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Abstract. The Canadian Nuclear Safety Commission (CNSC) regulates uranium mining in Canada. The CNSC
regulatory process requires that a licence applicant plan for and commit to future decommissioning before irrevocable
decisions are made, and throughout the life of a uranium mine. These requirements include conceptual
decommissioning plans and the provision of financial assurances to ensure the availability of funds for
decommissioning activities [1]. When an application for decommissioning is submitted to the CNSC, an
environmental assessment is required prior to initiating the licensing process. A case study is presented for COGEMA
Resources Inc. (COGEMA), who is entering the decommissioning phase with the CNSC for the Cluff Lake uranium
mine. As part of the licensing process, CNSC multidisciplinary staff assesses the decommissioning plan, associated
costs, and the environmental assessment. When the CNSC is satisfied that all of its requirements are met, a
decommissioning licence may be issued.

1. WHO IS THE CNSC?

The CNSC, formerly the Atomic Energy Control Board, is the federal nuclear regulatory agency in
Canada. The regulatory framework for the CNSC is established by the Nuclear Safety and Confrol Act
(NSCA) [2], supplemented by Regulations [3], and a detailed licensing process. The CNSC's mandate
is to ensure that the use of nuclear energy in Canada does not pose undue risk to health, safety,
security, and the environment [4].

The CNSC is a departmental corporation that reports to the Canadian Parliament through the Minister
of Natural Resources [4]. The CNSC is composed of Commission members appointed by the
Governor in Council, and Commission staff. There are currently four Commission members and
approximately 450 staff located in 11 different offices across Canada. The staff is a multidisciplinary
team of experienced technical professionals who specialize in technical and safety-related assessment,
licensing and compliance. The staff implements the policies of the Commission and makes
recommendations to the Commission concerning licensing and other regulatory matters.

The Directorate of Fuel Cycle and Materials Regulation is the functional unit responsible for the
regulation of uranium mining and milling, refining and fuel fabrication. The operating line is the
Uranium Mines Section, which operates from a regional office located in Saskatoon,
Saskatchewan [4].

2. CNSC REGULATORY SYSTEM

The NSCA allows activities within the CNSC's mandate to take place only with the permission of the
Commission. These activities must comply with applicable regulations and any licence conditions
imposed by the Commission. Seven sets of regulations support the Nuclear Safety and Control Act and
contain generic requirements that apply to any nuclear facility. The Uranium Mines and Mills
Regulations [3] contain requirements specific to uranium mining operations. A licence issued to any
particular facility may contain site-specific conditions that reflect the operational activities, the work
environment, and the natural environment [4]. Licence conditions have the force of law.

485



2.1. Regulatory control

Regulatory control is partially achieved through the licensing process. The CNSC regulates uranium
mining during the entire life cycle, except for exploration, and requires separate licences for
evaluation, siting and construction, operations, decommissioning and abandonment. Licence
applicants are required to submit comprehensive details of the proposed design, impact assessments,
and the manner in which the project is expected to safely operate. The review of these comprehensive
submissions is conducted by a multidisciplinary team of specialists in the fields of geotechnical
engineering, hydrogeology, geochemistry, biological sciences, transfer pathways modelling, milling,
environmental impact assessment, radiation health physics, quality control and organizational
management [5].

Regulatory control is also achieved through regulatory control limits. Some limits are established by
the CNSC, such as radiation protection requirements, others by external regulatory authorities [6].
Regulatory compliance is monitored by surveillance, inspection, and auditing.

2.2. Overview of the CNSC licensing process

The CNSC's licensing process for the life cycle of a uranium mining operation proceeds progressively
through site preparation and construction, operating, decommissioning and abandonment phases. At
the very beginning of a project, the CNSC staff requires general assurances that all operational aspects
of the project are feasible, including decommissioning. The information in support of the licence
application is developed for each phase of the project and approved in a step-wise fashion, allowing
the CNSC staff to assess and gain confidence that the licence applicant is qualified and has made
adequate provision for the protection of the environment and the health and safety of persons.

2.2.1. The role of environmental assessment in the CNSC licensing process

The Canadian Environmental Assessment Act (CEAA) [7] sets out duties and procedures for the
environmental assessment of projects involving the federal government. The CEAA is intended to
ensure that federal authorities carry out their responsibilities in a co-ordinated and efficient manner,
and that projects do not cause significant adverse environmental effects [8]. The CEAA specifies that
the environmental assessment of a project may take the form of a screening, a Comprehensive Study,
mediation or a panel review. Although the majority of projects captured by the CEAA will undergo an
environmental assessment through a screening, some projects will require a more intensive
environmental assessment in the form of a Comprehensive Study. Such projects tend to be large scale
and, due to their nature, have the potential to result in significant environmental effects and/or to
generate considerable public concern.

The CNSC is required by the CEAA and its Regulations to conduct environmental assessments before
proceeding with its licensing process. Upon receipt of any uranium mine proposal, the CNSC conducts
an initial environmental assessment screening of the proposed project pursuant to the CEAA and its
Regulations. If the CNSC concludes that under the CEAA legislation a proposed project may proceed
without further environmental review, the CNSC will proceed with the associated licence application.
If satisfied, the CNSC issues a licence that may contain appropriate conditions to incorporate the
assessment conclusions.

When a decommissioning plan is received, specific conditions of the CEAA require regulators to
conduct a Comprehensive Study of the initiative. Upon completion of the Comprehensive Study, the
Canadian Environmental Assessment Agency administers a formal public review of the study, and
makes recommendations to its federal Minister on the findings. The Minister's response to these
findings is forwarded to the CNSC. The CNSC cannot make any irrevocable decisions which would
allow the project to proceed until the environmental assessment process is complete.
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3. DECOMMISSIONING AND THE LICENSING PROCESS

Within the context of the Uranium Mines and Mills Regulations [3] "decommissioning" of a uranium
mining facility means those actions taken by a licensee, in the interests of health, safety and the
protection of the environment, to retire the facility permanently from service. The decommissioning
program for any uranium mining facility is site-specific and will include activities such as dismantling
of surface facilities, decontamination, reclamation activities and work performed to ensure that wastes
are placed in a safe state [1].

The proponent is required by law, during all operational phases, to plan for and commit to future
decommissioning and to provide sufficient information to satisfy the Commission that the facility can
be decommissioned effectively. The long term objective of decommissioning is to leave the site in a
state that is physically safe and provides secure, long term storage of contaminants with no
unacceptable predicted future environmental impacts. This planning requirement begins during the
project's early development phases with the submission of a conceptual decommissioning plan.

The proponent must maintain a financial assurance to cover anticipated future decommissioning
activities in the event that the licensee is incapable of completing the decommissioning work. By
Regulation, the conceptual decommissioning plan, its estimated implementation cost, and the financial
assurance instrument must be reviewed each licensing term, historically every two years.
Developments at a mining facility are usually dynamic, and may result in significant revisions to the
decommissioning scenarios; therefore, a financial assurance review may be initiated by the CNSC or
the licensee at any time because of a significant change to the facility's operation or conceptual
decommissioning plan. At the end of the mine's operation, a final decommissioning plan must be
submitted to the CNSC as part of the application for a decommissioning licence.

3.1. The conceptual decommissioning plan

The conceptual decommissioning plan is a general, all encompassing design for the rehabilitation and
reclamation of the entire uranium mining facility and must consider all past and current activities.
Conceptual decommissioning plans vary in approach, complexity, and detail depending on the site and
facility operations; however, all plans must demonstrate that they are technically feasible and
environmentally acceptable, and if implemented will result in an acceptable decommissioned
facility [1]. The conceptual plan includes consideration of the schedule for carrying out the
decommissioning activities.

Operators are encouraged to reclaim portions of their facilities as soon as possible in order to lessen
the impacts of their operations, to take advantage of on-site resource capabilities to carry out the work
and to allow the operators to mitigate or correct any unforeseen situations in a timely manner. The
conceptual decommissioning plan provides a planned means to undertake reclamation activities during
operations in a manner consistent with the long term decommissioning rationale [1].

3.2. Financial assurances for decommissioning

Once a conceptual decommissioning plan is accepted by the CNSC, the proponent is required to
estimate the cost to implement the plan [1] and commit a financial assurance to protect taxpayers in
the event that an operator becomes financially unable to undertake or complete the implementation of
approved decommissioning plans.

Commission staff use some conservative assumptions as criteria to assess the cost estimates for
implementation of a decommissioning plan. During its review of the cost assessment, the CNSC
assumes that an operator is unable to carry out the activities described in the decommissioning plan,
that the work will be carried out by independent contractors, managers, engineering and consulting
services to be paid for out of the financial assurance fund established by the facility. Contingencies
(additional costs due to overruns, unforeseen and unscheduled events) are factored into the cost
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estimation. Where several options are under active consideration, the estimate is based on the most
conservative option [1].

3.3. Environmental assessment and the decommissioning license application

Upon notification that a licensee is prepared to move towards final decommissioning, specific
conditions of the CEAA require the CNSC to conduct or request an environmental assessment in the
form of a Comprehensive Study of the final decommissioning proposal. The environmental
assessment provides the proposed decommissioning approach, the associated environmental impacts
and identifies any mitigative measures. The Comprehensive Study is a self-directed environmental
assessment, designed to assess larger-size projects. The responsible authority must ensure that a
Comprehensive Study report is prepared in accordance with the CEAA [9].

The project scope and the preferred decommissioning option(s) are assessed using a process that
includes input from all stakeholders, including federal and provincial regulators; Environmental
Quality Committees (EQC's) comprised of representatives from local communities; environmental
interest groups; aboriginal peoples; and, companies or individuals involved in the project activity.

The study must assess the likely significance of the environmental impacts of decommissioning and
permit reviewers to evaluate the accuracy of the predictions. Estimates of effect should be supported
with best-available source-term data, and where applicable, the results of contaminant transport
modelling. The Comprehensive Study must describe reasonable alternative means to carry out the
decommissioning of each area of the facility, including the criteria used to evaluate the alternatives for
the project and justification of the preferred alternatives that were proposed (such as environmental
contingencies, technical complexity, cost).

Review of the environmental assessment and proposed decommissioning plan is conducted by
specialist CNSC staff in consultation with other responsible federal agencies such as the Department
of Fisheries and Oceans, and Environment Canada. Saskatchewan Environment and Resource
Management, the provincial environmental regulatory agency, also conducts a comprehensive review
as part of their licensing process for the facility. After the comprehensive review of the environmental
assessment and proposed decommissioning plan, and when regulatory concerns and comments are
addressed, the final decommissioning plan is developed by the licensee and submitted with the
decommissioning licence application [10].

The final decommissioning plan in support of the decommissioning licence application includes
specific detail on issues such as engineering, quality control and monitoring. The final
decommissioning plan includes an assessment of the short and long term environmental impact of
decommissioning or the decommissioned facility; post-decommissioning environmental quality
criteria; a risk analysis; and, the need for institutional controls.

The case study outlined below describes a project presently undergoing a Comprehensive Study in
support of future decommissioning.

4. CASE STUDY

COGEMA's Cluff Lake uranium mine is located in the western part of the Athabasca Basin,
60 kilometres south of Lake Athabasca and 25 kilometres east of the Alberta-Saskatchewan border, in
northwestern Saskatchewan, Canada. Fig. 1 presents the site location. Following the conclusion of the
first environmental assessment and public hearings in 1978, construction activities began in 1979;
mining and milling commenced in 1980. Over the two-decade life of the operation, three
environmental assessments and two public hearings were conducted. The licensee has updated the
conceptual decommissioning plan four times in the recent past and the Cluff Lake Operation's
financial assurance for decommissioning, as of December 1999, is $33.6 million Canadian dollars.
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COGEMA submitted a project description for the Cluff Lake decommissioning project to the CNSC
[9], initiating the environmental assessment process in support of a future decommissioning licence
application. A screening assessment by the CNSC concluded that a Comprehensive Study under the
CEAA is required for the Cluff Lake decommissioning project [10]. This detailed decommissioning
plan will be reviewed by the CNSC in conjunction with the environmental assessment results; when
technical concerns and comments are addressed, the final decommissioning plan will be developed by
COGEMA and submitted with the decommissioning licence application [11].

Cluff take Mine

otn t> !T<3 tone
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FIG. 1. COGEMA Resources Inc. - Cluff Lake Mine Location.

The Cluff Lake uranium mining facility consists of a mill complex; two underground mines; three
open-pit mines; six surface waste-rock storage areas; one surface tailings management area (TMA); an
effluent treatment system; and, supporting infrastructure. Fig. 2 presents a sketch of the Cluff Lake
mine site. Three main components of the operation are discussed: the tailings management area
(TMA), the main waste-rock piles ('DJN' and 'Claude'), and an open-pit ('D-Pit').

The Cluff Lake decommissioning project scope outlined by the CNSC to COGEMA specified the
primary elements to be included in the Comprehensive Study report [12]. Decommissioning will
include the closure, dismantling, site remediation, care and maintenance, and continued monitoring
and surveillance of the TMA, mill complex, open-pit mines, and underground mines. Requirements
also include a comprehensive description of the existing facility, including local, regional and site
maps showing all key components of the facility. A well-supported assessment of the predicted
environmental effects is crucial to the review process. Other information requirements include the
spatial and temporal characteristics of the project, the proposed schedule of activities, revegetation
programs, a description of recent and ongoing activities, proposed care and maintenance activities and
any proposal for long term institutional control.

The environmental impact assessment predictions performed to date indicate that: specific water
quality objectives will be met at key waterbodies immediately downstream of the site; the
decommissioned site will offer a similar level of aesthetic acceptability and land use potential that
existed prior to development; radiation doses are predicted to be less than regulatory limits; soil covers
will meet design criteria and erosion-control measures will be in place.
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Cluff Lake Site Map

FIG. 2. COGEMA Resources Inc - Cluff Lake Mine Site Map.

4.1. The Cluff Lake Tailings Management Area (TMA)

Cluff Lake uranium mill tailings are generated from the milling, sulfuric acid leach, and lime
neutralization of ores from the unconformity and fault-related mineralization of the Carswell Structure
in northern Saskatchewan. The Cluff Lake TMA is an engineered surface facility, located in a
groundwater discharge area. The nearest water body, Snake Lake, is located immediately southwest of
the TMA. Fig. 3 presents a photo of the TMA.

The project scope for decommissioning the Cluff Lake TMA includes surface works, roads, pipelines,
treatment systems; quantities and sources of construction materials (sand, gravel, rock); internal
tailings drainage mechanisms; analysis of tailings consolidation and predicted settlement rates;
detailed geotechnical, hydrogeological and geochemical properties of the tailings; tailings segregation,
effects of ice buildup and mitigation measures; long term stability, maintenance, and intrusion
resistance of TMA cover; and, existing and future monitoring systems [11]. The main design
component of the TMA decommissioning plan is the proposed construction of an engineered earthen
cover, using natural materials to ensure long term stability and minimize water infiltration. Computer
model scenarios are extended to predict the system behaviour over the next 10 000 years [11].

4.2. Open-pit Decommissioning: 'D-Pit'

The high grade D-Pit was mined out early in the Cluff Lake Operatio's life cycle. Reclamation
activities began in 1983 with recontouring of the waste rock generated from mining activities and
removal of site surface facilities. The waste-rock area was covered with a layer of local glacial till
overburden and revegetated. The groundwater and surface waters in the D-Pit area were monitored
extensively since 1985 as part of the mine site licence requirements. The pit has had no detectable
effect on the surrounding groundwater chemistry [10]. Native plant species are now invading the area.
Decommissioning requirements include a well-supported assessment of the pit's long term water
quality and an assessment of the potential effects of contaminant loadings to the receiving aquatic
environment using pathways analysis for potential entry of contaminants into aquatic food chains.
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FIG. 3. COGEMA Resources Inc. - CluffLake Tailings Management Area (TMA).

COGEMA must assess the options of full or partial backfilling of all open-pits, including D-Pit,
flooding options, predicted long term water quality, pit access, drainage patterns, and hydrologic
connections to surface bodies. In addition to D-Pit, the DJX and Claude pits are planned for flooding
upon closure.

A number of criteria for the final decommissioning plan are under consideration by COGEMA.
Flooded pits will have no direct contact with natural watercourses; however, water quality in open-pits
may exceed some water quality objectives for certain parameters in the short term.

Upcoming assessment work includes an update of the statistical data review, assessment of source-
terms which may affect long term pit water quality, risk analysis of surface waterbodies connected
with the pit and risk analysis of remaining in-pit flora and fauna [11].

4.3. Waste rock

The two main waste-rock piles at Cluff Lake, 'Claude' and 'DJN', contain special-waste. Special-
waste is mineralized waste rock containing a high sulphur content and uranium concentrations that are
uneconomical to recover. Nickel, arsenic and molybdenum concentrations are also present in sufficient
concentrations to cause potential environmental concerns. The waste-rock tonnage within the Claude
and DJN piles are 7.23 million tonnes and 1.62 million tonnes, respectively [10].

One of the key options under assessment by COGEMA is the installation of an engineered soil cover
system for the Claude and DJN waste-rock piles [11]. The Claude waste-rock pile soil cover design
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will reduce the potential for acid-rock drainage, reduce mass loading and limit the mobility of key
elements such as uranium and nickel. The soil cover system, in conjunction with re-sloping to promote
surface run-off will also minimize water infiltration into the waste-rock pile. The DJN waste-rock pile
does not appear to have acid-generating potential; therefore, the proposed design is to level the pile
and cover with a soil layer to promote revegetation. Detailed characterization of the internal physical
and geochemical composition of the waste-rock piles is underway. Future work includes modelling,
impact prediction, mitigation, and the development of final design options [11].

5. CONCLUDING REMARKS

The time-line for decommissioning at Cluff Lake is not finalized, because further mining and milling
activities may take place into 2002. The CNSC will not move towards a decommissioning licence until
the environmental assessment and Comprehensive Study is successfully completed and the detailed
supporting information is assessed and accepted. In the interim, the Cluff Lake facility remains under
a CNSC Operating Licence.

For further information about the CNSC, our web site is http://www.nnclearsafety.gc.ca. For further
information about a CEAA Comprehensive Study or its process, please visit the Canadian
Environmental Assessment Agency's web site at http://www.ceaa.gc.ca.
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