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Résumé

Ce rapport passe en revue les travaux de développement effectués au Canada

pour le stockage à long terme des déchets radioactifs qui proviennent des

centrales nucléaires mais qui ne sont pas des éléments de combustible irradié.

Il a été présenté au symposium de l'Association nucléaire canadienne sur la

gestion des déchets radioactifs au Canada (Toronto, 10-11 avril 1979). Les

programmes courants concernent principalement le conditionnement des déchets

radioactifs afin qu'ils se présentent sous une forme appropriée pour le sto-

ckage à long terme et la définition de critères pour la conception et la loca-

lisation du dêpSt central.
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ABSTRACT

This review of Canadian development work

related to the disposal of non-fuel radioactive wastes

arising at nuclear generating stations was presented

at the Canadian Nuclear Association Symposium on the

Management of Radioactive Wastes in Canada, Toronto,

1979 April 10-11. Current programs relate primarily

to the conditioning of the wastes into a form suitable

for disposal and the definition of criteria for the

design and siting of the repository.

ATOMIC ENERGY OF CANADA LIMITED
RESEARCH COMPANY

CHALK RIVER NUCLEAR LABORATORIES
CHALK RIVER, ONTARIO KOJ 1 J 0

August 1979

AECL-6545



CURRENT DEVELOPMENT PROGRAMS

FOR THE DISPOSAL OF

LOW- AND INTERMEDIATE-LEVEL RADIOACTIVE WASTES

by
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SUMMARV

The main thrust of current Canadian development
effort concerned with low- and intermediate-level wastes
from CANDU*power reactors is to define and demonstrate
measures for their permanent safe disposal. When completed
in the 1990's, the program will provide the option to the
utilities of sending these wastes, sometimes referred to
as reactor wastes, directly to a final repository rather
than putting them into interim storage as is currently done.

The form of the conditioned waste and the hydro-
geological and geochemical features of the repository will
serve as a series of barriers which will isolate the waste
radionuclides from the environment for a period long enough
to allow radioactive decay to a nonhazardous level.

The development work, which is being done pri-
marily in the laboratories of Atomic Energy of Canada Limited
and Ontario Hydro, is centred on two main topics: the con-
ditioning of the wastes into a form suitable for disposal,
and the definition of criteria for the design and siting of
the repository.

At CRNLt, laboratory and pilot-scale development
of reverse osmosis, evaporation, bituminization and incin-
erator-ash handling is directed toward a full-scale demon-
stration of these processes in the Vaste Treatment Centre.
When it is completed in 1981 the Centre will condition much
of the low-level waste generated at the CRNL site. Several
additional waste conditioning processes are being investi-
gated by Ontario Hydro. Spent ion-exchange resins containing
significant quantities of carbon-14 and non-incinerable solid
wastes are receiving particular attention.

* CANada I)euterium Uranium

t Chalk River Nuclear Laboratories

AECL-6545



- 2 -

Of several disposal options being assessed, a
reactor-waste repository constructed in hard crystalline
rock in association with the fuel-waste repository is the
reference concept. Preliminary designs for several of the
possible arrangements have been done to evaluate what
interactions are important when the two repositories are at
the same site. In addition several concepts for an inde-
pendent reactor-waste repository are being studied.

SOURCES OF LOW- AMP INTERMEDIATE- LEI/EL WASTES

Radioactive wastes are often characterized by
the terms low-level, intermediate-level, and high-level.
The meaning of these terms is not well defined and may vary
considerably depending on the user and on whether the waste
is in a gaseous, liquid, or solid state. In the management
of the reactor wastes produced in the operation of nuclear
generating stations waste categories are usually based on
the particular precautions necessary for handling the wastes
as they are first put into storage:

- High-level wastes r.equire shielding and cooling.

Intermediate-level wastes require shielding but
no cooling.

Low-level wastes require neither shielding nor cooling.

This terminology will be used for reactor wastes in this paper
but it would not be appropriate in discussion of fuel recycle
wastes. These could contain toxic concentrations of actinides
in a waste which requires neither shielding nor cooling.

Most of the low- and intermediate-level wastes
with which we are now concerned in our development work arise
in CANDU nuclear generating stations as material which has
been contaminated with radionuclides from the reactor systems
during the operation and maintenance of the stations. The
low-level solid wastes are a mixture of contaminated paper and
plastic trash plus discarded equipment and supplies. The
majority is combustible and is packaged in clear polyethylene
bags. A significant fraction consists of a variety of con-
taminated hardware, much of it somewhat awkward to handle.
Cesium-137 (decay half-life, th = 30 years) and cobalt-60
(t*5 = 5.3 years) are the most important of the associated
radionuclides[1].
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The most important intermediate-level wastes are
spent ion-exchange resins and filters used for the purifica-
tion of heavy water in the reactor and ordinary water from
cooling and shielding circuits. The most important radio-
nuclides are again cesium-137 and cobalt-60, but much of the
ion-exchange resin also contains appreciable quantities of
carbon-14 (fs = 5730 years)[2].

Aqueous wastes with significant concentrations
of radionuclides arise primarily from nonroutine operations
such as equipment decontamination. Most will be in the low-
level category but some might be intermediate-level.

A waste unique to CANDU reactors, separated high-
specific-activity tritium (t3! = 12.3 years), may be produced
in the future. Studies are currently underway to develop
techniques for removing tritium from a sidestream of reactor
heavy water as a means of suppressing the tritium concentration
and thus ensuring that tritium releases never become excessive.

An important waste source of the more distant
future is reactor decommissioning[3]. Since both the physical
and radioactive characteristics of these wastes will be dif-
ferent than those of the wastes produced during reactor
operation it is important that allowance be made for them in
planning waste disposal facilities. The decommissioning
wastes are expected to amount to roughly half the volume of
unconditioned low- and intermediace-level waste generated
during the operating life of the station. However, after each
type of waste is conditioned and packaged for disposal, the
decommissioning wastes are expected to exceed both in volume
and radioactive content the wastes generated by reactor operation.

OBJECTIVES ANV CONCEPTS

The objectives of our waste management programs
centre on safety and responsibility. The safety objective
is to dispose of the wastes in a way which will cause no
significant detriment to man or to the environment. The
responsibility objective requires that the wastes be so dis-
posed as to minimize the need for future generations to be
concerned with them.

To accomplish these objectives the disposal method
must not only contain the radionuclides in the waste and pre-
vent their migration back to our environment before they have
decayed to an innocuous condition, it must also reduce to a
small value the probability of chance encounter with the
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wastes by a population perhaps not aware of their location.
The principle by which we expect this to be accomplished
is a series of redundant barriers to migration and intrusion,
A conceptual series of such barriers is shown schematically
in Figure 1 for underground disposal of wastes.

DOSE
TO MAN

FIGURE 1 MULTIPLE-BARRIER CONCEPT OF WASTE DISPOSAL
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Of the potential pathways by which the radio-
nuclides could return from underground to our environment
the only one of likely significance is transport by moving
groundwater. Our waste disposal method can incorporate a
number of means of attenuating radionuclide migration. For
example, conversion of the waste into a stable leach-
resistant form will protect it from attack by water. A
long-lived container can add further protection. Also, the
physical and chemical characteristics of the waste's sur-
roundings can be engineered to impede water flow and sup-
plement the containment by adsorption of the radionuclides.
The nature of the geologic formation in which the waste is
emplaced may also contribute a major resistance to water
flow and further retardation by adsorption. If a slow
release of radionuclides occurs through these barriers,
their concentration will be further reduced by dispersion
in the near-surface environment. Although natural organisms
may concentrate specific nuclides, food chains in general
discriminate against the transfer of radionuclides[4].

The safety of proposed waste disposal schemes
will be assessed by computing the potential radiation dose
to individuals in the population as a result of all the
pathways by which radionuclides could reach man[5].

VEVELOPMENT PROGRAMS

Atomic Energy of Canada Limited (AECL) and
Ontario Hydro have embarked on programs to develop the tech-
nology required to apply the multibarrier concept to the
disposal of the full spectrum of radioactive wastes generated
by the operation of nuclear reactors in Canada. A recent
report[6] describes the program for fuel wastes. To date
most of the program devoted to the low- and intermediate-
level wastes has focussed on means of conditioning the
waste into a form suitable for storage and disposal[7].
More recently studies of the other potential barriers have
begun to round out a complete disposal scheme. Some of this
work is being done under contract in other government depart-
ments, in universities, and by consulting firms.

Wai te. Conditioning Vn.oc<ii>i><Li>

To be suitable for disposal the form of the
waste should be:



- 6 -

stable so that its characteristics are retained for
the hazardous life of tha waste

- leach-resistant to ensure that release of radio-
nuclides will be slow even though flowing water
should contact it

space-conserving so that it is moderate in repository
volume requirements.

These characteristics can be achieved for many
of the wastes by a two-step process. A first preconditioning
step may reduce the volume of the waste and, by removing
volatile or oxidizable fractions, put the waste into a more
stable form. The preconditioning may also change the waste
properties in a way which facilitates the second step of the
conditioning, the incorporation of the waste into a water-
resistant matrix. A number of projects are underway for
developing and demonstrating processes able to precondition
most wastes produced in the generating stations.

1nc4.nzKa.t4.on

Low-level combustible wastes, both solid and
liquid, can be reduced in volume to a stable ash by incin-
eration. Ontario Hydro has been operating a radioactive
waste incinerator of the controiled-air type at Bruce Nuclear
Power Development since 1977[8]. Good volume reduction has
been obtained and radioactive emissions have been very low.
A number of operating difficulties have been overcome, at
least in part, by modifications in the original equipment
and operating procedures.

A similar, but somewhat smaller, incinerator is
now being installed at AECL's Chalk River Nuclear Laboratories
(CRNL)[7] and is expected to begin nonradioactive commissioning
later in 1979. Like the Ontario Hydro unit, the incinerator
will be loaded and unloaded batchwise. The schematic diagram
in Figure 2 indicates some of the air recycling paths available
to control temperatures and temperature gradients in the main
chamber and heat exchanger as the combustion cycle proceeds
through preheating, pyrolysis and char-burning stages. Since
process development, as well as routine waste treatment is an
important objective of the installation, extensive instrumenta-
tion is being fitted.
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FIGURE 2 CRNL RADIOACTIVE WASTE INCINERATOR

Ash from the Ontario Hydro incinerator is dis-
charged directly into metal storage containers large enough
to accept the product from several charges. The CRNL
incinerator is fitted with an ash-handling system which
includes a vibratory screen to split the discharged ash into
two size fractions. The finer fraction will be suitable for
mixing with a water-resistant matrix. The oversize fraction
which is expected to be primarily noncombustible items which
were inadvertently included with the segregated combustible
waste at the station, may be combined with other noncombus-
tible wastes.
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Some wastes, although combustible, are not
suitable as feed for the current design of incinerator.
Combustion of polymeric materials which have a significant
chloride content, such as PVC and neoprene, generates
hydrogen chloride which is an atmospheric pollutant and is
corrosive to the stainless-steel combustion chamber and
heat exchanger. Except for the small quantities which can
be tolerated in the incinerators, the only treatment cur-
rently used for this material is volume reduction by com-
paction or baling.

Spent ion-exchange resins are another combustible
waste currently unsuitable for incineration. Since most are
intermediate-level wastes the necessity of shielding during
handling taxes current incinerator feed and discharge capa-
bilities. Also, resin from some of the reactor purification
circuits contains major amounts of carbon-14 which would be
discharged with the combustion gases. Ontario Hydro are
investigating acid stripping of the resin to remove the
major portion of the radionuclides and essentially all of
the carbon-14. The stripped resin should then be suitable
for incineration but the stripping solution would become
another source of intermediate-level liquid waste. Acid
digestion of resin is also under study.

AECL are also initiating studies of methods of
reducing the actinida content of spent resins should this
be necessary. Present Ontario Hydro experience shows that
purification resins from Pickering G.S. contain much less
than 10 uCi/kg of actinides (0.37 MBq/kg), the concentra-
tion above which U.S. regulations require special treatment.

Conce.ntKa.tLon oj Aqueoiu

As much water as feasible should be removed from
aqueous wastes in a preconditioning step before the waste
solids and the remaining water are solidified in a protective
matrix. Two methods, reverse osmosis (RO) and evaporation,
have been studied on a pilot-scale at CRNL for several years
[7,9].

In reverse osmosis and the related ultrafiltration
process, water is extracted from the waste through a semi-
permeable membrane which retains much of the waste solids.
The modular nature of the equipment and the relatively low
energy requirement are two features of the process which
offer advantages over evaporation as a means of concentrating
dilute wastes of unpredictable character and quantity. The
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main problem with the process is capacity loss from solids
fouling the membranes. A variety of satisfactory cleaning
methods have been demonstrated in the CRNL tests[9]. How-
ever, their success over extended operating periods remains
to be demonstrated.

Although preconditioning of aqueous wastes to a
concentration of 5 percent solids or more may be feasible
with reverse osmosis, concentrations of 20 percent or more
are usually desirable. In CRNL tests[9] a vertical thin-
film evaporator has successfully produced products con-
taining more than 50 percent solids with some waste feeds.
Some temporary fouling of the heat-transfer surfaces was
observed. More testing is required to define the operating
limits with a variety of waste compositions.

Immobilization oj Wai,te.i>

A number of matrix materials have beeu suggested
into which wastes can be incorporated to produce a stable
Itach-resistant solid. The most important of those which
have been used for low- and intermediate-level wastes are
cement, polymeric materials such as area-formaldehyde and
polyester, and bitumen. Bitumen produces the most leach-
resistant product but the other materials can provide adequate
protection in some circumstances. Bitumen has been chosen
because of its versatility and volume savings (the product
is water free) as well as its leach resistance as the ref-
erence matrix in the reactor waste program at CRNL[7].
However, considerable work with polyesters for immobilizing
low-level waste solutions has been done by Ontario HydroflO]
and AECL. The polyester process is an attractive choice for
solidifying small lots of a few drums of waste on a non-
routine basis when a permanent installation is not available
and maximum leach resistance is not: required.

Initially the objective of the studies at CRNL
was to develop a capability of bituminizing most of the
expected forms of waste in one type of equipment. More
recently it was recognized that since preconditic.ing of
aqueous wastes might be done at the generating station,
whereas solid wastes might be done at a central site, split-
ting of the duty between different equipment might be more
appropriate. To date two types of equipment have been tested
and a third is on order. A small twin-screw evaporator-
extruder has been used to immobilize a variety of aqueous
wastes, spent ion-exchange resin, and incinerator ash.
The results were generally quite satisfactory[9,10] although
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some difficulties were encountered in obtaining constant
feed rates for some of the solid wastes. Under some cir-
cumstances wastes which contained major amounts of hydrated
salts such as sodium phosphate and sodium carbonate resulted
in products which swelled and lost some leach resistance
when they were immersed in water. The phenomenon is believed
to be caused by matrix cracking as the near-surface salts
réhydrate. Procedures for stabilizing such wastes are being
investigated.

The vertical thin-film evaporator previously
mentioned has also been used[9] for bituminizing the same
selection of wastes processed by the extruder-evaporator
with comparable success. For these tests the bitumen was
fed as an emulsion rather than as a pure molten stream.
Testing with a molten bitumen feed is planned.

The main functions of both the above bitumin-
izing processes are the dispersion of the waste solids in
the matrix and the removal of essentially all the water
from the final waste product. However, only the first
function is required in order to bituminize dry solids such
as incinerator ash. A laboratory-scale ribbon blender is
to be evaluated at CRNL for this duty. This type of equip-
ment offers the potential advantages of simple operation
and larger capacity compared to those with evaporation
capability.

CRNL WcLitz TKza.tmo.nt

In order to extend the development of methods
of conditioning low-level wastes to a full-scale system
and to demonstrate the performance and cost during routine
operation, several of the process-as of interest are being
combined at CRNL in a Waste Treatment Centre. Much of the
aqueous and solid radioactive wastes generated by the oper-
ation of the Laboratories will be conditioned for disposal
into a bitumen matrix. The block diagram in Figure 3
illustrates the flow of the various wastes to the incin-
eration, two-stage reverse-osmosis, evaporation, and bitu-
minizing processes. Since little spent ion-exchange resin
is generated at CRNL, spent resin from the nearby NPD
Generation Station will also be processed.

The first part of the Waste Treatment Centre to
begin operation will be the incinerator described in an
earlier section of this report. The complete Centre is
expected to be in operation in 1981.
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WASTE CONDITIONING IN THE
CRNL WASTE TREATMENT CENTRE

0thz>i lmpon.ta.nt

For two types of waste which together comprise a
significant fraction of the total waste volume and radio-
activity no method has yet been developed by which they can
be satisfactorily prepared for disposal. These "difficult"
wastes are discarded reactor hardware (and eventually decom-
missioning wastes) and purification filters. Ontario Hydro
is considering the development of special crushers for
reducing the volume of the hardware to ease its storage.
What means might be necessary to immobilize the associated
radioactivity has not been assessed.

1 Ci = 37 GBq
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Purification f-'lters, often in the form of re-
placeable paper cartridges, are used for removing radio-
active particulate matter from water in a number of reactor
systems. When spent, the filters may contain major amounts
of radioactivity in a form which is difficult to convert to
a stable leach-resistant product. No work has yet begun on
this problem.

Two radionuclides are produced in greater
quantity in CANDU reactors than in light-water reactors
(LWR), tritium and carbon-14. As a complement to the pro-
posed development of processes for separating tritium from
reactor heavy water, work has recently begun at CRNL to
choose a means of immobilizing the separated tritium for
storage or disposal. The initial studies are centred on the
use of zirconium tritide as the stable form.

Kabat[2] of Ontario Hydro has proposed adsorption
in calcium hydroxide as a method for determining carbon-14
in gaseous emissions. Plans are now underway to evaluate
the method on a larger scale as a removal process.

Vl&po&al o& Conditioned ft/q-s-te-i

As explained earlier in the report our multi-
barrier concept for disposal involves not only the form of
the waste but a number of other barriers associated with the
waste emplacement and the surrounding geologic host material.
A combination of these barriers is being developed as a
high-integrity disposal method for CANDU high-level fuel
wastes[6]. The method centres on the underground disposal
of the wastes in a single repository deep in a large hard-
rock formation called a pluton. Since a large program of
laboratory and field work is directed at verifying the basic
concept for high-level wastes, it is a logical extension to
consider use of the same large rock mass for disposal of the
low- and intermediate-level wastes. The sharing of a single
pluton for disposal of all Canadian nuclear power wastes is
the main thrust of our program. In fact, it appears quite
feasible to dispose all the wastes generated in the next fifty
years on one shared site.

Acres Consulting Services Ltd., under contract to
AECL, have just completed a preliminary study of some ways
by which the low- and intermediate-level wastes could be
emplaced at the site, either in conjunction with the fuel-
waste facilities or in independent facilities. Several of the
possible repository arrangements are shown schematically in
Figure 4. Factors such as the interactions between the high-
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and low-level waste emplacements, shaft availability, temp-
erature effects, costs, and the matching of the magnitude
of the waste hazards to the value of the protective barriers
will need to be assessed before a preferred arrangement can
be selected.

INDEPENDENT CAVITY
AT 100 METRES

SEPARATE — J
CAVITY AT U

500 METRES

SEPARATE
CAVITY AT

1000 METRES

MAIN
SHAFT

INTEGRATED WITH
FUEL-WASTE REPOSITORY

FIGURE 4 SOME POSSIBLE ARRANGEMENTS FOR LOW-LEVEL

WASTE REPOSITORY AT SHARED HARD-ROCK SITE

Several cavity designs and methods for reactor-
waste emplacement, including both regular stacking and random
dumping, are being considered. In all methods, the placement
of backfill material around the waste in the mined cavity
can be engineered to provide another barrier to radionuclide
and water movement.

Although the disposal of all wastes at a single
shared hard-rock site is the preferred option in our program
preliminary assessments of some other concepts are planned.
Two concepts of particular interest are shallow disposal in
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the unsaturated zone and disposal at depths of ten metres
or more in large vertical boreholes in thick clay or glacial
till layers.

j Shallow burial above the water table is cur-
rently used for disposal of low-level wastes in several
countries, most notably the U.S.[11]. It is undoubtedly
tlte cheapest method and therefore a useful datum for our
evaluations. Its most obvious shortcoming is its vulnera-
bility to accidental intrusion if effective land-use control
is not maintained for the hazardous life of the wastes.

A concept of disposal in large boreholes sunk
in clay or till has been suggested by Cherry et al[12].
If: the fine-grained media are free of fractures, migration
oi: radionuclides from the waste is expected to be primarily
under the influence of diffusion and, thus be at a rate of
the order of one metre per century. However, considerable
laboratory and field work would be necessary before the
concept could be verified for disposal periods of several
centuries or more.

CONCLUSIONS

A program to develop the technology for the
disposal of low- and intermediate-level wastes from CANDU
reactors is based on a concept of multiple redundant bar-
riers for containment and isolation.

Conditioning the wastes into stable leach-
resistant solids provides one of the more important barriers.
Development of conditioning processes for many of the waste
categories is well advanced. For some categories, however,
the work is only in the early planning stage.

Once they have been conditioned, the wastes are
to be emplaced underground to provide further containment
barriers. Of the various options available the development
of a repository in hard rock on the same site as the fuel-
waste repository is currently receiving the most effort.
Considerably more work is necessary before a specific disposal
scheme can be chosen.
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