


A REVIEW OF PRESENT RESEARCH,
RESEARCH NEEDS, AND RESEARCH
CAPABILITIES RELATED TO THE
URANIUM MINING AND MILLING
INDUSTRY IN SASKATCHEWAN

By

R. J. Woods

Department of Chemistry & Chemical Engineering,

University of Saskatchewan, Saskatoon, Saskatchewan.

January, 1981

Prepared for the Mines Pollution Control Branch,
Saskatchewan Environment.



- 1 -

ABSTRACT

The report surveys the views of those associated with uranium

mining in northern Saskatchewan on the research needs of the industry.

Research resources, both human and material, available in the province

in areas identified as uranium-related are outlined. Recommendations

that, in the authors opinion, would lead to a viable uranium research

program are given. Appendices list information on current uranium-

related research in Saskatchewan and available research resources.
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SUMMARY AND CONCLUSIONS

Discussions were held with representatives of federal and

provincial government departments, the Saskatchewan Research Council,

the Universities of Regina and Saskatchewan, the mining companies, and others

actively involved with the uranium mining and milling industry to solicit

opinions on the research needs of the industry in Saskatchewan, and the

research resources available to meet these needs.

Most respondents identified baseline studies and uranium mine

tailings research (including pathways analysis) as priority areas, with

occupational health as another area of importance. In general, the main

concern appeared to be to learn more about the effect of mining on the

release of radionuclides and other pollutants and the movement of pollutants

into, and their effect upon, the environment and the food chain in particular.

All segments of the community expressed concerns and interests in these

areas though, as would be expected, those more directly associated with

the practical side of mining also identified a number of specific problems.

Research resources for work in the uranium area are generally

adequate, though immediately accessible resources are largely concentrated

at the Saskatchewan Research Council. University expertise is available in

most areas, but probably needs to become more co-ordinated to tackle

problems that cross disciplinary boundaries - a strength of the Saskatchewan

Research Council is the ability to assemble multidisciplinary teams

covering the main problem areas. Appreciable technical expertise resides

in the provincial civil service that might, with advantage, be used in a

co-ordinating or advisory role in many uranium research projects. Additional

expertise could be made available through joint research projects with

federal government agencies. However, personnel may be insufficient in

such core disciplines as b'iogeochemistry, geochemistry, hydrogeochemistry

and hydrogeology and are probably totally inadequate in tti2 areas related

to mining technology, though new mining methods may have to be developed to

mine deep deposits of the higher-grade Saskatchewan ores.
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Recommendations based on the opinions of those interviewed are

given in the areas of environmental monitoring and baseline studies, data

storage and exchange, tailings management, mining and milling, and

occupational health- These are, as far as possible, related to other

uranium research programs operating in Canada.

• tfithin the time available, it was not possible to do as complete

a survey as would be desirable, particularly in the areas of the present

W uranium-related research (Appendix III) and research resources (section

2.4) and the information given is best regarded as an initial survey.

I Since companies and others coming into the province and wishing to make

use of local expertise and facilities will face the same difficulties as

the author in locating these, it is suggested that thought be given to

| compiling a scientific directory for Saskatchewan that would list, for

example, areas of interest, experience, and academic qualifications of

I possible consultants, and facilities available through the research and

consulting organizations.
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RECOMMENDATIONS

It is recommended that:

1. The term "uranium research" be broadly interpreted.

2. The objectives of any research program be clearly identified and

priorized, and the probable level of future funding established.

3. A funding mechanism be established that will facilitate the

attainment of the research objectives.

4. Annual, or biennial, uranium conferences be held in Saskatchevan

to facilitate the exchange of information. j

5. That exhibits and other documentary material from Boards of Inquiry

relating to the uranium industry be made available as a research

resource.

6. Existing environmental »nonitoring programs be broadened and that

monitoring data be stored in an accessible form as a database for

future research.

J

7. Baseline studies be carried out and that where possible they be _

co-ordinated with other uranium-related research projects. J

8. Consideration be given to establishing a limited number of scientific I

1
stations in northern Saskatchewan to meet the research needs of the

North.

9. Studies be made of the abandoned mine tailings in the Uranium City

area to determine the nature and extent of any environmental damage,

and the need for remedial actions.



10. The Province sponsor research programs that will develop expertise

in the management of uranium mill tailings under Saskatchewan

conditions.

11. Studies be carried out, in collaboration with the mining companies,

into revegetation of mine tailings and waste rock.

12. That research into exploration techiques be funded.

13. Research in the areas of mining and milling be funded but, as far

as possible, as joint ventures with industry.

14. Studies be initiated on the release of radon from open-pit uranium

mines and from uranium mine tailings.

15. Facilities for the design and calibration of radiation instrumentation

be located in the Province.

16. Funding for occupational health research be channelled through the

Saskatchewan Health Research Board.

17. Studies be initiated to estimate the relative risk to workers from

the various hazards associated with uranium mining.

18. A study be carried out to define the research needs of the social

sciences in relation to the uranium mining industry in northern

Saskatchewan.
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1. 1 INTRODUCTION

This report, commissioned by the Mines Pollution Control Branch

of Saskatchewan Environment, attempts to present the views of those

associated with the uranium mining industry in northern Saskatchewan on

the research needs of the industry, and to identify research resources

available in the province to meet these needs. It is essentially a

laymans view since the author had no prior association with the industry

except insofar as it impinged on his interests in radiation chemistry and

the use of high—energy radiation sources. The recommendations in section

three are therefore given in general terms as a starting point for more

detailed discussion of specific research proposals and proceedures.

The first section of the report gives a brief history of uranium

mininj in Saskatchewan, which is taken largely from the excellent article

by Kupsch (1978), and a summary of the main steps in uranium mining and

milling and the attendant environmental problem areas. In the second

section, the organization of uranium research in Saskatchewan is described,

present research very briefly reviewed (the projects are listed in

Appendix III), and research needs and resources discussed. A number of

recommendations based on the identified needs and resources are given in

the third section. Information that may be useful to those entering the

uranium field is summarized in Appendices II to VI.

While gathering material for the report, it became apparent that

a rather large number of agencies are involved in uranium-related research

and that information on their projects and activities is quite scattered.

Emphasis is therefore placed on improving the flow of information between

the participants in the uranium field in Saskatchewan, both to make better

use of the expertise available within the province and to reduce the

possibility of costly overlap between research projects. It is also

suggested that a research strategy be developed in consultation with the

participants to ensure that the longer-term research needs of industry and

government are met, to ensure efficient use of available funds, and to

co-ordinate research in Saskatchewan with that being carried out elsewhere

in Canada.
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The terms of reference of the present project did not include :

research in the area of the social sciences. This is a distinct, and •

clearly important, area that deserves separate treatment. !

1.2 BACKGROUND INFORMATION

1.2.1 A Brief History of Uranium Mining in Saskatchewan

Uranium mining in Canada had its origin with the discovery of •

pitchblende, a complex ore containing both uranium and radium, on the -r

shores of Great Bear Lake in the Northwest Territories in 1930. These 1

deposits were developed for their radium content alone during the period

1933 to 1940 by Eldorado Gold Mines Ltd., who shipped the concentrated j

ore to Port Hope in Ontario for refining, the mine and its associated

townsite being known as Port Radium. The mine was closed in 1940 but

reopened two years later as a source of the, now militarily important:,

metal uranium, both uranium and radium being isolated from the ore i i

between 1942 and 1953, when radium production was discontinued. In the l-

early period of the Port Radium mine, the pitcheblende was picked by hand -r

from the crushed ore, ground, and separated by gravity from the "tailings," 1

which ware discharged into Great Bear Lake. The separation process was not

particularly efficient and with the introduction of the acid leach process I

for extracting uranium from the ore in 1952, it became worthwhile to

recover the earlier tailings from the lake bed and reprocess them to j

recover the remaining uranium. Eldorado Gold Mines Ltd. became Eldorado

Mining and Refining Ltd. in 1943 and was expropriated by the Federal 1

Government in 1944 to become a crown corporation, its present status. ™

Pitchblende was identified in samples of ore from the Beaverlodge 1

area of northern Saskatchewan in 1935, though the main metals of interest

from the area at the time were copper and gold. Gold-bearing deposits at I

Lodge Bay, on the north shore of Lake Athabasca, were mined by the

Consolidated Mining and Smelting Company of Canada Ltd. from 1935 to 1942 {

and the tailings from this mine (the Box Mine), which processed 1,000 tonnes

of ore per day, are one of the three abandoned tailings deposits in the ]

Uranium City area to which reference will be made later. The Box Mine
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Figure 1. Uranium deposits in the Athabasca Region of Saskatchewan (Kupsch 1978).
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.1

1

PLATE 1. Box gold mine (Goldfields) tailings,
Uranium City, Saskatchewan,in Vic Lake
(centre) and Frontier Lake (foreground).

tailings (Plate 1) are also referred to as the Goldfields tailings from

the town of Goldfields that was located a few miles from the mine. When

the mine was closed down the townsite was also abandoned and the buildings

eventually moved to Uranium City.

Uranium exploration and mining in Canada was made the prerogative

of the crown in 1943 and exploration was carried out by Eldorado and the

Geological Survey of Canada until the ban on private prospecting was lifted

in 1947. The first uranium claims in the Beaverlodge region were staked by

Eldorado in 1945 at Fish Hook Bay on the northern shore of Lake Athabasca

and led to intensive exploration in the region in succeeding years by

Eldorado and the Geological Survey and, after 1947, by private companies

and individuals. The period of intensive exploration continued until 1958,

when it became obvious that the demand for uranium would drop and

exploration was limited to work on existing mines. However, by this time a

large number of claims had been staked in the area and a number of

I
I
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underground explorations carried out with the result that 16 uranium

mines were in production. A new townsite was surveyed during the summer

of 1952 and the buildings from Goldfields hauled across Lake Athabasca

during the winter of 1952-53 to create the community of Uranium City.

Each of the larger mines, Eldorado, Gunnar, and dorado, built treatment

plants to mill their ore and, in the case of Eldorado and Lorado, to

custom mill ore for the smaller producers. With the falling price of

uranium and the depletion of existing ore bodies, the Lorado mine and

mill closed in 1960, shutting down the remaining mines that had relied

on it for custom milling. The Gunnar mine ceased operations in 1963,

leaving Eldorado as the sole producer in the Beaverlodge area at the

present time.

Eldorado currently obtains ore from a number of company-owned

mines in the Beaverlodge area with the bulk coming from underground

operations at the Ace-Fay and Verna mines (which are connected below ground).

The bulk of the ore is extracted using an alkaline leach cycle (since the

ore is basic) and the tailings separated into coarse and fine fractions

with the coarse material (about 40% of the tailings) used as backfill

underground and the fines discharged into Fookes Lake (Plate 2). Older

tailings deposits in the bed of Ace Creek have been revegetated (Plate 3).

Open pit operations at the Gunnar site were carried out between

1955 and 1961 with the removal of 3.3 million tonnes of ore, and under-

ground mining between 1958 and 1963 to yield 2.2 million tonnes of ore.

Ore was milled at the site using a conventional acid leach and the

tailings deposited in Mudford Lake, which was eventually filled (Plate 4),

additional tailings flowing under gravity into two smaller lakes and

eventually into Lake Athabasca at Langley Bay. At the present time the

underground workings and the open pit are flooded and drain into Lake

Athabasca and the tailings, amounting to some 5 million tonnes and

covering an area of about 75 acres, are abandoned.

The Lorado mine was an underground operation with a mill located

close to Nero Lake. Ore reserves at the mine were insufficient to justify
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PLATE 2. Eldorado tailings discharge into Fookes Lake,
Uranium City, Saskatchewan. Tailings, Ace,
and Verna Lakes in the background.

II
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I

PLATE 3. Revegetated Ace Creek tailings, Uranium City,
Saskatchewan.
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a dedicated mill, and the plant undertook custom milling for some 30

smaller mines in the area between 1957 and mill closure in 1960. Tailings

estimated to be about 400,000 tonnes and to cover an area of about 18 acres

were discharged into Nero Lake and were subsequently abandoned (Plate 5).

In contrast to the Gunnar and Eldorado tailings, those from the Lorado mill

appear to be acid-generating and to be .'similar in this respect to tailings

from the mines in the Elliot Lake regie- of Ontario.

Uranium mining in Ontario developed following the discovery of

uranium at Blind River in 1952 and the opening of the Pronto mine there in

1955. By 1975, about 85% of the uranium mined in Canada was from Ontario,

with the greater part from the Rio Algom and Denison operations at Elliot

Lake. Additional Ontario mines are in operation at Agnew Lake and at

Bancroft.

Exploration for uranium continued in Saskatchewan in the

intervening years and in 1968 Gulf Minerals Ltd. announced the discovery of

uranium at Rabbit Lake and, shortly afterwards, Mokta (Canada) Ltd. the

discovery of three orebodies, one of exceptionally high grade, in the Cluff

Lake area (Figure 2). Open pit mining commenced in 1975 at Rabbit Lake

(Plate 6) and in 1979 at Cluff Lake (Plate 7), with both companies (Gulf

Minerals and Cluff Mining-AMOK respectively) milling their ore on site

using an acid leach process.

A joint-venture partnership of Uranerz Exploration and Mining Ltd.,

Inexo Mining Company, and the Saskatchewan Mining Development Corporation

announced the discovery of uranium in the Key Lake area of Saskatchewan in

1975 and the discovery of a second orebody in the same area in 1976, both

of which are currently under development by the Key Lake Mining Corporation.

Other major discoveries have been made at Midwest Lake (Esso Minerals, Numac

Oil and Gas, and Bow Valley Industries), Collins Bay (Gulf Mnerals), McClean

Lake (Canadian Occidental Petroleum, Inco Metals Co.), and Keefe Lake

(Asamera Oil Corporation, Saskatchewan Mining Development Corporation, and

Canadian Kelvin Resources) in the Wollaston Lake area and at Maurice Bay

(Uranerz, Saskatchewan Mining Dvelopment Corporation, Eldor Resources ltd.)

on Lake Athabasca.
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PLATE 4.

Gunnar uranium mine
tailings, Uranium City,
Saskatchewan.

St. Mary's Channel is in
the foreground with the
flooded open pit above,
to the right of the mine
buildings.

Mudford Lake, with the
tailings,is above the mine
buildings.

The overflow tailings
have entered a small
lake (top right) and
Langley Bay (top centre).

PLATE 5. Lorado uranium mill and tailings, Uranium City,
Saskatchewan. Nero Lake is in the foreground.
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Figure 2.
(Denner, 1979)
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PLATE 6. Open pit uranium mining at Rabbit Lake,
Saskatchewan (Gulf Minerals).
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PLATE 7. Open pit uranium mining at duff Lake,
Saskatchewan (Cluff Mining "D" zone).
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Figures published by Saskatchewan Mineral Resources (Denner 1979)

show an increasing level of expenditure on uranium exploration in

Saskatchewan following the Cluff Lake and Key Lake discoveries with

expenditures of $20 million, $40 million, and $70 million in the years

1976, 1977, and 1978 respectively. Coupled with the predictions by the

OECD Nuclear Energy Agency and the International Atomic Energy Agency

(OECD 1977) that world demand for natural uranium will increase from about

23,000 tonnes in 1977 to 71,000-88,000 tonnes in 1985 and 178,000-338,000

tonnes in the year 2000, this tangible evidence of interest in exploration

suggests that the Saskatchewan uranium industry will continue to expand

over the next decade, and possibly beyond.

Environmental concerns will clearly influence the acceptance of

nuclear energy as a major energy source, and hence the demand for uranium,

however the nuclear issue has been debated at length at this point and the

major issues have been confronted. Coal may be the only real alternative

to nuclear energy to meet the energy needs of industry and large urban

areas over the next several decades as supplies of oil and natural gas

become depleted, and it appears likely that the use of coal will also

come under close environmental scrutiny in the near future. If this occurs,

it is not at all certain that coal will be found more environmentally

acceptable than nuclear energy, and it may well be less acceptable. Thus,

based on environmental concerns, nuclear energy may be a preferred energy

source in the near future. Two other considerations that may influence the

move to coal as an energy source are the fact that coal mining is one of

the more hazardous forms of mining, and the need to conserve fossil fuels

for use as chemical feedstocks.



Waste Barium
Chloride
Addition

Settling
Treatment Treated

WASTE ROCK MINE MILL TAILINGS

Leaching of radio-
nuclides and heavy
metals, arsenic,
etc. Acid
production if the
rock contains
pyrite.

Occupational health problems associated with the
release of radon and radon daughters, ingestion
of uranium, and gamma radiation.

Mine water containing
radionuclides, heavy
metals, nitrogen
compounds, chloride,
solids, etc.

Milling liberates radio-
nuclides, heavy metals,
etc. and adds additional
nitrogen compounds,
sulfates, lime, limestone,
organics.

The tailings contain
radionuclides, heavy metals,
nitrogen compounds, arsenic
(if present in ore), etc.

Radium-barium sulfate sludge
is high in radium content,
radioactive, and liberates
radon.

Pollutants may escape by
radon release, wind erosion,
surface and groundwater
movement.

Figure 3. Environmental and Occupational Health Problem Areas Associated with Uranium Mining (Schmidt 1979),

kl i
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1.2.2 Uranium Mining and Milling - The Problem Areas

In terms of environmental impact and occupational hazards, the

uranium mining industry suffers from all the problems associated with

any hard-rock mining venture with additional problems introduced by the

radioactive character of the ore. In common with other activities in

northern Saskatchewan, the industry has to cope with mounting large scale

commercial operations in a remote, climatically harsh, environmentally

sensitive region.

The main problem areas that fall within the scope of this report

are illustrated in Figure 3, which is adapted from Schmidt (1979).

Occupational health concerns that are peculiar to uranium mining and milling

stem from the toxic nature of -iranium compounds (a property uranium shares

with other heavy metals) and tha radioactive character of the uranium

daughters, notably radium-226, radon (which is sometimes described as

radium emanation), thorium-230, and lead-210.

Toxic effects of uranium and heavy metals are controlled by

controlling the bodies intake. In mining operations, this is achieved

mainly by reducing exposure to uranium-bearing dust by watering, control

of airflow, use of filters etc. '.'.n milling, the same precautions are

taken to prevent ingestion of dust containing uranium, and should be

applied with particular stringency in areas where the concentration of

uranium in the dust is high, for example in the areas where yellowcake is

being handled. The possibility of ingesting dissolved uranium is highest

in the mill, both through contact with liquids containing dissolved uranium

and through exposure to aerosols containing uranium. However, ventilation

levels required to control the radon concentration in working areas should

also be sufficient to control dust and aerosol problems. Levels of

ingested uranium can probably be determined from urine samples, though

there seem to be a number of areas related to uranium toxicology and the

diagnosis of dangerous levels that would benefit from additional research.

Radiation is often described as the major hazard of uranium mining

and milling, and the greatest problem associated with uranium mine tailings.
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While radiation is certainly a hazard associated with uranium mining and

milling, Che physical properties of the radiations are well known and it

is not difficult to devise ways of reducing workers exposures to very low

levels. The major unsolved question is whetr these low levels represent

a long-term risk of cancer, and here opinions are sharply divided. On

the one hand there are claims (that appear to be unsubstantiated at this

point) that all exposures, however small, are a significant hazard, and

on the other there are those who believe that low levels of radiation are

not a significant risk. The following quotation (Brawner 1980) represents

the second view and is interesting because it is taken from the summary of

an international conference on uranium mine waste disposal attended by

many who should be familiar with uran^am mining and its hazards:

"The po<:i_i.on is taken by many that any amount of
radiation is dangerous. This has not been proven. We
know tha4: our body requires many minerals and chemicals
for a best health situation. We do not know whether
that best health condition may benefit from some amount
of low level radiation. It is recommended that we
institute research to determine whether or not low
level radiation in small amounts is beneficial to our
health."

While further research is clearly needed to resolve the issue, the fact

that two such divergent views can be held by large groups of responsible

people suggests that the actual hazard from low level radiation is rather

small - comparable, perhaps, to the risk from cancer-inducing chemicals in

the workplace or in food that are a part of everyday life. In the

Canadian situation, where those likely to be exposed to excessive amounts

of radiation are protected by legislation, overexposure is most likely to

be the result of carelessness or poor work habits, and the remedy better

training and supervision rather than more research.

1

I

Uranium and its compounds are not themselves highly radioactive

and, when pure, do not represent a serious radiation hazard. However,

uranium decays over a long period of time to give a series of radioactive

"daughter" elements that remain with the uranium in the ore and do emit

potentially dangerous radiation. A condensed version of this radioactive

decay series is shown in Figure 4. In all, there are thirteen daughter
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Uranium-
ex 8 Y a

-*• -*• Thorium-230
4 x 109 y 8 x 10* y

Radium-226

2 x io3 y 4 d 22 y

Polonium-210 Lead-206 (stable)
138 d

Figure 4. Condensed Uranium-238 Radioactive Decay Series.

elements between uranium-238, the parent of the series, and lead-2Q65

the final, non-radioactive, end product. However, a number of these have

rather short lives and for the present purposes can be left out, though

the gaps are indicated in Figue 4 by the number of arrows between the

elements shown. There are three types of radiation emitted by the radio-

active elements, alpha (a), beta (g), and gamma (Y)» and these are shown

above the arrows. The numbers below the arrows are the half-lives for the

change from one element to the next in the series, for example after 4 days

a sample of radon-222 would have decayed so that only half remained, after a

further 4 days only one quarter of the original amount would remain. The

change would be accompanied by the formation of corresponding amounts of

the next elements in the series, in this case lead-210. Radon decays and

releases radiation relatively rapidly when compared with uranium-238 whose

half-life is 4 billion years, whence the statement in general terms that

radon is much more radioactive than uranium, which decays very much more slowly.

The most significant difference between the three types of radiation

in the present context is the distance that they can penetrate into

condensed (solid or liquid) materials. Alpha and beta radiation generally

have a very limited range so that they do not penetrate the skin and offer

little hazard if generated outside the body, though they are hazardous if
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the material producing them is taken into the body through the lungs or I

mouth. This is the source of one of the long-term hazards since radium-226

and the radon daughter elements can remain lodged in the body over a period j

of years. Gamma radiation differs from alpha and beta radiation in being

able to penetrate greater thicknesses of material, so that gamma radiation ;

does present a health hazard even though the source of the radiation is

external to the body. In uranium mining and milling, the danger from

gamma radiation is likely to be greatest for persons working close to

massive amounts of high-grade uranium ore. Standard methods for reducing T

the degree of exposure are to keep working time near the source of the *

radiation to a minimum, keep as far from the source as practicable, and

to use a shield of dense material (rock, concrete, lead) between the f

worker and the source. Gamma radiation should be less of a hazard to

mill operators since the ground ore, leach liquor, and process equipment

all offer a degree of shielding and it should not be necessary to remain

next to thee3uipment for extended periods of time. The gamma-emitting j

radionuclides remain with the tailings so that extraction, precipitation,

and handling of the uranium concentrates and yellowcake should be free ~i(

from this hazard. In the tailings, the radionuclides are diluted with '-

large amounts of barren residues and the combined effects of dilution

and shielding reduce the gamma emission at the surface to a relatively £

low level.

One of the uranium daughters, radon (or radon-222), is a gas,

increasing the danger of inhaling radioactive material. Radon has a I

rather short half-life of 3.8 days, but decays to give solid radioactive

materials that can become fixed in body tissues and present a long-term i

risk of cancer. Thus radon is regarded as a serious health hazard and I

strict limits are set to the radon level allowed ir. working areas.

Radon is likely to be a serious problem in underground mining of high- |

grade uranium ores and the combined risks from radon and gamma radiation

may necessitate new approaches to mining deep, high-grade, ore deposits.

Radon release is less of a problem with open pit mines since the gas is

dispersed by diffusion and air movement (see, for example, Leach 1980). j

Radon release from tailings deposits represents a significant transport

pathway for the movement of radionuclides into the surrounding environment.
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PLATE 8.
An early stage in
revegetating a waste
rock pile at Rabbit
Lake, Saskatchewan
(Gulf Minerals).

Considerable quantities of waste rock are produced in mining

operations in gaining access to the ore deposits, and is either stored on

the surface or retained or replaced underground. Surface waste rock piles

n>ay present an environmental problem if they contain pollutants that can

be leached out to contaminate surface and groundwaters. Such leaching

occurs most readily when the rock contains pyrite (iron sulfide) which

can be oxidized by bacteria to produce (sulfuric) acid. Most Saskatchewan

mines are not faced with this problem since the ores, and rock, are low in

pyrite, though the abandoned tailings from the Lorado mine (and the waste

rock from the mine?) do appear to be generating acid that is lowering the

pH of Nero Lake. Draft regulations for uranium mines in Saskatchewan

require that waste rock piles be revegetated upon mine abandonment; Plate 8

shows the initial stage in revegetating a waste rock pile at Rabbit Lake.
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Water used in mining, or entering the mine from natural sources, 1

usually contains pollutants so that it cannot be discharged directly into

the receiving environment. Pollutants may include radionaclides, heavy \

metals, chloride, nitrogen compounds (from the explosive;; used in blasting)

and, if the ore is pyritic, acid and dissolved iron. In most uranium mines,

the minewater is used as process water in the mill to recover any dissolved

uranium, though at Beaverlodge the minewater contains too high a concentration j

of chloride to be used in this way. Nitrates in the water have a harmful

effect on fish in the receiving waters and a number of studies have been

undertaken to try and reduce the nitrate concentration by biological

denitrification (Schmidt 1979).

At the milling stage, the uranium ore is ground and the uranium

leached from the ore using either an acid leach (sulfuric acid with an

oxidizing agent such as sodium chlorate) or, if the ore is too basic for

an acid leach to be economic, a basic leach (carbon dioxide and oxygen

with naturally basic carbonate ore). The only basic leaching carried out

in Canada at the present time is by Eldorado at Beaverlodge, where most of

the ore is basic; the mill also operates a small acid-leach circuit.

Oxidizing agents are a necessary part of the leach solution and convert

the uranium from the less-soluble tetravalent form present in the ore to

a more-soluble hexavalent form.

1
"'• Uranium is recovered from the acid-leach solution either by ion

exchange or by extraction with a kerosene-based solvent. In the ion- 1

exchange process, the pregnant solution is passed down an ion-exchange

column which retains the uranium. Subsequently, the uranium is eluted •

with an ammonium nitrate-nitric acid solution, limestone and lime added I

to partially neutralize the solution and precipitate thorium, heavy metals, _

iron, and sulfate, and finally ammonia added to precipitate ammonium j

diuranat.e (yellowcake). In the solvent extraction process, uranium and

some of the molybdenum, if any is present, are extracted from the aqueous I

leach solution by treatment with kerosene containing amine and alcohol

additives. The uranium is then stripped from the organic solvent by an .
I

ammonium sulfate-water solution and the yellowcake precipitated by the
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addition of ammonia. The barren leach stream from the solvent extraction

contains all the metals originally present in the ore with the exception

of the uranium (any molybdenum extracted with the uranium is returned to

the leach solution), and is neutralized (to about pH 8) by the addition of

slaked lime before being released to the tailings impoundment.

In the basic-leach process, metals other than uranium remain

with the solids and the filtered leach solution is eventually treated with

sodium hydroxide to precipitate sodium diuranate (also described as

yellowcake). The tailings from both acid and basic processes are basic in

character with the radionuclides, thorium, and heavy metals in the solid

fractions. The liquid fraction contains dissolved ammonia and nitrate

from the explosive used in the mine (ammonium nitrate/fuel oil mixture)

and, in the acid-leach process, additional ammonia and nitrates from the

reagents added in the mill. A certain amount of dissolved radium is also

present in the liquid fractions and the decant water from the tailings is

normally treated with barium chloride to precipitate the greater part of the

dissolved radium as radium-barium sulfate. After settling, the decant from

the barium-treatment pond should be able to meet environmental standards

for radium and other pollutants.

A considerable amount of research is being carried out on the

milling of uranium ores with the object of reducing the environmental

impact of the discharged tailings (see, for example, Schmidt 1979).

Included are studies to reduce the nitrogen content of the mill effluent

by reducing the nitrogen present in the minewater taken into the mill and

by developing alternative milling processes that do not entail the use of

nitric acid and ammonia. Though apparently not a serious problem in

Saskatchewan, the presence of pyrite in the northern Ontario ores leads

to acid production in the stored tailings and enhanced leaching of radio-

nuclides and heavy metals from the tailings deposits. Investigations are

underway to determine the feasibility of removing pyrite from the ere or

mill streams before the tailings are released. The longer-term radiation

and radionuclide problems associated with uranium mine tailings are due to
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PLATE 9. Uranium mine tailings discharge at
Fookes Lake, Saskatchewan (Eldorado).

the presence of radium-226 and thorium-230 and would be reduced if these

elements could be removed during milling and stored separately. Research

into methods of accomplishing this is being carried out and includes both

modification of current leach cycles and the study of entirely new extractive

processes.

Environmental and health hazards from tailings can arise when

pollutants migrate into the surrounding environment rather than being

retained by the tailings impoundment. Among the polluting substances that

might be expected to occur in Saskatchewan uranium deposits are the metals

cobalt, copper, molybdenum, nickel, and vanadium and the non-metals arsenic

and selenium in addition to the radionuclides listed earlier. Although

attention is focussed mainly on the radionuclide contaminants at the

present time, environmentalists are becoming increasingly aware of the

dangers from the non-radioactive materials present. These are not, of course,

unique to uranium mines, and similar problems are encountered with most

ferrous and base metal mining operations.

I
I
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Pollutant migration from the tailings may be by wind erosion

and blowing dust, radon release, surface water movement, or seepage into

the groundwater in areas around and below the tailings impoundment.

Contaminants may also be spread via plant and animal life living on the

tailings, although this is more likely to be a problem with abandoned,

vegetated, tailings than with current tailings deposits. A number of

studies are underway to determine the extent and rate of contaminant

movement by the various pathways, and the effect of different stabilization

techniques on abandoned tailings. In Canada, the most comprehensive studies

of this type are being carried out at the site of the abandoned Nordic mine

tailings at Elliot Lake, Ontario (see, for example, Cherry 1979, Cherry

1980). A fairly recent development is the use of transport data to develop

computer models for the migration of pollutants into the surrounding

environment and biota (see, for example, Battelle 1980, Shepherd 1980).

Tailings management practices are also under active investigation,

and have already developed since the first Saskatchewan mines opened in the

Athabasca region in 1950"s. At that time it was accepted that uranium mine

tailings should be treated in a similar manner to tailings from other metal

mines and simply discharged into a convenient lake or depression and

eventually abandoned (Plates 1, 4 and 5). Currently, uranium mine tailings

impoundments are licensed only for tailings storage by the Atomic Energy

Control Board, and discussions have been initiated on methods of permanent

tailings disposal (AECB 1981). At the present time, tailings are held in

natural depressions bounded by dams where necessary, held in above-ground

impoundments, or used as backfill in underground mines. Deposition in deep

lakes, burial in worked-out open pit mines, and pelletization or other

treatment to reduce leaching followed by underground or surface storage are

other management techniques under investigation. In contrast to the

situation in arid climates, considerable quantities of water must be

handled and released with the tailings under Canadian conditions.

It is to be expected that research on all aspects of uranium mine

tailings management will be accelerated with the release of the recommendations

of the National Technical Planning Group on Uranium Mine and Mill Tailings

early in 1981.
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2.1 URANIUM-RELATED RESEARCH CO-ORDINATION IN SASKATCHEWAN

The first steps to co-ordinate uranium-related research in

Saskatchewan appear to have been taken by the Saskatchewan Research

Council (SRC) which hosted a meeting of interested parties in Saskatoon

on November 23, 1978 to discuss the need for a "Saskatchewan Centre of

Excellence in Uranium." The meeting was attended by about 60 scientists

and administrators representing the Government of Saskatchewan (Environment,
i

Executive Council, Industry and Commerce, Labour, Mineral Resources,

Science Policy Secretariat), Government of Canada (DREE, Energy Mines & T

Resources, Environment, Industry Trade & Commerce, MOSST), Saskatchewan *•

Mining Development Corporation (SMDC), Saskatchewan Mining Association -.

(SMA), Saskatchewan Research Council, the mining companies (AMOK, Esso, I

Gulf, Uranerz), University of Regina, and the University of Saskatchewan.

The participants agreed that uranium research should be actively pursued I

in the province and that establishment of a centre of excellence in this

area was desirable. j

Following the Saskatoon meeting, an "Ad Hoc Committee to Explore "J

a Technical Support Base in Saskatchewan for the Uranium Industry" was set 'i

up with representatives from the Government of Saskatchewan, SRC, SMA, and

the two universities. The original committee members were Dr. T.P. Pepper I

(SRC: Chairman), Dr. R.W. Begg (University of Saskatchewan), Dr. R.L.

Cheesman (SMA), R. Lloyd (Government of Saskatchewan), and Dr. E.B. Tinker j

(University of Regina), although the committee was later expanded to include

a representative of the Government of Canada and additional representation I

from the provincial government (the present membership is listed in

Appendix II). Aims of the Ad Hoc Committee were to assess the needs and 1

problems of uranium development in Saskatchewan, to match up the needs of ™

the industry with technical services available in the province, and to act ^

as a forum for the exchange of information. [

Actions by the Ad Hoc Committee have included preparation of a I

proposal to the federal Department of Industry, Trade & Commerce for a

Centre of Advanced Technology to be located in Saskatchewan and keyed to ;

the instrumentation required by the uranium exploration, mining, and
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milling industries. (This proposal was submitted to the Federal

Government, but changes in government have apparently delayed a final

decision.) The Committee has also commissioned a proposal for a

"Saskatchewan Uranium Technical Research Authority (SUTRA)" modelled after

the Alberta Oil Sands Technical Research Authority (AOSTRA). Roles

envisioned for SUTRA include acting as an information centre, as a co-

ordinating and funding agency for uranium-related research, and as an

interface between government, industry, and the research organizations.

Funding would mainly be the responsibility of the provincial government,

with industry supporting specific projects. (This proposal has been

submitted to the provincial government in time for possible action in

1981-1982.)

At the Provincial Government level, matters pertaining to uranium

are co-ordinated by a Cabinet Committee on Uranium and a Deputy Ministers

Committee on Uranium, with Mr. J. McPhee acting as secretary to both

committees and as provincial uranium co-ordinator (membership of these

committees as of December 1980 are listed in Appendix II). The

relationship of these committees with others in Saskatchewan concerned

with uranium research is illustrated in Figure 5.

An informal "Uranium Research Group" was set up at the University

of Saskatchewan in May 1979. The group is made up of faculty involved, or

interested, in uranium-related research and serves as a forum for the

exchange of information. The activities of the group have been largely

confined to occasional meetings to hear speakers or discuss issues such

as the Wartnan refinery proposal, though a directory which will include

members interests and expertise is currently being assembled. The Group

can be contacted through Professors W.O. Kupsch and F.F. Langford

(Department of Geological Sciences) or Dr. K.J. McCallum (College of

Graduate Studies) at the University of Saskatchewan.

The Saskatchewan Health Research Board (Dr. F. Fried, Executive

Director) with the occupational health aspects of uranium research and
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Figure 5. Organizations Associated with Uranium Research in Saskatchewan.
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has established a sub-committee to administer funds from the provincial

government to develop research into the health effects of radiation.

Uranium research in Saskatchewan is co-ordinated with research

at other centres in Canada through Saskatchewan membership on a number of

national committees. These include:

Federal-Provincial Steering Committee on Uranium Mine
Tailings*.

National Technical Planning Group on Uranium Mine and
Mill Tailings*.

Joint Panel on Occupational and Environmental Research
for Uranium Production in Canada*.

Provincial Research Organizations.

Technical Advisory Committee on the Nuclear Fuel Waste
Management Program.

Uranium Producers Analytical Committee.

(* membership listed in Appendix II.)

Researchers also keep in contact with world-wide developments

in their subject through the scientific literature using, very often,

computer-based searching techniques. A number of the computer databases

that may include information on uranium research are included in the list

of library resources collected in Appendix V.



TABLE 1

URANIUM RESEARCH AND RESEARCH FUNDING IN SASKATCHEWAN (ESTIMATED)

Organization Analysis

NUMBER OF RESEARCH PROJECTS

Federal Govt.
Departments

Provincial Govt.
Departments

Sask. Research
Council

Universities

Mining Companies

RESEARCH FUNDING

0

0

1

2

0

(per cent)

Baseline

3

2

3

1

2

Geology

4

5

2

7

0

Research Category

Exploration

0

2

1

2

0

Mining

0

0

0

0

0

Milling

0

0

0

0

6

Tailings

3

0

0

2

5

Health

1

1

1

1

1

i

1

Federal Govt. 25

Provincial Govt. 50

Other 25

45

45

10

60

40

0

45

55

0

0

0

0

0

0

100

50

0

50

40

40

20
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2.2 PRESENT URANIUM RESEARCH

Current uranium-related research projects in Saskatchewan that

could be identified are listed in Appendix III. However, the information

given should be regarded as indicative of the research taking place and

not as a definitive list because of the difficulty experienced in gathering

the material. Studies that can be described as research (the definition is

rather subjective in such a broad area) and that are related to uranium are

carried out by all levels or government, the research councils, universities,

and the mining companies, with each group tending to publish their results in

a different location. The major sources used are listed at the head of

Appendix III, but it would be surprising if they were sufficient to retrieve

all the eligible research projects. It is suggested later that if some form

of uranium secretariat is set up, one of its tasks be to maintain a uranium-

research file. Two areas that are probably under-represented in the

Appendix are geological studies carried out by the Geological Survey of

Canada and the Saskatchewan Geological Survey, which provide data that is

required by research projects in northern Saskatchewan although the data-

gathering itself may not be classified as research, and the work carried

out in assembling environmental impact statements and witness statements to

environmental assessment panels, which in many instances involve the

collection and interpretation of original data.

Table 1 classifies the research projects given in the Appendix in

a number of broad classes and indicates the type of organization carrying

out the research and the source of funding for each class of research.

While subjective and almost certainly incomplete, the table does indicate

priorities and areas of interest of the funding and research organizations,

and suggests some areas where additional research may be required.

Research in Saskatchewan is only part of the work on uranium

problems being carried out in Canada and most of the projects listed have

their counterparts in Ontario, generally at Elliot Lake or Ottawa. Mining

studies are carried out at the CANMET laboratories of Energy, Mines and

Resources in both cities. Waste management for uranium mines shares some

problems with the Canadian Nuclear Fuel Waste Management Program being

carried out at the Whiteshell Nuclear Research Establishment at Pinawa,

Manitoba, even though Saskatchewan concerns are with the front end of the

nuclear fuel cycle.
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2.3 NEEDED URANIUM RESEARCH

The Saskatchewan uranium industry touches on a variety of areas

1
I
Ifrom exploration through mining and milling to the handling of products

and wastes, and the effect of these operations on the environment and the

health of workers. Undoubtedly each area could benefit from additional j

research, but clearly it will not be possible to contribute substantially

in all of them, so that thought must be given to allocating any available T

funds to the best advantage. Since the province already has a reasonably

secure research base in the universities and the Saskatchewan Research V

Council, it is suggested that the funds be spent in meeting the needs of "•

the industry rather than in the general support of "research" per se. —

Within the general framework of "research for the industry,," there are a J

number of objectives that might be considered desirable. For example,

the research might be aimed at aswering specific problems, exploring areas A

that may be of environmental or other concern, fostering expertise in a

particular area, or training students and technicians, among others. Thus 17

the first step, if funds are made available for uranium research, should be

to establish the objectives of the program and then to develop a research

strategy aimed at meeting or, since research does not always go in the

direction planned, at least approaching the objectives. _,

Any research strategy should be developed in consultation with

the research organizations, the industry, and those government departments I

that will make use of the research results to ensure that it is realistic

and designed to meet both immediate and longer-term objectives of the 1

participants. It may be desirable to interpret the terms "research" and

"uranium-related" rather liberally so that projects in the general areas of

mining and northern development can be funded if they will contribute to

achieving the overall objectives. Indeed, it may be in the longer term ,_

interests of the province to view uranium research as a step in developing §

a comprehensive resource-research program for northern Saskatchewan, A

similar program for the southern parts of the province might centre on |

potash research and expand later to include the other mineral resource

industries in the south.

I

I



- 29 -

It was generally agreed by respondents (Appendix I) that uranium

research in Saskatchewan should concentrate on the "front end" of the nuclear

fuel cycle, that is exploration, mining, and milling, and the related

environmental and technical areas. Areas most frequently mentioned in

connection with research were "baseline studies," "tailings research," and,

to a lesser extent, topics that might be described as "occupational health."

Table 1 suggests that mining is a neglected area that might be considered

for priority funding.

Baseline studies are designed to increase our knowledge of the

natural state of the environment before mining or industrial development

takes place, and to provide a reference point against which changes due to

development can be measured. The major areas to be monitored are air and

water quality since these are the vehicles for pollutant transport, but

baseline studies can include many other subjects from hydrology, plant,

fish and wildlife studies, to social studies on man. Changes in the

northern baseline may be due to natural causes, materials entering the

province from other provinces or territories, and to development in

Saskatchewan itself, and the studies must be sufficiently sensitive to

distinguish between these causes. Recommendations for additional baseline

studies and a suggestion that scientific stations be established in the

north as centres for this type of work are included in section three of this

report. There is also a need for one or more recognized centres where

monitoring and baseline data can be stored in rea<trty retrievable form.

Such data could be invaluable in compiling future, long-term, studies of

the northern baseline, and would be of current interest to environmentalists,

both consulting and members of the public.

The tailings from uranium and other mining operations are among

the most visible physical signs of the industry and, if they escape in an

uncontrolled manner, often have a disasterous impact on the immediate

environment. Tailings also represent a reservoir of possible pollutants

that can seep into the environment over a period of many years, even

centuries, the processes used in milling to recover the mineral products
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being just those to facilitate the escape of other mineral components

(the pollutants) into the surroundings. Thus research into tailings _

management is both scientifically and environmentally desirable and 3

likey to be considered by the public a necessity. A national study of

uranium-mine tailings is being carried out by the National Technical j

Planning Group on Uranium Mine and Mill Tailings for the Federal-

Provincial Steering Committee on Uranium Mine Tailings (the membership J

of these committees is listed in Appendix II). The report and

recommendations of these groups will be available in early 1981 and will •»

form the basis for a co-ordinated federal-provincial program aimed at •*

resolving the problems associated with uranium mine tailings. While it _

can be assumed that part of the federal-provincial program will involve j[

studies carried out in Saskatchewan, there will undoubtedly be additional

work that could, and should, be undertaken at the provincial level. This i

report therefore makes recommendations in the areas of abandoned tailings,

tailings management, revegetation, and radon release that might form the I

basis for a provincial research program. There could be tangible benefits

for Saskatchewan in treating any federal-provincial projects as an T

opportunity to exchange information and expertise between federal and

provincial researchers, developing expertise that may not at this point be _,

available in the province. In any event, it is clearly desirable from the J_

point of view of the provincial research organizations that Saskatchewan be

an active, rather than a passive, partner in any tailings studies carried out I

in the province.

Occupational health is mainly the concern of the mining companies

and the federal and provincial authorities responsible for regulating the •

mining and milling industries. In terms of funding, it is not clear at this •

point whether the Saskatchewan Health Research Board, or some other _

provincial agency, has prime responsibility in this area. However, research |

concerns that were identified are included in the recommendations listed here.

Research into mining methods could be justified on the grounds that

the uranium deposits in Saskatchewan pose unusual, if not unique, problems
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because of the high ore grade. A second area associated (in Canada)

specifically with Saskatchewan is the open-pit mining of uranium, which

may generate research projects in such areas as radon release, open-pit

abandonment, and tailings disposal in worked-out pits. A number of the

possible mining problems will be related to occupational health and .

pollution concerns, and it is suggested that any mining research program

include provision for close liason with the occupational health and

environmental authorities. It is also suggested that any research into

mining or milling be jointly funded with the industry and such organizations

as the Saskatchewan Mining Development Corporation, since these may have a

direct financial interest in the results of the research program.

Mine abandonment is one of the longer-term issues that should

receive some attention, and recommendations are made regarding studies of

the abandoned mines and tailings in the Uranium City region,and revegetation

studies. In proposing that consideration be given to setting up scientific

stations in northern Saskatchewan, it is suggested that one function of

these be to provide a base for continued monitoring of the northern mining

areas after mine closure and reclamation.

A number of other recommendations aimed at meeting the research

needs of the uranium industry in Saskatchewan are given in section three of

this report. While they are based on discussions between the author and the

respondents listed in Appendix 1, they are still essentially the observations

of a person viewing the industry from outside, and should therefore be used

only as a starting point in developing an acceptable research program.
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2.4 RESEARCH RESOURCES

]

I
The main research resources of the province are the facilities "I

and personnel of the Saskatchewan Research Council and the Universities

of Regina and Saskatchewan and, on a more limited scale, of provincial -i

government departments such as Mineral Resources and Tourism & Renewable -1

Resources. There are also a number of consultants, both individual and

corporate, available to undertake studies on a contract basis. Support £

services, for example analytical and instrumental services, electrical

and mechanical shops, and libraries, are available in Regina and Saskatoon I

and, to a more limited extent, in several other centres, and should be

capable of meeting most of the demands of a uranium research program. In "T

some areas, resources available at the Whiteshell Nuclear Research

Establishment laboratories at Pinawa, Manitoba, and at the CANMET laboratory -r

at Elliot Lake, Ontario, complement resources available within the province. Jl

Brief notes on the resource organizations and on agencies funding uranium

research are given below. Jj

2.4.1 Saskatchewan Research Council (SRC) I

The Research Council is probably better equipped to meet the

demands of a uranium research program than any other organization in the 1

province, having the great advantage of a pool of professionals in the

main science areas, biology, chemistry, hydrology, physics, and engineering T

who can be grouped into multidisciplinary teams to meet the requirements of

particular problems. This would seem to be particularly important in the •

uranium field where many of the projects will require a multidisciplinary •

approach. The Council also has a pilot plant equipped with the necessary _

health-protection features for uranium work, and a nationally-recognized |

analytical laboratory with facilities for radiochemical and neutron-

activation analysis. I

The Research Council has already undertaken a number of research "7

projects in the uranium area ranging from environmental studies for Eldorado

Nuclear Ltd. and Amok Ltd. to geochemical investigations of uranium prospects -?

and occupational health studies of the exposure of uranium miners to radon i
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daughters and quartz dust, and would undoubtedly be capable of carrying

out research in any of the areas identified in this report. It is also

almost certainly the only major research organization in the province that

could undertake to start work on a number of new uranium research projects

at short notice.

2.4.2 The Universities

The universities also have the professional resources to undertake

research in the uranium field in a similar manner to the Saskatchewan

Research Council, they also have the necessary supporting services.

However, the university structure is such that most faculty undertake

research within their discipline rather than taking part in multidiscipline

research projects and, given the choice, will generally prefer to undertake

"basic" research rather than "applied" research. Both tendencies wil7 place

faculty at a disadvantage when competing with the Research Council, or

commercial consultants, for uranium research funds since many of the projects

are both multidisciplinary and applied. However, this need not be a

permanent situation and in eastern Canada there are several nationally-

recognized, university-based, environmental research groups that might be

taken as a model for a similar group, or groups, in Saskatchewan.

Universities do have some advantages over Research Councils, one

being the fact that professors salaries are not a direct cost to the research

project and students may, sometimes, be paid from other sources, so that the

cost of a research project carried out at a university may be relatively

modest. Low overhead may also make long-term research more attractive in a

university setting than in other situations, an example might be vegetation

studies extending over a number of seasons.

Federal Government Laboratories and Institutes on the campuses of

the Universities may be useful additional resource centres. These include

the Canadian Plains Research Centre on the campus of the University of Regina

and the Agriculture Canada Research Station, the Institute of Northern Studies,

Saskatchewan Fisheries Laboratory (Tourism & Renewable Resources), and the



- 34 -

Saskatchewan Institute of Pedology on the campus of the University of

Saskatchewan.

Apart from the mining and occupational health areas, most of the

proposed research falls into the spheres of the sciences biology, chemistry,

geology, and hydrology and, in many cases, into the areas between these

1
1

I
sciences. While in a general sense there are faculty available in each of •

these areas who might be persuaded to take part in uranium research, the

numbers in such key areas as geochemistry, geohydrology, hydrogeochemistry,

hydrogeology, mining engineering, and mining geology may be insufficient

to meet the demands of a broad uranium research program without serious

effects on existing programs. If, therefore, a broad uranium program is

contemplated, some thought should be given to ensuring that an adequate

number of trained personnel are available in these areas for both the uranium

program and existing programs.

A number of respondents suggested areas where additional training

is desirable for university graduates, or where there appears to be a shortage ~T

of trained personnel. In the environmental consulting field the ideal -

(probably unattainable) qualifications were said to be a first degree in --

engineering, a graduate degree i'.i biology, and a degree in business J

administration, while several mining representatives suggested a degree in

engineering or chemical engineering with environmental classes in hydrology I

and air pollution as suitable training for environmental supervisors at mines.

Aquatic biologists and hydrologists were two groups that were said to be in 1

short supply.

2.4.3 Consultants •

If an extensive uranium research program is to be started in the *T

immediate future, it will probably be necessary to contract part of it to *•

one or more of the consulting firms already active in the uranium field in -j

Canada. Of these, Beak Consultants Ltd., Kilborn (Sask.) Ltd., MacLaren, '

and Saskmont Engineering Co. Ltd., have offices in Saskatoon. Others are

located in Ontario, British Columbia, and the uranium producing areas of

the United States.
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2.4.4 Mining Research Laboratories, CANMET, Elliot Lake, Ontario.

The Mining Research Laboratories of the Canada Centre for Mineral

and Energy Technology (CANMET), Energy, Mines and Resources Canada, located

at Elliot Lake, Ontario, are the site for a number of research projects

related to uranium mining and milling and uranium tailings management.

Projects are carried out at the underground uranium mines of Denison Mines

Limited and Rio Algom Limited, and at abandoned tailings deposits in the

Elliot Lake area. A particular project is a study of the migration of

radionuclides from the abandoned Nordic mine tailings and a series of trials

on the revegetation of these tailings. (The Nordic tailings contain an

appreciable amount of pyrite and generate acid, increasing the rate of

migration of pollutants from the tailings and rendering revegetation more

difficult. Most Saskatchewan uranium mine tailings are low in pyrite and do

not generate significant amounts of acid.)

2.4.5 Whiteshell Nuclear Research Establishment, Pinawa, Manitoba.

The Whiteshell laboratories of Atomic Energy of Canada Limited

are the centre for the Canadian Nuclear Fuel Wastes Management Program and

as such are involved in a number of activities related more or less closely

to uranium research. These include pathway analysis for the migration of

radionuclides (including radium, thorium, and uranium) in the biosphere,

radioactive waste disposal, radionuclide analysis, and the effects of

radiation on plants and animals. The Analytical Science Branch offers

commercial analytical services in such areas as mineral, radionuclide, and

water analysis. While Whiteshell Commercial Operations offer a range of

expertise and facilities in areas such as chemical and materials analysis,

environmental studies, health physics, and modelling to commercial customers.

2.4.6 Aanalytical Services

Analyses are essential for many research projects in the uranium

field, and Saskatchewan is fortunate in having the facilities of the

Saskatchewan Research Council and the two Universitiesto call upon.

Services offered by these groups and the names and addresses of the persons
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to contact are given in Appendix IV, which also includes information on -J

the Whiteshell analytical services. The report of the Federal-Provincial

Committee on Uranium Mine Tailings will include a list of analytical services |

available across Canada.

11

2.4.7 Library Services

A great deal of work has already been carried out in the areas of I

science and technology that relate to uranium mining and milling and the

environmental and health effects of radionuclides. However the studies are

reported in a variety of different publications and searching for and

retrieving the information requires access to efficient, and generally _

computerized, library services. Basic information on a number of these is f

services is given in Appendix V. Help in using them is available at

provincial and university libraries and, in some cases, at public libraries. I

Environmental Assessment Inquiries and other public inquiries ij

related to uranium tend to generate useful collections of library material

and it is recommended that these be stored in one location as a collection "*|

for research use, and a resource available to the industry and public. --

A number of Federal agencies are willing to collaborate with

Saskatchewan researchers in certain areas of uranium research consistent

with their mandates. These include several branches of the Whiteshell

Nuclear Research Establishment, Pinawa, Manitoba, Energy, Mines & Resources

(Elliot Lake and Ottawa groups), Environment Canada (groups at Burlington,

Ottawa, and Regina), National Health and Welfare (Ottawa). Collaboration

may make additional equipment and resources available to researchers and

represent a form of indirect funding.

1

I
2.4.8 Funding Agencies

Brief information on several agencies which fund research in the

uranium area is given in Appendix VI. Mining companies in Saskatchewan will

also consider sponsoring research projects which are in their areas of

interest, and the Saskatchewan Mining Association is setting up a research m

committee to co-ordinate work in this area.

I
I
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3 RECOMMENDATIONS

3.1 "Uranium" Research

IT IS RECOMMENDED THAT THE TERM "URANIUM RESEARCH" BE BROADLY

INTERPRETED.

While the emphasis in this study has been upon the uranium mining

industry, which is dominant in northern Saskatchewan at the present time,

future industrial demand for metals such as cobalt, chromium, manganese,

and platinum, may lead to extensive development of other mineral resources

in the future. It would be prudent to interpret a mandate to support

"uranium" research in a broader sense to include a range of hard-rock

mining and northern environment studies that are aimed not only at the

immediate and specific needs of the uranium industry but also at the longer

term development of northern mineral resources.

In the longer term, it would be desirable to think in terms of

"resource research" rather "uranium" or "potash" research, and to stimulate

research related to the needs of the other mineral and natural resource

industries. However, at this point it is reasonable to start by focussing

on uranium research in the north and potash research in the south since both

are developed industries, large enough to support a research effort, and both

have the potential to damage the environment.

3.2 Research Objectives

IT IS RECOMMENDED THAT THE OBJECTIVES OF ANY RESEARCH PROGRAM BE

CLEARLY IDENTIFIED AND PRIORIZED, AND THE PROBABLE LEVEL OF FUTURE FUNDING

ESTABLISHED.

A number of the proposed research projects are relatively long-term

applied studies that will require the formation of multidisciplinary teams

and possibly the aquisition of additional equipment or facilities. If

researchers, and particularly university researchers, are to commit their

time and efforts in these directions, they should be reasonably assured that

the new programs have the support of government and industry and will continue
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to be funded at an acceptable level during the life of the project. This

becomes increasingly important if technicians have to be hired, post- -r

graduate programs developed, or expertise aquired in a new area. 1

• i
Objectives that might be accomplished through a well-designed j

research program include:

- development of analytical and control techniques necessary j
to control the spread of pollutants from mining and *•
industrial activities in northern Saskatchewan.

- rationalization of pollution-control standards based on I
observed and measured effects of pollutants on biota and *
the physical environment.

- development of baseline and monitoring programs to alert j
officials to any deterioration of the northern environment,
whether or not this is caused by mining or industrial
activities. j

- resolution of public concerns related to environmental
pollution.

- development of tailings management practices tailored to ;|
the Saskatchewan environment.

- reclamation of abandoned mine and industrial sites in "|
northern Saskatchewan, including revegetation techniques \
that might have an application to northern agriculture.

- development of exploration and mining techniques adapted I
to conditions in northern Saskatchewan. £

- identification of health hazards from uranium mining and
development of control measures. I

- development of expertise in Saskatchewan in technical areas
regarded as important to die development and good
management of the North. 1

- training personnel at various levels in the skills* and
professions required in mining and northern development, _
and professional development of existing personnel. I

- establishment of communication links between government and
industry and the research organizations. *«,

- establishment of data banks and library collections I
related to northern studies and uranium mining as an
aid to future research. -r

1
- encouragement of basic research in areas related to '
uranium mining in particular and mining, geology, and
northern studies in general. " '
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3.3 Funding Mechanisms

IT IS RECOMMENDED THAT A FUNDING MECHANISM BE ESTABLISHED THAT

WILL FACILITATE THE ATTAINMENT OF THE RESEARCH OBJECTIVES.

Uranium research in northern Saskatchewan is an area where large

amounts of money could be spent with little return. To avoid this, the

research objectives should be carefully considered and defined and a

funding strategy developed to meet these objectives. Several points

that might be considered in setting up a funding mechanism or agency and

in establishing a research strategy are outlined below.

3.3.1 The research projects will cover a range of disciplines and be

designed to meet a variety of disparate needs so that sensitivity

will have to be exercised in allocating funds to the different areas if the

program is to be credible to the many interested parties. Although other

administrative mechanisms are possible, a system made up of an executive

secretary and one or more advisory committees with expertise in appropriate

areas should be effective in deciding on a research strategy and

administering it in accordance with guidelines established at cabinet or

deputy minister level.

Advisory committees should include representation from research

organizations and those who will make use of the research, that is both the

Universities and Saskatchewan Research Council, and representatives of

provincial government departments, the Saskatchewan Mining Development

Corporation, and the mining companies. The Saskatchewan Mining Association

is in the process of setting up a Saskatchewan Uranium Developers

Association, which would be a logical choice to represent the mining

companies.

3.3.2 Advisory committees should receive, and if necessary solicit,

research proposals, evaluate them, and recommend acceptance or

rejection, and the level of funding. Depending on the term and nature of

the project, it may also be appropriate for the committee to receive progress

reports to ensure that work is proceeding at a satisfactory rate and in

accordance with the terras of the award.
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3.3.3 Members of advisory committees should be given the opportunity

to visit mine sites and research laboratories to become familiar

with the operations of the industry and with the research potential of the

province. They should also be encouraged to attend meetings and conferences

related to uranium, and mining and environmental research, to keep abreast

of developments in the field. It would be valuable if one or more members

of the advisory group and executive could attend the meetings of the Joint

Panel on Occupational and Environmental Research for Uranium Production in

Canada.

3.3.4 Once a funding mechanism has been decided upon, it would be useful -T

to bring together the interested parties in the province for an f

informal discussion on uranium research similar to the meeting held at the

Saskatchewan Research Council in November, 1978 to discuss the formation of ,

a Centre of Excellence in Uranium. This would allow the various participants

to express their views, identify their priorities and the degree to which i

they wished to become involved, and generate ideas that could be considered

later in setting research objectives and research strategies. ~J

3.3.5 Any research strategy should take account of the activities of the

various federal departments with interests in the uraniua. area, and

particularly the proposals to be advanced by the National Planning Group on

Uranium Mine and Mill Tailings. A number of advantages could be gained by [

co-operation with federal research groups and collaboration in joint research

ventures. These include an advantageous exchange of information and expertise I

in areas where the province may be deficient, more ready access to

international information and expertise through federal representation on 1

international committees and organizations, training for provincial personnel •

in techriques and with equipment that may not at present be available within --

the province, and increased authority when dealing with multinational t

companies and companies with bases in several provinces. Joint funding with

federal agencies would, in effect, increase the funds available and allow ''

the province to participate in a larger number of projects than might

otherwise be the case. Joint activities will also increase contact between

the provincial and federal funding agencies and their committees, and between

the consultants and researchers involved, broadening the perspectives of the

provincial representatives.
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3.3.6 The funding mechanism should allow a variety of funding options

from contract research for specific research programs to less

restrictive grants for more open-ended "pure" research, fui.ds for the

preparation of research proposals, for meetings, and travel grants.

Allowance should also be made for participation in joint projects with

industry, federal governmenc departments, and other interested parties.

However, an area that may need clarification are the patent rights of

contributors to joint ventures and to research carried out at the universities.

It may also be advantageous if the funding mechanism includes

provision for the accumulation of funds during the early years of the

program, since it may be desirable to start by funding a limited number of

projects and to expand later as researchers become more aware of "uranium

research" and identify areas where additional research is needed. If

centres of excellence in the area of uranium research develop in the province,

it may also be desirable to support these to an increasing extent as they

grow and attract visiting scientists, conferences, etc. to the province.

3.3.7 Funding should be flexible enough that inovative projects designed

to increase awareness of the uranium program and to involve a

larger proportion of the provincial expertise in it, could be funded at the

discretion of the advisory committees.

3.4 Information Services

IT IS RECOMMENDED THAT ANNUAL, OR BIENNIAL, URANIUM CONFERENCES

BE HELD IN SASKATCHEWAN TO FACILITATE THE EXCHANGE OF INFORMATION.

There is already a great deal of expertise related to uranium

spread among the public and private organizations in Saskatchewan.

However, it appears to be compartmentalized within companies and

departments to a degree that exceeds the needs of confidentiality, and it

seems likely that many of those involved would benefit if they were able

to meet with, and discuss general problems with interested persons from

other organizations and other disciplines. It is suggested that an

attempt be made to remedy this by holding conferences on uranium at intervals
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1of one or two years, with a range of subject matter aimed to bring together

groups whose primary interest might be exploration, mining, waste T

management, environmental studies etc. Sponsoring organizations might be

one of the universities, a provincial government department, or the -,j

Saskatchewan Research Council. !

3.4.1 Figure 5, illustrating the information channels between the various |

organizations in Saskatchewan that are involved with uranium,

suggests that there may be limited contact between university departments I

? oth industry and government, and between industry and government. This

aid be a barrier to full use of the available expertise in meeting the needs ~l

of the industry and the province, and is one of the main reasons for

proposing regular uranium conferences. Conferences are also beneficial in

bringing together groups from all levels in the participating organizations,

whereas committees, such as those represented in Figure 5, tend to involve

only the higher levels of management. jf

3.4.2 One of the problems in the uranium field in Saskatchewan is |

identifying all the interested parties. Lists of participants

attending a uranium conference would be one way of meeting the problem, ,
f

though a far better way would be to assemble a directory of workers in the

uranium field with their qualifications, experience, and interests. It is

suggested that if a form of uranium secretariat is set up, compilation of

such a directory be one of its assigned tasks.

3.4.3 The nature of university research is such that researchers are

generally well versed in searching the scientific literature for I

references to work in their area of interest. Industry (and government?)

personnel appear to lack the time and perhaps the facilities necessary to 1

carry out such searching and as a consequence may find that they are carrying

out projects that have already been studied, or are worrying over problems -r

that have already been solved. A means of remedying this this situation i

might be to contract university faculty to scan specific areas and prepare

periodic reports of work in that area. The cost need not be high since j

faculty salaries are paid by the university and expenses would be limited to

I
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costs cf the literature searching and, possibly, a modest retainer. Faculty

wishing to enter the uranium field would benefit in terms of knowledge

gained and contacts made, while the overall provincial effort would gain by

involving additional faculty.

3.5 Boards of Inquiry Collections

IT IS RECOMMENDED THAT EXHIBITS AND OTHER DOCUMENTARY MATERIAL

FROM BOARDS OF INQUIRY RELATING TO THE URANIUM INDUSTRY BE MADE AVAILABLE

AS A RESEARCH RESOURCE.

The materials assembled by Boards of Inquiry such as those into

the Cluff Lake and Key Lake uranium projects represent a valuable collection

of current information covering many facets of the uranium mining and

milling industry. It is clearly desirable that this material be made

available to researchers, and to the public, once the inquiries have

completed their work, and it is suggested that the materials pertaining to

the uranium industry be collected and lodged with one of the libraries in

Saskatoon. Saskatoon would appear to be a logical location because a number

of uranium exploration and mining companies are centred in the city, as are

a number of consulting companies active in the field, the Saskatchewan Mini-,;;

Development Corporation, the Saskatchewan Research Council, and the University

of Saskatchewan. Possible locations are the library of the Saskatchewan

Research Council (material collected by the British Columbia Royal Commission

of Inquiry into Uranium Mining is lodged with the B.C. Research library), or

the library of the Institute of Northern Studies, on the University campus.

Smaller libraries are suggested over the main University Library in the

belief that this would make access rather easier for non-University users

and provide access to library staff who might be more knowledgeable in the

uranium and northern studies areas and have more time to give assistance.

A further recommendation is that if the collection is established,

it be regarded as the nucleus for a comprehensive uranium resource centre

and that funds be sought to add to the collection.
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3.6 Environmental Monitoring I

IT IS RECOMMENDED THAT EXISTING ENVIRONMENTAL MONITORING PROGRAMS I

BE BROADENED AND THAT MONITORING DATA BE STORED IN AN ACCESSIBLE FORM AS A '-

DATABASE FOR FUTURE RESEARCH,

The air, water, and wildlife monitoring programs that are already

in existence to meet the requirements of mining and environmental regulations :

in northern Saskatchewan should be regarded as accumulating data that may be I

the subject of future research if, for example, new environmental concerns

emerge. If this aim is to be achieved, the data must be stored in a form [

that is searchable and retrievable at some point in the future, and the data
- T

bases should be catalogued so that researchers are aware of their existence. j

This objective is already being met to some degree by storage of water

quality data obtained by Saskatchewan Environment in the ESQUADAT database, "]

modelled after the NAQUADAT database of Environment Canada. However, the

data included is limited to that channelled through Saskatchewan Environment

and does not include water quality information gathered by other agencies in I

the province, neither does the stored material include air quality data or

information relative to other environmental baselines. It would be desirable \

to make such data collections as comprehensive as possible, perhaps by making

Saskatchewan Environment responsible for air and water quality data collected j

in the province and other organizations responsible for other data

collections. Most of the environmental data collected would appear to be "T

non-confidential and should be available to public inspection. ••

Public access to environmental monitoring and baseline data was

one of the main public concerns identified by the British Columbia Royal

Commission of Inquiry into Uranium Mining. The Commission apparently felt I

that unnecessary restrictions on the data led to lack of trust on the part

of the public in the monitoring and regulatory agencies, and suspicion of j

conflict of interest in government departments whose role was to both

encourage and regulate mining activities (Hodge 1981). "|

Most of the monitoring data available at the present time is
J

collected at exploration and mining sites in the north. To provide

comparative data, it would be desirable to broaden the monitoring program
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to include samples taken from areas that have not been disturbed by

exploratory or mining activities. These areas might include some that are

possible sites for future mines (leading to a longer-term baseline study

than is presently possible), but should include others where the possibility

of mining development is slight so that non-mining influences (e.g. "acid

rain") can be monitored over a relatively long time period.

Samples taken in monitoring programs should be analyzed for as

wide a range of pollutants, and possible pollutants, as is reasonably

practicable to provide as broad a range of data as possible for future

studies. Some attention should be given to sampling plants (e.g. lichens)

and fish that can act as indicators of the presence of pollutants.

Monitoring data collected by such federal departments as the

Canadian Forestry Service, Environment Canada, and the Geological Survey

of Canada in northern Saskatchewan should ba made available to provincial

researchers and, if possible, included in provincial data collections.

3.7 Baseline Studies

IT IS RECOMMENDED THAT BASELINE STUDIES BE CARRIED OUT AND THAT

WHERE POSSIBLE THEY BE CO-ORDINATED WITH OTHER URANIUM-RELATED RESEARCH

PROJECTS.

The most common comment from environmentalists when asked what

research was needed in the uranium field in Saskatchewan was that more

extensive baseline studies were needed. Baseline studies is taken to mean

studies on the undisturbed, undeveloped environment, but various shades of

meaning attach to the term that vary from person to person so that it is

difficult to identify a program of baseline studies that would satisfy the

needs of all respondents. The recommendation therefore is simply that the

need for baseline studies be recognized and that they make a significant

contribution to any research strategy developed. To some extent, baseline

studies may form a part of other recommended research projects since they

will require data from undisturbed areas for comparative purposes. In such

cases it might be wise to .award additional funding to extend the baseline

work, rather than fund a separate baseline project in the same location.
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3.8 Scientific Stations

]
1Information on the types of data that should be collected in

relation to uranium mining is given in the Environmental Protection Service _

guidelines for uranium mining localities (EPS 1978) and by Mahen, Sagert 1

and Legeyt (1980), who consider the data under the four headings: physical,

biological, ecological, and aesthetic. Specific areas include hydrology, I

water quality, fisheries, wildlife, meteorology, and climatology and, ideally,

data should be collected before mining, during mining, and after mine closure. ~i

Since the data will probably be collected by environmental consultants, the

mine operators, and the provincial government respectively during the three *•

phases of mining, there might be some advantage in establishing a set of M

A theme common to discussions with representatives of a number of

mining companies was the need to relate environmental standards for pollutant X

concentrations to levels of contamination that are harmful, and to the levels

that occur naturally. The companies sometimes gave the impression that they 7!

felt that levels were set at arbitrarily low concentrations. A baseline study

that might contribute to resolving this question would be to investigate the "T

effect of uranium and uranium daughters on plant and animal life close to any -t

naturally exposed uranium ore bodies in northern Saskatchewan, or close to

lakes with a high uranium concentration, supposing that such exist. Under j

these conditions it should be possible to determine the effect of exposure

to the radionuclides for a period of many generations. I

1
I

IT IS RECOMMENDED THAT CONSIDERATION BE GIVEN TO ESTABLISHING A

LIMITED NUMBER OF SCIENTIFIC STATIONS IN NORTHERN SASKATCHEWAN TO MEET THE

RESEARCH NE^DS OF THE NORTH.

Monitoring and research in northern Saskatchewan would be facilitated T

by establishing a small number of scientific stations in the north that could

act as centres for monitoring activities and for scientific and social research ~|

projects. It is envisaged that the stations would provide limited, basic, '

accomodation and laboratory facilities for visiting personnel, local

transport, and field plots for experimental work, and that they would be

available to personnel from government departments, the universities, and SRC.
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Locations would need to be decided after consultation with the

probable users, but Uranium City, to provide a base for work on the tailings

deposits in that area, and the west shore of Wollaston Lake, to service the

complex of mines in that area, would appear to be likely choices. Satellite

stations could be established as required, and could be automated if this

appears to be an effective way of collecting monitoring data. Portable

units, such as those found at northern exploration and construction sites,

would be adequate until the concept is proven.

Professor Bone, of the Institute for Northern Studies, University

of Saskatchewan, suggested that stations should include a permanent, or

semi-permanent, staff of one scientific director and several native workers

acting as assistants and laboratory technicians. The advantages would be

integration of the native workers into the research programs being carried

out in their region and provision of a two-way channel to take information

about the activities of the stations and scientists to the local

population, who otherwise tend to remain isolated from the developments

taking place around them. Training for the native workers would have to be

arranged and might be a major stumbling block.

Incidental advantages of the scientific base concept include

sharing of ideas and expertise between research workers brought together at

the stations, and public relations gains in establishing an independent

government presence in the mining areas indicating a long-term commitment to

monitor the mining areas beyond the lifetimes of the mines.

3.9 Abandoned Tailings

IT IS RECOMMENDED THAT STUDIES BE MADE OF THE ABANDONED MINE

TAILINGS IN THE URANIUM CITY AREA TO DETERMINE THE NATURE AND EXTENT OF ANY

ENVIRONMENTAL DAMAGE, AND THE NEED FOR REMEDIAL ACTIONS.

The three abandoned tailings deposits in the vicinity of Uranium

City, that is the Box goldmine tailings at Vic Lake (Plate 1), tha Lorado

uranium mine tailings at Nero Lake (Plate 5 ) , and the Gunnar uranium mine

tailings at Mudford Lake and Langley Bay (Plate 4) abandoned in 1942, 1960,
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and 1963 respectively, offer the opportunity to investigate the medium- i

term effects of uncontrolled deposition of mine wastes in shallow lakes

under Saskatchewan conditions. The two uranium mine tailings deposits .|

differ, those at Gunnar being essentially neutral and those at Lorado

having an acid-generating capacity, and would be expected to have j

different environmental effects. They can be compared with the Ace Creek

but are basic in character.

tailings deposits at Beaverlodge (Plate 3), which are also relatively old

1It is suggested that the tailings deposits each be examined as

exhaustively as possible, including the Box mine tailings for comparison

and to determine whether non-uranium mine tailings present any particular |

environmental problems. Areas that should be examined include:

- the hydrology and hydrogeology of the area. j

- the chemical and physical nature of the tailings, and the,
chemical changes that take place within the tailings with -;

ag'^g. I
- the movement, and rate of movement, of radionuclides and
other contaminants through the tailings deposits and into -j
the environment, considering such transport mechanisms as i
air movement, dusting, and surface and ground water
movement.

- the rate of radon release from the tailings and the effect i
of radon daughters on the surrounding environment.

- pathway studies of the uptake of radionuclides and other "T
pollutants by plants, fish, and wildlife in the vicinity |
of the tailings, relating this to the movement of
contaminants into the food chain and to damage caused to _
the various living systems. The greatest danger to human I
health appears to be pollutants entering drinking water,
and particular attention should be given to this possibility.

- evidence of holdback of contaminants by plant or inanimate I
materials. This should be considered when planning the
long-term fate of the mine wastes, and may be relevant to
the design of future tailings management systems. T

Aims of the study should be to determine the medium-term effects "I

of uncontrolled tailings deposits on the surrounding environment, the •

nature of any adverse effects and the degree to which they may be expected

to worsen over the long-term and hence the need for remedial action, and I

to collect data that may be applied to the design of future tailings
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disposal systems. Unless immediate and serious problems are encountered,

remedial work on the abandoned tailings might best be left until the

investigations are complete, even though this may take several years.

This would also allow time for field trials of possible remedial actions.

The studies outlined above represent a major research commitment.

It would be advisable to discuss the research program with the researchers

before carrying out any field work to ensure that each group gains the

maximum benefit from the work of the other participants, treating the

program as a team project rather than as a series of individual research

projects. Work on the Lorado and Gunnar tailings should also be co-

ordinated with programs proposed by the National Technical Planning Group

on Uranium Mine and Mill Tailings whose report should be available in early

1981. Current indications are that the Planning Group will propose a study

of one of the two tailings areas, in which case the province may wish to

initiate work on the other. The Planning Group report will certainly

identify the problems and the steps that should be taken to tackle them in

much greater detail than is possible in the present report. Other relevant

reports are those of Environment Canada on water quality in the vicinity of

the Beaverlodge tailings (Ruggles 1978) and the Lorado and Gunnar mines

(Ruggles 1981), and a preliminary report prepared by Margaret Kalin for

Saskatchewan Environment and Environment Canada on the Lorado and Gunnar

tailings deposits (Kalin 1980). Each report contains suggestions that should

be considered in designing future studies of the Lorado and Gunnar tailings.

A problem that does not seem to have received very much attention

is the proceedure to be followed during abandonment of open-pit uranium

mines. A brief investigation of the abandoned, flooded, Gunnar open-pit

operation might be worthwhile in this regard.
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3.10 Tailings Management i

IT IS RECOMMENDED THAT THE PROVINCE SPONSOR RESEARCH PROGRAMS I

THAT WILL DEVELOP EXPERTISE IN THE MANAGEMENT OF URANIUM MILL TAILINGS '

UNDER SASKATCHEWAN CONDITIONS.

Treatment and disposal of tailings from uranium mines and mills

is clearly one of the major problem areas in uranium mine operation, and -:

it is one that is being widely studied in Canada and in other uranium- [

producing countries. Recommendations for research in this area will

undoubtedly be included in the final report of the National Technical |

Planning ~roup on Uranium Mine and Mill Tailings while federal agencies are

already funding a number of research projects in this area. However, j

tailings management is to a large degree site specific, so that tailings

management practices for Saskatchewan mines may entail a considerable "]

amount of research in the province to establish parameters appropriate to

the local environment and to the unusually high ore grades of particular ;

deposits. A number of areas where research would be appropriate are listed _!

below.

1
3.10.1 One approach to tailings management is to remove the materials

that create the problem at the milling stage, so that the discharged !

tailings are innocuous. In the case of uranium mines, the materials that

would have to be removed are radium-226 and thorium-230 (which is the parent "7

of radium-226 in the uranium decay series; see Figure 4) to eliminate the

radionuclide and radiation hazards, and materials such as the heavy metals

and arsenic that are not radioactive but are chemical poisons. Several 1
approaches to the removal of radium and thorium are currently being

investigated at McMaster University (Baird 1980) but there is scope for I

additional work, particularly with the higher grade Saskatchewan ores and

those containing relatively high concentrations of heavy metals and arsenic. I

Separation of mill wastes containing high concentrations of radionuclides

presents other disposal problems, though the problems are similar to those "|

encountered in the disposal of medium-level wastes from nuclear power :

generation so that solutions should become available as a result of work j

on the Canadian Nuclear Fuel Waste Management Program at the Whiteshell

Nuclear Research Establishment, Pinawa, Manitoba. ;
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3.10.2 Assuming that current milling practices are followed and the

tailings do contain pollutants, a number of management options

are available, or are potentially available. The tailings can be held

behind a tailings dam either above or below grade, they can be discharged

into a lake with the intention of either filling the lake and displacing the

water present, or of "deep lake" disposal underwater, they might be stored

underground if space is available, or returned to a worked-out opeu pit,

suitably grouted, and eventually covered with solid material or water.

Tailings are normally transported, from the mill to the tailings area as

a slurry containing about 40% solids in water (Plate 9), allowed to settle

in the tailings pond, and the decant water collected in a series of treatment

ponds where barium chloride is added to precipitate dissolved radium as

radium-barium sulfate, and the decant water from the final treatment pond

released to the environment (Figure 3). Though there are a number of

consultants well versed in the construction of tailings impoundments, there

are a some uncertainties and alternatives in this area that should be

explored with Saskatchewan conditions in mind. These include the following.

(1) As for the abandoned tailings, pathway analysis should be undertaken

to trace the movement of radionuclides and chemical species from the

tailings to the environment via air, radon, and surface and ground water

transport. The results obtained through studies with current tailings at

different locations in the province will not necessarily be the same as the

results found with the abandoned tailings at Uranium City. Computer models

for such movements are available (see, for example, Batelle 1980, Shepherd

1980) and these are sometimes referred to during environmental assessment

hearings, though it is not certain that the input data are always sufficiently

site-specific and that the models have been adequately tested against

experimentally observed movements. It would be valuable if the models were

evaluated with specific reference to Saskatchewan and, as far as possible,

tested against field observations. Information gained in this way would be

relevant to future tailings management proposals since it could be used to

refine or revise the model. An example of the type of work needed is that

being carried out on the Nordic mine tailings at Elliot Lake, Ontario, by

Cherry and his colleagues (Cherry 1980, Shepherd 1980).
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PLATE 10.
Water sampling in the Key
Lake region of Saskatchewan.

(2) Related to the above, are pathways analyses designed to model the

transport of contaminants, both radioactive and heavy metal, from

mine wastes to biota and man. A generic computer-based model of such

transfer was prepared for the British Columbia Royal Commission of Inquiry

into Uranium Mining by Batelle Pacific Northwest Laboratories (Batelle 1980)

and might form the basis for site-specific studies in Saskatchewan (see also

Norcen 1980). Again, however, models can only be as good as their design

limitations and the data on which they depend and should be checked against

actual measurements - any computer simulation of contaminant migration into

food chains in Saskatchewan should be tested by adequate field studies.

I
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Existing data on the movement of radium, uranium, and thorium

in the environment and their uptake by plant life are reviewed by Sheppard

(1980), who also makes suggestions for further research in this area.

Reasons for emphasizing work on the uptake of radionuclides and heavy

metals by plants are that this is a key step in the movement of the

contaminants into the food chain, it is also a possible exploration tool

(see, for example, Dunn 1980), and uptake of contaminants by plant life

may retard their movement and represent a useable containment technique.

Uptake of contaminants by aquatic life and wildlife are also

important steps in their movement into the food chain. Studies of radio-

nuclide uptake by fish in Beaverlodge Lake are being carried out by Dr.

Stella Swanson for the Saskatchewan Research Council, and could well be

extended both at the present location and in the vicinity of the abandoned

tailings from the Lorado and Gunnar mines. Radionuclide uptake by small

mammals and correlation of this with their food preferences and radionuclide

concentrations in the food plants would be helpful in assessing the impact of

tailings on wildlife. Sampling problems might make it difficult to study the

larger animals and birds effectively, so that systematic work with these

species could be left until it is clear that high concentrations of

contaminants in their food chains place them at risk. However, caribou and

moose are an important food resource in the north so that isolated samples

should be examined at an early stage. Over the longer-term, animal

populations living in the vicinity of tailings deposits should be examined

for evidence of reproductive or genetic disorders that might be induced by

their habitat. Comparative studies might be carried out with animals living

in areas with naturally high levels of background radiation, for example near

exposed or shallow ore deposits.

An additional reason for investigating contaminant uptake by fish

and small mammals is the possibility that monitoring these species may be

sufficient to warn of significant levels of contamination, obviating the

need for more extensive routine monitoring of water, sediments, etc.
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(3) Deliberate use of the local environment to retard the movement of

contaminants by directing decant and seepage water through areas

where organic material, rock, soil, or sediments are such that the

contaminants are retained and stabilized, could be of great value in

reducing the cost of tailings containment and providing a long-term control

mechanism (see, for example, Meneley 1980). Indeed, such natural methods of

control are the only ones available over periods of the order of hundreds or

thousands of years.

Areas in which research may be profitable include geochemical

studies of transport processes leading to the genesis of ore bodies and, in

particular, the formation of post-glacial uranium deposits (Greene 1980).

Studies of contaminant uptake by organic materials present in northern

Saskatchewan (Plate 10) would be very valuable, and might be compared with

the extens ve studies carried out with peat and coal both in Canada and

elsewhere. Other biological methods of removing pollutants from mine waste

waters should also be examined (see, for example, Brierley 1980).

Artificial materials are also known to be effective traps for

radionuclides and heavy metals and may have a role in water treatment in

operating mines. Fibre-supported manganese dioxide, for example, is being

tested as a filter to remove radium-226 while ferric hydroxides are known

to absorb uranium (Langmuir 1979).

1

I
I(4) Other arpas related to tailings where additional research would be

valuable include studies on the use of natural and artificial liners

to tailings impoundments under Saskatchewan conditions, studies of cover I

materials to serve as barriers between the tailings and the environment,

and studies of abandonment procedures. Revegetation is a particular aspect I

of abandonment that is discussed under the next recommendation. Biological

leaching of contaminants from tailings (and from ore stock piles) should be "

considered although it may not be a serious problem with the low-pyrite

Saskatchewan ores. Finally, basic studies of the chemical reactions taking

place in tailings deposits and the effect upon these of changing water level,

oxygen pressure, etc. would| be helpful.
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3.11 Tailings Revegetation

IT IS RECOMMENDED THAT STUDIES BE CARRIED OUT, IN COLLABORATION

WITH THE MINING COMPANIES, INTO REVEGETATION OF MINE TAILINGS AND WASTE ROCK.

The Draft Uranium Mining Pollution Control Regulations (August

1980) of Saskatchewan Environment require that upon abandonment, mines

establish a fully self-sustaining vegetative cover over the cleared mine

site, waste rock piles, and tailings. Mining companies in Saskatchewan are,

in fact, carrying out revegetation studies well in advance of mine

abandonment (Plates 3 and 8 ) , but the expertise that they develop in the

process is likely to be of general value to the province in reclaiming

other industrial land in the north and, possibly, in establishing northern

agricultural projects<• It is therefore suggested that joint research projects

into revegetation be established between the mining companies and the

Universities or Saskatchewan Research Council to ensure that expertise in

this area is retained in the province regardless of personnel changes or

closure of the mining operations.

Extensive revegetation programs have been carried out on tailings

at Elliot Lake, Ontario, though these contain appreciable amounts of pyrite

and generate acid upon aging so that the results are not necessarily directly

transferable to Saskatchewan conditions. It may also be desirable to use

plant species native to northern Saskatchewan and to study revegetation of

wet areas in site-specific field trials.

A number of other points must be considered in conjunction with

revegetation studies, for example, the need for a surface cover, the need

for long-term maintenance, the effect of revegetation on water runoff, wind

erosion, and radon release. The effect of revegetation on biological

pathways should also be borne in mind, the meadows formed by revegetating

tailings may attract wildlife and increase the uptake of pollutants by some

species, while animal burrowing and root penetration may facilitate radon

release, and speed radionuclide uptake in other directions,
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3.12 Exploration t

IIT IS RECOMMENDED THAT RESEARCH INTO EXPLORATION TECHNIQUES

BE FUNDED.

A modest research investment into exploration techniques would

be valuable, particularly if the projects could be related to research in

other areas. For example, radionuclide uptake by plants is important in

relation to the movement of radionuclides into the food chain, but this |

could also be used as an exploration technique (see, for example, Dunn

1980) and funding projects in both areas could be mutually beneficial. I

Given sufficiently sensitive analytical techniques, it should be possible

to trace elements in bodies of water back to the parent ore body, reversing T

the procedure followed in tracing the movement of pollutants from a tailings

deposit into the environment. ~f

3.13 Mine and Mill Operations

IT IS RECOMMENDED THAT RESEARCH IN THE AREAS OF MINING AND MILLING J

BE FUNDED BUT, AS FAR AS POSSIBLE, AS JOINT VENTURES WITH INDUSTRY.

There are a number of areas where research related to uranium

mining and milling would be beneficial, but it seems desirable that these be

funded as joint ventures with industry, at least to the extent that they 1

benefit an individual company or the industry as a whole. Provincial

funding could be valuable as a catalyst to initiate such research and £

provincial expertise might be valuable in organizing and operating research

projects. However, there are areas, for example in baseline and monitoring •

studies, where the results may shape future government regulations applied

to the industry where fundir.g by the industry would be inappropriate. It I

would seem reasonable, therefore, to encourage industry participation in

those areas where there is no possibility of a conflict of interest. Several

of these are listed below.

3.13.1 In the area of mining, there may be difficulties in mining deep,

high-grade ore deposits because the gamma radiation and radon

levels render tra"'tional methods of underground mining hazardous. In

Canada, this problem appears to be limited to Saskatchewan, so that research

1
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into methods of overcoming the difficulties should be encouraged in the

province. Approaches that might be examined include non-entry type mining

(Mathews 1979), in-situ solution mining (Hunkin 1979), and remote operation

of ore-handling equipment. Input by the Provincial Departments of Environment

and Labour would ensure that no new environmental or health hazards were

introduced with new or modified mining methods.

3.13.2 Development of methods of ore enrichment would reduce the volume of

tailings to be handled and the problems of tailings management and

abandonment.

3.13.3 Research into modified milling processes aimed at reducing the

quantities of radium-226 and thorium-230 in the tailings would

also reduce the problems of tailings abandonment. Milling cycles might

also be modified to reduce the release of heavy metals and non-metallic

pollutants (e.g. arsenic, selenium) in the tailings.

3.14 Radon Release

IT IS RECOMMENDED THAT STUDIES BE INITIATED ON THE RELEASE OF

RADON FROM OPEN-PIT URANIUM MINES AND FROM URANIUM MINE TAILINGS.

Open-pit uranium mining in Canada is restricted to Saskatchewan

and this, and the high grade of some of the Saskatchewan ore deposits,

makes radon release in open-pit mines a peculiarly Saskatchewan problem.

Radon levels in the pits must be measured routinely to ensure worker safety,

but it would be helpful to be able to predict levels in proposed open-pit

mines and under different mining strategies and weather conditions. It is

suggested that a research project be initiated to study radon and radon

daughter levels in the open-pit uranium mines in Saskatchewqn and correlate

these with such factors as pit size and depth, ore grade, exposed area of

ore, groundwater flow, atmospheric conditions, and meteorology. The

Saskatchewan mines cover a range of pit sizes and ore grades, but additional

information should be available from open pit operations in the United States

and Australia (see, for example, Leach 1980).
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IT IS RECOMMENDED THAT FUNDING FOR OCCUPATIONAL HEALTH RESEARCH

BE CHANNELLED THROUGH THE SASKATCHEWAN HEALTH RESEARCH BOARD.

A second problem that is of more general concern is to determine

the rate of radon release from uranium mine tailings, both during the life T

of the mine and after abandonment. This could be studied as part of a more

comprehensive investigation of the abandoned Lorado and Gunnar mine tailings , •

with, if necessary, additional data from one or more of the operating mines. ' 4

Measurements required include the diffusion constants for radon through both -,

tailings and cover materials that might be used as a function of moisture (

content, temperature, porosity, etc. (see, for example, Macbeth 1980, Re

1980).

3.15 Radiation Instrumentation

IT IS RECOMMENDED THAT FACILITIES FOR THE DESIGN AND CALIBRATION

OF RADIATION INSTRUMENTATION BE LOCATED IN THE PROVINCE.

Work with radon and other radionuclides generally involves

radiation measurements. It would be helpful to both researchers and

industry if calibration and test facilities for such instruments were

available in the province, and if expertise were available to develop new

instrumentation when required. (Though this requirement is met in part by

the facilities of the Saskatchewan Research Council and the Universities,

there are areas that are not yet served.) i

3.16 Occupational Health |

I
IFunding in the occupational health area would seem to be the

concern of the Saskatchewan Health Research Board rath*r than that of a

uranium-research committee, though in some cases joint funding of a research

project might be appropriate. A number of health-related concerns are listed I

below for information.

1
(1) Open-pit mining involves removal of large quantities of overburden

before the ore is exposed and there was fairly general concern

among mine operators and safety officials that dust might be a greater
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hazard to miners than radiation. Additional studies on the hazards from

uranium and mineral bearing dusts would be valuable.

(2) Representatives of some mining companies felt that sputum cytology

required continuing research into the interpretation of the results

and the use that should be made of them. However, other groups felt that

the research phase was complete and that the remaining problems were essentially

ones of implementation.

(3) Several groups were interested in the use of urine analyses to

monitor uranium uptake by miners, and in the information that

could be derived in this way, for example whether urine samples would

indicate inhalation of uranium-bearing dust and uranium body burden. There

was also a feeling that the toxicology of uranium should be studied more

extensively.

(4) As noted earlier, there is still considerable uncertainty about the

effects of low-level radiation, although this did not appear to be

a matter of great concern to those questioned. Nevertheless, Saskatchewan

has long had researchers studying the chemical and physical effects of

radiation at the University of Saskatchewan and some effort in this area

appears to be justified.

3.17 Risk Analysis

IT IS RECOMMENDED THAT STUDIES BE INITIATED TO ESTIMATE THE

RELATIVE RISK TO WORKERS FROM THE VARIOUS HAZARDS ASSOCIATED WITH URANIUM

MINING.

Attendance at public inquiries into uranium mining is likely

to convince most laymen that radiation is the main, and possibly the only,

hazard uranium miners are exposed to. Statistics, however, will probably

show that miners are injured and killed in a variety of industrial and

mining accidents that are not related to radiation, and that other causes

such as dust, fumes, and noise can lead to long-term disabilities in

addition to any risk from low-level radiation. If workers are to be given
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3.18 Social Research

1
]the best possible chance of avoiding accidents and retaining their health,

the risks from all these causes should be evaluated and reduced to reasonable -»

and acceptable levels; undue emphasis and expenditure on one of the risks J.

may simply divert attention from other hazards and increase the overall risk.

Risk analysis is unquestionably difficult and often leads to controversial j .

results, but in this instance it could be of considerable benefit to the

minin" community. I

Related to risk analysis in the area of human risk is the analysis "I

of environmental risk from, for example, the use of different energy sources. *

If choices must be made between nuclear energy and other forms of energy,

more rational decisions will be possible if the long-term environmental

effects of the various alternatives can be compared. It is recommended

that modest efforts be made in this direction so that government and industry • j

can be made aware of the issue and its probable effect on future uranium

demand. 1

1
i

IT IS RECOMMENDED THAT A STUDY BE CARRIED OUT TO DEFINE THE

RESEARCH NEEDS OF THE SOCIAL SCIENCES IN RELATION TO THE URANIUM MINING

INDUSTRY IN NORTHERN SASKATCHEWAN.

The recommendations of the present report are concerned with the |

scientific and technical aspects and, to a lesser extent, the occupational

health concerns of the uranium mining industry in northern Saskatchewan.

There is also a clear need for research into the social effects of mining

in the north and for social "baseline" studies, as is evidenced by the _

briefs presented to the Cluff Lake and Key Lake Boards of Inquiry. The |

intent of the present recommendation is simply to recognize this need, and

the fact that "uranium research" is not solely concerned with science and I

technology.

1
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APPENDIX I

INDIVIDUALS CONSULTED DURING PREPARATION OF THE REPORT

Asamera Oil Corporation Ltd.,
Saskatoon:

P. Clarke

Atomic Energy of Canada Ltd.,
Chalk River (Ontario) and Pinawa
(Manitoba):

S.L. Iverson
I.L. Ophel
M.I. Sheppard
R.B. Stewart

Atonic Energy Control Board,
Ottawa:

J.R. Coady
R.M. Duncan
P.E. Hamel
H. Stocker

Beak Consultants Limited,
Saskatoon:

D.K. Krochak

Cluff Mining (AMOK) Limited,
Saskatoon:

P, Fournier
T.P. Hynes
B. Michel
M. Tabouret

Denison Mines Limited, Elliot
Lake (Ontario):

R. Blackmore

Department of Labour (Saskatchewan),
Regina:

J.R. Alderman
D. Brown
J. Smythe

Ecological Sciences Information
Center, Oak Ridge National Laboratory,
Oak Ridge (Tennessee):

C. Johnson

B.C. Research, Vancouver (British
Columbia):

C.C. Walden

Canada Wide Mines Limited,
Saskatoon, Calgary (Alberta)

G.D. Green
R. Torrie

Canadian Plains Research Center,
Regina:

M. Scratch

Eldorado Nuclear Limited, Ottawa,
Saskatoon, Uranium City:

G.R. Burton
R. Gregory
M.C. Miedema
R Phillips
B. Tarry
J. White

Energy, Mines and Resources Canada,
Elliot Lake (Ontario), Ottawa:

J. Bigu
E.G. Joe
D. Murray
R. Tervo

I
I

I
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Engineering Faculty, McMaster
University, Hamilton (Ontario):

M.H.I. Baird

Environment Canada, Regina,
Burlington (Ontario):

D. Averill
H.J.B. Curran
J.W. Schmidt
A. Zaidi

Gulf Minerals Company, Rabbit
Lake, Saskatoon:

G. Clarke
A. Morrish

Hatfield Consultants Limited,
Vancouver (British Columbia):

J. Villvemere

Klohn Leonoff Consulting Engineers,
Richmond (British Columbia):

R.G. Charlwood
M.L. Parsons

W.A. Meneley Consultants Limited,
Saskatoon:

W.A. Meneley

MacLaren, Saskatoon:

D.W. Botting
M.P. Filion

Ministry of Health (British Columbia),
Vancouver, B.C.:

M.W. Greene

National Research Council of Canada,
Ottawa:

I. Hoffman

Institute of Environmental Studies,
University of Toronto, Toronto
(Ontario):

M. Kalin

Natural Sciences and Engineering
Research Council, Ottawa:

T.R. Ingraham

Key Lake Board of Inquiry,
Saskatoon:

D.G. Somers

Northern Municipal Council, La
Ronge:

L.A. Erikson

Key Lake Mining Corporation,
Saskatoon:

F.E. Campbell
P. Clarke
J. Goebel
J. Spross

Kilborn (Sask) Limited,
Saskatoon:

A. Banks

Northern Saskatchewan, La Ronge:

A.G. Appleby

Royal Commission into Uranium Mining,
Vancouver (British Columbia):

R.A. Hodge
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:i
Saskatchewan Economic Development
Corporation, Saskatoon:

R.C. Quittenton

Saskatchewan Environment, Prince
Albert, Regina:

Saskatchewan
Regina:

R.G.
D.W.
C.H.
R.L.
G.W.
R.L.
L.J.
H.S.
C.
K.H.
R.R.
E.

Bar si
Botting
Burton
Carter
Howard
Kellow
Lechner
Maliepaard
Potter
Scissons
Sentis
Wagner

Executive Council,

J.
S.S.

McPhee
Zelitt

Saskatchewan Health Research
Board, Saskatoon:

F. Fried

Saskatchewan Mineral Resources,
Regina, Uranium City:

L.S. Beck
C.E. Dunn
D. Thomas

Saskatchewan Mining Association,
Regina, Saskatoon:

R.L. Cheesman
P. Clarke

Saskatchewan Mining Development
Corporation, Saskatoon:

Saskatchewan
Saskatoon:

J.
J.
R.
D.
D.
W.

D
C

R

. Cairns

. Davies
Forester

. Francis
Schmeichel
Young

Research Council,

R.
J.
W.
T.
G.
S.

G
L
H
P
L

. Arnold

. Bergsteinsson

.W. Husband

. Pepper

. Smithson
Swanson

Saskmont Engineering Company Ltd.,
Saskatoon:

B.G. Zytaruk

Steffen, Robertson and Kirsten,
Vanouver (British Columbia):

A,M. Robertson

Tourism and Renewable Resources
(Saskatchewan), Saskatoon:

F.M. Atton
G.W. Pepper

United Steelworkers of America,
Saskatoon, Toronto (Ontario):

T. Stevens
K.A. Valentine

University of Regina, Regina:

C.W. Blanchford
E.B. Tinker

1
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University of Saskatchewan,
Saskatoon:

R.M. Bone
W.G.E. Caldwell
H.S. Caplan
M.S. King
F.F. Langford
K.J. McCallum
R. Marchant
J. Markham
D.B. Russell

Uranerz Exploration and Mining
Limited, Saskatoon:

G. Kirchner

ADDITIONS

Rio Algom Limited,
Elliot Lake (Ontario):

E. Barnes
K. Colver
A.J. Vivyurka

Australian Radiation Laboratory,
Commonwealth Department of Health,
Yallambie (Victoria):

K.H. Lokan
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APPENDIX II *

MEMBERSHIP OF FEDERAL AND PROVINCIAL COMMITTEES CONCERNED WITH

RESEARCH IN THE AREAS OF URANIUM MINING AND MILLING

Saskatchewan Cabinet Committee on Uranium (Dec. 1980)

1

Premier Allan Blakeney
Hon. E.L.
Hon. R.J.
Hon. J.R.
Hon. G.R.
Hon. N.
Hon. J.

Cowley
Romanow
Messer
Bowerman
Vickar
Hammersmith

i
Department of Provincial Secretary
Department of the Attorney General -•
Department of Mineral Resources I
Department of Environment
Department of Industry and Commerce
Department of Northern Saskatchewan J

(J. McPhee, secretary)

:
Saskatchewan Deputy Ministers Committee on Uranium (Dec. 1980) •

G. Mitchell Cabinet Secretary
J.E. Sinclair Executive Council
R. Moncur Department of Mineral Resources
R. Douglas Department of Finance ~r
R. Purdie Department of Northern Saskatchewan j
D. McMillp.n Department of Labour
H. Leesson Department of Intergovernmental Affairs
R.L. Carter Department of Environment
J. McPhee Executive Council (Uranium co-ordinator) :

W. MacDonald Executive Council
L. Monkhouse Saskatchewan Economic Development Corp. ""*

i

(J. McPhee, secretary) -

Saskatchewan Ad Hoc Uranium Committee i
Dr. T.P. Pepper Saskatchewan Research Council •
Dr. L.S. Beck Department of Mineral Resources I
Dr. C.W. Blanchford University of Regina
Dr. R.L. Cheesman Saskatchewan Mining Association
Dr. W.O. Kupsch University of Saskatchewan I
Mr. J. McPhee Executive Council, Govt. Saskatchewan *
Ms. W. MacDonald Executive Council, Govt. Saskatchewan
Mr. G. Zahary Energy, Mines and Resources Canada ~l
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Federal-Provincial Steering Committee on Uranium Mine Tailings

Dr. J.D. Keys (Chairman)

Dr. L.S. Beck

Dr. D.H. Bell

Mr. R.L. Carter

Mr. J. Fleming

Mr. P.E. Hamel

Mr. V. Pakalnis

Mr. L.F. Pitura

Dr. H.C. Rothschild

Mr. E.G. Joe (Secretary)

Assistant Deputy Minister,
Science and Technology,
Energy, Mines and Resources Canada.

Director, Geological Survey,
Dept. Mineral Resources, Saskatchewan.

Chief Metallurgical Engineer,
Mining Health and Safety Branch,
Ontario Ministry of Labour.

Deputy Minister,
Saskatchewan Environment.

Assistant Deputy Minister of Mines,
Dept. of Mines and Energy,
Govt. Newfoundland and Labrador.

Director General,
Assessment and Research Directorate,
Atomic Energy Control Board.

Ground Control Engineer,
Mining Health and Safety Branch,
Ontario Ministry of Labour.

Director, Wastes Management Branch,
Ontario Ministry of the Environment.

Chief of Program Division,
Environmental Protection Service,
Environment Canada.

Head, Engineering & Economic Evaluation,
Canada Centre for Mineral and Energy

Technology,
Energy, Mines and Resources Canada.



- 72 -

National Technical Planning Group on Uranium Mine and Mill Tailings

Mr. P.A. Lapp (Chairman)

Mr. A.W. Ashbrook

Dr. L.S. Beck

Dr. D.H. Charlesworth

Dr. R.M. Duncan

Mr. J.R. Hawley

Dr. K.J. McCallum

Mr. P.F. Pullen

Dr. H.C. Rothschild

Ms. M.K. Witte

Mr. E.G. Joe (Secretary)

President,
Philip A. Lapp Ltd.

Manager, Research & Development Division,
Eldorado Nuclear Limited.

Director, Geological Survey,
Dept. Mineral Resources, Saskatchewan.

Head, Chalk River Environmental Authority,
Atomic Energy of Canada Limited.

Director, Research & Development Branch,
Atomic Energy Control Board.

Ontario Ministry of the Environment.

Dean of Graduate Studies & Research,
University of Saskatchewan.

Chief Environmental Engineer,
Rio Algom Limited.

Chief of Programs Division,
Environmental Protection Service,
Environment Canada.

Ontario Research Foundation,
Sheridan Park Research Laboratory.

Head, Engineering & Economic Evaluatio .,
Canada Centre for Mineral and Energy

Technology,
Energy, Mines and Resources Canada.

1

1
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Joint Panel on Occupational and Environmental Research for Uranium

Production in Canada

SUPPORTING MEMBERS (1979)

Atomic Energy of Canada Limited
Atomic Energy Control Board
Denison Mines Limited
Department of Labour, Saskatchewan
Department of National Health and Welfare
Eldorado Nuclear Limited
Energy, Mines and Resources Canada
Environment Canada
Ministry of the Environment, Ontario
Ministry of Labour, Ontario
Natural Sciences and Engineering Research Council
Rio Algom Limited
United Steelworkers of America

ASSOCIATE MEMBERS (1979)

Agnew Lake Mines Limited
AMOK Limited
Dept. Consumer Affairs & Environment, Newfoundland and Labrador
Department of Indian and Northern Affairs
Department of Mines and Energy, Newfoundland and Labrador
Department of Mines and Petroleum Resources, British Columbia
Elliot Lake Centre
Labour Canada
Madawaska Mines Limited
Mines Accident Prevention Association of Ontario
Ministry of Natural Resources, Ontario
Saskatchewan Environment
Saskatchewan Mining Association
Saskatchewan Research Council
Uranerz Exploration and Mining Limited

CHAIRMAN (1979-1982) SECRETARY

Mr. J.R. Alderman, Dr. R.O. Tervo, Manager,
Chief Inspector of Mines, Elliot Lake Laboratory,
Occupational Health and Sefety CANMET, Energy, Mines and

Division, Resources Canada,
Department of Labour, P.O. Box 100,
Province of Saskatchewan Elliot Lake, Ontario,
1150 Rose Street, P5A 2J6.
Regina, Sask., S4P 3V7.

(306) 565-4495 (705) 848-2236



APPENDIX III

URANIUM-RELATED RESEARCH IN SASKATCHEWAN

In compiling the following table, the term "research" has been interpreted quite

liberally, but the table does not include research in the area of the social sciences.

Sources used in preparing the summary include the 1978 and 1979 annual reports of the

Joint Panel on Occupational and Environmental, Research for Uranium Production in

Canada, the CANPLAINS database of the Canadian Plains Research Center, Regina, and

information from the Saskatchewan Research Council. However, it is unlikely that '

these sources are sufficient to identify all uranium-related research in Saskatchewan **
i

although the summary is believed to be representative and to cover the greater part

of the work carried out in the immediate past or currently in progress.
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APPENDIX III. URANIUM-RELATED RESEARCH IN SASKATCHEWAN

RESEARCHER ORGANIZATION BRIEF DESCRIPTION OF RESEARCH

ANALYSIS

Dr. G.L. Smithson

Dr. S.A. Hontzeas

Saskatchewan Research Council

Department of Chemistry,
University of Regina.

Development of analytical methods for the
determination of radionuclides in
environmental samples.

(1) Determination of uranium in uranium ores
using X-ray spectrometry.

(2) Determination of radium by gamma ray
spectrometry.

BASELINE AND ENVIRONMENTAL (excluding Tailings Studies)

Cluff Lake Board of Inquiry.
Regina, Saskatchewan.

S.E. Stephansson

D. Wotton

Ecological Assessment Section,
Canadian Wildlife Service,
Environment Canada, Edmonton,
Alberta.

Environmental Management Division,
Manitoba Dept. Mines, Natural
Resources and Environment,
Winnipeg, Manitoba.

Environmental Impact Assessment, Amok Ltd.
uranium mine and mill at Cluff Lake, Sask.
(completed 1978)

Research to assess the effect of four
uranium mining and refinery proposals on
migratory bird values. (completed 1979)

The effects of atmospheric effluents from
mining and smelting industries on forest
vegetation and soils in northern Manitoba.

I



APPENDIX III. URANIUM-RELATED RESEARCH IN SASKATCHEWAN

RESEARCHER ORGANIZATION BRIEF DESCRIPTION OF RESEARCH

(Dr. H. Rothschild)

R.G. Ruggles and
W.J. Rowley

Environmental Protection Service,
Environment Canada, Ottawa.

Environmental Protection Service,
Environment Canada, Northwest
Region, Edmonton, Alberta.

R.G. Ruggles (as above)

Federal Environmental Assessment
Review O£f*"ce, !*• !'ronment
Canada, O.tawa.

Key Lake Board of Inquiry,
Saskatoon, S^.fkL

Application of pathway models to describe
atmospheric and aquatic dispersion of radio-
nuclides from uranium mines and mills in
northernSaskatchewan. (Report prepared by
Beak Consultants due early 1981)

Radium-226, thorium and lead-210 measured in
surface waters, sediments and fish below
discharge point of uranium mine and mill.
Completed and report issued: "A vudy of
water pollution in the vicinity < f the
Eldorado Nuclear Ltd. Beaverlodge Operation
1976 and 1977." Surveillance Report EPS 5-
NW-78-10, November 1978.

"Receiving water environmental assessment
studies - Some experiences at uranium mine and
milling operations in Saskatchewan." B.C.
Royal Commission of Inquiry into Uranium
Mining, exhibit #385. Based on EPS reports
5-NW-78-10 and 5-NW-79-6. March 1980.

Environmental Impact Assessment, Eldorado
Nuclear Ltd. Expansion of Uranium Refining
Capacity R.M. of Corman Park, Saskatchewan,
(completed July 1980)

Environmental Impact Assessment, Key Lake
Mining Co. uranium mine and mill at Key Lake,
Saskatchewan, (report due February 1981)

-4
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APPENDIX III. URANIUM-RELATED RESEARCH IN SASKATCHEWAN

RESEARCHER ORGANIZATION BRIEF DESCRIPTION OF RESEARCH

A. Zaidi

Dr. W.W. Sawchyn

Z.M. Abouguendia,
et. al.

EXPLORATION

Dr. J.H. Dyck

Dr. L.S. Beck,
Dr. C.E. Dunn

Dr. R.G. Arnold

Dr. G.R. Parslow

Environment Canada,
Saskatchewan Environment,
Eldorado Nuclear Ltd.

Saskatchewan Research Council,
Saskatoon, Saskatchewan.

(as above)

Dr. Stella Swanson (as above)

Geological Survey of Canada,
Energy, Mines and Resources
Canada, Ottawa.

Saskatchewan Geological Survey,
Dept. Mineral Resources,
Regina, Saskatchewan.

Saskatchewan Research Council,
Saskatoon, Saskatchewan.

Department of Geology,
University of Regina.

Study to define the extent of contaminated
sediments in Beaverlodge Lake, Saskatchewan,
from discharges from uranium mines and mills
over a period of 25 years, (draft report due
December 1980)

Environmental baseline study of the Cluff and
Carswell Lake areas. Completed 1975, SRC
report C75-1.

Additional environmental baseline studies in
the Cluff Lake area. Completed, final report
1979.

Study of radionuclide uptake by fish in
Beaverlodge Lake, Saskatchewan, (in progress)

Evaluation of helium and radon geochemical
uranium exploration techniques in the Key Lake
area of Saskatchewan, (completed 1978)

Uranium exploration techniques in northern
Saskatchewan, (current)

Geochemistry as applied to uranium and base
metal prospecting, (current)

Uranium and other trace element distributions
and their application to mineral exploration,
(current)



APPENDIX III. URANIUM-RELATED RESEARCH IN SASKATCHEWAN

RESEARCHER ORGANIZATION BRIEF DESCRIPTION OF RESEARCH

GEOLOGY AND GEOCHEMISTRY

Dr. G.P. Sassans

Dr. R.T. Bell

L.P. Tremblay

Dr. L.S. Beck

Dr. C.E. Dunn

C.T. Harper

Department of Geology,
Concordia University,
Montrea1, Quebec.

Geological Survey of Canada,
Ottawa.

(as above)

Dr. J.Y.H. Rimsaite (as above)

Saskatchewan Geological Survey,
Dept. Mineral Resources,
Regina, Saskatchewan.

(as above)

(as above)

The nature and origin of the uranium
mineralization at the Fay mine, Eldorado,
Saskatchewan, (completed University of
Alberta, 1975)

Geology of uranium resources of western
Canada.

Geology of uranium resources of Canada.
Uranium subprovinces and types of uranium
deposits in the precambrian rocks of
Saskatchewan, (latter completed 1978)

Mineralogical research on the Rabbit Lake
uranium deposit, Saskatchewan.

Minerology and genesis of Saskatchewan
uranium deposits.

Uranium in phanerozoic sediments in north-
central Saskatchewan. Completed: Sask.
Geological Soc. Special Publication no. 4
(1979).

Geochemical study of the lake and stream
sediments marginal to Athabasca sandstone
in northern Saskatchewan, (current)

Uranium metallogenic studies: Cluff Lake and
Maurice Bay, Saskatchewan, (completed)

oo
I
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APPENDIX III. URANIUM-RELATED RESEARCH IN SASKATCHEWAN

RESEARCHER ORGANIZATION BRIEF DESCRIPTION OF RESEARCH

Dr. T.I.I. Sibbald

J.V. Suryam

D.R. Haughton

J. Hoeve and
Dr. R.W. Forester

Dr. R.A. Burwash

Dr. F.,A. Campbell

D.B. Curtis and
A.J. Gancar.2

Dr. G.R. Parslow

Dr. F.F. Langford

Saskatchewan Geological Survey,
Dept. Mineral Resources,
Regina, Saskatchewan.

(as above)

Saskatchewan Research Council,
Saskatoon, Saskatchewan.

(as above)

University of Alberta,
Edmonton, Alberta.

University of Calgary,
Calgary, Alberta.

University of California,
Los Alamos Scientific Laboratory,
Los Alamos, New Mexico.

University of Regina,
Regina, Saskatchewan.

Geology Department, University
of Saskatchewan, Saskatoon,
Saskatchewan.

Uranium metallogenic studies: Rabbit Lake,
Charlebois Lake and Cup Lake areas,
Saskatchewan, (completed)

Geophysical exploration for uranium in the
Athabasca basin, (current)

A multimedia geochemical survey of a boulder
train associated with the Duddridge Lake
uranium deposit, Saskatchewan. Completed
1976: SRC Geology Division report no. 17.

Petrology, minerology, geochemistry, metallo-
genesis of Cluff Lake and Rabbit Lake uranium
deposits. (current)

Distribution patterns of uranium and thorium
in Precambrian rocks in western Canada.

Geological study of uranium distribution in
the Exshaw Formation and Ishbell Group.

"An interim report on studies of uranium,
thorium, and lead migration at Key Lake,
Saskatchewan, Canada." Informal report LA-
8440-MS, July 1980.

Distribution of uranium in Saskatchewan lake
sediments, (completed 1978)

Nature of unconformities and "argillites"
in the Beaverlodge area.



APPENDIX III. URANIUM-RELATED RESEARCH IN SASKATCHEWAN

RESEARCHER ORGANIZATION BRIEF DESCRIPTION OF RESEARCH

Dr. W.O. Kupsch Geology Department,
University of Saskatchewan,
Saskatoon, Saskatchewan.

OCCUPATIONAL HEALTH

Dr. P.R. Band

Dr. J. Markham and
K. Yoshida

Institut du Cancer de Montreal,
Montreal, Quebec.

University of Saskatchewan,
Saskatchewan Research Council,
Saskatoon, Saskatchewan.

History of geological exploration and in
particular uranium mining in the plains region.
See also "From Erzgebirge to Cluff Lake - A
Scientific Journey Through Time." The Musk Ox,
no. 23, pp. 3-87 (1978).

Study of sputum cytology and carcinoembryonic
antigen (CEA) in Saskatchewan uranium workers.
Interim summary published in Cancer, 45, 1273-
1277 (1980). Final report due.

Test of filter effectiveness by measurement of
mixed exposure of operator to radioactive
aerosol and quartz in the cab of mining
equipment working with high-grade uranium ore. 00

o

MINING AND MILLING

I. Tomlinson

V.I. Lakshmanan

Eldorado Nuclear Ltd.
Eldorado, Saskatchewan.

(as above)

Recovery of uranium from minewater and mill
effluents and substitution of treated mine-
water for fresh water in the transport of
mill tailings.

Study of current and modified methods of
treating mill effluents to remove radium-226
and other contaminants.

Determination of the radium balance at the
Beaverlodge mill and identification of possible
points in the mill circuit at which radium-226
might be removed.

fr-H«*-T^



APPENDIX III. URANIUM-RELATED RESEARCH IN SASKATCHEWAN

RESEARCHER ORGANIZATION BRIEF DESCRIPTION OF RESEARCH

V.I. Lakshmanan Eldorado Nuclear Ltd.,
E1do rado, Sa ska t chewan.

, and R.K. Badiani

D. Averill and
Dr. J.W. Schmidt

Dr. C.J. Bland

Dr. D.S. Kochhar

Environment Canada,
Wastewater Technology Centre,
Burlington, Ontario.

University of Calgary,
Calgary, Alberta.

University of Regina,
Regina, Saskatchewan.

Removal of uranium and, if possible, chloride
from minewater by continuous ion exchange.

Investigation of the effect of barium ions
and flocculating agents on the settling rates
of Ba/RaSOij precipitates, and methods of
dewatering the precipitate, (completed)

Determination of the extent of natural
leaching from waste rock piles.

Removal of arsenic as ferric arsenate from
solutions containing arsenic and uranium in
order to produce effluents that will meet
environmental regulations, (completed)

Joint Industry-Government Program for the
removal of radium-226 from uranium mining
effluents. Completed: interim report Aug.
1980, final report due March 1981.

Application of impregnated fibres to sampling
and removal of radium from uranium mine
effluents.

Work simplification in the Saskatchewan
mining industry.

i
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APPENDIX III. URANIUM-RELATED RESEARCH IN SASKATCHEWAN

RESEARCHER ORGANIZATION BRIEF DESCRIPTION OF RESEARCH

TAILINGS

Dr. D.R. Wiles Chemistry Department,
Carlton University,
Ottawa.

T.W. Zawidzki Eldorado Nuclear Ltd.,
Eldorado, Saskatchewan.

R.G. Ruggles, D.J.
Robinson, A. Zaidi

Dr. M. Kalin

Environmental Protection Service,
Environment Canada, Northwest
Region, Edmonton, Alberta.

Institute of Environmental
Studies, University of Toronto,
Toronto, Ontario.

Laboratory scale studies on the leaching of
radium from Beaverlodge tailings and enhance-
ment by ammonium, barium,calcium and sodium
ions, Proc. NEA (OECD) Seminar on Management,
Stabilization and Environmental Impact of
Uranium Mine Tailings, Albuqueque, New Mexico,
July 1978, pp. 245-257.

Investigation of the feasibility and cost of
pelletizing Beaverlodge tailings to reduce the
leaching of radium-226. (completed)

Studies on the stabilization of the Beaverlodge
tailings by revegetation. Uptake of radio-
nuclides by the vegetation.

"A study of water pollution in the vicinity of
two abandoned uranium mills in northern
Saskatchewan." Report EPS 5-NW-79-6 (in
preparation). (Lorado and Gunnar tailings)

Investigation of abandoned uranium mill tailings
at Uranium City, Saskatchewan and Elliot Lake and
Bancroft, Ontario, to determine movement of toxic
species into plants in these areas. (Report due
March 1981)

00
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APPENDIX IV

ANALYTICAL SERVICES

ORGANIZATION
(CONTACT PERSON)

ADDRESS TECHNIQUES AVAILABLE

ATOMIC ENERGY OF CANADA
LIMITED RESEARCH COMPANY

(Dr. R.B. Stewart)

SASKATCHEWAN RESEARCH
COUNCIL

(Dr. G.L. Smithson)

UNIVERSITY OF REGINA

(Dr. G.R. Parslow)

UNIVERSITY OF SASKATCHEWAN

(Dr. L.W. Bader)

(Dr. L.C. Coleman)

Analytical Science Branch,
Whiteshell Nuclear Research

Establishment,
Pinawa, Manitoba, ROE 1L0.

(204) 753-2311

30 Campus Drive,
Saskatoon, Sask., S7N 0X1.

(306) 664-5439

Department of Geology,
University of Regina,
Regina, Sask., S4S OA2.

(306) 584-4273

Dept. Chemistry & Chemical
Engineering,

University of Saskatchewan,
Saskatoon, Sask., S7N 0W0.
(306) 343-3252

Department of Geology,
University of Saskatchewan,
Saskatoon, Sask., S7N 0W0.
(306) 343-2228

a $ y Spectrometry
Mass Spectrometry
Neutron Activation
ESCA, SEM-EDX
General Chemical Analysis

a 8 Y Spectrometry
Radium-226 Emanation
Neutron Activation
General Chemical Analysis

Atomic Absorption
Gamma Spectrometer
ICA Plasma Spectrometer
X-Ray Diffractometer
X-Ray Fluorescence

Atomic Absorption
General Chemical Analysis

Electrom Microprobe
Oxygen Isotope Analysis
X-Ray Diffraction
X-Ray Fluorescence

00
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APPENDIX V

LIBRARY SERVICES

ORGANIZATION ADDRESS COMMENTS

ATOMIC ENERGY OF CANADA
LIMITED

Whiteshell Nuclear Research
Establishment,

Pinawa, Manitoba, ROE 1L0.

(204) 753-2311

BRITISH COLUMBIA
ROYAL COMMISSION
OF INQUIRY INTO
URANIUM MINING

BC Research,
3650 Westbrook Mall,
Vancouver, B C , V6S 2L2.

(604) 224-4331

Canadian centre for studies into the disposal
of high-level radioactive wastes from the
nuclear power program. The Waste Management
Division of WNRE issues "The Canadian Waste
Management Reports Index (CWMRI)" which lists
reports in the area of waste management (first
issue November 1980, contact person Alan R.
Gibson). The computer database used to generate
the reports can be searched on-line by persons
having access to the WNRE computer facilities.

Database: CWMRI. (Waste Management)

Briefs and submissions to the Commission and
books and documents collected by it are housed
in the library of BC Research. The material is
open to the public and a comprehensive,
extensively cross-referenced, catalogue is
available with the collection.

The greater part of the collection deals with
the seven phases of the Inquiry that were
completed (Overview, Exploration, Mining,
Milling & Chemical Extraction, Waste Disposal,
Environmental Impact, and Public & Worker
Health Protection) although some material
related to the later phases (Social Impact,
Ethical Questions, and Jurisdiction, Regulation
& Enforcement) is included.



APPENDIX V. LIBRARY SERVICES

ORGANIZATION ADDRESS COMMENTS

CANADA CENTRE FOR
MINERAL AND ENERGY
TECNOLOGY (CANMET)

Dept. Energy, Mines and
Resources,

568 Booth Street,
Ottawa, K1A 0G1.

CANADA INSTITUTE FOR
SCIENTIFIC AND TECH-
NICAL INFORMATION
(CISTI)

National Research Council
of Canada,

Ottawa, K1A 0S2.

Contact person for
CAN/SDI searches:

Jean-Yves Fortin

(613) 993-1210
Telex: 053-3115

CANMET operates a Mining Information Centre,
which acts as a national clearinghouse for
technological and scientific mining data, and
a library which probably offers Canada's best
single collection of material covering raining
and mineral processing.

Literature searches of the CAN/SDI databases
can be carried out (Contact: Cyril Dixon,
613 995-4807, Telex, 053-3395)(see also
Canada Institute for Scientific and Technical
Information).

Offers searches of a number of databases of
which the following may be relevant to uranium
mining and milling and the associated
environmental concerns:

CAN/SDI Databases (partial list)

ASFA (Aquatic Sciences & Fisheries Abstracts)
BIOSIS Previews (Biological Abstract; Biological

Abstracts/RRM)
CA Search (Chemical Abstracts)
CHEMICAL TITLES
COMPENDEX (Engineering Index)
GEOREF (Geological References)
INSPEC (Physics Abstracts; Electric-*! &

Electronics Abstracts; Computer &
Control Abstracts)

METADEX (Metals Abstracts)
NTIS (Govt. Reports Index)
SCI (Science Citation Index)
TOXLINE (Toxicology)

Photocopies of articles are available from the
National Science Library, CISTI.

L



APPENDIX V. LIBRARY SERVICES

ORGANIZATION ADDRESS COMMENTS

CANADIAN PLAINS RESEARCH
CENTER

University of Regina,
Regina, Sask., S4S 0A2.

(306) 584-4758/86

The Center maintains a computer-based
collection of research data related to the
plains areas of the prairie provinces. The
collection includes some material relevant to
uranium and to northern Saskatchewan.

Database: CANPLAINS (Canadian plains)

GEOLOGICAL SURVEY OF
CANADA

Dept. Energy, Mines and
Resources,

601 Booth Street,
Ottawa, K1A 0E8.

Stream waters and sediments from the Yukon and
British Columbia, and lake waters and sediments
from other areas of Canada, have been analyzed
for uranium under the Uranium Reconnaissance
Program (URP). The data are available as maps
and/or computer listings through the Geological
Survey of Canada's Open File Reports (approx.
1,000,000 km2 of Canada has been covered,
including areas in northern Saskatchewan).
(Contact: W.B. Coker).

Literature searches of the CAN/SDI databases
can also be carried out through the Geological
Survey (Contact: David Reade, Library Services,
613 995-4151/4142/4163, Telex, 053-3117)(see
also Canada Institute for Scientific and
Technical Information).

I
oo

NATIONAL AIR PHOTO
LIBRARY

Dept. Energy, Mines and
Resources,

615 Booth Street,
Ottawa, K1A 0E9.

Air photographs of Canada, including northern
Saskatchewan, are available from the library.

(613) 994-5779/5457.



APPENDIX V. LIBRARY SERVICES

ORGANIZATION ADDRESS COMMENTS

OAK RIDGE NATIONAL
LABORATORY (ORNL)

Ecological Sciences Information
Center,

Oak Ridge National Laboratory,
P.O. Box X, Building 2029,
Oak Ridge, Tennessee 37830.

(615) 574-7764

The Oak Ridge National Laboratory includes
twenty one active data centers and a number
of related projects that are intended to
support U.S. Department of Energy (DOE) and
related energy projects. The centers have
access to a wide range of computerized data
bases and will undertake searches for
individuals and organizations, compile
bibliographies and reviews and, when available,
provide copies of specific published documents.
Services are free to DOE-funded users, and are
available at moderate cost to others.

Although the Ecological Sciences Information Center is likely to be of most
interest to workers in the uranium field, other centers that may be of
interest include:

Ecosystems Analysis Data Center (EADC)
Energy and Environmental Response Center (EERC)
Toxicology Information Response Center (TIRC)
Toxicology Data Bank (TDB)
Health and Environmental Studies Program (HESP)
National Inventory of Biological Monitoring Programs (BIOMON)

Phone: (615) 576-5454 (central exchange for all data centers)

I
00

UNIVERSITY. OF REGINA Regina, Sask., S4S 0A2.

UNIVERSITY OF SASKATCHEWAN Saskatoon, Sask., S7N 0W0.

Computerized Searches: E. Perry
(306) 584-4294

Coordinator of Technical Services:
R.L. Migneault
(306) 343-4216



APPENDIX VI

AGENCIES FUNDING URANIUM-RELATED RESEARCH

ORGANIZATION ADDRESS & CONTACT PERSON COMMENTS

ATOMIC ENERGY CONTROL
BOARD (AECB)

Dr. R.M. Duncan, Director,
Research & Development Branch,
Atomic Energy Control Board,
P.O. Box 1046,
270 Albert Street,
Ottawa, KIP 5S9.

(613) 995-7651

The AECB funds research related to its
interests, which include occupational
health matters related to uranium
mining and radiation, radiation
dosimetry, and uranium tailings
management. Funds are made available
in response to solicited and unsolicited
research proposals submitted to the
Board.

NATIONAL RESEARCH COUNCIL
OF CANADA - ASSOCIATE
COMMITTEE ON SCIENTIFIC
CRITERIA FOR ENVIRONMENTAL
QUALITY

Dr. I. Hoffman, Executive
Secretary,

Environmental Secretariat,
National Research Council of

Canada,
Ottawa, K1A 0R6.

(613) 996-6810

The Committee awards contracts for
research related to Che effect of
contaminants on the environment.
Proposals should be submitted to Dr.
Hoffman, from whom information can
be obtained.

oo
oo

NATURAL SCIENCES AND
ENGINEERING RESEARCH
COUNCIL (NSERC)

Dr. T.R. Ingraham,
Director of Programs,
Natural Sciences and Engineering

Research Council,
Ottawa, K1A 0R6.

(613) 993-3066

NSERC offers research grants to
university faculty in a number of
categories. Strategic Grants are
offered in the areas of energy and
environmental toxicology to enable
university researchers to contribute
to the solution of problems of
national concern through both basic
and applied research. Uranium tailings
research is one area that could be
funded through a Strategic Grant.



APPENDIX VI. AGENCIES FUNDING URANIUM-RELATED RESEARCH

ORGANIZATION ADDRESS & CONTACT PERSON COMMENTS

SASKATCHEWAN HEALTH
RESEARCH BOARD

Dr. F. Fried, Executive Director,
Saskatchewan Health Rasearch Board,
2302 Arlington Avenue,
Saskatoon, Sask., S7J 3L3.

(306) 373-5575

The Board administers funds to develop
research into the health effects of
radiation. Information is available
from Dr. Fried.

vo
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APPENDIX VII

PERSONS INTERESTED IN URANIUM RESEARCH (LISTING)

ABOUGUENDIA, Z.
SASK RESEARCH COUNCIL
30 CAMPUS DRIVE
SASKATOON, SASKATCHEWAN
S7N 0X1
(B) 306-664-5404

ALDERMAN, J. R.
DEPT LABOUR (SASK)
1150 ROSE STREET
REGINA, SASKATCHEWAN
S4F 1Z6
(B) 306-565-4495

APPLEBY, ALAN G.
NORTHERN SASKATCHEWAN
200-48-I2TH STREET EAST
PRINCE ALBERT, SASKATCHEWAN
S6V 1B2
(B) 306-764-6848

ARNOLD, DR. R. G.
SASK RESEARCH COUNCIL
30 CAMPUS DRIVE
SASKATOON, SASKATCHEWAN
S7N 0X1
(B) 306-664-5404

ASHBROOK, A. W.
ELDORADO NUCLEAR LTD.
255 ALBERT STREET
OTTAWA, ONTARIO
KIP 6A9
(B) 613-238-5222 (H) 613-258-5449

ATHERLEY, DR. G.
CANADIAN CENTRE OCCUPATION.HEALTH SAFETY
ROOM 435, 150 MAIN STREET WEST-
HAMILTON, ONTARIO
L8P 1H8

ATTON, F. M.
FISHERIES, RES, D.T.R.R.
122 SRC BUILDING
SASKATOON, SASKATCHEWAN
(B) 306-664-5760

AVERILL, D.
WASTEWATER TECH CENTRE
CAN CENTRE FOR INLAND WATERS
BURLINGTON, ONTARIO
L7R 4A6
(B) 416-637-4747

BAIRD, DR. M. H. I.
ENGINEERING FACULTY, HcMASTER UNIVERSITY
HAMILTON, ONTARIO
(B) 416-525-9140 (H) 416-627-4306

BANKS, TONY
KILBORN (SASK) LTD.
109 - 115 SECOND AVENUE NORTH
SASKATOON, SASKATCHEWAN
(B) 306-664-2226

BARNES, E. (TED)
RIO ALGOM LTD.
P.O. BOX 1500
ELLIOT LAKE, ONTARIO
P5A 2K1
(B) 705-848-2234

BARNETT, DON B.
SASK RESEARCH COUNCIL
30 CAMPUS DRIVE
SASKATOON, SASKATCHEWAN
S7N 0X1
(B) 306-664-5404

BARRAUD, C.
ENVIRONMENT CANADA
4TH FLOOR, 351 BOUL. ST. JOSEPH
HULL, QUEBEC
KIN 8Y1
(B) 819-997-2961

BARSI, R. G.
SASKATCHEWAN ENVIRONMENT
12TH FLOOR, 800 CENTRAL AVENUE
PRINCE ALBERT, SASKATCHEWAN
S6V 4V1
(B) 306-922-2220

BECK, DR. L. S.
DEPT MINERAL RESOURCES
1914 HAMILTON STREET
REGINA, SASKATCHEWAN
S4P 4V4
(B) 306-565-2560 (H) 306-584-0013

BERGSTEINSSON
SASK RESEARCH COUNCIL
30 CAMPUS DRIVE
SASKATOON, SASKATCHEWAN
S7N 0X1
(B) 306-664-5429

i
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BIGU, DR. J.
CANMET, E.M.R.
P.O. BOX 100
ELLIOTT LAKE, ONTARIO
P5A 2J6

BLACKMORE, R.
DENISON MINES LTD.
P.O. BOX B26OO
ELLIOT LAKE, ONTARIO
P5A 2K2

BLANCHFORD, C. W.
DEAN, FAC GRAD STUDIES
UNIVERSITY OF REGINA
REGINA, SASKATCHEWAN
S4S 0A2
(B) 306-584-4161/4461

BONE, DR. R. M.
INST NORTHERN STUDIES
UNIVERSITY OF SASKATCHEWAN
SASKATOON, SASKATCHEWAN
S7N OWO
(B) 306-343-3143

BOTTING, DALE W.
MACLAREN INC.
224 - 4th AVENUE SOUTH
SUITE 610
SASKATOON, SASKATCHEWAN
S7K 1M9
(B) 306-652-0557

BRANDON, L. V.
ENVIRONMENT CANADA
5151 GEORGE STREET
HALIFAX, NOVA SCOTIA
B3J 1M5

BROWN, DR. L. D.
SASKATCHEWAN LABOUR
1150 ROSE STREET
REGINA, SASKATCHEWAN
S4P 3V7
(B) 306-565-4486 (H) 306-564-5844

BURTON, CARL H.
SASK MINING DEVELOPMENT CORPORATION
122 - 3RD AVENUE NORTH
SASKATOON, SASKATCHEWAN
S7K 2H6
(B) 306-664-5000

BURTON, G. R.
ELDORADO NUCLEAR LTD.
502 - 45TH STREET WEST
SASKATOON, SASKATCHEWAN
S7L 6H2
(B) 306-665-6166

CAINE, T. S.
INDIAN AND NORTHERN AFFAIRS
OTTAWA, ONTARIO
K1A 0H4

CAIRNS, J. D.
S.M.D.C.
122 - 3RD AVENUE NORTH
SASKATOON, SASKATCHEWAN
S7K 2H6
(B) 306-664-5009

CAMPBELL, FRED E.
KEY LAKE MINING CORP
229C FOURTH AVENUE SOUTH
SASKATOON, SASKATCHEWAN
S7K 4K3
(B) 306-665-7000

CAMPBELL, DR. P.
ANAL. CHEM. DIV. W.N.R.E.
PINAWA, MANITOBA
ROE 1L0
(B) 204-753-2311

CARTER, R. L.
SASKATCHEWAN ENVIRONMENT
5TH FLOOR, 1855 VICTORIA AVENUE
REGINA, SASKATCHEWAN
S4P 3V5
(B) 306-565-6105 (MRS McINNIS)

CHAKRAVATTI, J. L.
DENISON MINES LTD.
P.O. BOX B26OO
ELLIOT LAKE, ONTARIO
P5A 2K1
(B) 705-848-9111

CHAMBERS, DOUG
SENES CONSULTANTS
499 McNICOLL AVENUE
WILLOWDALE, ONTARIO
M2H 2C9
(B) 416-499-5030
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CHARLESWORTH, D. H.
A.E.C.L.
CHALK RIVER ENV. AUTHORITY
CHALK RIVER, ONTARIO
KOJ 1JO
(B) 613-584-3311 (H) '613-584-2289

CHARLWOOD, DR. R. G.
KLOHN LEONOFF LTD.
10180 SHELLBRIDGE WAY
RICHMOND, B.C.
V6X 2W7
(B) 604-273-0311

CHEESMAN, DR. R. L.
SASK. MINING ASSOCIATION
730 AVORD TOWERS
REGINA, SASKATCHEWAN
S4P 0R7

CLARKE, PETER
ASAMERA OIL CORP LTD.
224 FOURTH AVENUE SOUTH
SASKATOON, SASKATCHEWAN
S7K 1M9
(B) 306-665-0655

CLARKE, PETER
KEY LAKE MINING CORPORATION
229C 4TH AVENUE SOUTH
SASKATOON, SASKATCHEWAN
S7K 4K3
(B) 306-665-7000

COADY, J. R.
A.E.C.B., R&D
P.O. BOX 1046
OTTAWA, ONTARIO
KIP 5S9
(B) 613-995-7651

COKER, W. B.
GEOLOGICAL SURVEY CANADA
601 BOOTH STREET
OTTAWA, ONTARIO
K1A 0E8
(B) 613-995-4950

COLVER, K.
RIO ALGOM LTD.
P.O. BOX 1500
ELLIOT LAKE, ONTARIO
P5A 2K1

COMRIE, D. C.
KILBORN
TORONTO, ONTARIO
(B) 416-252-5311

CRAIGEN, W. J.
CANMET, E.M.R.
555 BOOTH STREET
OTTAWA, ONTARIO
KlA 0G1

CURRAN, DR. H. J. B.
ENVIRONMENT CANADA
1901 VICTORIA AVENUE
REGINA, SASKATCHEWAN
S4P 3R4
(B) 306-359-6464

CURRIE, J. H.
CANADIAN CENTRE OCCUPATION.HEALTH SAFETY
300 SLATER STREET, SUITE 500
OTTAWA, ONTARIO
KlP 6A6

DAINTY, E. D.
CANMET, E.M.R.
555 BOOTH STREET
OTTAWA, ONTARIO
KlA 0G1

DAKERS, RON
ELDORADO NUCLEAR LTD.
OTTAWA, ONTARIO
(B) 613-238-5222

DAVIES, JOHN C.
S.M.D.C.
122 - 3RD AVENUE NORTH
SASKATOON, SASKATCHEWAN
S7K 2H6
(B) 306-664-6173

DE JONG, I. G.
CHEM DEPT, CARLTON UNIVERSITY
COLONEL BY DRIVE
OTTAWA, ONTARIO
K1S 5B6
(B) 613-231-2626

DILABIO, R.
GEOLOGICAL SURVEY CANADA
601 BOOTH STREET
OTTAWA, ONTARIO
KlA 0E8
(B) 613-995-4390
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DUNCAN, DR. R. M.
A.E.C.B., R&D BRANCH
P.O. BOX 1046
270 ALBERT STREET
OTTAWA, ONTARIO
KIP 5S9
(B) 613-995-7651

DUNN, DR. COLIN E.
SUBSURFACE GEOL LAB.
201 DEWDNEY AVE. EAST
REGINA, SASKATCHEWAN
S4N 4G3
(B) 306-565-2614

DUPORT, DR. P.
ELLIOT LAKE CENTRE
P.O. BOX 460
ELLIOT LAKE, ONTARIO
P5A 2J9

DYCK, W.
GEOLOGICAL SURVEY CANADA
601 BOOTH STREET
OTTAWA, ONTARIO
K1A 0E8
(B) 613-995-4145

EL BAROUDI, DR. M.
URANERZ EXPLN & MINING
204 - 229 FOURTH AVENUE SOUTH
SASKATOON, SASKATCHEWAN
S7N INI

ELIAS, S.
MINES PETROLEUM RESOURCES
2747 EAST HASTINGS, 2ND FLOOR
VANCOUVER, B.C.
V6K 1Z8

ERIKSON, L. A.
NORTHERN MUNICIPAL COUNCIL
BOX 134
LA RONGE, SASKATCHEWAN
SOJ 1L0
(B) 306-425-2555

FILTON, MIKE P.
MACLAREN INC.
224 - 4TH AVENUE SOUTH, SUITE 610
SASKATOON, SASKATCHEWAN
S7K 1M9
(B) 306-652-0557 (H) 306-384-5185

FISHER, JOHN
CANADA-WIDE MINES
4TH FLOOR, 111 - 2ND AVENUE SOUTH
SASKATOON, SASKATCHEWAN
(B) 306-665-7646 OR 604-664-4023

FORESTER, R.
S.M.D.C.
122 - 3RD AVENUE NORTH
SASKATOON, SASKATCHEWAN
S7K 2H6

FOURNIER, P. H.
AMOK LTD.
BOX 9204, 825 45TH STREET WEST
SASKATOON, SASKATCHEWAN
S7K 3X5
(B) 306-242-8894

FRANCIS, DAVID R.
S.M.D.C.
122 - 3RD AVENUE NORTH
SASKATOON, SASKATCHEWAN
S7K 2H6
(B) 306-664-5012

FRIED, DR. F.
SASK HEALTH RES BOARD
2302 ARLINGTON AVENUE
SASKATOON, SASKATCHEWAN
S7J 3L3
(B) 306-373-5575 (H) 306-652-5427

GOEBEL, JIM
KEY LAKE MINING CORP
229 C FOURTH AVENUE SOUTH
SASKATOON, SASKATCHEWAN
S7K 4K3
(B) 306-665-7000

GREENE, DR. G. D.
CANADA WIDE MINES
500 - 6TH AVENUE S.W.
CALGARY, ALBERTA
T2P 0S1

GREENE, DR. M. W.
MINISTRY HEALTH B.C.
828 WEST EIGHTH AVENUE
VANCOUVER, B.C.
V5Z 1E2
(B) 604-874-2331
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GREGORY, RUSS
ELDORADO NUCLEAR LTD.
URANIUM CITY, SASKATCHEWAN

HALL, G. E. M.
GEOLOGICAL SURVEY CANADA
601 BOOTH STREET
OTTAWA, ONTARIO
K1A 0E8
(B) 613-995-4509

HAMEL, PAUL E.
A.E.C.B.
P.O. BOX 1046
OTTAWA, ONTARIO
KIP 5S9
(B) 613-593-7561

HATFIELD, CHRIS
HATFIELD CONSULTANTS LTD.
SUITE 201, 1571 BELLEVUE
WEST VANCOUVER„ B.C.
(B) 604-926-3261 (H) 922-9654

HAWLEY, J. R.
ONTARIO MINISTRY ENVIRONMENT
135 ST. CLAIR STREET WEST
TORONTO, ONTARIO
(B) 416-965-9670

HILL, LILIANE D.
A.E.C.B.
P.O. BOX 1046
OTTAWA, ONTARIO
KIP 5S9
(B) 613-995-3181

HODGE, R. A.
ROY COMM INQUIRY U MINING
805 WHEELER STREET
WHITEHORSE, YUKON
(WHITEHORSE) 403-667-6606
(VANCOUVER) 604-736-1761

HOFFMAN, DR. I.
ENVIR SECRETARIAT, NRC
100 SUSSEX DRIVE
OTTAWA, ONTARIO
(B) 613-996-6810

HOFFMAN, W. A.
MIN. NATURAL RESOURCES
ROOM 1309, WHITNEY BLOCK
TORONTO, ONTARIO
M7A 1W3

KOLEBBONE, DR. B.
CHEM DEPT, CARLTON UNIVERSITY
COLONEL BY DRIVE
OTTAWA, ONTARIO
K1S 5B6
(B) 613-231-5627

HOLZBECHER, J.
TRACE ANALYSIS RES CENTRE
LIFE SCIENC" BUILDING, DALHOUSIE U
HALIFAX, NOVA SCOTIA
B3H 4J1
(B) 902-424-2065

HORNBROOK, E. H. W.
GEOLOGICAL SURVEY CANADA
601 BOOTH STREET
OTTAWA, ONTARIO
K1A 0E8
(B) 613-995-4213

HORN-JOHNSON, H.
SASKATCHEWAN ENVIRONMENT
5TH FLOOR, 1855 VICTORIA AVENUE
REGINA, SASKATCHEWAN
S4P 3V5
(B) 306-565-6136 (H) 306-337-0906

HOWIESON, J.
E.M.R.
590 BOOTH STREET
OTTAWA, ONTARIO
K1A 0E4

HUGHES, J. M.
MAPAO
199 BAY STREET
TORONTO, ONTARIO
M5J 1L4

HUSBAND, DR. W. H. W.
SASK RESEARCH COUNCIL
30 CAMPUS DRIVE
SASKATOON, SASKATCHEWAN
S7N 0X1
(B) 306-664-5408

HYNES, TOM
AMOK LTD.
BOX 9204, 825 45TH STREET WEST
SASKATOON, SASKATCHEWAN
S7K 3X5
(B) 306-242-8894
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INGRAHAM, DR. T. R.

MONTREAL ROAD
OTTAWA, ONTARIO
K1A OR6
(B) 613-993-3066

INHABER, H.
A.E.C.B.
P.O. BOX 1046
OTTAWA, ONTARIO
KIP 5S9

IVERSON, DR. S. L.
ENVIR. RES. BRANCH W.N.R.E.
PINAWA, MANITOBA
ROE 1L0
(b) 204-753-2311

JOE, E. G.
CANMET, DEPT. E.M.R.
555 BOOTH STREET, E WING
OTTAWA, ONTARIO
K1A 0G1
(B) 613-995-4911 (H) 613-728-9556

JOHNSTON, L. ENVIRONMENT CANADA
562 BOOTH STREET
OTTAWA, ONTARIO
K1A 0E7
(B) 613-995-4031

JONESCU, DR. E.
CAN PLAINS RES CENTRE
218 COLLEGE WEST, U OF R
REGINA, SASKATCHEWAN
S4S 0A2
(B) 306-584-4758/86

JOSHI, DR. S. R.
NORTHERN FOREST RES CENTRE
5320 122 STREET
EDMONTON, ALBERTA
T6H 3S5
(B) 403-435-7210

KALIN, DR. M.
INST ENVIR STUDIES
HAULTAIN BLDG, U OF T
TORONTO, ONTARIO
M5S 1A4
(B) 416-978-7077 (H) 416-922-9002

KENNEDY, PAUL
A.E.C.B.
P.O. BOX 1046
OTTAWA, ONTARIO
KIP 5S9
(B) 613-996-0437

KIDD, W.
ELLIOT LAKE CENTRE
BOX 460
ELLIOT LAKE, ONTARIO
PSA 2J9

KINSMAN, W. A.
CONSUMER AFFAIRS & ENVIR
CONFEDERATION BUILDING
ST. JOHN'S, NEWFOUNDLAND
A1B 5T7

KIRCHNER, DR. G.
URANERZ EXPLRN MINING LTD.
204-229 FOURTH AVENUE SOUTH
SASKATOON, SASKATCHEWAN
S7K 4K3
(B) 306-665-0566

KLASSEN, DR. N.
PHYSICS DIVISION, NRC
MONTREAL ROAD
OTTAWA, ONTARIO
K1A 0R6
(B) 613-993-2197

KROCHAK, D. K.
BEAK CONSULTANTS LTD.
1-501 PAKWA PLACE
SASKATOON, SASKATCHEWAN
S7L 6A3
(B) 306-665-7655

LAHAYE, G. J.
MIN. ENV. FOR ONTARIO
445 ALBERT STREET EAST
SAULT ST. MARIE, ONTARIO
P6A 2J9

LAKSHMAN, G.
SASK RESEARCH COUNCIL
30 CAMPUS DRIVE
SASKATOON, SASKATCHEWAN
S7N 0X1
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LAPP, P. A.
PHILIP A. LAPP LTD.
14A HAZELTON AVENUE
TORONTO, ONTARIO
M5R 2E2
(B) 416-920-1994 (H) 416-889-2541

LECHNER, LARRY J.
APCB, SASK ENVIRONMENT
5TH FLOOR, 1855 VICTORIA AVENUE
REGINA, SASKATCHEWAN
S4P 3V5
(B) 306-565-6195

LEDDY, BRIAN
NATIONAL RESEARCH COUNCIL
MONTREAL ROAD
OTTAWA, ONTARIO
K1A 0R6
(B) 613-993-9244

MALHOTRA, DR.
CAN FORESTRY SERVICE
5320 122ND STREET
EDMONTON, ALBERTA
T6H 3S5
(B) 403-435-7210

MALIEPAARD, H. S.
SASKATCHEWAN ENVIRONMENT
5TH FLOOR, 1855 VICTORIA AVENUE
REGINA, SASKATCHEWAN
S4P 3V5
(B) 306-565-6131

MARCKA^T, DR. R.
1020 AIRD STREET
SASKATOON, SASKATCHEWAN

MCCALLUM, K. J.
COLL GRAD STUDIES
UNIVERSITY OF SASKATCHEWAN
SASKATOON, SASKATCHEWAN
S7N OWO
(B) 306-343-4261 (H) 306-374-0875

MCDONALD, R. A.
WPCB, SASK ENVIRONMENT
5TH FLOOR, 1855 VICTORIA AVENUE
REGINA, SASKATCHEWAN
S4P 3V5
(B) 306-565-6178

MCKILLOP, J. H.
MINES PETROLEUM RESOURCES
95 BONADVENTURE AVENUE
ST. JOHN'S, NEWFOUNDLAND
AlC 5T7

MCPHEE, JACK
SASK EXECUTIVE COUNCIL
218 ADMINISTRATION BUILDING
REGINA, SASKATCHEWAN
S4S OBI
(B) 306-565-6319

MCQUEEN, NAIRN M.
SASKATOON CHEMICALS
P.O. BOX 1586
SASKATOON, SASKATCHEWAN
S7K 3R3
(B) 306-652-9771 (H) 306-242-1662

MEDLEY, TIM
AMOK LTD.
BOX 9204, 825 45TH STREET WEST
SASKATOON, SASKATCHEWAN
S7K 3X5
(B) 306-242-8894

MENELEY, W. A.
W. A. MENELEY CONSULTANTS LTD.
BOX 7167
SASKATOON, SASKATCHEWAN
S7K 4J1
(B) 306-373-8700 (H) 306-373-1517

MERRITT, DR.
A.E.C.L.
CHALK RIVER NUCLEAR LABS.
CHALK RIVER, ONTARIO
KOJ 1J0

MEYERS, D. K.
A.E.C.L.
CHALK RIVER NUCLEAR LABS.
CHALK RIVER, ONTARIO
KOJ 1J0

MIEDEMA, M. C.
R&D DIV, ELDORADO NUCLEAR
400 - 255 ALBERT STREET
OTTAWA, ONTARIO
KIP 6A9
(B) 613-238-5222
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MITCHELL, R. W.
KEY LAKE BOARD OF INQUIRY
902 SPADINA CRESCENT
SASKATOON, SASKATCHEWAN
S7K 3H5
(B) 306-665-2515

MONTEIL, GI.LLES
AMOK LTD.
BOX 9204, 825 45TH STREET WEST
SASKATOON, SASKATCHEWAN
S7K 3X5
(B) 306-242-8894

MULLER, DR. J.
MIN LABOUR FOR ONTARIO
400 UNIVERSITY AVENUE
8TH FLOOR
TORONTO, ONTARIO
M7A 1T7

MURRAY, DAVE
CANMET, EMR
P.O. BOX 100
ELLIOT LAKE, ONTARIO
P5A 2J6
(B) 705-848-2236

MURTHY, S. S.
BIOLOGY DEPT
UNIVERSITY OF OTTAWA
30 SOMERSET STREET EAST
OTTAWA, ONTARIO
KIN 6N5
(B) 613-231-2248

OLIVER, A. D.
OCCUP. SAFETY HEALTH
LABOUR CANADA
OTTAWA, ONTARIO
K1A 0J3

OPHEL, DR. I. L.
AECL, ENVIR RES BRANCH
CHALK RIVER NUCLEAR LABS
CHALK RIVER, ONTARIO
KOJ 1J0
(B) 613-584-3311 OR 687-5581

PARDHAM, DR.
CANADIAN CENTRE OCCUPATION.HEALTH SAFETY
ROOM 435, 150 MAIN STREET W
HAMILTON, ONTARIO
L8P 1H8

PARSLOW, DR. G. R.
GEOLOGY DEPT
UNIVERSITY OF REGINA
REGINA, SASKATCHEWAN
S4S 0A2
(B) 306-584-4273

PARSONS, M. L.
KLOHN LEONOFF INC
SUITE 344, 3000 YOUNGFIELD STREET
DENVER, COLORADO 80215
(B) 303-232-9457

PATARAN, S.
KERR ADDISON MINES LTD.
P.O. BOX 91
TORONTO, ONTARIO
M5L 1C7

PEPPER, DR. T. P.
SASK RESEARCH COUNCIL
30 CAMPUS DRIVE
SASKATOON, SASKATCHEWAN
S7N 0X1
(B) 306-664-5402/3

PEPPER, G. W.
WILDLIFE RES, D.T.R.R.
2602 8TH STREET E
SASKATOON, SASKATCHEWAN
(B) 306-664-5767

PHILLIPS, BOB
ELDORADO NUCLEAR LTD
URANIUM CITY, SASKATCHEWAN

POLSON, JOHN
SASK RESEARCH COUNCIL
30 CAMPUS DRIVE
SASKATOON, SASKATCHEWAN
S7N 0X1
(B) 306-664-5460

POTTER, CLIFF
SASKATCHEWAN ENVIRONMENT
12TH FLOOR, 800 CENTRAL AVENUE
PRINCE ALBERT, SASKATCHEWAN
S6V 4V1
(B) 306-922-2220

PRINCE, DR.
N.S.E.R.C.
MONTREAL ROAD
OTTAWA, ONTARIO
K1A 0R6
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PULLEN, P. F.
RIO ALGOM LTD
120 ADELAID STREET WEST
TORONTO, ONTARIO
M5H 1W5
(B) 416-367-4127 (H) 416-845-1229

QUITTENTON, R. C.
SASK ECON DEVELOPMENT CORP
241 SECOND AVENUE SOUTH
SASKATOON, SASKATCHEWAN
S7K 1K8
(B) 306-664-6495

RENCZ, A.
GEOLOGICAL SURVEY CANADA
601 BOOTH STREET
OTTAWA, ONTARIO
K1A 0E8
(B) 613-995-4168

ROBERTSON, A. M.
STEFFEN ROBERTSON KIRSTEN
SUITE 803, 1550 ALBERNI STREET
VANCOUVER, B.C.
V6G 1A5
(b) 604-681-4196/7

ROOTS, DR. E. F.
DEPT FISHERIES & ENVIR.
FONTAINE BUILDING
OTTAWA, ONTARIO
K1A 0H3

ROSEN, P.
DEPT LABOUR (SASK)
1150 ROSE STREET
REGINA, SASKATCHEWAN
S4R 1Z6

ROTHSCHILD, H. C.
EPS, ENVIRONMENT CANADA
4TH FLOOR, PLACE VINCENT MASSEY
HULL, QUEBEC
(B) 819-997-2961 (H) 819-827-2527

SAGERT, PETER G.
SUITE 1400, 77 HORNBY STREET
VANCOUVER, B.C.
V6Z 1S4
(B) 604-687-7588

SAWCHYN, DR. W. W.
SASK RESEARCH COUNCIL
30 CAMPUS DRIVE
SASKATOON, SASKATCHEWAN
S7N 0X1
(B) 306-664-5445

SCHMEICHEL, DALE
SASK MINING DEVELOPMENT CORP
122 - THIRD AVENUE NORTH
SASKATOON, SASKATCHEWAN
S7K 2H6
(B) 306-664-6832

SCHMIDT, DR. J. W.
WASTEWATER TECH CENTRE
CAN CENTRE FOR INLAND WATERS
BURLINGTON, ONTARIO
L7R 4A6
(B) 416-637-4541

SCHNEIDER, DR. A.
SASK RESEARCH COUNCIL
30 CAMPUS DRIVE
SASKATOON, SASKATCHEWAN
S7N 0X1
(B) 306-664-5476

SCHREINER, B. T.
SASK RESEARCH COUNCIL
30 CAMPUS DRIVE
SASKATOON, SASKATCHEWAN
S7N 0X1
(B) 306-664-5475

SCISSONS, K. H.
SASKATCHEWAN ENVIRONMENT
12TH FLOOR, 800 CENTRAL AVENUE
PRINCE ALBERT, SASKATCHEWAN
S6V 4V1
(B) 306-922-2220

SENTIS, R. R.
SASKATCHEWAN ENVIRONMENT
12TH FLOOR, 800 CENTRAL AVENUE
PRINCE ALBERT, SASKATCHEWAN
S6V 4V1
(B) 306-922-2220

SHEPPARD, DR. M. I.
ENVIR RES BRANCH W.N.R.E.
PINAWA, MANITOBA
ROE 1L0
(B) 204-753-2311
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SHEWCHUK, DR. S.
SASK RESEARCH COUNCIL
30 CAMPUS DRIVE
SASKATOON, SASKATCHEWAN
S7N 0X1
(B) 306- 664-5437

SIMARD, DR. RENE
NRC, JEANNE MANCE BUILDING
TUNNEY'S PASTURE
OTTAWA, ONTARIO
K1A 0W9

SMITH, C. F.
ELDORADO NUCLEAR LTD.
255 ALBERT STREET
OTTAWA, ONTARIO
KIP 6A9

SMITHSON, DR. G. L.
SASK RESEARCH COUNCIL
30 CAMPUS DRIVE
SASKATOON, SASKATCHEWAN
S7N 0X1
(B) 306-664-5439

SMYTHE, JENNIE
DEPT LABOUR (SASK)
1150 ROSE STREET
REGINA, SASKATCHEWAN
S4R 1Z6
(B) 306-565-4490

SOMERS, DR. D. G.
KEY LAKE BOARD INQUIRY
902 SPADINA CRESCENT
SASKATOON, SASKATCHEWAN
S7K 3H5
(B) 306-665-2515

SPROSS, JOE
KEY LAKE MINING CORP
229C FOURTH AVENUE SOUTH
SASKATOON, SASKATCHEWAN
S7K 4K3
(B) 306-665-7000

STEVENS, TERRY
UNITED STEELWORKERS AMER
12, 3311 FAIRLIGHT DRIVE
SASKATOON, SASKATCHEWAN
(B) 306-382-2122

STEWART, DR. R. B.
ANAL. CHEM. DIV. W.N.R.E.
PINAWA, MANITOBA
ROE 1L0
(B) 204-753-2311

STOCKER, DR. H.
A.E.C.B.
P.O. BOX 1046
OTTAWA, ONTARIO
KIP 5S9
(B) 613-995-7651

STONER, G. M.
AMOK LTD.
205 - 3RD AVENUE NORTH
SASKATOON, SASKATCHEWAN
S7K 3X5

SWANSON, DR. S.
SASK RESEARCH COUNCIL
30 CAMPUS DRIVE
SASKATOON, SASKATCHEWAN
S7N 0X1
(B) 306-664-5461

TABOURET, M.
AMOK LTD.
BOX 9204: 825-45TH STREET WEST
SASKATOON, SASKATCHEWAN
S7K 3X5
(B) 306-242-8894

TANIGUCHI, DR. H.
NATIONAL HEALTH & WELFARE
BROOKFIELD ROAD
OTTAWA, ONTARIO
K1A 1C1

TERRY, BRIAN
ELDORADO NUCLEAR LTD
URANIUM CITY, SASKATCHEWAN

TERVO, DR. R.
CANMET, E.M.R.
P.O. BOX 100
ELLIOT LAKE, ONTARIO
P5A 2J6
(B) 705-848-P236

THOMAS, DAVID
RESIDENT GEOLOGIST, DMR
BOX 760
URANIUM CITY, SASKATCHEWAN
(B) 306-498-4347
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TIEFENBACH, W.
DEPT LABOUR (SASK)
1150 ROSE STREET
REGINA, SASKATCHEWAN
S4P 3V7

TONES, DR. P. I.
SASK RESEARCH COUNCIL
30 CAMPUS DRIVE
SASKATOON, SASKATCHEWAN
S7N 0X1
(B) 306-664-5460

TORRIE, BOB
CANADA-WIDE MINES
4TH FLOOR, 111-2ND AVENUE SOUTH
SASKATOON, SASKATCHEWAN
S7K 1K6
(B) 306-665-7646

VALENTINE, K. A.
UNITED STEELWORKERS AMER
55 EGLINTON AVENUE EAST
TORONTO, ONTARIO
M4P 1B5
(B) 416-487-1571

VILJOEN, JACQUES
A.E.C.B.
P.O. BOX 1046
OTTAWA, ONTARIO
KIP 5S9
(B) 613-995-3181

VILLVEMERE, JOHN
HATFIELD CONSULTANTS LTD.
SUITE 201, 1571 BELLEVUE
WEST VANCOUVER, B.C.
(B) 604-926-3261

VIVYURKA, A. J.
RIO ALGOM LTD.
P.O. BOX 1500
ELLIOT LAKE, ONTARIO
P5A 2K1
(B) 705-848-7164

WAGNER, EUGENE
SASKATCHEWAN ENVIRONMENT
2ND FLOOR, 55 13TH STREET EAST
PRINCE ALBERT, SASKATCHEWAN
S6V 1C7
(B) 306-922-6666

WALDEN, DR. C. C.
B.C. RESEARCH
3650 WESBROOK MALL
VANCOUVER, B.C.
V6S 2L2
(B) 604-224-4331

WEINBERGER, P.
BIOLOGY DEPT., U OF OTTAWA
30 SOMERSET STREET EAST
OTTAWA, ONTARIO
KIN 6N5
(B) 613-231-2334

WHITE, JOHN
ELDORADO NUCLEAR LTD.
URANIUM CITY, SASKATCHEWAN

WHITING, J. M.
SASK RESEARCH COUNCIL
30 CAMPUS DRIVE
SASKATOON, SASKATCHEWAN
S7N 0X1
(B) 306-664-5423

WILES, DR. D.
CHEM DEPT, CARLTON UNIVERSITY
COLONEL BY DRIVE
OTTAWA, ONTARIO
K1S 5B6
(B) 613-231-4332

WILSON, D. R.
MADAWASKA MINES LTD.
BANCROFT, ONTARIO
KOL ICO

WHITTE, M. K.
ONT RES FOUNDATION
SHERIDAN PARK RES LAB
MISSISSAUGA, ONTARIO
L5K 1B3
(B) 416-822-4111 (H) 416-820-8647

WOODS, DR. R. J.
CHEM DEPT, UNIV SASK.
SASKATOON, SASKATCHEWAN
S7N OWO
(B) 306-343-3081 (H) 306-374-8867

YOSHIDA, DR. KEN
SASK RESEARCH COUNCIL
30 CAMPUS DRIVE
SASKATOON, SASKATCHEWAN
S7N 0X1
(B) 306-664-5436
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YOUNG, WESLEY
S.M.D.C.
122 3RD AVENUE NORTH
SASKATOON, SASKATCHEWAN
S7K 2H6
(B) 306-664-6966

ZAHARY, G.
CANMET, E.M.R.
3303 33RD STREET NW
CALGARY, ALBERTA
T2L 2A7

ZAIDA, A.
ENVIRONMENT CANADA
2ND FLOOR, 1901 VICTORIA AVENUE
REGINA, SASKATCHEWAN
S4P 3R4
(B) 306-359-6462

ZELITT, S. S.
SASK EXECUTIVE COUNCIL
218 ADMINISTRATION BUILDING
REGINA, SASKATCHEWAN
S4S OBI
(B) 306-565-6316

ZYTARUK, B. G.
SASKMONT ENGINEERING CO LTD
3311 CIRCLE CENT MALL
8TH STREET EAST
SASKATOON, SASKATCHEWAN
S7H 4K1
(B) 306-374-6262
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APPENDIX VIII

CURRICULUM VITAE - ROBERT J. WOODS

EDUCATION

A.R.C.S. (Chemistry) - Royal College of Science (England), 1948.
B.Sc. (Chemistry) - University of London (England), 1949.
D.I.C. (Organic Chemistry) - Imperial College (England), 1951.
Ph.D. (Organic Chemistry) - University of London (England), 1951.
Ph.D. {ad eundem gradum) - University of Saskatchewan, 1970.

AFFILIATIONS

Canadian Nuclear Society.
Chemical Institute of Canada (Fellow).
Royal Society of Chemistry (England; Fellow, Chartered Chemist).

EXPERIENCE

1963 to date:

Sept-Oct. 79:

June-Aug. 75:

1972 - 1973:

1962 - 1963:

1955 - 1962:

1954:

1951 - 1953:

Department of Chemistry & Chemical Engineering, University of
Saskatchewan (Assistant Professor, 1963; Associate Professor,
1964; Professor, 1976).

Visiting Scientist, Academy of Sciences of the U.S.S.R.,
Moscow, Tbilisi, Riga.

Visiting Research Officer, Division of Physics, National
Research Council of Canada, Ottawa.

Collaborateur etranger, Commissariat a l'Energie Atomique,
Centre d'Etudes Nucleaires de Saclay, Gif-sur-Yvette, France.

Senior Research Fellow, Physics Department, Royal Military
College of Science, Shrivenham, England.

Research Associate, Department of Chemistry & Chemical
Engineering, University of Saskatchewan.

Postdoctoral Fellow, University of New Zealand, Wellington.

Postdoctoral Fellow, Prairie Regional Laboratory, National
Research Council of Canada, Saskatoon, Saskatchewan.

AREAS OF INTEREST

Organic chemistry of natural compounds. Radiation chemistry of
organic compounds and aqueous solutions. Applied and industrial
radiation chemistry. Radiation dosimetry and health physics.

PUBLICATIONS

Author of 36 papers in the areas of organic and radiation chemistry.
Author, with Dr. J.W.T. Spinks, of "An Introduction to Radiation
Chemistry" Wiley, New York, N.Y., 1964. Japanese translation, 1965.
Russian translation, 1967. Second, revised, English edition, 1976.


