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Abstract.  The 1996 federal government Policy Framework for Radioactive Waste provides the national context for radioactive waste management in Canada and sets the stage for institutional and financial arrangements to manage radioactive waste in a safe, comprehensive, environmentally sound, integrated, and cost-effective manner.  It recognizes that arrangements may be different for the three broad categories of radioactive waste in Canada; namely nuclear fuel waste, low-level radioactive waste and uranium mine and mill tailings.  Canada’s national strategy for radioactive waste management also reflects the significant geographic extent of the country, the large quantities of uranium mine and mill tailings that need to be managed in situ, and the slightly contaminated soils that have been generated from historic activities.  This has resulted in a national approach for the long-term management of nuclear fuel waste; regional solutions for low-level radioactive waste; and the long-term management of uranium mining and milling waste close to the mine and mill sites.  Canada’s national policy and strategy have provided the fundamental base to allow significant progress to be made in recent years towards developing and implementing long-term solutions. 

1. 
Introduction
The national strategy for radioactive waste management in Canada is based on the Government of Canada Policy Framework for Radioactive Waste issued in 1996.  The Policy Framework provides a national context for radioactive waste management and a set of principles governing institutional and financial arrangements to ensure that the management of radioactive waste is carried out in a safe, environmentally sound, comprehensive, cost-effective and integrated manner.  The Policy Framework states that the federal government has the responsibility to develop policy, regulate, and oversee owners to ensure that they comply with legal requirements and meet their funding and operational responsibilities in accordance with approved waste management plans.  Waste owners are responsible, in accordance with the “polluter pays” principle, for the funding, organization, management, and operation of long-term waste management facilities and other facilities required for their wastes.  Canada’s mature and skilled nuclear industry is well placed to develop and implement long-term solutions for its waste.  The Policy Framework recognizes that arrangements may be different for the three broad categories of radioactive waste in Canada:  nuclear fuel waste, low-level radioactive waste, and uranium mine and mill tailings.

The Policy Framework also provides the basis for Canada to meet its obligations as a Contracting Party to the Joint Convention, in that it clearly defines the roles and responsibilities of the Government of Canada and waste owners in radioactive waste management.  Canada’s nuclear regulatory body, the CNSC, carries out the Government’s regulatory responsibilities.  The CNSC reports to Parliament through the Minister of Natural Resources, but remains an independent agency.   This independence is critical to ensure that the CNSC is able to maintain an arm’s length relationship from government in making legally binding regulatory decisions.

Natural Resources Canada (NRCan) is the lead government department for the development and implementation of Government of Canada policy on radioactive waste management and oversight to ensure obligations under the Policy Framework are met.  In keeping with the Policy Framework and as described below, Canada has taken different approaches to the management of nuclear fuel waste, low-level radioactive waste and uranium mine and mill tailings.   These different approaches reflect not only the different scientific and technical characteristics of the wastes, but also the geographic dimensions of Canada and the locations of the waste within the country.   Canada’s national strategy includes a national approach for the long-term management of nuclear fuel waste, regional solutions for low-level radioactive waste, and the long-term management of uranium mining and milling waste close to the mine and mill sites.
2.
Nuclear Fuel Waste
Three provincial nuclear utilities, namely Ontario Power Generation (OPG), Hydro-Québec and New Brunswick Power, own 98% of the nuclear fuel waste in Canada, and most of the remainder is owned by Atomic Energy of Canada Limited (AECL), a federal government Crown Corporation.  Following a decade-long environmental assessment of a deep geological disposal concept for nuclear fuel waste that ended in 1998, it became clear that the Government of Canada needed to put in place a process to ensure that a long-term management approach for Canada’s nuclear fuel waste would be developed and implemented.  Given the relatively small volumes of nuclear fuel waste in Canada, it was determined that a national solution would be in the best interest of Canadians.  In keeping with the Policy Framework, owners of nuclear fuel waste would be responsible for developing, proposing, financing, and implementing long-term management strategies.  Government would oversee the owners’ efforts, evaluate the strategies, and select a general, sound approach for Canada.  The CNSC would be responsible for regulatory matters pursuant to the Nuclear Safety and Control (NSC Act).

On November 15, 2002, the Government brought into force the Nuclear Fuel Waste Act (NFW Act).  The NFW Act advances the principles of the Policy Framework for nuclear fuel waste, and is in keeping with the Joint Convention requirement that Contracting Parties establish and maintain a legislative framework that provides for a clear allocation of responsibilities of the organizations involved in radioactive waste management.  

The NFW Act makes owners of nuclear fuel waste clearly responsible for the development of long-term waste management approaches.  It requires that they establish a waste management organization as a separate legal entity to manage the full range of long-term nuclear fuel waste management activities.  It also requires them to establish trust funds with independent third-party trust companies to finance their long-term waste management responsibilities.  The owners, through the waste management organization, must prepare and submit a study of proposed approaches for the long-term management of the waste to the Government of Canada, along with a recommendation on which of the proposed approaches should be adopted. The analysis must include feedback from comprehensive public consultation, including aboriginal peoples, and must be evaluated in terms of social and ethical considerations.  

The NFW Act also places the federal government in the role contemplated by the Policy Framework.  The Government of Canada will review the study prepared by the waste management organization, select a long-term management option from those proposed, and provide oversight during implementation.  

As required by the NFW Act, the waste owners established the Nuclear Waste Management Organization (NWMO) and trust funds to finance the implementation of long-term waste management activities.  Following extensive studies and public consultation, the NWMO submitted its study of options to the Government of Canada on November 3, 2005.  The NWMO presented four options, including those listed in the NFW Act, namely long-term storage at the reactor sites, central shallow or below ground storage and deep geological disposal, and a fourth option called the Adaptive Phased Management (APM) Approach which essentially combines the three listed options within a flexible adaptive management decision-making process.
In studying these options, the NWMO held 120 public consultations and numerous full-day dialogues on values, covering a cross-section of the population in every province and territory.  All in all, 18,000 citizens contributed directly to the study, while more than 50,000 people expressed interest by visiting the NWMO website.
The NWMO recommended the APM approach to the federal government as the best long-term solution for managing Canada’s nuclear fuel waste in a way that safeguards the public and the environment and ensures that the present generation deals with its waste.  The APM approach has three key phases, which will be undertaken with the continued engagement of citizens, interested communities, municipalities, provinces, and others.  These phases are as follows:


· Maintain the nuclear fuel waste at the reactor sites, while preparing for centralization at a site in a willing community;
· Determine if an interim optional step of a shallow-underground storage facility at a central site is desirable; and,
· Locate and prepare a site to contain the nuclear fuel waste in a deep repository with the possibility of retrieval or final closure by a future generation.

On June 14, 2007 the Government of Canada announced that it had selected the APM approach for the long-term management of nuclear fuel waste in Canada.   The APM approach recognizes that people benefiting from nuclear energy produced today must take steps to ensure that the wastes are dealt with responsibly and without unduly burdening future generations.  At the same time, it is sufficiently flexible to adjust to changing social and technological developments.
The NWMO is required to implement the Government’s decision according to the NFW Act, using funds provided by the waste owners.  The NWMO will now begin planning and designing a site-selection process collaboratively with Canadians.  It is likely to take a number of years to select a suitable site within an informed and willing host community.

3.
Low-Level Radioactive Waste
In Canada, low-level radioactive waste (LLRW) comprises all forms of radioactive waste except for nuclear fuel waste and waste derived from uranium and thorium mining and milling.  LLRW is grouped into three broad categories:

· Ongoing Waste:  LLRW that is generated by the ongoing activities of companies currently in operation, such as nuclear electricity generators.  Owners are responsible for the safe management of the waste in keeping with the Policy Framework.
· Nuclear Legacy Liabilities:  Legacy radioactive wastes at AECL sites that date back to the cold war and the birth of nuclear technologies in Canada.  These include shutdown contaminated buildings and contaminated lands, and are managed by AECL on behalf of the Government of Canada

· Historic Waste:  LLRW that was managed in the past in a manner that is no longer considered acceptable and for which the current owner cannot be reasonably held responsible.  Canada’s historic waste inventory consists largely of radium and uranium contaminated soils.  The Government of Canada has accepted responsibility for this waste.

3.1.
Ongoing Waste

OPG, which owns 20 of Canada’s 22 CANDU reactors, is responsible for about 77% of the on-going waste generated in Canada annually.   AECL generates approximately 17% of the annual volume, and accepts LLRW from a number of small isotope producers and users for long-term management, which amounts to a further 3% of Canada’s annual volume.  The remaining 3% is largely generated by the New Brunswick Power and Hydro-Québec, which own and operate the other 2 CANDU reactors in Canada.  In accordance with the Policy Framework, owners of on-going LLRW are managing and operating storage facilities for their wastes, and the two major waste owners, OPG and AECL, are pursuing initiatives to develop and implement long-term LLRW management solutions.
 SEQ CHAPTER \h \r 1OPG’s LLRW is safely stored on an interim basis at the Western Waste Management Facility at the Bruce Nuclear Power Development (BNPD), which is located in the Municipality of Kincardine, Ontario.  In April 2002, OPG and the Municipality of Kincardine signed a Memorandum of Understanding to jointly study options for the long-term management of the wastes at the BNPD site.  A consulting firm was engaged to conduct an Independent Assessment Study (IAS) of three options: enhanced processing and storage, a covered above-ground concrete vault, and a deep geologic repository (DGR). The IAS was based on the results of a Geotechnical Feasibility Study, a Preliminary Safety Assessment, a social and economic assessment, an environmental review, and a community attitude survey and interviews with local residents, businesses and tourists. Another component of the IAS was a public consultation program conducted in Kincardine and surrounding municipalities.

 

The IAS concluded that each of the options was feasible, could be constructed to meet international and Canadian safety standards with a considerable margin of safety, would not have significant residual environmental effects, and would not have a negative effect on tourism. The geology of the Bruce site was considered ideal for the DGR option.

In April 2004, Kincardine Council passed a resolution to select the “Deep Rock Vault option as the preferred course of study” for the management of LLRW because it had the highest margin of safety and is consistent with best international practice. Other considerations were that:
· The DGR will permanently isolate LLRW, much of which is already stored on site.
· It provides significant economic benefit to the residents of the municipality.
· No high level waste or nuclear fuel waste would be allowed in the facility.
· There will be a rigorous environmental assessment and the CNSC regulatory process includes opportunities for public input before construction is approved.

The DGR involves the construction of rock vaults within stable, low permeability bedrock using conventional mining techniques. The rock vaults would be positioned at a depth of 660 meters in relatively flat-lying sedimentary rock formations that have remained tectonically stable and undeformed for hundreds of millions of years.  Support buildings would be located on ground surface above the underground workings. Access to the repository would be through a vertical, concrete-lined shaft. A second shaft would be constructed for ventilation and emergency egress purposes.
Following the Council resolution, Kincardine and OPG began to negotiate terms for a hosting agreement.  The Kincardine Hosting Agreement, which sets out the terms under which the project would proceed, was signed on October 13, 2004.  The DGR will be designed to hold OPG’s current and future LLRW from its 20 CANDU reactors, as well as the waste that will be generated when those reactors are eventually decommissioned. 

The DGR project is now proceeding through an environmental assessment and regulatory review phase, with the objective of obtaining a construction licence by 2012.
AECL’s ongoing LLRW will be dealt with in waste management facilities that will be built under the Nuclear Legacy Liabilities Program, as described in the following section.
3.2.
Nuclear Legacy Liabilities

 SEQ CHAPTER \h \r 1T SEQ CHAPTER \h \r 1he Government of Canada nuclear legacy liabilities have resulted from 60 years of nuclear research and development (R&D) carried out on behalf of Canada by the National Research Council (1944 to 1952) and AECL (1952 to present).  These liabilities are largely located at AECL research sites, and consist of shutdown research buildings (including several prototype and research reactors), a wide variety of buried and stored wastes, and contaminated lands.  The shutdown buildings and contaminated lands need to be safely decommissioned to meet federal regulatory requirements, and long-term solutions need to be developed and implemented for management of the wastes.  More than half of the liabilities are the result of Cold War activities during the 1940s, 50s and early 60s.  The remaining liabilities stem from R&D for medical isotopes and nuclear reactor technology, as well as national science programs.

About 70 percent of the liabilities are located at AECL(s Chalk River Laboratories (CRL) in Ontario, and a further 20 percent are located at AECL(s shutdown Whiteshell Laboratories in Manitoba.  The remaining 10 percent relate largely to three shutdown prototype reactors in Ontario and Quebec, which were key to the developmental stage of Canada(s CANDU reactor technology.

 SEQ CHAPTER \h \r 1The inventory of legacy waste includes spent fuel, high-level, intermediate-level and low-level solid and liquid radioactive waste, and wastes (largely contaminated soils) from site clean-up work across Canada.   SEQ CHAPTER \h \r 1Most of the wastes are in raw, unconditioned form, and limited characterization information is available for the wastes generated in past decades.   SEQ CHAPTER \h \r 1In many cases unique and potentially costly solutions will be required to recover, handle and process the wastes. 

In 2006, the Government of Canada adopted a new long-term strategy to deal with the nuclear legacy liabilities over a 70-year period.  The overall objective of the long-term strategy is to safely and cost-effectively reduce the liabilities and associated risks based on sound waste management and environmental principles in the best interests of Canadians.  The estimated cost to implement the strategy over 70 years is about $7 billion (2005 Canadian dollars).

The development of the strategy had to take into account two fundamental conditions:

· CRL will continue to operate for the foreseeable future; and,
· a full suite of waste management facilities will be required.
Implementation of the strategy at CRL will need to be coordinated with on-going site operations, and deal with operational facilities and other infrastructure over time as they are shutdown and taken out of service.  Waste characterization, processing, conditioning, treatment, packaging, storage and long-term waste management facilities will need to be designed and constructed before much of the waste can be effectively dealt with.

The strategy was initiated in 2006 with a 5-year start-up phase that will focus on:

· addressing immediate health, safety, and environmental priorities;
· accelerating the decommissioning of shutdown buildings; and,
· laying the groundwork for subsequent phases of the strategy,
while continuing necessary care and maintenance activities to maintain the liabilities in a safe state until they can be fully addressed in future phases of the program.  Further development and refinement of the strategy will be informed by public consultations.   SEQ CHAPTER \h \r 1The Government of Canada has committed $520 million to fund the 5-year start-up phase of the Nuclear Legacy Liabilities Program.

The 5-year plan is being implemented through a Memorandum of Understanding between NRCan and AECL whereby NRCan is responsible for policy direction and oversight, including control of funding, and AECL is responsible for carrying out the work.  A SEQ CHAPTER \h \r 1 Joint NRCan-AECL Oversight Committee, chaired by NRCan, makes decisions on the planning, delivery, reporting and administration of the 5-year plan.   SEQ CHAPTER \h \r 1NRCan represents the interests of the Government, providing policy direction and oversight; ensuring value for money, transparency and accountability; and providing for public consultations to inform the further development of the long-term strategy.  AECL implements the work; ensures regulatory compliance, safety and effectiveness; identifies priorities and develops annual plans; reports on approved activities; and holds and administers licences, facilities, lands, materials and other asset responsibilities related to the nuclear legacy liabilities.
3.3.
Historic Waste

 SEQ CHAPTER \h \r 1The bulk of Canada’s historic LLRW is located in the southern Ontario communities of Port Hope and Clarington.  These wastes and contaminated soils amount to roughly 2 million cubic meters and relate to the historic operations of a radium and uranium refinery in the Municipality of Port Hope dating back to the 1930s.  

While there are no urgent health or environmental risks, the Government of Canada determined that intervention measures are required to deal with the impacts of past waste management practices in the Port Hope area.

 SEQ CHAPTER \h \r 1In March 2001, the Government of Canada and the local municipalities entered into an agreement on community-developed proposals to address the clean up and long-term management of these wastes, thereby launching the Port Hope Area Initiative (PHAI).  The proponent for the PHAI, on behalf of the Government of Canada, is the Low-Level Radioactive Waste Management Office, which was established, in 1982, as the federal agent for the clean up and management of historic waste in Canada.

The PHAI will involve the long-term management of these historic wastes in two above-ground mounds to be constructed in the local communities.  The $260 million project will take about 12 years to complete.  The current phase of the PHAI involves environmental assessment and regulatory review, and is expected to be completed in 2009.  Ongoing public consultation remains a priority and municipal consent is required to complete this phase.  The environmental assessment for the Port Hope waste management facility was completed in March 2007, and the municipality has given its consent.  The environmental assessment process for the facility in Clarington (named the Port Granby facility) is ongoing.  A licence application has been submitted for the Port Hope facility now that the environmental assessment process is complete.  Clean up, waste facility construction and waste emplacement will take place in the following years, after which the facilities will continue to be monitored and maintained for the long-term.

Most of the remaining historic waste to be dealt with in Canada is located along the Northern Transportation Route between Port Radium, Northwest Territories and Fort McMurray, Alberta.  The waste results from the past transport of radium and uranium bearing ore and concentrates from the Northwest Territories to Fort McMurray.  In 2003, the Government of Canada completed the clean up in Fort McMurray, and the resulting contaminated soils are safely stored in a long-term, above-ground mound at the local municipal landfill.  Strategies are currently being developed for the clean up of the remaining contamination along the Northern Transportation Route, which is estimated to consist of about 14,000 cubic metres of contaminated soils.
4.
Uranium Mine and Mill Tailings
In keeping with the Policy Framework, Canadian uranium mining companies are responsible for the funding, organization, management, and operation of facilities required for their wastes.  These companies are not only leaders in uranium production, but they also are leading in the development of environmentally sustainable uranium mining practices. They have developed new technologies to manage uranium mill tailings and set the standard for decommissioning uranium-mining sites.

Cameco Corporation, Canada’s largest uranium producer, has developed state-of-the-art, high-tech methods to safely mine the large, high-grade uranium deposits at McArthur River and Cigar Lake.  The mill at McClean Lake, operated by Areva Resources Canada, is a state-of-the-art facility that is setting new standards for the entire spectrum of mine waste management, in particular the treatment and below ground surface disposal of uranium mill tailings.  In addition to the new technologies employed to improve safety and reduce environmental impacts, the volumes of tailings generated are significantly less than from past mining operations in Canada due to the high grades of the ore bodies.  

Owners of closed uranium mines are also required to ensure that their sites are properly decommissioned.  In this regard, Rio Algom and Denison Mines have successfully decommissioned and remediated the extensive Elliot Lake uranium-mining facilities that were the centre of Canada’s uranium mining industry from the 1950s through to the early 1980s.  

In instances where remedial actions are required at uranium-mine and mill-tailings facilities where the owner no longer exists, the Government of Canada and provincial governments ensure that the sites are safely decommissioned in keeping with Canada’s commitments under the Joint Convention.  In Ontario, home of the former Elliot Lake uranium mining complex, the governments of Canada and Ontario entered into a Memorandum of Agreement in 1996 outlining their respective roles in the management of “abandoned” uranium mine and mill tailings.  In keeping with the Policy Framework, best efforts are made to identify the uranium producer or property owner of the site.  Where such an owner cannot be identified, the governments have agreed to share costs, including a 50/50 sharing of costs associated with any necessary remediation.  To date, these arrangements have not been necessary as all Ontario sites have owners that are complying with their responsibilities.

In September 2006, the governments of Canada and Saskatchewan entered into a Memorandum of Agreement that defines roles and responsibilities for the remediation of certain cold war era uranium mine sites, principally Gunnar and Lorado, in northern Saskatchewan.  These sites were active in the 1950s and 1960s, and the regulatory framework in place at the time they were closed was not sufficient to ensure adequate treatment and containment of the waste.  As a consequence, soils and water bodies surrounding the tailings areas have been adversely affected.  Although the private sector companies that operated the mines no longer exist, a private land owner of a portion of the Lorado site will contribute to the clean-up costs.  As in the agreement with Ontario, the federal and provincial governments will share costs, which are estimated to be $24.6 million, on a 50/50 basis.  The Government of Canada made its first financial contribution toward the cleanup in March 2007.
5.
Conclusion
Canada’s national policy and strategy for radioactive waste management reflects the characteristics of the wastes and the reality of our geography.  In keeping with the Policy Framework, the Government of Canada has clearly acted on its responsibilities.  With regard to nuclear fuel waste, the Government brought into force the NFW Act in 2002 to provide a process for the selection and implementation of a long-term management approach that is in the best interests of Canadians, now and in the future.  On June 14, 2007 the Government of Canada selected an approach, and the NWMO must now implement it according to the NFW Act.

Regarding low-level radioactive waste, the Government of Canada has initiated a long-term strategy to deal with nuclear legacy liabilities at AECL research sites with a 5-year, $520 million commitment to address health, safety and environmental priorities, accelerate the decommissioning of shutdown buildings, and lay the groundwork for future phases of the strategy.  The Government of Canada also has an initiative underway to cleanup historic contamination in the Port Hope, Ontario area, and construct two above-ground mounds for the long-term management of the waste.

For uranium mine and mill tailings, the Government of Canada ensures that appropriate long-term solutions are implemented in cases where the owner of the waste no longer exists.  Memoranda of Agreement are in place with the two provinces where extensive uranium mining has occurred, and an initiative is underway to remediate certain cold-war era mine and mill sites in Northern Saskatchewan that do not meet current day standards.
The Canadian nuclear industry takes its responsibilities seriously, including the safe handling and storage of its radioactive waste, public consultation, and putting in place financial resources and guarantees for the long-term management of the waste.  OPG, Canada’s largest nuclear utility and generator of ongoing low-level radioactive waste, plans to construct a deep geologic repository at its Bruce site in Kincardine, Ontario with sufficient capacity for its current low-level radioactive waste inventory, as well as the waste generated from the future operations and decommissioning of its 20 CANDU reactors.



























