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Nuclear power is in trouble. Despite 
the results of polls, which have shown 
repeatedly that the majority (about 60 
percent) of the public view nuclear pow- 
er favorably and think it safe (see Table 
3), there is a sizable and growing opposi- 
tion to nuclear technology. Public initia- 
tives for a moratorium on nuclear devel- 
opment were recently defeated in Cali- 
fornia, Arizona, Colorado, Montana, 
Ohio, Oregon, and Washington. Never- 
theless, similar initiatives are being pre- 
pared in another 19 states. Within the in- 
dustry and in government regulatory 
agencies, there has been a significant de- 
fection of middle-level technologists (1). 
Many plants have been delayed or can- 
celed, and capital costs will have risen 
from $300 per installed kilowatt in 1972 
to an estimated $1120 by 1985 (2). The 
price of uranium tripled between 1974 
and 1976, and the adequacy of the 
uranium supply after 1985 is in question 
(3). 

All this is happening when many fea- 
tures of nuclear technology-low aver- 
age pollution, cost advantages over coal- 
and oil-fueled plants in many areas, and 
replacement of foreign oil resources in 
electric power generation-should en- 
courage rapid adoption of the tech- 
nology. What causes the malaise? 

Delays, cancellations, and rapidly in- 
creasing capital costs are not likely to be 
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decisive in the long run. Recent delays 
and cancellations have been strongly af- 
fected by the decreased demand follow- 
ing the sudden doubling in electric ener- 
gy prices in 1973 and 1974. Rapidly in- 
creasing capital costs are a function of 
the availability of capital, increases in la- 
bor costs, and the recent period of high 
inflation. These problems are shared by 
large new fossil-fired plants; solar plants 
would presumably have similar diffi- 
culties if they were available. 

We attribute most of nuclear power's 
problems, therefore, to the issue of safe- 
ty. For the last 2 years our inter- 
disciplinary group has studied the safety 
issue, particularly to see how the risk of 
rare events enters into the energy policy 
decisions of our society. At first sight, 
the case for the safety of nuclear power 
reactors appears impressive. Some fre- 
quently cited statistics and examples are 
as follows. 

1) The maximum permitted annual ra- 
diation exposure for persons living at the 
boundary of a nuclear power plant is 5 
millirem. Routine population exposure 
from all nuclear power plants averages 
0.003 millirem per person per year (4). In 
comparison, natural and medical sources 
contribute average exposures of 100 and 
70 millirem per person per year (4, 5), 
and individuals living in buildings con- 
structed of volcanic rock (for example, 
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in Rome) may be exposed to twice the 
natural background, or about 200 milli- 
rem per person per year (5). 

2) When coal plants are located in 
large cities, the population exposure 
from radioactinides in fly ash is 500 man- 
rem per year (6); this exceeds permitted 
radiation exposures from reactors of 
equivalent power (7). 

3) The most complete study to date of 
catastrophic reactor risk places the prob- 
ability of a major radioactive release (re- 
lease of an appreciable fraction of the 
volatile fission products found in the re- 
actor core) at 1 in 100,000 reactor-years 
(8); of core meltdown at 1 in 20,000 reac- 
tor-years; and of a loss-of-cooling acci- 
dent at 1 in 2000 reactor-years (9). These 
probabilities are given credence by the 
fact that to date, after 300 reactor-years 
of commercial reactor operation, there 
has never been a loss-of-cooling accident 
(9). With these probabilities, the ex- 
pected number of prompt and delayed fa- 
talities due to 100 reactors in the United 
States is only four per year; and the pop- 
ulation exposed in the unlikely event of a 
major reactor accident would have a can- 
cer risk only 1 percent greater than its 
preexposure risk (9). 

4) Although plutonium is a potent car- 
cinogen, substantial quantities (- 105 
kilograms) of it have been handled in the 
past 30 years with no apparent ill effects: 
there have been no cancers that can defi- 
nitely be attributed to plutonium in the 
several thousand workers who have han- 
dled the material (10). 

In early 1976 a committee of the Na- 
tional Academy of Sciences (NAS) be- 
gan a study of the risks of various elec- 
tric power technologies. While a detailed 
comparison is an extensive task and 
must await the NAS report, it is not diffi- 
cult to characterize and compare the 
risks of the hydroelectric, coal, and nu- 
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clear technologies, the three present op- 
tions for new baseline electric power. 
We have done this in Table 1 for four 
classes of hazards: (i) routine occupa- 
tional hazards, such as those of mining; 
(ii) routine population hazards, such as 
the inhalation of pollutants; (iii) general 
environmental degradation, such as de- 
struction of cropland; and (iv) cata- 
strophic hazards, such as massive re- 
lease of radioactivity and dam failures. 
We conclude from Table 1 that the quan- 
tified risks, based on available informa- 
tion, are much larger for coal and hydro- 
electric than for nuclear power. 

Considering Table 1, how do we ex- 
plain the distrust of nuclear power and 
the continuing doubts about its safety? 
We submit that the distrust of nuclear 
power rests in part on its social history; 
in part on its unique combination of haz- 
ards; and in part on the special way it has 
been managed and regulated. Further- 
more, the public distrust of nuclear pow- 
er is significantly amplified by the ran- 
corous debate in a polarized expert com- 
munity. 

An Intermingling of Issues 

Throughout its 30-year history, nucle- 
ar power has inspired some of the major 
hopes and fears of mankind. While it is 
difficult to describe this relationship ex- 
cept in terms of influence or anecdote, to 
ignore the social history of nuclear pow- 
er is to misunderstand its present predic- 
ament. Many new technologies are born 
in wartime efforts. None have come to 
symbolize the destructiveness of war as 
has the atomic bomb. For better or 
worse, nuclear power was for many 
years tied to and overshadowed by the 
course of military developments. To see 
this, consider the first 20 years of the nu- 
clear age (11). 

Immediately after World War II, the 
United States had a monopoly on nucle- 
ar technology. All significant U.S. devel- 
opment efforts were in a military direc- 
tion. Reactors were built to breed weap- 
ons materials and to propel submarines 
and aircraft carriers, and uranium-235 
was isotopically separated for military 
purposes. Commercial nuclear power 

was seen as something for the distant fu- 
ture and regarded as highly uneconomi- 
cal (12). At the same time, the atomic 
scientists who had built the bomb per- 
suaded the U.S. government to argue at 
the United Nations that the nuclear en- 
terprise was so dangerous that nothing 
short of international ownership would 
suffice to contain it (11). They also 
exerted considerable influence to estab- 
lish the Atomic Energy Commission as a 
6civilian" umbrella agency to oversee 
the nuclear enterprise, with the particu- 
lar charge to promote and develop com- 
mercial as well as military aspects of the 
technology (13). 

The idealism implicit in the U.N. ef- 
forts and the establishment of the AEC 
was short-lived, however, and with the 
first Soviet atomic tests in 1949 faded 
quickly into the cold war, the McCarthy 
period, and the arms race. By 1952 this 
had culminated in the testing of multi- 
megaton thermonuclear devices by both 
sides in what was later called by AEC 
commissioner Thomas Murray "a vacu- 
um of military strategy" (14). By 1954 

Table 1. Risks from three electric power technologies. Deaths are the number expected per year for a 1000-Mwe power plant. In all cases, man- 
days lost (MDL) are converted to deaths by 6000 MDL/death (72). 

Hazard type Hydroelectric Coal Nuclear 

Routine occupational Construction accidents are signifi- Coal mining accidents and black Risks from sources not involving 
hazard cant but the risks are not as lung disease constitute a radioactivity dominate. Aggre- 

large as for coal mining uniquely high risk gate risks from all stages of the 
fuel cycle are less than for coal 

Deaths 0.1 to 1.0* 2.7t 0.3 to 0.6t 

Routine population hazard Thought to be benign, although Air pollution produces relatively Low-level radioactive emissions 
specific cases (for example, the high, although uncertain risk of are more benign than corre- 
Aswan dam) have produced respiratory injury. Significant sponding risks from coal. Sig- 
new health hazards transportation risks nificant transportation risks re- 

main incompletely evaluated 

Deaths 1.2 to 50? > 0.0311 

General environmental Permanent loss of free-running Strip mining and acid runoff; acid Long-term contamination with ra- 
degradation streams, agricultural lands, wil- rainfall with possible effect on dioactivity; eventual need for 

derness nitrogen cycle, atmospheric strip mining on a large scale 
ozone; eventual need for strip 
mining on a large scale 

Catastrophic hazards (ex- Major dam failures have oc- Acute air pollution episodes with Risks of reactor accidents are 
cluding occupational) curred, but rarely in modern hundreds of deaths are not un- small compared to other quan- 

structures common. Long-term climatic tified catastrophic risks. The 
change induced by CO2 is con- problem lies in as yet unquanti- 
ceivable fled risks for the reactors and 

the remainder of the fuel cycle 

Deaths < 1? 0.5# > 0.04** 

*This estimate is based on (i) 10,000 man-years to construct a 1000-Mwe hydroelectric dam and generating station; (ii) a heavy construction occupational hazard of 
0.34 fatality and 1.34 permanently disabling injuries per 1000 man-years, or about 1 fatality equivalent per 1000 man-years (71); (iii) distribution of construction 
fatalities over an assumed 100-year useful life of the project; and (iv) hydroelectric generation availability of 10 to 100 percent. tData are .from (72). Of the 2.7 
deaths, 1.1 are due to mining accidents of all kinds, including major mine disasters, and 1.6 are due to black lung disease and other injuries. tThe lower figure is 
from (72), the higher figure from (73). ?The lower figure represents transportation accidents only, as given in (72). The higher figure includes an interpretation of 
the rather uncertain air pollution epidemiology, as given in (74). [lFigure given in (72). The result is consistent with an average annual exposure of 0.035 millirem 
per individual per reactor, using a cancer risk of 2 x 10-6 cancers per man-rem (4). The average exposure of 0.035 millirem applies to reactors only. It must therefore 
be considered as a lower bound for the fuiel cycle risk. lThe figure represents an estimate for dam failure risk based on all historical incidents, as summarized in 
(9). The number must be taken as an upper bound since many dam failures will not be connected with hydroelectric generation. #This is based on the occurrence 
of one 500-death air pollution episode per year, with one-fifth of the pollution attributable to coal power plants. **This estimate is based directly on (9), as 
discussed in the text, without correction for the incompleteness of the methodology, and must be regarded as a lower bound. 
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most of the public viewed atomic energy 
as synonymous with military terrorism in 
a situation in which the "enemy" was 
seen as a force of unmitigated evil in the 
world (15, 16). Public discussion of alter- 
native uses of nuclear power was almost 
nonexistent. 

The frozen silence finally thawed 
when the accidental severe exposure of a 
Japanese fishing vessel to fallout from 
the 1954 U.S. Bikini atoll test (17) fo- 
cused public attention on the worldwide 
hazard of fallout from nuclear weapons 
testing. In response to this realization, 
Adlai Stevenson suggested in the 1956 
election campaign that atomic testing be 
halted. President Eisenhower, while 
against a halt to testing, countered by 
proposing Atoms for Peace, a program of 
international sharing of nuclear tech- 
nology for peaceful purposes (11). 

In 1956 there was not a single com- 
mercial nuclear power plant in the 
United States. Development efforts had 
been limited to experiments with alterna- 
tive reactor design concepts, and much 
of this work had, in fact, been cut back 
by Eisenhower when he took office in 
1953 (18). At the same time, notable suc- 
cess had been achieved by the AEC- 
Westinghouse collaboration on subma- 
rine and ship propulsion reactors. To 
launch Atoms for Peace, the United 
States thus chose a modified naval reac- 
tor for a first demonstration plant. Lo- 
cated in Shippingport, Pennsylvania, this 
plant went on line in 1958, with a rating 
of 90 megawatts electric (Mwe). While 
neither big nor economically com- 
petitive, the plant became an important 
symbol to balance the destructiveness of 
nuclear weapons in the public's eye. 

Meanwhile, the test ban issue re- 
mained the most important public nucle- 
ar concern. For 7 years (1956 to 1963) it 
was argued in a context of national secu- 
rity, clean bombs, and dirty bombs, until 
finally, with the signing of the Moscow 
treaty, it was literally "driven under- 
ground" (19). During this period, despite 
real doubts about nuclear power eco- 
nomics, extensive plans for commercial 
nuclear power were developed on a 
worldwide basis. These plans proved far 
from realistic and served largely to trig- 
ger a new fear that reemphasized the mil- 
itary aspects of nuclear power: that the 
spread of nuclear power would lead to 
proliferation of the nuclear weapons ca- 
pability by making plutonium widely 
available (see Table 2). Known as "the 
Nth country problem" at the time (20, 
21), this fear motivated substantial safe- 
guards in nuclear sharing agreements be- 
tween the United States and the Inter- 
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national Atomic Energy Agency, and 
eventually led to the nuclear non- 
proliferation treaty in 1968. Proliferation 
is still feared today and is regarded by 
some long-time observers, such as Feld 
(22), as the single most important hazard 
of nuclear power. 

By 1965, 20 years after the first bombs 
were used, public concern with nuclear 
policies had subsided to an all-time low. 
In rejecting President Kennedy's fallout 
shelter proposals in 1962, the public had 
shown itself distinctly fatalistic about the 
prospects for and value of surviving a 
nuclear war. The first 20 years of the nu- 
clear age thus closed with the balance of 
terror and nuclear overkill established 
facts (23). Commercial nuclear power, 
which had with the start-up of the 500- 
Mwe plant at Indian Point reached near 
economic parity with other power 
sources in 1962 (18), made no major im- 
pact on a public that now faced news of 
guerilla war in Vietnam and watched as 
the number of intercontinental ballistic 
missiles on both sides increased from the 

Table 2. Plutonium production from civilian 
nuclear power: projection compared to real- 
ity. Data are from Davidon et al. (20) and 
Willrich (75). Plutonium production values 
are estimates for 1975 from (20); to obtain the 
maximum number of nominal weapons, di- 
vide these values by 5 (the critical mass of Pu 
is - 5 kg). 

Plutonium pro- Percent- 
duction for 1975 age of 

Country (kg/year) projec- 
Esti- Ac- tion 

mated tual achieved 

Belgium 1500 - 200 13 
Canada ? 600 
China* ? ? 
Czecho- 5000 - 200 4 

slovakia 
France* 8000 - 600 7 
Germany, 3000+ - 100 3 

East 
Germany, 6000 1000 18 

West 
India* ? 200 
Italy 500+ 200 40 
Japan 7000 1000 14 
Netherlands 3000 - 100 3 
Norway ? ? 
Poland 1800 ? 
Rumania 500 ? 
Spain 1800 400 22 
Sweden 2000 500 25 
Switzerland ? 200 
Soviet Union ? -1000 
United 6000+ -2000 33 

Kingdom* 
United ? -5000 

States* 

*These are countries with nuclear weapons. The 
United States, Soviet Union, France, and United 
Kingdom have all produced additional plutonium in 
military reactors. China and India may have done 
so. 

tens to the hundreds to the thousands. In 
addition, there was no real concern with 
reactor safety at the time, even though a 
number of accidents had occurred in ex- 
perimental reactors (24) and the AEC 
had outlined rather disturbing conceiv- 
able consequences of commercial reac- 
tor failure as early as 1 year before the 
opening of the Shippingport demonstra- 
tion plant (25). 

Since 1965, the public view of nuclear 
energy has undergone a dramatic and un- 
expected metamorphosis. Nuclear weap- 
ons and nuclear war have disappeared as 
major issues; the cold war has slowly 
waned; and although warheads now 
number in the tens of thousands (26), 
threats to the natural environment and a 
general distrust of high technology have 
replaced earlier fears. Nuclear power 
has become controversial, to the bewil- 
derment of nuclear power technologists 
who for two decades or more have 
worked on the "peaceful atom" with 
little doubt about the virtue of the task. 

A first attack on commercial nuclear 
power came late in the 1960's when, as a 
logical extension of concerns about fall- 
out, the question of routine radioactive 
emissions from power plants was raised 
by Sternglass (27), Tamplin and Gofman 
(28), and others. This issue fit well with 
growing environmental concerns, which 
came to a crescendo with Earth Day in 
1970. As it turned out, routine emissions 
were easily shown to be of minor signifi- 
cance compared to other pollutants (see 
Table 1), and the issue died out soon af- 
ter Earth Day. But nuclear power had 
taken on a special status within the envi- 
ronmental movement, and this led in rap- 
id sequence to a whole range of new is- 
sues. 

During 1971 and 1972, the first large 
environmental coalition, the Consoli- 
dated National Intervenors, assembled 
around the AEC rule-making hearings on 
emergency core cooling. These hearings 
exposed serious inadequacies in AEC 
safety research and regulation. Ques- 
tions about AEC safety measures had 
first been raised by the Union of Con- 
cerned Scientists (29), a collaboration of 
scientists from the Massachusetts Insti- 
tute of Technology, and were reminis- 
cent of earlier public information efforts 
in the 7-year debate on fallout. In 1973 
Ralph Nader and the Sierra Club took up 
opposition to nuclear power on a variety 
of grounds, ranging from safety to eco- 
nomics to unsolved problems of waste 
disposal. Most recently, nuclear power 
has become, in the view of the environ- 
mental movement, a symbol of high 
technology, unbridled growth, and cen- 
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tralization-all trends that are being in- 
creasingly questioned by activists. Thus, 
the Friends of the Earth argue that 
"U.S. reliance on fission nuclear power 
to fill the energy needs of an economy 
characterized by extravagance and 
waste needlessly mortgages the peace, 
welfare and freedom of future genera- 
tions" (30). In contrast, the development 
of various alternative power sources 
such as the sun and the wind would 
"counteract the increased concentration 
of economic and political power in a few 
giant energy corporations" and "encour- 
age essentially grass roots efforts in- 
volving individual and community action 
and small businesses" (30). 

The critique of nuclear power is today 
well advanced. A 1975 Harris poll (31) 
showed the public strongly divided, with 
environmentalists leading the way (see 
Table 3). It is doubtful that a consensus 
of people would agree today that nuclear 
power is sufficiently safe. Another per- 
spective on the present appears in Fig. 1, 
where media interest, as a surrogate of 
public concern, is plotted over three dec- 
ades. Figure 1 clearly sho'ws the two ma- 
jor periods we have sketched. The first 
upsurge of interest was during the 7-year 
debate on nuclear weapons testing; the 
second reflects the environmental and 
safety concerns about nuclear power 
that occupy the present. 

It is very likely that the link in the pub- 
lic's mind between nuclear power and 
weapons testing is more deep-seated 
than is suggested by the correlations gi- 
ven in Fig. 1. For example, Pahner (32), 
citing a psychoanalytic study of Hiroshi- 
ma survivors, argues that a substantial 
part of the public's concern over nuclear 
power is displaced anxiety rooted in the 
fear of nuclear war (33). The fading of 
the ban-the-bomb marches, then, was 
not a coming to terms with nuclear weap- 
ons, but a repression of fear that is des- 
tined to resurface elsewhere. In support 
of this view, Harris poll findings (31) and 
opinion surveys that we conducted (34), 
reveal a widespread public conern that 
"nuclear power plants may explode." 

The distrust of nuclear power is thus 
rooted in the fear of nuclear weapons 
and is augmented by concern about pol- 
lution and opposition to high technology 
and centralization. Is this sufficient to 
explain all of the distrust? We think not. 

Reactor Safety 

With the maturing of commercial reac- 
tors in the late 1960's, it became clear 
that nuclear power poses threats that 
may be unique in their combination of 
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Table 3. Perceived safety of nucle 
plants [from (31)]. Abbreviations: 
safe; SS, somewhat safe; NSS, not s 
dangerous; and NS, not sure. 

Percentage of F 
Group 

VS SS NSS 

Public 26 38 13 
Environment- 10 25 44 

alists 

catastrophic potential, duration 
entific uncertainty (35). To illusl 
begin with the most studied case 
sessment of catastrophic risk in 
water reactor. Using this assessr 
standard, we examine the state c 
edge for the entire fuel cycle. 

The hazards of reactor failu 
foreseen at least 19 years ago, 
AEC outlined the consequences 
ceivable catastrophic accidents f 
Mwe reactor in its report WA 
(25). The study was updated in 
the 1000-Mwe plants that w( 
being planned. The WASH 74 
projected as many as 3400 de; 
43,000 injuries; the updated ve 
the report (36) showed as many ( 
deaths and a disaster area the 

Table 4. Individual fatality risks [fi 

I 

Cause of accident 
(d 

Principal noncatastrophic ris 
Motor vehicle 3 
Falls 
Fires and hot substances 
Drowning 
Poison 
Firearms 
Machinery 
Water transport 
Falling objects 
Electrocution 
Railway 
Lightning 

Principal nonnuclear catastrophi 
Air travel 
Tornadoes 
Hurricanes 
Fires 

Nuclear reactor risks 
100 reactors, prompt deaths 

(Fig. 2A) 
100 reactors, all deaths 

except genetic (Fig. 2B) 
1000 reactors, all deaths 

except genetic (Fig. 2C) 
1000 reactors, rational skep- 

tic's limit (Fig. 2D) 

*Risks are based on the 15 million peop 
within 25 miles of 100 nuclear plants ar 
didates for prompt death. All other nucle 
based on 200 million people. 

-ar power Pennsylvania. Neither WASH 740 nor its 
VS, very updated version had a major public im- 
o safe; D, pact at the time, the former because it 

was overshadowed by the test ban de- 
)lants bate, the latter because it was sup- 

D NS pressed for 8 years to "avoid great diffi- 
culties in obtaining public acceptance of 

5 18 nuclear energy" (36). 
As the questions raised in the early 

1970's about catastrophic reactor failure 
escalated, the absence of failure proba- 
bilities in WASH 740 and its updated ver- 

, and sci- sion made for a volatile situation. While 
trate, we the AEC argued that the probability of 
e: the as- catastrophic occurrences is very low, 
the light critics were free to assume or imply the 

ment as a worst, especially since 300 reactor-years 
)f knowl- of catastrophe-free commercial reactor 

operation provided no empirical support 
ire were for the AEC's low core meltdown proba- 
when the bility (37). The AEC therefore commis- 
s of con- sioned a new study under the direction of 
For a 150- Norman Rasmussen of the Massachu- 
tSH 740 setts Institute of Technology. Known as 
1965 for the "Reactor safety study" (RSS), it 

ere then took into account for the first time both 
0 report consequences and probabilities of cata- 
aths and strophic accidents (9). The results were 
arsion of not inconsistent with those of earlier 
as 45,000 studies, although the probability as- 

size of signed to major accidents turned out to 
be very small. Specific results of RSS 
may be summarized as follows. 

rom (9)]. 1) The core meltdown probability is 
5 x 10-5 per reactor-year. This is larger 

kccident than the previous AEC estimate of 1 x 
risk per 10-6 (37) and represents an average for 

eaths per the type of 1000-Mwe boiling water reac- 

million) tor (BWR) and pressurized water reactor 

-ks 
- (PWR) being built in the United States at 

nn00 present. 
90 2) For each reactor type several cate- 
40 gories of radioactive releases following 
30 core meltdown are identified, and for 
20 each of these a probability is found. This 

10 analysis makes clear that core meltdown 
9 does not necessarily lead to large re- 
6 leases, although it may do so. 
6 3) For each release class, expected 

40. consequences are calculated in six cate- 
gories: prompt fatalities, prompt in- 

Ic risks juries, delayed cancers, delayed thyroid 
04 nodules, genetic effects, and property 
0.4 damage. Employed in obtaining these re- 
0.5 sults were models of weather patterns, 

population densities, and the radiation 
0.0002* dose response methodology discussed in 

0.02 (4). 
4) The separate results from the BWR 

0.2 and PWR were averaged and presented 
as risk spectra for the six consequences 

20 mentioned above. The uncertainty in 
these spectra ranges from one-fifth to 

)le who live five times the expected risk, as shown in 
nd are can- Fig. 2 
*ar risks are 

5) The risk spectrum for prompt fatal- 
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ities was compared to the spectra for 
man-made and natural hazards, as 
shown in Fig. 2A. Delayed deaths due to 
radiation-induced cancer (38) were omit- 
ted from this comparison, on the grounds 
that "predictions of this type are not 
available for non-nuclear events, and so 
comparisons cannot easily be made" (9). 

The widely publicized comparison gi- 
ven in Fig. 2A appears to settle the nu- 
clear debate as far as accidents are con- 
cerned. Yet we know that this is an illu- 
sion. Below we explore several issues 
that transcend the RSS. 

Delayed cancer deaths. Excluding de- 
layed cancer deaths from the comparison 
in Fig. 2A on the grounds stated above 
begs an important value question. Alter- 
native characterizations of delayed can- 
cer deaths are as follows. 

1) Delayed cancers appear as a 1 
percent annual contribution to a pre- 
existing nonnuclear cancer risk. This is 
statistically an undetectable effect; thus 
for one rather high-consequence nuclear 
accident 170 additional cancers are ex- 
pected, for an annual total incidence of 
17,000. 

2) Delayed cancers exceed prompt fa- 
talities in number by a factor of 100 or 
more. Since there is no acceptable way 
of discounting future deaths-as we dis- 
count future income in economic analy- 
sis-we must attribute all deaths, prompt 
or delayed, to the accident frequency in 
question, as shown in Fig. 2B. 

Both of these interpretations are tech- 

nically correct, although they are based 
on different crucial value judgments. The 
dilemma is reminiscent of the fallout de- 
bate, in which one side quoted "small" 
percentage effects and the other "large" 
absolute numbers. In that case, the per- 
ception of large eventual fatalities evi- 
dently won out, and led the politicians to 
sign a test ban treaty. 

Genetic effects. From a value point of 
view, the treatment of genetic effects is 
even more problematic than that of can- 
cer deaths. Like cancer deaths, genetic 
effects are delayed, but unlike cancer 
deaths, the delay may extend indefinite- 
ly. Alternative characterizations of ge- 
netic effects are similar to those for can- 
cer risk, and may be stated as follows. 

1) The risk of genetic effects is a 
small, undetectable percentage of a pre- 
existing background for nonnuclear ef- 
fects. Even if all genetic effects lead to 
death-and they certainly do not-the 
calculated annual incidence is only 
one-sixth of the increment of cancer 
deaths. 

2) The absolute number of genetic de- 
fects may be larger than the number of 
cancer deaths since genetic defects 
propagate for many generations, espe- 
cially since modern medicine makes pos- 
sible the survival of those with what 
would otherwise be fatal mutations. Un- 
der future, possibly less favorable medi- 
cal conditions, an increased genetic load 
may have drastic effects on individual 
chances of survival. This cannot be 

stated as an increment of risk per year 
(39). 

Extrapolation to 1000 reactors. The 
RSS gives results for 100 light water re- 
actors. Plans for the nation call for the 
installation of as many as 1000 reactors 
in the next 30 years. This raises the ques- 
tion of extrapolation. There are at least 
two alternative views of this problem. 

1) It is improper to extrapolate linear- 
ly from 100 to 1000 reactors since this 
does not take into account probable im- 
provements in management and tech- 
nology with increasing experience (9). 

2) One might as well extrapolate, 
since learning may in whole or in part be 
canceled by increasing human care- 
lessness as nuclear power proliferates. 
In addition, learning is strongly attenuat- 
ed by present lack of standardization and 
the fact that an appreciable number of fu- 
ture reactors will be breeders, for which 
the RSS is irrelevant. 

Neither view 1 nor view 2 can be sup- 
ported or refuted by any available quan- 
titative analysis. Therefore, it is reason- 
able to conservatively plot both prompt 
and delayed consequences, as in Fig. 2B, 
and then extrapolate linearly to 1000 re- 
actors, as in Fig. 2C. Thus, a reinterpre- 
tation of the RSS results (without chal- 
lenging the methodology of the study) in- 
dicates that the risks of catastrophic re- 
actor failure approach the risks of a 
variety of man-made and natural cata- 
strophic hazards. 

A skeptic's view. A final set of issues 

Fig. 1 (left). The social his- 
tory of nuclear power and 
weapons testing is illustrat- 
ed by using media interest 
as a measure of public in- 
terest. (A) Nuclear safety 
in the New York Times, (B) 
atomic power plants in 
Readers' Guide, and (C) 
nuclear testing and fallout 
in Readers' Guide. The 
data for (A) were compiled 
by the authors; the data for 
(B) and (C) are from Mazur 
(77). Fig. 2 (right). 
Comparison of the results 
of the RSS with other cata- 
strophic risk estimates. 
Natural and nonnuclear 
man-made catastrophic 
risks are indicated by 
dashed and dotted lines, 
respectively. The RSS re- 
sults with error bands 
(shading) are shown as 
dark, heavy lines. The re- 
sults in (A) and (B) are 
from the RSS; those in (C) 
and (D) are based on in- 
creasingly pessimistic in- 
terpretations of the RSS, 
as discussed in the text. 
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deals with a challenge to the methodolo- 
gy of the RSS. A number of critics have 
stated that the RSS analysis leading to 
the core meltdown probability is in- 
adequate on the following grounds. 

1) Completeness. It is impossible to 
know whether fault-tree analysis has 
identified all failure modes, particularly 
of the common mode variety (40). The 
RSS agrees, but it is argued that the most 
important modes, including common 
ones, have been included. 

2) Design adequacy. Probability and 
fault-tree analysis cannot deal with reac- 
tor design inadequacy, as distinct from 
statistical failure of components (40, 41). 
Experience in the aircraft industry 
shows that unsuspected design in- 
adequacy is responsible for most early 
crashes (42). The same may be true for 
reactors. 

3) Human failure. As used in the RSS, 
probability and fault-tree analysis do not 
deal with certain types of human error, 
such as willful acts and sabotage. The 
RSS is, in effect, a statistical study of a 
perfectly designed machine, with the on- 
ly source of failure lying in the statistical 
malfunction of components and statisti- 
cally quantifiable operator errors. 

None of these criticisms are directed 
at the quality of analysis done in the RSS 
within the framework of probability and 
fault-tree analysis. They are warnings 

that a skeptical view of the methodology 
demands that the results be viewed as 
reasonable lower bounds on accident 
risk. One may, as some have suggested 
(40), patch up the methodology or in- 
troduce more conservative error limits. 
Alternatively, one may bypass the RSS 
analysis for defining risk absolutely and 
rely instead on bounds defined in part by 
experience (43). Two such bounds are (i) 
the empirical upper bound on accident 
risk arising from the current 300 reactor- 
years of catastrophe-free commercial re- 
actor operation and (ii) the high-con- 
sequence asymptote of the RSS risk 
spectra, which coincides more or less 
with the results obtained in the updated 
version of WASH 740. These "bounds of 
skepticism" appear as shaded bands in 
Fig. 2D. Also shown is a risk spectrum of 
the RSS shape that conforms to these 
bounds and shows how a "rational skep- 
tic" might assess reactor risk. The space 
between this curve and the RSS curve 
for prompt deaths from 100 reactors is a 
measure of the gap that currently exists 
between the strongly skeptical view of 
nuclear power and the views of a nuclear 
proponent who accepts the RSS execu- 
tive summary on face value. 

Individual risks calculated from Fig. 1 
are presented in Table 4, where they may 
be compared to individual risks from 
other hazards, both catastrophic and 
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noncatastrophic. (The individual risk for 
Fig. 2A has been used to characterize 
catastrophic nuclear risk in Table 1.) 

Conclusion. Whether seen through 
Fig. 2 or Table 4, the assessment of cata- 
strophic reactor risk can vary widely, 
from a point far below other risks to a 
point that exceeds a number of risks that 
many consider significant. The assess- 
ment of reactor accident risk depends on 
how we value the future, including the 
next generation; how we project the fu- 
ture safety of an evolving technology; 
and how much confidence we have in 
risk estimation that is based on no direct 
experience with the event for which risk 
is assessed. In the end, our answer will 
depend on whether we are technological 
optimists or pessimists. 

The Rest of the Fuel Cycle 

Aside from reactor failure, the light 
water reactor fuel cycle, shown in Fig. 3, 
is susceptible to several other cata- 
strophic risks. As a first step in charac- 
terizing them, we have constructed an 
exhaustive typology of risks, shown in 
Table 5. Here, conceivable catastrophic 
risks are symbolized by initiating events 
for each hazard and fuel cycle stage. Be- 
low we discuss briefly the present state 
of knowledge about each of the columns 
in Table 5. 

Nuclear explosions. The risk of nucle- 
ar explosions derives from the possibility 
that weapons-grade material is illegally 
diverted from various stages of the fuel 
cycle. In an international context, this 
risk was widely discussed 20 years ago 
and was the principal motivation for the 
nuclear nonproliferation treaty. More re- 
cently, Willrich and Taylor (44) have em- 
phasized the relative ease of bomb con- 
struction and the lack of security against 
theft from domestic fuel enrichment and 
reprocessing plants, as well as plutonium 
storage facilities. No attempt has, to our 
knowledge, been made to evaluate the 
risk of theft in a manner that is compat- 
ible with the units of Table 1 (expected 
deaths per reactor year). The prospect of 
the plutonium economy with annual in- 
ventories of 30,000 to 200,000 kilograms 
(44) makes the diversion of a critical 
mass of -5 kg plausible. At the same 
time, as far as we know, the military 
have successfully guarded for 30 years a 
stockpile of -100,000 kg of weapons- 
grade material, much of it in the form of 
weapons. 

Massive fission product release. After 
the reactor, fission product hazards oc- 
cur in the "back end" of the fuel cycle: 
in reprocessing, waste disposal, and 
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transport to and from these facilities. 
These processes are not currently opera- 
tional in the commercial U.S. fuel cycle. 
The only commercial reprocessing plant, 
in West Valley, New York, closed in 
1972 after 6 years of operation and is 
being redesigned and enlarged. A second 
plant, at Morris, Illinois, has been 
scrapped because of technical problems 
that would, among other things, have led 
to unacceptable occupational exposures. 
A third plant, at Barnwell, North Caroli- 
na, is under construction and is sched- 
uled to open soon. As to the disposal of 
solid waste, it is still not clear what the 
product, and therefore the process, will 
be and where it will be stored (45). Most 
spent fuel is now stored at reactor sites 
in cooling ponds. Failure to resolve the 
waste disposal questions may delay 
opening and operation of reprocessing 
plants under construction, even if they 
are otherwise functional. 

In view of the immature state of the 
back end of the fuel cycle, it is perhaps 
not surprising that little effort has been 
spent on risk assessment. What has been 
done may be summarized as follows. 

1) Cohen (46), in an effort to show that 
wastes do not pose a significant threat, 
obtained an upper limit of 0.01 death per 
reactor-year for random deep burial of 
solidified wastes. His result depends on 
treating as equivalent the risk from natu- 
rally occurring uranium in rock and the 
solid waste at the bottom of a deep dis- 
posal hole. 

2) The AEC (47) analyzed risks asso- 
ciated with the transportation of spent 
fuel and waste and estimated accidental 
fatalities from nonradiological and radio- 
logical causes as 0.01 and 10-7 per reac- 
tor-year, respectively. Ross (48) chal- 
lenged this on the grounds that not only 
volatile fission products (as assumed by 
the AEC) but also semivolatile fission 
products can be released in truck acci- 
dents accompanied by fires. Our inter- 
pretation of his analysis leads to a fatal- 
ity rate of 0.01 per reactor-year. 

Risks not assessed may be more im- 
portant; consider two cases. 

1) If present plans materialize, by the 
year 2000 there will be 50,000 annual 
shipments of spent fuel and waste, con- 
taining 2 to 3 megacuries each and cov- 
ering a total of 50 million truck miles 
(47). This would appear to pose a signifi- 
cant sabotage risk. 

2) If and when operational, fuel repro- 
cessing plants will handle fission product 
inventories of several reactors. They are 
potential sources of radiological risk an 
order of magnitude greater than the risk 
from reactor accidents. Considering the 
lack of experience with commercial re- 
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Table 5. Typology of catastrophic nuclear 
risks. Key: T, theft; S, sabotage; and A, acci- 
dent. 

Hazard type 
Fuel cycle Nuclear Fission 

stage explo- product Pds 

sion release persa 

Mining, milling, 
and refining 

Enrichment and T S, A 
fuel fabrication 

Light water S, A S, A 
reactor 

Fuel reprocessing T S, A S, A 
Plutonium T S, A 

storage 
Waste disposal S, A S, A 

processing, it is doubtful that even if a 
study like the RSS were undertaken 
meaningful results could be obtained. 

Plutonium. A third category of risk in- 
volves dispersal of plutonium. In a fully 
developed fuel cycle this can occur near- 
ly anywhere after the mining of uranium 
(see Table 5). Plutonium toxicity is based 
on its alpha activity and, like fission 
product toxicity, at low doses manifests 
itself through cancers with a latent peri- 
od of 15 to 45 years. However, while fis- 
sion product effects are fairly well de- 
fined, numerical estimates of plutonium 
toxicity vary and are controversial. 

On some things, however, there is 
general agreement (49). Ingested pluto- 
nium is almost entirely excreted, and the 
dominant risk to humans is from inhaled 
particles. If insoluble, the particles stay 

in the lung with a half-life of 1000 days; if 
soluble, they are transported by the 
blood to the bone and liver and cause 
cancer at these locations. Plutonium ac- 
cidents are likely to release insoluble 
PuO2; therefore, lung cancer is the domi- 
nant risk to humans, and it is reasonable 
to characterize the toxicity of plutonium 
by the lung cancer dose. (On the assump- 
tion of the linear hypothesis, this is the 
population dose capable of producing 
one lung cancer on the average.) 

On the basis of a few accidental expo- 
sures (50), it is possible to express the 
lung cancer dose in micrograms of in- 
haled or deposited plutonium. Table 6 
shows a variety of estimates for lung 
cancer doses. In regard to Table 6, we 
make the following observations. 

1) There have been no cases of lung 
cancer in 26 plutonium workers who re- 
ceived serious lung doses in 1954 and an- 
other 25 who were exposed in 1965 (10). 
Therefore, animal experiments with 
PuO2 inhalation (49) and the experience 
of underground miners with dust con- 
taining natural alpha emitters (4) consti- 
tute the only direct link between lung 
cancer and internal alpha activity. The 
nonoccurrence of human lung cancers in 
the 50 serious plutonium exposures is 
nevertheless helpful in setting a lower 
bound on the lung cancer dose. 

2) In consensus documents on the bio- 
logical effects of radiation (4, 5) it is as- 
sumed that the effect of internal alpha ac- 
tivity may be predicted on average doses 
to affected organs. The first four lines of 
Table 6 are based on this assumption. Ei- 

Table 6. Plutonium lung cancer doses as estimated by various authors. 

Deposited cancer dose (,Ag) 

Source 
239PU Reactor 

grade Pu 

Cohen-BEIR absolute risk model* 204 38 
Gofman-BEIR relative risk modelt 43 8 
Gofman relative risk model 

Smokerst 0.058 0.011 
Nonsmokerst 7.3 1.4 

Tamplin-Cochran hot-particle model? 0.002 0.0004 
Bair-Thompson beagle dog experiments|l <27 

*Estimates based on calculations by Cohen (50), using the BEIR absolute risk model (4). The result applies to 
adults 20 to 30 years of age. tEstimates given by Gofman (51), using the BEIR relative risk model (4) with 
a lung cancer risk of 0.5 percent of the spontaneous lung cancer risk per man-rem of exposure. The results 
differ from the preceding ones because current spontaneous rates are used instead of 1945 rates, on which the 
absolute risk model is based. tEstimates by Gofman (51), using the BEIR relative risk model (4) with 
modified assumptions: (i) a relative risk of 2 percent of the spontaneous risk per man-rem is used, and (ii) a 
distinction between smokers and nonsmokers is made, and the much higher "spontaneous" cancer risk of 
smokers is used. The higher relative risk conversion is justified by previous work of Gofman and Tamplin 
quoted in (51). Although the estimated lung cancer dose for smokers is very small, Gofman argues that it is 
not inconsistent with the nonoccurrence of lung cancers in 25 Los Alamos and 25 Dow Chemical workers 
accidentally exposed in 1944 and 1965, respectively. ?Estimates based on the work of Tamplin and Coch- 
ran (76). These authors have considered 1- to 10-pm "hot" particles and have argued that locally high doses 
must be used in calculating the cancer risk. The results quoted here are based on the Tamplin-Cochran "dose 
distribution factor" of 105 (average dose multiplied by 105 to estimate locally high doses near hot particles) 
and the BEIR absolute risk model. Lung cancer doses as small as those given here are inconsistent with the 
nonoccurrence of human cancers in the Los Alamos and Dow Chemical exposures, and also with recent hot- 
particle experiments on animals (10). [lEstimates based on the work of Bair and Thompson (49) with 
beagle dogs (10), as suggested by Gofman (51). The lowest dose at which all dogs die of lung cancer has been 
taken as the upper limit for the dog lung cancer dose. The human lung cancer dose was obtained by multi- 
plying by the ratio of the lung mass in humans to that in dogs. 
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Table 7. Relationship of particle size to number of cells at risk for a static lung burden of 0.016 
Ic of 2:39PuO2 [from (10)]. Static particles are assumed in a structureless human lung of uniform 
density 0.2 g cm-3 with an average cell volume of 103 am3. Cells at risk are taken to be those in a 
sphere of radius equal to the alpha-particle range (200 ,um at the assumed density). 

Particle Number of Activity per Cells at Fraction 
dameter particles particle risk oflung 

(/xm) 
p 

(pc) (%) 

0.1 5.4 x 107 3 X 10-4 3 x 1011 30 
0.3 2.0 x 106 0.01 1.3 x 1010 1 
0.7 1.8 x 105 0.08 1.2 x 109 0.1 
1.0 5.4 x 104 0.3 3.6 x 108 0.03 

ther an absolute or relative risk model 
may be employed. In the first, the ex- 
pected number of cancers is proportional 
to the dose; in the second, it is also pro- 
portional to the spontaneous cancer rate. 
This leads to a smaller estimated pluto- 
nium lung cancer dose for smokers than 
for nonsmokers (51). 

3) Despite average dose assumptions 
made in consensus documents, it is 
widely agreed that internal alpha doses 
are almost never evenly distributed (10, 
49). The effect of dose localization on 
particle size is illustrated in Table 7. 
Consequently, Geesaman (52), Martell 
(53), Morgan (54), and others expect that 
toxicity depends on particle activity. 
With large particles of PuO2 very few 
cells are exposed, most receive lethal 
doses, and little if any dose is effective in 
cancer induction; with small particles 
the dose structure becomes indistin- 
guishable from an average dose; with in- 
termediate particles, high but nonlethal 
doses may produce a "resonant" cancer 
response in a relatively small number of 
cells. While this model is consistent with 
available experimental information, no 
clear-cut evidence of resonant response 
has yet been found. 

It is clear, therefore, that plutonium 
toxicity poses problems significantly 
more intractable than those addressed by 
the RSS. To reach a useful conclusion it 
is necessary not only to calculate dis- 
persal probabilities but also to consider 
the large uncertainties in toxicity. We 
are therefore unable to report on an 
assessment of plutonium dispersal that 
represents a degree of scientific con- 
sensus. 

A possible useful perspective has been 
suggested by Gofman (55). The amount 
of 2:'9Pu deposited in the lungs of humans 
in the United States totals 0.034 gram 
and results from the dispersal of - 400 
kg through weapons testing (56). If up- 
take of accidentally dispersed reactor 
grade plutonium is not to exceed the ef- 
fects of fallout, dispersal in a future plu- 
tonium economy must be limited to f 80 
kg, assuming equal uptake fractions for 
the two cases. (Reactor-grade plutonium 
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is about five times more toxic than weap- 
ons-grade plutonium.) Cumulative pro- 
duction by the year 2000 may be 107 kg 
(44); hence, independent of toxicity, 
containment will have to be at the 99.999 
percent level. The social cost of the 
= 0.001 percent escaped plutonium will 
be 160 to 116,000 lung cancers, depend- 
ing on which toxicity estimate in Table 6 
is used. 

Management of Safety 

The properties of nuclear power-high 
technology, large capital investment, 
rapid growth, abbreviated expeiience, 
and low probability-high consequence 
risks-pose unprecedented regulatory 
problems. Until recently, these have 
been compounded by an unhappy mar- 
riage between development and regula- 
tion in the AEC (57, 58), an arrangement 
that dates back to the struggle for civilian 
control of atomic energy at the end of 
World War II. In this situation, the over- 
riding priorities for development gave 
short shrift to pressing safety needs (59). 
Thus safety research funds have been di- 
verted to support the development of the 
breeder; quality assurance objectives re- 
placed safety research objectives in the 
Loss of Fluid Test (LOFT) Program; the 
safety research budget of the regulatory 
staff before 1970 remained quite small 
(see Fig. 4); and the regulatory staff was 
denied access to research findings from 
national laboratories. Because of the in- 
creasing public criticism of nuclear safe- 
ty in the 1970's and continuing under- 
estimation of the regulatory task, AEC 
regulatory managers became crisis man- 
agers. The recent establishment of the 
Nuclear Regulatory Commission (NRC) 
as a regulatory agency and increased 
funding of regulatory work may even- 
tually solve this problem. Yet change 
will be slow, since below the commis- 
sioner level the NRC is staffed largely by 
former AEC personnel carrying with 
them a bureaucratic ethos built over a 
period of 30 years. 

In the present furor over safety it is 

well to remember that for years the AEC 
and the Joint Congressional Committee 
on Atomic Energy agreed that regulation 
was in the public domain, while respon- 
sibility for safety lay primarily with pri- 
vate industry. Quite independent of the 
confusion between development and 
safety goals, this model of regulation and 
safety appears, in retrospect, in- 
adequate. The unhappy history of emer- 
gency core-cooling systems (ECCS) 
serves as an apt example (60). 

In 1966, when the AEC identified the 
loss-of-coolant accident leading to core 
meltdown as its highest safety priority, it 
initiated a major research effort and insti- 
tuted a series of regulatory changes that 
were designed to ensure the safety of the 
larger reactors then being developed (61, 
62). Yet in 1969, there were still only 
three members of the regulatory staff 
working directly on evaluation of ECCS. 
In the 1971 ECCS rule-making hearings, 
Morris Rosen, then chief of the Systems 
Performance Branch of the AEC's Divi- 
sion of Reactor Standards, testified that 
the regulatory staff simply did not have 
adequate knowledge to make licensing 
decisions on 100 reactors then pending 
(62). It was clear by then that the ECCS 
problem transcended the capability of 
any single industry and must, contrary to 
earlier expectations, be taken over by 
the government. By 1975, at least 10 
years after the initial recognition of the 
ECCS problem and at a time when the 
number of commercial reactors stood at 
about 50, no solution appeared in sight, 
90 percent of all current light water re- 
search funding was committed to the 
problem, and in the words of the new di- 
rector of safety research (63) "the future 
program in reactor safety research is 
largely . . . the future of the ECCS pro- 
gram." 

Yet, as we have tried to make clear, 
there are other significant safety issues in 
the nuclear fuel cycle. Some, such as 
waste disposal, may be moving to an 
early solution. Others, such as pluto- 
nium dispersal hazards, may never be 
fully understood, since they involve is- 
sues that have been called trans-scientif- 
ic (12)-they can be stated in the lan- 
guage of science, but appear for practical 
purposes to be unanswerable by science. 

Finally, it is now becoming clear that 
the regulation of nuclear safety is imped- 
ed by the large capital investments re- 
quired. These investments go beyond the 
initial capital (which approaches $1 bil- 
lion per plant). For example, the official 
investigative report on a fire in the plant 
at Browns Ferry, Alabama, called for 
improved fire prevention designs and 
noted that retrofitting would cost be- 
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tween $100 and $300 million per plant, 
with another $500 to $1300 million 
needed to buy coal for lost electric gene- 
rating capability (64). The Indian Point 1 
plant on the Hudson River stands idle 
because of the costs involved in the NRC 
decision to require ECCS retrofitting. 
The safety problems involved in "grand- 
fathering" (exempting from retrofitting) 
on a cost basis are, as the recent resigna- 
tion of a technology that is often the life- 
gests, an element in the heated debate 
among experts. 

Rancorous Conflict 

Resolution of regulatory problems is 
doubly difficult in a polarized environ- 
ment. Doubts about credibility and accu- 
sations are quick to arise when regula- 
tors, by force of circumstance, must ob- 
fuscate or risk exposing ignorance. Evi- 
dence of the escalating conflict over 
nuclear energy policy is particularly 
abundant in the scientific community. In 
1975, the Ford Foundation funded a 
"blue-ribbon panel" to study nuclear en- 
ergy in the United States. A prime con- 
sideration in choosing the panelists was 
lack of a strong previous position on the 
problem. A similar NAS study of nuclear 
risk ran into recruitment difficulties be- 
cause of the lack of highly qualified "dis- 
interested scholars." A leading journal 
recently rejected an article by nuclear 
critics because of its advocacy tone and 
later accepted one by a proponent of nu- 
clear power, which provoked a stinging 
rebuttal by the rejected authors (65). 
Meanwhile, both sides compete in the 
number of Nobel laureates and other sci- 
entists they can enlist (66, 67). 

Supporters of nuclear power tend to 
perceive its opponents as an undif- 
ferentiated mass, somewhat irrational 
and hysterical, committed to the destruc- 
tion of a technology that is often the life- 
work of its supporters. The rancorous 
conflict promotes a "besieged camp" 
mentality. In the view of some propo- 
nents, new issues arise not because gen- 
uine new problems have been found, but 
because outstanding questions have 
been put to rest and the critics are forced 
to shift ground. 

For critics of nuclear power, the ene- 
my includes the regulators, industry rep- 
resentatives, and supporting scientists 
who combine in foisting an unsafe tech- 
nology onto an unknowing and trusting 
public. Influenced by past cases of cen- 
sorship and cover-up (59), opponents 
take at face value no one who speaks in 
favor of nuclear energy but look imme- 
diately for hidden motivations. 
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The rancorous conflict that feeds on 
the inadequacies of the regulatory pro- 
cess in turn undermines this process. On 
strictly human terms, the U.S. regula- 
tory official has a nearly impossible task. 
Thanks to the Freedom of Information 
Act, memoranda, letters, and reports are 
under continuing public scrutiny, and de- 
cisions must be made in a "goldfish 
bowl." The effect is to discourage can- 
dor, and when candor survives to blunt 
its positive impact. For example, when a 
regulatory task force reported critically 
on the performance of safety systems 
during the fire at the Browns Ferry plant 
(64), in 
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force a decision despite an apparent lack 
of public information and understanding 
on the technical issues that warring fac- 
tions of scientists and regulators have 
been unable to resolve (68). Thus, the Cal- 
ifornia initiative called for a public de- 
cision on the effectiveness of all safety 
systems, the adequacy of waste disposal 
and storage systems, and improved nu- 
clear accident and liability insurance pro- 
tection (69). 

Conclusion 

istead of lauding the frankness and Weinberg (12) described the adoption 
ess of the report, nuclear oppo- of nuclear power in the following terms: 
such as Ralph Nader have used it "We nuclear people have made a Faus- 
lence of everything that is wrong tian bargain with society. On the one 
uclear reactors and the regulatory hand we offer-in the catalytic nuclear 
s (67). burner [breeder]-an inexhaustible 
laps the most striking products of source of energy. . . . But the price we 
corous conflict among experts are demand of society for this magical ener- 
t voter referenda that attempt to gy source is both a vigilance and a lon- 

gevity of our social institutions that we 
are quite unaccustomed to." We see the 
issue of nuclear safety as a Hydra, or 

I I I I( _ many-headed monster-no sooner is one 
head severed than two others spring up 
to take its place, and the central head is 

_ _irimmortal or nearly so. 
nn Our immediate prognosis is for exten- 

mr ,r, nmr nnl II[ r sion rather than diminution of the oppo- 
sition to nuclear technology. Public opin- 

Bion, which has consistently supported 
B nuclear power, is nonetheless deeply di- 

vided, much as it was during the war in 
Vietnam. There is some evidence that 
wider public exposure to rancorous de- 
bate on nuclear power may well stiffen 
the opposition, as in the Swedish experi- 

C / ment in mass education (70) or in the per- 
sistence of opposition despite the initia- 

_ / tive defeats. 
Our own bias is to keep the nuclear op- 

tion open, but to proceed cautiously; to 
_-------------- -----press vigorously for solutions to immedi- 

ate problems; but to forgo at this time the 
/ D implementation of plutonium recycle and 

the breeder. Time is needed to complete 
the risk assessment of the light water re- 
actor fuel cycle, to validate experimen- 

t _ I I w tally computer codes that serve as sub- 
1960 1965 1970 1975 stitutes for experience, to resolve such 

Year problems as spent fuel transport and 
jrowth of nuclear power and its regu- waste disposal. Time is also needed to 
,taff. (A) Number of nuclear power learn to live with or avoid trans-scientific 
chieving commercial operation each issues such as plutonium toxicity, and in- 
B) Total number of nuclear power 3) Total number of nuclear power tractable social risks such as sabotage, i commercial operation. (C) Total reg- tractable soclal rlsks such as sabotage, 
staff per nuclear plant in commercial theft, and nuclear weapons proliferation. 
n. (D) Regulatory staff per nuclear Finally, time is needed to evaluate long- 
)lant in commercial operation. Note term energy alternatives not described in 
nuclear power grew rapidly in the Table 1, alternatives that may yet prove the regulatory staff per power plant 

1. The rule-making hearings on ECCS to have more favorable characteristics 
have an effect on the regulatory staff than presently available energy tech- 
t. nologies. 
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Summary 

Society seems content to strike a more 
moderate or uncertain balance with oth- 
er technologies than with nuclear power. 
This attitude is traced to the social his- 
tory of nuclear power, the genuine un- 
certainty and complexity of safety is- 
sues, underestimation of the regulatory 
task, and the rancorous nature of the de- 
bate. Nuclear power is not just another 
problem of technology, of environment, 
or of health. It is unique in our time. To 
be more demanding of nuclear safety 
may be to apply a double standard, but 
not necessarily an irrational one. 

Our best course appears to be to keep 
the nuclear option open, work toward 
the rapid resolution of problems such as 
waste disposal, but postpone recycling 
and the breeder reactor. Time is needed 
to resolve immediate problems such as 
transport and disposal of nuclear wastes; 
to come to terms with trans-scientific is- 
sues such as plutonium toxicity, sabo- 
tage, and weapons proliferation; and to 
evaluate long-term energy alternatives. 
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