground. Direct leakage to the atmosphere
would also occur at a low rate prior to containment-vessel melt-through.
Most of the release would occur continuously over a period of about ten
hours. The release would include approximately 0.08% of the iodines and
alkali metals present in the core at the time of release. Because leakage from
containment to the atmosphere would be low and gases escaping through
the ground would be cooled by contact with the soil, the energy release rate
would be very low.

PWR 7

This category is similar to PWR release category 6, except that containment
sprays would operate to reduce the containment temperature and pressure,
as well as the amount of airborne radioactivity. The release would involve
0.002% of the iodines and 0.001% of the alkali metals present in the core at
the time of release. Most of the release would occur over a period of 10
hours. As in PWR category 6, the energy release would be very low.
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PWR S

This category approximates a PWR design basis accident (large pipe break),
except that the containment would fail to isolate properly on demand. The
other engineered safeguards are assumed to function properly. The core
would not melt. The release would involve approximately 0.01% of the
iodines and 0.05% of the alkali metals. Most of the release would occur in
the 0.5-hour period during which containment pressure would be above am-
bient. Because containment sprays would operate and core melting would
not occur, the energy release rate would also be low.

PWR 9

This category approximates a PWR design basis accident (large pipe break)
in which only the activity initially contained within the gap between the fuel
pellet and cladding would be released into the containment. The core would
not melt. It is assumed that the minimum required engineered safeguards
would function satisfactorily to remove heat from the core and contain-
ment. The release would occur over the 0.5-hour period during which the
containment pressure would be above ambient. Approximately 0.00001%
of the iodines and 0.00006% of the alkali metals would be released. As in
PWR category 8, the energy release would be very low.

BWR1

This release category is representative of a core meltdown followed by a
steam explosion in the reactor vessel. The latter would cause the release of a
substantial quantity of radioactive material to the atmosphere. The total
release would contain approximately 40% of the iodines and alkali metals
present in the core at the time of containment failure. Most of the release
would occur over a 1/2 hour period. Because of the energy generated in the
steam explosion, this category would be characterized by a relatively high
rate of energy release to the atmosphere. This category also includes certain
sequences that involve overpressure failure of the containment prior to the
occurrence of core melting and steam explosion. In these sequences, the rate
of energy release would be somewhat smaller than for those discussed
above, although it would still be relatively high.

BWR 2

This release category is representative of a core meltdown resulting from a
transient event in which decay-heat-removal systems are assumed to fail.
Containment overpressure failure would result, and core melting would
follow. Most of the release would occur over a period of about three hours.
The containment failure would be such that radioactivity would be released
directly to the atmosphere without significant retention of fission products.
This category involves a relatively high rate of energy release due to the
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sweeping action of the gases generated by the molten mass. Approximately
90% of the iodines and 50% of the alkali metals present in the core would
be released to the atmosphere.

BWR 3

This release category represents a core meltdown caused by a transient event
accompanied by a failure to scram or failure to remove decay heat. Con-
tainment failure would occur either before core melt or as a result of gases
generated during the interaction of the molten fuel with concrete after re-
actor-vessel melt-through. Some fission-product retention would occur
either in the suppression pool or the reactor building prior to release to the
atmosphere. Most of the release would occur over a period of about 3 hours
and would involve 10% of the iodines and 10% of the alkali metals. For
those sequences in which the containment would fail due to overpressure
after core melt, the rate of energy release to the atmosphere would be
relatively high. For those sequences in which overpressure failure would
occur before core melt, the energy release rate would be somewhat smaller
although still moderately high.

BWR 4

This release category is representative of a core meltdown with enough con-
tainment leakage to the reactor building to prevent containment failure by
overpressure. The quantity of radioactivity released to the atmosphere
would be significantly reduced by normal ventilation paths in the reactor
building and potential mitigation by the second containment filter systems.
Condensation in the containment and the action of the standby gas treat-
ment system on the releases would also lead to a low rate of energy release.
The radioactive material would be released from the reactor building or the
stack at an elevated level. Most of the release would occur over a 2-hour
period and would involve approximately 0.08% of the iodines and 0.5% of
the alkali metals.

BWR §

This category approximates a BWR design basis accident (large pipe break)
in which only the activity initially contained within the gap between the fuel
pellet and cladding would not melt, and containment leakage would be
small. It is assumed that the minimum required engineered safeguards
would function satisfactorily. The release would be filtered and pass
through the elevated stack. It would occur over a period of about 5 hours
while the containment is pressurized above ambient and would involve ap-
proximately 6 X 10-2% of the iodines and 4 x 10-7% of the alkali metals.
Since core melt would not occur and containment heat-removal systems
would operate, the release to the atmosphere would involve a negligibly
small amount of thermal energy.!s
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Table 2-4
Sabotage-Induced LOCA at PWR
Containment

Event Description Failure Mode® Release Category
Large LOCA®, ECCS® € PWR 7
function failure [ PWR 4
Large LOCA, ECCS function B PWR 5
failure, containment leakage o PWR 3
Large LOCA, ECCS € PWR 7
injection failure o PWR 3
Large LOCA, ECCS injection B8 PWR 5
failure, containment leakage o PWR 3
Large LOCA, Electrical € PWR 7
power disabled y PWR 2

é PWR 6

o PWR |
Large LOCA, electrical power B PWR 2
disabled, containment leakage o PWR 1
Small LOCA, ECCS 8 PWR 7
injection failure o PWR 3
Interfacing systems LOCA B8 PWR 2
Large LOCA, containment & PWR 3
heat removal failure o PWR 1

Source: Dean C. Kaul and Edward S. Sachs, Adversary Actions in the Nuclear Fuel Cycle: 1,
Reference Events and Their Consequences, SAI-121-612-7803 (Schaumburg, Ill.: Science Ap-
plications, 1977), table C-1. Reprinted with permission.

8Listed in order of decreasing likelihood: «, containment rupture due to a reactor vessel steam
explosion; 8, containment failure resulting from inadequate isolation of containment openings
and penetrations; v, containment failure due to hydrogen burning; é, containment failure due
to overpressure; ¢, containment vessel melt-through.

PLOCA—loss of coolant accident.
SECCS—emergency core cooling system.

Consequences of Damaged Reactors

Released aerosols are subject to complex processes in their distribution. Ini-
tially the cloud or plume is limited in size and heavily concentrated. Accord-
ing to one source, ‘““The effect of the release at near downwind locations
may be quite critically affected by minor topographical features (i.e.,
building, hills, and trees), by minor fluctuations in meteorological variables
(i.e., wind direction and wind speed) and by release parameters (i.e., finite
size of source and rate of release).”’!¢ Topographical features create a va-
riety of local circulation patterns affecting both horizontal and vertical air
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Table 2-5
Sabotage-Induced Transient at PWR

Containment
Event Description Failure Mode® Release Category
Transient and failure
of power conversion and € PWR 7
auxiliary feedwater systems o PWR 3
Transient, failure of power
conversion and auxiliary
feedwater systems, and con- B8 PWR S
tainment leakage o PWR 3
Transient, failure of power é PWR 2
conversion and auxiliary feed- ¥ PWR 2
water systems, and electrical € PWR 6
power failure o PWR 1
Transient, failure of power
conversion and auxiliary feed-
water systems, electrical power B8 PWR 2
failure, and containment leakage a PWR 1

Source: Kaul and Sachs, Adversary Actions in the Nuclear Fuel Cycle, table C-2. Reprinted
with permission.

3Listed in order of decreasing likelihood: «, containment rupture due to a reactor vessel steam
explosion; 8, containment failure resulting from inadequate isolation of containment openings
and penetrations; v, containment failure due to hydrogen burning; 8, containment failure due
to overpressure; and ¢, containment vessel melt-through.

patterns which may vary during the day or evening. Weather is a major
variable, with six categories of turbulence distinguishable: (A) very
unstable, (B) moderately unstable, (C) slightly unstable, (D) neutral,
(E) slightly stable, and (F) very stable.!” The greater the stability, the more
concentrated the released materials and the greater their lethal range for
causing early fatalities. Greater turbulence disperses the plume but also
broadens contamination. Regularities in weather patterns vary from site to
site. For many locations, weather variability makes long-range prediction
unreliable. Specific predictions for many locations cannot be made with
great accuracy. However, as a general rule, neutral stability (category D)
and inversions (categories E and F) characterize many sites 50 percent of the
time, being particularly common in the evenings. Moisture further com-
plicates the weather variables. Rain occurring at the time of a release con-
centrates fallout in the vicinity of the structure. Material carried by the rain-
bearing clouds creates local hotspots. There may be early fatalities within an
area of up to 150 mi. Rain occurring along the course of the cloud is not as
effective in washing out material because the farther the cloud is from its
source, the more diluted it becomes due to atmospheric mixing. In addition,
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Table 2-6
Sabotage-Induced LOCA at BWR
Containment
Event Description Failure
Mode* Release Category

Large LOCA, ECCS y BWR 3
function failure [ ] BWR 2

a BWR 1
Large LOCA, ECCS ¢ BWR 4
function failure, a BWR 1
containment leakage g8 BWR 2
Large LOCA, ECCS ¥ BWR 3
injection failure ¥ BWR 2

8 BWR 2

a BWR 1
Large LOCA, ECCS &8¢ BWR 3
injection failure, B8 BWR 2
containment leakage o BWR 1
Large LOCA, high y BWR 3
pressure service water d BWR 2
system failure o BWR 1

Source: Kaul and Sachs, Adversary Actions in the Nuclear Fuel Cycle, table C-3. Reprinted
with permission.

8Listed in order of decreasing likelihood: «, containment failure due to steam explosion in
vessel; B, containment failure due to steam explosion in containment; v, containment failure
due to overpressure—release through reactor building; 4/, containment failure due to over-
pressure—release direct to atmosphere; 8, containment isolation failure in drywell; ¢, contain-
ment leakage greater than 2,400 volume percent per day.

ground runoff from rain dilutes material that is already deposited.!® As the
plume moves farther from the nuclear installation and diffuses horizontally
and vertically, its trajectory increasingly will be subject to prevailing
geostrophic winds (rather than local winds), dominating particulates
reaching 600 to 900 m. However, such domination may not occur for many
tens of miles.”

Release parameters include speed, the cloud’s release height, composi-
tion, and deposition rate. Instantaneous releases result in narrower plumes
than those over minutes or hours. Variable heights result from the plume’s
heat, weather conditions, and whether the release occurs at the top or
bottom of a structure (the greater the release height, the more distant the ex-
tent of the plume). Plume composition varies depending upon the initial
composition of the reactor core and the length of time it has been ir-
radiated. Cores with fresh fuel contain fewer fission products than do cores
that have been operating for some time. The deposition rate is important in
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Table 2-7
Sabotage-Induced Transient at BWR
Containment

Event Description Failure Mode® Release Category
Transient, failure ¥ BWR 3
to provide core ¥ BWR 2
make-up water o BWR 1
Transient, failure
to provide core &8¢ BWR 5
make-up water, ¢ BWR 3
containment leakage a BWR 1
Transient, failure to ¥ BWR 3
remove residual heat 2% BWR 2

a BWR |

Source: Kaul and Sachs, Adversary Actions in the Nuclear Fuel Cycle, table C-4. Reprinted
with permission.

aListed in order of decreasing likelihood: o, containment failure due to steam explosion in
vessel; B, containment failure due to steam explosion in containment; v, containment failure
due to overpressure—release through reactor building; o/, containment failure due to over-
pressure—release direct to atmosphere; 8, containment isolation failure in drywell; {, contain-
ment leakage greater than 2,400 volume percent per day.

determining the concentration of material. This variable is assigned an
uncertainty factor of 100 by the Reactor Safety Study.>®

Each of these variables complicates consequence calculations, and
methodological imperfections add to the problem. It is with these uncertain-
ties in mind that the estimates should be reviewed. Calculations from
several sources are drawn upon although the bulk of the data derives from
little-publicized and in some cases previously unpublished work conducted
at Princeton University, the most comprehensive analyses I could find.
Because the calculations reflect a spectrum of assumptions, I have
reproduced relevant charts and graphs with the text summarizing the most
salient data. Although the estimates are based on accidents, the same results
can occur through the destruction of a single nuclear reactor by conven-
tional munitions or sabotage that takes advantage of facility vulnerabilities.
The estimates do not reflect the destruction of several facilities commonly
situated or the effects of nuclear weapons bombardment, which will be
treated separately.

Figure 2-5 illustrates early fatality probabilities for a ground-level BWR
2 release for a 1,000 Mw(e) reactor assuming no protective action for
twenty-four hours. The figure distinguishes the impact of two weather con-
ditions. In turbulence category A (dashed line), the plume disperses quickly
and has a lethal range of three miles, whereas in stable conditions (category
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Figure 2-5. Early Mortality Curve

F), fatalities may occur up to 9 mi. where the plume may be 1 mi. wide.
Both cases demonstrate the lethal prominence of bone marrow irradiation.
Figure 2-6 from a Sandia Laboratories study indicates that late effects from
major releases into the atmosphere can affect the most sensitive popula-
tions, fetuses and children, beyond 100 mi.

Jan Beyea, a physicist with Princeton University’s Center for En-
vironmental Studies, elaborated these findings in testimony to the New
York State Board on Electric Generation Siting and the Environment con-
cerning a 1,000 MW(e) reactor planned for Jamesport, Long Island,
undergoing a PWR 2. Tables 2-8 to 2-14 present his calculations. They in-
dicate the average rem dose for twenty-four hours at different distances and
the probability of early death for one-day and one-week exposures with
minimal and supportive medical treatment. The seven-day scenario is in-
cluded to underscore the importance of evacuation and to take into account
the possibility and Beyea’s consideration that a stubborn minority may
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Source: D.C. Aldrich et al., Examination of Offsite Radiological Emergency Measures for Nuclear
Reactor Accidents Involving Core Melts, SAND 78-0454 (Albuquerque, N.M.: Sandia
Laboratories, 1978), p. 82. Reprinted with permission.

&Probabilities are conditional on a PWR atomospheric release (1-5). Shielding factor for airborne
radionuclides = 1.0. Shielding factor for radionuclides deposited on ground = 0.7. One-day ex-
posure to radionuclides on ground. Protective action guides are' U.S. Environmental Protection
Agency regulations establishing exposures warranting initiation of emergency protective actions.
"Whole body (thyroid) dose calculated includes external dose to the whole body (thyroid) due to the
passing cloud and one-day exposure to radionuclides on ground, and the dose to the whole body
(thyroid) from inhaled radionuclides within one year.

Figure 2-6. Conditional Probability of Exceeding Thyroid and Whole Body
Protective Action Guides (PAGs) versus Distance for an In-
dividual Located Outdoors*

refuse to evacuate or in a wartime scenario may be unable to do so due to
military action. The focal point is F, E, and D weather stability, which
characterizes Jamesport and assumes dry deposition (no rain).?! Release
heights are calculated for plume rises ranging from 0 to 1,000 m.

The calculations suggest several conclusions. The probability of death
markedly increases with proximity to the reactor. Of greatest concern are
twenty-four-hour exposures within 15 mi. although early fatalities can
occur beyond 40 mi. in the most stable weather assuming relocation after
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seven days.? Thus countries (such as the Soviet Union) that build nuclear
power plants in populated areas are exposing their citizens to a greater risk
than those that do not. Weather instability diminishes the risk. For ex-
ample, 10 mi. from a reactor, the probability of fatalities after a seven-day
exposure is 45 percent, 68 percent, and 33 percent in stability classes F, E,
and D respectively; it is 7 percent in stability class A. Unfortunately with
the exception of a very few of the world’s regions, such instability cannot be
counted on to occur regularly. It would be imprudent for civil defense plan-
ning to hope otherwise.

Weather cannot be counted on to reduce fatalities, but evacuation,
sheltering, and supportive medical treatment can. Calculations for one-day
as compared to seven-day exposures call particular attention to the impor-
tance of evacuation. For example, in stability class E at 10 mi. from the
reactor, the probability of death is 68 percent assuming relocation after
seven days and minimal health treatment. This probability is reduced to 15
percent if exposure is limited to twenty-four hours. The tables also
underline the importance of supportive medical treatment. For example, the
15 percent figure falls to 0.6 percent with such treatment.

Tables 2-13 and 2-14, distinguished respectively by 200-and 33-ft. tower
wind distributions, translate the probabilities into average estimates of
fatalities. These calculations suggest that with variable population densities
projected for Jamesport in the year 2020 of roughly 120 to 1,000 persons
per square mile, early deaths in stable (conditions D, E, and F) weather
would range from 180 to 1,000 assuming evacuation and 390 to 1,700 with
minimal treatment. If relocation of people took a week, fatalities could rise
to 4,000 with supportive treatment and as high as 10,000 without such
assistance. The greater release heights indicated in figure 2-13 are likely to in-
crease the numbers of persons subject to lethal doses.

Figure 2-7 draws from a report produced jointly by the Nuclear
Regulatory Commission and the Environmental Protection Agency, refines
Beyea’s findings through demonstration of the positive impact of rapidly
implemented prophylactic measures in reducing fatalities. Presented are the
mean number of projected early fatalities for PWR 1-5 assuming a uniform
population density of 100 persons per square mile and irradiation from
ground contamination. When exposures last twenty-four hours (bar 1)
roughly seventy-five deaths are projected up to 25 mi. Sheltering in homes

3The area covered by the plume is distinct from the linear distance it reaches. Furthermore the
area may vary considerably. Using sequences that maximized such problems as very severe con-
tamination of the reactor site, lethal exposure at great distances, and maximum property
damage, calculations for a 500 R inhaled whole-body dose using historical meteorological data
from Oak Ridge, Tennessee, ranged from 9.8 km? to 149.2 km?. C.V. Chester, “‘Estimates of
Threat to the Public from Terrorist Acts Against Nuclear Facilities,”” mimeo. (Oak Ridge,
Tenn.: Oak Ridge National Laboratory, n.d.), p. B-11.



37

The Vulnerability of Nuclear Facilities

‘W 0001 pue ‘00§ °Q :sesur awnyd 321Y) JOF PIrEMOfed SOBRIAAY

*IA xipuadde ‘Apnis A1afvg 101002y WOIJ $10108] 9SUOASAI PUR SI610B] UOISIIAUOD ISOP (3SOP PNOID 10 p/§ ‘9s0p

punoiIs Joj ¢/1 = $10308] SUIPAIYS ‘W 00O 1YY Surxiw ¢ pue ‘g ‘v $ISSE[O 10J W 000*1-0 PUB ‘(I SSBO J0J W 009-0 ‘Jd pue g SISSe[O 10 W 0$T-0
:yS1oY 95BIJRI £+00s /W [*() PUE 000 USIMIDQ o[eds FO] UO WIOFHIN :KI100[9A UORISOdap :SMO[[0] Sse paBeisae sopiIqeqold AIeLIoW JUBINSII PUL Paz]
-10%eurered A110019A uonisodep pue asu sumid ‘Apnig £1a/bS 401003y Ul se papnpul uonisodap ‘uonewrnxoidde jey-dol ‘apow swnyd ueIssnen) 910N

*(10y3Ine 3y} wWOJ dqerear) , UMOpP-I[PIA 310D TeandyIodAH & Summor[o] seso WI-UOYS ‘OVAVE WeiBold,, ‘edkag uef 33 ‘ejep reuon
-Ippe 10 "9 a[qe} ‘("odwuI ‘2 L61 ABIN ‘€0008 ‘ON 9SBD) ‘JUSWUOIIAUF dY) pue Buiig uoneiausn SUids[g uo preog aels JI0X MaN :JI0X MIN) Baiog
uef (I JO Auowisa] o4 .. ‘(7 pue | snup) ‘uoneis emod IespnN uodssurer) Auedwo)) SunySr pueys] 3uo Jo I01IeN 243 UL, ‘eakag uef :301n0§

0T
v S L 1 b4 81
9 6 u 61 oy 6
8 4 81 I oL sy +oV
4
S L 6 vl I 81
8 1l ST 7 0s 6
1 s1 €2 8¢ v8 sy +oll
4
81
6
€1 61 14 8b ort sy %)
0T
8 o1 u 91 1T 62 sv s6 8
1 €1 LT 44 o€ £ 19 0s1 6
8 01 44 91 t4 87 6¢ Ls s6 LIz sy a
14
81 4 s€ 9 001 0T 81
44 It o 9L 0s1 9ly 6
(74 (43 Is 68 161 £19 sy q
0T
81
6
L1 (4 st 1€ v vs LL 611 1451 Lys sy d
0§ st or g€ 0f gz 0z st or < (ydus) paadg o)
uizy uf 350Q puM  Anpqois soyiay

u0133y pIrsuImBIuC)) Ul SINOY IN0J-L}uaM ] Suipuadg Ja)Je pIAIaIY Iso(] 3dsioay

8-7 Jq8L



*IA xipuadde ‘Apnig (12fvg 401005y WOIY $10158] SSUOSII PUB SI0I0L) UOISIIAUOD S0P {ISOP PNOP I0J /€ ‘as0p
punoJs Joj ¢/ = siooe) SuppRIYs twl 000*1 +ISBY SumIuw 1D pue °g ‘v $SSB[O J0J Uk 000*[-0 PUR ‘( SSBID J0J WI 009-0 ‘J PUE J SIS5E[d 0] W OST-0
13y B1oy aSBIRI 295 /W1 1°( PUR [00"0 UsdMIDq 3[eds F0] U0 wIoFIuN 1£1O0[PA uUonIsodap :smoJjo) se paseloar saufiqeqosd A)elIow JUBHNSSI pue pazt
-1a%urered £i1popoA uonsodop pue os11 sumiq *Apmys €12/vg 4019p2y uy se papnpur uonisodsp ‘vonewmrxosdde 3ey-dos ‘jepows swnid ueissnes) 20N

*a¢ aqw)  ‘Auedwoy) SunySry puels] SuoT Jo 1N SYl UL,, ‘BaAdg 30O

Destruction of Nuclear Energy Facilities in War

1174
81
6
13 4 v
(14
81
6
194 q
174
81
6
%4 o)
174
<000 9 It 81
2000° € 81 6
9000 9 9% 4 a
oz
600° € 0t 81
SPO° ot 8y 6
S0’ sl 69 15 4 q
174
81
6
%¢0°0 %Y1 %11 %1€ %8¢ (34 d
os (14 (14 [13 0f (14 (114 (Y4 or g (ydw) paadg e
01002y WOLJ SO puim ApqoIS J0Y1094

JUSWI)BIL], [BUTUNIA
PUB SINOY INO0J-AJUIM], JI)J8 UOTIBNIBATY :jeq dwnjg Suope duUL)Si(] JO UondIUN ¥ 8 [PLI( JO ANIqeqolg Besay
6-7 3981



8

The Vuinerability of Nuclear Facilities

*IA xipusdde ‘Apnis (1afvg 4010Pay WOl SI01R] SUOASII pUR $10198] UOISIOAUOD ISOP $3SOP PROJd I0J p/€
‘as0p punos ¢/1 = S103oe SUIP[RYS w1 0001 {1YBISY Ui 1O pUE *g *V SISSE[ 0] W 000" [-0 PUE ‘(] SSEIS J0J I 009-( “ PUe 7 SISSBID JOF W 0§70
1YBIoY 25BIJAI 1098/ °() PUR 100°( UdMI5q d[eds SO[ U0 untojtun :£119019A uomsodsp :smofjo st padersae ssniiqeqoid AN[eLIOW JuURINSAI pUR POzl
-urered £1100j9A uonisodap pue asu sum|d "Apnig £12/bg 203002y ul se papnpul uomsodap ‘uonewnxordde jey-dol ‘ppow sumid uerssner) 910N

"PE 31qes ,‘Auedwo) Supysr] pue(s] Suo Jo BUBI Ay UJ,, ‘eakeq :90IN0S

(174
81
6
1% 4 \4
(174
81
6
194 q
0z
81
6
(34 o)
1174
Y 81
0 41} 6
9 91 19 4 a
o
9000° Ll 81
A 143 6
9 (49 [ 4 |
174
81
6
%€000°0 %1 %L1 %t 19 4 L
0s (34 or £13 113 [ Y4 (124 sI ol Y (ydw) pasdg 501D
101502y Woif SaftjAr pum Angms 12y103 4
judunealy, aapsoddng

PUE SINOH INOJ-LJUIM], J2)J8 UONBRIBAY :Yjed wmn|g Suope duUL)S(] JO UONIUNJ B S8 JPea( JO AN[IqBqolg 33819AY
01-Z JqeL



*IA X1pusdde ‘Apmig A1afvg 2101009) WO} $10308] SsUOdSIL PUE SI030B] UOISISATUOD ISOP {ISOP PNOP 10] $/€
‘3s0p punoI8 ¢/1 = sioey SUIPRIYS ‘w01 HIYBioY Sumxiu ¢ pue ‘g ‘v sIssE J0J W 0001-0 PUe ‘(I SSB[O JOJ WI 009-0 “J PUe T SISSB[O JOJ W 0$Z-0
JIYBIOY S5BIAI *098 /W [°( PUR 1000 UIMISQ 3[8OS BO[ Uo urIojiun :£11003A uonsodsp :smojjoj st pafetaae sanqeqoad L1elIOW JURINSSI pUR pazl
-3o3uwered L1wopeA uonisodap pue asul swnid ‘Apnis 41a/vg 201002y ui se papnpdur uonsodsp ‘uoneuwrxoidde jey-do) ‘ppowr swnd uerssnen 910N

q€ 3iqer ,‘Auedwo) SunysrT pues] SuoT JO BN Y U],, ‘BIAY :90IN0g

Destruction of Nuclear Energy Facilities in War

0z
81
6
L00° 0z sy v
4
81
6
sy |
®
81
6
sy o)
4
§ 8 81 81
£0 ¥ v 9 6
L000' 8 8 1t4 vE sy a
0z
9000° $T 4 o 81
£00° 8 or £9 6
200° 6 3 18 3 4 a
oz
81
6
%700 %l %9 %91 %TE %Iy  %Ep 'y 4
0§ s¥ 0¥ $E 0g sz 0z sI oI s (ydw) paads ss21D
101507y WO SN pumM  Aunqois syivay

40

yudUIIBAI L
Japsoddng pue sfe(] B3AIS JIJJ8 UONEBIOPRY :YIed dum|J Suope dus)si(] Jo UoNIUNY € St Y)Ba(y JO ANIqEqol] 388I0AY
11-7 31981



41

The Vulnerability of Nuclear Facilities

‘IA xtpusdde ‘Apmig £1afpS 402000y WO} 510308] I5U0ASII puR SIOIOB] UOISIGAUOD ISOP (35O PNOJ 10] p/€
‘as0p punois /] = $1010eJ SUIP[SIYS 1W 000* | $IYBRY BurKiwr i PUR ‘g ‘V SISSE[O J0J UI 000 [-0 PUE ‘( SSB[O JOJ W 009-0 ‘] PUR F SISS[O JOJ W 0ST-0
$YBIDY ISBIAI $°395 /W [0 PUR [Q0°) UIIMISQ 2180s So] uo wroJIun £3o0oA uonisodop :SMO[o) se paselsar sonqeqoad £3[BHOW JUBINSSI pue pozt
-1a19urered L1005 uonisodap pue asux SumM|d *Apnig £12fvg 401009y ul se papnut uonisodsp ‘uoitemxoidde yey-doi ‘pepow swnid ueissnen 910N

*eg s[qel ,‘Suedwo) Supysry puels] Suo Jo B Y U],, ‘easg :90I0g

(174
81
6
L [43 13 4 v
(174
81
6
'R 4 o
o
81
6
19 4 o]
oT
2000° L000 Lo I 9 91 | X4 81
£€000° 8000° £0° Lo 1 4 1 (Y4 €€ 6
1000 [ £ (4 6 (174 £t oy 1'% 4 a
(174
200’ € 61 LE 8¢ 81
200" (4 9 0t €< 9L 6
9100° Ll 9 9¢ 89 €6 1% 4 qd
oz
81
6
%¢€0°0 %¢€°0 %T'1 %Y %01 %0T %TE %y %9 %% R 4 E |
0s (Y4 [/ 4 [13 0f [Y4 0c ol [y (ydw) paadg $SO1D
103002y woif sapw puim QoIS Jay10amM
JUaTNBILL YIEIH

[SWIUT PUE SAB(] UIAIS JIJJ8 UONBIORY i dum]g Suops due)siq Jo uondung € 58 §I8a(g JO ANiqeqolq ISeiaay

CI-T 8L



42 Destruction of Nuclear Energy Facilities in War

Table 2-13
Average Number of Early Deaths to be Expected from a PWR 2 Accident at
Jamesport in the Year 2020: Two-Hundred-Foot Tower Wind Distributions

Relocation Evacuation
after 7 Days in 24 Hours
Weather
Stability Wind Minimal Supportive Minimal Supportive
Class Speed (mph) Treatment Treatment® Treatment Treatment®
F* 4.5 10,000° 4,000 1,300 680
9 2,300 1,300 6308 3508
18 1,700 9508 4008 2008
20
E° 4.5 5,000 3,100 1,700 1,000
9 4,000 2,300 1,100 640
18 2,700 1,600 670 340
20 2,300"
p? 45 4,200 2,000 890 440
9 2,900 1,400 600 280
18 1,900 950 390 180
20
C 4.5
9
18
20
B 4.5
9
18
20
A 4.5
9
18
20
Averaged over all
classes and speeds’ 1,700 980 430 220

Source: Beyea, ‘‘In the Matter of Long Island Lighting Company.”’

Note: Average number of deaths means an average over many hypothetical accidents at the
same site. For population data, see table I of Beyea’s testimony. Early deaths assumes within
sixty days. Dose reponse curves from Reactor Safety Study, appendix VI, fig. 9-1.

2Definition of supportive treatment ‘‘indicates such procedures as reverse isolation . . .,
sterilization of all objects in patient’s room, use of . . . laminar-air-flow systems, large doses
of antibiotics, and transfusions of whole blood packed cells or platelets.” Ibid., p. F-1

bReduced about 25 percent if Connecticut excluded.

“Mortality probabilities used to generate these numbers were calculated by assuming random
effective release height (between ground and 250 m), random deposition velocity (on log scale)
between 0.001 and 0.1 m/sec., and time invariant weather.

d5ame as note c except that release height range taken between ground and 600 m.
®Same as note ¢ except that release height range taken between ground and 1,000 m.
fNumbers will g0 up slightly when A, B, and C classes are included.

8Determined using E mortality probabilities.

hDetermined using 18 mph mortality probabilities.
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Table 2-14
Average Number of Early Deaths to be Expected from a PWR 2 Accident at
Jamesport in the Year 2020;: Thirty-Three-Foot Tower Wind Distributions

Relocation Evacuation
after 7 Days in 24 Hours

Weather
Stability Wind Minimal Supportive Minimal Supportive
Class Speed (mph) Treatment Treatment® Treatment Treatment®

F 4.5 6,200° 2,700° 1,000 590
9
18
20

Ed 4.5
9
18
20

D¢ 4.5 3,800° 1,700 770 380
9 3,100 1,500 670 310
18 2,000 1,000 430 190

C 4.5
9
18
20

B 4.5
9
18
20

Af 4.5
9
18
20

Averaged over all
classes and speeds® 2,200 1,300 590 320

Source: Beyea, “In the Matter of Long Island Lighting Company.”’

Note: Average number of deaths means an average over many hypothetical accidents at the
same site. For population data, see table 1 of Beyea’s testimony. Early deaths assumes within
sixty days. Dose response curves from Reactor Safety Study, appendix VI, fig. 9-1.
Definition of supportive treatment ‘‘indicates such procedures as reverse isolation . . .,
sterilization of all objects in patient’s room, use of . . . laminar-air-flow systems, large doses
of antibiotics, and transfusions of whole blood packed cells or platelets.” Ibid., p. F-1
bReduced about 40 percent if Connecticut excluded.

“Reduced about 15 percent if Connecticut excluded.

9Mortality probabilities used to generate these numbers were calculated by assuming random
effective release height (between ground and 250 m), random deposition velocity (on log scale)
between 0.001 and 0.1 m/sec., and time invariant weather.

°Same as note d except that release height range taken between ground and 600 m.

'Same as note d except that release height range taken between ground and 1,000 m.
ENumbers will go up slightly when A, B, and C classes are included.

3,000 1,600 1,000
2,300 1,100 650
1,300 550 280

T
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Source: U.S. Nuclear Regulatory Commission and U.S. Environmental Protection Agency
Task Force on Emergency Planning, Planning Basis for the Development of State and Local
Government Radiological Emergency Response Plans in Support of Light Water Nuclear
Power Plants, NUREG-0396, EPA 520/1-78-016 (Springfield, Va.: National Technical Infor-
mation Service, December 1978).

Notes: (1) No immediate protective action, shielding factors (SFs)® (0.75, 0.33),® one-day ex-
posure to radionuclides on ground. (2) Sheltering, SFs (0.75, 0.33), six-hour exposure to ra-
dionuclides on ground. (3) Sheltering, SFs (0.5, 0.08), one-day exposure to radionuclides on
ground. (4) Sheltering, SFs (0.5, 0.08), six-hour exposure to radionuclides on
ground. (5) Evacuation, five-hour delay time, 10 miles per hour (mph). (6) Evacuation, three-
hour delay time, 10 mph. (7) Evacuation, one-hour delay time, 10 mph. Assumes a uniform
population density of 100 persons per mi.?

2Shielding factors (airborne radionuclides, ground contamination).

bShielding factors for no protective action were chosen to be the same for sheltering in areas
where most homes do not have basements.

Figure 2-7. Mean Number of Projected Early Fatalities within Selected
Radial Intervals for Evacuation and Sheltering Strategies
Given PWR Atmospheric Release (PWR 1-5)

without basements ‘‘with 6 hours of effective exposure to ground con-
tamination”’ (bar 2) reduces this number to about sixteen. Four or five
people (bar 4) might die in homes with basements. Rapid evacuation (bars 6
and 7) reduces this figure still further. In sum, these and the previous
calculations suggest that the early consequences of releases can vary enor-
mously depending upon the mix of variables.

Late effects such as cancers, thyroid damage, and genetic defects can
vary as well; however the numbers of casualties may be significantly higher



The Vulnerability of Nuclear Facilities 45

than early fatalities. As the radioactive plume disperses, it will spread in a
wedge shape with its horizontal and vertical extensiveness determined by
turbulence. Figure 2-8 distinguishes the greater concentration but lesser
horizontal breadth of a clear evening release compared to a more turbulent
clear day release. The cloud, ever widening, can extend great distances, tak-
ing from one-half hour to three hours to pass a point. Along the way, it will
deposit products and, assuming no evauation, irradiate an increasingly
larger number of people. The degree of deposition varies. For example, a
major release in evening overcast forms a wedge 12.5 mi. in breadth that ex-
poses populations from 0 to 400 rem; at 150 mi. this wedge is 18.6 mi., ex-
posing populations to 0 to 200 rem.2

Release on
Clear Night

/ Wind Direction

Reactor

Moving
Radioactive
Cloud

Region of Deposited
Radioactivity

Wind Direction

Reactor

Release on
Clear Day

Source: Jan Beyea, ‘““The Impact in New York City of Reactor Accidents at Indian Point,”’
statement to the New York City Council, June 11, 1979, corrected June 20, 1979 (Princeton,
N.J.: Center for Energy and Environmental Studies, 1979), p. 30.

Figure 2-8. Top View of Plume
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Beyea elaborates upon these consequences in the study of a 580 MW(e)
Swedish reactor that, at this output, generates less than 60 percent of
Jamesport’s production. The plant (actually there are two reactors, each the
same size) is located in the vicinity of Barsebiéick, a coastal village fifteen
miles east of Copenhagen and twelve miles north of Malmé (figure 2-9).
Beyea ran one thousand computer accident simulations varying weather,

Union of Soviet Sociatist Republics
., I" E!
WA
Covmy
ATLANTIC OCEAN Soviet Fedarated Societie Repubiic
\
At
R
L
< Asla
Ie
,’~'\.r-""_'
/ KerkhSS.R.

Source: Jan Beyea, A Study of Some of the Consequences of Hypothetical Reactor Accidents
at Barsebdck, Ds 1 1978:5 (Stockholm: Swedish Energy Commission, 1978); also Pu/CES 61
(Princeton: Center for Environmental Studies, 1978), p. I-15. Reprinted with permission.

Note: In interpreting this map, Beyea cautions readers ‘‘that only a very small faction of the
land inside the circles would actually be contaminated.”’ The wedge-shaped region roughly
represents the extent of contamination for one wind direction assuming no major wind shifts
during the one half-day period it would take to reach the first circle and two days to reach the
second. ““The outer circle is probably an exaggeration since wind shifts should reduce the con-
centration at such large distances from the accident, but it does serve to call attention to the
potential international impact of a catastrophic accident or a major release resulting from con-
ventional weapons destruction occurring in Europe.” Ibid., p. I-13.

Figure 2-9. Barsebidck Distances of Concern for Land Contamination
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wind direction, and speed for BWR 1, 2, and 3 releases. Concluding that the
effect of weather is less significant for long-term consequences than for
short-term ones, he tracked the approximate breadth of radioactivity 1,000
km from Barsebick over a region with an average population density of
50/km?, The average exposed population was one million.

Table 2-15 tabulates the breadth of contamination in stability class D
with a 7.5 m/sec. wind for a BWR 2. The calculations illustrate the
distances and area of land contamination of 10 rem in thirty years for rural
land and 25 rem in thirty years for urban land that the Reactor Safety Study
considers unsafe for occupancy and a more conservative 1 rem criterion in

Table 2-15

Land Contamination for a BWR 2 Accident during Typical Barsebiick Weather

(in km from reactor)

Distance to Which

Land Is Contaminated Contaminated Area
above Interdiction Threshold® (including Water)
Average Maximum Average Maximum
Reactor Safety Study
criteria
Rural land criterion? 380 km 600 km 10,000 km? 24,000 km?
If population
kept out for
6 months 300 480 6,200 15,000
If population
kept out for
10 years 220 300 3,700 6,500
Urban land criterion® 230 380
1 Rem in 30 years
criterion 1,300 2,000 100,000 190,000
If population
kept out for
6 months 1,000 1,600 64,000 145,000
If population
kept out for
10 years 750 1,150 35,000 80,000

Source: Jan Beyea, A Study of Consequences of Hypothetical Reactor Accidents at Barsebdck, Ds 1
1978:5 (Stockholm: Swedish Energy Commission, 1978), and PU/CES 61 (Princeton: Center for En-

vironmental Studies, 1978), p. I-14. Reprinted with permission.

Note: Wind 7.5 m/sec., stability class D. ‘““Average’’ means over and plum rise. “Maximum’’ means

maximum contamination as deposition and plume height are varied.
210 rem in thirty years.

525 rem in thirty years. The reduction in dose due to cesium migration into soil is assumed equal to the ef-

fect of reduced shielding in urban areas and cesium wash-off,
“Distance from the reactor.
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thirty years for both. The urban-rural dichotomy presumes that the expense
and risk in urban relocation outweigh the reduction in exposure below 25
rem.? Both maximum and average findings are included. They suggest that
at the very worst 24,000 km? would be contaminated on the basis of the
Reactor Safety Study criteria and 190,000 km? using the more conservative
measure. The results also indicate how radiation lingers for many years,
although it decreases most rapidly at its outermost reaches. For example,
the average distance in rural areas land is contaminated above the interdic-
tion threshold, using the Reactor Safety Study’s criteria, declines from 380
km to 300 km in six months and 220 km in ten years.

Table 2-16 presents Beyea’s casualty findings averaged using the linear

Table 2-16
Thyroid Nodule Cases and Cancer Deaths at All Distances from Barsebiick
(averaged over 1,000 accident simulations)

Total Person-Rem®

Organ BWR 1 BWR 2 BWR 3
Thyroid® 2.3 x 108 3.3 x 10° 5 x 10
Whole body dose® 2 x 107 1.1 x 107 5 x 107
Long-term dose from

ground contamination® 0-7.3 x 107 0-8.4 x 107 0-1.8 x 107
Cancers
Thyroid nodules? 62,000-300,000 90,000-425,000 14,000-65,000
Thyroid cancer 3,000-18,000 4,000-25,000 600-3,700
(over 20-year period) (450-2,500 fatal) (600-3,700 fatal) (100-500 fatal)
Other cancer deaths

from whole body dose

within 1 week® 2,600 1,400 600
Cancer deaths from

long-term ground

contamination® 0-9,500 0-11,000 0-2,400
Total fatal cancers 3,000-15,000 2,000-16,000 700-3,500

Source: Beyea, A Study of the Consequences. p. 1-8.

Note: The average exposed population is about 1 million, average population density about
50/km?. Cancer calculations use linear hypothesis and coefficients from Appendix.

*Note that, unlike the Reactor Safety Study, no dose reduction factors were used for low in-
dividual doses. If they had been used, the whole body dose would be two times lower.

bNo dose reduction factors were used for I'*!, A range of dose reduction factors of 0.1-1 is
reflected in the range of exposure-dose coefficients given in the Appendix.

‘Following the Reactor Safety Study, the table assumes twenty-four hours spent in con-
taminated ground close to the reactor (less than 50 km) and one week far from the reactor
(greater than 50 km). See figure A-3 of Beyea’s report for dose frequency distribution. Whole
body dose set equal to marrow dose.

%The higher numbers given are so large compared to the total exposed population that satura-
tion effects would reduce them.

°The larger number assumes no interdiction and no ground decontamination. Doses were
calculated starting one week after the accident.
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consequence hypothesis, which assumes ‘‘that a number of small doses
given to many individuals or spread out in time have the same effect as a
smaller number of larger doses, equal in the aggregate to the sum of the
smaller ones, given to fewer individuals at one time.’’# This provides a
rough approximation of the actual dose-effect relation, which will vary
depending on the cancer. The computations illustrate that the dominant ef-
fect will be tens to hundreds of thousands of nonfatal thyroid nodules,
although Beyea qualifies the upper figure in a footnote to his table: ““The
high numbers given are so large, compared to the total exposed population
that saturation effects would reduce them.’’ Fatalities range from 700 to
16,000 depending upon the magnitude of the release. The calculations
averaged varying weather. Not shown in these figures are the upper ranges
of consequences, which are found in 10 percent of the simulations that long-
term health effects were approximately a factor of two or more higher than
the average values, reflecting mainly winds blowing toward more populated
regions in the Netherlands, Belgium, and Germany. In 1 percent of the
simulations, the effects were three times as great as the averages.?

The computations suggest that the largest potential contributor to
fatalities is long-term ground contamination. The average upper limit
assumed no long-term land-use restrictions and no decontamination. This
picture is not likely to be realistic, but it does point out a policy dilemma.
Beyea notes, “‘It would be possible in principle to relocate people per-
manently. However, in practice, if the contaminated area should be large,
policy makers would face difficult decisions in setting interdiction and
decontamination thresholds. Large areas would be involved. Lowering the
level of acceptable individual risk would raise the cost of interdiction and
decontamination.”’? There are many uncertainties concerning costs, in-
cluding those for the evacuation of populations to reduce exposure; tem-
porary or permanent relocation of people who live in regions contaminated
beyond an acceptable threshold; decontamination; and temporary or per-
manent denial of land, agriculture, dwellings, and factories. They will vary
from country to country and, of course, depend on the extensiveness and in-
tensity of contamination. In the United States, the authors of the Reactor
Safety Study calculated that the costs could range from less than $1 million
for minor releases (not including damage to the power plants or costs
replacing power generation) to $14 billion for a major release.? Further-
more there are uncertainties about the effectiveness of decontamination,
which includes removing the top layer of soil or overturning it and scraping
and washing man-made structures. The Reactor Safety Study’s authors sug-
gest that such methods can reduce contaminants by a factor of twenty,
reflected in the calculations in table 2-17. However, other assessments are
more cautious. According to the American Physical Society’s study group
on light-water reactors, ‘‘Thresholds and agricultural plans for eventual
reoccupation of contaminated areas all suffer from a lack of definitive
knowledge concerning the fixing of radionuclides in the soil, buildings, etc.,
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Table 2-17

Effect of 2 Decontamination Factor of Twenty on the Land Contamination of Table
2-15

(in km from reactor)

Distance to Which

Land Is Contaminated Contaminated Area
above Interdiction Threshold® (including Water)
Average Maximum Average Maximum
Reactor Safety Study
criterion 80 km 140 km 325 km? 1,100 km?
1 rem in 30-year
criterion 260 430 4,500 13,000

Source: Beyea, Study of Some of the Consequences, p. 1-14.

and their subsequent history.””?® Medical examinations of Marshall Is-
landers who returned to Bikini Island in 1969, the site of a 1954 hydrogen
weapons test, underscored this point when they revealed that the in-
habitants were ingesting large quantities of cesium and strontium-90 by
eating fruits grown on the island. Consequently the United States govern-
ment evauated the island permanently.?

In addition to early and late somatic effects, Beyea calculated average
genetic consequences over a five- to ten-generation period following inhala-
tion, twenty-four-hour, and seven-day ground exposures at 50 km and over
50 km, respectively, and long-term ground contamination beginning seven
days after the accident to infinity. Table 2-18 presents these estimates which
range to ten generations following exposure. The consequences vary with
the magnitude of the release from a few hundred genetic defects and spon-
taneous abortions to possibly several tens of thousands of cases of
genetically related diseases. As in the case of late somatic defects, Beyea
calculated that the figures doubled in 10 percent of the simulations and
tripled in 1 percent.

There is reason to believe that both Beyea’s Barsebédck and Jamesport
calculations are not conservative from the perspective of wartime effects.
This is true for the Swedish study because the reactor addressed is roughly
60 percent the size of many other plants. For example, compare this case to
what would have happened at the Three Mile Island 880 MW(e) PWR had a
major accident occurred. Table 2-19 presents the estimates. In a PWR 2
(TMI-5a,b) radiation that would linger for many years could cover from
1,400 mi.2 to 5,300 mi.2, the larger figure reflecting a reactor core in opera-
tion for longer than three months (a mature core). (The table also indicates
late fatalities for this release, ranging from several hundred up to 60,000,
reflecting a larger exposed population than Barsebdck. Footnote ¢ suggests
that the estimates are mid-range; using the Reactor Safety Study conse-
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Table 2-18
Barsebiick Consequences Resulting in Genetic Damage
Cases BWR 1 BWR 2 BWR 3
From one-week exposure®
Genetic defects® 500-5,000 200-2,500 100-1,000
Spontaneous abortions 850 450 200
Genetically related
diseases® 0-10,000 0-5,000 0-2,500
From long-term ground
contamination?
Genetic defects® 0-18,000 0-21,000 0-4,500
Spontaneous abortions 0-3,000 0-3,500 0-750
Genetically related
diseases® 0-36,000 0-42,000 0-9,000

Source: Beyea, A Study of the Consequences, p. 1-9.

Note: Average exposed population is approximately 1 million, average population density is
50/km?. Effects of doses are calculated using the linear hypothesis and coefficients from Ap-
pendix. Data are averaged over 1,000 accident simulations.

3From inhalation and cloud dose; twenty-four hour ground dose within 50 km, seven-day
ground dose beyond 50 km.

bpersons with identifiable dominant genetic defects over an average of five generations follow-
ing exposure.

“Total extra constitutionally or degeneratively diseased persons over an average of ten genera-
tions following exposure.

9From ground dose beginning seven days after accident to infinity.

quence model, it is high by a factor of four but low by an equal amount us-
ing more conservative models.) Furthermore neither the Jamesport nor the
Swedish case addresses consequences of product release from several com-
monly situated reactors and spent fuel depositories. Many countries cluster
their reactors. Nor do the calculations suggest the consequences from reac-
tors, notably the LMFBR, which is fueled with 10 to 20 percent plutonium,
which contain greater concentrations of long-lived toxic products. Finally
the estimates are not necessarily applicable to destruction by nuclear
weapons.

The consequences from atomic weapons are distinguished assuming
that an accurately delivered explosive is burst near or on the ground (ground
burst) fragmenting the pressure vessel and entraining the reactor’s products
in the stem of its cloud. A 100 kiloton weapon detonated approximately 200
ft. away or a 10 Mton weapon 2,000 ft. away could achieve a breach of
the pressure vessel.® This explosion significantly extends the lethal range of
the nuclear fallout estimated in the case of an LMFBR to be approximately
17 percent for a week’s exposure and 33 percent for a month’s exposure
(figure 2-10). Such extension may likewise apply to LWRs although the in-
crease is not provided in the available literature.
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Source: Conrad V. Chester and Rowena O. Chester, ‘“Civil Defense Implications of a LMFBR
in a Thermonuclear Target Area,”” Nuclear Technology 21 (March 1974):191. Reprinted with
permission.

Figure 2-10. 1,000 MW(e) LMFBR and 1-Mton Fission Weapon Contours

Nuclear explosives that are detonated at such a height that the fireball
does not touch the earth’s surface (air burst) or ground burst up to 8 km for
a 1 Mton device will create overpressure sufficient to disrupt vital systems.
The result would be a meltdown, but the releases would not add significant
quantities outside the region depopulated by the weapon. However, the
reactors would add significant long-lived radioactivity to the environment
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well beyond that produced by the weapon. Figure 2-11 demonstrates that
the residual activity from a 100 kt weapon declines below that of a 1,000
MW(e) reactor in less than a day and continues to fall rapidly, while that of
the power plant remains relatively high. The initial consequences of a 1
Mton nuclear weapon detonation with lethal effects extending beyond 150
mi. are many magnitudes greater than those from the reactor containing the
most toxic concentrations of radioactive products.

Nuclear Reactor Support Facilities

Incentives to Destroy Atomic Power Plant
Support Facilities

Nuclear support facilities may be less attractive military targets than are
reactors for several reasons. First, they do not share the same strategic im-
portance. Since the reactors can operate for months without refueling, their
destruction cannot immediately cripple energy production. Second, with the
exception of spent fuel pools located at every reactor site, they are less
vulnerable by virtue of their limited numbers. Only ten countries—France,
West Germany, India, Japan, England, the United States, the Soviet
Union, Belgium, Argentina, and Brazil—operate or plan to fabricate mixed
oxide fuel using plutonium. Commercial reprocessing plants that include
spent fuel, high-level liquid waste, and plutonium storage facilities are cur-
rently limited to France and England. A third, in Belgium, is closed tem-
porarily. Other such plants are planned for Germany, Italy, Japan, Spain,
Pakistan, the Soviet Union, and India although there is considerable uncer-
tainty in each case whether these projects will be built.*! Finally, with the ex-
ception of spent fuel at reprocessing plants and high-level liquid waste
storage, the amount of fission products and actinides that can be released,
particularly by conventional explosives, will be less significant than the
quantities from reactors.

Still, although less attractive than reactors, some of these facilities will
be alluring. Each makes its own contribution to the fuel cycle. Reprocessing
and fabrication plants have intrinsic economic value, and each could con-
tribute to a weapons program. All such plants can release some nuclear
products if subjected to explosives, and some enormous quantities. An ac-
quaintance with the operation of these installations will help explain their
vulnerability in war.

The Vulnerability of Support Facilities

Each year about one-third of a PWR core (29 MT) and one-fourth of a
BWR core (37 MT) of spent fuel is discharged, to be replaced by fresh
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Figure 2-11. Residual Activity From a 1,000 MW(e) Reactor and a 100-kT
Weapon versus Time after Weapon Detonation or Reactor
Shutdown

fuel.? The material is highly radioactive. In addition to unburned uranium,
each ton contains about 30 kg of fission products, and slightly less than 10
kg of actinides emitting about 300 million ci of activity at the time of reactor
shutdown.? The composition will vary depending upon the fuel in use and
its burn-up, with longer burn-ups containing higher concentrations.
Because this material is so radioactive, it is very hot. One day after shut-
down, 30 tons of spent LWR fuel has a thermal output of 10,000 kW. The
output is even higher for some other reactor types, such as the breeder. To
prevent the spent fuel from melting once it is removed from the pressure
vessel, it is placed on storage racks in rectangular pools, typically 10 to 20 m
long, 7 to 15 m wide, and 12 to 13 m deep. The ponds may be either outside
the reactor containment vessel, as they are in American reactor designs, or
inside, as in some German designs. They contain chemically treated water to
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remove decay heat, prevent corrosion of fuel elements, and prevent the
release of radioactivity from failed fuel cladding. After three to six months,
short-lived nuclear products dissipate their energy, and the fuel assemblies
can be removed from the ponds and air cooled. However, they are normally
kept under water until processed in reprocessing plants. Plans call fuel for
reprocessing within a year from removal from the reactor. However, delays
in reprocessing throughout the world have resulted in an increase of spent
fuel stored at the power plants or in central repositories. In many cases, the
ponds are approaching their design capacity. To compensate, the rods are
stored more densely until additional repositores are built.*

In the closed fuel cycle, spent fuel is sent to reprocessing plants where it
is again placed in cooling ponds. From this storage, fractions are takento a
process building; the structure at Barnwell, South Carolina (yet to be
opened), is illustrative; it is 175 ft. long by 60 ft. wide by 60 ft. high and
divided into cells with walls 3 by 5 1/2 ft. thick. Fuel rods are placed in the
cells and mechanically cut into inch-long pieces and then dropped into an
acid dissolver that attacks the fuel but not the metal cladding, which is
removed and placed in concrete silos. An organic solvent extracts
plutonium and uranium from the liquid fuel mixture. Plutonium is
separated chemically from uranium and through further processing is con-
verted into a powder to be stored in steel canisters.3s

From the reprocessing plants, plutonium oxide powder (PuO,) and
uranium dioxide (UO,) are transported to mixed-oxide fuel fabrication
facilities to be converted into fuel pellets. An ideal plant would produce
about 300 MT per year, or enough fuel for twenty-five reactors. Plutonium
is the principal concern. It would be located in storage areas in vessels con-
taining 250 to 300 kg each, MO, fuel blenders containing 10 to 20 kg in
shielded processing cells (glove boxes), as dust in the air of these cells, and
in the mixed-oxide fuel pellets.3”

The fuel cycle creates a number of wastes. The most voluminous and
toxic are high-level liquid wastes resulting from reprocessing. Each ton of
reprocessed fuel will produce 330 gal. of long-lived radionuclides that must
be permanently isolated from the environment. Although the ultimate
disposition of waste product is the subject of considerable study, no final
solution has been found. Most scenarios point to solidification into a glass
(vitrification) for disposal deep underground in such stable geologic forma-
tions as salt or granite. Currently waste products are stored in steel tanks,
some with double containment, capable of holding from 100,000 to 1
million gal. The tanks themselves are located in concrete vaults 10 ft.
underground.’® To remove decay heat and prevent the material from
melting, water is circulated through several closed-loop coils cooled by a
heat exchanger. Spare heat exchanger cooling loops provide a backup in
case of accident, as do duplicate diesel-driven pumps for recirculation.
Figure 2-12 depicts a model storage in facility.
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Sabotage scenarios suggest that if explosives are introduced into any of
the areas where nuclear material is located, radionuclides can be released in
the form of aerosols through adversary created apertures. The heat ex-
changers for spent fuel and high-level liquid waste are additionally
vulnerable. If coolant is cut off, water boils away in from days to weeks, and
gaseous material is released into the atmosphere as the material melts.* In
the case of spent fuel, some analysts believe—a claim disputed by
others—that a small nuclear detonation is possible if an explosive jams fuel
elements together. %

Consequence Calculations from Damaged
Support Facilities

Consequence models of nuclear support facility releases have not been
worked out totally. One measure is Science Application Inc.’s ranking of
events. The events estimated to produce one or more early fatalities per oc-
currence are, in descending order of severity:

1. Nuclear device explosion.

2. PuOQ, dispersal in building ventilation.

3. High-level liquid waste tank sabotage at reprocessing plant.
4. Reactor sabotage leading to PWR 1 release.#

The events estimated to produce one or more late fatalities per occurrence
are, in descending order of severity:

. Nuclear device explosion.

. High-level liquid waste tank sabotage at reprocessing plant.
. Reactor sabotage leading to PWR 1 release.

. PuO, dispersal in building ventilation system.

. PuO, dispersal by explosive loading.

. PuO, dispersal by fire lofting and aircraft release.

. Stolen spent fuel dispersal by fire lofting.

. PuO, storage sabotage at fuel fabrication plant.

. Pu(NO,), storage sabotage at reprocessing plant.

10. Stolen high-level waste dispersal by fire lofting.

11. PuO, conversion facility sabotage at reprocessing plant.

12. Reactor sabotage leading to PWR 7 release.

13. MO, fuel blender sabotage at fuel fabrication plant.

14. High-level liquid waste concentrator sabotage at reprocessing plant.
15. Dissolver solution sabotage at reprocessing plant.*

\NO OO IO\ W W) m
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These do not apply to destruction by nuclear weapons. The tables provide
some basis for comparing where PWR 1 and 7 releases stand in relation to
those from other components of the fuel cycle. However, because the rank-
ings are not explicitly weighted, they provide no definitive judgment about
the release magnitudes. Note that the late fatality list does not include the
relative standing of spent fuel releases either at the reactor or reprocessing
plant.

Beyea’s study of the planned Gorleben waste treatment facility in lower
Saxony, West Germany, provides additional information concerning high-
level liquid waste and spent fuel.#* The Gorleben plant—the future of which
is uncertain—is expected to house five 1,400 MT high-level waste storage
tanks and a spent fuel pond capable of containing sixty reactor cores. Its
cesium-137, ruthenium-106, strontium-90, and plutonium-239 inventories
will be the principal biological concern. Beyea accounts for the first two.
Assuming a loss of coolant that could not be repaired due to on-site con-
tamination or unstable social conditions (likely during wartime), up to 90
percent of the cesium waste tank inventory involving 1 to 1.4 x 10% Ci of
activity—could be released per tank. Contamination could extend 1,500 km to
2,300 km in stable (condition D) weather—the higher figure reflecting a slower
deposition rate—contaminating 237,000 km? to 410,000 km? above the 10
rem in thirty year threshold considered safe for habitation. An even more
serious release could result from a loss of coolant and hydroden-zircaloy
cladding reaction in the planned compact spent fuel pool, which due to the
density of materials and age of products—Iless than one to two years
old—requires liquid coolant. Figure 2-13 depicts the worst release across
Europe to the point where rain can be expected to wash out material, thus
preventing more distant contamination (indicated by the dashed lines). Of
course, lesser releases are possible. A spectrum is presented in table 2-20,
but it does not indicate the probability of the releases.

With an approximately one-year half-life, the ruthenium threat prin-
cipally derives from the spent fuel rather than the older wastes. Absorbed
through inhalation from the passing plume, this product can induce early
(within one year) and late cancers, the latter at a rate of 1 to 10 per 1,000 ex-
posed to 100 rem. Figure 2-14 depicts the worst possible release, and table
2-21 indicates gradations. Although a release of this product will be less ex-
tensive than cesium, still thousands of km? would be involved.

The hazards posed by spent fuel and high-level wastes at reprocessing
plants depend upon the exposed population. Although extensive, most of
the contamination is of relatively low intensity, threatening an increase of a
few tenths of a percent in the cancer rate. However given the tens of
millions of people who would be vulnerable in the European context, the
absolute casualties could run into the tens of thousands.

Figure 2-15 provides additional information about the consequences
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Figure 2-13. Gorleben Reprocessing Plant: Worst Spent Fuel Cesium

Release Contour

from nuclear weapons releases. The graph compares the gamma dose rate in
time for a Mton fission weapon, a 1,200 MW(e) reactor core, ten-year
storage at the reactor, thirty-day high-level storage, and ten-year high-level
storage at the reprocessing plant. The considerably greater long-lived con-
tribution of all elements of the fuel cycle compared to the nuclear weapon is
notable, with the greatest prominence estimated for the high-level liquid
wastes. In the American context, the Chesters assert that 850,000 MW(e) of
nuclear generation coupled to an equivalent of 1,770 LWR cores stored in
nuclear fuel reprocessing plants or temporary (ten year) high-level waste
storage if added to nuclear weapon fallout increase residual radioactivity
after one year by an amount equivalent to 30,000 Mtons of 50 percent fis-
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Table 2-20
Estimated Areas and Maximum Distances Reached for Different Quantities of
Released Cesium-137 from Gorleben

0.1 m/sec. Deposition 0.003 m/sec. Deposition
Velocity Velocity

Maximum Maximum
Cesium-137 Distance Distance
(Ci) Area Reached Area Reached
4 x 108 430,000 km? 1,900 km 740,000 km? 2,400°
3 x 108 370,000 1,800 680,000 2,400°
1.4 x 108 237,000° 1,500 410,000 2,300
1 x 10° 190,000b 1,400 290,000 2,000
4 x 107 100,000 100,000 1,100
1.2 x 107 34,000 17,000 470
3 x 108 7,100
1.2 x 108 2,300
4 x 10° 550

Source: Jan Beyea, ‘‘The Effects of Releases to the Atmosphere of Radioactivity from Hypothetical
Large-Scale Accidents at the Proposed Gorleben Waste Treatment Facility,”” unpublished paper
(Princeton: Center for Environmental Studies, Princeton University, 1979), p. 10. Reprinted with permis-
sion.

Note: 5§ m/sec. wind speed, ground shielding = 0.25, D stability, 1,000 m mixing level, 300 m initial
plume rise, 10 rem/30-year threshold.

3Cut off at 2,400 km, assuming rain occurs and washes out radioactivity, thus preventing more distant
contamination.

bAssumes range of 90% cesium release per waste storage tank.

sion weapons. This figure could be 60,000 Mton by the year 2020. They con-
clude, “‘Therefore, the reactor cores and nuclear waste storage facilities can
make a very respectable contribution to the fallout problem, especially if
the situation one year or longer after the attack is considered.””#

Military Acts Capable of Exploiting
Nuclear Facility Vulnerability

Given the vulnerabilities of nuclear facilities, how can they be exploited by
military acts, including nuclear and conventional weapons bombardment
and military sabotage? The effectiveness or lethality of a munition used to
damage or destroy a nuclear plant is a function of accurate delivery of suffi-
cient energy (vield). Although increases in either accuracy or yield improve
lethality, it rises much more rapidly with improvements in accuracy because
lethality

is directly proportional to two-thirds power of the yield, and inversely pro-
portional to the square of the CEP (circular error of probability) . . . [thus]
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Figure 2-14. Gorleben Reprocessing Plant Worst Spent Fuel Ruthenium
106 Release Contour

multiplying the yield by a factor of eight only increases the lethality by a
factor of four, while reducing the CEP by a factor eight will increase the
lethality by a factor of sixty-four.%

Studies of the vulnerability of facilities to nuclear weapons bombard-
ment underscore this point. Although nuclear weapons always had sufficient
energy to destroy atomic installations, accuracy on the order of one-
half mile or greater during the 1960s and early 1970s contributed to the con-
clusion that the price of a successful attack in terms of the numbers of re-
quired strategic missiles was prohibitive. Seventy-eight 100-kton, eighteen
1-Mton, or two to three 10-Mton weapons were believed necessary for a 50
percent probability of success.* However, in 1976 these estimates were
revised in light of projected ballistic missile delivery accuracies of 30 m or
less in the 1980s. With such accuracies, it was concluded that nuclear in-
stallations would become increasingly attractive targets. Estimates of the ef-
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Table 2-21

Areas and Maximum Distances Reached for Different Quantities of Released

Ruthenium-106 from Gorleben

0.1 m/sec Deposition 0.003 m/sec Deposition
Velocity Velocity
Maximum Maximum
Ru-106 Distance Distance
(Ci) Area Reached Area Reached
5 x 108 77,000 km? 900 km 280,000 km? 1,900 km
1.7 % 108 26,000 550 71,000 1,000
5 x 107 6,700 270 12,000 390
1.7 x 107 1,800 140 2,500 170
5 x 10° 250 67 280 (/)

Source: Beyea, ‘“The Effects of Releases to the Atmosphere of Radioactivity,”’ p. 17.

Note: 5 m/sec wind speed, D stability, 1,000 m mixing layer, 300 m initial plume rise, breathing rate =

2.7 x 10* m3/sec, 3.9 x 108 rem lung dose received in ten years per Ci inhaled.

fectiveness of a 1 Mton air-burst weapon against a reactor at varying
distances suggest that at 8 km, transmission lines carrying external power
will fail. The overpressure may also damage intake air filters for auxiliary
diesel generators, so restricting air flow that they could not operate,
resulting in a meltdown and loss of containment within several hours. At
3.7 km, the explosion would damage the control room auxiliary equipment
transformers to the point that the core could not be prevented from melting.
At 2.5 km, damage to the containment vessel would impair systems de-
signed to use ice for steam suppression. The primary cooling loop might
suffer some minor damage. In this event, primary coolant would boil away
and release products in about four hours. At 800 m, weapons overpressure
would breach the containment vessel and break the pipes that carry coolant,
resulting in depressurization of the pressure vessel in seconds and a product
release within minutes. At approximately 600 to 700 m, the reactor’s prod-
ucts would be entrained in the weapon’s cloud.¥

In the open literature, the attention to nuclear weapons destruction is
not replicated with regard to conventional bombardment. Nonetheless on
the basis of the ability of conventional munitions to destroy concrete and
steel reinforced concrete targets, it is possible to extrapolate their effec-
tiveness against nuclear facilities. The evidence suggests this capability is in-
creasing rapidly. Bombs, rockets, and artillery are not only becoming more
powerful but, more significant, increasingly accurate.

The energy release of these munitions is a function of their composition
and the shaping of the charge to perform specific tasks. A 100-Ib. general-
purpose bomb can penetrate more than 2 ft. of concrete and 4 in. of steel.
Since its power is proportional to its size, its 2,000 Ib. counterpart can pierce
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more than 11 ft. of concrete and up to 15 in. of steel. Heavy, shaped charges
are even more effective. An 800 kg (1,700 1Ib.) conical-shaped munition 89
cm in diameter and 1 m long with a steel liner can penetrate 10 m of con-
crete. Under development are even more effective munitions that are able to
penetrate concrete or armor before releasing their main energy. In addition,
artillery exists that can fire rounds over 20 mi. and pierce § ft. of concrete.
Therefore some munitions are currently capable of destroying even the
hardest containments now in existence, although the numbers of strikes that
would take full advantage of each facility’s vulnerability cannot be well
established on the basis of available data.*

These developments are more than matched by advances in accurate
delivery. A variety of homing mechanisms, including television, laser
beams, infared seekers, radar, and stored computer maps, are being
adapted to aerially delivered bombs, artillery, and ground-, sea-, and air-
launched cruise missiles with ranges in the hundreds of miles each, enabling
delivery of ordinance within 10 m of a target. A number of these systems
still have flaws—for example, airborne systems have problems pinpointing
targets in bad weather—but remedies are being sought. Illustration of the
comparative effectiveness of these munitions occurred in a famous case dur-
ing the latter phases of the Vietnam war when thirty aircraft armed with
unguided munitions were lost in efforts to destroy the Thanh Hoa Bridge
between Hanoi and Vinh. However, when laser-guided bombs were in-
troduced, two raids of four aircraft achieved the objective without any
losses. Only one raid would have been required had the weather not been
cloudy.®

Because these systems are not particularly complex, the opportunities
they afford likely will be shared by a number of countries. In the mid-1970s
ten countries—the United States, the Soviet Union, England, France,
Japan, India, Sweden, West Germany, Italy, and Israel—could produce
cruise missiles. An even greater number could produce other kinds of
precision-guided munitions. Indigenous capabilities can be expected to
grow in the 1980s, and further dissemination will likely occur through sales,
aid, and coproduction agreements because efforts to stem this prolifera-
tion are unlikely to be successful.®® This fact, coupled with more effective
yields afforded by new weapons designs, will give countries an increasingly
lethal ability to damage the nuclear energy industry. Nonetheless a note of
caution is warranted: the rate at which these systems will be introduced into
arsenals around the world is uncertain. Although widespread dissemination
of air-launched, short-range, terminally guided missiles and bombs can be
foreseen in the 1980s, highly accurate, long-range cruise missiles may be
another matter. They may first appear in the American arsenal in the
mid-1980s. However, other countries will be limited in their ability to pro-
duce them because they lack accurate information about the flight path to
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the target. In the American case, satellite mapping techniques will provide
on-board computers with information about the terrain that missiles must
follow to reach their target. Still even without such sophisticated modes of
delivery, more traditional conventional bombardment can release ra-
dionuclides.

Nuclear facilities are also vulnerable to military sabotage, despite the
fact that many installations incorporate security measures designed to im-
pede or prevent access to facilities. These measures vary, At some facilities,
security is limited to fences topped with barbed wire. Others maintain
special alarms and infrared and closed-circuit television systems, but attack-
resistant guard houses are often manned by poorly trained guards. In
France, the Electricit¢ de France built an artificial hill beside its Super
Phoenix fast breeder reactor to discourage attacks by terrorists.

Although these measures provide protection against lightly armed,
rather unsophisticated intruders, most studies suggest that facilities are
vulnerable to destruction by anyone with technical competence, including
adequately trained military units assuming they penetrate plant external
defenses. According to testimony by a former American military demoli-
tions expert,

I could pick three to five ex-Underwater Demolition Marine Recon-
naissance or Green Beret men at random and sabotage virtually any nuclear
reactor in the country. It would not be essential for more than one of these
men to have had such experience.

Access for purposes of taking over and placing charges could be gained by
force under ruse. Alternatively, containment could be breached from the
outside with relatively small shaped charges and additional charges could
be quickly set after gaining entry through the breech. The ‘“‘engineered
safeguards’” would be minimally effective or wholly ineffective and the
amount of radioactivity released could be of catastrophic proportions.*

This testimony is consistent with the Ford-Mitre conclusions. According
to Nuclear Power Issues and Choices:

While it is true that safety features reduce the likelihood of a major inci-
dent, they cannot reduce it to an inconsequential level. In contrast with an
accident where ‘‘defense-in-depth” deals with chance coincidence of
malfunction, probabilities here must take into account deliberate
simultaneous sabotage or reinforcing safety measures.

It is also true that it would require technically sophisticated and
knowledgeable commandos to have a high probability of causing a large
radioactive release. However, this does not pose an insuperable barrier to 2
group with time, resources, and determination. The flow of per§0nnel
through military nuclear programs and the growing international civilian
nuclear industry provide a large pool of experienced manpower from which
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a group could seek assistance. Reactor personnel held as hostages might be
forced to assist their captors under duress. The technical problems in blow-
ing up a reactor would be easier than those in designing and constructing a
nuclear explosive. Explosives could be carried by a few people into a re-
actor or other facility and could cause major damage. Shaped charges
could severely damage main inlet pipes for cooling water. Automatic con-
trol and safety equipment could be destroyed. Even primary containment
could be ruptured with conventional explosives.’?

The consequences of sabotage-induced damage can be gleaned from tables
2-4 to 2-7. It is reasonable to conclude that such scenarios could apply to
support facilities as well as reactors.*

Conclusions

Nuclear energy facilities are vulnerable to destruction in time of war.
However, destruction would not be easy. Facilities usually are housed in
massive reinforced concrete structures, built to rigorous standards, and
have a number of backup systems to compensate for primary system failure
and to minimize the consequences of accidents. The exact standards vary
depending upon the manufacturer; German facilities often have the largest
number of compensatory systems and the Soviet Union the least. But given
current military technology, they are not sufficient to prevent the release of
nuclear products into the environment as the result of a nuclear weapons at-
tack, a concerted conventional weapons bombardment, or efforts by
sophisticated saboteurs. The problem is minimized today because nuclear
weapons are limited to a few countries, and precision-guided munitions
capable of destroying facilities still are not widespread. However, this situa-
tion will change as increasingly lethal conventional munitions are intro-
duced into the arsenals of many countries.

In the event of radionuclide release into the atmosphere, the conse-
quences depend upon a number of variables. They would be maximized if
measures to filter products such as sprays and ice do not function; materials
containing large fractions of actinides and fission products vent in stable
weather through the top rather than the bottom of a structure and deposit at
a high rate. High-level liquid wastes, spent fuel at reprocessing plants and
reactors, pose the most serious hazard. Reactors in particular would be at-
tractive targets given their relatively large number, inherent value, contribu-
tion to the economy, vulnerability, and concentration of radioactive prod-
ucts. Major reactor accident consequences models suggest that contamina-
tion resulting in deaths within sixty days could extend forty miles downwind
in very stable weather. The zone of greatest concern usually would be 0 to
15 mi. from the release point. Low-level contamination, which would be ab-
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sorbed over time and result in cancers and genetic effects, and radio iodine,
which has a short half-life but which can be absorbed quickly, would cover
considerably greater areas. It is estimated that a large release—BWR
2—from a 580 MW(e) reactor, which is 60 percent of the size of many
power plants in operation, could contaminate on the average 10,000 km?
with radiation beyond what the Reactor Safety Study defined as safe. The
human effects from any such contamination are minimized through reloca-
tion in radiation-proof shelters or unexposed regions, prompt medical treat-
ment for the irradiated, and impounding of contaminated food. Such
measures would not reduce ground contamination. Long-term or perma-
nent relocation of inhabitants or decontamination would be necessary but
effective only to a point. If such measures were not taken expeditiously and
conscientiously, the incidence of effects would rise accordingly. In densely
populated regions, thousands would succumb to early, late, and genetic
consequences. This danger led Beyea at one point in the Barsebédck study to
suggest that in the case of an accident, ‘‘evacuation plans for Copenhagen
and Malmé and other towns no longer seem unreasonable’’.> This conclu-
sion appears reasonable in view of the evacuation plans that were con-
templated in the event of a meltdown during the 1979 Three Mile Island
reactor accident in Pennsylvania. It would be applicable also to releases
resulting from military acts. Furthermore in agricultural regions, even if
decontamination proved successful, consumers might still fear tainting of
produce, making marketability difficult or impossible. Finally the ex-
perience of the Japanese atom bomb survivors suggests that persons ir-
radiated, however slightly, often carry psychological scars throughout their
lives and transmit their fears to their children..






Strategic Implications

Because nuclear energy facilities contain such large inventories of
biologically threatening radionuclides, they can make potentially useful
radiological weapons when manipulated for strategic purposes. Of the
authors touching upon this danger, Chester Cooper, assistant director of the
Oak Ridge Laboratory’s Institute for Energy Analysis, explores the
possibilities most thoroughly.! Cooper argues that nuclear power plants,
which have been discounted in the strategic trade-offs between the North
Atlantic Treaty Organization (NATO) and the Warsaw Pact, could have
significant implications for the third world where plants would be hostages
to their neighbors. This could have the positive effect of constraining those
governments’ own bellicose behavior and serve as levelers of military power
between weak and strong neighbors. Summing up his argument Cooper
writes:

What can be said for the concept of nuclear power plants as potential
hostages is that by installing a reactor on its territory, a country increases its
vulnerability to grave, possibly unacceptable damage in the event of war.
As a result, that nation’s leaders might be inclined to raise the threshold of
their own inclinations toward aggression. Admittedly this is a frail
substitute for robust international agreements, but in the present order of
things it is not a trivial consideration. . . .

The idea must not be pressed too far, The export of a nuclear power plant
to a Third World country cannot be advocated simply as a means to con-
strain its own military adventurism. It would be best to confine nuclear ex-
ports to stable, responsible countries at peace with their neighbors—coun-
tries that would also be less likely to divert nuclear materials. But, alas, few
nations anywhere can be counted on to meet such exacting standards in-
definitely. In any case, other nuclear exporters might not accept American
standards and would gladly fill the orders of would-be customers.

Aside from the promise of a vast increase in energy supply for developing
nations, nuclear powered generating stations could actually improve rela-
tions among countries. The risk of widespread radioactive contamination
by nuclear power plants hit by even conventional bombs could introduce a
positive new element into the military calculations of powers outside the
NATO-Warsaw Pact arena. As they balance military and diplomatic solu-
tions to local conflicts, moderation rather than bellicosity might become
the better part of valor.?

7
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Cooper’s proposition suggests that nuclear power plants, as well as
other large reservoirs of radionuclides, can be manipulated in deterrent
strategy, coercive diplomacy, and military strategy. Deterrent strategy
threatens unacceptable costs to persuade an opponent not to initiate an ac-
tion. Coercive diplomacy is a politico-military effort that uses the threat of
force supplemented by controlled selective military violence coupled to the
threat of greater violence to persuade an antagonist to stop short of his
goals or to undo an action. Military strategy is decisive use of force against
an adversary’s military capabilities to alter his will.?

Nuclear weapons provide an obvious parallel to nuclear facility radioac-
tivity perceived as a weapon along all three of these lines. A case in point,
the United States uses its strategic missile and bomber forces to threaten the
Soviet Union with what Thomas Schelling describes as ‘‘monstrous
damage . . . without first requiring the achievement of victory,”” the
message being that the costs of war far outweigh the benefits.* Theater tac-
tical nuclear weapons supplement forces in Europe. American defense plan-
ners believe that these weapons may reinforce deterrence and coercive
diplomacy through a military capability to destroy Soviet armed forces.’

Nuclear facility radioactivity affords combatants manipulative oppor-
tunities both similar and distinct from those of nuclear weapons. Like
nuclear weapons, large releases from facilities can contaminate extensive
property. In one sense this contamination is more pernicious since it is long-
lived. Casualties could run in the tens of thousands. From the psychological
point of view, traumatization may be as great as that suffered by Japanese
survivors of atomic bombings. Such facts appear to have encouraged
Cooper to assert that a core meltdown in a nuclear reactor might have the
same effect on the world as mutual assured nuclear weapons destruction has
had in constraining aggression between NATO and the Warsaw Pact.

There are profound differences as well. What makes nuclear weapons
unique is not so much the number of people they can kill—during World
War II millions died in a conventional conflict—or perhaps not even the
devastation they bring but rather the yield to weight efficiency, speed, and
reliability with which this devastation can be achieved. As Schelling puts it,
““Something like the same destruction always could be done. With nuclear
weapons there is an expectation that it would be done.’’s By contrast,
nuclear facility radiation is subject to numerous variables that diminish its
reliability. Furthermore even in the worst release, the radiation is not as ef-
fective as that produced by nuclear weapons, particularly in inducing early
fatalities. The prompt doses that facilities deliver simply are not large
enough. Furthermore because nuclear energy installations are stationary,
they cannot follow evacuees. Nuclear weapons can follow, thus ensuring a
large number of casualties unless populations have access to blast- and
radiation-resistant shelters.
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Having made these distinctions, for what purposes can facility radiation be
used? As an offensive countercombatant weapon, radiation has limited utility
because it is unreliable and the facility is not portable. Only the coincidental
location of facilities in the proximity of military installations, troop concentra-
tions, or perhaps strategic geography, such as valleys, would allow for such
use. Even so troops could avoid the effects of radiation by relocating, although
war planning would be further complicated. Doses as low as 80 to 120 R will
induce radiation sickness—nausea, vomiting, and/or diarrhea for about a
day—in 5 to 10 percent of the exposed and manifestation of these symptoms
for 25 percent after a two- to three-week latency period.” A fraction of those
exposed may suffer functional impairment for several months. The
resulting diminished morale of the exposed and nonexposed alike would
limit combat effectiveness and increase the burden on medical facilities.
These problems would be exacerbated at higher exposures.

Military nuclear facilities might serve more effectively as a component
of defense strategy. In this case, the installations, particularly waste
storage, could be situated along invasion routes. The defender could
threaten to release or actually release the products (as the Chinese and
Dutch destroyed their dikes), thereby raising the attacker’s risks, albeit at
the cost of self-contamination. The prospective invader would need a means
of circumvention, thus complicating his strategy and perhaps inhibiting cer-
tain acts.

Such facilities might have even greater utility as a component of coer-
cive diplomacy, particularly in times of crisis, or limited war. Assuming that
the vulnerability of the aggressor is less than that of the target party either
because of the numbers of installations, their hardness, weather, the effec-
tive munitions that can be delivered, and/or their proximity to populations
or agriculture, threats of destruction could be used to intimidate and com-
pel policy changes.

Perhaps the most significant use of facility radioactivity lies in deter-
rence similar to the way the United States uses its nuclear weapons to deter
the Soviet Union. States could declare that military acts against them would
be met by destruction of the aggressor’s facilities. Deterrence would suc-
ceed, assuming that the potential adversary believes the threat can be car-
ried out and is psychologically sensitive to the outcome. Population protec-
tion might still be possible through successful evacuation and sheltering, but
relocation before hostilities broke out could provoke and invite preemptive
attack. However, long-lived facility radioactivity would be unavoidable and
exacerbated if many installations were damaged or destroyed.

This policy could be reinforced where belligerents border one another.
Here defenders anticipating a long-term threat could build facilities along
frontiers where prevailing surface winds blow toward the antagonist. Doing
so, of course, would be at the risk of increasing one’s own vulnerability to
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destruction and self-contamination given unpredictable winds and
associated economic and social costs. Still this strategy might be worth the
gamble if it was felt that the relative risks for the antagonist were greater. In
any case, this option must be mentioned for, as Yehezkel Dror, who has
studied unconventional state behavior, has noted, ‘““When trying to deal
with potentially catastrophic future possibilities, we must be able to en-
visage unprecedented seemingly remote occurrences which have not formed
strong inprint on our frame of reference.’’®

Used in the deterrence modes described, facility radioactivity has cer-
tain advantages over nuclear weapons in terms of stable deterrence. Because
the installations are not portable and the effects of radiation contamination
in most instances would not be immediate, facilities, unlike nuclear
weapons, cannot be used as major first-strike countercombatant weapons.
Still because of their contamination potential, they could be considered
more unambiguously a defensive or inoffensive nuclear deterrent.® This fac-
tor could diminish pressures that some predict will mount in the future for
the acquisition of offensive nuclear weapons by nonnuclear weapons states
and thereby increase strategic stability.

The discussion below examines this proposition, as well as the utility of
nuclear installations, from the military and coercive diplomatic points of
view in the empirical contexts of the Soviet Union, Western Europe, the
Middle East, Korea, South Asia, West Asia, South Africa, and the United
States.

Soviet Union

This survey of nuclear facility vulnerability begins with the Soviet Union
because second only to Israel, which at the present time does not operate
any large nuclear installations, it confronts more potential antagonists than
any other nation. A review of the Soviet nuclear program provides some
perspective. The Soviets have either in operation or under construction over
forty reactors producing from 100 Mw(e) to 1,000 Mw(e). Figure 3-1
displays their approximate location as well as population distribution. The
map key (table 3-1) provides more detailed information about the size and
type of each reactor, population distribution including the nearest urban
center, prevailing geostrophic winds over surrounding land, and precipita-
tion probabilities. In addition to these installations, the Russians operate at
least one commercial enrichment plant and a pilot reprocessing plant, as
well as an undetermined number of such installations for its nuclear
weapons program. A reprocessing facility is planned for a commercial
breeder reactor program that will go on-line in the mid-1980s.10
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78 Destruction of Nuclear Energy Facilities in War

Factors unique to the Soviet nuclear facilities both enhance and
diminish its relative vulnerability and the consequences resulting from
destruction. The average population density of 10 to 50 per km? near most
reactors is considerably less than that of other European countries. For ex-
ample, in West Germany the figure ranges from 100 to 300 persons per km?2.
Consequently the number of Russians who could be irradiated beyond the
Reactor Safety Study’s threshold unless evacuated would average 100,000
to 500,000 using Beyea’s Swedish calculations that 10,000 km? would be
contaminated assuming a 580 MW(e) reactor undergoing a BWR under
stable weather. The contamination would be greater if a larger reactor or
several reactors were destroyed and less extensive if the reactor or support
facility were smaller or the release less severe.

The Russians further mitigate the threat to their facilities through their
active and passive civil defense programs. They maintain the most extensive
antiaircraft defenses in the world, supplemented in the vicinity of Moscow
by an antiballistic missile system. A passive civil defense program that com-
plements this system requires every citizen to take a twenty-hour civil
defense course and be prepared for relocation in time of war. Urban shelters
also are provided.!!

Each of these advantages is offset by countervailing factors, however.
Although the Soviet Union is less densely populated than most Western
European countries, some of its installations are situated within a few miles
of population centers. Soviet power plants are inherently more vulnerable
because they often lack containment safeguards and the many redundant
emergency systems characteristic of Western reactors. Active defenses may
have only limited effectiveness against ballistic missiles, the coming genera-
tion of cruise missiles, and some aircraft. And Soviet evacuation and
sheltering plans may be only marginally effective. One critique points out
that the sufficiency of the Soviet program rests on a number of dubious
assumptions: the ability of a country with limited transportation to relocate
large populations quickly, sheltering in poorly stocked facilities, and urban
shelters relying on air filtration powered by external energy sources.
Whatever effectiveness the plan may have in reducing prompt lethal ex-
posure, as currently designed it is of little help against long-term ground
contamination considering that the populace is to return to their homes
after the attack and await further instructions.!?

Despite Cooper’s assertion that nuclear facilities have no politico-
military implications in Europe, at least eight countries in and out of NATO
(the United States, Britain, France, Germany, China, Iran, Yugoslavia, and
Japan) might choose to take advantage of the vulnerability of Soviet
nuclear facilities in order to reduce their own susceptibility to Soviet in-
timidation and overt military acts. The Russians might be particularly
receptive since they are the only people to have suffered a major nuclear ac-



Strategic Implications 79

cident.’? In 1957 what is believed to have been an explosion at a waste
storage facility located in the Urals contaminated hundreds of square miles
and may have resulted in many hundreds of casualties, including fatalities.
Current American strategic targeting doctrine already calls for destruction
of Soviet industry, including electrical generation. Conceivably some
rhetorical focus by the U.S. Department of Defense on Soviet nuclear facil-
ity vulnerability to conventional and nuclear munitions and the conse-
quences deriving therefrom—particularly problems for Soviet re-
covery—could enhance American deterrence power. Facilities could be used
as part of a coercive diplomatic and, if Soviet plants are located near
military bases, military strategy. This policy should prove most attractive
for countries with limited nuclear arsenals that are less certain they can in-
flict unacceptable damage to deter Soviet coercion. Britain and France
might enhance the credibility of their nuclear deterrent vis-a-vis the Soviets
if they threatened to ground-burst a portion of their nuclear arsenal over
Russian facilities or if they acquired a cruise missile capability that could
penetrate Soviet defenses with lethal conventional warheads. China could
do likewise if it modernized its forces.

West Germany, Iran, Japan, and Yugoslavia are all concerned about
Soviet intimidation. Each has speculated about outside assistance, notably
from the United States, should a crisis develop between them and the Rus-
sians. Uncertainty motivates them to contemplate use of nuclear weapons.!$
However, acquisition of nuclear weapons might reduce rather than increase
security: the Soviets might take measures to prevent such acquisition or
other neighbors might acquire their own, with the end result being a nuclear
arms race. !¢ By contrast, the ability to destroy Soviet nuclear facilities might
be less provocative, being void of first-strike implications, and serve prin-
cipally as a defensive deterrent. The West German Air Force may already
have such a deterrent capacity. German capabilities may increase as they ac-
quire more sophisticated aircraft from the United States. They could be
made more formidable through acquisition of the developing generation of
cruise missiles and intermediate- or medium-range ballistic missiles armed
with conventional warheads. Should Iran renew the military modernization
begun under the shah, it could strike Soviet reactors located along the Cas-
pian Sea and Armenia. In the foreseeable future, Japan and Yugoslavia will
find it difficult to penetrate Soviet defenses. Yugoslavia would have to im-
port the capability over Soviet objections. Japan could forge its own
weapons but would probably need to develop an intercontinental ballistic
missile capable of reaching Soviet facilities in central Asia and Soviet
Europe, an expensive undertaking. If the Russians built installations closer
to Japan, the vulnerability to Japanese attack would increase.

Given objections to other weapons developments directed against them
in the past—most recently the neutron bomb—the Russians may object to a
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facility destruction strategy, particularly one adopted by nonnuclear
weapons states and perhaps China as well. Destruction of nuclear installa-
tions has limited offensive utility, but the threat of it could subtly change
the psychological balance of power, limiting maneuverability in fulfilling
national objectives. Concern might also arise over the proliferation of
delivery systems, notably cruise missiles that could carry nuclear warheads.

At least three responsive courses of action could result. One would be
renunciation of the strategy and acquisition of the means to destroy
facilities since the increase in tension that might ensue, including threats of
counterretaliation, is not worth what may be uncertain benefits. A second
alternative would be the threat of acquisition to exact Soviet concessions.
For example, West Germany and its NATO allies could use the threat to
make the Russians more accommodating in the European Mutual Force
Reduction Talks (MFR). The Iranians, Japanese, and Yugoslavs could
openly explore the strategy and renounce it contingent upon Soviet
noninterference in their internal affairs or to make the Russians generally
more accommodating. A last option would be acquisition of a facility
destruction capability notwithstanding Soviet objections. States here would
feel that the new element introduced into the strategic equation would suffi-
ciently complicate Soviet risk calculations and thereby enhance deterrence
to be worth risking Soviet displeasure.

Western Europe

With about 170 nuclear power plants, at least six reprocessing and mixed
oxide (plutonium-based) fuel fabrication plants, operating, under construc-
tion, ordered, or planned, Western Europe (Austria, Belgium, Denmark,
Finland, France, West Germany, Italy, Luxembourg, the Netherlands, Por-
tugal, Spain, Sweden, Switzerland, and the United Kingdom) has the
greatest concentration of nuclear energy of any other region in the world
outside the United States.!” However, the facilities may be less attractive
targets than are Soviet plants, since Western Europe already faces Soviet
ability to inflict massive destruction through nuclear weapons bombard-
ment. Thus there appears to be no rationale for Soviet release of facility ra-
dionuclides other than to maximize the difficulty of recovery. But to do so,
particularly with ground-burst nuclear weapons, might prove counter-
productive since prevailing westernly geostrophic winds could carry
radioactivity across Eastern Europe into the Soviet Union itself. Destruc-
tion of Western European facilities might prove attractive for other
reasons, notably to stop electrical generation, but would not rquire destruc-
tion of radionuclide containments assuming accurately delivered munitions
that preserve external energy or coolant supplies.
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Any release of facility radioactivity, intended or accidental, could have
very significant implications for the course of war in Europe. In recent
years, the Russians have increased their conventional forces, and some
military writings suggest that should war in Europe come, it might be
limited to nonnuclear weapons, at least in its early phases.!® To meet this
challenge, NATO has strengthened its conventional forces in hopes that
nuclear weapons, with their devastating effects, will not have to be used.
The focal point of any such conflict is likely to be West Germany. With at
least thirty power plants and other support facilities operating or planned,
its wartime vulnerability could have significant implications for the course
of conflict., Figure 3-2 show the locations of the facilities and provides sup-
plementary information, including the three principal invasion routes from
the east; the Fulda gap; the Hof corridor, and the northern German plain.
(See table 3-2.) The northern German plain is believed to be the most attrac-
tive because it is flat and easily traversed by tanks. Four large reactors rang-
ing in size from 662 MW(e) to 1,363 MW(e) are located in or planned for
this region. Should these facilities be damaged or destroyed by Soviet
forces, radionuclides would be introduced into the conflict and could con-
ceivably lower the nuclear weapons threshold. NATO would face a di-
lemma: respond in kind by attacking nuclear facilities in Eastern Europe
and the Soviet Union or use or threaten to use nuclear weapons to stop the
Soviets. Either course would escalate the conflict. NATO could also ignore
the destruction but would thus encourage further Russian attack.

The West German installations have other implications. Strategically
situated along invasion routes, they could function as radiological mines.
These may not be insurmountable obstacles for Soviet combat troops pro-
tected by tanks and personnel carriers designed to operate in lightly ir-
radiated regions, but unprotected support troops may have a more difficult
time. Furthermore intelligence regarding facility locations would allow
avoidance of contaminated regions. Yet these facilities could complicate
Soviet war planning.

The existence of West German facilities could be incorporated into a
coercive diplomacy. West Germany could threaten to or, assuming fav-
orable winds, actually destroy one of its own installations near the East Ger-
man frontier to manifest its determination to defend itself and to impress
upon the Warsaw Pact nations the cost of continued combat. With its own
facilities, coupled to an ability to destroy facilities in Russia and Eastern
Europe, the West Germans would have some control over NATO’s initia-
tion of nuclear war, rather than relying upon the United States, Britain, and
France.

Self-destruction could also be applied as an adjunct to a deterrent
strategy that includes targeting of Warsaw Pact facilities. Installations
placed along the East German border—indeed the Geesthact-Krummel
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reactor to be completed in 1980 is so situated-—may serve to remind East
Germans of the consequences should war occur since prevailing westerly
geostrophic winds would carry contamination east. For historical reasons
the Russians may not be concerned about the fate of any Germans, but the
Soviet Union still must rely on the East Germans as a staging area and, as
war games suggest, for combat support as well. This reliance gives the East
Germans some leverage. Using Beyea’s Swedish calculations for a reactor
half the size of the Krummel plant, a major release could displace on the
average of 750,000 people (the region has an average of 75 persons per km?)
over 10,000 kmz2.? The magnitude of the consequences would be many times
greater if the planned Gorleben spent-fuel or waste-holding tanks were
destroyed.

Middle East

Nuclear energy is not now being generated for commercial purposes in the
Middle East. The reactors in the region are small research installations, the
largest being the Dimona facility generating 26 MW of heat located in
Israel’s Negev desert. This situation may change in the late 1980s. At least
four countries—Israel, Egypt, Libya, and Iraqg—plan atomic power plants,
although construction has not begun at the time of this writing and uncer-
tainties remain whether implementation will take place.

The experiences of Israel and Egypt indicate problems that have yet to
be overcome in the region as a whole. Although both countries were prom-
ised atomic power plants by the United States in 1973 as part of the
disengagement agreement, consummation has stalled. In Israel’s case, this
is explained by the American decision to suspend the commitment until
Jerusalem signs the nonproliferation treaty. To circumvent the American
demand, Israel now is approaching other vendors, including France, Ger-
many, and Canada, and also is considering construction of its own reactor.
An added complication is location. Originally the Israelis planned a 960
MW(e) facility at Nitzanim located about twenty miles south of Tel Aviv
along the coast. However these plans were aborted in 1979 because the
region is seismically unstable, and perhaps security is a concern as well.
Consideration is now being given to location in the Negev along the con-
templated Dead Sea Canal (see figure 3-3). Some Israelis also have sug-
gested a possible joint venture with Egypt along the Sinai coast. Egypt itself
plans to build a plant at Sidi Kreir 30 km west of Alexandria (see figure 3-4
and table 3-3) and contemplates up to nine additional plants by the year
2000. However it has been unable to begin its first facility because of inade-
quate financing and differences with the United States over safeguards.?

As Middle East nations modernize their military forces during the
1980s, they increasingly will be able to destroy nuclear facilities. Major
releases could have significant consequences for the region should war
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Figure 3-2. Approximate Location of West Germany’s Nuclear Energy In-
stallations and Invasion Routes

recur. (In 1979 Egypt and Israel signed a peace treaty. While there is hope
this will end their antagonism, the region’s volatility makes prediction im-
possible. Thus the argument here presumes the possibility of war between
the two, as well as between Israel and its other neighbors, remains.) None of
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Aborted Nitzanim site

Proposed Dead Sea Canal

Abii ZanTmah

Power Plant

..f.'!l,';:

Population

Persons per square kilometer
0 10 200 500 1000

0 26 518 1295 259
Persons per square mile

Jerusalem (united) 355 500*
Tel Aviv-Yato 353.800
Haifa 227200
Ramat Gan 121,000

*Israeli Government estimate 1975

Sources: Central Intelligence Agency, *‘Israel-Population,”” 54382 (Langley, Va.: Central In-
telligence Agency, January 1978). Los Angeles Times, August 25, 1979, p. 7.

Note: It is contemplated that a nuclear power plant would be built along the canal. Neither the
size nor type of proposed plant is indicated in the literature at the time of this writing.

Figure 3-3. Approximate Location of Israel’s Contemplated Nuclear
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Sources: ‘“Egypt-Population,” 500648 (Langley, Va.: Central Intelligence Agency, October
1971): Energy Establishment and Nuclear Power Plants Authority, Egypt, ‘‘Projected Role of
Nuclear Power in Egypt and Problems Encountered in Implementation of the First Nuclear
Plant,” IAEA CN 36/574 (Vienna: International Atomic Energy Agency, 1977), p. 13; Office
(Naval Division), Air Ministry, Weather in the Mediterranean (London: H.M. Stationery Of-
fice 1936), pp. 11 10-13.

Note: The seasonal surface wind flow at Sidi-Krier can be gleaned from data at Alexandria.
The information is presented in the form of a wind rose. The figure in the inner circle indicates
the frequency of calms, the radiating lines the direction from which the wind blows. The
distance between the inner and outer circles represents a directional flow of 10 percent. Fre-
quencies beyond the outer circle are measured as a percentile on the frequency scale.

Figure 3-4. Approximate Location of Planned Sidi Kreir Reactor
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the proposed sites is remote from population centers. If Israel constructs the
Dead Sea Canal, plant winds could carry contaminants over Beersheba, a
city of over 100,000. Sublethal radiation could reach Tel Aviv, assuming
favorable meteorology, posing long-term health hazards. Should this occur,
population relocation would be difficult because of Israel’s limited
geography. Furthermore a substantial portion of Israel’s agricultural land
would be contaminated. Even with land reclamation, consumers probably
would be relucant to purchase its produce, resulting in serious economic
consequences.?

Releases from the proposed Sidi Kreir plant might carry radioactivity
toward the farming land along the Nile where population densities range
from 200 to 1,000 inhabitants per km?. Under the worst conditions, the
plume would irradiate land upon which millions of people live. If relocation
plans were inadequate tens of thousands would succumb to early, late, and
genetic effects. At the same time the Alexandria, wind roses that appear on
figure 3-4 suggest that variable winds also could blow contaminants toward
uninhabited regions.

The timing of power plant construction may have significant strategic
implications. Israel hopes to place nuclear power on-line in the late 1980s.
Should it be the first or only country in the region to do so and should the
Arabs, including the Palestinians, acquire the capability to destroy the
facility, Israel’s antagonists would be able to inflict widespread damage
without confronting Israel’s armed forces. Thus Israel would be vulnerable
to a new mode of Arab intimidation. Further should radioactive products
actually be released during a conflict, identification of the perpetrator
might be difficult since Israel has numerous adversaries. To forestall either
prospect, the Israelis might feel compelled to announce a nuclear weapons
capability (which may feel it already has) for deterrence purposes.?? The
Arabs could respond with efforts to obtain their own nuclear weapons
although they might be satisfied, at least in the interim, with a credible
capacity to destroy atomic installations. However, this scenario might be
undermined by the concurrent vulnerability of large Arab populations in
Gaza and the West Bank, which could deter both threats and actions against
the installation for the explicit purpose of releasing radioactive products.
Still should the plant be destroyed for a variety of other reasons, the conse-
quences would remain grave.

Should Egypt be the first to acquire a nuclear power plant, it would ex-
pose itself to manipulation not only by Israel but perhaps by some Arab
states, notably Libya, whose relations with Egypt are strained. If both
Egypt and Israel acquired equally vulnerable installations simultaneously,
stability between the two may result, assuming that both perceive nuclear
contamination to be unacceptable and believe destruction would be
out. This would not necessarily prevent conflict for limited objectives, but it
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could deter either from attempting total victory. Still Israel’s vulnerability
and manipulation by other Arab states and parties that do not have nuclear
power plants would remain. Conceivably Israel could locate nuclear wastes
along the Golan Heights and perhaps along its border with Jordan or some
future Palestinian entity. Assuming reliable westerly winds, the nuclear
materials could function for either deterrence or defense. However, the
possibility of Israeli self-contamination makes this option unrealistic. Further-
more other Arab antagonists that do not border Israel, notably Iraq and
Saudi Arabia, would have to be sensitive to the fate of their Arab allies to be
deterred. Similar scenarios would apply in cases where other nations in the
region acquired nuclear energy.

The implications of facility vulnerability and its impact on stability go
beyond the Middle East itself because of the economic and political interests
of the United States and the Soviet Union. The United States could find that
Israeli vulnerability forces it to play a more active role to deter threats and
to reassure Tel Aviv that asymetrical possession does not require a compen-
satory nuclear weapons declaration. In the longer run should Soviet client
states such as Syria acquire nuclear facilities, they might want a greater
commitment of Soviet support against Israeli intimidation. Greater involve-
ment of either superpower raises the risk of future confrontation.

Asia and Africa

The scenarios suggested for Europe and the Middle East can apply to at
least four other regions: the Korean peninsula, South Asia, West Asia, and
southern Africa.

Korea

Korean partition into Soviet and American sectors after World War II has
been a continual source of international tension. Although no major con-
flict has erupted since the end of the Korean War in 1953, a number of small
skirmishes keep alive speculation that war is an ever-possible result of either
miscalculation or an attempt by either side to use force to reunite North and
South Korea.? In the event war is threatened or erupts, the presence of
nuclear power plants may play a significant role.

It is strategically significant that only South Korea has a nuclear energy
program with one reactor into operation, four others under construction,
and two on order.”# As figure 3-5 indicates, all three are located in the
southern tip of the country over two hundred miles from the North Korean
border in a region with moderate population density (100 to 200 persons
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km?). (See table 3-4.) In the long term the South Koreans plan an additional
forty plants.

The distance of reactors from the border helps diminish their
vulnerability to military destruction, but should the North be able to
penetrate the South’s defenses—facilitated should future South Korean
facilities be situated closer to the border—significant strategic implications
could arise. The North could threaten the facilities for intimidation pur-
poses, or if the plants were located near military concentrations, they could
be destroyed as part of a military strategy. Although it could improve its
defenses, Seoul could not respond in kind because the North does not
possess nuclear energy. Furthermore it is questionable whether the South
could readily use facilities as defensive or deterrent radiological frontier
mines because of seasonal changes in prevailing monsoonal winds, which
flow from the north in winter and south in summer. However, as the in-
stallations are currently located, weather could help diminish the threat to
the South. Heavy summer rainfall would localize releases. From October to
April when rains are the lightest, prevailing northerly winds would carry
products out to sea, although releases probably would be subject to onshore
sea breezes.

South Korean concern about the manipulative implications of its in-
stallations could contribute to ever-increasing insecurity if the United States
withdraws its ground forces in the 1980s and the American defense commit-
ment becomes less credible. The South’s disposition to acquire nuclear
weapons may correspondingly increase. To forestall this possibility, the
United States might place greater reliance on nuclear weapons to deter
North Korea. Or the South might sense that the United States would be
more cautious if the North attained a credible ability to release the ra-
dionuclides. In any case, asymmetries in the peninsula’s nuclear energy
development could be destabilizing.

China and Taiwan

The Chinese context has similarities to the Korean but also has significant
differences. Like Korea, a divided nation confronts itself where nuclear
power development is asymmetrical. At the present time, only Taiwan
operates nuclear energy plants; it has two 600 MW(e) reactors on line and
four 900 MW(e) plants under construction. (See figure 3-6 and table 3-5.)
By contrast, the plans of the People’s Republic are uncertain. In 1978 it an-
nounced it would purchase two French reactors; in 1979 it canceled the
agreement. Early in 1980 it announced plans for a 900 MW(e) plant in
Shenzhen near Hong Kong.2

It is uncertain whether Taiwan’s growing nuclear program will
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Figure 3-5. Approximate Locations of South Korea’s Power Reactors
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significantly change the strategic balance between itself and Peking. Unlike
South Korea, it already faces a nuclear weapons threat from its antagonist.
Certainly the implications of facility vulnerability should be pondered.
However, it is difficult to judge to what extent this vulnerability gives the
People’s Republic greater leverage. Indeed Taipei could use the issue to
legitimize its acquisition of nuclear weapons as a countermeasure.

Should the People’s Republic acquire nuclear energy, it too could face
problems from several quarters. Certainly Taiwan and perhaps India, with
which Peking’s relations are cool, might find the facilities attractive targets
for purposes of deterrence or coercive diplomacy. However, their ability to
manipulate the plants would be limited by great distances and inadequate
military ordnance. More credible threats could come from South Korea and
Japan and perhaps Vietnam. The nuclear energy deterrent in these cases
could serve to stabilize the military balance between them and China. Fi-
nally both the Soviet Union and the United States could destroy Chinese
facilities. However, it is unlikely they would gain any additional strategic
leverage given their already vast nuclear weapon superiority over Peking.
Nonetheless, such destruction would make China’s postwar recovery more
difficult. It is questionable whether the Chinese could credibly counter the
Soviet threat with facilities on their common frontier because of variable
winds.?”

India and Pakistan

In South Asia, a somewhat different asymmetry in nuclear development ex-
ists between India and Pakistan. Figure 3-7 shows that India operates four
200 MW(e) reactors near Bombay and Kota and is building four slightly
larger ones in other agricultural regions, with population densities ranging
from 100 to 200 km? (see table 3-6). In addition, India has built small
reprocessing and fuel fabrication facilities. Another important development
in India’s atomic program was the 1974 detonation of an underground
nuclear device. By contrast, Pakistan operates one small 125 MW(e) reactor
near Karachi and plans one other but is also in the market for a reprocessing
plant and is planning an enrichment facility.

Since the partition of Pakistan and India upon independence from Brit-
ain in 1947, relations between the two have been strained due to territorial
disputes, strong religious animosities, and national ambitions.? Wars were
fought in 1947-1949 and 1965 principally over Kashmir, with the last con-
flict including fighting along the Punjab border and the Ran of Cutch. The
most significant clashes occurred in 1971 when in the midst of West
Pakistan’s repression of East Pakistan’s efforts at autonomy, war broke
out, resulting in India’s occupation of Dacca and the creation of
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Figure 3-6. Approximate Location of Taiwan’s Power Reactors
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Bangladesh. Creation of the new state led to West Pakistani concern about
New Delhi’s use of subcontinental predominance. India’s 1974 nuclear
detonation fueled those concerns, and Pakistan began to consider the
nuclear weapons option.?® Pakistan’s pursuit of the option may lead to an
arms race, which in turn would increase suspicions, tensions, and the
possibility of war.

Targeting nuclear energy facilities might offer a means to avoid this
dilemma. Consistent with India’s ability to develop nuclear weapons,
Pakistan might threaten to acquire reliable advanced weapons systems that
could destroy the installations. Indeed Pakistan’s fleet of eleven light
Canberra bombers may constitute a credible attack force now.3°

Both India and Pakistan face outside dangers. Pakistan has border
disputes with Afghanistan and trouble with ethnic groups that are seeking
autonomy. However, as long as Pakistan’s nuclear energy program remains
modest, it is unlikely to have any strategic wartime implications. India must
concern itself with the People’s Republic, with which it fought a border war
in 1962. Given China’s conventional weapons superiority and nuclear
weapons capability, as well as the distance of Indian facilities from its
border, Peking probably would not consider the installations priority targets.
Variable winds along this frontier, as well as along the Indo-Pakistani
border, make the use of nuclear installations as border mines impractical.?

West Asia

The future of nuclear energy in West Asia, a region roughly stretching from
Afghanistan to the Persian Gulf, is uncertain. Only Iran has begun con-
struction of two 1,200 MW(e) PWRs near Biishehr, a Persian Gulf city with
approximately 27,000 inhabitants (1960 estimate) surrounded by a sparsely
populated region with sporatic agriculture and grazing. Under the shah, a
number of additional reactors were planned. But with his overthrow in
1979, plans have been scuttled, and construction of the Biishehr installa-
tions has stalled.32 It remains to be seen if and when the Persian Gulf plants
will be completed. (See figure 3-8 and table 3-7.)

Should Iran complete the Blishehr construction and build additional
plants, their existence may have strategic implications in times of tensions
and conflict between Tehran and some of its neighbors. Surrounded by
Pakistan, Afghanistan, the Soviet Union, Turkey, Iraq, and Saudi Arabia
as well as several sheikdoms and smaller countries along the Persian Guif,
Iran confronts a complex security problem, but one it managed rather well,
at least under the shah.® Until the early 1960s, Soviet-Iranian relations were
strained, but Russian attempts to undermine the country were resisted suc-
cessfully. In the late 1940s, Iran, with the help of the United States, induced
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Figure 3-7. Approximate Location of India’s Power Reactors

Russian withdrawal from territory occupied during World War II and over-
came Soviet-sponsored secessionist movements. In the 1950s, it withstood
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Figure 3-8. Approximate Location of Iran’s Power Reactors

Soviet intimidation, including border incidents, airspace violations, and es-
pionage. By the 1960s, however, both states sought accommodation—Iran
to limit its excessive dependénce on the United States and the Soviet Union to
improve relations with the rest of Asia as it became preoccupied with China.
Trade expanded. The Russians provided technical aid but remained neutral
in disputes Tehran had with other neighbors. Today relations are correct
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but not warm. Iran is concerned about the portent of Soviet activity in
Afghanistan, the Indian Ocean, and Moscow’s support of radicals attempt-
ing to overthrow established regimes in the gulf and separatist movements
in Pakistan whose success could motivate kindred communities in Iran.

Along its western frontier, Iran’s principal challenges come from Iraq.
Prior to 1958 the two countries were aligned in the Baghdad Pact, but in
that year the Iraqi monarchy was overthrown and succeeded by a radical
regime. In 1959, the Iraqis initiated a crisis over the Shatt-al-Arab, a marine
shipping channel whose sovereignty had never been established. Conse-
quently other disputes arose, including one over Iraq’s support of revolu-
tionary movements in the Persian Gulf and Iran’s support of Kurdish rebels
in Iraq. Deteriorating relations during the 1960s and early 1970s led to
serious border clashes. In 1975 negotiations culminated in an agreement
ending the waterway dispute and Iran’s support of the Kurds. This resulted
in a lessening of tensions and ended a fifteen-year Iranian effort to ensure
the Persian Guif developed in a direction consistent with its strategic in-
terests. However, with the overthrow of the shah relations have once again
become unsettled with border clashes reported in the press.

Simultaneously, during the mid-1960s, Egypt seemed intent on over-
throwing the region’s conservative regimes. Nasser committed large forces
to support the antiroyalist cause in Yemen’s civil war, an act Iran viewed as
a precursor to an Egyptian military threat. However, relations improved
significantly after Cairo withdrew its troops in 1967 and Nasser died in
1970. Although they have deteriorated with the overthrow of the shah and
Iran’s opposition to Egypt’s peace efforts with Israel, this is unlikely to lead
to a military confrontation.

The potential for conflict between Iran and its smaller neighbors did not
cease with the end of the Nasser period. In 1968 Great Britain declared its
intention to withdraw its military forces from the Persian Gulf by 1971.
Iran retained claims to British-controlled Bahrain and Abu Musa and the
Greater and Lesser Tumbs, small islands near the Strait of Hormuz, the
vital passage to the Indian Ocean. To ensure that the islands did not fall into
unfriendly hands, Iran occupied them. A number of Arab sheikdoms also
were concerned about how Tehran would treat them once the British
departed. To allay fears of Iranian imperialism, Iran relinquished its claim
to Bahrain and withdrew objections to the formation of a union of Arab
emirates. At the same time, Iran kept a close watch to avert radicalism in
the region, demonstrating its commitment by sending several thousand
troops to Oman to put down the Dhofari insurgency.

Finally, along Iran’s eastern frontier the principal threat comes from
Afghanistan’s support of Iranian seccessionist movements and the portent
of the Soviet presence.
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The implications of Iranian nuclear energy facilities for stability in West
Asia will depend on future political developments. Should Tehran seck a
more dominant role over the affairs of the smaller gulf states or acquire
nuclear weapons either for purposes of security or prestige, its nuclear
facilities might afford these nations a radiological deterrent, assuming they
had the weapons to destroy the installations. At the same time, Iran itself
could be vulnerable to intimidation, although threats might be diminished
by the fact that winds would carry products into uninhabited regions. It
seems unlikely that the power plants would play a role in relations with the
Soviet Union because of the Soviet Union’s military superiority.

South Africa

What level of violence might be used by South Africa’s indigenous blacks,
and expatriots and their supporters abroad to end apartheid? To date it has
been limited to several large riots in black townships and acts of terrorism in
the country at large. Many obseyvers forecast increased guerrilla activity.*

To meet this challenge as well as any conventional military threat, South
Africa has assembled the best military force in Africa, consisting of 65,000
men, which can expand to 404,500 when totally mobilized. It is equipped
with over 250 tanks, 3 submarines and 1 destroyer, 345 combat aircraft in-
cluding modern interceptors and bombers, and an early warning system to
detect aerial intrusions.’® The South Africans can build nuclear weapons
and may have tested them already.3s South Africa has a well-financed and
manned nuclear research program centered at Pelindaba near Pretoria
where two research reactors are located, the largest being 20 MW(e). (See
figure 3-9 and table 3-8.) A small enrichment plant operates in nearby
Valineaba, and there are plans to build a large commercial facility. Also
under construction are two 922 MW(e) PWRs 30 km north of Capetown in
Koeberg whose principal purpose, some have speculated, is the production
of plutonium for a weapons program.¥’

South Africa’s facilities are likely to be attractive military targets
because they appear to be a guise for a nuclear weapons program, they have
considerable intrinsic value, and in the case of the future Koeberg facilities,
they will generate electrical power with potential to contaminate large
regions if damaged or destroyed. At the same time, the installations are dif-
ficult to destroy because of their internal locations and because of the
limited military capabilities of African adversaries. The nearest potential
adversary is Mozambique, located approximately 250 mi. from Pelindaba
and 900 mi. from Koeberg. Certainly no African country today could attack
these facilities with conventional armed forces given South Africa’s
defenses. Commandos might have a better chance, but the task would still
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Figure 3-9. Approximate Location of South Africa’s Nuclear Installations

be difficult because the installations are well guarded. Only foreign troops,
such as Soviet bloc forces equipped with sophisticated aircraft or missiles,
could launch a damaging attack.

If the installations could be successfully attacked, they might afford
South Africa’s adversaries a nuclear hostage assuming the white population
was sensitive to the consequences. The possibility that releases would ir-
radiate the black population or, in the case of the Koeberg facility, be car-
ried by prevailing southerly winds into relatively uninhabited regions could
diminish the impact. If the white population were concerned, threats to
destroy the facilities could deter major South African incursions into
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neighboring states such as the invasion of Angola in recent years. It could
deflate the impact of South Africa’s nuclear weapons capability. In time of
crisis, the black African states and their supporters could threaten the
facilities for coercive diplomatic purposes. And if the facilities were near
military installations, they could be threatened or destroyed as part of
military strategy. South Africa’s own ability to use installations as
radiological mines would be limited due to variable winds along the
borders.?® In summary, such circumstances could enhance stability.
However, vulnerability could incite South African belligerence; South
Africa could pursue a nuclear weapons program openly to demonstrate its
resolve not to be manipulated. These scenarios remain speculative as long as
South Africa’s adversaries are poorly armed, which is likely for the
foreseeable future, and powerful foreign forces stay out of the region.

United States

The United States has 191 reactors built, under construction, or planned, in
addition to several fuel fabrication facilities, reprocessing facilities, and
high-level waste storage areas.’ When the Chesters examined the wartime
vulnerability of the American nuclear energy industry through the end of
this century, they concluded that the Soviets are likely to acquire increas-
ingly lethal nuclear weapon capability over U.S. facilities, a large fraction
of which, if ground-burst, could add significantly to the radioactive fallout,
perhaps doubling the cancer rate due to residual radiation exposure in the
postattack environment. However, these effects are relatively minor:

A few hundred thousand additional cancer cases per year, starting a decade
or more after the attack, from targeting the nuclear industry would be dif-
ficult to detect against the background of a total of 100 to 120 million im-
mediate fatalities and from weapon effects and the cancers induced by the
large fallout radiation absorbed by the survivors.4

Even after 100 million deaths, hundreds of thousands of additional
cancers per year, even ten years after a conflict, is not something to take
lightly. Nonetheless given the magnitude of the nuclear weapons threat, the
Soviet ability to release facility products is not likely to give them any addi-
tional leverage over the United States for purposes of coercive diplomacy,
although it might have deterrence value if the Russians are really concerned
about a belligerent America. Militarily it would complicate any operations
following bombardment and, above all else, complicate postwar recovery.
This last fact is reflected in the contamination contours in figures 3-10 and
3-11. Figure 3-10 indicates the gamma dose rate one year after a nuclear
weapons attack excluding the nuclear industry in the year 2000. Figure 3-11
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assumes the destruction of existing, planned, and hypothetical nuclear
facilities, including reprocessing facilities containing ten-year waste storage.
The greater long-term contamination of the second scenario is readily ap-
parent.

Conclusions

Successful manipulation of nuclear facilities for deterrence, coercive
diplomacy, and military strategy requires fulfillment of a number of
criteria. First, combatants must have credible ability to release ra-
dionuclides into the environment. This credibility is not a problem for na-
tions using their own facilities as defensive or deterrent radiological mines;
it will be for belligerents attacking the facilities of others. The successful at-
tacker must penetrate active defenses and disrupt an installation’s safety
features. At this time the United States, the Soviet Union, and probably
Great Britain, France, East and West Germany, and Israel could destroy the
installations of their respective antagonists. It is less certain whether North
Korea, Pakistan, the Arab states, and China could do so given their current
capabilities and their adversaries’ defenses. It is unlikely that Yugoslavia or
Iran (assuming disrepair of its armed forces) could penetrate Soviet
defenses or that black Africa could destroy South Africa’s facilities.
However, in some of these less certain and doubtful cases where destruction
through bombardment would be difficult, terrorist surrogates or comman-
dos might be more effective.

Whether destruction results in severe consequences depends upon the
location of installations in relation to population, valued land, and military
concentrations, as well as upon weather and the functioning of emergency
systems designed to mitigate releases. From the deterrence and coercive
diplomacy perspective, releases optimally must contaminate heavily
populated and intensely farmed land. In some cases this criterion is better
met than are others. Indian reactors are located near the country’s densely
populated western coastal region. Cities are built around Soviet facilities.
Any release of radionuclides in Israel would be catastrophic given the coun-
try’s small size; the same probably could be said for the West European
countries. By contrast, Iranian plants under construction in Biishehr are
situated in a remote region; thus any consequences would not be as great.
Militarily facility location is relatively more important, and successful at-
tack requires some precision. Thus to be effective, troop concentrations
must be downwind from a facility or combatants must cross territory that
can be contaminated, such as the invasion routes into West Germany.

Weather always plays an important role in the timing of war and in its
conduct. It could also be significant in determining when facilities should be
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attacked. Obviously the presumption of stable weather, drawn from Beyea
and used as a reference point in some of the case studies, does not reflect
numerous variables to which radionuclides could be subject. Consequence
models show that turbulence will dilute contaminants; precipitation at the
time of a release will localize the impact around the facility; products lifted
into rain-bearing clouds can carry early lethal products one hundred miles;
weather inversions (common in the evening) will extend the lethal plume;
and winds, often affected by local geography, will carry materials away
from rather than toward populations and valued land.

Although weather is fickle, general predictions can be made and used
for planning attacks. For example, in central Europe and European Russia,
precipitation is greatest from May through August; therefore releases are
more likely to be washed out during this period than during other times of
the year. In Korea, the situation is more complicated. Winds from the south
that could carry contaminants over South Korea from facilities located at
the tip of the peninsula occur in the summer. However, they also bring with
them South Korea’s heaviest rains. Winter winds come from the north;
these could carry materials out to sea. In Israel, contaminants subject to
prevailing southwesterly coastal winds could spread to Israel’s most
populated regions; attacks would probably be most effective from April or
May through October when it does not rain.#! Egypt has a shorter rainy
season and northwesterly winds flow much of the year.

The effectiveness of facility safety features, such as sprays and ice con-
densers in reactor containment vessels, will affect contamination. The more
redundant the safety features, the greater the probability of on-site contain-
ment of releases. This point underscores the greater danger posed by the
Soviet reactors, which have fewer safety features than those built in the
West.

The ultimate test of facility manipulatability is the target state’s
psychological sensitivity to the threat of nuclear contamination. Sensitivity
is a product of different cognitive factors including rationality plus
estimates of the physical consequences and faith in countermeasures.
Leaders will approach this matter differently Some may not consider the
problem significant. They will argue that numerous variables that act on
facility radiation reduce its effectiveness. Such optimism could be justified
if population centers and valued land are not in the vicinity of the facility,
installations are downwind from valued locations, meteorology unusually
promotes the rapid wind dilution or washing out of materials, facilities have
numerous safety features, regard for adversary military capabilities is low,
adequate shelters are available and relocation plans devised, and/or con-
tamination estimates are predicted to have few immediate effects and long-
term consequences can be dealt with reasonably. Also wishful thinking sup-
ports optimism along all of these lines, reinforced by the relative unreliabil-
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ity of facility radiation compared to that of nuclear weapons. On the other
hand, some leaders are hypersensitive to the prospect of any nuclear con-
tamination. Those countries most sensitive to the dangers of accidental
releases could be the most manipulatable and the most disposed to take
drastic measures such as acquisition of nuclear weapons to change the
strategic balance. The reaction spectrum is wide. In addition, potential ag-
gressors might overestimate the manipulatability of facilities for coercive
diplomacy or even military strategy, thus taking actions they might not have
contemplated otherwise.

Given the absence of debate in all countries about the implications of
facility vulnerability, specific response for each entity is impossible to deter-
mine. However, claims, such as those by Chester Cooper, that civil nuclear
contamination could function as nuclear weapons have in stabilizing the
strategic balance between the United States and the Soviet Union should be
scrutinized very carefully (as indeed Cooper has cautioned), taking into ac-
count the numerous variables that affect such calculations. The superpower
example does not necessarily prove the case for stability, although it has
been used by advocates of nuclear weapons proliferation to the Middle
East.> However, the superpower relationship is based on a largely unwrit-
ten code of conduct that has evolved by mutual and tacit consent since
World War I1. This code has been reinforced by lengthy consultations and
by symmetries in military development. Even with this code, the world was
brought to the brink of nuclear war during the 1962 Cuban missile crisis.
While it may be presumptuous to believe that other antagonists could not
act with the restraint shown by the Russians and Americans, neither should
it be assumed that they will.¢






Options to Diminish
the Wartime
Vulnerability of
Nuclear Energy
Facilities

The politically destabilizing implications of nuclear facility wartime
vulnerability should stimulate the search for alternatives that enhance
stability. But an equally compelling stimulant is the immorality of holding
millions of civilians and unborn generations hostage to the ravages of
cancer, genetic disease, and associated psychological traumatization. Fred
1k1é’s critique of American nuclear weapon targeting doctrine is relevant.
Iklé argues that sensitivity to the distinction between combatants and
civilians cultivated through the centuries was dulled by the strategic bomb-
ing campaign of World War II. In the nuclear era, military planners have
become increasingly insensitive to the implications of holding millions of
Russians hostage “‘by layers of dehumanizing abstractions and bland
metaphors.”’! Such jargon as assured destruction, unacceptable damage,
and deterrence generally works on strategic analysis like ‘‘a narcotic’’:

It dulls our sense of moral outrage about the tragic confrontation of
nuclear arsenals, primed and constantly perfected to unleash widespread
genocide. It fosters the current smug complacence regarding the soundness
and stability of mutual deterrence. It blinds us to the fact that our methods
of preventing nuclear war rests on a form of warfare universally con-
demned since the Dark Ages—the mass killing of hostages.

Indeed, our nuclear strategy is supposed to work better, the larger the
number of hostages that would pay with their lives should the strategy fail.
This view has become so ingrained that the number of hostages who could
be killed through a “’second”’ strike by either superpower is often used as a
measure of the “stability”’ of deterrence.?

Iklé calls for greater discrimination in American targeting doctrine made
possible by increasingly accurate delivery systems. To resolve this predica-
ment further in the context of nuclear energy while at the same time en-
couraging stability, I present three nonexclusive sets of alternatives. The first
involves controlling national behavior with international law. The second
proposes physical means to reduce or prevent consequences of facility
destruction; these include civil defense, different modes of siting facilities and
improving theii inherent safety, and adoption of alternative energy sources.
The third suggests how international institutions can manage nuclear exports
and indigenous production to minimize wartime dangers.

113
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A Proposal for Legal Restraint

I begin with legal restraint not because it is the most reliable option to
minimize the military threat posed to nuclear energy (it is not) but because it
offers a relatively expeditious as well as inexpensive means to address the
problem by establishing a standard of behavior where one does not now
exist. This may offer some modicum of restraint, which in time can be sup-
plemented by other more authoritative alternatives that require longer lead
times for implementation.

International law prescribes norms of international conduct applied to
conflict that ‘‘attempts to reconcile minimum morality with the practical
realities of war.’’? This reconciliation covers the commencement of war, the
conduct of hostilities, neutral rights, the conclusion of combat, and the
reconstruction and rehabilitation of combatants and their territories.*
Sources of international law include conventions and treaties and what the
statute of the International Court of Justice refers to as ‘‘the general prin-
ciples of law recognized by civilized nations.’’* Subsidiary means of deter-
mining the rules of law include judicial decisions, works of acknowledged
scholars, and perhaps resolutions by the U.N. General Assembly and inter-
pretations by the International Committee of the Red Cross.$

International law inadequately addresses the destruction of nuclear
energy facilities in war. Existent treaties and practices leave doubt as to
whether such an action is acceptable conduct. An examination of deficien-
cies follows, exploring the utility of codification, and suggesting a treaty to
outlaw the destruction of nuclear energy installations in war.

Existing International Conventions

Applicability of Precedents Relating to Poisons. International law does not
specifically treat the legitimacy of using radiological agents in war, but what
it says about the use of poisons may be relevant. However, some questions
that arise concern whether radiation can be properly defined as a poison
and whether a specific prohibition can be applied to an analogous case.
There are internatonal agreements concerning poisons, but none defines
the term clearly. The two Hague Conventions Respecting the Laws and
Customs on War on Land (1899 and 1907) are twentieth-century founda-
tions of the laws of war.” Both explicitly prohibit the use of poison or
poisoned weapons.® The 1899 convention also prohibits ‘‘the use of projec-
tiles the object of which is diffusion of asphyxiating or deleterious gases.’”®
The Protocol for the Prohibition of Poisonous Gases and Bacteriological
Methods of Warfare (1925) codifies a similar prohibition.’ In 1971, the
Conference of the Committee on Disarmament negotiated an accord that
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prohibited the development, production, or stockpiling of bacteriological
and toxin weapons and mandated the destruction of existing accumula-
tions.!! Subsequent General Assembly resolutions have reaffirmed interna-
tional support for these conventions. However, none of them gives a clear,
all-inclusive definition of poison.?

Ambiguity in treaty law and international opinion allows room for
varying interpretations. Schwarzenberger, in a study devoted to the legality
of nuclear weapons, contends that radioactive substances released in
nuclear explosions may be defined as poisons:

Consultation of standard textbooks and military manuals on the meaning
of poison and poisoned weapons further confirms how little explored this
field is. Definitions excel by their absence. Thus, no choice exists but to fall
back on the ordinary meaning of these words. Etymologically, the deter-
mination of ““poison’’ from potio might suggest a limitation to substances
which are transmitted in fluid form. Yet, a mere glance at the Latin and
German equivalents of the term makes it difficult to pay much attention to
this argument. In any case, in accordance with the general rules of interna-
tional law, the present day meaning of these terms is ultimately decisive. In
contemporary usage, the term covers—not only in English—any substance
that “‘when introduced into, or absorbed by, a living organism destroys life
or injures health.” This excludes death or injury to health by means of
force, whether the cut of a sword, the thrust of a spear, the piercing of the
body by an arrow or bullet, or injury inflicted by explosion or blast. Thus,
it is little in doubt that the blast effects of nuclear weapons are not covered
by the prohibition of the use of poison.

It would be less justified to dismiss similarly out of hand the possibility that
the rule on the prohibition of the use of poison might govern at least the
heat and radiation effect of their fall-out. It is probably permissible to treat
heat and radiation as substances. If any of these substances were intro-
duced into the body in sufficiently large doses, they would destroy life or
injure health. In any case, this is true of radioactive fall-out. Thus without
invoking even the possibility of the necessary production of poison gas by
nuclear explosions, a prima facie case apears to exist for regarding the use
of nucl‘esar weapons as incompatible with the prohibition of the use of
poison.

Can the same reasoning be applied to radionuclides released by the
destruction of nuclear energy facilities? Other scholars, such as McDougal
and Feliciano, contest Schwarzenberger’s argument by analogy on the
grounds that treaties should be assumed to cover only the issues that oc-
cupied the negotiators’ attention:

The assumption which may be seen to underlie . . . exercises in analogical
interpretation by Dr. Schwarzenberger and others are that words have ab-
solutistic meaning which can be projected into the future without regard to
original and contemporaneous contexts, and that future interpreters must
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accept these pristine meanings irrespective of facts and policies in contem-
porary context. It does not seem necessary to belabor the inadequacy of
this conception of the process of interpretation and it may suffice to sug-
gest that individuals of one age who work to control posterity by misplaced
faith in the omnipotence of words of infinite abstraction are frequently to
be disappointed.4

McDougal and Feliciano illustrate their point by noting that in some parts
of the world, a bullet wound is termed ‘‘lead poisoning.’’ They conclude
that ““the principle of restrictive interpretation must of course impose a
limit upon such expansive extrapolations.’’!s

The dispute between Schwarzenberger and McDougal and Feliciano on
the restrictiveness of treaty interpretation is broadly reflected in legal
literature. Further complicating the application of either interpretation in
the present case is the mode of substance release—the fact that destruction
of facilities would result in contamination of the environment—as con-
trasted to the delivery methods customarily associated with the use of
poisons: ground-to-ground munitions, including grenades, shells, rockets,
and missile warheads; air-to-ground munitions, including large bombs,
dispensers, spray tanks, and rockets; and emplaced munitions, including
generators upwind from a target, and mines.!¢ Explicit codification is re-
quired to resolve the matter.

Applicability of the Principles of Humanity and Military Necessity. Inter-
national law attempts to reconcile military necessity with humanitarian con-
siderations. The 1899 and 1907 Hague conventions and the 1977 Geneva
Protocol prohibit arms, projectiles, or materials or means of warfare
calculated to cause ‘‘unnecessary suffering’’ or *‘superfluous injury.”’??
From such statutory prohibitions and from practice, jurists have derived
principles of military necessity and humanity. The principle of humanity
forbids the use of weapons that are inherently cruel and offend minimum
moral sensibilities.'® The principle of military necessity allows for ‘‘such
destruction and only such destruction as is necessary, relevant, and propor-
tionate to the prompt realization of legitimate objectives.’’?

Reconciliation of these principles is difficult in theory as well as in prac-
tice. Tucker makes one attempt:

The principle of necessity does not allow the employment of force un-
necessary or superfluous to the purposes of war. Nor does the principle of
humanity oppose human suffering or physical destruction. It is the un-
necessary infliction of human suffering and the wanton destruction of
property that is opposed by the principle of military necessity and the prin-
ciple of humanity.?
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Although a good conceptualization, Tucker’s effort is not entirely satisfac-
tory. It suffers, as do the definitions in the preceding paragraph, from a
failure to define terms operationally. Without an empirical context, con-
cepts such as weapons that ‘‘cause unnecessary suffering,’’ that are “‘in-
herently cruel,” and that offend ‘“‘minimum moral sensibilities’’; and
destruction that is “‘necessary,”” “‘relevant,”” and ‘‘proportionate’’ are sub-
jective. Interpreters may read into them what they find convenient.?

What is necessary, relevant, and proportionate for the attainment of
military objectives may involve indiscriminate and morally offensive
weapons and tactics. During World War II, the Allies and the Axis powers
considered civilians as legitimate targets, since by so doing, they could
destroy the morale of the enemy. In January 1943, the Casablanca Con-
ference defined the primary purpose of the air war as ‘‘the progressive
destruction and dislocation of German military, industrial, and economic
system, and the undermining of the morale of the German people to the
point where the capacity for armed resistance is fatally weakened.”’? This
rationale resulted in massive bombing raids against cities, culminating in the
dropping of the atomic bomb on Japan.

Judgments by postwar international tribunals on the legitimacy of
civilian bombardment are ambiguous. The Nuremberg courts appear to
have condoned such tactics by failing to raise the issue of German V-1 and
V-2 rockets.? However, in the Shimoda case (1963), in which five residents
of Hiroshima and Nagasaki sought compensation from the Japanese gov-
ernment for damages resulting from the atom bomb, the district court of
Tokyo ruled that the American act violated international law. It stated that
bombardment of an undefended city with a weapon that by its nature
caused unnecessary suffering was illegal.®

Also at issue is the legitimacy of indiscriminate weapons designed to deter
war. American decision makers consider the threat of nuclear attack a
necessary and humane policy of deterrence. But to most of the other
members of the United Nations, nuclear weapons are ‘‘contrary to the rules
of international law and to the laws of humanity.’’? The United States in turn
claims that this judgment is without “‘any legal basis.”’ The U.N. Charter
offers little guidance on the matter. It denies members the right to threaten
force (article 2, paragraph 4) but recognizes the ‘‘inherent right of individual
or collective self-defense if an armed attack occurs . . . until the Security
Council has taken the measures necessary to maintain international peace and
security”’ (article 51). Goodrich and Hambro, in their extensive commentary
on the charter, note the difficulty in reconciling the two articles in the nuclear
age: “The development of atomic and hydrogen bombs and methods of
delivery, creating the possibility that the initial armed attack
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will be decisive, make it highly unlikely that states will wait for such an at-
tack to occur before exercising the right of self-defense.”’?

Attempts to reconcile the humanistic intent of the law of war with the
realities of practice have led some legal scholars to pessimistic views about
the efficacy of this aspect of international law. McDougal and Feliciano,
drawing on the thoughts of other scholars, contend:

Historically the community of nations has never succeeded in outlawing
any weapon which was of substantial net military utility. Weapon parity of
course in particular situations induces reciprocal abstinence, but in general
only weapons which were of marginal or indecisive military value and ob-
solete, or which were not deemed vital to the military establishments of one
of the great powers, have been successfully prohibited.?

Scholars of like mind cite a number of historical examples from the
period between 1900 and the end of World War II. On several occasions,
specific prohibitions incorporated in the Hague conventions were ignored.
Poison gas was used during World War I, as were mines intended to in-
tercept commercial shipping. The prohibition against the dumdum bullet
was effective only because steel bullets were accurate. Some agreements
negotiated during the interwar period were also disregarded. The London
Naval Treaty of 1930 and the London Procés-Verbal on Rules of Submarine
Warfare, which required submarines to abide by the same rules as other
warships, were ignored during World War I1. Similarly the Hague prohibi-
tions against indiscriminate bombardment of civilian targets were further
elaborated in 1923 in the Hague Rules of Aerial Warfare. Although not
adopted, they did provide a standard for behavior. It was not observed.?

Nevertheless belligerence during and particularly since World War 11
has at times followed the principles of the law of war. Most notable is the
almost universal disuse of poison gas.*® Indeed at the outbreak of hostilities
in World War I1, the British and French issued a declaration affirming their
fidelity to the Geneva Protcol on Gas, except for purposes of retaliation.
Their effort to elicit similar German assurances proved successful.3! Prac-
tice during World War II, coupled with the interim pronouncements of
statesmen and national leaders, have led two scholars to conclude that a
‘“binding customary norm prohibiting at least the first use of the lethal or
severely injurious types of chemical agents” has come into being.®
Although we cannot be overly sanguine about national governments’
abiding by international treaties or customary practice in time of war on the
basis of this one example (as this book goes to press there are news accounts
that the Soviets have used gas in Afghanistan), it demonstrates that interna-
tional law has affected constraint on wartime behavior where there is
reciprocity of interest associated with compliance.

In 1977 an effort to reconcile the principles of humanity and military
necessity and apply them to civil nuclear energy facilities was consummated
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in an additional protocol to the 1949 Geneva conventions.?® Article 56,
although ambiguous and contradictory, addresses the permissibility of at-
tacks against ‘‘nuclear electrical generating stations’’ in the broader context
of ““installations containing dangerous forces,”’ including dams and dikes.
Paragraph 1 declares that such works and installations *‘shall not be made
the object of attack, even where these objects are military objectives, if such
attack may cause the release of dangerous forces and consequent severe
losses among the civilian population.’’ The prohibition also extends to
military objectives located in the vicinity of these works ‘‘if such attack may
cause the release of dangerous forces and consequent severe losses among
the civilian population.”’ Stipulations that the losses must be severe for the
prohibition to be applicable raise the question of what constitutes severity.
This point is further complicated by the fact that irradiation might not
result in death until years after exposure. Thus rather than being a clear pro-
hibition, the paragraph’s ambiguity may conceivably be used to justify an
attack on a nuclear energy station.
Paragraph 2 further diminishes the strength of the prohibition:

The special protection against attack provided by paragraph 1 shall cease:

(@) for a dam or dyke only if it is used for other than its normal function
and in regular, significant and direct support of military operations
and if such attack is the only feasible way to terminate such support;

(b) for a nuclear electrical generating station only if it provides electrical
power in regular, significant and direct support of military operations
and if such attack is the only feasible way to terminate such support;

(c) for other military objectives located at or in the vicinity of these works
of installations only if they are used in regular, significant and direct
support of military operations and if such attack is the only feasible
way to terminate such support.*

In effect, its inclusion allows an adversary to decide whether a nuclear
facility provides ‘‘regular, significant, and direct support of military opera-
tions.”’ Such a rationalization can usually be found. Paragraph 3 appears to
attempt to minimize the implications of this exceptional clause by
stipulating, *‘If the protection ceases . . . all practical precautions shall be
taken to avoid the release of the dangerous forces.’” This qualification is not
an adequate safeguard.

In addition, article 56 contains straightforward statements supplemen-
tary to the codification in the first two paragraphs. Paragraph 4 extends the
prohibition to reprisals. Paragraph 5 attempts to minimize accidental
destruction; it calls upon protocol signatories to avoid locating military ob-
jectives in the vicinity of installations containing dangerous forces. To
facilitate identification, paragraph 7 advocates that nuclear installations be
marked by three bright orange circles placed on the same axis. It adds that
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the absence of such markings in no way relieves adversaries of their obliga-
tions under the article.

Articles 54 and 55 also bear on the destruction of nuclear facilities, but
they only add to the inadequacies. Article 54 is entitled, *‘Protection of Ob-
jects Indispensable to the Survival of the Civilian Population.’’ Paragraphs
1, 2, and 4 codify clear prohibitions, only to be undercut in paragraphs 3
and 5. Paragraph 1 forbids ‘‘starvation of civilians as a method of
warfare.”’ Paragraph 2 stipulates:

It is prohibited to attack, destroy, remove or render useless objects in-
dispensable to the survival of the civilian population, such as foodstuffs,
agricultural, drinking water installations and supplies and irrigation works
for the specific purpose of denying them for their sustenance value to the
civilian population or to the adverse Party, whatever the motive, whether in
order to starve out civilians, to cause them to move away, or for any other
motive.3

Paragraph 4 precludes reprisals. However, paragraph 3 specifies that the
prohibition shall not apply to sustenance solely for members of an adver-
sary’s armed forces or objects directly supporting military operations as
long as civilian populations are provided with sufficient food and water to
prevent starvation or movements from their domiciles. Here, as in article
56, ambiguity is significant, What criteria determine *‘sustenance,’’ ‘“‘direct
support of military action,”” or *‘inadequate food or water”’ for civilians?
Combatants can usually find justification for using these exemptive clauses.

A second caveat provides an even more explicit basis condoning the
destruction of nuclear facilities. Paragraph § stipulates:

In recognition of the vital requirements of any Party to the conflict in the
defense of its national territory against invasion, derogation from the pro-
hibitions contained in paragraph 2 may be made by a Party to the conflict
within such territory under its own control where required by imperative
military necessity.36

In effect, this codification allows a state, in defense of its territory, to
follow a scorched-earth policy to deprive an invading adversary of
foodstuffs. In so doing, belligerents may be able to rationalize the release of
radionuclides to contaminate foodstuffs that might fall into an antagonist’s
possession.

Article 55, “Protection of the Natural Environment,’”’ attempts to
minimize consequences. It mandates that care be taken in warfare to protect
the natural environment ‘‘against widespread, long-term and severe
damage’’ resulting from acts that are ‘‘intended or may be expected to cause
such damage to the natural environment and thereby to prejudice the health
or survival of the population.”’ Although the most straightforward of the
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articles reviewed, it logically contradicts the exemptive clauses that are part
of articles 54 and 56.%7

Furthermore the Geneva Protocol’s treatment of nuclear facilities can
be criticized for a lack of comprehensiveness. As the protocol now stands, it
specifically addresses only one segment of the nuclear fuel cycle: nuclear
electrical generating stations. However, large quantities of radionuclides are
located in other fuel cycle installations: nuclear spent fuel installations,
nuclear reprocessing plants, nuclear waste storage facilities, and nuclear
fuel fabrication facilities. If the prohibition is to be comprehensive, these
facilities must be included. Still another fault lies in the protocol’s failure to
address the permissibility of threats to destroy nuclear facilities. If their
destruction is prohibited, consistency requires that the threat of destruction
be prohibited in the codification.

In addition to the Protocol Additional, another relevant agreement
opened for signature in 1977 was the Convention in the Prohibition of
Military or Any Other Hostile Use of Environmental Modification Techni-
ques. Although it does not address specifically nuclear facility destruction,
what it says about the legality of environmental modification is important.
The treaty forbids signatories from undertaking or encouraging other
nations or groups to undertake ‘‘military or any hostile use of environmental
modification techniques having widespread, long-lasting or severe effects as
the means of destruction, damage or injury to any other State Party.” *‘En-
vironmental modification techniques’ include but are not limited to
deliberate manipulation of natural processes involving the earth’s biota,
lithosphere, hydrosphere, and atmosphere or of outer space resulting in
such events as earthquakes, tsunamis, disruption of the ecological balance,
or changes in ocean currents, the ozone layer, and the ionosphere.
‘“Widespread” encompasses an area of several hundred square kilomet-
ers,”” ‘“‘long-lasting,”’ a period of months or approximately a season; and
‘““severe,’’ ‘‘serious or significant disruption or harm to human life, natural
and economic resources or other assets.’’®

This convention fails to address nuclear facilities specifically. By draw-
ing attention in article 2 to ‘‘deliberate manipulation of natural processes”’
and omitting nuclear facility specificity, it is uncertain whether the rationale
for destroying nuclear installations for purposes other than contamination
is prohibited. In addition, the treaty does not address the legitimacy of
threats to manipulate the environment. Finally, the applicability of the con-
vention is undermined by the Protocol Additional subsequently negotiated.

Conclusion. Given the principles discussed, is it permissible under current
international law to destroy nuclear energy facilities deliberately? In view of
the ambiguities of statute, custom, and interpretation, it is possible to argue
either way.
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From the perspective of military necessity, the release of ra-
dionuclides—whether intentional or coincidental to efforts to reduce an
adversary’s energy production—can be rationalized as consistent with
bombing policies during World War II, with the present threat to use
atomic weapons, with the ambiguities in the environmental modification
convention, and with provisions of the 1977 Geneva Protocol. The destruc-
tion of facilities in proportionate reprisal would certainly be consistent with
international practice. The fact that such an act would result in in-
discriminate death and injury could be justified by arguing that war today is
waged between entire nations, not simply between their military
establishments.® It also can be argued that if the actual or threatened
destruction would shorten a conflict and thus reduce suffering, the effort
could be judged to be humanitarian.

The principle of humanity provides a different interpretation. An act of
war is considered inhumane because of ‘‘the needlessness, the superfluity of
harm, the gross imbalance between the military result and the incidental in-
jury.””® The deliberate release of radioactive products constitutes a dif-
ferent order of weapon from incendiary and fragmentation bombs, poison
gas, or forces contained by dams and dikes. It is not simply the fact that ra-
dionuclides cause indiscriminate death and injury that is at issue in judging
their legality. Rather it is the fact that they produce delayed, pernicious,
somatic, and genetic effects that will not affect the outcome of a conflict.
The destruction of nuclear energy facilities therefore should be prohibited.

In sum, international law is not sufficiently crystallized. The remainder
of this chapter provides needed definition through formulating and ra-
tionalizing a draft treaty prohibiting the destruction of nuclear energy
facilities for military purposes.

Related Proposals

In recent years, several proposals on radiological weapons, ecocide, and no-
first-use of nuclear weapons have been made.

Radiological Weapons. Apprehension over radiological weapons is not
new, but serious concern about them has been lacking until recently. The
problem was raised in 1969 by Ambassador Arvid Pardo of Malta at the
twenty-fourth session of the U.N. General Assembly. In an address, Pardo
asserted that the issue deserved inquiry by the principal negotiating forum
sponsored by the United Nations, the Conference of the Committee on
Disarmament (CCD). Two matters concerned him. The first was ‘‘dirty”’
atom bombs—those that relied on radiation to kill and maim. The second
was ‘‘the stockpiling and use of radioactive agents independently of nuclear
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explosions.”” Pardo argued that these agents could be derived from by-
products of nuclear reactors ‘“and could be used tactically or strategic-
ally—for instance in the form of radioactive dust or pellets—to contaminate
a given area.”’# Despite the superpowers’ reservations, Pardo persuaded the
General Assembly to mandate the CCD to consider “‘effective methods of
control against the use of radiological methods of warfare conducted in-
dependently of nuclear warheads,”” as well as ‘“‘the need for effective
methods of control of nuclear weapons that maximize radioactive
effects.”’4

In 1970 the CCD took up the matter. After some discussion, the problem
was dismissed as a theoretical one without ‘‘any practical significance.”’® The
committee drew on a study submitted by the Dutch delegation, which argued
that nuclear weapons maximized their potential by dealing a decisive blow
against an opponent through the short-term lethal effects of blast, heat, and
radiation created by the explosion rather than through the long-term effects
of radiation. An increase in fallout, which would result in casualties weeks,
months, or years after an attack, would serve little purpose from the
military point of view. This concept would also hold true of long-lived
radioactive agents produced without explosions. The study dismissed the
idea of prohibiting the use of highly radioactive isotopes because of the dif-
ficulty of transporting them to a target area.“

The issue of radiological warfare lay dormant until 1976 when the
United States and the Soviet Union held private bilateral discussions in
Geneva on the matter. They followed a Soviet call in the 1975 U.N. General
Assembly for prohibition of the development and manufacture of new types
of weapons of mass destruction and of new systems of such weapons that
the United Nations agreed should be considered by the CCD.* In the 1976
session of the General Assembly, Fred Iklé provided an idea of what the
superpowers were considering when he noted that “rapidly accumulating
radioactive materials have the potential for use in radiological weapons.”’
Any strongly radioactive isotope, such as plutonium, could be dispersed
through a conventional weapon, thereby contaminating substantial areas
““for tens of thousands of years.’’% I1klé therefore proposed that the CCD
consider radioactive materials as radiological weapons and prohibit their
use. Making the matter an issue for multilateral concern in 1977 and 1978
was not pushed very hard as the superpowers continued their bilateral
discussions.

In July 1979 at the signing of a new strategic arms limitation treaty in
Vienna—SALT II—the Russians and Americans also announced agreement
on a joint proposal to be submitted to a reconstituted CCD, the Conference
on Disarmament.#’ The proposal stipulated that each state party to the
treaty ‘‘undertakes not to develop, produce, stockpile, otherwise acquire or
possess or use radiological weapons,”’ defined as:
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1. Any device, including any weapon or equipment, other than a nuclear
explosive device, specifically designed to employ radioactive material by
disseminating it to cause destruction, damage or injury by means of the
radiation produced by the decay of such materials.

2. Any radioactive material, other than that produced by a nuclear ex-
plosive device, specifically designed for employment, by its dissemination,
to cause destruction, damage or injury by means of the radiation produced
by the decay of such material.#®

The proposal also called upon each state party not to disseminate any
radioactive material not defined as a radiological weapon that causes in-
jury, damage, or destruction by means of the radiation produced by the
decay of such material. At the same time it affirmed the right of nations to
develop nuclear power for peaceful purposes.

An Ecocide Convention. Indirectly related to radionuclide destruction is
Richard Falk’s proposal for an international convention on the crime of
ecocide. Falk’s concern that the environment might be ‘‘selected as a
‘military’ target” grew out of American recourse in Vietnam to tactics in-
tended to deny the enemy ‘‘the cover, the food, and the life-support of the
countryside.”’ The United States used herbicides, Roman plows, bulldozers,
and weather modification. Anxious over the pernicious consequences of
these acts, Falk called upon the international community to ‘‘take steps to
strengthen and clarify international law with respect to the prohibition of
weapons and tactics that inflict environmental damage, and designate as a
distinct crime those cumulative war effects that do not merely disrupt, but
substantially or even irreversibly destroy a distinct ecosystem.’’# Falk’s
proposed convention would define ecocide as

any of the following acts committed with the intent to disrupt or destroy, in
whole or in part, a human ecosystem:

(@) The use of weapons of mass destruction, whether nuclear,
bacteriological, chemical, or other;

(b) The use of chemical herbicides to defoliate and deforest natural forests
for military purposes;

(c¢) The use of bombs and artillery in such quantity, density, or size as to
impair the quality of the soil or to enhance the prospect of diseases
dangerous to human beings, animals, or crops;

(d) The use of bulldozing equipment to destroy large tracts of forest or
cropland for military purposes;

(e) The use of techniques designed to increase or decrease rainfall or
otherwise modify weather as a weapon of war;

(f) The forcible removal of human beings or animals from their habitual
places of habitation to expedite the pursuit of military or industrial ob-
jectives. ¢
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Persons responsible for commitment, conspiracy to commit, incitement to
commit, attempts to commit, and complicity in the commission of ecocide
would be punishable. Later articles in the convention discuss liability for
violation.*!

No-First-Use of Nuclear Weapons. A third proposal suggests limiting the
use of nuclear weapons to retaliation against an adversary who has used
them first. Two groups of proponents of no-first-use are distinguishable.
One group is concerned with gaining military advantage or reducing
military disadvantage. The Chinese have persistently supported this policy
since they exploded their first atom bomb. The reason may lie in their
vulnerability to preemptive attack. The Soviet Union, reflecting its in-
feriority to the United States during most of the post-World War 11 period,
has advocated a similar policy. However, the Soviet Union’s emphasis has
been on the prohibition of nuclear weapons, that is, a no-use policy. The
United States, by contrast, has been of two minds on the question. Military
doctrine as applied to its strategic forces calls for the use of nuclear weapons
as second-strike weapons only, and the United States has unilaterally
adopted a no-first-use strategy. American forces in Europe, however, are
not prohibited from being the first to use nuclear weapons in retaliation for
conventional attack. The policy for Europe reflects NATO’s inferiority in
conventional weapons compared to the Soviet Union.’?

The second group of no-first-use proponents is not concerned with
questions of military advantage but with the propriety of nuclear weapons
in general.>* They argue, ‘“We have never accepted the idea that nuclear
weapons, like poison gas or biological warfare, are weapons not to be used
save in retaliation against their first use by an adversary.’’** They recognize
that it is unlikely that nuclear weapons will be eliminated from the arsenals
of major military powers. Therefore they propose to change the conditions
that would result in the use of nuclear weapons. Because of the catastrophic
consequences of crossing the nuclear threshold, they argue that the
threshold should be raised by means of no-first-use agreements. Formal
bilateral or multilateral agreements or unilateral declarations would
establish an unwritten code of conduct among decision makers upon which
expectations could be based and military tactics formulated; no-first-use
commitments would be respected because of the threat of retaliation. To
compensate for the impact this policy would have on military balances, con-
ventional forces would have to be strengthened.

Conclusions. All three proposals are at least indirectly relevant. If the
radiological weapons prohibition contemplated by the United States and the
Soviet Union was consummated, a precedent for banning radionuclides in



126 Destruction of Nuclear Energy Facilities in War

war would be established. However, unless nuclear installations were ex-
plicitly designated as weapons—this does not appear to be a component of
discussions—they would not be covered given the varied rationale for their
destruction.

Falk’s ecocide convention is more comprehensive and explicit in its pro-
hibition than is the 1977 convention on environmental modification.
Although nuclear facilities are not mentioned, presumably the proposal
could be elaborated to include this problem. However, there is another dif-
ficulty with this proposal. As it now stands, the draft treaty is so inclusive
that if it were negotiated as a package, as Falk suggests, it might be impos-
sible to obtain agreement beyond the generalities already found in the en-
vironmental modification treaty and the Geneva Protocol Additional. It
can be argued that starting with an inclusive package is a good bargaining
ploy, enabling the negotiators to reach the widest possible agreement.s
However, the time consumed negotiating on the basis of an inclusive con-
vention might be better spent if the most pressing or negotiable issues were
each addressed independently, lest a nebulous prohibition be achieved. This
point might have been a consideration for the United States and the Soviet
Union to negotiate the question of radiological weapons outside the 1975
framework calling for a prohibition of new weapons of mass destruction.

Proposals prohibiting the first use of nuclear weapons treat a distinct
problem. Nevertheless, the no-first-use principle conceivably could be ap-
plied to prohibit the threat to destroy or the actual destruction of nuclear
energy facilities. However, such a prohibition would not be as unambiguous
as one that declared these modes of coercion to be in violation of the law of
war under any circumstances. An unambiguous statement is required to
minimize destruction in war.

Utility of a Nuclear Energy Weapons Treaty

Since nations apply statutory and customary international law unevenly, it
is useful to ask what purpose is served by prohibiting the wartime destruc-
tion of nuclear energy facilities. How great is the danger that such a treaty
would simply codify illusory objectives? Several considerations indicate
that such a treaty, or at least the exercise of negotiating it, would be
worthwhile,

The novelty of the issue would make negotiation in itself educational
for the participants and for the international community generally, whether
or not it were successful. A consummated treaty would provide a common
standard in an area that would otherwise depend on prudential judgment.
Consequently a new element has its partisans within and outside the
bureaucracy, and these partisans act as a pressure group working to assure
its observance.’ Furthermore, according to Abram Chayes,
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The very promulgation of a formal prohibitory rule, validated by the
political processes of the state, works to unify bureaucratic views, settle old
arguments, and foreclose options. ‘‘An administrative mechanism,”’ said
Henry Kissinger, ‘‘has a bias in favor of the status quo, however arrived
at.”’ Once the treaty goes into effect, all the classical defects of bureaucracy
become virtues from the point of view of arms control. Rigidity; absence of
imagination, initiative, or creativity; unwillingness to take risks; operation
by the book—all are enlisted in aid of compliance with the agreement.*?

We cannot be overly sanguine about the effectiveness of education and
bureaucratic inertia in restraining acts motivated by military necessity. But
in the case of nuclear energy facilities, a treaty might be effective because
the destruction of such facilities would result in indiscriminate damage
that persists long after the conflict is over. Furthermore the legal status of
an act of war or weapons is important in this case. Falk cogently argues
that

history records numerous efforts to proscribe the use of certain weapons
that were considered at the time of their development to be especially
destructive. These efforts largely failed, although the attempts to ban gas
and germ warfare have enjoyed at least limited success. A study of the
reasons why such prohibitions have been disregarded is instructive. The
usual explanation—a reference to the primary of *‘military necessity’’—is
too abstract to identify specific pressures or to explain notable exceptions.
It is doubtful that the United States would have introduced atomic bombs
into World War II under the claim of military necessity if their status as
weapons had been previously declared, with some formality, to be il-
legitimate. Would we, for instance, have been willing to attain an
equivalent shortening of World War II (assuming the same quantum of
damage) by the use of poison gas against Hiroshima and Nagasaki? I ask
this question to suggest that the status of a weapon does appear to have
some bearing upon the decision to use it.5®

Both Chayes’s and Falk’s propositions have empirical support.
Frederick Brown, in his study of restraints on the use of chemical weapons
during World War 11, finds that gas warfare has not assimilated into the
military planning of any belligerent, in part because of legal prohibition.
The only exception was Japan’s use of gas to a limited extent in China.
Brown concludes that on the basis of this experience, legal restraints appear
to reinforce other existing restraints: ‘“Treaty prohibition, though im-
perfect, reinforced both public and military dislike and fear of chemical
warfare and provided a ready excuse for lack of substantive preparation.”’*

The key aspect of the treaty proposed here is the comprehensiveness of
the prohibition against the release of radioactive products contained in
nuclear energy facilities. These facilities include nuclear fuel fabrication,
power, reprocessing, and waste-storage installations. The agreement also
prohibits threats to destroy these works and reprisals. To minimize the
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possibility of accidental destruction, the location of military objectives
within the vicinity of the facilities is forbidden.

Consultation among parties to the treaty and within the framework of
the United Nations, including the Security Council, is stipulated to resolve
problems in relation to the objectives and application of the agreement. To
facilitate identification of the protected objects, the parties are urged to
mark nuclear installations with three bright orange circles placed on the
same axis, as specified in article 16 of annex I of the 1977 Geneva Protocol.
The duration of the accord is unlimited; it may be reviewed and amended
five years after its effective date. Nothing in the treaty affects the right of
states to develop nuclear energy programs. Finally the signatories commit
themselves to continue efforts to prohibit weapons of mass destruction and
acts of war that violate the earth’s ecology.

The treaty could be negotiated bilaterally or multilaterally, or its com-
mitments could be declared unilaterally. The United Nations Conference on
Disarmament, which began deliberations in 1979, would be the logical
forum for multilateral negotiation. If states can agree that the destruction
of nuclear facilities in time of war cannot be justified by military necessity,
the proposed treaty should emerge relatively quickly as a new convention in
international law.

Because of the importance of language in defining obligations, the draft
of the proposed treaty is presented below in its entirety.

A Proposed International Treaty on the
Prohibition of the Destruction for Military
Purposes of Nuclear Fuel Cycle Facilities
Containing Radionuclides

The States Parties to this Treaty,

Determined to prevent needless suffering to persons exposed to ra-
dionuclides and their offspring, resulting from the destruction of nuclear
fuel cycle facilities containing radioactive products;

Recognizing the important significance of international law that pro-
hibits inhumane and indiscriminate methods of warfare including the June
17, 1925, Protcol for Prohibition of the Use in War of Asphyxiating,
Poisonous and Other Gases, and of Bacteriological Methods of Warfare,
and the April 10, 1971, Convention on the Prohibition of the Develop-
ment, Production, and Stockpiling Bacteriological (Biological) and Toxin
Weapons and on their Destruction, and conscious of the contribution
which said Protocol and Convention has already made, and continues to
make, to mitigating the horrors of war;

Recalling the stipulations of the 1899 and 1907 Hague Conventions on
Land Warfare, and the 1977 Protocol Additional to the Geneva Conventions
of 12 August, 1949, prohibiting the use of inhumane and indiscriminate
weapons; and the 1977 Convention on the Prohibition of Military or Any or
Hostile Use of Environmental Modification Techniques;
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Recognizing that an agreement prohibiting the destruction for military
purposes of nuclear fuel cycle facilities containing radionuclides is only one
measure in an effort that must continue to ban all modes of combat that
violate the earth’s ecology and result in indiscriminate and inhumane suf-
fering;

Convinced that the destruction for military purposes of nuclear fuel cycle
facilities containing radionuclides would be repugnant to the conscience of
mankind and that no effort should be spared to minimize this risk;

Have agreed as follows:

Article I

Each State Party to the Convention agrees that the release or threat to
release radionuclides contained in nuclear fuel cycle facilities is prohibited
under international law.

Article IT

For the purposes of this treaty, nuclear fuel cycle facilities containing ra-
dionuclides include but are not limited to nuclear fuel fabrication facilities,
nuclear power plants, nuclear spent fuel facilities, nuclear reprocessing
facilities, and nuclear waste storage facilities.

Article IIT

The States Parties shall not locate any military objectives in the vicinity of
the nuclear energy facilities defined by Article II.

Article IV

It is prohibited to make any of the works mentioned in Article II the object
of reprisals.

Article V

The States Parties undertake to consult one another and to cooperate in
solving any problems that may arise in relation to the objective of, or in the
application of the provisions of, the Treaty. Consultation and cooperation
pursuant to this article may also be undertaken through appropriate inter-
national procedures within the framework of the United Nations, including
the Security Council which may review doubts and problems related to the
treaty and take appropriate action in accordance with the Charter.%

Article VI

In order to facilitate the identification of nuclear fuel cycle facilities
specified in Article II, the States Parties may mark them with a special
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sign consisting of a group of three bright orange circles placed on the same
axis, as specified in Article 16 of Annex I to the 1977 Protocol Additional
to the Geneva Conventions of 12 August 1949, and relating to the Protec-
tion of Victims of International Armed Conflict (Protocol I) stipulated in
the Annex to this Treaty. The absence of such marking in no way relieves
any State Party to a conflict of its obligations under the Treaty.!

Article VII

Nothing in the Treaty shall be interpreted as affecting the inalienable right
of all the States Parties to develop research, production, and uses of
nuclear energy for peaceful purposes.5?

Article VIII

Any State Party may propse amendments to the Treaty. Amendments shall
enter into force for each State Party accepting the amendments upon their
acceptance by a majority of the States Parties to the Treaty and thereafter
for each remaining State Party on the date of acceptance by it.5?

Article IX

Each State Party to this Treaty affirms the recognized objective of effective
prohibition of acts of war that result in mass destruction and ecocide, and
undertakes to continue negotiations to prohibit such acts.

Article X

Five years after the entry into force of this Treaty, or earlier if it is re-
quested by a majority of Parties to the Treaty by submitting a proposal to
this effect to the Depositary Governments a conference of States Parties to
the Treaty shall be held in Geneva, Switzerland, to review the operations of
the Treaty, with a view to assuring that the purposes of the preamble and
the provisions of the Treaty are being realized. Such a review shall take into
account any new scientific and technological developments relevant to the
Treaty. The review conference shall determine, in accordance with the
views of a majority of those Parties attending, whether and when an addi-
tional review conference shall be convened.®

Article XI
The Treaty shall be of unlimited duration.

Article XIT

(1) This Treaty shall be open to all States for signature. Any State that does
not sign the Treaty before its entry into force in accordance with paragraph
3 of this article may accede to it at any time.
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(2) This Treaty shall be subject to ratification by signatory Parties. In-
struments of ratification and instruments of accession shall be deposited
with the Governments of the Union of Soviet Socialist Republics, the
United Kingdom of Great Britain and Northern Ireland, and the United
States of America, which are hereby designated the Depositary Govern-
ments.

(3) The Treaty shall enter into force after the deposit of instruments of
ratification by twenty-two Governments, including the Governments
designated as Depositaries of the Convention.

(4) For States whose instruments of ratification or accession are
deposited subsequent to the entry into force of this Treaty, it shall enter
into force on the date of the deposit of their instruments of ratification of
accession.

(5) The Depositary Governments shall promptly inform all signatory
and acceding States of the date of each signature, the date of deposit of
each instrument of ratification or of accession, and the date of entry into
force of the Treaty and of the receipt of other notices.

(6) This Treaty shall be registered by the Depositary Governments pur-
suant to Article 102 of the Charter of the United Nations.®

Article XIIT

This Treaty, the Chinese, English, French, Russian, and Spanish texts of
which are equally authentic, shall be deposited in the archives of the
Depositary Governments. Duly certified copies of the Treaty shall be
transmitted by the Depositary Governments to the Governments of the
signatory and acceding States.

In witness whereof, the undersigned, duly authorized, have signed this
Treaty.

Done in giplicate, at , this , date of

Annex: Works and Installations Containing
Dangerous Forces: International Special Sign®

1. The international special sign for works and installations containing
dangerous forces, as provided for in Article VI of the Treaty, shall be a
group of three bright orange circles of equal size placed on the same axis,
the distance between each circle being one radius, as illustrated below.

2. The sign shall be as large as appropriate under the circumstances.
When displayed over an extended surface it may be repeated as often as ap-
propriate. It shall, whenever possible, be displayed on flat surfaces or on
flags so as to be visible from as many directions and from as far away as
possible.

3. On a flag, the distance between the outer limits of the sign on the ad-
jacent sides of the flag shall be one radius of a circle. The flag shall be rec-
tangular and shall have a white ground.

4. At night or when visibility is reduced, the sign may be lighted or il-
luminated. It may also be made of materials rendering it recognizable by
technical means of detection.
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bright bright bright
orange orange orange

International Special Sign for Works and Installations Containing Danger-
ous Forces

Physical Options
Civil Defense

Although international law may provide some measure of restraint on state
behavior, one cannot be overly sanguine about its effectiveness given its
historic violation. As a result other alternatives must be available should it
fail. Civil defense is one possibility. The purposes of civil defense are to pre-
vent casualties, maintain public morale, ensure the operation of strategic in-
dustry, and limit property damage. Both active (military) and passive
measures can contribute toward achieving these objectives.®®

Active civil defense includes military interception and destruction of
hostile forces before they can inflict damage. Front-line military forces are
the primary defense, supplemented by point defenses specifically designed
to protect potential targets. These point defenses typically include antiair-
craft batteries, mine fields, artillery, and structures built of special
materials. Although nuclear facilities have not been constructed with war-
time bombardment in mind, their massive containment structures do pro-
vide some protection against attack. Additionally fences, alarms, cameras,
and armed guards impede small groups of intruders bent on theft or
sabotage. However, none of these prophylactic measures is sufficient
against an attack with lethal weapons.

Although none of them is foolproof, some measures could improve
point defenses. In time of crisis, military units could be stationed around in-
stallations to prevent assaults. Antiaircraft and artillery could be so situated
to suppress bombardment. In the future, more sophisticated means of at-
tack will require novel modes of defense. Homing missiles against cruise
missiles and steel palings and tons of steel pellets lofted by explosives pro-
posed to protect missile silos might be applicable to defense of nuclear
energy facilities.®
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Most nations also use passive civil defense to minimize casualties. These
include education; life-supporting, well-stocked shelters; relocation
strategies; and organization for rehabilitation. Many countries already have
passive defense plans, but their comprehensiveness varies considerably.

The Swiss and Swedish programs are exemplary.” In Switzerland the
law defines civil defense responsibilities shared by the federal government,
cantons, communes, businesses, and individuals. A civil defense director
supports the mayor at the basic commune level with a staff trained in public
utilities; engineering services; fire rescue; medical services; welfare services;
radiological, biological, and chemical services; intelligence and observation;
industrial and institutional defense; and emergency operating center staff
procedure. The most impressive aspect of the Swiss program is its shelters,
which by the 1980s will be able to accommodate the entire population
against most effects of nuclear weapons (or facility releases). This program
is supplemented by underground hospitals and stores of government and
military supplies.

Sweden’s well-organized program is particularly notable for efforts to
protect the economy by placing some industries, electrical power plants,
and food stocks, as well as hospitals and command centers, underground.
The Swedes also have considered the removal of radionuclides from reac-
tors and other installations to deep underground sites during crises.” The
population shelter program, not as extensive as that of the Swiss, centers on
a relocation plan to remove 90 percent of the urban population to areas up
to 250 mi. distant. Several successful relocation exercises have been carried
out.

The programs of most other countries are comparatively undeveloped.
For example, France does not have an urban shelter program. It relies on an
evacuation plan premised on the belief that any nuclear conflict will be
preceded by a lengthy period of crisis escalation. The Soviets maintain both
an urban shelter program and an elaborate evacuation scheme, but critics
believe that they appear more effective than they would be in the event of
conflict. The civil defense programs of other countries fall within the
Soviet-French spectrum.”

Given the efforts already underway in many countries to meet the threat
of war, it would seem reasonable that consideration be given to the hazards
posed by nuclear facility radiation. Precedent exists in the attention that
some countries give toward meeting accidental releases. For example, in the
United States the Nuclear Regulatory Commission requires licensees to
develop emergency response plans to be coordinated with local and state
agencies.” These plans are designed to afford timely warning and protec-
tion for nuclear employees and the general public. They should provide
emergency control centers, means to monitor radionuclides, arrangements
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to quarantine contaminated areas and foodstuffs, assistance to the injured,
and restoration of the plant. Preparedness should involve training and drill-
ing of emergency personnel. Recent recommendations call for establish-
ment of emergency planning zones up to 50 mi. from reactors.

Such measures should be elaborated to consider wartime threats.
Populations should be educated about the problem and means to minimize
it. Evacuation, the importance of which is underscored in Beyea’s and U.S.
government studies, should be planned, populations advised, and perhaps
exercises undertaken. Radiation shelters should be provided for persons liv-
ing close to nuclear installations. If shelters are not feasible, people should
become acquainted with such expedient protective measures as remaining
indoors and covering their nose and mouth with a cloth during the passage
of the radioactive cloud. In addition, every household should have a supply
of potassium iodine tablets. This stable iodine will block or dilute the intake
of radioiodine if they are taken at the time of or a few hours before ex-
posure.™ Each household might also stock antinausea pills and breathing
masks. Civil defense personnel should be equipped with special clothing and
masks to operate in a radioactive environment.

Finally passive civil defense planning should include steps to deal with
the long-term effects of radiation. These include diversion of radio-
contaminated food, distribution of emergency food stocks, and decon-
tamination procedures where feasible and necessary. Should these measures
be undertaken in conjunction with active defense, both immediate and long-
term casualties could be reduced significantly.

Facility Siting

Different modes of nuclear facility siting offer alternatives to diminish the
consequences of contamination. Most nations already recognize that siting
is important to protect populations from accidental releases. Therefore,
reactors are commonly situated 15 to 20 mi. from urban areas, and support
facilities are built in even more remote regions. Residential populations may
be excluded entirely for several miles around facilities. Certainly one option
to minimize exposure to contaminants is to extend these distances.
However, this measure would entail increased costs, especially in the
transmission of electricity from power plants and in finding acceptable loca-
tions. In small countries with high population density such as Israel or many
nations in Western Europe, the problem is formidable. In other countries,
including the Soviet Union, South Africa, Egypt, and Pakistan, all of which
have remote regions, the option may be more attractive.

Remote siting need not be limited to land. Facilities can be placed on
large lakes, inland seas, or the ocean. Power plants could be built on floating
platforms surrounded by a breakwater, on floating vessels anchored to the
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marine floor, on artificial islands, or even undersea. In addition to isolating
the reactors, so locating these plants or other facilities can provide utility
companies greater siting flexibility, reduced manufacturing costs if facilities
were standardized and constructed in shipyard type assembly areas, and
lower aesthetic costs than does land siting. Furthermore should a meltdown
occur, envelopment of material by surrounding water could help prevent
material from becoming airborne. Indeed one of the positive lessons of the
Three Mile Island accident was evidence that water has a significant ca-
pacity to retain radioactive iodine.™

There are also several potential problems with marine siting that must
be weighed carefully: (1) higher transmission costs for reactors; (2) unique
marine construction costs; (3) exposure to dangers peculiar to that environ-
ment, including ship collisions, fire, and explosive effects from shipping ac-
cidents, tsunamis, and sinking if the installations are located on platforms;
(4) exposure to naval bombardment and, if off-site power is provided by
onshore sites, the severing of cables providing electricity; and (5) con-
tamination carried to and by sea breezes unless facilities are located great
distances from shore.

Underground placement of facilities affords possibility for containing
releases that other alternatives do not. Burying industry to avoid wartime
destruction is not a new idea. During World War II, the Germans buried a
number of installations to increase their resistance to bombardment. Among
them were a 30,000 kW(e) public power plant at Mannheim and a private
8,000 kW(e) facility at Dentine. The Mannheim facility was a government ex-
periment at the outset of the war to test the feasibility of the concept. The en-
tire plant, including its single turbogenerator and boiler, was buried 50 ft. in
the earth and protected with side walls 6 ft. thick and a roof of reinforced
concrete 10 ft. thick. The installation’s ability to resist attack was tested when
a bomb landed 20 ft. from the outside walls. The generator sustained some
damage that closed the facility for ten days. Then the plant was put back into
operation, but with its capacity reduced to 22,000 kW(e).”

After Mannheim the Germans decided not to build additional power
plants underground, apparently concluding that this alternative was not prac-
tical. Indeed later in the war when electrical capacity needed to be expanded
at Mannheim, an old surface plant rather than the underground facility was
enlarged. After World War I1, the authors of the United States Strategic
Bombing Survey assessed the German experience to learn how to protect
plants in the future. It concluded that such precautions as brick or concrete
walls around sensitive equipment, including circuit breakers, transformers,
turbine generators, and personnel shelters, would “‘tend to reduce the extent
of damage in case of attack.”” However, like the Germans, the authors
viewed the Mannheim experience skeptically and expressed doubt that any
plant could be built economically to withstand attacks:
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It can be assumed that in a plant designed especially for wartime opera-
tions, construction costs and operating costs are of secondary importance.
In a peacetime plant the design strives to reach an economic balance be-
tween low initial cost and low operating cost. The controlling objectives in
the design of a plant to meet wartime considerations differ so radically
from those of a plant designed primarily for peacetime operations that it is
impractical to combine the two objectives.”®

Because of the inherent value of nuclear facilities, their large contribu-
tion to the economy, and the radiological threat posed by accident or war,
countries today might find underground siting more attractive than they
have in the past. Furthermore considerable progress has been made in
underground construction since the Strategic Bombing Survey was pub-
lished. Four small reactors have been placed below ground in Norway,
Sweden, France, and Switzerland (table 4-1).” Underground siting may in-
clude the entire plant or the reactor alone. High-level liquid wastes, placed
in underground containers, will be buried as solids in impermeable rock at
depths of hundreds of feet. Other portions of the fuel cycle, including spent
fuel and plutonium stores, also can be placed in underground bunkers.
With limited processing of nuclear products at any one time, it would be
unreasonable to place fuel fabrication or reprocessing installations below
ground, assuming that preventing the release of products is the principal
concern rather than loss of the plants.

With the exception of wastes buried many hundreds of feet down,
nuclear installations would not be invulnerable to military acts, but they
would be less vulnerable. External energy sources and coolant for reactors’
spent fuel and high-level liquid wastes still could be disrupted by conven-
tional bombardment, but the underground location would reduce sig-
nificantly any radiological releases should a meltdown occur, assuming a
large containment capacity for the cavern and rock and the maintenance of
seals over surface penetrations. Should the seals fail, at least for reactors,
the effect on the public might be similar to an equivalent release from a sur-
face facility with containment isolation failure.® Radionuclides also would
be released if an underground site were hit directly and cratered by a nuclear
weapon. Even so, such siting would have some advantages. A single
warhead would be unable to release the products of more than one installa-
tion in a multisite unit. If the nuclear weapon disrupted off-site power or
coolant, burial would prevent fragmentation of the core and its additions to
weapons fallout.®

Besides mitigating releases, underground siting affords several other ad-
vantages. Such facilities would be better able to withstand earthquakes than
are their surface counterparts. The plants would be immune to other
hazards, including storms, explosions, and aircraft crashes. Rock forma-
tions able to contain releases would obviate reinforced concrete contain-
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ment vessels. Because facilities would not protrude from the landscape,
aesthetic values would be preserved, and the sites could be used for other
purposes. Economies in transmission costs would be realized if power
plants were situated near the centers of need, allowing waste heat to be put
to industrial uses. Finally construction time would be shortened in the con-
trolled environment of a cavern.®

Against such economies other costs must be weighed. The precise
underground construction figures are unknown. According to one study ad-
dressing nuclear power plants, ‘‘Since there has never been a nuclear plant
of 1,000 Mw(e) category built underground, it would be presumptuous to
claim accuracy to any estimate.”’® Experience proves that prototype cost
estimates are always low because of unforeseen problems. One study
guessed that burial of a power plant could add as much as 40 percent to its
cost.¥

There are still other potential costs. Underground facilities are
vulnerable to accidental flooding as a consequence of breaks in liquid
coolant or heat transport lines. Groundwater could pose a similar problem.
To minimize these dangers, facilities would need flood drainage systems
and isolation valves for liquid conduits. Measures also would have to be
taken to minimize the corrosive effects of groundwater seepage. Since
underground installations are likely to be situated in tight quarters, inspec-
tion and maintenance would be more difficult than with surface sites.% In-
dicative of unforeseen problems are the releases of liquid wastes into the
ground at the Hanford, Washington, disposal site.%

Many of these problems require technical solutions. They are not likely
to be insuperable, and they may not even figure prominently in the cost-
benefit debate. Rather this debate may focus on whether the additional
security from burial is worth the investment. For nations with acute security
threats, high population densities, limited territory, and few energy alter-
natives, such siting is worth considering.

Still another alternative would be to design surface and underground
reactors and support facilities to flood from ground or river water if at-
tacked. Conrad Chester argues that this would greatly reduce the area of
contamination, virtually eliminating the aerosol threat. At the same time
rivers are self-cleaning if the sediments are not disturbed.®

Improving Containment Effectiveness

Location of facilities in novel modes could address future plants, but it does
not deal with the vulnerability of facilities now in operation or under con-
struction. One alternative recently advanced by the Department of
Engineering at the University of California, Los Angeles (UCLA), is a
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postaccident filter system (PAFS) for light water reactors.®* The PAFS
could either prevent containment failure caused by overpressurization
resulting from releases of steam, noncondensible gases, or hydrogen burn-
ing or limit releases into the atmosphere if the containment was breached.

The UCLA design calls for a sand-gravel filter connected to the contain-
ment building by a duct 4 ft. in diameter with the flow of material
facilitated by an exhaust fan. The filter, which could be adapted to reactors
already in operation, would be situated in a reinforced concrete pit 120 ft.
long, 100 ft. wide, and 24 ft. deep with additional backup high-efficiency
particulate absorption (HEPA) and charcoal filters to remove radioiodine
downstream. The system would retain 99 percent of the fission products, re-
quire minimal external services, be able to withstand missiles and fires aris-
ing within the power station and/or a large volume of moist air, not make
access to other parts of the plant difficult, and be operable either from the
main emergency control room or outside the control room. Cost estimates
range from $1 million to $10 million. Figure 4-1 depicts one possible con-
figuration. This proposal is not completely novel. Comparable ar-
rangements have been applied to a British prototype 100 MW(e) British
steam-generating heavy water reactor and a 300 MW({e) German prototype
liquid metal breeder reactor.®

The design would not be effective against all accident sequences. For ex-
ample, it could not contain the initial puff of radioactivity resulting from a
steam explosion or a weapon-induced explosion. Still it promises to
diminish the consequences of important accident sequences, perhaps by as
great as a factor of ten in terms of fatal delayed cancers. Whether the
system would be as effective in reducing wartime effects would depend on
whether damage to the reactor was similar to accident scenarios wherein the
PAFS is believed most effective and damage to the PAFS itself due to bom-
bardment or sabotage.

Elevating Inherent Safety

Improving the inherent resistance of nuclear facilities and materials to
release products is another way to diminish the consequences of military
acts. Applicable theoretical, experimental, and practical attention has been
devoted to efforts to diminish the effects of accidents. There has even been
some attention paid to making facilities resistant to conventional weapons
bombardment. In an unpublished paper, Theodore Taylor suggests criteria
for a reactor that is resistant to such attacks. The reactor would use fuel
coated with materials that effectively contain the afterheat of fission prod-
ucts without melting even if the pellets are broken. The fuel would have a
large negative temperature coefficient; thus it would have the ability to
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Figure 4-1. General Arrangement of Postaccident Filtration System

decrease reactivity as temperature increased. It would have high heat
capacity and allow for a large temperature difference between maximum
fuel operating temperatures and temperatures fuel would begin to change.
Core materials would not chemically react with any products with which
they come in contact. Additional reinforcement against product releases
would include a system to prevent control rods from falling out if jarred
and sufficiently strong containment of materials in the pressure vessel.®
The concept of an inherently safe reactor is not mere speculation. Some
are safer than others. Due to their high power density—the heat output per
unit volume—fault conditions in LWRs produce a rapid temperature rise,
allowing for a rapid meltdown. By contrast, temperatures will rise more
slowly in reactors with lower power densities, such as the advanced gas and
heavy-water-moderated designs. This slow rise allows time for the short-
lived radionuclides to dissipate. Some people believe that the heavy water
moderator in the Canadian Candu reactor could retain sufficient heat in the
event of a loss of coolant to prevent any meltdown.” However, the design
that best meets Taylor’s criteria is the high-temperature gas reactor
(HTGR). Its fuel is in the form of small particles of uranium and thorium
carbide coated with several layers of carbon and a layer of silicon carbide to
retain fission products.®? Graphite is the moderator and helium, an inert gas
that does not react with air, the coolant. With a negative temperature coef-
ficient and the large heat capacity of helium, a loss of coolant in this design
would result in a gradual rather than sudden release of radionuclides. Fur-
ther adding to the design’s safety is the location of the reactor core and the
entire primary coolant system in a single, massive, reinforced concrete
pressure vessel, which in turn is located in a containment building.
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Many claims about the HTGR’s safety derive from industry studies.
Further independent analysis must be undertaken to verify them. The
simulated accidents, more severe than those contemplated, should be
reviewed, including the impact of a control rod ejection, and in the event of
loss of coolant and containment rupture, igniting of the graphite
moderator, as did occur in an accident at Windscale, England, in the 1960s,
causing near total release of strontium and cerium fission products.”
HTGRs would also have to overcome more obvious problems before they
could be successfully marketed. One is cost; the design is more expensive
than light water reactors.™ The second is a 95 percent enriched uranium fuel
that could be diverted to bomb making. Therefore fuel enriched as low as 6
percent is now being tested. If it proves practical, the weapons diversion
problem would be eliminated.”

Inherent safety principles can also be applied to other aspects of the fuel
cycle, notably high-level liquid wastes. Retention of these wastes in liquid
form makes them particularly susceptible to releases if they are cut off from
coolant. There is also the more acute problem of preventing leaks as a result
of containment rupture, underscored by several such incidents due to corro-
sion.” Fortunately solidification into a glasslike or ceramic substance
makes migration impossible except for water-induced leaching or nuclear
explosion vaporization of products. The commercial reprocessing facility
built in Barnwell, South Carolina, called for glassification after one year’s
cooling. This time could be reduced to perhaps three or four months if the
liquid is converted into a granular state, allowing better heat dissipation.”

Alternative Energy Strategies

The most foolproof alternative to prevent nuclear facility destruction is
cessation of reliance on this form of energy and adoption of other energy
sources. Whether this alternative is viable depends on a number of factors,
including technical feasibility, economics, and environmental, social, and
political acceptability.”® The literature contains considerable debate about
whether alternatives can satisfy these criteria either in the short or long
term.

Amory Lovins is the most articulate proponent of the position that they
can. He argues that there are two mutuaily exclusive paths to energy
growth, what he calls the hard and soft paths.” The hard path is currently
favored by industrialized and industrializing countries. It relies on central-
ized energy production in the form of nuclear power, oil, natural gas, and
coal. Presuming high consumption levels at a decreasing rate of growth, it
Proposes that coal and nuclear power bear the future energy burden as oil
and gas poduction decline. Lovins criticizes this path on economic and
social grounds. From the economic viewpoint, he finds a number of
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diseconomies of scale. Since centralized plants are limited in number, they
cannot take advantage of the economies of mass production. Evidence sug-
gests that the long lead times to build them result in increased cost escalation
and interest charges (more than economies of scale decrease direct construc-
tion costs), making total capital cost per installed energy output more for
very large than for small units. During this period, plants are exposed to
changes in regulatory requirements, political moods, and technical evolu-
tion that often add to expenses. Utility cash flow may become a problem.
Once the plants are built, they require distribution systems that often cost
more than the plant itself. And they tend to be less reliable than smaller
units, more expensive to repair, and needful of a large reserve capacity to
provide power when they are not in operation. In addition to these
diseconomies, large power plants exact larger environmental and so-
cioeconomic costs than do smaller units. Beyond these problems lie their
vulnerability to war, sabotage, accidents, and mistakes.!®

In Lovins’ view, these costs make the hard path unacceptable. In its
place, he proposes an alternative soft path using the energy resources
already available more efficiently by rapidly expanding the reliance on
renewable energy resources afforded by the sun, wind, and vegetation.
Energy efficiency can be achieved in a number of ways. Through better use
of capital, design, management, and care, technical adaptations could
result in more efficient engines and furnaces, less overlighting and overven-
tilation in commercial buildings, recuperators for waste heat in industrial
processes, and so on. Lovins contends, ‘“There is overwhelming evidence
that technical fixes are generally much cheaper than increasing energy
supply, quicker, safer, of more lasting benefit.”’'®! He also believes they are
more labor intensive and thereby increase employment. Furthermore they
would not affect life-styles although social changes in the form of car pool-
ing, smaller cars, mass transit, and recycling of materials would make a
significant contribution to efficient use of energy.

Lovins acknowledges that technical fixes and social changes have their
limits. To meet the foreseeable shortfall, he advocates the adoption of soft
technologies: ‘‘a body of energy technologies that have certain specific
features in common and that offer greater technical, economic and political
attractions.’’*? Such technologies are defined by five criteria:

They rely on renewable energy flows that are always there whether we use
them or not, such as sun and wind and vegetation; on energy income, not
on depletable energy capital.

They are diverse, so that energy supply is an aggregate of very many in-
dividually modest contributions, each designed for maximum effectiveness
in particular circumstances.
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They are flexible and relatively low-technology—which does not mean un-
sophisticated but rather, easy to understand without esoteric skills, acces-
sible rather than arcane.

They are matched in scale and in geographic distribution to end-use needs,
taking advantage of the free distribution of most natural energy flows.
[Thus such energy sources as centralized solar parks would not be con-
sidered soft technology.}

They are matched in energy quality to end-use needs.'%?

What distinguishes the hard and soft paths is not how much energy is used
but the technological and sociopolitical structure of the energy system.!%

In Lovins’s view, broad introduction of soft energy need not await
future technological development; economic technology is now available.
Solar collectors today can be used economically for the cooling and heating
of old and new buildings. Practical technologies are available to convert
agricultural and forestry wastes to methanol and other liquid and gaseous
fuels to the transport sector of the economy. Wind systems can produce
electricity, heat, pump, heat-pump, or compress air. Energy production at
the source of need rather than in central generating stations eliminates high
energy conversion and transmission costs. It does so simply, with low
replacement costs, slow obsolescence, high reliability, high volume, low
markup, and high employment. As for energy storage, often said to be a
potential problem, small units allow retention of low- and medium-
temperature heat at the point of use with water tanks, rock beds, or perhaps
fusible salts. In industry, wind-generated compressed air can be stored to
operate machinery, and organic conversion yields energy stored in liquid or
gaseous forms.

Lovins recognizes that soft energy cannot be introduced immediately.
Therefore he advocates fossil fuel transitional technologies coupled to
greater efficiencies. To conserve valuable oil and gas supplies essential for
petrochemical and other uses, he calls for interim adoption of sophisticated
clean coal technologies, available today, that could fill the transition period
with only a modest and temporary expansion of mining.

Lovins sees a number of comparative advantages in the soft path. In
contrast to high technologies whose success he contends is by no means
assured and whose environmental, social, and strategic costs are potentially
great, the soft path offers technical diversity, adaptability, and geographic
dispersion for a wide range of conditions for all regions of the world,
whether they be in highly industrialized countries or rural villages. In this
manner, energy can be provided without impinging upon the cultural pat-
terns of a country and without dependence on a technical elite or commer-
cial monopoly. The soft path offers an alternative to the nuclear energy
road to minimize malicious acts. Lovins stresses immediate implementation
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of his proposals, arguing that delay pushes soft technologies so far into the
future that there will be no credible fossil-fuel bridge to allow their im-
plementation.

Lovins’s thesis has elicited an enormous amount of controversy. In one
congressional compendium alone, over two thousand pages of testimony is
devoted to it.!” In this collection, the U.S. Energy Research and Develop-
ment Administration (ERDA), the principal predecessor of the Department
of Energy, most cogently summed up the argument against it.!% Agreeing
with Lovins that there are already a wide variety of economical end-use and
conservation technologies available, especially for buildings, that solar
energy heating is likely to become increasingly attractive as the industry
matures, and that cogenerating and district heating should receive increas-
ing attention, ERDA took issue on two points. First, it rejected the conten-
tion that the hard and soft paths are mutually exclusive. Rather it suggested
that there will be many circumstances where centrally supplied electrical
power will be the most practical alternative because of its flexibility rather
than because it is required as an energy form. Furthermore, hard energy will
be necessary to make up the shortfall in oil and natural gas reserves that will
occur whether energy growth remains constant or declines. ERDA an-
ticipated a hybrid energy economy with both hard and soft technologies
playing major roles. Whether soft energy could dominate would depend on
technological development and economics. If it could not prove advan-
tageous on these grounds, a national decision would have to be made that
the noneconomic advantages were worth the extra cost.

A second point of contention concerns the capital investment required
to implement the hard path. Lovins estimates $1 trillion. ERDA suggested
half that amount consistent with the energy sector’s historic share of fixed
business investment btween 20 and 30 percent. As for the economies of soft
technology, ERDA argued that these remained to be proved. Its computa-
tions suggested that soft technology is likely to be significantly more expen-
sive than are hard technologies in meeting energy demands comprehen-
sively. For example, although solar energy might economically meet 40 to
60 percent of space heating needs, sizing a system to meet 100 percent could
escalate costs by an order of magnitude making solar energy much more ex-
pensive than hard technologies.

In sum, ERDA believed that Lovins did not establish that the soft path
was either economically or technologically sound or that the hard path
could not overcome technical and environmental problems. Because of the
uncertainties, it concluded that abandonment of large-scale projects
generally and nuclear energy specifically would be irresponsible.

The debate between Lovins and his opponents is not resolvable in this
study. However, what is important from the wartime perspective is that
Lovins’s alternative may be worth considering by countries intent on
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diminishing, if not eliminating, the threat posed by nuclear energy during
conflict.

Managing Alternatives through International
and National Guidelines and Institutions

The alternatives presented thus far are not mutually exclusive, but their suc-
cessful integration requires the commitment of all nations to the treaty pro-
hibiting both the threat to destroy facilities and any efforts toward this end.
Remaining alternatives would reinforce the treaty. Current hard and soft
technologies would be exploited to their maximum. Nuclear energy would
be utilized only if necessary. Inherently safe facilities with postaccident
filtration systems would be located underground in remote regions pro-
tected by active defenses, while civil defense would be provided for popula-
tions downwind.

This scenario is not likely to be applied easily. Certainly it is not totally
applicable to the hundreds of installations already in existence. Their
vulnerability can be minimized only by the treaty, active defenses, and
perhaps the adaption of postaccident filters. None is foolproof. Although
the treaty may make a significant contribution toward eliminating facilities
as legitimate targets, the prohibition may not be observed universally, and
the filter or defenses against bombardment are not likely to be impervious.
Only future construction can apply most of the remaining alternatives, and
the advantages of these must be weighed against significant costs.

Because location and type of nuclear facilities bear on international
security, expanded use of international as well as national regulatory bodies
should be undertaken to ensure that new construction does not add to in-
stabilities. To lay the empirical foundation for several alternatives, the per-
formance of eight such institutions will be examined below: three U.S.
government organizations—the Nuclear Regulatory Commission (NRC),
the Energy Research and Development Administration (ERDA), and the
Arms Control and Disarmament Agency (ACDA)—and five international
bodies—the European Atomic Energy Agency (EURATOM), the Con-
sultative Committee (Cocom), the International Bank for Reconstruction
and Development (World Bank), the nuclear suppliers group, and the Inter-
national Atomic Energy Agency (IAEA).

Nuclear Regulatory Commission

American nuclear regulatory policy has rapidly evolved over the last several
years. The 1974 Energy Reorganization Act divided the Atomic Energy
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Commission into two agencies: the Nuclear Regulatory Commission re-
sponsible for regulating nuclear energy, including export licensing, and a
promotional institution, the Energy Research and Development Ad-
ministration. In 1976 an executive order refined export licensing criteria. In
1977 ERDA'’s responsibilities were transferred to the new Department of
Energy. Congress passed the Nuclear Anti-Proliferation Act in 1978, which
further defined American export policy. For illustrative purposes, the
NRC’s performance applied to nuclear exports between 1974 and 1976 will
be examined.

According to the 1954 Atomic Energy Act, the foundation upon which
all subsequent legislation has been constructed, before nuclear material or
facilities could be licensed, recipients first had to negotiate an Agreement
for Cooperation. The agreement was a statement of principles containing
the terms, conditions, duration, nature, and scope of cooperation;
American safeguard rights; the recipient’s declaration that nuclear material
and facilities would not be used for research or development of nuclear
weapons or for any other military purposes; and stipulations establishing
when the recipient could transfer material.!”” During the 1974-1976 period,
the agreement was prepared by ERDA, reviewed by the Department of
State and the Congressional Joint Committee on Atomic Energy, and ap-
proved by the president. The following major criteria were used: the con-
sistency of a nuclear relationship with American legal and policy re-
quirements and with other agreements; the reasonableness of the scope of
the desired cooperation; the availability of comparable assistance from
other countries; national security implications; and the recipient’s status
with respect to Nonproliferation Treaty (NPT) and International Atomic
Energy Agency (IAEA) obligations.'*®

Once an agreement was concluded, consummation of specific transac-
tions required an NRC license granted on the basis of assurances that the
transaction was consistent with American security. To establish this con-
sistency, the commission submitted license applications to the executive
branch. The State Department, acting as lead agency, consulted with
ERDA, the Department of Defense, the Arms Control and Disarmament
Agency, and the Department of Commerce to arrive at an evaluation. The
following prescribed criteria had to be considered:

(1) The purpose of the export, (2) whether the export is covered by an
agreement for cooperation, (3) whether the importing country has accepted
and implemented acceptable international safeguards, (4) the adequacy of
the importing country’s accounting and inspection procedures and physical
security arrangements to deal with threats of diversion of significant quan-
tities of nuclear materials, (5) the importing country’s position on non-
proliferation of nuclear weapons, and (6) the importing country’s
understanding with the United States regarding the prohibition of using
U.S. supplied material in the development of nuclear explosives.!®
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The Department of State homogenized the findings in a report it submitted
to the commission.

The confidentiality of the licensing procedure makes assessment dif-
ficult. Nonetheless, the available evidence suggests that during the
1974-1976 period, NRC approval of exports was a matter of course. The
Government Accounting Office (GAO) found that between 1975 and Jan-
uary 1976, forty of forty-nine applications were accepted, and the re-
mainder were likely to be approved because the NRC had never disapproved
a license under these procedures.!'® The GAO presented evidence that the
success rate reflected less the merits of applicants than NRC deferral to a
higher authority. Summing up its findings, the GAO noted:

NRC officials have stated that there would probably be few cases where the
Commission’s judgment, in issuing an export license would differ from
that of the Executive Branch. Should there be a difference at the end of the
export license review process after all exchanges between NRC and the Ex-
ecutive Branch, NRC officials believe that they have the final decision mak-
ing responsibility on whether to issue a license. However, NRC believes
that because most export license transactions fall within the framework of
agreements for cooperation developed by the Executive Branch with Con-
gressional review and because the President is responsible for conducting
foreign policy, his views on national security and foreign policy should be
given great weight by NRC in making its export licensing decisions.!!!

This experience suggests that regulatory bodies that subordinate themselves
to a higher authority that does not have coincidental interests cannot fulfill
their mandate.

Energy Research and Development Administration

In 1976 ERDA, in collaboration with the Department of State, the NRC,
and the Export-Import Bank, published a statement assessing ‘‘the en-
vironmental, social, technological, national, security, foreign policy, and
economic benefits and costs to the United States associated with a continua-
tion of nuclear power export activities through the year 2000.’’!*> The report
also examined the costs and benefits of alternatives to current American
nuclear export policy. The statement was issued in accordance with pro-
cedures and guidelines established by the National Environmental Policy
Act of 1969, which mandates that the federal government anticipate and
propose alternatives to acts that degrade the environment. Its purpose was

to assist government decision makers, industry, and the public in making
informed judgments on the proper nature, scope, and direction of the
United States nuclear export activities, now and in the future, and the ap-
propriate conditions that should govern those activities.!"?
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The statement is interesting because of the way it assessed American nuclear
export policy and because it demonstrated the limitations of unilateral
undertakings of this sort.

According to the authors, ‘“Nuclear power export activities have yielded
numerous and significant benefits to the U.S. in such areas as national
security, energy trade and employment.’’!'* From the security and foreign
policy viewpoint, nuclear exports provided American leverage over the
global market’s development consistent with the objectives of the NPT. It
helped allies reduce their dependence on fossil fuels from unreliable pro-
ducers and contributed to the prosperity of all countries, including develop-
ing states. Economic benefits for the United States included $1.5 billion per
annum from facility and fuel exports and a strong domestic nuclear in-
dustry. !t

While making this case, the statement did not deny actual and potential
costs: environmental costs from mining, land use for fabrication facilities
and waste disposal, and possible security costs should materials be diverted
for weapons by foreign governments or subnational groups. The statement
also admitted that sabotage of facilities and materials was conceivable.!¢
However, the authors stressed that there were limitations on the United
States’ capacity to diminish these costs unilaterally. Physical environmental
impacts abroad were beyond the analysts’ resources and authority. Further-
more any such undertaking could

create risks of international repercussions arising from claims of encroach-
ment by the U.S. on other nations’ sovereignty since decisions as to the ac-
ceptability of risks of health and safety of a nation’s citizens and to the
physical environment traditionally have been reserved to the responsible
sovereign government.'?’

As remedy, the authors suggested an international assessment: ‘“Such an in-
ternational assessment would not be constrained by sovereignty problems
and could prove to be a useful tool in solving the worldwide issues related to
the nuclear option.”’!!®

U.S. Arms Control and Disarmament Agency

ACDA is responsible for two relevant assessments: it advises the Depart-
ment of State on its views on security implications arising from nuclear ex-
ports as part of the NRC review process, and it assesses the arms control im-
plications of new weapons systems.

Nuclear Export Review. Although the executive branch’s nuclear export
assessments are confidential, congressional testimony on the American
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decision to export reactors to Egypt and Israel gave a glimpse into the work-
ings of the Arms Control and Disarmament Agency in 1974. According to
ACDA director Fred Iklé, the agency asked three questions:

(1) Will the country that is to receive nuclear technology from the United
States be likely to acquire such technology from other supplier nations?
(2) Will the prospective technology transfer permit us to add further pro-
tective measures to the safeguards ordinarily applied, and thus permit us to
take a step forward in separating the peaceful atom from the atom of war?
(3) Is the region to which nuclear technology is exported free from latent or
actual hostilities?!1?

Iklé testified that in ACDA'’s judgment, sales to the Middle East were
likely to occur whether or not the United States was involved. Furthermore
the United States would be more responsible than other countries in the ap-
plication of safeguards. Iklé granted the region was prone to conflict.
“But,”” he argued, ‘‘there is a countervailing consideration: the transfer of
these power reactors can help strengthen United States influence in the area
and thus help this administration and future administrations continue to
bring peace to that area.””'®

Subsequent testimony by nongovernment witnesses questioned the basis
of Iklé’s testimony. Mason Willrich and George Quester, two prominent
students of proliferation, argued that American responsibility in nuclear
trade was no greater than that of the Soviet Union, France, Canada, and
West Germany. Furthermore the American action would probably ac-
celerate the military nuclearization of the region rather than deflate it.'?! As
for Iklé’s argument that nuclear trade enhanced American influence, Con-
gressman Benjamin Rosenthal argued that there were less risky ways this
objective could be achieved.'?

Two rationales can account for the inadequacy of Iklé’s remarks: either
he was rationalizing as best he could a decision over which he had no con-
trol, and/or the agency’s assessment was not as thorough as it should have
been. Both explanations illuminate problems posed by efforts to anticipate
the security implications of nuclear exports. The first underscores the im-
portance of authority. Without it, review agencies simply acquiesce to the
views of others. The second suggests the importance of honesty, thor-
oughness, and initiative by those undertaking such assessments. Without
these attributes, assessments will not fulfill their objectives.

Arms Control Review. In 1975 Congress amended the Arms Control and
Disarmament Act to require the executive branch to assess the arms control
implications of military appropriations requests.!? Although the amend-
ment did not deal with nuclear exports, its function is similar enough to
alternatives I will propose so that it provides a relevant case study.
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The amendment stipulated that any agency preparing a legislative or
budgetary proposal involving nuclear weapons or their delivery vehicles, or
military programs with a total program cost in excess of $250 million or an
annual cost of $50 million, or any other program the director of ACDA
believed had a significant arms control, disarmament, or negotiation effect,
was to provide the director with detailed information. In a manner he or she
‘“‘deems appropriate,”’ the director was to assess and analyze the programs
in terms of their impact on arms control and submit his or her recommenda-
tions to the National Security Council, the Office of Management and
Budget, and the government agency proposing the program. Congress also
had authorization to review the statements.'*

The Congressional Research Services (CRS) assessed arms control im-
pact statements submitted to the Congress in January 1977. It found the
statements deficient in at least two regards. First, they were not comprehen-
sive. Of more than one hundred potential programs that could have been
reviewed, the Department of Defense reported on twenty-one and ERDA
on five. The Department of Defense asserted that seventy-six programs
unaccountably did not have arms control impacts. However, the CRS con-
cluded that at least half of these did have such implications.!?

More serious was the shallowness of the assessments. It is apparent that
the defense agencies narrowly interpreted their statutory obligations. The
Department of Defense considered whether weapons systems violated ex-
isting arms control agreements or those being negotiated and their impact
on strategic stability. The question of verification arose in only a few in-
stances. ERDA addressed safety, security, and improved command and
control of weapons systems; it did not, but should have, addressed pro-
grams’ reduction of wartime destruction, economic burdens, inhibition of
armaments races, and impacts on perceptions of national will and the
military balance.

Several rationales account for the inadequacies of the statements. First,
the CRS found three terms in the arms control legislation ambiguous: ‘‘pro-
gram,’”’ ‘“‘arms control,”’ and ‘‘impact.”” The ambiguity left considerable
room for interpretation and discretion by departments conducting the
assessment. Second, it is unlikely that the departments responsible for
weapons production were in the best position to judge critically arms con-
trol impacts. A third problem was the Arms Control and Disarmament
Agency’s lack of initiative in fulfilling its obligations. In the words of the
CRS report:

It was expected when the legislation of the arms control impact statements
was passed that the U.S. Arms Control and Disarmament Agency, which
has an arms control mission, would have a major if not leading role in
preparing the impact statements. There is no evidence that such a role has
materialized.!?
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To remedy these inadequacies, the CRS advocated more initiative by
ACDA and clarification of the term impact by requiring that agencies con-
ducting the review answer a detailed set of questions.!#

European Atomic Energy Agency

Euratom is the first of five international institutions to be examined that
were mandated responsibility to assess the implications of nuclear exports.
Under article 103 of the Euratom charter, members of the organization con-
templating an export were obligated to submit prospective export
agreements for review by the community’s commission. The commission
was to conform the agreement to the organization’s purposes. If the agree-
ment impeded these purposes, the exporter was to be so advised. Pre-
sumably this advice would stimulate the supplier to reconsider its transac-
tion. If reconsideration was not forthcoming, the exporter could be enjoin-
ed by the commission not to conclude the export until objections were
removed, or the exporter might be obliged to subscribe to a ruling of
Euratom’s Court of Justice.!?®

Euratom has never been able to fulfill this obligation. Because of its
failure to integrate Western Europe’s nuclear programs, it has never felt
that it had authority to act against the wishes of its individual members.
Consequently it has gone through the exercise of reviewing exports, but in
so doing has always acted in a perfunctory role concerning transactions.'?

Consultative Committee

In the late 1940s, the United States initiated what eventually became the
most concerted international effort to monitor exports of all sorts, nuclear
power included, for security reasons. It tried to prevent a deterioration of
American technological superiority over the Soviet Union by controlling ex-
ports to the Soviet bloc. In 1949 an organization known as the Consultative
Committee (Cocom) was established to coordinate the policies of the
United States and six others nations (England, France, Italy, the
Netherlands, Belgium, and Luxembourg). In subsequent years the organiza-
tion enlarged to include Norway, Canada, Denmark, West Germany, Por-
tugal, Japan, Greece, and Turkey. In 1952 a parallel organization, known
as Chicom, was established to control trade to mainland China.!®

Cocom divided commodities into three categories: embargoed products,
quantitatively regulated exports, and items to be kept under surveillance. At
the height of the embargo, 1952-1955, over half of all internationally traded
goods were on the lists. Nuclear power was among the items totally em-
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bargoed. In later years the number of such items was reduced drastically,
and by 1958 only 10 percent of internationally traded goods were on the
lists. Nuclear power plants and materials were among the goods deleted.!!

With the exception of monitoring computers and sophisticated military
ordnance, Cocom was not very successful. It did not prevent the Soviet
Union from acquiring at least one sample of most embargoed goods. Those
that the Soviets were unable to obtain at all or to obtain only in small quan-
tities, they produced themselves after a relatively short delay, or they
developed substitutes. One of the ironies of the embargo is that it may have
forced members of the Soviet bloc into greater economic reliance on
Moscow.

The principal reason for the failure of the embargo was lack of support.
From the vantage point of Western Europeans, restraints impeded their
World War II recovery that depended on exports. Furthermore they
resented American coercion, which included threats to cut off assistance to
uncooperative countries. Consequently many countries allowed their firms
to engage in trade secretly.!

The Cocom experience underscores the limits of such international ef-
forts. It was not a notable success because America’s allies had different
economic stakes, and American leverage was insufficient to induce coopera-
tion. The Soviets contributed to the failure by finding adequate substitutes
for the products they could not import.

World Bank

The International Bank for Reconstruction and Development conducts the
most successful review. It loans monies for development projects such as
electrical utilities, transportation networks, and industrial growth. In at
least one case, Italy, it financed a nuclear reactor. To obtain financial sup-
port, a country must agree to a project appraisal. The bank approaches this
review seriously. According to one source, ‘““The Bank’s experience has
taught it that in project appraisal nothing should be taken for granted and
that healthy skepticism is a cardinal virtue.’’!*

The appraisal reviews six different aspects of a project: economic,
technical, managerial, organizational, commercial, and financial.
Economic assessments include the contribution of the project to the
economy as a whole and its priority, taking into consideration scarce
capital, managerial talent, and available skilled labor. Technical
assessments appraise the engineering of the project: the appropriateness of
proposed methods and processes, adequacy of design, construction schedul-
ing, and potential causes of delay. Managerial appraisals review the
demonstrated competence of the state in other enterprises. Organizational
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reviews estimate the organizational requirements to bring the project to
fruition, as well as operational requirements. The commercial analysis
calculates whether adequate arrangements were made for purchasing con-
struction materials and, after completion of the projects, whether the re-
quirements for maintaining the project will be available. Finally the finan-
cial analysis determines the soundness of the enterprise proposing to under-
take the project.!™

On the basis of its review, the World Bank can refuse to support a
project, recommend its delay until there are more propitious circumstances,
recommend extensive modifications, or adopt it. Once a loan is granted, the
bank closely supervises the project to ensure that finances are properly and
efficiently used. This supervision not only leads to success of the project but
in the process reassures creditors, thereby keeping borrowing costs as low as
possible.

In the caution and care it takes to evaluate projects, the World Bank is
given high marks by its creditors. Its effectiveness is underscored further by
the fact that it has had few failures. This is not to say that the bank’s perfor-
mance has been perfect. The bank has been criticized for not paying suffi-
cient attention to ecological costs or the long-term implications of ventures.
But on the whole the bank is praised for doing what it is supposed to do.!%
This success appears in no small part due to its authority and its willingness
to use it, its rigorous review criteria, and the monetary commodity with
which it deals.

Nuclear Suppliers’ Group

In 1974 the United States, Canada, France, West Germany, Japan, the
United Kingdom, and the Soviet Union émbarked on a series of secret
meetings to review what suppliers of nuclear material and equipment could
do to ensure the peaceful application of nuclear energy. The suppliers’
group—subsequently enlarged to include Belgium, Czechoslovakia, East
Germany, Italy, the Netherlands, Poland, Sweden, and Switzerland
—negotiated several agreements establishing nuclear transfer guidelines.
The most recent to this writing was consummated in 1977.1% It stipulates in
detail nuclear materials and equipment that should trigger application of
IAEA safeguards designed to detect illicit removal of nuclear material and
establishes criteria for nuclear transfers. The criteria require recipients to
agree that exports not be put to uses that would result in any nuclear ex-
plosive device and that exporters and importers mutually agree upon levels
of physical security, although the measures assented to would be the respon-
sibility of the recipient only. It also stipulates that restraint be exercised in
the transfer of ‘‘sensitive facilities, e.g. reprocessing plants and weapons
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usable material’’ and encourages importers to accept multinational
reprocessing and enrichment centers rather than national plants. Finally the
document mandates that nuclear transfers not take place unless the im-
porter agrees that in case of retransfer, the recipient is bound by the
assurances that the first transferee assumed and that transactions involving
stipulated sensitive material be approved by the original supplier.

Shortly after the consummation of the agreement, the Stockholm Inter-
national Peace Research Institute, an authoritative international arms con-
trol investigative center, criticized the accord for being ‘‘essentially a
gentlemen’s agreement’” rather than a binding treaty.'’” In a later assess-
ment it noted that both the Soviet Union and the United States violated the
stipulations in 1977 (and 1978-1979) by providing India with heavy water
and enriched uranium, respectively, without New Delhi’s agreement to ac-
cept international safeguards over its entire nuclear industry, although it
acknowledged that both countries pressed India to apply stricter
safeguards.'*® Despite the Stockholm Institute’s cynicism and these viola-
tions, the guidelines provide a standard of international behavior that at the
very least has forced exporters to think about the strategic implications of
their trade. Whether they have contributed to policy changes is uncertain. It
still may be too early to dismiss their effectiveness.

International Atomic Energy Agency

The IAEA is responsible for fostering peaceful nuclear development
worldwide. To ensure that this development remains peaceful, it has devised
a number of measures, including a set of physical-security guidelines for
nuclear facilities and materials. Consummated in 1975 and revised in 1977,
the guidelines recognize that although physical security is a national respon-
sibility, the international implications of nuclear terrorism make it an issue
of international concern.’ Thus the guidelines stipulate how states should
protect nuclear facilities and materials in use, transit, and storage. The
agency reinforces its recommendations through participation in the
development of legal instruments of international cooperation, technical
assistance in the form of advice and training, publication of practical
guidebooks on comprehensive physical protection systems, and main-
tenance of an information bank in the agency’s library.

Although the guidelines are purely advisory and are not enforceable, the
agency reports that they have been favorably received and used in some
states for guidance in the preparation of national regulations. They are also
referred to in the suppliers’ guidelines. Although not universally applied,
still they represent a benchmark that has had sufficient success to warrant
ongoing negotiations to formulate a formal international convention.
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A number of lessons can be drawn from these cases concerning the re-
quirements for successful national and international institutions that would
anticipate and reduce the vulnerability of nuclear facilities not only to acts
of war but possibly national and subnational diversion of nuclear materials
for weapons purposes, subnational sabotage, and accidents as well. The il-
lustrations suggest the importance of common interests between and within
nations as a foundation for success, but it is a foundation difficult to con-
struct. Cooperation can be forced as it was in Cocom. However, Cocom
demonstrated that conflicting interests ultimately undermine restrictive
trade practices. In like manner, different bureaucratic and political interests
undermined the review efforts of the NRC and ACDA.

Common interests are necessary but may not be sufficient requisites for
success. Optimally an organization must also have authority and in-
dependence to perform its functions. However regulatory authority in a
community of sovereign nations may be difficult to acquire. This is true
even within a national setting where, as the experiences of the NRC and
ACDA suggest, even statutory mandates may not be genuine. In only one
example, that of the World Bank, does authority seem to have been exer-
cised. But the World Bank is unique in the sense that it deals with money, a
commodity readily understood and desired.

Still the cases suggest that authority can be enhanced and the regulatory
institution’s integrity better ensured by a clear mandate. ACDA’s am-
biguous mandate, which allowed agencies conducting arms control reviews
to be less thorough than they should have been, underscores the importance
of clarity. To be effective, the mandate must not be so broad that an institu-
tion is asked to perform the impossible but not so narrow—as ERDA’s
American-focused impact statement—that it cannot perform its functions.
The Congressional Research Service’s criticism of ACDA’s arms control
assessments for failing to ask enough of the right questions and the World
Bank’s standards suggest the importance of detailed review criteria. And
the IAEA’s physical security guidelines and those of the suppliers’ group il-
lustrate alternatives, albeit imperfect due to their reliance on voluntary
compliance, that establish standards of behavior that may have an impact.

Given the reluctance of nations to surrender sovereignty to international
institutions but at the same time the desirability of establishing a criterion
that addresses wartime risks, guidelines that provide the foundation upon
which more authoritative institutions could be built offer the most im-
mediate remedy. As they have in other cases, either the IAEA or the sup-
pliers’ group could establish detailed standards for exporters, importers,
and nations building their own nuclear installations. The nuclear security
assessment that follows illustrates what the guidelines might encompass.
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The Nuclear Security Assessment

A. The Contemplated Nuclear Product

The vulnerability of nuclear facilities and consequences from destruction
varies depending upon the installation and the material involved. Thus the
risks associated with each would be considered first.

B. Economics of the Nuclear Product

States should make sure that the nuclear endeavor makes economic sense.
This portion of the assessment would sensitize them to important economic
considerations.

1.

Costs: What are the projected planning, construction, and operational
costs of the nuclear item? Answers to this question form the basis of the
remainder of the economic assessment.

Energy requirements: What are the states’ immediate and long-term
energy needs? Such estimates will help determine whether nuclear
power is the best source of electrical generation. Economical nuclear
facilities today produce at least 600 MW(e). For many developing na-
tions, this quantity may be beyond their requirements and/or distribu-
tion capabilities.

The economics of nuclear power: Is nuclear power economical both in
the short and long term compared with other energy sources? Do its
costs justify the quantity of scarce resources required—capital,
domestic and foreign managerial talent, and skilled labor? The World
Bank uses this question to determine whether it should support an ex-
port.

Balance of payments: Should the nuclear item be imported, what is the
balance of payments impact? Many countries today have balance-of-
payments problems and are unable to repay their debts. It is important
that nuclear imports do not exacerbate this problem seriously.
Managerial and organizational skills: Does the state have sufficient
skills to build and operate nuclear facilities? If not, what plans does it
have to acquire them? The World Bank asks these questions to establish
a project’s worthiness.

Availability of energy backup systems: Does the nation have additional
generating capacity for periods during which a nuclear power plant
might be off-line? Nuclear power plants do not operate year-round.
There are periods when they must be shut down for maintenance and
repair. Light water reactors must be shut down during refueling. Dur-
ing these periods a nation must have generating capacity from other
sources.
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C. Wartime Vulnerability

Different military threats confront many nations. Some regions, such as
Latin America, have been characterized by little interstate conflict, while in
other areas, notably the Middle East, war has been chronic. Military
capabilities vary widely; some states have nuclear weapons with advanced
delivery systems, others have sophisticated conventional weapons, and still
others have relatively unsophisticated armaments. This section attempts to
anticipate the wartime vulnerability of nuclear facilities in different regions
and suggests alternative means of dealing with the problem.

1.

What is the nation’s proneness to war? The year 1945 might serve as a
benchmark for some historical perspective to this question while con-
sidering the points that follow.

. What were the causes of wartime involvement: colonial, territorial,

material, ideological? A statistical listing of wartime involvement
without consideration of its roots would distort future projections.

. Have wars taken place in the nation’s territory? Many recent conflicts

have arisen far from the combatants’ territories. The Korean and Vi-
etnam wars are two examples. This question, like the preceding one, is
designed to eliminate distortion arising from a statistical review of war-
time involvement.

. What issues might cause the nation’s participation in a war involving its

own territory? Only such involvement should be of concern.

. How likely is it that wars will involve nuclear weapons? For regions

such as Europe where the probability of nuclear warfare is great, con-
sideration should be given to whether destruction of the energy installa-
tions would be significant enough to warrant additional protective
measures for nuclear plants.

What are the military capabilities of the nation’s potential adversaries?
Nuclear installations protected by reinforced concrete shells are likely
to be invulnerable to all but the most sophisticated and accurately
delivered munitions.

How much violence and discrimination is likely to occur between adver-
saries during conflict involving the nation’s territory? Recent wars in
the Middle East and South Asia were characterized by discriminate
bombardment. Principal targets were the antagonist’s armed forces
rather than civilian populations and industrial centers. This behavior,
reinforced by a treaty banning the destruction of nuclear energy
facilities, might minimize attacks against nuclear power plants.
Where are facilities to be situated in relation to domestic populations
and those of neighboring countries? The answer to this question is im-
portant in determining the location of installations.

. What is the status of the nation’s civil defense? Casualties resulting

from radiological releases can be reduced if civil defense is adequate.
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10. What impact will wartime vulnerable facilities have on international
stability?

11. What options can reduce wartime vulnerability and threats to interna-
tional stability?

a. Nuclear facilities should not be built in regions where war is
likely.

b. Nuclear plants should be located in geographically remote
areas, including oceans and seas for nations bordering such
large bodies of water.

¢. Underground siting of nuclear plants and radioactive products
should be considered.

d. Containment shells and emergency safety systems should be
reinforced.

e. Nuclear installations should be fitted with a postaccident filtra-
tion system.

f. Facilities that are inherently resistant to radionuclide releases
should be considered.

g. Active and passive civil defense should be strengthened.

h. Facilities should be located in the vicinity of populations or
valued land if this enhances international stability.

i. An economic assessment of each option should be conducted.

These guidelines are simply suggestive. Certainly something along these
lines would be a minimum national and international regulatory bodies
could undertake to address the wartime problem. However, efforts need not
stop with guidelines; more authoritative alternatives should be explored as
well. These could include a standing working group either within the IAEA
or the suppliers’ group composed of international civil service social scien-
tists and economists charged with the responsibility of making a security
assessment of wartime and possible other nuclear energy risks prior to con-
struction or acquisition of facilities and materials. Their conclusions, which
would be advisory, could be circulated privately or publicized to take ad-
vantage of the moral authority of public opinion to influence decisions.
Finally the historic trend toward greater international institutional involve-
ment in minimization of nuclear threats might warrant the creation of a
more authoritative international body to anticipate and regulate nuclear
risks. Such an organization might control nuclear exports or license in-
digenous construction to ensure that nations live up to their international
responsibilities as stipulated by a new international convention or
guidelines.

Whether more authoritative institutions beyond guidelines are either
desirable or attainable given the reluctance of nations to surrender
sovereignty to international bureaucracies that might not reflect their in-
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terests is a matter that can be resolved only in international negotiation.
Formulation of guidelines alone is probably the course of least resistance
and consistent with IAEA practice in several areas-—physical security,
design, and operation of reactors. Since time is of the essence in establishing
some standards, their definition would seem to warrant precedence.






Is There Merit in
Ignoring Destruction of
Nuclear Energy
Facilities in War?

One final alternative remains: continuation of the current policy, which ig-
nores the vulnerability of nuclear energy installations to destruction in war.
The option is not without its merits. This study has focused on some of the
worst consequences of wartime destruction. By so doing the argument can
be attacked for possibly exaggerating the problem. No attempt has been
made to establish a statistical probability that such consequences will occur.
Some may take issue with the thesis that lesser or even some major releases are
relatively significant compared to the inevitable consequences resulting
from other military actions.

From another perspective, critics may object to my singling out the
nuclear industry as a wartime risk. Other manufacturers, such as the
chemical industry, also use dangerous products. Oil- and coal-burning
power plants are likely to be as attractive as targets as are nuclear facilities if
the objective of an attack is to destroy energy production. If each industry
were subject to a wartime critique and forced to take remedial steps, prod-
ucts could not be produced economically. Finally, it may be asked, if
nuclear energy vulnerability is a serious problem, why have policy makers
and public critics not devoted more attention to it? Perhaps this neglect
alone suggests that the issue presented here is overblown.

Such arguments are worth considering, but I believe that they are a weak
rationale to ignore the problem. This study has looked at the worst conse-
quences because they will occur if facility vulnerability is exploited under
propitious weather conditions and if prophylactic measures are not taken.
Rough probabilities for such occurrences can be established with detailed
information about the nature of a particular nuclear installation, including
its contents, local weather, and the effectiveness of military ordnance that
states have available to them. Facility vulnerability is likely to increase in
the future as nations acquire more lethal weapons, assuming that plants are
not better protected. While one can argue that the releases upon which I
have focused are conservative, it can also be argued that they are not con-
servative enough. For example, the reactor scenarios postulated destruction
of one reactor per site. However, reactors increasingly are clustered in
groups of two, three, or four to a site. Should the contents of two or more
large plants be released, as well as on-site spent fuel in cooling ponds, the
consequences would be considerably greater than those postulated, as will
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releases from some other reactors with greater concentrations of toxic prod-
ucts than LWRs, notably the LMFBR. Resulting fatalities and injuries will
vary considerably among sites, depending on population density and civil
defense. Whether they are significant will depend on one’s definition of the
term. Certainly in terms of early fatalities, the threat posed by the plants is
not comparable to the devastating effects of nuclear weapons. On the other
hand, one hardly can define the problem in conventional terms. The
problem posed by land contamination alone is not trivial. Because of the
long-term effects, Great Britain’s Royal Commission on Environmental
Pollution distinguished the nuclear industry from all others.

Why has wartime vulnerability received so little attention compared to
other nuclear energy issues, such as nuclear weapons proliferation, terrorist
acquisition of fissile material, sabotage, accidents, and waste disposal?
There is no clear answer. However, policy makers have taken considerable
time to grasp the implications of many nuclear issues. To sum up the argu-
ment, nuclear energy installations are attractive targets in time of war
because of their energy production, intrinsic value, stores of nuclear
weapons grade materials, potential to contaminate large regions, and
susceptibility to politico-military manipulation. Destruction of facilities,
although difficult, is not impossible. Explosives can breach structures con-
taining radionuclides; releases also can result from disruption of
mechanisms responsible for the removal of heat generated by the reactor
core, spent fuel, and high-level liquid wastes. Military infiltration of in-
stallations would facilitate the task. Conventional bombardment with
recently developed precision-guided munitions carrying high-explosive
shaped charges is conceivable. Studies clearly support the vulnerability of
facilities to nuclear attack.

In the event of a radionuclide release, the extensiveness of contamina-
tion will depend on the volume and composition of vented material, the
height at which it is released from its containment, weather, and civil
defense measures taken to minimize human exposure. Conceivably thous-
ands of square miles could be contaminated, resulting in radiation sickness,
thyroid damage, early and late death, genetic defects in future generations,
and psychological traumatization. In many regions tens of thousands of
people could be affected by releases unless they were relocated.

Given the potential of nuclear facilities to contaminate large areas, their
destruction or threatened destruction may have significant implications for
regional stability. Adversaries could manipulate the installations for pur-
poses of deterrence, coercive diplomacy, and military strategy in a manner
similar to the use to which the superpowers put nuclear weapons. Given the
asymmetry in current or planned nuclear development in several regions,
facility vulnerability may increase instability, assuming the party with the
installations is sensitive to the problem and believes it faces a credible
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threat. Even where nuclear development is symmetrical, acquisition of the
means to destroy installations and adoption of a strategic doctrine to do so
could undermine the basis of current stability. The long-term consequences
of release of facility radiation add humanitarian grounds for objection to
facility manipulation or use as weapons.

It is fortuitous that in some of the most unstable regions—the Middle
East, Korea, and southern Africa—nuclear energy has not advanced far,
while in these and other regions, including South Asia, the most lethal con-
ventional weapons have yet to be introduced. These facts allow time for
reflection about the strategic meaning of facility vulnerability and for con-
sideration of options: a treaty to prohibit the release or threat to release ra-
dionuclides contained in nuclear fuel cycle facilities, alternatives to diminish
facility vulnerability to attack and the consequences derived therefrom (civil
defense, alternative siting modes, improvement of the resistance of installa-
tions to release products), alternative energy sources, and international ex-
port and national review controls to ensure that installations are built to
comply with international security.

The temptation of wartime threats or actions against nuclear energy
facilities in many regions of the world adds a significant dimension to the
problem of maintaining international peace and minimizing the conse-
quences of war. These conclusions suggest that the vulnerability of nuclear
energy facilities to military actions should be included in nuclear energy risk
calculations.






Table A-1

Appendix A

Some Man-Rem Dose-Effect Coefficients for Delayed Effects

(per million person rem)

Whole body effects
About 130

25-250

12.5
0-500

42

Lung dose effects
0.6-1.6

Thyroid dose effects
Children under ten

0.5-3.0°

11-52°

Adults (persons over ten)
0-5-3.0*

Cancer deaths

Persons with identifiable dominant
genetic defects over an average of five
generations following exposure

Noninheritable congenital defects

Total extraconstitutionally or degen-
eratively diseased persons over an
average of ten generations following
exposure

Spontaneous abortions

Cancer deaths per year for the period
five to at least twenty-seven years
following exposure

Cancer cases per year from five years
until at least thirty years following ex-
posure. (times about 0.04 for mortal-
ity during this period)

Cases of thyroid nodules per year
from five years until at least thirty
years following exposure

Cancer cases per year from five years
until at least twenty-five years follow-
ing exposure. (times about 0.15 for
mortality)

Source: American Physical Society Study Group on Light Water Reactor Safety, Review of
Modern Physics 41, supplement no. 1 (Summer 1975):A-2.
*The lower value would hold if iodine-131 were rem-for-rem 0.3 times as effective in producing

thyroid cancer than x-rays.
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