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RÉSUMÉ

Au Canada, on a acquis ces derniers temps une expérience considérable en
déclassement d'installations nucléaires et en gestion des déchets consé-
cutifs. Cette expérience soulève des questions importantes à la fois des
points de vue du déclassement des installations et de la gestion des
déchets. Cette communication porte sur les aspects du déclassement des
installations dans le cadre de la gestion des déchets. On étudie l'expé-
rience passée, donne la valeur préliminaire estimée des volumes de déchets
et leurs caractéristiques et examine les questions techniques et réglemen-
taires importantes.
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ABSTRACT

In Canada, considerable experience has been gained recently in decommissioning nuclear
facilities and managing the resulting waste. This experience has raised important issues from
both the decommissioning and waste management perspectives. This paper focuses on the
waste management aspects of decommissioning. Past experience is.reviewed, preliminary
estimates of waste volumes and characteristics are provided, and the major technical and
regulatory issues are discussed.
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1. INTRODUCTION

In Canada, considerable experience has been gained recently in decommissioning nuclear
facilities and managing the resulting waste. Two fuel fabrication plants and an isotope
production facility have been fully decommissioned, and the sites released for non-nuclear
use. Three prototype power-reactors and the WR-1 reactor have been shut down and partially
decommissioned.

Decommissioning activities are expected to increase substantially over the next few decades as
current facilities reach the end of their useful lives. Waste management facilities and
methods to minimize waste must be developed to accommodate the large volumes of
decommissioning waste anticipated. This paper focuses on the waste management aspects of
decommissioning. Past experience is reviewed, preliminary estimates of waste volumes and
characteristics are provided, and the major technical and regulatory issues are discussed.

The information presented in this paper is based on two reports on managing
decommissioning wastes from nuclear facilities [1,2]. These reports were part of a series of
studies undertaken by the Low-Level Radioactive Waste Management Office (LLRWMO).
The LLRWMO carries out relevant responsibilities of the federal government for the
management of low-level radioactive wastes in Canada.

2. DECOMMISSIONING PROJECTS AND WASTE CHARACTERISTICS

The Canadian nuclear industry encompasses a wide range, of activities, including power
production, research and development, and isotope production. The following subsections
discuss the volumes and characteristics of decommissioning waste from the major nuclear
facilities. The information is not complete, since many of the nuclear facilities have not yet
prepared detailed decommissioning plans. Decommissioning of nuclear facilities is regulated
by the Atomic Energy Control Board (AECB) [3].

2.1 Research Facilities

Nuclear research facilities in Canada include two large nuclear research laboratories, seven
universities with small reactors, many accelerators, and a large number of hospitals and
universities that handle small quantities of radionuclides. Planning for decommissioning is in
its early stages, and, in general, expected waste volumes and characteristics are not well
known. The two large nuclear research laboratories (AECL's Chalk River Laboratories and
Whiteshell Laboratories) have undertaken significant decommissioning projects, and at those
sites decommissioning activities are expected for many decades.

Chalk River Laboratories - Chalk River is the largest and oldest Canadian nuclear research
facility, having started operation in 1943. Over the years, several decommissioning projects
have been completed, including the removal of several hot cells. A special
"Decommissioning Group" has been established at Chalk River, and about ten
decommissioning projects planned. Those projects are being phased-in as resources become
available. Ongoing projects include the decommissioning of various actinide processing
facilities and a large reactor ventilation stack. One major project expected to commence in
the next decade is the decommissioning of the heavy-water-moderated NRX reactor. This
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42 MW research reactor, which started operation in 1947, has been permanently shut down.
It is expected to be decommissioned in two phases, separated by a 25-year deferment period.

Waste generated from decommissioning projects is stored on-site, and is managed in
essentially the same manner as operational waste. The principal radionuclide contaminants
include 3H, 14C, actinides, fission products (e.g., 137Cs, 90Sr) and activation products (e.g.,
60Co). Most of this waste is "contact handleable", and it is expected that the amount of long-
lived radionuclides will be sufficiently low that over 99% of the waste will be suitable for
near-surface disposal. Over the next decade or two, the volume of decommissioning waste is
expected to be in the order of 500 m3/a, which is about 20% of the annual LLRW volume
managed at Chalk River. Detailed waste characterization, including gamma monitoring and
radio-chemical analysis, is essential, because of the wide range of potential contaminants.

The largest volumes of decommissioning waste will be generated when the existing waste
management areas are decommissioned. Most of the material is lightly contaminated soil, the
result of releases from early unlined waste management facilities. The estimated volume of
contaminated material, including soil and vegetation, is over 1 000 000 m3. It is hoped that
remediation of areas that are lightly contaminated can be achieved using in-situ techniques
such as chemical washing, or capping the source of contamination. During decommissioning,
several tens of thousands of cubic metres of stored operational waste will need to be
retrieved, characterized, and transferred to a suitable disposal facility.

Whiteshell Laboratories - Whiteshell started operation in 1963. Extensive decommissioning is
not anticipated for the next few decades, and waste volume estimates are not yet available for
most of the Whiteshell facilities. However, decommissioning of the 60 MW organic-cooled
WR-1 research reactor is underway, and the first phase of the project (storage with
surveillance) is expected to be completed in 1994. The organic coolant from this reactor was
incinerated at Whiteshell, and just over 1000 m3 of solid LLRW has been generated in Phase
1 of the project. Following Phase 1 (preparation for storage with surveillance), a 50-year
deferment period is scheduled, to allow radiation levels to decay. Final decommissioning is
expected to produce an additional 2000-3000 m3 of LLRW.

Decommissioning waste from the WR-1 reactor is being stored on-site in engineered storage
facilities. The principal longer-lived radionuclide contaminants are 137Cs, 90Sr, 63Ni, 94Nb,
and 14C.

2.2 Isotope Production and User Facilities
t

Canada is a major producer of radioisotopes, and two major isotope facilities have operated in
the Ottawa area. One of them, the AECL Tunney's Pasture facility, operated between 1954
and 1984, and its decommissioning was completed by AECL in 1993. Waste volumes from
the decommissioning project are shown in Table 1. All of the LLRW was sent to the Chalk
River waste management facilities, and the uncontaminated/"de minimis" waste was sent to a
local landfill. For this project, the basic criteria for de minimis waste were 0.2 Bq/g (and/or
Bq/cm2) total fixed alpha, and 1.0 Bq/g (and/or Bq/cm2) total fixed beta/gamma. These
criteria are, in principle, consistent with regulatory criteria. The decommissioned building,
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which has a floor area of 9000 m2, has been released for unrestricted use. The total
contamination remaining in the building is estimated to be 40 kBq (137Cs equivalent).

Table 1. Summary of waste volumes from decommissioning the Tunney's
Pasture radioisotope facility (1990-1993).

Waste
Description

LLRW

Uncontaminated or
de minimis

Principal
Isotopes

14C, 63Ni
36C1, 137Cs

Volume Before
Compaction

(m3)

370

4120

Waste Volume
After

Compaction
(m3)

280

4060

Nordion International Incorporated operates an isotope production facility that prepares and
packages a wide range of medical and industrial isotopes. The facility is expected to operate
for many years, and no decommissioning date has been established. A preliminary
decommissioning plan has been prepared for the facility, and the total volume of LLRW is
estimated to be 4500 m3. Contamination levels are expected to be small.

Within the Nordion facility, a small research reactor (20 kW SLOWPOKE" reactor) is being
decommissioned. To date, the fuel core has been removed and transferred to the Chalk River
waste management facility. The rest of the reactor structure remains intact and is expected to
be decommissioned in the next few years. It is hoped that many of the reactor components
can be transferred to existing SLOWPOKE facilities for reuse. The total volume of LLRW
from the decommissioning project is expected to be about 10 m3, including the beryllium
neutron reflector, which is mixed waste (i.e., radioactive and hazardous). Contamination
levels are low, with the principal radionuclide contaminants being 60Co and mixed fission
products.

Decommissioning of the over 1200 facilities using radioisotopes for academic, medical and
industrial purposes is yet to be assessed.

"SLOWPOKE: Safe Low Power Critical Experiment
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2.3 Power Reactors

There are currently 22 large (515-880 MWe) CANDU" nuclear power reactors operating in
Canada. Although they will not be decommissioned for some years, they represent a large
future source of decommissioning waste.

Power reactors are expected to be decommissioned in three phases: 1) preparation for
storage; 2) 30-year storage with surveillance to reduce radiation levels; and 3) complete
dismantlement of the facility to allow for unrestricted release of the site.

Three prototype/demonstration nuclear power reactors (NPD, Douglas Point and Gentilly I),
each being <250 MWe, have been decommissioned by AECL [4] to Phase 2. During Phase 1
of those projects, small amounts of waste, ranging from 20 to 300 m3, were removed from
the reactor buildings and sent to waste storage areas. A larger amount of waste, estimated at
several hundred m3 in each case, was stored within the respective reactor buildings, where it
will remain for the duration of Phase 2.

The total volume of radioactive waste generated from the decommissioning of all existing
power reactors is estimated to be about 180 000 m3. A preliminary estimate of the LLRW
generation rate is shown in Figure 1. The volume of uncontaminated waste is expected to be
several times larger than the amount of LLRW.

SO 000

2010 2015 2020 202S 2030 2035 2040 2045 2050 2055 20EO 2065 2070

Years

Figure 1. Estimated volume generation rate of LLRW from decommissioning the existing
Canadian nuclear power reactors.

'CANDU: CANada Deuterium Uranium; registered trademark
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Within the reactor systems, there are both activated and surface-contaminated materials.
Activated material, which only occurs near the reactor core, is the largest contributor to the
total activity. On the other hand, the largest volume of radioactive waste is from surface-
contaminated material. There is therefore potential to reduce waste volume by new or
improved methods for surface decontamination.

During Phase 3 decommissioning, the dominant radionuclides are all activation products: 63Ni,
60Co, 59Ni, 55Fe, 14C, 93Zr, ^Nb, 93Mo, and 121mSn. The fission products with the highest
activity are 137Cs and 90Sr, but they are over four orders of magnitude lower in
activity than 63Ni.

Each of the three nuclear utilities operates its own radioactive waste management facilities.
When those facilities are decommissioned, both the stored operational waste and the facility
dismantlement waste will need to be disposed of. The volume of LLRW from dismantlement
of the waste storage facilities is estimated to be 10 000 m3. Assuming a 40-year reactor
operating lifetime and no additional reactors, about 200 000 m3 of operating waste will
bestored at the time of decommissioning.

2.4 Uranium Conversion and Fuel Fabrication

The Canadian nuclear fuel facilities include uranium conversion, UO2 pellet production, and
fuel bundle manufacturing plants. Decommissioning plans have been prepared for some of
those facilities, but in most cases decommissioning dates have not been established. Since
Canada uses the natural uranium once-through fuel cycle, there are no enrichment or
reprocessing facilities.

The Cameco Corporation operates two uranium conversion plants in Ontario: one at Port
Hope, which converts U03 to UO2 and UF6, and the other at Blind River, which produces
UO3 from uranium concentrates. The Port Hope plant, which at one time processed ores to
recover radium, has operated for 60 years. The estimated volume of decommissioning waste
is 120 000 m3 of contaminated waste, and 21 000 m3 of uncontaminated waste. Most of the
contaminated waste is soil under and around the plant. Uranium is the principal contaminant,
but 226Ra, 231Th and ̂ h, as well as chemical contamination due to arsenic and heavy metals,
are also present. The Blind River site, which commenced operation in 1983, is much less
contaminated than the Port Hope site. Uranium is the main contaminant, and
decommissioning waste could be managed at a mine tailing site in the area.

Uranium dioxide fuel pellet production has been carried out in four plants in Canada. Two of
those plants have been decommissioned, generating a total of 600 m3 of uranium contaminated
waste. The wastes were sent to the Chalk River waste management facility. Similar volumes
and waste management plans are expected when the remaining two plants are
decommissioned.

Three plants have produced nuclear fuel bundles for CANDU power reactors. One of them
has been decommissioned and returned to other uses. Its decommissioning produced 500 m3

of waste, including some operating waste. The volume of waste from decommissioning each
of the remaining plants is expected to be less than 100 m3. About 20% of this is uranium-
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contaminated material; the remainder is contaminated with beryllium metal from brazing
operations.

3. MANAGING LLRW FROM DECOMMISSIONING

In Canada, LLRW disposal facilities are not yet available, and LLRW is currently stored by
the major waste generators. Decommissioning waste is handled in essentially the same
manner as operating waste, although more detailed characterization is sometimes performed.
Most decommissioning waste is stored at the generation site, although some wastes have been
transferred to the Chalk River waste management facilities.

The Canadian nuclear utilities are currently storing their LLRW in various engineered
structures. Ontario Hydro collects LLRW from all its nuclear stations (20 operating reactors)
and stores it at its waste management facility at the Bruce Nuclear Power Development site.
Storage structures include large concrete buildings for low-radiation-level waste, and a variety
of in-ground and above-ground structures for higher-activity waste. The Bruce facility also
includes an incinerator and a compactor. The Gentilly and Point Lepreau reactors both
manage their waste on-site, in adjacent storage facilities. The storage facilities include
concrete trenches and vaults.

The utilities have been content to simply store their LLRW, because of the relatively small
volumes of LLRW they are currently generating. However, the storage facilities are not
intended to store the large volumes of decommissioning waste that will be produced in the
future. To efficiently manage that waste, disposal facilities must be developed. In 1992,
Ontario Hydro published their plan for long-term management and disposal of LLRW.
According to this plan, the utility hopes to have an operational disposal facility for its own
waste by 2015.

AECL Chalk River has developed an LLRW management strategy for those wastes that
AECL is responsible for, based on segregating wastes in different categories, according to the
time period during which the material presents a radiological hazard above "de minimis"
limits. With this approach, waste is categorized at source, stored in an appropriate storage
facility, and will eventually be disposed of in a facility designed to meet or exceed the
required isolation period. Figure 2 shows a simplified flowchart of the LLRW management
operation at Chalk River.

As shown in Figure 2, three waste management facilities are currently operating at Chalk
River. Low-hazard and short-lived LLRW is placed in an unlined sand trench facility.
Higher-activity waste is placed in in-ground engineered structures. The disposal facilities in
the AECL strategy are in various stages of development. The IRUS facility is a near-surface
concrete vault that has been designed as a demonstration unit for 2000 m3 of LLRW, and is in
the licensing process. A conceptual design has been proposed for the "Improved Sand
Trench" facility, but the actual design and safety case are only just starting to be developed.
A shallow rock cavity, 50 to 100 m in depth, is being considered for the geologic facility.
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4. RELEVANT ISSUES AND FUTURE PLANS

Implementation of decommissioning, and the development of waste disposal facilities, are
interlinked. Large-scale decommissioning should not be undertaken before waste disposal
facilities are available. At the same time, the design of waste disposal facilities must consider
the characteristics of decommissioning waste. Based on estimated contaminants and
contamination levels, it appears that most decommissioning waste is suitable for near-surface
disposal. However, further efforts to improve the quality of data for decommissioning waste
regarding chemical and radiological characteristics are necessary to confirm this conclusion.

Legend
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Figure 2. LLRW flowchart for the Chalk River waste management facility

Waste disposal will require more stringent radionuclide characterization than is required for
storage. Current decommissioning experience indicates that implementing a comprehensive
and cost-effective characterization program is a major challenge. Decommissioning projects
must start with a review of the facility design and process history. The basic characteristics
of decommissioning waste can usually be inferred or predicted, based on this review. It is
therefore essential that operating facilities keep accurate records of their process history,
including unusual events or special materials that may impact on the radiological and chemical
characteristics of decommissioning waste. Finally, waste characterization must be fully
integrated with the decommissioning activities, so that wastes can be segregated during
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dismantlement. Many of the key radionuclides are long-lived radionuclides that require radio-
chemical analysis, since they do not emit high-energy gamma-rays (e.g,14C, 63Ni).

Most of the LLRW expected from decommissioning will be very lightly contaminated. With
proper characterization and segregation, much of that waste could qualify for exemption from
a radioactive disposal facility. This would substantially reduce the waste management cost.
Although a regulatory guidance document from the AECB exists in this field [5], the
requirements, which specify acceptable dose/risk levels, are difficult to apply in practice.
Exemption from licensing is currently dealt with on a case-by-case basis. There is a need for
pragmatic and unconditional exemption levels for solid radioactive waste. For waste
contaminated at levels slightly higher than the unconditional exemption levels, generators may
still approach the AECB with a request for exemption on a case-by-case basis. Regulatory
guidance is also required to allow recycling of large quantities of metals expected from
decommissioning, such as steel, copper, and aluminium.

Decommissioning will produce radioactive waste mixed with other hazardous components,
sometimes called mixed waste. Mixed waste is not a formal classification in Canada.
Currently, mixed waste is regulated successfully through a joint consultative process. In this
process, the AECB acts as the lead agency, which, in turn, ensures that other relevant federal
and provincial authorities are consulted and their requirements adequately addressed by the
licensee. To make the interagency requirements more predictable and easier to apply, a
consolidated regulatory guide would be useful. Such a guide would assist the generators to
prepare more effective plans for the disposal of their mixed waste.

The Canadian Standards Association is preparing a series of standards on the
decommissioning of nuclear facilities (CSA-N294 series). Those standards are designed to
assist nuclear facility owners and operators in planning and undertaking decommissioning.

In view of the large volume of wastes to be generated from decommissioning, there is a
potential need for techniques for improved surface decontamination and other waste
minimization methods. Characterization of wastes to determine the long-lived radionuclides
and hazardous chemical constituents is also necessary.
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