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FOREWORD 

The Nuclear Safety Information Center, established in March 1963 
at the Oak Ridge National Laboratory under the sponsorship of the U.S. 
Atomic Energy Commissions is a focal point for the collection, storage, 
evaluation, and dissemination of nuclear safety information. A system 
of keywords is used to index the information cataloged by the Center. 
The title, author, installation, abstract, and keywords for each docu-
ment reviewed are recorded at the central computer facility in Oak 
Ridge. The references are cataloged according to the following cate-
gories: 

1. General Safety Criteria 
2. Siting of Nuclear Facilities 
3. Transportation and Handling of Radioactive Materials 
4. Aerospace Safety (inactive ^1970) 
5. Heat Transfer and Thermrl Transients 
6. Reactor Transients, Kinetics, and Stability 
7. Fission Product Release, Transport, and Removal 
8. Sources of Energy Release under Accident Conditions 
9. Nuclear Instrumentation, Control, and Safety Systems 
10. Electrical Power Systems 
11. Containment of Nuclear Facilities 
12. Plant Safety Features — Reactor 
13. Plant Safety Features — Nonreactor 
14. Radionuclide Release and Movement in the Environment 

(inactive September 1973) 
15. Environmental Surveys, Monitoring, and Radiation Exposure 

of Man (inactive September 1973) 
16. Meteorological Considerations 
17. Operational Safety and Experience 
18. Safety Analysis and Design Reports 
19. Radiation Dose to Man from Radioactivity Release to the Environment (inactive September 1973) 
20. Effects of Thermal Modifications on Ecological Systems 

(inactive September 1973) 
21. Effects of Radionuclides and Ionizing Radiation on 

Ecological Systems (inactive September 1973) 



BLANK PAGE 



mmlxxxi 

Computer programs have been developed which enable NSIC to (1) op-
erate a program of Selective Dissemination of Information (SDI) to quali-
fied individuals according to their particular profile of interest, 
(2) make retrospective searches of the stored references, and (3) produce 
topical indexed bibliographies (such as this document). In addition, the 
Center staff is available for consultation and the document literature at 
NSIC offices may be examined by qualified personnel. NSIC reports (i.e., 
those with the ORNL-NSIC numbers) may be purchased from the National 
Technical Information Service (see inside front cover). Persons interested 
in the availability of any of the services offered by NSIC should address 
their inquiry to: 

J. R. Buchanan, Assistant Director 
Nuclear Safety Information Center 
P.O. Box Y 
Oak Ridge National Laboratory 
Oak Ridge, Tennessee 37830 

Telephone 615-483-8611, Ext. 3-7253 
FTS number is 615-483-7253 
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ABSTRACT 

The risks of nuclear power and radiation are described to place 
them in perspective with other potential hazards faced by the public on 
a day-to-day basis in our complex industrial society. Twenty articles 
on this general topic that have appeared in illuolear Safety are reprinted, 
since they collectively form a valuable reference source. Topics covered 
include the effects of radiation, risk-benefit concepts, radiation risks 
relative to other risks, nuclear plant risks relative to fossil plant 
risks, licensing requirements, nuclear insurance, nuclear industry safety 
record, and public attitudes. 
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INTRODUCTION 

During 14 years of publication Nuclear Safety has carried many 
articles on the comparative risks of nuclear power and radiation relative 
to risks routinely faced in our everyday life. Nuclear power and radia-
tion are other potential hazards added to those which our complex indus-
trial society faces constantly. While our lives are enriched by the use 
of electricity, airplanes, automobiles, chemicals, etc., these conve-
niences introduce, along with the benefits, hazards that are neither to 
be ignored nor exaggerated. Other topics covered by the articles include 
the effects of radiation, risk-benefit concepts, radiation risks relative 
to other risks, nuclear plant risks relative to fossil plant risks, li-
censing requirements, nuclear insurance, nuclear industry safety records, 
and public attitudes. Since they collectively form a valuable reference 
source, the articles are reprinted in this report for the convenience of 
those working in the field and interested members of the general public. 
Brief resumes of those selected for inclusion follow. 

Radiation and Its Effects 

Radiation effects on humans, noticed shortly after the discovery of 
x rays, were usually from exposures due to ignorance. Now we have instru-
ments to detect and measure all types of radiation. Furthermore, there 
has been considerable scientific study into the two types of effects: 
(1) somatic, what happens to our body, and (2) genetic, what happens to 
our offspring. 

In the spring of 1964, Nuclear Safety published the first article in 
the series entitled, "Radiation in Perspective." This article (p. 1), 
excerpted from a lecture by Francis L. Brannigan of the U.S. Atomic Energy 
Commission, discussed the potential hazard from radiation and observable 
body effects from exposure to radiation. Low-level radiation effects 
were treated in a novel fashion by T. J. Jankowski (p. 23). Acknowledging 
that there is no firm basis for interpolating or extrapolating radiation 
effects to very small exposures, he raised the question as whether all 
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radiation is harmful and called for experiments at levels below background 
dose rates* 

D. B. Yeates and colleagues at the Harvard School of Public Health 
(p. 99} summarized data on natural background radiation levels in the 
urban environment. The effects of building type, construction materials, 
and ventilation were discussed. The data indicated that there can be 
substantial differences in the doses from sources of natural origin de-
pending on the mode of life of the individual. 

Two articles by Merril Eisenbud of New York University Medical Center 
are included in the series. The first (p. 19) analyzed some of the fal-
lacies underlying frequently quoted adages used to question the accept-
ability of nuclear power as a source of energy such as "The air and water 
will become radioactive," and "There is no such thing as a safe dose." 
The analysis served to illustrate the way in which statements of this type 
contribute to misunderstanding when taken out of context. The second 
article (p. 51) described U.S. radiation standards and their genesis. The 
standards were felt to contain extensive built-in conservatism; however, 
some changes were recommended. [Subsequently, AEC proposed changes in its 
regulations to keep radioactive effluents from light water power reactors 
"as low as practical" — Federal Register, 36(111): 11113 (June 9, 1971).J 

Risk Benefit 

Man's every effort to provide the goods and services he needs and 
wants results in some measurable risk to him in terms of injury, illness, 
and death. J. H. Sterner of Eastman Kodak Company (p. 16) traces techno-
logical advances over the years to show that society has dealt unevenly 
with the development of guides for determining acceptability in balancing 
benefits vs hazards. So that we do not discriminate against atomic energy, 
he suggested that it is essential that its benefits and hazards be placed 
in perspective with other comparable activities and their environmental 
activities or else society will be deprived of needed and beneficial goods 
and services. 
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Radiation vs Other Risks 

For purposes of perspective, potential injury due to radiation dose 
has been compared with other risks which man faces in his everyday life. 
For example, Andrew P. Hull of Brookhaven National Laboratory (p. 58) com-
pared injury from radiation to firearms, automobiles, smoking, diseases, 
natural disasters, etc. He further suggested that the radiation levels in 
the vicinity of large nuclear power reactors will be insignificant and 
that the risk of fatal injury from the anticipated maximum exposures is 
small compared with that of other accepted hazards of everyday living. 
C. Roger McCullough (deceased) of NUS Corporation (p. 11) developed a 
similar thesis while examining a number of factors that influence the 
health and longevity of populations. Values were presented on estimated 
loss or gain in average life-span due to background radiation, man-made 
radiation, smoking, country vs city living, etc. In an article mentioned 
earlier, Jankowski (p. 23) drew an analogy between the biological effects 
of inorganic chemicals and the effects of radiation. Brannigan (p. 1) 
also compared radiation risks with those faced by man in his daily life. 

Nuclear Plants vs Fossil Plants 

Several of the articles in the series have compared the relative 
hazards between nuclear and fossil power plants. Hull (p. 58) suggested 
that from evidence to date the hazard potential of nuclear plants had 
been greatly overexaggerated by adversaries of such plants due to the 
unparalleled means taken to guard against the risks that do exist. Re-
garding effluents, nuclear plants were shown to produce less air pollu-
tion, relative to applicable standards, than fossil plants. Birny R. 
Fish, Oak Ridge National Laboratory (p. 40), described several air pol-
lution disasters of the past and proposed that nuclear energy has a 
critically important role in combating the growing assault on our atmo-
sphere by supplanting fossil fuel for most of the power plants to be 
built late in the century. 

The two most recent articles in the series were also concerned with 
health risks of electricity generation from fossil-fuel and from nuclear-
fuel plants. Chauncey Starr and M. A. Greenfield, both at UCLA at the 
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time (p. 133), compared the public health risks of nuclear power plants 
with oil-fired plants for a 1972 state of California long-range planning 
study. They concluded that the risk from each is roughly comparable to 
the hazards from uncontrollable natural events such as lightning, insect 
or snake bites, etc. [In an earlier article in 1964, Starr (p. 3) con-
cluded that the public interest would best be served if the utilities 
maintain the freedom to select atomic power where appropriate.] The 
occupational and public-health effects of electricity generation from 
coal, uranium, and oil were compared by L. B. Lave and L. C. Freeburg of 
Carnegie-Mellon University (p. 140), with particular emphasis given to 
accident and chronic disease rates for fuel extraction and airborne em-
missions from power and reprocessing plants. It was concluded that, 
based on current operating practice, uranium as a fuel offers a lesser 
health hazard than coal. However, reductions in both occupational and 
public health risks of each can be expected due to advances in tech-
nology . 

Licensing Requirements 

The U.S. Atomic Energy Commission has statutory responsibility for 
the regulation of nuclear power plants through the issuance of construc-
tion permits and operating permits. This responsibility is executed by 
the AEC Regulatory Staff, headed by the Director of Regulation, who re-
ports directly to the five Atomic Energy Commissioners. The AEC Rules 
and Regulations are published in the Code of Federal Regulations, Title 
10, Chapter 1 and have the force of law. Paramount in these activities 
is the protection of both the public health and safety and the environ-
ment. 

Two articles by Joyce P. Davis of Consolidated Edison Company (pp. 
110 and 118) reviewed the regulatory process and discussed the radiologi-
cal and nonradiological effects of nuclear power plants. While giving 
particular attention to the jurisdiction of the AEC, the role of other 
federal agencies, including the Federal Power Commission9 the Corps of 
Engineers, and the Environmental Protection Agency, was also explored. 
Some related cases and controversies were discussed. In 1971, the time 
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required to obtain construction and operating licenses for nuclear power 
plants was studied by G. 0. Bright, then with the Aerojet Nuclear Company 
(p. 90). It was obvious that the environmental protection movement was 
greatly affecting the licensing process by extending the time required 
to obtain a license. 

Insurance 

Liability insurance for nuclear facilities in the U.S. is provided 
under arrangements specified by the Price-Anderson Act, which was passed 
by Congress in 1957 and amended in 1965, The total of private insurance 
and government indemnity for power reactors was set at a constant $560 
million. The history and experience of nuclear liability was thoroughly 
summarized by Joseph Marrone of NELIA (p. 77). Starr in an earlier arti-
cle (p. 3) pointed out that the government has traditionally stepped in 
where the normal functioning of private insurance becomes financially 
hazardous due to a lack of actuarial data and when the furthering of a 
national interest would be inhibited by the absence of insurance coverage. 
Fifteen examples of such programs were cited. 

Safety Record 

The extraordinary safety record of the nuclear industry is the most 
significant fact issuing from the claims records of the nuclear insurance 
pools. Marrone (p. 77) states that the pools have never received a claim 
for bodily injury or property damage caused during the operation of a nu-
clear reactor. He suggested that the effective control of a relatively 
new and serious hazard presented a positive image of safety that could be 
presented as an example that warrants emulation in other areas. 

McCullough (p. 11) aliio discussed the excellent safety record of the 
nuclear industry. Though published earlier (Fall 1964), it included the 
record of AEC nuclear installations as well. 
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Public Attitudes 

As we see it is not difficult to defend the nuclear industry on the 
basis of its safety record. Nevertheless, additional public understand-
ing is clearly needed. While there are responsible critics from which 
the industry can learn, there exists as well extremists who generally 
serve no good cause. Henry B. Piper, formerly on the Nuclear Safety In-
formation Center staff, examined some sensational handling of the poten-
tial hazards of nuclear power by several writers (p. 31). Piper's 
article originally appeared in Nuclear News and is reprinted by permission 
of the American Nuclear Society. 

Nearly 800 items in the daily and periodical press pertaining to the 
nuclear industry were examined by Dan N. Hess of ORNL (p. 69) on the as-
sumption that the public press is both a molder of opinion and a reflector 
of public interest. The articles were assigned to 1 of 12 subject cate-
gories and the relative antipathy toward controversial issues measured for 
each. Hess suggested that the "against" articles, though perhaps not in 
the majority, do get and hold the publicTs attention. Additional effort 
by the industry to develop full public understanding of the complex and 
sensitive issues appeared to be clearly warranted. H. G. Slater of 
Niagara Mohawk Power Corporation (p. 82) also explored public and press 
attitudes on nuclear power, though from the industry point of view. He 
called on the leaders in nuclear technology to do all they can to inform 
the public and to listen to all responsible critics and seriously con-
sider their objections. 

Epilogue 

These 20 articles that have appeared over the years in Nuclear Safety 

form a very important collective source of information in the comparative 
risks of nuclear power and radiation relative to the risks that man 
routinely faces in his everyday life. Equally important are the compari-
sons of the benefits and risks of nuclear power generation. While the 
articles are quite general in their coverage, they do not discuss every 
conceivable facet of the risks and benefits of nuclear power and radia-
tion. Nuclear Safety will continue to inform and stimulate its readers 
with articles on these same topics in the future. 



THE POTENTIAL HAZARD FROM RADIATION* 

[Nual. Safety, 5(3): 226-228 (Spring 196*0] 

We, as transient occupants of this terrestrial 
sphere, are the inevitable recipients of sub-
stantial quantities of radiation whether we like 
it or not. This radiation originates both from 
cosmic sources and from sources in the earth 
itself. As a consequence of these sources of 
radiation, we are not only subjected to radiation 
from our surroundings but, as a consequence 
of our environment, are ourselves radioactive 
sources. Considered in this light, the real 
question is not how dangerous radiation is but 
how much radiation is dangerous. This is par-
ticularly true when we realize not only that 
man has never existed in a radiation-free 
environment but also that it is possible that he 
owes his own development to changes induced 
in part by radiation. 

"The background level of radiation to which 
we are subjected varies widely all over the 
world and scientists have not yet been able to 
come up with any correlation between these 
variations in the background level and any in-
jury. We have on the one hand this background 
level of radiation, and on the other hand the 
fact that high doses of radiation can cause 
death. The [realj question is: 'How much more 
radiation over background can we take without 
injury?'" 

This question may be compared to slapping 
one's hand on the desk. " It is possible to argue 
that I have damaged my hand, though the damage 
is invisible. At a harder slap, I would get a 
reddening. At even a harder slap, black and 
blue marks. Harder than that, broken bones. 
The ultimate degree of damage, of course, is 
to break the hand off at the wrist. So the ques-
tion 'Is it dangerous to slap your hand on the 
desk?' is answered by 'It depends upon the 
energy involved.'" 

•Except whore noted the information herein was 
adapted from a H>-mm film entitled "Radiation in 
Perspect ive ," which presents a lecture by Francis L. 
Brannigan of the AEC, Division of Health and Safety. 
The film is available on loan from the motion picture 
l ibraries of the AEC. 

On the basis of our knowledge of radiation 
exposure delivered in a short time, we conclude 
that the effects corresponding to various levels 
of exposure (i.e., amounts of energy) are as 
tabulated below: 

Total body 
exposure, 

r Ef fect 

Below 25 No observable el feet 
At about 25 Threshold level for detectable 

e f lect 
At about 50 Slight t e m p o r a r y blood changes 
At about 100 Nausea, fat igue, vomit ing 
F r o m 200 to 250 Fa ta l i t y possible, though recoven, 

m o r e l ike ly 
At about 500 Hal t of the v i c t i m s might die 
Around 1000 A l l v i c t i m s would die 

Although the above effects and exposures 
describe conditions that might be expected in 
the event of nuclear hostilities or in the con-
fined environs of a nuclear facility following 
an incident, it does not describe the significant 
situation of public concern, viz., what is the 
effect of repeated small doses of radiation, 
each one of which is so low that there is no 
identifiable effect. This problem, in turn, di-
vides into two parts—consideration of the 
somatic effect and of the genetic effect. Thus, 
if we attempt to extend the exposure vs. effect 
relation (as in the above table) to smaller and 
smaller doses, we run out of information. The 
most conservative extrapolation of this relation 
is the so-called "dose equivalent" concept in 
which we extend the dose-effect relation to 
zero, assuming implicitly that for every dose 
there is an "insult"—regardless of how small 
and regardless of the fact that we cannot find it. 
This is the approach adopted by the federal 
government in establishing recommended ra-
di.ition limits. In particular, radioactive opera-
tions arc regulated by the government so that 
no member ot the general public receives a 
wholr-bndv dose in any calendar year in excess 
of 0.5 rem.1K Thus in 50 years an individual 
member of the public could receive a maximum 
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of on ly 2 5 r e m (an amount that p r o d u c e s no 
o b s e r v a b l e eilfert when r e c e i v e d in a s h o r t 
t in io ) wi thout taking any c r e d i t for the b o d y ' s 
na tura l r e p a i r p r o c e s s e s , w h i c h would have 
b e e n q u i t e e f f e c t i v e f o r l o w - l e v e l i n s u l t s in a 
p r o l o n g e d p e r i o d . 

T h e o t h e r part of the p r o b l e m i s the g e n e t i c 
o f fer* . H o w e v e r ; a l though it i s t rue that r a d i a -
t ion can p r o d u c e g e n e t i c e f f e c t s , it l ias a l s o 
H>f*cn est imated 1 ® Ihftt the b a c k g r o u n d r a d i a t i o n 

(which in t h i s country a v e r a g e s 0 . 1 3 r / y e a r 
and i s g r e a t e r than 1 r / y e a r in s o m e a r e a s ) a c -
counts f or on ly a s m a l l f r a c t i o n of s p o n t a n e o u s 
muta t ions . F u r t h e r , s o m e h u n d r e d s of c h e m i c a l 
a g e n t s a r e known to b e m u t a g e n i c , a l though 
none h a s b e e n s tudied in s u c h deta i l a s r a d i a -
t ion. S o m e ac t ive m u t a g e n s a r e l i s t e d in T a b l e 
1-1 ( f r o m Ref . 19). T h e s e a r e s u b s t a n c e s that 
a f f e c t the g e n e t i c m a t e r i a l at c o n c e n t r a t i o n s 
l o w e r than t h o s e w h i c h would c a u s e c e l l u l a r 

Table a-l SOME EFFECTIVE MUTAGENS STUDIED IN DIFFERENT ORGANISMS* 

Mutagen Drosophila 
Ncuroapora 
reversions 

Higher 
plants Bacteria 

Source of 
exposure 

Mwtaril derivatives 
Nitrogen mustards 

i-'iuiNidcst 
Epoxide 
Divpoxy butane 

(mines 
Triethylcncmelamine (TEMJ 

Alkatie-sulfonic esters 
Drimethylsulfonoxybutane 

(Mylcran) 
Other alkylating agents 

Dimethyl suSfatc 
diethyl .sulfate 

Peroxides^ 
Terl. butyl hydroperoxide 
Dihydi-oNymethyl peroxide 

Aldehydes! 
Formaldehyde 
I'ropinnuSdchyde 
Acrolein 

Basic dyesf 
Proflavine 
Pyronine 
Acridcne orange 

Purines! 
Caffeine 
8-elhoxy cafleine 

Ant i met abol ites t 
5-bromouracil 
2-amit:-.>purine 

Pyrrolidine alkaloids 
Miscellaneous 

Nitrous acid 
Pucnol 
Munganous chloride 
Urethane 
Diusomethane 
Beta-propiolactore 
Malcic hydrazidet 
Ethyl alcohol! 
Nicotine I 

f ** 
»» 

S 
t • * 

r 
t § 

* » 

s 

s »» 
t 
t 

** 

s 
Chromsft 

S 

Chromstt 
S 

Chromstt 
5 
t 

Chromstt 
Chroms^t 
Chromstt 

8 
S 
f 

t 
fi 
t 

t 
S 
t 
s 
s 
t 

* One or more typical examples listed in each class of mutagen, 
f Mutagenic. 
t ul common occurrence, at least in certain human environments. 
9 No reference to mutagenic activity available. 
1 Weakly mutagenic. 

** Not mutagenic. 
t t Produces chromosome breaks in plants. 

Therapy 

Industry 
Domestic use 

Therapy 

Therapy 

Smog 

Industry 
Smog 
Disinfectant 
Industry 

Beverages 
Widespread use 
Therapy 

Herbs 

Industry 

Food and agriculture 
Widespread 
Widespread 
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(somatic) damage. Although none of the results 
tabulated are for the human species, it is 
reasonable to presume that these chemicals can 
also produce mutations in man and may be 
responsible for the majority of the mutations 
known to occur. 

We can get some feel for the conservative 
nature of the radiation regulations if we com-
pare the ratio of the allowable to dangerous 
levels for radiation with the ratio of allowable 
to dangerous levels for another substance, such 
as carbon monoxide gas (see the accompanying 
tabulation). 

This does not necessarily mean that the 
prescribed maximum radiation l e v e l s are 
80,000/15 or >5000 times safer than allowable 
exposure levels for carbon monoxide, since 
"the two cases are not directly comparable. 
However... [it is truej that there is a tremend-
ously greater spread between the acceptable 
level and the immediately dangerous level in 
the case of radiation than there is for other 
noxious substanres" and this undoubtedly re-
nnets both the extremely conservative approach 
employed in establishing permissible radiation 
levels and the empirical approach used in 
establishing permissible levels for other sub" 
stances. 

Carbon monoxide 

We m e permi t ted |«0 ppm 
in tlu> air ol carbon 
monoxide Kii.s breathing 
over an extended per iod of 
l ime 

A l« 'v1 nl lfi0(> ppm ol 
ear lum monoxide* gas in 
the a i r is e x t r e m e l y 
dangerous Mich that, il we 
were to breathe that leve l 
of r a r b m i monoxide tfas 
for 1 h r , we would be in 
suriouB danger " I death 

The rat io between the 
acceptable love I and the 
dangerous level is 1 : 1 5 

Hadi . i t ion 

I f we w e r e to d iv ide the 
l i f e t i m e exposure f igure 
by Ihu number of work ing 
hours< In a l i f e t i m e , we 
would come out wi th an 
hour ly average of 
2.5 m r / h r 

The flangerou.s leve l of 
radiat ion exposure 
comparab le to the 1500 
ppm of carbon monoxide 
is 200,000 m r / h r . Inas-
much as a 2 0 0 - r dose Is 
the level at which an 
employee would be in 
danger of death 

The ra t io between the a c -
ceptable leve l and the 
dangerous level in the 
ease of rad ia t ion is 
1 :80,000 
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ATOMIC POWER AND THE PUBLIC INTEREST 

By Chauncey Starr 

[Nucl. Safety, 5(*0: 325-335 (Summer 196k)] 

The first charter of the atomic energy indus-
try, the Atomic Energy Act of 1946, had as a 
principal objective the improvement of the pub-
lic welfare. All subsequent modifications of the 
Act have reiterated this goal and have empha-
sized public health and safety. Because of the 
awesome nature of the birth of atomic energy, 
everyone associated with the application of this 
new technology for peaceful purposes has been 
acutely aware of this emphasis. 

Atomic scientists and engineers are members 
of the community of man and have a personal as 
well as professional concern with the public in-
terest. For two decades there has been detailed 
technical consideration of these problems and 
much professional debate, followed by positive 
action and the establishment by the government 
of extremely rigorous criteriaof nuclear safety. 

The users of atomic power plants, the elec-
tric utilities, have the most to gain by attention 
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to the public interest. First and foremost, the 
public is the customer for electric power. Sec-
ond, the requirement that the utilities provide 
maximum service to their customers certainly 
includes consideration of the effect of their op-
erations on public health. Finally, the utilities 
have every motivation, economic and otherwise, 
to render the best service consistent with public 
health and safety. 

The technological approach taken by the 
atomic powar industry has been the most cau-
tious in engineering history. It has been cus-
tomary heretofore, in other new technologies, 
to proceed with applications first, safety being 
secondary, and then to await an empirical bal-
ance between safety constraints and social 
value. Examples of this are present in the his-
tory of the automobile, air transport, and, of 
most recent public concern, the use of insecti-
cides. The novel approach of the atomic indus-
try in attempting to establish public safety prior 
to the construction and operation of atomic 
power plants is a direct consequence of the fact 
that the public interest has been the principal 
objective, rather than the immediate economic 
gain of few. It has been assumed by the atomic 
industry that long-term economic gains will 
follow demonstrated social value. 

Why then is the industry presently in the 
arena of public debate and the target of attack 
on a subject that is technically sophisticated? 
There are several reasons. The great interna-
tional controversy on the testing of atomic weap-
ons and their consequent fallout, and the exag-
gerations of the scare literature associated with 
this issue, have created a large body of "nu-
clear hypochondriacs." In addition, the vacilla-
tion of self-nominated science-statesmen in 
their mixing of fact, value judgments, and policy 
has created a public "crisis of confidence" in 
the reliability of technical experts generally. 
The result has been a disquieting undercurrent 
of fear, an irrational anxiety, on the part of an 
inadequately informed public. 

The public issue can be summarized in one 
question: If atomic power is only "just as good," 
then "why take a chance"? The interest of the 
power utility market substantiates the position 
that atomic plants are "just as good" in many 
areas now and will be "better than" fossil fuel 
plants in the future. The most significant ques-

tion of the general public, however, is "why 
take a chance"? 

In order to discuss this subject in any ra-
tional way, it is necessary to establish a mea-
sure of the danger to public health from atomic 
power plants. Although it is recognized that it is 
difficult to develop a rational approach to public 
safety in any area, whether it be cigarette 
smoking, the use of insecticides, or driving, it 
i s believed to be essential that the atomic power 
industry make an attempt to establish some 
comparative basis for a public evaluation of the 
risks created by alternative power sources. 

The traditional professional approach of the 
atomic industry in studying the safety of nuclear 
reactors has been to accept a recognized maxi-
mum permissible radiation dose for public ex-
posure. The designer is satisfied if his analysis 
indicates that under hypothetical, adverse con-
ditions the public exposure would not exceed 
this dosage. 

This traditional design approach does not ap-
pear to be adequate for the public. It implies a 
personal value judgment by the industry as to 
what quantitative level of risk the public should 
take—a judgment which the industry does not 
have the authority to make. In addition, it is 
believed that the question as generally asked by 
the layman, "why take a chance," can have only 
one acceptable answer, namely, that the alter-
native means of providing electric power, other 
than atomic power, may involve equal or greater 
hazard to the public. // it is not possible to es-
tablish Unit atomic power is as sale or safer 
than alfernatii'e sources of meeting elcclric 
power needs, then the public cannot be expected 
lt> accept this new energy source. 

It therefore becomcs of paramount impor-
tance to examine the effect on the public health 
of the alternative of using fossil fuel for the 
generation of electric power. In attempting this 
analysis the hazard to employees of the industry 
should be considered separately because they 
voluntarily accept risks as part of their day's 
work, unlike the population at large. 

Public Health Aspect of 
Conventional Power 

In considering the health of the population at 
large, there is the difficult task of evaluating 
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the hazard from the discharge of the noxious 
by-products resulting from the burning of fossil 
fuel, such as sulfur dioxide, nitric oxide, car-
bon monoxide, hydrocarbons, and particulate 
matter. This subject was reviewed in great de-
tail69 by tine U. S. Senate Committee on Public 
Works in September 1963. It is evident from 
the testimony presented at the hearings that the 
major urban centers of the country are faced 
with a very serious public health problem aris-
ing from the use of coal and oil. In some cities, 
notably Los Angeles, there exists a mandatory 
requirement that less noxious natural gas be 
used in lieu of other fossil fuels because of ex-
cessive air pollution. 

The effect of air pollution on public health is 
twofold.70 First, there is the possibility of di-
rect calamity, such as the 1948 Donora, Pa., 
incident in which one-third of the population of 
14,000 became ill and 17 died. A more acute 
catastrophe was the one of London in December 
1952, when 4000 deaths were attributed to severe 
air pollution resulting from adverse meteoro-
logical conditions. After major preventive mea-
sures were taken, a similar incident occurred 
again in London in 1962, which resulted in 750 
deaths attributable to air pollution. Some air-
pollution calamities are only statistically evi-
dent. Typical is the event in New York City in 
November 1953 when, due to adverse meteoro-
logical situations, sulfur dioxide reached a high 
concentration, and nine years later, 200deaths 
were statistically attributed to this event. 

In addition to these acute episodes, where a 
large number of deaths occur in short intervals 
of time, there is a continuously growing body of 
evidence that long-term low-level air pollution 
contributes to and aggravates certain diseases, 
particularly the diseases of the respiratory 
tract and, most dramatically, lung cancer.70 

Looked at in this light, the poisonous sub-
stances, cancer-producing agents, and body ir-
ritants contained in coal and oil create damage 
to the public quite parallel in many ways to that 
which has been speculatively attributed to radio-
activity. As a practical matter, the primary dif-
ference is, on the one hand, the acute awareness 
of the public of the controlled but potential 
health hazards associated with radioactivity and, 

on the other hand, an unawareness and apathy 
concerning the existing public health hazard 
arising from the use of coal and oil. 

From the general information available, it 
can be inferred that the approximate magnitude 
of the long-term effect of low-level air pollution 
is a nationwide average of about 10 deaths per 
100,000 of the population.* This corresponds 
roughly to 19,000 deaths per year in the United 
States, approximately half of the number of 
deaths caused by motor vehicle accidents. Not 
included are the previously mentioned mass fa-
talities in acute air-pollution disasters. These 
estimates, of course, do not take into account 
the very much larger number of persons in-
volved with the more subtle and costly aspects 
of public health arising from physical discom-
fort and disability. The death rate is only the 
statistically visible part of the iceberg of air-
pollution effects. 

In the United States there is approximately 
200,000 Mw of electrical generating capacity, 
of which about 111,000 Mw utilizes coal and 

•According to the Staff study, page 420 of Ref. 69, 
the mortality rates for white males from lung cancer 
show a difference of 14 deaths per 100,000 inhabitants 
between large cities and rural a reas . This difference 
appears to be proportional to the measured a i r pollu-
tants. Tho summary of the medical evidence relating 
lung cancer to smoking in "Smoking and the Public 
Interest ," Consumers Union, Mt. Vernon, N. Y., 1963, 
page 61, shows that the death rate from lung cancer 
for nonsmokers varies from "none" in rural a r ea s to 
14.7 per 100,000 man-years in cities of over 50,000. 
Averaging over the population distribution of the 
United States, and giving consideration to the plausi-
ble contribution of air pollution to other causes of 
death, a magnitude of 10 deaths per 100,000 of the 
population appears to be reasonable for the purpose 
of this discussion. 

Pages 416 to 421 of Rcf. 69 review the possible ef-
fects of a ir pollutants on health. AH diseases of the 
respiratory tract are aggravated by air pollutants. In 
particular, the pulmonary emphysema death rate is 
constantly growing, appears to be air-pollution re -
lated, and is of the same magnitude as lung cancer . 
It also represents about 7% of the disability cases 
(page 419). Chronic bronchitis is the cause of 10% of 
all deaths in Great Britain and appears to be related 
to a i r pollution. Bronchial asthma is particularly ag-
gravated by SOj pollutants. 
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oil.** These utilities burn about 18% of all the 
coal ami oil used in the country. An examination 
of the origin of air pollution from motor ve-
hicles and from combustion sources indicates 
that, in spite of the different nature of the air 
pollutants produced by these two types of 
sources, the overall contributions are roughly 
proportional to the amount of fuel used.t 

As a practical matter, until the advent of 
atomic power, the utilities had no alternative 
to the use of fossil fuels. For this reason, the 
utility industry has gone to great lengths to re-
duce the air pollutants issuing from power 
plants. The following statement on behalf of 
Consolidated Edison Company of Mew York, 
Inc., was presented by George T. Minasian and 
i s taken from page 372 of Ref. 69. 

Since 11)37, Consolidated Kdison has spent more 
than $100 million on air-pollution control. Even 
before that date, our company made it a practice to 
install in all new plants the most modern control 
equipment available. The development of equipment 
for control of stack emiss ions has now progressed 
to the point where the most recently installed large 
boilers operate and maintain ef f ic iencies In the co l -
lection of particulate pollutants of better than 90 
percent. Our program includes not only the instal-
lation of highly eff icient equipment in our newer 
coal-burning plants bill a l so the renovation of ex i s t -
ing equipment In our older plants. 

Also, a statement by Minasian on "Air Pollu-
tion Control as Seen by the Electric Light and 
Power Industry" is quoted here from page 375, 
Ref. 69: 

The total amount expended o r appropriated, for 
work now underway,can he conservatively stated to 
have passed the $350 million mark. This covers 

•The national consumption of coal and oil in 1961 
was equivalent to 29,139 x 1012 Btu (1962 Minerals 
Yearbook, Vol. II, U. S. Government Printing Office, 
1963). The consumption by e lectric utilities was 
equivalent to 5300 x i o n Btu (Electrical World An-
nual Statistical Report, January 1963), or 18% of the 
national consumption. 

tThe levels of air pollutants considered "adverse" 
or irritating may be a rough measure of their com-
parative health hazard. With this assumption,the vol-
ume of air polluted with S0 2 from combustion of foss i l 
fuels ,other than by motor v e h i c l e s , i s about s ix t imes 
the volume polluted with CO by motor vehic les (page 
108 of Ref. 69, applied to both coal and oil) . This i s 
a l so the approximate ratio of the Btu equivalent of the 
fuels consumed. 

the period slnec World War II and includes both the 
investor-owned utlllLy companies and the govern-
ment-owned s y s t e m s of which the TVA Is, by far, 
the largest. There i s , naturally, considerable vari-
ation in the expenditures in different parts of the 
country. Forexample, in the Southwest, where natu-
ral gas is used to such a great extent, there is rela-
tively little capital expense for air pollution control. 
Expenses run very hi^h for those companies whose 
plants are located In the midst of heavily populated 
areas , as compared with those whose plants are 
remote. On the other hand,heavy expenditures have 
also been made on plants in river val leys , where 
population density is relatively light, but there is 
possibility of s evere damage to vegetation. 

The costs can run hifih. A combined mechanical 
and electrostatic installation for a 360,000-kilowatt 
unit today cos t s about $r> million. This represents 
an investment in air pollution control equipment of 
about $14 for each kilowatt of customer demand. 

In addition to the expenditures made for equip-
ment, much money has been spent by utility com-
panies in the search for even better control meth-
ods. The funds have gone to research organizations, 
to schools and other groups that might come up with 
worthwhile answers . These activit ies are well 
known to the association and have been the subject 
of many papers presented at its meetings. 

Costs , while impress ive , do not alone give a true 
picture of the utility companies' e f forts in this di-
rection, For more than 10 years a very appreciable 
part of my time has been connected in one way or 
another with air pollution matters . 

It may be assumed for this discussion that, as 
a result of these efforts, the public health sig-
nificance of the air pollutants from modern 
utility plant operation has been reduced by a 
factor of 10. Thus, on a purely proportional 
basis, electrical stations burning coal or oil 
might statistically be the indirect cause of about 
3 x 10""3 death/Mw-year due to the public health 
hazards of air pollution.* Although such a num-
ber is easily lost in the death statistics of a big 
city, it is a starting point for comparing the 
public health hazards of a nuclear plant with 
those of a conventional plant. 

This may appear as an oversimplified arith-
metic approach to the relation between air-
pollution hazards and fossil fuel plants, but it 

f l f it i s assumed that all air pollution produces 11> 
deaths per 100,000 population per year, then, with a 
U. S. population of 190 mill ion, there would be 
190 x 106 x 10 x 10"5 x 18% x 10% = 340 deaths/year 
and 340/111,000 = 3 x 10~3 death/Mw-year. 
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is to bo emphasized that there is a lack of de-
tailed information as to the cause and effort 
relations that are germane to this whole sub-
ject. This lack of precise scientific data must 
not be used, however, as an excuse to deny the 
reality of the magnitude of the air-pollution 
problem. The following quotation is from "Re-
port of the Panel on Health Considerations," 
National Conference on Air Pollution, Washing-
ton, D. C., December 1962: 

It would he a m i s t a k e to l e a v e th i s c o n f e r e n c c 
with the I m p r e s s i o n thai t h e r e Is i n s u f f i c i e n t e v i -
d e n c e f o r a c t i o n — n o w . The e v i d e n c e that a i r p o l -
lut ion c o n t r i b u t e s to the p a t h o g e n e s i s of c h r o n i c 
r e s p i r a t o r y d i s e a s e i s o v e r w h e l m i n g . T h e c l a s s i -
ca l c o n c e p t of one agent be ing r e s p o n s i b l e f o r o n e 
d i s e a s e i s . . . an inves t iga t iona l c o n v e n i e n c e . . . the 
d e m o n s t r a t i o n of a c a u s c and e f f e c t , o r o n e - t o -
one r e l a t i o n s h i p i s an u n r e a l i s t i c approach to th i s 
p r o b l e m . . . the i n t e r a c t i o n s o f v a r i o u s c h e m i c a l 
i r r i t a n t s , of i n f e c t i o u s a g e n t s , and of c a r c i n o g e n i c 
s u b s t a n c e s toge ther with m e t e o r o l o g i c a l f a c t o r s a s 
a f f e c t i n g human r e s p i r a t o r y h e a l t h , a r e e n t i r e l y 
what s h o u l d be e x p e c t e d o f c o m p l e x man in h i s 
c o m p l e x e n v i r o n m e n t . N e i t h e r t h e s e c o m p l i c a t e d 
i n t e r a c t i o n s nor the v a r i a b i l i t i e s of the types of p o l -
lut ion in d i f f erent c o m m u n i t i e s shou ld he u s e d to 
c a m o u f l a g e the need for ac t ion . 

Public Health Aspect of Nuclear Power 
For answering the question "why take a 

chance," it is necessary to try to estimate the 
comparative damage to the public health by the 
operation of a nuclear plant. In order to con-
vince the public that atomic power plants are 
safe, much has been made of the fact that rou-
tine exposure of the public to radiation from a 
nuclear plant is very much less than the expo-
sure from natural background. As an example, 
the following quotation is from "The Facts of 
the Matter," by L. H. McEwen and J. M. Smith, 
Atomic Power Equipment Department, General 
Electric Company, San Jose, Calif.: 

The s m a l l radiat ion e x p o s u r e above natural b a c k -
ground around a n u c l e a r p o w e r plant i s shown by 
the ac tua l 1962 e x p e r i e n c e a t the D r e s d e n N u c l e a r 
P o w e r Stat ion , a boi l ing w a t e r r e a c t o r , n e a r C h i -
c a g o . F o r the e n t i r e y e a r , it Is e s t i m a t e d that the 
m a x i m u m e x p o s u r e at any l o c a t i o n in the n e i g h b o r -
hood w a s alrout V2 a m i l l i r e m f o r the y e a r . f * ) T h i s 
w a s about '/250th natural r a d i a t i o n , and about 
Vioooth of the p e r m i s s i b l e e x p o s u r e . 

Another way of illustrating this point is that the 
total exposure of a lifetime spent next to a nu-
clear plant would statistically result in a re-
duction of longevity of a fraction of a day, the 
same effect as smoking one or two packages of 
cigarettes in a lifetime.! The point that an 
atomic power plant is a "clean-air" plant has 
been emphasized. 

The difficulty with this argument is that the 
public is concerned not only with the routine 
situation but also with the danger that might 
result from some unanticipated accident in the 
plant. Here the assurances have been that the 
uncontrolled exposure of the public to excessive 
radiation has only a remote possibility. How-
ever, the fact that this possibility cannot be 
stated to be zero raises the very legitimate 
question as to why accept any risk, no matter 
how small, if it is not necessary. 

The early attempts of the atomic industry to 
establish a quantitative approach to public haz-
ards necessarily involved arbitrary assumptions 
concerning the release of radioactivity from 
these plants. The most thorough study of this 
nature i s the now famous USAEC Report WASH-
740, which AEC published in March 1957, seven 
years ago.71 The nature of this study i s best 
described by its official subtitle: "A study of 
possible consequences if certain assumed ac-
cidents, theoretically possible but highly im-
probable, were to occur in large nuclear power 
plants." As indicated by this subtitle, the basis 
for the analysis was not only highly arbitrary, 
but, because the report was intended to explore 
a most imaginary extreme situation, it was 
heavily biased in the direction of increasing the 
possible public hazard. The most extreme as-
sumption made, and the one whose results are 
most frequently quoted by the unsophisticated, 
i s the assumption that it would be possible for 
50% of all the fission products stored in an op-
erating nuclear reactor core to be released to 
the atmosphere. 

• T h i s e x p o s u r e of V2 m r e m / y e a r m a y a l s o b e c o m -
pared with 1 m r e m f o r one j e t f l i gh t a c r o s s the Uni ted 
S t a t e s and 10 m r e m s / y e a r f r o m a r a d i u m - d i a l w r i s t -
watch . 

^ ' E s t i m a t i o n of E f f e c t of Radiat ion Upon Human 
Health and Life S p a n , " Hardin J o n e s , Health P h y s i c s 
S o c i e t y M e e t i n g , June 1956 . 
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On the subject of the likelihood of such ex-
treme accidents, the report provided no analyti-
cal basis exccpt the intuitive judgments of the 
knowledgeable technical expertsof the time. The 
estimates for a combination of circumstances 
which would release 50% of the core fission 
products from the building varied from one 
chance in 105 to one chance in 10® per reactor 
operating year. The study indicated that, under 
the assumed meteorological conditions and the 
assumed distribution of population, approxi-
mately 3000 people might be killed by the dis-
persed radioactivity from a 500-Mw(t) reactor 
core. 

This approach contains the fallacy that the 
worst imaginable accident is a true measure of 
the public health significance. The average ac-
cident and its probability are the truly important 
issues. It has been pointed out that this i s best 
illustrated by the public approach to the airline 
industry. For those of us who are familiar with 
football stadiums, such as the Los Angeles 
Coliseum, which holds 100,000 persons, or the 
Yankee Stadium, which holds about 70,000 per-
sons, it should be possible to imagine an acci-
dent in which a modern jet transport inadvert-
ently plowed into the grandstand at the time of 
a major sport event. This is certainly a "worst 
imaginable accident" and would undoubtedly re-
sult in tens of thousands of deaths. The proba-
bility of this is the same order of magnitude as 
the "worst imaginable reactor accident" de-
scribed in USAEC Report WASH-740.* It is 
obvious that such a situation is sufficiently re-
mote in possibility that the public has not sug-
gested the abolition of football, or the abandon-
ment of airline service. 

It is evident that the worst imaginable acci-
dent of any type involves an incredible simulta-
neous occurrence of a complex series of ad-
verse circumstances. The probability of such 
simultaneous conditions is so small as to be al-
most without statistical public health signifi-

* A stadium is approximately 100 yd (300 ft) in 
radius. On the basis of the assumptions that there arc 
100stadiums in the United States , that there are 3.6 x 
10s sq mi les in the United States, that the stadiums 
a re occupied 4 hr per 168-hr week, and that there are , 
on the average, 3.5 crashes on scheduled air l ines per 
year in the United States, the most conservative e s t i -
mate of the probability of an airplane crashing into an 
occupied stadium is 

(300)2 100 4 i *,ii-» 
Q2BO? 3.6 x 10® 168 X 3'5 " 3 * 1 0 

cance. Of greater public health consequence are 
milder average accidents whose probability is 
greater. 

About 1500 reactor years of experience have 
been accumulated,* five times as much as when 
Report WASH-740 was written. In addition, 
there have been specific core meltdowns of re-
actor fuel elements. In none of these events has 
more than 5% of the fission products been re-
leased from the fuel elements, and only a frac-
tion of this leaked into the reactor buildings.T2-73 

Further, actual experience in handling the re-
lease of radioactivity into reactor buildings has 
given much greater confidence in the adequacy 
of containment. The estimates of the experts 
today on the probability of the release to the 
public of significant radioactivity from a U. S. 
atomic power plant would probably be at the 
very low probability end of the judgments made 
in 1957, i.e., one in a billion reactor operating 
years. 

To establish some conception of what such 
low probabilities of these imaginary accidents 
might mean, the probability of one in a billion 
can be multiplied by the estimated number of 
deaths associated with each accident. With the 
Report WASH-740 method,71 this gives, as a sta-
tistical consequence, 2 x 10~8 death/Mw-year.f 

Nuclear Liability Insurance 
The issue has been raised publicly as to why, 

if the atomic power industry i s so confident of 
the safety of nuclear plants, there was and con-
tinues to be a desire for government indemnity 
against public liability as provided by the Price-

•Nuclear Reactors Built, Being Built, or Planned in 
the United States as of December 31, 1962, USAEC 
Report TID-8200(7th Rev.). At the end of 1950, there 
were 18 reactors (including cri t ical faci l i t ies) in op-
eration in the United States; 49 in operation at the end 
of 1955; 195 at the end of 1960; and 261 at the end of 
1962. By extrapolation It was es t imated that 350 re-
actors and cri t ical faci l i t ies would be in operation at 
the end of 1963. Graphical integration resu l t s in 1500 
reactor years of cumulative experience at the end of 
1963. 

fScaling up from 3400 lethals from the accident to 
a 500-Mw(t) reactor in Ref. 71 to a larger reactor 
s i z e , using the 1.2 power formula from Ref. 71, re-
sults in approximately 200,000 lethals from a 3000-
Mw(t) reactor: 

20,000 x 10~9 = 2 x l o - 5 

= one death per 50,000 reactor years 
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Anderson Act. As indicated earlier, the tradi-
tional approach to public health in a new indus-
try is the early establishment of a balance 
between actual experience and social accepta-
bility. The insurance industry normally utilizes 
a process of actuarial determination of statis-
tical performance to determine its economic 
approach to insurance coverage. In auy field 
where the actuarial data do not exist, the nor-
mal functioning of private insurance companies 
becomes financially hazardous. Under such cir-
cumstances, when the furthering of a national 
interest would be inhibited by the absence of in-
surance coverage, the government has tradi-
tionally stepped in to provide such coverage. 
The following quotation is f:om "Federal Di-
saster Insurance," Staff Study, Report of the 
Committee on Banking and Currency, U. S. 
Senate, January 1956, pages 251 to 252: 

The Congress has already enacted into law s e v -
eral programs Incorporating the insurance method 
or a related indemnity method with the payment of 
fees or charges . These include such programs as— 

1. Crop insurance; 
2. Hank deposit insurance; 
3. Savings and loan account insurance; 
4. Housing mortgage insurance (FHA and VA); 
5. Maritime ves se l mortgage insurance; 
6 . Maritime cargo wartime insurance; 
7. Aviation wartime insurance; 
8. Veterans's l ife insurance; 
9. Unemployment insurance; 

10. Old-age and survivors ' insurance; 
11. Government employees insurance; 
12. Export-Import Bank tangible property in-

surance; 
13. Mutual Security Act i n v e s t m e n t guaranty 

program; 
14. V-loans guaranteed by Federal Government 

agencies; and 
15. War damage insurance. 

It can be readily seen that the insurance device has 
already gained wide use in Federal programs. Sev-
eral of these programs were inaugurated by Federal 
legislation at a time when persons active in private 
business cast strong doubts on their workability; 
but, as operating experience progressed, the confi-
dence of private businessmen in the programs grew 
so that now many of them have become part and 
parcel of everyday business transactions stoi'tiy 
defended by some of the same groups that were f irst 
hesitant about their practicality. 

This policy and its many previous applica-
tions were discussed fully at the Senate Banking 
Committee Hearings during 1956. The concept 
in the Price-Anderson Act was therefore not 

novel, and it does not represent, in fact, a true 
financial subsidy. So far, no payments of any 
kind have been made under this coverage, and 
no likelihood is foreseen that any will be. It 
should be remembered that the private insur-
ance coverage extends to the first $60 million 
of public liability, the government covering be-
yond this point. The Price-Anderson Act does 
represent a device for removing a major in-
hibiting factor in the development of atomic 
power in our private economy. 

Interestingly enough, the very fact that nu-
clear reactors are likely to continue their ex-
cellent public safety record will probably re-
quire that the Price-Anderson Act be continued 
for a much longer time. In order tc establish 
an empirical statistical basis for determining 
both a proper cost for insurance and a proper 
magnitude of coverage, there has to be accumu-
lated either enough operating accidents to deter-
mine what actually can happen or enough reac-
tor years of operation without public hazard 
to make the uncertainties vanishingly small.* 
Hopefully, the industry expects many thousands 
of reactor years of operation without incident. 
Certainly, based upon the p r e s e n t record, 
another 20 years will be needed to provide the 
private insurance industry with a suitable ac-
tuarial base for complete inclusion of this gen-
eral area into their insurance domain.t 

•The cumulative power reactor operating exper i -
ence to the end of 1962 i s 19 reactor years with no 
major (public hazard) failure. If the probability of a 
major accident is 1 in 100,000, the probability of ob-
serving a major failure to that time would be about 1 
chance in 5000. By 1967 we will have only accumu-
lated 80 reactor years . This would mean that the 
probability of observing a major failure before 1967 
would be about 1 in 1000. By 1975 the reactor oper-
ating experience will be 450 reactor years . On the 
same basis the probability of observing a major ac-
cident prior to 1975 (accident probability of 1 in 
100,000 per reactor year) would be about 5 in 1000 or 
at most 1 chance in 100. 

"fThe actual fee being paid for large reactors under 
Price-Anderson ranges from $90,000 to $120,000 per 
year for 1000-Mw(e) reactors ($30 per 1000 kw(t)/ 
year] and corresponds actuarially to an acc ident- free 
reactor operating experience of 4 to 5 thousand reac-
tor years . This amount of reactor years of operating 
experience would not be reached at the very ear l i e s t 
until about 1980, with the most optimistic e s t imates 
of installed nuclear e lectr ical generating capacity in 
the United States. The more probable es t imate i s 
about 1987. 
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Waste Disposal 
A great issue has been made of the hazards 

of handling and disposing of radioactive by-
products from atomic, power operation. Those 
in the industry realize the necessity for careful 
monitoring, handling, and disposition of these 
materials, but their complete confidence in 
being able to handle these materials apparently 
has created an incorrect public impression of 
industry indifference. The whole debate has 
been highly illogical. For example, there is 
enough insecticide produced to kill the popula-
tion of the world many times over. A statement 
from "Our Daily Poison, The Effects of DDT, 
Fluorides, Hormones and Other Chemicals on 
Modern Man," by Leonard Wickenden, Devon-
Adair Company, New York, 1956, i s as follows: 
"In the year 1951 the quantity of pesticidespro-
duced in the United States was sufficient to kill 
15 billion human beings—approximately six 
times the population of the world." However, 
there appears to be so little concern about this 
matter that our children can walk into any 
market and purchase enough insecticide to kill 
themselves and their families. The chemical 
industry produces sufficient poisonous materi-
als to destroy the whole population, and yet in-
secticides and poisons rank low as a cause of 
death. The National Safety Council reports in 
"Accident Facts," 1963 Edition, pages 6 and 7, 
that the average annual accidental death rate in 
the United States from all solid or liquid poisons 
during the last 10 years is l ess than 1 per 
100,000 population. This is less than the acci-
dental death rate from firearms or railroad 
accidents. 

It is an obviously accepted fact that in re-
sponsible hands these lethal substances can be 
controlled so as to perform their useful func-
tions without endangering the population. In 
view of the highly alert and extremely cautious 
approach which the whole nuclear industry has 
applied to the handling of radioactivity, and in 
view of the very close federal and state sur-
veillance in this area, the public hazard from 
the handling of radioactive materials is very 
much less than the hazard from the other toxic 
substances to which we are likely to be exposed. 

Conclusions 
The information presented above indicated 

that 3 x 10~3 death/Mw-year could be attributed 

to the operation of electrical stations burning 
coal or oil. Similarly, based on the WASH-740 
statistical relations for determining the esti-
mated deaths per megawatt-year from the op-
eration of nuclear power plants, the figure is 
2 x 10~fl. Thus the operation of the atomic power 
plant may be 150,000 times safer than the rou-
tine operation of a fossil fuel plant. Assuming 
the most pessimistic probability estimate of 
WASH-740, it may still be 10 times safer. 

It i s evident that from the public health point 
of view the comparison should be made between 
the remote statistical probability of a serious 
nuclear accident and the routine pollution from 
a fossil fuel plant. The additional contribution 
from the continuous "clean-air" operation of 
nuclear plants i s negligible. 

Thus there is a sound basis for the position 
that atomic power is now "just as good" as 
fossil fuel power and is certain to be "better 
than." Indeed, if the costs of property damage 
attributable to air pollution from fossil fuel 
plants were included, the cost of atomic power, 
which already includes safety and waste-disposal 
costs, would now be better than. 

Although it is also true that fossil fuel plants 
could be made as safe as the atomic power 
plants by the inclusion of additional scrubbing 
and absorbing devices for the removal of pollu-
tants, it has been estimated that the cost of 
equipment for such a task might run between 
$50 and $200 per kilowatt, certainly sufficient 
to make the fossil fuel plant compare unfavor-
ably with atomic power. 

Relative to the q u e s t i o n of "why take a 
chance," this quick look at the continual public 
hazard of the conventional fossil fuel plant, com-
pared with only a remote potential hazard of an 
atomic plant, certainly demonstrates that the 
atomic power plant is very much safer and much 
more desirable. Now that the development of 
atomic power provides an alternative method 
for the generation of electricity, the public in-
terest will best be served if the utilities main-
tain the freedom to select atomic power jor 
their systems where appropriate. Thus, on 
every count, including both cost and safety, it 
is believed that the public welfare is best served 
by the continued development and construction 
of atomic power plants. 
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SIGNIFICANCE OF CONTRIBUTIONS OF ATOMIC ENERGY 
TO PUBLIC HEALTH HAZARDS 

By C. Rogers McCullough 

[Nucl. Safetyj 6(l): 31-36 (Fall 196U)] 

Those of us engaged in the development and 
use of atomic energy have a duty to keep the 
public informed about the advantages to be 
gained, the penalties to be paid, and the risks 
to be taken. This responsibility has been rec-
ognized from the very beginning of the develop-
ment of atomic energy. It is perhaps fair to say 
that more effort has been expended on inform-
ing the public about atomic energy than on any 
other new field. The task is a particularly diffi-
cult one, partly because of the way atomic en-
ergy was first introduced, but mainly because 
of the radical new concepts involved which are 
difficult to comprehend and accept by the lay-
man and the technical man as well. As a result, 
there has been criticism of the atomic energy 
industry for not making information available 
and, from some sources, for minimizing the 
hazardous aspects of the atomic energy appli-
cations. Such criticism is unfair and wrong, as 
could be easily demonstrated by piling up the 
immense amount of material that has been 
written and published in this attempt. 

At present there appears to be a rising tide 
of criticism of the use of atomic energy for 
the generation of power, particularly when it 
would be close to concentrations of population. 
There is no evidence that this protest repre-
sents a majority opinion. In fact, the evidence 
seems to be that it is a very small minority, 

but certainly a noisy one, The motivation of the 
protesters is mixed and various aspects are 
emphasized, depending on the interests affected 
and the power plant, location. In all these pro-
tests, however, there is, as part of the reason, 
the charge that the nuclear power plant poses 
too great a safety threat. It is with this aspect 
of the protests that I would like to deal briefly; 

As one of the participants in the effort to 
make sure that the application of atomic energy 
to peaceful purposes, especially the building of 
reactors and their use for the production of 
electrical energy, will not threaten the health 
and safety of the employees and the public, I 
could assume an air of injured virtue, since 
there has been a very studied and elaborate ef-
fort to make sure that there was adequate, yes, 
even more than adequate, protection. I can say 
with conviction that there has been much more 
effort spent on safety in the atomic energy field 
than on safety in any other field. This has been 
so from the very beginning of the exploration 
of atomic energy. I am afraid, however, that 
these persons raising this safety question would 
not be impressed by any such attitude. I also 
become indignant at the half-truths, distortions, 
and actual falsehoods which frequently creep 
into the statements and testimony of these pro-
testers. In response to this the only practical 
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course I see is to continue with a studied, de-
liberate, and vigorous effort to acquaint the pub-
lic with the truth and to welcome investigation 
and inquiry. Another part of this problem arises 
from the difficulty that people have in really 
u n d e r s t a n d i n g atomic energy concepts, and 
therefore the dangers and risks, in their proper 
perspective. This is the issue which I am at-
tempting to develop, suggesting, I hope, ways in 
which the public's understanding can be im-
proved so that the advantages and risks of atomic 
energy can be understood in their proper con-
text within the complex pattern of life as it is 
lived today. 

Health Effects oi: Radiation 

Let me state at the beginning of this discus-
sion that too much radiation i s harmful. As 
will be brought out later, it i s not the only 
source of harm. The question is how harmful. 
Because of the very large amount of effort 
spent on understanding the effects of radiation, 
partly as basic scientific research and partly 
as a means of avoiding damage to people, we 
know more about the effects of radiation than 
any other substance. We know that certain ra-
diation damage is repairable, a certain amount 
i s not artd shows up as delayed effects, and 
there is a genetic affect. The Federal Radiation 
Council (FRC) accepts the philosophy that there 
i s a linear relation between dose and damage, 
even down to very low doses.21 Accordingly, 
the benefit must be balanced against the biologi-
cal risk, and doses should be kept as low as 
practical. 

As the result of careful study and discussion 
on the part of the well-qualified scientists on 
the International Commission on Radiation Pro-
tection (ICRP) iind the National Committee on 
Radiation Protection (NCRP), radiation protec-
tion guides have been set22'23 and are imple-
mented by toe regulations of the Atomic Energy 
Commission.24 The limits set by these regula-
tions imply that below these limits there is a 
minimal or negligible amount of harm. It is 
worth examining some of the specific numbers 
relating to dose and effect. Whole-body gamma 
exposures will be used as a convenient com-
parison. It is estimated that the average life 
span is shortened by seven to four days for 
each rem of whole-body radiation exposure.25 

On this basis, natural background accounts for 
life shortening of 49 to 28 days. If a large num-
ber of persons were exposed continuously to 

whole-body radiation at the maximum allowable 
doses24 for the general population, the average 
calculated life shortening for a 70-year lifetime 
would be 245 days (0.7 year) to 140 days (0.4 
year). The best estimates that can be made of 
radiation levels in the vicinity of actually op-
erating large atomic power plants result in 
average doses of 0.0005 rem26 per year or less . 
Again, performing the arithmetic, this calcu-
lates to an average life shortening in 70 years 
of less than 0.25 day. Persons farther away 
receive doses that rapidly diminish with dis-
tance. These are estimated doses, since there 
is no practical way of measuring doses as low 
as this. It should be emphasized that life ex-
pectancy itself has meaning in terms of a popu-
lation. The numbers cannot be applied as pre-
dicting a change of life expectancy for individuals 
or even small groups of people. 

Health Effects of Other Factors 

If one believes that figures such as I have 
given above have any real significance even for 
large numbers of people, then it is worthwhile 
to examine the other factors that influence the 
health and longevity of populations. Table 1-2 
gives these values together with those for ra-
diation exposures mentioned above. Note that 
all other factors listed give greater negative 
effects than those for radiation workers, except 
being a man instead of a woman. No cases exist 
where either radiation workers or persons in 
the environment are exposed to anything like 
maximum permissible doses continuously. Ac-
tual exposures are small enough to give calcu-
lated life shortening of a small fraction of a 
day. Obviously, any such quantity as one thou-
sandth of a year i s the result of an exercise in 
arithmetic with no real meaning. The effects of 
other factors are only crudely known. Compari-
sons are valid only in the range of more than 
several years. 

It would be interesting to compare the effects 
of air pollution, but unfortunately the data are 
not expressed in terms of life shortening. How-
ever, records do show that in London, in 1962, 
340 people died as a result of smog which per-
sisted only a few days and, in 1952, a "pea 
soup" fog for five days resulted in 4000 more 
than usual deaths during the week starting the 
first day of the fog.28 In the United States, 
studies of urban areas with populations from 
10,000 to 3,000,000 show excellent correlation 
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Table 1-2 LOSS OF AVERAGE LIFE-SPAN (MINUS) 
AND GAIN OF AVERAGE12 LIFE-SPAN (PLUS) 

AS A RESULT OF VARIOUS FACTORS 

Loss or gain 
of average 
life-span, 

years 

Nonradiation factors 
Country VB. city dwelling +5.0 
Married status vs. single, widowed, or +5.0 

dlvorccd persons 
Smoking 

1 pack of cigarettes per day —7.0 
2 packs of cigarettes per day - 1 0 . 0 

Overweight by 25'? - 3 . 6 
Female vs. male sex +3.0 
Both father and mother lived !o age 80 +3.7 
Rheumatic heart disease 

Heart murmur —11.0 
Heart murmur plus strep infection —13.0 

Natural background radiation 
Calculated life shortening due to natural — 0.1 

background radiation, 7 rem In 70 
years 

Man-made radiation 
Radiation worker, 30 years' continuous - 2 . 9 

exposure to maximum permissible 
dose of 5 rem/year 

Individual, general population, 70 years' - 0.7 
continuous exposure to maximum per-
missible dose of 0.5 rem/year 

Person in immediate vicinity of nuclear — 0.0007 
power station, estimate of actual 
condition 

between mortality rates and the amount of 
benzene-soluble organics in suspended parti-
cles. The variation of the pollution and the 
mortality rate per 100,000 due to respiratory-
system cancers is about a factor of 2, being 
greater for the larger populations.28 It is like-
wise disturbing to find that from 1950 to 1959 
the death rate per 100,000 for males due to 
pulmonary emphysema increased from 1.5 to 
8.0, or over five times.28 On the basis of this 
evidence, it would appear more useful to the 
world to find ways to reduce the damage from 
air pollution, disease, and other harmful fac-
tors than to attempt to cut radiation doses be-
low levels now being experienced from atomic 
energy plants. 

Mutagenic Agents 
As a result of this extensive research in the 

field, radiation has been found to be a mutating 
agent. It is generally agreed, however, that of 
the naturally occurring mutations, a relatively 

small fraction, perhaps 5 to 10%, is due to ra-
diation. The other causative factors are not de-
fined, but higher temperatures and some chemi-
cal compounds are known to be mutagenic. I 
have been unable, to find any data on the muta-
genic effects of air pollutants, but it seems 
quite probable that some of these may have 
significant mutagenic effects. (A list of some 
known chemical mutagens was included in the 
first article of this series.28) 

Accident Statistics 

One of the big worries about nuclear plants, 
including nuclear power plants, is the possi-
bility of accident. This worry has been given 
attention from the beginning and has been the 
major effort on the part of the Advisory Com-
mittee on Reactor Safeguards. Since the very 
word "accident" prevents forecast and there i s 
insufficient statistical data, the probability and 
consequences of an accident are solely a matter 
of judgment. The system of review that has 
been set up for nuclear reactors is unusually 
thorough and painstaking. It i s far above any 
other review system for industrial plants. For 
example, not only is it demanded that a pres-
sure vessel and piping system be supplied which 
are in accord with the accepted standards, tut 
there must be emergency shutdown and emer-
gency cooling systems of high reliability. Fi-
nally (at least in most cases), there must be 
another containment of high integrity surround-
ing at least the primary system. 

Although not sufficient for statistical pur-
poses, there is a considerable accumulated his-
tory of nuclear reactor operation with an out-
standing safety record. Hanford reactors have 
been o p e r a t i n g since 1944; naval reactors 
started in 1954, and there are now more than 
35 nuclear-powered ships; Shippingport has op-
erated for over six years; Dresden for over 
four years; and Yankee for over three years. 
There are many other smaller reactors. In no 
case has a reactor accident in the United States 
released significant amounts of radiation to the 
public. There i s no evidence of any damage to 
the public from any nuclear accident in the 
United States. In all AEC nuclear installations, 
226 fatal injuries to employees from all causes 
occurred from 1943 to 1961. Of these, only six 
were due to radiation.29 It is useful to compare 
the accidental death rate in AEC installations 
with all industries. Over a period of 17 years, 
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1943 to 1959, inclusive, the accidental death 
rate In all U. S. industries was 26.9 per 100,000 
workers, whereas in AEC Installations it was 
one-half of this, or 13.4, from all causes, and 
0.19 from radiation.30 Table f -3 compares 
the death rates in the United States from all 
causes.31 From this table, if one uses death 

Table 1-3 DEATH RATES IN THE UNITED 
STATES—1961 PER 100,000 

All caused 930.3 
Diseases of the cardiovascular system 507.6 
Malignant neoplasms 147.5 
Influenza and pneumonia (except pneumonia of the 29.8 

newborn) 
Asthma 2.7 
Bronchitts 2.4 
Other bronchopulmonlc disease 9.7 
Accidents 

All categories 50.7 
Motor vehicle 20.5 
All other 30.2 
In all Industries* 26.9 

Accldenta In AEC Installations* 
All causes 13.4 
From radiation 0.19 

•Average 1943 to 1959, inclusive. 

rate as yardstick, the emphasis on the cure 
of disease is of far more importance than re-
ducing the accident rate. It i s interesting to 
note that the respiratory-disease death rate 
totals 44.6, very comparable to the rate for 
accidents from all causes. The rate for all in-
dustry of 26.9 is'one that has been reached be-
cause of a consistent safety effort. The value of 
13.4 for the atomic energy industry shows the 
greater emphasis that has been placed on safety 
in this industry. The rate of fatal injuries due 
to radiation is vanishingly small, representing 
only three cases in 17 years. Including the 
three unfortunate deaths in 1961 raises the rate 
to only about 0.4. In making comparisons, read-
ers should note that the accident data for in-
dustries relates to workers and not the general 
public. So far as radiation is concerned, there 
are no fatalities other than workers. 

A study was made in 1957 of the possible 
consequences of a hypothetical nuclear acci-
dent.32 In this report three cases were consid-
ered. Case I assumed all the engineered safe-
guards failed except the f'nal containment. In 
this case there were no lethal exposures. Cases 
II and III assumed failure of all the engineered 
safeguards including the containment and a 

variety of conditions relating to the dispersal 
of the fission products. The calculated lethal 
exposures ranged from 2 to a maximum of 3400 
people. Since this report was written, there has 
been considerable progress in the design of 
nuclear power plants and understanding of dis-
persion conditions. The designs being proposed 
today are superior to those considered in this 
report, and it is highly desirable that a study 
be made to update this report in light of present 
conditions and knowledge. 

It is worthwhile to look at the record of di-
sasters that have occurred over the years to 
give perspective. In 1961, 24,700 people were 
killed in automobiles and taxis.33 This is really 
a disaster but in a different context than is 
being considered here. A study of the more 
serious marine disasters, worldwide, since 
1860, excepting military action, shows the sin-
gle worst accident caused a loss of 1517 lives 
(sinking of the Titanic, 1912).33 Railroad wrecks 
in the United States have resulted in as many 
as 101 deaths in the worst case.33 In the United 
States there have been fires that killed 119 
(Winecoff Hotel, 1946), 168 (Ringling Circus, 
1944), and 491 (Cocoanut Grove, 1942);33 there 
have been explosions33 that killed 10 (chemical 
plant, 1960), 13 (dynamite truck, 1959), 22 (rail 
tank cars, 1959), 17 (gas pipeline, 1957), 561 
(ship and pier, Texas City, 1947), and 8 mine 
disasters, mostly coal mines, over the past 16 
years resulting in a total of 352 deaths, with 
119 in one disaster alone.33 These unpleasant 
numbers are given to show that in the world in 
which we live we do experience disasters. We 
have not yet learned how to eliminate them. 
However, I can state that in all cases of the di-
sasters quoted above there has not been any-
thing approaching the rigorous specifications 
and searching review which is given nuclear 
reactor plants. 

This discussion would be more complete if it 
included data on injuries from various kinds of 
accidents, including radiation, which did not 
result in deaths. This more complicated and 
lengthy subject is not covered here. It is worthy 
of a considerable amount of discussion so that 
the public may have a clear understanding of 
the character of radiation injury as compared 
to the other kinds with which it is more famil-
iar. Briefly, there have been several cases 
where persons have been exposed to doses of 
radiation of 100 to about 400 rem and have sub-
sequently borne normal children and continued 
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to work and live a normal life. This can be 
compared to the situation of persons who re-
cover after an accident involving fire, explo-
sion, a fall, or poisoning. 

Conclusions 

The effects of radiation are well understood, 
better than the effects of many materials. 
There is a considerable and increasing history 
of successful and phenomenally safe operation 
of nuclear installations. The amounts of radia-
tion to which workers and the public may be 
exposed will result in effects which can be ex-
pected to be much less than those from ordi-
nary hazards of life, including the rapidly grow-
ing air pollution. There have been no disasters 
in the nuclear industry, and in my opinion di-
sasters are most unlikely—I can almost say 
impossible. 

Those of us in the atomic industry are biased. 
For my part I believe that atomic energy has 
tremendous possibilities for the benefit of the 
world in the future. In the case of nuclear power 
plants, we have the possibility of the generation 
of electric power without air pollution at loca-
tions and in such s izes as the public requires. 
We have tried and are trying to build these 
plants so that they are economic and safe, safer 
than any other kind of plant. The record shows 
that we have succeeded so far. Let us increase 
our efforts to help the public understand the 
advantages of nuclear power. Let us try to help 
channel protest effort toward the alleviation of 
the dangers that are more serious than radia-
tion. The facts are available. The people can 
read and study for themselves. They should 
look to the benefits that nuclear power can bring 
in improving the urban and suburban environ-
ment rather than being misled into believing 
that fossil-fuel plants and their increasing pollu-
tion of the atmosphere are a satisfactory solu-
tion to our growing power needs. 
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ATOMIC ENERGY FOR SOCIETY AND THE BALANCE BETWEEN HAZARD AND GAIN 
By J, H. Sterner 

[Nuel. Safety j 6(2): 1I+3-1U5 (Winter 196V-1965)] 
The health problems created by atomic en-

ergy thus far in all of its manifestations, and 
(or the foreseeable future in its projected 
peacetime applications, are not significantly 
different, quantitatively or qualitatively, from 
many other of the environmental health prob-
lems facing our society. The way in which the 
health problems associated with radiation have 
emerged, and have continued to be presented 
to the public, distinguishes — and, in the con-
sidered view of many responsible observers, 
overemphasizes—the hazard of the peacetime 
applications in relation to the substantial bene-
fits that can accrue to society from an orderly 
development of the atomic energy industry. 

Every effort man has made, or makes, to 
provide the goods and services he needs and 
wants, whether the essentials of food, clothing, 
and shelter, or the additional elements that 
have raised his standard of living above bare 
subsistence, has an inexorable and measurable 
risk to him in terms of injury, illness, and 
death. In primitive societies, with little delega-
tion of social or work responsibilities, inequali-
ties of hazards exist which are determined by 
chance of climate, abundance and kind of food, 
competition from other men and animals, and a 
host of other factors. In our more highly 
structured society, with specialization of labor 
and with the recording of risk by specific work 
category in measures of injury and death and 
of economics, the pattern of the disparity of 
this risk becomes more evident. Even though 
the general public may be aware of it only in 
relation to certain more hazardous occupations, 
such as mining, every job, every trade, and 
every industry has a characteristic cost in 
terms of injury and death, a cost that is mea-
sured specifically by accident frequency and 
severity rates and by the workmen's compensa-
tion insurance ratings assigned by various 
governmental agencies. Although continuing ef-
fort is made to reduce the hazard, and the 
disparity of hazards, our society accepts the 
fact that underground coal mining is a hundred 
times as hazardous as, for example, work in 
the communications industry, based upon com-
parable injury severity rates. 

In earlier years the introduction of tech-
nological developments in industry and com-
merce was determined almost entirely by the 
effectiveness in producing new or better or 
cheaper goods and services, with little con-
sideration for the often unwanted and unantici-
pated harmful by-product effects. A changing 
social climate and an advancing technology 
have brought about corrective legislation and 
improved preventive programs, with the safety 
and health characteristics of new products or 
services meriting increasing consideration and 
importance. Many industrial processes and 
products essential to our present economy have 
had to be modified, often at considerable eco-
nomic and technological cost, to reduce the 
harmful effects to an acceptable level. In a 
few instances, the cost for the necessarily 
stringent control measures has resulted in 
severe limitation or even the entire abandon-
ment of the production and use of an otherwise 
desirable product. 

Although much greater attention is given to 
the health and safety implications of new tech-
nological advances, society has not yet devel-
oped a reasonable set of guides for determining 
acceptability in balancing benefits vs. hazard. 
Each instance is dealt with in a separate and 
uneven manner, and the methods used, even for 
comparable problems, may vary widely, de-
pending on public involvement, governmental 
intervention, and the experience and techniques 
for each new scientific discipline involved. In 
view of the complexity of the problems, with 
so many variables and uncertainties, and the 
recognition that any final decisions are neces-
sarily value Judgments, the present trial-and-
error procedure at this stage of scientific and 
social development may be the most reasonable 
and most effective way of arriving at a de-
termination. 

Nearly every one of the important, urgent, 
environmental health problems — air pollution, 
water pollution, the increasing pervasion of 
pesticides, the effects of cigarette smoking — 
has emerged gradually through a series of 
epidemiological associations to public recogni-
tion of the existence oi the hazard. Each of 
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these problems is an unwanted and unforeseen 
by-product of goods or services which man has 
wanted, and the recognition of serious hazard 
has occurred frequently after long use and en-
joyment. The early experience with ionizing 
radiation fitted this pattern, with the tragic 
examples from the radium-dial painting industry 
and the sporadic instances of radiation burns 
from the improper operation of X-ray equip-
ment. It should be emphasized that, without 
exception, the hazard from air pollution, from 
water pollution, from pesticides, and from 
cigarette smoking, was unanticipated, and, al-
though there i s much uncertainty and disagree-
ment as to the projected effect on health, in 
each ca.se there is a considerable number of 
knowledgeable observers who feel that the real 
and potential injury justifies immediate and 
much more stringent corrective measures. 

The control of the health aspects of radiation 
in the development of the atomic energy industry 
stands in marked contrast to the way our 
society has dealt with these other important 
environmental health problems. The effects of 
radiation on biological sy ste ms have been studied 
and examined to a much greater extent than has 
been done for any other important hazardous 
physical or chemical agent. The criteria of 
injury have been sharpened and extended beyond 
the biological and medical parameters usually 
accepted and applied in the evaluation of hazards. 
Although no injury was observed with the tech-
niques accepted for determining other occupa-
tional and public health hazards, the initial 
conservative threshold limits for exposure were 
further reduced when it was shown that tech-
nology, even though difficult and costly, could 
maintain these lower levels. When the products 
and processes developed under rigid controls 
in the plants and laboratories of a govern-
mentally operated atomic energy program began 
to move into private industry and commerce, 
much stricter controls governing 'health and 
safety practices were imposed than were re-
quired of many other equally hazardous ma-
terials. 

There are many interesting analogies between 
the potential hazard from lead and that from 
radiation. Lead poisoning was recognized sev-
eral centuries ago and became the most com-
mon form of industrial intoxication. Lead is 
found everywhere in man's environment—in 
food, in water, in air, in the home, in industry — 
and measurable amounts of lead are present 

in everyone. A wide variety of diseases and 
symptoms, including cancer, multiple sclerosis, 
vascular disease, impotence, and decreased 
longevity, have been attributed to lead absorp-
tion at levels considerably below those identi-
fied with overt classical lead intoxication. 
Investigators, as with the study of, radiation, 
have made epidemiological comparisons of death 
rates for various diseases and the lead content 
in the soil and atmosphere.20 There is good 
evidence that the amount of lead in our indus-
trialized environment is greater than that in 
primitive areas and that the respective popula-
tions reflect this difference in body burdens. 

While there appears to be little general 
concern at the present time for the hazard 
from current levels of lead in our environ-
ment, a few investigators are quite apprehensive 
about it and, particularly, about the possible 
increase from such sources as leaded gasoline. 
The problems generated by the addition of 
tetraethyl lead to gasoline are of interest 
because of certain similarities to radiation 
with respect to environmental health. Lead, 
like radiation, is ubiquitous. Although the 
amounts that will provoke clearly recognized 
lead poisoning are considerably higher than 
would be expected in the general environment, 
the uncertainty as to the possible injury at 
lower levels persists. When a number of deaths 
and serious illnesses developed in the early 
manufacture and use of tetraethyl lead, there 
was a strong public outcry against permitting 
the continuation of the process. The'Surgeon 
General of the United States convened a panel 
of the most renowned and respected public 
health experts to review the matter. The dire 
predictions of the majority of the panel^ once 
they had heard the limited evidence available, 
almost resulted in the denial to society of a very 
useful product. In the nearly 40 years that have 
elapsed, tetraethyl lead has had a remarkable 
record of safety in manufacture and in use. 

A few years ago a second panel, on which I. 
had the privilege to serve, was convened by 
the Surgeon General to ccnsider a request from 
the petroleum industry to increase the permis-
sible amount of tetraethyl lead21 from 3 to 4 
cm3/gal. In spite of all the iniormation that 
has been acquired on lead distribution in food, 
water, and air and on lead absorption and lead 
intoxication, there were no clear guidelines to 
help us in the decision. It seemed to me that we 
have much better knowledge of the effects of 
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radiation and a more certain definition of its 
environmental health significance. This example 
merely serves to illustrate the difference in the 
caution applied to the control of radiation as 
compared to that of lead. The recent finding of 
small amounts of certain persistent pesticides 
in human fat from widely scattered geographic 
areas in the world is another illustration in 
which assessment of the hazard has developed 
only after the technology has been in use. 

Little fault can be found with the caution 
shown in the development of health and safety 
standards during the earlier years. Addition-
ally, the fact that we have not acquired com-
parable information about other hazardous 
agents, even though they may be equally or 
even more injurious, does not justify relaxing 
the control of radiation. We do, however, have 
an obligation to review our experience at 
reasonable intervals and to evaluate the ad-
ditional evidence from research and from clin-
ical findings in order that we may confirm or 
modify our earlier judgments as to the hazard. 
One senses a somewhat more relaxed view, 
among the people who are knowledgeable of 
radiation effects, that the criteria established 
to guide occupational and general population 
exposures are reasonable and acceptable. There 
is increasing evidence that the cost in terms 
of somatic and genetic injury is low—so low 
that it can be identified only with great dif-
ficulty, if at all, among the many other factors 
that produce the same effects. 

It should be stressed that, with more than 20 
years of experience and millions of man-years 
of exposure to radiation in the atomic energy 
industry and with a medical scrutiny as good 
as or better than that used for identifying 
injury from other occupational hazards, not a 
single instance of injurious effect has been 
observed in individuals whose exposure has not 
exceeded the recommended operating limits. 
Although injury from radiation has occurred, 
this has been found only in cases of true ac-
cident, where the levels of exposure have 
greatly exceeded the acceptable threshold limits 
because of accidental circumstances due to 
failure of man or machine in the same sense 
as an accidental chemical release or explosion. 
The application of more sophisticated measures 
of injury than are customarily used in assessing 
other occupational hazards, such as shortening 
of life-span or of genetic effect, has led to a 

concern for the radiation hazard which has far 
outstripped that for other equally potentially 
hazardous agents. Again, It must be emphasized 
that no such effects have been demonstrated 
where present accepted guide limits have not 
been exceeded. The implication is not that we 
should ignore the evidence of hazard from ra-
diation, but, rather, we should place it in proper 
perspective in relation to other environmental 
factors affecting health so that we do not unduly 
penalize a development with such great promise 
of benefit. 

The subject of reactor safety has been dis-
cussed so widely that repetition here is not 
justified. As with the health of employees in 
the atomic energy industry, the record of 
reactor operating experience is excellent. With 
a thousand reactor years of operation, reactor 
accidents have caused only six deaths.22 The 
some 20 instances of accidental loss of control 
of reactors or critical assemblies have given 
a high degree of confidence that design and 
operating conditions are adequate to justify a 
wider acceptance of power reactors. 

As yet the community is likely to regard an 
atomic energy installation with suspicion and 
apprehension while accepting or ignoring a 
chemical operation of equal or greater potential 
hazard. Different standards of acceptance and 
performance, and the confused state of the 
mechanisms by which society develops the judg-
ments and takes action in balancing environ-
mental hazards with benefits, can result in 
discriminatory and even capricious controls. 
These may ultimately deprive our society of 
needed and beneficial goods and services. It i s 
essential that we view the benefits and hazards 
of atomic energy with the perspective of other 
comparable activities and their environmental 
hazards. 
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EXPLOSION OF SOME ETIOLOGICAL MYTHS 

By Merril Eiseribud 

[Nucl. Safety, 380-385 (Summer 1965)] 

Complex concepts can sometimes seemingly 
be simplified by repeated use of phrases that 
soon become familiar to the ears, that come 
right to the point, that are completely un-
equivocal, and that in time become insidiously 
convincing. Often the phrases express truths, 
but more often only misleading half-truths, and 
sometimes total untruths. 

In the United States and other countries where 
the acceptability of nuclear energy as a source 
of nuclear power is being debated, adages that 
have come into being in the last few years are 
misleading the public into unnecessary appre-
hension about the hazards of nuclear energy. 
This article identifies some of these adages and 
discusses the reasons why they are misleading. 
Only a few have been selected, and these are 
limited to references to the normally operating 
reactor, as follows: 

1. "We haven't had enough experience." 
2. "The air and water will become radio-

active." 
3. "All unnecessary r a d i a t i o n exposure 

should be avoided." 
4. "Very little is known about the effects of 

small doses of ionizing radiation." 
5. "There i s no such thing as a safe dose." 

That "we haven't had enough experience" i s 
a reminder of the fact that artificial release 
of nuclear energy has been accomplished within 
the present generation and that we have had 
only a little more than 20 years of experience 
with reactors. In the present state of tech-
nological development, this is a long time, par-
ticularly in view of the remarkable develop-
ments in the field of industrial safety since 
World War II. A spectacular case in point is the 
current record of the space program. Never has 
there been an undertaking more hazardous to 
an individual than the program of manned 
missions being conducted by the United States 
and the Union of Soviet Socialist Republics. It 
is a remarkable accomplishment that all the 
manned flights into outer space conducted up to 

the present time have been completed without 
loss of life. To be sure the risks will become 
greater with each bolder step forward, and 
there are undoubtedly tragedies somewhere 
ahead at some stage of development in the pro-
gram of space exploration. However, the fact 
remains that man has demonstrated his ability 
to project an astronaut, froni the top of a giant 
rocket containing an enormously explosive con-
coction of chemicals, into outer space at a 
velocity of 25,000 mph, to place him into an 
orbit, and to return him safely to a prede-
termined location on earth. The fact that there 
m y be failures in the future does hot detract 
from the wonder that man can accomplish this 
at all. What a contrast with the repeated fail-
ures and tragedies among the polar explorers 
before Peary reached the North Pole two gen-
erations ago, or among the aviators who at-
tempted to cross the Atlantic before Lindbergh 
successfully flew from New York to Paris in 
1927. 

Modern safety derives basically from our 
knowledge of the characteristics of materials 
under various kinds of stress, from methods of . 
quality control in manufacturing, from modern 
methods of educating and training people, and 
from the desire at every level of government 
and industry to keep accidents to an absolute 
minimum. Contemporary industrial safety rec-
ords are astonishing in comparison with the 
experience of a generation ago. I can recall, in 
the mid-1930's, the feeling of real accomplish-
ment among safety engineers when the first 
industrial company accumulated a million man-
hours without a lost-time accident. Today this 
is a commonplace occurrence, and many large 
companies accumulate more than ,20 million 
man-hours of experience between lost-time 
accidents. Modern industry knows how to do a 
job safely, as one can see from the spectacularly 
successful safety record of AEC and its con-
tractors.23 

The fact that reactor safety can be achieved 
by well-understood techniques of design and 
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operation is illustrated by the earliest experi-
ence of the program. The Oak Ridge air-cooled 
natural-uranium and graphite reactor was com-
pleted in 1943 and performed well and safely 
throughout the years until it was finally re-
tired, late in 1963, after 20 years of practically 
continuous operation. Similarly, three reactors 
designed to produce plutonium began operation 
at Hanford in 1944 at their designed initial 
power levels of 250 Mw. These powerful reac-
tors, with modifications in their designs, have 
continued to operate to the present time. Thus 
it was possible to build four reactors during 
World War II with essentially no prior ex-
perience. The designs were based on new 
physical principles, and new construction ma-
terials and new techniques of fabrication were 
used. Moreover, these reactors were built under 
wartime conditions on a timetable that was 
accelerated to an extent that is not likely to be 
repeated. It is a compliment to the thorough-
ness of the designers that rcactors of such 
size were built during World War II and that 
they have operated so successfully up to the 
present time. The record also suggests that 
perhaps to the nuclear physicists and engineers 
there are fewer mysteries in reactor design and 
operation than most people believe ! 

The public frequently becomes alarmed that 
if a proposed plant is constructed "the air and 
water will become radioactive." This is a hard 
statement to deal with because many people are 
unable to think quantitatively about radioactivity. 
They know what can happen if their neighborhood 
should be subjected to massive fallout from a 
thermonuclear bomb, and, after all, are not the 
radioactive substances discharged from a re-
actor very similar to bomb fallout? It will 
take another generation of education before 
people will differentiate between picocuries and 
mega curies, and in the meantime we must be 
patient in explaining that the presence of radio-
activity of itself means nothing unless we know 
how much is present and what kind. The public 
must become better acquainted with the fact 
that radioactivity is one of the ubiquitous phe-
nomena in nature and that every living cell con-
tains radioactive substances of natural origin. 

An interesting recent finding is that relatively 
large amounts of naturally occurring radionu-
clides are routinely discharged into the at-
mosphere by plants burning coal and oil.24 A 

1000-Mw coal-burning plant having good fly-ash 
control will annually discharge about 30 mc 
of mixed radium (226Ra + 228Ra) isotopes into the 
atmosphere. From the ratios of the maximum 
permissible concentrations, 1 mc of radium 
consisting of equal parts of 226Ra and 22flRa can 
be shown to be comparable to about 400,000 mc 
of 85Kr and about 400 mc of 131I. These two ra-
dionuclides have been selected for comparison 
because I31I is one of the major short-lived 
constituents of fission products and 85Kr is the 
principal long-lived volatile constituent. Thus 
the atmospheric effluents from a well-operated 
coal-burning power plant of 1000-Mw(e) capac-
ity contain the "equivalent" of 10* curies of 85Kr 
and 10 curies of 131I. Plants that do not provide 
mechanical or electrical dust separation will 
discharge much more than this—about 1 curie 
of mixed radium isotopes per year, which is 
"equivalent" to more than 4 x 105 curies of 85Kr 
or 400 curies of 13lI. An oil-burning plant of 
this size would discharge considerably less 
radium, "equivalent" to about 200 curies of 85Kr 
and about 200 mc of 131l. 

Certainly no one would suggest that this 
amount of radium being discharged into the 
atmosphere of our large cities is a health 
hazard. In fact, only a small fraction (~0.2%) of 
the daily radium intake of the average person 
originates from this source. Most of the radium 
we absorb (~4 pc/day) is ingested from food in 
which radium is present as a trace element that 
has been assimilated from the soils. 

From these data we conclude that electric 
generating stations that derive their thermal 
energy from fossil fuels discharge relatively 
greater quantities of radioactive substances in 
the atmosphere than power plants that derive 
their heat from nuclear energy. During 1961 the 
Yankee Nuclear Power Station at Rowe, Mass., 
discharged only 1.9 mc of gaseous wastes into 
the atmosphere; that is much less than the ra-
dioactivity that would be discharged if this 141-
Mw(e) pressurized-water nuclear plant was 
operated with coal! Similar comparisons could 
be made for nuclear power plants employing 
direct-cycle boiling-water reactors. The num-
ber of curies of activity discharged into the 
atmosphere by such plants is higher than in the 
case of pressurized-water reactors, but the 
radioactivity is of far shorter half-life, with 
correspondingly greater maximum permissible 
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concentrations. The liquid-waste activities are 
similarly minuscule, and, when the waste is 
mixed with large volumes of water, the activity 
results in insignificant environmental contami-
nation in the vicinity of commercial reactors. 

We frequently hear that "all unnecessary ra-
diation exposure should be avoided." This is a 
statement with which we would not disagree, but 
certainly the benefit of reducing exposure should 
be weighed against the cost or inconvenience of 
reducing exposure. This is certainly the every-
day attitude toward the radioactivity from na-
ture, which contributes the largest component 
of the total dose received by people in most 
parts of the world. We receive, on the average, 
about 100 mr/year from this source, but the 
deviations from average are quite pronounced, 
and in normal situations the dose from natural 
radioactivity probably varies from 50 mr/year 
to about 200, depending on altitude above sea 
level, geological factors, the amount of radium 
in drinking water, and the materials from which 
our homes are constructed. If we accepted 
literally the admonition that unnecessary ra-
diation exposure should be avoided, people 
would avoid living in cities like Denver, Salt 
Lake City, or Albuquerque, where the external 
radiation levels are about twice those at sea 
level. Hundreds of thousands of people in Illinois 
and Indiana would be discouraged from drinking 
their local water supply because the radium 
content is above normal. In metropolitan areas, 
such as New York, people would compete to 
live in areas that have low levels of natural 
radioactivity, there being a difference of al-
most 20 mr/year between most areas of Brook-
lyn and Queens and upper Manhattan Island, 
where the radiation level is normally higher 
due to the igneous rocks on which almost all of 
Manhattan Island is built. 

It would be absurd to allow the level of natural 
radioactivity to influence where we live, and, 
so far as .1 know, no one has suggested that we 
do so. Convenience and economics dictate our 
choice of living place, with logical disregard of 
the levels of natural radiation. In respect to the 
50 mr/year or more that could sometimes be 
avoided by altering our place or manner of 
habitation, the admonition "all unnecessary ra-
diation should be avoided" Is a meaningless 
platitude. 

We are often cautioned that "very little is 
known about the effects of small doses of 
ionizing radiation." This of itseU is a correct 
statement that can be found in proper context 
in most authoritative studies on the delayed 
effects of radiation. It will be found in the re-
ports of the United Nations Scientific Com-
mitee on the Effects of Atomic Radiation, the-
National Academy of Sciences Committee on the 
Biological Effects of Atomic Radiation, and in 
many statements made by expert witnesses 
testifying before the various hearings of the 
Joint Congressional Committee on Atomic En-
ergy. _ '• :"v/ 

As a qualitative statement it i s certainly true 
that we know very little about the , biological 
effects of radiation at doses of a few milli- ; 
roentgens to a few hundred milligroentgens 
per year, but this is because the effects of small, 
doses cannot be measured. The effects, if they 
occur at all, are so infrequent that it is not, 
feasible to study them,, even with the; best tools, 
available to science and with the extensive 
resources available for investigations of this 
kind. , ; 

In fact, the effects of small doses of ionizing 
radiation have been studied more'thoroughly: 
than the effects of any other of the noxious 
agents that man has introduced into his environ-? 
ment. The policies established. after World 
War II by AEC, supported actively by the Joint 
Congressional Committee , on Atomic Energy; 
have resulted in appropriation of public funds 
on a scale that has yet to be matched in other 
fields of environmental health. It is only in the 
last year or two that there, has been.a general 
awareness of the need to accelerate the in-
vestigations of the effects of possible environ-
mental hazards such as air and water pollu-
tions, insecticides, food additives, and tobacco 
smoke. As yet, however, there is little com-
parison in size between the AEC budget for 
investigating . radiation effects and the budget 
authorized for the study of the effects of chemi-
cal pollutants. 

If people are told we know nothing about the 
effects of small doses, they will understandingly 
oppose nny exposure to man-made radiation. 
They are told that radiation can produce cancer, 
genetic changes, and a general reduction in 
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life-span, and, since so little is known about the 
effects of small doses, their children might be 
injured if a nuclear reactor were built near 
their home. However, the implications of the 
statement that we know little about the effects 
of small doses of radiation are considerably 
less ominous when it i s added that this is be-
cause the effects occur so Infrequently that they 
cannot be observed in either humans or popula-
tions of experimental animals. 

Most people would say that the dose i s safe 
if the effect i s so small it cannot be observed. 
Yet, we are told that for radiation "there is 
no such thing as a safe dose." This i s another 
way of saying that "all radiation exposure is 
bad," which i s a concept that i s used all too 
frequently to counter statements that a pro-
posed Installation will be operated safely and 
that people in the environs will be exposed 
to only a fraction of the permissible dose. The 
idea that there is no such thing as a safe dose of 
ionizing radiation derives from the hypothesis 
that there is no threshold for some radiation 
effects. This assumption is commonly accepted 
for genetic effects, and, on the basis of data 
obtained with experimental animals, it is some-
times applied to the carcinogenic and l ife-
shortening effects of ionizing radiation, although 
these data are far more equivocal. Actually a 
strong case can be made for a threshold hy-
pothesis in the case of the carcinogenic effects 
that have been studied in experimental animals. 

For the purpose of this discussion, we can 
accept the "no threshold" hypothesis and con-
sider the effect of this assumption on the 
proposition that there i s no such thing as a safe 
dose of ionizing radiation. To a considerable 
extent, this involves quibbling about the absolute 
meaning of the word "safe." Most parents 
believe that their children are safe in the home, 
although the statistics of the National Safety 
Council would disagree with this in the absolute 
sense. As is well known, many children die in 
accidents in the home. In almost all uses of the 
word "safe," we mean "reasonably safe" rather 
than safe in the absolute sense. We normally 
say that something is safe when the risk of in-
jury is so small that the person has a feeling of 
security and i s heedless of the very small but 
finite danger. It was perhaps first in connection 
with the potential dangers of ionizing-radiation 
exposure that the word "safe" was required by 

some to have an absolute meaning. More re-
cently the same restriction has been placed on 
the purported safety of insecticides and food 
additives. 

There are a number of reasons for the recent 
concern with absolute safety. The very nature 
of the times demands that we be more prudent 
in our evaluation of environmental risk than has 
been true in past generations. There is a new 
public consciousness concerning environmental 
risks of all kinds, a development that i s de-
sirable and which everyone should encourage, 
although we may wish sometimes for l ess ex-
tremism and fewer appeals to emotions. 

It is only comparatively recently that man's 
activities have resulted in contamination of the 
environment on a national or even global scale. 
It is no longer only the people living in less 
cultured areas of industrial communities that 
are exposed to the environmental contaminants. 
Air pollution is now a metropolitan problem; 
food additives and pesticides expose people on a 
national scale; and the radioactive debris from 
weapons tests can be detected all over the world 
in all forms of life from single-celled organisms 
to man. 

A small probability of injury may be an 
acceptable risk to an individual and may be of 
minor concern to a population of small size. 
However, the same probability of injury may be 
totally unacceptable when it is applied to the 
total population of the world. As a matter of 
fact, it was this difference that was at the 
basis of the fallout controversies of the late 
1950's in which scientists seemed to disagree 
about the risks inherent in the atmospheric 
testing of nuclear weapons. The difference was 
primarily the basis for estimating the risk. 
Some scientists considered the risk on an in-
dividual basis and, after concluding that the 
probability that a given individual would de-
velop leukemia was of the order of 10~e, de-
cided that the risk was "negligible." However, 
others took note that the population of the world 
was 3 x 10® and that, if such a population were 
exposed to a risk of 10~8, there would be 3000 
cases of leukemia! Thus we see that what may 
be safe for an individual may nevertheless be 
a risk of sufficient magnitude, when the entire 
population is considered, to justify a further 
reduction in exposure or, if possible, elimina-
tion of exposure entirely. 
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Industrial atomic-energy installations ex-
pose a very few people in the immediate en-
virons of the plant to a very small fraction of 
the permissible doses established by AEC regu-
lations. If there is a threshold dose that must 
be exceeded before deleterious effects are pro-
duced, there may be no effects at all. If there 
is no threshold, the effects produced by^the 
levels of permissible exposure would occur at 
such a low frequency that the effect could not 
be measured. If we make certain conservative 
assumptions that (1) there is no threshold, 
(2) the effect is independent of dose rate, and 
(3) ths effect is linearly proportional to dose, 
we can calculate the probability of injury. These 
calculated values will be maximal figures, with 
the true value being somewhere between zero 
and the calculated values. By these methods it 
has been concluded that the risk of developing 
leukemia from ionizing-radiation exposure is 
about one case per million per rad for each 
year at risk. A person exposed to the Federal 
Radiation Council maximum permissible dose 
of 0.5 rad/year would have 1 chance in 2 mil-
lion of developing leukemia. However, the ex-
posure of people in the vicinity of nuclear 
reactors is far less than 0.5 rad/year and, even 
in the case of reactors built in the center of 
populated areas, need be no more than 10% of 
this value or 0.05 r/year. In this case the maxi-
mum risk of developing leukemia could be as 

high as 1 in 20 million, but the actual risk might 
be as low as zero. Certainly we can tell an in-
dividual living in the community that the plant 
is safe so far as he and his family are con-
cerned and that in all probability he is. much 
better off living near a nuclear plant, since, 
at a cost of a few milliroentgens per year, he 
avoids a whole spectrum of noxious agents that 
are of necessity introduced into the atmosphere 
from fossil-fuel plants. 

This article has been concerned with some of 
the fallacies underlying five frequently quoted 
reasons why nuclear reactors, should not be 
built near population centers. These are not all 
the reasons why people object to construction pi 
these plants, but the analysis does serve to 
illustrate the way in which these statements 
contribute to the morass of misunderstanding 
when they are taken out of context and repeated 
over and over again in public discussions. 
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EFFECT OF LOW-INTENSITY RADIATION ON MAN 

By F. J. Jankowski 

U l u c l . S a f e t y , 7(1): H-nA (Fall 1965)] 

The ratio of radiation-dose-rate threshold for so-
matic damage to the normal background dose rate is 
of lhe order oj a few hundred (100 to 500). This is in 
the rang1* of the ratio of harmful concentration of 
several chcmicals to the amount needed or believed 
to be needed for health. This observation raises the 
question as to whether all radiation is harmful, a 
question which has been raised before and which is 
under investigation. It also suggests further experi-
ments at low or very low (below background) dose 
rates. 

An analogy applied to phenomena not well 
understood can be useful in suggesting hew ap-
proaches to a problem and in providing new 
insight into the nature of a problem. An analogy 
is drawn here between the biological effects of 
inorganic chemicals and the effects of radia-
tion. As a result of this analogy, suggestions 
are made for future work. 
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Little is known at the present time about the 
effects of small radiation doses. There is no 
firm basis for interpolating or extrapolating ra-
diation effects to small exposures, and many 
data8-10 seem to show effects opposite to those 
predicted; i.e., they show a lengthening of life-
span rather than a shortening* or they show an 
ability of the body to tolerate the radiation 
where deleterious effects mi^ht be expected. A 
need for information on the effects of low ra-
diation doses is recognized, and projects cur-
rently under way or proposed can help to fill 
this need.11'12 A further insight into radiation 
effects will be sought through the analogy drawn 
below. 

Large doses of most chemicals are injurious 
to the body, but, from studies and observations 
of nutrition, we find that many chemical ele-
ments are essential in small quantities to main-
tain health. This suggests comparison with 
radiation effects. 

Such a comparison cannot be made to a high 
degree of accuracy. Quantitative data needed on 
nutrition, toxicology, and radiation effects are 
not generally available and, when available, are 
frequently expressed as ranges of values rather 
than as single fixed values. Thus only •"ball-
park" values can be expected in making the 
comparison. 

The comparisons are made between the so-
matic effects of radiation and the effects of 
chemicals, both on adults. Genetic effects are 
not considered, nor are the effects on children, 
who appear to be -much more sensitive both to 
chemicals and to radiation. 

Three sources of information on nutritional 
amounts of chemical elements are available. 
The first, and most accurate, is the compilation 
of the U. S, Food and Drug Administration laws 
contained in the Code of Federal Regulations.IJ 

The amounts given are based on recommenda-
tions of the National Research Council. In addi-
tion, there are other elements that have been 
found or suspected to be needed by the body but 
for which agreement as to amount or certainty 
as to need are lacking. Here it is assumed that 
pharmaceutical companies have made a search 
of this field and that their conclusions are re-
flected by the mineral content of their vitamin-
mineral tablets. This is taken as a second 
source of n u t r i t i o n requirements. A third 
source i s provided by reports on daily intakes 

by the body of certain elements. These intakes 
often vary over a large range; further, there is 
the possibility that the average intake exceeds 
the average need. However, intake values pro-
vide some information where information is 
generally scarce. 

The amount of a chemical that constitutes a 
hazard is just as difficult to specify quantita-
tively as is the nutritional amount. Data on poi-
soning by ingestion are very scarce. Poisoning 
by inhalation is a much more probable occur-
rence in industry and has been studied more. 
An excellent review and summary of known in-
formation on inhalation hazards has been as-
sembled in an industrial hygiene handbook edited 
by Patty.u The threshold values used below 
were all obtained from this volume. In most 
cases these are limits set by the American 
Conference of Governmental Hygienists, but, 
where such limits are absent, the thresholds 
are ones proposed by investigators in the field. 
Tlie thresholds set for inhalation hazards are 
given in milligrams per cubic meter. These 
were changed to daily intake by multiplying by 
an assumed breathing rate of 20 m3/24 hr. 

A daily need has not been established for ra-
diation; it is generally believed, but not proven, 
that the need i s zero. However, the daily intake 
is known quite well. It varies over the earth's 
surface and depends on altitude and local con-
centrations of radioactive materials. A general 
average is 0.6 mrad/24-hr day. 

The acute radiation dose that produces so-
matic damage is generally taken to be approxi-
mately 100 rads. However, to make a compari-
son with chemical poisoning, the threshold for 
chromic-exposure damage is required. This is 
less well understood. Taylor15 reports that ra-
diation effects have not been demonstrated in 
c ases where exposures of 50 to 500 times back-
ground have existed for years. Thus 500 times 
background might be taken as a limit on the 
threshold for chronic-exposure hazard. Another 
measure of a threshold value is the daily per-
missible dose of 500 mr/week suggested by the 
International Commission on Radiological Pro-
tection (ICRP) during the early days (1936) of 
handling radioactive materials before concern 
over genetic damage developed strongly. Ad-
justing this tolerance to a continuous level gives 
a value of 120 times background as a measure 
of the lower limit for the threshold for damage 
from chronic exposure. 
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The d a t a d i s c u s s e d above a r e s u m m a r i z e d in 
Table I - l . In the l a s t c o l u m n of the t a b l e , a 
ratio of t h r e s h o l d to need (o r t h r e s h o l d to i n -
take) i s g iven f o r e a c h e l e m e n t and f o r r a d i a -
tion. The r e l a t i o n s a r e shown m o r e c l e a r l y by 
a plot of the d a t a in F i g . 1 - 1 . W h e r e a r a n g e i s 
given, the e x t r e m e s of the r a n g e a r e l inked by 
a dashed l i ne . T h e p o i n t s m a y b e iden t i f i ed by 
re ference to T a b l e 1 - 1 . 

It i s not i m p r o b a b l e tha t a n in take of 1 g / d a y , 
or a s u b s t a n t i a l f r a c t i o n of a g r a m , cont inued 
lver an ex t ended p e r i o d would be i n j u r i o u s , 
oven if the e l e m e n t w a s not c h e m i c a l l y p o i s o n -
ous. T h e r e f o r e we m i g h t e x p e c t a bulk , o r 

Tabic I - l SUMMARY OF NUTRITION, TOXICOLOGY, AND 
RADIATION-EFFECTS DATA GIVING A COMPARISON OF 

CHEMICAL AND RADIATION EFFECTS ON MAN 

Threshold for Ratio of 
Need or chronlc-espo- threshold 

Source ot Intake, sure damage, to Intake 
Element Information mg/day mg/day values 

Iron CFR* 10 3 0 0 3 0 
Iodine CFR 0 . 1 2 0 2 0 0 
Aluminum Intake 10 to 100 3 0 0 3 to 3 0 
Copper V - M t 1 2 to 6 0 2 to 6 0 
Copper Intake 2 2 to 6 0 1 to 30 
Mercury Intake 0 . 0 0 5 to 0 . 0 2 0 2 100 to 4 0 0 
Mercury V - M 1 3 0 0 :ioo 
Manganese V -M 1.5 120 so 
Manganese Intake 3 to 6 120 2 0 to 4 0 
Zinc V - M 1.4 3 0 0 2 1 0 
Zinc Intake 10 to 15 3 0 0 2 0 to 3 0 

Radiation 0.6 rar/day 5 0 0 1 
Radiation 0.6 mr/day 70 mr/day 120 

*Code o/ Federal Regulations (see Rcf. 13). 
tVi iamln-mineral tablets. 
J From Rc-f. 15. 

10"2 10'1 
NEEO OR INTAKE, 

1 »0 mg/doy or mr/day 

Fig. l-l Threshold for chronic-exposure damage vs 
need or intake of chemical elements and of radiation. 

volume, effect in addition to any chemical poi-
soning effect. This would tend to place an upper 
bound on the threshold curve. 

In Fig. I-l the heavy dashed line (showing the 
volume effect) joining the lower solid line (a 
constant ratio) was placed through the points 
representing iron and iodine (CFR data13) to 
produce a reasonable fit. These results appear 
to indicate some validity to a common value for 
the poison-to-nutrition ratio for a chemical 
element. 

Points representing the radiation , believed to 
represent the lower limit of the threshold for 
somatic damage relative to that absorbed from 
background (the intake) are also plotted in 
Fig. I - l . These points may be seen to correlate 
quite well with the chemical data. This observa-
tion raises the question of whether all radiation 
is indeed harmful to biological systems or 
might radiation perform some useful function 
in the operations of these systems, as do the 
chemicals. 

The nature of the analogy made is such that 
conclusions are not justified, but questions and 
experiments are suggested. The principal sug-
gestion is to attack the radiation-effects prob-
lem by using the principles of chemical-effects 
experiments. Here the experiment important to 
chemical nutrition but untried in radiation ef-
fects is to withhold the affecting agent from the 
biological system. 

To withhold radiation would require a reduc-
tion of the various sources of normal radiation 
dose, which include cosmic rays, terrestrial 
sources, and radiation in food, primarily 40K. 
These sources each contribute approximately 
one-third of the total dose. 

The cosmic-ray contribution could be reduced 
to a negligibly small, amount by performing the 
experiments in a cave or mine. At a depth of 
1000 m, the cosmic-ray intensity would be re-
duced by a factor of approximately 10,000 from 
the sea-level value.16 The reduction of terres-
trial radiation would require some attention and 
effort. The intensity of the surrounding sources 
would largely determine the effort required, 
and selection of the location might be the single 
largest factor in r e d u c i n g this component.. 
Shielded rooms with low-activity wall materials 
would likely be used. Low-actiyity steel plates 
and water have been used.17 Also, control of the 
airborne activity, primarily radon, might be 
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necessary and would depend on the surround-
ings. The radioactivity entering the body via 
food might also have to be controlled, as it 
would be the largest single contributor once 
radiation f r o m cosmic-ray and terrestrial 
sources had been reduced. 

In this low-radiation environment, several 
generations of animals, plants, and insects 
would be raised. The use of control groups 
might or might not be required and would de-
pend on the environmental control possible. The 
subjects would be examined for growth, health, 
intelligence (in animals), and any other factors 
that might be significant. An initial experi-
mental group comparable in size to that which 
would be used for nutrition studies is suggested. 

Continuing the analogy to chemical nutrition 
studies brings further suggestions which may 
be fruitful (or which may be under way at some 
laboratories). With radiation the initial studies 
were on whole-body radiation, and these were 
followed by radiation-effects studies on indi-
vidual organs. It may prove profitable to in-
vestigate the microscopic effects of radiation 
on cell biology. Such studies would take note of 
all effects of radiation known or suspected, 
determine their probable magnitude, and as-
certain their effect on specific life processes. 

Many other ideas follow from the reasoning 
presented here. One of the more intriguing ones 
comes from theories proposed by biologists. It 
has been suggested that the ratios, and perhaps 
even the concentrations, of inorganic compo-
nents of the blood are the same as those exist-
ing in seawater at the start of the Cambrian 
period, when life on earth was just beginning. 

Perhaps the radiation ratios reported in Table 
1-1 and Fig. 1-1 should be based on the radia-
tion background existing at the beginning of the 
Cambrian period. If radiation is found to be 
beneficial, this may be the optimum value (per-
haps the value leading to the maximum life-
span, if the experiments indicating lengthening 
of life-span should be confirmed). 

In conclusion, the need for further data on 
effects of small doses of radiation is generally 
acknowledged. Performing experiments in which 
radiation is withheld could contribute signifi-
cantly to this need. 
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ATOMIC ENERGY FOR SOCIETY AND THE BALANCE BETWEEN HAZARD AND GAIN 
By J. H. Sterner 

[.Nucl. S a f e t y , 7(1): I k - l Q (Fall 1965)] 

Health problems created by the peaceful uses of 
atomic energy are not significantly different, quanti-
tatively or qualitatively, from many of the other en-
vironmental health problems confronting society. It 
is only that inordinate concern by the general public 
tends to overemphasize the highly publicized hazards 
inherent in the use of atomic energy without appro-
priate consideration for the gains which may be de-

rived therefrom. Society may thus be deprived of the 
substantial profits tfuzt can accrue from orderly de-
velopment of the industry. 

The experience of some thousand nuclear rcactor 
years has developed a performance record jor the 
industry which is excellent in comparison with that oj 
other major industries. No injury has been identified 
in individuals or groups exposed to allowable opera-
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tional levels of radiation, based on the same kind of 
risk assessment as has been applied in the evalua-
tion of other occupational and environmental health 
hazards. 

Present criteria that have been established for the 
control of radiation hazards appear to be prudent and 
acceptable. These hazards, however, should be 
viewed in proper perspective in relation with those 
of other comparable accident and environmental 
conditions. 

The concern for the radiation hazard is ex-
emplified in the system of control established 
with atomic-energy legislation in the United 
States and the interpretive response of AEC in 
promulgating a licensing and inspection mech-
anism that excludes or excepts only inconse-
quential amounts and uses of radioactive ma-
terials. When l e g i s l a t i o n was enacted that 
permitted the transfer of surveillance respon-
sibility to the states which gave evidence of 
ability to perform the licensing and inspection 
function, these states applied the same strict 
interpretation. Further, they added all other 
sources of r a d i a t i o n to the fissionable-
materials sources for which AEC had exclusive 
responsibility, including X-ray equipment and 
radium. Thus, for an industry to obtain and use 
a relatively small source of radiation, such as 
a beta-ray thickness gauge or an alpha-emitting 
static eliminator, a license must be obtained. 
To do this requires the submission of evidence 
that competent personnel will supervise the in-
stallation and use of the source and that opera-
tion will continue to ireet strict safety criteria. 
By contrast, toxic or explosive chemicals, in 
tank-car amounts and manyfold more hazardous, 
can be handled and used without a comparable 
demonstration of technical competence and evi-
dence of the exisier.ee of detailed operating 
procedures. It is true that, in certain states, 
approval of any ventilating or industrial hygiene 
controi e q u i p m e n t is required, but, if such 
equipment is not judged to be necessary, no 
notification to an official industrial hygiene 
agency is made. To crit ical and experienced oc-
cupational-health personnel, this disparate em-
phasis on the hazard of the radiation source—-
largely because radiation hazards as a class 
are viewed by the public as of greater con-
cern— imposes an imbalance with respect to the 
true hazard and t.ie usefulness and application 
of radiation-emitting equipment and materials. 

The benefits of nuclear energy have been 
widely proclaimed and accepted. The applica-
tions to medicine and to research have firm 

and increasing acceptance by physicians and 
scientists, and, of all the various beneficial 
uses, the applications to medicine probably have 
the most ready approval by the general public. 
Yet, at one period when there was widespread 
public debate involving the threat from fallout 
from weapons testing and from nuclear war, the 
fear of radiation spilled over into the health ap-
plications. A considerable number of individuals 
expressed great apprehension, and some refused 
to have chest X-ray examinations, even though 
there were medically convincing reasons why 
such an examination was needed. Here the bal- ( 

ance between gain in. terms of identifying an 
early disease of the lung with the prospect of 
favorable therapy far outweighs the risk in 
terms of somatic or genetic injury from the 
minimal radiation. Fortunately this particular 
apprehension apparently has subsided, but the 
occurrence reflects an underlying fearfuiness^ 
of radiation that extends into consideration of, 
other uses of nuclear energy. 

As general industrial experience has demon-
strated that nuclear energy can perform unique 
and more efficient functions, the applications 
have expanded rapidly. In spite of the more rig-
orous safety criteria associated with the use of 
radiation sources, the number of registered in-
dustrial installations and the number of regis-
tered sources have increased greatly in the, 
past few years. In 1962, New York State alone 
reported some 700 registered industrial instal-
lations involving more than 4000 sources and 
118,000 curies of radioactive materials, the. 
latter chiefly in large sealed sources.1 8 The 
wide diversity and expansion of applications, in 
the face of a strict control program that re-
quires greater effort and costs for the control 
of a radiation hazard than for a comparable or 
even greater nonradiation risk, attest to. the 
value and usefulness of nuclear energy in com-
mon industrial operations. 

It i s in the matter of acceptance of nuclear 
reactors by the general public that the. greatest 
reluctance and confusion are shown. The prob-
lem i s well exemplified by the difficulties en-
countered, with great public controversy, in the 
instances of the Enrico Fermi reactor at La-
goona Beach, Mich., and the proposed Ravens-
wood reactor in the Borough of Queens, N. Y. 
Although questions were raised as to the hazard 
to the surrounding community from the regular 
and routine operation of these reactors, the 
chief point of contention was the hazard from 
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a ma jo accident. Many of the expressions of 
concern, and of fear, ignored or denied the con-
siderable body of experience and knowledge ac-
crued over the 20 years of reactor operation 
and the extreme caution and careful and com-
petent consideration that precedes and follows 
closely the siting, the construction, and the 
operation of a nuclear reactor. 

A good example of the complexity of the 
whole problem is the strong position opposing 
the siting of these reactors by individuals who 
presumably had a substantial background and 
identification with the positive development of 
atomic energy and with the changing directions 
of our industrial technology. In spite of the ap-
preciable resistance encountered with each new 
proposal for the establishment of a power reac-
tor, there has been a progressive advance in 
placement from the initially isolated locations 
to areas in closer p r o x i m i t y to larger and 
larger communities with increasing population 
size and concentration. This graduated progress 
in the siting of reactors, essentially on a trial-
and-error basis so far as local acceptance is 
concerned, has involved much greater public 
scrutiny and participation than has occurred 
with many other technological operations that 
have associated serious hazards. It has been 
pointed out that the maximum credible accident 
with a large nuclear reactor is much greater 
than the equivalent potential accident with other 
present industrial operations. However, a com-
parison solely on this basis, which ignores the 
safeguards applied to reduce the hazard to a 
reasonably "probable" level, i s unrealistic. In 
discriminating unduly against the development 
of nuclear energy, it may deprive society of 
goods and services it needs and wants. 

As technology has advanced in our increas-
ingly industrialized society, the magnitude of 
many hazardous operations has increased tre-
mendously. Although various aspects of such 
operations are under the control of govern-
mental agencies, the general public usually is 
unaware of the increasing risk until an accident 
occurs. The shipment of tank-car and barge 
amounts of highly hazardous materials through 
populated areas is now an accepted practice 
and an essential element of our industrial econ-
omy. As greater amounts of ever more reactive 
substances are required, larger accumulations 
of materials in storage, in shipment, and in use 
become standard practice. The hazards in some 
instances are approaching the magnitude of a 

nuclear reactor accident hazard, but, even when 
the public is apprised of the situation, the con-
cern generated seems less insistent and less 
emotional. 

In the 15-year period 1941 to 1955, cata-
strophic a c c i d e n t s (involving five or more 
deaths in a single accident) took about 20,000 
lives18 in the United States. The most serious, 
in terms of the number killed, was of industrial 
origin, although it involved the adjacent resi-
dential areas of the community. This was the 
Texas City disaster in 1947, which resulted in 
561 deaths. There is no record of the many 
situations where serious accidents were just 
averted, but an instance of this that might have 
resulted in thousands of fatalities may add to 
our perspective and merits retelling. 

In March 1961 a barge upbound on the Missis-
sippi River carrying four steel tanks con-
taining 2,200,000 lb of liquid chlorine, in rela-
tively clear weather, shipped water, broke its 
towline, and sank.20 The accident occurred near 
the small city of Natchez. The total population 
of the threatened area, which included portions 
of Louisiana and Mississippi, was 80,000. Ex-
perts of the U. S. Army Chemical Center esti-
mated that release of the chlorine could result 
in 40,000 to 50,000 casualties within a 30-mile 
radius, with 10,000 to 25,000 fatalities. Ulti-
mately the tanks were located and safely re-
moved from the riverbed, but the whole area 
was alerted and placed on an emergency status 
during the recovery operation. Some 550 chron-
ically ill or handicapped persons were evacu-
ated from the hazard area. 

The chlorine tanks were on a 1900-mile trip 
up the Mississippi and Ohio Rivers and were to 
pass such highly populated areas as Memphis 
(metropolitan-area p o p u l a t i o n of 627,000), 
St. Louis (2,060,000), Cincinnati (1,070,000), and 
Louisville (725,000). In such a trip the possi-
bility of collision of the chlorine barge and the 
many barges containing petroleum products, 
with the additional hazard of fire and explosion 
and the increased likelihood of release of the 
chlorine, must be considered. 

In this accident no lives were lost, no one 
was seriously injured, and no property was 
damaged by the chemical, although the cost for 
the mobilization of the community and removal 
of the chlorine amounted to nearly $3 million. 
This example is cited solely to put in perspec-
tive the risks our present technology is in-
curring. Apparently our society is willing to 
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accept such risks for the gains in products, 
services, and employment. In contrast to the 
difficulties involved in gaining acceptance for 
the building and operation of a nuclear reactor, 
with the emotional overlay of the fear of radia-
tion, there has been little or no public aware-
ness or concern for the increasing potential of 
catastrophic accidents associated with our ex-
panding technology. 

There have been a number of thoughtful and 
imaginative discussions on the evaluation of 
reactor hazards, some of which have attempted 
to measure the relative risk in terms of injury, 
death, and economics and to make comparisons 
with other hazardous operations.21'22 With re-
spect to nuclear reactor safety, many of the 
evaluations include impressive calculations for 
assigning numerical values to the various ele-
ments of risk, an exercise that seems to be 
peculiar to the nuclear energy field. In dis-
cussing one of these proposals, Beck23 sum-
marizes effectively the limitations of this ap-
proach. 

The idea that in principle a balance between r isk 
and other factors can be struck and a quantitative 
measure of adequate safeguards calculated is in-
tuitively attractive. On the other hand, it is diffi-
cult to see how the procedures suggested here can 
in practice lead to quantitatively better decisions 
than those now arrived at by present, largely sub-
jective judgments. The basic difficulty ar ises from 
the extraordinarily wide range of possible values 
existing for all the parameters that would go into 
the equations one would set up in making the calcu-
lations outlined. When such essential ingredients of 
the calculations are so uncertain, it is not possible 
to obtain a confident answer. 

An increasingly important and reassuring 
factor in these judgments is the record of per-
formance. The record of nuclear reactor oper-
ation, with more than 20 years of experience 
and a thousand reactor-years of operation is 
excellent.24 The some 20 instances of accidental 
loss of control of reactors or critical assem-
blies have given a high degree of confidence that 
design and operating conditions are adequate to 
justify wider acceptance. Even the earliest re-
actors, the Oak Ridge air-cooled natural-ura-
nium reactor, completed in 1943, and the Han-
ford reactors designed to produce plutonium 
and to operate at power levels of 250 Mw, com-
pleted in 1944, have had excellent safety per-
formance. This good record is all the more 
remarkable since there was no body of experi-
ence with respect to design or materials, and 

the urgency of the wartime situation limited the 
time and opportunity for the experimentation 
and redesign that usually characterize such an 
important undertaking. The develop ^nt and 
operation of a variety of experimental reactors 
and of reactors for military purposes have; 
added much to our confidence in the safety.of. 
these devices. In the United States, 14 civilian' 
power-generating nuclear reactors are now 
operating, another eight are under;cpnstructipn, 
and seven more are in the planning stage.26 The 
loss of only six lives In hxiclear reactor or. 
critical-assembly accidents in the whole 21-. 
year period and in an , operation of .this magni-
tude and complexity is an achievement almost 
without parallel in the history of industrial 
technology. , 

In the matter of routine day-to-day operation 
of nuclear reactors and of other operations in-
volving the peaceful uses of atomic energy, Jthe 
record of health and safety has been outstand-
ing. It should be stressed that, with more than 
20 years of experience and some millions of 
man-years of exposure to radiation in the 
atomic-energy industry, and with medical scru-
tiny as good as or better than that used for 
identifying injury from other occupational tiazr 
ards, not a single instance of injurious effect 
has been observed in indiyidualsl whose; expo-
sure has not exceeded the recommended oper-
ating limits. Although injury from ra.diation has^ 
occurred, this has been found only in cases of 
true accident where the' ieyels of ̂ exposure have' 
greatly exceeded the acceptable threshold iinir 
its because of accidental circumstances due to 
failure oI man or machine in the same sense 
as an accidental chemical release or explosion." 
The application of more sophisticated measures 
of injury than are customarily used in assessing 
other occupational hazards, such as shortening 
of life-span or of genetic effect, shows that the 
concern for the radiation hazard has far out-
stripped the concern for "other equally poten-
tially hazardous agents. Again, it must be 
emphasized that no such effects—decreased 
longevity, increased incidence of leukemia or 
other malignancies, or increased genetic or 
birth abnormalities—nave been demonstrated 
where present accepted guide limits have not 
been exceeded. The implication is not that we 
should ignore the evidence of the hazard of ra-
diation; rather we should place it in proper 
perspective in relation to other environmental 
factors affecting health so that we do not unduly 



30 

penalize a development with such great promise 
of benefit. 

The well-documented safety record of em-
ployees of AEC and its contractors has been 
consistently much better than that of U. S. in-
dustry in general; for example, in 1962, the 
injury rate wasa less than one-third the rate 
for ali industry. Of the seven accidental deaths 
during the year, none was due to radiation. In 
1962, of the 128,000 employees monitored, i .e. , 
those with any occupational radiation exposure, 
99.9% received less than 5 rem and 95.5% re-
ceived 1 rem or less.2 8 In the last five-year 
period, 99.6% of the employees monitored re-
ceived less than an annual dose of 5 rem. 

There have been no injuries to the general 
public from the routine civilian activities of the 
AEC. Direct radiation from establishments to 
the surrounding community is controlled by 
shielding, distance, good operating practices, 
and the requirement that levels in the plant be 
acceptable for employee exposure. Extensive 
and repeated surveys of the radiation levels in 
areas a r o u n d atomic-energy establishments 
show that the increases over background radia-
tion are insignificant. 

To emphasize one element of safety from the 
routine operation of a nuclear power reactor, 
Eisenbud and Petrow27 have shown that, when 
the physical and biological properties of the 
various radionuclides are taken into considera-
tion, conventional coal-fired power plants dis-
charge relatively greater quantities of radio-
active materials (226Ra and 228Ra) into the 
atmosphere than nuclear power plants (chiefly 
85Kr and ,31I) of comparable size. The merits 
of nuclear power g e n e r a t i o n are further 
stressed by noting the elimination of the dis-
charge of smoke, dust, and sulfur dioxide, ele-
ments that are recognized as increasingly 
serious factors in the air-pollution problem. 

This discussion is primarily concerned with 
the effects of the peaceful uses of atomic en-

ergy on the health and safety of man, but, when 
the balance between hazard and gain is dealt 
with, consideration must be given also to ef-
fects on other goods and services that man 
wants and needs. The industry which is most 
sensitive to effects of radiation and which has 
had to make the greatest adaptation to a nuclear 
age is the photographic industry. Levels of ra-
diation, far below those of concern to health, 
can and have caused serious and costly damage 
to photographic products vital to the nation's 
security and medical and economic needs. Thus, 
when benefit vs . hazard i s weighed, considera-
tions extend beyond matters of health.. 
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FACT AND FICTION CONCERNING NUCLEAR POWER SAFETY 

By Henry B. Piper 

[Nuol. News, 11(12): 5^-59-(December 0.968)] 

Not every criticism that appears in 
print concerning an industry is worthy 
of comment, but it is interesting to ex-
amine the kinds of criticism that have 
been leveled at the nuclear power in-
dustry. In this article a small sampling 
of material will be made from three 
sources: the nontechnical writer, the 
syndicated columnist, and the technical-
ly oriented writer, none of whom have 
any apparent conflict of interest with 
nuclear development. But in all the ex-
amples cited here, sensational treat-
ment of the potential hazards associa-
ted with nuclear power is the common 
thread, and the criticisms and implica-
tions seem, to this author, to be unjus-
tified in view of the recorded facts. The 
general public depends on various me-
dia for information in all areas of life 
—including the nuclear industry. If 
something that is untrue or frightening 
is stated or implied in an article or ed-
itorial, it is frequently almost impos-
sible to remove that view from a per-
son's mind. 

Nontechnical Approach 

Let us first examine some articles 
that have been carried in recent years 
in widely circulated magazines—for ex-
ample, Man's Magazine, Popular Sci-
ence, and Bluebook. 

Baffled and frightened mo-
torists braked sharply on the two-
lane concrete ribbon of highway 
winding alongside the SL-1 nu-
clear reactor s i te near Idaho 
Fal l s , Idaho. Only seconds before, 
the brilliance of moonlight and the 
glittering of stars had illuminated 
the lonely wastelands, dotted with 
KEEP OUT s igns at the approach-
ways to the top-secret test ing 
s i te . Now, at 9:01 p.m. on this 
subzero evening of January 3, 
1961, the sky—these motorists 

noted—suddenly turned dark a s a 
hangman's smile. , „ . 

Even as the drivers jammed 
down on their brake pedals,1 an in- , 
v is ible wave of shock thudded a-
gainst doors and wheels . : 

These are the introductory sentences 
from an article1 that appeared in 
Man's Magazine. There is, ini fact, no 
indication that any darkening cloud re-
sulted from the SL-1 accident. There 
was certainly no shock wave in air as-
sociated with it. In fact, there is no ev-
idence that anything out of the ordinary 
could have been observed by the pass-
ing motorist.2'7 

Farther on in this same article the 
author related his version of the Cana-
dian NRX accident of December 12, 
1952: 

On a 10,000-acre wilderness, 
not too far from Pembroke, Ontario" 
(population 13,000), a thunderous 

; explosion flung scores of ' some 
1,800 workers to the ground. 

The official account89 of that acci-
dent reveals no indication of an explo-
sion that would throw an individual to 
the ground. Actually, the only visible or 
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audible events associated with the in-
cident were: (1) a flood of cooling wa-
ter that was dumped into the lower 
header room below the reactor,8 (2) 
a rumble and a spurt of water from the 
top of the reactor, 8 as reported by an 
operator, and "a thud or 'poof' inside 
the shielding . . . " 9 These events were 
so isolated that they were observed by 
only a few who were inside the reactor 
building; other personnel were notified 
that something was amiss by the sound-
ing of assorted alarm bells, etc. This 
was certainly upsetting to the people 
in the immediate vicinity of the reac-
tor, but no cataclysmic event such as 
a "thunderous explosion" was recorded. 

Although both of these accidents (and 
others as well) were indeed serious and 
expensive, and at SL-1 the three mem-
bers of the operating crew lost their 
lives, no member of the general public 
was harmed. 

The article was written with some 
basis in fact—the SL-1 accident did 
occur and so did the one at NRX— 
but it appears that the treatment giv-
en the facts served to sensationalize 
these events. (The author did say in 
the last paragraph that nuclear scien-
tists are dedicated to keeping the atom 
safe.) 

"Atomic Death Factories in Your 
Backyard," which appeared10 in the 
magazine Bluebook, presents the nu-
clear community as an irresponsible 
group more interested in making profit 
than in the health and safety of the 
general public. The article contains 
many distortions—for example: 

. . . The frightful hazard of nu-
clear accident, of whole c i t i e s 
and s ta te s contaminated, and popu-
lations wiped out! 

Impossible! say the nuclear 
power advocates, but they fail to 
mention Idaho Fa l l s CSL-l acci-
dent mentioned above 3 and the 
long l i s t of other nuclear acci-
dents that have already occurred. 
To name only a few . . . 

The author then lists nine other inci-
dents (making a total of 10) involving 
the nuclear industry, which he appar-

ently considered to be the most signifi-
cant. None of these occurred in a cen-
tral station power plant. Of the seven 
accidents that occurred in the United 
States, six happened in national labora-
tories that were specifically established 
to do experimental and developmental 
work in the nuclear field. The seventh 
happened at a privately owned, though 
AEC-licensed, materials-recovery plant 
at Wood River Junction, R.I., and re-
sulted in the death of one worker, as 
will be mentioned later. 

Only one of the ten accidents in-
volved significant contamination beyond 
the boundary of the plant, and that one 
occurred in 1957 at the Windscale At-
omic Reactor No. 1 in Windscale, Eng-
land. Radioactive contamination in the 
form of iodine-131 was released" to 
the surroundings, and the effect on 
produce from nearby farms was deter-
mined. An official report reads as fol-
lows:" 

Health P h y s i c s Manager ad-
vised Works General Manager that 
distribution of milk from farms in 
immediate vicinity s h o u l d b e 
stopped, CMilk d e l i v e r i e s were 
stopped from a coastal strip 30 
miles long and approximately 8 
miles wide.D Other p o s s i b l e 
sources of ingestion hazard were 
examined, including vegetables , 
eggs, meat, and water supplies . 
A thyroid iodine survey has been 
made among local i n h a b i t a n t s 
around the works. Measurements 
have also been made establishing 
that there was no danger from 
s t r o n t i u m - 8 9 or 90, nor from 
caesium. 

Furthermore, in a letter to the editor 
of Nuclear Safety, H. J. Dunster of the 
UKAEA Health and Safety Branch, re-
ported that doses arising from the acci-
dent were within established limits. An 
excerpt reads as follows:13 

The Windscale accident was 
followed by countermeasures which 
success fu l ly limited the dose to 
the thyroids of even the most high-
ly exposed children to substan-
tially l e s s than the figure of 25 
rads recommended as an emer-
gency reference level by the 
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British Medical Research Council . 
This emergency reference leve l i s 
a term of fairly recent origin, and 
i s c l o s e l y analogous to the pro-
tec t ive action guides of the Feder-
al Radiation Council . The FRC 
recommendation for thyroid dose 
i s 30 rads. 

T h e countermeasures took the 
form of replacing contaminated 
milk by c lean suppl i e s within the 
ex i s t ing framework of commercial 
distribution; this caused no in-
convenience , let alone damage, to 
members of the public. Indeed, the 
Medical Research Council were 
able to say in their report, "It i s 
in the h ighest degree unlikely that 
any harm has been done to the 
health of anybody, whether a work-
er in the Windscale plant or a 
member of the general publ i c ." 

This accident is well documented 7 14 is 
and was highly publicized. It is signifi-
cant to note, however, that only ten 
years after that incident Great Britain 
has 24 power reactors16 in operation 
with a total capacity of 4048 Mwe and is 
strongly committed lo nuclear power 
for her future. 

The article10 in Bluebook further 
states: 

They are dumping them C nu-
clear plants 3 next door to you and 
mil l ions of other Americans l ike 
you—without proper safeguard, 
without proper research, without 
any regard for the safe ty of a 
whole l iv ing generation or of gen-
erations yet to come! 

According to a compilation 17 completed 
in 1966, there were at that time more 
than 500 active programs under con-
tract to perform research and de-
velopment in the general area of nu-
clear safety. Of this number about 
400 were on the subject of biological 
and ecological behavior of radionu-
clides and radiation effects on human 
beings. Furthermore, the nuclear in-
dustry is constrained by law in the At-
omic Energy Act 18 of 1954 to protect 
the health and safety of the public. Im-
plementation of this law with regard to 
safety was carried out, first, by the 
establishment of the Advisory Commit-

tee on Reactor Safeguards (SCRS), 
which is a technical committee 
charged with the review of nuclear fa-
cilities with respect to safety of the 
public at large; second, by AEC pro-
gramming, which sets aside a substan-
tial budget for reactor safety research 
(e.g., $23.2 million in fiscal year 1965, 
$24.9 million in 1966, and $32.8 million 
in 1967); and third, by ai general cogni-
zance of the need for public safety,in 
all areas of effort. 

Power of Suggestion 

Popular Science published an article19 

which began with a rather dramatic 
description of the July 24, 1964 criti-
cality accident at the Wood River Junc-
tion, R. I. fuel-processing plant in 
which one death occurred. The author 
continued by giving information, con-
cerning other accidents and the loca-
tions of reactors, processing . plants, 
waste disposal sites, etc., which he, im-
plied may be public hazards. The ar-
ticle itself, in general, gives a good 
layman's description of the fission proc-
ess and some of the hazards involved 
with it. But the very disturbing fea-
tures as (1) the title,,; "Is Atomic In-
dustry Risking Your Life?", (tWs ques-
tion is not answered in the article) and 
(2) the illustration on the first page 
which depicts a community being per-
meated by "radiation'' emanating fro|m 
a nuclear plant in. the distance;. The il-
lustration seems to imply an affirma-
tive answer to the title question,; even 
though no member of the, American 
public has been harmed by a nuclear 
accident. 

Syndicated Columnist 

The general public is quite depend-
ent on newspapers for information. 
This places a great responsibility on 
writers in this medium to report the 
important developments clearly and ob-
jectively. However, during 1967, articles 
appeared in newspapers across the 
country that were severe in their at-
tack on the nuclear community . For 
example, columnist Ralph deToledano 
and free-lance public relations man 
Malcolm Kildale wrote on the subject 



of a "hot whale." It appears that de-
Toledano has used an earlier Kildale 
release 20 as a source of information 
for the following statement: 21 

One example of the e f f e c t s of 
this deadly atomic waste pollu-
tion which pours into the Pac i f i c 
Ocean from the Columbia River i s 
the report, of the "hot whale*' 
caught off the coast of Oregon. 
When the whale was analyzed it 
was found to be emanating gamma 
rays from its vital organs. Scien-
t i s t s be l ieve that this "hot 
w h a l e " became contaminated by 

• eating plankton from the polluted 
Columbia River. 

An investigation of this report disclosed 
the following facts, which show that 
describing the whale as "hot" was cer-
tainly a misleading exaggeration. 
Three investigators from the Depart-
ment of Oceanography of Oregon State 
University 22 studied a male fin whale, 
55 feet in length, that was captured in 
the Pacific Ocean just west of Depoe 
Bay, Ore. on September 14, 1963. The 
radionuclide zinc-65 (a neutron activa-
tion product) was found to be the most 
prominent gamma emitter; small 
amounts of potassium-40 (naturally oc-
curring) and some very small contribu-
tion from nuclides resulting from wea-
pons test fallout were also found. The 
greatest concentration of the zinc-65 
(7.4 pc/g (7.4 X 10'6ju,/g)) was found 
in the whale's liver! According to the 

'National Committee on Radiation Pro-
tection (NCRP) 23 any member of the 
general public may drink water con-
taining 100 pc/g of zinc-65 at the nor-
mal consumption rate indefinitely. Thus, 
the; "hottest" portion of the whale was 
about 13 times" "cooler" than the level 
that would be acceptable in drinking 
water. 

In another case, Mr. deToledano re-
ferred in September to a 1963 radia-
tion release from which a child sup-
posedly died. The article 24 stated: 

Malcolm Kildale, in h i s cam-
paign to alert the public, has pin-

3k 

pointed the death of a child in 
Washington State as a result of an 
"inadvertent r e l e a s e " of poison-
ous radioactive iodine gas from 
the AEC's Han ford Separation 
Plant. 

This was quite a shocking statement, 
so an investigation of the occurrence 
was begun. Inspection of press releases 
by Mr. Kildale produced the following:25 

What happened to a smail 
child, the victim of an "inadvert-
ent 're lease" from a Han ford Sepa-
ration plant stack in September 
1963, i s documented as fol lows 
Cthe following i s an excerpt from 
a Hanford document* D: 
. . . Plant operations were shut 
down as soon a s the abnormal re-
l e a s e was detected, and a compre-
hensive program of environmental 
surveil lance was undertaken to 
define the extent and magnitude 
of the 131-1 (radioactive iodine 
gas) deposition . . . a child was 
residing at the small farm where 
the maximum 131-1 concentrations 
in milk were measured. The est i -
mated maximum total thyroid dose 
to the child of 0.035 rem was sup-
ported by direct measurement of 
the thyroid burden made in the 
Hanford Whole Body Monitor. For 
comparison, the Radiation Protec-
tion Guide published by the Feder-
al Radiation Council for individ-
uals i s 1.5 rem per year to the 
thyroid. The results of the surveil-
lance program also supported pre-
viously derived parameters for the 
behavior of 131-1 in various media 
in the Hanford environs and pro-
vided guidance for rapid evalua-
tion of future accidental re-
l e a s e s . " 

In Mr. Kildale's column a quote 
from the original Hanford document in-
dicates that this "victim" received a 
total thyroid dose of 35 mrem, which is 
only about 30 percent of the yearly 
dose from natural background (about 

* J. K. Soldat, Environmental Evaluation of an 
Acute Release of M 3 i to the Atmosphere, 
USAEC Report HW-SA-3338, General Electric 
Company, Hanford Atomic Products Operation, 
Rjchland, Wash., June 10, 1964. 
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120 mrem). Upon further investigation 
it was found that the Hanford docu-
ment describing the incident 26 con-
cluded that 

" . . . the inadvertent re l ease of 
60 curies of 131-1 from the Hanford 
Purex facil ity in September, 1963, 
did not result in any significant 
radiation exposure C emphasis 
supplied D to persons residing in 
the Hanford environs. The maxi-
mum off-s i te exposure w a s deemed 
to be that received by a small 
child residing at the farm where 
the maximum 131-1 concentrations 
in milk were measured. The radia-
tion dose to the 4-gram thyroid of 
this child was calculated to be 
" 0 . 0 3 5 rem compared to the FRC 
Radiation Protection Guide of 1.5 
rem per year for an individual 
member of the publ i c ." 

But getting back to Mr. Kildale's pen-
etrating question, "What happened to 
a small child, the victim. . ./' what 
did happen? In a letter received re-
cently from J. K. Soldat, 27 author of 
the Hanford document in question, it 
was stated "that the child referred to 
in my paper is indeed alive and attend-
ing a local public school as of Novem-
ber, 1367." The accumulated dose to 
the thyroid was so small that the in-
cident has no continuing interest so 
far as radiation effects studies are con-
cerned. So it appears that,, from an off-
site dose to a child that was considered 
inconsequential in expert opinion,: this 
story grew to a "victim" and finally 
to a "death." 

Technical Approach 

So far only work by nontechnical 
authors has been cited and, even 
though much of this writing indicates a 
lack of familiarity with the subject 
matter, it can have a serious and dam-
aging effect on the public image of 
the nuclear industry. But men who are 
technically trained can have an even 
more severe effect; after all, these 
men should know what they are talk-
ing about. This makes particularly 
great their responsibility to criticize 
constructively, but it also makes even 

greater their responsibility not to dis-
tort or mislead. Their views and opin-
ions may appear in articles in techni-
cal or quasi-technical journals, they 
may be presented in papers at profes-
sional meetings,, and they , may infre-
quently be carried in widely circulated 
magazines. A few of our colleagues in 
the technical community have chosen 
to oppose nuclear development. Often 
the zeal and emotion with which an ar-
gument is presented^ produces implica-
tions that will not bear close scrutiny. 

Let us look at an article 28 which ap-
peared in a recent issue of the maga-
zine Scientist and Citizen. In this ar-
ticle the author, Sheldon Novick, built 
a case against the development <jf nu-
clear, resources; in so doing, he made 

, some statements which subliminally in-
ject fear into the context. For example: 

The SI 20 million E n r i c o 
Fermi Atomic Power Plant, built 
in spite of eleven years of bitter 
opposition arid litigation which 
went all the way to the Supreme 
Court, and plagued by a s e r i e s of : 

technical failures^.has suffered an. 
accident that might have just, 

. , missed ,being a d isaster . to nearby. 
Detroit. . f r . '. 

and further on! the author cites "Fer-
mi's near disastrous failure; . .'' What 
does it rhiean to say "might hayej just 
missed being" or "near disastrous"? 
What kind of reporting allows drawing 
conclusions of this sort? And then Mr. 
Novick equates a reactor to the bomb: 

! / The long thin, fuel rods of the 
Fermi core contained about -half; a.f 
ton of uranium 235—enough to 
make forty Hiroshima-sized atom 
bombs; : ••'-."'•'• •/ y 

This statement is true from a. chemical 
point,of view;; but the inference could 
be drawn that the, reactor could ex-
plode like an "atom bomb," and this is 
not true. But the most important single 
fact concerning that accident is pointed 
put in the same article: ;,; ;; / , 

The only v i s i b l e i s i g n s ' o f the 
[ F e r m i ] accident were, the ab-
normal meter readings in the con- • 
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' trol room and the automatic radia-
.,-tioii alarms. High radiation l e v e l s 
,. were occurring in the plant vuild-

ings , but their c a u s e was not 
known. Later investigation showed 
Cemphasis added] that small quan-
t i t i e s of radioactive g a s e s had 
been re leased to the air outs ide 
the buildings. 

So here was an accident which, al-
though it was expensive to the utility 
company concerned and disappointing 
to those involved in, the operation of 
this experiment, not only rendered no 
harm to the general public but did not 
harm any employees. Even so, it was 
made to appear very ominous to a 
reader of this article. 

Adolph J. Ackerman, a member of 
the engineering profession with long 
experience in the civil engineering 
field, has chosen to oppose nuclear 
power development on the related 
premises that it is unsafe, it is pro-
ceeding too rapidly, it is not economi-
cal, and it is not sound. AH of these 
add up to accusing the nuclear indus-
try of imprudence, where prudence is 
one faculty that the industry must ex-
ercise. Are these accusations fair and 
accurate in view of the facts? We will 
investigate three sources of material 
through which this writer expresses his 
opinion: a paper 29 presented at the 
1965 American Power Conference, testi-
mony submitted to the JCAE 30 (Ref. 
29 as well as other materia! by this 
author were written into the Congres-
sional Record as appendices of this 
testimony), and an article 31 published 
in The Rotarian magazine. 

In the three sources cited the same 
general theme seems to be carried out: 
There is general lack of safety and an 
abdication of traditional responsibility. 
He also implies that the Price-Ander-
son Insurance Act (which provides 
partial Federal subsidization of insur-
ance liability payments in case of a 
large-scale nuclear accident) replaces 
the ethical duty of the scientists and 
engineers with regard to public safety. 
For example, the following is stated in 
the Rotarian article: 

. . . the I n d e m n i t y A c t has 
spawned a whole new s e t of e v i l s 
by breaking down the traditional 
sys tem of engineering, legal cor-
porate and actuarial d i sc ip l ines 
and respons ib i l i t i e s . The situa-
tion i s one of grotesque exploita-
tion of public conf idence in the 
engineering profess ion. 

It presents , a l so , a terrifying 
breakdown in the ethical commit-
meii' of the engineer to serve the 
public interest above all others. 

I find that it is difficult to deal with 
the reasoning of Mr. Ackerman be-
cause more often than not his accusa-
tions are quite generalized. For ex-
ample, when talking about the imag-
ined evils leading to the enactment of 
Price-Anderson indemnification, h e 
states: 29 

Instead of promoting greater 
safety by sound engineering de-
sign and location of atomic power 
plants, with whatever increase in 
cost this might entail , they pro-
moted a terrifying idea. CPrice-
Anderson indemnification} 

Insurance doesn't operate on the basis 
of "sound engineering," but on the ba-
sis of actuarial data. Data is generated 
only by experience, and until experi-
ence is obtained, no risk can be evalu-
ated. As was pointed out by W. D. 
Manly, 32 when chairman of ACRS, 
" . . . (this) country cannot accept in 
atomic energy the occasional major ac-
cidents that have punctuated engineer-
ing progress in other fields. . In 
spite of the enviable safety record of 
this industry, it may be many years 
before reliable risk statistics can be 
generated. So, in the interim, the abil-
ity to recover from an incident is un-
derwritten by Price-Anderson indem-
nification. But Mr. Ackerman further 
states: 

When the insurance compa-
n i e s were confronted with this new 
risk of unprecedented magnitude, . 
they eventual ly offered a maximum 
of $60 million in third party l ia -
bility insurance on the type of de-
s ign then proposed. But t h i s was 



37 

recognized to be only a small frac-
tion of the potential property 
dama ge. 

He states here that the degree of cov-
erage by the insurance industry w a s 
based on "the type of design," but 
there is no basis in fact for this allu-
sion. Lack of statistics limited their 
participation. It is interesting to point 
out that the Price-Anderson Act speci-
fied a total coverage of $560 million for 
any accident, with $60 million being 
provided originally by the insurance in-
dustry and the remainder guaranteed 
by the Government; in 1967, after about 
10 years of experience, the industry has 
increased its degree of responsibility to 
$74 million and thus reduced the Gov-
ernment participation to $486 million. 
In a recent speech Senator Pastore 
made this observation: 33 

The Price-Anderson protec-
tion scheme has now been in oper-
ation for 10 years. One might ask 
—how much money has the Govern-
ment had to spend on this'subsidy* 
to the nuclear power industry? 
My. answer i s that not a dol lar-
nay, not even a red penny—of 
Government funds has ever beien 
expended under the Act to indem-
nify an AEC l icensee . Meanwhile, 
the Commission through June 30, 
1966, has collected more than a 
half million dollars in indemnity 
f ees Cequivalent to i n s u r a n . e e 

. premiums] from operators of nuclear . 
faci l i t ies . The annual income to 
the AEC from t h e s e . f e e s i s ex-., 
pected to swell .to n e a r l y $5 
million by 1973. 

Mr. Ackerman suggests that safety in 
operating nucleair power plants is very 
poor, and he cites plant performance 
records to prove his claim. He lists the 
operating histories through late 1964 of 
seven "first-generation" power reac-
tors and shows that on several occa-
s i o n s lengthy . shutdowns ^>were 
necessitated to make repairs and care-, 
ful investigation of suspected and ac-
tual trouble. This, he says, indicated 
poor design and inherent lack of 
reliability. But one could equally argue 
that this indicates that in power dem-

onstration experiments such as these, 
unplanned shutdowns are expected so 
that careful and systematic investiga-
tion of troubles and suspected troubles 
may be carried out in order that simi-
lar difficulties will be minimized or eli-
minated in subsequent plants. A f t e r 
all, these are prototype plants that 
were built and operated for the purpose 
of investigating useful, rather large-
scale applications of nuclear energy. It 
is significant to point out that one of 
the plants chosen, to show the imprac-
ticality of nuclear power was "Yan-
kee," which produced electricity at an 
average cost34 of 9.0 mills/kwh in 1964 
and 9.8 mills/kwh in 1965, with a capa-
city factor and availability in 1965 of 
65% and 75%, respectively. These fig-
ures are very close to comparable fig-
ures for a conventional coal or oil-fired 
plant and are therefore very impres-
sive credentials for a first-generation 
nuclear power plant. The more ad-
vanced and higher-capacity plants now 
being built are expected to produce 
power for about half this amount. 

.Mr. Ackerman further suggests that 
cancellation of plans to construct cer-
tain .nuclear plants indicates^ a lack ;of 
confidence in nuclear safety considera-
tions. But in this industry, as in any 
other heavy industry, plants that a r e 
proposed ; will : occasionally be can-
celled; and the cancellation may be for 
any of a number of reasons. For exam-
ple, the Rochester Gas and 
Electric Company discontinued its ef-
fort to build a high-temperature gas-
c o o l e d reactor (HTGR) at its 
Brookwood site. Mr. Ackerman h a d 
the following words to say about, this 
cancellation of contractual negotiations 
after he had visited with a member of 
the board of that company in October 
1964: . ; . • 

It was reassuring to find that 
at the top management level there 
was a strong sense of public ser-
vice and a firm determination. to 

:refrain from doing anything that 
would . jeopardize. the. position , of 

..the company.,;or that might create 
an undue ; public hazard.. It; w a s 
also apparent that some, of the 
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important matters under discus-
sion had not previously come to 
this Director's attention. 

On February 12, 1965, the 
utility company suddenly an-
nounced cancellation of i ts plans 
for the new reactor. A brief press 
release stated that "one of the 
major reasons for the breakdown 
in negotiations was the unwilling-
ness of General Dynamics Corp. 
to provide assurances that the 
proposed nuclear plant would be 
available to supply power to our 
customers by the fall of 1972, and 
we cannot gamble when our cus-
tomer's welfare i s at s take ." 

And later, in the Rotariani article, he 
said: 

In another case plans for a 
260,000 kw atomic power plant 
near Rochester, N. Y., were can-
cel led in February, 1965, after the 
selected builder declined to guar-
antee the plant's dependability. 

Since these comments were written in-
to the Congressional Record during 
hearings concerned with the extension 
of Frice-Anderson indemnification, Rob-
ert E. Ginna, chairman of the board of 
the Rochester Gas and Electric Com-
pany, felt compelled to contest t h i s 
Implication in a letter that also appears 
in the Congressional Record. 

The entire connotation of the 
Rochester Section Cthat part of 
Ref. 31 relative to the Brookwood 
HTGR3 i s that the company broke 
off n e g o t i a t i o n s with General 
Atomic because of "safety con-
siderations." Nothing could be 
further from the fact. 

Quoting Mr. Ackerman's con-
cluding sentence of item 3, para-
graph 2, page 18, where he re-
counts a personal conference with 
one of the directors of the power 
company, he states , "It was also 
apparent that some of the impor-
tant matters under discuss ion had 
not previously come to this direc-
tor's attention." Mr. Ackerman 
came to my off ice in October, 
1964, and requested a meeting 
with me. I can assure you that 
nothing Mr. Ackerman divulged in 
that meeting had any effect what-
soever on the company's decision 

not to go forward with the IITGR 
nor did he provide any peninent 
information that I was not already 
aware of . . . 

At no time was the safety of 
the HTGR concept an i ssue and 
whether Mr. Ackerman intended to 
leave such an impression or not 
i s beside the point. The impres-
sion is certainly there. Had there 
been such a doubt in our minds 
after 6 years of study of the HTGR 
concept, or any other reactor con-
cept, we would not have pro-
gressed to the stage of attempting 
to negotiate a formal contract 
with General Dynamics Corp.— 
nor would we be requesting bids 
for a water type reactor today to 
produce commercial power by 
June 2, 1969. Rochester, as well 
a s every other responsible utility 
in the country, i s very conscious 
of the health and safety of i ts 
employees and the public. It i s 
nonsense to claim otherwise. 

C o n c l u s i o n 

Many accusations of disregard for 
safety by the nuclear industry h a v e 
been made. In this article a very small 
number of these are investigated. It is 
not difficult to defend the nuclear in-
dustry, the facts speak for themselves. 
During the 22-year history of this in-
dustry through 1964 there have b e e n 
only seven deaths 37 attributable to nu-
clear causes and 33 non-lethal over-
doses of radiation, 11 of which showed 
no clinical evidence of injury. In the 
main, these injuries and fatalities oc-
curred in the area of research and de-
velopment with only one of the deaths 
being associated with the power indus-
try. We must thank a very prudent ap-
proach to our problems for the existing 
situation; but this industry is barely 
out of its infancy, and to maintain the 
safety record of which we are so proud, 
we must put forth greater effort. No 
one has to remind us that progress 
means larger reactors with higher pow-
er densities and ever-increasing num-
bers of such reactor power plants. With 
progress comes a greater potential 
hazard, and this must be met with 
ever-increasing emphasis on public 
safety. It has cost a lot of time, money, 



39 

and effort to come this far; the future 
holds the vision of progress in meeting 
rapidly growing power needs, reason-
ably priced electric power in future 
docades, and, of course, dividends for 
the stockholders of the companies mak-
ing up the nuclear community. For 
this to come to fruition we must con-
tinue to be sensitive and receptive to 
the public that we serve, we must 
efficiently utilize this energy source, 
and we must ethically, prudently, ef-
fectively, and responsibly meet the 
problems that will arise. 
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RADIATION IN PERSPECTIVE - THE ROLE OF NUCLEAR ENERGY 
IN THE CONTROL OF AIR POLLUTION 

By B. R. Fish 

[NueZ. Safety , 10(2): 119-130 (Mar.-Apr. 1969)1 

Abstract: Nuclcar energy can play a critically important role in 
combating the growing assaul! on the purity of our atmosphere 
by supplanting fossil-fuel energy for most of the power plants 
to be built late in the century. Even then the same tight 
control that is currently exercised over the nuclcar industry 
must come into being for other industries that are actual 
and/or potential polluters of the atmosphere. Several air-
pollution disasters of the past emphasize the potential for 
future disasters. 

Man is a consumer of energy and of space -time. The 
mere fact of his occupation of space and time is a 
problem of increasing concern to the population 
dynamicists and to the other social scientists. At the 
same time the so-called "population explosion" creates 
problems for the technologists who are concerned with 
providing the energy necessary to sustain each man 
during his existence. 

With our present knowledge, there is little wc can 
do to remedy the problems of man's occupation of 
space-time except to prevent them, as is being 
attempted through various birth-control efforts or, 
failing that, eventually through the brutality of war. 
However, since man's use of energy can be accom-
plished in a variety of modes, it continues to be our 
fond hope to find new ways or to change the old ones 
so as continually to better our position as consumers. 

Nuclear energy offers a basis for hope in this regard 
through its promise as an essentially clean source of 
power. A review of the reported experiences of 
operating nuclear facilities in the United States, al-
though brief and incomplete, indicates that the routine 
operation of nuclear electric plants does not lead to 
significant release of pollution to the atmosphere. 
Because of its potential for the release of vast amounts 
of radioactivity to the environment, however, the 
nuclear energy industry has grown to the threshold of 
maturity with a unique burden of strict review and 
control at every step. Nevertheless, this feature which 
has appeared to be a handicap may well become the 
industry's greatest asset at a time when effective 
control of atmospheric pollution is rapidly becoming 
an absolute imperative It is suggested that all levels of 
government interested in pollution control should 

examine the impressive achievement records of the 
various review boards and control agencies within the 
U. S. Atomic Energy Commission and consider adop-
tion of comparable methods for controlling other 
actual and potential polluters. 

Basic to our utilization of energy are our require-
ments for the intake of food, water, and air. In order 
to survive, some animals must take in food practically 
continuously. Others must live in the water to maintain 
a constant liquid intake. Of these three components, 
however, the only item of continuous obligatory 
consumption for man, even when asleep, is air. 

Amount of Air Required 

First, it may be instructive to review briefly some 
measurements made by Silverman and his associates1 

on the intake of air by average, healthy, adult males 
while exercising at known work rates. Table I repre-
sents a selection of work rates taken from a much 
larger tabic of data in Ref. 1. Column headings have 
been modified to translate the original work rates in 
kilograms per meter per minute to approximate easily 
recognizcd levels of effort. 

Such measurements form the basis of the air-intake 
values assumed by the International Commission on 
Radiological Protection (ICRP) Committee II on In-
ternal Radiation and are used in the computation of 
maximum permissible concentrations of radionuclides 
in the air.2"4 Thus the ICRP calculations are based on 

At work: 10 7 cm 3 in 8 working hours = 20.8 liters/min 

Away from work: 10 7 cm 3 in 16 rest hours = 10.4 litcrs/min 

With very little juggling of numbers, it is seen that a 
normal, healthy adult male easily can take in an average 
of nearly 54 lb of air per day (assuming complete rest 2 
days in 7). This represents about an order of magnitude 
greater intake of air by weight than the combined 
intake of food and water. 

One further comparison may serve to emphasize 
the relative position of air in the hierarchy of intake 
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Table 1 Mean Respiratory Air-Flow Measurements: Healthy Young Men* 

Work fate, kg/(mXmin~3) 

~ 0 > 0 208 6 2 2 1660 
(rest, (light work, (average (heavy work, (maximum 

watching TV) slow walk) work) slow run) effort) 

Respirations per minute 14.6 19.6 21 .2 23 .0 47.6 
Minute volume, liters 10.3 14.2 20.8 37.3 113.8 
Tidal volume, ml/breath 705 725 981 1620 2390 

'"Adapted from Silverman et al.1 

requirements. Consider the cxpected survival time of 
man if completely deprived of all intake. Man can live 
on the order of 5 weeks without intake of food and 
perhaps 5 days without water, but, if his air intake is 
restricted for 5 min, he is in serious trouble. 

Deposition of Pollutants 
in the Respiratory System 

We might look upon the lung as a processing plant, 
small by industry standards, but specialized and per-
forming an indispensable service. The lung processes 
just under 10 tons of raw air per year for a total of 
about 600 tons per lifetime (women average perhaps 
80% of these amounts). As in any well-designed system 
required to process raw materials of variable quality, 
there are features of the respiratory system which serve 
to prevent or reduce the intake and retention of many 
of the noxious substances that might be admixed with 
the air we breathe. An excellent introduction to the 
subject of inhalation of particulate aerosols is given in a 
book by Hatch and Gross.5 

In 1964, ICRP Committee II created a special Task 
Group on lung dynamics (P. G. Morrow, Chairman) to 
review the so-called ICRP-lung model2 and to suggest 
changcs where appropriate. The Task Group report6 

includes much detail on the estimation of particle 
deposition and clearance in the respiratory tract. One 
of the significant features of the report is that, within 
fairly narrow limits, it is only necessary to know the 
mass median aerodynamic diameter* (MMAD) of a 
particle size distribution in order to estimate the 
fraction of the inhaled mass deposited in the three 
major divisions of the respiratory system—the nasal-
pharynge»! region (N-P) , the tracheobronchial region 

(T-B) , and the pulmonary region (P)„ Estimates of 
particle deposition given in Table 2 are based on a gross 
interpolation of data given in the Task Group report6 

and should be considered of qualitative significance 
only. Although the tabulated values refer to the mass 
fraction deposited and the mass median size, the words 
count (particle number), area (surface), or radioactivity 
may be substituted for mass in the table. 

Table 2 Estimates of Particle Deposition and 
Clearance in the Respiratory System 

Mass median 
aerodynamic 
diameter, n 

Mass fraction deposited Mass median 
aerodynamic 
diameter, n N - P T - B P Exhaled* 

0 .0 ! 0.01 0 .18 0 .70 0.05 
0.1 0 .02 0 .08 0.55 0 .35 
1 0.25 0.05 0.25 0.45 

10 0 .85 0.05 0 .09 0.01 
100 0.95 0 0 0.05 

Clearance Minutes Minutes Days to 
rate to hours years 

*As defined in the Task Group report: "Diameter o f a unit 
density sphere with the same settling velocity as the particle in 
question." 

•Includes particles too large to be inhaled efficiently. 

It should not be supposed that the lung model for 
particle inhalation is a closed question. There are 
numerous features of the lung model that require 
clarification. Nevertheless, there is a serviceable model 
that yields predictions not grossly at variance with 
experimental data. Unfortunately, there is no com-
parable model that may be used to predict the site of 
deposition for partially soluble or reactive gases and 
vapors in the lungs. 

Effects of Air Pollution on People 
The undesirable direct effects of air pollution on 

man may be classified according to the mode or site of 
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attack on the sensitive tissue of primary concern. Thus 
specific pollutants may attack the surface of the body, 
e.g., acrolein or sulfuric acid mist in the eyes or 
large-particle fallout from nuclear weapons tests falling 
onto unprotected skin. 

Rcspirable pollutants, including all gases and va-
pors, as well as particles of less than 300- to 400-ju 
aerodynamic diameter, may affcct various regions of 
the body. In the first place, for a very soluble particlc 
or vapor, whose effcct is not local, it matters little at 
what site it is deposited; the important factor is the 
total quantity absorbed into the bloodstream. This is 
true of systemic poisons, such as arsine or carbon 
monoxide, and materials that concentrate in a specific 
organ, as 1 3 1 1 in the thyroid. On the other hand, local 
irritants, as represented by sulfur dioxide, or short 
half-lived radionuclides such as radon and its radioac-
tive daughtets, may be expected to produce the 
greatest damage at the intake site where the tissue 
sustains the greatest exposure (= concentration x 
time). Obviously, the significance of local exposure 
cannot be independent of tissue sensitivity and of the 
importance of the tissue to the well-being of the 
individual. This may be illustrated qualitatively by 
referring to sulfur dioxide, which is moderately soluble 
in lung fluids. Inhalation of a few parts per million of 
SO2 can produce local irritation in the nose and throat 
because of the corrosive action on tissues exposed to 
the sulfuric acid formed at the sorption site. Continued 
exposure to somewhat elevated concentrations or 
short-term exposure to very high levels can result in the 
extension of the damaged region further into the lungs 
and possibly alter the caliber of the airways through a 
bronchoconstrictive reaction. If the high concentration 
of SO2 is carried far enough into the lungs to involve 
the functional gas-exchange tissues of the pulmonary 
region, the otherwise irritant reaction may become a 
fatal reaction as the body loses vitally needed respi-
ratory tissues. In the widely reported7 air-pollution 
disasters of the Meuse VaHey in Belgium (1930)v of 
Donora, Pa. (1948), and of London (1952), there are 
indications that the pollution levels did not vastly 
exceed previously experienced levels; however, there 
arc suggestions of a possible synergism between parti-
cles, possibly fog droplets and S 0 2 , whereby a portion 
of the gas, which normally would become an irritant in 
the nose, throat, or tracheobronchial region, may have 
been delivered to the vital pulmonary tissues via 
sorption on particles penetrating through the airways. 

It is possible to undergo exposure to the gastro-
intestinal (GI) tract by inhalation. Referring to the 

report6 of the 1CRP Committee 11 Task Group on 
Lung Dynamics (or taking roughly the numbers given 
in Table 2), we can see that essentially all particles 
having an aerodynamic diameter exceeding 10/i will be 
deposited in the nasal-pharyngeal or the tracheo-
bronchial regions. From these regions undissolved 
particles are cleared rather quickly to the esophagus 
and thus directly to the GI tract. It should be kept in 
mind that a single 100-/i-diameter particle contains the 
same mass as a million l-y particles of the same 
density; hence an inhaled, soluble systemic poison may 
enter the body in larger quantities through the GI tract 
than through the lungs. Furthermore, if the action of 
the strong acids in the stomach is such as to increase 
the solubility or the toxicity of an inhaled pollutant, 
the significance of the GI tract as an entry portal may 
become equal to or greater than that of the lungs. 

Air-Pollution Disasters 

Usually one thinks of a disaster as something that 
occurs suddenly, perhaps explosively, such as an 
earthquake, a tornado, or a fire. The classic air-
pollution disasters are of an entirely different char-
acter. Except for such sudden releases as that which 
occurred in Poza Rica, Mexico, in 1950, the quantities 
of the pollutants released to the atmosphere during the 
most significant episodes were not unusual.7 Thus no 
breakdown in equipment or normal operating proce-
dure nor a process accident could be blamed. Rather, 
the pollutants were routinely being released in disaster 
quantities; it was only necessary to wait until weather 
conditions prevented the adequate dispersion and 
dilution of the noxious effluents. 

Meuse Valley. Belgium, 1930 (modified from Ref. 7). On 
Monday, Dec. 1, 1930. the narrow valley of the Mouse River in 
Belgium cxporieneed an unusual and widespread weather 
condition that persisted the remainder of the week. In this 
river valley, 15 miles long with hills about 300 ft high on either 
side, a thermal inversion confined emitted pollutants to the 
limited air volume contained in the valley. There were many 
industries in the valley, including coke ovens, blast furnaces, 
steel mills, glass factories, a zinc smelter, and sulfuric acid 
plants. On the third day many people became ill with 
respiratory-tract complaints, and, before the week was over, 6 0 
had died. In addition, there were deaths in cattle. Older 
persons with previously known diseases of die heart and lungs 
had the greatest mortality; however, illness affcctcd persons of 
all ages and was best described as an irritation of all exposed 
membranes of the body, especially those of the respiratory 
tract Chest pain, cough, shortness of breath, and eye and nasal 
irritation were the most common symptoms. Fatalities oc-
curred on both December 4 and December 5, although 



frequency of symptoms decreased strikingly on December 5. 
Autopsy examinations showed only congestion and irritation 
of the tracheal mucosa and large bronchi However, there was 
some black particulate matter in the lungs, mostly within the 
phagocytes. 

The chcmical substanccs responsible for the illness and 
fatalities have been disputed. In the original report on tlic 
episode, it was estimated (since no measurements had been 
made during the event) that the sulfur dioxide content of the 
atmosphere was from 9.6 to 38.4 ppm. Assuming complete 
oxidation of the sulfur dioxide, even though unlikely, sulfuric 
acid mist concentrations of 38 to 152 mg/m3 might theoreti-
cally have resulted. It is generally thought that a combination 
of several pollutants may have been associated with this, as 
well as with other community disasters. Certainly, strong 
suspicion attaches to sulfur dioxide, but it is more likely that 
this substancc, when dissolved or otherwise combined with 
water droplets, and in the presence of other pollutants, 
oxidizes to sulfuric acid mist with a particle size sufficiently 
small to penetrate deeply into the lungs. 

Donora. Pa., 1948 (modified from Rcf. 7). The impact of 
the Donora disaster has been eloquently described by 
Rotioclk\8 "The fog closed over Donora on the morning of 
Tuesday, October 26th. The weather was raw, cloudy, and 
dead calm, and it stayed that way as the fog piled up all that 
day and the next. By Thursday, it had stiffened adhesively into 
a motionless clot of smoke. That afternoon it was just possible 
to see across the street, and except for the stacks, the mills had 
vanished. Hie air begin to have a sickening smeli, almost a 
taste. It was the bittersweet reek of sulfur dioxide. Everyone 
who was out that day remarked on it, but no one was much 
concerned. The smell of sulfur dioxide, a scratchy gas given off 
by burning coal and melting ore, is a nonnal concomitant of 
any durable fog in Donora. This time it merely seemed more 
penetrating than usual." During this period, temperature 
inversion and foggy weather affected a wide area. Donora is 
located on the inside of a horseshoe-shaped valley of the 
Monongahcla River about 30 miles from Pittsburgh. The city 
contains a large steel mill, a sulfuric acid plant, and a large zinc 
production plant, among other industries. The hills on either 
side of the valley arc steep, rising to several hundred feet. At 
the time there were about 14 thousand people living in the 
valley. A meticulous health survey of the population was made 
within a few months of the episode.9 The investigation was 
directed at the health effects that occurred among people and 
animals, the nature of the contaminants, and the meteoro-
logical conditions. Interviews were obtained with persons who 
were ill and from physicians in the community. Roentgeno-
grams and blood tests were taken; and teeth, bone, and urine 
samples were studied to determine whether fluorides might 
have been involved, llicsc studies indicated that 43% of the 
population was made ill during the episode. Curiously, a large 
number of the persons who were not ill were unaware of the 
extent of ill health. Cough was the most prominent symptom, 
but all of the respiratory tract and the eyes, nose, and throat 
were irritated. Many complained of chest constriction, 
headache, vomiting, and nausea There was a relation observed 
between the frequency and severity of illness and the age of 
the population. Most of those who became ill did so on the 
second day of the episode; of the 20 deaths, most occurred on 
the third day. Among the fatalities, preexisting cardiac or 

respiratory-system disease was common. From examinations 
made for fluorides, it was felt that fluorine was probably not 
involved. Retrospective examination of mortality indicated 
that a similar event might have occurred in April 1945. 
Autopsy examinations from the 1948 fatalities were non-
specific, but there was abundant evidence of respiratory-tract 
irritation. Environmental measurements had not been made 
during the episode, but it was inferred that sulfur dioxide had 
ranged between 0.5 and 2.0 ppm. Particulate matter was 
undoubtedly present The calls for medical assistance in 
Donora ceased rather abruptly on Saturday evening despite the 
fact that the fog remained quite dense. This suggests that some 
changc in the physical nature of the fog droplets may have 
occurrcd; for example, the particles may have increased 
sufficiently in size so that they were deposited in the upper 
airway instead of penetrating deeply into the lung. 

London, England, 1952 (modified from Ref. 7). From 
Dec. 5 through Dec. 9, 1952, most of the British Isles were 
covered by a fog and a temperature inversion. One of the areas 
most severely affected was London, which is located in the 
broad valley of the Thames. During this period an unusually 
large number of deaths occurrcd, and many more persons were 
ill. The illnesses were usually sudden in onset and tended to 
occur on the third and fourth days of the episode.10 Shortness 
of breath, cyanosis, some fever, and rales were observed. Most 
of those seriously ill were in the older age groups. Admissions 
to hospitals for the treatment of respiratory diseases increased 
markedly, but so did admissions for heart disease. An increase 
in mortality among all ages was observed. However, the very 
old, those in the seventh and eighth decades, had the highest 
increment. The most frequent causes to which deaths were 
ascribed were chronic bronchitis, bronchopneumonia, and 
heart disease. Of particular interest was the fact that mortality 
remained elevated for several weeks after the weather had 
improved. The total excess was between 3500 and 4000 
deaths. Measurements were available for the amount of 
suspended smoke and sulfur dioxide. The highest values 
reported were 4.46 mg/m3 of smoke and 1.34 ppm of sulfur 
dioxide. Autopsy examination did not reveal any characteristic 
mode of death other than evidence of respiratory-tract 
icritation. Search of the past records of meteorology and 
mortality indicated that periods of excessive mortality had 
occurrcd previously. Three hundred excess deaths occurred in 
the winter of 1948; detectable increases in mortality associated 
with fog were found in December 1873, January 1880, 
February 1882, December 1891, and December 1892. A 
subsequent episode occurred11 in 1959. None of the other 
episodes, however, was quite as severe as the one in 1952. 

Poza Rica, Mexico, 1950 (modified from Ref. 7). Another 
type of community disaster resulting from the sudden dis-
charge of a toxic gas from a single source occurred in the small 
town of Poza Rica, Mexico.?2 Here a new plant for the 
recovery of sulfur from natural gas put a portion of its 
equipment into operation on the night of Nov. 21,1950. One 
of the steps in the process was the removal of hydrogen sulfide 
from natural gas. In order to do this, the hydrogen sulfide was 
concentrated in a system in which it was intended to be 
burned. During the night of November 23 and 24, the flow of 
gas into and through the plant was increased. The weather was 
foggy, with weak winds and a low inversion layer, and, 
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between 4:45 a.m. and 5:10 a.m. of November 24, hydrogen 
sulfide was released inadvertently and spread into the adjacent 
portion of the town. Most of the nearby residents were either 
in bed or had just arisen; many were afflicted promptly with 
respiratory and central nervous system symptoms. Three 
hundred and twenty were hospitalized, and 22 died. The 
characteristic manner in wiiich the hydrogen sulfide affected 
these individuals was to produce loss of sense of smell and 
severe respiratory-tract irritation. Most of the deaths occurred 
in persons who had such centra) nervous system attack 
symptoms as unconsciousness and vertigo. A number of the 
affcctcd individuals also had pulmonary edema. Persons of all 
ages were affected, and preexisting disease did not seem to 
have much influence on which persons were afflicted. 

Future Air-Pollution Disasters 

The title of this section may appear to be gloomy 
indeed. To some extent it does presume that the 
reckless dumping of gaseous and particulate wastes to 
our atmosphere will continue to be dominated by a 
philosophy better suited to the frontier days than t o 
our increasingly urbanized world. Until quite recently, 
and still very much in evidence, the prevailing attitude 
toward water pollution, for example, has been for the 
user to treat it at the point o f use if it needs treatment. 
The air-pol)ution equivalent is the suggestion that we 
should build domed cities and clean the air at the city 
i n t a k e s . 1 3 , 1 4 This clearly presumes two things: (1 ) the 
priority o f man as a polluter over man as a breather 
with respect to their rights to use the atmosphere; ( 2 ) 
it assumes that we are willing to give up the vegetative 
cover of the space between domed cities. 

A more optimistic approach to predicting the 
future emissions of S 0 2 was made by Rohrman, 
Steigerwald, and Ludwig. 1 5 Figure 1 was taken from 
their paper and represents their best estimates o f S 0 2 

control and emission per year in the United States. In 
preparing this figure the authors assumed "that no new 
fossil-fuel power plants will be built after 1995, and 
that in the year 2 0 0 0 approximately half of all 
electricity will be generated by nuclear power." Thus 
going aV nuclear late in this century will not o f itself 
prevent a threefold increase in S 0 2 emissions. Clearly 
the alternative to going nuclear, without severely 
restricting the fossil-fuel-plant eff luents, would be an 
increase over present levels o f about an order of 
magnitude. 

The authors described the assumptions used in 
obtaining the prediction curves labeled Case 1 and Case 
2 as follows: 

Case 1 
The control assumptions for Case 1 are severe but 

realistic. They do not assume early development and 
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Pig. 1. Potential S0 2 emissions in the United States. (From 
Ref. 15.) 

universal use of highly effective S 0 2 gas cleaning methods 
for power plants nor the rapid application of available 
methods of fuel dcsulfurization. 

1. Beginning in 1970, 1-perccnt control [i.e., reduc-
tion] is applied to existing power plants, increasing 
1-percent each year; and 5 percent control yearly to new 
power plants, starting in 1975, to a maximum of 80 pcrcent 
control for new plants put on stream in 1990. After the 
initial year, control of these new plants increases 1-percent 
per year, the same as existing plants. This assumes some 
increased use of fuel desulfurization, sclcction of fuels with 
lower sulfur content, miscellaneous uses of fuel additives, 
improved design cf plants, and eventually perfection of 
processes to remove S 0 2 from power-plant stacks 
| effluents). 

2. One-perecnt control of all non-power-plant emissions 
in 1965, increasing {-percent each year. 

Case 2 
The control assumptions for Case 2 arc very severe and 

probably represent the maximum that can be achieved 
tc iinicaliy. They will require an immediate and vigorous 
program of research and pilot plant efforts on powei-plant 
gas cleaning methods, fuel dcsulfurization, and forccd 
application of control methods as they become available. 

1. Seventy-five pcrccnt control of S 0 2 emission from 
new power plants put into operation in 1975, including 
replacements or expansion of existing plants. This 75 
pcrccnt control in 1975 is increased 1-percent each year 
after 1975 to a maximum of 90 pcrccnt in 1990. Since 
there is a minimum of 5 years lag time between initial 
design of power plants and the time the unit is put on 
stream, the initiation of control by 1975 requires that 
proven designs must be available in 1970. Achieving this 



goal will require extensive development in the next 5 years, 
since most of the methods for control of SO2 in power 
plants are only in the bench-test stage and effective coal 
dcsulfurization methods arc not now available for 75 
percent removal. The increase of average removal efficiency 
by 1-percent per year to 90 percent maximum is in keeping 
with cxpected improvements in technology. 

2. Two-percent control of S0 2 from all coal and oil 
combustion beginning in 1970, increasing by 2 percent per 
year to a maximum of 50 percent control in 1994 
(excluding new power plants after 1975, which arc covcred 
in the preceding paragraph). This assumption requires 
increased use of available tcchniqucs for fuel desulfuriza-
tion, selection of fuels with lower sulfur content, and 
miscellaneous schemes for control of S0 2 . such as use of 
fuel additives. 

3. One-percent control for all noncombustion souiccs in 
1965, increasing by 1-percent each year to 35 percent in 
the year 2000. 

The Roles of Nuclear Energy 

First the role of nuclear energy as a source of air 
pollution should be considered. This requires that a 
clear distinction be made between potential releases of 
pollution under accident conditions, such as at Poza 
Rica, Mexico, and the continuous real release of 
pollutants to the atmosphere. 

With respect to accidents, most of us will agree 
with Spores 1 6 comment in his presentation to the 
National Conference on Air Pollution . . on the basis 
of safety all fuels—and this includes nuclear power— 
represent potential hazards." He also expressed the 
opinion that . . nuclear power continues to make 
progress and will substitute for an increasing share of 
the new power generation plants to be built. Un-
doubtedly its rate of substitution is being moderated 
by the cost burden of responsible conservatism in 
design and construction to assure safety and surely it 
must continue to be, for a long time, part of ABC, and 
in this case, national policy, to promote by every 
practical means absolute assurance of the safety of our 
nuclear power installations." Although many of us will 
agree with continuing and strengthening this re-
sponsible conservatism in design and construction, a 
growing number of people arc beginning to wonder if a 
comparable quality might not be desirable in the 
design, site selection, construction, and operation of 
other types of facilities. This might prevent, or at least 
reduce, the occurrence of incidents such as the 
hydrogen sulfide release (and the 22 deaths) at Poza 
Rica, gas pipeline explosions, tank-car accidents re-
leasing poisonous gases and vapors, pier explosions 
(e.g., the Texas City disaster of 1947), and numerous 

other potentially hazardous operations that are cur-
rently subject to the loosest review, if any at all, by 
responsible public officials. 

Apart from potential accidents, the central 
problem of this section is the role of nuclear energy in 
air pollution. A synopsis of the views of the AEC was 
given by Chairman Glenn T. Seaborg17 to the National 
Conference on Air Pollution: 

With reference to the primary focus of this 
conference -air pollution—nuclear power plants offer 
decided advantages over fossil fueled plants. The main 
advantage stems from their control of waste. In a nucfcar 
reactor the split atoms, "fission products" as they are 
called, remain essentially within the fuel cladding until such 
time as the reactor is refueled. Then the used fuel elements 
are removed, stored under water for a cooling off period, 
after which they arc safely shipped to a reprocessing plant 
where unused fuel and valuable radioisotopes are extracted 
for future use. The remaining waste products arc then 
safely disposed of in storage tanks at underground burial 
sites. The extremely minute amount of radioactivity 
produced auxiliary to the operations can be held and 
released in such tiny amounts, and under such favorable 
atmospheric conditions, that it poses no heuth hazard 
whatsoever. Or it can be packaged for safe disposal in other 
ways. In fact, a nuclear plant can be built without any stack 
at all, and such a plant is under construction today in the 
Rochester, N. Y., area. 

Similar comments were made by Grob1 8 in his 
paper given at the 1967 Annual Meeting of the Air 
Pollution Control Association: 

It should be noted, however, that continuous release is 
not required in nuclear plant operation. The radioactive 
noble gases produced during reactor operations may be 
stored and released during favorable meteorological periods. 

Radioactivity released to the atmosphere by nuclear 
power plant operations is no greater than radioactivity 
released to the environment by conventional power plant 
operations. Both of these sources of radioactivity are 
insignificant compared to natural radioactivity, natural 
radiation fields, and man's non-nuclear and non-power 
generation activities. Discharges from our Company's 
(Consolidated Edison Company of New York) nuclear 
plant, Indian Point Unit No. 1, have been less than 0.01% 
of what die plant's license permits. The limits imposed by 
the license are such that they prevent achieving the legal 
limits set forth in 1CCFR20 by orders of magnitude. The 
legal limits of 10CFR20 themselves have safety factors, 
which amount to orders of magnitude. 

In his recent book on the technology of nuclear 
power facilities, Wills19 includes a tabulation of typical 
radioactive wastes and disposal methods (his Table 29). 
Table 3 includes the airborne wastes mentioned by 
Wills. 
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Table 3 Typical Airborne Radioactive Wastes Related to Nuclear Power* 

Type of waste Form of Typical Type of 
radioactivity Source of waste waste isotopes radiation Disposal methods 

Natural activity Mining of uranium ores Gases, 2 2 2 R n A Ventilate mine 
dusts 

2 3 8 U Fuel-fabrication plants Dusts 2 3 8 U a, 7 Ventilate, filter, and 
2 3 S U disperse to air 

Fission-product Fuel irradiation and Gases 1 311 fry React with chemicals to 
activity processing bind in solid, e.g., 

8 5Kr 
silver iodide 

8 5Kr fry Disperse to air 

Activation-product Reactor materials un- Gases 1 6 N fry Hold for decay (very 
activity avoidably irradiated short life); then dis-

during operation perse to air 

* Modified from Tabic 29, Ref. 19. 

Wills also commented on the relative amounts o f 
radioactivity released from nuclear energy plants and 
from coal-burning plants, although he did not cite the 
source of his numbers nor did he identify the specific 
radionuclides which are, in fact, dispersed from a 
coal-fired plant: 

Gaseous Wastes—The gaseous effluent from a nuclear 
plant, which may occur from dissociation of the coolant, is 
removed to holdup tanks to permit decay of short-lived 
isotopes. The remaining gases are monitored and diluted 
with air and discharged through a tall stack when meteo-
rological conditions are suitable for dispersion high into the 
atmosphere. This discharge is controlled in compliance with 
AEC regulations (activity limited to 10"9 /ic/cm3 of air), 
which are based on the annual radiation exposure that 
might be received by persons living at the plant exclusion-
area boundary. 

Actually, a pressurized-water-moderated nuclear plant 
with a 150 MWe rating will in a year's operation disperse 2 
nic of noble gases (Kr and I (s/cj) into the atmosphere, 
whereas a coal-burning plant of equal capacity will disperse 
20,000 mc of mixed nuclides into the atmosphere with 
other pollutants. 

Radiation levels inside and outside the plant exclusion 
area arc constantly monitored to enrnrc that proper 
environmental conditions arc maintained. Recently, a 
spokesman of the AEC's Division of Compliance sum-
marized experience in the United States in years 1960 
through 1963 as follows: "There has been no detectable 
increase in the amount of radioactivity, which could be 
attributed to the existence of the nuclear installation, in the 
environment of any reactor plant This conclusion is based 
on the results of pre- and post-operation environmental 
surveys, which include sampling of the air, soil, water, 
vegetation, aquatic life, and milk in the vicinity of the 
reactor site." 

The most thorough comparison of the environ-
mental pollution levels from nuclear and conventional 
power plants was given recently by Terrill, Harward, 
and Leggett . 2 0 They point out the inherent difficulties 
in making such a comparison. One basic problem is the 
lack of accepted standards for permissible concentra-
tions of nonradioactive pollutants in the environment 
in contrast to the well-established standards for radio-
activity. A number of interesting points are given in the 
original paper, but only two will be treated here. First, 
the authors' discussion of the release o f radioactivity 
from fossil-fueled plants and from nuclear energy 
facilities: 

Due to the presence of trace quantities of two naturally A 1Q 
occurring radioactive materials in coal (1.1 ppm of U 
and 2.0 ppm of 2 3 2 Th), ihe released fly ash would contain 
10.8 mCi of 2 2 8 Ra and 17.2 mCi of 2 2 6 R a per year, which 
are daughter products of 2 3 2 T h and 2 3 8 U . Thus, the 
question is raised: Do fossil fuel plants discharge significant 
quantities of radioactivity and how do they compare with 
releases of radioactivity from nuclcar plants? 

On the basis of the AEC's regulations covering exposure 
to airborne radioactive materials, Kiscnbud'21' states that 
this total of 28 niCi per year of mixed radium isotopes is 
approximately equivalent to 104 Ci of 8 5 Kr or 10 Ci of 
1 3 11. Krypton-85 and , 3 , 1 were chosen for comparison, 
since they represent two of the principal gaseous radio-
nuclides of concern in reactor stack effluents. Associated 
with the particulate emission from oil-fired plants will be 
approximately 0.5 mCi of radium per year ( 2 2 6 R a and 
2 2 8 Ra), which is roughly equivalent to 200 Ci of 8 sKr or 
200 mCi of 1 3 1 1. 

A recent joint study^22' of natural gas from north-
western New Mcxico and southwestern Colorado by the 
LI. S. Public Health Service and the Ml Paso Natural Gas 
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AAA 0 0. f% 
Company shows that Rn, a daughter of Ra, is 
present in natural gas at concentrations ranging from 0.2 
pCi/liter to 158.8 pCi/liter. There is a lack of data 
concerning concentration of Rn in the stack effluent of 
natural gas power plants, but it can be assumed minimal 
due to the 3.8 day half-life of 2 2 2 R n and the transit and/or 
storage times from well to plant which arc involved. There 
will be some activity from the longer-lived daughter 
products of radon, but since these arc particulates and 
therefore subject to many removal forces about which there 
is a lack of data, it is difficult to determine the amount of 
activity emitted. 

Operating data is presently lacking for large nuclear 
power plants in the range of 500 to 1,100 MWe, becausc 
they are still in the construction or planning stage. 
However, published data are available from several smaller 
plants. For example, the Shippingport Atomic Power 
Station, located in Shippingport, Pennsylvania, and op-
erated for the AEC by Duquesnc Light Co., has been 
operating since 1957. This is a 100 MWe pressurized water 
reactor, and lias generated a total of nearly 2,400,000 MWh 
as of May 1966 . ' 2 3 ' During the five-year period, 
1961-1965, this plant's annual average releases were 0.217 
Ci of liquid radioactive waste (excluding tritium), 4.5 Ci of 
tritium in the liquid waste, and 0.57 Ci of noble gases 
(primarily 1 3 3 X c ) J 2 4 ' These actual releases have been a 
small fraction of design discharge quantities and all releases 
have been well within the limits specified for the plant by 
the AEC and the liquid waste discharge permit issued by 
the State of Pennsylvania. 

Another pressurized water plant, the Yankee Nuclear 
Power Station, near Rowe, Massachusetts, has been op-
erating since 1960 and its present power level is 185 MWe. 
As of May !, 1966, it has generated over 5,500,000 
MWh.'23' During the calendar year of 1965, this plant 
released 0.067 Ci of liquid waste (exclusive of tritium— 
published tritium data not available at time of this writing) 
and 1.66 Ci of gaseous waste to the environment.'25' All 
releases were within limits established by the AEC regula-
tions as contained in 10CFR20. 

The authors chose plausible values for the per-
missible concentrations of S 0 2 and N 0 2 from the 
literature and compared the various types of plants on 
the basis of the amount of air per year required to 
dilute the emitted pollutants to stated standard con-
centrations. Table 4 appeared as Table V in the article 
cited in Ref. 20. 

In all these comparisons nuclear energy comes out 
well ahead of fossil-fueled plants in terms of its 
minimal direct contribution to noxious airborne pollu-
tion. Furthermore, to whatever extent carbon dioxide 
( C 0 2 ) may be detrimental in connection with the heat 
balance of the atmosphere, as has been suggested,26 

nuclcar power again has the advantage in that it does 
not result in C0 2 production. Howeicr, normal opera-
tion presupposes that the fission products remain 
essentially within the fuel cladding. The critical point is 

readied when the cladding is breached in the fuel-
reprocessing operation. According to Mawson27 the 
"gises evolved from fuel-reprocessing plants are usually 
heavily contaminated with such chemicals as nitric acid 
and organic solvents, as well as with fission products, 
but the chemical contaminants can be removed by 
conventional scrubbing systems." Obviously, the 
chemical composition of the airborne effluents from a 
fuel-reprocessing facility depends upon the particular 
process employed.28 Perhaps the only general com-
ment warranted is that, in the absence of established 
standards for nonradioactive air pollutants, reactor 
fuel-reprocessing plants are not likely to institute 
significantly stricter control than is the practice of 
similar, nonradioactive, chemical-processing facilities. 
Nevertheless, fuel reprocessors operate under the con-
trol of their licensing provisions for the limitation of 
radioactivity release, and, in treating effluent gases to 
remove minute quantities of radioactive materials, they 
must remove many of the nonradioactive components 
as well. An order-of-magnitude comparison might be 
gained by considering the relative "acceptable" levels 
of S0 2 and radioactive , 3 , 1 . At a level of 0.3 ppm 
S 0 2 , as assumed by Terrill, Harward, and Leggett20 

(see Table 4), 1 /ug of S 0 2 would be dispersed in each 
liter of air, whereas 1 jug of 1 3 1 1 would have to be 
dispersed in approximately 0.1 cu mile of air to equal 
the maximum permissible concentration in air for the 
general population.2,3 Thus it would seem difficult 
indeed to remove the micrograms of radioactivity 
without, at the same time, significantly reducing the 
pounds of vapors and acid mists. 

Unfortunately, the foregoing references do not tell 
the complete story in that they all pertain only to 
pressurized-water reactors (PWR's). The boiling-water 
reactors (BWR's) also represent a major type of power 
reactor which must be considered. In two recent 
reviews, one by Blomeke and Harrington29 and one by 
Goldman,30 the BWR's have been shown to release a 
very much larger fraction of the radioactivity produced 
in the fission process than is released in the operation 
of the PWR's. Release rates that may be compared with 
those given in Table 4 can be derived from data 
summarized by Goldman.30 Thus the Dresden BWR 
(Commonwealtli Edison Company) released about 4.3 
x 109 juc/Mw(e)-hr (noble gas) during the period 
1963-1967, averaging about 2.4% of the limit imposed 
in the license; the Big Rock Point BWR (Consumers 
Power Company) released 23.8 x 109 Mc/Mw(e)-year 
(> 99% noble gas) from May 1965 through April 1968, 
averaging 1.7% of the license limit; and the Humboldt 
Bay BWR (Pacific Gas & Electric Company) released 
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Table 4 Dilution Air Required To Meet Concentration Standards for Various Power-Plant Pollutants* 

Type of 
plant Critical pollutant Exposure vector 

Concentration 
standardsf 

Discharge quantities 
per M w(e)-year 

Yearly volume of 
air required for 

dilution, mJ/Mw(e) 

Cool 

Oil 

C>us 

Nuclear 

S 0 2 

Fly ash 
2 26 

i 28 

Ra 

Ra 

so2 
N 0 2 

I'ly ash 
2 2 6 R a 

228 Ra 

S02 

NO2 

Particulates— 
radon daughters 

Radioactive noble 
gases 8 5 Kr + 
133 Xc 

131, 

Air-S03-lungs 
Air-lungs 

Air-lungs 

Air-lungs 

Air-lungs 
Air-lungs 
Air-O-*-smog-

irritants of 
lungs and eyes 

Air-lungs 

Air-lungs 

Air-lungs 
Air-lungs 
Air-lungs 

External 

A ir -- lungs- thy roid 

Air-grass-milk-
thyroid 

0.3 ppm 

1.0X 10 
jic/cm 

3.0 X 10 
jic/em 

-l 3 

,-13 
3 

0.3 ppm 
2 ppm 
Unknown 

1.0X 10 ,"13 
3 jic/cm 

3.0 X 10 
/ic/cin3 

0.3 ppm 
2 ppm 
Unknown 

1 X 10"7 

nc/cm3 

1 X 10"10 

/ic/cm3 

1 3 

1.6 X 10 
tic I cm" 

r 13 

306 X 10J lb 

17.2 tic 

10.8Mc 

116 X 103 lb 
47 X 103 lb 

0.15mc 

0.35 pc 

0.027 X 103 lb 
26.6 X 103 lb 
Unknown 

5.7 X 103 mc 

9.5 X l 0 3 / i c 

No detectable 
levels reported 
in available 
literature 

1.77 X 1 0 n 

1.72 X 10° 

3.6 X 10' 

6.75 X 10 
5.77 X 109 

10 

1.5 X 106 

1.2 X 106 

1.5 X 107 

3.22 X 109 

5.7 X 10* 
(Shippingport 5-

year average) 
9.5 X 104 

(Yankee 1965) 
No detectable 

levels reported 
in available 
literature 

•Table V of Ref. 20. 
f i n the case of radioactive materials, they arc based on AEC 

of chemical pollutants from combustion of fossil fuel, they are 
able literature. 

regulatory concentration standards (10CFR20), and in the case 
based on recommended permissible concentrations in the avail-

22.5 X 109 pcc/Mw(e)-year (noble and activation gases) 
from February 1963 through February 1968, which, 
however, averaged about 23% of the limit (the Hum-
boldt Bay limit is a factor of 20 lower than the limit 
for Big Rock Point). 

To bring the values given in Table 4 further up to 
date, one would have to modify the limit assumed for 
S 0 2 . More recent air-quality criteria for S 0 2 suggest 
0.0IS ppm instead of 0.3 as estimated by Terrill.20 

Applying this factor of 20 to the yearly dilution 
volume indicated for S 0 2 in Table 4, we see that on 
the order of 3.5 X 101 2 m3 of air are needed to dilute 
the flue gas produced in generating each megawatt of 

electricity in a coal-fired plant. The average discharge 
rate of radioactive noble gases from the three BWR's 
discussed by Goldman30 was 1 0 ' 0 jtc/Mw-year which 
would require dilution by 1 0 n m 3 of air per mega-
watt, a factor of 35 less. 

The high release rates from the BWR's occurrcd 
during periods of operation with defective stainless-
stccl-clad fuel elements in the cores.29 For example, 
the release rate per megawatt for the Humboldt Bay 
reactor was a factor of 340 less during the 18-month 
period February 1963 through August 1964 than it 
was from February 1965 through February 1968. The 
replacement of defective elements may be expected to 



reduce tlie average release rate by at least an order of 
magnitude. In any case, present experience indicates 
that continuous release of gaseous wastes from cither 
the PWR's or the BWR\s presents a lower order of 
hazard than that of coal-fired plants. 

Nuclear Energy To Control Air Pollution 
In addition to its role as an essentially clean source 

of power, nuclear energy has contributed heavily to 
society through the way it has fired the imagination of 
creative technologists in many fields. The field of 
air-pollution control is not lacking in this respect. 

The massive technological effort of the national 
laboratory approach has impressed many scientists and 
engineers with its records of accomplishment. A 
number of comments were recorded in the biweekly 
newsletter Environmental Technology and Econom-
ics31 for Apr. 13, 1%7: 

Dr. Rene Dubos (Rockefeller Uii.) said that what this 
country needs is a "Brookhaven applied to biology." He 
fur ther said air pollution could be conquered if the country 
devoted the e f for t to it that it has given to probing the 
a tom. Benn Jesser (Nl. W. Kellogg), speaking at the AIChE 
Workshop in NYC, suggested that process engineering 
concerns be given responsibility for running the pollution 
control R&D program just as the AEC gave responsibility 
for running its facilities to a number of concerns (UCC, 
duPont , Dow, Monsanto, GE, etc.) . R. N. Rickles 
(Celancse), speaking at Rice Un., seconded Mr. Jesser's idea 
and fur ther suggested the establ ishment of an ESC (En-
vironmental Science Comm.) on the model of the AEC, to 
handle the development of new waste management tech-
niques. 

Use of nuclear energy to produce substitute fuels 
was discussed recently by Green.32 He mentions the 
possible use of nuclear power to produce cheap 
ammonia for use as a fuel for internal combustion 
engines, and he points out the possibility of using 
nuclear energy as a clean source of process heat to 
convert coal and shale into gas to supplement our 
dwindling supplies of natural gas. 

The use of chcmonuclear reactors for the produc-
tion of ozone to be used in odor control has been 
proposed by Steinberg.33 Ozone could be produced 
for $47.00 per ton in a single-purpose, 600 ton/day 
plant costing $38 million. Such systems also could 
produce ozone for water treatment. 

Beyond whatever secondary spinoff that may have 
come from nuclear energy programs, there have been 
extensive contributions in fields basic to air-pollution 
control. Fundamental and practical work in meteo-

rology, air-cleaning technology, aerosol physics, inhala-
tion physiology, proccss dynamics, ccology, and 
numerous other important areas have been supported 
by the AEC! since its inception. It is impossible to look 
far in the literature of these fields without encounter-
ing many important contributions initiated by the 
nuclear program. In return, support of research iri these 
areas has made it possible to provide the competent 
experts, hardware, and sound technological base which 
have enabled the nuclear industry to apply its "re-
sponsible conservatism in design and construction." 

Summary and Conclusions 
Nuclear energy has a critically important role in 

combating the growing assault on our atmosphere. 
Still, even with nuclear energy completely supplanting 
fossil fuels for new plants built late in this century, 
much more must be done. What then can the nuclear 
energy industry do to aid our fight for clean air? The 
answer is implicit in the very advantages claimed by 
nuclear power. Unquestionably, the potential for 
massive pollution exists in the fission products 
produced by a nuclear reactor; in the absence of 
effective control to restrict the emission of radio-
activity, the nuclear program could have become a 
leading contributor to atmospheric pollution. The key 
word is control. Essentially every phase of design, site 
selection, construction, and operation of a nuclear 
power plant is under the strict surveillance and control 
of responsible and technically competent review 
boards. The same tight control is overdue for other 
actual and potential polluters and must surely come 
into being, hopefully soon. 

What then are the technological problems for 
continued control of nuclear air pollution and for 
mounting a successful attack on nonradioactive pollu-
tion? There are at least two major stumbling blocks. 
First, providing the technically qualified people to man 
the review boards for the nuclear program alone is 
difficult at present and may eventually become the 
major bottleneck to the orderly advance of nuclear 
energy. Without question, if responsible review is to 
become a factor in the fight against conventional air 
pollution, the availability of technically competent 
hazards analysts is a basic prerequisite in this field. 
Thus those persons on local, state, and federal levels 
who are serious in their desire to combat air pollution 
had better begin now the structure of the necessary 
review boards by supporting graduate education in 
environmental hazards analysis. On the other hand. 
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technically competent reviewers would wield an empty 
control if air-cleaning and fuel-treatment methods are 
not available to implement the control requirements. 
Thus a continuing pressure must be maintained on the 
problems of gaseous waste disposal from conventional 
power and other processing operations. 

In view o f our mount ing needs for energy, it is not 
in the best interest o f our society to proscribe the use 
of any important source of energy, such as the fossil 
fuels. Nevertheless, without the rapid institution of 
responsible control, we may well face a curtailment in 
the use o f energy as our society reaches and fails to 
penetrate the coming air barrier to our cont inued 
existence. It is the clear duty of both government and 
private enterprise to look closely at the record of the 
nuclear energy program and to adopt those features o f 
control which have worked so effectively. T w o ques-
tions remain—wil l we d o it, and is there time? 
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RADIATION STANDARDS AND PUBLIC HEALTH 

By Merril Eisenbud 

[Nucl, Safety, 12(l): 1-8 (Jan.HFeb. 1971)1 

Abstract: The radiation-safety record of the AEC has been 
good, but changes in the present regulatory system are needed 
to reconcile differences between public attitudes and the AEC. 
AEC regulations are based on the recommendations of the 
ICRP and the NCRP, and the standards contain extensive 
built-in conservatism. However, the emphasis on the maximum 
permissible concentrations of radionuclides in air and drinking 
water should be changed to specify the maximum permissible 
daily intake from all sources to take into consideration 
multiple sources and ecological factors. Further, the dual 
responsibility of the AEC for the development of nuclear 
power and the protection of the public has contributed to lack 
of public confidence in the AEC. Accordingly it is recom-
mended that responsibilities for setting radiation limits be 
shifted to another agency of the federal government. The same 
agency, in cooperation with the states, should assume responsi-
bility for environmental monitoring in the vicinity of AEC-
licensed facilities. 

The AEC has relied from the beginning of its existence 
on the National Council on Radiation Protection and 
Measurements (NCRP) and the International Commis-
sion on Radiation Protection (ICRP) to recommend 
the basic numerical values of permissible radiation 
exposure. The AEC has assumed for its part the role of 
translating the recommendations of the non-AEC 

independent expert groups into administrative language 
that lends itself to use by regulatory authorities. 

The NCRP was founded about 40 years ago and 
until recently had its headquarters in the Bureau of 
Standards. In 1964 NCRP was granted a congressional 
charter and now operates as an independent organiza-
tion financed by voluntary contributions from govern-
ment, scientific societies, and manufacturing associa-
tions. The 65 members of this council and about 175 
members of the 18 NCRP scientific committees have 
the responsibility for developing the technical reports 
of the organization. 

In 1928, 1 year before NCRP was formed, the 
International Society of Radiology sponsored forma-
tion of the International Commission on Radiation 
Protection. This group has operated in close coopera-
tion with NCRP and receives support from the World 
Health Organization. It is essential to this discussion of 
standards of permissible radiation exposure to under-
stand that AEC standards originate in the work of 
these national and international bodies among whom 
there is total harmony and whose recommendations are 
based on objective evaluation of existing information 
that is motivated by a common interest in the public 
health. 
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ROLE OF U. S. ATOMIC ENERGY 
COMMISSION 

When the U.S. Congress passed the 1946 Atomic 
Energy Act that established the AEC, it gave the AEC 
responsibility for assuring the safety of atomic energy 
workers and the public at large. The unusual step of 
vesting this responsibility in a federal agency rather 
than the states was taken for a variety of reasons, 
among which were that (1) much of the required 
technical knowledge was then highly classified, (2) the 
specialists who had this knowledge were, for the most 
part, located in a few large laboratories owned by the 
federal government, and (3) the potential risks of this 
new industry were not necessarily limited to state 
jurisdictions. 

The record of the AEC to date with respect to 
radiation safety can be easily summarized. There have 
been no known radiation injuries to any member of the 
public resulting from any of the civilian activities of 
the AEC. Among the approximately 200,000 em-
ployees of the AEC and its contractors, there have 
been six fatal injuries due to nuclear accidents, all of 
which occurred in the course of experimental research. 
There was one additional death in a privately operated 
industrial company licensed by the AEC. Further, 
among this large population of industrial workers, 
there are no known injuries from the cumulative 
effects of exposure. During the same period, 1946 to 
the present, there have been 276 on-the-job accidental 
deaths from all causes, such as vehicle accidents, falls, 
etc. This indicates that the safety record of the AEC is 
very good, with the occupational fatality rate being 
about 25% of the average for all industry.1 The 
excellent occupational safety record is cited to illus-
trate that the AEC has demonstrated a high degree of 
concern for protection of its personnel. It has exercised 
similar concern for public safety. 

Because of a technicality in the Atomic Energy 
Act, responsibility for the health of uranium miners 
was not preempted by the AEC but, rather, has 
continued to reside with the states. The radiation-
safety record in the mines has been far less satisfactory, 
and more than 100 deaths from lung cancer have 
resulted from the cumulative exposure to the radio-
activity of the mine atmospheres.2 It is regrettable that 
federal preemption of health and safety matters in the 
atomic energy program did not include the mining 
industry, because this tragic record would have been 
avoided had ihe AEC standards of permissible occupa-
tional exposure been enforced. 

Another governmental agency concerned with radi-
ation protection is the Federal Radiation Council, 

which consists of representatives of several federal 
departments and agencies. It was established by the 
President about 10 years ago to assure a consistent 
governmental approach to radiation protection mat-
ters. The Council has promulgated a number of 
radiation protection guides to assist in evaluation of 
hazards from nuclear weapons testing and, more 
recently, for control of radiation exposure in uranium 
mines. 

RADIATION STANDARDS 
The recommendations of ICRP and NCRP were 

originally intended for protection of workers exposed 
to ionizing radiation. Prior to World War II, there was 
so little use of these radiations that the need for 
standards to protect the public had not yet arisen. 

The pre-World War II students of radiation protec-
tion did not have the benefits of governmental grants 
that were later available, nor did they have the sophisti-
cated laboratory equipment now used in research. How-
ever, the tragic misuses of ionizing radiations during that 
period provided an all too ample research resource 
from which to devise protection measures. Although 
before World War II there were relatively few X-ray 
machines and the radioactive material to which people 
were exposed was some part of the approximately 2 lb 
of radium that had by that time been extracted /rom 
the earth's crust, hundreds of deaths and many injuries 
resulted from inadequate understanding of the princi-
ples of radiation hygiene. Fortunately the effects of 
the misuses of these sources of ionizing radiation were 
studied with such extraordinary diligence and percep-
tion by our colleagues of a generation ago that much of 
the basic information needed for protecting the em-
ployees of the atomic energy program was already on 
hand when it was needed during World War II. Two 
very basic recommendations were already available that 
pertained to the upper limit of permissible exposure to 
external X-rays and gamma radiation and to the 
maximum permissible body burden of radium. The 
recommendation that the permissible body burden of 
2 2 6 R a be limited to 0.1 pCi has not been changed 
since it was first established early in World War II. This 
yardstick has had a strong influence in setting the 
permissible body burdens of other bone-seeking radio-
nuclides. 

The maximum permissible dose of external radia-
tion exposure permitted before and during World 
War II was 0.1 R/day, based on the scanty information 
available up to that time, and was equivalent to 20 
R/year. If we allow for the difference between roent* 
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gens and rads and for the fact that the radiations now 
encountered in the atomic energy program arc more 
penetrating than the 75- to 125-kV X-rays that were 
the principal source of radiation before World War II, 
we find that the permissible dose for occupational 
exposure recommended by NCRP as !ong as 30 years 
ago is within a factor or 2 of the tissue dose permitted 
today for occupational exposure. 

The problem of setting standards for protection of 
the general public is much more complex for several 
reasons. Because radiation workers comprise a rela-
tively small fraction of the total population and 
because the genetic effects are related to the per capita 
gonadal dose of the population, genetic effects are less 
important than somatic effects, insofar as occupational 
exposure is concerned. The probability of somatic 
injury at a given level of exposure in the general 
population is increased by the fact that children and 
fetuses arc involved, Additionally, it is necessary to 
become more conservative as the size of the exposed 
population increases, and in this country the general 
population is about one thousand times the population 
industrially exposed. 

Leukemia and genetic mutations arc believed to be 
the effects of ionizing radiation exposure that should 
be of greatest concern relative to the general popula-
tion, and the following discussion of AGC standards 
focuses on these. An increased incidence of leukemia3 

has been reported among several groups of humans 
exposed to relatively high doses of ionizing radiation. 
These may include such groups as Japanese survivors of 
the atom bombings of Hiroshima and Nagasaki, pa-
tients irradiated for ankylosing spondylitis, radiologists 
exposed to ionizing radiation in the course of their 
work, and children irradiated in utero in the course of 
pelvic X-ray examinations. This epidemiological expe-
rience involves mainly single or multiple exposures at 
high dose rates compared with those permitted by 
existing standards. To estimate the expected effect of 
doses of a fraction of a rad delivered in small bits, we 
must extrapolate from these epidemiological data. In 
the interest of maximum safety, this is done by 
assuming that there is no threshold and that the 
biological response is proportional to the dose and 
independent of the dose rate. Both the United Nations 
Scientific Committee on the Effects of Radiation3 and 
the ICRP4 have emphasized that the estimates made in 
this way represent an upper limit of risk and that the 
actual risk may in fact be very much less. Subject to 
these conservative assumptions, the epidemiological 
evidence suggests that a dose of 1 rad delivered to 1 
million people may producc a maximum of about 20 

extra cases of leukemia during the lifetime of the 
population. The incidence of leukemia in the normal 
population is about 70 cases per million per year. 

Insofar as genetic effects arc concerned, there are 
no epidemiological data on which to draw. However, 
extensive research has been done with lower animals 
which suggests that there is no threshold for genetic 
effccts and that the frequency of mutation is directly 
proportional to dose but the relation is not inde-
pendent of dose rate.5 According to these data a per 
capita dose of about 10 rads per generation, delivered 
to successive generations, will eventually cause the 
spontaneous mutation rate to double. It has recently 
been shown,6 however, that, when the dose is frac-
tionated, the genetic affect is less by a factor of about 
6. Thus for continuous exposure a dose of 60 rads per 
generation, delivered to many successive generations, 
might be expected to cause the spontaneous mutation 
rate to double. For a reproductive span of 30 years, the 
doubling dose would thus be about 2 rads/year. 

The basic criterion for the upper limit of permissi-
ble occupational exposure is that an employee should 
not accumulatc more than S(N - 18) rads, where TV is 
the employee's age in years.4,7 Stated another way, 
the employee should not work with ionizing radiation 
until he is 18 years old and then should not be exposed 
to more than an average of 5 rads/year. 

When internal radiation exposure is involved, the 
ICRP methodology introduces the concept of the 
"critical organ," which is the organ in which a given 
radionuclide tends to accumulate and give the highest 
radiation dose and/or most significant effect.8 For 
example, the critical organ for radioiodine is the 
thyroid, and for 9 0 Sr , it is the skeleton. With a few 
exceptions, exposure to internal emitters is controlled 
by limiting the quantity of radionuclides that may be 
absorbed by ingestion or inhalation to that amount 
which will result in exposure of the critical organ to 
less than 5 rads/year. The ideal, of course, in every case 
is to hold the absorption to as little as possible 
consistent with the activity. 

The maximum permissible mean dose to the gonads 
or blood-forming organs, according to AEC regulations, 
is one-thirtieth of the permissible occupational dose. 
The regulations are based on this average not being 
exceeded if the individual with the highest exposure in 
a given population is not exposed to more than 
one-tenth of the permissible occupational dose. In 
short, the mean exposure of a given population should 
not cxcecd 0.17 rad, and the maximum individual 
exposure should not exceed 0.5 rad. 



NATURALLY OCCURRING SOURCES 
OF IONIZING RADIATION 

It is helpful to review what is known about the 
radioactivity of the natural environment9 so that wc 
may have a yardstick with which to compare the AEC 
standards. An appreciation of the kinds and amounts 
of ionizing radiation exposure due to natural sources is 
relevant to this discussion of the significance of 
reactor-produced radiation. 

Radioactive substances are naturally present in the 
air we breathe, the water we drink, and the food wc 
cat. These substances become incorporated into our 
tissues in such amounts that on the average our body 
tissues arc literally disintegrating at u rate of about 
500,000 atoms/min due to radioactive decay. 

The total-body irradiation received by man in most 
parts of the world is about 0.1 rad/ycar. This figure 
varies somewhat from place to placc, with an addition 
of about 0.028 rad/year for each 1500 m of altitude 
above sea level. Further deviations from the norm 
occur in places where the thorium or uranium content 
of the rocks and soils is above normal. In one village in 
Brazil, some people can be exposed to as much as 12 
rads/year. 

The lung and skeleton arc selectively exposed over 
and above the dose received by the body as a whole. A 
large component of the dose to lungs is due to the 
presence of atmospheric radon, the concentration of 
which varies from about 10"'1 AiCi/ml to about 2 x 
10"10 jiCi/mi in different parts of the world. A 
concentration of 10~10 *xCi/ml will deliver a dose of 
about 1.3 Rcms/ycar to the basal cclls of the bronchial 
epithelium, which is the tissue of the lung known to be 
particularly radiosensitive.3 Doses as high as 10 times 
this value arc possible indoors, particularly when the 
building is made of materials having a high radium 
content. 

Radon-222, which has a half-life of 3.8 days, dccays 
progressively through several shorter lived progeny to 
2 l 0 P b . which has a half-life of 22 years, and this 
radioactive substance ultimately deposits on the earth's 
surface. Only in the last few years have wc begun to 
ap^ieciatc that mankind has always been subject to 
this form of natural fallout and that broad-leafed 
plants in particular have relatively high concentrations 
of this isotope because of foliar deposition of 2 t 0 P b . 
According to one investigator this phenomenon con-
tributes an additional 41 mRemj/year to the lungs of 
individuals smoking one pack of cigarettes per day. ' 0 

Two naturally occurring nuclides, Ra and 
2 3 8 R a , which are chemically similar to calcium, enter 

our bodies through the foods we cat, and they deposit 
with calcium in our skeletons. The daily radium 
ingestion of individuals in this country is about 
5 pCi/day, approximately equally divided between the 
two nuclides. Studies of food and water in various 
parts of the world have shown that there arc wide 
variations from these mean values. In certain parts of 
the Middle West, the radium intake is elevated owing to 
the presence of abnormally high amounts of radium in 
the drinking water, and the dose to the skeleton is 
thereby increased by about 0.06 Rem/year. Consider-
ably higher doses have been reported from Brazil and 
India, where there arc radioactive anomalies of the 
type mentioned earlier.'1 

Thus we can conclude that the whole-body dose 
from natural radioactivity in most parts of the world is 
about 0.1 Rcm/year. The lung receives«; greater dose 
due to the superimposed radiation from atmospheric 
radon, as docs the skeleton in certain geographical 
areas where the radium content of food and water is 
elevated above normal. 

EXTERNAL RADIATION 

The actual external radiation exposure to the 
general population fsrom nuclear power plants does not 
approach the so-caiicd permissible dose rates because 
of certain inherent factors. For example, the heavy 
shielding required to protect men working around the 
reactor in the normal course of their activities gives 
assurance that the external radiation dose to the public 
will not be detectable. I ' of r<o ca :e in which 
radiation from the plant [ \ has caused a percep-
tible change in the levels of radiation exposure beyond 
the property boundary. 

In the case of a boiling-water reactor, the principal 
way in which the general population would be exposed 
to external radiation would be by direct irradiation 
from the passage of radioactive gases discharged from 
the stack of the plant, but, if the maximum exposed in-
dividual received no marc than 0.5 rad, the per capita 
exposure would be very much less than 0.17 rad. For 
example, consider a hypothetical situation in which a 
boiling-water reactor stack is located 100 m from a 
360° fence at which the dose is assumed to be 500 
mrads/year. In this situation, people living right on the 
fence would receive no more than the AEC maximum 
permissible dose to individuals. From known rates of 
diffusion of gaseous effluents from point sources, it 
can be calculated that the dose rate beyond the fence 
would, on the average, diminish inversely with the 1.8 
power of distance from the stack. The per capita doses 
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have been calculated for populations of JO5, 106 ,and 
107 people uniformly distributed around the fence at a 
density of 1000 people/km2. The annual per capita 
doses for the three populations turn out to be 1.9 
mrads, 0.28 mrad, and 0.04 mrad, respectively. We 
must recognize that this, in fact, overestimates the per 
capita dose because a dose of 500 mrads would occur 
only in the downwind sector, which would be perhaps 
one-eighth of the plant fence circumference. For 
seven-eighths of the plant circumference, the dose 
would be very much less than 500 mrads/year. We now 
begin to see the kind of built-in conservatism that 
exists in the AEC regulations and that, even under the 
worst conceivable conditions, 10 million people distrib-
uted around a boiling-water reactor would receive no 
more than a total of 400 man-rads instead of the 1.7 
million man-rads permitted under a literal interpreta-
tion of current regulations. 

As mentioned earlier, 106 man-rads may produce 
20 cases of leukemia in the lifetime of the exposed 
population. Four hundred man-rads may on this basis 
cause 0.008 case per million exposed people. Assuming 
the mean sensitive life-span to be 60 years, 400 
man-rads/year could produce 0.5 case per million 
people per generation of 60 years. As explained earlier, 
this is an upper limit of risk, and the true risk is 
somewhere between zero and this upper estimate. 
Since the incidence of leukemia in the general popula-
tion is about 64 cases per million per year, the 0.5 case 
in 60 years would occur against a normal background 
of 4200 cases. 

With respect to genetic effects, if the doubling dose 
for spontaneous mutations is a per capita exposure of 
2 rads/year, 0.17 rad/year delivered over m?ny genera-
tions would result in about an 8% increase in the 
spontaneous mutation rate. However, since the man at 
the fence can rcecivc no more than 0.5 rad, the 
external radiation dose from the plume would, at the 
limit of permissible exposure, result in a per capita 
annual dose of 0.04 mrad in a population of 10 million 
people, as previously shown. On the improbable 
assumption that these 10 million people constitute a 
closed breeding population for as many generations as 
st takes to reach equilibrium, the spontaneous muta-
tion rate would eventually be raised by about G.GS%. 
This rise is equivalent to the change in radiation 
exposure that might be cxpected from living at a 
difference of about ID ft in altitude. 

To placc all this in further perspective, note not 
only the well-established fact that increased tempera-
ture. like ionizing radiation, can cause gcnctic muta-
tions but also the suggestion that as many as 50% of 

the mutations that occur normally in contemporary 
man might be due to the increase in testicular 
temperature caused by the male practice of wearing 
trousers. Although this observation on the effect of 
trousers appeared in the literature in 1957, I am 
unaware of any subsequent popular movement to 
prescribe kilts in place of the more mutagenic habit of 
dress of the American male.12 

STANDARDS PERTAINING TO 
ENVIRONMENTAL CONTAMINATION 

The 1CRP and NCRP standards for permissible 
human exposure to radioactive substances are based on 
the assumption that the permissible amount of radio-
active substances accumulated within the body or in 
the critical organ should not cause the permissible 
annual dose to be exceeded. These figures are then 
translated into maximum permissible concentrations of 
each radionuclide in air or water by using a set of 
physiological parameters that describe the movement 
of each element to the critical organ and the daily rate 
at which the contaminants are inhaled or ingested. In 
the case of ingestion, the AEC regulations give only the 
maximum permissible concentrations in drinking 
water. This is a defect since ingestion may be by way 
of food or water. The Federal Radiation Council 
approach is different and more logical since their 
recommendations, which they call radiation protection 
guides, focus on the permissible daily intake of a given 
nuclide, regardless of the source. 

Where several nuclides arc present, the AEC regula-
tions provide a method for weighing the effects of each 
in relation to the others in such a way that the 
maximum permissible radioactivity of the mixture of 
nuclides takes into consideration the contribution of 
the individual nuclides. In this case the method errs on 
the side of safety. For example, if 1 3 1 1 and 9 0 S r are 
present in drinking water, the maximum permissible 
concentration of the mixture might allow 50% of the 
1 3 1 1 permissible concentration and 50% of the 9 0 S r 
permissible concentration despite the fact that one 
nuclide irradiates the thyroid, the other irradiates the 
skeleton, and the effects are not thought to be 
additive. 

Another safety factor exists insofar as the long-
lived radionuclides arc concerned because the maxi-
mum permissible concentration is taken as that concen-
tration which will result in accumulation of the 
lifetime permissible body burden in 50 years. It can be 
shown from the mathematics of 9 0 S r accretion in the 
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skeleton that this provides a significant additional 
safety factor. 

Since the AEC regulations are stated in termF of 
the maximum permissible concentrations of radio-
nuclides in air and water, the regulations implied for 
many years that, if the maximum permissible concen-
tration is not exceeded at the point of discharge to the 
environment, the dose to humans will not be exceeded 
anywhere beyond the site boundaries. In most cases 
this is an enormously conservative assumption since 
dilution up to several orders of magnitude can and does 
take place beyond the point of release. However, it is 
also possible for physical or biological concentration to 
take place, and when this occurs the risk can be 
correspondingly increased. 

Within the past few years, the AEC standards have 
been modified to allow for biological concentration. In 
the case of 1 3 1 1 , the maximum permissible concentra-
tion in air has been reduced by a factor of 700 to allow 
for the fact that exposure to mart is increased by the 
tendency of iodine to deposit on forage and eventually 
pass to cow's milk. In addition, the regulations have 
been modified to require the licensee to demonstrate 
that accumulations in the food :hain are not taking 
place. The discharges to the environment are consid-
ered to be excessive if the radionuclides ingested by a 
sample of the population by any route of exposure 
exceed one-third the annual intake permitted for water 
and air. 

It should be noted that the Commission has always 
had the right to place upon the prospective licensee the 
responsibility of demonstrating that such concentra-
tion will not take place, and, although the AEC 
regulations were formerly silent on this point, no one 
who has followed the course of reactor licensing 
procedures over the years has ever doubted that the 
AEC has meticulously probed into questions of biologi-
cal concentration beyond the point of discharge. Under 
the AEC regulations a licensee can discharge radio-
active waste to the environment in concentrations 
greater than those permissible for immediate inhalation 
or ingestion if he can demonstrate the extent to which 
dilution takes place. 

The AEC requires the licensee to conduct moni-
toring programs in the vicinity of the reactor. This 
provides information about the concentration of radio-
active substances in air and water and also in whatever 
food products may be grown in the vicinity. Thus the 
question of human safety is not left to conjecture but 
is based on actual measurement of samples collected 
from the environment. Some of the AEC facilities, 
such as Oak Ridge and Hanford, have been collecting 

data for more than a quarter of a century, and 
experience at these places has produced valuable 
information that in many cases is directly applicable to 
civilian power reactors. 

For several years many of us in the field of public 
health and environmental protection have argued that, 
on the balance, electrical generating stations powered 
by nuclear fuels make better neighbors than those 
using coal or oil. It is true that nuclear plant? of the 
current generation discharge more heat to the environ-
ment than do the newest fossil plants. This places more 
stringent limitations on the use of water for condenser 
cooling, but regulations dealing with this problem are 
being promulgated in the various states for application 
to both nuclear- and fossil-fueled stations. 

Much has been said about the ecological effects of 
radioactivity discharged to the environment, but there 
is no evidence that this occurs at or above the levels of 
radioactivity permitted by AEC. Putting it more 
strongly, there is a considerable body of scientific d?ta 
that demonstrates that such effects do not take place. 
In contrast, we do know that certain vegetation is 
adversely affected by traces of sulfur dioxide and 
possibly other components of the combustion products 
of coal and oil .1 3 There have been millions of dollars 
spent investigating the ecological effects of low levels 
of ionizing-radiation exposure, but the/e have been 
comparatively few studies of the ecological effects of 
the chemicals in fossil-fuel effluents, despite the fact 
that we know these effects take place and can be 
observed. 

In most parts of the country, fossil fuels are the 
only practical alternative to nuclear fuels. We know, 
beyond any doubt, that sulfur dioxide discharged to 
the environment by plants burning fossil fuels has been 
responsible for many deaths in the general population, 
particularly during periods of meteorological stagna-
tion. Even the innocent gas, carbon dioxide, produced 
by combustion of fossil fuels, is accumulating in the 
earth's atmosphere and is regarded as a long-range 
threat to the world's heat balance, with the possibility 
of eventual climatic changes on a disastrous scale.14 

Finally, it is a curious fact that, because radium and 
other radioactive substances arc normally present in 
fossil fuels, the radioactive atmospheric emissions from 
fossil-fueled plants arc not insignificant compared wi?h 
those from many nuclcar plants.1 5 , 1 6 These are among 
the reasons that some of us are convinced that nuclear 
reactors make good neighbors. 

Additional reasons arc to be found in the actual 
operating experience of the civilian power-producing 
reactors. The atmospheric and liquid effluents are in 
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most cases less than 1% of the amounts permitted by 
AFC standards, and the public-health risks, though 
Unite, are so small as to be more than offset by even 
the most modest of the benefits of increasing man's 
available electrical resources. 

CONCLUSIONS 
From the foregoing it is possible to draw certain 

conclusions which constitute the thesis of this presen-
tation and which indicate that, although the record of 
the AEC has been a good one from the point of view of 
the public-health official, changes in the present 
regulatory system are being demanded to continue to 
lessen differences between public attitudes and the 
AEC that are still not completely resolved after IS 
years of almost continuous debate. 

The AEC regulations are substantially compatible 
with the recommendations of ICRP and NCRP. More-
over, they are both scientifically and philosophically 
compatible with evaluations of the state of our 
knowledge of radiation effects that have been under-
taken from time to time by other national and 
international bodies, including the United Nations 
Scientific Committee on the Effects of Atomic Radia-
tion, our National Academy of Sciences,5 and the 
British Medical Research Council.17 

The AEC regulations have resulted in a safety 
record that is unsurpassed for any major industry. In 
the 27 years that have passed since the first reactor 
went critical in December 1942, there has been ample 
time to evaluate the basic adequacy of the systems of 
control that have been derived. 

Although there are ambiguities, inconsistencies, 
and perhaps even deficiencies in the AEC regulations 
for permissible discharges to the environment, they are 
adequate to protect the public health. The standards 
contain enormous built-in conservatism. 

The present system of AEC regulation, which puts 
major emphasis on Jie maximum permissible concen-
trations of radionuclides In air and drinking water, 
should be changed in favor of specifying the maximum 
permissible daily intake from all sources. This is the 
met'iod used by the Federal Radiation Council and is 
preferable bccause it automatically takes into consid-
eration such factors as multiple sources of exposure 
and ecological factors. 

Although neither NCRF nor AEC is sacrosanct, 
considerable weight must be given to the fact that the 
ponderous procedures of these organizations have 
produced a set of regulations that are workable and 
that have successfully protected the public health for 
mojc than a quarter of a century. 

An examination of 27 years of experience would 
seem to indicate that the AEC has been fully prudent 
in discharging the responsibilities Congress bestowed 
on it in the health and safety field. However, it is clear 
that this judgment is not shared by many people. For 
reasons probably related to factors other than the 
excellent safety record it has achieved in the nuclear 
power field, the AEC does not have the high degree of 
public confidence that is necessary for smooth develop-
ment of the electrical generating industry. There 
remains a credibility gap that has not been closed after 
more than 15 years of debate. 

A significant factor in the credibility gap is the 
unusual dual responsibility of the AEC for both 
development of civilian nuclear power and protection 
of the public health. Although I personally believe that 
the AEC has an excellent record of accomplishment in 
both areas and has retained a high degree of objectivity 
in facing its responsibilities for health and safety, the 
public is not fully convinced that this is so. For this 
reason I believe it would be in the public interest to 
begin active consideration of the means by which the 
regulatory responsibilities of the AEC can be trans-
ferred to some other agency of government or shared 
with them. Only in this way can we hope to assure the 
public that the present apparent conflict of missions is 
not operating to its detriment. However, a transfer of 
regulatory responsibility cannot be accomplished 
easily. The AEC has well-developed regulatory 
machinery of a type that does not exist in any other 
branch of government. Although in theory it would be 
possible to transfer this organization in toto to another 
agency, this would not be wise because interagency 
transfers are always disruptive of morale and working 
efficiency. 

As a compromise the newly created Environmental 
Protection Administration (EPA) should be given a 
more prominent role in the regulatory program. The 
EPA rather than the AEC should promulgate the 
numerical standards of permissible exposure. The AEC, 
with its highly developed capability to evaluate reactor 
designs, should continue to consider applications for 
new reactors and should continue to monitor construc-
tion and operation to assure compliance with the terms 
of the license. However, the EPA, in collaboration 
with the states, should undertake the responsibility of 
effluent monitoring and ecological surveillance. By 
sharing its present statutory regulatory authority with 
the EPA in this way, the credibility gap that now exists 
between AEC and many segments of the public can 
hopefully be closed. 
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RADIATION IN PERSPECTIVE: SOME COMPARISONS OF THE ENVIRONMENTAL 
RISKS FROM NUCLEAR- AND FOSSIL-FUELED POWER PLANTS 

By Andrew P. Hull 

[Nucl. Safety, 12(3): 185~196 (May-June 1971)] 
Abstract: Fossil- and nuclear-fueled steam plants seem the 
practical means for meeting immediate power needs. The 
use of nuclear-fueled plants is being restricted |rn several 
instances because reactor-related hazards have been 
exaggerated. Ninety power reactors, in the United States and 
abroad, have generated 2.5 X JO11 kWh over 650 reactor-years 
without serious incidents. Comparison of routine discharges of 
hazardous agents from different types of steam power plants 
shows that nuclear-fueled plants produce the lowest 
concentrations of such agents relative to protection standards. 
Radioactive releases associated with the Brookhaven Graphite 
Research Reactor are comparable to the upper amounts 
anticipated from 1000-MW(e) reactors, and the measured 
Brookhaven external radiation levels, deposition, and aquatic 
concentrations suggest that the radiation level in the vicinity of 
large power reactors should be insignificant. The calculated risk 
("lCf1 /year) of fatal injury from the anticipated maximum 
exposures of a few millirems per year above natural 
background is small compared with that of other accepted 
hazards of everyday living. 

The safety of nuclear power reactors and the routine 
release of radioactivity from these plants has become 
a matter of widespread public concern. Much of this 

concern stems from conjecture and speculation that is 
due in part to the technical nature of the data and the 
nontechnical nature of the public. 

Brookhaven National Laboratory (BNL) was 
established on Long Island 20 years ago, and the 
air-cooled Brookhaven Graphite Research Reactor 
(BGRR) was operated as one of its major research 
facilities from 1951 to 1968. The establishment of 
BNL preceded the adoption of uniform national 
radiation protection standards by the AEC, and at that 
time less was known about environmental radioactivity 
than is the case today. Conservative practices were 
adopted with regard to release of reactor air and liquid 
from the BGRR to the environment, and the releases 
turned out to be similar to those anticipated from the 
large nuclear power plants now under construction at 
many locations in the United States. 

As part of its mission to obtain scientific 
information, BNL has maintained a more extensive 
environmental monitoring program than that which 
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would be required in the vicinity of a nuclear power 
reactor to establish compliance with radiation 
protection standards. The experience to date with 
nuclear reactors, in addition to the data developed at 
Brookhaven, led to the conclusion that nuclear reactors 
possess a high degree of safety and that the 
environmental radiation risk associated with the 
operation of nuclear power reactors should be small 
compared with that from conventional fossil-fueled 
plants. 

ASSUMPTIONS 
The potential risks of nuclear power plants can be 

considered sensibly only in the context of the alternate 
choices. Three underlying assumptions are basic to this 
discussion. 

1. Electricity is a basic necessity to a technological 
civilization. A review of recent electrical power 
statistics and a projection of future requirements to the 
year 2000 are presented in Table 1, which was adapted 
from information on the environmental effects of 
producing power and recently published for use of the 
Joint Committee on Atomic Energy.1 Apparently the 
nation's generating capacity will have to be doubled 
about every decade to meet the anticipated demand, 
and, even with the anticipated introduction of nuclear 
power , a substantial increase in conventional 
fossil-fueled generating capacity will also be required to 
meet the total projected needs for electric power. 

2. All human interventions related to the 
extraction and consumption of energy have the 
potential for both cost and benefit. Some concrete 
instances are suggested in Table 2 with regard to the 
present alternatives for electric-power generation. 

3. For most areas of the United States, fossil- or 
nuclear-fueled power plants offer the only practicable 
means of meeting the near-future electric-energy 
demand. Various other methods for producing 

Table 1 Use and Projected Demand for Electric 
Power in the United States* 

Year 

1950 1968 1980 2000 

U. S. populstion, millions 152 202 235 320 
Electricity generating 

capacity, 10 MW 
Total 85 290 600 1352 
Conventional (hydro- 85 287 450 411 

electric, fossil) 
Nuclear 0 3 150 941 

•Based on data from Ref. 1. 

electricity, such as the magnetic-hydrodynamic topping 
cycle, the fuel cell, and the fusion reactor, are under 
development. However, none is sufficiently advanced 
to be applied "off the shelf' in meeting immediate 
needs for power. 

It follows from these assumptions that the real 
issue before the public is which technology, fossil or 
nuclear, will yield the greatest overall benefit-to-risk 
ratio. In contrast to most technological innovations 
(including that of the use of fossil fuels), this sort of 
consideration has been uppermost from the outset in 
the development and employment of nuclear power 
reactors. In his annual report for 1969 to the United 
Nations, Dr. Sigvard Eklund, Director General at the 
International Atomic Energy Agency (IAEA), stated, 
in part, "From the start the utmost care has been 
exercised to control the release of artificial 
radioactivity into the environment, indeed far more 
care has been taken with, and far more rigid legislation 
and standards are applied to nuclear energy than to any 
o t h e r p o t e n t i a l source of e n v i r o n m e n t a l 
contamination. Far from being a major contributor to 
the .pollution of the environment, nuclear energy can 
be a factor which will diminish pollution if it is used as 
a substitute for other sources of electric power such as 
coal and oil."2 

MALFUNCTIONS AND CATASTROPHES 
Although a balanced assessment of the adverse 

effects of power plant effluents on the environment 
should be devoted primarily to those released during 
routine operations, some considerations of the proba-
bility of catastrophic accidents seem appropriate in the 
present context. Even with conventional technologies, 
the dramatic nature of catastrophes is such that they 
are often given far more attention than routine 
mishaps, even though it may be shown that the latter 
are, in the aggregate, far more costly per capita. This is, 
for example, evident in the relative amounts of 
attention given and resources devoted respectively to 
air and to highway safety. 

With regard to catastrophes, the public safety first 
approach of the atomic industry has included an 
assessment of the potential consequences of cata-
strophic events in what is known as a "safety analysis." 
In this analysis it must be convincingly established 
that, for the most serious plausible simultaneous 
occurrence of malfunctions and failures, the so-called 
DBA (design basis accident), the release of radioactiv-
ity would be sufficiently limited so that no person in 
the environs would be seriously affected now or in the 
future. Some unwarranted apprehension about the 
inherent safety of reactors has been created by a 
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Tabic 2 Risks and Benefits from the Generation and 
Distribution of Electricity 

Type of plant Risks Benefits 

Hydroelectric 

Gas-fired 

Oil-fired 

Coal-fired 

Nuclear 

Alteration of stream flow; destruction 
of habitats and scenery, such as by 
reservoirs and long transmission lines 

Destruction of sccncry, such as by pipe-
lines and plant stacks; air pollution 
with many substances; alteration of 
local ccology by thermal waste 

Destruction of sccncry, such as by pipe-
lines, storage tanks, plant stacks, and 
ash-disposal areas; water pollution; 
air pollution with many substances; 
alteration of local ecology by thermal 
waste 

Destruction of scencry, such as by strip 
mining, transport and storage facilities, 
plants, stacks, and ash-disposal areas; 
stream pollution (from mining refuse); 
?ir pollution with many substances; 
alteration of local ecology by thermal 
waste 

Destruction of scenery, such as by mining 
and processing facilities, plants, and 
stacks; minimal routine air and water 
pollution with radioactive ash; pos-
sible leakage during the long-term con-
finement of high-level radioactive 
wastes from fuel-repiocessing facilities; 
possible accidental release of signifi-
cant quantities of radioactivity due to 
a reactor malfunction; alteration of 
local ecology by thermal waste 

Energy; employment; 
flood control; 
recreation 

Energy; employment; 
by-products 

Energy; employment; 
by-products 

Energy; employment; 
by-products 

Energy; employment; 
by-products (i.e., 
isotopes useful in 
medicine, industry, 
research, etc.) 

favored device of some reactor critics; they quote from 
the consequences portions of the safety analyses, out 
of context, with little or no indication of the exceeding 
improbability of the postulated events. 

To inject a consideration of probability into this 
presentation, note that over 300 civilian and military 
nuclear reactors are now operating or have been 
operated in the United States.3 A few have been 
functioning for as long as two decades, and a total of 
well over 2000 reactor-years of experience has been 
accumulated. A malfunction leading to the release of a 
significant, let alone a catastrophic, amount of radio-
activity to the environment has yet to occur in this 
nation in connection with reactor operation. Perhaps 
more pertinent, it was recently indicated at an IAEA 
symposium on nuclear power-reactor components that 
the 90 power reactors now in operation throughout the 

world have generated 250 billion kWh of electricity 
and have accumulated 650 years of experience, all 
without serious incidents.4 

A study of the possibilities and consequences of 
some hypothetical, but highly improbable, catastrophic 
reactor accidents was made at BNL almost 15 years 
ago, when the Price—Anderson Act (AEC indemnity 
legislation) was first proposed. This report5, generally 
referred to as WASH-740, has frequently been cited in -
the continuing debate about reactor safety. Starr6 has 
since calculated that the probability of the incident the 
authors envisioned is about comparable to that of a jet 
transport crashing into an occupied sports stadium, 
that is, about 1 : 300,000,000. Starr commented that 
no one has suggested, on the basis of this probability, 
that we should abandon either spectator sports or 
airline service. In reaffirming the applicability of the 
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Brookhavcn study, when tlie extension of Price-
Anderson was under consideration in 1965, AEC 
Chairman Seaborg indicated that, although the conse-
quences of a major accident could be greater, the 
likelihood of a major accident was still more remote 
than originally suggested.7 

Perhaps because we are accustomed to them, we 
are sometimes forgetful of the catastrophes and near-
catastrophes that are at least in part attributable to the 
uses of fossil fuels, such as mine explosions,8 floods 
related to strip mining,9 oil leakage from tanker 
wrecks,10 and urban air-pollution incidents11 in which 
excess mortality over normal rates has been docu-
mented. 

The favorable safety record of nuclear reactors is a 
result of the conscious provision of several successive 
layers of protection in their design and operation. 
These include: 

1 . Careful training and practices. Operators are 
trained for licensing as though the entire safety of the 
reactor depended solely on their actions. 

2. Electronic safety monitors. These automatic 
backup devices continuously sense the condition of the 
reactor and associated equipment. They react much 
faster than a human operator could to shut down a 
reactor in the event that any significant indication 
exceeds preset operating limits. 

3. Self-limiting behavior. The arrangement of the 
fuel and the inherent characteristics of a nuclear 
reactor are such that most imaginable accidents would 
tend to be self-limiting if the many control devices ever 
failed to operate. 

4 . Fuel cladding. The fissionable material is 
"canned" to minimize the possible escape of fission 
products from the fuel. 

5. Primary-system enclosure. The entire nuclear 
"furnace," or reactor, including the canned fuel, is 
located inside a pressure vessel to minimize release of 
fission products that might escape from the fuel. 

6. Building containment and engineered safety fea-
tures. These are provided to further minimize the 
release of fission products to the environment if they 
should escape from the primary system that is within 
the containment building. 

It seems appropriate in concluding this considera-
tion of catastrophes to suggest that the public welfare 
would be much enhanced if the degree of attention to 
safety and the employment of many backup devices 
comparable to those now routinely provided for 
nuclear reactors were applied to other large-scale 
technologies with a view to promoting the same kind 

of conservative design and review prior to their 
application or extension. 

ROUTINE EFFLUENT RELEASES 
When the situation with regard to the effluents 

produced by the routine operation of power facilities is 
examined, it appears that in principle the hazardous 
agents from both fossil- and nuclear-fueled plants are 
controllable at almost any level which those respon-
sible deem advisable or which the public insists upon. 
However, the closer to zero this level is set, the greater 
is the economic cost ultimately passed on to the 
consumer. In practice, effluent control seems largely 
governed by the state of the available technology and 
the economic cost of its application. From both 
standpoints, nuclear plants appear to have an advan-
tage; that is, the technology for the control of 
radioactive emission is more developed and, as sug-
gested by Lane,12 will probably be less costly than 
that for the comparable control of the several conven-
tional pollutants emitted from fossil-fueled plants, 
particularly for advanced types of reactors. 

What this means is suggested by the comparison of 
the respective fuel requirements and of the principal 
types and amounts of atmospheric pollutants released 
from various 1000-MW(e) plants using coal, oil, gas, or 
nuclear fuel, as shown in Table 3. The data for 
fossil-fueled plants are calculated from those published 
by Terrill, Harward, and Leggett13 and, for nuclear 
plants, from those reported for 1969 by the Division of 
Compliance of the AEC.1 4 The data for radioactive 
noble gases are from Ref. 15. As originally suggested 
by Eisenbud and Petrow, on the basis of the much 
greater health significance of radium nuclides, the 
amounts of radioactivity released from conventional 
plants are biologically comparable to those released 
from nuclear plants.16 It is apparent from Table 3 that 
to meet projected power needs with, fossil-fueled plants 
would require releasing millions of pounds of obnox-
ious agents, including some radioactivity, to the envi-
ronment for years to come during the operational 
life time of these plants. 

The clean-air advantages of nuclear plants are 
clearly shown in Table 4, which is also partly from 
Ref. 13 and partly from Ref. 14. Table 4 shows the 
volume of air required to dilute the yearly amount of 
released air effluents to suggested conventional-
pollutant concentration standards or to established 
radiation protection standards. 

It should be noted that a plant stack release limit 
for radioactive noble gases is based on ground-level 
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Table 3 Effluents from lOOO-MW(e) Electric-Power Stations 

Coal 

Type of Fuel 

Oil Gas Nuclear 

Annual fuel consumption 2.3 x 106 tons 460 x 106 barrels 6800 x 106 f t 3 2500 lb* 

Annual release of pollutants,f 
millions of pounds 

Oxides of sulfur 
Oxides of nitrogen 
Carbon monoxide 
Hydrocarbons 
Aldehydes 
Fly ash (97.5% removed) 

306 
46 
1.15 
0.46 
0.12 
9.9 

116 
48 
0.02 
1.47 
0.26 
1.6 

0.03 
27 

0.07 
1.0 

0 
0 
0 
0 
0 
0 

Annual release of nuclides, Ci 
1620-year 2 2 6 Ra 
5.7-year 2 2 8 Ra 
10.8-year 8 5 Kr+ 5.3-day 1 3 3Xe 
Radioactive noble gases:}: 

PWR§ 
BWR§ 

131 j 

PWR § 
BWR§ 

0.0172 
0.0108 
0 

0.00015 
0.00035 
0 

0 
0 

600 
1.11 x 10® 

0 
0.85 

* From a fuel reserve of approximately 27,500 tons, 
t From Ref. 13. 
$ For a PWR with greater than 1 month j gas! holdup, these gases would be 10.8-year s s K r and 5.3-day 

1 3 3 Xe. The typical 30-min-holdup and diffusion mixture from a BWR is composed primarily of 1.3-hr 87Kr, 
2.8-hr 8 8Kr, 9.2-hr 1 7 5Xe, and i?-min 1 7 8Xe (from Ref. 15). 

§ Calculated from average of releases during 1969 as reported in Ref. 14; yearly totals estimated for those 
plants with less than 9 months of full-power availability. 

dose and not the concentration per se. However, the 
Table 3 comparison remains valid insofar as the dose is 
closely related to the ambient radioactive gas concen-
tration at and beyond most plant-site boundaries. One 
way of interpreting the generally smaller dilution 
volume of nuclear reactor plants is to say that, on the 
average, they release lower average concentrations of 
deleterious agents relative to accepted protection 
standards than do fossil-fueled plants. 

The air pollutants from fossil-fueled plants are 
perhaps reason for greater concern when seen in the 
context of the total emission from all conventional 
air-pollution sources, as tabulated below:1 3 

Total 
Source or pollutant 

Carbon monoxide 
Sulfur oxides 
Hydrocarbons 
Nitrogen oxides 
Particulates 
Electricity generation 

~125 x 10° tons 

65 x 106 tons 
23 x 106 tons 
15 x 106 tons 
8 x 106 tons 

1.2 x 106 tons 
12.5% of total, including most 

of the sulfur oxide emission 

A National Research Council committee on pollution 
has calculated that the total cost attributable to these 
air pollutants is $13,000,000,000, or $65 per capita.17 

Starr has calculated that these air pollutants result in 
about 20,000 deaths per year.6 

As shown in Tables 3 and 4, the principal air 
effluents from nuclear reactors, in particular the 
boiling-water (BWR) type, are the fission-product 
noble gases, xenon and krypton. Although they are not 
retained in the body, the short-lived nuclides of these 
gases are of concern insofar as they may contribute to 
a noncumulative increase in the external radiation 
background in the local vicinity while a reactor 
emitting them is in operation. The increases in back-
ground attributable to these gases in the vicinity of 
power reactors have been in general too small to be 
measurable. Although the increases in external radia-
tion levels in the vicinity of BNL during the years in 
which the air-cooled Brookhaven Graphite Research 
Reactor (BGRR) was in operation were well within 
radiation standards, they were large enough to have 
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Table 4 Volume of Air Required To Meet Concentration Standards 
for Yearly Emission from a lOOO-MW(e) Plant 

Type 
of 

plant Pollutant Standard* 
Discharge 
quantity* 

Dilution volume 
required to 

meet standard, 
109 m3 

Coalf Sulfur dioxide 0.1 ppM$ 
0.025 ppM§ 

306x 106lb 531,000 
2,120,000 

Fly ash (97.5% removal) 
2 2 6 Ra 
2 2 8 Ra 

O.i pCi/m3 

0.3 pCi/m3 
0.0172 Ci 
0.0108 Ci 

172 
36 

Oilf Sulfur dioxide 0.1 ppM* 
0.025 ppM§ 

116 x 106 lb 202,000 
810,000 

Nitrogen dioxide 
Fly ash (97.5% removal) 

2 2 6 Ra 
2 2 8 Ra 

2 ppM 

0.1 pCi/m3 

0.3 pCi/m3 

48 x 106 lb 

0.0015 Ci 
0.0035 Ci 

5,770 

1.5 
1.2 

Gasf Sulfur dioxide 0.1 ppMt 
0.025 ppM§ 

0.03 x 106 lb 45 
180 

Nitrogen dioxide 2 ppM 27 x 106 lb 3,220 

Nuclearf 8 5 Kr+ 1 3 3 Xe 
Short-lived 

noble gases + 85Kf+ i33Xc 

300,000 pCi/m3 

330,000 pCi/m3 
PWR, 600 Ci 
BWR, 1,110,000 Ci 

2.0 
3,360 

131 j 100 pCi/m3 for 
inhalation 

PWR, 0 
BWR, 0.85 Ci 

0 
8.5 

0.2 pCi/m3 for 
air, grass, 
and milk 

PWR, 0 
BWR, 0.85 Ci 

0 
4,250 

*1 ppM = I part per million = 1/1,000,000. 
1 pCi 85 2.2 radioactive events per minute. 
1 Ci = 2,200,000,000,000 radioactive events per minute. 

fCalculations based on Rcf. 13. 
11-hr exposure. 
§ Long-term average exposure. 
U Calculated from average of releases during 1969 as reported in Rcf. 14; yearly totals estimated for 

those plants with less than 9 months of full-power availability. 

been measurable and are therefore useful as a basis 
from which to estimate the upper limits that may be 
anticipated from operation of the large nuclear power 
reactors now coming on line. Since the air used to cool 
the BGRR was briefly subjected to the neutron flux in 
the reactor, some of its constituent elements were 
activated, with the principal product being 4 1 Ar 
(which has a half-life of 110 min). Its yearly emission 
rate18 was about 4,350,000 Ci. This rate was 
comparable to the release of about twice as many 
curies of fission-product noble gases since the latter 

have a lower effective radioactive energy (about one-
half that of 4 1 Ar). 

To date the radioactive gaseous releases from 
power reactors have been much smaller than those 
from the BGRR. In 1969 the largest reported release 
was 800,000 Ci (4,000 Ci/MW) from the Dresden 
Nuclear Power Station.14 This was comparable on an 
energy basis to about one-tenth of the annual release 
rate of 4 1 Ar from the BGRR. Other reported releases 
from BWRs during 1969 were Humboldt Bay Power 
Plant, 490,000 Ci (7,150 Ci/MW); Big Rock Point 



6U 

Nuclear Plant, 200,000 Ci (2,850 Ci/MW); Oyster 
Creek Nuclear Power Plant, 7000 Ci (130 Ci/MW*); La 
Crosse Boiling Water Reactor, 480 Ci (9.6 Ci/MW); and 
Nine Mile Point Nuclear Station, 55 Ci (4.6 Ci/MW*). 
The release rates from BWRs with a brief history arc 
much less than those from oider plants such as 
Humboldt Bay and Big Rock Point. The releases from 
the latter were indicated by Blomeke and Harrington19 

to have been abnormally high owing to the presence of 
defective stainless - steel-clad fuel elements in their 
cores. During 1969 the average gaseous radioactive 
release from pressurized-water reactors (PWRs) was 
175 Ci (0.6 Ci/MW). 

The increases in ambient gamma radiation when 
the BGRR was operated at 20 MW are shown in Fig. 1. 
At the distance to the BNL perimeter, about 1 rnile, 
the average level was 0.055 rem/year. This was equal to 
about 50% of the measured natural background and was 
one-tenth of the applicable AEC radiation protection 
standard for individuals in the general population. At a 
distance of 2 miles the increase averaged 0.018 
rem/year; at 3 miles, 0.007 rem/year. 

If the average 1969 release rate of noble gases from 
BWRs is accepted as typical, an estimated yearly 
release of 1,110,000 Ci of fission gases would be 
contained in the air effluent from a 1000-MW(e) BWR. 
If we assume that conditions of stack height, prevailing 
winds, and terrain are similar to those which prevailed 
at the well-ventilated BGRR site, increases in back-
ground about one-seventh of those observed at BNL 
would be anticipated in the vicinity of this plant. 

The 2.5 Ci/year of 1 3 1 1 released from the stack 
during operation of the BGRR may be compared with 
an estimated 0.85 Ci/year from a 1000-MW(e) plant. 
The latter was calculated from the average of reported 
releases for 1969 adjusted for power level.14 The 
average ground-level concentration of iodine 1 mile 
from the BGRR stack was about 0.005 pCi/m3, or 
1/20,000 of the applicable radiation protection stan-
dard. Comparable or lower concentrations may be 
anticipated in the vicinity of power reactors. At no 
time has 1 3 1 1 or any of the particulate radionuclides 
released from the BGRR stack in somewhat smaller 
concentrations been present in detectable concen-
trations in vegetation or milk collected from nearby 
dairy farms (between 3 and 5 miles from the stack). 
There has also been no measurable long-term increase 
in external background radiation levels over those 

'Estimated from release data for a partial year of opera-
tion. 

DISTANCE FROM STACK (miles) 

Fig. I Downwind and average gamma radiation in the vicinity 
of the BGRR when operated at 20 MW. 

measured prior to the startup at the BGRR, which 
suggests that the accumulated deposition of long-lived 
stack effluent nuclides has been negligible. As also 
indicated by a recent U. S. Public Health Service survey 
around the Dresden plant,20 no measurable deposition 
of long-lived nuclides would be anticipated in the 
vicinity of power reactors. 

Principally in connection with releases from fuel-
reprocessing facilities, concern has been expressed 
about the worldwide buildup of 8 SKr (which has a 
half-life of 10.4 years) and of tritium (which has a 
half-life of 12.3 years). Projections made by Cowser, 
Boegley, and Jacobs21 of the worldwide accumulations 
of these nuclides through the year 2000 and of the 
accompanying increases in dose rates are shown in 
Table 5. The data for 8 5 Kr were derived from its 
radiation protection standard and were based on a 
calculated external dose of 500 mrems/year to the skin 
of an individual submerged in a semi-infinite cloud of 
this gas. Dunster recently pointed out that this 
standard is overly conservative since the accompanying 
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Table 5 Calculated 8 5 Kr and Tritium Production and Dose Rates41 

Year 

Accumulaicd 
8 5Kr, 
106 Ci 

Sca<tevcl 
body-surface 

dose rate, 
mrcm/ycar 

Accumulated 
tritium, 
ID6 Ci 

Body-iissue 
dose rate* 

mrcm/ycar 

1970 13 0.008 0,32 0.000008 
1980 210 0.13 6.3 0.00015 
1990 1100 0.65 32 0.00071 
2000 3150 1.8 96 0.0021 

•From Rcf. 21. 

genetic dose for a given concentration of 8 s K r would 
be only 1% of the external skin dose.2 2 

Conventional power plants apparently have not 
contributed materially to the pollution of many of the 
rivers and lakes in the United States. There is no reason 
to suppose that nuclear plants will differ in this regard. 
The amounts of activity release that may be antici-
pated from a lOOO-MW(e) PWR and from a BWR of 
similar capacity arc shown in Table 6. These values are 
based on the average of the amounts of radioactive 
mixed fission and corrosion products and of tritium 
reported to have been released to liquid wastes from 
power reactors during 1969 (Rcf. 14). In general, the 
amounts of tritium released from PWRs exceed those 

released from BWRs. The amounts of water required to 
dilute this released radioactivity to radiation protection 
standards appear to be small, when compared with the 
flow of a major river (such as the Hudson, 2.92 X I01 2 
gal/year) or to the volume of the large bodies of water 
(such as Long Island Sound, 16 x 10*2 gal inventory 
and 5.5 x 10 1 2 gal yearly inflow) that are suitable for 
power-reactor siting. The calculations for Long island 
Sound suggest that the released amounts may also be 
small compared with the amountsof natural long-lived 
activity already present in many rivers, lakes, and bays 
receiving reactor effluents. The amount of tritium 
released, in the order of 102 Ci/year from a 
lOOO-MW(e) BWR, and IG4 Ct/year from a 

Table 6 Calculated Radioactivity in Liquid Effluents 
from lOOO-MW(e) Power Reactors 

Type of activity 

Mixed fission 
and corrosion 

products Tritium 

PWR 
Amount of activity in cfnucnt. Ci 26.5 7.7 x 103 

Volume of water required to dilute to 
radiation standard,* gal 70 x 10*' 675 x 10* 

BWR 
Amount of activity in effiuent, Ci 27.5 50 
Volume of water required to dilute to 

x 106 radiation standard,* gat 72.5 x 10" 4.5 x 106 

Long Island Sound natural background 
radioactivity, Ci 

Inventory 600f 3 x 10* t 
Yearly inflow I05f 1 X 10 4 t 

•Applicable radiation protection standards j x 10"7 pCi/ml; docs not 
require analysis for individual nuclides. 

ICalculatcd from measured gross beta concentrations, which arc 
assumed to rcflect those of 4 0 K but not those of tritium. 

^Calculated; based on onc-scvcntisth of tritium concentration of 500 
pCi/liter, as reported by Wrenn.23 
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1000MW(e) PWR, should be viewed in the context of 
a reported cosmic-ray production of 4,000,000 to 
8,000,000 Ci/ycar.*4 

The low4evcl radioactive liquid-waste experience at 
BNL is not directly relevant to that of a power reactor 
situated on a large body of water, since the Laboratory 
is located on the headwaters of the Peconic River, the 
flow of which is small by comparison with the volume 
of water required for cooling by a power reactor. 
However, the release and nearby downstream concen-
trations of the BNL liquid effluents as shown in Fig. 2, 
have been comparable to those from power reactors. 
At the point of release the effluent has been found 2 5 

to contain about 50% l 3 7 Cs, 10%'*°Sr, and about 10% 
6 0 C o . There has been, if anything, a greater opportun-
ity for ^concentration of these nuclides in the locally 
limited aquatic environment than would usually be the 
case. As shown in Fig. 3, in the routine downstream 
surveillance on the Peconic, small amounts of some of 
the longer lived radionuclides, such a s 6 0 C o and 1 3 7 C s , 
known to be present in the BNL effluent, have also 
been found in plants. Similar concentrations have been 
found4 5 in ftsh, turtles, and other biota obtained 
within a few miles below the site boundary. Calcula-
tions based on the most generous assumptions about 
dietary habits suggest that even the most avid angler or 
watercress fancier could not have ingested more than 

O 5 10 15 2 0 
DISTANCE DOWNSTREAM FROM OUTFALL (km) 

Fig. 2 Average gross beta and H concentrations in Pcconic 
River monthly samples. 
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Fig. 3 Radioactivity in Peconic River vegetation in 1969. 
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25% of the allowable daily intake of these nuclides 
derived from their radiation protection standards. More 
reasonable assumptions suggest that the amounts of 
nuclides actually consumed have been less than 1% of 
those allowable. 

The operating experiences at six power reactors 
with regard to both gaseous- and liquid-waste dis-
charges were reviewed in 1968 by Blomcke and 
Harrington.19 Their study indicated that power-reactor 
liquid effluents are generally being controlled at a small 
percentage of release limits, which arc based on the 
radiation protection standard in the receiving body of 
water. The BNL experience suggests that the accumula-
tion of radioactivity in the aquatic environments of 
power reactors would be radiolo#cally insignificant. 
The nuclide of greatest interest, in terms of the 
anticipated discharge quantities, appears to be tritium. 
Calculations by way of example can show that, if ten 
IQQQ-MW(e) PWRs each discharged 3000 Ci/year of 
tritium to Long Island Sound, a person obtaining his 
entire food supply from aquatic animals and plants 
from the sound would rcccivc a dose increment of 0.07 
mrem/ycar. 

RISK ESTIMATES 

Some quantitative estimates of these and other 
risks in terms of the probability of fatal injury or effect 
per year to an exposed individual arc shown in Table 7. 
The value for 1 mrem/ycar of radiation was inferred 
from data published by the International Commission 
on Radiological Protection (ICRP) that are based on 
the conservative assumption that effects observed at 
high dose (in the order of IOOrcms) are linear with 
decreasing dose and dose ra te . 2 6 , 2 7 The other esti-
mates are based on Starr's calculations from observed 
mortality data . 1 6 , 2 8 The risk from the highest radia-
tion levels of a few millirems per year to an individual 
living adjaccnt to the boundary of a nuclear rcactor site 
seems trivial in comparison with the many other risks 
seldom taken into consideration by the populace. 

Design options are now available that could reduce 
the amounts of radioactivity per megawatt of capacity 
in the effluents of future BWRs and PWRs by one or 
two orders of magnitude below those now prevailing 
and used for the comparisons made herein. In view of 
the already minimal risk connected with the routine 
release of effluents from plants of current design 
operated with current practices, significant expendi-
tures or reductions in power-plant reliability to reduce 
these releases seem difficult to justify. The clamor 
from political quarters for more restrictive limits on 
reactor effluents seems especially ironic when the 

i'able 7 Annual Probability of Fatal Injury 
from Radiation and Other Causes 

Individual 
probability 

o f fatal injury or 
effect per year 

o f exposure Reft . 

Radiation at 1 mrem/year* 1 X I0"7 26,27 
Natural disasters 2 x 10** 28 
Fossil-fuclcd power plants 4 x 10"* 28 
Electricity 2 x to"* 28 
Firearms 2 x H f 5 28 
Air pollutionf 1 X 10"* 6 
Smoking* S x ltf* 28 
Automobiles 1 X 10"2 28 
All diseases 1 X 10"2 28 

•Estimated from 1CRP data, which axe based on the 
conservative assumption that effects observed at higher levels 
(100 items) are linear with decreasing dose and dose rate, 

t Based on entire population exposed 100% of the time. 
$ Based on smoking at a continuous rate. 

attendant risks are compared with those from firearms 
and when the difficulties of passage of gun-control 
legislation are considered. 

THERMAL EFFECTS 

Although it has come to public attention in 
connection with the releases of steam-condenser cool-
ing water from nuclear power stations, the so-called 
thermal pollution is neither new nor unique to nuclear 
facilities. It has to do more with the growth in numbers 
and size of steam-turbine generating plants because 
most suitable hydroelectric sites have already been 
used. Unfortunately, owing to the inherent nature of 
the steam cycle, neither fossil- nor nuclear-fueled steam 
plants use anywhere near all the heat energy released 
by their fuel to produce electricity, and the unutilized 
heat is discharged to the environment. The average 
thermal efficiency is about 33% for fossil-fueled 
plants,2 9 and the ceiling for thermal efficiency is about 
40% for a modern fossil-fueled plant. The current 
light-water-moderated reactor plants are reported to 
operate at about 32% thermal efficiency.3 0 ce 
essentially none of its heat goes up a stack, this i»c«ans 
that a nuclear plant may reject up to 60% more to its 
steam-condenser cooling water than a modem fossilr 
fueled station. However, the next generation of nuclear 
power reactors promises to reach an efficiency of 40% 
or better. 
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If there is minimal mixing of the heated-discharge 
plume, most of the heat released in condcnscr cooling 
water is lost to the atmosphere by evaporation within a 
relatively small zone near each plant. In a recent review 
of thermal effects, Jaske31 indicated (hat impact areas 
(within which the temperature change is measurable, 
about Q.75°F minimum increase) of from 2500 acres 
("-4 square miles) to 3500 acres (~5.5 square miles) 
should be considered for a nuclear plant. By way of 
example, the total surface area of Long tr'and Sound is 
939 square miles. If their local thermal effects can be 
kept within acceptable limits, there shoui.1 be room for 
a number of power plants on the Sound and other 
similarly forge bodies of water before alternates for the 
waste-heat release, such as holt, ng reservoirs or 
evaporation cooling towers, have to be considered. 

SUMMARY 
From the evidence to date, the hazard potential of 

nuclear plants has been greatly overexaggerated by 
adversaries of such plants. The risks that do exist have 
been guarded against to a degree that is unparallelled. 
With regard to routine effluents, nuclear plants pro-
duce less air pollution, relative to applicable standards, 
than do their fossil-fueled cousins. The concentrations 
of radioactivity in the liquid effluents from nuclear 
reactor plants are controllable at levels well below 
radiation protection standards and pose little threat to 
the environment. Contemporary nuclear plants are 
somewhat less thermally efficient than modern fossil-
fueled plants (although more efficient than the average 
fossil-fueled plant), but the immediate waste-heat 
problem would seem to be manageable without causing 
serious . environmental problems in large bodies of 
water. The next generation of nuclear plants, now 
being designed and tested, promises to be at least as 
efficient as the best fossil-fueled plants. The AEC and 
others responsible for the utilization of nuclear plants 
have been proceeding in a manner that has the public 
safety and welfare as prime considerations. To date, 
despite many recent allegations, there is little hard 
evidence on which to question the judgments of such 
parties. 
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NUCLEAR POWER IN PERSPECTIVE: THE PLIGHT OF THE BENIGN GIANT 

By D. N. Hess 

[Nucl. Safety, 12(U): 283-290 (July-August 1971)1 

Abstract: Premised on the assumption that the public press is 
both a molder of opinion and a reflector of public interest and 
critique, nearly 800 items in the daily and periodical press 
pertaining to the nuclear industry and covering a period of 
about I year were examined for their philosophical and 
psychological impact on the reader. Accordingly this survey is 
a retrospective assessment in order of priority of the principal 
controversial issues confronting the nuclear community. The 
hope is that, from this work, nuclear advocates and allied 
interests may find a firmer sense of direction and significant 
areas where special attention can be most profitably devoted to 
afford the public the reassurances it needs to feel at ease in the 
presence of the energy giant. 

Today our country faces an imminent electric-power 
crisis, and nuclear energy stands ready to accept the 
challenge. The projected needs for electricity within 
the next few decades are enormous, and, at this 
moment in time, nuclear power has the opportunity to 
fulfill its destiny by being the source oi* this power for 
which it is so eminently suited and capable. 

Until the late 1960s, nuclear power reactors had 
been installed and operated with relatively few plaudits 
or complaints. Considering the successes this energy 
giant had achieved without encountering any major 
disquieting reactions from the public, the nuclear 
industry had little reason to anticipate any opposition. 
Thus it was that electric-utility companies blithely 

contemplated utilizing this new technology to meet the 
energy requirements it foresaw and announced the 
construction of numerous large nuclear power stations 
around the country. Suddenly, outcries and rebuffs 
beset the industry, and its optimism was replaced by 
bewilderment and chagrin. On the one hand, the 
utilities offer unlimited nuclear power to the people as 
the panacea for their future problems concerning 
well-being, comfort, and economic growth. On the 
other, voices were raised against the nuclear commu-
nity which accused it of hidden motives and an 
assortment of hypothetical ills. The numerous ques-
tions posed asked how the installation and utilization 
of this vast resource will affect our institutions, our 
society, our health, our environment, and our very 
destiny and ultimate human existence. These questions 
have such profound, all-encompassing implications that 
the nuclear community has been sorely tried to 
respond. In being challenged on so many fronts, it is 
faced with the quandary of what issues are most in 
need of attention and rebuttal. 

This attack and rash of denunciations came, not 
much more than 2 years ago, with considerable 
unexpectedness. One may aptly wonder at this precipi-
tate concern over the atomic giant, but a probable 
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explanation may have recent origins. Emotions today 
are apparently most stirred over the conccpt of 
pollution of the environment. This may be the root of 
much of the confusion and distrust of the atom and its 
promises of a viable future. This may have been the 
wellspring from which all the other quarrels with the 
industry derived. Many sensitive persons are genuinely 
concerned with the fate of our planet. Their concern 
for it and what their offspring will inherit has, no 
doubt, caused them to feel revulsion for the destruc-
tion that man has inflicted upon it, and they feel a 
compelling desire to thwart any further indignities that 
would jeopardize conditions on earth even more than 
they are jeopardized today. 

Such concerned people are certainly deserving of 
admiration and attention. Some people have self-
serving interests, many have economic interests, and 
some are completely disinterested. None can be dis-
counted, but it is to the truly concerned individual that 
so much is owed in the form of tangible reassurances. 
Thus it is necessary to learn what problems to them are 
most worrisome. Even the severest critics of nuclear 
power submit that the world is facing crisis and find 
some good in nuclear power, with reservations. It is the 
side effects of nuclear power and the urgent immediacy 
of its implementation that apparently are the contro-
versial aspects. On the other hand, the nuclear com-
munity concedes that the criticism leveled at it is a 
healthy thing since it points up the areas where 
corrective actions might be applied or scientific prin-
ciples invoked to correct any alleged deficiencies. Then 
through a declaration of sound assurances, the real or 
conjectured fear can be allayed or set to rest. 

EVALUATION OF THE NEWS MEDIA 
What follows is an attempt to provide to the 

nuclear community and nuclear proponents a weather-
vane that will indicate the directions of public accep-
tance and apprehension on nuclear matters. The 
indicator chosen was the published news. To learn and 
assess just how well or how badly nuclear power has 
fared with the public, a meaningful concept of the 
status of the industry should be attainable by evalu-
ating the situation as seen by the journalist. Thus the 
frequency with which a given nuclear topic was 
reported in the press was considered to be indicative of 
the relative importance of each topic to the public (or, 
at least, what newsmen believe to be important). 
Furthermore, the ratio of adverse articles to the total 
pro-and-con articles was taken as a measure of the 
magnitude (seriousness) of concern over the issues by 
"opinionated" people. In other words, this approach 

takes into account not simply the numerical popularity 
of a subject in the strict sense of the word but also 
articles that tend to lead the reader to some definite 
conclusions or convictions on these nuclear-associated 
topics. These were the two sets of data derived as a 
basis for recognition of priorities. 

Seven hundred and sixty-two articles in news-
papers, popular periodicals, and semitechnical maga-
zines published within the past year were surveyed. 
The articles varied broadly in scope, and the review 
encompassed sources such as the following: news 
accounts of speeches by nuclear proponents (AEC 
Commissioners, utilities' spokesmen, academicians, leg-
islators, and laymen) and of its opponents (conserva-
tionists, protest organizations, etc.); general discussions 
of their contentions; editor 5s; letters to the editor; 
and reviews of a particular reactor, or reactors, or the 
nuclear industry in general. As an integral part of this 
examination, general-interest articles were also in-
cluded, e.g., discussions of power brownouts, econom-
ics of nuclear power plants, uses of isotopes in 
industry, warm-water irrigation, and the implications 
of thermal and radioactive effluents. No articles de-
voted to "Plowshare" and its adverse or beneficial 
characteristics were considered, even though nuclear 
opponents frequently use this project to dramatize the 
dangers of nuclide release to the environment. Sim-
ilarly, articles concerned with weapons testing (Alaska 
and Nevada) or weapons production (Rocky Flats) 
projects were eliminated, in spite of their popularity 
with the critics as demonstrations of the "reckless 
abuses" associated with the atomic energy program. On 
the other hand, articles devoted to the pros and cons of 
nuclide waste disposal (e.g., Snake River aquifer) were 
considered valid, since waste management is an inevi-
table ramification of nuclear power. 

The articles were assigned to a series of 12 
categories, selected to reflect the many-faceted aspects 
of this complex arena, ranging from the real, techno-
logical implications to the hypothetical, philosophical 
idiosyncrasies: 

1. Nuclides and wastes 
2. Nuclear safety and reactor accidents 
3. Insurance and subsidy 
4. Safeguards 
5. Thermal pollution 
6. Siting 
7. Environment 
8. AEC regulation 
9. Antitrust and monopoly 

10. Legalistics, law, and legislation 
11. Esthetics 
12. General 
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THE SURVEY METHOD 
In order to set up more or less well-established 

criteria on which to base the survey so that in the 
course of evaluation there would be little likelihood of 
deviating from the norm, a system of ground rules was 
established and the category subjects were defined. 

G r o u n d R u l e s 

1. An article could be assigned to one or more 
categories. At extremes, a lengthy review article on 
thermal pollution would be weighted only once, 
whereas a simple news release reporting on some 
organization protesting the placing of power reactors 
along the shores of a body of water and asserting their 
potential for thermally and radioactively polluting the 
water would be listed under three of the categories. 

2. Each article was evaluated and assigned an A 
(against), N (neutral), or F (for) rating according to 
how the article treated the growing use of nuclear 
energy for the generation of electricity or other 
beneficial uses. Generalized descriptions of these as-
signments are given below: 

A. An article reporting the remarks of a nuclear-
industry critic or one emphasizing some adverse 
aspect(s) of nuclear power reactors. 

N . An article presenting both sides of some contro-
versial issue associated with the technology. The 
opposing theses of academicians on the effects 
of thermal effluents from electric-power plants 
on the fishes in a body of water are an example. 

F. An article setting forth the position of an 
industry proponent or one giving impetus to the 
promises, prospects, and benefits of the technol-
ogy and its innovations. 

3. Articles in periodical literature were to be 
reviewed. Articles in Newsweek, Fortune, Look, Popu-
lar Science, Business Week, Natural History, National 
Parks Magazine, Scientific American, and news items in 
Construction Digest, Power News, Industrial Research, 
Electrical World, Product Engineering, Scientist and 
Citizen, and Chemical and Engineering News are 
examples of the scope of sources in this area. Such 
articles are representative of in-depth appraisals, as 
contrasted to news items, but articles in these media 
are quite infrequent compared with newspaper items 
and hence comprised probably only about 5% of the 
total bulk of the data. Newspaper articles comprised 
the remaining 95% of the source material. Obviously 
they were the most abundantly available. Moreover, 
they were considered to be the most significant 
criterion of public opinion and reaction to a nuclear-

oriented society. 
4. Numerous nuclear-oriented publications, tech-

nical and otherwise, are supported, subsidized, or 
simply partial to the nuclear industry. Accordingly, 
none of these were included in the survey—nor were 
any official AEC press releases. 

Categor ies 

Most of the subject titles are self-explanatory. Thus 
the obvious will not be covered in the following 
definitions. Rather, examples are cited that are indica-
tive of the more anomalous situations. 

\.Nuclides and Wastes. A mayor volunteers to 
provide an area in or near his community for the 
establishment of a nuclear-waste burial ground. The 
issue here is not siting (see below); rather the mayor 
and his citizenry are showing their disdain for those 
people who express fesr over the presence of nuclides. 

2. Nuclear Safety and Reactor Accidents. When 
the statistical likelihood of an actual nuclear accident is 
given and compared with the chances of other catas-
trophes, even though stated to be one in one billion per 
reactor, the critics claim that one such accident can 
happen at any time and that the consequences could be 
incalculable. Other examples might be the possibility 
of an accident during radioactive-waste transportation; 
the locating of a power reactor next to a strategic 
missile bass; and the concern over what precautions are 
in effect to prevent disaster from sabotage, civil 
disobedience, maniacal action, or falling aircraft. 

3. Insurance and Subsidy. Insurance is best illus-
trated by the contention of nuciear opponents that 
nuclear power would be economically infeasible for the 
utilities if it were not for the Price-Anderson Act that 
provides for partial federal risk assumption. Subsidy 
would be exemplified by the setting up of a state-
supported agency to encourage the progressive develop-
ment of nuclear technology through tax incentives and 
the selling, distribution, and control of nuclear fuel 
elements or the fuel itself. 

4. Safeguards. The subjects in the safeguards cate-
gory include such topics as the potential for diverting 
fissile substances into the manufacture of weapons 
(i.e., nuclear blackmail), the maintenance of correct 
inventory accounts, and the possible actions of orga-
nized crime (i.e., hijacking) due to the high value of the 
fissile materials. 

5. Thermal Pollution. Articles devoted to the con-
sequences of utilizing cooling towers in association 
with a nuclear power plant (e.g., their effect on the 
weather in the locale) or the use of the thermal 
effluent to prevent frost damage or to provide warm-
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water irrigation were included in the thermal pollution 
category. Another article described the predicted short-
ened lifetime of one of the Great Lakes if all the power 
reactors planned for it were installed. 

6. Siting. An article describing the opposition to 
man-made islands on Long Island Sound for nuclear-
power-plant siting was surveyed. Another survey item 
was a news account of a poll taken by a utility in 
which it asked the public whether they objected to 
having a power plant situated on some stream and, if 
so, would they be willing to relinquish the use of their 
air conditioners. 

1. Environment. In instances where a concern for 
the environment was expressed, there was no alterna-
tive but to set up a category covering this broad scope. 
Moreover , sometimes the effects of nuclide releases and 
thermal pollution were questioned in the context of 
their total effect on an ecosystem (e.g., contamination 
and eutrophication of an estuary). Such an article was 
categorized under thermal pollution and nuclides and 
waster,, as well as environment. 

8. AEC Regulation. The regulation category per-
tains especially to the arguments over the dual role— 
promotion and regulation—of the AEC in its nuclear 
activities. Articles describing the efforts of some of the 
individual states to regulate (nuclides, for example) 
within their borders—and the stance of their counter-
claimants—arc included under this category and also 
under the iegalistics, law, and legislation category 
below. 

y. Antitrust and Monopoly. The newest controver-
sial issues arc probably antitrust and monopoly. Anti-
trust is best illustrated by the petitions and lawsuits 
instituted by small investor-owned utilities that claim 
discrimination in being denied participation in the 
corporate public utility setup of a large nuclear power 
plant. Monopoly pertains especially to the concern of 
Congress that energy-resource consortiums may be 
acquiring extensive holdings on the natural-fuel re-
sources of the country and, through the buying-into or 
building of their own processing* enrichment, and 
fabrication facilities, may thereby acquire cartel-like 
economic power over the country's energy-production 
resources. 

10. Legalistics, Law, and Legislation. Articles deal-
ing with questions such as the following would fall 
under this legal category. If the Illinois Sanitary Water 
Board grants a permit to a utility to discharge thermal 
waste into Lake Michigan in conformance with the 
state's standards, and the Department of Interior sets 
more stringent standards, who has the prerogative? If 
the Florida Air and Water Pollution Control Depart-
ment rejects the siting of a power reactor on an island 

bccause it threatens the extinction of several aquatic 
species, the AEC issues a provisional construction 
permit for the reactor, and the legalities are being 
fought out on the basis of the new Environmental 
Protection Act, what are the legal precedents and how 
and where will the matter be settled? 

11. Esthetics. Examples of esthetic considerations 
would be opposition to locating a nuclear power plant 
(see siting) in the neighborhood of a historical struc-
ture or a national monument; or the objectionable 
nature of the power-generating facilities as they may 
affect a scenic site (e.g., Big Sur or the coast of Maine). 
Articles contrasting the architecture of a nuclear power 
plant with that of a fossil-fueled plant and its asso-
ciated facilities would be pertinent to this category. 

12. General. In this catchall category are lumped 
broad generalized statements and descriptions of power 
reactors, uses of isotopes, discussions of nuclear tech-
nology, etc. Frequently, the articles are abstract in 
their treatment and are devoted to the philosophical 
implications of a nuclear economy. The complex 
diversity of material categorized hereunder is exempli-
fied by articles devoted to topics such as the impact of 
a nuclear installation (a fuel-fabrication plant or power 
plant) on the economy of a geographical area, the 
estimate of extra costs in mills per kilowatt-hour to the 
consumer for environmental-protection measures, the 
increase in cost of merchandising bonds that caused a 
utility to defer plans to build a nuclear power plant, 
the extrapolated reasoning that people resorted to 
when they voted to reject a power reactor, and the 
contentions of critics that the utilities use threats of 
brownouts as a form of "blackmail." 

With these definitions of ground rules and cate-
gories, it is now no doubt apparent that the decisions 
were relatively arbitrary and individualistic. Neverthe-
less, it is the author's feeling that, in spite of 
shortcomings and unintentional prejudices, what fol-
lows provides some insight into the major areas of 
concern associated with nuclear energy. 

SURVEY RESULTS 
Each article was read and given one or more 

appropriate category assignments. Then I endeavored 
to envision the reader's probable reaction to the topic 
being reported and assigned an A, N, or F under the 
appropriate category(ies). It was this latter judgment 
that most often presented problems because of its 
inherent subjectivity. Category assignments, except in 
the general category, were not so difficult because the 
articles were most frequently unambiguous. 
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One Approach—The "Popularity Poll." The re-
sults were totaled and are presented in Table 1, where 
the categories are arranged in order of most entries. 

Table 1 Articles Devoted to Subject Categories 
Associated with Nuclear Technology and an 

Evaluation of the Expressed Attitude 
or Inferred Impact on Public Opinion 

Evaluation 

Category Against Neutral For Total 

Nuclides and wastes 142 98 71 311 
Thermal pollution 95 68 66 229 
Environment 66 72 68 206 
Siting 82 63 38 183 
Nuclcar safety and 

reactor accidents 55 31 26 112 
Lcgalistics, law, 

and legislation 63 27 7 97 
AEC regulation 32 9 8 49 
Insurance and subsidy 24 4 2 30 
Esthetics 6 6 10 22 
Antitrust and monopoly 13 5 1 19 
Safeguards 5 3 0 8 

Subtotal 583 386 297 1266 
General 93 106 228 427 

Grand Total 676 492 525 1693 

The order indicates the subjects written about most 
frequently and what the news media consider the 
public is most interested in or concerned with. Of 
course, the general category has the most entries; but 
this is separated from the rest of the table, because it is 
obviously not amenable to consideration in the same 
light as the other topics. Based on the grand total of all 
category assignments (1693) and the total of air the 
articles (762), an average of slightly more than two 
topics (2.2, to be exact) was discussed per article. 
From the subtotal data it is readily apparent that 
articles devoted to the subject categories are predom-
inantly critical; the opposite is true when nuclear 
energy is reported in general, with favorable articles 
being dominant. Nevertheless, it is noteworthy that a 
comparison of neutral articles in the subject categories 
and in the general category shows reasonable agree-
ment: 30% (386/1266) vs. 25% (106/427). 

A Second Approach—Poll of the "Opinionated." 
A second approach is to consider the data from the 
standpoint of individuals with formalized opinions or 
those writers who take a definitive stand on a category. 
Thus, if the number of articles expressing adverse 
opinions of these nuclear-technology-associated cate-
gories are divided by the total of articles, both for and 
against, the values obtained should give a relative 
indication as to what concerns these writers most. Data 
of this type are given in Table 2. 

Table 2 An Assessment of Relative Antipathy Toward Controversial 
Problems Associated with Nuclear Technology 

Relative antipathy quotients 

Biased articles ... . r. Uncertainty* (%) êrp8atory _ A/A disposition ratio, 
Category Against For Total (%) Y, A Against: For 

Safeguards 5 0 5 100 48--100 52 
Antitrust and monopoly 13 1 14 93 66--100 34 13 : 1 
Insurance and subsidy 24 2 26 92 75--99 24 12 : 1 
Lcgalistics, law, and 

legislation 63 7 70 90 80--96 16 9 : : 1 
AEC regulation 32 8 40 80 64--91 27 4 : 1 
Siting 82 38 120 68 58--76 18 2.2: 1 
Nuclcar safety and reactor 

accidents 55 26 81 68 56--78 22 2.1 : : 1 
Nuclides and wastes 142 71 213 67 61--73 12 2.1 : : 1 
Thermal pollution 95 66 161 59 50--67 17 1.4 : : 1 
Environment 66 68 134 49 41--59 18 1.1 : : 1 
Esthetics 6 10 16 38 15--65 50 0.6 : : 1 
General 93 228 321 29 25--36 11 0.4 : : 1 

•From A. Hald, Statistical Tables and Formulas, Two-Sided 95% Confidence Limits for the Probability 6 of a 
Binomial Distribution, p. 66, John Wiicy & Sons, Inc., New York; courtesy of Forest L. Miller, Statistics Department, 
Mathematics Division, Oak Ridge National Laboratory, Oak Ridge, Tenn. 



The numbers resulting from the manipulation were 
termed "relative antipathy quotients." Another treat-
ment of the data might be interpreted as showing how 
many adverse articles were written for every one that 
was complimentary. These are called "derogatory 
disposition ratios." 

Table 2 shows that in some instances the statistics 
are extremely poor in that some of the controversial 
topics have not been written about to any great extent. 
Thus, in order not to attach too much significance to 
these poor data, another column shows the extent of 
this uncertainty. The data are plotted in Fig. 1, along 
with the uncertainties. At the bottom again is the 
general material, which must be discussed in a separate 
context as before. 

AN ASSESSMENT OF THE QUANDARY 
A "Popularity Poll" of the Categories (Table 1). 

Vhat subjects are written about most frequently? The 
number of these should be indicative of those topics of 
most interest and concern to people. From the number 

of times (311) the subject of nuclides and wastes 
appeared, it is inferred that people want most to be 
informed on how their health, longevity, and progeny 
will be affected by the radioactive materials from a 
nuclear-power-oriented economy. It follows that the 
people's predilection for no change in their immediate 
environs (thermal pollution and environment cate-
gories) is the next most important issue, as is borne out 
by the order in the table. 

That siting assumes only fourth order of signif-
icance might be attributed to "intellectual maturity" 
on the part of the press and the public. In other words, 
as a result of having become more conversant and 
articulate on atomic matters, more precise terminology 
is being invoked with words such as ecology, mutation, 
nuclides, biological concentration, and thermal effect. 
In this light it would no longer be expected that 
complaints would be on the general basis of siting, 
except where the term connotes its exact meaning. It is 
somewhat surprising to observe that nuclear safety and 
reactor accidents are not higher than fifth on the list. 
This too may be the result of maturity. It appears that 
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Fig. 1 Relative antipathy quotients from Table 2 and the 95% uncertainty limits associated with the data. 
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the public is sufficiently informed on nuclear power 
rcactors to not be fearful of a disaster occurring during 
routine operation. In fact, it is my impression that 
possible actions of psychopaths or the accidental 
breaching of the reactor containment structure through 
"acts of God" arc the most speculative qualms. 
Legalistics, law, and legislation (sixth place) pertain 
almost exclusively to the prerogatives of the states in 
regulating nuclear reactors and all their associated 
ramifications. The controversial dual role of the 
Atomic Energy Commission in regulation and promo-
tion falls next in line (seventh) to the states' rights 
issue. That one more or less complements the other is a 
happy coincidence and can be regarded as corrobora-
tion of their respective priorities. The subject of the 
government providing an insurance subsidy (eighth) is 
not especially conspicuous in the news. Perhaps the 
people expect Congress or the states to settle this 
aspect in the courts; or, since subsidies are provided to 
so many vested interests, it may be that this assistance 
is not thought to be particularly unusual. 

It should be noted that the critical articles far 
outweigh the favorable, by 583 to 297; however, this 
will be discussed in detail in the context of Table 2. 
Since the last three subject categories {esthetics, 
antitrust and monopoly, and safeguards) fall so low in 
the list, any attempt to associate their location with 
respect to the uppermost categories, with regard to 
priorities, would have little significance. 

Finally, it may be seen from the number of articles 
in the general category that the press is not lax or 
remiss in giving publicity to nuclear technology. 

Poll of the Opinionated (Table 2). The data given 
in Table 2 and plotted in Fig. 1 are the bases for the 
"Poll of the Opinionated." In some respects it is 
unfortunate that more adverse articles were not found 
for some of the categories, since the statistics leave 
much to be desired. Nevertheless, in conjunction with 
the numbers in Table 1, some inferences can be made. 
Although five articles written on the matter of safe-
guards indicated a need for dire concern (Table 2, 
100%), the topic was broached only eight times in the 
course of 1693 entries (Table 1). So the most that can 
be said concerning this is that, at least for the moment, 
it is not a very topical subject, but when it is brought 
up, most of the authors find it an area where much 
needs to be done. From Table 2 and Fig. 1, the 
evidence indicates a marked difference in priorities 
from Table 1. Some of the data are relatively tenuous, 
but at least two categories are statistically well repre-
sented and hence have real significance. These are 
legalistics, law, and legislation, and siting. Concerning 

the former it is inferred that, among writers with a 
bias, 90% (80 to 96%) favor the position taken by the 
states. Is it because most of the reporters are home-
town boys who are writing what their audience wants 
to read, or do they really want their state governments 
to take over the AEC's responsibilities? At least in 
looking at Table 2 under AEC regulation, the percent-
age drops to 80 and could be as low as 64, meaning 
that certain of the AEC regulatory prerogatives are not 
seen in quite so bad a light as Table 1 would indicate. 
Furthermore, the AEC regulation category also often 
included arguments against AEC regulatory activities. 

In contrast to the situation in Table 1, where it 
placed fourth, siting and the environment are upper-
most in people's minds (items 6 to 11, Table 2). To 
explain the new prominence attached to siting under 
this approach, it is essential to note that the articles are 
devoted to the debates over locating specific reactors at 
specific sites, such as Chesapeake Bay, Lake Cuyuga, 
Lake Michigan, or Eugene, Oreg., for example. In other 
words, these critiques comprise the bulk of the articles 
assigned to this category and accordingly resulted in 
this new significance being attached to the subject of 
siting. 

It is interesting to note that in both lists of data, 
the nuclear safety and reactor accidents category 
follows (or is practically equal to) siting. Although this 
arrangement is retained in Table 2, both supersede the 
topmost issues in Table 1; i.e., nuclides and wastes, 
thermal pollution, and environment, which are in the 
same order in Table 2 as in Table 1, but they are lower 
in priority. 

There also appears to be a high order of concern 
about antitrust and monopoly, insurance and subsidy, 
and AEC regulation. Even when the "uncertainty" in 
the numbers is taken into account (and the lowest 
"antipathy quotients" are assumed to apply), it may be 
seen that these three categories hold the seeds of more 
controversy than the categories relating to the environ-
ment and to people's health and welfare. 

Finally, there are the categories with poor statisti-
cal quality. Considering this, not much can be said 
definitively, except that, of the few articles devoted to 
safeguards, all pointed up deficiencies in the present 
surveillance and control of fissile materials. With regard 
to esthetics, there is no particular controversy; only 
38% of the articles was devoted to criticism, and this 
value is not far from the average of the "uncertainty," 
namely 40%. 

T h e Lessons Learned 

So where does this leave the nuclear giantl What 
have we learned to help in this enigmatic dilemma? It 
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can almost be predicted that when a site for some 
power reactor is announced writers will focus on it. 
Some will tout the benefits to be derived from the 
facility, and others will deplore it and debate the 
hazards of living in the proximity thereof in the event 
of a nuclear calamity, since this is the most sensational 
aspect to attract public attention. Once the public is 
apprised of the situation, they will initiate questions 
concerning those subject areas that involve their 
well-being, with nuclear effluents, thermal pollution, 
and the effect of the reactor on their environs being 
considered, in this order. Accordingly it behooves the 
nuclear industry or utility to approach the public with 
these factors in mind. However, as the number of 
reactors grows, the subjects in the statistically poor 
categories that seem to be of low priority may assume 
increasing significance. To date they have been largely 
confined to Congress and the courts, and the press has 
duly reported on the proceedings. Thus, although the 
public may become accustomed to and feel more 
comfortable in the presence of the nuclear giant, the 
questions regarding these more "nebulous" political, 
socioeconomic considerations will persist. 

At the present time the disputes over specific 
reactors are being publicized, with the remarks of the 
opposition being dominant. But much has already been 
done to provide the general public with representation 
and the opportunity to participate in planning and 
decision-making deliberations prior to application to 
the AEC for facility licensing. For instance, even 
before the National Environmental Policy Act of 1969 
and the AEC's statement1 of general licensing policy 
reflecting its obligations under the Act, some utilities 
were inviting the public to participate in the delibera-
tions and decisions on site selection.2 The AEC has 
conducted a number of public meetings3 to enco.urage 
this philosophy of affording the public opportunity to 
speak out and to promote public understanding of the 
whole gamut of technical considerations and sociolog-
ical implications. The Commission is, in addition, 
considering changes4 in its procedural process to make 
knowledge of impending actions, by either it or an 
applicant, more quickly available and thus smooth the 
way for early public expression. In fact, the Commis-
sion acknowledges, and is encouraged, that certain 
public-representing bodies have been proposed to give 
the people an even stronger voice in governmental 
agency activities, since such a body could be instru-
mental in expediting a consensus of accord on nuclear 
matters. 

The nuclear industry gives appearance of having 
learned us lessons well. Many utilities appear to have 
found a quite reasonable, proper route. They are 

conducting intelligent advertising campaigns and arc 
establish.ng rapport with the universities and commu-
nity civic organizations. They are presenting the public 
with brief, simple, basic scientific facts that bring the 
problematical subjects into perspective. 

Of course, it would be too much to expect the 
pathway to total acceptance to be without obstacle. 
Some misunderstandings are going to persist in the 
minds of certain individuals. Nevertheless, as ever-
mounting numbers of persons become better informed 
through surmounting the scientific language barrier, it 
can be anticipated that this majority will become more 
tractable and amenable to nuclear technology than one 
that is forced to accept predestined plants under 
threats of brownouts or blackouts. 

CONCLUSION 
I do not purport to have any new, striking panacea 

to offer the industry. 1 do, however, hope to have given 
some direction to the question of priorities. A good 
public-relations job before the fact on the priority 
issues indicated would seem to be a significant answer 
to the nuclear community's tribulations. 

In this article much attention has been directed to 
the criticisms leveled at the industry. A look at the 
number of articles under the genera! category, how-
ever, shows matters in a quite favorable perspective. Of 
427 articles, 228 were favorably disposed toward 
nuclear power, and when those for and against are 
compared, the ratio is 2.5 : 1. It appears that the trend 
is more and more in the direction of increasing desire 
by the electric-utility companies to get onto the 
nuclear bandwagon. Furthermore, the press implies 
that people are getting nervous over power outages. 

Public action—reaction is a very evanescent thing. 
Because of the changing kaleidoscope of public opin-
ion, the data submitted here can only be considered to 
be indicative of current mood. If the utility industry 
fails to fulfill its commitments for any one or a number 
of reasons, a subsequent poll might reveal an entirely 
different complexion and climate for acceptance. In 
general, the prospect for a nuclear power economy 
appears to be very good. Moreover, the news media 
have been, on the whole, reasonably objective, consid-
ering the coverage and tenor of neutral and general 
articles. Nevertheless, the unfortunate fact remains that 
the against articles, although perhaps not in the 
majority, get and retain the public's attention. Much 
added effort must therefore be expended, by the 
utility industry and others, to promote and develop 
full public understanding of these complex and sensi-
tive issues. 
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NUCLEAR LIABILITY INSURANCE - A BRIEF HISTORY REFLECTING 
THE SUCCESS OF NUCLEAR SAFETY 

By Joseph Marrone 

[Nuel. Safety, 12(1*): 291-966 (July-August 19Tl)l 

Abstract: Nuclear liability insurance has been made available to 
the nuclear industry by American insurers through pooling 
arrangements that distribute the risk among many participating 
insurers. The liability insurance afforded by the pools has thus 
far been the only means employed to satisfy the financial-
protection requirements imposed by the AEC on some of its 
licensees. The extraordinary safety record of the nuclear 
industry is quite visible in the pools'liability-claims experience. 
The most significant fact issuing from 14 years of operation is 
that the nuclear liability pools have never received a claim for 
bodily injury or property damage caused during the operation 
of a licensed nuclear reactor—this- includes all types of 
licensed reactors. Critics of nuclear safety have played a role in 
achieving this record. 

The liability-loss experience of the nuclear industry sug-
gests that a positive image of safety in the nuclear industry 
could be projected by presenting it as an example, warranting 
emulation, of effective control of a 'relatively new and serious 
hazard. That over I million persons have been killed in 
conventional accidents in the United States in the 10-year 
period 1960 to 1969 strongly suggests that much could be 
learned from the nuclear safety program by those who are 
concerned about safety in the nonnuclear area. 

The function of liability insurance is to transfer to 
another (normally, to an insurance company) the 
element of risk inherent in most of our activities due to 
possible legal responsibility for accidental bodily injury 
or property damage to others. As a result of our 
litigious times, liability insurance has become a ubiqui-
tous commodity generally accepted as being essential 
to protect our assets from possible legal liability in the 
course of both business and nonbusiness activities. 
Nuclear liability insurance is available to the nuclear 
industry from the nuclear liability "pools" to serve this 
role. 

NEED FOR POOLING ARRANGEMENTS 

Although the Atomic Energy Law1 of 1954 autho-
rized the possession and use of substantial quantities of 
nuclear material for commercial development, mean-
ingful progress was deterred by developers' apprehen-
sion of the unknown dimensions of potential third-
party liability claims. The maximum worldwide 
liability-insurance capacity generally available in 1957 
was about $25 million. The Brookhaven report2 

published in 1957 essayed to measure the third-party 
liability consequences theoretically possible as the 
result of a hypothetical power-reactor accident that 
was based on a highly pessimistic and unrealistic set of 
conditions. The conclusions in the report cite the 
possibility of incurring billions of dollars of legal 
liability for bodily-injury and property-damage claims 
caused by such an accident. The extreme improbability 
of a reactor accident occurring that would cause such 
awesome damages was acknowledged, but for corpo-
rate directors to proceed in reactor development and, 
by so doing, place their corporation's existence in 
jeopardy (in view of the limited liability insurance 
available) was simply impossible. More importantly it 
was uncertain that those sustaining injury or damage as 
a result of the theoretically possible event could be 
assured that the person or organization causing the 
accident would have the liability-insurance protection 
or other resources necessary to respond to just claims. 
These considerations and the seemingly insoluble prob-
lems they entailed found their resolution in 1957 in 
the passage of the Price-Anderson Act,3 which made 
mandatory the extension of $500 million of federal 
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indemnity to certain activities licensed by the AEC and 
which provided that the extension of this indemnity be 
optional for other licensed activities. 

Except for reactors operated by educational insti-
tutions, the government indemnity applies only to loss 
in excess of underlying financial protection required by 
the AEC. An important aspect of the Act is the 
provision made for relieving everyone of any further 
liability if the loss and expense caused by a nuclear 
accident should exceed the sum of federal indemnity 
and the amount of financial protection required. A 
significant change in the Price-Anderson Law was 
adopted in 1966 for the purpose of further assuring the 
protection of the public. The law was amended to 
provide that, under both the insurance offered as 
evidence of financial protection and the indemnity 
extended by the AEC, legal defenses are to be waived 
in the event of a serious nuclear accident.4 The effect 
was to assure the prompt settlement of claims and the 
avoidance of wasteful litigation. The Price-Anderson 
Act succeeded in raising the curtain on private reactor 
development, although government indemnity has been 
extended only to AEC licensees of reactors and 
spent-fuel reprocessors. 

NUCLEAR LIABILITY INSURANCE 
AND THE PRICE-ANDERSON ACT 

The indemnity extended to licensees (except reac-
tor licenses issued to educational institutions) is con-
ditioned upon the requirement that the licensee pro-
vide underlying financial protection, which, depending 
on the hazard of the licensed activity, varies between 
$1 million and the maximum amount of liability 
insurance available from private sources. 

All licensed power reactors are subject to an AEC 
indemnity agreement, and, if the reactor has a rated 
capacity of 100,000 kW(e) or more, the underlying 
layer of financial protection required is $82 million, 
which is presently the maximum amount of liability 
insurance available from private sources. Although the 
financial-protection requirement can be satisfied by 
means other than insurance, to date only insurance has 
been offered to the AEC by indemnified licensees. 

In addition to authorizing the extension of indem-
nity to licensees of the AEC, the Price—Anderson Act 
includes authority for the AEC to extend indemnity to 
contractors of the AEC where there is risk of public 
liability for a substantial nuclear incident. The regime 
for extending indemnity to AEC contractors, which 
was introduced by the Act, was a substantial change 
from the prior procedures for providing indemnity to 

AEC contractors.5 Although the AEC is authorized to 
require its indemnified contractors to furnish financial 
protection against public liability for nuclear incidents, 
its practice has been to not require such financial 
protection.5 Thus the nuclear liability-insurance pools 
arc- not normally involved with AEC contractor activi-
ties. 

It was the intent of Congress that the insurance 
industry provide the maximum liability-insurance ca-
pacity possible. The larger the amount of underlying 
financial protection required, the more remote be-
comes the possibility that taxpayer dollars will ever be 
expended in connection with indemnity extended to 
licensees. Greater insurance capacity decreases depen-
dence on government indemnity and thus tends also to 
defuse critics of the indemnity program who assert that 
the extension of government indemnity is a subsidy to 
the nuclear power industry that confers upon it unfair 
advantage of competitive fuels. It should be noted that 
each power-ieactor operator pays a fee for this 
indemnity. The fee is prescribed in Section 170f of the 
Atomic Energy Law as $30.00 per year per 1000 kW of 
thermal-energy capacity. Thus a large power reactor of 
3000 MW(t) will pay an annual indemnity fee of 
$90,000. 

Congress amended Section 170e of the Atomic 
Energy Law in 1965 to include provision for reducing 
the $500 million of government indemnity by the 
amount that the liability insurance available exceeds 
$60 million. Periodically the nuclear energy liability 
pools canvass the liability-insurance market to achieve 
additional insurance capacity. The total of insurance 
and government indemnity for power reactors will 
remain a constant $560 million. 

FORMATION OF NUCLEAR LIABILITY 
POOLS—INITIAL $60 MILLION 
OF NUCLEAR LIABILITY-INSURANCE 
CAPACITY INCREASED TO $82 MILLION 

The circumstances confronting liability insurers in 
1957 were: (1) maximum insurance capacity was de-
sired, (2) there was relatively no spread of risk (initially 
very few companies had need for the insurance), 
(3) small initial premium volume (although immediate 
rapid growth was mistakenly thought probable), (4) no 
meaningful experience to measure the hazard, and (5) a 
remote potential for catastrophic loss existed. The 
uncertainty these factors signaled for a liability-
insurance company could not be discounted, and a 
pooling arrangement that enabled many individual 
insurers to each accept a relatively small part of the 
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risk was the obvious instrument through which liability 
insurance should be made available. Thus the nuclear 
pools were formed in 1957 as the result of a study 
prepared by the Joint Casualty Committee on behalf of 
leading American casualty insurers.6 At that time, 
stock insurance companies formed Nuclear Energy 
Liability Insurance Association (NELIA), and mutual 
insurers formed Mutual Atomic Energy Liability 
Underwriters (MAELU). 

There are 113 American stock company insurers 
participating in NELIA. MAELU's membership consists 
of six major mutual insurance companies; however, all 
exposure underwritten by MAELU is totally reinsured 
by Mutual Atomic Energy Reinsurance Pool, which is 
an association of mutual-company insurers that in-
cludes the six members of MAELU and 104 additional 
American mutual insurance companies. In 1957 the 
pools' initial capacities were $46.5 million for NELIA 
and $13.5 million for MAELU. The two associations 
cooperated to offer an initial total nuclear liability-
insurance capacity of $60 million. Simultaneously, 
stock and mutual insurers also formed separate pools 
to afford property insurance to nuclear facilities. The 
property pools also had an initial combined capacity of 
about $60 million. Thus, for nuclear facilities utilizing 
both the liability and property nuclear pools, a total of 
$120 million of insurance was initially placed at risk. 
Both the liability- and the property-insurance capaci-
ties have since been increased from the initial capacities 
made available so that presently the total nuclear 
liability and nuclear property insurance available is 
$166 million. Approximately one-third of the initial 
combined NELIA—MAELU liability capacity of $60 
million was afforded by reinsurance made available 
from foreign insurance companies and foreign nuclear 
pools. In 1965 the total nuclear liability capacity 
available from NELIA and MAELU was increased to 
$74 million, and it was increased further in 1969 to 
$82 million. Since government indemnity is reduced to 
the extent that liability-insurance capacity exceeds $60 
million, for those licensees required to maintain finan-
cial protection equal to the amount of insurance 
available from private sources, government indemnity 
for such licensees has been reduced from $500 million 
to $478 million. 

There are currently 86 foreign participants re-
insuring NELIA and MAELU, and they continue to 
account for one-third of the $82 million capacity 
available.7 Nine of the foreign participants are foreign 
nuclear insurance pools (associations similar to NELIA 
and MAELU), and the remaining 77 participants are 
individual foreign insurance companies who have re-
sponded to our request for support. Foreign partici-

pants are domiciled in 18 countries, and the most 
substantial support is from Great Britain, France, 
Germany, and Japan. 

DISTRIBUTION OF RISK 
WITHIN THE POOLS 

Insurers in NELIA or MAELU participate for 
amounts that reflect their managements' views of the 
maximum nuclear liability loss they could sustain with 
some equanimity, and the amounts vary widely. For 
example, the largest participant in NELIA in 1970 
declared a participation of $4.25 million, but many 
smaller insurers are participating for amounts ranging 
upward from $25,000. The amount represents the 
maximum loss a participant may sustain on a single 
policy issued by NELIA. Since several hundred policies 
are in effect, it is possible for a participant to suffer 
losses under two or more policies caused by unrelated 
accidents, with the total loss in excess of the declared 
dollar participation. Thus, given an adverse turn in our 
loss experience under several policies, a participant's 
loss could conceivably be a multiple of the amount 
declared as its maximum participation. 

OPERATING EXPERIENCE 
The nuclear liability pools completed 14 years of 

operations at the end of 1970. Early expectation of 
swift growth of premium volume did not materialize. 
Although rapid expansion has taken place in the 
nuclear industry since 1965, the impact on NELIA and 
MAELU premium volume will be delayed until the 
reactors under construction commence operation. The 
effect of the retarded growth of premium volume has 
been that participants in the pools continue to con-
front the possibility of severe loss with a continuing 
narrow premium base. The annual premium volume of 
NELIA and MAELU combined for the years 1957 to 
1970 is described below: 

Annual standard premium or 
NELIA and MAELU combined 

Year (dollars) 

1957 70.142 
1958 357.465 
1959 714,686 
1960 1,167.233 
1961 1,496,976 
1962 1,734.817 
1963 2,048,180 
1964 2,085,470 
1965 2,130,255 
1966 2,408,842 

1967 2,775,735 
1968 3,053,445 
1969 3,381,936 
1970 4,000,000 (est.) 
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The premium is subject to annual refunds, which may 
be made to insureds pursuant to a retrospective rating 
system that is briefly described later in this article. 

The most significant fact issuing from 14 years of 
pool operations is that the nuclear liability pools have 
never received a claim for bodily injury or property 
damage caused during the operation of a licensed 
nuclear reactor—this includes all types of licensed 
reactors. Additionally, claims from all types of risks 
have been infrequent and, in the main, have not been 
serious. 

DIGEST OF CLAIMS HISTORY 
There have been only 16 incidents, most of them 

minor, which have been reported to NELIA or MAELU 
since 1957. The reported incidents can be readily 
divided between transportation incidents, of which 
there have been nine, and the remaining seven non-
transportation incidents. 

Transportation Incidents 

Five of the transportation incidents involved prop-
erty damage caused by contamination, and the most 
costly totaled $3519 for loss payment and expense of 
investigation. The average loss and expense for these 
five transportation incidents was $1706. The sixth 
transportation incident involved minor uranium con-
tamination of a small portion of a warehouse and a 
truck weigh-in station. No loss payment was necessary. 
The seventh incident involved alleged bodily injury 
from a shipment of a small quantity of depleted 
uranium delivered to a wrong address. Investigation 
determined that liability, if any, was covered by the 
conventional liability-insurance market. The remaining 
two transportation incidents each involved bodily 
injury alleged by a worker in the transportation 
industry, and, since both claims are presently in 
litigation, nothing more can be said concerning them at 
this time. 

Nontransportation Incidents 

Two of the nontransportation incidents involved 
encapsulated radioactive isotope sources that leaked 
and caused contamination of property of third parties. 
The loss and expense paid for each was about $1250. 
One reported incident involved possible radiation 
exposure to children who had stolen a radium source. 
Pool coverage does not extend to radium; thus cover-
age for potential liability would be afforded by the 
conventional liability-insurance market. 

A fourth incident involved possible exposure to 
workers of a contractor employed by a pool-insured 
company to modify a milling machine. Depleted 
uranium chips were found in the machine. There was 
no exposure to any of the men working on the 
machine, and the loss expense incurred was $47 for 
investigation. 

A fifth incident arose from a criticality accident in 
July 1964 at a facility processing enriched uranium in 
solution.8 A worker at the facility died as a result of 
the accident, and a claim made against a pool-insured 
company was settled. 

A sixth claim involved an employee of an inde-
pendent contractor retained by a pool-insured com-
pany. The employee of the contractor alleged that he 
suffered radiation injury to chromosomes while at the 
insured's nuclear facility, which in turn caused his child 
to be born with birth defects. The claim, which had no 
basis in fact, was successfully defended, and the 
litigation was terminated with a judgment entered for 
the defendant. 

The remaining nontransportation incident reported 
involves a claim made by a worker at an oil-well site, 
who alleges that he sustained bodily injury from 
exposure to a small quantity of radioactive material 
used at an oil-well site. This matter is presently in 
litigation. 

As a measure of the success of nuclear safety, the 
loss experience of the nuclear liability pools documents 
a remarkable safety record with respect to the protec-
tion of the public. This experience has been important 
to encourage participants to continue in the pools 
despite the small annual premium base and the small 
reserve for losses accumulated in 14 years of operation. 
At the end of 1970, the reserve for losses of NELIA 
and MAELU combined was approximately $18 million. 
This is a small sum relative to the loss potential when it 
is considered that up to $82 million of nuclear liability 
insurance is in force for each risk written by the pools. 
Premium refunds made to insureds as the result of 
good experience are paid from the loss reserve fund. 

PREMIUM REFUNDS— 
RETROSPECTIVE RATING PLAN 

Domestic insureds of NELIA and MAELU are rated 
under an Industry Credit Rating Plan which, with good 
overall loss experience by all pool risks, provides for 
retrospective downward adjustment of a premium 10 
years after it is received by the pools. In the years 1967 
to 1970, inclusive, NELIA and MAELU paid a total of 
$1.55 million in premium refunds on $2.3 million 
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premiums received in 1957 to 1960. The annual 
premiums for the years 1957 to 1960, the portions 
placed in the reserve for losses (reserve premium), and 
the amounts actually refunded for each year are given 
in Table 1. 

Table 1 Annual Premiums, Reserve Premiums, 
and Refunds for 1 9 5 7 - 1 9 6 0 

Annual Reserve Amount of reserve-premium 
Year premium premium refund and year paid 

1957 $ 70,142 $ 47,706.83 $ 46,436.22 in 1967 
1958 $ 357,465 $243,479.51 $241,208.52 in 1968 
1959 $ 714,686 $492,224.76 $477,869.81 in 1969 
1960 $1,167,233 $813,860.42 $784,612.17 in 1970 

The amounts of the premium refunds paid annually 
should increase. For example, if good loss experience 
continues, a refund of about $1 million is expected to 
be paid in July 1971. 

The effort made by government and industry to 
assure the protection of the public has thus far been an 
extraordinary success. Exceptional engineering talent, 
political power, pressure from the public, and effective 
government regulation have been brought to bear to 
avoid the consequences of the theoretically possible 
event described by the Brookhaven report. More 
remarkable than the success of the program is the fact 
that a postulated accident based on the very darkest of 
possibilities that led to a hypothetical catastrophe 
succeeded so well in leading the private nuclear 
industry to develop a very profound respect for the 
safety of the public. Ironically, catastrophes our 
society actually suffers on a recurring basis do not 
provoke a similarly effective life-protecting response. 

THE ROLE OF THE NUCLEAR 
CRITIC 

Since private nuclear activities commenced in 
1957, the safety of privately sponsored nuclear activi-
ties has been the focal point of criticism from 
scientists, engineers, politicians, and laymen both from 
within and without the nuclear community. Although 
it is true that some of the critics have been blatantly 
irresponsible in falsely or inaccurately relating what 
they purport \o be factual information (essential 
"errors" to support equally irresponsible conclusions), 
taken in toto, the critics of nuclear safety have 

contributed to the success of the nuclear safety 
program. Although the safety of the public has always 
been a primary factor weighed by industry and the 
AEC in licensing nuclear activities, the more effective 
critics (which are not necessarily the more vocal) have 
so sensitized those responsible for the nuclear safety 
program that greater time and energy are expended to 
assure that no serious lapse develops. 

It is clear that a nuclear incident which caused 
substantial injury to the public could retard the growth 
of the nuclear industry a decade or more. 1 believe that 
it is also true that the record of nuclear safety is 
succeeding in winning the confidence of the public. 
The present area of hypersensitivity relates to the 
environmental effects of nuclear reactors. The environ-
mental issue is relatively new in the armaments carried 
by nuclear critics and, essentially, as an issue it is a 
small appendix to our all too real air- and water-pollu-
tion problem. The nuclear industry has not contributed 
to the pollution of our environment, nor is it likely to 
become a contributing factor because critics will 
prompt repeated reviews of matters previously mi-
nutely examined to the end that, if there are defi-
ciencies regarding safeguarding our environment from 
the nuclear industry, they will be discovered and 
controlled. In several years a more complete record will 
have been compiled on the environmental effects of 
the nuclear industry, particularly the large reactors, 
and this record will determine the degree of public 
acceptance 5 years hence on the environmental issue. A 
continuing reasonable response by the nuclear industry 
on the environmental issues will effectively disarm 
future critics. The record will then win the day for the 
defense, it may be difficult to continue a reasonable 
response to charges and accusations that are not always 
reasonable, but the burden rests with the nuclear 
industry and its regulators to maintain such a response. 
This may be more readily done if, despite the heat of 
the exchange, there is a continuing awareness that a 
contribution to safety is made by responsible critics. 

CONCLUSIONS 
The continuing success of those in government and 

industry responsible for the nuclear safety program has 
a significance that should transcend the nuclear in-
dustry. Could a like mobilization of talent, energy, and 
money be as effective elsewhere in protecting the 
public? 

The record suggests that the nuclear industry can 
be considered a paragon of the effective marshalling of 
economic and human resources to avoid injury to the 
public or damage to property from an unusually 
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hazardous 'activity. It should be possible for those 
persons in industry and government responsible for 
nuclear safety to move from defensive positions to 
assert the success of their programs as evidence of what 
is possible in other areas of hazard to the public. There 
are unquestionably extensive areas of hazard that have 
been taking a toll of ail of us. In the years 1960 to 
1969, inclusive, 1.05 million people were killed in the 
United States by accidents of all types, and there were 
over 110 million nonfatal injuries in the same period.9 

The nuclear industry would have much to gain in 
its relations with the public if it cast a positive image of 
itself as a model for action in other areas. The success 
of the expenditure of energy and funds in the nuclear 
safety program warrants emulation. 
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PUBLIC OPPOSITION TO NUCLEAR POWER: AN INDUSTRY OVERVIEW 

By H. G. S l a t e r 

[Nucl. S a f e t y , 1 2 ( 5 ) : kk8r-k56 ( S e p t e m b e r - O c t o b e r 1 9 7 1 ) ! 

Abstract: The recent history of public and press attitudes 
toward nuclear power and its effect on the environment can be 
traced in the results of polls, panel meetings, debates, etc. 
Although opposition is not the rule, the quick response by the 
nuclear industry to the environmentalists' positions has helped 
to improve public relations. Since nuclear technology is 
involved in these complex problems, its leaders must do all 
they can to inform the public and to respond with candor to 
important questions so that mutual trust and understanding 
may prevail. Such openness may at first seem self-defeating, 
but in the long run it will succeed. 

The American public is demonstrating an intense 
concern for its environment. It is unlikely to accept 
any unnecessary infringements and increasingly be-
lieves that it should have a major voice in determining 
what infringements are in fact necessary. Moreover, 
there is increasing distrust of the authority of govern-
ment, business, and even scientists. As this distrust 
grows, it diminishes the ability of science and industry 
to meet the growing needs of our international 
economy. 

The new-found national awareness of our deterio-
rating environment and the emphasis on participating 
in major industrial and technological decisions are by 
no means directed principally at nuclear energy. 
Virtually every large-scale industrial activity is being 
questioned and criticized by some members of the 
public and press. In many instances, such as the U. S. 
Earth Day activities of Apr. 22, 1970 and 1971, 
nuclear power plants have received much less criticism 
than fossil-fueled power plants and other industrial 
activities. Accordingly, it is quite difficult to estimate 
the actual magnitude and effects of public opposition 
to nuclear power. Recognizing the absence of compre-
hensive data, I will briefly trace the recent history of 
public and press attitudes toward nuclear power as seen 
from industry's point of view. 

If we were to retreat to early 1969, about 18 
months in time, we would find little indication of any 
public opposition to nuclear power. Aside from the 
early and quite specialized controversies surrounding 
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Consolidated Edison's proposed Ravenswood plant,1 

Detroit Edison's Enrico Fermi experimental breeder,2 

and Pacific Gas & Electric's Bodega Bay plant,3 there 
was little public or press concern about the rapidly 
expanding nuclear power industry. In 1968, utilities 
ordered 17 nuclear power stations with virtually no 
adverse public reaction. Nearly all the scant opposition 
in the AEC's public hearings appeared on legal or 
economic gounds, rather than on health or environ-
mental aspects. A California poll taken a year earlier 
showed 60% favoring nuclear power, and the voters in 
Eugene, Oreg., approved a nuclear power plant for its 
municipal utility by a 4-to-l majority. 

The first indication of change in this peaceful 
situation came rather unexpectedly in early 1969 from 
an article, entitled "The Nukes are in Hot Water," in a 
national sports magazine.4 That article shocked much 
of the nuclear industry, for it was the first story in a 
mass-circulation medium that attacked nuclear power 
on environmental grounds. The article proved to be 
only a preview of things to come. Before the end of the 
year, two other mass-circulation weekly magazines, 
several of our most prominent newspapers, and many 
other publications carried articles sharply critical of the 
environmental effects of nuclear power. Two new 
books rounded up every possible criticism,s , 6 includ-
ing many long discredited ones, and although neither 
was written by a person technically qualified to 
examine the subject, both are still considered standard 
reference sources by some conservation groups and 
members of the press. 

Throughout, 1969, the public's changing attitude 
was evident in a number of other developments. 
Several bills were introduced in Congress calling for a 
moratorium on nuclear power plants. A couple of 
planned nuclear stations in the East were postponed 
after being opposed by well-organized local conserva-
tionists, primarily on thermal grounds.7,8 In response 
to these events, the attitudes of the AEC and the 
nuclear industry about public opposition began evolv-
ing. A milestone in understanding the public's view of 
nuclear power was made possible in late 1969 by an 
AEC decision to hold a public meeting in Burlington, 
Vt., to discuss nuclear power with local residents.9 As 
it turned out, the meeting evolved into a debate 
between the AEC and national-laboratory scientists on 
one side and several professors and scientists described 
as "conservationists" on the other. The panel brought 
together prominent critics of nuclear power from the 
Midwest, East, South, and Southwest, and the audience 
included several hundred local residents. The debate 
and the questions from the audience were, for much of 
the industry and the AEC, the first direct exposure to 

the criticisms of nuclear power and to the misinforma-
tion and fear that surround the subject. This meeting 
and a later one sponsored by the University of 
Minnesota9 ,23 indicated, by the relatively small audi-
ence turnouts, that, although worry about nuclear 
power was not widespread in either community, 
concern among many residents was quite deep. We 
realized more than ever that opponents of nuclear 
power included not only professional rabble-rousers 
and special-interest groups but also a number of 
concerned and educated citizens who had not heard all 
the facts about nuclear power or, having heard it, 
nevertheless had serious questions about its safety and 
environmental impact. 

Many other recent developments have reflected this 
distrust of nuclear power or added fuel to it. Two 
Lawrence Radiation Laboratory scientists began telling 
politicians and the press that federal radiation guide-
lines should be made 10 times more restrictive.10 The 
Minnesota Pollution Control Administration decided 
that the AEC's guidelines were too permissive and 
attempted to impose much more stringent require-
ments with respect to radionuclide releases from 
reactors within the state of Minnesota. Also, politicians 
from Long Island to Alaska adopted the perils of 
nuclear energy as a frequent subject of discussion 
throughout the recent election year. 

These surface indications of public opposition to 
nuclear power bring to mind a natural question: Are 
they isolated developments that represent only a small 
minority of the public, or are they the surface 
indications of a great iceberg of resistance that has not 
yet come to light? Are the "nukes" really in hot water? 

OPPOSITION NOT THE RULE 

We cannot scientifically determine what percentage 
of the public holds what degree of opposition to 
nuclear power, but we do know of enough cases of 
disinterested parties favoring it to realize that opposi-
tion is by no means the rule. First, we need only to 
consider the large number of nuclear plants now 
operating, under construction, or being planned which 
have not received any significant public resistance. 
Numerous plants are now operating or under construc-
tion that have avoided any serious public criticism. 
Similarly, we should consider the Los Angeles area, 
which has outlawed fossil-fueled generating plants 
because of air-pollution problems. We can point to the 
Massachusetts Audubon Society, one of the oldest 
conservation organizations, which has encouraged the 
use of nuclear power because of its environmental 
advantages. Further, the California Resources Agency 
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has reported11 to the Governor that "nuclear energy 
possesses a tremendous advantage over fossil-fueled 
plants with respect to the effect on the environment." 

Most polls on the subject also indicate that the 
public is by no means as opposed to nuclear power as 
some critics would have us believe. A Lou Harris poll12 

in Washington State in May 1970 showed 70% "not 
opposed" to nuclear power and 6% "strongly op-
posed"; only 22% were "not opposed" to fossil-fueled 
plants and 38% "strongly opposed." A national survey 
conducted for a private nuclear firm in late 1969 
produced similar results. When asked what their reac-
tion would be toward a nuclear power plant and a 
coal-fired plant in their area, about 65% favored 
nuclear-powered plants and 20% opposed such plants; 
22% were "for" coal-fueled plants and 68% were 
"against." A nationwide poll1 3 conductcd for the 
Edison Electric Institute in 1969 showed that 50% of 
the U. S. population, not including Alaska, Hawaii, and 
areas served by public authorities, favored nuclear 
plants in their areas, and 27% opposed them. 

Such scattered findings indicate that the opposition 
to nuclear power plants—often considered virtually a 
national characteristic—may not be nearly so wide-
spread as some publicity makes it seem. However, this 
fact alone is no cause for complacency. As we have 
seen repeatedly in recent years, it does not take a 
majority of the public in opposition to an activity to 
significantly affect it, nor does it take a majority of the 
most informed technical community. A vocal minority, 
combined with the powers of the press and politicians, 
can have a major effect on nuclear power or any similar 
activity. 

We must not ask merely whether a majority of the 
public opposes nuclear power but, rather, how seri-
ously its development is being affected by that 
opposition, no matter what its size. 

EFFECTS OF PUBLIC OPPOSITION 

From a developmental point of view, there has 
been no serious effect from public opposition to 
nuclear power. The technology of nuclear power has 
been put into use by industry at an unprecedented 
pace, primarily because, as AEC Chairman Glenn 
Seaborg has pointed out, its development came along 
at the perfect time from the point of view of 
environment and fossil-fuel conservation. It is easy to 
forget how quickly nuclear power has progressed from 
an AEC research-and-developinent effort into a huge 
industry. As recently as 5 years ago, only eight nuclear 
power reactors had been built in the United States, and 
those eight included such prototypes as Shippingport 

and Dresden. Today, however, there are more than 100 
nuclear reactors in operation, under construction, or 
on order and these reactors represent a total capital 
investment of some $15 billion. This phenomenal 
growth in the nuclear power industry seems proof 
enough that nothing has seriously affected its develop-
ment. 

A provocative survey of the nation's nuclear 
utilities made in February 1970 bore out this interpre-
tation. John F. Hogerton, Executive Vice-President of 
The S. M. Stoller Corporation, examined 70 nuclear 
power projects with respect to public resistance for the 
Atomic Industrial Forum's Topical Conference on 
Nuclear Public Information. Hogerton14 concluded 
that public opposition had not retarded the growth of 
nuclear power and had generally not been a major 
factor in the "slippage" of nuclear power plants. The 
utilities he surveyed listed labor problems, licensing 
delays, and late deliveries of pressure vessels as more 
significant contributors to the slippage of plant sched-
ules than public opposition. Hogerton did note that in 
two or three cases public resistance played an im-
portant role in postponing or canceling planned 
projects and that this "could easily become a major 
factor in the future." 

Although the nuclear power industry may not have 
been slowed significantly by public pressures, the 
pressures have been real and increasing, and, to the 
information men in the industry, they have loomed 
quite large. A recent survey of nuclear information 
specialists conducted by the Atomic Industrial Forum's 
Public Affairs and Information Program indicated that 
the nuclear information community does indeed be-
lieve that public opposition has had significant effect 
on the nuclear power industry.15 When asked, "To 
what extent do you believe public opposition and 
adverse public information are affecting the nuclear 
industry?", 27% answered "very seriously"; 44% said 
"seriously"; 28% said "moderately"; and only 1% 
replied "hardly at all." The nuclear information spe-
cialists were also asked whether the effect of public 
opposition to nuclear power would become more or 
less serious in the next couple of years, and 66% 
replied "more" and 17% said "the same." 

The results of these two surveys seem at first 
contradictory. The one says there has been no effect 
on the nuclear power industry from public opposition 
and the other that there has been a.serious one, but the 
two are reconcilable. John Hogerton's survey con-
centrated on delays or cancellations of power plants 
caused by public opposition; the responses to the 
Atomic Industrial Forum poll took a broader view— 
that or ^ j gnificant effects the controversy has had 
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on the industry, and there have been many. It may be 
that the activities of conservationists, the press, profes-
sors, and other groups have not threatened the further 
development of nuclear power, but they have certainly, 
as the survey asked, "affected" it. Hogerton himself 
pointed out that public intervention has increased 
governmental regulation of nuclear power plants and 
that public opinion reflects the weakened credibility of 
the nuclear power industry and the AEC. 

The effects on the nuclear community from public 
opposition can be seen in many other ways. The 
public's overall concern for maintaining an environ-
ment as pure as possible—of which the concern over 
nuclear power is just a relatively small part—has 
contributed to expanded programs in research and 
development, environmental activities, and public af-
fairs on the part of utilities, manufacturers, the AEC, 
and other organizations in the nuclear community. For 
example, the AEC has established a new Office of 
Environmental Affairs that is concerned not only with 
the environmental effects of the AEC's own facilities 
but also with expanding environmental research activi-
ties, passing the results on to industry, and informing 
the public about the environmental effects of nuclear 
power.16 The Congressional Joint Committee on 
Atomic Energy conducted an unprecedentedly thor-
ough set of hearings that has become the most valuable 
single source of information on the subject.17 Many 
utilities have added environmental specialists to co-
ordinate their ecological activities, and some, such as 
Northern States Power and Northeast Utilities, have 
begun new procedures for v/idening the public's partici-
pation in their major decisions. Westinghouse Electric 
Corporation has created an Environmental Systems 
Department, initiated environmental research programs 
with Consolidated Edison and Commonwealth Edison, 
and conducted a month-long School for Environmental 
Management at Colorado State University. The Atomic 
Industrial Forum has established a new Committee on 
Environmental Law and Technology, chaired by 
Dr. Merril Eisenbud, and has expanded its Public 
Affairs and Information Program to serve the informa-
tion needs of the nuclear community, the media, and 
the public. The nation's utilities have formed the 
Electric Utility Industry Task Force on the Environ-
ment. 

A NATIONAL PROBLEM 

Even if public opposition and press attention in the 
past 2 years have not significantly retarded the devel-
opment of the nuclear industry, they have nevertheless 

affected it in many other ways, some of which can be 
viewed as beneficial. A similar paradox is that public 
and press criticism of nuclear power is a national 
problem that does not exist in most areas of the 
country. This seeming contradiction can be easily 
explained. The principal criticism of nuclear activities 
has come from national magazines and television 
networks, national conservationists, and national 
special interest groups. In most local areas the opposi-
tion has not been against nuclear power in general, but 
rather against particular plants on particular sites, be 
they nuclear, fossil fueled, or hydroelectric. Nuclear 
opposition is thus a problem that affects the entire 
nuclear community, although it may not be evident on 
niost local levels. 

There are two important lessons to be drawn from 
this observation. For one, we can anticipate that in the 
next few years more and more of the national criticism 
will be reflected on local levels. Every critical article in 
the national media can be expected to sway a certain 
number of its audience, who may then become active 
against nuclear plants in local communities. The other 
lesson is that the organizations best equipped to meet 
this opposition are nationally based groups, such as the 
AEC, the Atomic Industrial Forum, and the American 
Nuclear Society. Members of the nuclear industry must 
not be lulled into false confidence by a lack of local 
opposition; every article in a national magazine can 
affect a community as severely as an editorial in the 
local newspaper. Accordingly, the industry should 
support* and work with its national organizations, 
especially during this time of national interest in the 
environment. 

THE ENVIRONMENT AND INDUSTRY 

The "overview" of the public opposition to nuclear 
power could not be complete, of course, without 
mention of the over-all environmental movement of 
the past year. The scope and passion of the public 
concern have been not only national but to a con-
siderable extent worldwide and have by no means 
concentrated on nuclear power. Here 1 will discuss 
briefly what this movement means for the nuclear 
industry. 

Of course, I am qualified to discuss this only from 
a personal point of view based on limited observations. 
In general, these observations have led me to the belief 
that most responsible industry, including the nuclear 
community, has welcomed the movement and en-
couraged serious efforts to improve our environment. 
The respondents to the Atomic Industrial Forum 
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poll1 5 strongly supported this interpretation. When 
asked, "How should the nuclear industry react to 
environmental activities?", 98% replied "offer assis-
tance"; 27% said "offer financial support"; 3% an-
swered "respond only if properly requested";and only 
1% said, "hope they will overlook nuclear power." 

The nuclear community's involvement in environ-
mental aspects could also be seen in the Earth Day 
activities of Apr. 22, 1970. Hundreds of representatives 
of government, industry, and laboratories involved 
with the development of nuclear energy appeared at 
Earth Day meetings throughout the country, and some 
firms directly participated in the planning and funding 
of these events. These items convince me that a large 
part of the nuclear industry recognizes our world's very 
real environmental problems and is eager to help solve 
them. As Sherman Knapp,18 President of the Atomic 
Industrial Forum, has said: 

Wc who are responsible for providing the nation's 
electricity are as shocked and saddened by our nation's 
befouled air and water and land as are conservationists. We 
are eager for our grandchildren to have open space to play 
in and clean water to drink. And while most conserva-
tionists can only debate and lament the problems, we are in 
a unique position of being able to help the situation by 
making the environment our number one consideration as 
we plan, build, and operate our plants. 

Concerned though it is about the quality of our 
environment, the nuclear community, like much of the 
nation's industry, has had considerable difficulty in 
placing the problems and proposed solutions of the 
environmental crisis in a broader perspective. As 
Dr. Seaborg has pointed out, many ardent "environ-
mentalists" do not seem to realize that the interrela-
tions involving an industrial society are as complex as 
those comprising nature's ecology. They seem to think 
that industry could simply turn off a faucet marked 
"technology" and that all our environmental problems 
would end. There is more to man's environment and 
more to the "quality of life" than trees and air and 
open space, as vital as they may be. There are, for 
example, labor-saving technologies, without which 
modern man, like the U. S. frontiersman of 100 years 
ago, would have neither the time nor the means to 
enjoy his surroundings. Our natural environment must 
be considered in relation to our man-made one, of 
which electric energy is a vital part. As Dr. Seaborg19 

has said, "The environment of a city whose life's 
energy has been cut—whose transportation and com-
munications are dead, in which medical and police help 
cannot be had, and where food spoils and people stifle 
or shiver while imprisoned in stalled subways or 

darkened skyscrapers—all this also represents a 
dangerous environment which we must anticipate and 
work hard to avoid." 

The fact that environmental pollution is to some 
extent inevitable should not lead us to complacency 
about the subject; rather, it should spur us to try more 
vigorously to reach the most passionate conserva-
tionists with the unhappy facts about these complexi-
ties. Unless more of them begin understanding such 
fundamentals as the fact that all energy conversion, 
including that of our own bodies, unavoidably creates a 
certain amount of pollution, industry is in danger of 
being cast in the role of the villain of society. Already 
we can see some professional conservationists polariz-
ing the country to the point that everyone who 
dispassionately discusses such complexities is forced 
into an antienvironment camp. 

ISSUES AND THE FUTURE 

The environment will no doubt remain a major 
issue of controversy and action in the United States for 
some years to come, and in this respect the nuclear 
industry is in a favored position. Nuclear power is the 
least harmful method of generating electricity now 
practical, and its growth will help slow the degradation 
of the environment. However, even if more of the 
public and the press begin recognizing the environ-
mental advantages of nuclear power, the controversy 
around this technology is not likely to disappear soon 
or even diminish. The expenditures of the nuclear 
industry are too great and the facilities too prominent 
to allow it to leave the public eye. Therefore it might 
be useful to speculate about the principal issues of 
controversy that the nuclear power industry is now 
facing and how these issues might evolve in the near 
future. 1 realize that some of the issues are technical 
ones that I am not qualified to discuss in detail, but I 
would like to look at them briefly from a public-
acceptance point of view. 

Radiation Standards 

The issue that now seems the most controversial is 
the effects of low-level radiation, in conjunction with 
the adequacy of federal radiation guidelines. This topic 
is indeed creating a great amount of heat among the 
press and many members of the public, but it is also an 
issue that couid conceivably all but disappear in the 
near future as such eminent bodies as the International 
Commission on Radiological Protection, the National 
Council on Radiation Protection and Measurements, 
and the Federal Radiation Council review all known 
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data about radiation effects. Whatever radiation 
standards are ultimately set, I am confident that 
commercial nuclear power plants can operate well 
within them. This seems to be an issue that a strong 
effort to obtain public understanding could help bring 
to an end as a major point of contention, because 
much of the strong feeling has no connection with the 
real world of nuclear power plants. The effects on the 
population of the Federal Radiation Council guidelines 
of 170 mrems a year, whatever they could theoretically 
be, can hardly be associated with the localized effect of 
a nuclear power plant, which adds radiation of less 
than 5 mR/year (equivalent to a dose of 5 mrems/year) 
at its site boundary. When the public and the press 
understand this vital distinction, an issue that now 
seems crucial could pass from sight. 

Thermal Effects 

The issue of thermal effects is undoubtedly the one 
which will be with the nuclear industry the longest and 
is the most difficult to explain. Much of the public, 
like Sports Illustrated, just became aware of the 
potential problems associated with waste heat in the 
past few years, and, for many of the same reasons, the 
AEC and industry did not fully foresee them. From a 
public-understanding point of view, this issue is compli-
cated by the facts that not only are the answers 
complex and technical but also are, in many cases, 
unknown. We simply do not know the effects of every 
temperature on every type of water body or the 
environmental effects of every type of cooling tower 
and pond. What we do know, however, indicates that 
the problems are by no means as severe as some of our 
critics imply with words like "fish fry" and "boiling 
rivers," and in some thoroughly documented cases, 
such as the Connecticut River, there have been no 
observable adverse effects. 

Perhaps the most critical public-information prob-
lem involving this subject is the pressing need to put 
thermal discharges into perspective. In the press, in 
much conservationist literature, and even in material 
from some government agencies, the words "thermal 
pollution" are invariably linked with the phrase "nu-
clear power," as if waste heat were unique to nuclear 
plants. Nuclear plants are generally less efficient (about 
32%) than fossil-fueled plants (about 40% for the best 
ones). However, the liquid-metal fast breeder reactor 
and the high-temperature gas-cooled reactor are fully as 
efficient as fossil-fueled plants, and yet in the press it is 
always just the "nukes" that are in "hot water." 

There are a number of other issues which are not 
now prominent but which may become so in the near 
future as more and more of the nation's large nuclear 
power plants go on line. The reprocessing, transporta-
tion, and ultimate storage of radioactive wastes from 
these plants will probably undergo increasing press, 
public, and political scrutiny as the activities in those 
parts of the fuel cycle expand, and the nuclear industry 
and the AEC must be prepared to discuss these subjects 
in a concise and persuasive manner to meet the 
expected criticism and misinformation. 

Government Indemnity 

A number of other charges frequently made against 
the nuclear community are essentially political rather 
than technical. Perhaps the most frequent is that 
concerning the federal indemnity of the United States 
for large accidents involving nuclear material as 
legislated in the Price-Anderson A c t 2 0 , 2 4 of 1957. 
One of the ironies of U. S. nuclear development is that 
this law, enacteid to guarantee public protection, has 
become a major point of contention for critics of the 
nuclear industry. We must learn to educate the public 
to the fact that far from being a subsidy to the 
industry, this law basically assures the public's financial 
protection in the unlikely event of a large'accident. 
Many critics do not seem to understand the basic fact 
that not a dollar of government money has been 
expended because of Price—Anderson and that, in fact, 
the Treasury Department has collected more than $1 
million in fees that utilities pay the government. When 
this law expires in 1976, we can expect a renewed 
outburst of criticism of it, and we must learn to 
present our case, whatever it may be, logically and 
concisely. Although this is essentially a political ques-
tion and there is a wide range of opinions, even within 
the nuclear community, we need to emphasize that it is 
not the nuclear industry that is being protected by this 
law so much as the public. 

Credibility 

Another broad issue that has always been a major 
factor in the criticism of the nuclear community is the 
public's general distrust of "the establishment" and its 
"credibility." The word of any official institution is 
viewed with distrust by many persons today, and not 
totally without reason. As Louis H. Roddis, Jr.,21 

President of Consolidated Edison and past President of 



88 

the American Nuclear Society and the Atomic Indus-
trial Forum, has said, 

Once assurances that carried an official seal were all 
that was needed in a more trusting time. But that day is 
over. People are less ready to believe what politicians tell 
them. That isn't new. But they don't believe scientists 
either, and they have some good examples to point to So 
when we wave nuclear power's fine report card in the 
public's face, can we reasonably expect it to be believed? 

If we are to be believed, we must carefully guard 
against any action or statement that might further 
erode public confidence and "credibility." 

NATIONAL GROWTH RATE 

One issue of controversy that seems to rival the 
nuclear community's credibility as most crucial in the 
long run is the increasingly frequent call for a 
slowdown in our nation's overall growth rate. The 
natural limits of space, land, water, energy, and other 
resources are being interpreted by more and more 
persons as meaning that the country, and the world, 
cannot expand its population and standard of living 
indefinitely. President Nixon's State of the Union 
address phrased it this way: 

In the next 10 years, we'll increase our wealth by 50%. 
The profound question is: Does this mean we'll be 50% 
richer in a real sense, 50% better off, 50% happier? 

And, more directly related to the nuclear power field, 
Philip Sporn,22 former President of the American 
Electric Power Company, in a review of the nuclear 
industry for the Joint Committee on Atomic Energy, 
asked: 

Why must there be an increase in electric energy 
production? Has a cheap and plentiful electric energy 
supply become a luxury our environment can no longer 
tolerate? 

These are questions that all responsible leaders of 
government and industry must seriously consider. Why 
indeed must the United States continue its phenomenal 
growth? 

The major part of the answer, of course, is that 
despite all the social movements to the contrary, our 
population is continuing to grow at a rate that alarms 
many experts. Worldwide, this is one of man's most 
pressing problems, with our population of 3 billion 
persons expected to double within 35 years. Because of 
its natural resources and lower birth rate, the United 
States, however, is not facing a problem of such 
magnitude. Nevertheless, during a week, the U. S. 
population increases by about 42,000, and by 1980 we 
will have added some 25 million more persons than we 

have today. As Sherman Knapp has said, "These 
25 million in the next 10 years represent not only that 
many houses and automobiles and schools and jobs, 
but that much more pollution—no matter how we 
produce the goods and services and electricity that 
they require." 

Even though many members of the nuclear in-
dustry recognize the problems connected with endless 
growth, there is little that they can do unilaterally to 
solve them. Electricity is the most democratic of all 
products. A single watt cannot be sold until a customer 
pushes a button to turn on a light, or a television, or a 
factory. If utilities are to fulfill their responsiblity to 
the public, they must provide the power whenever that 
switch is turned on—no matter how quickly the 
population is growing or how rapidly the standard of 
living is increasing. Otherwise, no matter how pure 
they may have maintained the environment, they will 
have failed. So even as we deplore and work to end the 
perilous population growth, inefficient uses of energy, 
and indiscriminate industrialization, we must educate 
members of the public to the fact that, if the nation's 
electricity demand is lessened, it must be they who 
turn off the switches. 

THE TECHNOLOGY GAP 

The problems of population growth and expanding 
standard of living are just two of many complexities 
that the nuclear community and other advanced 
technologies must better communicate to the non-
technical public. The gap in perspective and under-
standing between industry and technicians on the one 
hand and the public on the other widens with each new 
scientific or technological discovery, and if both sides 
do not soon begin building bridges, it may become 
unspannable. The public cannot be expected to put its 
trust in an industry as long as it does not understand 
the complex technology involved, nor even the com-
plex social and political framework within which it 
must operate. The nuclear community must increase its 
efforts to inform the public not only about reactors 
and radiation but also, and perhaps even more impor-
tantly, about the broader perspective that to a great 
extent guides the industry, including such factors as 
energy demand, comparative environmental effects of 
all types of electricity generation, rising costs, in-
creased regulation by government agencies, and critical 
shortage of economically available fossil fuel. Such 
fundamental factors as these must be appreciated by 
the public before it can begin io understand industry 
decisions and contribute to them meaningfully. 
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At the same time, the industry's public affairs and 
community participation programs must feed back the 
public's concerns, fears, reactions, and suggestions. 
They must seek not only to inform the public but also 
to become two-way conduits that will also inform the 
nuclear community. Only through this mutual under-
standing can we begin bridging the technological gap. 

RESTORATION OF TRUST 

As American industry, government, and other 
"establishments" move toward this more open philos-
ophy of dealing with the public, the change will not be 
nearly so great for most segments of the nuclear 
community as for other major activities. The AEC and 
the nuclear industry have always operated in a 
uniquely open fashion, despite the cries of "secrecy" 
occasionally heard from some critics. Since the begin-
ning of the private nuclear industry in the United 
States, every major project has undergone several open 
reviews by AEC staff and independent committees, at 
least one public hearing in the vicinity of the proposed 
plant, general "flshbowl" licensing and regulation 
procedures almost unheard of in any similar industry, 
and public announcements at every step of the 
regulatory process. The industry and the agency can be 
proud of their openness and willing involvement in 
debates. What other major federal agency has ever 
consented to discuss controversial issues with its most 
severe critics at public meetings as the AEC has done in 
Vermont, Minnesota, and other locations, and what 
other industry leaders have participated in debates and 
discussions with leading opponents as we have in 
Atomic Industrial Forum conferences, governmental 
public hearings, and other public meetings? 

At times, of course, this openness seems to be 
self-defeating. It often means that the critics are given 
more press and public attention than they could 
receive without the nuclear community's recognition 
of their charges. However, I am convinced that in the 
long run this very philosophy will be one of the major 
factors in the resolution of the nuclear controversy. We 
all realize that we are dealing with a unique 
technology—conceived in secrecy, born in warfare, 
and developed in fear. It is only natural that the 
public's attitude toward nuclear application is more 
suspicious and reluctant and less logical and objective 
than its attitude about technologies without this dark 
history. Whether nuclear plants can operate safely 
could be completely irrelevant if public fear, justified 
or not, caused the public to reject them. 

Public opposition to nuclear power in the United 
States may not have significantly slowed the develop-

ment of the industry, but, as we have seen, it has 
affected it in a number of ways, and there is a chance 
that its effects could soon become much more serious 
as some 95 large nuclear power plants now planned and 
under construction complete their hearings and licens-
ing procedures. It is a technology that represents not so 
much an environmental problem as a solution, and, as 
such, nuclear power must be supported vigorously by 
the governments and industries of all nations. However, 
because of its history and unfavorable associations, we, 
as representatives of this nuclear technology, must, go 
farther than most industries in emphasizing safety, 
candor, and public participation in decisions. We must 
show that we are interested in listening to all responsi-
ble critics and seriously considering their objections. 1 
am convinced that this method of operating may seem 
to further complicate our jobs in the short term but 
will, in the long term, lead to the public's confidence 
and trust. • 
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SOME EFFECTS OF PUBLIC INTERVENTION ON THE 
REACTOR LICENSING PROCESS 

By G. 0. Bright 

[Nucl. Safety, 13(l): 13-21 (January-Fehruary 1972)] 

Abstract: The environmental protection movement, which has 
grown so strong over the last 2 to 3 years, has greatly affected 
the civilian power-reactor licensing process. Intervention in 
public licensing hearings and court action have both been 
widely employed, with a net result, in many cases, of 
significantly increasing the time required to obtain both 
construction and operating licenses. It is concluded that a 
strong effort must be made by industry if protracted delays are 
to be avoided. 

Today the United States is experiencing what is 
potentially one o f the most powerful ground swells o f 
public opinion in the history o f the nation: the 
environmental—ecological quality-of-l ife movement . It 
is characterized by an increasing popular interest in 
conservation of natural resources and an increasingly 
active public concern about their degradation on the 

basis o f health and safety , quality, or aesthetics. 
Al though its antecedents have been building up over a 
long period of t ime, the overt expression o f the 
movement has developed relatively almost overnight, 
and the potential impact on many of our institutions is 
n o t y e t ful ly appreciated. 

This article concerns the e f f ec t o f the movement 
on the nuclear industry, and, in particular, h o w it has 
and possibly may inf luence the licensing process for 
nuclear power plants. Therefore the current status of 
the licensing process will be discussed briefly, wi th 
emphasis on the e f f e c t of public intervention to date. 
A n attempt will be made to determine if particular 
patterns have emerged or if certain trends are evident. 
The conclusions, drawn from the foregoing, will be 
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limited to effects on U. S. Atomic Energy Commission 
(AEC) hearings. The impact of states' actions, the 
Justice Department antitrust hearings, the various 
environmental agencies, etc., will not be considered 
owing to space limitations. 

THE LICENSING PROCESS 

All nuclear power reactors and other nuclear 
utilization and production facilities, such as irradiated-
fuel-reprocessing plants, must go through two stages in 
the AEC licensing process: (1) the construction-permit 
stage, where AEC determines that there is reasonable 
assurance that a facility of the design and power 
proposed can be constructed and operated safely at the 
site proposed by the applicant; and (2) the operating-
license stage, where the AEC determines that the 
construction is in conformance with the permit and 
where the facility is tested for safety and brought to 
full power. 

Genera l C h r o n o l o g y 

At the construction-permit stage, the application 
for a power reactor or other nuclear facility is first 
reviewed by the AEC Regulatory Staff. An inde-
pendent technical review is also made by the statutory 
Advisory Committee on Reactor Safeguards (ACRS). 
When these reviews are completed, an atomic safety 
and licensing board (ASLB), drawn from a qualified 
panel, conducts a public hearing in the vicinity of the 
proposed site. The ASLB's initial decision on issuance 
of a permit is subject to review by an appeal board 
and/or by the Commissioners before becoming final. 

The AEC regulatory staff and the ACRS again 
conduct extensive technical reviews before a notice of 
intent to issue an operating license is published in the 
Federal Register. A public hearing is not mandatory at 
this stage, but affected persons may request a hearing 
or the Commission may schedule a hearing on its own 
initiative. 

Time Scale 

It is useful for our purpose here to separate the 
Regulatory Staff—ACRS review time and the ASLB 
review time. For the Regulatory Staff—ACRS review, 
the following is a brief recitation of statistics1 for the 
years 1967 through 1970: 

For construction permits granted in 1967, the average 
time from filing of the application to granting of the 
construction permit was 10% months; in 1968, 13% 
months; in 1969, 19 months; and in 1970, 18% months. 

Most of these increases in time took place prior to the final 
ACRS reviews. The time interval for that part of the review 
process increased from 6% months in 1967 to 14% months 
in 1970: In 1967, the average staff manpower spent on a 
construction permit application was about 340 man-days; it 
increased to 392 man-days in 1968, climbed to a peak of 
737 in J.969, and in 1970 has declined somewhat to 627 
man-days. 

As for operating licenses, we do not have many data 
from earlier years for comparison; but, typically, they have 
required about 40% more manpower for review .than 
construction permit applications. 

The reasons for the increase in time required are 
many: greater complexity of the more-advanced-design 
plants, additional technical issues, incomplete applica-
tions, and understaffing of the regulatory organization. 
A number of efforts have been and are being made to 
counteract this trend, such as development of 
standards, US AEC Regulatory Safety Guides, and 
additional staff. However, the considerable time the 
Regulatory Staff must spend in current cases on new 
environmental information required by the National 
Environmental Policy Act of 1969 (Ref. 2) and the 
Water Quality Improvement Act of 1970 (Ref. 3) 
cannot be fully evaluated at this time. Witli this 
exception, it is not expected that the Regulatory Staff 
review time will increase in any significant way as a 
result of increased public interest in environmental 
protection. 

The public hearings have gone somewhat dif-
ferently. From 1966 to mid-1970, some 29 hearings on 
the 38 construction permits issued averaged only about 
2% days each, and 7 operating licenses were issued in 
this period with no requests for a hearing. In 1969, 
however, the effects of the environmental movement 
on the hearings began to appear, and in 1970 the 
picture changed greatly. Figure 1 shows graphically the 
trend in strongly contested cases vs. cases in which 
there was little or no intervention. In the total cases in 
1967, 1968, and 1969, there were 25 essentially 
uncontested construction-license hearings held, four of 
which can be considered as strongly contested. Seven 
uncontested operating licenses were issued, with no 
hearings being held. In 1970, however, along with the 
holding of six uncontested construction hearings and 
the issuance of three uncontested operating licenses, 
there were six strongly contested construction-license 
hearings and three operating-license hearings, some of 
which are still in progress. The figures for 1971 are not 
yet in, but from all available information, it appears 
that intervention will increase, not decrease; Pertinent 
information on licensing from 1967 through: 1970 is 
presented in Tables 1 and 2. 
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One. aspect that Fig. 1 does not reflect is the 
ichanging character of the hearings. Only a year or two 
ago, the intervention was principally unorganized, local 

: in character, and consisted in concern about possible 
release , of radioactive materials or problems peculiar to 
a particular site, such as the seismic problem at the 
proposed Malibu plant site. The intervention today is 
relatively well organized and promises to become even 
more so, and questions covering the entire field of 

:• reactor safety as well as environmental protection are 
being raised. Some specific examples of these changes 
are discussed in the following section. 

EVOLUTION OF PUBLIC INTERVENTION 

- As has been noted before, public hearings are 
mandatory for the construction permit but not for the 
operating license unless issuance . of the license is 
properly contested. . The. two situations bring up dif-

: ferent problems, and it is instructive to consider them 
- separately. The role of the courts is also becoming 

increasingly important in the licensing process and 
therefore will be discussed briefly. 

Construction-Permit Hearings 

Until 1970 there was little public interest in 
construction-permit hearings, and most of that was 
token in nature. There were, of course, exceptions: 
Malibu, with its yet unresolved seismic problem: 
Enrico Fermi, a fast breeder that was perhaps ahead of 
its time; Ravenswood, which would have involved 
siting an advanced-design reactor in a high-population-
density area and which aroused so much public 
opposition that its application was withdrawn prior to 
a construction-permit hearing. The usual problems 
were either economic or legalistic. 

Today the situation has changed a great deal. True, 
some recent construction permits have been issued 
with little or no controversy. Trojan, for instance, 
required only a 3-day hearing, with no problems of 
significance raised. It should be noted, however, that a 
court action against granting the license has been filed, 
and the results are not yet known. However, a growing 
number of permits have been or are being contested 
strongly either at the hearings or subsequently in the 
courts (e.g., Shoreham, on Long Island; Davis-Besse, 
in Ohio; Calvert Cliffs, in Maryland). 

Most of the contentions by the interveners have 
been based on environmental problems, and, indeed, 
questions concerning radiological and thermal pollu-
tion have been raised in essentially all the hearings that 
have been held. The issue of reactor safety per se has 
been raised but had not been intensively pursued until 
the construction-permit hearings on Shoreham. 
Apparently this was only the first of a series; for 
example, it is expected that the issue of internal 
reactor safety will be a significant part of the pending 
Midland, Mich., construction-permit hearing. The 
principal intervener4 has petitioned a list of some 52 
contentions, most of which have been considered in 
other hearings. The nuclear safety contentions, how-
ever, are fairly new, at least in their depth. It is 
therefore worth listing them as they appeared in the 
November—December 1970 issue of Nuclear In-
dustry:5 

1. There is not enough experience with reactors of 
this type and size to build one in such a populous area: 
400,000 people within a 50-mile radius. 

2. There is no reasonable assurance that the 
emergency core-cooling system is quick or reliable 
enough to prevent an uncontrolled meltdown under 
maximum hypothetical accident (MHA) conditions. 

3. The Midland MHA does not approach the 
maximum that could be assumed: a meltdown of the 
entire fuel core. 
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Name and location 

Table 1 Construction-License Data* 

Docket 
No. 

Application 
date 

Start of 
ASLB hearing 

License 
issued 

Principal issues 
of hearing 

1967 

Turkey Point 3 and 4, 50-250 3/66 
Dade County, Fla. 50-251 

Browns Ferry 1 and 2, 50-257 7/66 
Browns Ferry, Ala. 50-260 

Point Beach 1, 50-266 8/66 
Manitowoc County, Wis. 

Vermont Yankee, 50-271 12/66 
Brattleboro, Vt. 

Oconee 1 ,2 , and 3, 50-269 12/66 
Oconee County, S. C. 50-270 

50-287 

Peach Bottom 2 and 3, 50-277 2/67 
York County, Pa. 50-278 

1968 

Diablo Canyon 1, 50-275 1/67 
San Luis Obispo, Calif. 

Three-Mile Island 1, 50-289 5/67 
Three Mile Island, Pa. 

Fort Calhoun, 50-285 4/67 
Washington County, Nebr. 

Cooper, 50-298 7/67 
Nemaha County, Nebr. 

Surry 1 and 2, 50-280 3/67 
Surry County, Va. 50-281 

Prairie Island 1 and 2, 50-282 4/67 
Red Wing, Minn. 50-306 

Point Beach 2, 50-301 8/67 
Manitowoc County, Wis. 

Kewaunee, 50-305 8/67 
Carlton, Wis. 

Pilgrim, 50-293 6/67 
Plymouth, Mass. 

Browns Ferry 3, 50-296 7/67 
Browns Ferry, Ala. 

Fort St. Vrain, 50-267 10/66 
Platteville, Colo. 

Crystal River 3, 50-302 8/67 
Crystal River, Fla. 

Salem 1 and 2, 50-272 12/66 
Salem, N . J . 50-311 

Zion 1 and 2, 50-295 7/67 
Zion, 111. 50-304 

2/67 

4/67 

6/67 

8/67 

8/67 

12/67 

2/68 

4/68 

4/68 

5/68 

5/68 

5/68 

6/68 

6/68 

6/68 

7/68 

7/68 

7/68 

8/68 

9/68 

4/67 Enemy attack or sabotage, 
site criteria 

5/67 Not contested 

7/67 Not contested 

12/67 Thermal pollution, Sec. 
104b license improper 

11/67 Sec. 104b license improper 

1/68 Antitrust, Sec. 104b, 
license improper 

4/68 Health and safety of 
public 

5/68 Not contested 

6/68 Not contested 

6/68 Not contested 

6/68 Not contested 

6/68 Inadequate quality assurance and 
emergency procedures, normal 
release of radioactive wastes 

7/68 Not contested 

8/68 Not contested 

8/68 Sec. 104b license improper 

7/68 Not contested 

9/68 Prestressed concrete containment, 
economic dislocation to mining 
industry 

9/68 Sec. 104b license improper 

9/68 Not contested 

12/68 Not contested 

•The information concerning specific cases in this article is available from the AEC Public Document Room, 1717 H St., 
Washington, D. C., where complete accounts of specific hearings are carried under the docket number assigned to each 
application. Owing to the difficulty of searching this voluminous literature, the author relied heavily upon personal 
communications and unpublished, condensed accounts, along with the excerpting services of NSIC, for his background material. 
It is for this reason that few references are made, with those generally noting a direct quotation. 
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Table 1 (Continued) 

Name and location 
Docket 

No. 
Application 

date 
Start of 

ASLB hearing 
License 
issued 

Principal issues 
of hearing 

1968 
(Continued) 

RanchoScco, 50-312 11/67 
Sacramento County, Calif. 

Maine Yankee, 50-309 9/67 
Lincoln County, Maine 

Russell vi lie, 50-313 11/67 
Pope County, Ark. 

1969 

Cook 1 and 2, 50-315 12/67 
Benton Harbor, Mich. 50-316 

Indian Point 3, 50-286 4/67 
Buchanan, N. Y. 

Calvert Cliffs 1 and 2, 50-317 1/68 
Lusby, Md. 50-318 

Hatch 1, 50-321 5 /68 
Baxley, Ga. 

Three Mile Island 2, 50-320 4 /68 
Three Mile Island, Pa. 

Brunswick 1 and 2, 50-324 7/68 
Brunswick County, S. C. 50-325 

1970 
Diablo Canyon 2, 50-323 6 /68 
San Luis Obispo, Calif. 

Arnold, 50-331 11/68 
Cedar Rapids, Iowa 

Fitzpatrick, 50-333 12/68 
Oswego, N. Y. 

Sequoyah 1 and 2, 50-327 10/68 
Hamilton County, Terin. 50-328 

Beaver Valley, 50-334 1/69 
Shippingport, Pa 

Hutchinson Island 1, 50-335 1/69 
Hutchinson Island, I'la. 

Shoreham, 50-322 5/68 
Long Island, N. Y. 

Millstone Point 2, 50-336 2/69 
Waterford, Conn. 

Trojan, 50-344 6/69 
Columbia County, Oreg. 

North Anna 1 and 2, 50-338 3/69 
Louisa County, Va. 50-339 

Davis-Besse, 50-346 8/69 
Ottawa County, Ohio 

Midland 1 and 2, 50-329 1/69 
Midland, Mich. 50-330 

9 /68 

9 /68 

10/68 

2/69 

3 /69 

5/69 

9/69 

10/69 

12/69 

1/70 

3 /70 

3 /70 

4 /70 

5 /70 

5 /70 

9 /70 

9 /70 

10/70 

11/70 

12/70 

12/70 

10/68 Not contested 

10/68 Sec. 104b license improper 

12/68 Not contested 

3/69 Not contested 

8/69 Thermal pollution, 10 CFR 
20 inadequacy 

7/69 Radioactive discharge, thermal 
pollution 

9 /69 Not contested 

11/69 Not contested 

2/70 Not contested 

12/70 Health and safety of public 

6 / 7 0 Not contested 

5 /70 Not contested 

4 /70 Not contested 

6 /70 Not contested 

7 /70 Thermal pollution, ecology 

Radiological pollution, internal 
reactor safety (hearings in 
progress 4 /15 /71) 

12/70 Environmental protection, legal 
power o f ASLB 

2/71 linviron mental concern for 
Columbia River; seismic 
question 

2/71 Health and safety of the 
public 

4/71 Public health and safety, 
radiation limits 

Hearings in continuance 
4 /15 /71 



95 

4. The Midland MHA fails to consider the gen-
eration of large quantities of hydrogen gas within the 
containment after a loss-of-coolant accident. 

5. The Midland MHA fails to consider the 
synergistic and counterproductive effects of various 
iodine-release control systems. 

6. The Midland preliminary safety-analysis report 
(PSAR) fails to consider adequately problems that 
would be encountered if both reactors had simulta-
neous MHAs. 

7. PSAR does not yet state a final design on many 
safety-related systems, some of which are still in 
development with no assurance of being completed in 
time to meet the proposed construction schedule. It is 
therefore impossible to determine now if the plant will 
be safe, and granting a permit would be illegal. 

8 . Exposure to radiation will lead to deterioration 
of many safeguard components, and there is no 
assurance they will retain their integrity for 40 years or 
that they will be adequately inspected or replaced. 

9. Quality-control and quality-assurance procedures 
are inadequate, incomplete, and unacceptable. 

10. It has not been demonstrated that economic 
considerations in the sale of steam to Dow Chemical 
will not override safety considerations if a shutdown is 
called for. Nor has danger in the chemical plant 
resulting from the sudden cutoff of steam been 
adequately considered. 

11. Effects of accidents, leaks, etc., in the chemical 
plants on nuclear safety have not been adequately 
analyzed. 

12. The MHA does not take into consideration the 
close proximity of a large chemical plant. 

13. Interveners intend to analyze in detail the 
design and intended operation individually and 
synergistically of each system and major component. 
Applicant and AEC will be put to the burden of proof 
with respect to all legal issues and their factual 
underpinnings. 

14. Emergency plans are inadequate. 

The introduction of far-reaching contentions such 
as these, even if they are answerable, can obviously 
result in significantly protracted hearings. It should be 
noted that in this same Midland case a device has been 
introduced which purports to speed up the hearings by 
settling some of the issues prior to the hearing. This is 
the interrogatory system, in which the intervener 
submits a list o f questions to the protagonists to be 
answered in writing. If the answers satisfy the in-
tervener, there is then no need for the issue to be raised 

at. the hearing. It might be further noted, however, that 
the intervener submitted 311 questions to Dow 
Chemical Company, 232 questions to Consumers 
Power Company, and 337 questions to the Regulatory 
Staff. It remains to be seen what the effect of this 
procedure will be. 

Operating-License Hearings 

In contrast to the construction-permit hearings, in 
which the applicant is only required to demonstrate 
that there is reasonable assurance that the plant can be 
built and operated in such a way that there will be no 
undue risk to the public, at the operating-license stage 
the applicant must show that he has indeed ac-
compl ished what had been promised at the 
construction-permit stage. This significantly reduces 
the options open to the applicant in answering an 
intervener's contentions since he can no longer defer 
the problem to a later stage. 

Until 1970 there had been no public interventipn 
in operating-license hearings since the previously 
mentioned Enrico Fermi plant hearings in 1963 and 
1964. However, when hearings on the Monticello plant 
of Northern States Power, in Minnesota, were set for 
Apr. 7 , 1970, intervention was made on radiological 
health and safety issues. A provisional license for fuel 
loading and low-power operation was eventually issued 
September 8 , with a full-power operating license issued 
Jan. 1 5 , 1 9 7 1 , a delay o f almost 10 months. 

Public hearings for the Palisades plant of Con-
sumers Power Company were convened on June 15, 
1970. Intervention on radiological and other safety 
matters was petitioned, but there has been-no actual 
consideration of these issues as yet, since the hearings 
have been tied up by various legalistic questions that 
have required rulings by the Atomic Safety and 
Licensing Appeals Board. After agreement between 
Consumers and the interveners on radiation-release 
limits and installation of cooling towers, the inter-
veners withdrew and a low-power operating license was 
granted in April 1971. At this time it is not possible to 
foresee how long the hearings might continue, since 
further hearings will, be held when full-power operation 
is requested. 

Other plants that have been or are being affected 
by intervention are Consolidated Edison's Indian 
Point 2 and Commonwealth Edison's Dresden 3. On 
the other hand, three operating licenses were uncon-
tested in 1970: H. B. Robinson Unit 2; Point Beach 
Unit 1; and Millstone Unit 1. These plants are presently 
operating at full design power: 
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T a b l e 2 O p e r a t i n g - L i c e n s e D a t a * 

Name and location 
Docket 

No. 
Application 

date 
Start of 

ASLB hearing 
License 
issued 

Principal issues 
at hearing 

1967 

San Onofre, 50-206 
Camp Pendleton, Calif. 

Connecticut Yankee, 50-213 
Haddam Neck, Conn. 

LaCrosse, 115-5 
Genoa, Wis. 

1968 

No operating licenses or hearings 

1969 

Oyster Creek 1, 50-219 
Oyster Creek, N. J. 

Nine-Mile Point, 50-220 
Oswego, N. Y. 

Ginna, 50-244 
Ontario, N. Y. 

Dresden 2, 50-237 
Grundy County, 111. ' i 

1970 

Robinson 2, 50-261 
Hartsville, S. C. 

Point Beach 1, 50-266 
Manitowoc County, Wis. 

Millstone 1, 50-245 
Waterford, Conn. 

Monticello, 50-263 
Monticello, Minn. 

Palisades, 50-255 
Covert Township, Mich. 

Indian Point 2, 50-247 
Buchanan, N. Y. 

11/65 

7/66 

8/65 

1/67 

6/67 

1/68 

11/67 

11/68 

3/69 

3/68 

11/68 

11/68 

10/68 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

4/70 

6/70 

12/70 

3/67 

6/67 

7/67 

4/69 

8/69 

9/69 

12/69 

7/70 

10/70 

10/70 

1/71 

3/71 
(1 MW) 

Not contested 

Not contested 

Not contested 

Not contested 

Not contested 

Not contested 

Not contested 

Not contested 

Not contested 

Not contested 

Radiological effects, thermal 
pollution 

Environmental effects, thermal 
and radiation pollution, quality 
assurance 

Radiological effects, thermal 
pollution 

•See footnote to Table 1. 

The Role of the Courts 

The issuance of a construction or operating permit 
by the AEC is, of course, subject to federal judicial 
action. Litigation, introduced by private individual or 
group interveners and by entities, such as states and 
utilities, has been carried out in a number of cases 
involving both construction and operating licenses. 
Some of the results of these cases have had a significant 
effect on the licensing process. 

For the purposes of this article, the cases can be 
thought of as being in one of two categories: those 
directed at a particular reactor system and those whose 
purpose is to establish or clarify a point of law. Those 
directed at a particular system are usually based on the 
contention that adequate standards (i.e., low enough) 
have not been set for either or both thermal and 
radiological releases. The effect of these has been 
mostly indirect; in at least one case (Dresden 3), an 
applicant has agreed to the imposition of more 
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stringent standards than were required for licensing 
rather than risk a delay in operation of the plant. The 
possibility of facing such units undoubtedly is 
probably one of the reasons that many applicants are 
installing cooling towers and "zero-release" radioactive-
waste systems as original plant equipment. 

An outstanding example of the more compre-
hensive type of suit is the recent action brought against 
the AEC by the Calvert Cliffs Coordinating Committee, 
a collection of Maryland civic groups, the Sierra Club, 
and the National Wildlife Federation. Their contention, 
that the AEC was not adequately fulfilling the environ-
mental protection role set forth for it in the National 
Environmental Policy Act, was sustained by the U. S. 
Court of Appeals for the District of Columbia Circuit.6 

No quantitative estimate of the effect of the decision 
can be made at this time; however, it will undoubtedly 
increase the AEC work load, with a good probability of 
lengthening the licensing process, at least in the short 
term. 

Adequate exploration of the subject of the courts' 
real and potential impact on the licensing process 
would require a lengthy article. For the purposes of 
this report, suffice it to note that court action can have 
a significant effect and must be taken into con-
sideration when evaluating the licensing process. 

TRENDS IN CURRENT 
LICENSING PROBLEMS 

Although the commercial licensing process has 
been going on for over 15 years, it has been only in the 
last year or so that the attitude of major segments of 
the public has had any appreciable direct effect on it. 
The scarcity of data, then, precludes the determination 
of any generally applicable established pattern to 
public intervention, although the situation is changing 
so rapidly that such patterns could very well be evident 
by the time this article is published. However, on the 
basis of available data, along with consideration of the 
general tenor of thought in the country, some emerging 
patterns can be identified. These trends are necessarily 
speculative but are firmly enough founded to require 
serious consideration by the industry for their future 
dealings with the licensing process. 

First, it is evident that intervention in public 
hearings is increasing sharply. This seems to be taking 
place in a random fashion: considerations of 
geography, population density, the utility involved, 
etc., show no defensible correlation with intervention. 
Extrapolation of the rate would indicate that universal 

intervention in both construction- and operating-
license proceedings is not unlikely. 

Second, the character of the intervention is chang-
ing. The number of principal interveners has increased, 
and sufficient resources are available that adequate 
counsel, witnesses, background research, etc., can be 
obtained. 

Third, the interveners themselves are changing, not 
only in quantity but in quality. They are now 
becoming organized and, probably more important, 
know what they want to accomplish, as witness the 
Dresden 3 and Monticello cases, where significant 
reductions in both thermal pollution and radioactive-
waste release must be attributed in large measure to 
intervener actions. 

Fourth, the tactics used by the interveners have 
changed. The emerging pattern appears to be to first 
present legalistic arguments as to ASLB jurisdiction, 
qualifications of the Board, etc., and next to consider 
the radiological, environmental, and reactor safety 
issues. If satisfactory results are not obtained, there is 
usually material enough for an appeal to the courts. 
These tactics do not necessarily of themselves ac-
complish the intervener's purpose, but it is extremely 
time-consuming and puts great economic pressure on 
the applicant to accede to the desires of the inter-
veners. 

Fifth, the questions asked by the interveners are 
changing. In radiological and environmental matters, 
they are more knowledgeable and searching. Most 
important for the near future, really penetrating 
questions on internal reactor safety are being asked for 
the first time, for example, in the Shoreham and 
proposed Midland cases pointed, out previously. It 
might be noted that this is, as yet, mostly occurring at 
the construction-permit stage, where only reasonable 
assurance that a safe plant can be built must be 
established. At the operating-license stage, where it 
must be shown that this has indeed been accomplished, 
the difficulty of satisfactorily answering the questions 
that are sure to be raised is, o f course, much greater. 

CONCLUSIONS 

Several conclusions can be drawn from the current 
situation. They are not particularly profound and have 
been noted, at least in part, in other presentations. 
They bear repetition, however, owing to their great 
importance to both the nuclear industry and the 
country at large. 

First, the probability of licenses being delayed has 
increased to the point that this must be a major factor 
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in the power industry's long-range planning. Whether 
or not there will be strong public resistance to either 
the construction or operation of a nuclear power plant 
cannot be predicted, except perhaps in the affirmative, 
and possession of an uncontested construction permit 
does not necessarily guarantee a timely operating 
license, as witness the Monticello and Palisades cases. 

Second, the industry must work to achieve greater 
overall public understanding than has been done 
previously. Admittedly, there have been individual 
efforts that have been quite effective. In general, 
however, too much reliance has been placed on 
negative arguments, such as raising the specter of 
blackouts. This is effective only at the time it happens, 
and that, of course, is much too late. The conservation-
minded public also seems to be little impressed with 
rising future per-capita or total power requirements 
since generally this is translated as a not-too-powerful 
argument for more toasters and air conditioners. 
Affirmative arguments that appeal to all segments of 
the public, such as the necessity for a clean source of 
electric power to minimize further environmental 
degeneration and, in fact, to clear up the environment 
that is already fouled, must be emphasized. 

Third, the industry must be receptive to feedback 
from the public. The pressure for power plants to have 
minimum impact upon the environment is mounting 
steadily, and industry economic arguments on some 
aspects of plant design are losing relevance in today's 
antipollution-oriented climate. It is quite possible that, 
in some cases at least, inclusion of such design features 
as cooling ponds or towers and "zero release" from the 
outset could be less expensive than long delays in plant 
construction or operation or the retrofitting of such 
devices in already constructed plants. It might be noted 
that studies7,8 of nuclear utility relations with the 
public have been made which could be valuable reading 
for any utility intent upon adding nuclear power to its 
system. 

Last, but certainly not least in importance, is the 
necessity of assuring that reactor safety is on a sound 
technological basis. Few in industry believe that 
nuclear power plants are in any way unsafe. If, 
however, questions such as those noted previously in 
this article are explored in depth, the subjective nature 

of some of the judgments that have been made will 
inevitably emerge. Since safety, at best, is a moving 
target, a subjective approach is justifiable only for the 
short term while confirming facts are being obtained. It 
is extremely important, therefore, that the industry 
maintain a viable research and development program 
aimed toward resolving postulated problems in a 
responsible manner before they rightly or wrongly 
become public issues. 

In the past the public has been content to trust the 
judgment of the scientists, who design and build the 
reactor, and the AEC staff. This is no longer true. They 
now demand proof that safety judgments are soundly 
based on tests and operational experience as well as on 
calculations. When the basis for the judgments has been 
thoroughly tested in public and agreed to be sound, the 
interventions should become less frequent and dis-
rupting. What seems to be happening now is a timely 
challenge of the proposition that the AEC and the 
nuclear community know what is best for the public, 
what is safe enough, and what is enough protection for 
the environment. The reply to this challenge must be 
very convincing, or nuclear power is in for serious 
trouble during at least the next few years. 
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NATURAL RADIATION IN THE URBAN ENVIRONMENT 

By D. B. Yeates, A. S. Goldi.n, and D. W. Mcr 1 ler 

[Nucl. Safety, 13(U): 275-286 (July^August 1972)] 

Abstract: Natural radiation is the largest source of population 
dose and is important as a base line with which radiation-
protection standards may be compared. In this article previous 
work on natural background radiation levels is summarized, 
and some new data from Boston, Mass., are reported., Gamma 
dose rates, corrected for cosmic radiation, were measured with 
large ionization chambers: dose rates inside wooden single-
family dwellings were 25 to 50% lower than those outside; in 
masonry multiple-family dwellings, they were about 10% 
lower. Concentrations of radon, daughters in the air were-
measured by predecay and postdecay alpha spectrometry: 
concentrations in dwellings were comparable with outdoor 
concentrations, but concentrations in basements were higher 
by a factor of about 5. Concentrations in office buildings were 
quite low, the radon daughters being removed by the ventila-
tion system. Effects of building type, construction materials, 
and ventilation on human dose are discussed, as are possible 
ways of reducing population dose. 

Radiation of natural origin is widely recognized as the 
largest source of human exposure to ionizing radiation. 
Natural radiation is generally considered to contribute 
a dose equivalent of 80 to 200 mrems/year to people in 
the United States.1 This may be compared with the 
genetically significant dose-equivalent average of 55 
mrems/year2 from medical radiation and of less than 5 
mrems/year from all other man-made radiation sources. 

[Note Addqd in Proof: A genetically significant 
dose from medical radiation of 36 mrems/year was 
reported from a 1970 survey at the 49th annual 
meeting o f the American Congress of Radiology, Miami 
Beach, Fla., Apr. 6, 1972, by R. Brown, R. R. Fuchs-
berg, and J. N. Gitlin in "Preliminary Dose Estimates 
from the U . S . Public Health Service 1970 X-Ray 
Exposure Study."] 

The natural radiation to which man is exposed in 
the United States has not yet been delineated in detail; 
however, it seems that such a description is necessary 
as a basis for the evaluation of the significance of 
man-made increments to radiation exposure. Presented 
in this article is a preliminary report of a study to 
determine the feasibility of establishing the dose of 
natural origin and of exploring possible methods for its 
reduction. Sources of natural origin include cosmic 
radiation, radiation from naturally occurring radio-
nuclides in the earth or in materials in man's immediate 
environment, and radiation from radionuclides within 
the body. However, for purposes of this study, 

naturally occurring sources were considered only if 
they had not been intentionally concentrated. Thus 
masonry materials were included, whereas such sourceis 
as uranium mill tailings, radium dials, and medical 
radium sources were omitted. Also included is a review 
of previous measurements of natural-radiation doses 
supplemented by measurements of cosmic-radiation 
doses, terrestrial gamma doses inside and outside 
various buildings, and concentrations of radon-
daughter products in the air. 

BACKGROUND DATA 

Measurements of natural background radiation 
have been made at numerous places throughout the 
world. In the United States these measurements tend 
to fall into three categories. First, single measurements 
were made at widely varying locations selected on the 
basis of their convenience to a given laboratory or their 
unusual geological characteristics. Many of these mea-
surements were made in studies of nuclear weapons 
fallout.3 , 4 Second, aerial surveys were! conducted in 
the vicinity of nuclear installations, and, third, special 
studies were conducted to estimate background radia-
tion dose rates to a particular group of people.5"7 

American studies of natural background radiation have 
not generally been concerned with the variability of 
the radiation background over small areas or short 
spaces of time. This aspect has been studied, however, 
by some European investigators.8"10 

The experimental data in this article are expressed 
in terms of absorbed dose rate in soft tissue (muscle), 
usually in microrads per hour (1 Airad/hr = 8.77 mrads/ 
year). Data from the literature, many of which were 
originally given in terms of exposure rates, have been 
expressed as absorbed dose rates, using a conversion 
factor of 1 R as equivalent to 0195 rad. Where a 
conversion from absorbed dose to dose equivalent was 
desired, a quality factor of 1 has been aissumed for low 
linear energy-transfer radiation (beta, gamma, and 
cosmic), so that the absorbed dose rate is the same as 
the dose-equivalent rate. For the neutronic component 
of cosmic rays and the alpha radiation from radon and 
its daughters, the specific quality factor used is given 
with the data. •> 
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Cosmic Radiation 

Cosmic rays, at the altitudes where man can live, 
consist of an ionizing component, mainly muons 
(JJL-mesons) and electrons, and a neutron component.1 1 

Estimation of the dose equivalent received from cosmic 
radiation has been difficult because of uncertainties as 
to the neutron spectrum and its associated quality 
factor. The dose rate from the ionizing component at 
sea level in middle latitudes is considered to be about 
28 mrads/year (Ref. 11). The best value for the 
neutron dose rate, again at sea level in middle latitudes, 
is probably about 0.7 mrad/year (Ref. 11), as com-
pared w i t h ; a previous estimate of 2 mrads/year 
(Ref. 1). 

The variation of exposure rate from cosmic radia-
tion with altitude and latitude is well docu-
mented.1 1 1 1 1 1 2 At 50° geomagnetic latitude, the 
cosmic-ray intensity at 5000 ft is 60% greater than at 
sea level; at 10,000 ft, it is more than three times the 
sea-level value. Variation with latitude is much less. At 
sea level the cosmic-ray intensity at the poles is perhaps 
12% greater than at the equator. There is a somewhat 
greater latitude effect at higher altitudes, but even at 
10,000 ft it is only about 50% greater at the poles than 
at the equator. Within the United States the latitude 
effect may be neglected for all practical purposes. 

The cosmic-ray dose to people in aircraft is of some 
interest. O'Brien and McLaughlin13 estimated the dose 
rate from cosmic radiation at 55° geomagnetic latitude 
to be 0 .24 to 0.29 mrad/hr (0.28 to 0.38 mrem/hr) at 
11 km (36,000 ft) and 0.81 to 0.93 mrad/hr (1.05 to 
1.35 mrems/hr) at 20 km (65,500 ft). An International 
Commission on Radiological Protection task group1 4 

estimated the dose rates in polar latitudes to be 0.70 
mrad/hr at 60,000 ft, 0.81 at 70,000 ft, and 1.34 at 
80,000 ft . The corresponding dose-equivalent rates are 
1.23, 1.80, and 3.10 mrems/hr. The average dose 
equivalent to the U. S. population from air travel can 
be estimated at less than 1 mrem/year from data given 
by Schaefer.15 

Terrestrial Radiation 

Terrestrial radiation includes beta and gamma rays 
from radionuclides in rock and in soil. The major 
contributors to terrestrial gamma-radiation dose are 
4 0 K and the 2 3 8 U and 2 3 2 T h decay series, in the 
approximate ratio 2 : 1 : 2 . A number of literature 
s u r v e y s of terrestrial gamma dose are avail-
a b l e . 1 ' 1 1 , 1 2 , 1 6 - 1 V 

Terrestrial gamma-radiation exposure is strongly 
influenced by geology.1 2 Over large freshwater lakes, 

for example, there is virtually no terrestrial gamma 
radiation. Highest values are observed over acidic 
igneous rocks, such as granites, where dose rates up to 
350 mrads/year have been found. In a few places, 
primarily monazite areas, dose rates as high as 1300 
mrads/year have been observed. Radiation from ter-
restrial gamma sources is also affected by meteorologi-
cal conditions. Probably the most important effect is 
shielding by snow cover and by moisture in the soil 
after heavy rains.8 '1 9 

Published data on the beta contribution to the 
terrestrial dose differ somewhat. At 1 m above the 
ground, beta radiation has been estimated to contrib-
ute from 4% (Ref. 20) to 25% (Ref. 21) of the total. 
More recent est imates 4 , 2 2 of the beta dose rate at 1 m 
above the ground are 3 to 4 /-irads/hr (26 to 35 
mrads/year), or about 30% of the total. The beta 
contribution to genetic dose is less than this because of 
shielding by the body. 

Radon and Daughters 

The naturally occurring radioactive gas radon 
(2 2 2 R n ) is a daughter of 2 2 6 R a . It reaches the 
atmosphere by effusion from the earth. The isotope 
thoron ( 2 2 0 R n ) , a member of the thorium decay 
series, reaches the atmosphere in a similar manner but 
to a much smaller extent since its half-life is much 
shorter. Both radon and thoron have a number of 
short-lived radioactive daughter nuclides that become 
attached to air particulates. Radon concentrations in 
the atmosphere vary from about 0.01 to 1.0 pCi/liter. 
Thoron concentrations outdoors vary from about 
0.0001 to 0.01 pCi/liter. Concentrations of these gases 
and of their daughters are markedly affected by 
geology, by ease of diffusion from the ground, and by 
meteorological conditions. The daughter products 
become attached to dust particles and may be removed 
by natural aerosol clearing processes. 

Radiation Within Buildings 

The radiation dose within a building is affected by 
the nature of the building materials, which act as both 
a source and a shield. Since an average person (in 
western urbanized cultures) spends upward of 80% of 
his lifetime indoors, population dose estimates that 
disregard this fact can be very unrealistic. Exposure 
levels within brick, concrete, and stone buildings tend 
to be substantially higher than those in wooden houses 
or outdoors, as shown in Table 1, which gives data on 
measurements within buildings in various countries. It 
should be noted that measurements were made by 



101 

Table I Gamma Dose Rates Inside Buildings 

Country 
Exposure rate, 

mrads/year Technique* 

Germany (East)10 106; up to 1200 a 
Germany (West)3 3 120% of outdoor a 

and Switzerland 
Japan24 29 to 41 (wood, Tokyo) 

80 to 100 (wood, Kyoto) e 
48 to 68 (concrete) 

Japan3 5 20 to 40 c 
Poland9 84 to 106 (97 apartments, c 

Warsaw, Lodz, Silesia) 
Sweden® 48 to 57 (wood) 

99 to 112 (brick) a 
158 to 202 (concrete) 

United Kingdom36 73 to 94 (wood) d 
87 to 122 (granite, Leeds, 

Aberdeen) 
United Kingdom2 7 26 to 70 (brick, concrete, d 

London, Sutton) 
United Kingdom2 8 145 (granite, Cornwall) d 
United States29 60 (wood) b 

130 (concrete) 
United States30 55 to 110 (wood) a 

60 to 120 (brick, stone) 
United States6 70% of outdoor, wood a 
Australia31 11 to 35 (wood and 

asbestos, coastal plain) 
41 to 127 (brick, coastal b 

plain) 
32 to 193 (brick, Darling 

range) 

*a c Ionization chamber, gamma + cosmic; b = ionization 
chamber, cosmic contribution subtracted; c = sodium iodide 
scintillator; d = Geiger-Mueller counter, cosmic contribution 
subtracted; and e = plastic scintillator. 

several techniques, so that the results are not com-
parable. In particular, several investigators subtracted 
the cosmic-ray contribution, so that their data refer to 
terrestrial gamma contribution only," whereas others 
did not. Scintillation techniques, especially with 
sodium iodide scintillators, probably underestimate the 
cosmic-ray component, so that values obtained by 
these techniques represent dose levels between gamma 
only and gamma plus cosmic. Most of the results are 
for one- and two-story buildings. Pensko9 and 
Ohlsen1 0 have recently provided data for multistory 
buildings in Poland and East Germany, but no com-
parably extensive data appear to be available for the 
United States. The weighted average of Ohlsen's values 
is 101 mrads/year, but values up to 200 mrads/year 
were not uncommon. The two highest values were 4 5 0 
and 1200 mrads/year. 

A few authors32""34 have examined building ma-
terials for their radioactive-material content. As would 

be expected, the dose rates were found to vary 
considerably depending on the origin of the building 
materials. ' 

The concentrations of radon and thoron and of 
their daughters within buildings are of importance 
since, in general, the levels indoors are higher than 
those outdoors and are dependent on the construction 
materials and on the ventilation rate. Radioactive gases 
may be evolved readily from some building mate-
r ia ls . 3 5 , 3 6 This effect may be particularly great when 
the materials are warmed, as occurs especially with 
radiant heating systems. Sievert17 has summarized the 
concentrations of radon and its daughters in various 
types of buildings. The average level of radon in 
buildings has been estimated11 as 0.5 pCi/liter, with a 
corresponding thoron average of 0 .02 pCi/liter. : v 

METHODS AND RESULTS ^ 

Cosmic Radiation 

In the new measurements reported here, two kinds 
of 16-liter ionization chambers wiere used for gamma-
plus-cosmic-ray exposures. One chamber3 7 (MEC) had 
6-mm muscle-equivalent walls and contained muscle-
equivalent gas. The other chamber 3 8 , 3 9 (FFC) was 
filled with dry Freon-12 (dichlorodifluoromethane) 
containing less than 1.5% impurities. The walls of this 
chamber were polymethylmethacrylate (PMMA), 
400 mg/cm 2 . 

Each chamber was connected to a Cary vibrating-
reed electrometer, which in turn was coupled to a chart 
recorder and to a voltage-to-frequency converter and 
scaler. The converter—scaler combination made it 
possible to integrate the very small ion currents over a 
period of 5 min, giving results reproducible to within 
2%. 

The two chambers were calibrated with a 1.72-mCi 
2 2 6 R a standard source. The source—chamber distance 
was 4 m. Corrections were made for the absorption in 
air and in the source container and for wall scattering. 

A daily calibration check of the FFC showed that 
the response declined with time. It was also observed 
that the pressure dropped from 41.7 torrs above 
atmosphere to 81.0 torrs below atmosphere over a 
period of 4 months. Both the change in response and 
the loss of pressure were attributed to loss of Freon-12, 
apparently by dissolution in the PMMA walls followed 
by evaporation from the outer surface of the chamber. 

Cosmic radiation was measured with these instru-
ments in a boat on Quabbin Reservoir, a large 
freshwater lake. Under such conditions, virtually . the 
total ionization is due to cosmic radiation since the 
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instruments are shielded from terrestrial radiation by 
the water and the long air path to shore. 

Cosmic-ray physicists normally report their data in 
terms of / , the number of ion pairs produced per 
second per cubic centimeter of air. This measurement 
is essentially the same as the measurement of exposure 
rate in roentgens, one ion pair per second per cubic 
centimeter being equivalent to 1.7 mR/hr. Since neither 
the MEC nor the FFC is air filled, the / values were 
calculated from the ionization current by correction 
for the nature of the gas. 

With the FFC, the ionization density / was found 
to be 2.18 ion pairs per cubic centimeter per second, or 
2.06 when corrected to sea level.38 This measurement 
compares well with reported values of 2.1 (Ref. 40) 
and 2.18 (Ref. 38) ion pairs per cubic centimeter per 
second. The measurement of I with the MEC was 2.57, 
corrected to sea level, or 25% higher. This discrepancy 
may be due to an incorrect ionization-efficiency factor 
for the gas (as compared with air), to response to the 
neutron component, or to some unknown effect. It 
was not due to instrument malfunction, since the 
exposure-rate measurements on the instruments, which 
are relative to radium calibrations, agreed. They were 
4.27 juR/hr (37 mR/year) for the FFC and 4.43 juR/hr 
(39 mR/year) for the MEC, both corrected to sea level. 
In terms of absorbed dose, these measurements become 
4.06 [*rads/hr (35 mrads/year) and 4.21 jurads/hr (37 
mrads/year) for t.he two instruments. 

When these measurements were made, the air 
concentrations of radon daughters were not deter-
mined. Failure to correct for their contribution intro-
duced an error into the measurements. However, this 
error can be estimated as about 3% from the work of 
Pensko,41 in Poland, who found the contribution to 
gamma radiation from radon daughters to be 0.13 
jurad/hr in 1964 and 0.14 jurad/hr in 1965. In spite of 
diurnal variations in radon content, the error is not 
expected to be greater than this because the readings 
were made during the afternoon on a clear, sunny day. 
Under these circumstances, radon-daughter concentra-
tions are generally not at a maximum. 

Gamma Radiation 

Gamma-radiation dose was measured at 1 m above 
the ground or floor with the MEC and FFC chambers 
described previously. Use of two chambers simulta-
neously provided a check against spurious readings that 
sometimes occur in measuring extremely small currents 
through very high resistors. These chambers had been 
calibrated in roentgens, using gamma radiation from 

radium. The readings have been converted to absorbed 
dose, however, as previously described. To the extent 
that beta radiation can penetrate the chamber walls 
and produce ions, the beta dose is also included. In the 
actual situation, of course, the ionization in the 
chambers is produced by gamma radiation from the 
surroundings (plus beta, if any) and also by cosmic 
radiation. The dose from terrestrial sources is therefore 
obtained by subtracting the cosmic-ray dose values 
from the total. The values obtained at Quabbin 
Reservoir, corrected for the difference in altitude 
between Quabbin and Boston, were used for the 
subtraction. No correction was made for absorption of 
cosmic rays by building materials, since the cosmic 
radiation at sea level is very hard. 

In these measurements the chief concern was the 
radiation levels within buildings. In many cases, out-
door levels were also measured for comparison. 

Single-Family Dwellings. Table 2 shows the absorbed 
dose rates due to natural gamma radiation in seven 
single-family dwellings. These were wood-frame houses 
with poured-concrete basements. Since no significant 
differences were found between measurements with 
the MEC and the FFC, the dose readings were 
averaged. 

Table 2 Gamma Dose Rates (jurads/hr) 
in Single-Family Dwellings* 

First Second 
Place Outdoors Basement floor floor 

ASG 6.2 5.3 5.0 
MWF 7.3 
FSH 9.0 6.8 
WAB 4.9 4.9 4.2 2.5 
SP 8.1 6.2 4.3 4.1 
FJV 5.8 6.0 4.4 
DWM 6.5 6.8 6.2 3.2 

*A cosmic-ray contribution of 4.1 /urads/hr has been 
subtracted from all values. 

It can be seen that the dose from natural gamma 
radiation is reduced by 25% inside on the first floor 
and 50% on the second floor (assuming cosmic rays are 
not attenuated in a wooden building). The dose rates 
wiil of course not be reduced by this large a per-
centage, since a constant ccsmic-ray contribution of 
4.1 jurads/hr must be added to ail values to obtain the 
total dose rate. 
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Multiple-Family Dwellings. Measurements were made 
in three multifamily dwellings. These were what are 
normally called "brick" buildings, but details of their 
construction were not available. For example, it is not 
known whether these buildings were solid brick, brick 
facing on concrete block, or some other type of 
construction. Measurements were made in one resi-
dence in each apartment building. Each residence 
happened to be on the second floor. Only in one case 
was a corresponding outdoor measurement made. The 
measurements are given in Table 3. 

Table 3 Gamma Dose Rates (jurads/hr) in Multiple-
Family Dwellings* 

Place Outdoors Second floor 

MLC 6.2 
JS 7.5 
OG 7.2 5.5 

*A cosmic-iay contribution of 4.1 Airads/hr has been 
subtracted from all values. 

The average for the three apartments, 6.4 £trads/hr, 
is substantially greater than the average value for the 
three second-floor readings in single-family dwellings 
(Table 2). This indicates additional dose, which may be 

attributed to radioactive nuclides in the construction 
materials. In the one case where a comparison with the 
outdoor exposure is available, the gamma radiation is 
lower by 24%, showing that the terrestrial radiation is 
attenuated by the building materials. In this case the 
attenuation more than compensates for the radiation 
contributed by radionuclides in the construction ma-
terial. ; ! 

Multistory Office Buildings. Measurements were made 
in four office or office-plus-laboratory buildings. The 
most extensive series of measurements was made in the 
Harvard School of Public Health (HSPH) Research 
Building 1. This is a modern 14-story office-plus--
laboratory building of reinforced-concrete construction 
with interior wall facings of cinder block. Measure-
ments were made in the corridors of several floors to 
investigate the variation of exposure rate with height in 
the building (Table 4). 

These measurements were made in part to test 
whether the attenuation of terrestrial gamma radiation 
on the upper floors would be greater or less than the 
possible attenuation of cosmic radiation on the lower 
floors. The data of Table 4 show a fairly constant 
radiation level for the first eight floors in the HSPH 
building and then a slight decrease. These data were 
supported by nonspectrometric gamma measurements 
with a 3- by 3-in. NaI(Tl) crystal (Fig 1). A possible 

Table 4 Gamma Dose Rates in Office Buildings 

Year Interior Height, Gaihma dose rate,* i 
Building completed Construction walls stories Floor jurads/hr . 

JFK 1966 Reinforced Sheetrock 23 Basement 6.7 
concrete partitions 5 4 .8 

20 4 . 9 
23 6.5 

HC 1962 Reinforced Sheetrock 10 2 9 .0 
concrete partitions 

SO 1917 Steel and Sheetrock 12 Basement 5.5 
concrete partitions 5 7 .2 

12 7.3 
HSPHf 1969 Reinforced Cinder block 14 Basement 7.3 

concrete 1 7.5 
3 7 .4 
7 8.9 
9 7 .8 

11 4 .6 
12 6 .7 
13 5 .8 
14 6 .8 

*A cosmic-ray contribution o f 4.1 jurads/hr has been subtracted from all values. 
fFirst four floors, 1962; next 10 floors, 1969. 
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Fig. 1 Total gamma count rates o n various floors. 

explanation is shielding by heavy machinery on the 
10th floor. 

Measurements were also made on four floors of the 
John F. Kennedy Federal Building (JFK) in Govern-
ment Center, Boston. This is a 23-story steel-and-
concrete building that was completed in 1966. Interior 
walls are Sheetrock partitions. All measurements in this 
building were taken in office spaces. In addition, 
measurements were made on three levels of an older 
office building (SO) housing part of the Massachusetts 
Department of Public Health and on the second-floor 
level in the main building at the Holyoke Center (HC) 
of Harvard University. The HC building had a slightly 
higher dose rate than the other buildings tested. This 
may be attributed to differences in the radionuclide 
content of the concrete. The data for these three 
buildings are also presented in Table 4. The average 
gamma dose rate in these buildings was 7.3 jurads/hr, 
the cosmic-ray contribution having been subtracted. 

The data of Table 4 fail to show any significant 
change with height in the buildings. It can be inferred 
that the gamma dose measured originates primarily in 
the building itself and that the cosmic-ray dose is not 
significantly attenuated. This is in agreement with 
Ohlsen,10 who reported no change in radiation-
exposure rates on various floors of multistory build-
ings. 

Radon-Daughter Concentrations 

The daughter products of 2 2 2 R n are not generally 
present in the air in equilibrium concentrations. It was 
therefore necessary to measure the absolute concentra-
tion of each daughter, using a modification of Dug-
gan's42 method. Radon-daughter products, attached to 

air particulates, were collected on a membrane-filter 
apparatus, shown in exploded view in Fig. 2. An alpha 
spectrum of these particulates was taken during the 
30-min sampling period and again after a 30-min decay 
period. Figures 3 and 4 show typical examples of these 
two spectra. The first is characterized by peaks at alpha 
energies of 6.00 and 7.68 MeV, corresponding to 
2 1 8 P o and 2 1 4 P o ; the second shows only the single 
7.68-MeV peak. The counting rates in each peak were 
corrected for geometric eff iciency 4 3 and peak overlap. 
Self-absorption loss was taken to be zero. At a flow 
rate of 15 to 20 liters/min, sensitivity was about 0.01 
pCi/liter for each of the three significant short-lived 
daughters 2 1 8 P o , 2 1 4 P b , and 2 1 4 B i . At this level 
precision is poor, but the method is quite satisfactory 
over the range 0.1 to 100 pCi/liter. The determination 
does not give the concentration of 2 2 2 R n itself, but 
this can be approximated44 by using the ratio 
2 2 2 R n / 2 1 8 P o = 1.12. 

Ventilation rates, which affect the state of equi-
librium of the radon daughters, were measured by 
injecting about 0.5 lb of C 0 2 into the room from a 
C 0 2 fire extinguisher. The C 0 2 concentration was 
measured with Kitagawa low-range tubes after a mixing 
period o f several minutes and again at a suitable later 
time. The ventilation rate (air changes per hour) was 
then calculated.45 
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Pig. 3 Radon-daughter alpha spectrum during cpllection period. 
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Because of the exchange of air between the room 
being measured and the remainder of the building, the 
ventilation rate obtained by this method may have 
been greater than that for the whole apartment or 
building in which the room was located. In some cases, 
however, it was not feasible to fill the whole apartment 
or building with an equal concentration of C 0 2 , so 
more accurate determinations were not possible. 

All measurements of radon-daughter concentra-
tions in this study were made in the summer months 
and therefore are limited by any seasonal effects that 
may exist. The concentrations of the various nuclides 
and the ratios of these; concentrations for single- and 
multiple-family dwellings are summarized in Table 5. It 
can be: seen that the concentrations in basements were 
4 to 23 times those found on the first floors, with the 
exception of the basement of WAB, which was 
ventilated just before this measurement. The concen-
trations outside and inside wood houses are not 
significantly different. The low levels of concentration 
in apartment buildings are thought to be due to better 
ventilation. 

Concentrations of radon daughters in the four 
office buildings were also quite low. All the buildings 
had central air conditioning except the SO building, 
which had a number of individual units. Most of the 
radon daughters in office buildings were thus removed 
by the filtering system and the rapid circulation of air. 
Table 6 shows the concentrations measured. 

The data of Tables 5 and 6 show a general decline 
of radon-daughter concentrations with increased venti-
lation. The concentration of the third radioactive 
daughter, 2 1 4 P o , relative to the others, seems to be a 
little lower in dwellings with three or more air changes 
per hour, but this trend is not apparent in the office 
buildings (Table 6). It may be that the filtration 
provided, by the air-conditioning systems in the office 
buildings removes all the daughters to an extent 
sufficient to hide the depletion of 2 1 4 P o . 

Calculation of the absorbed dose and of the dose 
equivalent from radon daughters is not straightforward, 
primarily because of uneven distribution of the daugh-
ters iri the respiratory tract and in the body. Much 
work has been done on this problem, particularly in 
connection with uranium miners. Parker46 has aptly 
described the situation as "The Dilemma of Lung 
Dosimetry." He has suggested that exposure to radon; 

daughters amounting i o one "working-level-month" 
(WLM) corresponds to a dose of 7 rads to a portion of 
the bronchial epithelium. An approximate calibration 
for the levels observed in air in buildings may be 
obtained from this. The "working level" was defined47 

as that amount of radon daughters that would liberate 
1.3 X 10 s MeV of alpha energy per liter. This corre-
sponds to a concentration of 100 pCi/liter of each of 
the three nuclides 2 1 8 P o , 2 1 4 P b , and 2 1 4 B i . The WLM 
is equivalent to exposure at this level for 173 hr. If 
these values are translated to the building situation and 
if exposure for 24 hr/day, 365 days/year is assumed, 
then a concentration of 1 pCi/liter would correspond 
to 

Quality factors of 10 to 20 have been recommended 
for alpha radiation, so that a concentration of 1 
pCi/liter corresponds to 35 or 70 rems/year. 

DISCUSSION 

The data presented in this paper indicate that there 
can be substantial differences in the doses received 
from sources of natural origin, depending on the mode 
of life of the individual. For example, cosmic dose 
would be highest for those population groups living at 
high altitudes or latitudes, for those whose recreation 
involves skiing or mountain climbing, and for those 
whose work or pleasure includes considerable air travel. 
The greatest dose from terrestrial sources would be 
received by those population groups living on land 
containing high concentrations of naturally occurring 
radionuclides and those living in certain brick, stone, or 
concrete buildings. Those living in poorly ventilated 
homes, especially in basement apartments, or working 
in poorly ventilated buildings would receive the 
greatest dose to the lungs. 

The increased doses received by some people under 
the above-mentioned conditions are not trivial. Based 
on data collected in the greater Boston area, the 
differences in dose rates for persons living on the 
second floor are as much as 35 mrads/year. These dose 
(rad) values are the same as dose-equivalent (rem) 
values since the quality factor of this beta—gamma and 
cosmic radiation is 1. A difference of 35 mrems/year is 
more than half as much as the estimated genetically 
significant population dose from medical uses of 
radiation2 and far higher than any projections of 
population dose from nuclear power applications in the 
near future. Of course, the population or genetic 
significance of dose differences from various kinds of 
buildings depends on the fraction of the population 
living in each type. Relatively few people live in 
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Table 5 Radon-Daughter Concentrations In Dwellings 

Concentrations, pCi/liter 

Code Location 2 1 8 Po 2 1 4 Pb 214 
Number of air 

Po Ratio changes per hour 

Single-Family Dwellings* 

ASG Outside 0.04 0.04 0.03 1 : 1 : 0.8 
1st floor <0.005 
Basement ~0.1 

MWF 1st floor 0.04 0.04 0.02 1 : 1 :0 .5 6 
FSH Outside 0.01 0.01 0.007 1 : 1 : 0.7 

Inside 0.06 0.06 .06 1 - . 1 : 1 2 
WAB Outside • = ' "V ' • 

1st floor 0.23 0.17 0.17 1 : 0.7 : 0.7 2 
2nd floor 
Basement 0.14 0.16 0.05 1 : 1.2 : 0.4 3 

SP Outside 0.03 0.02 0.04 1 : 0.7 : 1.3 
1st floor 0.03 0.03 0.02 1 • i :v0.7. 
2nd floor 0.03 0.02 0.01 1 : 0.7 : 0.3' w ' 
Basement 0.30 0.26 0.16 1 : 0.9 : 0.3 3 

FJV Outside <0.01 • • 

1st floor 0.04 0.04 0.04 1 : 1 : 1 3 
Basement 0.94 0.97 0.84 1 : 1 :,0.9 1 

DWM Outside 
: 1.2 : 1.1 1st floor 0.12 0.15 0.13 1 : 1.2 : 1.1 2 

2nd floor 'v' 1 . 

Basement 0.52 0.46 0,34 1 : 0.9 : 0.6 1 

Multiple-Family Dwell ings! 

MLC 2nd floor 0.01 0.01 1 : 1 : 1 r 
j'S 2nd floor 0.07 0.07 0.03 1 : 1 : 0.4 9 
OG Outside 0.15 6 . 0 9 0.07 1 : 0.6 : 0.5 •oi 

2nd floor 0.19 0.18 0.13-t " ' 5 

*A11 single-family dwellings were wood frame with poured-concrete basements, 
f All multiple-family dwellings were brick. 

Table 6 Radon-Daughter Concentrations^ Office Buildings 

Code 
Type of 
building 

Interior 
walls 

Concentration, 
pCi/liter 

Location RaA RaB RaC 

' N u m b e r o f 
air changes 

per hour 

HSPH 

State 
offices 

Holyoke 
Center 

JFK 

Offices and 
laboratories 

Offices 

Offices 

Offices 

Cinder block 

Sheetrock 

Sheetrock 

Sheetrock 

Basement 
1st floor 

5th floor 
12th floor 
Basement 

2nd floor 

5th floor 
20th floor 
23rd floor 
Basement 

~0.02 0.02 0.02 

0.08 
0.10 
0.05 

0.08 
0.11 
0.04 

0.08 
0.13 
0.05 

0.05 0.04 0.04 

0.03 
0.05 
0.04 
0.07 

0.02 
0.04 
0.03 
0.07 

0.02 
0.01 
0.03 
0.03 

6 
n 

7 

12 
5 

14 
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basement apartments; a much greater percentage live in 
brick or masonry homes. 

More dramatic differences exist in the dose equiva-
lents to lung, specifically to basal cells in small bronchi. 
Radon daughters are the major contributors to the 
dose equivalent. The concentrations of these daughters 
in basements with one air change per hour were from 4 
to 15 times higher than those on the first floors of the 
same houses, with two to three air changes per hour. 
The average level of 2 1 8 P o in five basements was about 
0.4 pCi/liter. Using the previously calculated relation 
between dose and radon-daughter concentration, this 
average level would correspond to a dose rate of 1400 
mrads/year. Reduction of radon-daughter concentra-
tions by a factor of 10, which is approximately the 
average ratio between basements and first floors, would 
amount to a dose reduction of 1250 mrads/year. 
Application of the recommended quality factor of 10 
to 20 for alpha radiation would convert this to 12.5 or 
25 rems/year to some basal cells in the bronchial 
epithelium. 

Implications 

Health physicists generally have paid little attention 
to the control of radiation exposure received by the 
population from natural sources. It appears probable, 
however, that significant reduction of radiation dose 
may be achieved in the design of living and working 
environments. i he relative constancy of dose levels on 
various floors of masonry office buildings, noted here 
and by Ohlsen, suggests that most of the gamma 
radiation originates in construction materials rather 
than in the ground. Provision of better ventilation and 
air-filtration systems, reduction of the number of 
basement dwelling units, and screening of construction 
materials to eliminate those which emit excessive 
radiation would seem to be promising areas of investi-
gation. Such reduction of population dose equivalent 
received from buildings may well be comparable with 
the projected increase from development of nuclear 
power. 

Although definitive data are lacking, it may well be 
that some people, because of the nature of their 
environments, are experiencing unnecessarily increased 
exposure to radiation from sources of natural origin 
and that this increased exposure is greater than that 
expected from many man-made sources. Considering 
this possibility, it would seem wise that greater 
attention be given to obtaining data on the population 
dose equivalent from natural sources and the influence 
of man's living habits on this dose. 

Prospectus 

Older construction, even in central cities, was 
largely wood. The data for Boston4 8 may be cited as 
an example. As of January 1968, 68.5% (96,689) of all 
buildings in Boston were of wood construction. The 
remaining 31.5% (44,546) were made up of a variety of 
types, the older ones being predominantly brick and 
the newer ones concrete or cinder block. 

In the newer construction, there is a shift from 
predominantly single- to multiple-family-dwelling con-
struction. The Boston building-permit records for the 
period 1959 to 1968 indicate that the number of 
single-family dwellings decreased from 95% of the total 
number constructed to 33% and that multifamily 
(three or more) dwellings increased from 1% of the 
number constructed to 58%. There was an increase in 
two-family dwelling construction from 2% in 1959 to a 
high of 26% in 1965, followed by a decline to S% in 
1968. 

The large increase in the number of multifamily 
dwellings implies a large increase in the fraction of the 
Boston population living in masonry buildings since 
virtually all the new multifamily dwellings are of 
masonry construction. Although quantitative data are 
not available, observations indicate that more masonry 
apartment buildings are being built in the suburbs as 
well. It therefore appears that the urbanization and 
suburbanization of the population are accompanied by 
an increase in the fraction living in masonry construc-
tion. 

To the extent that masonry construction is increas-
ing, higher external exposure of occupants may be 
expected. To the extent that newer buildings include 
modern ventilation systems, lung exposure to radon 
daughters may be decreased. 
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THE REGULATION OF THE ENVIRONMENTAL EFFECTS OF 
NUCLEAR POWER PLANTS (PART I ) 

By J o y c e P . D a v i s 

[Nucl. Safety, l U ( l ) : 6 - 1 3 ( J a n u a r y - F e b r u a r y 1 9 7 3 ) 3 

Abstract: This is the first of a series of two articles, and it 
presents a survey of the regidation of environmental features of 
nuclear power plants. Receiving particular attention is the 
jurisdiction of the Atomic Energy Commission under the 
Atomic Energy Act of 1954, and its expansion under the 
National Environmental Policy Act of 1969. Several other 
federal agencies, including the Federal Power Commission, the 
Corps of Engineers, and the Environmental Protection Agency, 
also play important roles in this area. In addition, there have 
been interesting recent developments in the State regulatory 
picture in the field of power-plant siting. 

"[W]e are living in a high-energy civilization in which 
man has been freed from many physical burdens and 
has become productive enough to enjoy the pleasures 
of education, affluence, and leisure. An abundant 
supply of low-cost energy is the key ingredient in 
continuing to improve the quality of our total environ-
ment."—Dr. Lee A. DuBridge1 

"The environment of a city whose life's energy has 
been cut, whose transportation and communications 
are dead, in which medical and police help cannot be 
had, and where food spoils and people stifle or shiver 
while imprisoned in stalled subways or darkened 
skyscrapers—all this also represents a dangerous en-
vironment that we must anticipate and work to 
avoid."—Dr. Glenn T. Seaborg2 

Opinions differ as to whether the United States is, 
at this time, in an "energy crisis"3 or will soon be in 
such a situation. The 1970 report on "Electric Power 
and The Environment" by the Energy Policy Staff of 
the President's Office of Science and Technology (OST 
Study) summarizes the status of electric-power demand 
today and in the immediate future.4 As noted in the 
OST Study, the use of electricity in the United States 
has doubled approximately every 10 years for many 
decades, and, if prevailing growth patterns and pricing 
policies arc continued, generating capacity may have to 
be tripled or quadrupled in the next 20 years. The 
majority of such new units would be nuclear or 
fossil-fueled steam power plants. 

The OST Study notes that "[TJhe new concern 
over the environment or other factors may alter this 
historical rate of growth and some suggest that growth 
rates should be reduced." However, since electricity is 
a "clean form of energy at the point of consumption" 
where pollution problems tend to be most acute, and 
since electric power may be increasingly utilized for 
environmental protection purposes like mass transit 
and waste recycling, it is probable that the demand for 
electricity will continue to increase in the foreseeable 
future. 
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The OST Study, noting the present uncoordinated 
federal and state provisions for preconstruction review 
of electric-power industry expansion projects, recom-
mends legislation to ensure that "[n]ew public 
agencies and review procedures. . . take into account 
the positive necessity for expediting the decision-
making process and avoiding undue delays in order to 
provide adequate electric power on reasonable sched-
ules while protecting the environment." The un-
answered questions are, of course, how much electric 
power is "adequate" and who is to make that 
determination. 

ENVIRONMENTAL BENEFITS 
OF ELECTRIC POWER 

Our society has come to take plentiful and reliable 
power for granted. Cities are complex ecosystems, 
increasingly dependent upon electric energy for propul-
sion, communications, indoor climate control, and 
other vital services. This article will focus on many of 
the environmental effects that accompany power-plant 
operations, but the reader should be aware throughout 
that a decrease in the amount or reliability of power 
supplied to cur homes and industries, resulting from 
concern for these environmental factors, might 
produce other environmental consequences equally 
severe. 

For example, if the electric motors, heating units, 
and similar equipment used in industry were to be 
replaced by local combustion sources such as steam 
engines, gas turbines, or diesels, we would expect an 
increase in local air pollution, noise, and fuel-handling 
accidents. The elimination of electrical space heating 
and air conditioning would contribute to less healthy 
home and work environments. Particularly in southern 
sections of the country, the absence of air conditioning 
could cause sharp decreases in productivity as well as 
direct adverse effects on the health of persons whose 
tolerance of heat stress is limited. 

The health effects of an interruption of electric 
power to home and commercial refriger?tors and 
freezers are obvious. The "Northeast Blackout of 
1965" dramatically showed us how much we reiy on 
electricity for transportation, both horizontal (sub-
ways) and vertical (elevators). The social implications 
of curtailing the use of electricity at a time of rising 
expectations of the urban poor are also legitimate 
concerns. 

The reader is invited to consider the myriad 
applications of electricity in his own life and decide 

those which he would be willing to give up to preserve 
environmental integrity and those of which he would 
deprive his neighbor. 

NUCLEAR E N E R G Y — 
A TECHNOLOGICAL TYGER 

The regulation of nuclear power plants presents a 
unique challenge to the field of administrative law. The 
reactor is a technologically sophisticated device, the 
detailed workings of which may be fully compre-
hended only by experts, or rather by teams of experts, 
since many scientific and engineering disciplines are 
involved in its design and operation. The reactor 
utilizes an energy source, nuclear fission, which first 
came to public attention amidst the horrors of war. 
One of the major effects, nuclear radiation, is essen-
tially undetectable by the unaided senses even at levels 
where it may cause acute damage. Understandably, the 
average citizen approaches the use of so fearful a 
machine with some trepidation.5 

In recent years, public concern over the effects of 
nuclear power plants on the environment has led to 
organized opposition to proposed plants, to changes in 
the radiation standards and licensing procedures of the 
Atomic Energy Commission (AEC), and to federal and 
state legislation, referenda, and numerous lawsuits. 
Events during 1970 and 1971, the first years of what 
has been called the "Environmental Decade,"6 have 
caused profound changes in both public awareness of 
the problems involved and institutional arrangements 
for considering the environmental aspects of power 
generation. Current administrative difficulties portend 
even greater changes in the near future. Recent power 
shortages in the Northeast, particularly the notorious 
"brownouts" during the summer of 1970, have pointed 
up the need for the construction of new plants to meet 
the increasing demand. In addition, concern with 
problems of meeting air-pollution standards as well as 
shortages of fossil fuels has resulted in the decision by 
many utilities to "go nuclear." 

This article reviews the significance placed on the 
environmental factors in nuclear plant licensing during 
the last decade, first considering the effect of recent 
legislation and the status of current controversies, and 
then briefly discussing proposals for legislation and 
developments that can be expected in the near future. 

Three major types of environmental effects7 will be 
considered separately: radiological effects that are 
specific to nuclear plants, effects of thermal and 
chemical effluents which are similar to those to be 
expected from all types of power plants, and effects of 
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the physical presence of the nuclear plant which are 
similar to those resulting from the presence of any 
large industrial facility. Each of these effects will be 
discussed in turn, and some of the major controversies 
involved in their regulation will be considered. More 
specifically, with regard to radiological effects, the 
question of standards setting, the role of the states in 
regulation, and the placement of responsibility for 
risk—benefit analysis will be examined. The questions 
of AEC jurisdiction and the scope of responsibility of 
other agencies will follow in a study of effluent effects. 
And finally, the question of regulation of aesthetic 
features, the role of local jurisdictions in regulating 
plant location, and the responsibility for land use 
planning will be considered in relation to physical 
presence effects. 

Before these problems are presented, however, the 
current regulatory scheme of nuclear plant licensing 
will be surveyed to provide the reader with a basic 
understanding of the complexities of the field. 

THE ATOMIC ENERGY COMMISSION 

At present there is no overall federal program for 
licensing power plants, although legislation to set up 
such a system has been proposed. Nuclear power 
plants, however, are subject 10 regulation by the AEC. 
Until passage of the National Lnvironmental Policy Act 
(NEPA) of 196S (Ref. J}, the jurisdiction of the 
Commission /as limited iu matters of radiological 
health and safety and the common defense and 
security. NEPA expanded this jurisdiction to permit 
the AEC to consider all environmental matters. How-
ever, the AEC does not have the sole responsibility for 
environmental regulation. There are myriad state, local, 
regional, and federal agencies with power to issue 
licenses, orders, permits, and variances based on con-
sideration of specific environmental effects. The 
jurisdictions or the major federal and state agencies in 
the field are the subject of the following discussion. 

The Atomic Energy Act 

The Atomic Energy Act of 1954 (Ref. 9) autho-
rizes the AEC to issue licenses for "utilization or 
production facil it ies] ," a category that includes 
power reactors. The procedures and criteria that have 
been developed and are currently in use are set forth in 
Title 10 of the Code of Federal Regulations, and 
modifications are published in the Federal Register as 
part of the rule-making process [and are reported in 
each issue of Nuclear Safety—Ed.]. 

At present the licensing of nuclear power plants by 
the AEC is a two-step process. Before plant construc-
tion can start (except for preliminary site preparation), 
a construction permit must be issued. Then, before the 
completed plant can operate, an operating license must 
be obtained. The procedures followed in the two steps 
are similar, the major difference being that at the 
ronstruction-permit stage for the acquisition of the 
icense a public hearing is mandatory, whereas at the 

Dperating-license stage such a hearing will be held only 
if someone petitions to intervene and requests a 
hearing or if the Commission directs that a hearing be 
held because there is a question of "substantial" public 
interest involved. 

With respect to the considerations of radiological 
health and safety and the common defense and 
security which the Commission is mandated to oversee, 
the licensing procedure begins with the submission of 
an application by the utility to the AEC regulatory 
staff, although this step is often preceded by informal 
review of the site by the AEC staff. As a major part of 
the application, the company files a preliminary 
safety-analysis report (PSAR). The PSAR presents the 
preliminary design and safety features of the proposed 
reactor as well as comprehensive data on the proposed 
site. It discusses various accident situations and the 
safety features that will be provided to prevent 
accidents or, if they occur, to prevent overexposure of 
the public and employees to radiation. The AEC 
furnishes copies of the application to state and local 
officials in the geographical area concerned, federal 
agencies with jurisdiction over or expertise in various 
environmental aspects of the plant, and the Commis-
sion's Advisory Committee on Reactor Safeguards 
(ACRS). 

The independent review by the ACRS proceeds 
in parallel with that of the Commission's staff.10 

This committee, made up of experts from outside 
the AEC, is required by law to review and re-
port on each major power-reactor application. Utility 
representatives meet with the committee to present 
their case and respond to questioning. The ACRS, by 
letter to the Commission which is made public, then 
comments upon the safety of the project, spells out 
areas of technical concern, and makes recommenda-
tions for research and development efforts in those 
areas. Most such letters are carried in the Current 
Events section of Nuclear Safety. AEC staff review 
includes consideration of all the radiation-safety as-
pects of the proposed reactor as well as the applicant's 
technical and financial qualifications; at the end of its 
review, which includes detailed questioning of the 
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applicant, the AEC staff issues its own safety-analysis 
report, which is also made available to the public and is 
sent to state and local officials and news media in the 
plant area. 

The next step in the licensing process is a public 
hearing to consider issuance of the construction per-
mit. Public notice of the hearing date and location is 
published in advance in the Federal Register and in an 
AEC announcement sent to the news media in the 
vicinity of the site. The Commission's Rules of Practice 
permit persons whose interests may be affected by the 
proceedings to intervene as parties. Persons who wish 
only to make a statement of their views concerning the 
project may be permitted to make a "limited ap-
pearance." 

The hearing is conducted before a three-member 
Atomic Safety and Licensing Board appointed by the 
Commission from a panel of qualified persons. Two of 
the members are technical experts; one is a lawyer who 
serves as chairman. In a hearing on an uncontested 
application, the Licensing Board determines (1) 
whether the application and the record contain suf-
ficient information and (2) whether review by the AEC 
staff has been adequate to support the findings 
proposed to be made by the Director of Regulation. If 
the application is contested, i.e., if there is controversy 
between the staff and the applicant concerning the 
issuance of the permit or any of its terms or condi-
tions, or if the application is opposed by an intervening 
party, the Licensing Board will consider any matters in 
controversy. Upon completion of the hearing, the 
Board issues its decision, and, if that decision so 
authorizes, a construction permit is issued. The deci-
sion and the permit are subject to review by the 
Commission (in most cases by the Atomic Safety and 
Licensing Appeal Board) upon its own motion. The 
decision is likewise subject to judicial review. 

The steps in obtaining an operating license are 
similar to those steps described above for a construc-
tion permit and will not be described in further detail. 

Expansion of AEC Jurisdiction: NEPA 
and the Calvert Cliffs Decision 

The National Environmental Policy Act of 1969 
(Ref. 8) requires the federal government to use all 
practicable means, consistent with other essential 
considerations of national policy, to improve and 
coordinate federal plans, functions, programs, and 
resources to foster environmental protection. Federal 
agencies are required to include, in every recommenda-
tion on "major federal actions significantly affecting 

the quality of the human environment," a detailed 
discussion of the basic short-term and long-term 
environmental consequences of the proposed action, 
and to "utilize a systematic, interdisciplinary approach 
which will insure the integrated use of the natural and 
social sciences . . . in decision making which may have 
an impact on man's environment. . . . " They must also 
develop appropriate alternatives to recommended 
courses of action in any proposal involving alternative 
uses of available resources. The Act also established the 
Council of Environmental Quality (CEQ) which reports 
to the President and which is charged with reviewing 
the activities of the government in light of NEPA and 
recommending national policies to foster environ-
mental quality. NEPA expanded the AEC's regulatory 
jurisdiction into the area of nonradiological environ-
mental effects of nuclear power plants. The AEC 
regulations implementing NEPA and challenges to their 
sufficiency are discussed below. 

The scope of NEPA covers not only nuclear power 
plants licensed by the AEC, but also hydroelectric 
plants licensed by the Federal Power Commission 
(FPC) and all plants, both nuclear and nonnuclear, for 
which a permit from the Corps of Engineers is required 
under the Rivers and Harbors Act. Controversies over 
the interpretation of the language of NEPA have 
already resulted in litigation in the federal courts,11 and 
a great many more may be expected because of the 
broad wording of the Act and the absence of specific 
procedural guidance. 

NEPA became effective on Jan. 1, 1970. In March 
the CEQ was established, and in April the Water 
Quality Improvement Act of 1970 (WQIA)12 became 
effective. On Apr. 2, 1970, the AEC published general 
policies and procedures13 applicable to the issuance of 
construction permits and operating licenses for nuclear 
power reactors which the AEC determined would 
significantly affect the quality of the environment. 
These AEC regulations, designed to satisfy the provi-
sions of NEPA, enlarged the scope of the nonra-
diological issues that might be raised in licensing 
proceedings and imposed new environmental require-
ments on holders of nuclear power-reactor licenses 
already issued by the Commission.14 

On July 23, 1971, the U. S. Court of Appeals for 
the District of Columbia decided Calvert Cliffs Co-
ordinating Committee, Inc. vs. Atomic Energy Com-
mission. 15 Plaintiffs, interested environmentalists, had 
challenged several of the AEC regulations for imple-
menting NEPA provisions. Two of the provisions, 
applicable to plants already in the licensing process, 
will not be discussed because of their transitory nature. 
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Two other provisions, which are of general ap-
plicability to all future licensing procedures under 
NEPA, are discussed below. 

Plaintiffs contended that the AEC regulations being 
challenged provided for no mandatory consideration of 
environmental factors by licensing boards. They 
argued: 

Although environmental factors must be considered by 
the agency's regulatory staff under the rules, such factors 
need no t be considered by the hearing board conducting an 
independent review of staff recommendat ions, unless af-
firmatively raised by outside parties or staff members . l 1 6 

In its decision the courl noted: 

NEPA makes only one specific reference to considera-
tion of environmental values in agency review processes. 
Section 102(2)(c) provides that copies of the s t a f f s 
"detailed s t a tement" and comments thereon "shall ac-
company the proposal through the existing agency review 
processes." The Atomic Energy Commission's rules may 
seem in technical compliance with the let ter of that 
provision. They state: 

. . . 13. When no party to a proceeding . . . raises any 
[environmental issue] . . . such issues will not be considered 
by the atomic safety and licensing board. Under such 
circumstances, al though the Applicant 's Environmental 
Report , comments thereon, and the Detailed Sta tement will 
accompany the application through the Commission's 
review processes, they will not be received in evidence, and 
the Commission's responsibilities under the National En-
vironmental Policy Act of 1969 will be carried out in to to 
outside the hearing process." 

The question here is whether ihf. Commission is correct 
in thinking that its NEPA responsibilities may "be carried 
out in to to outside the hearing p roces s "—whe the r it is 
enough that environmental data and evaluations merely 
"accompany" an application through the review process, 
bu t receive no consideration whatever f rom the hearing 
b o a r d . l 1 7 1 

The court considered the AEC's "crabbed inter-
pretation . . . [to make] a mockery"17 of NEPA: 

The word "accompany" in Section 102(2)(c) must not 
be read so narrowly as to make the Act ludicrous. I t must, 
rather, be read to indicate a congressional in tent that 
environmental factors, as compiled in the "detai led state-
m e n t , " be considered through agency review processes.!1 8 ' 

The court noted that since it is "unrealistic to 
assume that there will always be an intervenor" with 
the resources to challenge a staff recommendation, the 
AEC must "take the initiative" of considering the 
environment at every stage of the licensing process. 
This means that hearing boards must independently 

review and balance conflicting factors: 

The Commission's regulations provide that in an un-
contested proceeding the hearing board shall on its own 
"determine whether the application and the record of" the 
proceeding contain sufficient information, and the review 
of the application by the Commission's regulatory staff has 
been adequate , to support aff irmative findings o n " various 
nonenvironmental factors. NEPA requires at least as much 
automatic^ consideration of environmental factors. In un-
contested hearings, the board need n o t necessarily go over 
the same ground covered in the "detai led s ta tement . " But it 
must a t least examine the statement carefully to determine 
whether " t he r e v i e w . . . by the Commission's regulatory 
staff has been adequate ." And it must independently 
consider the final balance among conflicting factors that is 
struck in the s t a f f s r ecommenda t ion .^ 1 ' I 

Using a figure of speech that had been used before 
in a landmark environmental case, the court pro-
nounced that the responsibility of the Commission 

. . . is no t simply to sit back, like an umpire, and resolve 
adversary content ions at the hearing stage. Rather , it must 
itself take the initiative of considering environmental values 
at every distinctive and comprehensive stage of the process 
beyond the s t a f f s evaluation and r ecommenda t ion . ' 2 0 ' 

Although the Calvert Cliffs decision calls attention 
to the need for consideration of environmental factors 
by the AEC, it does not interpret NEPA as setting 
environmental protection as an absolute, but rather as 
one element in a delicate balance: 

"Environmental amenities" will of ten be in conflict 
with "economic and technical considerat ion." To "con-
sider" the former "along wi th" the latter must involve a 
balancing process. In some instances environmental costs 
n 'ay outweigh economic and technical benefits, and in 
other instances they may not . But NEPA mandates a rather 
finely tuned and "systemat ic" balancing analysis in each 
instance.^2 1 ' 

As a result of the Calvert Cliffs decision, which the 
AEC decided not to appeal, the licensing regulations 
for nuclear reactors have been changed to reflect the 
court's requirements, as the Commission interprets 
thern.22 In addition to the discussion of direct environ-
mental effects of a facility, the Commission now 
requires applicants to submit with their environmental 
report a discussion of the effects of possible accidents, 
transporting radioactive matter, and building transmis-
sion lines, a discussion of alternatives to the proposed 
action, a "cost-benefit analysis," quantified "to the 
fullest extent possible," and a discussion of all factors 
with respect to water quality, whether or not certifica-
tion from the appropriate authority has been obtained. 
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The Water Quality Improvement Act of 1970 

The Water Quality Improvement Act of 1970 
(Ref. 12) amended the existing Federal Water Pollution 
Control Act that established a framework of s tate -
federal cooperation under which the states were given 
the opportunity to set water-quality standards for 
interstate waters. Under the 1970 amendments the 
AEC and other fec'sral agencies that issue permits or 
licenses for electric-power plants must now receive from 
the utility applicant, before the license may be granted, 
a certification that there is "reasonable assurance" of 
compliance with the applicable water-quality stand-
ards. The certification must come from the state where 
the discharge originates or, in some circumstances, 
from interstate agencies or the federal government. 

Until Calvert Cliffs the AEC had interpreted its 
duties under the WQIA as superseding those of NEPA 
in the field of water quality. Thus, in its pie-Calvert 
Cliffs regulations on NEPA review, the AEC stated:23 

With respect to those aspects of environmental quality 
for which environmental quality standards and require- • 
ments have been established by authorized federal, state, 
and regional agencies, proof that the applicant is equipped 
to observe and agrees to observe such standards and 
requirements will be considered a satisfactory showing that 
there will not be a significant, adverse effect on the 
environment. Certification by the appropriate agency that 
there is reasonable assurance that the applicant for the 
permit or license will observe such standards and require-
ments will be considered dispositive for this purpose. 

The Calvert Cliffs court, discussing the "plain 
language" of Section 104 of NEPA, and WQIA, 
found24 that the Commission's rule was in fundamental 
conflict with the basic purpose of NEPA: 

Obedience to water quality certifications under WQIA 
is not mutually exclusive with the NEPA procedures. It 
does not preclude performance of the NEPA duties. Water 
quality certifications essentially establish a minimum condi-
tion for the granting of a license. But they need not end the 
matter. The Commission can then go on to perform the 
very different operation of balancing the overall benefits 
and costs of a particular pro^c-xd project, and consider 
alterations (above and beyond the applicable water quality 
standards) which would further reduce environmental 
damage. Because the Commission can still conduct the 
NEPA balancing analysis, consistent with WQIA, Section 
104 does not exempt it from doing so. and it, therefore, 
must conduct the obligatory analysis under the prescribed 
procedures. 

The AEC was directed to change its rules in this 
respect25 and has dene so. Representatives of several of 
the federal environmental agencies have since stated 
their disagreement with this part of the Calvert Cliffs 

decision, which, in effect, has returned all decisions on 
water quality to a case-by-case basis, and legislative 
reform is probable. 

Clean Air Act Amendments of 1970 

Under the Clean Air Act,26 the federal government 
had the authority to set air-quality criteria for certain 
pollutants but could not regulate the emission of such 
matter into the air. The 1970 amendments, inter alia: 

. . . provided for federal establishment of national pri-
mary ambient air quality standards (to protect health) and 
national secondary ambient air quality standards (more 
stringent standards to protect the public welfare), and an 
opportunity for adoption by the states of implementation 
and enforcement plans for such standards. 

The federal government may now itself establish 
emission standards for new stationary sources and may 
also promulgate emission standards for hazardous air 
pollutants from all stationary sources, new or existing. 

The provisions relating to new stationary sources have 
particular relevance for electric power plants—particularly 
fossil-fuel plants which release oxides of sulphur and 
nitrogen. As to nuclear power plants, the legislative history 
of the amendments indicates that the responsibilities of the 
AEC with respect to radiological health and safety aspects 
of nuclcar facilities were to remain unchanged by enact-
ment of the amendments. 

FEDERAL POWER COMMISSION 

At the present time, the FPC27 regulates the 
electrical industry in three ways: (1) by licensing the 
use of hydropower sites on navigable rivers under the 
federal jurisdiction; (2) by regulating the wholesale 
rates of power sold for resale in interstate commerce; 
and (3) by encouraging the interconnection and co-
ordination of power systems. It also serves as an 
information collection agency. 

In contrast to the limited regulatory mandate of 
the Atomic Energy Act of 1954, the Federal Power 
Aci provides the basis for comprehensive consideration 
and control of the environmental effects of hydroelec-
tric generating stations. For example, the FPC, as part 
of its authority to license the construction of hydro-
electric projects, even before the passage of NEPA, 
could condition such licenses to limit thermal dis-
charges from fossil and nuclear plants located on water 
impoundments under FPC license. However, like other 
federal agencies, the FPC is now also subject to the 
provisions of NEPA and WQIA. 
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CORPS OF ENGINEERS, 
DEPARTMENT OF THE ARMY 

The jurisdiction of the Corps of Engineers over 
fossil and nuclear power plants encompasses the uses 
that such plants may make of the navigable waterways 
of the United States. Under the Rivers and Harbors 
Act28 of 1899, the placement of a structure in a 
navigable waterway, other than a dam, dike, causeway, 
or bridge, requires a permit from the Corps of 
Engineers. The operator!! of a nuclear or fossil plant, 
who propose to use such waters for cooling purposes 
by inserting water intake and outlet structures into 
navigable waterways, first must apply for, and be 
granted, such a permit. 

Within the past few years, another provision of the 
Rivers and Harbors Act of 1899, referred to as the 
Refuse Act, has been given new life. This statute makes 
it unlawful to discharge "refuse matter" into navigable 
waters without a permit from the Corps.* Until 
recently, implementation of the 1899 Act had been 
directed toward protection of navigation, but it now 
also serves the end of environmental protection. The 
comprehensive regulatory program currently being 
developed under this Act may significantly affect the 
design and operation of power plants, particularly 
fossil-fueled plants, heretofore generally unregulated 
by federal authorities. For nuclear plants it is expected 
that the actions of the Corps will be coordinated with 
those of the AEC as well as the Environmental 
Protection Agency (EPA). Of course, the Corps is also 
subject to provisions of NEPA and WQIA. 

ENVIRONMENTAL PROTECTION 
AGENCY 

The Environmental Protection Agency (EPA), 
formally established by Reorganization Plan No. 3 of 
1970 which became effective29 on Dec. 2, 1970, 
consolidated several environmental agencies of the 
executive department. The functions transferred to the 
EPA included administration of the Feudal Water 
Pollution Control Act and the Clean Air Act. In the 
radiological field the new agency took over part of the 
AEC's Division of Radiation Protection, and part of the 
Bureau of Radiological Health from the Public Health 
Service of the Department of Health, Education, and 

•Under the new Federal Water Pollution Control Act, 
jurisdiction for the discharge-permit program has been moved 
from the Corps of Engineers to the Environmental Protection 
Agency. 

Welfare. The staff and functions of the Federal 
Radiation Council were also transferred to the EPA. 
The EPA is now responsible for establishing generally 
applicable standards for the protection of the environ-
ment from radioactive materials. 

OTHER FEDERAL AGENCIES 
AND STATUTES 

Other significant federal statutes that relate to 
environmental matters which may be involved in 
nuclear plant licensing include the Fish and Wildlife 
Coordination Act,30 requiring federal agencies to take 
into account the conservation of fish and wildlife 
resources in connection with certain activities; the Wild 
and Scenic Rivers Act3' designed to preserve scenic 
rivers in their free-flowing condition; the National 
Historic Preservation Act,32 requiring federal licensing 
agencies to take into account the effect of a licensed 
undertaking on historical sites that are included in the 
National Register; the Resource Recovery Act33 of 
1970 authorizing the expenditure of federal funds for 
research and development in the recycling and disposal 
of solid wastes; and the Federal Aviation Act34 of 1958 
which requires anyone proposing to construct certain 
structures to give notice to the Federal Aviation 
Administration which may then evaluate the hazards 
posed by the structure. 

STATE REGULATION OF POWER-PLANT 
SITING AND CONSTRUCTION 

State regulatory commissions having jurisdiction 
over electric utilities vary widely in their authority and 
the extent to which they exercise jurisdiction over 
siting, construction, and the environmental effects of 
power plants and transmission lines. A study7 pub-
lished in 1969 indicated that, with respect to the 
continental United States, "28 of the state regulatory 
commissions at that time exercised no jurisdiction in 
the matter of licensing or power plant site selection 
and the remaining. . . commissions were vested with 
varying degrees of licensing authority." 

According to the recent report of the President's 
OST, "[i] ncreasing public concern for the quality of 
the environment is evident in the actions of state 
legislatures in recent years [strengthening] the role of 
the state regulatory commissions and other state 
agencies in controlling environmental effects of elec-
tric power facilities."4 The majority of states whose 
commission possess a degree of licensing authority 
permit public hearings on licensing applications, and 
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most of these, 19 out of 29, take environmental impact 
factors into consideration; in 17 of the 29, data and 
advice on matters involving these environmental con-
siderations are available to the state regulatory body. 

Although detailed discussion is beyond the scope 
of this report, it should be noted that several states 
(Arizona, California, Connecticut, Maine, Maryland, 
Nevada, New Hampshire, New York, Oregon, South 
Carolina, Vermont, and Washington) have recently 
adopted a variety of approaches to the problem of 
power-plant siting. 

* * * 

An early issue of Nuclear Safety will carry Part II 
of this article. It will discuss some cases and con-
troversies concerning the environmental effects of 
producing nuclear power, as well as possible improve-
ments that could be effected through proposed federal 
legislation and proposed changes in regulatory proce-
dures. 
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THE REGULATION OF THE ENVIRONMENTAL EFFECTS OF 
NUCLEAR POWER PLANTS (PART II.) 

By Joyce P. Davis 

{nucl. Safety, lM3): 165-181 (May-June 1973)] 
Abstract: Part one of this two-part article (see Nuclear Safety 
for January-February 1973) discussed U.S. needs for electric 
power and the role of nuclear energy in meeting these needs. 
The major portion of the article reviewed the regulatory 
process that is currently required for nuclear power plants. Part 
two discusses the radiological and nonradiological effects of 
nuclear power generation on the environment and the means 
for their regulation along with some related cases and 
controversies, Proposals for improvements through changes in 
procedures and new legislation are also examined. 

RADIOLOGICAL EFFECTS 

During normal operation of nuclear power plants, all 
potential sources of external radiation are shielded to 
protect plant workers from exposure to radiation in 
excess of occupational dose limits. Such limits, how-
ever, are generally less severe1 than those applicable to 
the general public outside of the "exclusion area."2 

This environmental hazard of direct radiation is con-
trolled to meet the applicable safety criteria of the 
U. S. Atomic Energy Commission (AEC). The plants 
are designed to ensure that, even under the conditions 
of the most serious "credible accident" possible, the 
effect on the environs of direct radiation from ma-
terials within the high-integrity containment building is 
minimal. Once such direct radiation has been reduced 
to negligible levels, through intervening distances and 
shielding material, the major source of radiation of 
environmental interest is radioactive material that in 
some manner is released or escapes from the contain-
ment building or other plant areas. Regulation of such 
radioactive "effluents" will be briefly discussed. 

Gaseous Effluents 

The commercial nuclear plants currently in use in 
the majority of nuclear installations in the United 
States utilize a boiling-water reactor (BWR) or a 
pressurized-water reactor (PWR) as a heat source for 
producing steam. Radioactive gases are produced in 
both types of reactors by activation of such materials 
as nitrogen, oxygen, Imd argon and by the release of 
some of the gaseous products of the fission process, 
such as xenon, krypton, and iodine, from the fuel 
element into the primary reactor coolant stream. The 
amount of the latter materials present in the coolant 
water depends on the integrity of the fuel elements. If 

the metal cladding that covers the uranium oxide fuel 
material is intact, little of the fission-product gas will 
escape; however, as time goes by, the clad elements 
may develop pinhole leaks. 

The plants are designed to operate with fuel-
element leakage of up to about 1%. This design, in 
turn, sets the criteria for the design of systems to 
handle the radioactive gaseous effluents that will 
maintain releases to the environment within prescribed 
limits. 

In the BWR the gases released in the primary 
coolant are carried to the turbine and the condenser, 
along with the steam produced by boiling. Steam is 
condensed back to water in the condenser, but the 
noncondensable gases, including the very small volume 
of radioactive gases, are vented to a cleanup system, 
which provides some holdup time for radioactive 
decay. In cunently operating units the gases are then 
filtered and released through a stack 10 the environ-
ment. Longer holdup times and more extensive systems 
for gas treatment are being incorporated into the 
design of many future units 10 reduce the activity level 
of such releases. 

In the PWR, most of the gases remain in the reactor 
coolant water in a system that is sealed during normal 
operation. The water in this system is not permitted to 
boil. When the temperature and pressure are lowered 
and the system is opened during reactor shutdown for 
maintenance or refueling, the gases are vented to a 
cleanup system, from which they may be released to 
the atmosphere. A small amount of gaseous activity 
may also be released continuously during operation. 

In currently operating reactors the activity released 
by a BWR is greater, on an instantaneous basis, than 
that released by a PWR of comparable size. However, 
in the BWR, most of the activity is short-lived and 
decays within a short time to nonradioactive matter. 
The long-term potential hazard from both types of 
plants is of similar magnitude and is caused by 8SKr, 
which has a half-life of 11 years. Given the present 
design of gaseous-waste systems, essentially all the 
krypton that escapes from the fuei will eventually be 
released to the atmosphere. Becaus^it is a nonreacting 
noble gas, krypton does not present a biological hazard 
at today's concentrations. / 

/ ; / 
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Liquid Effluents 

During reactor operation, radioactive materials are 
pres3nt in the reactor cooling water. Some of these 
come from activation of elements in the water i tself— 
the naturally occurring trace elements. Others include 
soluble and insoluble products of the corrosion of 
metals in the system (which are activated by neutrons 
in their passage through the reactor) and a variety of 
fission products which may leak from defective fuel 
elements. In addition, tritium, an isotope of hydrogen, 
is produced. Tritium, with a 12-year half-life, is a 
unique radiological contaminant, because, in the form 
of tritiated water, it is not separable from ordinary 
water by any practical chemical or physical processes. 

Liquids leaking into and recovered from various 
plant systems are collected and sent through a special 
liquid-waste system. The processes used in liquid-waste 
treatment are designed to concentrate on the radioac-
tive material and to put it into a form that will permit 
it to be safely shipped to AEC-licensed radioactive-
waste-storage areas. Reductions in radioactivity levels 
are also achieved by storing material for a period of 
time to permit decay of short-lived activity and by 
diluting effluents containing low levels of radioactivity 
to reduce the concsnuation of radioactive matter 
below the designated limits for release into the 
environment. 

After the processing, the effluent liquids, from 
which most of the radioactive matter has been re-
moved, are collected in monitoring tanks. After these 
liquids are checked for radioactivity, they may be 
released at a controlled late to the plant's condenser 
cooling-water discharge or recycled for use in the plant. 
The concentrated radioactive matter that has been 
removed in the liquid-waste system is treated as solid 
waste. 

Solid Wastes 

Solid radioactive wastes consist mainly of concen-
trated wastes from the radioactive-waste system, con-
taminated tools and equipment, and filters and de-
mineralizers that have concentrated the radioactive 
matter removed from air and water. Such solids are 
generally stored for a time to allow for decay of all but 
the longest-lived isotopes, for example, ^Co and ^Sr. 

Solid wastes are then shipped off-site in shielded 
casks to licensed waste-storage areas. Also removed 
from the plant periodically are the spent fuel elements 
that have been in the reactor for 3 to 5 years. After 
on-site storage for a few months to allow for decay of 
short-lived activities, these elements are shipped in 
heavily shielded casks to a fuel-reprocessing plant, 

where unused fuel material is recovered for recycling to 
the reactor, and fission products and other wastes are 
converted to forms amenable to long-term storage and 
stored indefinitely. 

REGULATION OF RADIOACTIVE 
EFFLUENTS* 

Under the 1970 reorganization,3 the Environmental 
Protection Agency (EPA) has the responsibility to set 
standards4"10 that govern public exposure to radiation 
and radioactive materials in the environment from 
nuclear power plants and from those artificial radio-
active materials within the scope of the Atomic Energy 
Act of 1954 (Ref. 11). The EPA has also been given 
the advisory functions of the Federal Radiation 
Council (FRC), which was formed in 1959 to provide 
"guidance for all federal agencies in the formulation of 
radiation standards."12 No federal agency, however, has 
the authority to enforce standards for exposure to 
radiation from sources not under AEC control, such as 
that from X-ray and similar electronic machines, from 
radium and other naturally occurring radioactive ma-
terials, and from, materials made radioactive in acceler-
ators. 

Direct knowledge of the effects of radiation on 
human beings is based on studies of Japanese survivors 
of bombings, Marshall Islanders exposed during 
weapons tests, radiologists, children X-rayed in utero, 
patients treated by radiation, radium watch-dial 
painters, uranium miners, and victims of radiation 
accidents. The value of such studies depends on the 
size of the population studied, the ability to estimate 
dose, and the availability of control groups.8 

The recorded human-exposure data are not directly 
applicable to the effects of long-term exposure to the 
much lower levels of radiation or concentrations of 
radioactive materials permitted by AEC regulations. 
The effects of these low levels of exposure must be 
inferred by various methods of estimation that are 
frequently little more than scientific conjecture. 

The standards-setting agencies have issued 
numerous reports containing a variety of numerical 
standards and guidelines.5,13"16 One standard which has 
stirred major controversy sets the limit of 0 .17 
rem/year for the general population.15 

*This article was prepared before the enactment of the 
comprehensive Federal Water Pollution Control Act Amend-
ments of 1972, which replaced the previous language of the 
Federal Water Pollution Control Act (first passed in 1956) and 
its subsequent amendments. The Amendments of 1972 will be 
discussed by Joyct Davis in an article to appear in Nuclear 
Safety later this year. 



120 

A recent review9 of the history of these standards 
states: 

. . . In the mid-1950's, both the ICRP [International 
Commission on Radiological Protection j and the NCRP 
| National Council on Radiation Protection and Measure-
ments] concluded that 5 rem per year should be the 
maximum permissible dose for occupational exposure, and 
that the general population should receive no more than 
one-tenth this amount . The FRC divided this latter value by 
3 in order to allow for variations of exposure to individuals 
within the population. 

In 1956, geneticists on the NAS [National Acadcmy of 
Scicnce'i] Committee recommended that the contribution 
of man-made radiation to the human body not exceed 
10 rem per generation (30 years). At that time they 
estimated that exposure f rom medical uses of radiation 
already accounted for abou t one-half this value. The 
remaining 5 rem, when divided by 30 years, again gave a 
figure of 0.17 rem per year. 

The review9 comments that, in theory, the setting 
of standards requires a careful balancing of the benefits 
to be derived from radiation-producing processes 
against the expected risks. Determination of 
benefits—such as military preparedness or abundant 
electric power—is entirely a social problem; but even 
the determination of risk can, at best, be only partially 
scientific. 

Reactor Licensing 

Within the framework of FRC, NCRP, and ICRP 
recommendations, the AEC has developed regulatory 
standards and set criteria to control release of radio-
activity at the source, prior to its reaching the 
environment, by placing limits on concentrations and 
quantities of radioactivity that may be released into 
the air and water by AEC licensees.17 These limits, set 
forth in Part 20 of the regulations, are designed to 
ensure that public exposure to environmental con-
tamination is well within FRC radiation-protection 
guides.18 

Until recently, in applying these Part 20 standards 
to reactor water effluents, the AEC generally limited 
concentrations of radioactivity in undiluted effluents 
leaving a plant site so that a person using the water 
effluent as his sole source of drinking water throughout 
his lifetime would not exceed FRC guidelines for 
individual exposure.19 In addition to Part 20 concentra-
tion limits,20 the AEC regulatory program now includes 
various restrictions on plant design and on operation in 
individual operating licenses.21 In controlling effluents 
from nuclear reactors, one provision in the AEC 
regulations22 considers both the possible effect of 
multiple units in one geographic aiea and adverse 
reconcentration effects of radioactive materials in fish, 

wildlife, or man's food chain. This provision states that 
quantity as well as concentration limits may be 
imposed to ensure that the total radioactivity released 
to the environment from all sources does not result in 
radiation doses to humans in excess of FRC guides. 

During the AEC staff review phase of licensing, 
both the site and the plant design are studied 
thoroughly to ensure that exposure standards can be 
met. Environmental monitoring is also required, both 
before the plant starts operation (to form a base line) 
and after operations have started (to detect any effects 
on the environment). In addition to the licensee and 
the AEC, other agencies are active in performing 
environmental surveys. These may include the state 
health or conservation department or similar state 
agencies and the EPA. 

Challenges in Licensing Proceedings 

In recent years the adequacy of AEC standards has 
been challenged. Owing in part to the pressure resulting 
from public concern with these matters, the AEC has 
taken steps to clarify its regulations on radioactive 
effluents from light-water-cooled nuclear power 
reactors.23 

On Mar. 28, 1970, the AEC announced its inten-
tion of adding to the statement of purpose of Part 20 a 
statement of the licensee's obligation to "make every 
reasonable effort to maintain radiation exposures and 
releases of radioactive materials in effluents to un-
restricted areas as far below the limits specified in this 
part as practicable."24 This is a reflection of a similar 
statement in the FRC guides.25 In addition, a Part 50 
amendment26 proposed adding Section 50.34a, de-
signed to "give appropriate regulatory effect, with 
respect to radioactivity in effluents . . . to the 
guidance of the FRC that radiation doses should be 
kept as far below the radiation protection guides as 
practicable." These amendments became effective on 
Dec. 3, 1970. They did not modify the Part 20 limits 
on radiation exposure, which "will continue to be 
based on the recommendations of the FRC. . . ,"27 

Subsequently the AEC proposed adding a new Ap-
pendi". I to Part 50, to "provide numerical guides for 
design objectives and technical specification require-
ments for limiting"28 operating conditions of light-
water reactors to keep levels of "radioactivity in 
effluents as low as practicable." These proposed 
regulations are the subject of one of the AEC's first 
rule-making hearings 2 9 convened in January 1972. 

The Calvert Cliffs Case 

An intervenor at a hearing concerning the Calvert 
Cliffs nuclear power plant30 (construction proposed in 
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Calvert County, Md.) challenged the adequacy of AEC 
Part 20 standards. As the Atomic Safety and Licensing 
Board (ASLB) noted in its initial decision authorizing 
the issuance of a construction permit,31 "[t]he 
intervenor does not question that the proposed reactor 
will comply satisfactorily with the limits of Part 20. 
The focus of its attack seems to be on the validity of 
Part 20 itself." The ASLB concluded30 that: 

Both the Applicant and the staff argue that it is beyond 
the Board's function to inquire into the validity of the 
standards established by Part 20. . . . [I] t seems to the 
Board that there may he cases in which the evidence 
introduced is such as to draw into question the validity of 
those regulations themselves. In such a case, the Board 
might not be able to rely upon Part 20 as establishing the 
outer limits of acceptable risk. In this case, however, 
although questions are raised as to the underlying assump-
tions of Part 20, there is no evidence upon which the Board 
could base a refusal to accept Part 20. [Emphasis added.] 

In a memorandum that supported the issuance of the 
permit, the AEC Commissioners took issue with that 
statement of the ASLB.32 The Commissioners said : 

[The] Commission's licensing regulations established 
the standards for reactor construction permit determina-
tions; a n d . . . the findings in proceedings such as the 
instant one must be made in accordance with those 
regulations. . . . [O] ur licensing regulations... are not 
subject to amendment by boards in individual adjudicatory 
proceedings. [Emphasis added.] 

It should be noted that this decision was made in the 
context of the AEC's health ait; J safety review. Under 
the later Calvert Cliffs court of appeals decision33 and 
the new AEC regulations34 implementing the National 
Environmental Policy Act of 1969 (NEPA),35 the 
ASLB, in its "risk-benefit" evaluation of environ-
mental factors, may have the power to consider 
challenges to AEC standards. 

The Project Rulison Case 

An interesting case36 decided in early 1970 con-
sidered the problem of radiation standards in detail. 
Although the challenged AEC action (Project Rulison, 
an experiment in the application of nuclear explosives 
to the exploitation of natural-gas resources) did not 
involve a nuclear reactor, the AEC and FRC standards 
in question were basically the same as those applicable 
to reactor effluents. 

The court asked whether the "FRC and AEC 
radiation-protection standards [are] reasonably ade-
quate to protect life, health and property" and 
answered in the affirmative:36 

Radiat ion p r o t e c t i o n standards are estab-
lished . . . through a complex process. . . . The setting of 

exposure standards at a given level requires the weighing 
o f . . . risks and benefits to be derived therefrom. The 
weighing requires a value judgement as well as a measuring, 
and thus the standards are not scientific numbers below 
which no danger exists. The value judgement embodies 
complex social and political considerations, for atomic 
energy has a potential that suggests unlimited benefits to 
entire nations and presents a risk to entire populations of 
people, and perhaps their progeny. 

The court found that the standards, as presently 
established, "do embody this risk—benefit evaluation" 
and concluded that the court need not determine the 
risk-benefit question for this project:36 

[T] he decision of the extent and nature of government 
participation in development of energy sources is a political 
question. . . . It is for Congress, in making these decisions, 
to weigh the risks presented by the use of atomic energy in 
such projects. Our task here is to ensure that the AEC has 
not exceeded Congressional standards established to protect 
the. public in utilization of atomic energy which Congress 
has authorized, presumably after having evaluated the 
risk-benefit equation presented by the Rulison project. 
[Emphasis added.] 

The court determined that, although the plaintiffs 
introduced "impressive evidence of new developments 
in the field of radiation biology," there was no 
evidence that justified an alteration of standards:36 

[T]hey did not establish an adequate correlation 
between this information and radiation exposure at low 
dose levels [and] the-y did not refute equally new and 
impressive evidence of repair of the biological damage from 
radiation at low dose rates and levels. 

The court recognized that the field of radiation 
protection is constantly changing with the continuing 
development of new scientific information on the 
biological effects of ionizing radiation:36 

Careful decisions must be made in the context of 
contemporaneous knowledge. Such decisions cannot be 
indefinitely postponed if the potentials of atomic energy 
are to be fully realized. All that is required to establish 
reasonableness of the decision setting a standard under the 
statutory directive to protect the public health and safety is 
that it be made carefully in light of the best available 
scientific knowledge. [Emphasis added.] 

The court recognized that in the setting of standards 
"/aj bsolute certainty is neither required nor pos-
sible. "3 6 (Emphasis added.) 

State Jurisdiction37 

Between the passage11 of the Atomic Energy Act of 
1954 and the 1959 state "turnover" amendment,38 and 
for a time thereafter, several legal studies were made of 
the problem of state—federal relations in the regulation 
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of nuclear materials and the question of federal 
preemption of regulation of materials covered in the 
Atomic Energy Act. Recently the question has been 
raised again and considered in Northern States Power 
Company vs. Minnesota.39 

The AEC contends that Congress has preempted 
the entire field of regulation of radioactive effluents 
from licensed nuclear power plants to the exclusion of 
the states. In the opinion of Congress, the only way 
that the states can exercise any power over materials 
subject to the Atomic Energy Act is to enter into a 
"turnover agreement" with the AEC. Since the section 
of the Act which authorizes such agreements specifi-
cally excludes delegation! to the states of any regula-
tory power over reactors, the states arc effectively 
barred from regulating radioactive effluents from reac-
tors to protect radiological health and safety. 

Most legal analyses have concluded that Congress 
did intend, and had the power, to give the AEC some 
jurisdiction over the new aspects of nuclear energy, a 
technology that was "born" as a government monop-
oly. Although the Act uses the term "health and 
safety"11 without qualification, the AEC has inter-
preted this, with judicial concurrence, to mean only 
radiological health ami safety.40 

It is also apparent that not all radiological health 
and safety is under AEC jurisdiction. As previously 
mentioned, regulation of X-ray equipment and of such 
naturally occurrir.o sources as radium was not covered 
by the Atomic Energy Act. Before the passage of this 
federal legislation, some states had exercised jurisdic-
tion over such sources, and they continue to do so,41 

Thus it appears that, absent a federal statute, the states 
have the right to act in the field of radiological health 
and safety as part of their inherent police powers. 

It can be contended that some of this power was 
taken from the states, assuming it was constitutional to 
do so, and given to the AEC in the 1954 Act or the 
predecessor 1946 statute. The question is whether 
Congress intended the AEC to take over the field of 
radiological health and safety completely with respect 
to sources covered in its Act or whether states were to 
be allowed concurrent power. Most authorities who 
have considered this question have concluded that the 
federal regulations preempt the field. 

The Monticello Case42 

In early 1966 Northern States Power Company 
announced plans for the 550-MW Monticello nuclear 
generating plant to be built in Minnesota and sub-
mitted an application to the AEC for a construction 

permit and an operating licensc.43 The AEC hearing on 
the application for a construction permit, held in May 
1967, was an uncontested proceeding. After receiving 
the construction permit, the utility filed an application 
with the state's Water Pollution Control Commission 
(WPCC) for a permit to discharge plant effluent, 
excluding radioactive wastes that would be covered by 
AEC license. In an unrelated action the state abolished 
the WPCC and set up a new agency, the Minnesota 
Pollution Control Agency (MPCA), which took over 
the permit application. 

In early 1968 the MPCA raised the question of 
radioactive effluents and retained a nuclcar consultant 
to develop the radiological standards to be applied in 
the permit. The consultant drafted a permit, and the 
MPCA submitted a copy to the AEC for information 
and review. The permit set effluent standards for the 
Monticello plant and required certain other steps to be 
taken to minimize these effluents. The standards set 
were, for the most part, considerably more stringent 
than those set by the AEC. 

In a letter to Governor Le Vander, the AEC stated 
its objections,44 asserting, for example, that standards 
"more restrictive" than AEC standards did not 
necessarily indicate a corresponding increase in public 
health and safety; furthermore. 

| T j h e permit reflects an "ad h o c " approach to the 
regulation of nuclear power plants which, in our vi w, 
cannot and should not be n u d e the basis for a fair and 
effective regulatory program. The approach taken by MPCA 
is that each nuclear plant .should be regarded as an 
individual case . . . bu t the MPCA has no definitive criteria 
or standards for determining on a case-by-ease basis what 
concentrat ions should be permit ted. 

In August 1969 the utility filed a complaint in the 
federal district court of Minnesota,4s initiating an 
action . . to determine whether the state of Minne-
sota, acting through the Pollution Control Agency, has 
jurisdiction over nuclcar power plants or the discharge 
of radioactive effluents therefrom or whether the 
Federal Government, acting through the Atomic En-
ergy Commission, has sole and exclusive jurisdiction 
over these matters."46 A companion suit was brought 
in a Minnesota state court challenging specific provi-
sions of the permit as unreasonable. This action was 
held in abeyance, awaiting the ruling of the federal 
court. 

On Dec. 22, 1970, the U . S . district court, per 
Devil t, Chief Judge, stated:47 

T h e quest ion here is whether Congress has preempted 
the field of regulation of radioactive releases by nuclear 
power plants. In my view it has, and Minnesota is wi thout 
authori ty to enforce its regulations in this field. 
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The court was47 

. . . satisfied from an examination of the statutes and of 
the congressional reports which accompanied their enact-
men! that the Congress has expressly and effectively 
manifested its intent to preempt the disputed Held of 
regulation; and in light of practical construction afforded 
the administration of the law, the interpretation it has 
received from ofticial legal authorities, the evaluation of the 
issue by legal scholars, and the inference to be drawn from 
previous decisions of the Supreme Court in those cases 
where it established standards for determining the implied 
intent of the Congress to preempt a field of regulation that, 
if callcd upon to do so, the Supreme Court of the United 
States would hold that the Atomic Energy Commission's 
authority to regulate radioactive releases by nuclear power 
plants is exclusive. 

On appeal the I). S. Court of Appeals for the 
Eighth Circuit, in a 2 - 1 decision, affirmed the district 
court's decision.48 The court declared that Congress 
had the power to preempt the field, but, since in 
framing the statute Congress did not expressly state 
such an intent, the court must "determine whether 
Congress has nevertheless manifested an intent to 
displace concurrent state regulations in this field." 
Considering the legislative history of the atomic energy 
acts and amendments, the AEC's construction of its 
statute, and the pervasiveness of the licensing scheme 
set up by Congress, the court of appeals reached the 
same conclusion as the district court. The Eighth 
Circuit, however, emphasized:48 

Congress vested the AEC with the authority to resoltre 
the proper balance between desired industrial progress and 
adequate health and safety standards. Only through the 
application and enforcement of uniform standards promul-
gated by a national agency will these dual objectives be 
assured. Were the states allowed to impose stricter 
standards on the level of radioactive waste releases dis-
charged from nuclear power plants, they might conceivably 
be so ovcrproicctivc in the area of health and safety as to 
unnecessarily stultify the industrial development and use of 
atomic energy for the production of electric power. 

Thus the court seems to have held that Congress has 
delegated the risk-benefit analysis of nuclear power to 
the AEC alone. Therefore, as the district court had 
stated, " l i ) f the exercise of federal authority in this 
field is inadequate or unwise, recourse lies with the 
AEC to raise its standards or with the Congress to 
relinquish its authority to the stales."47 

It should be noted that, although the utility 
challenged the slate agency in court, it did eventually 
agree to comply with many aspects of the contested 
state-permit requirements. Before the trial began in 
October 1970, Northern Stales Power Company had 
agreed to install four 48-hr off-gas holdup tanks to 

reduce emissions 4 9 and its Chairman of the Board had 
stated: 

We will conform to any regulations imposed by the 
State of Minnesota whether or not they are more restrictive 
than AEC (sic), provided: (1) That the regulations are 
compatible with the Atomic Energy Commission's regula-
tions with which we are legally obligated to comply, (2) 
That the regulations aic based on a comprehensive program 
supported by adequate, competent, technical staff. 
(Rcf.50.J 

On Apr. 3, 1972, in a memorandum decision, the 
Supreme Court, with two justices dissenting, affirmed 
the court of appeals.51 The federal government, which 
had not previously taken a position in the case, 
submitted a memorandum in response to the Supreme 
Court's invitation for an expression of the govern-
ment's view. The Justice Department memorandum 
supported federal preemption." 

NONRADIOLOGICAL EFFECTS" 

During the 1960s, intervenors in several AEC 
licensing proceedings tried to require licensing boards 
to take thermal effects into consideration. The AEC 
contended that Congress had not given it jurisdiction 
over any but radiological effects on environmental 
health and safety. In a 1969 judicial decision, discussed 
below, the AEC* s view was upheld. Events since then, 
however, have changed this situation dramatically with 
respect not only to thermal effects but also to other 
nonradiological effects. 

In 1969, construction of the Vermont Yankee 
plant on the Connecticut River was proposed.54 In its 
initial decision favorable to the construction of the 
plani,ss the ASLB noted that the Board had refused to 
consider the proffered evidence on thermal effects. Of 
the three intervening states, Massachusetts, Vermont, 
and New Hampshire, only the last excepted to the 
initial decision. The AEC's subsequent memorandum 
and order56 states the questions raised by New 
Hampshire as follows: 

(a) Whether the Atomic Energy Act of 1954, as 
amended, vests in (he Commission jurisdiction to consider, 
in the licensing and regulation of nuclear facilities, health 
and safety nutters other than those relating to radiological 
health and safety, and (b) Whether the provisions of the 
l-cdml Water Pollution Control Act, as amended by the 
Water Quality Act of 1965, and Executive Order 11288, 
enlarge the Commission's regulatory jurisdiction. 

Hie Commission resolved both of these issues against 
the position taken by New Hampshire. 
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New Hampshire appealed the AEC's decision to the 
U. S. Court of Appeals for the First Circuit. The court 
concluded that "in enacting the Atomic Energy Acts of 
1946 and 1954, in overseeing its administration, and in 
considering amendments, the Congress has viewed the 
responsibility of the Commission as being confined to 
scrutiny of and protection against hazards from radia-
tion."219 The court also found that the 1965 amend-
ments to the Federal Water Pollution Control Act 
(FWPCA)" were intended to encompass only installa-
tions owned by, and operated for, the government, 
rather than those subject to the government's regula-
tory powers, and thus did not expand the AEC's 
jurisdiction. In conclusion the court found that the 
ASLB and the Commission had properly refused to 
consider the evidence on thermal effects,S4 saying: 

Wc do so with regret that the Congress has not yet 
established procedures requiring tinicly and comprehensive 
consideration of nonradiological pollution effects in the 
planning of installations to be privately owned and 
operated. Bui the very fact that complex questions of 
jurisdiction among federal agencies, of federal-stan.- rela-
tions, o f procedure, and even of specialized staff and 
appropriat ions must be reserved indicates (he inappropriate-
ncss of any judicial f ia t—par t icular ly when the legislative 
branch is actively seised of the problem. 

Within a year Congress did aci. The enactment of 
NEPAS8 and the Water Quality Improvement Act 
(WQIA)S7 have rendered this decision moot. In future 
licensing actions, thermal effects, as well as other areas 
of environmental impact, must be considered by AEC 
licensing boards. 

A current example of the complexities of the 
thermal-effects regulation picture is the controversy in 
connection with the Turkey Point power plants. 
Florida Power & Light Company (FP&L) has, since 
1967, operated two fossil-fueled power plants at its 
Turkey Point site on Biscayne Bay in Dade County, 
Fla. Two nuclear plants, under construction at the 
same site in an area of ecological interest, arc scheduled 
to start full-power operation in 1973. 

On Oct. 18, 1968, Congress enacted a law that 
authorized the Secretary of the Interior to establish the 
Biscayne National Monument, "( i jn order to preserve 
and protcct for the education, inspiration, recreation, 
and enjoyment of present and future generations, a 
rare combination of terrestrial, marine, and amphibious 
life in a tropical setting of great natural beauty. . . . 

The two oil-fueled generating plants of FP&L 
discharge approximately 10,000 gal of condenscr cool-
ing water per second, at 10 to 15° above the ambient 
temperature, into the waters of Biscayne Bay. The 

natural temperature of water in Biscayne Bay averages 
about 85° for much of the year; however, temperatures 
in excess of 100° have been observed. In June 1969, 
water temperature rose to 103° and caused a substan-
tial fish kill.60 

The pollution-control office of Dade County had 
set a 95° limit for effluents discharged into the waters 
of the bay. Existing plants have been operating under a 
series of variances granted by local pollution-control 
authorities.61 Under these variances, the utility had 
been given until July 1971 to complete a cooling canal 
to Card Sound.62 a contiguous waterway outside the 
Biscayne National Monument, at which point the 95° 
limit could be met.61 

Acting under the FWPCA, the governor of Florida, 
which state had not yet developed numerical standards, 
requested a state-federal conference,63 subsequently 
held on Feb. 24 and 25, 1970. The resulting standards 
determined that the effluents could raise the maximum 
monthly mean temperatures64 of the bay water no 
more than 1.5° in summer or 4° in winter and limited 
the discharge temperature to less than 90°. The 
conference also ruled that the canal to Card Sound was 
not acceptable as a solution because the discharged 
water would noi be sufficiently cooled. FP&L was 
given 60 days to propose an alternate system that 
would meet the standards. The conference considered a 
letter from Interior Secretary Hickel, in which the 
department insisted that the utility promise to stop 
building the Card Souird Canal or face suit. FP&L 
declined to make such a promise. 

On Mar, 16, 1970, a complain' .. "lied by the 
Justice Department in the Disuiv* : jurt for the 
Southern District of Florida.65 The suit alleged viola-
tion of the act that established the Biscayne National 
Monument, nuisances against property owned by the 
United States, and violation of the Rivers and Harbors 
Act of 1899. The relief sought included a preliminary 
injunction ordering FP&L: 

1. Immediately to cease all aeliviir.es in th* operation of 
its existing fossil-fuel plants which result in the discharge 
in to Biscayne Bay or waters of such temperature or quality 
as to adversely a f fec t the marine life . . . t o the extent such 
can be done consistently with the public interest in the 
cont inued operat ion of such plants. 

2. T o submit t o ( the) cour t , wi thin 45 d a y s . . . a plan 
fo r the operat ion of its e x i s t i n g . . . plants . . . t o eliminate 
the destruct ion of the p lankton and other marine life In the 
waters of Biscayne Hay . . . 

3 . I m m e d i a t e l y to eease construct ion of any 
c a n a l . . , designed to be operated ax used for the discharge 
in to Biscay nc Bay or Card Sound of water of temperature 
higher than . . . natural condit ions. . „ . (Kef. 66. J 
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At a hearing in March 1970, Judge Atkins refused 
to issue the preliminary injunction requested, calling 
any damage caused by the Turkey Point plants 
"minimal and retrievable."67 

In December 1970, in further action on the Justice 
Department's sus«. Judge Atkins ruled that the 
company's two e a t i n g fossil plants were a common-
law nuisance to federal property now owned or to be 
acquired for Biscayne National Monument.68 The court 
also ruled that discharge of heated water "saturated 
with dead organisms" into the bay was a violation of 
the Refuse Act. Tta question of whether heated water 
is "refuse" under the Act was certified to the U. S. 
Court of Appeals for the Fifth Circuit,68 which 
remanded the question to the district court without 
ruling on it.69 

In July 1971, before the Justice Department* s suit 
for a permanent injunction against operation of the 
plants had been set for trial, FP&L filed suit in the 
U. S. district court in Miami against the federal 
government, seeking an injunction against having to 
obtain a permit for discharging heated water into 
Biscayne Bay under the Refuse Act permit program. 
The utility contended that heated water is not "refuse" 
under the 1899 Act. The complaint also attacked the 
permit program on the grounds that the statute was 
applicable only to discharges that obstructed naviga-
tion and that the Executive Order creating the permit 
program in December 1970 exceeded the scope of 
authority of the statutes it purported to implement.69 

In a compromise settlement approved by Judge 
Atkins in September ! 9 7 l , it was agreed that "[ i ]n 
return for a loosening of the discharge standards for 
the next four years, Florida Power [shall] drop its suit 
questioning the applicability of the 1899 Refuse Act to 
heated water discharge."70 

Under the agreement, "the company will spend 
S30 million on a 5000-acre system of cooling canals 
and lakes."71 The government will "permit the 
company to discharge water at temperatures up to 95° 
into the bay for five years." In the interim period, 
FP&L will be allowed to discharge heated water 
through an existing canal and a second canal to be 
completed in the near future. To keep discharge 
temperatures at 95°. the company's power plants on 
the site will be operated below capacity. After the new 
cooling facilities are ready in 1976, the discharge limit 
would be cut to 90° . Apparently the company agreed 
not to challenge the government's use of the 1899 Act 
in a suit brought after this 5-year period. 

All discharges require Corps of Engineers and state 
approval, and such approval has been obtained. The 

AEC must also evaluate the plants' environmental 
impact (including thermal effects) in carrying out the 
NEPA review as part of its licensing process. On 
Oct. 30, 1971, the AEC published notice that it was 
considering issuance of operating licenses for the two 
nuclear units.72 An operating license for the first 
nuclear unit has been issued.73 

Thermal Effluents 

The heat-disposal problem is not unique to nuclear 
plants; it has a thermodynamic effect that is common 
to all steam-electric power plants. In the United States 
today, the majority of electricity-genera ting plants use 
frc^h water as a coolant and discharge it into nearby 
surface waters. In 1970, less than 8% of installed 
electrical capacity used cooling ponds and about 13% 
used cooling towers.73 

The temperature and quantity of the heated 
effluent varies from plant to plant. Current light-
water-cooled nuclear power plants in operation or 
under construction, however, will discharge up to 50% 
more heat in cooling water, per electrical unit gen-
erated, than new plants using fossil fuels, owing mainly 
to the generally higher thermal efficiency of the large 
modern fossil-fueled units. This, however, does not 
consider the stack heat, losses in fossil-fueled units, 
which amount to about 10%. 

The excess heat generated in steam-electric 
power-plant operation must be removed from the 
facility in some manner. Typically a system is used in 
which flowing water takes the heat produced in steam 
condensation and transfers it to air or water in the 
external environment. Two major types of cooling 
systems exist: (1) "once-through," or "open-cycle," 
where the cooling water is taken from a suitable 
source, passed through the condenser, and returned to 
the source body of water; and (2) "closed-cycle," 
where water is recirculated through the condenser after 
it has been cooled in some manner; this cooling may be 
provided by an evaporative cooling tower, a dry 
cooling tower where the heat is dissipated to the air 
through lieai exchangers, or a cooling pond. 

The effects of increased water temperatures may be 
beneficial or detrimental.75 At the present time, re-
search is being carried on to understand these effects in 
various ecosystems and bodies of water and to develop 
constructive uses for the waste heat. 

It is possible to use un air-cooled condenser and 
thus completely bypass the water-cooling problem. 
Now, however, these units are available only for 
relatively small-sized plants.76 
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Gaseous Effluents 

Nuclear plants do not produce heated combustion 
gases like those released from the stacks of fossil-fueled 
power plants. If cooling towers or other evaporative 
cooling methods are used for the rejection of waste 
heat, however, the introduction of warm water vapor 
and droplets into the atmosphere may itself create 
environmental problems, such as changes in precipita-
tion, humidity, wetting and icing, temperature, con-
centration of pollutants, and wind.77 

A major concern in connection with the possible 
use of saltwater cooling towers at a seaside site is the 
small amount of water carried out of the wet towers 
into the air as a fine spray or mist. This "drift" or 
"carry-over" contains salt that, when deposited, could 
cause damage to plant components and neighboring 
property.78 

The use of large air-cooled condensers or dry 
cooling towers, with the resultant production of hot 
air, could affect the local meteorology. 

Chemical Effluents 

The chemical effluents that may be expected to 
create environmental problems are generally released 
with plant liquid wastes. Chemicals that might be 
released from nuclear plants include boric acid or other 
boron compounds used for reactivity control in the 
reactor coolant and detergents, chelating agents, acids, 
and other substances used in decontamination opera-
tions. Chemicals used for plant cleanup, pW control, 
and regeneration of ion-exchange demineralizer resins 
may be expected from all types of power plants. In 
addition, in the open-circuit or wet cooling systems, 
one or more chemicals are generally used to inhibit 
biological growth, corrosion, and deposit of salts in the 
water, on the condenser tubes, or in the cooling 
towers.79 Although not a plant effluent, other 
potentially toxic chemicals may be used along 
rights-of-way or for treating power poles. 

Mechanical and Electrical Effects 

A power plant is a collection of mechanical 
equipment and structures that may have an effect on 
animals or fish that come into contact with it. 
Structures that may extend many hundreds of feet into 
the air include stacks and cooling lowers as well as the 
plant buildings and electrical transmission towers. 
These might be considered a potential hazard io birds 
and, if there is an airport in the vicinity, to planes. 
Outside plant equipment, if not adequately protected, 
can be dangerous to small animals and attractive to 

children, although access to a nuclear plant's "exclu-
sion area" is generally well controlled. However, the 
hazard to fish and other aquatic life posed by the 
plant's water-intake facilities can be substantial, and 
fish kills due to such mechanical effects have been 
reported.80 Smaller aquatic organisms may be affected 
by mechanical as well as thermal phenomena. Noise 
may also be a problem where such equipment as 
mechanical draft cooling towers is used. The hazards of 
traffic in the vicinity of the piant, the use of heavy 
construction and materials-handling equipment, and 
similar problems are analogous to the safety problems 
of any large industrial facility. 

A central station generates large amounts of elec-
tricity, which is usually transmitted at high voltage 
over uninsulated wires carried on tali transmission 
towers, although the use of underground transmission 
by insulated cable is possible in certain cases. The care 
taken in the design and operation of these facilities 
minimizes the electrical hazards. Our society considers 
a death rate of about a thousand persons a year 
accidentally electrocuted as an acceptable risk when 
balanced against the benefit of electrified homes, 
farms, and industries.81 

Aesthetic Effects 

In the past, aesthetics have not been an important 
factor in power-plant design. However, in the future, 
the presence of such plant features as high stacks, 
mammoth cooling towers, power-plant structure, 
switchyards, and transmission lines may well preclude 
the use of certain sites. At other sites careful con-
sideration of landscaping and architectural treatment 
of buildings and facilities will be necessary. The 
problem is compounded when the site is in an area of 
particular scenic or historic interest:79 

I'owcr plants and transmission facilities arc not 
welcomed, to say the least, in a natural or historic setting. 
While proper design and architectural t reatment can make a 
difference there is nothing, short perhaps of underground-
ing the facilities, which could eliminate the adverse 
encroachment of a generating station upon an important 
historic setting. 

As a positive step toward improving the human 
environment, a number of utilities are associating 
recreational facilities and real-estate development with 
their nuclear power plants. For example, the Trojan 
nuclear power plant will have an extensive public 
recreational area. A strip of land along the Columbia 
River will be preserved, as will a large marsh area used 
as a wintering ground by whistling swans. Another 
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marsh area will be redefined for recreational swimming 
and boating. Areas for picnicking, fishing, nature trails, 
and playgrounds will be provided. Fish-rearing ponds 
for Chinook salmon and steelhead will be heated by 
warm water effluent from the plant. 

The use of transmission rights-of-way for wildlife 
purposes has been considered extensively, particularly 
for game management through habitat improvement. 
Recently, however, similar consideration has been 
given to use for outdoor recreation, including hiking, 
bicycling, horseback ridingf and motorcycling. In an 
urban setting, power-line rights-of-way may serve a 
beneficial use for parking purposes. Such use may 
thereby free additional land for recreational use. 

REGULATION OF NONRADIOLOGICAL 
EFFECTS 

As the court in the Vermont Yankee82 case stated: 
"The Atomic Energy Act itself is replete with many 
references to the 'health and safety of the public.' But 
in its section on definitions . . . any attempt to delimit 
'health' and 'safety' of the public is singularly in 
absentia." The AEC has interpreted its statute to give it 
jurisdiction only over the radiological aspects of 
public health and safety. 

In 1961 the Pacific Gas & Electric Company 
proposed to build a nuclear plant at Bodega Bay, 
Calif.83 Pursuant to California law, the utility filed an 
application for a Certificate of Public Convenience and 
Necessity with the State Utilities Commission. After 
several years of proceedings and a decision favorable to 
the utility, the Northern California Association To 
Preserve Bodega Head and Harbor, Inc., petitioned the 
Supreme Court of California to review the decision 
denying a hearing.84 

One of the questions presented to the court was: 
"Has the federal government preempted the question 
of safety o f the location of atomic reactors?"84 

(Emphasis deleted.) The court cited Section 274 of the 
Atomic Fnergy Act" and found that the California 
Commission 

. . . unquestionably has authority to inquire into safety 
questions apart from radiation hazards. Accordingly, since 
the location of an atomic reactor at or near an active 
earthquake fault zone involves safety considerations in 
addition to radiation hazards, it is clear that the federal 
government has not preempted the field, at least with 
respcct to the phase of protecting the public from 
hazards... other than radiation hazards. . . . 

The court concluded that "the states' powers in 
determining the locations of atomic reactors are not 

limited to matters of zoning or similar local interests 
other than safety."84 (Emphasis added.) 

Land Use and Zoning 

Land-use policy has not been considered a federal 
responsibility in tne United States;85 in fact, even the 
states have exercised very little control over land use, 
having delegated zoning and planning to municipalities, 
counties, and other local governments. Recently, how-
ever, the need for a national land-use policy and 
regional or national planning has been acknowledged. 
Proposed legislation on land use is under consideration 
by Congress. 

To some extent the problems of zoning for nuclear 
power plants are aspects of the preemption question. 
However, the AEC Regulatory Staff, emphasizing that 
the responsibility of the AEC "to assure protection of 
the public health and safety . . . is limited to radiation 
hazards," has stated that it considers other zoning 
problems to be "outside the Commission's jurisdic-
tion."86 

If radiation safety cannot be considered by local 
regulatory authorities because of federal preemption, 
other aspects of zoning authority may be applied to 
nuclear power facilities. These include "provision of 
adequate light and air, control of traffic, avoidance of 
undue population concentration, conservation and 
improvement of property values and promotion of 
desirable land uses" and aesthetics.87 

Three approaches are offered to the problems of 
zoning for nuclear energy uses.88 The first is to ban 
these facilities outright. Such a ban was proposed in 
Huntington, N. Y., in 1963 but was never adopted. "At 
the opposite extreme from total prohibition, a com-
munity can permit 'atomic' uses wherever it permits 
their 'nonatomic' counterparts. . . . Perhaps uninten-
tionally, many cities are apparently taking this permis-
sive approach—by listing . . . power plants as a 
permitted use and failing to mention the nuclear 
aspect."88 However, as Professor Joseph F. Zimmerman 
noted in his 1964 article, the question of federal 
preemption was as yet undecided, and there existed the 
"possibility that local governments have no legal power 
to prohibit an 'atomic' use at a location where they 
permit comparable nonatomic uses."88 

Another solution is to require special permits for 
reactor facilities. In Pittsburgh, for example, the zoning 
ordinance requires that "atomic reactors" comply with 
the following standards:88 

(a) It shall be demonstrated by qualified experts that 
such use may be safely locates on the concerned site and 
will not adversely affect existing or potential adjacent uses. 
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(b) Suitable measures are to be taken for the disposal of 
Waste without adversely affecting adjacent areas. 

Such a permit scheme was proposed for New York City 
as an alternative to an outright ban.89 However, it 
should be noted that the AEC termed this proposal 
"unnecessary" and emphasized its detailed procedure 
for evaluating a license application.90 

Local interests may also challenge the environ-
mental impact of a power plant in judicial review of 
the utility's exercise of the power of eminent domain. 
The utility may be required to show that it has 
complied or will be able to comply with local, state, 
and federal environmental-protection requirements be-
fore it can condemn property for use as a power-
generating or -transmission facility sue.91 For example, 
a suit has been filed against Commonwealth Edison and 
the AEC by local property owners near the site for the 
La Salle station. The suit asks that proceedings for 
condemnation of land for cooling ponds be stopped 
until environmental reviews are complete. 

Aesthetic Considerations 

In 1967 the Niagara Mohawk Power Corporation 
applied to the AEC for a permit to construct a nuclear 
power plant at Easton, N. Y., on the upper Hudson 
River. However, following a year of delays because of 
objections to aesthetic effects on historic landmarks, as 
well as ecological effects on the Hudson River, the 
corporation withdrew its application.92 The project has 
been reviewed by the Hudson River Valley Commis-
sion, which mentioned a number of problem areas in 
its findings of March 1968, including visual relation of 
the plant to the Saratoga National Historical Park. 
Because of the Commission's objections, the utility had 
previously rejected the use of giant cooling towers; 
prompted by the Commission findings, Niagara 
Mohawk began a "revaluation" of its plant design.93 

Another agency that opposed the plant was the 
President's Advisory Council on Historic Preserva-
tion.94 Responding to a request from the AEC for 
comments, a part of. the licensing review, the Council 
emphasized the significance of the Saratoga National 
Historical Park and stressed that, as designed, construc-
tion of the facility on a site across the river "would 
materially detract from interpretation, understanding, 
and appreciation of the events and locale of a 
s i g n i f i c a n t ba t t l e o f the American Revolu-
tion. . . ,95 It recommended that 

(T)hc Atomic Energy Commission should not issue a 
construction permit which requires the use of the proposed 
Niagara Mohawk Power Corporation site on the Hudson 

River and opposite the Saratoga National Historical Park 
unless: 

1. There is no feasible and prudent alternative to the 
use of the proposed site; and 

2. Such use includes all possible planning to minimize 
the adverse effect to the Saratoga National Historical Park 
resulting f rom the use. 

In this case as in several others96,97 where, after the 
application was filed, it became evident that there 
would be sizable opposition to the plant, the utility 
chose to withdraw or suspend the application rather 
than face the possibility of further delay and contro-
versy. Because of the need for advanced planning for 
required system additions, utilities are particularly 
sensitive to delays and threats of delays in their 
construction schedules. Given their ability to arouse 
public interest and prolong the review schedule, the 
power of advisory bodies without direct licensing 
jurisdiction may be far greater than might otherwise be 
thought. 

In 1969 Public Service Electric & Gas Company of 
New Jersey proposed to build a two-unit nuclear power 
plant (Newbold Island 1 and 2) on an island in the 
Delaware River. Cooling towers are required to meet 
thermal-release guidelines of the Delaware River Basin 
Commission. Several agencies, including the Delaware 
Regional Commission and the Pennsylvania Historical 
and Museum Commission, expressed concern that the 
plant, particularly the tall hyperbolic cooling towers 
proposed, would adversely affect Pennsbury Manor, a 
landmark in the area. In its required review, the 
Advisory Council on Historic Preservation also 
criticized the proposed plans.99 

Pennsbury Manor is owned by the state of Pennsyl-
vania, and, although not a national park like the 
Saratoga battlefield, it is listed in the National 
Register100 and thus comes under the review jurisdic-
tion of the Council.101 Pennsbury Manor is the 
recreated country estate of William Penn and is 
operated as a state historical park. As the Council 
described it:99 

The Manor, its outbuildings, gardens, and grounds 
present an appearance that today would be familiar to Penn 
himself. . . . The area is largely pastoral in nature, and it is 
in a region which is generally industrial in character. 

Considering the proposed plant in that setting, the 
report stated: 

The . . . facility . . . as proposed, will rise to a height of 
400 feet, approximately 1000 feet from Pennsbury Manor, 
thereby altering the historical and natural character of the 
area and creating an unacceptable adverse visual intrusion. 
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The Council, however, recognized that failure to build 
the power plant on the island would create the 
possibility of construction of a "smelter, refinery or 
some other less desirable industrial neighbor not 
subject to federal licensing. . . ."102 Since the size, 
design, and location of the cooling towers were the 
maj:. • cause for concern, the Council recommended 
their relocation and redesign, and the utility complied 
with the recommendations.103 

Transmission Lines 

The consideration of aesthetic factors in transmis-
sion-line location has been receiving greater attention 
in recent years.104 Potential aesthetic problems exist: 

[Transmission lines] require clearing af the natural 
vegetation on the right-of-way, construction of large steel 
towers and access and maintenance roads which so change 
the natural character of the landscape that scenic and other 
resources can be virtually destroyed. And even under-
grounding is no t a complete solution, aside f rom the cost, 
becausc clearing of the vegetation and access roads would 
still be required. [Ref . 79 . ] 

In a recent case in Massachusetts, the court 
considered a statute that allowed electric companies to 
cross streets with their lines, provided that such lines 
"shall not incommode the public use of public 
ways."105 The court held that there was nothing wrong 
in the town's Board of Selectmen determining "that 
such annoyances [the court's interpretation of 'incom-
mode'! may involve aesthetics. The presence of power 
lines across a public way can, in our view, disturb 
natural beauty sufficiently to create real annoyance to 
the public users of the way, particularly in a day when 
such beauty seems to be a rapidly diminishing public 
asset."105 

Guidelines that will minimize the impact of trans-
mission facilities on the environment have been 
prepared for the protection of natural, historic, scenic, 
and recreational values in the design and location of 
rights-of-way and transmission facilities.106 The Federal 
Power Commission (FPC),107 the Department of the 
Interior,108 and state commissions109 with jurisdiction 
over transmission facilities have begun to consider 
environmental factors in their reviews. 

PROPOSALS FOR IMPROVEMENT 

In the past several years, many parties, both 
governmental and nongovernmental, have proposed 
changes in the AEC's regulatory procedures for the 
licensing of nuclear plants. Legislation to effect certain 
changes was considered in the first session of the 

Ninety-second Congress (1971), and hearings were held 
on the proposals.110 The Joint Committee on Atomic 
Energy (JCAE) decided not to submit any bill to the 
Congress in that session. However, it is suggested that 
the Commission could make appropriate changes 
through its rule-making powers.111 

In late November 1971 the then-new AEC Chair-
man, Dr. James R. Schlesinger, announced that the 
AEC was considering changes in its licensing rules "to 
achieve more effective public participation in the 
licensing process, and to increase efficiency in the 
conduct of public hearings."112 Such hearings113 in-
clude the "legislative-type" rule-making hearings, the 
first two of which were convened in January 1972. 

Because of court decisions interpreting NEPA and 
the Refuse Act Permit Program, ths AEC and other 
agencies proposed early in 1972 that NEPA and the 
Atomic Energy Act be amended to facilitate licensing 
of power plants during the "energy crisis" of the next 
year or two.1 1 4 

Transfer of Regulation 

Legislation has been proposed which would trans-
fer the regulation of commercial uses of nuclear power 
to, for example, the Secretary of Health, Education, 
and Welfare, subject in certain cases to disapproval by 
the FPC or the Secretary of the Interior.115 The Nixon 
administration has opposed these bills. Edward E. 
David, Jr., the President's science advisor, stated:116 

We recognize the ,!\iticisms which are made f r o m time 
to time regarding the location of nuclear development and 
nuclear regulatory funct ions in the same agency. However, 
the recent transfer to the Environmental Protect ion Agency 
of the responsibility t o fix the basic standards fo r radiation 
protect ion of the general environment tends t o overcome 
some of this problem. There is now an independent agency 
which fixes the basic standards and AEC's task is imple-
menting and enforcing those standards through its licensing 
authori ty . 

In the longer term we would no t rule ou t the possibility 
of separating A E C s regulatory func t ions f rom the other 
func t ions of that agency. Developments may make such a 
move desirable a t some appropriate time in the fu tu re . 

Dr. David noted that, in view of pending 
reorganization plans,117 consideration of the possible 
transfer of AEC's regulatory functions would be best 
left to some later date. 

State Jurisdiction 

During hearings in 1971 by the JCAE,110 several 
bills were discussed which would permit individual 
states to set standards more restrictive than those of 
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the AEC for discharge of effluents for nuclear power 
plants. These bills would amend Section 274(d) of the 
Atomic Energy Act to prohibit the AEC from refusing 
to enter into an agreement with a state under that 
section because the state's program for controlling the 
discharge or disposal of radioactive materials into 
navigable waters is more restrictive than the Commis-
sion's standards. 

The Justice Department, in its review of this 
legislation for JCAE, noted:110 

Wc would like to call a t tent ion to two technical 
matters: (1) Section 274b limits the scope of agreements 
with the States t o ccrtain materials which apparently do 
not include eff luents , a subject of prime interest to States, 
and (2) wc have reservations as to whether it is technically 
possible to establish standards for the discharge of eff luents 
f rom nuclear utilization facilities which do not affect 
construction and operation of such facilities, matters not 
subject to agreements under § 274(c)(1) (42 USC 
2021(c)(1)) . It is noi entirely clear that the bills obviate the 
later difficulty by their amendment of Section 274d. 

The AEC has opposed the establishment of such a 
scheme of "dual regulation." The Department of 
Justice refused to recommend that the legislation be 
adopted because it involves "policy considerations."110 

Power-Plant Siting 

In October 1970 u task force that had studied the 
problem of power-plant siting issued a report on 
"Electric Power and the Environment."118 On the basis 
of the recommendations of this group, the Office of 
Science and Technology developed a proposal for 
implementing legislation. The bill that was introduced 
in the Congress would:119 

(1) Require this Nation's electric utilities to engage in 
long-range planning and to publish general plans for their 
system expansions at least ten years in advance of construc-
t ion; (2) provide that each State or region may establish a 
decision-making body that will review alternatives in order 
to assure that op t imum sites for power plants and large-
transmission lines arc selected, and that adequate environ-
mental protect ion features will be employed; (3) provide 
for Federal Government review and approval responsibility 
until such time as a decision-making body is established on 
a State or regional level. . . . (4) require proposed power 
plant sites and general locations ot' transmission line routes 
to be disclosed and that public hearings on the plant sites 
be held at least five years prior to construct ion; (5) require 
that detailed applications be filed and another public 
hearing held at least two years in advance of construct ion; 
and (6) provide that the decision of the State or regional 
power plant siting body shall be conclusive on all matters of 
State or local law, thus consolidating the various approvals 
now required at the State and local level. 

Among the other bills introduced in the first 
session of the Ninety-second Congress are at least seven 
others dealing with power-plant siting and environ-
mental protection. The main features of these bills, as 
well as the administration's proposal, were discussed120 

in the subcommittee hearings held in May 1971. 

Other proposed legislation would develop and 
declare a national energy policy or take other steps to 
meet the "energy crisis."121 

CONCLUSION 

This article has not addressed itself to the question 
of whether nuclear power plants should be built; rather 
it has assumed that, as in the past, they will be built 
and that they will be regulated. The threshold question 
is that of where major regulatory responsibility should 
be placed. Despite continuing pressure to give a 
concurrent responsibility to the states, notwithstanding 
the decision in Northern States Power Company vs. 
Minnesota, it appears likely that such regulation will 
remain a federal function; in fact, in the foreseeable 
future, fossii-fueled plants will probably also be subject 
to federal, or at least regional, regulation. 

The first questions facing regulators in the environ-
mental field involve the relative weight to be given to 
ecological, economic, and other considerations in 
balancing the benefits and costs of electricity in general 
and each proposed new plant in particular. An addi-
tional set of questions concerns who is to speak for 
each of these interests. Those who call themselves 
environmentalists may claim to represent an interest as 
broad as saving the earth's ecosystem or as narrow as 
ensuring the continuing productivity of a localized 
one-species sport fishery. These environmentalists may 
demand the preservation of a pristine wilderness or its 
opening up to public recreational uses. On the other 
side, consumers of electricity include such diverse 
groups as large industrial users trying to remain 
competitive in world markets, small storekeepers 
whose refrigerated inventories (and consequently their 
businesses) may be wiped out by extended interrup-
tions of power supply, and the urban poor who aspire 
to share in the air-conditioned comfort of their 
countrymen during long hot summers. 

Other questions include how best to design proce-
dures to ensure that each of the many interests can 
make itself felt in the regulatory process without that 
process becoming so unwieldy that nothing can be 
done. In this field, as in others, inaction is an action 
with direct consequences. The respective roles of 
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administrative agencies, the legislatures, the courts, 
private "attorneys general," and private interests must 
be spelled out. Perhaps procedural innovation will 
provide part of the answer. Such things as "counsel for 
the environment" (consumer ombudsmen) standing for 
natural objects (such as mountains) to be represented 
in proceedings,122 an energy commission, and a tech-
nology-assessment arm of Congress are among recently 
suggested additions to our store of regulatory tools. 

In the past the small number of nuclear power 
plants proposed for licensing allowed the process of 
determining their suitability to proceed with some 
success, despite inadequate procedures and insufficient 
opportunity for the plethora of interests potentially 
involved to be heard. Even though not specifically 
considered by the AEC before NEPA, major environ-
mental factors were generally taken into account either 
at the federal level or in one of the many local agency 
reviews. But such a sporadic system is ill-adapted to an 
era of practical and multitudinous nuclear plants, a 
near-crisis in energy availability, and a raised conscious-
ness of environmental values. 

NEPA may not have solved all the problems, but it 
has certainly forced us to face many important 
questions head on. Although today's procedures are 
not yet optimum, the development of the regulation of 
nuclear power plants is a pioneering effort in evolving 
procedures for allowing a democratic society to utilize 
the benefits of advanced technology and at the same 
time to ensure that the concomitant environmental 
risks are minimized and that the public interest is 
served. 
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PUBLIC HEALTH RISKS OF THERMAL POWER PLANTS 

By Chauncey Starr and M. A. Greenfield 

[.Nucl. Safety, lh(h): 267-27^ (July-August 1973)] 

Abstract: The results of a study comparing nuclear power 
plants with oil-fired plants are reviewed and assessed in terms 
of public-health risks. The study was undertaken as a basic 
contribution to the state of California's long-range planning on 
how best to meet the power needs of its growing population. 

Based on an 8-month evaluation of oil-fired and nuclear plants 
in urban settings, the authors conclude that the public-health 
risk from either type of plant is roughly comparable to the 
hazards to which the public is exposed by uncontrollable 
natural events—lightning, insect or snake bites, etc. Such 
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deaths occur at an annual rate of approximately one per 
nuuton of population. A comparison of the risk factors in 
routine operation of different types of power plants showed 
that public-health risks from nuclear plants averaged less than 
one-tenth of the risks from oil-fired plants. 

This article summarizes the results of a comprehensive 
study1 comparing nuclear and oil-fired power plants 
that took a broad view of pollutants and their effects 
on health. Topics considered in the study included 
pollutant pathways, risks from steady-state effluents, 
transient releases, resistance to earthquakes, transporta-
tion of nuclear fuels, and acceptable levels of public 
risk—how safe is safe enough? The work was done for 
the state of California based on a 1965 policy2 that 
"seeks to ensure that the location and operation of 
thermal power plants will enhance the public benefits 
and protect against or minimize adverse effects on the 
public, on the ecology of the land and its wildlife, and 
on the ecology of state waters and their aquatic life." 
It is also the policy of the state of California to 
encourage the use of nuclear energy because such use 
has the potential of providing direct economic benefit 
to the public, of helping to conserve limited fossil-fuel 
resources, and of promoting air cleanliness. 

The California State Resources Agency sponsored 
this study by faculty members of the University of 
California to provide a factual basis for comparing the 
public-health risks from fossil fuels and nuclear fuels. 
The analysis was restricted to oil-fired and nuclear 
power plants and their associated activities in an urban 
environment. Gas and coal were not considered, since 
they are not competitive economic modes for future 
power expansion in California. 

COMPARISON SUMMARY 

With both oil-fired and nuclear plants in a typical 
urban setting, public risks of continuous operation at 
regulatory limits are in the range of those due to other 
activities of man which have general societal accep-
tance. For 1000-MW(e) plants, the risks 3re in the 
"low" part of this socially acceptable range for the 
oil-fired plant (60 deaths per year in a population of 10 
million) and in the "negligible" part of the range for 
the nuclear plant (1 death per year in a population of 
10 million). 

In both cases the integrated accident risk (averaged 
over time and all episodic events) is about a hundred-
thousandth of the continuous exposure for either the 
nuclear plant or the oil-fired plant. For the analyzed 

accidents with equal estimated probability of occur-
rence. the impact on public health from the oil-fired 
plant is substantially worse tlum that from the nuclear 
plant. For example, the one event in a million years for 
the oil-fired plant would lead to approximately 700 
respiratory deaths in a population center (such as Los 
Angeles County) of 10 million people, and the one 
event in a million years for the nuclear plant would 
result in approximately one death in the same popula-
tion. 

In the worst hypothetical nuclear accidcnt, whicl. 
has an estimated probability of occurring once in 100 
million years, we can assign a maximum consequence 
of about 5000 cancer deaths per 10 million population 
(about one-third of the normal annual cancer death 
rate). Since most of the fatalities resulting from such 
radiation exposure would be spread over very many 
years, the effect of such a nuclear-plant aecidcnt on 
public health is unlikely to have much general visi-
bility. It would only be possible to measure the full 
impact by maintaining lifetime statistics of the exposed 
population. 

For the oil-fired plant, sufficient data are not 
available to estimate the worst hypothetical ease. U is 
generally known that respiratory ailments can be 
increased by the synergistic interaction of various 
"insults" to the system. An extraordinary and rare 
hypothetical combination of a variety of airborne 
pollutants, respiratory epidemics (such as influenza), 
and chronic irritants (including asthmogenic allergens) 
might substantially increase regional fatalities. Since all 
these impacts are focused on the respiratory system, it 
is quite possible that the oil-fired-plant maximum 
hypothetical accident could cause as many fatalities as 
the maximum hypothetical nuclear-plant accident— 
with a probability of occurrence equally low. Omitted 
from this estimate is the synergistic effect of pollutants 
from the oil-fired plant other than sulfur dioxide— 
such as nitrogen oxide, heavy metals (lead, mercury, 
cadmium, nickel), radioactive elements, carbon monox-
ide, and carcinogenic compounds. Nitrogen oxide, in 
particular, may be a serious hazard, but so far little is 
known about its quantitative health effects. Insuf-
ficient data on respiratory effects are available to 
evaluate the full impact of all the multiple synergistic 
combinations that might possibly occur. 

SCOPE OF THE STUDY 

The total public-health risks from electric power 
should include public injuries and deaths that might 
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arise from the construction and operation of power 
plants; from the use of elcciriclty; from mining, 
transportation, and processing of fuel; from disposal of 
waste products; and from accidents associated with any 
of these activities. However, this study assumes that 
the demands for electricity In California will be met; 
thus it is not an evaluation of the public risks and 
benefits from electricity nor of the consequences of 
meeting the demand for it. Also, this study docs not 
consider other areas of social cost, such as thermal 
discharges, esthetics, utiHxation of resources, and recre-
ation. 

The public-health factors considered include both 
the risk to an individual (or small groups of individuals) 
and the risk to the total population. The total (or 
average) risk must be socially acceptable, with consid-
eration being given to both large- and small-group 
exposures. 

The technology considered in this article is that 
which can be expected to be available in the near 
future (next 15 to 20 years) at reasonable costs. 
Therefore it must either be available now or be 
operating on a small scalt* now with reasonable 
capability of expansion to meet near-term needs. 

At the outset, it must be stated that today's 
coal-fired electric-power plants cannot meet the air* 
quality requirements of the state and that the tech-
nology of pollution control for such plants Is not 
sufficiently developed to assure meeting the needs of 
the state in the time scale required. Furthermore, it is 
assumed that California cannot continue to import 
substantial energy by locating coal-fircd power stations 
out of the state. Natural gas is already in short supply. 
Accordingly it is necessary to focus attention on 
oil-fired plants and on nuclear reactors, particularly 
pressurized- and boiling-water reactors, high-tempera-
ture gas-cooled reactors, and fast breeders. 

THE EFFECT OF POLLUTANTS 
ON H E A L T H — A PERSPECTIVE 

Information on steady-state releases to the atmo-
sphere and to bodies of water is plentiful and is well 
established for both fossil-fueled and nuclear power 
plants. However, estimation of the frequency and 
magnitude of transient or accidental releases is less 
firm. In either case the correlation of levels of 
pollutants and public-health risks is primarily based on 
epidemiological studies, which characteristically repre-
sent small samples of the population with many 
variables that are not as easily controlled as in a 

laboratory study. Experiments on animals in controlled 
situations are numerous, but extrapolations to humans 
do not generally rest on a proven model. Hence the 
correlation qf public-health risks with pollutant levels 
is on a much less firm basis than the correlation of 
pollutant emissions with plant size or type. 

The central difficulty in comparing the health 
effects of power plants using different fuels arises from 
the problem of comparing pollutants with totally 
different cffects on humans. For example, the somatic 
risks due to sulfur dioxide or radioactive iodine depend 
not only on the relative quantities involved but also on 
the nature and severity of their cffects on humans. 
Considering aw oil-fired plant alone, the types of 
pollutants released may change significantly with dif-
ferent fuel supplies. 

Despite the Jack of precision in our knowledge* 
some perspective on the relative effects of Important 
pollutants is possible. There are data and known lethal 
levels that can be used as bench marks for radiation, 
sulfur dioxide, and nitrogen dioxide. Because of the 
uncertain data for large populations, the transition 
from medically perceivable effects to disability and 
lethality <;a« usefully be indicated as three approximate 
ranges: natural background, medically pereeivablc, and 
lethal. Ranges of medically perceivable effects are 
about 10 times lower than lethal levels for radiation 
and sulfur dioxide and about 100 times lower for 
nitrogen dioxide. "Medically perceivable," as used 
here, means in vivo clinical measurements on man. in 
contrast to studies on other forms of life. For all three 
pollutants the natural background levels are about 100 
times lower than the ranges of medically perceivable 
effects. 

There are regulatory limits governing radiation, 
sulfur dioxide, and nitrogen oxide, each of which 
applies to an average level to which large populations 
might be exposed on a continuing basis. However, 
these arc not all implemented in the same way. Hie 
limit for average radiation dose to large populations is 
based on continuous monitoring of reactor-site-
boundary effluents. For fossil-fuel pollutants, criteria 
arc focused on off-site ambient levels, which arc 
usually the result of contributions from power plants 
and other sources, for example, fuel combustion for 
such other purposes as industrial plants and transporta-
tion. 

Noting that the AEC limit3 on reactor-emission 
levels is the only regulation that is below natural 
background, it is enlightening to calculate the percent 
of background permitted by the various regulations. 
The values are 1. 10,000, and 400% for radiation, 
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sulfur dioxide, and nitrogen dioxide, respectively. 
Interestingly, much greater excursions above back-
ground levels arc allowed for pollutants thai arc less 
well understood than radiation with respect to their 
medical implications. This statement is especially true 
for sulfur dioxide and nitrogen dioxide when informa-
tion on their possible carcinogenic (cancer-causing) or 
genetic (aliering mutation rate) effects is compared 
with such information on radiation. Tins suggests that 
federal regulations are not consistently or solely 
determined by the available medical data or public-
health criteria. As noted previously, it is relatively easy 
to compare pollutant levels on a simple stack*cffluent 
basts, for example, but it is more difficult to correlate 
the various effluents with risks to public health. 
(Appendixes I and VI of Ref. I review this issue in 
detail.) 

The cellular effects of pollutants (stable chemicals 
as well as ^lUoacUve) must also be investjgaled, and a 
brief review of the problem will suffice to indicate the 
ramifications. 

Chemical attack on deoxyribonucleic acta (DNfA), 
the genetic material of living cells, can produce 
mutations—changes in the structure of DNA which 
arc inherited by succeeding cell generations. When the 
DNA is in a germ cell, the mutation becomes part of 
our load of mutations; it may result in an increased 
frequency of occurrence in children with such major 
afflictions as cystic fibtosis, sickle-cell anemia* hemo-
philia, phenylketonuria, or one of the innumerable 
minor genetic disabilities that are "the differential 
cause of the death or failure to reproduce of between 
one-fifth and two-thirds of the persons who escape 
being killed before reproduction or being prevented 
from reproducing, by other, purely extrinsic causes/'4 

When the DNA is in the developing fetus, the mutation 
may result in fetal wastage or in one or another of the 
congenital birth defects that afflict some 6 to 8% of 
the newborn. The percentage of congenital anomalies 
varies widely according to the criteria used and ranges 
from I to 14% as reported in a variety of studies.5"9 

When the DNA is in a somatic cell of a child or an 
adult, the mutation may transform the normal cell to a 
malignant cell and thus induce a potentially lethal 
cancer. 

At the molecular level, mutations can result from 
the reaction of a single molecule with a molecule of 
DNA. Therefore single ionizations can produce muta-
tions or activate latent viruses in individual living cells. 

With respect to the cellular effects of pollutants, a 
general statement that can be made about the magni-
tude of the hazards associated with environmental 

agents is that the hazards increase with the level of the 
agent and the duration of exposure of the population. 
A more specific statement must be based on detailed 
data about the action of each agent. 

One of the principal modes of action of ionizing 
radiations oil living cells is through the production of 
free radicals in the water within the cclL These free 
radicals, chemical species with an odd number of 
electrons, arc highly reactive and attack DNA at many 
sites. However radiations are not unique in their 
ability to initiate free radicals within cells; ozone, for 
example, when dissolved in water, decomposes to form 
free radicals. The normal amount of ozone at sea level, 
0.02 ppM, if entirely converted to free radicals in the 
body, would producc about 4000 times more free 
radicals than arc produced by the natural-background 
radiation levels of about 0.1 rad/year. l0rU Ozone 
contents of 0.02 to 0.2 ppM are not uncommon in the 
Los Angeles basin, and the "alert level" of ozone in 
smog in Los Angeles is 0 .50 ppM. Oxygen is also 
converted in the body to free radicals by normal 
metabolic processes. Thus the action of radiation is not 
qualitatively different from thai of other environ-
mental agents, and the risk of increasing radiation 
levels by the operation of nuclear power stations must 
be weighed against the qualitatively similar risk of 
increasing ozone and other pollutants in the atmo-
sphere by the operation of fossil-fuel power plants. 

POLLUTANT PATHWAYS 

Although little can be said in this brief article 
about the pathways of pollutants to the public, some 
of the highlights of the risk-evaluation process can be 
indicated. Both nuclear and fossil-fueled plants release 
pollutants to the atmosphere as well as to liquid 
effluents. Minimization of these releases is common 
practice, but to expect zero release is unrealistic, even 
in the future. Titus it is imperative to determine the 
transport characteristics associated with site meteorol-
ogy, hydrology, and food chains so that the quantities 
of pollutants reaching the population can be estab-
lished. 

Meteorological transport is the most important 
pathway for both particulate and gaseous pollutants 
from power plants to the population. Such transport 
leads directly to exposure through inhalation and less 
directly by ground deposition. Accumulation of de-
tailed meteorological information for a prospective site 
is a necessary first step. This information includes wind 
speed and direction, vertical temperature variation 
(mixing layer thickness), stability class (Pasquill), and 
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their variations with time. Such data acquisitions are 
already available for the San Onofre, Rancho Seco, and 
Humboldt Bay nuclear plant sites in California. 

The hydrology of the area must be examined from 
both the standpoint of dircct reception of pollutants 
contained in liquid effluents and also as another link in 
the chains beginning with meteorology and leading to 
nun. The relative importance of hydrologic transport is 
strongly dependent on the chemical nature of pol-
lutant* and their radioactive or chemical half-lives. 

Possible entry of pollutants into food chains or 
webs can be examined by surveys of the local 
biogcography and of remote biosysteim which could 
be reached via atmospheric or hydrologic transport. 
Pollutants of greatest concern arc heavy metals and 
long-lived radioisotopes because other species will not 
enter food chains or will not maintain their toxicity at 
the end of food chains, which generally arc slow trans-
port paths. This leads to a simplification because rela-
tively few pollutant species need to be- followed very 
far. (Appendix II of Ref. I contains a detailed analysis 
of this subject.) 

RISKS FROM STEADY-STATE EFFLUENTS 

For a given basis with a fixed volume of air, the 
question of relative public-health risk attributed to 
various types of power plants can be posed as follows: 
How many plants of a given type can be operated 
without teaching a pollutant concentration level having 
public-health significance? Quantitative answers to this 
question can be arrived at in terms of the critical 
pollutants S 0 2 , N 0 2 , and radioactive gases. 

Meteorological stagnation of several days' duration 
is not an uncommon event in several areas of the state. 
It is a historical fact that air-quality standards are 
exceeded regularly in some areas and that these 
occurrences coincide with meteorological stagnation. 
Increased mortality data for these occurrences are 
impossible to glean from the public-health data unless 
the meteorological conditions are extremely adverse 
and of long duration, resulting in substantial mortality 
and morbidity, such as the New York, Donora, or 
London episodes. Nevertheless, lesser occurrences 
should not be assumed to have no impact. 

According to the assumptions used for the study, 
Los Angeles County can tolerate under current prac-
tices 10 oil-fired plants ( S 0 2 ) , 23 plants fired by 
natural gas ( N 0 2 ) , or 160,000 nuclear plants (radio-
active gases). Here, each power plant operates at full 
capacity for 1 day, and no washout or other depletion 

mechanisms arc operative to clean the air during that 
day. It is notabie that 160,000 nuclear power plants o f 
1000 MW(e) each could operate for 1 day without 
exceeding art average concentration in the air-basin 
volume corresponding to legislated limits. 

TRANSIENT RELEASES 
If the public-health risk of any technological 

system is to be determined, the frequency and conse-
qucnccs of accidents must be considered. For a 
well-established system, such as a fossil-fueled power 
plant, the frequency and magnitude of public-risk 
accidents can be estimated from historical records. 
However, since the history of nuclear power plants is 
short, and there are relatively few such plants, more 
information is needed to estimate the frequency and 
magnitude of their releases. 

The probabilistic approach to quantifying risk has 
not been the historical approach to power-plant 
safety—either fossil fueled or nuclear. Three basic 
approaches to safety analysis can, however, be iden-
tified. The most common is the empirical (or induc-
tive) study of actual performance history to estimate 
the level of risk of various events. The second is the 
judgmental (or intuitive) review by experienced profes-
sionals to determine if adequate design precautions 
have been taken. The third, a deductive process, is the 
estimation of system risk as derived from the reliability 
of individual components and their interaction. Only 
the first (empirical) and the third (deductive) ap-
proaches provide quantitative results. In the absence of 
a substantial operating history, nuclear plants have 
typically been studied by the second (o: judgmental) 
approach. However, the third (deductive) method was 
used to make a meaningful comparison between 
oil-fired and nuclear plants. (Appendix III of Ref. 1 
discusses this approach in greater detail, with specific 
calculations for a typical fast breeder nuclear reactor.) 

SEISMIC SAFETY OF POWER PLANTS 

The methodology used in assessing the seismic 
safety of power plants (Appendix IV, Rcf. 1) provides 
a basis for determining when typical power-plant 
designs may be expected to safely withstand the 
vibratory ground motion to be expected within the 
state of California. The problems of fault slippage 
occurring beneath a plant and of tsunamis (seismic sea 
waves) are not considered here, although they are 
important considerations -in the siting of power plants. 
Typical nuclear power plants were considered in this 
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evaluation, but the methods could be applied to any 
type of power plant. This methodology is intended to 
provide a general basis for preliminary site evaluations. 
For nuclear power plants, such a study should preccdc, 
but cannot rcplace, the detailed review procedures 
adopted by the U. S. Atomic Energy Commission. 

Results of the scismic analyses indicate that, with 
reasonable care and attention to detail, satisfactory 
reactor-containment structures can be designed and 
built to withstand the earthquake ground motion to be 
expected at most California sites. 

The study also indicates that, in nuclear plants, 
internal equipment comprising the primary coolant 
loop (particularly large-diameter interconnecting piping 
under typical design pressures of 1000 to 2000 psi and 
temperatures of 600°F) is considerably more sensitive 
to scismic loading than arc containment structures. 
These systems will require careful analysis, design, and 
testing for satisfactory performance. For fossil-fueled 
plants, internal equipment, piping, and fuel-storage 
tanks are also expected to be critical elements. 

Since detailed analytical models of reactor pressure 
vessels, cores, and control rods are not generally 
available, no evaluation was attempted during this 
study. They are potentially critical elements in the 
dynamic response of nuclear reactor systems and 
require detailed dynamic analysis. Plant designers and 
constructors must be prepared to apply new methods 
of dynamic analysis and to increase the efforts given to 
experimental verification of power-plant seismic design 
and construction. 

TRANSPORTATION OF NUCLEAR FUELS 

A conservative projection was made for the year 
2000 (Appendix V, Ref. 1) by choosing the greatest 
average transportation distance from among the three 
postulated reprocessing plants in the study, and as-
suming that every accident that leads to a radioactive 
release to the environment is a maximum credible 
accident (all fission gases in the shipping-container 
plenum are released). The number of seriesinjuries in 
the state was found to be less than one in 1000 years 
for the projected fuel-logistics requirements. This 
conclusion was based on an average population density 
and would change in proportion to the actual popula-
tion density on any chosen route. Two generalizations 
may be derived from this result: 

1. Transportation of spent nuclear fuel does not 
measurably add to the public-health risks of the power 
plant. 

2. Siting of nuclear power plants does not depend 
on the location of reprocessing plants, because the two 
can be decoupled with little or no change in the total 
risk. 

ACCEPTABLE LEVELS OP PUBLIC RISK: 
HOW SAFE IS SAFE? 

Risk, as used in this study, means the quantitative 
probability of injury (that is, the chance of some 
specified personal damage occurring in a specified time 
interval). Public risk is the averaging of individual risks 
over a large population. The injuries involved may vary 
from minor annoyances and discomfort (not enough to 
prevent normal activities), to disabilities that cause 
reduction in normal productivity (morbidity rate), and 
to loss of life (mortality rate). Because of the dramati-
cally visible nature of death, public risk is usually 
conceived of in terms of fatalities or mortality rate. 
However, the importance to the public welfare of the 
less visible morbidity rate (disabilities) may be much 
greater in terms of humanistic, economic, and social 
values. For example, the annual number of deaths in 
the United States due to automobile accidents is often 
quoted with alarm, but one rarely hears of the 
disabling injuries, hundreds of times as many, which 
may have an equal or greater social importance. 

Since mortality data are most readily available, the 
quantitative power-plant comparisons presented in the 
study dealt with the public risk of fatalities, recog-
nizing that this is only indicative of the total risk and 
that the social cost should include a multiplier to 
account for associated disabilities. Similarly, a usually 
neglected but important factor from low-level expo-
sures is the time required for physiologic impairment 
to develop. If the time for the effects of exposure to 
develop is long, then only the younger members of the 
population may have their later life affected (as with 
smoking). These factors of degree of morbidity, age, 
and duration of exposure, changing social value as a 
function of age, and other similar public-health param-
eters should theoretically be included in any complete 
study. Unfortunately, basic physiologic and technical 
data in the air-pollution field are generally so uncertain 
quantitatively that such a refined analysis is only 
occasionally justified. Order-of-magnitude answers 
(that is, within a factor of 10) are usually all that can 
be expected in such areas of public risk. 

A study of the public acceptance of mortality risk 
arising from involuntary exposure to sociotechnical 
systems, such as motor-vehicle transportation, indicates 
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that our society has accepted a range of risk exposures 
as a normal aspect of our life." Figure 1 shows the 
relation between the per capita benefits of a system 
and the acceptable risk as expressed in deaths per 
exposure year (i.e., time of exposure in visits of a 
year). The highest! level of acceptable risks v^hich may 
be regarded as a reference level is determined by the 
normal U, S. death rate from disease (about one death 
per year per 100 people). The lowest level for reference 
is set by the risk of death from natural events— 
lightning, flood, earthquakes, insect and snake bites, 
etc. (one death per year per million people). 

In between these two bounds, the public is 
apparently willing to accept "involuntary" exposures 
(i.e., risks imposed by societal systems and not easily 
modified by the individual) in relation to the benefits 
derived from the operations of such systems. The 
position of electric power plants h well within the 
acceptable risk range. 

PRINCIPAL CONCLUSIONS 

If currently available technology is used to protect 
the public health and safety, the following can be 

concluded from the study: 
The public-health risk from routine operations of 

electricity-generating plants using nuclear fuel or oil is 
in the range of the very low hazards to which the 
public is exposed by uncontrollable events of nature, 
such as being struck by lightning or bitten by a 
venomous animal or insect (about one death per year 
in a million population). 

Routine operation of a nuclear plant presents a 
significantly smaller public-health risk than the routine 
operation of an oil-fired plant, typically by a factor of 
10 to 100. 

The public-health risks due to accidental releases 
from either a nuclear cr an oil-fired plant are both of 
the same magnitude and are about 100,000 times 
smaller than the risk from routine operation of the 
plants. 

The maximum hypothetical accidents associated 
with either plant type are not likely to be sufficiently 
large to have a significant public-health impact when 
compared with the normal incidence of disease. 

Both oil-fired-plant and nuclear-plant structures 
should be designed to meet the earthquake forces 
expected at a particular site, and a basis for such a 
design does exist. 

Class 
of Risk 

Excessive 

High 

Moderate 

Low 

Negligible 

10 102 103 104 105 106 

BENEFITS (dollars per capita) 

Fig. 1 Benef i t -r i sk pattern for involuntary exposure. 
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The risk associated with transporting spent nuclear 
fuel can be made small enough so that the location of 
the associated fuel-reprocessing installations is a separa-
ble factor in siting nuclear power plants. 
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HEALTH EFFECTS OF ELECTRICITY GENERATION FROM 
COAL, OIL, AND NUCLEAR FUEL 

By L. B. Lave and L. C. Freeburg 

[Nucl. Safety, lU(5): 1+09-̂ 28 (September-October 1973)] 

[Editor's Note: This is another in the continuing series of 
Nuclear Safety articles on nuclear power and radiation in 
perspective. Our complex industrial society is fraught with 
hazards at every turn—automobiles, polluted air, insecticides, 
electricity, gases, chemicals, and nuclear radiation—to men-
tion a few. One of the purposes of this series is to portray the 
impact of radiation in our society in its true perspective. 

In this very interesting article on the health hazards 
associated with electricity generation using various fuels, the 
authors studied the public-health risks from uranium, low-
sulfur oil, and coal power plants. The conclusions they reached 

regarding the risks associated with each fuel were based on 
multiple regression analysis in much the same way as other 
investigators have associated lung cancer with cigarette smok-
ing. However, the editors would like to caution the readers 
that, although regression analysis is a useful tool that is 
frequently used in instances involving many interrelated 
parameters, causation is not proved by such correlations. 
Rather, the correlations are suggestive of a possible cause-
effect relation that must be proven by other means. 

Other facts that the reader should bear in mind are: (1) the 
relatively limited operating experience with nuclear reactors 
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has been so good that no experience has been accumulated 
regarding the consequences of low-probability accidents (al-
though this relation is being evaluated by the Rasmussen 
Study, AEC Press Release R-2S2, June 25, 1973); and (2) 
effluent releases in both nuclear- and fossil-fueled plants are 
being cleaned up as a result o f recent environmental legislation, 
and experience with the improving effluent-cleanup technology 
is limited. 

Despite these qualifications, the editors believe that this 
article brings together such significant information that is 
needed for such a study, and, given the reservations and 
assumptions noted, the conclusions are justified.] 

Abstract: Occupational- and public-health effects of generating 
electricity from coal, uranium, and oil are compared, with 
particular attention given to accident and chronic-disease rates 
for fuel extraction and airborne emissions from power and 
reprocessing plants. It is concluded that uranium offers less of 
a health hazard as a fuel than coal. The analysis is based on 
current operating practice; however, advances in technology 
can be expected to reduce both the occupational- and 
public-health risks from these fuels. 

The threat of black lung and other respiratory diseases 
to coal miners, the health effects of air pollution, and 
the radioactive releases of nuclear reactors have re-
ceived national publicity in recent years. Each is, to a 
considerable extent, a consequence of electricity gen-
eration. This article focuses on the health effects of 
generating electricity from three fuels, with particular 
attention given to light-water reactors (LWRs) and 
steam plants fueled by coal and to a lesser extent by 
oil. Since experience with other types of reactors is 
much more limited, they will not be considered here. 
Natural gas is excluded from the analysis and oil is only 
partially treated because they are not likely to be 
important sources of fuel in the future. Hydroelectric 
sites are largely used up and thus are of little future 
incremental consequence. A major topic not analyzed 
in this article is the optimal growth rate of the demand 
for electricity. 

Coal miners experience accidents as well as 
pneumoconiosis (black lung) and other chronic respi-
ratory diseases. Accidents also occur in transporting 
coal from the mine to the generating plant, and, at the 
plant, additional accidents, such as boiler explosions or 
the release of noxious fumes, can harm workers. 
Finally, the normal effluents of the burning—heat, 
S 0 2 , NO x , CO, particulates, and some radioactive 
substances—pose a threat to surrounding residents.1,2 

Uranium miners are also threatened by accidents 
and by disability resulting from inhalation of dust and 
radioactive particles. Although much smaller volumes 
of material are transported, there are still potential 

hazards from transportation accidents. Persons engaged 
in the milling and fuel-preparation processes are subject 
to normal industrial accidents and to the risk of 
radiation exposure (especially from breathing radioac-
tive dust). Nuclear reactors contain large quantities of 
radioactive substances, a very small proportion of 
which is released to the environment during routine 
operation of the power plant. The effluent normally 
consists of heat, noble gases, tritium, and other 
radioactive wastes and contributes little to the levei of 
background radiation. There is also a small, but finite, 
potential for accidental release of more substantial 
amounts of radioactivity from the power plant. 
Finally, reprocessing the fuel releases radioactive sub-
stances and thus produces additional radiation hazards. 

Oil extraction carries the risk of drilling and 
pumping accidents. The transportation of oil has a 
small accident rate. The refining operation is suscep-
tible to explosion and fire, as well as to the normal 
release of air pollutants; for example, petroleum 
refineries are responsible for a significant amount of 
CO, S 0 2 , and hydrocarbons.3 Finally, there are genera-
tion accidents and normal effluents similar to those 
associated with coal, although the quantity of emis-
sions is lower per megawatt-hour of electricity. 

Morgan,4 Starr,5 and Sowby6 approached the prob-
lem of evaluating dsks from generating electricity by 
calculating the probabilities of various accidents or 
other adverse consequences and comparing these with 
other activities that people pursue. Some of these 
calculations are informative but are subject to great 
reservations since there is no good way of estimating 
such low-probability events as major nuclear-generator 
disasters. This is especially true when an attempt is 
made to incorporate events that are believed to have 
probabilities of 10"3 to 1C"6 per reactor per year. 

The primary approach of this article is (1) to 
compare the documented occupational-health effects 
of "extracting" fuel in the forms of coal, uranium, and 
petroleum, with respect to both accidents and chronic 
diseases (in terms of disability days per million 
megawatt-hours of electricity generated), and (2) to 
compare the calculated public-health effects of the 
normal operation of power plants fueled with coal, 
uranium, and oil (both in terms of the dilution volumes 
required for emissions to meet public-health standards 
and in terms of estimated dose—response relations for 
chemical and radioactive emissions). In general, the 
health effects of spent-fuel transport, radioactive-waste 
storage, and other radioactive releases associated with 
the nuclear cycle are treated only qualitatively; in-
sufficient data for quantitative analysis have been 
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accumulated in the short history of many of these 
operations. 

The total analysis results in the conclusion that 
electricity generation from uranium offers less of a 
public-health hazard than that from coal or oil. 
Although the occupational-health effects of oil are less 
than tihiose of coal, the comparison between oil and 
uranium is not as clear-cut; however, occupational-
health ifiaks appear to be higher for uranium because of 
radSatfofl exposure to employees and miner silicosis. 
The lVaimewwk for the comparison is set out system* 
atka'lly. but, since not all the relevant factors could be 
estimated with confidence, the analysis must be con-
sidered pteliminary. 

The comparison is based on existing plants, but, 
since technology is advancing rapidly, this comparison 
is not likely to be valid 10 or even 5 years hence.7-9 

However, the qualitative conclusions are likely to hold 
in the future and to be better predictors than the 
forecasts of untried technologies. 

OCCUPATIONAL-HEALTH EFFECTS 
OF EXTRACTION PROCESSES 

There are certain inherent dangers, in terms of both 
accidents and chronic diseases, in extracting fuels from 
the earth—that is, in mining coal; in mining and 
milling uranium; and in drilling for, producing, and 
refining petroleum. The extent of the risk is shown by 
the following statistics. 

Accident Rates 

Table 1 presents comparative data from 1965 to 
1969 on injuries and rates of injury for coal-, uranium-, 
and oil-extraction processes.10,11 Column 5 presents the 

disabilities per million megawatt-hours of electricity 
produced in 1969; this calculation involves assump-
tions explained below. 

In 1969, 237 X 106 man-hours were spent mining 
coal.10 At an average severity rate of 8441 disability 
days per million man-hours, about 2,005,000 disability 
days could be expected from accidents. The average 
accident rates for 1965 to 1969 were used instead of 
the actual 1969 experience in order to smooth the 
fluctuations that might occur from year to year. Since 
about 54.3% of the coal mined in 1969 was used for 
electricity generation,10 some 1,089,000 disability days 
would be estimated to result from the amount of coal 
mined to generate electricity. This coal generated some 
705 X106 MWh;'2 thus approximately 1545 disability 
days per million megawatt-hours of electricity gen-
erated by coal would be estimated to result from 
coal-mining accidents. 

In 1969, 7.80 x 106 man-hours went into uranium 
mining;10 thus about 67,900 disability days would be 
expected from accidents. Uranium milling absorbed 
3.59 x 106 man-hours and would be estimated to 
generate 3911 disability days. In 1969, 11,870 short 
tons of U 3 O s were produced domestically,10 of which 
about 4700 tons were sold for electricity production.13 

However, not all of this amount was consumed during 
the year. New reactors were activated, and there was 
presumably some buying for inventory. The U 3 0 8 

requirements per electrical megawatt have been pub-
lished for a number of LWRs14 and can be used to 
estimate the consumption of uranium in electricity 
production. For these reactors, an average of 0.633 
short ton of U 3 0 8 is required to provide fuel for the 
initial core and 0.166 ton for the annual reload per 
electrical megawatt. Thus the annual fuel requirement 
would be 0.182 ton/MW(e) when averaged over the life 

Table 1 Comparative Data on Accidents Occurring in Various 
Extraction Processes from 1965 to 1969 

Disability Disability 
Accidents per year I n j u r i e s 

per days per days per 
Process Fatal Nonfatal 10* man-hours 106 man-hours 106 MWh, 1969 

Coal mining 246 10,251 43.5 8441 1545 
Uranium mining 8 272 39.8 8702 \ 

157 
Uranium milling % 5 9 17.0 1091 J 

157 

Oil drilling and 
product ion 1104* 10.2 1176 \ 

135 
Oil refining 1060* 5.5 793 J 

135 

* Includes both fatal and nonfatal accidents. 
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of a plant (assuming a plant life of 30 years) .f During 
1969 the total electricity generated by nuclear plants 
was 14 x 106 MWh.12 Thus, assuming utilization at 
80% of capacity, an estimated 364 tons of U 3 0 8 were 
required to generate electricity in 1969, about 3.06% 
of the uranium mined in that year. An estimated 2200 
disability days would be expected to result from 
uranium mining and milling for electricity production, 
approximately 157 disability days per million mega-
watt-hours of electricity. 

In 1969, some 307 x 106 man-hours were spent in 
drilling, producing, and refining petroleum.11 At 1969 
levels of employment, 285,000 disability days would 
be expected to result from accidents in these activities. 
Since 7.71% of petroleum produced domestically and 
6.03% of petroleum refined domestically in 1969 were 
used to generate electricity,10 approximately 19,000 
disability days would be expected from drilling, 
producing, and refining petroleum to generate elec-
tricity. Since this petroleum generated some 144 X 106 

MWh of electricity,12 135 disability days per million 
megawatt-hours would result from these operations. 

The contrast between coal and the other two fuels 
is striking. In terms of estimated disability days per 
million megawatt-hours, coal had 1545; oil, 135; and 
uranium, 157. In terms of mining and associated acci-
dents, electricity generated by coal carries almost 10 
times the health cost of electricity generated by 
uranium 

However, a note of caution must be entered. The 
uranium industry is small enough that the current 
estimates may not approximate the experience if 
nuclear power generation is expanded substantially 
Many of the values used in the calculation are estimates 
rather than actual rates. 

Chronic Diseases 

A large body of literature is focused on establishing 
an association between coal mining and respiratory 
disease.15"28 Although occasional contrary evidence is 
reported, there is no doubt that such an association 
exists. However, the incidence of chronic respiratory 
disease is difficult to estimate since primary reliance 
has been placed on pneumoconiosis (black lung) as 
diagnosed by X-ray evidence.29 This evidence is not 
highly correlated with respiratory disability.16,18,25 

f T h e amounts of U 3 O g ci ted are net amoun t s and allow 
for the recovery of uranium f rom reprocessing spent fuel. 

Little of the literature reports an increase in disease 
prevalence or severity of symptoms by years of mining. 
The dose—response relation is difficult to estimate for 
a number of reasons, such as the selection process, 
which causes the more sensitive individuals and those 
developing symptoms to stop mining. Thus a simple 
tabulation by years underground should lead to an 
underestimate of the adverse effects of coal dust. 
Lainhart26 reported a linear increase in the prevalence 
of pneumoconiosis among working miners with 15 or 
more years of underground experience. He estimated 
the following formula for the percentage of workers 
with definite pneumoconiosis: >> = —12.12 + 0.95 
years. Similarly, the incidences of severe dyspnea 
(shortness of breath) and persistent cough were found 
to increase with years underground. 

Henschel24 observed that measures of ventilatory 
function fall more rapidly with years underground than 
one would expect from aging alone. He found a close 
association between reduction in ventilatory function 
and degree of dyspnea, but only a partial relation 
between X-ray evidence of pneumoconiosis and ventila-
tory function. 

The simple regression shown above can be used to 
illustrate the chronic disease and presumably the 
disability cost of coal mining. According to that 
regression, the cost of an additional year of under-
ground mining to workers with 13 or more years of 
experience is a 0.95% increase of these workers with 
definite pneumoconiosis. Since each worker mines 
enough coal to generate 9900 MWh of electricity per 
year, the disability cost o f this electricity for all 
working miners (strictly in terms of pneumoconiosis) is 
one additional man in 145 with definite pneumoco-
niosis. 

This estimate is not worthy of great confidence, 
since it neither controls all the relevant variables nor 
takes account of other disabilities, such as increased 
bronchitis and emphysema, or other ventilatory 
symptoms, such as increased dyspnea. However, the 
estimate at least illustrates how the calculation should 
be carried out when better estimates of these factors 
are available. 

It is interesting to contrast this chronic disability 
rate with the previous estimate of accident disability; 
for example, mining enough coal to produce 106MWh 
of electricity is estimated to increase chronic disability 
by 0.7 additional definite case of pneumoconiosis and 
to increase accident disability by 1545 days. Thus, if 
pneumoconiosis resulted in total disability, it could be 
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much more important than the accident rate. Acci-
dents cost approximately 6 man-years of disability per 
million megawatt-hours, whereas 0.7 case of pneumo-
coniosis may cost up to 20 years of disability, assuming 
that pneumoconiosis is totally disabling. 

Uranium miners should also be expected to have 
abnormal rates of chronic disability because of oc-
cupational exposure to dust and to radon and its 
daughters. One aspect of the dust is similar to that for 
any hard-rock mining: the dust produces silicosis in 
miners' lungs. A second aspect is more peculiar to 
uranium mining: the mines are radioactive and there-
fore expose miners to whole-body radiation. In addi-
tion, the dust particles are small and radioactive and 
thus give an especially high dose to the lungs.30 Many 
studies have shown an association between uranium 
mining and ventilatory dysfunction and between ura-
nium mining and lung cancer.3*"37 

Archer and Lundin33 estimated a dose—response 
curve for lung cancer from all available data (European 
and U.S . miners) and concluded that a linear relation 
fits the data as well as a quadratic form (at least below 
5000 WLM*) and that 1000 WLM will increase the 
lung cancer rate by 26 cases per year per 10,000 
miners. Since the median exposure level of U. S. miners 
is slightly in excess of 1.0WL,30 1 miner-year is 
approximately 12 WLM, or 1.2% of 1000 WLM. Thus 1 
miner-year is estimated to increase the incidence of 
lung cancer by 3.1 X 1CT5 case per year. 

A miner-year produces enough uranium to generate 
105,000 MWh of electricity; thus the cost of 106MWh 
of electricity is 3.0 x 1CT4 case of lung cancer per year. 
This health cost is only with respect to lung cancer and 
does not include other chronic disability, such as 
silicosis."''This figure for lung cancer can be compared 
with the health cost of coal mining in terms of 
pneumoconiosis. One million megawatt-hours of elec-
tricity generated by coal was estimated to cost 0.7 

*The working level (WL) is 1.3 x 10s MeV of potential 
alpha energy from radon daughters per liter of air. A WLM is 1 
month of mining exposure at this level. 

tInvestigations during the late 1950s and early 1960s 
showed that silicosis among uranium miners was only about 
one-third as prevalent as pneumoconiosis among coal 
miners.16,39 However, this was primarily a reflection of 
differences in length of mining experience between the two 
groups, the coal miners on the average having much longer 
mining experience. For workers with more than 20 years of 
experience, the rate among uranium miners was higher than 
that among coal miners. The rates for miners with the longest 
work experience may somewhat reflect higher dust concentra-
tions allowed in the mines during earlier years. 

definite case of pneumoconiosis; uranium mining leads 
to only 3.0 + 1CT4 case per year of lung cancer per 
million megawatt-hours. 

Another way of comparing coal and uranium 
miners is to examine the total death rates (excluding 
violent death) for each. Enterline20 presented data on 
death rates for coal miners and operatives vs. all male 
workers, by age, for 1950. Coal miners and operatives 
had excess mortality ranging from 23% for 20- to 
24-year olds to 122% for 60- to 64-year olds. The 
entire group yielded an excess mortality rate of 67%. 

Lundin et al.34 presented data on uranium miners 
over the period 1950 to 1967. Expected death rates 
were calculated for these miners from age-sex-race— 
cause specific mortality rates for the states in which 
the mines were located. Excluding violent deaths, 
uranium miners had 39% excess mortality; among 
uranium millers, however, total mortality was no 
greater than expected.38 Although there was a signifi-
cant excess in deaths from malignant diseases of the 
lymphatic and hematopoietic tissues other than leu-
kemia, the numbers were small. 

The crude comparison is that coal miners had 67% 
excess mortality, and uranium miners had 39%. Little 
confidence can be placed in this comparison since no 
allowance is made for income levels and other factors 
affecting mortality. However, it seems likely that the 
qualitative conclusion is correct; that is, even aside 
from violent death, coal mining is more injurious to the 
health than is uranium mining. 

A uranium miner produces enough uranium during 
a year to generate 10.6 times as much electricity as a 
coal miner produces in a year. This means that, in 
terms of electricity produced, the excess death rate of 
coal mining is roughly 18 times that of uranium 
mining. This factor would be reduced somewhat by the 
inclusion of other steps in the uranium fuel cycle. 

A qualification is needed here since the comparison 
is essentially between deep mining of coal and deep 
mining of uranium. Only about half of either fuel is 
mined undergound.10,40 Strip mining already supplies 
almost half of the coal and involves much lower 
accident rates and chronic disability rates. Insofar as 
strip mining becomes more important in the future, 
accident and disability rates will shift in favor of coal. 
Automation of deep mining would also have a strong 
effect on these rates. However, the much stricter 
control measures instituted to reduce radiation expo-
sure of uranium miners should lower the incidence of 
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lung cancer among that group in future years. 
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OTHER OCCUPATIONAL-HEALTH 
EFFECTS 

Although some data are available on transportation 
accident rates,11,41"45 they are not completely dif-
ferentiated by commodity. Data on the number of fuel 
shipments can be found in Refs. 40, 44, and 46. Since 
the number of coal shipments per electrical megawatt 
is many times the number of uranium shipments,40 '44 ,46 

more accidents and therefore more accident disability 
must result from coal transportation, even allowing for 
a shorter average transport distance for coal. The only 
contradiction would occur if transportation accidents 
involved breaking the vessel that holds the nuclear fuel 
(particularly spent fuel) and thus releasing significant 
radioactivity. No significant radiation exposure has 
occurred as a result of transportation accidents, and 
extraordinary care is taken to build transportation 
vessels that are unlikely to be breached. Brobst41 has 
estimated that a truck driver involved in a transporta-
tion accident while transporting spent reactor fuel is 
thousands of times less likely to be injured from 
radiation exposure than he is from nonradiological 
crash effects. 

Statistics on accidental injury and disability rates 
for individual segments of the private atomic energy 
industry, such as reactor operation and maintenance, 
have been published47 by the Bureau of Labor Statis-
tics for 1965 to 1970. Data on numbers of employees 
in these areas are available48 '49 for 1963 to 1970. 
However, manpower and accident rates for operation 
and maintenance of fossil-fuel-burning plants are not as 
well documented. Chronic-disease rates for employees 
in these activities are also not well documented. The 
few studies that have examined mortality of public-
utility employees or uranium processors have not 
found rates higher than expected, given the experience 
of other types of workers. s 0 , s l 

Added cancer mortality risks from some of these 
activities can be estimated from data on occupational 
exposure to employees of AEC licensees.52 The total 
dose from external radiation reported for a sample of 
employees involved in activities relating to reactors, 
fuel processing, waste disposal, and packaging and 
transporting was about 2800 man-rems in 1969, many 
times the total exposure to the public from the 
radioactive stack releases of nuclear power plants.s2 ,53 

An additional 1050 man-rems can be inferred for 
licensees not included in the sample. (Internal radiation 
doses were also received by these employees but were 
not evaluated in Ref. 52 because of the difficulty of 

determining them.) According to dose—response esti-
mates for radiation-induced cancer which are outlined 
later in this article, the cost of this radiation exposure 
would be expected to be about 0.02 to 0.05 death per 
million megawatt-hours of electricity produced in 
1969. However, most of this dose was received by 
employees involved in fuel processing. Since the 
amounts of fuel prepared in 1969 exceeded the 
amounts consumed in generating electricity, and the 
amount of powei-plant fuel reprocessed was less than 
that consumed, it is difficult to determine the actual 
mortality risk per million megawatt-hours of elec-
tricity. Another problem is that some employees in 
these activities are not included (such as enrichment-
plant employees). Nevertheless, the available data are 
sufficient to indicate that the occupational-health costs 
from radiation exposure to employees related to 
nuclear power production are outweighed by the 
occupational-health costs to coal miners from accidents 
and chronic-disease mortality. 

PUBLIC-HEALTH EFFECTS OF NORMAL 
OPERATION OF POWER PLANTS 

The normal operation of electric-power plants, 
both nuclear and fossil fueled, results in the release of 
heat, radioactivity, and chemicals. Radioactive and 
chemical effluents have public-health implications, 
which will be compared. Thermal releases may have 
various ecological effects, but they have no direct 
human-health effect and thus are not treated here. 

Radioactive and Chemical Effluents 

Combustion of fossil fuels produces major quanti-
ties of air pollution.1 , 2 , 4 6 , 5 4 , 5 5 The generation of elec-
tricity from burning coal produces a major proportion 
of the S 0 2 , N O x , and suspended particulates in cities 
where coal is the principal fuel. In addition, trace 
amounts of heavy metals and carcinogenic hydrocar-
bons, such as benzo(a)pyrene, are released.56r58 Trace 
amounts of radioactivity in the form of thorium, 
uranium, and radium have also been found in the ash 
released from coal combustion, the amount emitted 
being inversely proportional to the efficiency of the 
ash-collection mechanism.59 ,60 

Most nuclear reactors currently being built are of 
either the boiling-water type (BWR) or the pres-
surized-water type (PWR). Most currently operating 
BWRs release much more gaseous radioactivity, gen-
erally in the form of noble gases, whereas PWRs release 
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more liquid radioactive waste, principally tritium. A 
small amount of radioiodine is also released in gaseous 
effluent, particularly by current BWRs.61"65 

The most recently designed BWRs are expected to 
release much lower quantities of gaseous effluent, 
because provisions has been made for much longer 
holdup of these effluents before release to allow most 
of the radioactivity to decay, as is currently practiced 
at operating PWRs. In addition, application of the 
recently proposed stricter discharge limits can be 
expected to reduce the quantities of radioactive ef-
fluents discharged from the LWRs having the highest 
release levels.66 Similarly, coal gasification and air-
pollution abatement measures will lead to much lower 
releases of air pollutants from plants burning fossil 
fuels. 

A number of studies have attempted to compare 
the radioactive and chemical pollutants released per 
unit of electricity generated from fossil-fueled and 
nuclear power plants.46,54 '59 '60,67"71 However, the com-
parison is complicated by the different types of 
reactors, variations in composition of the fuels, the 
efficiency of the ash-collection equipment for fossil-
fueled plants, differing waste-treatment systems, and 
adjustments for biological activity and the half-lives of 
the isotopes released. 

Martin, Harward, and Oakley60 presented a careful 
comparison of radioactive stack releases from power 
plants, extending earlier work by Eisenbud and 
Petrow.59 The amounts of radioactive material released 
by oil-burning generators are almost undetectable. 
When coal-burning generators are compared with nu-
clear generators, problems arise because the radioactive 
release takes such different forms. Some of the radium 
and thorium isotopes released from coal combustion 
are extremely long lived and chemically active. The 
radionuclides in the ash which are water soluble are 
assumed to pose a threat to bone, and those which are 
insoluble are considered to present a threat to the 
lungs. For nuclear plants the whole-body exposure 
from noble gases released from the stack is considered 
most significant. These isotopes are relatively short 
lived compared with 226Ra in coal ash. 

For coal-fired and nuclear power plants, Martin et 
al.60 calculated the dose that a new 1000-MW(e) plant 
would give to individuals in the vicinity of the plants 
under specified meteorological conditions. To take 
account of the different forms of radioactive effluent, 
they calculated the dose as a fraction of the maximum 
permissible dose recommended by the International 
Commission on Radiological Protection (ICRP), with a 

correction for the effect of different stack heights on 
distribution of radioactivity. Their results, based on 
1968 and 1969 data, indicated that a coal-burning 
plant would apparently pose about 410 times the 
threat of a PWR, whereas a BWR would pose about 
180 times the threat of a coal-burning plant in terms of 
radioactive releases through the stack. 

Terrill, Harward, and Leggett54 compared power 
plants in terms of the volume of air that would be 
required to dilute their stack effluents each year in 
order to meet conventionally accepted concentration 
standards. Hull67 updated these dilution factors, 
making use of radioactive emissions from a much larger 
sample of plants and imposing a more stringent 
standard on the concentration of chemical pollutants.* 
On the basis of 1969 releases, these factors corrobo-
rated the conclusion reached by Martin et al. that the 
radioactivity released from coal-burning plants was 
more significant than that from PWRs but less signifi-
cant than that from BWRs. Since that time, however, 
Hull has further updated these factors to reflect 1967 
to 1971 nuclear power-plant releases and more recent 
standards for air-pollutant concentrations.72 Included 
in his study were S 0 2 , N 0 2 , CO, hydrocarbons, 
particulates, and various radionuclides; however, only 
S 0 2 , particulates, and the radionuclides will receive 
attention in this article. The updated dilution factors 
for these pollutants are presented in Table 2, except 
that the discharge quantities for LWRs have been 
recalculated to reflect only 1971 releases. According to 
these more recent calculations, S 0 2 from coal-fired 
plants is the residual requiring the most dilution.! The 
S 0 2 from oil-fired plants requires less than half as 
much dilution; that from gas-fired plants, substantially 
less. Particulates from coal-fired plants and radionu-
clides from a BWR lacking extended stack-gas holdup 
also require a significant amount of dilution. However, 
the 1971 radioactive releases from both PWRs and 
BWRs would appear to be more significant biologically 
than those from coal-fired plants (unlike previous 
comparisons) but less important than the release of 
S 0 2 . 

*These studies, based on quantities being emitted from the 
stack rather than on doses provided, do not allow for 
differential residence times of pollutants in the atmosphere. 

fThe value for sulfur dioxide emissions from coal combus-
tion, based on coal with a 3.5% sulfur content, overstates the 
level of emissions that is currently tolerated in major cities. 
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Table 2 Volume of Air Required To Meet Concentration Standards for 
Yearly Emission from a lOOO-MW(e) Plant 

Dilution 
Type of Discharge volume, 

plant Pollutant Standard* quantity 10 'm 3 

Coal SO, (3.5% S) 80 Mg/mJ 3.06 x 10* lb 1.77 x 104 

Particulates (97.5% 75 /ig/mJ 9.9 x 106 lb 6.0 x 104 

removal; 15% ash) 
Particulates ( ' 3 4 Ra) 2 pCi/m3 0.0172 Ci 8.6 
Particulates ( a a 8 Ra) 1 pCi/m3 0.0108 Ci 10.8 

Oil SO, (1.6% S) 80 jig/m3 1.16 x 10" lb 6.58 x 105 

Particulates (0.05% ash) 75 /ig/m3 1.6 x 10* lb 9700 
Particulates ( a J 6 Ra) 2 pCi/m3 1.5 x 10"4 Ci 0.075 
Particulates (2 a 8Ra) I pCi/m3 3.5 x 10-4 Ci 0.35 

Gas SO, 80 fig/m3 3 x 104 lb 170 
Particulates 75 Mg/m3 1.0 x 10* lb 6050 

Nuclcar 
PWR s s K r and 1 3 3 Xe 3 x 10* pCi/m3 1.6 x 104 Ci 55 
BWR Short-lived radioactive 3 x 104 pCi/m3 1.33 x 10* Ci 4.4 x 104 

noble gases 
PWR 1 3 11 (inhalation) 100 pCi/m3 0.15 Ci 1.5 
BWR 1 3 11 (inhalation) 100 pCi/m3 6.6 Ci 66 
PWR 1 3 11 (ingestion) 0.14 pCi/m31 0.15 Ci 1060 
BWR 1 3 11 (ingestion) 0.14 pCi/m31 6.6 Ci 4.7 x 104 

^Environmental Protection Agency National Primary Ambient Air Quality 
Standards,73 and AEC Standards for Protection Against Radiation.74 

t A reduction factor of 700 is applied to the inhalation standard for 1 3 11 to allow for 
reconcentration via the ingestion (air-grass-milk) route. 

The above comparison is based on concentration 
standards that are not necessarily equally stringent for 
chemical air pollutants and radionuclides. Relative to 
concentrations at which effects on human health have 
been inferred from epidemiological studies, the con-
centration standards for radionuclides appear to be 
more conservative than those for chemical air pol-
lutants.69 To meet this difficulty, we will attempt to 
evaluate the relative hazards to individuals of long-term 
exposure to these pollutants at the specified concentra-
tion standards by using mortality risks derived from 
such epidemiological studies. The relative mortality 
risks of airborne effluents from fossil-fueled and 
nuclear power plants will then be estimated. Although 
morbidity (illness) risks would be expected as well, 
they are more difficult to quantify and therefore will 
not be included in the analysis. 

Health Effects of Radioactivity 
The amounts of radioactive material released from 

power plants are typically very small relative to 
background and medical radiation. Although large 
doses of radiation have been found to increase the risk 
of death from leukemia and other cancers as well as the 
risk of genetic damage, little work has been done which 
gives evidence for effects of such low-level dosage.7S~77 

A number of investigators have attempted to 
quantify the relation between radiation dose and 
cancer on the basis of data on Japanese survivors of the 
atomic bomb, on noncancer patients treated medically 
with radiation, and on occupationally exposed groups. 
Assuming a linear dose-response relation, the National 
Academy of Sciences (NAS) Committee on the Biolog-
ical Effects of Ionizing Radiation has estimated78 that 
an additional lOOmrems of radiation above back-
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ground per year per person over many years would 
ultimately produce between 2000 and 9000 extra 
deaths from cancer per year in the United States, the 
most likely estimate being 3500. The risk to occupa-
tionally exposed groups from a given radiation dose is 
lower than the risk to the public because of a different 
age distribution; the mortality estimates for an occupa-
tional dose of 5 rems per year range from 380 to 930 
excess cancer deaths per million per year. A dose of 
1 rem to bone from 226Ra is estimated to produce 0.11 
to 0.16 case of bone cancer per million irradiated 
adults per year. The risk to bone from ^ S r is 
considered to be lower. The estimate from 1 rem to the 
stomach is 0.32 to 0.64 death per million per year, and 
for 1 rem to the remainder of the gastrointestinal tract, 
0.22 to 0.44 death per million per year. No estimate 
was made by the NAS Committee for the risk to skin, 
because there is insufficient evidence for skin-cancer 
induction by low dose levels. For the lung, a 1-rem 
mean dose to bronchial tissues is estimated to produce 
1 case of bronchial cancer per million per year. For a 
dosage to the thyroid, Otway and Erdmann79 have 
estimated a mortality risk per rem of one person per 
million exposed for all 2ges. Calculations of radiation 
effects in this article wi!! be based on these estimates, 
except that no threshold will be assumed. 

The 10 CFR 20 concentration standards used in 
the Martin et al. and Hull studies have been set by the 
AEC at levels that would limit dosage to exposed 
individuals from any one radionuclide to 500 mrems/ 
year in the case of exposure to the whole body; for 
many radionuclides the standards reflect limits on 
doses to particular organs, with doses higher than 500 
mrems/year permitted in some cases.74,80 Thus con-
tinuous exposure over many years to whole-body 
radiation from noble gases at the concentration limit 
would ultimately entail an average mortality risk to 
individuals of 90 X 1CT6 per year (according to the 
NAS mortality estimate). The concentration standard 
for 1311 limits the dose to the thyroid from inhalation 
of the radionuclide. However, a stricter limit by a 
factor of 700 is applied to 131I when allowing for 
reconcentration via the air—grass—milk route. At the 
latter concentration of 131I in the air, there is a 
potential dose to the thyroid of 5000 mrems/year to 
infants from milk and a lower dose to older indivi-
duals;81,82 the average mortality risk to individuals 
from this concentration would be less than 0.5 x 10"6 

per year. 

Health Effects of Air Pollution* 

A substantial body of literature of laboratory and 
epidemiological studies of acute exposure to air pollu-
tion has established the fact that air pollution causes ill 
health and increases the mortality rate.84"86However, it 
is difficult to estimate the dose-response curve from 
this literature, A wide range of dose-response relations 
are consistent with laboratory evidence and epi-
demiological evidence from special groups. More 
precise estimates are needed to determine the public-
health effects of pollutant emissions from electricity 
generation. 

Lave and Seskin85,87"91 have explored this relation 
statistically, beginning with an examination of the 
association between the total mortality rate and air 
pollution in 117 U. S. cities in 1960. The basic 
regression, taken from Ref. 83, is shown in the 
following equation: 

MRi = 19.607 + 0.04! mean Pt + 0.071 min S{ 

(2.53) (3 .18) 

+ 0.001 P/Mf + 0.041% AW/ + 0.687% > 65/ + e/ 

( 1 .67 ) (5 .81) (18 .94 ) 

where MR( = total mortality rate (per 10,000 people) 
in city / 

mean Pi = arithmetic mean of suspended particulate 
readings in city / 

min 5/ = smallest biweekly sulfate reading in city i 
(X 10) 

P/Mf = population density in city i 
% NWi = proportion of the population which is 

nonwhite in city i (x 10) 
% > 65/ = proportion of the population 65 and 

older in city i (X 10) 
ei = error term for variation in the mortality 

rate not explained by the equation 

In this ad hoc regression, 82.7% of the total variation 
in the mortality rate across the 1 i7 cities is explained. 
The relation is a linear equation that predicts the 

*Only health effects will be discussed here. Air pollutants 
have many other deleterious effects, as discussed in Ref. 83. 
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mortality rate in a city on the bases of (1) air pollution 
in the city (particulate levels, and S 0 2 levels as 
reflected in sulfate data), (2) the population density, 
(3) the proportion of nonwhites in the population, and 
(4) the proportion of the population 65 years of age or 
older.92"94 Values are given for the estimated coef-
ficients of the variables; the numbers in parentheses are 
the t statistics for a test that the explanatory variable 
has no effect (the estimated coefficient is not signifi-
cantly different from zero). With the exception of 
population density, all coefficients are extremely sig-
nificant. Another way of viewing the estimates is to ask 
how much the mortality rate varies with a 10% increase 
in one of the variables used in the analysis; these 
values, shown as "sensitivity coefficients," are given in 
the following table. 

Estimated 
increase in 

Independent total mortality 
variable rate, % 

Mean P 0.53 
Min S 0.37 
P/M2 0.07 
%NW 0.57 
% > 65 6.32 

These results show that the mortality rate is signifi-
cantly related to air pollution and that a 10% increase 
in air pollution (particulates plus sulfates) is associated 
with an increase in the mortality rate of 0.90% 
(0.53 + 0.37). A possible interaction between sulfates 
and particulates was investigated but was not found to 
be significant for these data. 

Correlation does not prove causation, nor is a 
multiple regression of this sort more than an indication 
of an empirical association between air pollution and 
total mortality (with statistical control for the other 
relevant factors of population density, nonwhite com-
position of the population, and the proportion of the 
population 65 and older). Empirical associations occur 
frequently and are more often indicative of a particular 
sample or of a spurious association than of true 
causation. Although the results of such a statistical 
investigation should be viewed with suspicion, a variety 
of tests can be performed to evaluate particular 
hypotheses about the reason for an observed associa-
tion. For example, a replication with different data 
would rule out the association's being due to the 
peculiarities of a particular sample; explorations with 

mortality rates for particular diseases or demographic 
groups would help to clarify the nature of the 
association and suggest whether it is plausible, given 
our knowledge of physiology and pathology. Finally, 
laboratory evidence from animal or human experi-
ments can be used to judge the plausibility of the 
estimated relation. 

To this end, Lave and Seskin have elaborated the 
basic relation shown in the above equation in a number 
of ways. The equation was replicated with 1961 and 
1969 data; specific mortality rates for 14 diseases were 
estimated for 1960 (e.g., lung-cancer mortality), and 
the resulting equations were replicated for 1961. 
Twenty-eight age—sex—race specific mortality rates were 
also investigated for 1960 and 1961 (e.g., the mortality 
rate for nonwhite females during the first month of 
life). Day-to-day variations in the number of people 
dying in 5 cities were investigated, as well as year-to-
year variations in 26 cities over a period of 7 years. The 
form of the function was checked by estimating 
multiplicative, quadratic, and piecewise linear forms in 
addition to the simple linear form. Finally, a series of 
tests was performed which should indicate whether the 
relation was spurious or a true causal one. The sample 
was split in various ways to see if the regression fit the 
largest cities as well as the smallest ones; the error term 
was investigated to see if it had any systematic pattern; 
other social phenomena known to be related to 
urbanization but not caused by air pollution (such as 
crime, venereal disease, and suicide) were investigated 
and found not to be correlated with air pollution after 
controlling for other factors; a number of additional 
explanatory variables hypothesized to affect the 
mortality rate were added to the regressions. 

Neither the equation nor the subsequent work 
proves that air pollution causes ill health. However, it 
sheds a great deal of light on the nature of the 
association and contains estimates of the magnitude of 
the association in each case. The statistical analysis is 
aimed not so much at proving causality as at estimating 
the nature of the relation if it is causal. Since causality 
can be inferred from the laboratory and epidemiologi-
cal studies of acute exposures and since the regression 
coefficients for particulates and sulfates have been 
reasonably consistent, it is not imprudent to interpret 
them as estimates of the dose—response relation, even 
though they cannot be taken as proof in themselves of 
causality. 

The estimates of the effect of air pollution which 
will be used are those from the 1969 replication, using 
data for 89 cities, with S 0 2 data substituted for 
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sulfates. The regression coefficients will be used to 
estimate the mortality risk of exposure to air pollu-
tants at the primary concentration standards of the 
Environmental Protection Agency (EPA) used in Hull's 
study. According to these coefficients, an additional 
microgram per cubic meter of mean particulate concen-
tration is associated with an increased mortality of 
0.085 per 10,000 per year, and an additional micro-
gram per cubic meter of mean S 0 2 concentration is 
associated with an increased mortality of 0.039 per 
10,000 per year.* Thus the exposure for many years to 
mean concentrations of these pollutants at the EPA 
primary standards implies an increased average mor-
tality risk to individuals of 638 X 1CT6 per year for 
particulates and 312 X 10~6 per year for S 0 2 . The 
primary standards for S0 2 and particulates thus appear 
to carry many times the mortality risk of the AEC 
standards for radionuclides. 

Relative Mortality Risks 
from Airborne Power-Plant Effluents 

An abstract comparison will be made between the 
airborne emissions of a 1000-MW(e) coal-burning 
power plant and a 1000-MW(e) LWR based on the 
mortality risks estimated above. The method used by 
Terrill et al. and Hull will be followed in that an 
arbitrary dilution volume will be assumed for the 
emission of both plants, 1.77 X 1015 m 3 o f air per year, 
the dilution at which the S 0 2 from a 1000-MW(e) 
plant burning 3.5% sulfur coal is assumed to meet the 
primary standard. The dilution volume chosen is not 
important to the conclusions, since both chemical air 
pollution and radiation dose—response relations are 
assumed to be linear over the range under considera-
tion, only relative risks are being estimated, and both 
plants are assumed to be occupying the same site. 

The average mortality risk per year for individuals 
continuously exposed to gaseous effluent at the speci-
fied dilution from a plant burning 3.5% sulfur coal 
with 15% ash would ultimately be expected to be 
334 X 1CT6 (312 X 10~6 f rom S 0 2 and 22 x 1CT6 from 
particulates). The inclusion of other pollutants in this 
estimate, such as benzo(a)pyrene, would be expected 
to add an increment to this risk, and synergistic effects 

*The measure of ambient S02 , which was most signifi-
cantly associated with mortality in 1969, was the minimum 
biweekly reading. However, since the mean concentration was 
more of interest in the above calculation, the relation was 
reestimated using the mean S02 reading. The regression 
coefficient for mean S02 was not statistically significant, but 
its magnitude was reasonable relative to the coefficient for 
minimum SO, concentration. 

would also play a role. For gaseous effluent from a 
BWR with a 30-min holdup, the estimated risk per year 
at the same dilution would ultimately be about 
2.25 X 10"6 (2.24 x 10"6 from noble gases and less 
than 0.013 x 1CT6 from 131I, via the air-grass-milk 
route) and from a PWR, less than 0.0031 X 1(T6 

(0.0028 x 10"6 from noble gases and less than 
0.0003 X 10"6 from 131I). Thus, within t he limits of the 
assumptions made, the emissions from the coal-burning 
power plant are estimated to present a mortality risk 
approximately 150 times the risk from airborne efflu-
ents of a BWR and approximately 110,000 times the 
risk from the airborne effluents of a PWR. For 
emissions of a plant burning 1.5% sulfur coal, the 
corresponding figures are estimated to be 69 and 
50,000 times, respectively (assuming the same ash 
content), and, for emissions of the same plant remov-
ing 75% of the S 0 2 via stack-gas scrubbing methods, 
the estimates are 24 and 18,000 times, respectively. 

At the same dilution the emissions from a plant 
burning 1.6% sulfur oil with 0.05% ash would ulti-
mately present an estimated mortality risk to exposed 
individuals averaging about 1 1 9 x 1 CT6 per year 
(116 X 10"6 from S 0 2 and 3.5 x 10"6 from particu-
lates), about 53 times the risk from BWR stack 
effluents and about 39,000 times the risk from PWR 
stack effluents. For 0.2% sulfur oil the corresponding 
figures would be 8.0 and 5800 times, respectively, and 
for 0.2% sulfur oil with 75% of the S 0 2 removed, the 
estimates would be 3.2 and 2300 times, respectively. 

The dilution-factor method of comparing power-
plant emissions can provide only a first approximation 
of their relative health effects since other factors 
affecting pollutant concentration or dispersion, such as 
different residence times in the atmosphere or different 
stack heights, are completely ignored. Another prob-
lem of the comparison is the crudeness of the 
dose—response estimates for both radiation and air 
pollution. For the above reasons, not much confidence 
can be placed in the difference between the calculated 
mortality effects of emissions from fossil-fueled plants 
and most current BWRs. However, the difference 
between the estimates for fossil-fueled plants and 
PWRs is strong enough to justify a conclusion that the 
airborne emissions of PWRs (and BWRs, if they are 
provided with longer holdup facilities) are substantially 
less dangerous to human health. 

Ideally, a comparison of health effects of gen-
erating power from different fuels would consider not 
only the quantities of pollutants emitted per year but 
also their dispersion patterns, half-lives, and ambient 
concentrations in the environment. Meteorology and 
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terrain would be important factors to take into 
account. Population distribution at various distances 
from a site would have to be known to estimate 
average doses received by the public. 

Such a procedure requires extensive data collection 
regarding actual sites. Numerous studies have measured 
concentrations of air pollutants at various distances 
from fossil-fuel-burning plants.95 With respect to nu-
clear power plants, Gamertsfelder has estimated a 
maximum value for the average annual radiation doses 
received from 1969 noble-gas effluents by members of 
the public within various distances of 13 plants. s3 

These calculations were based on the percent of noble 
gases released relative to the amount permitted that 
year for each plant, the latter being the quantity that, 
under adverse meteorological conditions, would have 
been expected to deliver a dose of no more than 500 
mrems/year to individuals located at the plant bound-
ary. Population distributions and wind speed were 
taken into account. Although comparison of the results 
of these separate studies for fossil-fueled and nuclear 
power plants would be desirable, it would be difficult 
to carry out because of differences in meteorology and 
other factors at the individual sites and will not be 
attempted here. 

However, these comparisons are precisely what 
should be done in an environmental impact statement 
for a new power-generating facility. Tha£ is, the 
effluents of power plants of alternative designs and 
fuels should be more carefully evaluated to estimate 
the doses of noxious materials which would be 
experienced by the public. These doses must be 
evaluated for their public-health effects using d o s e -
response relations such as those discussed above. 

An attempt in this direction has been made by 
Bergstrom,96 who compared anticipated emissions from 
power plants of alternative designs being considered for 
sites in Sweden. Expected population exposures to 
radiation from a nuclear power plant and to S 0 2 from 
a plant burning 1% sulfur oil were compared for a 
range of sites by means of dose—response curves he 
estimated for both types of exposure. According to his 
calculations, the health effects of the nuclear power 
plant would be smaller than those from the oil-fired 
station by a factor of 104 or more. Since the 
dose—response curves he estimated were derived from 
acute rather than long-term effects and since popula-
tion exposure to S 0 2 was calculated indirectly, on the 
basis of dispersion characteristics of tritium, these 
estimates need to be further refined. However, they 
serve to indicate the type of comparison that needs to 
be made. 

A maximum value for mortality from noble-gas 
effluents of nuclear power plants can be obtained by 
using Gamertsfelder's calculations, referred to above. 
Adjusted according to 1971 release rates, the average 
dose per year received by the population within 50 
miles of a 1000-MW(e) plant at a typical site would not 
be expected to exceed 0.36 mrem per person for a 
BWR or 0.020 for a PWR, with an estimated risk of 
0.065 or 0.0036 extra death from cancer per million 
exposed persons per year for a BWR and PWR, 
respectively. For an average population of 2,500,000 
within 50 miles of the LWRs, 0.16 extra death or less 
f rom cancer would be expected per year from noble 
gases from a typical 1000-MW(e) BWR and 0.009 extra 
death or less in the case of a PWR.* 

The maximum dose to individuals from I31I, via the 
air—grass—milk route, can be estimated in the same 
way.t In 1971 the estimated maximum dose ( to the 
thyroid) from 131I discharged by a nuclear power plant 
averaged about 0.6 and 2 times the maximum dose ( to 
the whole body) f rom noble gases from a BWR and 
PWR, respectively.$ If the average doses from 131I and 
noble gases are assumed to be in the same ratio as their 
maximum doses, the 131I doses would be expected to 
add less than 1% to the mortality f rom LWRs. 

Liquid Effluents from Nuclear Power Plants 

Liquid releases from nuclear plants were omitted 
f rom the above analysis because of the difficulty of 
evaluating average exposure via this route. The radionu-
clide released in greatest quantities in liquid discharges, 
particularly from PWRs, is tritium, which is considered 
to be one of the least hazardous isotopes because of 
the low energy of its beta rays.99"101 Environmental 
surveillance studies in the vicinity of Dresden 1, 

•These calculations are based on very conservative meteor-
ological assumptions. More realistic assumptions would reduce 
the mortality estimates.! The proposed restriction of maxi-
mum dosage from LWR effluents to 5 mrems/year would also 
serve to reduce the mortality estimates.66 

fMaximum doses actually expected to be received by 
individuals have been estimated for a number of radionuclides 
from Dresden 1 by Blanchard etal.97 using more realistic 
assumptions regarding radioactive dispersal. Pathways con-
sidered were external radiation exposure, inhalation, and 
consumption of milk, leafy vegetables, beef, fish, and drinking 
water. 

:j: Although radiation from noble gases has been detected in 
the air in the vicinity of Dresden 1 nuclear power station 
corresponding to a dose rate of 5 to 15 mrems/year, the 
concentrations in milk of 1 3 1 1 from either Dresden 1 or 
Yankee nuclear power stations have been too low to be 
detectable.64'6 5 , 9 8 
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Yankee, and Indian Point 1 nuclear power sta-
tions64 ,65 ,102 have not been able to detect any signifi-
cant radiation exposure to the public from aquatic 
samples which can be attributed to these power 
plants.§ However, experience at these plants is not 
necessarily representative of the situation at other 
plants. 

The radioactive releases from nuclear power plants 
constitute only a minute fraction of the total radioac-
tive material produced within the plants. Most of this 
radioactivity is produced within the fuel elements, and 
nearly all the radioactivity is retained there until the 
fuel is reprocessed; most of the remainder is concen-
trated and processed as waste for disposal elsewhere. 
However, both tritium and the noble gases are very 
difficult to control by conventional waste-treatment 
methods. Although the quantities currently being 
released are not considered dangerous over the short 
run, tritium and 85Kr can be expected to accumulate 
over time and present more of a problem in the 
future .f 

PUBLIC-HEALTH EFFECTS OF OTHER 
RADIOACTIVE AND CHEMICAL 
RELEASES ASSOCIATED WITH THE 
URANIUM CYCLE 

The above comparisons concerned effluents from 
normal operation of power plants only. In addition, 
further analysis must be concerned with the potential 
hazard to the public from reactor accidents and the 
possibility of environmental contamination from 
stored waste. The radioactive and chemical releases 
from uranium mining and milling, fuel-preparation 
processes, and spent-fuel reprocessing must also be 
considered in estimating the total health effects of 
atomic power. 

Accidental Releases from Power Plants 

A potentially serious, but statistically unlikely, 
source of radiation exposure to the public is a major 

§ Estimates of maximum doses from the liquid effluents of 
these plants range from 0.03 mrem/year to the whole body 
from Indian Point 1 (from fish),101 to less than 0,3 mrem/year 
to the whole body from Yankee (from fish),65 to 0.4 
mrem/year to the thyroid, 0.02 mrem/year to bone, 0.003 
mrem/year to the gastrointestinal tract, and 0.01 mrem/year to 
the whole body, from Dresden 1 (from fish and drinking 
water). 

A number of systems arc under development which may 
virtually eliminate either liquid or gaseous radioactive release 
to the environment from nuclear power plants.1 0 3 

reactor accident.104,105 Care is taken in designing 
nuclear power plants to build in redundancies and 
other features to lower the probability and potential 
effects of such accidents. The safety record for nuclear 
power plants has been excellent thus far; however, it is 
still too early to assume that the safety of all of these 
systems has been proven and that a serious accident is 
precluded. One safety area in which reliability has not 
yet been conclusively demonstrated is the emergency 
core-cooling system in the event of a loss-of-coolant 
accident.*10*~108 However, the possibility of serious 
accidents is not unique to nuclear plants, there being 
the potential for boiler- or storage-tank explosions at 
fossil-fuel-burning plants, with consequent release of 
air pollutants to the environment. 

Morgan and Struxness80 have estimated the proba-
bility of a reactor accident that would release 1% or 
more of the total fission inventory to the environment 
to be between 10~4 and 10"s or less per year per 
reactor; at this level of probability, less than one such 
accident on the average might be expected to occur 
among 200 reactors per 50 years. Starr, Greenfield, and 
Hausknecht69 have estimated the total mortality risk 
from reactor accidents at 6 x 10"s cancer death per 
10 X 106 population per year per 1000-MW(e) reactor. 
This risk compares favorably with their corresponding 
estimate for accidents at oil-fired plants of 2 x 10"4 

respiratory death per 1000-MW(e) plant per year for 
the same population. Since only mortality from leu-
kemia or thyroid carcinoma was considered in the case 
of reactor accidents, their estimate may be low. 
Nevertheless, the order of magnitude of this estimate is 
very small compared with the mortality risk from 
routine effluents. 

Major radioactive releases might also occur in the 
event of certain externally caused disasters, such as 
earthquakes or aircraft accidents. Although nuclear 
power plants are designed to withstand most of these 
events, it is conceivable that such an accident might 
exceed the intensity anticipated in the design and cause 
the reactor containment structure to be breached.79,110 

More work needs to be done on estimating population 
risk from such accidents. 

Accidental releases may also occur in connection 
with other stages of the uranium cycle, such as fuel 
transport and reprocessing. Risks to the public should 
be estimated for these accidents as well. 

^Various opinions on the adequacy of the emergency 
core-cooling system and of interim criteria set for reactors by 
the AEC to compensate for possible deficiencies in this system 
were expressed at the rule-making hearings'0 9 of the Atomic-
Safety and Licensing Board (RM-50-1) during 1972. 
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Storage of Radioactive Wastes 

In addition to population risks discussed above, 
there are also risks f rom the storage of radioactive 
wastes. Gamma radiation from stored wastes has been 
measured65 in the vicinity of Yankee nuclear power 
station, with an estimated exposure rate of about 3 
mR/year at the nearest town and essentially zero at 
2 km. Storage of a proportionally higher amount of 
wastes by a 1000-MW(e) plant in a similar geographic 
location might be expected to entail about 0.001 
additional death per year to local residents (on the 
basis of the NAS estimate for mortality risk and 
assuming a local population of a few hundred). This 
risk would, of course, be higher for a more populated 
location and a flatter terrain. 

Low- and intermediate-level radioactive wastes are 
periodically transported to commercial burial grounds. 
These facilities are located in sparsely inhabited areas 
and are carefully monitored to prevent release of 
radioactivity t o surrounding areas. No migration of 
radioactivity f rom the burial sites has thus far been 
detected; consequently no significant radiation expo-
sure to the public is expected.4 0 

The storage of high-level liquid wastes produced at 
reprocessing plants presents a potentially greater prob-
lem. Large volumes of these wastes are generated, 
containing most of the fission products from the 
spent-fuel elements. Since these wastes are very high in 
activity and have long half-lives, their accidental 
dispersal would create serious public-health problems. 
To date, such wastes have been stored temporarily in 
tanks on the sites where they were generated. However, 
this method of storage is unsatisfactory in the long run 
because the tanks must be given continual surveillance 
and replaced when they fail.111 

The extent of this storage problem has been 
diminished by the development of solidification tech-
niques, which reduce the volume, mobility, and solu-
bility of these wastes considerably.111 ,112 Among the 
proposals for the ultimate disposal of solidified waste, 
burial in bedded salt formations is being given the most 
consideration. However, since this method has not yet 
been proved satisfactory, construction of an interim 
near-surface storage facility is planned by the federal 
government.40 It is safe to say that the waste-disposal 
problem has not yet been completely solved. 

Effluents from Fuel Reprocessing 

Considerable quantities of low-level radioactive 
effluents are released f rom the single presently operat-
ing commercial reprocessing plant. The radionuclides 

released in greatest quantity have been 85Kr and 
tritium. However, in terms of population dose, the 
^ S r , 134Cs, 137Cs, and 129I released are also worth 
attention.1 1 3 - 1 1 9 

In general, these releases have been more serious 
than those f rom nuclear power plants. Although the 
activity of 8SKr released per year has been comparable 
to or lower than the activity of noble gases released by 
a typical BWR, the 85Kr is much longer lived. In 
addition, the quanti ty of tritium released has been 
about twice the average amount released by individual 
PWRs. The ^ r and 139Cs have been released at rates 
hundreds or thousands of times the rates at an 
individual BWR or PWR.* The amounts of radionu-
clides found in environmental samples near the re-
processing plant have been more significant than those 
found near Dresden 1 or Yankee nuclear power sta-
tions; in particular, such radionuclides as ^ S r , 137 Cs, 
and 106RU have been detected in streams and in the 
flesh of local deer and fish, and 129I has been detected 
in milk f rom local C Ows.6 4 , 6 5 , 9 8 , 1 1 9 , 1 2 1 

Martin119 has calculated population doses f rom the 
most significant radionuclides for 1971, updating an 
earlier study by Shleien.122 For the population within 
50 miles of the plant, a submersion dose of 46 
man-rems was delivered f rom 8 sKr in the air. From a 
submersion dose of this magnitude, a dose of 0.64 
man-rem can be inferred to the whole body, 28.5 
man-rems to the skin at a depth of 0.07 mm, and 1.1 
man-rems to the lungs.52 For other radionuclides, 
Martin estimated population doses of 20.8 man-rems to 
the whole body (16 f rom 3 H in drinking water and 4.8 
from 134Cs and 137Cs in fish and deer), 0.8 man-rem to 
bone ( f rom ^ S r in fish and deer), 0.1 man-rem to the 
gastrointestinal tract ( f rom ^ C o in deer), and 30 
man-rems to the thyroid (from 129I in mi lk ) 1 1 9 

Population doses of this magnitude would entail an 
estimated mortality risk of 0.004 death (between 
0.0001 and 0.0002 death from 8SKr and 0.0038 death 
from other radionuclides). 

Because of the relatively long half-life of 85Kr, a 
radiation dose would also be delivered to the popula-
tion beyond the 50-mile radius. Martin estimated a 
submersion dose of 300 man-rems to the world wide 
population for the first year following the 1971 release 

•Recently installed equipment has reduced the amount of 
these two radionuclides released.114 ,111 In addition, other 
reprocessing plants under construction have been designed in 
such a way that there will be no routine discharge of liquid 
effluents to the environment. (Tritium will continue to be 
released through the stack.)1 i 0 
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and 16.1 times that amount as the long-term popula-
tion dose,119 from which a whole-body dose of 68 
man-rems, a skin dose of 3000 man-rems, and a lung 
dose of 116 man-rems can be inferred.52 . 

In 1971, 68.8 metric tons of fuel were re-
processed,117 about twice the amount of fuel dis-
charged per year from a 1000-MW(e) LWR.40 If all the 
fuel reprocessed had come from power plants, the 
long-term population doses from reprocessing per 
annual operation of a 100-MW(e) power plant would 
be 34 man-rems to the whole body, 1520 to the skin, 
and 59 to the lungs. However, much of the fuel 
reprocessed comes from AEC reactors and has a lower 
burnup per metric ton than does spent fuel f rom power 
plants. Correcting for the higher burnup of fuel from 
power plants, 30,000 MWd per metric ton of uranium 
(vs. a burnup of 11,500 MWd/metric ton for fuel 
reprocessed in 1971),119 these doses would be 9 0 , t 
4000, and 150 man-rems, respectively.^ Such doses 
would entail an estimated mortality risk of about 0.02 
death. From radionuclides other than 8 5Kr, the cor-
responding risk (calculated in the same way) would be 
about 0.005 death. Thus the total mortality risk f rom 
reprocessing effluents per annual operation of a 
1000-MW(e) power plant would be estimated at close 
to 0.03 death, which, although low, would be about 
three times the mortality estimated for a 1000-MW(e) 
PWR from stack effluents and would add a significant 
increment to the risk from nuclear power plants.§ 

Since substantial amounts of reusable uranium are 
recovered from the reprocessing of spent fuel, this 
process in effect serves as a substitute for the mining 
and milling of uranium ore. According to the AEC,40 

the recovery of fissile material from an annual fuel 
requirement of a 1000-MW(e) LWR is equivalent to the 

fThis estimate of long-term whole-body dose to the 
worldwide population ( 3 x l 0 9 ) is not far from the AEC 
estimate of 120 man-rems for the eventual annual whole-body 
exposure to the entire population of the northern hemisphere 
(4 x 10®) from 8 SKr per lOOO-MW(e) LWR.' 2 3 

% Proportionality between burnup and fission-product in-
ventory of the fuel has been assumed in these calculations. 
Differences in composition between fuels from AEC reactors 
and commercial reactors have been ignored. 

§This estimate docs not include radiation doses which will 
be received in later years from tritium or from the exceedingly 
long-lived 1 291. In addition, most spent fuel from power plants 
has been cooled for much longei than the required 150 days 
before reprocessing.1 19 Higher releases of radionuclides, such 
as 1 311, can be expected if a shorter cooling period is used in 
the future unless compensating waste-treatment measures are 
taken.120 Fortunately more stringent precautions are being 
taken to reduce releases of the radioiodines.'1 9 

conservation of about 30,000 metric tons of uranium 
ore, or about 60 metric tons of U 3 0 8 . The mining and 
milling of that amount of U 3 0 8 would have been 
expected to cost about 0.05 death from accidents and 
about 7.6 x 10"4 case per year of lung cancer. Thus the 
additional cancer mortality risk incurred from re-
processing effluents is probably outweighed by reduced 
mortality from uranium mining and milling. 

Effluents from Other Processes 

Radiation exposure to the public from the current 
effluents of uranium mines and mills and plants 
involved in feed-materials production, isotopic en-
richment, and fuel fabrication is not considered signifi-
cant compared with doses f rom power-plant or re-
processing-plant effluents.4 0 , 5 2 For example, it has been 
estimated that the total population dose f rom current 
uranium-mill effluents per annual fuel requirement 
produced for a 1000-MW(e) power plant is no more 
than 0.0b man-rem, primarily40 f rom airborne 2 3 0Th. 
Other effluents having potential health significance are 
NO,v from combustion of natural gas in uranium mills; 
fluoride from feed-materials production, isotopic en-
richment, and fuel fabrication; nitrates and ammonia 
from fuel fabrication; and hexavalent chromium from 
isotopic enrichment.4 0 

SUMMARY AND CONCLUSIONS 
A comparison of the health effects of generating 

electricity from alternative fuels requires that the 
systems effects of the fuel cycles be considered. For 
example, the cycle for coal consists in exploration, 
mining, transportation, power generation, and ash 
removal; for nuclear fuel the processes for exploration, 
mining, milling, fuel preparation, transportation, power 
generation, and disposal of radioactive wastes are 
included (as well as a subcycle in which reprocessing of 
spent fuel substitutes for the mining and milling of 
fresh ore). The entire cycles must be compared for 
their health effects rather than simply the power-
generation phase. 

Some tentative conclusions emerge from a compari-
son of the main components of the cycles for coal and 
uranium. Occupational-health effects from accidents 
and chronic diseases are substantially greater for coal 
mining than for uranium mining and milling per 
megawatt of power generated. Although complete data 
are not available on accident and disability rates for 
other phases of the fuel cycles, the differences between 
coal and uranium are unlikely to be important when 
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compared with the estimated differences from mining 
and milling. 

Comparing the effluents from power generation is 
more difficult. Both nuclear and coal-burning power 
plants discharge radioactivity into the environment in 
amounts that have little effect on background-radiation 
levels; the small proportion of radium and thorium in 
coal which is released into the air seems to be less 
significant than the noble gases and 131I from a BWR or 
PWR. When liquid effluents and effluents from re-
processing plants and other phases in the uranium cycle 
are added to the comparison, it becomes still clearer 
that the total radioactive release from the uranium 
cycle is more significant than that from the coal cycle. 
However, coal-fired generators are a major source of 
chemical air pollutants, which have been shown to be 
harmful to health. 

Thus a comparison of the total health effects of 
generating electricity from the two fuels depends on 
weighing the adverse effects of air pollution from coal 
combustion and excess accident and chronic-disease 
disability from coal mining against the excess radioac-
tivity released from the atomic power industry. To 
accomplish this, one would need dose—response curves 
for both the radioactive and chemical effluents. Esti-
mates of both dose—response curves have been pub-
lished, although there is still considerable debate on the 
effect of low-level long-term exposure to either air 
pollution or radiation. 

In the work reported here, airborne releases were 
compared in terms of the dilution volume of air that 
would be required to meet recommended concentra-
tion standards and in terms of relative mortality risks 
to individuals exposed to these effluents at a specified 
dilution, as estimated from the dose—response curves. 
In the most conservative comparison considered, a 
PWR appears to offer 18,000 times less health risk than 
a coal-burning power plant, and a BWR with a 30-min 
holdup of stack gases appears to offer 24 times less 
health risk. Including effluents from other processes in 
the uranium cycle does not change the nature of the 
comparison, even when atmospheric buildup of 8sKr 
from spent-fuel reprocessing is considered. In view of 
uncertainties in the dose-response curves and dif-
ferences in atmospheric residence times, which were 
omitted from the comparison, the factor of 24 
between coal-burning plants and existing BWRs must 
be viewed as suggestive rather than conclusive. 

Liquid releases from LWRs were not fully evalu-
ated because there are uncertainties regarding the size 
of the populations exposed by the various pathways 
and the average doses received. However, since the 

population dose from these effluents is considered to 
be much smaller than the dose from airborne releases, 
it is unlikely that they would have much effect on the 
comparison. 

The conclusion can thus be drawn that uranium 
offers lower risks than coal as a fuel, in both the 
extraction phase and the generation phase. 

When coal and oil are compared as fuels, it is clear 
that the latter offers lower risks in both the extraction 
phase and the generation phase. However, a compari-
son of low-sulfur oil and uranium is less clear-cut. The 
differences in the public-health risks from power-plant 
emissions favor the PWR; however, the lack of com-
plete data for many phases in the fuel cycles makes it 
difficult to compare the occupational-health risks from 
these fuels. Nevertheless, the occupational-health risk 
per megawatt-hour appears to be higher for uranium 
because of miner silicosis and radiation exposure to 
employees in the nuclear power industry. We have not 
attempted to determine which of the two fuels has the 
more serious overall health effects, because of the 
limitations imposed by the available data and the many 
assumptions, some of them arbitrary, made in compar-
ing power-plant emissions. 

The relative health risks of airborne power-plant 
effluents need to be compared for actual sites, control-
ling for such factors as stack height, meteorology, 
terrain, population distribution, and atmospheric half-
lives of the pollutants emitted. Improved measures 
need to be obtained for the population doses received 
by various pathways from liquid effluents. More 
complete data are needed on radiation exposure to 
employees in the nuclear power industry. Also neces-
sary are better dose—response curves for both radio-
activity and chemical pollutants. Much more work 
needs to be done to explore the toxic, mutagenic, and 
teratogenic properties of radionuclides in low concen-
trations. This work is not likely to be susceptible to 
laboratory experimentation. Rather, careful epi-
demiological work is needed to measure the age—sex-
race and disease specific death rates for various groups 
as well as their exposure to various radionuclides and 
other environmental insults. 

The above comparisons have been based on current 
data and operating practice. Changes in such areas as 
mining techniques, mine safety regulations, reactor 
design, and effluent control methods can be expected 
to alter both occupational- and public-health risks from 
electricity generation in the future. 

* * * 
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