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Foreword
Nuclear power is of growing importance to Canada. There is already a major pro-
gramme for the use of nuclear power for electricity generation in Central Canada
and the first nuclear power station is under construction in the Maritimes. It has
been predicted that by 1990 over one quarter of all the electricity generated in
Canada will be produced in nuclear powered generating stations.

Canada has been in the forefront of the development of peaceful applications of
nuclear energy for over three decades. We have developed a very successful nuclear
power system that is distinctly Canadian. In doing so, safety has been a major, if
not predominant, consideration. Unfortunately, however, there is still widespread
misunderstanding about nuclear power.

I welcome the production of this booklet which attempts to provide, in a question
and answer format, factual information related to nuclear power in Canada.

i I

Donald S. Macdonald
Minister of Energy, Mines and Resources
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Introduction by the President of CNA

Electricity is one of the most vital requirements of modern society. This
dependence upon electricity is expected to become even greater in the future.

Historically, Canada has relied heavily upon water power as means of generating
electricity. Today, however, few readily available sources of such energy remain
and we have had to turn to alternative sources. Among these various alternatives
are fossil fuels, tidal power, solar power, wind power and nuclear energy. Of
these, nuclear energy has shown the greatest potential for meeting our
immediate energy needs at acceptable cost and with minimum effect on the
environment.

Harnessing the atom as an energy source inevitably raises questions on the safety
and environmental effects of large scale use of this form of energy.

This booklet, produced by a special task force within the Canadian Nuclear
Association, is designed to answer in relatively simple terms the most commonly
asked questions concerning the use of nuclear energy in today's society.

The Canadian Nuclear Association wishes to do ail it can to ensure that those
persons genuinely seeking answers to their questions on nuclear power are pro-
vided with frank and authoritative information. It is my belief that the answers
given in this booklet, which have received the closest scrutiny by highly-qualified
persons, will make a very important contribution to any public discussion of the
subject in Canada.

J.M. Douglas, President
Canadian Nuclear Association
President, Babcock & Wilcox Canada Ltd.
May, 1975
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Questions

1. How much electricity
do Canadians use?

2. Just what is a
kilowatthour?

3. Why do we need to build so
many new generating stations?

4. Why don't we reduce our
use of electricity?

Answers

1. The Demand for Electricity

In 1974 we consumed 266.012 million kilowatt-hours (kWh).
This is equivalent to about 11,834 kWh per capita and is
the second highest in the world.

It is a quantity of energy, and is the standard unit which
utility companies use to bill customers for the amount of
electricity they consume.

For example, a 100 watt light bulb uses energy at the rate
of 1/10 kW, so will consume one kWh in ten hours.

Both because our population is growing, and we keep
increasing the amount of electricity we use per person.

At the current rate of increase, our population will doible
in the next 40 years. And our per capita use of electricity
has been doubling every 20 years. As 3 result, over the past
several decades, the demand for electricity has doubled each
decade. It appears likely that this trend will continue for
some time into the future.

14.000

< 1.3 This chart shows projected
total energy consumption from all
sources. Part of this energy will be in
the form of electricity.

1960 1970 1980 1990 2000

Conservation of electricity, as for other forms of energy,
deserves serious consideration. But few of us could reduce
our consumption to any great extent without changing our
life style quite drastically unless we used some other form
of energy such as natural gas. This would only hasten the
depletion of a natural resource which is already heading for
short supply.

Individual efforts to reduce the consumption of electricity
are certainly worthwhile, but they will not stop the growth in
demand. Domestic use accounts for only about 24% of the
total, while 60% is used for industrial purposes and 16% far
commercial use. In other words, three-quarters of tha electri-
city consumed is used to keep our industry and commerce
operating efficiently.
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Questions

1. Doesn't Canada get most
of its electricity from hydro-
electric generating stations?

2. Why not keeo on building
more coal, oil or natural

gas stations?

Answers

2. Why Nuclear Power?

Yes, hut the percentage is decreasing. During 1950, 94 per-
cent of our electricity was generated by hydro-electric sta-
tions. But by 1974, this had dropped to 78 percent.

Most of the accessible hydro sites have now been devel-
oped. Those remaining have high development costs and
present environmental problems. They are also in remote
locations, so the power would have to be transmitted over
great distances.

Consequently, more and more thermal stations fuelled by
coal, oil or natural gas have been built over the past 20
years. By 1973, the proportion of our electricity generated
by thermal stations had increased to over 20 percent.

4 2.1 The Wïanic-2 hydra-electric
generating station of Hydro-Quebec
has an installed capacity of
1,015,200 kW from its eight tur-
bines.

We are. However, the cost of both oil and natural gas has
been increasing sharply in recent times and there is some
uncertainty as to the availability of future supplies.

There are also problems with coal. The coal in Western
Canada is a long way from the power stations in Central
Canada. The coal Ontario has been importing from the U.S.
is becoming in short supply and, generally, has a high sul-
phur content which results in pollution problems.

4 2.2 Close to Toronto is the
coal-fired Lakeview thermal genera-
ting station of Ontario Hydro with
eight steam turbine generators hav-
ing an installed capacity or
2,400,000 kW. The stock pile con-
tains 2.8 million tons of coal suffi-
cient to last about 6 months of
operation.
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Questions Answers

3. Even so, why build
nuclear power stations?

Nucleai power offers a reliable and relatively low-cost source
of electricity. CANDU type nuclear power stations (see
Chapter 4) use domestic natural uranium as fuel. Canada has
about one fifth of the world's known supply of this fuel.

Canadian CANDU stations are now producing electricity
at a cost lower than that from conventional thermal stations.
The station at Pickering on the shore of Lake Ontario, in its
first two years of full operation, produced more electricity
than any other nuclear station in the world.

V2.3 On the shores of Lake
Ontario close to Toronto, the Pick-
ering Generating Station of Ontario
Hydro is one of the largest nuclear
power plants in the world. It con-
tains four units with a total capacity
of 2,160,000 kW. Construction is
now proceeding to add four mare
units of the same size.

4. But are nuclear power
stations safe?

Yes. See Chapters 14 and 15 for details.
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Questions

1. What is meant by Nuclear
Power, Nuclear Energy

and Atomic Energy?

2. What is a nuclear

power station?

Answers

3. What is Nuclear Power?

The terms Nuclear Energy and Atomic Energy are often
used interchangeably. Both refer to energy liberated by a
nuclear reaction (fission or fusion) or by radioactive decay.

Nuclear Power is the power generated by putting nuclear
energy t o work. The production of steam and the generation
of electricity are examples of this.

In power stations which use coal, oil or gas, the fuel is

burned in a furnace. The heat produced is transferred to a

boiler where water is turned into steam which is used to

drive turbine generators and so produce electricity.

In a nuclear power station, the heat is produced by split-

ting atoms in uranium fuel (fission). This heat is transferred

to the boiler and, from this point on, a nuclear station is

the same as any other thermal generating station.

V 3.2 In a conventional thermal
power station, coal, oil, or gas is
burnt in a furnace to produce heat
which converts water in the boiler
into steam to drive the turbine. In
a nuclear power station, the heat is
produced by the splitting of uran-
ium atoms in the reactor.

CONVENTIONAL POWER PLANT

HEAT APPLIED TO

ORDINARY WATER

PRODUCESSTEAM

STEAM PRESSURE

DRIVES TURBINE

TURBINE DRIVES GENERATOR

PRODUCING ELECTH1C1TY

FUEL

(COAL)

HEAT PRODUCED BY

BURNING COAL OR OIL

(CHEMICAL REACTION)

CANDU NUCLEAR POWER STATION

HEAT APPLIED TO

ORDINARY WATER

PRODUCES STEAM

FUEL {URANIUM)

ΗΓ AVY WATER COOLANT"

Τ IANSFER5 HEAT FROM URANIUM

FUEL TO ORDINARY WATER IN

BOILER [STEAM GENERATOR!

HEAT PRODUCED BY

FISSIONING URANIUM

(NUCLEAR RE ACT I ON I
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Questions

3. What is an atom?

4. What is a nuclear
fission reaction?

5. What is a nuclear reactor?

Answers

An atom is the smallest amount of an element which has
the chemical properties of that element.

It consists of a comparatively massive central nucleus
carrying a positive electric charge, around which electrons
move in orbit at relatively long distances away.

The nucleus is made up from protons and neutrons. The
number of protons present is the atomic number of the ele-
ments and determines the charge on the nucleus - and hence
its chemical properties.

The sum of the number of protons and neutrons is called
the mass number and determines the mass of the nucleus.

The number of neutrons in the atom of a given element
can vary, resulting in nuclei that have the same atomic num-
ber, but different mass numbers. The variants are called iso-
topes of the element.

The number of electrons in a neutral atom is equal to the
number of protons in the nucleus and their charges balance
the equal and opposite charge of the nucleus. All atoms of
the same atomic number (i.e. the same number of protons)
are atoms of the same element, irrespective of the number
of neutrons present.

The figure at the right shows the atom structure of ordi-
nary hydrogen and that of the hydrogen isotope deuterium.

The isotopes of hydrogen and uranium arc particularly
valuable to the nuclear industry.

Natural uranium, as mined, consists mainly of the isotopes
U-238 and U-235. Less than one percent is U-235 and it is
only U-235 atoms that are capable of being split to any
great extent.

NUCLEAR FISSION

FISSION
PRODUCTS

SLOW
NEUTRON ,

(

URANIUM
235.

1 PROTON
1 = MASS NUMBER

ATOM OF ORDINARY HYDROGEN ( H - l l

• 1 PROTON
1 NEUTRON

2 = MASS NUMBER

ATOM OF HEAVY HYDROGEN
OR DEUTERIUM (H-2)

< 3.4 A slow moving neutron
trikes tho nucleus of a uranium-

235 atom causing it to split into
two pieces which fly apart genera-
ting heat. At the same time neu-
trons are given off, which, when
ilowed down by the heavy water
moderator, are able to split other
uranium-235 atoms maintaining a
chain reaction of splitting atoms
and a steady generation of heat.

Fission (splitting), occurs when the nucleus of a U-235
atom is hit by a neutron. The nucleus splits into two smaller
parts, called fission products, and at the same time produces
heat and emits two or more neutrons. Some of these addi-
tional neutrons will split the nuclei of other U-235 atoms
which, in turn, will produce more heat and emit more neu-
trons. And so the process continues, provided the circum-
stances are just right. The result of a controlled chain reac
tion of splitting atoms is the production of an even supply
of heat.

A nuclear reactor is an apparatus designed and operated for
the purpose of initiating and maintaining a controlled nuc-
lear fission chain reaction in a fissile material.
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Questions

6. What is a moderator?

Answers

In a practical form for heat generation, it may take the
form of a large tank which houses the fissile fuel, a moder-
ator, and the pressurized cooling medium.

The neutrons emitted by the fission process are travelling
so fast that most would pass through the U-235 atoms with-
out splitting them. In most reactors the fast-moving neutrons
are slowed to a speed at which fission is more probable.
This is done by making them pass through a material called
a moderator.

The neutrons bounce off the atoms of the moderator and
are slowed down. The materials in use as moderators are
ordinary light water, graphite and heavy water. The most
efficient is heavy water because it absorbs the least number
of neutrons.

) I
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Questions

1. What kind of nuclear
reactors are vie building

in Canada?

Answers

4. What is Candu?

Our Canadian,designed and built reactor has three specific
features which distinguish it from other types:

1. it uses natural uranium fuel
2. it uses heavy water as the moderator
3. it is a pressure tube reactor

The system is known as CANDU, which is derived from
CANada, Deuterium and Uranium, signifying that it is a
Canadian concept, uses deuterium (heavy water) as the
moderator and that the fuel is naturel uranium.

The heart of the CANDU reactor is a large tank called a
calandria. A large number of pressure tubes pass through
the calandria. Inside these tubes metal assemblies, or bun-
dles, containing natural uranium fuel pellets are inserted.

The heat produced by splitting the uranium atoms is
transferred to the coolant which is pumped through the
tubes under pressure. The coolant is then passed through
boilers where heat is extracted to convert water into steam
to drive the turbines.

The calandria, around the pressure tubes, contains heavy
water used as a moderator to sustain the chain reaction of
splitting atoms in the uranium fuel.

It is the combination of pressure tubes to contain fuel
bundles and coolant in the calandria, the heavy water mod-

CANDU REACTOR FLOW DIAGRAM

STEAM PIPES

• LIGHT WATEfl STEAM

• LIGHT WATER CUfiDENSATE

ID HEAVY WATER COOLANT

• HEAVY WATER MODEHATOH

MODERATOR MEAT EXCHANGER
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Questions

2. What other types of

power reactors are in

commercial use today?

Answers

erator, and the natural uranium fuel that characterizes the
Canadian reactor.

The use of pressure tubes gives flexibility to the design
of the reactor in that an increase of power may be obtained
by increasing the size of the calandria and adding more
tubes. Another advantage of the pressure tube design is the
ability to refuel without shutting down the reactor. This
contributes to efficient use of the fuel in the reactor and
eliminates the downtime necessary to refuel other types.

The United States has developed a system which uses light
water as both moderator and coolant contained in a single
large pressure vessel. Because light water absorbs many
more neutrons than does heavy water, the fuel has to be
enriched by increasing the proportion of U-235.

This type of reactor is shut down about once a year for
refuelling. Since the fuel enrichment process is expensive
the unused U-235 in the spent fuel is reclaimed and mixed
with new fuel to reduce operating costs.

The hot moderator/coolant is pumped to a boiler where
the h t j t is used to convert ordinary water into steam to
drive the turbine. This system is known as a Pressurized
Water Reactor (PWR).

Another version of this type of reactor permits the
water to boii inside the reactor to produce steam which is
then fed directly to the turbine. This system is known as
a Boiling Vtoter Reactor (BWR).

Britain developed a reactor which uses graphite as the
moderator and carbon dioxide gas under pressure as the
coolant for the hot fuel. The hot gas is passed to a boiler
where steam is raised to drive the turbine.

CONTROL AND

SAFETY RODS X

PRESSURE VESSEL

CORE SUPPORT .
STRUCTURE

. SEPARATORS

• U-TUBE BUNDLE

STEAM TO TUR81NE

STEAM WATER
SEPARATORS-

COOLANT PUMP
CONTROL AND
SAFETY RODS

REFUELING STANDPIPES

INTERNAL SHIELD -

FUEL CHANNELS

PRESTRESSED CONCRETE

PRESSURE VESSEL

BOILER MODULE

i=Ea

STEAM
TO TURBINE

FEEDWATEfl

< 4.Za The Pressurized Water Re-
actor {PWRÏ uses light water as the
combined moderator and coolant
and enriched uranium as fuel. The
pressurized coolant transfers its
heat to a separate water circuit in
the boiler to generate steam.

Ο 4.2b The Boiling Water Reactor
(BWR) is similar to the pressurized
W3ter reactor except that the coolant
is permitted to boil in the reactor thus
producing steam without a separate
steam generator.

<! 4.2c The Gas Cooled Reactor
(GCR) uses graphite as the
moderator and a gas such as carbon
dioxide or helium as the cooling
medium to remove heat from the
fuel.
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Questions Answers

1. Are we exposed to
radiation in normal day-to-

day living?

2. What is ionizing radiation?

3. Which radiations are harmful
to people?

4. On what does biological
damage from ionizing

radiation depend?

5. What units are used to
measure exposwe to radiation?

5. Sources of Radiation

Yes, we live in a sea of radiation. Most of it is natural, but
some is man made. Table 1 shows some radiations and some
of their sources and uses.

TABLE 1 - ELECTROMAGNETIC RADIATION

Types of Radiation

Radio waves
Microwaves
Infra-red
Visible red/violet
Ultra violet
X-rays
Gamma rays

Z ra

Z z

Sources

Power circuits
Klystrons, magnetrons
Stoves, heaters, sun
Sun, lamps
Sun, sunlamps
X-ray machines
Radioactive materials

Uses

Radio communications
Radar communications, cooking
Heating
Vision, plant life
Sun-tanning, vitamin production
Medical diagnosis
Radiotherapy

In addition to the above electromagnetic radiations there are nuclear radiations which are high speed
particles. The commonly encountered particulate radiations are beta and alpha particles, and neutrons.

When the various types of radiation pass into a material they
interact with its atoms. Some of the radiation particles or
photons have enough energy to remove eiectrons from these
atoms. This is the process called ionization, and the radia-
tions are called ionizing radiations.

In order to ionize, the particles or photons must possess
greater energy than that of ultra-violet radiation. The com-
monly occurring radiations which can cause ionization are
x-rays, gamma tays, neutrons, beta particles and alpha par-
ticles.

Under certain conditions, almost all are harmful. Non-
ionizing radiations such as microwaves and infra-red can
cause biological damage when they deposit enough energy
or heat to cause tissue burns (sunburns for example). Dam-
age by ionizing radiation can result even when there is no
overheating. Exactly how this happens is not fully under-
stood, but the ionizing process produces very reactive chem-
ical species or radicals which react chemically with parts of
cells and tissues.

Biological damage depends on the amount of energy depos-
ited in the tissue, and the method and rate of deposition.

The effect of deposition rate is that large doses received
in a short time cause more harm than would the same dose
spread over a longer period. This is comparable w : the
effects of taking a hundred aspirin tablets in an hour, or
taking one a day for a hundred days. The effect of rate is
discussed in more detail in Chapter 7.

Two units are used, the rad and the rem. The rad measures
energy absorption only, and one rad represents an absorp-
tion of 0.01 joules per kilogram of material exposed.

The rem takes into consideration the methods of energy
deposition by the various kinds of radiation as this is an
important factor in the amount of biological damage. For
example, a dose of one rad of fast neutrons is ten times
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Questions

6. What radiation dose limits
apply to people?

7. Are we exposed to
ionization naturally?

8. Are we exposed to any
man-made radiation?

10

Answers

more biologically damaging than one rad of x-rays.
Rads and rems are related by:

Rem dose = rad dose χ quality factor.
The quality factor takes into account the damaging ability
of the various kinds of radiation. A sub unit of the rem is
the millirem or mrem, which is one thousandth of a rem.

Dose limits in Canada are prescribed by the Atomic Energy
Control Board. Separate limits apply to the public and to
occupational workers.

For members of the public the limit is a total of 500 mrem
in a year. This is exclusive of medical radiation exposure. The
limits apply to whole body doses or to critical organs such as
the blood-forming organs and the gonads. For olher organs
the dose limit is higher, e.g. 1500 mrem per year for the
thyroid of a child.

Dose limits for occupational workers, whose working
conditions and health are closely monitored, are ten times
those for the public.

These limits agree with the recommendations of the In-
ternational Commission on Radiological Protection, a body
of experts supported by groups such as the United Nations,
the World Health Organization and the International Labour
Organization.

Yes. On average an inhabitant of North America receives
about 100 mrem per year from various natural sources. See
Table 2.

TABLE 2 RADIATION DOSES

NATURAL RADIATION

Cosmic radiation

External gamma radiation

Radionuclides in the body

mrem / year

44

40

18

< Average radiation dose in North
America from natural sources. (Fig-
ures taken from the U.S. Academy
of Sciences report on the Biological
Effects on Ionizing Radiation.)

TOTAL 102

Yes. This varies from individual to individual, but the aver-
age man-generated radiation dose received by a person in
Canada according to a National Research Council study is
about 80 mrem/year. Details are given in Table 3.

TABLE 3 RADIATION DOSES

ENVIRONMENTAL
Natural
Global fallout
MEDICAL
Diagnostic x-rays
Radiopharmaceutical
NUCLEAR POWER
(MISCELLANEOUS

TOTAL

mrem/yesr

102.0

4.0

72.0
1.0
0.003
2.8

182.003

< Average radiation dose in Canada
from all sources.
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Questions Answers

9. What doses do we get from
medical x-rays and are these

x-rays safe?

10. Is there a variation in

natural dose according to where

~οη lives?

The average dose to bone marrow (blood-forming organs)
for various x-ray examinations is given in Table 4.

Medical x-rays are excluded from radiation dose limits
because they are considered to be an individual choice.
These x-rays contribute directly to the patient's health, and
the risk is low. Even so, efforts should be made to keep
them to a minimum.

TABLE 4 MEAN BONE

Type of Examination

Dental (full mouth)

Chest
Abdomen

Stornach and G.I. tract

Lower G.I. tract

MARROW DOSAGE

(upper)

- MEAN Ε

* mrem

20

40
100

300

600
IONE MARROW DOSE

< Average dose to bone marrow from
various diagnostic X-ray procedures
(Reference International Commission
on Radiological Protection Publication
16.1970).

Yes, and there are three reasons for this.
The first is that external terrestrial radiation, that is rad-

iation from the ground, varies because of the difference in
naturally-occurring radioactive material in the soil. In Kerala,
India, for example, this background radiation is as high as
5000 mrem per year due to the high percentage of radio-
active thorium in the soil. In Canada, the background radi-
ation does not vary widely with location. It is probably
similar to variations in the U.S. where three general areas

TABLE 5 COMPUTE YOUR OWN

Sauna o l Ε»ρο«ιΐ·

WHERE YOU L I V E CUSMIC RADIATION
Location: Sea Level
A d d 3 for every 500' above se

TERRESTRIAL

Average based on U S . data

fTefiestrialvanaiion not

definitively known in Canada)

RADIATION

Your

a level

DOSE

Annual D O M

41

10

HOUSE CONSTRUCTION

(based απ 18 h/day m house)

Wood subtract 9 mrem.

Other lype of house - do nor

subtract any dose

WHAT YOU £

DRtNK AND!

AT,

BflEATHE
NATURALLY OCCURRING RADIONUCLIDES

FALLOUT FROM PREVIOUS A WEAPONS TESTS

Cosmic Radiation During Flight
Number of such flights = 4 =

18

4

_

MEDICAL / DENTAL X PAYS

Chest x-rays No. / yr. κ 40 =

Lower G.I. Tract No. / yr. χ 600 =

Dental x-rays

{ful l mouth)

No. / yr. χ 2 0 =

A t site boundary *

1 mile f rom boundary

5 miles f rom boundary

Add 2

Add 0.7

Add 0.1

Compare with North Arrter

have been identified — the Atlantic, Gulf and Coastal Plains,
the Eastern Slope of the Rocky Mountains, and the rest of
the country· The terrestrial background radiation is about
23,90 and 46 mrem respectively for these areas.

I I

11
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Questions

12

Answers

The second reason is that the cosmic ray component of
background radiation increases rapidly with height. It is
about 41 mrem per year at sea level and increases by about
3 mrem per 500 feet increases in elevation. (This value
holds to heights of 5000 feet.)

The third variation is due to the differences in radio-
activity of house construction materials. No measurement
of this has been made in Canada, but measurements in
other countries indicate that the dose is about 10 to 15
mrem higher in concrete houses than in wooden houses.
This is offset, however, by the fact that a concrete house
offers some shielding from external radiation.
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Questions

1. Are any radioactive materials

released from nuclear power

stations?

2. Does this cause an increase

in radiation near a nucleai
power station?

3. What is tritium?

4. Is tritium produced only

in CANDU reactors?

Answers

6. Radiation from Nuclear Power Stations

A small amount of radioactive materials may be released in
the form of either activation products or fission products.

Activation products result from neutrons in the reactor
bombarding materials such as air, coolant, or tiny bits of
metal which have corroded from the piping system and are
suspended in the coolant. (Sometimes these are called cor-
rosion products.)

Fission products are the lighiar atoms (usually radio-
active) produced by the fission process. While they are
formed in the fuel, they may find their way into the cool-
ant through small defects in the fuel sheath.

Very small quantities of activation or fission products
may be released from the coolant system by off-gas sys-
tems, handling of filters, small internal leakages and other
reasons.

The principal radionuclides released are shown in Table 1.

The releases may cause a slight increase in the annual radi-

ation dose at the station boundary.

Tritium is a weakly radioactive isotope of hydrogen. It has
a nucleus of one proion and two neutrons, and is chemically
identical to hydrogen.

FORMATION OF TRITIUM
HYDROGEN ^ -*.

s< ^ ΡΒΟΤΟΛί y

C ^^^^ -"̂"^^•^^^^ÉLECTRON

DEUTERIUM

/ NEUTRON

- ^ -

o # PROTON

ELECTRON

DEUTERIUM NUCLEUS ABSORBS
NEUTRON AND BECOMES TRITIUM

J s ^ ^PROTON J

/ ^ y
/ELECTRON ^ ^
^^mm^ H3

Tritium is produced in all water reactors. In CANDU reac-
tors i t is produced in large quantities through neutron cap-

TABLE 1 RADIONUCLIDES

Radionuclides

IN GASES

Tritium

Argon-41

Krypton, Xenon

Iodine—131

IN LIQUIDS

Cesium — 137

Cesium — 134

Cobalt - 60

Tritium

Source

Activation Product

Activation Products

Fission Product

Fission Product

Fission Product

Fission Product

Activation Product

Activation Product

Half Life

12 years

1.8 hours

hours to days

8 days

30 years

2 years

5.3 years

12 years
13
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Questions

5. Is it possible to control
or eliminate the release of

radioactive materials?

6. What are the limits of
radioactive release, and how

are they established?

14

Answers

ture by the deuterium in the heavy water. Elaborate pre-
cautions are taken to minimize the escape of tritium.

Tritium is usually found in the oxide form, chemically identi-
cal to, and closely associated with heavy water. The CANDU
system is designed to minimize the escape of heavy water, so
is effective in containing tritium.

It is possible to control them. Filtration, delay and moni-
toring are employed.

All effluents are monitored. If for any reason their radio-
active levels were too high, the effluent flow, or the radio-
active input to the effluent, would be stopped. Normally,
effluents contain very little radioactivity, generally only a
small fraction of the radioactive release limits.

Maximum limits for the radioactivity that may be released
are prescribed in the operating licence issued by the Atomic
Energy Control Board for each station. These limits are
derived from the maximum radiation dose permitted to an
individual member of the public. For the whole body dose
this is 500 mrem per year. In practice, utilities work to less
than one per cent of this.

For gases, the limits are such that if the release were con-
tinued for the whole year, the dose received by someone
spending the full year at the station boundary would not

LEVEL OF RADIOACTIVE RELEASES FROM
A TYPICAL NUCLEAR POWER STATION

IN GASES

Tritium

- 0.22%

Noble
Gases

0.2%

Iodine
131

.02%

IN LIQUIDS

Tritium

.09%

Gross
Beta *

.28%

100 -

5
4
3
2
1

* Mixture of activities — limit is based on most
restrictive of radionuclides which could be
present.

exceed the dose iimit. Any circumstances which could con-
centrate the -dioactive material or increato the dose are
taken into account.

For radioiodine-131, which concentrates in the thyroid,
the dose which could be received by a child drinking milk
from cows grazing in the vicinity of the power station,
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will determine the release limit. Cows collect and concen-
trate radioiodine that may be deposited over a wide pasture
area. Much of the radioiodine will appear in the milk.

The limits for liquid effluents are based on a person not

GENERALIZED EXPOSURE PATHWAYS FOR MAN

LIQUID EFFLUENTS
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Questions

7. How much radioactivity do
CANDU stations release?

8. Will the present release
limits give adequate protection
to the public if a large number

of nuclear power stations
are built?

9. Will gaseous radioactive
effluents from nuclear power

stations contribute to a
general world-wide increase

in radiation dose?

16

Answers

only drinking the effluent, but also eating forty pounds a
year of fish raised in it. Fish, oysters and other edible
marine life can concentrate certain radionuclides, so this is
taken into account in deriving release limits.

Very little. Releases from all CANDU stations in operation
are generally less than one psitent of the derived release
limits. The results from Pickering G.S. are shown in Table 2

TABLE 2 MAXIMUM RADIATION DOSES

Maximum dose
from gaseous emission:

Continual residence at boundary

1 mile from boundary

5 miles from boundary

Maximum dose from liquid
effluent to a person drinking
effluent and eating 40 pounds
of fish raised :n effluent

2.0 mrem

0.7 mrem

0.1 mrem

2.0 mrem

PICKERING 1974

At present, release limits based on effluents From a single
station are satisfactory. However, at some time in the future,
they may have to be adjusted downwards to take into
account the possibility of build-up of a radionuclide.

There are mechanisms at work removing radionuclides,
such as ion exchange on bottom sediments and flow
through a lake, but the problem still needs consideration.
For the Great Lakes, the International Joint Commission
has this under review and will be making recommendations
to ensure that with an increased number of stations, a
significant build-up with a resultant significant population
dose does not occur.

The relatively long-lived radionuclides such as tritium and
krypton-85 being released may tend to cause an increase in
world-wide background radiation dose. However, with ex-
isting controls on releases from individual nuclear stations,
any increase will be negligible.

For example, the estimated increase in background dose
from the release of tritium is likely to be less than 0.001
mrem from all the nuclear power stations operating by the
year 2000.
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Questions

/. How does radiation
affect people?

2. What are the immediate
effects and at what doses

are they evident?

3. Has anyone received high
doses of radiation as a result

of the nuclear power programme?

4. What are the delayed effects
of radiation?

5. Is the knowledge of these
delayed effects well established,
or can there be some unknown

effects not yet discovered?

6. What precisely, are the
delayed somatic effects?

7. Exactly how serious is
this risk?

Answers

7. Biological Effects of Radiation

The effect depends on the dose. If the dose received is
large, there may be immediate effects. There may also be
delayed effects, whether the dose is large or small.

Large doses of radiation received over a short period of
time produce a variety of immediate effects, depending on
the severity of the dose.

For radiation doses below 25 rem, generally, there are
no observable immediate effects. A dose of 1000 rem re-
ceived within a few hours will result in death within thirty
days of anyone who receives it.

Between these two values there is a progressive worsening
of effects which include sickness, diarrhea, loss of appetite,
loss of hair and bleeding.

At 450 rem, about half the people exposed would likely
die within thirty days. It is unlikely that death would be
caused by doses of less than 200 rem.

There have been no deaths, or even injuries, from radiation
exposure resulting • om the operation of nuclear power
generating stations in Canada. There is very little chance of
any member of the public receiving a high dose of radiation
due to nuclear power station operation.

There were some deaths due to high doses in the early
days of work in other countries on nuclear weapons and on
some experimental reactors.

There are two delayed effects of exposure to radiation —
somatic and genetic.

Somatic effects occur within the lifetime of the person
exposed. Genetic effects are those transmitted to the
descendants of the exposed person.

Knowledge of the delayed somatic effects is well established
Less is known about genetic effects, but estimates of maxi-
mum risks can be made from the many studies on the sub-
ject.

Table 1 lists some of the exposed groups of people who
have been studied and from which information has been
obtained en the delayed effects of radiation.

f-'n specific delayed illness results from exposure to radia-
tion. The major effect appears to be an increase in the
chances of contracting certain types of cancer.

The best information on the extent of the risk comes from
two of the groups studied — the Japanese survivors of the
atom bombs dropped on Hiroshima and Nagasaki, and a
group of people exposed to radiation along the spine to
alleviate a crippling rheumatic condition.

On the basis of follow-up studies of these groups we can
calculate a risk figure. If a population of one million people
is exposed to one rem, at some time in the future, there
would be about 100 cases of leukaemia or other cancers
which would not have occurred without the exposure. This

I !

17
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Questions

8. Some U.S. scientists have

claimed that the risks from

nuclear power generation are

very serious. Have these

claims been substantiated?

18

Answers

figure is based on the study groups who received doses of
100 rem over a short period of time. It makes the assumption
that the dat? for high doses can be extrapolated to low
doses; that the effect of a one rem u-se will be one hun-
dredth the effect of a 100 rem dose. This ic a conservative
assumption.

V Groups exposed to radiation and
information gained from studies

TABLE 1 RADIATION EXPOSURES

Study

Japanese bomb survivors
Patients treated for spinal arthritis

U.S. radiologists
U.K. radiologists
U.S. Army X-róy technicians

U.K. children irradiated in utero
U.S. children irradiated in utero

Uranium miners
Newfoundland fluorspar miners

Radium dial painters
Patients treated with radium

Women treated for T.B. with
artificial pneumothorax
(repeated fluoroscopy)

Patients treated with 1-131 for
Hyperthyroidism —
Marshall islanders

Gave Information on

GENERAL RISK OF
MALIGNANCY

GENERAL RISK

INCREASED MALIGNANCY
RISK TO CHILDREN

LUNG CANCER (RADON)

BONE CANCER

BREAST CANCER

THYROID CANCERS

Several U.S. scientists have made such claims. One in par-
ticular, a Dr. Sternglass of the University of Pittsburgh,
alleged initially that radiation from fallout, and later from
nuclear power stations, has been responsible for a marked
increase in infant mortality.

These allegations initiated a large number of studies by
health authorities in the U.S. None of these studies cor-
roborated the findings of Dr. Sternglass. One study carried
out at the Dalhousie University in Nova Scotia found there
was no relationship between fallout levels and infant mor-
tality.

The work of Sternglass was reviewed recently by the U.S.
Academy of Science in its report on the Biological Effects
of Ionizing Radiation. The report stated:

"In several regards the data used by Sternglass appears to
be in error. One of the most vital assumptions in the
model — that without the atomic tests the infant mortality
rate mould have continued to fall in a geometrically linear
fashion — is without basis either in theory or in observation
of trends in other countries or in other times."
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Questions

9. Others have said there could
be a very large number of deaths

due to nuclear power in the
U.S. Is this supported by facts?

10. Can radiation cause
genetic effects?

11. What are genes and

12. What kind of genetic
defects can result?

13. How big is the risk
to humans?

Answers

It also reported:

"In short, there is at present time no convincing evidence
that the low levels of radiation in question are associated
with increased mortality in infancy."

These allegations were made by Drs. Gofman and Tamplin.
Dr. Gofman was formerly Medical Director of the Lawrence
Livermore Laboratory and Dr. Tamplin was on the st?ff of
the Laboratory.

The:r claim about the number of deaths that could result
from nuclear power is misleading. The report of the U.S.
Academy of Sciences, on the Biological Effects of Ionizing
Radiation, which reviewed Gofman and Tamplin's estimates,
found they had overestimated the delayed somatic effects
of radiation by up to thirty times.

The number of deaths they claimed could occur was
based on the assumption that every person in the U.S. was
being exposed at the maximum dose limits. In actual fact,
the levels of population exposure are many times lower
than those assumed, because of the need to maintain low
doses to individuals at the boundary of each station, and
the good performance of the stations.

Utilities in Canada have generally accepted the ICRP in-
junction to keep radiation doses "as low as is readily
achievable, economic and social considerations being taken
into account", and have adopted design targets of about
1% of the allowable doses to the public.

Yes. Radiation can cause mutations in living cells. It is not
unique in this respect. A variety of chemical substances can
cause gene damage.

Genes are the units of heredity contained in the cells. They
are especially important in sex cells (the sperm and ova)
which are the blueprints of a new being. A mutation is a
sudden change in a gene. A few mutations may be benefi-
cial but most are regarded as being harmful.

Available information indicates that an increase in the
incidence of children born with some kind of defect is
likely. This has been observed in some animal studies. Gene
damage has also been noted in some studies of animals and
insects.

The best available information on this is the "Biological
Effects of Ionizing Radiation" report of the U.S. Academy
of Sciences. It gives the following estimate:

In a stable population of one million people, at some time,
one million children will be ijorn. About 60,000 of them
can be expected to haw rome kind ot genetic abnormality.
It the one million people were each given a dose of one rem
before p/ociucinq the ch"dren, then the number born with
abnormalities would increase to 60,200 , for an increase of 19
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Questions

20

Answers

200. Repetition of this process with succeeding generations
would give a final maximum increase of 1500 children born
with abnormalities.

These estimates were made by radiobiologists and geneticists,
but it has not been established by actual experience that the
abnormalities would definitely occur. There is evidence from
some experiments conducted with successive generations of
laboratory animals which had been subjected to radiation
that even very high doses do not cause genetic damage.

Studies of the children of Japanese bomb survivors also
show no evidence of genetic effects. But because of possible
damage i t is prudent to accept the maximum estimates and
attempt to minimize the population dose.

-ι
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Questions

/. What is thermal pollution?

2. Why is there so much more
talk of nuclear power stations

causing thermal pollution?

3. What limits the efficiency
of power stations?

4. How is waste heat rejected
from nuclear power stations?

5. What are the possible
adverse effects of warm

water discharge?

6. Can warm water discharge
have any beneficial effects?

Answers

8. Thermal Discharges

Thermal pollution can be defined as unwanted, man-made
heat.

All methods of energy conversion are thermally inefficient.
This includes automobile, aircraft and other engines, as well
as conventional thermal electricity generating stations and
nuclear stations. The heat rejected can be termed thermal
pollution only if i t has an undesirable effect on the environ-
ment.

The amount of heat rejected depends on the efficiency of
the power plant. At present, modern fossil-fuelled power
stations are somewhat more efficient than are nuclear sta-
tions. Also, they reject some of the heat through smoke
stacks.

Because of these two factors, nuclear power stations re-
ject about 50% more heat to the cooling water discharge
per unit of electricity generated than do fossil-fuelled sta-
tions.

The efficiency of the steam portion of a power station is
dependent mainly on the temperature and pressure of the
steam produced. Upper limits of the temperature and pres-
sure are set by the materials used in the generating equip-
ment.

In a nuclear station, the limits are set by the permissible
temperature in the reactor core. Primarily because of the
materials used in the reactor, the temperature limits are
below these achieved in a fossil-fired station.

Heat which cannot be converted into electricity is trans-
ferred to the water which is used to condense the steam.
The condenser cooling water is usually drawn from a water
body such as a river, lake or ocean. It is generally discharged
back into the water body which then dissipates the heat to
the atmosphere.

If the volume of water is inadequate, the water may be
recycled through a cooling tower or pond.

Studies have shown that in the area occupied by the ther-
mal discharge there may be shifts in the composition of
species and populations among fish, algae and bottom-living
organisms. This is understandable, as species generally mi-
grate away from temperatures they find unacceptable, just
as there are normal seasonal migrations due to temperature
changes.

Regulatory agencies have set limits on the temperature of
discharge and on the allowable temperature rise through
a power station. The limiting criteria are based on a concern
for protecting the most important species in the area.

Yes. There are several examples of fish now being raised
commercially in the warm water discharge from power sta-
tions.

Experiments are also being carried out on the use of 21
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Questions

7. Can fish be killed by
the warm water?

8. Ho*, warm is the mater
discharged from a power station?

9. Is heating of fresh waters
in Canada a problem?

10. Is heat discharged to
the ocean a problem?

22

Answers

piped warm cooling water for increasing crop yields by
heating the soil.

Only a small fraction of the total number of fish deaths
has been attributed to direct thermal influences of electric
power stations.

Some fish deaths have been reported when the water has
cooled rapidly due to sudden station shutdowns. This is an
unlikely occurrence with the large nuclear stations now
being built as they are designed to operate for long periods
without shutdown. Also, more than one unit is normally
built on a site, so the possibility of total shutdown with
complete cessation of warm water is remote.

Fish also may be killed by being drawn into the cooling
water intakes. Measures now being taken to reduce this in-
clude the use of sonic barrier baffles, electric fences and
bubble screens. Also, i t is now recognized that this problem
can be minimized by the correct design and positioning of
the water intake.

Typically, in Canada, the discharged water is warmer by
about 10°C (18°F) than its intake temperature.

At the large nuclear station at Pickering on Lake Ontario,

*? 8.8 The predicted thermal plume
discharged from the Pickering Gener-
ating Station into Lake Ontario.

it is difficult to detect any increase in lake surface temper-
ature at the tip of the discharge plume a distance of three
miles from the discharge point.

It has been estimated that all the thermal discharge from
all the electric power stations expected to be in use by the
year 2000 on the Great Lakes would cause a surface temp-
erature rise of only 0.28°C (0.5°F) in the iummer. This
means that lake-wide thermal increases would be less iiian
the normal year-to-year variations in the Great Lakes.

In practice, however, the heat is discnarged near the
shoreline where most biological activity such as fish spawn-
ing takes place. In this area, the correct design of the
coolant discharge system can do much to minimize any
temperature rise problems.

In general, the effect on such a large water body is extreme-
ly small. However, power stations located on estuaries have
special problems because of the relatively poor heat disper-
sion conditions at certain times, and because estuaries are
the most biologically active parts of an ocean.

TEMP IN °F
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Questions

11. Is heat discharged to
rivers a problem?

12. Why are cooling towers
not used to solve some of

these potential thermal
discharge problems?

Answers

This problem is the subject of careful investigation and
consideration before a site is approved, as is the design of
the cooling water discharge.

Where the volume of water passing through the station con-
densers is high relative to river flow, thermal effects on the
river can be quite large. In addition, i f the thermal discharge
occupies a major portion of the river cross-section, migration
of fish may be impeded. Rapid mixing of the thermal dis-
charge into the river flow has been one method used to avoid
unacceptable temperature increases.

In many large rivers, such as the connecting channels of
the Great Lakes, a large generating station uses a very small
proportion of the river f low. In such cases the thermal
discharge effects are very small and localized.

Cooling towers are commonly used where the supply of con-
denser cooling water is inadequate, or where the temperature
of the receiving water, such as a small river, would be in-
creased beyond the allowed limit.

In some locations, environmental reasons have been given
for the use of cooling towers even where stations have been
located on a large body of water.

But cooling towers also have disadvantages. They are very
large structures which dominate the landscape, are often
noisy, and they may cause local cloud formations. In cold
climates they can create local icing conditions.

23
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Questions

7. Does my regular home-
owner's policy include coverage

against damages arising from
an accident at a nuclear

power station?

2. Doesn't this exclusion
clause show a lack of confidence

in the nuclear industry?

3. Will these funds be enough
to settle all claims which may arise?

4. What is the Nuclear
Liability Act?

Answers

5. Who decides the amount of
insurance to be carried by any

particular installation?

6. As all operators are forced
to buy insurance, could

insurance companies charge
exorbitant premiums which

could be passed on to the public?

7. Suppose the amount of
insurance carried was

insufficient to cover claims
resulting from an accident?

8. If I am injured or my
property damaged by an incident

at a nuclear installation, do
I have to prove that the
operator was negligent?

24

9. Nuclear Liability and Insurance

It may, but many such policies contain a clause excluding
"loss or damage caused by contamination by radioactive
material." In the unlikely event your home was damaged by
a nuclear incident you ccjld file a claim against the opera-
tor, just as you could against say, the operator of a chemi-
cal plant which was causing the paint on your house to peel
due to emissions.

Not necessarily. It really results from lack of experience.
Insurance companies need experience before they can set

rates. Twenty-five years without an accident is good ex-
perience with the nuclear industry, but gives little basis for
calculating premiums. Actually, an association of insurers
has established a pool of funds to be available for insuring
nuclear installations.

No one can be sure. This is one reason that Parliament
passed the Nuclear Liability Act in 1970. For administra-
tion reasons, the Act is not expected to be proclaimed until
1975. The intent of the legislation has been clear, how-
ever, since it was passed in 1970.

The Act makes the operators of nuclear installations abso-
lutely liable for injury or damage resulting from nuclear
incidents, limits the liability of such operators (to $75
million), and requires all operators other than the Crown
in Right of Canada to maintain insurance against their
liability. The Act also makes provision for compensation
by the Government in the event of a major nuclear incident
where the liability could exceed S75 million.

Under the Nuclear Liability Act, the Atomic Energy Con-
trol Board will recommend to the Treasury Board the
amount for each installation.

The Nuclear Liability Act gives the government the power
to designate or approve any insurer and to approve the
terms and conditions of any insurance contract required of
an operator. This power could be used to prevent exces-
sive premiums being imposed.

The Nuclear Liability Act carries a section under which
the government may proclaim that special measures for
compensation are called for. A special commission would
be set up to settle all claims arising from a specific incident.

No. The Nuclear Liability Act imposes absolute liability on
an operator for ensuring that no injury to persons or dam-
age to property results from the operation of his installa-
tion. You would only have to prove that you suffered
damages and that the nuclear installation was the cause of
damage.
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Questions

1. Will radioactive wastes
from nuclear power generation

become a major problem?

2. What are these wastes and
where do they come from?

3. How much high level waste
mill we have from our nuclear

power programme?

4. What will we do with this
spent fuel?

Answers

10. Radioactive Waste Management

No. However, the radioactive wastes must be managed pru-
dently. There is no reason why this cannot be done.

Radioactive waste is radioactive material for which there is
no use at present.

Most of this waste (more than 99.9% of the radioactivity)
comes from the fission process which is the source of en-
ergy in a reactor. When a uranium atom fissions or splits,
the two fragments or "fission products" are usually radio-
active. In addition, the uranium-238 captures neutrons and
is transformed into plutonium, americium and other long-
lived products referred to as "actinides". The fission pro-
ducts and actinides are produced in and remain in the
fuel. Together they form what is referred to as "high-
level" wastes. At the present time all our high level waste
is in the spent fuel.

Other wastes arise from neutron activation of materials
in, or passing through, the reactor, and from occasional
minor leakage of gaseous radioactive fission products from
the fuel bundles into the coolant. These radioactive mat-
erials generally end up on things such as ion exchange resins,
filters, rags and protective clothing. Some get into off-gas
and radioactive liquid waste systems. Collectively, these
are called "low-level" wastes.

A large nuclear power station like Pickering discharges about
40 fuel bundles a day, each weighing about 20 kg (44 Ib.) It
is forecast that by the year 2000 we may have up to 130,000
tonnes (143,000 tons) of spent fuel.

At the present time all the spent fuel is stored in water-
filled pools at the nuclear power stations. While larger

< 10.4 The spent fuel bay at the
Pickering Generation Station. The
water acts as an effective cooling and
shielding medium for the radioactive
fuel when it is removed from the
reactor.

versions of these pools could be built, current waste man-
agement proposals are to build dry storage facilities. A 25
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Questions

5. Do "waste management",
"storage" and "disposal"
have a special meaning?

6. What is involved in
"reprocessing" the spent fuel?

7. For how long will high level
liquid wastes have to be managed?

8. What methods are being
considered for disposal of

high-level waste?
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Answers

very flexible arrangement would be to use special concrete
canisters. If all the Canadian spent fuel predicted by the year
2000 were stored in such canisters, it could be accommodated
in an area of about 350 acres.

Meanwhile, studies are continuing on geological structures
which could be used for very long term storage or perma-
nent disposal.

Since spent fuel contains valuable plutonium, it may be-
come economical in the future to reprocess it.

Yes. "Waste management" refers to all actions taken to
ensure that radioactive wastes remain under control until
they are no longer a hazard to man or environment.

"Storage" means placing the wastes In a container or
structure with the intention of retrieving them in the future.

"Disposal" means placing the wastes with no intention of
retrieving them.

Another term is "dispersal" which refers to releasing the
material to the environment.

The outer sheath is removed, the uranium dioxide dissolved
and the solution treated to separate the plutonium. Further
processes could separate the very long-livtd actinides. In any
event, a highly radioactive liquid waste remains. This liquid
waste could be incorporated into almost indestructible solids
such as glass or ceramics.

High level wastes contain components which have a wide
variety of radioactive decay periods. The fission products
take about 300 years to decay to 0.1% of their initial levels,
while the actinides, including plutonium, take about 250,000
years.

More important than the decay rate from the viewpoint of
potential impact on people and the environment is the rate at
which the radioactivity could escape from its containment and
the possible concentration it could achieve in the food chain.
If radioactive wastes are in, or incorporated into, highly stable
solids and excluded from the biosphere (perhaps by deey
burial), i t is unlikely that they will be harmful to present or
future generations.

Three general concepts have been considered: deep burial;
shoot into space; and transmute by irradiation.

The disposal procedure which has been investigated most
extensively is burial in salt deposits. This has been done on
an experimental basis in the U.S.A. and in Germany. The
main argument for the procedure is that salt has existed for
hundreds of millions of years in formations that can be ex-
pected to remain in place for millions of years to come.

Comparable arguments can be made for placing the wastes
in hard rock, as stable granite structures have been in exist-
ence for billions of years. Studies of the Canadian Shield for
radioactive wastes disposal are under way.

Studies in the U.S. have indicated that transportation to
outer space may be economically feasible for wastes juch as
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Questions

9. Mftai about low-level wastes?

10. Who is responsible for the
management of radioactive wastes?

Answers

actinides. However, there are no serious proposals at present
for this approach.

Transmutation is the process of converting radioactive
materials to non-radioactive or very short-lived material, by
subjection to further radiation. While this is theoretically
possible, i t is not feasible at the present time.

While the radioactivity contained in low level wastes is re-
latively low, the bulk is large. Management, therefore, in-
cludes treatment as well as storage and, in certain cases,
dispersion.

Combustible solids are either compacted or incinerated in
special incinerators. The incombustible solids and the re-
mains of the combustible ones are currently placed in con-
crete trenches, in a retrievable manner.

Liquids are usually concentrated and stored in tanks. They
are monitored and may be dispersed if the concentration
of radioactivity is below the limits set by Canadian and
international standards.

Gases are stored in tanks or adsorbed on solids. Since
almost all radioactive gases decay rapidly, the normal man-
agement is short term storage then dispersal when the
radioactive concentration falls below set limits.

There are several levels of responsibility. Basically, the or-
ganization operating a nuclear facility is responsible for man-
aging the wastes produced by its operation. This is under the
control of the Atomic Energy Control Board. In some cases
the wastes are transported to the laboratories of Atomic En-
ergy of Canada Limited for storage in its facilities.

27
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Questions

1. How does uranium occur
in nature?

2. Where is uranium found
in Canada?

3. How much uranium do we need
for our nuclear power programme?

23

Answers

11 . Nuclear Fuel Resources

Uranium is a relatively common element. I t occurs in the
earth's crust with an average abundance of four parts per
million.

Uranium is always found in combination with other ele-
ments and never as a metal. It also occurs naturally in sur-
face waters. The world's oceans have a uranium content of
about 0.003 parts per million, and are viewed by some as
being the ultimate source of uranium.

Deposits of uranium are found in different types of rocks
of various geological ages. Our known commercial deposits
all occur in Precambrian rocks of the Canadian shield. By
far the bulk of our known resources is in the Elliot Lake-
Agnew Lake area in Ontario. The two largest of Canada's
uranium producers are at Elliot Lake and provided about
85% of our total production in 1974.

< 11.2 The New Quirke uranium
mine at Elliot Lake. Ont.

CANDU reactors require significantly less fuel than com-
mercial reactors of other types. Each CANDU station
needs about 4.5 tonnes (5 tons) of uranium oxide per
megawatt of electrical capacity to operate for 30 years at
80% capacity.

Our present rate of consumption is about 500 tonnes
(550 tons) of uranium oxide per year. This could rise to
20,000 tonnes (22,000 tons) per year by the end of this
century.
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Questions

4. Do we have enough uranium
to satisfy our needs?

5. Why do we hear warnings of
possible uranium shortages in

the 1980's?

Answers

The known reserves of uranium in Canada recoverable at
reasonable cost are sufficient to meet our requirements to
the end of this century as well as to honour our current
export commitments. It is the policy of the federal gov-
ernment to allow export of uranium only if i t is surplus to
domestic requirements.

The geology of Canada suggests that further discoveries
of uranium are likely. In addition, there is the uranium
which can be extracted from the ocean at higher cost.

In the 1980's the world-wide demand for uranium could
exceed production. The problem, therefore, is primarily
one of time rather than of natural resources of uranium.
As for any other mineral, exploration and development
programmes are time consuming, expensive and have no
guarantee of success.

On the average, some eight to .ten years elapse between
starting a successful programme and producing the first
useful quantities of uranium oxide. It takes about four
years for the construction of the production plant alone.

World demand for uranium, according to present forecasts,
could exceed the current estimates of resources by the
1990's. However, the potential for finding additional
uranium is excellent.
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Questions

1. Are there hazards associated
with mining uranium not found

in mining other materials?

2. What are the principal wastes
from uranium mining and milling?

3. Can radioactive contaminants
escape from a uranium mill

tailings deposit?

4. When uranium tailings are
abandoned, what steps are taken

to minimize the spread
of contamination?

5. What is involved in the
refining of uranium?

6. How many uranium refineries
are there in Canada?

7. What wastes are discharged
from uranium refineries and

how are they treated?

30

Answers

12. Mining, Milling and Refining Uranium

Yes. The radioactive gas radon is released from the surface of
the uranium ore.

The radioactive products resulting from the decay of radon
may he harmful to the lining of the bronchial tract if deposit-
ed and retained over a period of years. This problem is alle-
viated by the use of either highly effective ventilation or by
the use of special respirators.

Practically all the rock mined ends up as waste, either as waste
rock dump or as mina tailings - the finely ground rocks re-
maining after the uranium has been extracted.

The uranium extraction process leaves practically all the other
ore constituents to be discarded with the tailings. Because of
the differences in extraction processes, there may be differ-
ences in the tailings characteristics between different mills and
mining areas.

Seepage from these tailings deposits may contain some
radioactive material in addition to non-radioactive heavy
metal salts. Treatment with barium chloride and separation
of the precipitated radium as an insoluble solid, is effective in
producing acceptable levels of radioactive discharges.

Several provincial regulations require that ail tailings be sta-
bilized by vegetation before abandonment.

Vegetation.vvhen well established and maintained will
prevent the spread of contamination by the blowing of tailings
and will reduce the penetration of oxygen and water, thereby
reducing the rate of seepage. If excessive toxic materials are
present in seepage, treatment may be required to remove
these materials.

Mine concentrates are dissolved in nitric acid and the uranium
separated by an organic solvent. The uranium is then pre-
cipitated and reduced to uranium dioxide for use in CANDU
reactors or converted to uranium hexafluoride for feed in
uranium enrichment plants.

Only one, that of Eldorado Nuclear Ltd., a crown company
in Port Hope, Ontario.

Impurities extracted from the concentrate together with the
unrecoverable portion of the processing chemicals are con-
verted to an insoluble solid and placed in a waste disposal site
at the refinery. This material is slightly radioactive, equivalent
after a few months to a low-grade uranium ore.

The liquid effluents are mostly cooling water but some may
contain chemicals. All are controlled as required by environ-
mental regulations.

Any radioactive gases and particulates are removed from
the gaseous effluents which are primarily air and inert cover
gases.
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Questions

7. What is meant by nuclear
fuel fabrication?

2. Are there hazards involved
in making fuel bundles?

3. How are these potential
hazards controlled?

4. What happens to uranium
contaminated scrap?

Answers

13. Fabrication of Nuclear Fuel

Unlike fossil fuels such as oil, coal or gas, nuclear fuel cannot
be pumped, shovelled or piped into a reactor.

It must be precisely shaped, sized, and then placed in metal
containers. A number of containers are combined into fuel
assemblies of very precise geometry, called fuel bundles.

BLENOED URANIUM
OXIDE POWDER SINTERED PELLET

PHESSED PELLET

SINTERED AND GROUND
URANIUM OXIDE PELLETS
•\RE LOADED AND SEALED
IM THIN ZIHCALOY TUBI

ASSEMBLED FUEL

< 13.1a Steps in the fabrication of a
uranium fuel bundle for the CANDU
nuclear reactor.

V 13.1b A pelfec of natural uranium
for the CANDU reactor.

Fuel fabrication is a high-precision light manufacturing in-
dustrial process. A fabricator of CANDU fuel receives the
natural uranium dioxide powder in a highly purified condition.
Metal components for the bundles are made from zircaloy
which is an alloy of the metal zirconium.

Refined natural uranium presents virtually no hazard from
external radiation to fuel fabricators working directly with it,
but it does present some hazard due to internal irradiation
and chemical toxicity if ingested.

Of more concern, is inhalation. Uranium deposited in the
lungs is removed very slowly from the body and could cause
damage to thé lung tissue.

No ill effects resulting from the ingestion or inhalation
have ever been reported due to the fabrication of CANDU
fuel.

Highly efficient dust collectors exhaust the air from all op-
erations where exposed uranium oxide is handled. Before
the air is exhausted it is passed through filters designed to
remove extremely small particles. Air samples are taken at
intervals to check that the purity level is maintained.

The oxides of uranium used for fuel processing are highly
insoluble, so contamination of liquid effluents is not a
problem.

Samples of effluents are taken periodically and tested to
ensure that any uranium contamination is maintained well
below the established standard.

Materials from which uranium cannot be recovered econom-
ically are stored at sites approved by the Atomic Energy Con-
trol Board. 31 32
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Questions

5. Dots the fabrication of
fuels containing enriched

uranium or plutonium present
other hazards?

6. Can enriched uranium or
plutonium fuels be used in

CANDU reactors?

7. Are fuel fabrication
activities regulated by

the government?

8. How many fuel fabrication
facilities are there in Canada?

9. What is the accident record
of the fuel fabrication industry?

32

Answers

Yes. These fuels are subject to the possibility of a criticality
accident, that is, an inadvertent chain reaction, if sufficient
fissionable material is present under certain conditions during
fabrication. This would not be a nuclear explosion, but
could result in extremely high radiation fields and the release
of radioactive fission products which would present clean-up
problems.

There is no risk of criticality with natural uranium no
matter how large are the quantities processed. The proba-
bility of criticality increases with enrichment.

Plutonium fuel also presents hazards because of its tox-
icity. It must be fabricated in special facilities to protect
both the workers and the public.

Yes, but at the present time natural uranium is economically
more attractive. However, in the future, it is likely that the
plutonium produced in CANDU reactors will be used in plu-
tonium-enriched fuel.

All fuel fabrication activities are licensed by the Atomic
Energy Control Board.

Under the terms of the licences the fabricators must meet
standards set by federal and provincial authorities for air-
borne and effluent contamination. These standards generally
conform with the recommendations of the International Com-
mission of Radiological Protection.

< 13.7 Final assembly of an array
of fuel element to form a fuel bundle.

The licence also defines measures to ensure the account-
ability and physical security of fuel. Th -- fabrication facil-
ities must be available at all times for inspection by provincial
and federal health authorities, and by representatives of the
International Atomic Energy Agency and the AECB.

As of 1974 there were two commercial facilities. In addition,
some experimental fuel was being fabricated at five other
locations.

Since 1947, when fuel was first fabricated in Canada, there
have been no accidents attributable to the nuclear hazards
described.

The industrial accident record has compared favourably
with that of other light manufacturing industries.
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Questions

7. ft it possible for a nuclear
power station to go out of

control and explode like an
atomic bomb?

2. What hazards, then, could
be of concern to the public?

3. What prevents the escape of
radioactive fission product?

4. What if one or more of
the barriers are damaged?

5. What about the impact of
an aircraft?

Answers

14. Nuclear Power Station Safety — Design

No. Atomic bombs and nuclear reactors are fundamentally
different. In atomic bombs, almost pure (greater than 90%)
pieces of uranium-235 or plutonium, of a precise and compact
shape, must be brought together and held together.

A thermal reactor used in nuclear generating stations can-
not explode like a bomb. However, its power can increase to
very high levels if not controlled.

The main hazard arises from the large amounts of radioactive
fission products created by the fission process in the fuel.
Any substantial release of these products to the environment
could be a threat to public safety.

Containment is assured by the design of the power station.
A series of barriers is designed to inhibit or prevent the re-
lease of radioactive fission pi jducts. See Table 1.

In addition to the barriers, the station is surrounded by an
area from which the public can be excluded. There are also
many safety systems designed to shut down the reactor if the
station begins to operate abnormally.

V 14.3 The various, safety barriers in
the CANDU nuclear power reactors
are designed to prevent the release of
ladioactive products.

TABLE 1 MULTI-BARRIER CONTAINMENT SYSTEM

Barrier

CERAMIC FUEL
PELLETS

METAL FUEL
SHEATHS

REACTOR PIPING

CONTAINMENT
STRUCTURES

Effectiveness

The pellets retain all but a small frac-
tion of the gaseous and volatile fission
products.

The fuel sheaths contain the pellets.
During the life of the fuel, experience
has shown that less than 0.02% of the
sheaths are likely to develop pin-hole
size leaks through which some of the
fission products could escape into the
reactor coolant.

This heavy steel piping contains the
reactor coolant.

The containment structures enclose
the reactor and coolant system por-
tions of the powei station to prevent
the release of radioactive material in
case of reactor coolant pipe leakage
or rupture.

HEACTOl
CORE

Damage to some of the internal or primary barriers is con-
ceivable. This could cause a certain amount of damage to the
station, but the concrete containment structures are design-
ed to accommodate serious failures.

Available data indicate that the probability of such an accident
occurring is about once in a million years. But taking an ex-
treme case, that of a fully-loaded jumbo jet weighing about
335 tonnes (370 tons), it would have to be travelling at
1600 km/h (1000 mph) to penetrate a Pickering type reactor
building, and this is extremely unlikely. 33
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Questions

6. What is a "loss-of-
coolant" accident?

7. What are the chances of this
type of accident ever happening?

8. What is an emergency coolant
injection system and how does

it operate?

9. What are the chances of
the emergency coolant injection

system failing?

10. Are nuclear power stations
vulnerable to sabotage?

34

Answers

Should an aircraft hit the reactor or control room, the
reactor would shut down automatically.

This would be a loss of fluid from the primary heat transport
system, leaving the fuel with little or no cooling. The radio-
active fission product in the fuel would continue to produce
heat after the reac' or was shut down, and this heat would
have to be removed.

Estimates are based on experience with non-nuclear high pres-
sure piping systems. Failure by major rupture of a pipe has
occurred at the rate of about once in 10,000 years of opera-
tion.

Nuclear systems, however, operate at lower pressures and
are built to higher quality control standards both in mater-
ials and workmanship than conventional pressure systems.
Quality control and inspection procedures are also much
more rigid. Therefore the likelihood of failure in a reactor
heat transport system is much lower.

CANDU reactors are built with an emergency coolant in-
jection system to ensure protection of the public, station
personnel and the station.

The emergency coolant injection system operates automat-
ically. It provides a supply of water to the reactor core to
remove residual heat and heat generated by the decay of fis-
sion products in the event of a loss-of-coolant accident.

The water is either pumped from the moderator system,
or it flows by gravity from a storage tank. In either case, it
is cooled and circulated automatically.

Failure is very unlikely as the emergency coolant injection
system is not one single system. Failure of one sub-system
would not mean loss of cooling capability. Successive failures
in parallel would have to occur.

Each component of the system is carefully engineered and
is periodically tested, so overall reliability is extremely high.

Sabotage of the nuclear part of the power station would be
very diff icult It would require an intimate knowledge of the
design and construction of the station, its operational controls
and its safety systems.

The fail-safe design and control interlocks would thwart
all but the most expert attempts at sabotage. While a deter-
mined group of saboteurs might gain access to the station and
do a considerable amount of damage to the reactor, it is very
unlikely that i t could produce an exact chain of events neces-
sary to release large amounts of radioactive material to the
environment.
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Questions

1. How is the power of a
nuclear station controlled?

2. What happens if a computer
fails or makes an error?

3. How can we be sure that the
safety systems will operate

if needed?

4. How good is the nuclear
power station safety record?

5. How many people are needed
to run a nuclear power station?

6. What qualifications must
personnel have, and who

sets the standards?

7. Would a strike affect
station operation?

Answers

15. Nuclear Power Station Safety — Operation

Reactor power is directly proportional to neutron density
which is controlled by neutron absorbers. The absorbers,
under the control of computers, are inserted or removed
according to the level of power required.

Computers have the ability to check their own performance
and detect their own errors.

In CANDU stations it is the practice to have two comput-
ers, one in control and the other on standby. If the one in
control is in difficulty, control is automatically transferred
to the other.

Should both fail, monitoring devices call for a "fast shut-
down" and the absorbers are inserted into the core to stop
the reactor.

If all the foregoing actions fail, additional independent
protective systems come into operation and shut down the
reactor. Each system is capable in itself of shutdown, and
each is poised to operate automatically if any process system
including the computers, fails.

All safety systems have back-up systems and are tested at
regular intervals. The tests closely simulate possible faults
and activate actual protective devices.

As could be expected in any system of such complexity, there
have been some equipment failures and human errors. But in
every instance, the safeiy systems designed into the station
came into operation arict terminated an incident of nuclear
origin.

There have been a few industrial type accidents in the con-
ventional part of the station, but fewer than in fossil fuel-
fired stations.

A staff of 150 can operate a one-unit 600 MW CANDU sta-
tion, and 350 can operate a four-unit station. These figures
are about the same as those for conventional stations.

At present, all nuclear power stations in Canada have much
larger staffs because of the need to train personnel to
operate future stations.

Employees are skilled in their basic trades as in any other in-
dustry. In addition, most receive training specific to their
nuclear jobs. All are trained in safety and nuclear protection.

Senior members of the staff, shift supervisors and control
room operators must be approved by the Atomic Energy Con-
trol Board. Shift supervisors and control room operators must
pass stringent examinations set by the AECB.

There have been strikes in nuclear power stations where the
station continued to be operated by non-striking employees.

For some strikes this would not be possible. In such cir-
cumstances the station would be shut down, put into a safe
state, and maintained in that state during the strike. 35
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Questions

8. Suppose an operator went
berserk and tried to damage

the station?

9. How is theft of nuclear
material prevented?

36

Answers

An operator could damage individual pieces of equipment but
could not systematically disable all the regulating and pro-
tective systems to render the station unsafe. All these systems
generate fail-safe alarms, so fellow operators would be alerted.

There is an extensive security system covering all nuclear
materials. It is possible that inactive nuclear material could
be smuggled out in small quantities, but this kind of material
is of little value to a thief.

As for the possibility of a thief stealing to build a nuclear
weapon, the only desirable material, plutonium, is contained
in the highly radioactive spent fuel. Any attempt to steal
this, or other radioactive material, would be dangerous to the
thief and would also set off alarms.

Strict account is kept of all material. These records are
scrutinized periodically by agents of the AECB and the Inter-
national Atomic Energy Agency.
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Questions

1. Who is responsible for
licensing nucleir power stations?

2. How does a utility get a
licence for a nuclear

power station?

3. How is a nuclear power
station site approved?

4. Wha t must a utility submit
in its request for a

construction permit?

5. When can construction of
the station start?

6. What is the next step
in licensing?

Answers

16. Licensing and Regulation

The Atomic Energy Control Board, a Canadian government
agency, is responsible for administration of the Atomic
Energy Control Act under which nuclear facilities are licens-
ed. Other licences and permits, as for any other power sta-
tions, are issued by provincial and municipal authorities.

Two types of licences are required from the AECB, prescrib-
ed substance licences and a facility operating licence.

Prescribed substance licences authorize the acquisition
and possession of nuclear fuel, heavy water and radioactive
materials used at the station. The operating licence autho-
rizes reactor operation and specifies operating limits and
restrictions.

Before these licences are granted, a construction permit
must be obtained from the AECB.

A utility would select a site only after studying a large num-
ber of environmental, technological and economic factors.
Specific site characteristics to be considered would include
topography, geology, meteorology, water quality and many
other ecological aspects.

Summaries c f these studies would be presented to the
AECB and other government agencies in the form of Site
Evaluation Reports. Each of the agencies, federal and pro-
vincial, has a function to perform, and each must be satis-
fied that its standards will be met before it will grant a
licence.

The main document in support of an application is the Safety
Report. One section of this highly technical report contains
site information. A second part is the design description,
summarizing all the important process and safety features of
the reactor. And the third is the safety analysis in which the
consequences of failures in the process systems are evaluated.

The Safety Report and other supporting materials are
critically reviewed by the technical staff and advisers of the
AECB.

Once a Construction Permit is granted the owner can begin
pouring concrete for the reactor building foundations. Prior
to that, excavating, road building and other facilities may
get under way at the owner's risk.

It may take five or six years from the time a Construction
Permit is issued until a station is ready to start up. During
this time the util ity is preparing to apply for an operating
licence. Staff are being trained, procedures are being pre-
pared, tests and inspections are being carried out.

Inspectors from the AECB and other regulatory agencies
along with the construction crews and operating staff ensure
that the station is built in accordance with the design stand-
ards.

The Safety Report is updated annually and reviewed by
the AECB's Reactor Safety Advisory Committee (RSAC). 37 38
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Questions

7. How does station
startup proceed?

8. How does the AECB monitor
station operation?

9. How are members of the
AECB and RSAC appointed?

38

Answers

When the Committee and AECB are satisfied that all their
requirements have been met, a conditional operating licence
is usually issued.

When the operating staff have been fully trained, and they
and the AECB inspectors are satisfied that the necessary
systems are complete, the uranium fuel is loaded.

Heavy water is then carefully added to the reactor and
the first approach to criticality is made. If readings con-
form with the design specifications, further tests are made
while the reactor is raised to full power.

During the initial years of operation, the AECB keeps its
resident inspectors at the site. They monitor the operation,
verify the performance of tests, assess the safety systems re-
liability and approve any significant modifications.

They also maintain surveillance over the release of radio-
active effluents, in consultation with provincial and environ-
mental control agencies.

The AECB consists of five members appointed by the Fed-
eral Government, and one is named president. The president
of the National Research Council is automatically one of the
members.

The RSAC is appointed by the Board. Current practice is
to appoint a core of engineers and scientists, supported by
representatives of Federal and relevant Provincial and Muni-
cipal agencies.
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Questions

1. Is it safe to locate a
nuclear power station near

a big city?

2. Then why are all nuclear

stations not sited beside
major load centres?

3. If everything is so safe
why are emergency plans needed?

4. What are the advantages of
locating large blocks of

generating capacity on one site?

5. Is this more dangerous?

Answers

6. Is the possibility of damage
caused by storms or earthquakes
considered when choosing a site?

17. Siting Nuclear Power Stations

Yes. Large nuclear power generating stations can be located
near metropolitan areas. Canada's first full scale station is
located on the eastern edge of Metropolitan Toronto in Pick-
ering township.

The choice of site is affected by other factors. These include
the availability of property for the station and its transmission
lines, the availability of cooling water, the anticipated energy
requirements in the area to be supplied by the station through-
out its operating life, the acceptability of the site to the pub-
lic, and considerations of environmental effects.

None of man's major activities can be perfectly safe. The best
we can do is redr·. isks to a very low level. This is panicu-
larly true when sealing with hazardous mate; isls and largo
amounts of enei jy.

Emergency ρ ocedures, both inside and outside the sMtion,
should be regard', i as prudent planning rather than an indica-
tion of major risks.

The advantages include conservation of land, better use of
manpower resources, fewer unsightly transmission corridors,
easier coordination of the total power system giving better
reliability, and the economies which result from these.

No. From a safety point of view, better use of manpower and
fewer locations have a positive effect. The total risk to the
public is reduced by concentrating facilities an a few sites
rather than spreading them over several sites. There are, how-
ever, other constraints such as environmental considerations
which put a limit on the generating capacity which may be
accommodated on one site.

Yes. Meteorological, geological and seismic data are taken
into account in selecting a site. The nuclear power station is
designed to withstand much more than the maximum earth-
quake movement that could be anticipated at the site. Simi-
larly, stations are designed to prevent damage from the sever-
est of storms. This also applies to the impact of debris and
other objects that could be propelled by storms.

i I
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Questions

1. What is the risk from
possible accidents at nuclear

power stations?

2. What is the risk from the
normal operations of nuclear

power stations?

3. How do these risks compare
with those from conventional

power stations?

4. How do these risks compare
with other everyday risks?

40

Answers

18. Comparative Risks

With all the precautions taken in design, construction and
operation, the likelihood of an accident serious enough to re-
lease a significant amount of radioactive material from a
CANDU nuclear power station is estimated to be less than
one in a million per year.

Even if such an event did occur the chance of anyone
being actually harmed is quite small, so the risk is really much
lower.

A recent detailed evaluation conducted in the U.S. de-
duced that the likelihood of being killed in any one year by
a reactor accident is about one in 300,000,000 for each
100 reactors in operation. And the likelihood of being in-
jured is about one in 150,000,000. These figures were based
on light water reactors (LWRs). However, the standards of
design, construction and operation of Canadian nuclear power
stations are at least as stringent as those in the U.S., while
the inherent characteristics of the CANDU system make a
serious accident no more likely than for LWRs, and probably
less.

The risk to members of the public from the normal release
of radioactive material from nuclear power stations is ex-
tremely small. For example, a person living continuously at
the boundary of the Pickering station would receive less than
5 mrem per year due to the operation of the station. The
effects from this would be indistinguishable from those due
to the natural background of about 100 mrem. Using con-
servative extrapolations from higher exposures, if a million
people were exposed to 5 mrem per year, the risk is that one
might develop cancer. Since most people receive much less
radiation from nuclear power stations, the actual risk is also
much less.

This is a rather difficult question to answer definitively. The
major hazard from fossil-fuelled generating stations is air
pollution. This varies with the type of fuel, the local meteo-
rology and other factors. Further, there is much less infor-
mation on the health effects of pollutants such as sulphur
dioxide than for radiation. It has been estimated in the U.S.
that air pollution from all sources causes about 20,000 deaths
per year. The effluents from fossil-fuelled power stations are
a significant part of the overall air pollution.

The greatest risk of injury or accidental death is from auto-
mobiles. The risk of injury from an automobile accident is
about one in 130 per year, and the risk of death is about one
in 4000.

The risk of fatality from various causes is shown in Table 1.
The figures apply to the U.S.,and were taken from the
United States Atomic Energy Commission report WASH-
1400 - Reactor Safety Study - 1974.

I' I
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Questions

5. Is there a difference
between the risks we assume

voluntarily and those imposed
on us, such as nuclear

power stations?

6. How do we judge whether or
not the risk from nuclear

power plants is acceptable?

Answers

TABLE 1 RISK OF FATALITY BY VARIOUS CAUSES

Accident Type

Motor Vehicle
Falls
Fires and Hot Substances
Drowning
Firearms
Air Travel
Falling Objects
Electrocution
Lightning
Tornadoes
Hurricanes
All Accidents
Nuclear Reactor Accidents
(100 plants)

Individual Chance
Per Year

1 in 4,000
1 in 10,000
1 in 25,000
1 in 30,000
1 in 100,000
1 in 100,000
1 in 160,000
1 in 160,000
1 in 2,000,000
1 in 2,500,000
1 in 2,500,000
1 in 1,600
1 in 300.000,000

Yes. And in general it appears we are prepared to voluntar-
ily engage in activities which present much higher risks than
those society accepts or imposes. Examples are driving cars,
skiing, hunting, smoking.

Attempts have been made to estimate risk versus benefit
for various activities. One evaluation suggests that individ-
uals are willing to assume risks about 1000 times higher
than society imposes for the same benefit (as measured by
expenditure or income).

All activities present some risk. A major attempt has been
made to quantify the risk from nuclear power generation and
to ensure it is appreciably lower than the risk society accepts
from other activities.

The risk from nuclear power is very small, and society must
eventually decide whether or not it is acceptable in view of
the benefit of ample electrical power at reasonable cost.

41
42
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Questions

1. There is talk of "breeder"
and "fast breeder" reactors.

What are they?

2. How can a breeder make
more fuel than it consumes?

3. Where are breeder reactors
being developed?

4. Why are breeder reactors
being developed?

42

Answers

19. Breeders and Fusion

They are nuclear reactors designed both to produce power and
to "breed" more fuel.

The word "fast" refers to the speed of the neutrons in the
reactor. The improved economy that results from the pre- v 19.1 Diagram of a liquid metal
dominance of fast neutrons leads to more efficient or more fast breeder reactor.

SCHEMATIC ARRANGEMENT LMFBR

SODIUM LEVEL

AXIAL
BLANKET-

REFUELLING
, MACHINE

STEAM GENERATOR

CONTROL AND
SAFETY RODS

FEEDWATER

REACTOR
COOLANT PUMP

INTERMEDIATE
CIRCULATING PUMP

rapid breeding. Breeding is technically feasible using thorium
fuel in certain "thermal" reactors, that is, reactors using a
moderator to slow the neutrons down to "thermal" velocity.
However, fast breeders are superior from the viewpoint of
ability to breed.

Each time a neutron causes an atom to fission, two or three
neutrons are ejected. Only one is required to continue the
chain reaction. Almost every time one of the extra neutrons
hits and is absorbed by a fertile atom, the fertile atom is
changed to a fissionable atom.

Plutonium is burned with the fertile material uranium-238
to produce more plutonium, and uranium-233 is burned with
thorium-232 to produce more uranium-233. The result is that
the breeder makes more fuel (fissionable material) by convert-
ing fertile material. A typical breeder arrangement is shown
in Figure 19.1, with the fertile material in a blanket surround-
ing the core of the reactor.

There are major breeder reactor programmes in the USSR, UK,
France, Germany, the USA and Japan.

They can conserve or extend the supply of nuclear fuel. Cur-
rent reactors use only about 1% of the uranium mined to pro-
duce power. With breeders, about 50% of the uranium can be
used.
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Questions

5. Why aren't breeder reactors
being used now?

6. Why does Canada not
have a fast breeder

development programme?

7. What is a fusion system?

8. Has thermonuclear fusion
been achieved?

9. Are we likely to have
fusion reactors that can

produce power?

Answers

Breeder reactors, especially fast breeders, are technically com-
plex and are still under development. Prototypes have recent-
ly begun operation in the USSR, UK and France, while the US
prototype will not be ready until after 1980.

We have little or no incentive to embark on an expensive
breeder programme for several reason. Probably the most im-
portant is that the CANDU system, which already uses natur-
al uranium efficiently, can be adapted readily to other fuel
cycles such as recycling of plutonium or the thorium cycle.
Either of these cycles would greatly reduce the consumption
of uranium.

Canada, however, has abundant supplies of uranium and
the CANDU system frees us of dependence on uranium en-
richment facilities.

The development potential of the CANDU system, com-
bined with our significant uranium reserves, ensures that we
will have an economical source of energy for decades, by
which time fusion may have been developed as a practical
system.

Fusion, in this context, refers to thermonuclear fusion. This
is the process that occurs when some light atoms such as
hydrogen are heated to extremely high temperatures and
"fuse" together to form heavier atoms. The process releases
a large amount of energy which could be used for the pro-
duction of power.

Yes, in H-bombs; and all the related nuclear reactions have
been studied. However, despite attempts to achieve controll-
ed thermonuclear fusion in the laboratories of several coun-
tries, no one has yet achieved a reaction that produced sig-
nificant quantities of energy.

To generate power, the fusion process must liberate more
energy than is consumed to produce it. The break-even
point has not yet been achieved.

It is estimated that it will take another five to ten years to
demonstrate that the break-even point has been reached
under laboratory conditions. The design and engineering of
a power plant based on fusion will, of course, take much
longer.

Past experience with fission reactors suggests that it could
take about 25 years from the first proof-of-principle demon-
stration until a competitive power producing plant is in op-
eration. This means that the first commercial electricity
generated by fusion cannot be expected until well after the
year 2000.

V 19.7 One proposed method of
achieving fusion is to fire a frozen
deuterium pellet into an evacuated re-
action chamber. When it reaches the
centre lasers are triggered which
cause violent compression of the
pellet resulting in the production of
heat and neutrons. The chamber is
surrounded by a blanket of lithium
which recovers the heat and breeds
tritium.
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Questions

1. Are there not other sources
of power besides those

mentioned in Chapters 1 and 2?

2. What about solar power?

3. What about using the wind?

4. Could we use power
from the tides?

5. Is geothermal power
feasible?

6. There is talk of burning
garbage and also of using plants

as fuel. Is this possible?
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Answers

20. Other Power Sources

Yes, there are several which are being investigated. They in-
clude solar power, wind power, power from the tides and
from the heat in the earth.

Solar power refers to power derived from the energy of sun-
light. In Canada, the average incidence of solar energy is
about 1/7 kW per square metre (1/8 kW per square yard.)

The use of solar energy is attractive because it is a renew-
able resource. But i t does present certain problems in its de-
velopment. It is not continuous, so some form of storage
would be required. No efficient large-scale storage system
has yet been developed. Conversion into electricity is also
relatively inefficient by present methods. Solar cells, for
example, are only two to five percent efficient.

There have been several experiments with relatively large
windmills, and some advanced studies have been conducted
by the National Research Council.

Present designs cost considerably more per kilowatt than
other generating methods and the output is also subject to
the vagaries of the wind. However, the NRC is continuing
its work for the Federal Government's energy research pro-
gramme.

Tides have been used to generate electricity in a few places
in the world today. There have been extensive studies of
schemes for the Bay of Fundy, but none has indicated that
this would be economically attractive. Even if developed,
Fundy tides could only provide a fraction of the power re-
quired by the Maritime provinces.

A major problem in harnessing the tides is due to their
cyclical nature. Power could only be produced at certain
hours of the day and not necessarily when needed. Again,
there is the storage problem.

Geothermal power refers to power obtained by using heat
from earth. There are a few applications in different parts
of the world such as Iceland and New Zealand which use
natural steam or hot water trapped in the earth. However,
there are only a few locations in Canada where such geo-
thermal energy is readily accessible, such as in the Rockies,
and they could only supply a few percent of our energy
needs.

Studies are continuing into the feasibility of using the
higher temperatures found several miles deep into the earth.
The exploitation of this energy does not appear likely until
a long period into the future.

Any form of recycling is worth studying. The broad subject
of using plants as a renewable fuel is often described as "bio-
conversion." Such systems of recycling, although possible,
are not economically attractive at the present time, and, in
any event, could not supply a very significant proportion
of our energy needs.
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Questions

1. Why is heavy mater so

important to the CANDU reactor?

2. How much does heavy

water cost?

3. How is heavy water produced?

4. Besides the obnoxious smell,
what are the problems and

hazards involved in using

hydrogen sulphide?

Answers

21. Heavy Water

Because of the presence of heavy hydrogen (deuterium),

heavy water is a highly efficient moderator. It is more effi-

cient than other light elements such as ordinary hydrogen

and carbon.

This high moderating efficiency makes it possible to use

natural uranium as fuel. So an initial investment in heavy

water when the reactor is built permits the use of a low cost

fuel throughout the life of the reactor.

About S100 per kilogram (abci.t S500 per gallon). In every

1000 gallons of ordinary wa'dr there are about three cups of

heavy water. The cost reflects the difficulty of separating

the heavy water.

Large quantities of ordinary water are required. Although
direct distillation could be used, an isotopic exchange pro-
cess is more economical. Bγ this method, the concentration
of heavy hydrogen or deuterium is gradually increased by suc-

V 21.3 The Bruce Heavy Water Plant
on the shore of Lake Huron produces
heavy mater for use in Canada's Nu-
clear Power Programme.

cessively raising and lowering the temperature difference be-
tween water and a gaseous hydrogen compound. The pro-
cess utilizing hydrogen sulphide gas is the best so far develop-
ed. Other potentially attractive processes are in experimental

stages.

Hydrogen sulphide has the characteristic smell of rotten eggs.
It is highly toxic, combustible and corrosive.

All these undesirable features have been taken into account
in the design of Canada's heavy water plants. The Atomic
Energy Control Board has established a committee of engin-
eers, scientists and doctors representing local, provincial and
federal governments to review and control the construction
and operation of heavy water plants.

Special features have been designed into plants to prevent
the undue release of gas and greatly reduce the probability of
an accidental release. Sophisticated monitoring devices are
deployed.

Each heavy water site has problems that require individual
solutions. 45
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Glossary
ACTIN1DES: Heavy elements with an atomic number greater than S3,
The name is derived from Actinium, the first of the series and includes
uranium (U) and plutonium (Pu).

ALPHA PARTICLE: A positively charged particle emitted by a
radionuclide and composed of two protons and two neutrons.

ATOMS: Atoms are the basic building blocks of all substances and cannot
be broken down further by chemical means. Each has a nucleus
surrounded by one or more orbital electrons. Each element has its own
distinctive arrangement of electrons and protons in its atom (See
Element).

ATOMIC NUMBER: The number of protons in the nucleus of an atom.
The atomic number establishes an atom's chemical identity.

ATOMIC MASS: The mass of a neutral atom compared with 1/12th of
the mass of the carbon-12 atom.

BACKGROUND RADIATION: The natural ionizing radiation of man's
environment including cosmic rays from outer space, naturally radioactive
elements in the ground, and naturally radioactive elements in a person's
body.

BETA PARTICLE: Electrons emitted from a radionuclide during beta
decay or by the decay of a neutron into a proton.

BOILING WATER REACTOR (BWR): A nuclear power reactor cooled
and moderated by light water. The water is allowed to boil in the core to
generate steam which passes directly to the turbine.

CALANDRIA: A cylindrical reactor vessel which contains the heavy
water moderator. Hundreds of tubes extend from one end of the calandria
to the other containing the uranium fuel and the pressurized high
temperature coolant. The reactor core consists of all of the components
within the calandria.

CANDU: A Canadian developed nuclear power reactor system. The name
is derived from CANada Deuterium Uranium, indicating that the
moderator is deuterium or heavy water, and that the fuel is natural
uranium. Pressure tubes containing the fuel and coolant run the length of
the reactor vessel or calandria.

CAPTURE: A nuclear reaction in which a nucleus absorbs an additional
neutron or proton. If it is a neutron the mass number of the nucleus
increases by one and a different isotope results; if i t is a proton both the
mass number and atomic number increase by one and a different element
results.

CHAIN REACTION: A reaction that initiates its own repetition. In
nuclear fission, a neutron induces a nucleus to fission and releases
neutrons which cause more fissions.

CONTAINMENT: A gas-tight shell around a reactor to contain
radioactive products that would otherwise be released to the atmosphere.

COOLANT: A liquid or gas circulated through the core of a reactor to
extract the heat of the fission process.

COSMIC RAYS: Radiation emanating from high energy sources outside
the earth's atmosphere.

CORE: The region in a reactor which contains the nuclear fuel.

CRITICALITY: The instantaneous condition when a sufficient mass of a
fissile material assembled in the right shape and concentration begins a
self-sustaining chain reaction.

CRITICAL MASS: The minimum amount of fissile material needed to
sustain a chain reaction. It depends on the geometry and enrichment of
the materia) and the presence of a moderator.

CURIE: A measure of the rate at which a radioactive material
disintegrates. A curie is the radioactivity of one gram of radium and is
named after Pierre and Marie Curie, the discoverers of the radioactive
elements radium, radon and polonium. One curie corresponds to 37 billion
disintegrations per second.

DECAY: The decrease in activity of a radioactive material as it
spontaneously transforms from one nuclide to another or into a different

46 energy state of the same nuclide.

DEUTERIUM: A stable naturally occurring hydrogen isotope {H2) with a
mass number of two. Its natural abundance is about one part in 7000 of
hydrogen. In the form of heavy water {D2OI it is the most effective
neutron moderator available far reactors.

DISINTEGRATION: See Decay

DOSE: The amount of ionizing radiation energy absorbed per unit mass.

ELECTRON: An elementary particle carrying one unit of negative
electrical charge and having a mass equal to 1 /1838th of the hydrogen
atom. Electrons determine the chemical behaviour of elements and their
flow through a conductor constitutes electricity.

ELEMENT: There are 92 naturally occurring elements each having its
own distinctive atom. All substances are made up of various chemical
combinations of elementstSee Atoms).

ENRICHED FUEL: Nuclear fuel containing more than the natural
abundance of fissile atoms.

FAST BREEDER REACTOR (FBR): A reactor in which fast neutrons
sustain the fission chain reaction. The fuel is enriched and a blanket of
fertile material surrounding the core captures neutrons to become fissile.

FAST NEUTRONS: Neutrons resulting from fission that are not
intentionally slowed down by a moderator.

FERTILE MATERIAL: Potential nuclear fuels which can be transformed
in a reactor into fissile material by neutron capture. Th-232 converts to
U-233, and U-238 to Pu-239.

FISSILE MATERIAL: Nuclear fuels in which the nuclei, when hit by
neutrons, split and release energy plus further neutrons which can result in
a chain reaction. U-233, U-235 and Pu-239 are examples of significant
fissile maie^'jl^, aut only U-235 occurs naturally.

FISSION: The splitting of a heavy nucleus into two parts (See Fission
Products/ accompanied by the release of energy and two or more
neutrons. It may occur spontaneously or be induced by capture of
bombarding particles, particularly neutrons.

FISSION PRODUCTS: The smaller nuclei formed by the fission of heavy
elements. Over 300 different stable and radioactive fission products have
been identified. They represent isotopes of some 35 different chemical
elements ranging from zinc-72 to gadolinium-160.

FUEL BUNDLE: An assembly of metal tubes containing nuclear fuel
pellets ready for insertion in a reactor.

FUEL PELLETS Uranium dioxide, or other nuclear fuel in a powdered
form, which has been pressed, sintered and ground to a cylindrical shape
for insertion into the sheathing tubes of the fuel bundle.

FUEL SHEATH: Tubing into which fuel pellets are inserted and sealed to
make a fuel element. A number of elements arc assembled to make a fuel
bundle.

FUELLING MACHINE: Equipment used to load and unload fuel
bundles. CANDU fuelling machines are remotely controlled and load the
fuel while the reactor is operating.

GAMMA RAYS: High energy, highly penetrating, short wave length
electromagnetic radiation emitted by the nuclei of many radioactive atoms
during radioactive decay. The rays are absorbed by dense materials like
lead.

GAS COOLED REACTOR: A nuclear reactor in which a gas, such as
carbon dioxide, is used as the coolant.

GENETIC EFFECTS: Effects that produce changes to egg or sperm cells
and thereby affect the offspring.

HALF LIFE: The time taken for half the atoms of a radioactive substance
to disintegrate; hence the time to lose half its radioactive strength. Each
radionuclide has a unique half life ranging from millionths of a second to
billions of years.

HEAT EXCHANGER: A piece of apparatus that transfers heat from one
medium to another. A typical example is the steam generator in the
CANDU system where the hat pressurized heavy water coolant is used to
convert ordinary water into steam to run the turbine.
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Glossary
HEAVY WATER: The moderator used in the CANDU nuclear power
reactor system (See Deuterium).

ION: An elementary particle, atom or molecule not electrically neutral,
ie, a positive ion has lost one or more electrons. Sometimes an electron is
described as a negative ion.

IONIZATION: A process by which an atom, electrically neutral under
normal conditions, becomes electrically charged by gaining or losing one
or more orbital electrons. The toss of an electron produces a positive ion,
while gaining one produces a negative ton.

ION EXCHANGE: The recovery of products or removing impurities from
solutions. The substance adheres to the surface of resins in the ion
exchange process.

ISOTOPE: Species of an atom with the same number of protons in their
nuclei, hence belonging to the same element, but differing in the number
of neutrons. The chemical qualities are practically the same but the
nuclear characteristics may be vastly different — eg, hydrogen (H-j) and
deuterium (heavy hydrogen-H2ï, and U-235 and U-238.

MASS NUMBER: The total number of protons and neutrons in the
nucleus of an atom — eg, U-235.

MEGAWATTS (MW): One m'ilüon watts or one thousand kilowatts, a
means of indicating the electrical power rating of motors and generators.

MILLS/KILOWATTHOUR: A method of indicating the cost of electrical
energy produced by a generating station, where " m i l l " represents one
thousandth part of one dollar and a kilowatthour is the standard unit of
energy produced or consumed.

MODERATOR: A material such as heavy water, graphite or light water,
used in a reactor to slow down or moderate the fast neutrons produced by
fission thus increasing the likelihood of further fission.

MOLECULE: The smallest piece of substance that still retains the
characteristics of that substance. A further subdivision would break down
ihe substance into its constituent atoms — eg, a molecule of water H2O.

NATURAL RADIATION: See background radiation.

NATURAL URANIUM: Uranium whose i so topic composition as it occurs
in nature has not been altered (0.7 per cent by weight of U-235).

NEUTRON: An unchanged (neutral) elementary particle with a mass
nearly equal to that of the proton and associated with it in the nuclei of
atoms.

NUCLEAR ENERGY: The energy liberated by a nuclear reaction such as
fission.

NUCLEAR FUSION: The formation of a heavier nucleus from two
lighter ones with the simultaneous release of large amounts of energy — eg,
two atoms of deuterium can fuse to form a helium atom.

NUCLEUS: The positively charged core of an atom which has almost the
whole mass of the atom but only a minute part of its volume. All nuclei
are made up of proions and neutrons, except for ordinary hydrogen (Hj)
which contains only one proton.

ORGANIC COOLANT: An oil·!ike liquid having a high boiling point at
low pressure used as coolant in the WR-1 test reactor at the Whiteshell
Nuclear Research Establishment of AECL in Manitoba.

PLUTONIUM (Pu): A heavy radioactive metallic element with an atomic
number of 94 whose principal isotope Pu-239 is a major fissile material. It
is produced artificially in reactors through neutron absorption of U-238.

POISON: Any non-fissionable, non-fertile substance in a reactor with a
high capacity for neutron capture that decreases reactivity. Poisons are
deliberately introduced to adjust the level of fission or to shut down the
reactor.

PRESSURE TUBE REACTOR: A power reactor in which the fuel is
located inside hundreds of tubes designed to withstand the circulation of
the high pressure coolant. The tubes are assembled in a tank containing
the moderator at low pressure (See CANDU).

PRESSURIZED WATER REACTOR (PWR): A power reactor cooled and
moderated by light water in a pressure vessel surrounding the core. The
water is pressurized to prevent boiling in a closed primary loop and is
circulated through a heat exchanger which generates steam in a secondary
oop connected to the turbine.

ROTON: An elementary particle with a charge equal and opposite to
that of the electron. Its atomic mass is approximately 1837 times that of
an electron. It comprises the' nucleus of the ordinary hydrogen atom
whose mass number is defined as one. It is a constituent of all nuclei.

RAD: The unit of dose of ionizing radiation. One rad is absorbed when
00 ergs of energy is imparted to each gram of matter by ionizing

radiation (See Rem).

RADIATION: The emission and propagation of energy through space or
matter in the form of electromagnetic waves and fast moving particles
such as gamma and x-rays.

RADIOACTIVITY: The spontaneous decay of an unstable atomic nuclei
into one or more different etements or isotopes. It involves the emission of
particles or spontaneous fission until a stabte state is reached.

REACTIVITY: A measure of the departure of a reactor from criticality.
A positive value means that the release of neutrons is increasing and that
the power will rise, and a negative value means that the release of neutrons
is decreasing, the power is falling and the chain reaction could die out.

REACTOR: An assembly of nuclear fuel which can sustain a controlled
chain reaction based on nuclear fission.

RECYCLING: The reuse of fissionable material in irradiated nuclear fuel
which is recovered by reprocessing.

REM: The abbreviation for Roentgen Equivalent Man, the unit of an
absorbed dose of ionizing radiation in biological matter. It is the absorbed
dose in Rads multiplied by a factor which takes into account the
biological effect of the radiation.

REPROCESSING: The extraction of fissionable material from spent fuel
for later use by recycling.

ROENTGEN: The unit of exposure to gamma or x-rays. Named after
William Conrad Roentgen, the discoverer of x-rays in Munich in 1895.

SHIELDING: A mass of material which reduces radiation intensity to
protect personnel, equipment or nuclear experiments from radiation
injury, damage or interference.

SLOW NEUTRONS: Neutrons that have been slowed down by a
moderator so as to increase the probability of their collision with a fissile
nucleus and induce fission.

SPENT FUEL: Nuclear fuel that has been irradiated in a reactor to the
extent that it can no longer effectively sustain a chain reaction, ie, the
fissionable isotopes have been consumed and fission-product poisons have
been accumulated.

THORIUM (Th): A heavy slightly radioactive metallic element with an
atomic number of 90 whose naturally occurring isotope Th-232 is fertile
and the source, when irradiated in a reactor, of U-233.

TRITIUM: A radioactive isotope of hydrogen with an atomic number of
three, it has one proton and two neutrons in its nucleus. It is produced in
heavy water moderated reactors by neutron capture of deuterium.

URANIUM (U): A heavy slightly radioactive metallic element with an
atomic number of 92. As found in nature it is a mixture of the isotopes
U-235 (0.7%) and U-238 {99.3%). The artificially produced U-233 (See
Thorium), and the naturally occurring U-235 are fissile. U-238 is fertile.

URANIUM DIOXIDE (UO2): Used with the natural concentration of
U-235 unchanged, as the fuel in CANDU power reactors because of its
chemical and radiation stability, good gaseous fission product retention
and high melting point.

ZIRCONIUM: A naturally occurring metallic element with an atomic
number of 40. The material is used extensively in the construction of
in-core reactor components because it has a very high corrosion resistance
to high temperature water with low neutron absorption. 47
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