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Pour bien comprendre les questions nudéai res'

par

A.J. Mooradian

Résume

Au cours des trente années qu'il a fallu pour développer des centrales
nucléaires de type commercial, d'énormes quantités de données ont été
recueillies, très techniques pour la plupart. Le grand public n'est pns
en mesure de digérer les renseignements disponibles et bien des gens
s'inquiètent au sujet des tendances qui se dessinent pour l'avenir. En
fait, le public a le droit d'avoir de claires explications et les questions
qui le préoccupent doivent faire l'objet de discussions rationnelles.
Nous qui oeuvrons dans l'industrie nucléaire, avons le devoir de faire
connaître au public ce qui est bien établi et nous devons dissiper ses
inquiétudes par des faits qui justifieront notre conviction que l'énergie
nucléaire est nécessaire, bénéfique et qu'elle pourra répondre aux besoins
de l'humanité pendant des siècles.

*Rapport présenté à la Session intitulée "L'Energie
nucléaire et le public", lors du 1 6 e m e Congrès
annuel de l'Association Nucléaire Canadienne tenu
à Toronto du 13 au 16 juin 1976, de concert avec la
réunion d'été 1976 de 1'American Nuclear Society.

L'Energie Atomique du Canada, Limitée
Laboratoires Nucléaires de Chalk. River

Chalk River, Ontario

Juin 1976
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UNDERSTANDING THE NUCLEAR ISSUES*

by

A.J. Mooradian

ABSTRACT

Thirty years of developing commercial nuclear power have
resulted in an immense volume of information, much of it highly
technical. Members of the public are unable to digest what is
available and some are concerned over future trends. They are
entitled to clear explanations and rational discussion of the
issues. We in the nuclear industry have an obligation to make
known what is well established, to answer their concerns with
facts and to justify our beliefs that nuclear power is needed,
is beneficial and will continue to be available for centuries.

*Paper presented at the Session on Nuclear Energy and the Public,
Canadian Nuclear Association, 16th Annual Meeting, Toronto,
13-16 June 1976, held in conjunction with the 1976 Sunmer
Meeting of the American Nuclear Society.
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UNDERSTANDING THE NUCLEAR ISSUES

by

A. J. Mooradian

The nuclear debate has been in full flower for
several years now. It has generated a tremendous volume
of literature designed for public consumption; mrch has
been responsible, some has been irresponsible. No doubt
the vast majority of that which appears irresponsible has
been an attempt to articulate concerns which are difficult
to express.

So much has already been written on the subject
that it would be impossible to catalogue all arguments
and counterarguments in one short paper. Instead, I intend
to cover a few of the areas which I believe are rather
fundamental, and these from the viewpoint of someone who
has worked in the shadow of fission reactors for over
25 years and has been closely associated with the business
of developing nuclear power.

WHY NUCLEAR POWER?

It is becoming evident that although the world is
today about 98% dependent on fossil energy, the security
of fossil-energy supply is being threatened by the quick
fcih^ustion of readily available resources and that future
resources are increasingly difficult and costly to develop
as a long-term supply base.

The restraints likely to be imposed by a continued
dependence on fossil fuels become clearer when viewed in
world perspective. It took nature 600 million years to lay
down 10,000 Q (where Q = 10 18 Btu, about 1021 J) of fossil
energy(l). Of this, about l/50th is thought to be recover-
able by man, mostly as coal (about 90%). This assumes that
coal in seams of 12 inches (30 cm) or more is recoverable
at depths down to 6000 feet (1800 m)(2). If these resources
were exploited in the normal pattern of production growth,
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it would be impossible to elevate the present world popu-
lation of four billion to even current North American
energy standards. In fact, less than 607o of this standard
might be achieved for only a brief moment in history.
If we take into account the growth of world population
to a hopefully restrained equilibrium of 10 billion and
recognize that more energy ;•, ." .•-,.-/•?: v.- will be needed to
recover leaner resources, for recycling materials and for
control of the environment, it is unlikely that the world
could aspire to a standard of living approaching l/5th
that which we in Canada enjoy today - and that for only a
few decades.

While it is abundantly clear that we live in a
finite world with finite resources and that growth must be
tempered and eventually stop, it is equally clear that to
achieve an abrupt halt is not only incredible but moreover
would doom a large fraction of the human race to a survival
level of existence.

We face two tasks simultaneously - both of them
costly:

a) The first task is to buy time by securing, over the
next 20 to 50 years, the fossil-fuel supply promised
by nature.

b) Our second task is to use the time we buy to decrease
our dependence on fossil fuels by the introduction of
energy sources which are independent of fossil fuels.

It will require some significant change in our
normal pattern of industrial development, and probably in
our life style, if we are to successfuly execute these two
tasks simultaneously. In essence, the problem is to buy a
new energy-supply system with energy which is becoming
increasingly expensive. Simultaneously, all energy-supply
systems are now facing long lead times, anywhere from eight
to 12 years.

While this situation invites a hunt for all reas-
onable alternatives, it also requires the exercise of
judgment in setting priorities and developing the confidence
on which firm decisions can be taken today to avoid critical
shortfalls that would otherwise be inevitable tomorrow.

All authoritative analyses of the energy-supply
problem indicate that conservation must be introduced.
They indicate with equal clarity that conservation is not
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sufficient to resolve the problem. Conservation measures
themselves require significant expenditures of time,
resources and energy. Energy will be needed to make new,
smaller and more efficient automobiles, to make insulation,
to produce heat pumps, and the many other devices developed
to use our energy more efficiently.

The alternatives: solar, geothermal, wind, tidal,
fusion, biomass, etc., should all be examined and introduced
when and if they have met the various tests of viability.

I know no nuclear expert who would deny the impor-
tance of exploring all reasonable alternatives. We have,
however, learned something by way of having introduced a
technology and developed it to the point of significant
application. It has required a full 25 years to go from
proof of technological viability to a VL contribution to
North American energy supply. It would be mischievous and
imprudent to suggest that any one or all new alternatives
together could do more than make a small contribution to
the energy-supply problem before the turn of the century.
Even then one would hava to be prepared for the answer that
the promise cannot be met. To a generation that has seen
man walk on the moon, all achievements seem credible if
only sufficient resources are thrown into the task. How-
ever, the conversion of man's energy-supply system is a
job that compares more closely with colonizing the moon
than with walking on it.

One of the most important attributes of fission
energy is the credibility which has already been established
that it can make a significant contribution to the relief
of the energy-supply problem in the near-term future.
It also presents high promise for the long-term future.

The total world commitment (31 countries) to
fission power as of 31 December 1975, stands at 373,465 MWe,
comprising 485 units on order, under construction or in
operation(3). Assuming a 70% capacity factor for nuclear
plants and that: oil can generate electricity 307o more
efficiently than nuclear, this capacity is equivalent to
over three billion barrels of oil per year. It exceeds all
of the hydro-electric capacity now developed throughout the
world. Of this commitment fully 75,000 MWe is operational
in 19 countries.

It is inconceivable that any other technology,
however promising or imminent, could do as much to relieve
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the world's energy-supply problem over the next critical
25 years. It is not simply a matter of developing a
device. What takes the time and the resources is the
building of the whole infrastructure required to support
and regulate a large industrial scale of operation.

IS NUCLEAR POWER VIABLE?

Only the electric utilities are competent to
compare the relative merits of alternative power plants.
Many now have the necessary experience to compare coal-
fired, oil-fired, gas-fired or hydro plants with nuclear
plants. Those which lack direct experience have available
the consultation and detailed information of sister utili-
ties on which to draw. All are held accountable by either
their customers or their governments, or both.

Many criteria govern the choice including initial
cost, security and cost of fuel supply, availability of
supporting infrastructure, performance record, system
suitability, method of finance, acceptability to environ-
mental and other regulatory authorities. In many cases
an optimum mix of various power sources will make up the
system.

The only pragmatic test of viability is whether
or not nuclear power plants are purchased by these very
demanding customers. The read}' acceptance of nuclear power
by utilities around the world is the only valid proof of
viability.

IS IT SAFE?

All man's activities involve risk. There is no
such state as absolute safety for either an individual or
his society. The proper question is - "How safe is nuclear
power?"

Although there is no hazard which has been more
intensively investigated, we do not know all there is to
know about radiation and its effects on living organisms.
For this reason, the standards that are set for public
exposure are based on what is thought to be a conservative
assumption, i.e., any radiation, however small the dose,
may be harmful. Monitoring to such standards includes all
pathways to man, by both external radiation and internal
radioactivity (through respiration, food chains and water).
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One of the dominant concerns of those who question
nuclear power is not whether a few reactors pose a signifi-
cant hazard to the public, but rather, what is the hazard
if nuclear power dominates the energy supply for the nation?

All of the experience to date indicates that the
exposure to the public for the most extravagant program of
nuclear stations is unlikely to impose a radiation burden
in excess of two millirem/year per person (approximately
l/250th of that allowed an individual at the plant boundary)^).
This assumes that the entire population lives no further than
one mile from the power plants. The figure of two millirem/
year is in all probability highly conservative with regard
to any realistic population distribution.

The best scientific evidence would indicate that
for the whole of Canada a nuclear-dominated energy supply
would have a minor consequence in relation to the natural
incidence of cancer and genetic disease (see Table 1).

Table 1

ANNUAL INCIDENCE OF CANCER AND GENETIC DISEASE

(For Whole of Canada)

Fatal Cancers

Non-Fatal Cancers

Genetic Disease

Consequence of
2 mrem/a per person (5)

6.6

4.4
4-13

Natural
Incidence (1974)

34,065

30,000

30,. 800

(6)

(5)

(5)

There is a common misconception that induced genetic
effects multiply continuously from one generation to another
and that a single defect will in time permeate the whole human
race. The best scientific evidence indicates that the inci-
dence of these genetic defects stabilizes at a value which is
related to the magnitude of the repeated insult to the system,
and that the removal of the source of insult results in a
decline in the incidence of defects back to the original level.
The incidence of genetic disease attributable to nuclear power
shovel in Table 1 is an equilibrium value which is reached
within a few generations.
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Table 2 is presented here to put in context
the risk to the pujlic with that of natural and accidental
causes of death.

Table 2

CAUSES OF DEATH IN CANADA (1974)(6)

Circulatory System

Cancer

Accidents
Motor Vehicles £: Transport
Drowning
Poisoning
Falls
Fires
Firearms
Industrial Type
Others

Others

TOTAL ALL CAUSES

6634
1035
695

1831
805
122
882
941

- 82,162

- 3^,065

- 12,945

- 37,622

- 166,794

Total accidental deaths in the U.S.A. in 1973
numbered 115,821 of which one small category, poisoning
by gases and vapors, is shown in Table 3. I have broken
this out only to illustrate that the incidence of simple
poisoning resulting from fossil-fuel related hazards
offers at least one valid basis of comparing public risk.

Table 3

ACCIDENTAL DEATHS BY POISONING BY GA~£S AND VAPORS

(U.S.A. 1973)(7>

Gas distributed by pipeline 108

Liquefied petroleum gas distributed in

mobile containers 25

Other utility gases 12

Motor vehicle exhaust gas 792

Carbon monoxide from incomplete combustion

of domestic fuels 127

Other carbon monoxide 330

TOTAL 1,394
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y another way of putting this risk in
context is to examine the Level of exposure to the public
in relation to the discretionary portion of the natural
sources of radiation. For example, the altitude of
Calgary is about 3000 feet (1000 m) higher than Toronto
and therefore receives more radiation from cosmic rays.
The cosmic ray contribution to radiation of a Calgarian
is about 6 millirem/year higher than that received by a
Torontonian. This is three tirn.es the dose a Torontonian
would receive from nuclear power if he li-.-ed within one
mile of Pickering.

Similarly, one can choose to live on a granitic
formation or a sedimentary formation. The difference can
be 30 times the radiation exposure from a nuclear power
plant.

A point is often made that no risk, however
small, should be imposed, but rather should be a matter of
individual choice. Yet, in 1974, of 46,200 traffic fatalities
in the U.S.A., 8700 were incurred by pedestrians who made no
choice other than going for a walk'') .

One of the important misconceptions with regard
to nuclear power plant safety arises from the mistaken
assumption that nuclear reactors need perfect people to
produce a perfect machine and that perfect people are re-
quired to operate them. This coupled with the sure knowledge
that neither men nor machines are perfect results in a
skepticism that a low level of public risk can be attained.

If we could depend on the perfection of men and
materials, nuclear power would be very much cheaper and
easier to produce than is the case. Indeed the key to the
problem of design, construction and operation of nuclear
power plants is the recognition that both men and machines
are susceptible to failure. Internal and external audit
systems are required tc check the design, components, systems
and construction. Stringent commissioning procedures are
needed to test every facet of the system. The regulatory
authorities act in an adversary capacity, with enormous
power to demand compliance with criteria concerning every-
thing from siting and design to qualification of the
operation staff. Moreover, they hold this authority through-
out the entire life o± the plant. Mo component or system
is allowed to operate without a knowledge of its possible
imperfections. Reliability and safety are achieved through
such devices as redundancy, fail-safe principles, backup
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systems, inspection procedures and systems tests. It
comes as no surprise within the industry to hear of
failures which are often presented by nuclear opponents
as near-miss accidents. In fact, the whole exercise
ensures that such failures can take place without imposing
a risk to the public. The very low probabilities which
are quoted for public risk are the result of failure
assessments of real systems and real components, all of
which fail within statistically proven experience.

In Canada there are no less than 20 federal and
provincial agencies which scrutinize all aspects of nuclear
power projects before they are allowed to be built and go
on-line. All contain experts whose principal task is to
protect the public interest.

The probability that a nuclear power plant will
explode like a bomb is zero; it is simply not permitted
by nature. The likelihood of a major release of radio-
activity is so low as -o have little practical meaning.
Periodic breakdowns and industrial types of accidents are
much more likely - after all, a power plant is no more than
a man-made machine operated by people.

SPENT FUEL MANAGEMENT AND WASTE DISPOSAL

Spent fuel and nuclear wastes .re long-lived
hazards. Fission products require about 600 years to die
back to the activity of the original ore. Plutonium lasts
essentially indefinitely and must be considered a poison
in perpetuity. However, man has from the beginning of time
had to live with poisons and has learned that two principal
factors make up the level of risk - accessibility and tox-
icity. Most poisoning deaths are due not to highly toxic
substances, but to much less toxic ones in common use.
If drowning were to be regarded as poisoning by water, the
lethal dose would have to be measured in kilograms. Never-
theless, Table 2 showed that we lost over a thousand people
by drowning, in 1974, because of the great accessibility
of water. The trick then is to match inaccessibility to
toxicity.

Much of the confidence that spent-fuel management
and waste disposal are unlikely to constitute limiting
problems, is based on the following:

1. In Canada our experience with spent fuel from NRX dates
back 28 years. Since then we have accumulated 13 years
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of experience at NPD, 7 years at Douglas Point, 4 years
at Pickering and 10 years at Whiteshell. Throughout
the whole of this experience wa have put neither workers
nor public at undue risk. The track x< T-~d elsewhere
is as good as ours.

2. Gamma rays are easily detected by inexpensive instru-
ments at a dose about one millionth that required to
register the first somatic symptoms. This makes it
easy to monitor confinement: of mixed fission products.

3. The volumes of wastes are very much smaller than those
generated by non-nuclear means. For example, depending
on the choice of management scheme, it would require an
area between two to five square kilometres to store the
spent fuel arising from one million MWe-years of nuclear
power. Including the transportation costs, spent fuel
management is expected to burden power costs by no more
than 2%, even if required in perpetuity (3).

4. It is known that fission products can be immobilized
in vitreous blocks to achieve very low leach rates in
ground vcater. We have had one such experiment operating
at Chalk River for the past 15 years with excellent
resultsO).

Plutonium can be handled and controlled with safety:
I was part of a team which processed spent fuel and
purified many grams of plutonium without incident.
Like water, the principal hazard is getting it into the
lungs. The small residue which remains with the fission
products after reprocessing can be immobilized and con-
fined with them.

The plutonium hazard has been much overdramatized.
It is not the most toxic substance known to man.
If ingested, it requires about 10 grams of Pu 2 3 9 to
produce one cancer death. This can be compared with
the lethal doses of other substances taken orally:(10)

KCN 0.7 g

selenium oxide 0.3 g

HgCl2 0.8 g

If inhaled it is much more toxic but comparable to nerve
gas and benzpyr°ne. One cancer death could be expected
from the inhalation of 1.4 milligrams of Pu 2 3 9.
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Plutonium compounds do not occur in gaseous form and
dusts are hard to create and sustain. If any escape
of plutonium reaches man, it is much more likely to
enter the intestinal tract than the lungs.

6. The secure, retrievable storage of spent fuel or
immobilized wastes foi long periods does not impose a
significant burden on either land use or the economy^11'.
There is plenty of time to assess various attractive
schemes for ultimate disposal and to demonstrate their
effectiveness without committing future generations to
poor solutions.

7. Nature stores much more radioactivity than man will
generatedO). There are many clues to good solutions.

LONG-TERM PROMISE

Three highly credible possibilities support the
contention that the role of fission energy will not be
limited in the long-term future by a shortage of fuel:

(1) If we recover only 1/500th of the uranium laid down by
nature within a mile of the earth's surface, it would
be sufficient fuel to power a world of 10 billion people
at North American standards for a period of 1000 years
using only the proven commercial reactors available
today(12).

(2) The development of fast reactors would extend this by
at least a factor of 50.

(3) The development o' *~.he thorium-cycle CANDU would allow
us to tap a fuel resource three to four times more
abundant than uranium(13).

CONCLUSION

I indicated earlier that all man's activities
involve risk. It is equally true that man's inactivity
involves risk. The longer we live off our limited capital
of fossil resources the less likely it is that sufficient
resources will be left to bootstrap ourselves into a new
energy system. Although the system will likely require
more than one component we cannot afford to waste much on
poor guesses and false starts.
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One of the most credible components of the
required new energy system is fission power. Its here,
it's viable, clean, environmentally benign and developed
to the point where the risks are apparent and can be
faced squarely.

Our task now is to jealously preserve the
unparalleled safety record of the industry, to respond
to valid concerns, and to get on with the job.
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