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WASTE MANAGEMENT IN CANADIAN NUCLEAR PROGRAMS 

by 

P. J. Dyne 
Director, Chemistry and Materials Science Division 

Whiteshell Nuclear Research Establishment 
Pinawa, Manitoba 

(1) Objectives of Waste Management 

The operation of a nuclear reactor produces radioactive 
materials. Some of these, the fission products and the actinides 
americium and curium, do not appear to have any value and are wastes. 
In this sense, plutonium is not a waste material. Any fuel repro
cessing or fuel fabrication facility will, however, produce waste 
streams containing small residual amounts of plutonium. Radioactive 
wastes thus include plutonium. 

Because these materials are radioactive, they are hazar
dous. Radioactive waste management is a term which embraces all the 
things that are being done, to ensure that these radioactive materials 
are always handled and stored so carefully that only insignificant 
amounts could ever escape to the environment. 

Because of the long radioactive decay time of some of 
these materials, this is a demanding exercise. It is not just a 
technical matter; it has policy implications at all levels of govern
ment, provincial, federal and international. Moreover, the time 
scales involved also raise questions about the responsibilities we 
have towards future generations who will be living on this planet. 

It is for these reasons that we have found it useful to 
identify two objectives for radioactive waste management: 

(a) The Health and Safety Objective 

"Radioactive materials should be managed so that the 
health hazards are negligible". 

(b) The Responsibility Objective 

"Radioactive waste products should be managed so that trouble 
and concern to future generations will be minimized". 

It should be noted that these two objectives can conflict. 
For example, one way to meet the safety objective is to place the 
material in a continuously monitored double-walled container. If 
leakage through the first wall is ever detected, the material would be 
moved to another container. In concept the technique is faultless. It 
does, however, conflict with the responsibility objective in putting us 
to the trouble of monitoring and maintenance for a very long time. 
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We can see another version of this conflict in the con
cept of geologic storage. By burying material deep underground we 
expect that we can more closely approach absolute safety by making 
the containment infinitely thick and requiring no maintenance. How
ever, we cannot, from the nature of the problem, give an absolute 
guarantee that none of the material will ever escape. We can only 
make detailed safety and probability analyses to show that even an 
improbable escape would not violate the safety criterion. 

We should not be apologetic or defensive about the need 
to recognize responsibilities to future generations. Both objectives 
are concerned with minimizing legacies to future generations, the 
first with a legacy of a potential hazard from radioactive materials, 
the second with a legacy of maintenance and responsibility. The ideal 
objectives, zero release of radioactivity and no future responsibility, 
are essentially unattainable because they are ideal and absolute. This 
is, however, a perennial human difficulty; such conflicts face us in 
many other activities. Every human activity leaves a legacy to the 
future some parts of which may be bad, some good. The oil and coal we 
burn today cannot be used by our grandchildren but if our grandchildren 
inherit the need to manage our radioactive wastes, they should also 
benefit by having more oil and coal because we used nuclear energy. 

(2) Interim and Ultimate Storage 

Storage can be of two types : 

(a) 'Interim storage' where there is expectation or intent 
to move the material. 

(b) 'Ultimate storage' where there is no expectation or 
intent to move the material to another store. 

Interim storage necessarily implies retrievability. Ul
timate storage does not, in the logical sense, necessarily imply re
trievability. 

Retrievability is of course a relative term. Spent fuel 
stored in pools is plainly, readily retrievable. By contrast, the USA 
is considering a scheme to bury radioactive material in holes bored 
in the ocean bed perhaps 5000 feet from the surface of the sea. Re
trieval, if possible, is plainly very difficult and expensive. 

Large scale dispersion to the atmosphere, or to the sea, 
or shooting the material into outer space are plainly irreversible 
and irretrievable techniques. 

Interim storage will always be an important part of waste 
management. Work on interim storage techniques is described in section 
9 of this paper. Ultimate storage is, however, a key matter and merits 
discussion first. 
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(3) The Choice of the Ultimate Storage Technique 

There are four general possibilities for ultimate storage 
or disposal of radioactive wastes: 

(1) Ejection into outer space for a) fission products 
or b) actinides. 

(2) Transmutation into shorter lived or inactive mater
ials of a) fission products 

or b) actinides. 

(3) Storage on or near the surface. 

(4) Burial at some depth beneath the earth's crust. 

Any technique that future technology could develop for 
ultimate storage must fall into one of these four categories. 

Ejection into space has been studied by NASA and the USAEC. 
It is technically conceivable today. These studies show that with some 
further developments of space technology it could be economically 
feasible for separated actinides (americium and curium). It would not 
be economically feasible for separated fission products or for irradiated 
fuel. 

Transmutation of fission products into inactive materials 
does not appear to be feasible because the cross-sections of the re
quired nuclear reactions are not large enough. Plutonium can be trans
muted; the use of plutonium as a fuel converts long lived material into 
shorter lived fission products. Other long lived materials, americium 
and curium, etc., could be recycled to a reactor and transmuted into 
shorter lived material. There would be a burnup penalty, estimated at 
about 15% for this procedure. If extraction efficiencies of 99.5% were 
achieved, and that material irradiated and converted to shorter lived 
fission products, the amount of long lived material in the waste has 
been reduced by a factor of 200. A significant reduction in the long 
term potential hazard is achieved. In summary, transmutation of long 
lived elements is an option which will reduce the long term potential 
hazard but work has to be done before its true worth can be assessed. 
As a first step WNRE is looking in detail at the reactor physics and 
burnup implications of recycling actinides. 

We have already noted that surface storage with continued 
maintenance and surveillance conflicts with the responsibility objective. 
While such surface storage schemes are entirely safe in concept and can 
be utilized on an interim basis for a long time we do not feel that they 
meet the requirements for ultimate storage. We are therefore examining, 
in detail, burial at some depth beneath the earth's crust. 
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There are three requirements for safe storage of radio
active materials-cooling, shielding and isolation. In a suitably 
designed burial scheme, the surrounding rock acts as a massive heat 
sink, providing cooling. The depth of burial provides a virtually 
infinite radiation shield and the size and integrity of the rock for
mations provides isolation, preventing escape of the stored material 
to the environment. It is also intuitively clear that, for at least 
the short term, geologic storage, as it is generally called, is quite 
immune to many of the improbable accidents that one would have to con
sider for surface storage such as, aircraft crashing on the storage 
site. With suitable care in the choice of site, isolation is unlikely 
to be significantly affected by earthquakes or another ice age. If a 
host rock is chosen which has been stable and unmodified for hundreds 
of millions of years one should reasonably expect it to maintain its 
stability for further hundreds of thousands of years. 

In considering the ways in which this isolation could be 
breached, the question most often raised is whether the material could 
be leached by ground water. Thus one of the principal criteria for 
selecting a rock formation is its isolation from moving ground water. 
As a further measure to ensure isolation, material would be stored in 
an insoluble form. 

The main thrust of our program on geologic storage, des
cribed in more detail below, is to refine these intuitive ideas on 
geologic storage into rigorous ground rules for selection of host rocks 
to identify specific rock types, geological formations and geographical 
areas to satisfy these ground rules. 

(4) Fuel Cycles, Reprocessing and Waste Management 

Figure 1 shows the conceptual relations between reactor 
operation, fuel reprocessing and waste management. 

Reactor wastes comprise all the materials, other than fuel, 
which become activated during reactor operation: filters, ion ex
change resins and trash contaminated with small amounts of activity. 
The total number of curies of activity in this material is less than 
1% of the curies produced in the fuel, the principal radionuclide being 
Co-60. These materials are currently in interim storage, buried in 
shallow trenches, concrete bunkers or, for more active materials, in 
concrete and metal lined containers buried just below ground level. 

With the natural uranium fuel cycle, spent fuel is currently 
in interim storage in water filled pools. If we were to decide never 
to reprocess then the fuel would eventually have to be moved to an ulti
mate store. If we decide to reprocess then we would have waste streams 
containing fission products and actinides (americium, curium, etc.) and 
two product streams, plutonium and uranium. Figure 1 shows the fission 
products and actinides separated, with the actinides possibly recycled 
to the reactor. This would only be done if actinide separation and re
cycle were worthwhile. As there, would always be some material stored in 
inventory at a reprocessing plant, awaiting shipment to the ultimate 
store, both interim and ultimate storage are shown for waste streams. 
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A recycle fuel fabrication plant is expected to have a 
waste stream of contaminated material which is not worth recovery: 
this again would go through interim to ultimate storage. 

A major step in waste management is the conditioning of 
wastes into a form suitable for ultimate storage. As the overriding 
objective is isolation from the environment, these techniques, in 
general, convert wastes to a solid insoluble form which is then in
corporated into another inert insoluble matrix such as bitumen or 
inorganic glass. Some development work on the conditioning of low 
level wastes is described in this paper. Waste solidification and 
conditioning is an essential part of the flow sheet of a reprocessing 
operation and would require a large fraction of the effort in a repro
cessing development program. 

(5) Responsibilities for Waste Management and Its Development 

Three agencies are today directly involved in waste manage
ment. 

The electric utilities produce the wastes through the 
operation of their generating stations. They own the spent fuel and 
the plutonium in it and are responsible for the safe management of 
the fuel and wastes. 

The Atomic Energy Control Board is the licensing authority 
and is thus the ultimate arbiter on the safety and wisdom of any 
waste management technique. 

AECL, the development agency, is responsible for develop
ing and recommending options on waste management techniques. Some of 
this development work will, of course, be done by the utilities them
selves so that the overall effort is a cooperative program between 
AECL and the nuclear industry. 

When commercial fuel reprocessing is in operation, the 
fuel processor and fabricator would be another agency producing wastes 
with an attendant responsibility for their management. AECL's develop
ment programs on waste management must also anticipate the needs of 
the fuel processing and fuel fabrication plants. 

(6) Current Waste Management Programs in AECL 

AECL's programs in waste management are listed below and 
described in sections 7-11. 

-Site selection criteria for surface storage. 
-Conditioning of reactor wastes and fuel fabrication wastes. 
-Interim dry storage of spent fuel. 
-Geologic storage. 
-Safety and logistic studies. 
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(7) Site Selection Criteria for Surface Storage of Low Level Wastes 

The greatest volume of reactor wastes is only slightly 
contaminated with radioactive material and consists of paper, rags, 
etc., which are placed in plastic garbage bags. The radioactive 
content of each package of this low level waste is, at the most, 5 
millicuries. Medium level wastes comprise packages which contain 
more than 5 millicuries but which can still be handled without 
shielding. 

These wastes are managed in surface sites, the low 
level wastes from the laboratories being buried in shallow trenches 
and the medium level wastes being placed in concrete bunkers near 
the surface. At the Bruce and Gentilly reactor sites all wastes go 
into concrete bunkers. These procedures, which were developed on an 
ad-hoc basis in the early days of the development of nuclear energy 
are followed with minor modifications by almost all nuclear sites 
and reactor stations in the world. 

The isolation of radioactive materials in these sites is 
controlled by two factors, the physical and chemical form of the waste 
and the properties of the site; the concrete structures and the soil 
provide a further important barrier between the emplaced activity 
and the environment. 

Extensive data pertinent to site selection are available 
from studies carried out in various parts of the world including 
CRNL and WNRE. The contrast between the CRNL and WNRE sites provides 
an example of the different properties of such sites. At CRNL the 
water-table is low. The soil acts as an ion exchange medium, water 
passing readily through it leaving the ionic material behind. At 
WNRE the water-table is close to the surface and water movements are 
in the vertical direction rather than the horizontal direction. 
Here the water acts as a barrier to dispersal. Difference in soil 
conditions and hydrogeology also affect the requirements for engineered 
structures, such as concrete bunkers. 

A continuing program is planned which, in collaboration 
with utilities across Canada, will develop site selection criteria 
and engineering design data for surface storage sites. 

(8) Conditioning of Reactor Wastes and Fuel Fabrication Wastes 

Reactor wastes tend to be large in volume and small in 
radioactivity content. Spent ion exchange resins, which, have a signi
ficant radioactivity content and a modest volume, are an exception. 
Liquids and combustible solids account for most of the volume. 
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Again, in common with international trends, an increasing 
proportion of these wastes will be processed before emplacement in 
storage. The most important property of a processed waste is its 
stability. The resistance to leaching or resuspension, as well as re
tention of the physical form, are measures of stability. Since stab
ility is affected by the radioactivity and chemical content of the 
waste, there may be limitations in the amount of activity and the 
chemical content of the processed waste. Such limitations can have 
a significant effect on the volume reduction which can be achieved. 
CRNL studies concluded that volume reduction of the solid combustible 
wastes is best achieved by incineration, and of aqueous wastes by 
reverse osmosis and evaporation. Volume reduction would be followed 
by immobilization of solid and liquid concentrates in bitumen which 
offered the best optimization between stability and volume. 

An integrated "Waste Treatment Centre" is to be built in 
which the volume reduction and immobilization processes will be dev
eloped and demonstrated using CRNL wastes. This program initially 
involves two projects, the decontamination of aqueous wastes using 
reverse osmosis and the incinceration of low hazard solid wastes. 

An incinerator with 1 Mg/day capacity, sufficient for all 
CRNL combustible wastes, is being designed. It is intended as a 
versatile tool to study waste feed control, emission control, ash 
handling and maintenance. Operation is expected in late 1976. 

Decontamination of typical CRNL aqueous wastes using 
reverse osmosis was the subject of a development contract completed 
in 1974 by the Ontario Research Foundation. The results of this study 
were encouraging. A 50 cm^/s (1000 gallon/day) reverse osmosis unit 
suitable for pilot scale tests on the CRNL aqueous waste streams has 
been purchased and a cooperative program has begun with the manufact
urer, Electrohome Limited, to study decontamination and fouling 
effects. 

Laboratory scale immobilization tests using bitumens avail
able in Canada have been started. The commercial development of blend
ing equipment for bituminization is well advanced in Europe and evalu
ation of the available models will continue during the current year. 
Large scale immobilization tests are planned in the next phase of this 
project, expected to begin about 1977 with the processing of the in
cinerator ash. The routine volume reduction of the aqueous wastes 
and the immobilization of the concentrate will also begin during this 
phase and by 1979 most of the low level aqueous wastes will be processed. 

At present natural uranium is the only radioactive material 
used in fuel fabrication. A small facility for the fabrication of 
plutonium-uranium oxide fuel is scheduled to go into operation this 
year at CRNL. The operating experience with this fuel facility will 
provide valuable experience in defining the development program re
quired to handle and treat plutonium contaminated wastes. As an ex
ample, a solidification study for the aqueous wastes from this facility 
was instituted in 1974. These wastes are easily incorporated into a 
thermosetting plastic, ureaformaldehyde, but little is known about the 
long term stability of the plastic agglomerates. This material will be 
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used in the development program. The agglomerates will be stored 
in a separate instrumented storage facility and will be removed 
periodically for visual inspection. 

(9) Interim Dry Storage of Spent Fuel 

Over the next twenty-five years, by far the largest amount 
of radioactive wastes produced in the nuclear power program will be 
in spent fuel. Spent fuel storage is thus an important part of our 
waste management program. Three years ago a collaborative study on 
the storage of spent fuel (The Committee Asserting Fuel Storage, CAFS) 
was organized. Dr. W.M. Campbell of AECL, Power Projects presented 
the early results of this study to the CNA two years ago. Other parts 
were summarized this April in a paper by Mr. R. Barnes of Ontario Hydro 
and Mr. S. A. Mayman from WNRE at the ANS/CNA conference. This last 
paper described Ontario Hydro's plans for their reference concept of 
large water filled pools for spent fuel at a central storage site. 
Details of this very important part of the Canadian program can be 
found in that paper. 

Dry storage of spent fuel is being studied and developed 
at WNRE essentially as a backup to the pool concept. Of several 
dry storage concepts studied by CAFS, the so-called 'canister' 
appeared most attractive because of its simplicity and the relatively 
small cost of development and demonstration. Information from the 
development work on, for instance, the behaviour of temperature and 
stress gradients on the integrity of concrete could be used for the 
design of larger and more complex structures if these were warranted. 
The reference canister (Figure 2) is a concrete cylinder, 5 metres high, 
2 1/2 metres in diameter with an internal cavity 0.75 metres in diameter. 
One canister will hold about 4.4 tons of fuel, about a week's production 
from a station the size of Pickering. Cooling is by radiation and con
duction to the wall and then by conduction through the concrete. 

Design studies have defined three areas requiring develop
ment . 

(a) Concrete Temperature 

The canister is designed to contain fuel producing, when 
initially emplaced, 2 kW of heat. The calculated temperature difference 
across the concrete is about 65PC. The resulting thermal stresses in 
the concrete are within acceptable limits. There is, however, an economic 
incentive to shorten the cooling period of the fuel or to increase the 
fuel loading of the canister; measurements and tests are required to 
provide precise design criteria. 
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(b) Behaviour of Defected Fuel 

Fuel which is known to be defected will be canned before 
installation in the canister basket. However, undetected defects 
must be anticipated. In air, at the fuel temperature at the centre 
of the canister, 1102 will gradually oxidize to U3O8. Since U3O8 is 
less dense than U02, the defect becomes progressively worse - the 
fuel expands, the sheath splits, more UO2 is exposed. If the oxygen 
supply were unlimited, the fuel material would be completely con
verted to U3O8. The sealed cans limit the oxygen supply. As a further 
precaution to prevent oxidation of 1)02, the fuel could be sealed within 
a double barrier within the concrete and the space filled with an 
inert gas. 

(c) Ambient Radiation Fields 

Preliminary shielding calculations gave a field at the 
surface of the canister of 15 mR/h. While no direct surveillance or 
maintenance of emplaced canisters is required, operators will be in 
the area when new canisters are emplaced. It would be helpful, there
fore, if the field was significantly lower. As with all shielding 
calculations, tests are needed to prove the design parameters to 
give optimum shielding. 

Four full scale test canisters are being built at WNRE. 
Two will be electrically heated, with heaters capable of putting out 
up to 20 kW each. Two will be loaded with fuel - one with bundles 
from Douglas Point Generating Station, one with bundles from WR-1. 
The canisters shown are cylindrical; there are mechanical and struc
tural arguments in favour of this configuration. However, at the 
moment, all the spent fuel handling equipment in CANDU stations is 
based on rectangular modules. Two of our test canisters, therefore, 
will have rectangular cores. The canisters are instrumented with 
thermocouples and strain gauges. The electrically heated ones will 
be in service first. 

The fuelled canisters will also be highly rated; Douglas 
Point fuel will produce 5 kW and the WR-1 canister will contain one 
quadrant with fuel equivalent to a 10 kW load. These loadings are 
designed to be proof tests as well as a demonstration of the concept. 

The schedule for this program is shown in Figure 3. Con
struction of the cylindrical, heated canister is complete. WR-1 fuel 
will be emplaced in a canister in August, and Douglas Point fuel will 
be brought to WNRE and installed early in 1976. In addition a detailed 
study of a canister storage facility is being made. The design study 
will be part of Ontario Hydro's overall study of spent fuel storage. 

The immediate value of this development will be to provide 
an evaluated and demonstrated concept to which the water filled pool 
storage can be quantitatively compared. If the demonstrations are 
satisfactory and the design study shows that significant advantages 
can be gained, canisters rather than pools could b e the preferred 
concept for facilities to be built in the late 1980's. 
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(10) Geologic Storage 

The reasons for examining geologic storage have 
already been discussed in the section on the choice of the ultimate 
storage technique. 

The Geological Survey of Canada are engaged with 
AECL in studies which will enable us to identify the more promising 
geologic formations. Formations will be evaluated in the context of 
the following requirements: 

(1) The rock should have low economic value and not be 
close to other formations with actual or potential economic value. 

(2) The formation should be large, accommodating a buffer 
zone of significant size. 

(3) The formation should have high integrity with a minimum 
of cracks, faults and joints. 

(4) The formation should be in a zone of low seismic act
ivity. 

(5) The formation should be either impervious to and/or 
isolated from moving ground water. 

Besides these factors there are a number of detailed con
siderations. The formation should be homogeneous and relatively 
free of internal stresses. The excavation of the cavity and the 
emplacement of the material and the heat load all place new stresses 
on the rock. It will have to be shown that the emplacement could 
not have any significant effect on the macroscopic stability of the 
formation and that the effects of future glaciation are acceptable. 

This brief list shows that geologic storage will require 
a considerable development program. There is already some experience 
in using mined cavities for storage of various materials, petroleum 
fluids for example, so the idea is not entirely new. It is evident, 
however, that a predictive aspect of geology, a new scientific dis
cipline in fact, may have to be developed over the next few years as 
the international geologic community gets involved in waste management. 
Many nations are engaged in studies similar to ours. 

The U.S. National Academy of Sciences and the USAEC, 
nearly twenty years ago, identified bedded salt as a formation which 
met many of the requirements summarized above. The relatively high 
thermal conductivity of halites minimizes the thermal gradients. Salt 
deforms plastically under pressure so that internal stresses are self-
relieved and cracks and fissures tend to seal up. Since the halites 
are water soluble, the existence of the bed demonstrates its isolation 
from ground water over geologic time. 
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A great deal is known about all the relevant properties 
of halite deposits for waste disposal, far more than about any other 
formations. It is, however, recognized that other types of rocks 
may be equally suitable but the necessary research and development 
have not yet been done. 

One part of the Canadian program, being done by the 
Geological Survey of Canada, is a general survey of Canadian salt 
deposits. Without any prejudgement of the potential of salt, we have 
to obtain an independent assessment of the U.S. work on salt for 
Canadian geology, geography and climate. This study should be com
pleted in about two years. 

Storage in hard rock (e.g. granite) appears a promising 
alternative. The size of the Canadian Shield, the low economic value 
of granite and the congruence of the Shield with Ontario, the principal 
user of nuclear power for the next twenty-five years, are factors 
arguing in its favour. 

The Geological Survey will be making a survey on hard rock, 
similar to that for salt and, in collaboration with AECL will be dev
eloping a geophysical program on topics such as fracture density, 
thermal gradients, thermal stresses, radiation stability and so forth. 
The preliminary schedule, Figure 4, shows that, by the end of 1978 we 
should have sufficient information to decide between salt and hard 
rock for the Canadian Demonstration site. Site selection for a dem
onstration emplacement should be made by 1983. Wastes could be em-
placed in a mined cavity by 1987. For the demonstration, radioactive 
materials will be stored in retrievable form. We estimate the cost of 
this program in current dollars to be of the order of fifty million 
dollars. 

(11) Safety and Logistic Studies 

Waste management impinges on many parts of the technology 
of the fuel cycle. It is important that these be identified, defined 
and studied so that nuclear energy can be developed in Canada in an 
orderly fashion. For convenience we use "safety and logistic studies" 
as an umbrella for all these considerations. 

To give some examples: 

The design of waste management schemes is an exercise in 
safety analysis. For proper evaluation, the safety of the fuel cycle 
as a whole must be estimated. For instance, reprocessing has the 
apparent advantage that the inventory of plutonium to be managed for 
long periods of time can be significantly reduced. It has the dis
advantage that fission products and actinides embedded in the fuel 
are dissolved. These solutions present handling problems as does the 
fabrication of the plutonium into fuel. The possibility of release of 
the hazardous material during the relatively short period of reprocess
ing and fuel fabrication is significantly greater than if the fuel had 
been left untouched for that time. How does this increased short-term 
hazard compare with the decreased long-term hazard? Hazards analysis 
of this type will be a continuing activity. 
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The requirements for waste management affect the techni
ques and economics of reprocessing and of the associated fuel cycles. 
The levels of separation and decontamination for fission product and 
actinide streams must be defined in terms of the specifications set 
by the hazards study. These levels of separation, in turn, define the 
cost and perhaps the practicability of some separations. The wastes 
from the fabricating plants must also be minimized and the burnup 
penalty of recycling actinides must be assessed. Analogous questions 
for the variants of the thorium cycle will also be analyzed. 

Transporation contributes a significant fraction to the 
cost of all waste management schemes. It is also possible that, even 
though radioactive material spends a very small fraction of its life 
in transit, this is the least safe part of the operation. For this 
reason and because of the logistical problems associated with trans
portation, and the interrelated matter of site selection, transpor
tation is being studied as part of our waste management systems. 

SUMMARY 

We have described a wide ranging program of engineering 
developments and applications, in which AECL is a partner with the 
utilities and other organizations such as the Geological Survey of 
Canada. This program will help to provide the Canadian nuclear in
dustry with the knowledge and expertise to conduct its waste manage
ment functions with the highest degree of safety and responsibility. 
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ENVIRONMENTAL ASPECTS OF THE 

CANADIAN URANIUM MINING INDUSTRY 

G.R. Yourt, Consultant 

INTRODUCTION 

This paper covers a brief history of uranium mining in Canada, 

environmental problems, control measures, monitoring of various 

contaminants in air and water, the development and adherence to 

standards and limited information on cancer incidence and effects 

of smoking. 

BRIEF HISTORY 

Of the three Canadian uranium mines still operating, Eldorado has 

been prciucing since 1952, Rio Algom since 1956 and Denison since 1957. 

Fourteen others operated mainly from the late fifties to the early sixties, 

ENVIRONMENTAL PROBLEMS 

The potential major and minor environmental problems either 

encountered or anticipated specific to uranium mining operations consist 

of the following: 

a) emanation of radon gas and growth of its short-lived 

disintegration products (or radon daughters) into the 

mine atmosphere; 

b) radium226 dissolved in small amounts in mine water and 

mill solutions; 

c) ingestion and inhalation of uranium concentrates by 

operators in the precipitation, filtering, drying 

and packing areas in the mill; 

d) thorium as a by-product; 

e) external radiation; 

f) tailings disposal ; 

g) smoking. 

Radon Daughters 

The ore in uranium mines contains considerably more radium than 

other types of rock in the earth's crust. The radium, which is a link 

in the uranium family decay chain, gives off radon gas while it 

disintegrates as indicated in Table 1, taken from Report No.8, plO . 
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TABLE 1 

The Uranium Series 

Isotope 

Uranium 238 
Thorium 234 

Protactinium 234... 

Thorium 230 
Radium 226 

Radon 222 

Lead 214 

Lead 210 

Bismuth 210 
Polonium 210 . . . 
Lead 206 

Symbol 

" 'U 

"'Pa 

"4U 

"8Th 
"'Ra 

*"Rn 
" T o 
"4Pb 

'"Bi 

" T o 
" T b 

"°Bi 
" T o 
" T b 

Historical 
name ' 

Uranium I 
Uranium Xj 

Uranium X2 

Uraniiun II 

Ionium 
Radium 

Radon 
Radium A 
Radium B 

Radium C 

Radium C 
Radium D 

Radium E 
Radium F 
Radium G 

Half-life 

4.5 X 10° yrs 
24.1 days 

1.18 mins 

2.50 X 10s yrs 

7.6 X 10* yrs 
1620 yrs 

3.82 days 
3.05 niins 
26.8 mins 

19.7 niins 

164 X lO"8 sec 
22.0 yrs 

5.0 days 
138.4 days 
Stable 

Radiation 

a 
'fry 

fry 

«. y 

a 
a, y 

a 
a 
fry 

fr y 
a 
fry 

a 

Alpha 
energy 
(MeV) 

• 

5.49 
6.00 

7.69 

5.30 

Radon is a chemically inert gas which diffuses in infinitesimally 

small amounts from the rock as, and after, it is formed from the decay 

of radium. It is also carried into the mine with inflows of water 

through crevices. 

Of physiological significance is the radioactive decay from radon 

through a series of four particulate disintegration (daughter) products, 

RaA, RaB, RaC and RaC, of which RaA and RaC are alpha emitters as 

illustrated by Holleman in Figure 1. 
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ATOMIC NUMBER 

PRINCIPAL 
ISOTOPE HALF LIFE RADIATION ENERGY 

Hn-222 3.825d ALPHA 5.5 MeV 
Po-218 3.05 m " ALPHA 5.99 MeV 
Pb-214 26.8 m BETA, GAMMA 
Bi-214 19.7 m . BETA, GAMMA 
Po-214 164 usee ALPHA 7.68 MeV 

Tig. 1. The decay acbeme (or radon-222 

During inhalation these daughter products are deposited, directly 

(unattached) or attached to dust, smoke or fine moisture droplets, 

principally onto the walls of the bronchi and bronchioles. It is now 

established that the accummulative effect of alpha radiation from 

excessive deposition of radon daughters in the bronchi of smoking 

uranium miners over a period of years has resulted in the development 

of respiratory cancer. This effect is well described by Holaday et al3 

and subsequently by others, e.g., 1>2>4'5*6. 

What is not sufficiently brought to the attention of uranium miners 

and others is the part played by smoking. Dr. Geno Saccamanno explained 

the effects of smoking to Eldorado miners last summer. He is Chief 

Pathologist, St. Mary's Hospital, Grand Junction, Colorado, co-author 

of various scientific papers on the subject and personally familiar 
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with many of the lung cancer cases among uranium miners on the Colorado 

Plateau. He related the experience among 20-30,000 uranium miners of 

whom about one-third were non-smokers. About 300 lung cancer deaths 

occurred to date. Consequently about 100 deaths would be expected 

among the non-smokers. Only one definite and two indefinite deaths were 

found among the non-smokers. Dr. Saccomanno told the Eldorado miners 

that non-smoking uranium miners are no more likely to develop lung cancer 

than non-smokers in the general population. 

Radium226 

About one-quarter to one-half of one per cent of the radium contained 

in the uranium ore is dissolved in the water and used for drilling and 

spraying broken ore underground and during the long contact between finely 

ground ore and solutions in the mill. Concentrations amount to several 

hundred pCi/1 (picoCuries or 10~12gm/litre). This concentration is about 

100 times the Ontario MPC (3.0 pCi/1) for drinking water. 

Radium is a bone seeker and excess accummulations could result in 

leukemia. 

Considerable concern about elevated levels of radium226 in Elliot 

Lake and Quirke Lake resulted in the appointment of the Committee of 

Deputy Ministers in 1964, shortly after the objectives for drinking 

water had been reduced. Radium was blamed for detrimental effects on 

fish, especially in Quirke Lake. These effects were later attributed to 

reduction in pH and inorganic carbon as described by Johnson et al . 

Uranium Concentrates 

The yellow cake,. (U30e) is only slightly radioactive because 

radium226 remains dispersed in the tailings. A matter of greater concern 

is that if an excess amount is absorbed into the body by inhalation or 

ingestion it could result in damage to the kidneys. There are no known 

cases of permanent effects in Canadian experience. 

Thorium Concentrates 

The amount of thorium in uranium ores varies. In Elliot Lake ore 

there is a ratio of about 1:4. Thorium salts were recovered as a 

by-product by Rio Algom Mines Limited from 1958 to 1968. No adverse 

health problems were encountered. Precautions described later herein 

were taken to avoid over exposure from gamma radiation. 
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External Radiation 

There has been no known problem with over exposure from external 

radiation due to radionuclides in uranium mines in Canada. A few film 

badges used at one mine in the early years of operation in the Elliot 

Lake area confirmed that there was no need to continue doing so. A 

number of film badges are worn by miners on a random basis at Eldorado 

as a continuing additional precaution. Readings have been negligible 

for example, in a typical survey the highest readings in MilliRœntgens 

for a 40 hour week were: 86 in a high grade area, 1.5% uranium, 60 

where the grade was 0.25%, 51 in 0.4% ore and 34 in 0.1% ore. 

There could be reason for concern for miners working in close 

proximity to very high grade ore (pitchblende) for extended periods. 

Continuous exposure in close proximity to large quantities of aged 

uranium concentrates could result in over exposure to gamma radiation. 

Tailings Disposal 

When the provisions for storage and disposal of solid and liquid 

wastes from uranium milling was planned and designed, about the only 

criteria required by government agencies were durable embankments and 

neutralization of liquid effluents. 

Over a period of years the extensive use of sulphuric acid, lime 

and ammonia in the Elliot Lake area, led to substantial increases in 

dissolved solids, sulphates and nitrogen concentrations, principally in 

the Quirke and Pecors Lake-basins: In spite of over neutralization in 

the mills subsequent bacterial action and oxidation of sulphides 

resulted in depressed pH. 

The nature of the topography and limited amount of overburden made 

storage of solid tailings difficult. Some small lakes and pot holes 

were used. Unfortunately in a few instances through water courses were 

involved which resulted in some further dissolving of radium. 

CONTROL MEASURES 

Radon and Radon Daughters 

The threefold conventional method of controlling any airborne 

contaminant is largely applicable to control of radon and its daughters. 

That is to suppress its formation, confine or isolate what cannot be 
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suppressed, then dilute and remove what cannot be suppressed or 

confined. This is achieved with either general or auxiliary ventilation. 

Suppression 

Emanation of radon gas and growth of radon daughters from exposed 

surfaces of ore is continuous and changes somewhat with atmospheric 
o 

pressure. It cannot be stopped. Schroeder et al have described 

attempts and effects of pressurizing the mine atmosphere with high 

pressure fans. They found that this approach is only feasible if the 

rock is very porous and if a sink is provided to absorb the gas. The 

ore in Canadian uranium mines in virtually impermeable. 

Various types of coatings have been tested for sealing the surface 

and crevices of exposed ore but none have been found so far to warrant 

adoption on a routine basis. The U.S. Bureau of Mines is presently 

testing a plastic type of coating with reported significant success. 

Confinement 

Confining radon and radon daughters is a very effective method for 

preventing contamination of active workings from high concentrations 

diffusing from mined out or idle areas. This is achieved either by 

mining in such a manner that the mined out areas are in the return air 

system or by barricading such areas and putting them under negative 

pressure with exhaust ventilation. 

Dilution With Ventilation 

Dilution and removal of radon and its daughters from active working 

places and travelways with generous volumes of fresh air is the principal 

control method. This is accomplished with either general or auxiliary 

ventilation systems which are well known in the industry and are 

described in the literature. However some important aspects warrant 

emphasis. 

In designing an effective ventilation system an engineer should 

determine as much information as feasible about the rate of emanation 

from the orebody. 

As the concentrations of alpha emitters increase significantly with 

time, their prompt removal is very desireable. This can be achieved by 

restricting the volume of open spaces in stopes to a minimum. If the 
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use of shrinkage stoping cannot be avoided then the working area should 

be pressurized with fresh air to prevent contamination from seepage of 

air through broken ore. This has been done with difficulties but 

moderate success by Eldorado. Experimental studies in a shrinkage 
0 

stope have been described by Malaggin . 

Experience has indicated that it is very difficult to maintain low 

concentrations of radon daughters if air is used more than once or twice. 

The quantity of air circulated through uranium mines varies from 175 to 

225 cfm per ton of ore broken per day. This amounts to over 10 tons of , 

air per ton of ore, which is about three times the amount circulated 

when the mines started producing in the nineteen fifties. At that time 

there was not sufficient information available about radioactivity, 

the amount of air required to control it, and for designing the sizes 

of airways, fans and mine air heating facilities. 

Cleaning Air 

Occassionally there are conditions encountered which make it very 

difficult to supply completely fresh air to some working areas. Examples , 

are workings remote from fresh airways, during pillar removal which 

complicates control and distribution of air. 

The frame type of filter has been used for some years in U.S. 

uranium mines to clean air and deliver this air to individual working 

places with auxiliary fans and ducts. After considerable research 
10 11 

reported by Frame and subsequently by Washington and Kruzich , 

Denison Mines installed a filter to clean partly used air for distribution 

to several working places in a remote area of the mine. The unit which 

handles 40,000 cfm and is fitted with heavy napped terylene bags, has 

been operating successfully since 1969. 

Several years ago a booth fitted with an air filter was installed 

at the loading pocket in Rio Algom's Quirke Mine. A similar booth was . 

installed for the operator in Eldorado Nuclear1s Dorrclone Plant. Fresh 

air, heated in winter, is supplied to the booth. Earlier this year :, 

Denison purchased a jumbo drill with an enclosed cab for the operator 

provided with soundproofing and an air filter. This trend towards 

protecting the operators of equipment instead of providing additional/, 

large volumes of air to keep the general atmosphere clean may grow* 

because of the inflated costs of large airways, ventilating and mine air" 
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heating facilities and because of more restrictive standards for air 

quality. 

Respirators 

It is generally recognized that respirators are intended only as 

a temporary substitute for protecting workers against inhalation of 

harmful airborne contaminants when conventional control methods fail. 

It is also recognized that prolonged wearing of conventional 

respirators is not practical involving sustained physical effort. 

However there are circumstances when*the use of respirators are 

necessary 1n uranium mining operations as well as in some other 

industries, for example, nuclear operations. 

The prime example 1s 1n bacterial leaching operations in mined out 

stopes, especially where pillars have been removed. The provision of 

and control of fresh air is difficult and sometimes Impossible. In 

such instances only highly efficient respirators specifically 

approved for radioactivy are used. Several types of respirators 

fitted with battery driven filtering units have been used. They supply 

a surplus of clean air to the face pieces which make them more 

comfortable to wear and also eliminate the leakage problem encountered 

with conventional respirators. 

Job Rotation 

Little use has been made of job rotation to prevent over exposure 

of individual workers but this method can be used more extensively if 

found necessary. 

Radium226 

As the result of information obtained by the Committee of Deputy 

Ministers in a Visit to the Colorado Plateau in 1964 and subsequent 

laboratory studies, treatment of clear tailings overflow with barium 

chloride was first initiated at Nordic Mine in July, 1965. Earlier 

efforts to remove the dissolved radium by adding barium chloride to 

neutralization tanks in the mill were unsuccessful. Concentrations 

dropped slightly from an average of about 215 pCi/1 in the year 1964 to 

about 150 between April and July, 1964. It was found that the 

barium chloride must be added to a clear solution. The rapid drop from 
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150 pCi/1 to about 5 pCi/1 between July and December, 1965 and similar 

success in treatment of mine water pumped from Quirke Mine is reported 

by Yourt22. 

The treatment with barium chloride is now standard practice at 

operating uranium mines in Canada. It is also presently used during the 

dewatering of the inactive Port Radium Mine in the North West Territories 

where it is planned to recover silver from upper levels. 

Control of Uranium Concentrates 

In order to protect workers from the injurous effects from 

inhalation and/or ingestion (through mouth or open cuts) of excessive 

amounts of uranium or thorium concentrates the following control measures 

should be applied as found necessary. 

Confining Wet and Dry Concentrates 

Spillage of wet concentrates from filters and tanks should be 

cleaned promptly. Accummulations on floors or ledges should not be 

permitted. Washing with hoses can be facilitated by provision of smooth 

concrete floors and convenient sumps. Dry concentrates in the drying 

and packaging process must be confimed by tight fitting enclosures 

and sufficient exhaust ventilation applied to keep all leakage paths 

strongly indraft. 

Control at the packaging operation can be achieved by means of a 

plenum type exhaust hood surrounding the feed spout. The periphery of 

the hood should have the same diameter as the top of the drum and extend 

not more than a few centimeters above the rim. Sufficient exhaust 

ventilation should be applied to the hood to maintain a strong indraft 

between the bottom of the hood and the top of the drum being filled. 

A good valve is required on the spout to prevent dribbling of 

concentrates when a full drum is removed and an empty one placed in 

position. If a vibration is used during filling operations Its 

vertical displacement should be minimal. 

The air used for exhaust ventilation should be cleaned by means of 

an efficient dust collector so that the air released will not 

contaminate other areas. The collected dust (concentrates) should be 

returned to the process without manual handling. 
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Control measures should be strictly observed to prevent inhalation 

or ingestion of concentrates during assaying operations. 

Personal Hygiene and Protective Clothing 

All personnel working in the vicinity of concentrates should be 

trained and required to practice meticulous housekeeping and thorough 

personal hygiene. This includes washing before eating or smoking, 

showering at the end of each shift, avoidance of smoking when handling 

precipitates, wearing of gloves and coveralls. This clothing should 

be laundered frequently and changed as soon as they become contaminated, 

for example, after performing maintenance work on drum filters and in 

tanks. Careless personal hygiene practice usually results in high readings 

in urinalysis and should be corrected promptly. Lunch-rooms, rest-rooms 

and change-rooms should be isolated from working areas and provided with 

convenient access to washing facilities. A sequence should be provided 

to prevent contamination of clean areas. 

Precautions with Thorium Concentrates 

During the period (1958-1968) when thorium salts were recovered as 

a by-product of uranium, control measures described above for uranium 

concentrates were applied in regard to cleanliness, good housekeeping 

and personal hygiene. 

An additional necessary precaution taken was the avoidance of 

over exposure to gamma radiation when handling drums of concentrates 

because thorium is considerably more radioactive than uranium. Fork 

lift trucks and pallets were used for this purpose. Film badges were 

worn by all personnel working in the plant to ensure against any over 

exposure. 

When the market for thorium ended surplus drums of the product were 

buried in the Quirk Mine tailings disposal area. 

Protection Against External Radiation 

Control measures and precautions against over exposure to external 

radiation consists mainly of preventing workers from spending 

unnecessary time in close proximity to large storages of uranium and 

thorium concentrates. Drums filled with concentrates are transported 

on pallets with fork lift trucks. 
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Tailings Disposal Improvements 

The increasing certainties of many years of uranium mining 

necessitated long term planning and very heavy capital expenditures for 

storage of solids wastes. Also recirculation of water used for milling 

has been incorporated to the extent feasible. This practice is limited 

by the extensive use of chemicals. 

The removal of sulphides in the mill has been suggested to eliminate 

subsequent oxidation and pH reduction. 

Facilities to treat effluents from tailings at several inactive 

uranium mines has cost one company about $250,000. Operating costs 

amount to over $100,000 annually. 

MONITORING OF AIR AND WATER CONTAMINANTS 

An essential aspect of protecting the health of workers in uranium 

operations involves assessing their exposure and the effectiveness 

of control measures. 

Radon and Daughter Measurements 

As the result of proficient technology provided by radiation 

experts in the Atomic Energy of Canada Limited (AECL) the most accurate 

and convenient instruments' feasible were designed and-.manufactured in 

Canada. This is confirmed by the fact that following a visit by a 

scientist from South Africa to this continent the Canadian instruments 

were adopted in that country. 

The present instruments for measuring radon daughters consist of a 

light weight diaphragm pump driven by the regular cap lamp battery, a 

25 mm diameter, 0.8 micron pore size membrane filter and filter holder, 

and an alpha meter. The alpha meters have been recently converted to 

provide a scaler or 4-digital read out for better accuracy of measurement. 

A previous modification made by the manufacturer at the request of the 

writer permits the measurement of radon gas collected in acrylic flasks 

coated on the inside with zinc sulphide phosphor. The earlier models of 

these instruments have been described by Simpson et a l . 

At working places and travelways to be sampled 10 to 30 litres of 

air are drawn through the membrane filter. 
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The Kusnetz method is used for reading the alpha activities 

caught on the filter between 40 and 90 minutes after sampling time 

and for calculating-the concentration in fractions of a working level 

(WL). Several research organizations mainly in the United States have 

been attempting to design a personal dosimeter that will more accurately 

measure the inhaled alpha emitters on a time-weighed basis. The 

thermoluminescent type most recently designed by AEC promises to be the 

closest to a satisfactory instrument. It is anticipated that a number 

of them will be tested at an Ontario uranium mine in the near future 

through the courtesy of AEC (US). By this method energy from alpha 

emitters is stored at normal temperatures and pressures on a 

thermoluminescent chip mounted over a membrane filter. After several 

weeks of accummulation the chip is heated and the energy read and 

calculated. 

Another concept is currently under investigation at the Elliot 

Lake Research Laboratory (EMR) by R.A. Washington and G. Knight. It 

involves measurement of polonium210 (RaF) on silver membrane filters 

that previously have been used routinely for sampling dust with personal 

gravimetric samplers. 

The need for an effective personal dosimeter is great. In the 

opinion of the writer the federal government has been remiss in not 

making readily available the knowledge of its scientists and research 

facilities to develop such an instrument. 

The uranium mining companies do not have the physicists and the 

expertise in electronics to develop a dosimeter. They have, however, 

wasted considerable money on ineffective prototype instruments for 

measuring radon daughters. 

Radon gas measurements are made on a limited basis mainly for 

supplementary information, for example, the degree of equilibrium 

between radon and its daughters which indicates the age of air in 

specific working places. 

Measurements can be made with some of the alpha meters modified for 

this purpose as indicated earlier or by the instruments described by 

Simpson et al . 
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Sampling Frequency 

Samples for radon daughters in working places, travelways, etc. are 

taken at least quarterly and in some instances monthly. In Ontario 

quarterly readings are required by a regulatory code "Radiation in 

Ontario Mines" (1972). 

Experience indicates that concentrations of radon daughters in 

working places vary little with time and only when ventilation currents 

are altered. Such variations may be more easiiy detected by monitoring 

airflows on a continuous basis. Research on this approach at Rio Algom's 

Quirke Mine, described by Lord and Pull en is still active. The read 

outs will be computerized to facilitate meaningful communication and 

prompt correction of failures. 

Radiation Records 

Records of exposure of individual miners have been recorded to 

accummulated working level months (WLM) since November, 1966 at Eldorado 

Nuclear Limited, since April, 1968 at Denison Mines Limited and since 

January, 1968 at Rio Algom Mines Limited. 

In calculating exposures 80 per cent of the time is assumed to be 

spent in working places, the other 20 per cent in travelways. 

Records of the exposure of all employees are forwarded to respective 

government agencies on a regular basis. Any miner can obtain his own 

accummulated exposure upon request. 

Radium226 Sampling 

Dissolved radium in drinking water and in tailings effluents to 

public streams is determined by the radon emanation method described by 

Rushing et al . Samples are collected and analyzed on a regular 

basis by regulatory authorities and the mining companies. 

Uranium Concentrate Surveillance 

Operators regularly in contact with uranium concentrates in the 

precipitation, filtering, drying and packing areas are required to submit 

samples of urine weekly for analysis of uranium excretion. Those 

occasionally so exposed do so monthly. 

Samples of airborne uranium dust in such locations are in some 

instances collected on membrane filters for fluorometric analyses. 
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Any operators registering concentrations significantly above the 

MPC (50 micrograms/1itre) are promptly checked. Inadvertent contamination 

of samples from lack of cleanliness etc. sometimes occur. If an.operator 

has repeated high readings due to careless practices or personal hygiene 

he is transferred to another occupation. This has been»rarely necessary. 

Any readings of airborne uranium above the MPC (0.2 mg/m3) indicate 

the need for improving dust control facilities and/or practices. 

Thorium Concentrate Surveillance 

Normally there is no need to use a radiation survey meter to detect 

contamination on walls, benches, floors, clothing, etc. if good 

housekeeping is practiced because the limit for such surface contamination 

is 3.5 mg/cm2. This is readily detectable as dirt. Film badges are used 

to protect operators from over exposure when handling drums or other 

containers containing concentrates. 

External Radiation 

Places subject to elevated gamma fields are detected by use of 

a beta-gamma survey meter and film badges are worn by operators. 

Tailings Effluent Surveillance 

Conventional chemical analyses of contaminants in liquid 

effluents are well known. 

The frequency of sampling is determined partly by the variation in 

readings and as required by regulatory agencies. 

STANDARDS AND CONCENTRATIONS 

In view of the severe criticism made against the performance of 

Ontario uranium mining companies and regulatory agencies in the control 

of radiation there is an obvious need to put pertinent facts in 

perspective. This applies mainly to the most important standards and 

how they were met. 

Radon and Radon Daughter Standards 

The International Commission on Radiological Protection (ICRP) is 

the recognized authority for recommending radiation standards for 

interpretation and adoption by national agencies. 
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The first MPC (maximum permissible concentration) for radon and 
17 

its daughters, applicable to uranium mining, was published in 1955 . 

The recommendation of ICRP Sub-Committee 11 on Permissible Dose for 

Internal Radiation appears in Table C.VIII, p52 as 10-? uCi/cc or 

100 pCi/1. The text (page 57) indicates that: 

"The values in Table C.VIII are based on 

continuous exposure" (168 hour week)... 

and that the MPC values "could be multiplied 

by a factor of 3 for the usual occupational 

exposure" 

This would be 300 pCi/1 for 8 hours per day. 

The French authorities wrote the MPC of 300 pCi/1 of radon, in 

equilibrium with its daughters, into their regulations. These were 

still in effect at the IL0 Bordeaux symposium in September, 1974. 

However, atomic energy officials claimed that in practice government 

owned uranium mines worked to the 4 WLM objective. 

However as concluded in 1964 by Stewart and Simpson (P340J 

Committee II actually did not intend that this concentration should 

apply to an exposure of 40 hours per week for a life-time exposure of 

50 years. This would be much larger than encountered by underground 

uranium miners. In 1957 the concensus in the United States was expressed 

by the Public Health Service (HEW) in Publication 4943. The following 

quotations are pertinent. 

"Although no evidence of health damage has 

been found among American minerss the European 

experience points to possible serious health 

effects." (piii) 

"Surveys of Colorado Plateau uranium mines 

have shown that 65 per cent of the miners were 

exposed to concentrations of radon and its 

daughters comparable to those reported tc exist 

earlier in European mines. Extensive control 

measures will be necessary to reduce these 

concentrations to the suggested working level." 

..."Until biologic information is available 

which will assist in determining these 
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concentrations (MPC), a working level is 

suggested for use in the uranium mining 

industry. " [piv) 

The 1952 survey referred to above indicated that 64 per cent 

of the miners were exposed to 5 WL or more. 

Publication 494 then describes this suggested working level 

concept as equivalent to 200 pCi/1 of RaA plus RaC according to 

the current of potential alpha energy per litre that is released by 

the decay of 100 pCi each of RaA, RaB, RaC through R a C 

The authors state: 

"On the basis of -present information, this 

level appears to be reasonably safe and not 

unduly restrictive to mining operations". (p20) 

The uranium mining industry in Canada, on the advice of AECL 

radiation experts, accepted this concept and endeavoured to reduce 

concentrations to one WL as soon as instruments for assessing effective

ness of control measures become available. This is illustrated in 
13 

Table 1 indicating the earliest readings reported by Simpson et al for 

the first three Rio Tinto uranium mines that reached production by 1956 

and Eldorado's Beaverlodge Mine which started production in 1952. The 

readings are obviously much lower than the 5 WL reported by the U.S. 

Public Health Service . 

On October 3, 1960 the American Standards Association (ASA now 

ANSI) approved the publication of N7.1-1960, "Radiation Protection 

in Uranium Mines and Mills (Concentrators)". 

As indicated therein: 

"An American Standard implies a concensus 

of those substantially concerned ... and is 

intended as a guide to aid the manufacturer, 

the consumer and the general public." 

N7.1-1960, Section 4.1.2 "Radon Daughters" states in part 

"For the purpose of this standard, the 

maximum permissible concentration of 

radon daughters shall be 300 uuCi per 

liter, of air" (300 pCi/V) ... "The total 

alpha energy which is released by the decay 

through RaC ' of 100 wCi of each of the 
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three daughters (RaA, RaB and RaC) is 

1.3 x 10S Mev." 

Concurrently ICRP's Publication 2 (1959), describing the Report of 

Committee II on Permissible Dose for Internal Radiation, became 

available. Table 1, page 77 lists an MPC of 3 x 10'8 or 30 pCi/1 

for Radon222 under the following conditions (p23): 

"Recent studies have indicated that when 

radon and its daughters are present in 

ordinary air the free ions of RaA 

constitute only about 10 -per cent of 

the total number of RaA atoms that would 

be present at equilibrium and these 

unattached atoms deliver all but a small 

fraction of the dose to the bronchi. 

Based on these measured dose rates the 

(MPC) for exposure to radon and its 

daughter products is found to be 

3 x 10"6/(1 = 1000f)\itt/cm3 where f is 

the fraction of the equilibrium amount 

of RaA ions which are unattached to 

nuclei." 

This works out to an MPC of 30 pCi/1 only when f - 0.1 (or 10%). 

However, Craft et al and later George and Hinchliffe reported 

readings giving an f factor closer to 0.03 (or 3%) uncombined fractions 

of radon daughters. This would bring the MPC back to almost 100 pCi/1. 

Although ICRP has not published any new recommendations regarding 

an MCP for radon daughters it is known that some ICRP radiation 

scientists favour establishment of an MPC based on human biological 

data rather than on very complicated pulmonary dose models. 

It is the opinion of the writer that international and national 

agencies concerned with internal radiation, especially radon daughters, 

should bring pressure on ICRP and its national representatives to 

publish an official recommendation without delay. This opinion has 

been expressed at several international symposia on uranium mining in 

the past two years but no known specific action has been taken. The 

federal government has a responsibility in this important health matter. 
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The first actual regulation on this continent limiting the 

concentration of radon daughters in operating uranium mines was issued 

on December 4, 1967, as a Code entitled "Radiation Hazards in Ontario 

Mines" by the Department of Mines under authority of the Mining Act. 

On November 9, 1972 the Code was revised prohibiting smoking 

underground in a uranium mine after January 1, 1973 and limiting 

annual exposure to 8 WLM in 1973 and 6 WLM in 1974. 

A directive was issued on July 1, 1974 limiting "occupational 

exposure to radon daughters ... so that no person will receive an 

exposure of more than 4 WLM per year. " 

Rio Algom's Quirke Mine had already reduced exposures below 

4 WLM. Denison Mine was permitted a variance to comply on completion 

of its new ventilation raise. 

The first enforceable regulation pertaining to radon daughters in 

the United States was issued in the Department of Labour OSHA Rules and 

Regulations published in the Federal Register, Vol.36, No.105 (pl0522) 

on May 29, 1971 and effective August 27, 1971. They state in part: 

"Occupational exposure to radon daughters in 

mines shall be controlled so that no individual 

will receive an exposure of more than 2 working 

level months in any calendar quarter and no 

more than 4 working level months in any 

calendar year1. " 

Provisions were made for one or more six-month periods of variance 

and compliance if necessary with the aid of respirators. Details were 

set out in Federal Register, Vol.37, No.124, June 27, 1972, ppl2634-37. 

The adequacy of the MPC of 0.3 WL or WLM per year has been confirmed by 

experience in South African gold/uranium mines and reported by Basson 

et a l . Radon daughter readings in 114 out of 119 mines (96%) 

ranged from 0.1 to 0.7 WL; 92 out of 114 (77%) ranged from 0.3 to 0.5 WL. 

The lung cancer incidence among the white miners studied was slightly 

lower than in a comparable male population. The authors concluded that 

their average exposure of 0.4 WL or 4.8 WLM of radon daughters per year 

is safe. 
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Radon Daughter Concentrations 

At Ontario uranium mines delivery of sampling instruments 

permitted regular quarterly surveys beginning with the second quarter 

of 1958. By 1960 at eight of the twelve uranium mines concentrations 

had been reduced below one WL based on time weighted average exposures. 

In 1963 the weighted average concentrations were under 0.5 WL at 

three mines, just over 0.5 at another. The average in two deep mines 

was over 1 WL. 

Of the three mines continuing operation from 1964 to 1968 at one, 

concentrations averaged below or at 0.5 WL. The other main producer 

had averages just over 1 WL. The third mine operated only leaching 

stopes, used respirators and reported averages about 2 WL. 

Beginning in 1968 the two operating mines in Ontario and in 1966 

Eldorado, have records of individual exposures of miners which are 

reported to government agencies. 

Previous to 1966 at Eldorado most concentrations were measured 

and recorded in terms of radon gas and are not comparable to readings 

of radon daughters in Ontario. 

In summary, the majority of miners in Canadian uranium mines 

have received exposures below levels specified by regulatory authorities, 

namely 12 WL yearly from 1967 to 1973, 8 WLM in 1973, 6 WLM in 1974 and 

4 WLM in 1975. 

Furthermore, the Canadian uranium mining companies have been 

international leaders in the reduction of exposures, mainly on a 

voluntary basis. 

Radium226 Standards 

In 1962 the U.S. Public Health Service lowered the MPC for radium226 

in drinking water from 10 to 3 pCi/1. This was done mainly because of 

concern about genetic effects if large populations of people and livestock 

in several States were exposed to higher concentrations of radium found 

in the Colorado River originating from tailings effluents of uranium mills 

upstream. 
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According to ICRP Publication 2, the recommended MPC for radium226 

in drinking water for occupational exposure in a 40-hour week is 
7 7 ^ 

4.0 x 10 yCi/cm3 or 400 pCi/1 and in a 168-hour week it is 10 uCi/cm 

or 100 pCi/1 • If this latter number is divided by ten in the usual way 

to obtain an MPC for the public the MPC would be 10 pCi/1. 

Regulatory authorities in Ontario (OWRC) adopted 3 pCi/1 in the 

early sixties despite advice from AECL experts that there should be no 

concern for radium in public drinking water unless the intake exceeded 

20 pCi/day. On several occasions during the past several years 

individual members of ICRP have stated that the MPC for radium226 in 

drinking water should be raised by a factor of 10 or more or to about 

100 pCi/1 for public consumption. However, there appears to be little 

hope that ICRP will publish a new recommendation in the near future. 

In July, 1974 a radiation subcommittee, associated with mining 

and milling operations, of the National Mining Task Force appointed 

by Environment Canada, recommended that tentatively radium226 in 

liquid effluents from uranium mills be limited to 10 pCi/1. 
Radium226 Concentrations 

The concentration of radium in Elliot Lake drinking water has 

been within the 3 pCi/1 except for a short period in the early sixties. 

People living on mine townsites are provided with fresh water from 

uncontaminated sources. 

Radium in liquid effluents from tailings overflows is reduced 

well below the 10 pCi/1 by treatment with barium chloride. 

Uranium Standard 
3 

The MPC for natural uranium in air is 0.2 mg/m . There have been 

no significant difficulties in keeping concentrations below this level. 

Thorium Standard 

The permissible limit of surface contamination in a plant if thorium 
2 

is recovered as a by-product is 3.5 mg/cm . This would be readily 

detected as dirt without analysis. The ICRP MPC for natural thorium in 
3 

air is 270 ygm/m . 
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External Radiation Standard 

The maximum permissible doses for radiation workers are: 

5 rem maximum per year, 3 rem maximum per quarter, an average of 

100 mrem per week and an average 2.5 mrem hourly for a 40-hour week. 

There is no problem in keeping exposures below these standards at 

uranium mines operating in Canada. 

CANCER INCIDENCE AND SMOKING 

The very low incidence of lung cancer deaths of one to three 

cases reported among some 8000 non-smoking uranium miners has been 

mentioned earlier. This should generate more efforts on the part 

of all concerned to persuade not only uranium miners but all heavy 

smokers to give up the unhealthy habit. 

A report on "Causes of Death in Ontario Uranium Miners" was 

released by the Ontario Government in September, 1974. It 

unfortunately and inadvertently led uranium miners, citizens in Elliot 

Lake and the public to believe that the 41 cancer deaths were caused by 

radiation rather than smoking. Consequently it adversely affected the . 

anti-smoking educational program there. 

This misleading impression might have been averted if the report 

had contained the following significant information: 

1. Actual radiation exposure; 

2. Smoking habits; 

3. Period between first exposure and death; 

4. Incidence of lung cancer in other segments 

of the industry. 

Table 5 in studies among U.S. white uranium miners indicates: 

1. That no respiratory cancer deaths were 

found in the less than 120 WLM cumulative group; 

2. That no cancer deaths were found in the 

120 - 359 cumulative WLM group until 1 0 - 1 4 years 

after start of underground uranium mining. 

The ratio of observed to expected in Table II of the Ontario " s>r 

Government report is not consistent with the extensive U.S. studies. ' 

The ratios in the groups after 1965 should have been higher than,thei ",?,;* 

previous group because most uranium mines in Ontario did not getiintof^1. 

production until 1956. 
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It is strongly suspected that a careful analysis of actual exposures 

would indicate that very few of the 41 cases were caused by radiation 

and even accumulated between 120 and 359 WLM which 1s the first category 

on the Colorado Plateau 1n which a few lung cancer deaths were found 

among smokers 10 - 14 years after onset of uranium mining exposure. 

An analysis of 20 lung cancer deaths reported in Toronto to the Royal 

Commission on the Health and Safety of Workers .in Mines confirms this 

opinion. 

Only one-quarter of the 20 cases had accumulated exposures in the 

120 - 359 group. Furthermore the cause of lung cancer for several miners 

in this category could not be attributed to radiation exposure if the 

1 0 - 1 4 year latent period mentioned above were applied. 

Because of this unfortunate publicity and misplaced emphasis on 

radiation rather than on smoking, especially during the public hearings 

before the Royal Commission in Elliot Lake, some miners may continue to 

smoke heavily and develop lung cancer. 

EARLY DETECTION OF CANCER 

In August and September, 1974 a co-operative pilot study for early 

detection of lung and possibly other cancer was initiated at Eldorado, 

Saskatchewan. Some 600 miners and citizens participated on a voluntary 

basis. The study is being coordinated by Dr. Pierre Band in 

co-operation with; researchers associated with the Cross Cancer Institute 

in Edmonton; Dr. Geno Saccomanno, St. Mary's Hospital, Grand Junction, 

Colorado; Hoffman-Laroche Cancer Research Laboratory in Nutley, New 

Jersey; Dr. Sharpe, Medical Clinic in Uranium City; Dr. L.E. Euinton, 

Department of Labour, Regina, Saskatchewan; local officials of United 

Steel Workers of America; Eldorado Nuclear Limited and the participants 

in the study. 

Samples of sputum and blood were taken from the participants for 

analysis by, respectively, Dr. Saccomanno and Hoffman-Laroche Laboratory. 

The principal purpose of the study is to assess the usefulness of the 

methods for the early detection of cancer and hopefully save a few lives. 

The secondary, but very important purpose is to persuade miners and 

citizens to stop smoking. In spite of the fact that, following intensive 

educational programs on smoking, it has been prohibited at all three 

underground uranium mines, cigarette butts are still found in these mines. 
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CONCLUSION 

Admittedly the uranium mining companies could have done a much 

better job in controlling harmful air contaminants, such as radon 

daughters, if information and experience now available had been 

available during planning stages. Conditions were Improved 1n most 

instances when the necessary knowledge was acquired. Lack of 

awareness of the effects of smoking on the health of miners is still 

hamper-'ng the prevention of lung cancer and other diseases. 

There is a great need for a thorough epidemiological study of 

the incidence of lung cancer among uranium miners in Canada including 

not only their exposure but smoking habits. 



-42-

LIST OF REFERENCES 

1. Report No.8 (Revised) Guidance for the Control of Radiation 
Hazards in Uranium Mining, FRC Staff Report, Sept., 1967, 
Superintendent of Documents, U.S. Government Printing Office, 
Washington, D.C. 20402. 

2. Holleman, Dan F., Radiation Dosemetry for the Respiratory Tract 
of Uranium Miners, Special Report on U.S. Atomic Energy 
Commission Contract No. AT (11-1) - 1500, December, 1958. 

3. Holaday, D.A., Rushing, D.E., Coleman, R.D., Woolrich, P.F., 
Kusnetz, H.L., Ball, W.F., Control of Radon and Daughters in 
Uranium Mines and Calculations on Biologic Effects, Public 
Health Service Publication No. 494, Washington 25, D.C. 

4. Lundin, Frank E., Jr., et al, Radon Daughter Exposure and 
Respiratory Cancer Quantitative and Temporal Aspects, NIOSH, 
NIEHS, PB-204871, 1971, National Technical Information Service, 
Springfield, Va., 22151. 

5. de Vil lier, A.J. and Windish, J. P., Lung Cancer in a Fluorspar 
Mining Community, British Journal of Industrial Medicine, 21_, 
pp. 94-109, 1964. 

6. Schroeder, Gerald L. and Evans, Robley D., Some Basic Concepts i n 
Uranium Mine V e n t i l a t i o n , Society of Mining Engineers, AIME, Trans., 
244, pp. 301-307, September, 1969. 

7. Johnson, M.G., Michalski, M.F.P., Christie, A.E., Effects of 
Acid Mine Wastes on Phytoplankton in Northern Ontario Lakes, 
Ontario Water Resources Commission, 1969. 

8. Schroeder, G.L., Evans, R.D. and Kraner, H.W., Effect of Applied 
Pressure on Radon Characteristics of an Underground Mine 
Environment, SME/AIME, 235, pp. 91-99, 1966. 

9. Malygin, A.A., Certain Aspects of Industrial Hygiene in the Mining 
of Radioactive Ores, Hygiene and Sanitation, 30, October, 1965. 

10. Frame, C.H., Ventilation Practices at Denison Mines Limited, 
Canadian Mining Journal, pp. 58-59, October, 1969. 

11. Washington, R.A. and Kruxick, F., Mechanical Filtration of Aerosols 
in Trackless Uranium Mines, American Industrial Hygiene Conference, 
May 11-15, 1970. 

12. Yourt, G.R., Radiation Hazards and Control at Ontario Uranium 
Mines, Trans.Inst. Mining & Metallurgy, 75_, pp. 182-188, 1966. 

13. Simpson, S.D., Stewart, C.G., Yourt, G.R., Bloy, H., Canadian 
Experience in the Measurement and Control of Radiation Hazards in 
Uranium Mines and Mills,Progress in Nuclear Energy Series XII, 1, 
Health Physics, 1959. 



-43-

14. Kusnetz, H.L., Radon Daughters in Mine Atmospheres: A Field 
Method for Determining Concentrations, Amer.Ind.Hyg.Assoc. 
Quart.,17, 85, 1956. 

15. Lord, R.D., Pull en, P.F., A Proposal for Monitoring Mine 
Ventilation Air Volumes, CIM Trans.,LXXXIV, pp. 229-236, 1971. 

16. Rushing, D.E., Garcia, W.J., Clark, D.A., The Analyses of Effluents 
and Environmental Samples for Radium, Uranium, and Polonium, Vol.II 
Proc. Symposium on Radiological Health and Safety in Nuclear 
Materials Mining and Milling, August, 1963, Vienna, Austria. 

17. Recommendations of the International Commission of Radiological 
Protection (1954), Supplement No. 6, British Journal of Radiology, 
1955. 

18. Stewart, C.G. and Simpson, S.D., The Hazards of Inhaling Radon-222 
and Its Short-lived Daughters: Consideration of Proposed Maximum 
Permissible Concentrations in Air, Radiological Health and Safety 
in Mining and Milling of Nuclear Materials, ]_, Vienna, IAEA, 
pp. 333-357, 1964. 

19. Craft, R.F., Oser, J.L. and Norris, F.W., A Method for Determining 
Relative Amounts of Combined and Uncombined Radon Daughter Activity 
in Underground Uranium Mines, American Industrial Hygiene Journal, 
27, No.2, March-April, 1966. 

20. George, A.C. and Hinchliffe, L., Measurement of Uncombined Radon 
Daughters i n Uranium Mines, Health Physics, 23_, p. 791, 1972. 

21. Basson, J.K., Wyndham, C.H., Keeley, W.H., Barnard, C.P.S., 
Munro, A.A., Webster, I., Lung Cancer and Exposure to Radon 
Daughters in South African Gold/Uranium Mines, 4th International 
Conference on the Peaceful Uses of Atomic Energy, Geneva, 
Switzerland. 



-44-

RECENT PUBLIC ATTITUDES 

TO NUCLEAR POWER 

J.E.O. DAVIES - CHAIRMAN 

PUBLIC RELATIONS COMMITTEE 

CANADIAN NUCLEAR ASSOCIATION 

Purpose 

The purpose of this paper is to review recent public 

attitudes to nuclear power in Canada and the state of empiri

cal knowledge about these attitudes referring specifically 

to studies carried out in Ontario. It discusses interest 

groups as a factor in public attitudes and suggests some lines 

of investigation for social research. 

Introduction 

One of the recent manifestations of society's 

concerns in the industrial sphere in Canada took place in 

the 1960's and centered about the environment. It culminated 

in legislation setting new environmental standards and ap

plying new rules for industrial behaviour. This kind of 

intervention represents the value judgments that society as 

a whole makes in regard to the public impact of industrial 

operations. It calls for a new standard of conduct and 

recognition of new responsibilities on the part of both 

industry and public. 
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The application of social research in this area 

appears to be still in its formative stages and represents an 

attempt to identify and measure the concerns of society that 

give rise to such judgments and to relate them to certain 

patterns of industrial behaviour so that they can be factored 

into the decision making process. An example of this centres 

around the opposition to nuclear power. In most cases, op

ponents of nuclear power projects have not provided the data 

indicating what portion of the population share their view. 

Yet their statements often stand as a public condemnation of 

this means of energy production with the implication of 

failure by Canadian industry to act responsibly in terms of 

social values. 

Thus the concerns of society and public attitudes 

to nuclear power have become an important factor in planning 

for future nuclear generating capacity in Canada. While we 

have escaped the strong public reaction against nuclear power 

evidenced in the U.S., Japan, Norway, Sweden, France and 

Switzerland, Canadians since 1970 are showing an increasingly 

active interest in nuclear matters. A number of new groups 

opposed to nuclear power developments have formed in the past 

year and there have been attempts to form a federation of 

such groups across the country and regionally which suggests 

a new phase in the industry's relations with the public may 

be beginning. 

In this situation, the nuclear industry and in 

particular the utilities with or planning nuclear power 
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programs roust take into consideration both economic and 

social factors. No longer is it primarily a matter of right 

technology as in the past. Few segments of the industry 

remain unaffected by present socio-economic and political 

concerns. The former which generally relate to the destruc

tion of non-renewable resources, waste and ecological damage 

(that is, damage to all living organisms) are current topics: 

witness the concern expressed by the public over the handling 

of spent fuel and the diversion of plutonium to non-peaceful 

purposes. The political concerns generally relate to those 

areas where the final decisions are made as to who gets what, 

how much and at what cost. 

At some point then, technical, ecological and 

social trade-offs have to be made on the most objective 

basis possible. In this situation citizen attitudes to re

levant issues make an essential contribution in establishing 

the appropriate social data base for decision making. It 
i 

would appear that much of the present opposition stems from 

the public's frustration that societal values and concerns 

are either inadequately weighted or incorporated in decision 

making. The application of social science in what up to now 

has been a technological preserve, provides planners and 

policy makers with hard data about public attitudes and 

concerns so that society's values can in fact be taken into 

account. 

Experience to-date however, suggests that there 

is insufficient classified social information in Canada 
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which pinpoints public attitudes to the nuclear industry. 

Indeed there was no need for it in this country until the 

1970's with the advent of an apparent growth of negative 

attitudes to nuclear power developments. I say apparent 

because in the absence of data from representative samples 

of the population, the industry has been forced to make 

judgments about public attitudes based on the day-to-day 

interface of some of the public and the industry. Tradi

tionally this has taken the form of: 

1. Public argument or debate in which equally committed 

people air their views. In this category fall the 

nuclear forum held in Vancouver, B.C. and the symposium 

on nuclear power in Halifax, Nova Scotia in 1973. 

2. Public hearings and meetings such as the ones held in 

Ontario and New Brunswick in 1974 and 1975 in connection 

with nuclear power projects and/or transmission faci

lities. 

3. The activities of interest groups opposed to the nuclear 

industry e.g., holding of seminars, workshops, the 

writing of letters and briefs to government and media, 

production of handbooks for activists, ecology inven

tories, etc. 

4. The national media coverage of nuclear news. 

5. A political interface related to the availability of a 

suitable alternative to nuclear power and which varies 

from province to province and between federal and 

provincial levels. 
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The increase in the use of nuclear power as a 

source of energy in Canada has corresponded with a growth 

in public awareness of the industry. Because much of this 

attention has focused on the difficult questions of nuclear 

safety and the environment with less attention given to the 

benefits of having adequate electricity produced from 

nuclear power it is logical to interpret this as an increase, 

in negative attitudes. However, it may well be instead 

that those opposed to nuclear power have developed a more 

sophisticated method of publicly articulating their position 

through the formation of groups and the strategic use of 

society's political and media mechanisms. It may also be 

related to the way the behaviour of industry members is 

perceived by the public. For example, the rhetoric used to 

describe the various steps in the acquisition of sites and 

the development of a nuclear project to the public may be 

so much mumbo-jumbo to the man on the spot if what in fact 

has taken place at the first step appears to be an irrevoc

able decision. 

In any case, these hypotheses can only be confi

dently substantiated or rejected by objective social data. 

Public Attitude in Ontario 

I would like now to proceed from these rather 

broad generalizations to some more specific public attitude 

measurements taken in Ontario where for the most part, the 

Canadian domestic nuclear power program has been centered. 
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Ontario Hydro's role as the provincial utility is 

to supply the demands of the people of Ontario for electri

city at the lowest possible cost including both the economic 

and the social cost. In meeting this requirement, Ontario 

Hydro has adopted an "open planning" policy aimed at involv

ing the public in the process of planning for future sites 

for generation and transmission facilities. In the past 

year, the Corporation which has a large nuclear power pro

gram has conducted research into public attitudes as part 

of the preliminary study package in two areas of the pro

vince where it is possible that future generating station 

sites could be located. These two areas were Huron County 

in southwestern Ontario and the North Shore area of Lake 

Huron. 

In both these studies, the standard survey pro

cedures used in behavioural science were employed. Random 

samples of the population were drawn and interviewed. The 

attitudinal data relating to nuclear power represented only 

part of the study and I will limit my remarks to some 

specific observations drawn from this data. These are: 

1. The proportion of the population which is opposed to 

nuclear power appears to be quite small. 
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TABLE 1 

N. Channel Study USA National USA National 
1974 1973* 1974* 
(N=700) (N=1431) (N=1252) 

Strongly opposed 2%) 4%) 5%) 
) 4 % ) 1 3 % ) 1 7 % 

Opposed 2%) 9%) 12%) 

In favour 4956) 33%) 38%) 
) 67% ) 61% ) 64% 

Strongly in favour 18%) 28%) 26%) 

Undecided and 29% 26% 19% 
lack information 

* The Electric Utility Industry - A National Survey of 
Public Knowledge and Attitudes, Becker Research Corpora
tion, Boston, Massachusetts, July 1974. 

The 4 per cent of the randomly selected population in 

the North Channel study compares with a U.S. national 

study finding of 13 per cent opposed in 1973 and 17 

per cent in 1974. We can speculate however that there 

will be an increase beyond the 4 per cent level with 

the formation of opposed groups and as the flow of 

nuclear information mainly from the U.S. reaches the 

area. One of the major problem areas in informing the 

Canadian public stems directly from this flow which 

exerts great influence even though it often has little 

relevance to the Candu system. 

While there was a large favourable response to nuclear 

power from the people in the North Channel area, this 

probably represents the arrangement of priorities that 

the community on the whole at present gives to economic 
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development over social and environmental concerns. The 

perception of benefits to be gained will probably shift 

in the future as economic benefits are established and 

the negative social impacts of a large development are 

experienced. 

There are large blocks of uncommitted individuals often 

ranging in size from one-quarter to one-third of the 

population. 

The Huron County study revealed the following data in 

answer to a question on preference: 

Urban Rural 

Nuclear 37% 19% 

Fossil 14% 12% 

Undecided 49% 69% 

I would like to emphasize the importance of knowing 

more about the undecided populations. In the Huron 

County study, it appears that the type of station was 

not a major issue, but it also indicates a lack of 

information. Because this sector of the community is 

likely to assume either a positive or negative attitude 

over time and to be a decisive factor in overall com

munity response patterns they need to be given as much 

information and opportunity for familiarization as 

possible. 

To illustrate this point, it may be useful to look at 
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results of a U.S. study and subsequent monitoring studies 

conducted by Portland General Electric and reported by 

Kathern in the June, 1974 Journal of Health Physics. 

Nuclear Power 

In favour 

Opposed 

Undecided 

August 1970 

43% 

20% 

35% 

July 1972 

57% 

16% 

27% 

3. 

Coincident with the shift in attitude was Portland 

General Electric's information program over the two 

year period. 

Sex difference: Women are generally less well informed 

about nuclear power than men and are more opposed to it. 

North Channel 
Study 1974 

1974 U.S. 
National 
Study 

Male 
N=618 

Female 
N=631 

TABLE 2 

Male 
N=420 

Female 
N=270 

Opposed 

* 

3% 

6% 

In Favour 

77% 

52% 

Undecided 

20% 

42% 

Total 

100% 

100% 

15# 

209a 

73% 12% 100% 

54% 26% 100% 

The difference in attitudes to nuclear power between 

males and females has been consistent in all the studies. 
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Further research would be needed to pinpoint all the reasons, 

but we can speculate that they are numerous, possibly based 

on physiological and socio-psychological differences between 

males and females. The fact remains that women are general

ly more negative in their responses to nuclear projects 

which appears to account for their number involved in nuclear 

protest groups. 

Interest Groups and Public Attitudes 

I would like to share with you some of our obser

vations on the subject of groups because over the past five 

years and particularly the last 12 months, a number of 

special interest groups have sprung into existence in Canada 

with environmental issues as their main concern. Their 

impact on the nuclear industry is being felt and in many 

instances they have succeeded in establishing the appearance 

of an adversary relationship between the industry and the 

community. 

The importance of these groups stems from the 

effect or impact they can have on group members and on others 

outside the group, including the nuclear industry. For 

their members, the group provides a channel for purposive 

social action. They help to identify and freeze attitudes 

as well as providing a reference point for uncommitted or 

undecided people in a community. They gather and disseminate 

information and bring pressure to bear on governments and 
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community leaders. In themselves they represent something of 

a social phenomenon, reflecting the wide spread concern in 

North America with the environment. The development of 

Canadian groups has paralleled that of the U.S. environ

mental movement and in some cases are direct offshoots of 

U.S. groups. 

Research has not kept pace with all the develop

ments taking place and my observations are related to the 

more visible groups in Ontario and New Brunswick. A recent 

count suggests there are over thirty of these. They vary 

in structure, aims, objectives, communication patterns and 

effectiveness, but a general concern for the quality of life 

and life styles appears to underlie many of them. The re

cently formed groups are usually loosely structured. Others 

are older and more tightly structured with concrete goals. 

Examples of these are Pollution Probe, the Sierra Club, 

the Ontario Federation of Naturalists and the Conservation 

Council of Ontario. Goals and objectives range from very 

specific such as Save Our Trees and Streams, to broad con

cerns at a world level such as those of the Greenpeace 

Foundation or the Niagara Peace Movement. Groups with firm 

goals and organized methods for realizing them give the 

citizen member a feeling of sharing in major social decisions. 

The desire to share in decision making may also be a factor 

in the increasing number of women now turning their at

tention to environmental issues and nuclear power. 

The communication patterns and methods by which 
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groups gain members and support often show very rapid 

development particularly when they have specific short-term 

goals and a strong sense of commitment. These range from 

grass roots door-to-door campaigns to sophisticated pre

sentations in pamphlets, journals, workshops and seminars. 

The best of them have competent people using a variety of 

communication channels and tested intervention tactics. 

Although the majority of these groups in Ontario 

and New Brunswick are still in the early phases of their 

development and are redefining their objectives and stra

tegies, their social impact even if the group is short-lived 

can be considerable. The first public discussions of a 

possible generating station site in the North Channel area 

in Ontario in March coincided with the emergence of a newly 

formed protest group. There is some evidence that a shift 

in public attitudes is taking place or if not an actual shift, 

the formation of negative attitudes by some of the previously 

uncommitted population. The situation in New Brunswick may 

be indicative where a majority of opinions expressed at an 

April environmental hearing were opposed to the nuclear power 

project at Point Lepreau. 

The formation of coalitions of these groups raises 

the question whether the new strategy contemplated by the 

environmentalists is not some legalistic route to the 

implementation of their goals. If so, it would follow the 

direction set by environmental groups in the U.S. which 

resulted in the U.S. National Environmental Policy Act and 
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more recently the introduction of nuclear regulatory bills 

in some state legislatures such as the one in Minnesota, 

requiring a six-year moratorium on the construction of 

nuclear facilities. 

Of all the groups, those with an environmental or 

ecological orientation are probably the most important to the 

nuclear industry. They are most frequently in direct 

conflict with industry plans and they have the resources and 

competence for successful intervention. 

Groups formed on the basis of economic interests, 

historical societies, ratepayers association, rural estate 

owners and recreation groups, all exert influence, but their 

activity varies according to the threat they perceive to 

their interest and once dealt with tend to subside. The 

environmental groups are a different breed and reflect a 

much wider concern often on a world level, morally and 

spiritually supported by similar movements in other countries. 

The Next Step 

I would like to close my remarks by asking the 

question, what is the next step? In answer to that question, 

it appears that a new phase is beginning for the nuclear 

industry and the public. As arguments and counter arguments 

grow more sophisticated and the confrontation more determined, 

the nuclear industry in Canada will have to seek a new 

accommodation with the public through innovative methods using 

language which is direct and unequivocal. 
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At the same time, those opposed to nuclear develop

ments such as the environmentalists are going to be called 

upon to employ their creative energies in a more responsible 

role in reaching socially acceptable solutions rather than 

simply organizing for opposition. 


