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PREFACE

The Chamber of Mineral Resources of Nova Scotia
was formed during 1981 to promote the mineral Industry
of our province. This organization affords individuals
and corporations active in mineral exploration and de-
velopment a means of collective action.

A very necessary and important part of the ac-
tivities of the Chamber is to make representation to
both government and the public on matters affecting
our mineral industry.

At present we are experiencing pressure against
the mineral industry, in particular, we are experienc-
ing a strong anti-uranium exploration and mining senti-
ment within our province. The facts surrounding uranium
exploration and mining are in many cases misunderstood
and strongly distorted by the anti-nuclear lobby.

This report is written with the view to provide
an easily read summary of the nuclear industry as it
affects Nova Scotia. It has been written by a group
of individuals who possess many collective years of
experience and expertise in the many and varied fields
presented herein.

The utilization of uranium as a fuel is a reality
and part of our twentieth century life style. Nova
Scotians must realize that we have a unique opportunity
to develop a mineral resource and we should be prepared
to meet that challenge.

G.P. ISENOR

PRESIDENT

Halifax, N.S.

Kay, 1982
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Summary of Main Conclusions:

The "Uranium Issue" is a complex one requiring much
study to unravel its details. The object of this paper is to
summarize some of these details in an understandable and
systematic manner. However, with simplification, gener-
alization is inevitable. It is, therefore, in the spirit
of simplification that the general conclusions of this paper
are drawn. For those who are interested in more detail, the
authors of this paper are very able and equipped to handle
even the most complex issues in their respective fields.

Me conclude that:

(a) Uranium exploration can be carried out in an environ-
mentally safe manner under the existing "Terms and Conditions"
of the Nova Scotia Department of Mines and Energy with no ad-
verse effects on either workers or the general public.

(b) Uranium mining is being carried on currently in Canada
in an environmentally and socially acceptable manner with many
benefits accruing to local population near the mine. The
technology to safely mine uranium is being demonstrated and
there is no reason why these safe mining practices could not
be applied if a uranium mine is ever found in Nova Scotia.

(c) Uranium tailings can be properly handled utilizing
modern technology both in the short term and the long term.

Short term measures are being demonstrated as effective
in limiting the amount of radionuclides entering the environment.

Further, it is quite possible to isolate and manage these
areas over the long term with little or no maintenance required.

(d) It is generally agreed by the majority of the scien-
tific community that radiation protection standards are quite
adequate to protect both nuclear workers and the general public
at this time.

(e) Nuclear and coal fired electrical generating plants
can both supply base load energy supplies in the short and long
term. In some jurisdictions it is the nuclear system which can
provide the lowest cost energy supply. It is important that
this option not be lost, either as a potential source of elec-
trical energy domestically or as an exnort commodity.
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CHAPTER 1 - IMTRODl/CTIOM

1.1 Committee Members

The Chamber of Mineral Resources of Nova Scotia esta-
blished an Exploration Committee to research and deal with
concerns within the exploration Industry. One of the Issues
deemed most pressing at the time was the "Uranium" Issue
and the Initial membership of the Exploration Committee
was selected on the basis of their expertise within the com-
plex "Uranium" issue.

The following committee members bring different back-
grounds and areas of expertise to bear on this, a complex
issue. A brief resume Is presented in Appendix 1v for
each committee member further indicating their various
fields of expertise.

(b) Mr. Gordon B. Dickie, Chairman
Senior Geologist
Shell Canada Resources Ltd.
Minerals Division
192 Joseph Zatzman Drive
Suite 8
Dartmouth, Nova Scotia
(902)469-4995

(b) Mr. Dan G. Brown, P. Eng.
Vice President, Planning
Nova Scotia Power Corporation
P.O. Box 910
Halifax, Nova Scotia
(902)424-2907

(c) Mr. Roy D. John
Environmental Affairs Department
Kidd Creek Mines Ltd.
P.O. Box 398
#204, 124 Water Street
Windsor, Nova Scotia
(902)798-2218

(d) Mr. David Morley
Community Relations Officer
Atomic Energy of Canada Limited
Chemical Company
P.O. Box 5
Glace Bay, Nova Scotia
(902)849-2400

(e) Mr. Robert R. Turton, P. Eng.
Principal
Golder Associates, Consulting Geotechnical Engineers
961 South Bland Street
Halifax, Nova Scotia
(902)422-9683
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1.2 Objectives

The objective of this committee 1r» reference to
Uranium Exploration, Mining and Nuclear Fuel Cycle Is
to:

(a) Summarize the Information available on the above
topic and present 1t In a form which can be under-
stood by the membership of the Chamber of Mineral
Resources of Nova Scotia; and

(b) To provide a technical base from which the Chamber
can extract press releases and information for dis-
tribution to the general public.

1.3 SCOPE

The scope of this report is rather broad in that it
attempts to summarize the available information on the
subjects of Uranium Exploration, Mining, Milling and
Tailings Management, Effects of Low Level Radiation,
Nuclear Power and Heavy Water Production.

It is felt that since there are currently no uranium
mines, mills or nuclear power plants existing in Nova Scotia,
these subjects must be dealt with in general terms. It must
be further understood that if in the future any of the afore-
mentioned facilities are established in Nova Scotia, details
of their environmental and socio-economic impact may vary from
the general statements in this document.
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CHAPTER 2 - THE BASICS OF RADIATION

2.1 INTRODUCTION

Mankind has always been subjected to radiation. It
occurs naturally throuqhout our universe. Radiation comes
to us from the sun, outerspace, the soil around us, and even
from within our own bodies. Additional radiation is caused
by medical X-ray equipment, television sets, watch dials,
and nuclear power plants.

Radiation comes in a wide variety of types and energy
levels. Radio waves, microwaves, infrared radiation (or
heat) and visible light are all forms of radiation with
which we are familiar. In modern times, we have added the
nature and effects of X-rays and gamma rays to our under-
standing. Both X-ray and gamma rays are referred to as
ionizing radiation. This is because their energy is high
enough to cause ionization (or to convert a molecule to a
charged molecule). It is important to remember that all
radiation can be hazardous. Infrared and ultraviolet radia-
tion in excess will cause severe skin damage and both can
lead to death. Visible light can lead to blindness and in
the form of a laser, can also result in death.

Some large atoms contain large quantities of internal
energy. At some point in time, one of these atoms may under-
go a rearranqement in order to form a more stable atom.
This process of rearrangement is called radioactive decay.
Whenever radioactive decay takes place, some of the excess
energy in the atom is released in the form of radiation. It
is this release of energy that makes radioactive elements
useful and potentially harmful.

Radionuclide atoms decay in a number of steps called a
decay chain. At each step a new element or isotope is
created, which then undergoes its own decay until a stable
element is reached. The uranium 238 isotope (which accounts
for 99% of all natural uranium) for example undergoes 13
decay steps to form stable lead 206. Each isotope decays at
a fixed rate, called the half life. This is the time it
takes for half the Isotope to be transformed to a new one.
It takes about ten half lives for the original amount of an
isotope to approach zero. The half life varies from parts
of a second to thousands of years.

Let us now consider the different types of ionizing
radiation.

1, X-RAY. X-rays are similar to light but are far
more penetrating. They are used extensively in industry
and medicine.

2. GAMMA RAYS. These are similar to X-rays but have even
higher energy. They are used to treat cancer.
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3. COSMIC RADIATION. This is a mixture of very energetic
particles which bombard us from the cosmos. The Earth's atmos-
phere gives protection from cosmic radiation.

4. r _ _ ^ _
by an element undergoing
Targe particles but have
stopped by a
chief

ALPHA PARTICLES. (Fig. 2.1) Alpha particles are emitted
radioactive decay. These are relatively
little penetrating power. They can be

layer of skin or a sheet of paper for example. The
danger of alpha radiation comes when an alpha emitting

radioactive element is taken internally. The radioactive element
giving off alpha particles in the lungs could cause a great deal
of damage to the lung tissue.

5. BETA PARTICLES. These are essentially higher speed
electrons"!! They are more penetrating than alpha particles.

6. NEUTRONS. Neutrons are fairly heavy and extremely
penetrating"; They originate in outer space, and from the
internal workings of a nuclear reartor.

Only neutrons can induce radioactivity into the material
that they strike. For example, even though you are bombarded
by Ionizing radiation when you receive an X-ray, you do not
come away with a radioactive body.
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FIGURE 3.1CTYPES OF RADIATION AND THEIR PENETRATING POWER
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2.2 UNITS OF MEASUREMENTS

The unit most frequently used to express dose is a REM.
One REM of radiation produces a constant biological effect
regardless of the type of radiation. As a REM is rather a
large dose for most uses it is convenient to use one
thousandths of a REM, or a millirem.
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CHAPTER 3 - URANIUM EXPLORATION

3.1 Introduction

Uranium has been known to occur in Nova Scotia as
early as 1915 in the New Ross area.

Modern exploration began in 1975 in the Counties of
Cumberland and Pictou and in 1977 over the granitic rocks
in southwestern Nova Scotia. To date only one find which
may have economic significance has been discovered. Kidd Creek
Mines Ltd. has approximately 50% of the uranium required to
open a mine at Millet Brook, Hants County.

Shell Canada Resources Ltd. has significant showings
along the north flank of South Mountain.

In September of 1980, the Nova Scotia Department of
Mines and Energy announced that it was preparing "Uranium
Exploration Guidelines" and that the first draft was being
circulated for comment.

The guidelines were adopted and were the standard for
uranium exploration.

The "Uranium Exploration Guidelines" were changed to
Uranium Exploration Terms and Conditions on September 1,
1981. (Appendix II)

On April 3, 1981 a Select Committee of the Legislature
was appointed to "investigate all scientific and technical
information related to the protection of workers, the public
and the environment associated with the uranium mining cycle..."
as it applies to Nova Scotia.

On September 23, 1981, Mines and Energy Minister
Ron Barkhouse announced that no new uranium exploration
permits will be issued in Nova Scotia, pending the final
recommendations of a Legislative Select Committee investi-
gating possible environmental and health hazards.

On October 6, 1981 with the Nova Scotia Provincial
Election the "Select Committee on Uranium Mining" had no power
to proceed and there was no indication that it would be
reconstituted.

On January 25, 1982 Judge Robert McCleave was named as a
one-man commission to investigate uranium exploration in
the province. The terms and conditions of the inquiry are
included in this paper. (Appendix III)
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As a result, uranium exploration in Nova Scotia has virtually
ceased, and exploration for other metals severely reduced.

During the period 1977-1981 25 companies were exploring
in Nova Scotia and spent a total of $44 million of which 35%
was uranium exploration alone. (Fig. 3.1). The forcast spend-
ing for 1982 is $3 million, all in non-uranium exploration.
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3.2 Uranium Exploration Techniques

Uranium exploration techniques are similar to those used
in exploring for tin, tungsten, molybdenum or many other of
the common metals. Uranium has certain chemical and physi-
cal properties which make some exploration techniques work
better than others.

The following are the five steps generally taken in
most successful exploration programmes:

3.2.1 Choice of Area

One of the most important decisions is choosing an area
to explore. Some things which affect that decision are (a) the
similarity of the local geology to that of an area which con-
tains producing mines, (b) hints of mineralization in the tar-
get area, whether in the form of a mine, showing or anomaly,
and (c) how close the area is to roads, ports, sources of
power and labour market.

3.2.2 Reconnaissance Level Exploration

The objective of reconnaissance level exploration is
to discover anomalies or showings using survey lines several
hundred meters apart. The following techniques are used in
varying combinations and sequences:

(a) Geochemistry

This involves the collection and analysis of samples
of soil, plants, silt and water from streams and lakes
and rocks. By this we can detect areas of higher than
normal amounts of uranium (anomalies).

Measurements of the radon content of the soil may also
lead to the discovery of uranium mineralization.

(b) Geophysics

Regional airborne surveys are also often conducted.
Crystals sensitive to radioactivity can be mounted
in an airplane or helicopter and flown at low altitude
over land in order to detect anomalies.
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(c) Prospecting

Prospecting is one of the most important activities car-
ried out during mineral exploration. There is no sub-
stitute for the trained eye of a prospector.

When looking for uranium, scintillometers are carried
in order to measure radioactivity. They are smaller
than the airborne crystals mentioned above. Scintillo-
roeters can detect anomalous radioactivity up to several
meters away from the prospector carrying it.

Prospecting can be carried out where traverses are
say, 500 meters apart, or it can be a kind of enlight-
ened wandering guided by the prospector's experience.

(d) Geological Mapping

A good geological map is an explorationist's indis-
pensable tool. Often areas in which exploration is
taking place have never been mapped in great detail
or were mapped 20 or 30 years prior. Therefore one
of the top priorities of a geologist is to produce
such a map. Naturally the process is never really
completed as new information is being uncovered
continuously.

3.2.3 Detailed Surveys

The function of a detailed survey is to follow up any
encouraging results of reconnaissance work. The objective
is to outline and analyse anomalies and mineralization.

The following techniques are often used:

(a) Geochemistry

The techniques are often similar to those used in
reconnaissance level exploration. The difference is
that the sample spacing around anomalies is reduced
to 25-100 meters thus confirming the anomaly and out-
lining its shape.

(b) Geophysics

Magnetic and electrical properties of the rocks
can be measured in order to outline the geology.
In areas covered by a blanket of glacial debris,
geophysics (which "sees through" the overburden
cover) may help in mapping rock types and locating
fault zones which may contain minerals.
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(c) Detailed Prospecting and Mapping

The techniques are the same as in reconnaissance
work, with the major difference being only in the
level of detail and precision.

Locating uranium bearing boulders is often used in
order to pinpoint their bedrock source.

(d) Linecutting

This means cutting the brush along lines up to 1
meter wide in a controlled rectangular grid. It is
often used when detailed work is done in order to main-
tain control over the several different surveys.

3.2.4 Trenching and Blasting

When mineralized outcrop has been located, trenching
and blasting is sometimes done to uncover more of the out-
crop. This allows the geologist a clearer look at any min-
erals present and shows him how far it extends.

Trenching is also often used when mineralized boulders
have been found. This exposes the till material and
enables us to analyse its fabric and composition. From
the analysis the direction from which the boulders have
come can often be deduced. In the process of trenching
near boulders, outcrop has often been discovered in an
area where none was exposed before. Outcrop is valuable
since it allows the geologist much better control over the
exploration process.

3.2.5 Drilling

Two basic types of drilling are used: overburden
drilling and rock drilling. The equipment used for each
can be very similar but the purpose is quite different.

Overburden drilling is a form of geochemical samp-
ling. Samples are collected on a grid pattern by drilling
into the glacial till. The purpose is to outline a geo-
chemical anomaly which we trace back to its bedrock source.
Sampling the glacial till can also be done by trenching
rather than drilling.

Diamond drilling is the most common type of rock drill-
ing. It involves coring rock sometimes up to depths of sev-
eral hundred meters. The core is then analysed for uran-
ium and other elements. Geophysical tools are often lowered
down the drill hole in order to record various properties of
the rock (radioactivity, etc.).
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Often drilling is the only method for finding miner-
alization in bedrock and is the only method to outline an
ore body.

3.3 Uranium Exploration Impact

The "Uranium Exploration Terms and Conditions" are
designed to permit uranium exploration with no significant
environment impact.

It is recognized that trenching, diamond drilling and
road building can expose increased amounts of radioactive
contaminants to the environment. These procedures are
therefore carefully monitored and regulated.

Trench sites for example must be filled in so that
surface radioactivity levels are returned to original!
levels.

Diamond drill holes are plugged at the top and those
drill holes which intersect radioactivity must be cemented
from top to bottom.

The hazards of uranium exploration are similar to other
types of mineral exploration. Studies which have been done
confirm that no specifically related health hazards from
gamma radiation exist.

Increase in gamma ray exposure to uranium exploration
workers is estimated to be about 100 to 200 mrem per
exploration season. (The average exposure to the North
American public ranges from about 60 to 245 mrem per year.)
This is well below the 500 mrem per year standard set for
the public.

Exposure of uranium exploration workers to outdoor
radon daughter concentrations either from the natural
background! core samples, drill holes and trenching oper-
ations are well below the maximum permissible standard of
0.02 Working Levels per Month (WLM) for the public. In
fact, the measurable amounts of radon daughter concentra-
tions appear smaller than variations in normal background
levels.

One exception is that workers can be exposed to
increased concentrations of radon daughters in core shacks
or in storage buildings, the concentration depending on
the degree of ventilation provided.



Page 12

By far the most hazardous activity we are involved
in is that of exploration per se. The risks we encourage
in driving, cutting with axes and traversing on days when
the bush is wet and slippery, for example, are the ones
which give us the greatest concern.
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CHAPTER 4 - MINING

4.1 Introduction

Once a mineral deposit has been discovered, a mine/mill
facility can be built only after all the Federal and Provincial
requirements are met.

There are two possible kinds of uranium mines which
might be considered in Nova Scotia: open pit and underground
(Fig. 4.1). It is impossible to predict which system would be
used until the ore grade, depth and shape is known. Most
likely in a low grade deposit located close to the surface,
an open pit mining method would be used. For higher grade,
deeper deposits, the ore would be removed by underground min-
ing methods.

Surface Mining

For many ore deposits within 5 0 0 feet of
the surface,a surface mining technique
fs used. This method involves four steps:

I. Removal of the fop*oil, which i* saved for later
reclamation.

2 Removal of fhe dirt and rock, called "over-
burden," which cover* the ore. Overburden may
alto be kept to aid m reclamation.

3 . Extraction of the ore, using large electric
shovels and trucks.

4. Reclamation of the disturbed areas to uses
consistent with pre-mining days.

i
- Hoist

*"

^sij-rstation

House

l=^_—-^—

Locomotive and Cars

Underground

Oeeper ore deposits require the tradi-
tional underground mining approach.
Underground mtnes are more costly
than other methods, but require less
surface disturbance and also allow
more thorough reclamation.

FIGURE 4 .1 ' . MINING TECHNIQUES
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4.2 Open Pit Mining

In an open pit operation, the surface overburden is first
removed down to bedrock. The rock and ore is mined out in
horizontal layers 30 to 50 feet thick called benches much like
a rock quarry. The waste rock is placed outside the open pit
where it is covered with soil. The ore is usually separated
in two piles, one for high grade and one for low grade. The
high grade pile is trucked to a crushing plant where the large
blocks are broken down to 6 inches or less. This material
is then sent to the mill where it is further crushed and treated
with chemicals to remove the uranium. The low grade ore is
generally put aside and put through the mill should it become
economic during the life of the mine.

4.2.1 Gamma Radiation and Radon Exposure in Open-Pit Mining

In unconfined open pits, gamma radiation is a more impor-
tant factor to health safety than radon daughters; the opposite
is usually true in underground mines.

Radiation monitoring surveys carried out at a tyoical low
grade open pit showed that hazards from dust and radiation
were similar to underground mining. The exposure to radon and
radon progeny was found to be negligible. Three factors which
could lead to higher levels of radon and radon daughters are
(a) shape of the pit; (b) qrade of the ore and (c) climatic
conditions at the mine site. However, all of these factors
can be accounted for in the design of the open pit thus reduc-
ing levels to acceptable limits.

4.3 Underground Mining

This type of mining requires that a shaft be sunk to
the level of the ore (uh to 2000 feet), the ore dug out from
stopes and hoisted to surface up the shaft. Once on surface
the ore is crushed and milled similar to ore from an open
pit.

In low grade deposits the ore body is reached through
stopes and miners work in the ore. In high grade deposits
access is gained through lower grade rock and all mining is
carried out from openings outside the stope excavation. Thus
miners avoid high gamma fields which exist in the high grade
deposit.
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4.3.1 Radiation Exposure and Controls

The hazards of the underground mining of uranium
arises from the radioactivity of the mineral. Like all
other radioactive elements, uranium decays to lead from a
series of decay products, the last one of which is stable
and therefore not radioactive. The decay products are radon
and radon daughter products. Radon is an inert gas and has
no charge and therefore would not readily attach to dust
particles in the air. However, the radon daughter products
would have a greater tendency to attach themselves to dust
particules and thus enter the tracheo-bronchial tree. Once
inhaled some of the radon and radon particles will be exhaled
immediately while some may remain and irradiate the lung
tissues. The lung cancer effects associated with underground
mining are caused by the alpha irradiation of the cells by
radioactive particles deposited in the body. The damage
that may be caused by the alpha particle is, for the most
part, repaired by the body's natural mechanisms. Rarely,
the damage is not repaired properly and a cancerous cell
results. The greater the irradiation above the level at
which the body's repair mechanisms work efficiently, the
greater the risk of contracting cancer.

Miners' deaths probably due to the inhalation of radon date
back to the sixteenth century. In mines in Czechoslovakia
and East Germany, miners died of "mountain sickness" later
identified as cancer. In the late 1940's and early 1950's
higher than average incidents of lung cancer were discovered
among uranium miners in the United States and in the 1950's
and 1960's among Ontario Uranium miners.

Higher incidents of lung cancer have occurred at non-
uranium mines as well.* Well known examples are Newfoundland
fluorspar miners, iron miners in England and zinc and lead
miners in Sweden. All have above normal lung cancer rates.

The present ICRP standard of 0.4 WLM for uranium miners
is at present considered adequate for protection of the work
force.

*Since uranium is widely found in the earth's crust, radon
is by no means limited to uranium mines but occurs virtually
everywhere; outdoors in very low concentrations and indoors
in somewhat higher concentrations.
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There are five major techniques for controlling exposure
of workers in underground uranium mines. These are~(l) ventil-
ation (2) source isolation and diversion, (3) air cleaning
(4) respiratory protection and (5) job rotation.

These five techniques are designed to limit the amount
of radon daughters that miners inhale, the first three by
controlling the worker environment and the remaining two by
restricting the exposure of individual miners to the environ-
ment.

(1) Ventilation: Mechanical ventilation is the most
vital element of control, because radon and radon daughters
can rise to unacceptable levels. Ventilation design is also
necessary to reduce concentrations of other contaminants often
found in all types of mines (carbon monoxide and oxides of
nitrogen and silica). Fresh air intake raises are located
in barren rock and the rate of air flow must be high so as
not to give the concentration of radon daughters a chance to grow.

(2) Source Isolation: To reduce the burden on the ventil-
ation system radon emanations from rock walls and water seep-
age are isolated. Abandoned sections are either sealed with
barren rock or air pressure is maintained at a low level so
as to draw air in rather than out. Water is chanelled into
pipes and drained away from occupied areas.

The uranium ore is a source of radon. The more the ore is
broken the more radon escapes. Therefore, the ore is hoisted
to the surface with a minimum of crushing underground.

(3) Air Cleaning: Radon daughters are removed by most
air cleaning methods. Filtration and electrostatic precipita-
tion are the most effective because of the small particle-size
involved.

(4) Personal protective equipment: Miners1 work
clothes must be laundered frequently and showers must be
taken after every shift. Filter respirator masks and sup-
plied air tank respirators specifically designed for radon
daughters should be used where air concentrations exceed pre-
scribed levels.
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(5) Job rotation: Permissible limits of exposure
to radon daughter and external radiation are prescribed
in terms of accumulation over one year. Thus, temporary
exposure to high rates must be compensated by exposure at
correspondingly low rates. Thus, monitoring of indivi-
dual exposures must be maintained to insure cumulative
values remain within acceptable limits.

(6) Air Monitoring: Frequent air monitoring provides
a check on control measures for miners' exposure and pro-
vides data for the orderly extension of controls in expand-
ing mining areas.

4.4 Protection of the Work Force

The following, taken from the "Bates Commission
Report", indicates the hazards associated with uranium
open-pit mining and underground mining together with a
suggested preventative strategy:

TABLE 4.1
HAZARDS ASSOCIATED WITH URANIUM

OPEN PIT MINING

Hazard Preventive Strategy

Blasting Rigid procedures of control

Drilling Vibration injury/time limitation

Physical Injury (Heavy Worker Education/experience
equipment)

Dust Suppression/Vehicle washing, etc.
coveralls and hard hats, etc., to
be left in the wash house.

Radon Daughters Not required in open pit except where
very rich ore is present. Monitoring/
meteorological surveillance. Defini-
tion of maximal levels. Personal
dosimeters for some personnel. Preven-
tion of dust tracking out of pit - vehicle
washing. Provision of wash house and good
hygiene in recreational buildings,etc.

Gamma Radiation Personal dosimetry.
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TABLE 4.2
HAZARDS ASSOCIATED WITH UNDERGROUND

URANIUM MINING

Hazard Preventive Strategy

Dust Wet drill suppression/Surveillance
and monitoring

Physical Injury "Good mining practice."

Diesel Fumes Strict ventniation standards enforced.

Radon Daughters Design of mining method. Design and
maintenance of high ventilation. Stan-
dardized and specified area sampling.
Split sample analyses/Airflow helmet.
Personal alpha track dosimetry.

Gamma Radiation Personal dosimetry. Site monitoring as
new areas are developed.

The Bates Report recommended that 1f the Indicated preventive,
strategies be taken, uranium mining licenses could be Issued.
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CHAPTER 5 - MILLING AND TAILINGS MANAGEMENT

5.1 Milling Processes

The purpose of the milling process (Fig. 5.1) is to
concentrate the uranium from about 0.1 to 0.2 per cent, as
found naturally in the ore, to a purity of about 80 to 90
per cent. The exact milling process depends upon the special
characteristics of the ore body and whether other minerals,
such as vanadium, copper or molybdenum can be removed.

The principle method which is used to extract uran-
ium from the ore is known as leaching; a process which
involves mixing the ore with a chemical which dissolves
the mineral. Once the uranium is obtained it remains only
to purify the product for delivery to the refinery.

Crushing/Grinding
Uranium ore must be crushed and
ground to the size of fins sand to
enhance the recovery of the uranium.
Water is added to the grinding process
to control dust.

Leaching
A series of chemical solvent* are added
as th* crushed ore moves through a circuit.
These chemicals dissolve about 9 7 % of
the uranium out of the ore.

Liquid/Solid Separation
The uranium is removed from the ore

by solvent extraction. Except for any
commercially recoverable secondary
minerals, the waste,now called tailings,
is pumped in a semi-liquid state,or
"•lurry," to an impoundment area
where it is later stabilized as part of
the tailings management program.

De-Watering/Drying/Packaging
Finally, the yellowcake is dried in a
dust-controlled environment into
fine powder which is packaged in drums
for shipment.

Concentratlon/Preci pitation
In this step the uranium is precipitated out

of the solution, leaving a relatively pur*

uranium product called yellowcake.

FIGURE 5.1: MILLING PROCESS
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5.2 Tailings Management

One of the first tasks undertaken by any uranium oper-
ation is to develop a carefully engineered plan for tail-
ings management. Potential impoundment sites are studied
to determine underlying geology, seismic activity, ground-
water levels, availability of naturally occurring clay,
potential flooding and many other factors. The final loca-
tion of an impoundment site is subject to exacting regu-
lation by the Federal Government through the Atomic Energy
Control Board.

The main purpose of waste or tailings management methods
is to store SOLIDS and to confine them. However, our pro-
blems are laregly caused by WATER.

Consequently, the main emphasis in engineering design
is aimed at control of water impoundment, control of pos-
sible seepage, and confinement of such seepage to local
areas. The management of seepage is important with uranium
tailings since the seepage contains small amounts of radio-
active matter.

In a typical management system for surface-deposit
uranium mill tailings (Fig. 5.2), the main impoundment area
contains the tailings. Between the main impoundment and the
small impoundment, all surface water from the tailings area
is treated by addition of a chemical known as barium chloride
which causes a reduction of dissolved Radium to acceptable
concentrations. The chemical precipitate that forms as a
result of barium chloride addition settles out, so that the
water from the impoundment can be released to the environ-
ment. The sediment on the bottom of the small impoundment is
normally more radioactive than the tailings in the large im-
poundment. Therefore, when the mine closes this sediment is
normally removed and safely disposed of.

MILL

WASTE
ROCK

BARIUM
CHLORIDE
ADDITION

TREATMENT TREATED

FIGURE 5.2:TYPICAL ACTIVE SYSTEM FOR SURFACE-DEPOSITED TAILINGS IN CANADA.
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5.2.1 Notes on Radioactivity

Before the tailings slurry is allowed to flow into the
tailings management area, the slurry is made chemically
neutral. However, at a uranium mine, the tailings slurry
is radioactive. The uranium isotope " M U comprises more
than 99 per cent of all natural uranium deposits. This
isotope stands at the beginning of a series of different
isotopes (Nuclides). This succession develops in a series
by a process known as radioactive decay. The decay invol-
ves a spontaneous change of a given isotope into a new iso-
tope with the concurrent emission of electromagnetic radia-
tion (gamma radiation) or charged particles (beta and alpha
radiation).

The first member, 2 3 8 U , is known as the parent the
intermediate members (heavy metal nuclides) are called
daughters, and the final stable member, 206Pb {Lead 206), is
called the end product. A simplified radioactive decay series
is shown on Table 5.1. All of the changes shown on the table
are occurring at one time.

The isotopes Thorium 230 and Radium 226 are present in
mill tailings and constitute the major radiological hazard in
waste management operations.

It is generally accepted that more than 50 per cent
of the Thorium in the ore passes through the mill and
enters the tailings area, all of this Thorium being in solid
form. The Thorium remains in the tailings management area
and slowly decays to Radium.

In the same way, more than 95 per cent of the Radium in
the ore enters the tailings area, most all of it being in solid
form. Radium is reportedly one of the most insoluble sub-
stances known; almost all of the Radium remains in the tail-
ings disposal area and undergoes the change or decay to the
next radio-nuclide in the series: 222Rn, or Radon, which
is an inert gas.
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Table 5.1 - Simplified Uranium Radioactive Decay Series

ISOTOPE HISTORICAL
NAME

238

234

234

234,

U

Th

Pa

Uranium I

Uranium X,

Uranium X«

Uranium II

HALF LIFE

4.5 X 10y yrs,

24.1 days

1.18 Min.

2.5 X 105 Yrs.

RADIATION REMARKS

Major source
of emission
In Uranium Ore

230

226

222

218

Th

Ra

Rn

Po

214

214

214

210

210

210

206

Pb

B1

Po

Pb

B1

Po

Pb

Ionium

Radium

Radon

Radium A

Radium B

Radium C

Radium C

Radium D

Radium E

Radium F

Radium G

7.6 X 10* Yrs

1620 Yrs.

3.82 days

3.05 Min

26.8 Min.

19.7 Min.

2.7 X 10"6 Min,

22.0 Yrs.

5.0 Days

138.4 Days

Stable

Mil l Tailings

Gas

Internal
Hazard

and
emissions In
Uranium Ore

Internal Hazard
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5.2.1.1 Radon Emanation

Radon heads a group of radionuclides which in turn
decay over a relatively brief time and, as such, are rela-
tively hazardous. It has been found experimentally that 20
to 25 per cent of the radon produced is released from the
tailings particles and that only the radon produced in about
the upper metre depth of tailings will diffuse to the
atmosphere.

Radon emission rates are affected by many variables
including atmospheric conditions, moisture in the tailings,
and the radium content of the tailings. Moisture in tailings causes
a decrease in the rate at which radon is emitted. Because
tailings in Canada are often either relatively wet or even
flooded during mining operations, radon emissions are much
lower than in drier climates.

In practical terms almost all of the radon which is
produced in the tailings decays before it reaches the atmos-
phere. Studies of the tailings areas at Elliot Lake and loca-
tions in the U.S. have shown that the quantity of radon in
the air due to emissions from tailings areas decreases
rapidly with distance from the tailings management areas.
Within about 2 km of a tailings area, measured levels are
at background concentrations i.e. the presence of the nearby
tailings cannot be detected by measuring the quantity of
radon in the air. Background concentrations of radon in air
typically range from 0.01 to 1 pCi/L.

5.2.1.2 Movement of Radionuclides in Groundwater

The major radioactive elements in a typical uranium
tailings deposit are Radium and Thorium. The Thorium is rela-
tively immobile and remains fixed in the tailings. However,
the radium has some small mobility and tends to move with
groundwater flow.

The rate of discharge of the radium to the environ-
ment as a result of transport through groundwater depends on
many factors such as: the concentration of the radium in the
pore water in the tailings, the rate of water replenishment
(recharge rate) to the tailings mass, the percentage of the
recharge that leaves the tailings mass by groundwater flow,
and the rate at which the soil or rock "captures" the radium
from the groundwater. These factors are sketched in Figure 5.3
which represents the situation where water in the tailings
flows downward from the tailings into the groundwater.
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EVAPOTRANSPIRATION

* SURFACE

GROUNDWATER OUTFLOW

FIGURE 5.3 *. HYDROLOGY OF TAILINGS OF MANAGEMENT AREA.
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Of these factors, the one that is least known and yet
is perhaps most significant is the rate at which the soil or
rock "captures" the radium from the groundwater. Radium as
well as other radionuclides are termed reactive contaminants.
The term "reactive" refers to chemical processes that cause
a decrease in the concentration of the contaminant dissolved
in the groundwater. This concentration decline can cause the
contaminant to flow through the groundwater at a slower rate
than the groundwater velocity itself. This phenomenon is
termed "retardation".

The most important chemical processes that cause a de-
cline in the concentration of contaminants are: 1) sorption
(2) precipitation, 3) co-precipitation, 4) oxidation, and
5) reduction. These processes can cause transfer of some of
the contaminant mass from the water to the solid phase.

The retardation of radium is influenced mainly by
the process known as sorption. Sorption of radium has an im-
portant environmental implication since it can have a strong
beneficial effect. For example, where groundwater velocity is
meter per day the rate of advance of radium could be one
meter per decade. At a tailings management area where the
velocity of groundwater flow is low and the flow path length
to the nearest watercourse is large, almost all of the radium
will decay before it reaches the watercourse (Fig. 5.4).
In addition to mass transfer by sorption and radioactive
decay, any radium in the groundwater will be diluted by
mixing with the groundwater.

An example of a possible tailings management area in
Nova Scotia is sketched on Figure 5. Using realistic assumed
conditions, it is estimated that some 20,000 years would be
required for the first traces of radium to reach the stream
shown in the figure.
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ADiOACTIVE DECAY

MASS TRANSFER OF RADIUM
BY SORPTION

FIGURE 5.4:ILLUSTRATION OF THE OCCURRENCE OF CONTAMINATED
GROUNDWATER AT AN ACTIVE TAILINGS AREA.

BEDROCK

Due to retardation, it is estimated
for the example shown that
20,000 years will be required for
the Radium to reach the stream

FIGURE 5.5'.EXAMPLE OF POSSIBLE TAILINGS AREA.
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5.2.2 Site Selection

In Canada, it is normal to use local depressions in the
landscape as containments for tailings. Engineering design
usually requires the construction of at least one well
engineered control dam and decant system.

The features of the tailings area that would be most
attractive from the tailings management and environmental
standpoint include:

(a) close to mill to minimize length of pipelines

(b) below mill in elevation to avoid pumping tailings

(c) depression with narrow outlet to minimize
dam construction

(d) impervious (watertight) bottom with uniform
subsoil/rock conditions

(e) close to dam construction materials

(f) far from major watercourses and aquifers

(g) at least 2 km from habitation

5.2.3 Dam Design

Dam engineering is an art which uses a wide range of
engineering knowledge. Basic principles have been developed
over many years to guide dam engineers in the successful
design, construction, and operation of dams. Since
dam design is not an exact science, experience and judge-
ment play a major role in the final success of a dam.

With the growing awareness of the environment which
has occurred during the past two decades, tailings dams are
now designed using the methods employed for earth fill dams
which have been built for conservation or power generation
purposes.

The design of tailings dams is controlled by the
strength of the fill material when placed, the character of
the foundations and seepage control measures.
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The first key to the prevention of losses is an ade-
quate geological assessment of the tailings management area(s).
Engineering design must be tailored to the specific geology
of each site and take into account the nearby soils which
can be used for construction. An analysis of the ability
of the tailings area and the dam to shed rainwater is made
and the dam is designed to withstand the most severe flood.

Although a variety of dam construction methods have
been devised for the containment of tailings the traditional
highway embankment shape of earth dams is generally used to contain
uranium tailings. This type of dam allows us to produce the
best fit to an idealized earth dam section (Fig. 5.6). The
idealized section is desirable because it provides the best
balance between watertight zones and drainage features.
Such a section results in small or negligible seepage losses
which can be controlled.

FILTER AND DRAINAGE ZONE

WATERTIGHT SOIL

FIGURE 5.6:TYPICAL DAM SECTION



\- Page 28

5.2.3.1 Seepage Problems

The mistake made in the design of old tailings dams
was to design the dams using one type of fill material only.
This practice often resulted in the emergence of seepage
from the downstream slope of the dam, which can lead to
failure.

The problem of seepage emergence is eliminated in
modern dam design by design of an internal drainage system
(Fig. 5.6).

5.2.3.2 Control of Pond Levels

The control of "free" water in a tailings pond is
very important. All rainfall, snow melt and tailings water
is channelled from the pond to avoid erosional damage to
the tailings dam and possible loss of tailings solids. The
tailings disposal area is provided with an emergency spill-
way to channel the maximum probable flood past the tailings
dam.

5.2.4 Close-Out

The choice of tailings management area and tailings
dam design are carried out not only to serve during the oper-
ation of the mine but also in the long term after mining
and milling operations cease.

The first rule of close-out is to place the tailings
in a stable geological setting because the close-out period
must ideally cover many thousands of years.

A stable geological setting is partly achieved at
the site selection stage simply by utilizing a low-lying
depression for the tailings management area. The forces of
geological weathering attack high ground and slopes leaving
low-lying areas relatively untouched. Major water courses are
avoided to avert erosion of the tailings.

At the dam design stage, the long life of the dam is
ensured by using durable natural sands, gravels and clays
which have been with us for thousands of years.
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At the close-out stage it is important that the
tailings surface be protected against erosion. This is
achieved by:

(i) providing a permanent cover which will
prevent erosion due to wind and water from
reaching the tailings. The protective cover
can consist of vegetation or durable
cobbles and boulders.

(ii) providing drainage channels and spillways to
positively carry precipitation runoff and
snow melt away from the tailings management
area.

The second rule of close-out is to minimize the flow
of water through the tailings.

At the site selection stage this is achieved by using a
site with a watertight bottom.

At the close-out stage the infiltration of rainfall
and snow melt into the tailings can be reduced by placing a
permanent layer of watertight soil between the tailings and
the protective cover noted above. Furthermore, the surface
of the tailings can be shaped and contoured to prevent
ponding of water on the tailings surface.

In general, Nova Scotia provides a good setting for
the management of Uranium tailings. The topography has the
necessary small depressions to contain the tailings and
there are large quantities of both watertight and free drain-
ing soils which can be used for dam construction and for
close out.
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CHAPTER 6 - NUCLEAR FUEL CYCLE

6.1 Introduction

This chapter considers the production of nuclear
fuel and its utilize.don to produce electricity. It will
outline the factors to be considered in an economic assess-
ment of nuclear power and energy and briefly review the pro-
cess of handling spent fuel and other radioactive materials.

The nuclear fuel cycle starts (Fig. 6.1) with the
mining of uranium ore and ends with the final disposition of
waste products which result from the generation of elec-
tricity by means of nuclear fission in a CANDU reactor.

6.2 Nuclear Fuel Production

Natural uranium dioxide results from the refining
of yellow cake. The next step is to fabricate fuel for the
nuclear generating station. This fuel unlike coal, oil or
gas, must be precisely shaped and sized and then placed in
metal tubes. A number of these tubes or containers are
combined into fuel assemblies to produce fuel bundles for
the reactor.

Fuel fabrication is the precise manufacturing pro-
cess, the end product of which is a fuel bundle for the CANDU
reactor.
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FIGURE 6.1 : ONCE-THROUGH CANDU FUEL CYCLE
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6.3 Nuclear Power Production

In a conventional fossil fuel fired generating station,
heat from the combustion of the fuel converts water to steam
at high pressure and temperature. The steam is then used to
drive the steam turbine which provides the motive power to
drive the electrical energy generator. Most of this process
is duplicated in the nuclear power station (Fig. 6.2) except
that instead of providing heat to produce steam from the com-
bustion of fossil fuel, the controlled nuclear reaction with-
in the nuclear reactor produces heat which is transferred
to a heat exchanger or boiler where water is converted to
steam, as in the case of the fossil fueled plant.

Fu»l Pods
Reactor I

S i , I Heavy Water

Fuelling f|
Machine II

Turbine Generator Building

Turbine Electricity Generato

tricity

IEAVY WATER
COOLANT
MODERATOR

ORDINARY WATER
STEAM

Cooling Water

I LAKE WATER
I HELIUM GAS

FI6URE 6L2'.GENERAT0R
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6.4 Electrical Energy - Maritime Provinces

The peak demand on the Maritime electric utility systems
in 1980-81 is expected to be in excess of 2700 megawatts. By
the year 2000 it is expected that this load will approach
5000 MW and the forecast for the year 2015 is over 7700 MW.
While this may seem like a significant growth on the electric
utility systems it is less than half the growth rate exper-
ienced in the 1960's and early 1970's. Many energy fore-
casters anticipate that during the latter half of the 1380's
and the 1990's electrical energy will have to supply a larger
portion of the total energy requirement of the nation. This
could result in a higher growth rate than that now forecast
by the utilities.

With the completion of generation plants now under construc-
tion, the utilities will have ample capacity to reliably
supply the forecast load for many years, however, of the total
installed capacity in the region, over 57 percent is oil fired
and must be considered economically obsolete in light of fore-
casted future oil price increases. In addition there is the
ever present concern about security of supply since the fuel
for the oil fired capacity in Maritime Canada is all imported.

All studies done to objectively assess the options avail-
able to electric utilities in North America, conclude that
except for those jurisdictions which have access to undeveloped
hydro power, the options which must be exploited to develop the
secure low cost system are nuclear and coal. Studies done
recently have confirmed that in Maritime Canada these are the
two options which must be exploited if the citizens of Maritime
Canada are to be provided with a secure, reasonably priced
supply of electrical energy.

The conclusion from the foregoing is that the Maritimes
must be prepared to add additional nuclear and coal fired
capacity, not only to provide for increased demand but also
to replace existing oil fired capacity.

6.5 Cost Factors in the Production of Electricity

The principal components making up the cost of production of
electricity from a given installation are:

1. The owning cost or capital cost

2. The fixed operating cost

3. The variable operating cost.
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The owning or capital costs are related to the servicing
of the investment in the facility. It may be looked on some-
what like the payment of a mortgage on a building.

There is another fixed cost in the production of elec-
tricity from a facility since many operating costs, such as
municipal tax, operating, labour and other costs are incurred
independent of the amount of energy produced.

Another sometimes major cost component is the variable
cost. This cost is a function of the amount of energy pro-
duced. The principal variable cost in an oil or coal fired
generating station and to a lesser extent in a nuclear sta-
tion is the cost of fuel.

Figure 6.3 shows typical daily load curves for
an electric utility system. As can be seen, through time,
the load changes from a minimum at about 4 a.m. to one or
two peaks occurring around noon or in early evening. In
order to provide energy to a demand shaped as shown one needs
a variety of facilities, some of which will be called upon
to produce very little energy, others which will be called
upon to produce almost continuously. The different types of
plant are called base, intermediate and peak (Fig. 6.4).

The economic choice for generation capacity usually
results in the selection of a low fuel cost production facility
for that part of the load which must be supplied twenty-four
hours a day. This, the so-called base load mode is an ideal
application for the CANDU nuclear system.

Of late petroleum costs have escalated so rapidly that
even though the capital costs of an oil fired generating sta-
tion are much lower than the costs of a similar sized nuclear
station, the total production cost effectively eliminates oil
fired capacity from consideration for base load operation.

One might be tempted to say that coal and nuclear are in
direct competition for the base load, and to some extent this
is true. Coal and nuclear, however, should be looked upon to-
gether as a team in the production of electricity especially
in the Maritimes and Ontario.

Recent studies for Ontario and the Maritime Integrated
System have indicated that a large portion of the base load of
electric utility systems can be most economically served by
nuclear power. A portion of the base load and most, if not all,
of the intermediate load can most economically be supplied by
coal fired additions. Therefore if the Maritimes and Ontario
are to have access to the lowest cost electrical energy, nuclear
energy must remain a viable option.
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6.6 Waste Disposal

There has been a great deal of discussion within the
nuclear industry and in the public forum about waste manage-
ment and the cost of future waste management and control.

Nuclear wastes are produced at every stage of the nuclear
fuel cycle (Figure 6.1). They occur in a variety of physical
and chemical forms and are characterized by different radio-
nuclides in different concentrations. Because of these dif-
ferences, there are many ways of classifying nuclear wastes.
However, the simplest classification for the waste products
from the operation of a nuclear reactor is high level waste
and low level waste. Low level waste generally covers those
wastes which arise in day to day operation of a nuclear power
station, excluding the fuel. These wastes are generally
packaged and transported in accordance with Federal regula-
tions for treatment and storage.

The other waste material, high level waste, consists
of the spent fuel bundles. For every kilogram of uranium
inserted into the reactor, less than 10 grams of high level
wastes are produced. The waste product contains some heavy
elements such as plutonium which may in future be recovered
for use as a fuel in a reprocessing facility. However, the
initial storage of spent or irradiated fuel is on site.
This is necessary since the fuel upon coming out of the
reactor core continues to produce heat. The best method of
handling this fuel is to store i* at site with adequate
shielding until the radioactivity and the heat output dim-
inish. The at site storage for the CANDU reactor consists
of deep water filled pools. The irradiated fuel bundles are
placed in storage containers under water which are then
stacked. Adequate shielding of the radiation is provided by
about 4 meters of water over the fuel stacks and by thick
concrete walls of the bowl structure.

The long term storage of the spent fuel is a subject
which has been extensively researched in Canada and other coun-
tries which have nuclear programs. The first objective is to
provide a containment system that will over very long periods
of time prevent the escape of waste materials from the containers.
The basic approach to accomplish this is to encase the wastes
in a virtually insoluble material which is then sealed inside
corrosion resistant containers. The second objective is to
establish a suitably safe repository for permanent disposal of the
containers (Fig. 6.5). In Canada the main approach being considered
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FIGURE 6L5CCUTAWAY DIAGRAM OF A DEMONSTRATION NUCLEAR WASTE VAULT IN HARD ROCK FORMATION

IN THE CANADIAN SHIELD. VERTICAL MINES LEAD TO DISPOSAL ROOMS FOR THE WASTES.



Page 38

for such a repository is a deep mine vault carved out of prim-
eval rock. The geological formations being investigated are
known to have been stable for billions of years and occur at
more than a thousand locations throughout the Canadian Shield.
A nuclear waste vault would resemble a hardrock mine in which
wastes would be stored under 500 to 1000 meters of rock (Fig. 6.5)

6.7 Summary and Conclusions

Canada is fortunate in having available a number of feas-
ible options to meet its energy requirements. One of the options
is the Canadian developed CANDU nuclear power system. The
long term utilization of this system will require a continua-
tion of the exploration and mining of uranium to fuel the
CANDU system.

In many jurisdictions in Canada nuclear power will pro-
vide the lowest cost base load energy supply both in the short
and the long term. It is important that this option not be
lost, either as a potential source of electrical energy for
Canada or as an export commodity. The nation now has the capa-
bility to mine, mill and export fuel as well as export the
technology for the utilization of this fuel. It is likely
that there will be need for additional nuclear stations in
Atlantic Canada and it is almost a certainty that there will
be a need for such additions in Ontario. It is important
that the capability to produce the fuel as well as the tech-
nology to use the fuel is maintained in a healthy state in
Canada.
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CHAPTER 7 - NUCLEAR INDUSTRY IN NOVA SCOTIA

7.1 Introduction

In 1952 the Canadian government formed a crown corpor-
ation to develop nuclear energy for peaceful purposes. The
Company, known as Atomic Energy of Canada Limited was divided
Into two groups: a) the Research Company which developed
a heavy water reactor for electrical generation, known as the
Canadian Deuterium Uranium reactor or CANDU, for short; b) the
second division was known as Commercial Products which spear-
headed the development of nuclear medical technology in Canada.

Today Atomic Energy of Canada Limited has evolved from
a quiet research and development orientated company to an inte-
grated business corporation comprised of five separate companies:

Atomic Energy of Canada Limited Research Company com-
prises the Chalk River Nuclear Laboratories (CRNL) located
at Chalk River, Ontario; and the Whiteshell Nuclear Research
Establishment (WMRE) located near Pinawa, Manitoba. These
two facilities co-ordinate all the research and development
of nuclear energy for peaceful applications in Canada.

Atomic Energy of Canada Limited Engineering Company
is based at the Sheridan Park Research Community, Mississauga,
Ontario. They are responsible for the engineering and design
work in the development of the CANDU nuclear reactor program.

Atomic Energy of Canada Limited Radiochemical Company
is responsible for the development of medical nuclear techno-
logy including radio-isotopes, cancer therapy equipment and
production irradiation facilities.

Atomic Energy of Canada Limited International Company
is responsible for the overseas marketing of the CANDU nuclear
reactor system, and it provides marketing expertise to the
other companies which comprise AECL.

Atomic Energy of Canada Limited Chemical Company produces
heavy water as a moderator for the CANDU reactor system and co-
ordinates the research, development and marketing of heavy
water technology to the nuclear industry in Canada and overseas.
This company consists of producing heavy water plants at
Glace Bay and Port Hawkesbury and an uncompleted facility in
LaPrade, Quebec, with the head office based in Ottawa.
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7.2 Heavy Water Production

Heavy water looks and tastes like ordinary water. In
fact, it occurs naturally in ordinary water, but only at a
ratio of 1 part in 7,900. To capture the small drop a great
deal of ordinary water must be purified and run through a
series of processing towers. In these towers the particles
of heavy water are extracted.

A molecule of ordinary water consists of two atoms of
hydrogen and one atom of oxygen -- the well-known H-O. The
atomic structure of heavy water is almost the same except
that in the nucleus of each hydrogen atom there is an extra
particle, a neutron, which makes it into a heavier form of
hydrogen known as deuterium. Heavy water's formula is
D20, and it is this relatively rare DpO that must be extracted
from ordinary water.

The extraction method used in Canada's heavy water
plants is the Girdler Sulphide Process. Ordinary water with
normal traces of deuterium flows down over a series of sieve
trays while hydrogen sulphide gas passes up through the
perforations in the trays, mixing thoroughly with the water.

The extraction depends on a special property of deuter-
ium. If the temperature is high, it migrates to the gas; if
the temperature is low, it prefers the water. So the gas
and water are circulated through towers with hot and cold
sections. By a suitable arrangement of flows, deuterium is
extracted in stages from the ordinary water until the deuterium
oxide concentration reaches 15 per cent. Since there is a
slight difference in the boiling points of light and heavy
water, the enriched water can then be passed to standard
distillation towers where it is distilled to 94 per cent
purity. This reactor-grade product weighs about 10 per cent
more than ordinary water. The Glace Bay Heavy Water Plant
produces approximately four barrels of heavy water a day.

Heavy water is used in Canadian nuclear power reactors
as a "moderator" which slows the speed of the neutrons
released during fission of uranium-235 atoms. When the
neutrons are slowed down they split other atoms of uranium-
235 and thus maintain a chain reaction. The heat from the
natural uranium fuel is transferred to a steam generator
where it converts ordinary water into steam. This steam is
fed to a turbine which drives an electricity generator.

A CANDU (Canada Deuterium-Uranium) reactor requires
approximately one megagram of heavy water per megawatt of
power.
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7.3 Economic Impact

At the Glace Bay heavy water plant about four hundred
and fifty people are employed. Roughly half of these people
live in Glace Bay, one-quarter in Sydney and one quarter in
the smaller towns or in the country. On average plant
employees, with overtime, earn in excess of $20,000 per
year. This creates a $10M payroll of which $8M is spent
locally.

The plant purchases $15M worth of materials on an average
each year. As long as prices remain competitive and the
quality of goods acceptable, it is the policy of the Glace Bay
Heavy Water Plant to purchase materials in the local area
whenever possible. This results in a 20 per cent expendi-
ture in Cape Breton and an additional 12 per cent in Nova Scotia.
The remainder is divided throughout Canada. This injects
another $3M into the industrial community in this area.

One extraordinary requirement of the heavy water process
is a very large amount of energy. The Glace Bay plant's
supply comes from the Seaboard station of Nova Scotia Power
Corporation. The largest piece of energy is consumed as steam
and the remainder as electrical energy. Taken together, our
equivalent annual coal consumption is 400,000 tons. It is
interesting that the annual AECL payments to Nova Scotia Power
Corporation for energy for both of the Cape Breton plants
account for almost twenty per cent of the Power Corporation's
gross income. Thinking in terms of coal for a minute, the
400,000 ton consumption is in effect am export market for
coal in a more highly manufactured form than the raw material.
Each 45 gallon barrel of heavy water shipped out of Glace Bay
is 350 tons of coal. This amount of coal probably creates
more jobs than there are actually at the Plant. The overall
job multiplier factor of the Plant is estimated to be three
or four for each area. The Canadian nuclear industry, of which
heavy water is a key sector, is providing significant employ-
ment to Cape Breton, both directly and indirectly in the coal
mines.
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CHAPTER 8 - THE EFFECTS OF LOW-LEVEL RADIATION

8.1 Natural Radiation

There has been a great amount of discussion about low-
level radiation and its effect on man. There is a large
amount of data that shows very small quantities of radiation
do not have significant effects. It is simple to put the
known information into perspective. Let us first consider
natural radiation.

The estimated total annual exposure of a person living
in Central Nova Scotia is 172 millirems (Fig. 8.1). This
should be compared to the Canadian average of 180 millirems.
Figure 8.1 is broken down into a number of sections. The
bottom section shows a number of millirem exposure contri-
buted by the sun, 40 millirems. This is somewhat lower than
the Canadian average, as we are closer to the sea and have a
more effective atmosphere blanket. The next block shows 25
millirems that we receive from soil. This comes mainly from
wide spread radionuclides like uranium, thorium, and radium.
The next section shows 25 millirems originating from the
human body. This is due to the carbon 14 (formed in the
Earth's atmosphere by solar radiation) and potassium 40
(normally present in all soils). Whenever you are close to
another human being you are increasing each others' exposure.
These first three sections represent the natural radiation
exposure as received by every person on Earth.

The top two sections represent the exposure caused by
man. The first large box shows the typical commitment to
medical X-rays and other radiological diagnostic techniques.
The final small box represents radiation exposure from all
other sources. This includes the nuclear power cycle,
television, fire detectors, and a wide variety of other
sources.

Natural exposures vary widely, with some areas of the
world having thousands of millirems. The geology of Canada
is varied. There are areas where background levels are
above 500 millirems from the local rocks. In most cases,
however, people live in the more fertile parts of the country
where backgrounds are average. Persons living in the mountains
of British Columbia receive more solar radiation than those
who live in lower areas of Eastern Canada.

A person living in Denver gets an increased dose from
the soil and the sun (Fig. 8.2). Note also the occupa-
tional exposures of the two pilots.
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8.2 Occupational Exposure

What happens if we go above these typical values? Let
us look at the risks of one person getting cancer from
radiation.

1. 100 Millirems. The probability of cancer is one
in a population of 100,000. {This can be considered the
natural or normal conditions.) For comparison, about 200
people in 100,000 die in Canada from cancer from all causes
(hereditary, pollution, diet, smoking, etc.) Of these
about 50 are lung cancer and about 35 of the lung cancers
are in smokers.

2. 10,000 Millirems. If given instantly would not
cause obvious illness. There would be a lesser effect if
the dose were given over a long time period. The chance of
cancer is one in a thousand.

3. 100,000 millirems. If given instantly might cause
nausea but no immediate death. The chance of cancer is one
in a hundred.

4. 1,000,000 Mi11irems. If given instantaneously would
cause immediate illness and death within a few weeks.

The maximum allowable exposure for a uranium mine and
mill and other atomic workers is 5,000 millirems per year
(although most workers do not usually exceed 2,000 mrems).
The limit for the general public is 500 millirems per year.
Under current conditions if a worker spent 30 years as a
uranium miner he would get 60,000 mrem lifetime dose. This
can be compared to a person who smokes one package of cigar-
ettes per day. This individual would get an equivalent
to 2,000,000 mrems lifetime dose.

The actual measurement and expression of dose rate
and risk can be done in several ways. The "whole body dose"
values given above are consistent with each other and can
be used for direct comparison.

8.3 Limits of Exposure

Let us consider how the above regulatory limits were
set. Most of the information that we have on the biologi-
cal effects of ionizing radiation comes from patients who
have received intense radiation treatment, and from the
exposures in Japan. This information covers very high levels
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of exposure. When these are plotted (Fig. 8.3) it is pos-
sible to extrapolate the data back to zero. This extrapo-
lation assumes that damage is proportional to dose at all
times, and is known as the linear theory. Some people have
proposed that the curve takes a different shape at low-
levels. Depending on which curve you choose you will get a
higher or lower effect from radiation at low-levels.
Technically it is almost impossible to prove any one of
these proposals to be correct. The information gathered to
date suggests that the linear theory overestimates the
risk.

EFFECT
CANCER RISK

LINEAR THEORY

ALTERNATE THEORIES

THRESHOLO EFFECT

RADIATION DOSE
. >•

FIGURE 8.3

The regulatory guidelines have been set using such data
as the above.
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8.4 Cell Damage and Repair

When one is exposed to radiation the cell absorbs the
radiation energy. This initiates a long chain of chemical
reactions. Similar chemical reactions can be triggered by
causes other than radiation. The body reacts to these
changes by a number of defense mechanisms such as enzyme
reactions.

In addition to the cell itself, radiation can also damage
the genetic code of the cell called DNA. Again the body has
developed repair mechanisms to eliminate this damage. DNA
is damaged by a number of other sources such as industrial
chemicals, cigarette smoke, viruses, sunlight, as well as
undergoing hundreds of spontaneous changes. All of these
problems have to be handled by the body's repair mechanism.

Scientists have looked for evidence of genetic change
in populations that have received more than average radia-
tion doses. Naturally high areas in Brazil, India, and China
have been studied, but there has been no conclusive evi-
dence of genetic change in those populations. Other popu-
lations who have received high artificial doses like the
Japanese war victims, the radium dial painters, and various
medically irradiated groups have also been studied and to
date there has been no abnormal genetic changes. Groups,
such as airline employees, are subject to slightly higher
than average radiation levels and again they do not show
any abnormal genetic damage or higher than average incidents
of cancer.

There are several scientific committees who monitor
the latest information on radiation and its effects. These
are summarized below, with the I.C.R.P. being the most
important.

8.5 International Radiological Protection Commissions
and Committees

8.5.1 I.C.R.P. (The International Commission on Radiological
Protection)

The I.C.R.P. is a commission of the international con-
gress of radiology and currently has a membership of seven
physicians and seven physicists. This commission is sup-
ported by four committees containing fifty experts of
various disciplines. Their function is to make recommen-
dations on the acceptable levels of exposure, based on
the latest data. Working groups are set up from time to
time to deal with particular problems and experts from out-
side the commission and its committees often participate in
those groups. Thus the I.C.R.P. can draw on the world's
experts in medicine, engineering, nuclear science, health
physics and other science disciplines.
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These recommendations are published as required and so
far involve about 20 publications. They have covered most
aspects of radiation protection (occupational, medical,
disposal, in schools of uranium, plutonium, etc.).

8.5.2 UMSCEAR (United Nations Scientific Committee on the Effects
of Atomic Radiation)

Member countries usually hire consultants to review
information from the world of scientific community and to
assemble this data into workinq papers. These papers are
then reviewed by the delegates and their scientific advisors
and returned to the consultants for additional work. When-
ever appropriate, their findings are published. UMSCEAR
primarily assesses the effects of radiation and leaves the
I.C.R.P. to recommend acceptable levels of exposure.

8.5.3 H.C.R.P. (The National Council on Radiation Protection
and Measurements - USf

The N.C.R.P. prepares and distributes information on
radiation, co-ordinates the work on radiation, develops
details on radiation protection and co-operates with other
similar bodies. It has 34 committees who draft recommenda-
tions. These are reviewed by the full membership before
beinq published.

8.5.4 BEIR (The Committee on the Biological Effects on Ionizing
Radiaton)

The BEIR Committee was established by the Division of
Medical Sciences of the National Research Council (US) -
National Academy of Sciences. It has 22 members selected
from a wide range of disciplines (biology, genetics medicine,
public health, radiological science, etc.) because of their
scientific expertise in this field. The recommendations are
used as reference to develop appropriate and practical radia-
tion protection standards.
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CHAPTER 9 - REGULATORY PROCESS

9.1 Introduction

Before a company is issued a license to operate a mine,
mill or other nuclear facility, they will have to show how
acceptable health and safety standards will be met and main-
tained in the facility. They will also have to explain how
wastes will be stored or disposed of and that these pro-
cesses are satisfactory. The decision on whether a pro-
posal meets the above criteria is made between the
following government agencies and such other agencies as
are deemed necessary.

FEDERAL

The Atomic Energy Control Board
(AECB)
Labour Canada
Health and Welfare Canada
Environment Canada
Fisheries and Oceans

PROVINCIAL

The Department of Mines
and Energy
The Department of the
Environment
The Department of Health
The Department of Labour
The Department of Lands
and Forests
The Department of Agriculture
The Department of Consumer
and Corporate Affairs

The Atomic Energy Control Board usually acts as the co-ordinating
agency in most cases.

9.2 The Licensing Process

The licensing process for a uranium mine and mill usually
goes through the following sequence of events:

1. Ore Removal Permit. This is required for the removal
of more than ten kilograms of uranium in a concentration exceed-
ing 0.05% grade in one year.

2. Underground Exploration Permit. This is required for
significant excavation work and if there is a likelihood of
radiation exposure to the workers and/or environment impact.
Before this permit is issued the proposing company must submit
a safety report and have it approved, and an environmental
impact review and have it approved.
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3. Site and Construction Approval. This requires a
detailed environmental impact statement which is reviewed
in public. The setting and the conceptual design of the
facility is approved at this stage. The detailed design is
approved through a continuous review process as it becomes
available during construction.

This is the major portion for any proposal and usually
involves lengthy public hearings. The environmental impact
statement and the conceptual design normally takes two to
three years for completion. These documents are then given
wide-spread circulation amongst the government agencies and
various parties.

4. Mining Facility Operating License. To obtain an
operating license the company must submit a detailed safety
report. Once this has been approved a license is issued for
one year. For continuing operation the company must prepare
annual safety reports and apply for a license renewal.

5. Shut-Down and Decommissioning Approval. No shut-
down approval has been given to any facility as they are all
continuing to operate.

9.3 The Federal-Provincial Roles

The exact nature of the roles of the Federal and
Provincial Governments in this issue in Nova Scotia is not
well-defined at this time. It is likely that the recom-
mendations of the Uranium Inquiry will be used as a guide-
line for supplementary regulations. The major review will
be done under the existing criteria. This process, with
AECB being the co-ordinating and auditing body has been
used in Ontario and Saskatchewan. It is obvious, however,
that the Department of Mines and Energy, and the Department
of the Environment will Dlay a key role in the Provincial
representation.

Once the major issues have been resolved involving
most of the above Government agencies, many other sections
of the Government will be contacted for approval on portions
of the project. For example, you will have to work through
the transport ministry to correlate our effects on the roads.
Items such as the sanitary facilities and the laundry facili-
ties will all need approval from the appropriate branches
of the Ministry of Environment. The local council will have
to issue a building permit. In short, the project will have
a thorough and exhaustive review, which will continue through-
out its lifetime.
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9.4 Public Involvement

Part of the AECB'S requirements is that there should be
an adequate public information program. This will mean
public information meetings, brochures, public presenta-
tions, etc. Regardless of the nature of the N.S. Public
Inquiry, there will be a site specific review.

The sponsoring company will have to show the concep-
tual plan of the project. This must be supported by a full
environmental and social impact study. Supporters and those
in opposition will then present their points of view. The
various government departments involved in the project will
also make their comments. The company can respond to criti-
cisms, modify the proposal or present alternate evidence
throughout the hearings. The format is usually quasi-legal,
allowing for cross-examination of both proponents and objec-
tors by each other and the hearing panel. The members of
the public who make presentations are not confined to a
single appearance. They can continue to contribute for as
long as required.

So far there have been 14 inquiries in Canada into the
uranium fuel cycle, and all of these have had extensive
public involvement. The committees in three provinces in-
volved {British Columbia, Ontario, Saskatchewan) have recom-
mended proceeding with uranium development.
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TERMS AND CONDITIONS

GOVERNING SPECIAL URANIUM EXPLORATION LICENCES

IN NOVA SCOTIA

JURISDICTION

The issuing and renewing of mineral exploration licences and the

monitoring and approving of work done on mineral lands is the re-

sponsibility of the Nova Scotia Department of Mines and Energy

through the Mineral Resources Act. With respect to uranium, the

Minister of Mines and Energy has withdrawn all lands in the Prov-

ince from application for general exploration licences. Specific

detailed uranium exploration is conducted under special licence

and upon terms and conditions as provided by order of the

Governor in Council.

The pollution control of all mineral exploration activities is

the responsibility of the Nova Scotia Department of the Environ-

ment through the Environmental Protection Act and the Water Act.

The Mineral Resources Division of the Nova Scotia Department of

Mines and Energy acts as the initial coordinating agency for all

mineral exploration programs.
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REGIONAL EXPLORATION: All Minerals

Collecting of exploration data of a reconnaissance nature includ-

ing:

(a) airborne surveys;

(b) prospecting and geological mapping;

(c) ground geophysical and geochemical surveys;

and (d) regional drilling for geological information;

may be conducted under the terms and conditions of a general ex-

ploration licence. Regional Geologists monitor all such activity

on a regular basis and assessment reports, documenting work per-

formed, are required on an annual basis. General information

collected during regional exploration relating to anomalous dis-

tribution of uranium or its daughter products must be brought to

the attention of Departmental staff as soon as is feasible and

specific data must be included in assessment reports.

DETAILED GROUND EXPLORATION - Uranium

When major ground disturbance is planned, as part of a detailed

exploration program to evaluate local areas where uranium miner-

alization has been determined, the general exploration
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licencee must apply through the Nova Scotia Department of Mines

and Energy for a Special Jranium Exploration Licence. This li-

cence is designed to officially register the commencement of spe-

cific detailed ground exploration for uranium, and initiate pro-

cedures related to such activity. Special Uranium Exploration

Licences will only be issued to holders of valid general explor-

ation licences and only over the same ground. This special ura-

nium licence will have the same anniversary date as the general

licence.

Major localized ground disturbance includes:

(a) road building, stripping, test-pitting, trenching;

(b) detailed diamond and/or percussion drilling;

and (c) bulk surface sampling of soil and/or bedrock.

I Program Information Requirements

A An information report must accompany the special ura-

nium licence application, including a description of the proposed

exploration program; approximate time span of exploration activ-

ity; land uses in the immediate vicinity of the exploration pro-

perty; location of surface water courses and water wells in the

area; site access; approximate location and expected size of sur-

face excavations; approximate location and expected depth of

drillholes; location and design of core storage. Index maps at

appropriate scales must be included.
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B A full report on all geological investigations conduc-

ted on the property, including levels of radioactivity recorded

at all areas of ground disturbance, must be submitted to the Nova

Scotia Department of Mines and Energy on an annual basis.

In addition, any changes in exploration programs and any new in-

formation involving uranium mineralization and/or high levels of

radioactivity must be reported to the Nova Scotia Department of

Mines and Energy as soon as is feasible.

Details on exploration programs, reports and specific data will

be maintained in confidential files for a period of two years

from date of submission. General information derived from the

monitoring process will be distributed so that government agen-

cies and the public may be kept informed of the current status of

uranium exploration.

Where information is received documenting potential health and

environmental impact, the appropriate agencies will be notified

in order that action can be taken.
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II Preliminary Environmental Surveys

Geochemical and radiometric surveys taken as part of the normal

exploration program must be submitted to the Nova Scotia Depart-

ment of Mines and Energy as quantification of the natural levels

of uranium in water and soil prior to commencement of and during

the conducting of major ground disturbance programs.

These surveys should provide sufficient baseline data to define

the geochemical characteristics of the site before, during and

after major ground disturbance. Baseline data will be directed

to the Department of the Environment for evaluation.

Ill Road Building

Details on intended road building must be submitted throucV the

Nova Scotia Department of Mines and Energy for approval by the

Nova Scotia Department of the Environment. Access roads to ex-

ploration sites must be surveyed radiometrically and results pro-

vided as soon as is feasible. Where high radioactivity is iden-

tified, the Nova Scotia Department of the Environment may require

burial, redesign or relocation. Alteration of natural water

courses will require a Water Rights Permit.
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IV Stripping, Trenching and Test Pitting

Where stripping, trenching and test pitting are done, the follow-

ing constraints must be adhered to:

1 All surface excavations must be monitored prior to

opening and backfilled as soon as mapping and sampling are com-

pleted. In backfilling, the most radioactive material should be

replaced first. Following reclamation, a scintillometer survey

must be undertaken to ensure that radiation levels do not signif-

icantly exceed those present prior to the disturbance.

2. Where it is anticipated that excavated material will

not be replaced within three months, this material must be stabi-

lized to minimize erosion.

3. Excavated material must hot be placed in or adjacent to

surface water courses.

4. Water pumped from surface excavations must not be dis-

charged directly into a surface water course. Any discharge must

be directed through a sump located at least 15 metres away from

the nearest water course.
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V Drilling

A Specific information on drilling programs must be sub-

mitted to the Nova Scotia Department of Mines and Energy prior to

commencement. The Nova Scotia Department of the Environment will

be notified in order that holes may be selected for the installa-

tion of piezometers for groundwater monitoring purposes.

B Return water from drillholes must not be discharged di-

rectly into a surface water course, but through a sump located at

least 15 metres away from the nearest water body.

C On abandonment, all mineralized drillholes not approved

by the Nova Scotia Department of the Environment for groundwater

monitoring purposes must be properly sealed from bottom to top.

All unmineralized holes must be sealed from the collar into bed-

rock. Impermeable caps in all cases must be at least 20 feet in

thickness.

D The area surrounding test holes must be cleared of de-

bris and material used in the drilling operation.
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E Upon completion of a drillhole, an identification num-

ber, indexed to submitted documents/ and the date and name of the

exploration company must be posted at the drillhole site in a

permanent manner.

VI On-Site Core and Sample Storage

Where radioactive cores and/or samples are being stored/ storage

facilities must be clearly posted and well ventilated. Upon com-

pletion of detailed drilling programs, all core not retained by

the licencee for further study must be turned over to the Nova

Scotia Department of Mines and Energy.
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Lieutenant Governor of Nova Scotia in Council mad* the

9th day of February A. 0. 1982

MOV* SCOTIA

82-200

WHEREAS it is deemed expedient to cause inquiry

to be made into and concerning the public matters hereinafter

mentioned in relation to which the Legislature of Nova Scotia

nay ma Ice laws;

AND WHEREAS it is desirable to assess implications

relating to the exploitation of uranium or uranium resources in

the Province, and to determine measures which should be taken with

respect to this resource in the future;

NOW THEREFORE the Lieutenant Governor by and with

the advice of the Executive Council of Nova Scotia is pleased to:

1. Appoint Judge Robert J. McCleave of Halifax,

in the County of Halifax, to be a Commissioner under the Public

Inquiries Act to inquire into and make recommendations to the Governor

in Council respecting all aspects of exploration, development, mining,

processing, storage, waste management and transportation of uraniua

in any form, and any substance or activity associated therewith or

fected thereby, including, in particular, matters relating to safe

environmental procedures in exploration and mining thereof;

2. Direct the said Commissioner to retain the

services of such technical, clerical and other personnel, including

experts and legal counsel, who in the opinion of the Commissioner

are required for the purpose of the inquiry;

3. Authorize the payment to the Commissioner,

Secretary and other personnel required in the work of the Commissioner,

foT necessary disbursements, travel and reasonable living expenses

as are required in the discharge of their duties;

4. Order that remuneration, costs and expenses

payable or incurred in the course of the inquiry shall be paid out

of the Consolidated Fund of the Province;
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5. Direct the Commissioner to report to the

Executive Council the evidence taken befpre him, his findings and

recommendations, as he sees fit.

The power and authority of the said Commissioner

shall extend to and include all natters which he considers relevant

to the inquiry prior or subsequent to the date of his appointment.

"NTS ^Ce^j
H. F. G. STEVENS, Q.C.,

CLERK OF THE EXECUTIVE COUNCIL.



APPENDIX IV

AUTHORS' QUALIFICATIONS



GORDON B. DICKIE

Gordon received his BSc. (Honours) degree in Geology
from Daihousie University in 1975. He has been involved
in base metal and uranium exploration in Nova Scotia and
Newfoundland for the past 5 years with Shell Canada
Resources Ltd. He has been involved in directly super-
vising field programs which included diamond drilling and
the collection of base line environmental protection data.
He has made numerous presentations to interested groups
on the subject of uranium exploration and mining.

In 1978, Mr. Dickie moved to the Halifax area and now

makes his home here.



ROY JOHN

ROY HAS HIS ORIGINAL DEGREE IN INDUSTRIAL CHEMISTRY FROM

THE UNIVERSITY OF LOUGHBOROUGH, ENGLAND. HE HAS ALSO STUDIED

BUSINESS ADMINISTRATION AT THE UNIVERSITY OF WESTERN ONTARIO

AND LAMBTON COLLEGE. AFTER FIVE YEARS WITH SUN OIL.SARNIA HE

JOINED ELDORADO NUCLEAR LTD. IN PORT HOPE. AT THE TIME OF HIS

LEAVING ROY WAS MANAGER OF ENVIRONMENTAL AND QUALITY CONTROL,

RESPONSIBLE FOR THE ENVIRONMENTAL, ANALYTICAL, HEALTH AND SAFETY,

RADIATION PROTECTION AND PROCESS CONTROL FUNCTION. ROY IS NOW

WITH KIDD CREEK MINES LTD., MANAGING THE ENVIRONMENTAL PROGRAMMES

FOR THE EXPLORATION DIVISION.

ROY IS A VERY ACTIVE BIRD WATCHER AND NATURALIST, AND GROWS

ORCHIDS FOR HIS HOBBIES.



DANIEL G. BROWN, P.ENG.

Dan is Vice President of Planning of Nova Scotia

Power Corporation. He graduated from the Technical

University of Nova Scotia with a Bachelor of Engineering

Degree in 1949 and a Master of Engineering Degree in 1969.

Mr. Brown has spent all of his professional career

in the electric utility industry in various engineering

and planning functions. Since 1972 he has been involved

in System and Corporate Planning at Nova Scotia Power

Corporation. He became Vice President of Planning in

July 1979.



DAVID NORLEY

Dave 1s a professional adult educator by training. His

academic qualifications Include a Bachelor of Arts and

Master of Adult Education degrees from St. Francis Xavier

University in Antigonish. He is currently working as a

gerseralist in the field of Public Relations with Atomic

Energy of Canada Limited Chemical Company.



ROBERT R. TURTON, P.ENG.

Bob received his B.Sc. in Civil Engineering from Queen's
University, Kingston, Ontario in 1967. He continued at
the same school with post graduate studies in soil mechanics
and received his M.Sc. in 1969. After graduation, he
joined H.G. Acres Limited and was responsible for a site
laboratory and compaction control for 17 million cu. yd. of
of earthworks for the Lower Notch Generating Station
near Cobalt, Ontario. In 1970, Mr. Turton joined Golder
Associates and became involved with tailings management
for Denison Mines Limited in the Elliot Lake area. As
Project Engineer for a two million cu. yd. stage con-
struction tailings dam, he supervised the site investi-
gation for the dam and remained on site supervising con-
struction for the 1971 construction season. His involve-
ment with the Denison property continued through the
decade and he became responsible for new assignments which
included the design and construction of additional new
dams, the upgrading of old dams, site selection of new
tailings management areas experimentation with a thickened
tailings discharge, and liaison with the regulatory
agencies. In 1978 he was a technical witness during the
public hearing into the expansion of the uranium mines in
the Elliot Lake area.

In 1980 Mr. Turton moved to Nova Scotia with his family
and now makes his home here.
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APPENDIX V

FILMS AND AUDIO VISUAL AIDS



APPENDIX V

The following is a list of films and audio visual aids which deal with the

heavy water industry, the CANDU nuclear reactor system, nuclear fuel waste

management, nuclear medicine, uses of radio isotopes and uranium mining:

THIS NUCLEAR AGE:

ENERGY FROM THE ATOM:

THE GREAT SEARCH:

DEVELOPING TOMORROWS
ENERGY:

MAN & RADIATION:

RADIATION IN SICK-
NESS AND IN HEALTH:

ISOTOPES IN ACTION:

NUCLEAR FUEL WASTE
MANAGEMENT:

Films

English or French — Screening time 28 minutes -
This film presents an up-to-date report of the kind
of research and technology that in thirty years has
put Canada among the leaders in the peaceful develop-
ment of atomic energy.

English or French — Screening time 14 minutes - This
film is a condensed version of "This Nuclear Age".

English — Screening time 12 minutes - An animated
description of man's continuing search for new forms
of energy - This is a Walt Disney Production suitable
for all ages.

English — Screening time 25 minutes - This film depicts
alternate forms of energy generation and outlines the
contribution that uranium mining can make in meeting
Canada's energy demands.

English — Screening time 25 minutes - This film deals
with the history of AECL Radiochemical Company and its
achievements in the field of nuclear medicine.

English — Screening time 27 minutes - This film
describes the properties of radiation and the emerging
field of nuclear medicine - It also deals with the
research on radiation and its effects on living
organisms.

English ~ Screening time 28 minutes - An explanation
of what radio-isotopes are and what they can do - This
film describes in layman's language the nucleus of the
atom, the meaning of such terms as transmutation, half
life and the properties of radiation.

English or French — Screening time 22 minutes - A
comprehensive treatment of waste management including
recent research, transportation, storage and final
placement of used fuel.



Slide Presentations

THE GLACE BAY HEAVY WATER PLANT:

This audio visual slide presentation describes the history of the Glace Bay
plant, its operations and role in the life of this community.

THE MANAGEMENT OF CANADA"S USED NUCLEAR FUEL:

Screening time 10 minutes - This audio visual slide presentation describes,
through the use of non-technical language, AECL's plan for geological disposal
of used nuclear fuel.

THE NEED FOR NUCLEAR ENERGY:

This audio visual slide presentation describes the role that nuclear energy
is expected to play in relationship to other sources of energy.

ENERGY GENERATION:

Screening time 15 minutes - This audio visual slide presentation shows the
various methods of electrical generation used in Canada.

THIS IS RADIATION:

Screening time 15 minutes - This audio visual presentation describes the
properties and examines the uses of radiation.

If you would like to order any one of these films or slide presentations,
please contact:

Community Relations Officer
Atomic Energy of Canada Limited Chemical Company
Glace Bay Heavy Water Plant
P.O. Box 5
Glace Bay, Nova Scotia
B1A 5V8

Telephone: (902) 849-2400, Local 180


