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HE beneficial prospects associated with the

development of nuclear energy have been

widely publicized. On the other hand, dis-

cussions of some of the unpleasant aspects
have been limited almost exclusively to technical meet-
ings and publications. A realistic appraisal of the
future of nuclear power must include consideration
of the potential problems as well as the potential
benefits. The discussion presented here (1) is focused
on the hazardous conditions that could, under the
most pessimistic assumptions, result from a major
accident involving a nuclear power plant.

- The three principal elements that must be con-
sidered together in -order to establish a realistic over-
all perspective in any discussion of industrial hazards
are (i) the types of accidents that can occur and the
extent of property damage and personal injury that
may be involved; (ii) the probability of occurence,
and (iii) the positive benefits that may be balanced
against the risks. Unfortunately, experience in the
field of high-temperature, high-power nuclear plants
is, for all practical purposes, zero. We can therefore,
at this stage, discuss these matters only in very gen-
eral terms, terms based in very small part upon the
factual information and experience gained from the
limited number of reactors that have been built and
operated.

Reactors are not only expensive machines; they
are also potentially hazardous machines, substantially
more so, in faet, than any industrial machines with
which we are currently familiar. This of course does
not mean that reactors will not eventually be used
industrially with risks comparable to those associ-
ated with other industrial machines. It does mean,
however, that a much greater degree of caution and
control must be exercised in their design and opera-
tion; and it means that safeguards, perhaps costly,
must be provided in the design of plants if the in-
dustry is going to develop and play a major role in
our national economy. In the absence of realistie in-
formation based upon experience, those concerned
with the design of nuclear power plants and those
responsible for their operation must make the most
pessimistic assumptions with regard to potential acci-
dents and their consequences. In view of the poten-
tial seriousness of the off-site hazards, it is reason-
able to place the burden of proof to do otherwise
upon the sponsor of the plant. With experience will

come effective and practical methods for dealing with .

these problems.

Remember that this discussion concerning the maxi-
mum possible reactor accident and the present eval-
uation of the maximum damage and hazard that can
result from such an accident is only one part, the
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negative part at its worst, in the over-all consider-
ation and evaluation of nuclear power plants.

Two principal characteristics of a nuclear power
plant allow us to conclude at the outset that we are
dealing with a highly hazardous operation: (i) the
contained radioactive materials, fission products, and
some types of fuel used, and (ii) the fact that the
plant will contain, under certain circumstances, con-
siderably more fissionable material than the critical
amount. The significance of the combination of these
two factors can be appreciated in some small measure
if we compare the situation with, say, large-scale pro-
duction of both highly poisonous gas and explosives
under the same plant roof. )

Fission products are produced by the reactor fuel
in the process of consumption. They are therefore un-
avoidably tied to the generation of nuclear power.
For example, a plant generating 10,000 kw will pro-
duce about 200 lb of fission products in the course
of a year. The fission products are highly radioactive
and therefore, like the more familiar material radium,
can produce serious injury or death. Fission produects,
which include a large variety of chemical elements, if
inhaled or ingested are from 3 million to 2000 million
times more toxic than chlorine, the most potent com-
mon industrial poison (2).

Two other characteristics further differentiate the
potential hazard of fission products from more con-
ventional industrial poisons: (i) they cannot be de-
tected by the senses, even in lethal concentrations;
and (ii) nonlethal exposures can produce permanent
injuries that may not become evident until many
years after the accident. In addition, the nuclear fuels
themselves, plutonium and uranium-233, are highly
toxie if inhaled or ingested.

I now come to the second principal characteristic
of a nuclear power plant, which is its built-in ca-
pacity for self-destruction in an exceedingly short
time—in a fraction of a second. This characteristic
derives from the fact that the reactor core will, under
certain circumstances in its operating life, contain
substantially more fissionable material than the crit-
ical amount required for a chain reaction. This situ-
ation suggests the possibility of a runaway condition
with a rapidly accelerating chain reaction and with
a simultaneous rise in temperature.

If a reactor does get out of control its power out-
put and temperature can rise very rapidly to the
point where the nuclear reaction is stopped by either
one or a combination of two effeets: disruption of
the reactor core, or melting or vaporization of the
nuclear fuel. The best calculations of expected blast
effects from a runaway reactor under the worst cir-
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cumstances show that it would be relatively small
(3-6). The blast could certainly damage the reactor
and its associated equipment beyond repair, but out-
side of the reactor building its direct effects would be
negligible.

Before deseribing the maximum possible nuclear
power plant accident, I want to emphasize that the
probability of having such an accident will depend
largely on such factors as the over-all design of the
reactor and plant and the competence of the opera-
tors. Measuring instruments are available to detect
hazardous conditions if they should arise, and con-
trols and safety features are designed to nip them
in the bud. However, if we are to appraise in gen-
eral the potential hazards of nuclear power plants,
we must assume that a runaway situation can be pro-
voked, and we must examine the consequences under
the most pessimistic conditions that might arise. Ed-
ward Teller, a member of the AEC’s Advisory Com-
mittee on Reactor Safeguards, has said (3, p. 632):

With all the inherent safeguards that can be put into

a reactor, there is still no foolproof system that

couldn’t be made to work wrongly by a great enough

fool. The real danger occurs when a false sense of
security causes a let-down of caution.

The maximum possible accident can be considered
along the following lines. Suppose that the nuclear
power plant has been operating for a relatively long
time without change of fuel; this means that a sub-
stantial amount of long-lived fission products has
been produced and is contained in the core. In the
course of start-up of the plant from a shutdown con-
dition the nuclear reaction may get out of control;
then the power output would increase at a rate that
doubles its level every thousandth of a second, and
the fuel temperature would rise accordingly. In a
fraction of a second the fuel is melted and vaporized,
chemiclal reactions take place between materials in
the reactor core, and the rapid formation of gaseous
products creates an explosion that damages the re-
actor structure and releases the radioactive fission
products to the environment.

‘What damage has been done and what may further
result? The reaotor portion of the plant has been
destroyed beyond repair. The building and a good
deal of equipment have been contaminated with radio-
activity and cannot be salvaged. Any operating per-
sonnel in the neighborhood of the reactor might have
been injured or killed by blast damage at the time
of the accident and, in any case; would have been ex-
posed to the lethal properties of the radioactive mate-
rials released from the reactor. We assume that when
the reactor structure is ruptured by the. blast a large
fraction of the fission products, perhaps 50 percent,
is released in the form of a cloud that escapes from
the reactor building into the overlying atmosphere.
The radiation from this cloud would be lethal to a
large fraction of the plant personnel, who could not
be evacuated in the short time between the accident
and appearance of the cloud. There might be fallout
of radioactive material from the cloud, which would
seriously contaminate the whole plant area.
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The future course of events and the extent and type
of damage and injury inflicted depend largely upon
the local terrain and upon the meteorological condi-
tions at the time of the accident. In line with taking
the pessimistic position I will assume that the cloud
remains close to the ground as it drifts slowly away
from the plant with a prevailing wind of 3 to 4
mi/hr; that it passes over populated areas; and that
an hour after the accident a rainstorm arises while
the cloud is passing over farm land, over drainage
areas that provide the local water supply, and over
residential and industrial areas.

As a consequence of this assumed course of events
the following injury and damage could result beyond
the plant area (5, 7-9): (i) People in the path of
the cloud within a distance of several miles from the
plant could receive lethal doses of radiation. For ex-
ample, this distance might be 5 or 6 mi for a 100,000-
kw plant. (ii) If the cloud in its motion actually
touched the ground, as would be the case under cer-
tain meteorological conditions, the distance within
which people would receive lethal exposures as a re-
sult of inhalation would extend out substantially far-
ther than it would if radiation from the cloud at a
height of 50 or 100 ft were the only source of hazard.
(iii) People exposed to the cloud and located at dis-
tances beyond the lethal radii for irradiation or in-
halation would receive varying degrees of temporary
or permanent injury. (iv) In the areas of rainout
there would be widespread serious contamination—
sources of food and water would be lost; population
would have to be evacuated for an extended period
from industrial, business, and residential areas. (v)
Finally, not to be discounted are the many individuals
who would be obsessed with continuing anxieties
about their fate, even though they had sustained no
observable injury at the time of the accident.

I have described a local catastrophe resulting from
a nuclear power plant accident on the basis of a com-
pounding series of pessimistic assumptions. I would
now like to turn to some of the precautionary meas-
ures that can be taken in plant design, location, and
operation to reduce the potential hazards of nuclear
accidents. It should be noted that each of these meas-
ures can involve a substantial increase in over-all
plant cost, operating expenses, or both. Their prac-
ticability therefore will be determined by a balance
between their effect on the cost of the power gener-
ated and their effect on the cost of insurance if
greater risks are acecepted. Some of the obvious meas-
ures that can be taken are briefly as follows: (i)
Select the basic reactor design that is inherently the
most stable. There is a wide range of variation among
reactor types. (ii) Locate the plant in a remote, un-
populated, unproductive area. This would clearly be
impractical for a nuclear power industry. (iii) Lo-
cate the plant on a site large enough so that the risks
of off-site damages and injuries are substantially re-
duced.. Since land costs are high in industrialized and
populated areas, the increase in fixed charges on the
plant could easily price the power out of competition.
(iv) Since the blast damage at the time of an acci-
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dent is manageable, it is considered feasible to design
the reactor building to be gastight and to contain any
gaseous fission products released from the reactor.
This general approach is the most promising. (v) In
reactors using liquid fuels one can consider continu-
ous removal of the fission produets. This is probably
practical and economical up to a certain point, be-
yond which the additional operating costs would be-
come prohibitive. (vi) Construction of a widespread
warning system and means for rapid evacution or
sheltering of people in the path of the cloud.

These are some of the positive measures that can
be taken to minimize the risks. There are other ele-
ments that can strongly influence the degree and ex-
tent of the hazards associated with a nuclear accident.
These elements were all introduced as pessimistie as-
sumptions in my description of the maximum possible
accident. The considerations that tend to temper some-
what the harsh effects produced by deliberate com-
pounding of pessimism include these: (i) The wind
could carry the cloud over less heavily populated and
sensitive areas than those assumed. (ii) The wind
could be strong and the atmosphere turbulent. This
would rapidly disperse' the cloud and dilute its con-
centration. Although it would allow less time for evac-
uation, the hazards would extend over a substantially
smaller area and the people would be exposed to the
maximum radiation over a shorter period. (iii) A eon-
siderably smaller fraction of the fission produects
might be released into the atmosphere at the time of
the accident. (iv) There would not necessarily be any
fallout or rainout.

As a closing thought I would like to recapture a
little of the over-all perspective that is all too easily
submerged in a discussion focused on accidents and
hazards. An important step in the development of

any new process for large-secale industrial use is an
understanding of possible abnormal, as well as nor-
mal, behavior of the equipment and an appreciation
of the consequences in the event of malfunctioning.
Only with this basic understanding of the process
under all conditions can effective steps be taken to
minimize the risks. In every field understanding leads
to control. We now believe that we understand re-
actors. There will, of course, always be some risks,
but the past 12 yr of safe activities with many differ-
ent types of reactors is convineing testimony to our
understanding of the technology and encourages us to
believe that the problems of the future can be met
with equal success.
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Need for Public Understanding of Science

Gerard Piel
Scientific American, New York, N.Y.

T would be difficult, I am sure, to work up a de-
bate in this company* on the question whether
the American people ought to have a better
understanding of science. No one present would

want the negative side of that argument. When it
comes_to ignorance, we are all likely to sound like
Calvin Coolidge’s preacher on the subject of sin; we
are against it.

We can congratulate ourselves, nonetheless, for our
unanimity on this question. Not so long ago there was
a respectable body of opinion in science which held
that what the people don’t know won’t hurt them.
A little knowledge is a dangerous thing, the argument

* This paper is based on a talk given at the southeastern

regional meeting of the American Chemical Society in Birm-
ingham, Ala., 21 Oct. 1954.

4 MArcH 1955

ran; let the shoemaker stick to his last. Decisions on
technical matters, whether in public affairs or in in-
dustry, ought to be made by experts qualified to deal
with the hard and often complicated facts. The less
sweh questions get embroiled in the misconeeptions
and prejudices of half-informed laymen, the better
for everyone.

Admittedly, something of a case can be made for
this point of view. I have not done justiece to it as it
was argued to me by a distinguished ehemist some 15
years ago when I asked for help on an article for the
lay public. Perhaps he is present here tonight. Per-
haps, to borrow a troublesome metaphor, I should
have let sleeping dogs lie!

Since we might have a debate after all, let me dis-
pose of my honorable opponent’s position right now.
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