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Abstract

Uranium was discovered in the Beaverlodge area of northern Saskatchewan in 1934 with the first major
mill beginning operation in 1953. Little attention was paid to tailings quality or tailings management
practices. With the onset of the modern uranium operations beginning in the late 1970's, it was repeatedly
evident, that the public had significant concerns, particularly with respect to tailings management, that
must be addressed if the developments were to be allowed to proceed. Primary considerations related to
environmental protection, public safety and an assurance of the ongoing sustainable development of the
region.

Integrating the decommissioning of a mine/mill site into development planning from the very outset has
proven to be a critical component that has contributed to the ongoing success of the Saskatchewan
uranium operations. This paper will provide a case study of the evolution of the uranium tailings
management technology utilized in Saskatchewan. It documents the evolution of tailings management
processes and the characteristics of tailings produced by successive mines in northern Saskatchewan. It
also discusses the evolution of technologies applied to management of uranium mill tailings and
demonstrates how progressively increasing levels of environmental protection have been achieved during
the last 47 years of uranium mill operation.

The paper also shows that the planned and progressive decommissioning of an operational site is the key
to:

Minimizing environmental impacts;
Satisfying public and regulatory concerns;
Minimizing operational and decommissioning costs;
Minimizing corporate liability; and
Shifting public resistance to public support.

1. INTRODUCTION

The Athabasca basin located in Saskatchewan, Canada has become one of the most important uranium
producing regions of the world. Currently, five mines produce approximately one-third of international
uranium output, exploiting some of the world's richest ore bodies.

Development of the regional uranium industry in northern Saskatchewan has required technical
innovation, careful operations, and long term management strategies to meet public concerns with respect
to environmental protection and worker health and safety. There was sufficient public concern about
developing the higher grade ore bodies, that extensive public consultation and definition of a new



regulatory framework was required to educate the public that Ihe risks associated with uranium mining and
milling were manageable and could be mitigated. The principal issue was management of mill tailings,
both during operations and in the long term, after mill closure and decommissioning. Given ihe persistent
nature of associated metals and radionuclides, consideration of very long term (10,000 years) effects have
become common place. Operators routinely develop a decommissioning plan and predict long term
effects during the environmeniai impact assessment and licensing phases. Decommissioning has evolved
from being ignored to being the centra! component of a long term management scheme. This paper tracks
the evolution of tailings management and decommissioning practices over the past 50 years in northern
Saskatchewan.

1.1 Saskatchewan Uranium Belt

Saskatchewan lies between 49° and 60° N, arid 102° to 110° W, with about one million people occupying
approximately 650.0000 square kilometres of land in western Canada, as shown in Figure 1. Most of the
population is located in the southerly one-third of the province, the primary agricultural region.
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Figure !

Approximately the northern half of the province is within the Canadian Shield, an area of metamorphosed
Precambrian rock with thin topsoil and overburden, having been scoured by multiple giaciations during
the past million years. It is generally a pristine area of boreal forest with pure fresh wafer lakes and rivers
that: make up slightly more than 10 percent of the land area. It has wildlife and fishery resources that are
important to both local communities and other residents of the province. The region also provides
important summer habitat for a number of North American migratory bird species.

The high grade uranium mines are located in the Athabasca basin, an area of Precambrian age sandstone
and conglomerate that generally lies between 57° and 59° N, and !04° to 1 i0n E. as illustrated, in Figure 2.
Mining in the basin has become the primary economic activity and source of employment for the 37.000
residents (mostly aboriginal) that occupy the northern 300.000 square kilometres of Saskatchewan. They
live in the subarctic continental climate that has an average annual temperature between -4°C and -5CC
with extreme temperatures rising to above +30°C in summer and falling to below -40°C in winter. The
region has a frost free growing season of less than 100 days and receives about 550 mm of total annual
precipitation, about one-third of which is snow. The lakes are generally ice free from late May to the end
of October.



_ — — — "r 60"

ACTIVE MINE

ABONDONEDMINE

Figure 2

Drainage in the area is poorly integrated with numerous peak bogs (muskegs) and swamps. Sporadic
permafrost is common, particularly in low-lying swampy or shaded areas. The uranium-producing belt
generally lies near the northerly limits of the boreal forest. Few of the trees reach sufficient size to be
commercially valuable, but are nonetheless a valued ecological component.

1.2 Regulatory Framework

From a statutory perspective, regulation of the uranium industry is shared between two senior levels of
government, but in practice it has become a tripartite system between Canada, Saskatchewan and the local
communities affected by mining (Parsons and Barsi, 2000). The federal government has statutory
authority over mining, milling and disposition of radioactive materials, fisheries, migratory birds, some
aspects of the environment and welfare of aboriginal people. The province has responsibility for
management of the mineral and forest resources, wildlife, land use and the environment.

The involvement of local communities has progressively increased, by agreement between senior
governments and mine operators, to provide public oversight of environmental management practices,
particularly those with a social and economic impact on communities in the region. Thus, a Saskatchewan
uranium mine operator must meet the statutory and regulatory requirements of the provincial and federal
governments while at the same time maintaining social approval within the effected communities.

Specific permits are required for mineral exploration; lease of the surface land; to operate the mine, mill
and waste management facilities; discharge effluents; and, to decommission facilities. A condition of
many of the permits is to seek involvement of the community Environmental Quality Committees
(EQC's).

1.3 History of Uranium Mining in Saskatchewan

Uranium was discovered at the Goldfields Mine on Lake Athabasca, Saskatchewan in 1934. At that time,
radium was the mineral of interest, since uranium had no commercial value until after 1940, when it
became central to defense research and development efforts. The Atomic Energy Control Board (now the
Canadian Nuclear Safety Commission) was established in 1946 to administer the Atomic Energy Control
Act governing mining and milling of uranium. The first mining began at Beaverlodge on Lake Athabasca



in 1949. Uranium City was established in 1952 and the first mine, Beaverlodge Mine, went into
production in 1953. The Gunnar Mine came into production in 1955 and closed in 1964. The Lorado
Mine opened in 1957 and closed in 1960.

Richer and more valuable ore bodies were discovered at Rabbit Lake, Cluff Lake and Key Lake in 1968,
1969 and 1975, respectively, with Midwest in 1978 and McClean Lake in 1979. These were followed by
Cigar Lake in 1983 and the McArthur River discovery in 1987. The discovery of these higher grade,
higher value ore bodies with differing tailings characteristics lead to progressive changes in tailings
management strategies and technology.

The first generation of Saskatchewan uranium mines on Lake Athabasca were supported by ore bodies
grading as low as 0.05 percent U3O8. By comparison, the Rabbit Lake deposit, discovered in 1968, had an
average grade of 0.32 percent U3O8. Deposits currently being exploited contain very high grades of
uranium (1 to 20 percent by weight) and are often associated with significant values of other minerals
including nickel, arsenic, molybdenum and other heavy metals.

The ore, which is typically acid generating, is processed by grinding to 40 to 50 percent passing the 75 Jim
sieve; acid leaching to solubilize the uranium; decanting, precipitating and recovering uranium;
neutralizing the barren solutions with lime; and, discharging the neutralized solution and leaching residue
as a hydraulic slurry. Various depositional techniques and management systems have been utilized as are
described later in this paper.

1.4 Evolution of Tailings Management Systems

Four distinct stages of evolution of tailings management practices can be identified in Saskatchewan
operations. The early operations focused on resource recovery, used uncontrolled hydraulic discharge of
tailings to lakes or topographic depressions. The sites were subsequently abandoned without
decommissioning. The Eldorado Nuclear Ltd. Beaverlodge site, which began operation in the early
1950's, broke this trend and was the first site to be formerly decommissioned following a closure decision
in 1980. This was a "hind-sight" decommissioning process, in that site decommissioning had not been
provided for during mine planning, engineering or operations.

The second generation of tailings facilities came with development of the Rabbit Lake mine, starting in
1976, and with the Cluff Lake operation soon thereafter. These were the first facilities that received
tailings from the richer ores, and were subjected to progressively more stringent regulatory scrutiny.
Regulations required disposal of the tailings in engineered facilities above the groundwater table. Tailings
management facilities for the Rabbit Lake mine, Cluff Lake and Key Lake, were of the traditional "valley
dam" or surface dyke impoundment type. While decommissioning received some consideration, adequate
tools did not exist at that time to predict long term, post decommissioning environmental performance.

The third generation of waste management facilities commenced with the Collins Bay expansion of the
Rabbit Lake mine. The environmental impact assessment process rejected conventional surface tailings
management systems in 1980, resulting in an innovative proposal to dispose of tailings below the
groundwater table in a pit specially prepared with a pervious envelope surrounding the pit perimeter. This
so-called "pervious surround" pit disposal system, with subsequent application of thickened tailings
technology, was utilized for the Rabbit Lake expansion and later expansion of the Key Lake facility. Its
key attributes were use of the pervious surround to divert regional groundwater flow around the tailings
mass, while depositing the tailings in a low gradient regional groundwater system. Migration of solutes
from the tailings was controlled by "hydraulic containment" during operations, and was governed
primarily by diffusion rather than advective flow in the long term, following decommissioning.
Alternative decommissioning schemes utilizing either water cover or soil and rock cover, were considered.
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Associated issues included consideration of tailings consolidation and control of frozen zones within the
tailings mass.

The fourth generation of tailings management systems evolved in the design and licensing of the JEB Pit
tailings management facility for the McCLean Lake project. The "pervious surround" system was
evaluated but the degree of containment provided by natural geologic barriers was found to be superior.
Optimal pit containment options were found to be a function of tailings properties and the properties of the
natural system (Misfeldt???). Again, depression of the groundwater table around the pit provided
"hydraulic containment" during operations, allowing all solutes to be collected and treated before
discharge to the environment. Numerical modeling indicated that migration of radionuclides from the
tailings management facility was not a concern in the long term, due to the adsorptive capacity of the
surrounding natural materials. The levels of dissolved arsenic were, however, an issue. It was determined
that the most effective means of controlling the mass of arsenic that may migrate from the facility was to
control the quality of porewater in the tailings, thus controlling the "source term". In this manner, the
fourth generation of uranium tailings disposal technology was developed. The approach maximized the
use of natural barriers in a renovated open pit, incorporates hydrodynamic containment while engineering
the tailings to achieve specific physical, geotechnical and geochemical properties. These technological
advances are supported by comprehensive operational monitoring to verify that the tailings management
facility will achieve the long term performance anticipated during design.

Uranium mining and milling has been ongoing in northern Saskatchewan for 47 years. During this time,
more than 31 million tonnes of tailings have been placed (Barsi and Ashbrook 1992), including more than
12.3 million tonnes in above ground facilities at Key Lake, Cluff Lake and Rabbit Lake mines. One of the
first generation facilities (Beaverlodge) has been successfully decommissioned, while two others (Gunnar
and Lorado) have been abandoned without decommissioning and are now considered orphan sites. All of
the second, third and fourth generation facilities now have approved decommissioning plans with the
fourth generation decommissioning scheme consisting of thick soil and rock covers with sufficient post
closure care to allow full consolidation and recovery of the leachate generated during that time.
Decommissioning plans and monitoring results are regularly reviewed with the EQC's and a general
acceptance of these schemes has been achieved.

In summary, the current approach for tailings management facilities includes:

Utilization of a fully engineered system;
Maximum control of releases during the operational phase;
Comprehensive evaluation of long term performance to 10,000 years following decommissioning;
Progressive decommissioning of the facility as operations allow; and,
Offsetting potential public liabilities with funded financial sureties to ensure long term care and
maintenance.

2.0 CASE HISTORIES

The location of abandoned and active uranium mines in Saskatchewan is shown in Figure 2. A brief
description of each of these is given in the following paragraphs.

2.1 Beaverlodge

The location of the Beaverlodge facility is shown in Figure 3 which also identifies locations of other
tailings sites in the Uranium City area. Milling started at Beaverlodge in 1953, exploiting an ore body with
head grades generally less than 0.25 percent U3O8. Slurried tailings were discharged at 21 percent solids ..
with the sand fraction removed for backfill. The remainder was discharged directly to the lake. In total,
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Figure 3

10,100,000 tonnes of tailings were produced, of which 4,300,000 tonnes were used as backfill. The
tailings were initially discharged to Marie Lake and later to Fookes Lake with no preconditioning and no
effluent control. Control and treatment works for discharged water were first established in 1977. An
overview of the Beaverlodge tailings system is given in Figure 4.

A closure decision was made in 1980 and a comprehensive closure plan was prepared. Decommissioning
consisted of collecting and consolidating the tailings in as few areas as possible, covering those on land
with a vegetative cover in the case of low grade tailings, waste rock or water. Monitoring of performance
is on going in preparation for transferring the site to government institutional control sometime in the
future.

Figure 4



2.2 Gunnar

The Gunnar Mine opened in 1955 as the first open pit uranium mine in Saskatchewan. The later stages
also included an underground mine. It is estimated that 5,494,000 tonnes of ore were milled before
production ceased in 1964. The site location is illustrated in Figure 5.

Figure 5

The tailings were discharged into a small lake as a slurry, which overflowed into Langley Bay on Lake
Athabasca. After closure, the site was abandoned and the tailings remain unreclaimed.

2.3 Lorado

The Lorado Mine opened in 1954 with the mill opening in 1957 to process Lorado ore and to custom mill
ore from several other mines. It is anticipated that 554,000 tonnes of ore were processed before the mill
ceased operations in 1961. Details of the Lorado tailings area are given in Figure 6, which indicates the
tailings were deposited as a slurry to Nero Lake, which overflowed into Beaverlodge Lake. The tailings
were acid generating resulting in local areas of strongly acid conditions.
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Figure 6

The site was abandoned after shutdown and the mill site has since been reclaimed. No reclamation or
decommissioning activities were undertaken for the tailings areas and they remain unreclaimed.

2.4 Rabbit Lake

The Rabbit Lake tailings, illustrated in Figure 7 was the first fully engineered tailings structure for
uranium tailings in Saskatchewan. It was a conventional valley dam constructed of cycloned tailings and
till. It had adequate capacity for the Rabbit Lake tailings only, but expansion of the system was rejected in
1981, leading to development of the Rabbit Lake pit.

APPROXIMATE LIMIT OF
DEPOSITED TAILINGS '

Figure 7

The Rabbit Lake tailings area is currently being renovated in preparation for decommissioning (Holl,
2000). This involves placement of a waste rock and till cover, stabilization of containment structures and
control of drainage and seepage. The cover has been designed not only to provide generic environmental
and radiation protection, but also to promote consolidation of the tailings mass. Waste rock is being used
in the cover to provide geometric shaping and pre-loading to accelerate normal consolidation processes
and minimize future settling.

3.1



2.5 Cluff Lake

The Cluff Lake waste management system was the first joint federal-provincial regulated tailings facility
in Saskatchewan. It was a surface valley dam scheme that accommodated subaerial discharge of slurried
tailings. The scheme as it looked at its inception in 1982 is illustrated in Figure 8.
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Figure 8

Segregation of the tailings was experienced, this was controlled by cross dykes and controlling discharge
density. It is currently anticipated that milling at the site will cease in 2001 and the TMF will be at
capacity with approximately 2.7 million tonnes of tailings. The 1999 configuration of the TMF is
demonstrated in Figure 9. Current decommissioning plans call for stabilizing the surface with a simple
cover, stabilizing the containment structures and transferring the system to institutional care after
monitoring demonstrates adequate long term performance.

Figure 9
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2.6 Key Lake Subaerial Tailings

This system was designed on the "subaerial" principal with atmospheric discharge of tailings as a
thickened slurry. Segregation and permanent freezing of the tailings were issues that were addressed.
Cross dykes were installed to control segregation and reduce entrapped ice. Mechanical thawing of
incorporated ice was undertaken. The section through the layered tailings scheme as proposed in 1983 is
given in Figure 10.
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Figure 10

At present this TMF is in a care and maintenance mode. There is approximately one-half million cubic
meteres of storage capacity remaining in this facility. Studies are underway to determine the preferred
decommissioning strategy. Preferred options are for the relocation of the tailings mass to the Deilmann
TMF, with or without nickel recovery, or closure in-place utilizing a fully engineered cover (Holl, 2000).

2.7 Rabbit Lake Pit

The Rabbit Lake pit was the first of the third generation tailings system and was the first licensed storage
of uranium mill tailings below the water table. It was an innovative approach that incorporated a pervious
filter surrounding the pit with a full water recovery system that allowed complete containment during
operations. In the long term, diffusion rather than advective flow would control solute migration from the
pit. More than 3.6 million tonnes of tailings have been deposited (Donohue, 2000) as thickened slurry.
Typical pervious surround details are shown in Figure 11, which illustrates tailings placement and water
control systems. At the time of decommissioning, a soil cover will be placed over the tailings mass and the
pit flooded.

MAXIMUM TAILINGS SURFACE
BEFORE EARTH COVER & FLOODING

Figure 11

A comprehensive evaluation of the Rabbit Lake pit has been completed (Nixon and Holl, 1998). Evidence
of segregation and frozen tailings was detected. The impact of the frozen zones on decommissioning is
yet to determined, but alternative schemes of water cover and soil cover have been considered.
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2.8 Key Lake: Dielmann Pit

A typical section through the Dielmann Pit tailings scheme is included as Figure 12. This scheme,
licensed in 1996, includes the pervious surround elements of the Rabbit Lake tailings management facility,
in the deepest portion of the pit, but not in the upper sections. The proposal for decommissioning is to
cover the tailings mass with a sand/till blanket and flood the pit with approximately sixty meters of water
cover.
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Figure 12

2.9 McLean Lake: JEB Pit

The JEB Pit, as shown in Figure 13, is located in close proximity to a series of lakes with very high
ambient quality water. Nonetheless, engineering analysis determined that environmental quality standards
could be met using natural geologic barriers surrounding the pit, combined with careful process control to
regulate the chemical quality of the tailings, thereby governing the long term geochemical interaction that
will take place between the tailings and the surrounding environment. Process controls were established
to minimize the solubility of arsenic, thereby reducing the source term in the tailings porewater to levels
substantially lower than would be achieved without tailings conditioning.

-DEWATERINGWELL BASE FILTER
DEWATERINGWELL"

Figure 13

The JEB Pit TMF will accommodate 15 years of production and be decommissioned by placing a thick
soil and rock cover to consolidate the tailings leaving them as a low permeability mass surrounded by an
active ground water flow system through fractured sandstone.

II
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3.0 PUBLIC ATTITUDES

Public protest, blockades and political dissent defined public attitudes toward further development of
Saskatchewan uranium resources in the 1970's. Orphan sites, uncontrolled discharges and polluted surface
water, were the legacy of the early mining operations. Little attention had been paid to environmental
issues or waste management.

In response to public concerns, the Saskatchewan government appointed the Cluff Lake Board of Inquiry
in 1977, under Justice Ed Bay da. Its mandate was to review proposals for a uranium mine in the Cluff
Lake area and to advise on conditions under which the industry may proceed. Following the report of the
Cluff Lake Board of Inquiry in 1998, the Mines Pollution Control Branch of Saskatchewan Environment
and Resource Management was established in 1979 to ensure environmental protection at uranium mine
sites. A second Board of Inquiry was established in 1979 to consider the Key Lake proposal. Other
panels have been established including a joint federal-provincial panel in uranium mining in northern
Saskatchewan, established in 1991 to consider 5 uranium mines and make recommendations with respect
to their development.

Each inquiry or panel has resulted in new regulatory initiatives. Public input focused on key
environmental quality issues while transparency was added to the regulatory processes. In addition,
involvement of the local communities increased, through creation of Environmental Quality Committees,
which provide direct oversight and liaison with residents in the mining region. A combination of
progressively more stringent regulation, improved transparency, improved socio-economic conditions and
focus on community participation has changed public attitude from distrust and opposition to participation
and support. A key component in gaining this trust was emphasis on planned decommissioning to ensure
long term safety and security of the waste management facilities.

4.0 CONCLUSION

Uranium mining started in Saskatchewan 47 years ago with a focus on low-grade deposits. Prior to 1977,
the emphasis was on exploitation of the ore body and recovery of uranium. Tailings management was not
considered and mine sites were simply abandoned when the ore body was depleted.

Comprehensive environmental regulations were first instituted in 1979 in an effort to build public
confidence and to allow mining to proceed. Regulation has proceeded with improved technology, greater
public participation and transparency. Regulatory emphasis has been on decommissioning and long term
environmental safety.

Four distinct stages of tailings development have been noted in Saskatchewan uranium mines. The first
stage began with uncontrolled discharge prior to 1977. The second generation included engineered
surface facilities above the water table. The third generation included engineered pit disposal below the
water table, incorporating the pervious surround system. The fourth generation facilities included natural
geologic barriers and conditioning of tailings to control porewater chemistry, thereby reducing long term
solute migration.

Considerable innovation has been applied to solving environmental issues related to uranium mill tailings
management in Saskatchewan. Through a combination of careful operations, improved technology and
rigorous engineering, a progressively greater degree of environmental protection has been delivered, even
though ore grades and milling complexity have increased dramatically.
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