
NUCLEAR ENERGY:
BENEFITS VERSUS RISKS

Critics who dwell on the risks
to the public from nuclear-power plants

should compare these risks with the
present hazards that would be eliminated.

Walter H. Jordan

JUST A FEW YEARS AGO almost every-
one looked forward to the coming age
of nuclear energy as a boon to man-
kind. Of course the coal interests have
always been less than enthusiastic, but
that was to be expected. Recently,
however, many persons have under-
taken the role of professional critics,
joined by some conservationists.

I feel particularly betrayed in this
instance, for I have long considered
myself a conservationist. Certainly
one of my strongest motives in pro-
moting nuclear energy has always
been the conserving of our valuable
and irreplaceable fossil fuels, coal, oil
and gas. Because this can be accom-
plished and, at the same time, the pol-
lution of our atmosphere reduced, I
felt a sense of righteousness in pro-
moting nuclear energy. But these
critics say that all these fine benefits
just are not worth the risk. I strongly
disagree. I believe that more lives
have already been saved by the ad-
vent of nuclear energy than will be
lost as a consequence of it in the next
hundred years.

A swarm of controversy over the
growing nuclear technology appears to
be developing. If it were just an oc-
casional book or article, I would be in-
clined to hold my peace. Unfortu-
nately, it is deeper than that. Part of
the federal licensing procedure for a
nuclear-power plant, though not for
any other kind, stipulates that a public

hearing be held at which individuals
may intervene. In some cases these
hearings have been so drawn out that
the power company has withdrawn its
application rather than face the con-
tinued publicity. A power plant
planned for construction at Bodega
Bay, Calif, has been abandoned. The
opposition was concerned mainly with
the natural beauty of the proposed
site, but the issue of earthquake dam-
age was the deciding factor. New
York State Electric & Gas Co has de-
cided to postpone indefinitely the
project to build a nuclear-power plant
at Ithaca. In this instance the inter-
venors protested the possible thermal
pollution to Cayuga Lake.

Electrical power, polluted air

First, let me summarize some of the
benefits. I do this quickly because
there really is not much argument
about this part. The real reason that
power reactors are being installed in
so many places in the US (some 80
nuclear-power plants have been or-
dered; 15 are in operation) is to save
money. Although construction costs
of a nuclear plant are higher than
those for a fossil-fueled plant, the op-
erating costs are much less. As a con-
sequence the cost of electricity will be
less than it would have been with
fossil-fuel plants.

The demand for electricity has al-
most doubled within the past ten
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Table 1. Risks in Daily Life*

Death rate
per 10° hrs

Type of Risk of exposure

Riding in a private car ( US ) 0.95
Riding on railroads and busses 0.08
Flying on a scheduled airline 2.4
Riding a motorcycle 6.6
Death due to disease, old age 1.0
Smoking cigarettes 1.2
Rock climbing 40.0
Radiation at a rate of 5 rem/yr

(extrapolated linearly
from experiments at
high-dose rate) 0.05

Data from reference 3.

years, and another doubling is pro-
jected for the next decade. Part of
this rise is caused by the population
increase, but for the most part it re-
flects a higher standard of living.
When I came to Oak Ridge National
Laboratory some 20 years ago, air
conditioning was a rarity. Now the
summer demand for electricity in
some regions exceeds the winter de-
mand. Although nuclear energy is
beginning to supply some of the ever
increasing demand for power, the fos-
sil fuels (coal, oil and gas) are being
burned at an ever increasing rate.
Moreover our reserves are very limit-
ed. Whether the commercial supply
of them will be exhausted in 50 years
or 200 years is not certain—but the
time is short compared with the al-
ready brief span of man's existence on
this planet, or with the hundreds of
millions of years that it took to form
those deposits of coal and oil. Our

With Oak Ridge National Laboratory
since 1946, Walter H. Jordan was ap-
pointed assistant director in 1961. Af-
ter receiving his PhD from Cal Tech, he
taught at the University of South Da-
kota and worked at the radiation labora-
tory, MIT. He is now a part-time pro-
fessor at the University of Tennessee.

limited reserves are fast going up in
smoke,

And smoke there is! From a single
large, coal-fired power plant, such as
Bull Run near Oak Ridge, hundreds of
tons of noxious sulfur oxides are emit-
ted every day. In addition to the sul-
fur, thousands of tons of carbon diox-
ide are emitted by Bull Run per day.
(It has been observed that the carbon-
dioxide concentration in the atmo-
sphere is increasing at about 2% per
decade, a change that may have impli-
cations for long-term effects on cli-
mate. ) No longer is the air clean and
pure in the Tennessee Valley—or
in New York, or in Los Angeles, or in-
deed in most of the US. Our eyes
may burn, and pine trees drop their
needles.

Unfavorable atmospheric conditions
can be so bad that many people sicken
and die as they did in Donora, Pa., in
1948 (437r of the population became
ill, 20 deaths attributed to smog), or
in London, England, in December
1952, when the excess fatalities were
estimated at 3500.' (There was a
time in English history, around 1300,
when King Edward I decided to take
steps toward reducing pollution. He
made it a crime punishable by death
to burn coal.)

It is imperative that we take steps
to reduce this outpouring of noxious
gases either by removing them from
the smokestacks, thereby increasing
the cost of electricity, or by installing
nuclear-power plants. Coal-fired
power plants are not the only contrib-
utors to the air pollution of the coun-
try: Automobiles and trucks also rep-
resent a major source, as does the
heating of homes and buildings. To
reduce this pollution caused by com-
bustion, a general conversion to elec-
tricity will have to ensue. Homes
must be heated electrically and au-
tomobiles and trains driven electrical-
ly, which will triple the demand for
electricity, a challenge that can only
be met economically with nuclear-
power plants.

Nuclear power offers a virtually
inexhaustible supply of cheap electric-
ity. Moreover, it offers a chance to
clean up the atmosphere. But there
is, in addition, a third major benefit—
the myriad uses of radioisotopes.
These isotopes, produced so copiously
in every nuclear-power plant (and in-
deed representing the chief danger in
their operation), have already proven
to be a great boon to mankind. Al-
though production reactors have been

the chief source of the fission-product
radioisotopes, such as Sr90 and Cs137,
power reactors will undoubtedly be-
come the major producers in the fu-
ture. Research reactors and cyclotrons
supply most of the medical isotopes.
Estimates of the benefits of these iso-
topes to industry are of the order of a
$1000 million a year. Many major in-
dustries use radioisotopes to gauge the
thickness of sheet steel in a rolling mill;
the level of a liquid in a tank or the
flow of oil through a pipeline is
measured with radioisotopes. Iso-
topes are also used for well logging
in the exploration for oil. A slow
leak in a water main or a gas line
can be found with an isotopic tracer.
The gamma rays from Co60 are used
for "x raying" welds and are used in a
chemical plant to produce new plas-
tics. The dramatic uses of radioiso-
topes in agriculture, biology and medi-
cine have caught everyone's attention.

Daily hazards

I could easily lecture for many hours
about the benefits of nuclear energy.
However, there are also risks. Those
radioactive isotopes that are so useful
when properly prepared also represent
a major hazard. The possibility, no
matter how remote, of spreading mil-
lions of curies of radioactivity over the
countryside is not a pleasant one to
contemplate. The critics present a
gloomy picture. How likely is such
an accident? Before discussing that
question, let us recall some risks that
we all encounter in everyday life2'3

(see Table 1).
To get a feeling for the numbers in-

volved, consider the probability that
an average member of the population
will die during the next hour due to
disease, such as heart failure and can-
cer. The figure is about one in a mil-
lion, or probability P = 10"6 hour1.

It appears that people are willing to
accept a risk of about that same mag-
nitude provided it is voluntary and the
benefits are personal and real. For
example, the risk of being killed while
riding in a car is about 10~6 per hour
of exposure, about one-tenth of what
it was a generation ago. There have
indeed been significant advances in
automobile safety. The risk of riding
in a commercial airplane is now about
10"6 per hour, which means that air
travel is some ten times safer than
auto travel on a mileage basis because
planes travel so much farther in an
hour. Air travel in private planes is a
much more dangerous undertaking;
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fatalities in these flights are some 20
X 10~6 per hour of exposure, 20
times more risky than commercial air
travel. And yet many people willing-
ly take the risk of their own free will.
No one imposes the risk upon them.

On the other hand, if the risk is im-
posed upon a person (such as an air-
plane falling on a busy street, or the
explosion of gas mains in a city,) he
will insist that the probability of death
be much less than the normal disease
death rate. He will live below a dam,
if he is convinced that the chance of
the dam collapsing is very remote (per-
haps 1(H per hour of exposure) and
that there is good reason (benefit) for
him to live with the exposure to a
small, but not zero, hazard. He may
protest if a chemical plant or a nuclear-
power station is built near his home-
suggesting that it be built in another
location-but if he is convinced that
the risk is small, he will not move. A
small risk is, as we have assumed,
something less than 10"8 per hour of
exposure or 10"4 per year. In other
words, if he is convinced that a major
catastrophe will happen only about

once in every 10 000 years, he will feel
that the risk is acceptably small. Will
Los Angeles and San Francisco be
spared a major earthquake for that
long? Less than 50 years ago 150 000
people were killed in Japan as a result
of an earthquake.

Nuclear risks . . .
Only by experience can we demon-
strate that the risk of living near a nu-
clear plant is small. The situation is
indeed remarkably similar to the bud-
ding electric-power industry in the lat-
ter part of the last century. There
was a great deal of opposition to the
introduction of electricity into the
home. The critics pointed out that
electricity was dangerous, that people
would be electrocuted, that innocent
children would stick their fingers into
electric sockets and die a horrible
death and that wires would become
overheated and burn down the homes.
Of course they were right. A thou-
sand people in the US are accidentally
electrocuted every year. Moreover, it
has been estimated that 16rv of the
fires are electrical in origin and 1200

Americans lost their lives last year in
these fires. However, there are 200
million people in the US, so the indi-
vidual's chance of being killed is
small, about 10~B per hour of expo-
sure. This is well below the "accept-
able" risk of 10~8, and the benefits
of electricity are so apparent to every-
one that no one wants to turn back the
clock.

Let us now turn to the risks of oper-
ating nuclear-power plants. These
can currently be classified as:

• Thermal pollution of the rivers
and lakes, also known as thermal ef-
fects.
• Low-level release of radioactivi-
ty into the air and ground waters
caused by the normal operation of
nuclear-power and reprocessing
plants.
• The accidental release of large
amounts of radioactivity.
To my mind this last item is the risk

causing the most concern, but the crit-
ics (Chauncey Starr calls them "nucle-
ar hypochondriacs") have been equally
vociferous about the first two items.

Thermal pollution is not a new phe-
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Disagreement in New York City

The controversy surrounding nuclear
power erupted at a 4 March public
hearing in New York City, where the
city council is considering a law that
would ban nuclear reactors and a
resolution that would urge the Atomic
Energy Commission to deny an op-
erating permit for Columbia Univer-
sity's research reactor. The move to
ban reactors, whose main sponsor is
Theodore Weiss (D-3rd Council Dis-
trict), is being challenged by a more
moderate bill introduced by Bertram
Gelfand (D-8th Council District) that
would require a city license for all
reactors, after AEC approval.

Held before the council's Commit-
tee on Environmental Protection and
General Welfare, the arguments
pivoted on two issues: the validity
of AEC safety standards, especially
"permissible" radiation levels, and the
city's jurisdiction over nuclear-power
plants and reactors.

Gelfand favors city licensing be-
cause ". . . controls should be a little
closer to the people affected than the
AEC is in Washington. But banning
all reactors is an extreme answer. It
precludes not only the use of nuclear
energy, but the examination of it for
educational purposes. It could repre-
sent as great a danger to the well-
being of the people as an over pro-
liferation of these devices. Yet local
control is important, and unless
scientists and their organizations can
accept this control, they will stimulate
local opposition and will encourage a
spectrum of people to exploit the
issue and create unjustified hysteria
that will prevent technological prog-
ress."

The emphasis on local control was
strengthened by Elise Jerard, who
represented the Independent Phi Beta
Kappa Environmental Study Group,
the Citizens' Rights Committee and
the Committee on Environmental Con-
tamination: "The US Congress in
1959 deliberately deleted a pre-emp-
tion statement that would have given
the AEC sole control over radioactive
hazards 'in violation of the rights of
states to safeguard citizens and their
environment.' This right must be also
recognized on the local level. The
AEC must cease to act as an authori-
tarian self-regulating principality be-
fore it leads us to irreversible disas-
ter." Local control, she contended, is
needed to cope with ". . . the blind
momentum of industry abetted by
the AEC and the Congressional Joint
Committee on Atomic Energy, which
will place 12 large reactors on Long
Island Sound."

Joseph Di Nunno, AEC special as-
sistant to the General Manager for
Environmental Affairs, attempted to
convince the committee of the AEC's
conservative position on urban siting.
In the testimony before the Congres-
sional Joint Committee on Atomic

Energy in 1967, he said, ". . . the
AEC pointed out that urban siting re-
quired further important advances in
reactor-plant design . . . and that
until additional research and develop-
ment results were obtained and more
experienced gained . . . the AEC
planned to maintain a conservative
approach in evaluating plant safety
and in establishing a balance be-
tween compensating engineering
safety features and population den-
sity. Although this does not rule out
the possibility that power reactors
may one day be authorized for metro-
politan centers, as a practical matter
they have not been authorized either
in New York City or in any other loca-
tion having equivalent population den-
sities."

Di Nunno then made the distinc-
tion between the AEC's policy on nu-
clear-power plants and research reac-
tors. The research reactors, he says,
". . . have been constructed in many
different locations including metro-
politan areas because neither their
normal effluents nor the potential ef-

fects of equipment failure are suf-
ficient to justify isolation on safety
grounds. Also, extensive, favorable
experience has provided much con-
fidence that they can be used safely.
About 100 such reactors have ac-
cumulated some 750 reactor years
operating time without causing any
instance of radiation exposure beyond
the established safety limits to mem-
bers of the public."

The validity of these safety limits
for radiation were severely questioned
during the hearing. Di Nunno as-
sured the committee that the AEC
". . . has obtained the advice of the
best scientific talent available in the
world in establishing maximal values
for releases of routine radioactive
effluents from reactors."

The strongest challenger of AEC's

standards was John W. Gofman, of
the Biomedical Division, Lawrence
Radiation Laboratory, Livermore:
"Exposure of the US population to
federally allowable radiation dosage
would lead to . . . 32000 extra cases
of cancer and leukemia annually . . .
These numbers mean an extra can-
cer for every ten that occur naturally.
The existing safety limits are a joke
on the unsuspecting public . . . The
most potent enemy of atomic energy
is not truth, but it is a false optimism
and an ostrich-like approach of re-
fusal to examine the underlying risks
in a reasonable fashion. Every bit of
scientific evidence we have examined
shows that no foundation at all exists
for a 'safe' threshold."

Gofman's testimony was refuted
by Victor Bond, associate director
of Biomedical Sciences and Chemis-
try, Brookhaven National Laboratory,
who said: "The public has no way of
knowing that Gofman's numbers have
virtually no relation to reality now or
in the foreseeable future. To obtain
these numbers, he assumes that
everyone in the US is exposed to the
maximum of the exposure limits. The
actual exposure of the public from
industrial sources, for now and the
foreseeable future, is estimated to be
an extremely small percentage of what
he assumes. In addition, his numbers
are purely hypothetical. We have had
a great deal of experience with radia-
tion since 1895 and literally hundreds
of thousands of persons have been
exposed; yet there is not a single
case of serious injury or death docu-
mented to have resulted from doses
and dose rate commensurate with
the federal standards."

This sharp division within the sci-
entific community, says Weiss, who
sponsored the bill to ban reactors,
". . . indicates that there should be
a broader consensus." He is also
". . . impressed and persuaded by
the number of scientists who have
worked for the AEC on radiation and
are opposed to building nuclear reac-
tors in urban centers." "The AEC,"
he says "should be leading the fight
to ban nuclear reactors in urban cen-
ters, but if it does not then it is our
obligation . . . The AEC would like
us to believe that all scientific bodies
are behind them, which is not true and
makes me think that the AEC is not
leveling with us."

W. W. Havens, Jr, head of the di-
vision of nuclear science and engineer-
ing at Columbia, defended his research
reactor with his statement ". . . if I
could afford it, I would rather heat my
home with a TRIGA reactor than with
the oil burner that I now have be-
cause the TRIGA is much safer." The
hearing closed after about 12 hours
of debate, and the council was to vote
on the question at a closed meeting
during April.
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nomenon, nor is it confined to nuclear-
power plants. Many industrial plants
generate a large amount of heat, and
it is much less expensive to dump the
waste heat into a river than to release
it to the atmosphere. The rivers that
flow through Pittsburgh, for example,
are raised in temperature by 20 or 30
deg. This has had an adverse effect
on the fish and has in general upset
the ecology. Federal standards are
needed, and enforcement by the states
is most desirable. Such legislation is
now pending in Congress. These reg-
ulations should apply to any plant, be
it nuclear, fossil-fueled or chemical.
Nuclear plants should conform no
more or no less than any other type.
It is true that a nuclear electric plant
dumps more heat into a stream than a
fossil-fueled plant of corresponding
electric-power output. But it does not
make sense to raise a storm of protest
over a nuclear plant of 500 MW elec-
tric capacity while a 1000 MW elec-
tric fossil-fueled plant escapes almost
unnoticed. New York State has
passed legislation requiring nuclear
plants to make an environmental-eval-
uation report, which is not required
for conventional plants.

It is not surprising that a nuclear-
power plant that generates millions of
curies of radioactivity may discharge a
very small amount of radioactivity into
the atmosphere or waste stream. The
whole argument has to do with defin-
ing a "small amount" of radioactivity.
The nuclear critics insist that it should
be zero for a nuclear plant, whereas
they recognize that a coal plant does
emit some radioactivity from the small
amount of uranium and its daughter
products in the coal.

Merril Eisenbud and Henry G.
Petrow4 have noted that although the
amount of radioactivity from a large
coal-buming power plant is less than 1
curie per year of Ra22u and Ra228,
this release is the equivalent of consid-
erably greater amounts of I131 and
Kr8a, which are the principal atmo-
spheric effluents from a nuclear-power
plant. In either case the radiation
dose to the nearby population is very
small compared to the natural back-
ground of radioactivity.

• • • from radiation effects

Actually we know much more about
the effects of radiation on the human
body than we do about the effects of

< various chemical pollutants that occur
in ever increasing amounts in the air
we breathe and the water we drink.

Hundreds of millions of dollars have
been spent by the Atomic Energy
Commission in biological research
aimed at establishing not only the ef-
fects of radiation on man but also on
the environment, so we can be certain
that the ecological effects will be min-
imal. This concern is almost without
precedent. Certainly the automobile
industry has not expended much
money on the effects of smog on the
population, or the tobacco industry on
lung cancer or the chemical industry
on the effects of DDT on the ecologi-
cal cycle. One of the nuclear critics'
favorite expressions is that there is
enough radioactivity in a reactor to ir-
radiate everyone in the US with a le-
thal dose. There is also enough insec-
ticide manufactured to poison every
US citizen; moreover, the insecticides
are meant to be widely distributed,
yet the radioactivity is carefully con-
fined.

As a result of the tremendous re-
search effort on the effects of radia-
tion, the Federal Radiation Council
has developed a set of radiation-pro-
tection guides. The levels that have
been set, even for workers in the nu-
clear industry, are meant to be at least
an order of magnitude below that
where physical effects on the individ-
ual would be observed. (This is in
contrast to the ozone level in Los An-
geles, which is set just barely below
the level where eye irritation will be
noticed.)

If workers in the nuclear industry
were to get the maximal level of 5
rem per year, there probably would be
a small increase in the observed num-
ber of deaths caused by leukemia after
a number of years. But the additional
risk of death by leukemia to each per-
son so exposed would be less than
10"s per hour of exposure, less than
the normal occupational hazards.r>

Actually, it is rare for anyone to get 5
rem during a year, and most of us get
much less. Although 5 rem is consid-
ered to be a conservative figure
(much less, for example, than radiolo-
gists used to take) it is thought that
an additional factor of 30 reduction
should be made when considering the
dosage levels to the population at
large. Hence the protection guides
limit the amount of activity to such a
low level that the general population
will receive no more than a fraction of
a rem per year. Everyone receives
something like a tenth of a rem per
year of radiation because of cosmic
rays and natural radioactivity in the

earth and air-everyone, that is, but
those who live in certain high-level ra-
diation areas, like India, where they
receive eight times as much.

When one adds to this the radiation
from medical x rays (estimated to be
another 0.1 rem to the average mem-
ber of the population), it is apparent
that the amount contributed by nucle-
ar power is small in comparison. I do
not hesitate to take several rem of x
rays when it is needed for diagnosis or
treatment of disease. Here is a very
real example—the benefits far out-
weighing the risks. On the other
hand, I am opposed to taking even
medical x rays needlessly. Some of
the older machines for dental x rays
sprayed the whole body; the use of a
filter and cone can produce better
pictures with less radiation. X-ray ma-
chines in hospitals have also been
greatly improved; good, clear, lung
radiograms can be obtained with a
dose of one-tenth to one-hundredth of
a rem rather than with the several rems
required with poor equipment and
procedures.

Recent measurements by the Bu-
reau of Radiological Health, Depart-
ment of Health, Education and Wel-
fare, have shown that the Dresden
Nuclear Power Station, 111., has con-
tributed a negligible amount of radio-
activity to its environs, something less
than V/i of the natural radioactive
background and orders of magnitude
below permissible limits. But despite
the conservatism in setting the federal
radiation-protection guides, the Minne-
sota Pollution Control Agency, respon-
sible for water purity, has recently
protested the granting of a license to
operate a reactor, unless the operator
guarantees to maintain a level of ac-
tivity release that is a factor of 100
below the values recommended by the
Federal Radiation Council. If the
utility is not granted a license to con-
struct a nuclear-power station, power
demands will have to be met by add-
ing fossil-fuel stations with all the
stack effluents. All in the name of
"safety." I believe it is demonstrable
that the hazard from the presently reg-
ulated amount of radioactivity re-
leased in normal operation of a
nuclear-power station is much less
than that from the pollutants emitted
by the operation of a fossil-fueled sta-
tion.

Safeguards

However, the risk of releasing a large
amount of activity inadvertently i
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quite another matter. The hypotheti-
cal consequences of such an accident
were the subject of a much publicized
Brookhaven National Laboratory re-
port some ten years ago. The authors
assumed the worst possible combina-
tion of circumstances. They gave no
credit for containment in estimating
that half of the fission products would
become airborne; they assumed that
the accident would occur during an
atmospheric inversion and low-wind
velocity; and thus the fission products
would be carried straight toward a
population center with very little dilu-
tion or mixing. Under these cata-
strophic, but unlikely, circumstances
up to 3000 people could be killed, as-
suming evacuation was not possible.
The possibility that such a major ca-
tastrophe will occur is, I believe, ex-
ceedingly remote. However, the oc-
currence of several smaller events is

PEACH BOTTOM ATOMIC POWER
Station, Unit 1, located in Pennsylvania.

certainly within the realm of possibil-
ity; there surely is some risk. Never-
theless, it is the stated mission of the
nuclear industry and the regulating
agency to make the possibility of such
an accident exceedingly remote. How
do we go about it?

First, the fission products are con-
tained in fuel elements that would
melt only if cooling were to fail. Sec-
ond, the fuel elements are contained
within a primary coolant circuit that
undergoes the most thorough series of
tests and inspections that any pressure
vessel has ever been subjected to.
Then the whole works is contained
within a large steel or concrete con-
tainment vessel. Finally, there is an
exclusion area surrounding the power
plant and a low-population zone out-
side of that. This should result in
considerable dilution of the radioac-
tive fission products before they reach
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the population center, as w.ell as intro-
duce a delay so that evacuation can
begin.

For the radioactive fission products
to escape, the fuel elements must
melt, the primary vessel must burst
and the containment vessel must fail.
Even if all these failures occurred, it
appears that probably no more than
5% of the fission products would be-
come airborne—rather than the 50%
assumed in the Brookhaven report.
Even so, the release of 5% of the ra-
dioactive products under unfavorable
atmospheric conditions would be seri-
ous. And we can see ways that it
might happen. However, bear in
mind that, when a mechanism for an
event can be postulated, the design
can be modified to make that particu-
lar mode of occurrence most unlikely.
It is true that fate has a way of figur-
ing out another path to an incident
that was not foreseen. But the de-
signers and builders of nuclear-power
plants have exercised sophisticated in-
genuity and have spent large sums of
money to make the plants as safe as
they know how.

There have been accidents and re-
leases from experimental reactors.6

The releases have been small by com-
parison with the hypothetical Brook-
haven incident, and no member of
the public has been injured. The
graphite moderator of a large reactor
in Windscale, England, caught fire,
causing some fuel elements to melt
and bum. A considerable amount of
radioiodine was spread over the coun-
tryside, thereby contaminating milk
supplies and crops. That reactor was
not in a containment vessel (all
nuclear-electric stations in the US are
contained), so perhaps 2% of the fis-
sion products did escape. No power
reactor in the US has been similarly
involved. There were some fuel ele-
ments melted in the Fermi reactor,
but neither the primary nor the secon-
dary containment was violated.

A small experimental army reactor
(SL-1) released a considerable
amount of radioactivity to the build-
ing where it was operated, but only a
relatively small amount of activity, an
estimated 80 curies of I131, escaped
from the building and precipitated on
the desert. The prophets of doom
have heavily dramatized these reactor
incidents, pointing out that it can hap-
pen despite our best efforts. It all de-
pends on your point of view. To me
it demonstrates that a fairly major re-
lease of radioactivity from the core

can occur, as at Windscale or SL-1,
and yet no one outside the reactor
building received a tolerance dose of
radiation.

The important question still re-
mains. Have we succeeded in reduc-
ing the risk to a tolerable level, that is,
something less than one chance in ten
thousand that a reactor will have a se-
rious accident in any year? When we
have one hundred nuclear-power sta-
tions in operation, which is not too far
in the future, an accident once every
hundred years might be expected.
And if a hundred people were to be
killed, such as now happens in a major
airline disaster, it is a lower calculable
risk than that taken by many facets of
US industry today, and a small price
to pay for the benefits.

Have we succeeded in reducing the
hazards to such a low level? There is
no way to prove it. We have accumu-
lated, so far, some 100 reactor years of
accident-free operation of commercial
nuclear electric power stations in the
US. That is a long way from 10 000,
so it does not tell us much.

The only way we will know what
the odds really are is by continuing to
accumulate experience in operating
reactors. There is some risk, but it is
surely worth it. I am impatient with
those who cry "wolf" when there is so
much to be achieved. On the other
hand, it is a mistake to use the head-
in-the-sand approach and say it can
never happen to us. Scientists and
the public should be prepared to face
the possibility of a nuclear incident
just as we expect major earthquakes
that will exact a large toll in property
and lives. Only a few people advo-
cate abandoning the West Coast. I
hope only a few advocate abandoning
nuclear power, which promises so
much for mankind.

This work was sponsored by the Atomic
Energy Commission under contract with
the Union Carbide Corporation.
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