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1. INTRODUCTION

The Canadian Nuclear Fuel Waste Management Program Is now well

). It involves generic research and development of

technologies for the immobilization and subsequent disposal of nuclear

fuel waste 500 to 1000 m deep in a stable crystalline rock formation in

the Canadian Shield. The term "fuel waste" is taken to mean both

irradiated CANDU* fuel and the radioactive wastes that would result from

recycling of the fuel, should this be implemented in the future.

In 1978 June, the governments of Canada and Ontario announced

an agreement to cooperate in the development of technologies for the

safe, permanent disposal of Canada's nuclear fuel wastes'*'. Since

1978, the program has grown M become truly national, with participation

from several federal an* provincial government departments, from

Industry, and from the academic community. External technical review of

the program'5>6) ±8 provided by the Technical Advisory Committee, a

group of distinguished independent scientists.

In 1981 April, the federal government approved, in principle,

a ten-year generic research and development program in nuclear fuel

waste management. During the ten-year period, the program is expected

to provide the data necessary to evaluate the concept of deep under-

ground disposal in a stable geological formation. The process by which

the concept will be evaluated was defined in a Canada-Ontario joint

statement, issued in 1981 August^7).

The development of the Canadian Nuclear Fuel Waste Management

Program to 1980 December has been described in two annual progress

' ^ 3 These reports were the first two of a series of

Canada's natural-uranium-fuelled, heavy-water-moderated and cooled

reactor. (CANada Deuterium Uranium)
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annual reports intended to Inform the scientific community and the pub-

lic of the work being done. This document, the third annual report,

reviews progress over the past year and references the more detailed

sources of information.

2. BACKGROUND

2.1 PROGRAM OBJECTIVE

The overall objective of the Canadian Nuclear Fuel Waste Man-

agement Program is to ensure that there will be no significant effect on

aan or the environment from nuclear fuel wastes at any time. The objec-

tive incorporates two basic principles:

Safety - to manage the radioactive wastes so that

the potential hazards are negligible.

Responsibility - to manage the radioactive wastes

so that the Involvement and concern of present

and future generations in maintaining safety will

be minimized or eliminated.

2.2 PROGRAM COMPONENTS

The overall program for the management of nuclear fuel wastes

has four components:

- interim storage of irradiated fuel,

- transportation of irradiated fuel,

- immobilization of irradiated fuel and fuel

recycle wastes prior to disposal, and

- permanent disposal of the immobilized material.
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Responsibilities for the program components are defined in the

Canada/Ontario Nuclear Fuel Waste Management agreement^). Under

this agreement, responsibility for the development of technologies for

interim storage and transportation of irradiated fuel rests with Ontario

Hydro, while the coordination and management of the research and devel-

opment program on immobilization of fuel wastes and their safe disposal

are the responsibility of Atomic Energy of Canada Limited (AECL)•

While progress in all four components of the program is

described here, the large number of studies involved precludes detailed

discussions of every aspect of the program. Emphasis is placed on

studies involving the immobilization of fuel wastes and their disposal.

Progress in the management of non-fuel reactor wastes is described

elsewhere^8).

2.3 PROGRAM APPROACH

To achieve the program objective, it is proposed that the

suitably immobilized material be emplaced deep underground in a stable

geologic formation. The consensus of world scientific and engineering

expertise^-'-'') is that this will ensure the isolation of these

materials from man and the environment.

Throughout the development of the Canadian nuclear power pro-

gram, the principle has been to identify the most attractive concept for

Canada and concentrate available resources on its development. This

principle is followed in the Nuclear Fuel Waste Management Program,

which is concentrating on disposal in the stable, hard-rock formations

of the Canadian Shield. Work on other formations, such as bedded salt,

clays or shales, is limited. However, by contributing to, and partici-

pating in, the world-wide exchange of information on nuclear waste man-

agement, Canada retains the option of pursuing disposal in other geolo-

gic formations, should hard rock prove unattractive. Canada has cooper-

ative agreements with the United States of America, the Commission of
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the European Communities, and Sweden. These agreements provide for the

exchange of data and other Information on nuclear waste management, and

encourage cooperative programs in areas of mutual interest.

Current CANDU reactors operate on a natural uranium, once-

through fuel cycle, i.e. the fissile material in the irradiated fuel is

not recycled. The Canadian government has stated'!?' that a deci-

sion on fuel recycle In Canada will not be made until the conclusions of

the International Nuclear Fuel Cycle Evaluation, completed in

1980(16), haVe been reviewed in detail. Pending this decision,

technologies are being developed for the immobilization of both irradi-

ated fuel and fuel recycle wastes so that options are kept open for the

disposal of either form. Current irradiated fuel storage methods are

adequate for many years, and additional storage can readily be provided

at the reactor sites'!"'. Thus, commercial disposal Is not a near-

term requirement.

The objective of the generic research and development phase of

the program is to assess the basic safety and environmental aspects of

the concept of Isolating the radioactive material by disposal of immobi-

lized fuel waste deep in a stable, hard-rock formation known as a plu-

ton. Much of the work to date has been on granitic rock but, recently,

two research areas of gabbroic rock were approved for study"'.

Laboratory and field studies will provide data that will be used to

assess the effectiveness of various natural and engineered barriers in

minimizing or preventing the movement of radionuclldes. Development of

the methodology to make such an assessment is a vital part of the

program.

During the latter stages of the research and development

phase, a generic safety and environmental assessment of the disposal

concept will be presented for evaluation. The governments of Canada and

Ontario have recently announced the process by which evaluation of the

disposal concept will be undertaken^). The full statement is given
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In Appendix A. In summary, the evaluation process will Involve three

stages:

- a regulatory and environmental review,

- a full public hearing,

- a decision by the two governments on the acceptability of

the concept, based on the information and recommendations

from the first two stages.

In the regulatory and environmental review, the Atomic Energy Control

Board (AECB) will act as the lead agency, assisted by the federal

Department of the Environment and the Ontario Ministry of the Environ-

ment. These three agencies form the Interagency Review Committee. The

public hearing will be held under the auspices of the federal govern-

ment, and recommendations arising from it will be submitted to the AECB.

It is expected that sufficient information will be available

by the mid-1980s to begin the formal evaluation, and that the regulatory

review will be completed in the late 1980s. The governments of Canada

and Ontario have expressed confidence in the program and its objective

of demonstrating that the concept of deep geological disposal in stable

rock formations is a fully acceptable method of disposing permanently of

high-level radioactive wastes from the nuclear fuel cycle.

The federal government has confirmed that no disposal site

selection will be undertaken until after the. concept has been evaluated

and accepted. Allocation of responsibility for disposal site selection

and subsequent operation need not, therefore, be made until after con-

cept acceptance. If the disposal concept is accepted, proposals for the

various stages of licensing, required under the Atomic Ensrgy Control

Act and Regulations, can be submitted to the AECB. It is expected")

that a full-scale commercial repository for disposal of nuclear fuel

wastes would be preceded by a demonstration repository, which would
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operate for some years before the commercial repository is built. The

province in which a repository ie located would ensure that it met

provincial criteria for health, safety, and environmental impact.

Public knowledge, understanding and acceptance are important

to the success of the program, and considerable emphasis is being given

to providing full and open public information. In particular, the

generic research and development phase allows an opportunity to increase

public awareness in preparation for subsequent phases.• The regulatory

processes will provide for public participation through submissions and

hearings.

Although routine field activities do not require specific

local community approval, AECL will continue to keep the public informed

on the progress of the work and will answer any questions related to the

research program. A committee, appointed by the governments of Canada

and Ontario, coordinates those activities in the program that affect the

public. This coordinating committee comprises representatives from

Energy, Mines and Resources Canada, the Ontario Ministry of Energy,

Ontario Hydro and AECL.

2.4 PARTICIPANTS AND FUNDING

To ensure that sufficient expertise is available in the scien-

tific and engineering activities within the program, AECL has actively

encouraged participation of Canada's scientific community. Several

government departments and agencies are working with AECL in the pro-

gram, and private industry and consultants are extensively involved. In

addition, faculty members of several Canadian universities have research

contracts covering a wide range of topics. The administrative struc-

ture, main research and development components, participating organiza-

tions and international cooperation are described in more detail in the

program guide^1^).
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Funding for the immobilization and disposal aspects of the

research and development program is provided by the federal government,

which continues to endorse the program and provide it with the necessary

support, The level of funding has increased as the program has devel-

oped, and $25.4 million have been allocated for the current fiscal year

(ending 1982 March 31). Over the ten-year period 1381-1990, the federal

government has approved, in principle, an average funding of approxi-

mately $29 million a year ($1981) for generic research and development.

Ontario Hydro, in addition to directing and funding the storage and

transportation components of the program, has allocated $2 million in

1982 for technical assistance to the immobilization and disposal

components of the program.

2.5 REVIEWS OF THE PROGRAM

An independent Technical Advisory Committee ensures an ongoing

and thorough technical review of the program. The membership of the

Committee, given in Appendix B, is drawn from candidates nominated by

learned societies throughout Canada. The Technical Advisory Committee

has issued two annual reports'•*»"', which are available to the pub-

lic. The summary from the second annual report, published in 1981 May,

is given in Appendix C. In the report, the Committee strongly supports

the systems analysis approach being used to assess the concept of geolo-

gical disposal, and advocates an unhurried approach in the development

of final specific criteria. The Committee reconfirms its endorsement of

the overall research program as being well conceived, and notes with

approval the research accomplishments and detailed planning. It also

makes a number of suggestions and recommendations on specific parts of

the program. Full support is expressed for the development of the

Underground Research Laboratory (URL), which has the potential to pro-

vide relevant information for the whole disposal program.
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Two elements of the program have also been reviewed by inde-

pendent authorities. The hydrogeology program document(2°) was pre-

pared with assistance from the Hydrogeology Review Panel, which helped

to develop a sound basis for judging the relevance of individual

research projects and the progress of the hydrogeclogy work. Similarly,

the URL Review Panel made an important contribution during the prepara-

tion of the experimental portion of the URL program documental).

Rapid dissemination of results of the research studies is

achieved through the Technical Record (TR) series of reports and by pre-

sentations at appropriate conferences. Reviews of the scope and pro-

gress of the program are presented at information meetings, held three

times a year'22-24)# More complete documentation of the research is

contained in the AECL series of reports and in recognized scientific

journals.

The regulatory and environmental review of the concept assess-

ment, discussed in Section 2.3, will take into account comments from

various government departments, the universities, public interest groups

and the public in general, in addition to those of the Technical Advi-

sory Committee. This will assist the AECB in discharging its responsi-

bility of ensuring that the disposal concept is thoroughly reviewed.

3. PUBLIC INTERACTION

AECL recognizes the need to provide information on the Nuclear

Fuel Waste Management Program to the public, to elected officials and to

the technical community, and it remains committed to providing full and

open communication on all aspects of the research and development

program.

AECL'8 public interaction activities cover virtually all the

Canadian Shield region of Ontario. AECL maintains information oifices
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in Thunder Bay, Sudbury, Ottawa and Toronto and, in addition, a public

affairs group is stationed at the Whiteshell Nuclear Research Establish-

ment (WNRE). The WNRE group is also responsible for conducting public

interaction programs* outside Ontario, particularly those associated with

the Underground Research Laboratory in Manitoba (see Section 7.3).

General information is provided through a variety of printed

and video materials. Brochures describing various aspects of the pro-

gram have been produced and widely distributed; others are in prepara-

tion. Two new publications, a pamphlet entitled "Living with Radiation"

and a booklet entitled "Radiation is Part of Your Life", were produced

in 1981. A pamphlet on the Underground Research Laboratory is now

available for distribution. A contract has been issued to Energy Path-

ways, an environmental and energy consulting agency, to produce a weekly

column on energy, with emphasis on nuclear energy. The views expressed

in the column, which is being distributed to a number of weekly news-

papers in Northern Ontario and Eastern Manitoba, are those of Energy

Pathways, not AECL. Approximately 12 000 viewers saw the Nuclear Fuel

Waste Management Program film in 1981, bringing the total number to more

than 30 000 since its production in 1979. In addition, waste management

displays were placed in eight locations throughout Canada during the

year.

The practice of briefing elected officials has continued, with

35 briefings at various levels of .government. Over 100 news media

briefings and interviews were conducted during the period. Direct mail-

ing to government officials, news media personnel and householders, in

specific areas where local interest in AECL's programs exists, has

expanded steadily; about 100 000 pieces o: mail were distributed in

1981. Over the past year, 38 presentations were made to various inter-

est groups by scientists involved in the Nuclear Fuel Waste Management

Program.

Much of the public interaction was concentrated in regions

where potentially useful research areas have been identified and where

approval was being sought either for general studies or field research.



- 10 -

The federal and provincial governments") have given approval for

general field studies and have directed AECL to keep the public informed

of the progress of the work and to answer questions related to it. The

governments have also approved two new field research areas, at East

Bull Lake (35 km east of Elliot Lake) and at Overflow Bay/Denmark Lake

(75 km southeast of Kenora). The areas were approved for research pur-

poses only, and are not associated with the selection of a site for a

disposal facility. AECL participated in public meetings in the Massey

area, near East Bull Lake, and will be working with adjacent municipal-

ities, community groups and the general public, to answer questions and

discuss concerns about its research programs in these areas.

Community relations programs in existing research areas have

continued. Information offices have been established at the site of the

Underground Research Laboratory near Lac du Bonnet, Manitoba and in

Massey, Ontario. At the Atikokan research area, the nearby local coun-

cil has set up a citizens' committee to examine the community's involve-

ment beyond the activities authorized by a 1979 council resolution,

namely, to conduct research on a rock formation in the area. AECL par-

ticipated in a conference sponsored by the citizens' committee, at which

various viewpoints on a number of issues and concerns were presented.

At the White Lake research area, AECL has informed the township that it

will be withdrawing from the area at the end of 1981, as previously

agreed.

Surveys have been carried out as part of AECL's continued mon-

itoring of the public's knowledge of the waste management program and

its attitude towards the field research work. The latest surveys were

conducted in conjunction with the Gallup Ontario Omnibus Studies of 1980

September^25) and 1981 July^26). The 1980 September survey

showed that, in Ontario, approximately 9 out of 10 respondents have some

concern about the disposal of radioactive wastes and feel some urgency

about demonstrating their safe disposal. However, only half the

residents had even a 'vague knowledge' of the government program and

only 2% professed to have a 'great deal of knowledge' about the program.
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On the question of drilling in rock bodies near their community, only

about 2 out of 10 respondents were completely opposed. The level of

opposition to a waste disposal site near the individual's community was

higher, about half being opposed to a site located 20 miles from the

community. An analysis of the 1981 July survey shows similar results.

Telephone surveys of. approximately 100 residents in each of

the Renfrew, Sturgeon Falls and Dryden areas were carried out in 1980

October by Gallup'25)^ none of these communities had an active com-

munity relations program at the time of the survey. The telephone sur-

vey showed concerns similar to those found in the larger Ontario Omnibus

survey. Most of the respondents in the three communities had obtained

their information from newspapers and television. Many expressed a pre-

ference for receiving further information by mail or through newspapers.

To assess the effectiveness of the information provided on the

proposed Underground Research Laboratory, a telephone survey of a random

sample of residents and cottage owners in the Lac du Bonnet and Piiawa

areas was carried out by AECL staff in 1980 November"') _ Although

the results varied widely depending on the location of the respondents,

provision of information by direct nail appears to be effective and is

the preferred method. Awareness of the URL project is high, even among

residents who received no information by direct mail. A large majority

of the permanent residents of the area appear to be positive or neutral

towards the project, but cottage owners are less favourably disposed.

In cooperation with Ontario Hydro, a limited study of risk

perception has been carried out. Results from some of the preliminary

work indicate a fear of the unknown associated with waste management

technology. In addition, more general concerns were evident, such as a

disillusionment with large institutions and a feeling of powerlessness

in decision-making processes. These findings illustrate a major diffi-

culty faced in the program. Most people agree that research is essen-

tial to assess the safety of proposed waste disposal concepts. However,
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they have difficulty distinguishing between the research and site selec-

tion phases of the program, Which tends to impede the progress of the

field research.

With the publication of the first environmental and safety

assessment study for Nuclear Fuel Waste Management (see Section s), and

its wide distribution amongst elected officials, scientists, environmen-

tal groups, critics and other interested parties, an opportunity was

created for public comment on the environmental and safety aspects of

nuclear fuel waste disposal. Comments received will provide input for

future assessment studies.

4. IRRADIATED FUEL STORAGE

4.1 WET STORAGE

Irradiated fuel is currently stored in water-filled storage

bays at the reactor sites. By the end of 1981, it is expected that

232 000 fuel bundles, representing approximately 4400 Mg of irradiated

fuel*, will be stored in this manner. This quantity of irradiated fuel

has resulted from the production of 248 billion kWh of electricity. At

the current installed capacity of 5270 MWe (net), the quantity of irra-

diated fuel will increase at a rate of up to 850 Mg per year. At the

expected rate of production from the Pickering A and B and Bruce A and B

nuclear generating stations, adequate space is available at the reactor

sites to store the irradiated fuel safely until the year 2025(18).

Current forecasts, based on station capacity factors and fuel burnup

rates, indicate that an additional auxiliary storage bay will not be

needed at Pickering before 1993.

* Quantities of irradiated fuel are given on the basis of uranium

content.
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In its review of irradiated fuel storage options, Ontario

Hydro concluded that relining of the primary storage bay may be neces-

sary at the Pickering A generating station, if the station life is to be

extended much beyond the year 2000^18\ Further experience with the

integrity of the existing epoxy liners, and studies of the behaviour of

epoxy liners under long-term exposure to water and radiation fields,

will determine if bay relining is necessary. To minimize station out-

age, a relining technology that will not require major fuel and water

removal is being developed.

Ontario Hydro and AECL are cooperating in a joint program at

the Chalk River Nuclear Laboratories (CRNL) to demonstrate the feasibil-

ity of storing irradiated CANDU fuel bundles with zirconium alloy clad-

ding under water for at least 50 years. The first examination of the

fuel bundles will be completed by the end of 1981.

A postulated accident scenario involving a loss of storage bay

cooling has been examined^28). The study showed that it would take

at least five hours before the cooling water reached a temperature of

55°C (the temperature above which cracks may develop in the concrete

walls of the bay). This would give sufficient time for remedial action.

A high-densitf storage system will be introduced in the Pick-

ering auxiliary storage bay in 1982. A study is underway to develop

methods for decontamination and disposal (or recycle) of used equipment

that will become redundant on introduction of the new system.

4.2 DRY STORAGE

Dry storage of irradiated fuel is receiving increasing consid-

eration by Ontario Hydro. The advantages of dry storage over wet stor-

age include passive cooling, longer term storage, lower operator radia-

tion dose rate, lower maintenance and inspection requirements, and lower

cost.
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Ontario Hydro and AECL are cooperating on a program to examine

the integrity of irradiated fuel in long-term dry storage, using fuel

bundles froa the Pickering and Bruce stations. Experiments^29'30^

have been in operation in dry air at ambient temperature (where the

temperature has been nonitored for two years^D) and at 150°C. An

experiment with irradiated fuel in moist air at 150 °C is in

preparation'32),

The economic incentives of using concrete casks for the stor-

age and transportation of irradiated fuel have been examined by Ontario

Hydro for several types of cask. A polymer-impregnated, reinforced

heavy-concrete cask appears to be the most economic, and its use for

both storage and transportation would minimize fuel handling. Its tech-

nical feasibility is now being studied.

Ontario Hydro has concluded that above-ground storage of irra-

diated fuel is more attractive than near-surface or deep underground

storage, even for periods of greater than 50 years^3)# These stor-

age concepts provide additional options for irradiated fuel management,

should disposal in stable geologic formations be significantly delayed.

5. IRRADIATED FUEL TRANSPORTATION

The objectives and timing of the irradiated fuel transporta-

tion program have been reassessed by Ontario Hydro^*). The program

now includes a project to design and construct a road cask by 1990. The

detailed plan^") specifies completion of the preliminary engineer-

ing phase by 1986, detailed design and acquisition of the cask by 1989,

and commissioning by 1'sjQ. Rail and barge transportation are also being

evaluated because of their potential large-scale use In the future.
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The design of a module for supporting irradiated fuel bundles

In a cask, for both storage and transportation has been finalized. The

cack will probably contain only one or two modules (one module contains

96 bundles), because of weight limitations in road transportation. The

cask development project includes studies of the effects of shock and

vibration, impact and fire during transportation, and the characteris-

tics of potential cask materials. The current concept is based on the

use of stainless steel, lead or depleted uranium as the shielding

material.

Casks will be developed for both wet and dry loading, since

wet loading will be necessary at the Pickering and Bruce generating

stations and dry loading may be used at the Darlington generating

station. Studies have commenced to evaluate cask temperatures during

dry shipping, and experiments are being performed (at CRNL) to establish

design boundary temperatures.

A film describing Ontario Hydro's irradiated fuel transporta-

tion program is near completion. The film, - entitled "Handled with

Care", shows that irradiated fuel can be transported safely and that the

public and the environment will be protected. The film will supplement

a transportation fact sheet released early in 1981. Ontario Hydro is

also undertaking a program to inform regional police and fire depart-

ments of its current shipments of low and medium-level reactor waste to

the Bruce site, and small-scale fuel bundle shipments to WNRE. The pro-

gram includes the emergency response plans that Ontario Hydro has

developed for unforeseen highway mishaps, and the regulations and plans

for future larger scale irradiated fuel shipments.

6. IMMOBILIZATION

Immobilization technology is concerned with the study and

development of the two possible waste forms (i.e. intact irradiated fuel
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bundles or solidified recycle wastes) and the engineered barriers (i.e.

the container, container investment, buffer, backfill and seals).

Pending a government decision with respect to the recycling of

irradiated fuel, research and development on immobilization technologies

for both irradiated fuel and the wastes that would result from fuel

recycling is being carried out. Since the characteristics of irradiated

fuel and recycle wastes are different'3-', different immobilization

technologies are necessary for each waste form. An irradiated fuel

bundle has essentially the same physical appearance as the fresh uranium

fuel bundle that was placed in the reactor. The radioactive materials

produced within the fuel by the fission process consist of fission

products and actinides, including plutonium. Fuel recycle wastes, the

true wastes of the fission process, are those that remain after the

useful materials, plutonium and uranium, have been extracted from the

irradiated fuel (although a very small quantity of each would remain in

the wastes).

6.1 FUEL ISOLATION

The fuel isolation program is concerned with the development

of Long-term durable packaging and containment for the disposal of

intact, irradiated fuel bundles, and with the characterization of irra-

diated fuel as a waste form. Containers designed for a life of 300-500

years would guarantee isolation of the majority of radioactive fission

products for the duration of their hazardous lives. As described later

(Section 6.1.3), the irradiated fuel is resistant to dissolution under

certain conditions and appears to be a viable waste form.

6.1.1 Simple Containment

Simple containment systems are those which are intended to

isolate the fuel from the disposal environment for 300-500

years<36,37)#
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A containment shell of corrosion-resistant metal acts as the

principal barrier to radionuclide release. Several potential contain-

ment designs are being evaluated. The simplest is a container with

sufficient shell thickness to withstand the hydrostatic pressure in a

flooded disposal vault. This is known as the "stressed-shell" concept.

Other designs provide internal support for a thinner shell, such as a

cast-in-place metal matrix, packed-particulate material or a load-

bearing internal structure.

An initial assessment of potential container materials has

recently been completed and several candidate materials identified for

further study^38). Resistance to corrosion, whether general or

localized, is of prime importance in the selection of a container

material because of the potential aqueous chloride environment in a dis-

posal vault. Strength, resistance to fracture (including delayed frac-

ture), weldability and cost are also important. On the basis of the

assessment, AISI 300 stainless steels (316L), high nickel-base alloys

(Inconel 625, Hastelloy C-276), dilute titanium-base alloys (ASTM grades

2, 7 and 12) and copper are recommended for a comprehensive test program

to further evaluate their ease of fabrication and their performance in

various environments. Plain carbon and low-alloy steel*, and aluminum-

and magnesium-based alloys appear to be poor candidates because of their

anticipated corrosion in a vault environment.

Experiments are now underway to assess the performance of

potential container materials in various environments^9). Con-

tainer materials are immersed in several solutions in the presence of

irradiated fuel elements at 100°C, in order to measure the effect of

gamma radiation on corrosion. The samples will be examined periodically

over the next few years. The susceptibility of container materials to

stress corrosion cracking is being measured using a slow-strain-rate

rig. Preliminary results indicate that 316L stainless steel is suscept-

ible to stress corrosion cracking in an aqueous 3.5% sodium chloride

solution at 100-150°C. Static load tests on titanium (grades 2 and 12)
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in air at 100°C have been in operation for up to 18 months and show no

evidence of delayed failure due to hydrogen or hydride effects. An

electrochemical testing program is underway to evaluate the susceptibil-

ity of the candidate materials to pitting and crevice corrosion as a

function of temperature and electrolyte composition.

As part of the development of container fabrication methods,

Bristol Aerospace and Ontario Hydro are cooperating in an evaluation of

rtsistance-heated diffusion bonding, which appears to be a promising

technique for making container joints. Other welding techniques, such

as electron-beam, tungsten inert gas and plasma arc, are also being

assessed(4°).

A survey of potential inspection techniques for containers has

been completed'**). Of the conventional techniques, ultrasonic

inspection and helium leak detection appear to offer most promise.

Ontario Hydro is carrying out research on the ultrasonic attenuation

properties of container materials and is also assessing the inspectabil-

ity of container welds.

The results from the testing of the prototype stressed-shell

container at the United States Naval Laboratories at Annapolis have now

been fully analyzed'^). They suggest that, for metal containers

with dimensions and geometries similar to those of the prototype, clas-

sical thin-shell theory can predict the short-term mechanical response

to hydrostatic pressure.

The major container development work over the past year has

been directed towards supported-shell designs. A detailed design of a

half-scale, netal-matrixed container is now complete. A prototype con-

tainer with a 316L stainless steel shell has been constructed and fur-

ther containers are planned using stainless steel and ASTM grade-2 tita-

nium. One objective of this work is to assess the mechanical perfor-

mance of a container with a defective metal matrix. In addition, the
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properties of matrixing metals, casting methods to minimize matrix

defects'^) > and inspection techniques to test the integrity of

metal matrices^) are being evaluated.

The design of a packed-particulate, supported-shell container

is complete. A full-size prototype, capable of holding 72 fuel bundles,

will be fabricated from titanium, with glass beads as the likely parti-

culate support. Simulated fuel bundles will be used in the prototype.

A structurally supported container design which will accommo-

date 72 fuel bundles has been selected. Designs of titanium and copper

shell containers have been completed. Both of these have an inner array

of sealed carbon-steel tubes, in which the fuel bundles reside, and a

packed particulate between the carbon-steel tubes and the container

shell. A prototype titanium.container will be fabricated first.

A hydrostatic test facility capable of testing full-size con-

tainers at pressures up to 10.3 MPa (the hydrostatic pressure at 1000 m

depth) and temperatures up to 200°C, is being constructed at WNRE and

will be available in early 1982. The mechanical performance of all the

container prototypes will be studied in this facility.

6.1.2 Advanced Containment

The development of advanced containment systems has received

less attention than that of simple containment systems. A review of

ceramic and other non-metallic materials for very long-term containment

is in progress. The potential of copper as a massive metal barrier is

being assessed by Ontario Hydro. A review of copper corrosion proper-

ties, particularly in saline conditions, has been completed^'"', and

an immersion testing program in a number of simulated groundwater condi-

tions is in progress.
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6.1.3 Irradiated Fuel Characterization

The major emphasis of the current research is on understanding

the rates and mechanisms of dissolution and leaching of irradiated fuel.

The dissolution in groundwater has been studied over a wide range of

water chemistry conditions at low temperatures (25-30°C). The results

suggest that significant variations in the quantities of dissolved

solids in the leachant do not substantially affect the dissolution rate

of irradiated fuel at this temperature. Increasing the concentration of

dissolved oxygen, however, does appear to increase the rate of release

of some radionuclides, for example strontium-90.

The dissolution behaviour of irradiated fuel in groundwater at

temperatures < to 150°C is under investigation as an aid to predicting

the dissolution rate of fuel after disposal. Initial studies of disso-

lution under oxidizing conditions at 150°C^6) show that the matrix

dissolution rate of irradiated fuel is ten to twenty times greater than

at 25°C. Preliminary results indicate that strontium-90 and technetium-

99 are released by matrix dissolution, whereas cesium-137 is released

primarily by a leaching process. However, a more reducing environment

is likely to exist at depth in granitic groundwater, in which uranium

oxide may be stable. Methods have been developed to provide controlled

redox conditions during fuel dissolution studies^?), and experi-

ments under reducing hydrothermal conditions have commenced.

The behaviour of whole, artificially defected irradiated fuel

elements is being studied under expected vault temperature and pressure

conditions. The extent of attack of the fuel by the leachant is being

monitored by measurement of fission product release into solution and

fission gas release. Characterization of the fuel will be performed

after one year's exposure to the leachant.

The dissolution and leaching studies of irradiated fuel are

being supported by research on the electrochemical oxidation of uranium
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oxide as a function of redox potential and pH. ' Current mechanisms

consider two radionuclide release modes from irradiated fuel: a rapid

release at the cladding-fuel interface (involving some cesium and,

perhaps, iodine)t*8)^ an(j a slow release of all radionuclides by

congruent dissolution of the uranium dioxide matrix. Accelerated disso-

lution experiments using electrochemical methods suggest another possi-

ble mechanism, whereby radionuclides deposited at grain boundaries could

be released at a rate that depends on the rate of grain boundary

attack^')^ an<j t ni S VJQI be investigated further.

6.2 WASTE IMMOBILIZATION

The objective of the waste immobilization program is to deve-

lop the technology to immobilize, in a durable solid matrix, the radio-

active wastes that would arise from the recycling of irradiated CANDU

fuel. A variety of techniques will be required to immobilize the vari-

ous gaseous, liquid, and solid wastes into durable products for disposal -

in a deep underground vault. The wastes from the recycling of both

uranium and thorium fuels are being considered in generic studies.

Several organizations are participating in the program, including WNRE,

CRNL, Ontario Hydro, the Universities of Western Ontario and New

Brunswick, McMaster University and the Ontario Research Foundation.

The program is divided into two parts; process and equipment

development and product development.

6.2.1 Process and Equipment Development

Processes and equipment are being developed for calcination,

vitrification and other high-temperature methods for solidifying non-

volatile radionuclides. Methods are also being developed for separating

volatile radionuclides from off-gas streams. The types of waste to be

treated include high-level, medium-level, low-level, gaseous and semi-

volatile .
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Hlgh-Level Wastes

High-level liquid wastes have yet to be generated in large

quantities in Canada. Small quantities arise from two facilities,

namely, the molybdenum isotope (Mo-99) production facility at CRNL

(~2.3 m^^a) ana t n e thorium fuel reprocessing experiment (TFRE) at

WNRE (~0.1 m^/a). In addition, about 20 m3 of aged acidic waste,

from earlier fuel reprocessing experiments, is in storage at CRNL, and

about 0.2 m3 at WNRE.

During the past year, work on the development of a batch vit-

rification process has continued at CRNL^0)< Radioactive borosili-

cate glasses, incorporating aged uranium-rich liquid wastes and

aluminum-rich molybdenum-99 process wastes, have been fabricated in

fireclay crucibles. An in-can melting process has been developed, which

involves direct liquid feed to a canister initially loaded with frit.

About 37 canisters, 120 cm in length and 20 cm in diameter, would be

needed to vitrify the annual production of wastes from the CRNL

molybdenum-99 process.

The TFRE is a laboratory-scale experiment to study the repro-

cessing of irradiated thorium fuel. The first active run took place in

the hot cells at WNRE in the latter part of 1980. The high-activity

liquid waste was immobilized in a sodium-zinc borosillcate glass using

an in-can melter. In subsequent runs, the liquid waste was calcined

(but not vitrified), and the calcine retained for future production of

alternate waste forms.

The Waste Immobilization Process Experiment (WIPE), comprising

a roto-spray ""ilciner and a Joule-heated ceramic melter, is under con-

struction (Figure 1). The ceramic melter provides a higher process tem-

perature (1200°C) than an in-can melter (1050°C). The purpose of WIPE

is to permit testing and development of integrated calcination and vit-

rification equipment. The facility is non-radioactive, and will allow

either dry feed (calcine + glass frit) or direct slurry feed (simulated
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FIGURE 1: Schematic Diagram of Waste Immobilization Process Experiment
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liquid waste + glass frit) to the melter. In addition, a small-scale

ceramic melter has been operated in the range 900 to 1200°C using a non-

radioactive sodium borosilicate glass. The unit is providing operating

experience and test data (e.g. electrical resistivities and viscosities

of glass melts) that will help to define the eventual operating condi-

tions of the larger melter.

Medium-Level Wastes

In current conceptual designs of a fuel reprocessing plant,

large quantities of medium-level waste are mixed with high-level waste,

and the mixture immobilized in a glass or ceramic matrix. If the

medium-level wastes could be treated and immobilized separately, the

smaller quantities of high-level waste could be handled more easily and

at lower cost.

Two options are being considered for the treatment of medium-

level wastes. The first, involving direct immobilization in a solid,

requires minimal pretreatment (neutralization and evaporation only), and

permits several alternative waste forms. On the basis of preliminary

results, glass appears to be best for immobilizing medium-level wastes,

followed by plastic, bitumen and cement. The second option involves

decontamination of the medium-level waste solution with ion-exchange

materials, followed by immobilization of the latter in ceramics or

gl.ss<5D.

Samples of alkaline medium-level waste from the TFRE have been

decontaminated at CRNL using ion-exchange materials, and the latter

immobilized in glass using a process similar to in-can melting.

Low-Level Wastes

Many of the low-level wastes that would arise from a fuel

reprocessing operation are similar to those generated during the
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operation of CANDU reactors. These low-level wastes are being cata-

logued to determine if gaps in technology exist and new methods of

treatment need to be developed.

Gaseous Radionuclides

In a fuel reprocessing plant, gaseous products involving

radionuclides such as tritium, carbon-14, krypton-85 and iodine-129, and

inactive toxic gases such as nitrogen oxides, are released to the off-

gas system during dissolution of the fuel and solidification of the

waste stream. Semi-volatiles (i.e. substances which have low volatil-

ities at room temperature, but can have high volatilities at higher

temperatures, or under specific redox conditions) are also produced.

These include technetium-99, ruthenium-106, antimony-125, cesium-135 and

cesium-137.

A comprehensive survey has been conducted of off-gas treatment

technology that could be applied to CANDU fuel reprocessing opera-

tions^) e xhe quantities of volatile and seal-volatile radionuc-

lides in irradiated CANDU fuel, their derived release limits, and the

decontamination factors required to achieve 1% of the derived release

limits have been estimated for both fuel and waste immobilization facil-

ities'5^), the International Atomic Energy Agency has issued a

series of reports describing the technologies for management of the

principal gaseous radionuclides * 54-57)m

Methods for recovering tritium from reactor systems and

bilizing it as an insoluble metal tritide have been described^58*59).

Selective sorption on zeolitic molecular sieves is being pursued as a

means of removing krypton from off-gas streams. Silver- and hydrogen-

mordenites are promising sorbents since they can separate krypton with

selectivities comparable* to that of activated charcoal(60,61)# The

use of solid hydrated lime and barium hydroxide as sorbents for

carbon-14 is being studied by Ontario Hydro<62>.
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Two gas-phase methods of removing Iodine are under Investiga-

tion, one using a corona discharge technique(63) aluj tj,e other a

photochemical abatement process'0*'. goth methods remove organic

Iodides or elemental iodine by precipitating iodine oxides. A small

corona scrubber, installed in the off-gas ventilation system of the CRNL

molybdenum-99 facility, has achieved decontamination factors higher than

those attained with activated charcoal.

For nitrogen oxide removal, three commercially available cata-

lysts that promote the selective catalytic reduction of NO2 have been

studied(65). The best catalyst consisted of 13% copper on alumina,

with a removal efficiency of 90% at 350°C.

6.2.2 Product Development

Product development involves the investigation of structure-

property relationships in glasses and ceramics, in order to develop dur-

able high-level waste forms and predict their behaviour in the hydro-

thermal environment of a disposal vault.

The leaching and dissolution behaviour of high-level waste

forms, and the thermodynamics and kinetics of the dissolution processes,

have been studied under anticipated vault conditions(66.67). Glass

compositions under investigation include borosilicates, aluminoslli-

cates, calcium aluminosilicates (nepheline syenites), natural rhyolite

(a volcanic aluminosilicate glass) and modified synthetic rhyolites.

Studies of crystalline matrices have focussed on compositions that could

be thefmodynamically stable under typical vault conditions.

Glass Waste Forms

The durability, or leach resistance, of a glass is closely

related to its composition and structure(68) # Changes in pH of the

leachant, due to the dissolution of the glass, can have a dramatic
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effect on the leaching behaviour of the glass(*>'). A static leach

test In de-ionized water at 100°C has been used to compare the durabil-

ities of various glass waste forms. In most instances, the use of de-

Ionised water ensures worst-case leaching conditions. When granite

groundwaters or highly saline groundwaters are used as leachants, some

glasses gain weight as a result of the formation of hydration layers, or

the precipitation of ions from the leachant.

The dissolution rate of many alumlnosillcate glasses decreases

with time until an "apparent saturation" is reached. Figure 2 illus-

trates this for a sodium-calcium alumlnosilicate glass. At 100°C,

saturation appears to occur in 80-100 days. Under disposal conditions,

where the water flow rate is small, the saturation concentration of a

glass in the available water may be more important than the leach rate

in determining the release of radionuclides to the geosphere.

Studies of hydrotherraal alteration and ion adsorption pro-

cesses occurring at the surface of zinc borosilicate glass are now in

progress. In the temperature range 150-200°C, two hydrated zinc sili-

cate phases (hemimorphite and sauconite) crystallize on the surface of

the glass^O). The presence of zinc oxide in the glass and zinc

Ions in the leachant improve the leach resistance of sodium borosilicate

glasses C D . 7he increase in durability is due to zinc ions on the

glass surface. These studies illustrate the complexity of glass disso-

lution processes by showing that surface changes, which depend upon the

composition of both the glass and the leachant, can affect waste product

behaviour. Thus, by studying surface reactions, it may be possible to

tailor glasses so that surface crystallization in the presence of

groundwater will give minerals with good potential for the retention of

radionuclides'72)#

A natural aluminosilicate volcanic glass, rhyolite, has

existed in nature for millions of years and could be adopted as a model

for comparison with other glasses. The hydrothermal leaching behaviour



FIGURE 2: Experimental and Computed Results for the
Dissolution of an Aluminosilicate Glass at 100°C
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of rhyolite has been studied using solution and surface analytical tech-

niques(?3). Comparisons have also been made with three modified,

lower melting-point rhyolites, prepared by adding sodium or calcium

oxide to the natural rhyolite composition. These modified rhyolites ex-

hibit very low leach rates, similar to that of natural

Although the disposal conditions (e.g. temperature, water

flow, depth, geological formation) differ from those anticipated in a

deep hard-rock vault, the field test at CRNL, involving 25 lime-

nepheline-syenite glass hemispheres buried in sandy soil beneath the

water table, continues to provide useful data for testing leaching

models. The distributions of strontium-90 and cesium-137 leached from

the glass hemispheres were compared with computer predictions using an

ion-exchange modelv?5). For the release and migration of strontium-

90, the predictions and measurements were in good agreement, but for

cesium-137, the model did not predict the migration accurately. Recent

work on the particulate transport of cesium in groundwater'^6)

suggests that bacterial action may play a role in fixing and trans-

porting the cesium.

Microstructural changes, such as liquid phase separation

(unmixing) or nucleation and growth of crystals (devitrification), can

adversely affect the chemical, mechanical and radiation stability of

glasses. Studies are therefore being carried out on liquid immiscibil-

ity(77,78) and anhydrous devitrification^9^ in complex borosil-

icate glasses.

Crystalline and Ceramic Waste Forms

The main advantages of durable glasses as waste forms are

their ease of fabrication, ability to accommodate variations in waste

composition, and slow rate of dissolution at moderate temperatures

(<150°C). However, they are metastable, i.e. they cannot reach true

equilibrium in natural waters, and they are susceptible to alteration,
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particularly at elevated temperatures. Crystalline products are more

alteration resistant at higher temperatures (200-300°C), and may reach

equilibrium under suitable groundwater conditions.

The crystalline minerals perovskite (CaTiO3) and sphene

(CaTiSiO5) are of particular interest, since geochemical evidence

indicates that they can take a wide range of foreign ions into their

lattices. Perovskite is one of the three titanate phases in SYNROC

(synthetic rock) formulationsCO), However, studies of its thermo-

dynamic stability and dissolution kinetics^81*82) suggest that it is

less stable than sphene under the disposal conditions anticipated in the

Canadian Shield. Sphene is stable at high pH and high calcium concen-

trations in typical silica-containing groundwaters. The leaching of

natural and synthetic sphenes is now being studied as a function of

dissolved calcium, silica and titanium, pH and temperature. The results

of this study could be extremely useful, since a judicious choice of

buffer and backfill materials could provide the species required to

stabilize sphene.

A program has been initiated to develop sphene-based glass

ceramics, comprising sphene crystallites within a residual sodium aluml-

nosilicate glass matrix'^)a The glass ceramic represents a good

compromise between a purely crystalline matrix and a glass, with respect

to incorporation of waste elements and subsequent radiation damage.

Studies of the effects of heavy-ion irradiation on single-

crystal quartz (a-S102) are being conducted at McMaster University in

order to understand the basic mechanisms of radiation damage'^^0,

These studies have shown that the damage induced by the heavy ions

Ne+, Ar+, Kr+, and Bi+ is greater than that predicted by simple

elastic-collision theory, indicating that ionization damage may play an

important role.
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6.3 DISPOSAL VAULT SEALING

The disposal vault sealing program Is concerned with the bar-

riers to be placed between the waste container and the rock, and those

which close the man-made openings to the surface, namely, the buffer,

backfill, plugs and grouts (Figure 3). The objective of the disposal

vault sealing program is to develop materials and technology for each

barrier, and to develop detailed mathematical models of the buffer,

backfill and sealing barriers in order to assess the value of each. The

materials being studied, such as bentonite clays, have been described

previously'3)#

Buffer development and evaluation continue at WNRE, Ontario

Hydro, the University of Western Ontario, the University of Waterloo,

and McGill University. The research includes investigation of the use

of additives to the buffer to retard the movement of specific rsdionuc-

lides, studies of biological effects in buffers, and mass transport

studies and modeling in the buffer and backfill.

PLUGGED AND
SEALED BOREHOLE

GROUTED ZON
OF WEAK ROCK

^ - G R O U T E D ZONE
V AROUND SHAFT

HAFT SEAL

HAFT
BACKFILLING

BUFFERED WASTE
CONTA!N£RS

FIGURE 3: Vault Sealing Components (not to scale)
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A preliminary evaluation of backfill materials has commenced.

A study of water uptake and permeability characteristics as a function

of temperature and composition is planned. Several of the tasks related

to backfill are common to the buffer program and the information

obtained in buffer research will be applied to the backfill program.

The applicability of cements and clays for grouting is being

investigated. The plugging materials are expected to be similar to the

buffer.

7. GEOSCIENCE RESEARCH

The objective of the geoscience research program is to develop

methods and techniques for characterizing and quantifying those features

of the geosphere that are important in the design and construction of a

disposal vault and in the long-term isolation of the waste from man and

the environment.

The major portion of the geoscience program is directed

towards the concept of disposal in crystalline igneous rock in the

Canadian Shield. However, some effort is being devoted to an examina-

tion of alternative geologic formations. As part of the assessment of

salt formations in Canada, the Geological Survey of Canada has carried

out a literature study of areas in Saskatchewan^85^, the Maritimes

and Ontario. The suitability of shale as a potential host rock is also

being investigated.

Canada participates in the OECD/NEA Seabed Working Group,

through the Geological Survey of Canada's Atlantic Geoscience

Centre'*"*'. Work has centred on the analysis of geological and geo-

chemlcal data from a selected area of the Sohm Abyssal Plain in the

western Atlantic 0ceanC'>8*U. ^ g characteristics of the sedimen-

tary deposits and their pore waters will be used to help evaluate deep

sea sediments as a medium for nuclear fuel waste disposal.
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7.1 RESEARCH AREA STUDIES

A compilation of the plutonic Igneous rocks of the Canadian

Shield in Ontario (up to latitude 53°N) and their bulk characteristics

is now complete. A geological map (1:1 000 000), identifying 1365

bodies of plutonic rock^9)) has been prepared.

Field research is underway on the gneissic rock body at CRNL,

on granites of the Lac du Bonnet batholith at WNRE and the URL site, and

at Forsberg Lake, near Atikokan in northwestern Ontario (Figure 4).

Field research has recently been initiated on two gabbroic bodies in

Ontario, one in the vicinity of East Bull Lake, near Massey and a second

near Denmark Lake/Overflow Bay, in the Kenora area'7).

Field studies are carried out to quantify major features of

the geologic formations, to develop and evaluate the equipment and

methods for characterizing the formations, and to obtain an understand-

ing of the hydrogeology and geochemistry. Important aspects of the

field research are the correlation of results from various test methods

and the identification of subsurface characteristics from measurements

at the surface and in boreholes. The interrelationships between various

sets of field data are evident in the test results from the three

research areas at Chalk River, Atikokan and Lac du Bonnet.

7.1.1 Atikokan Research Area

Atikokan is located about 200 kilometres west of Thunder Bay

in Ontario. The research area is located within the Eye-Dashwa granite

pluton, about 15 km northwest of Atikokan. The pluton has an elliptical

shape, with dimensions approximately 15 km by 10 km (Figure 5). Most of

the research, including the drilling, sampling and testing, was carried

out in the grid area shown in Figure 5.
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FIGURE 4: Research Areas in the Canadian Shield
(1) Lac du Bonnet Batholith (WNRE and URL)
(2) Forsberg Lake, Atikokan (Eye-Dashwa pluton)
(3) Chalk River (CRNL)
(4) East Bull Lake
(5) Denmark Lake/Overflow Bay
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FIGURE 5: Geology of the Eye-Dashwa Pluton
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Regional napping indicates that the pluton has abrupt, verti-

cal boundaries and contains several enclaves of gneissic rock. Gravity

surveys'^0) support the concept that the pluton has steep boundar-

ies, and indicate that it is joined to extensive masses of granitic rock

at depth. A three-dimensional representation of the Eye-Dashwa pluton

(Figure 6) shows it to be a relatively small, dome-shaped mass extending

up from the sloping surface of a large mass of granitic rock known as

the White Otter batholith.

The pluton is composed primarily of coarse-grained hornblende-

biotite granite(91) but variations in grain size and mineralogy

have been found. Hornblende is concentrated at the margins, where the

rock tends to be medium-grained^*2)m Quartz and biotite are more

abundant in the central part of the pluton, where hornblende is rare.

WHITE OTTER
BATHOLITH

EYE - DASHWA
PLUTON

SURFACE

FIGURE 6: Three-Dimensional Representation of the
Eye-Dashwa Pluton
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Tests on core samples taken from the grid area indicate that the physi-

cal characteristics of the rock, such as density, strength, permeability

and thermal elongation, are generally uniform^'3-96)<

Geophysical surveys have identified linear zones characterized

by either low magnetic intensity or low resistivity. Many of the anoma-

lous zones coincide with lineaments visible on aerial photographs. How-

ever, due to the presence of thick overburden, it is uncertain whether

many of the geophysical anomalies are generated by linear discontinu-

ities in the rock or linear soil-filled valleys.

Overburden was removed from about 15 000 nr of outcrop.

Detailed surface mapping outlined numerous fractures and several fault

zones'"'). Extension of the surface mapping to a larger area around

the outcrop showed several distinct fault zones and a hornblende-

porphyry dike. A very low frequency electromagnetic (VLF-EM) survey of

the area showed a good correlation between locations of known fault

zones and VLF conductive zones.

In the subsurface, correlations exist between fracture data

from the core and borehole television logs, various geophysical logs,

and hydraulic conductivity measurements. A simplified interpretation of

the subsurface configuration of fracture zones in the area is shown in

Figure 7. It consists of two easterly-dipping fracture zones that

extend to the surface and a third fracture zone, of unknown extent, at

depth. Recent work has shown a good correlation between the degree of

fracturing and the degree of alteration of a host rock'°°).

Some of the most important fractures are those that are open

and hence capable of transporting water. Open fractures are often

visible and their apparent aperture can be measured with a downhole

television camera. They can be detected in drillcore by the lack of

cohesion across the fracture and by rock-wall alteration adjacent to the

fracture. Downhole thermal profiling, seismic tube-wave surveys(99)

and other geophysical measurements can also detect open fractures, the

majority of which are located in the upper 200 m.
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FIGURE 7: Subsurface Representation of Fracture Zones and Boreholes
at the Atikokan Research Area
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Most fractures in the area contain filling materials such as

epidote, chlorite, gypsum, calcite and clay(100). Characteristics

of filling materials are useful for identifying the same fractures in

different boreholes, and also for estimating the size and permeability

of fractures intersected by boreholes.

Hydrogeological research has primarily involved measurements

of hydraulic gradients, hydraulic conductivity and groundwater chemis-

try. The tests to date show that hydraulic gradients are downward in

the upper 600 m and upward in the 600-1000 m depth region, with an

apparent low pressure zone around 600 m. Monitoring in shallow bore-

holes also indicates a high downward gradient in the upper zones and

seasonal variations of 3-4 m in the groundwater table. Current research

is aimed at correlating the hydrogeological results with the geological

and geophysical data. Hydraulic conductivity measurements show zones of

relatively high conductivity, possibly due to discrete fractures, super-

imposed on a general decrease in conductivity with depth. The conducti-

vity ranges from about 10~6 m.s"1 at the surface to a very low

10"^2 m.s"^- at 1000 m. Groundwater chemistry analyses indicate

a high total dissolved solid content (salinity) below 700 m.

7.1.2 Lac Du Bonnet Batholith

The Lac du Bonnet batholith is a large granitic body, approxi-

mately 70 km by 25 km, in southeastern Manitoba. Two survey areas are

located on the batholith, one within the WNRE site and the other about

15 km northeast of WNRE (Figure 8). The latter is the site of the pro-

posed Underground Research Laboratory (see Section 7.3).

During 1980, the 3.8 km2 URL lease area was surveyed in

detail by surface geological and geophysical methods, and an investiga-

tion of the near-surface hydrogeology was undertaken. Based on these

investigations, a 600 m by 500 m area in the central-eastern part of the

lease area was selected for further testing as a possible site for the

URL.
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Lac du Sonnet

FIGURE 8: Location of the WNRE and URL sites on the
Lac du Bonnet Batholith (not exactly to scale)
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The surface geological napping was directed nainly towards an

understanding of the structural features, tectonic history, and genesis

of the granites found In the area. Foliations were noted in the gran-

ite, and these were studied in detail at several locations. Regional

geology outside the lease area was also studied in order to better

understand the geologic setting and the batholith boundaries.

In 1981, five angled boreholes (URL-1 through URL-5), of

length 160 m to 1100 m, were drilled in the area. All the cores have

been logged for lithology, fracturing, fracture-filling naterials and

other geological characteristics. In addition, extensive downhole tests

have been carried out, including a television survey, borehole acoustic

monitoring of fractures, hydrogeological tests, geophysical logs and, in

one hole, hydraulic fracturing.

Pinkish, relatively fractured granite generally occurs in the

upper 150 m, with greyish, sparsely fractured granite underlying it.

Figure 9 illustrates the fracture density in borehole 08X.-1 down to 400

m. A major fracture zone is seen at about 325 m downhole depth, and a

similar zone appears in URL-5 at about 260 m.

A detailed high-resolution seismic reflection survey was per-

formed over an area roughly coincident with that tested by drilling.

Although the results are not yet fully analyzed, they indicate the pres-

ence of sub-horizontal fracture zones at 300 to 400 • depth, which

supports the results from the borehole measurements.

Geophysical logging of the boreholes has been performed using

several techniques, and many of them were successful in identifying open

fractures (Figure 10).

Hydrogeological tests show that the deeper, greyish granite is

relatively impermeable (permeability about 10" ** m.s~l). The

upper pinkish zone indicates permeabilities in the 10~* to 10~8

m.s~l range. The discrete fracture at 325 m in hole URL-1 has a
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permeability of 10~8 m.s"1. The hydraulic head has been found

to decrease with depth in all the boreholes. Water samples have been

pumped from the holes and their compositions are being measured. Other

hydrogeological investigations at the URL site have included mapping of

the surficial sediments and drilling of about 80 boreholes in the sur-

face deposits and the shallow bedrock. Piezometers have been installed

in the wells, water samples have been taken, and permeability tests

carried out.

Four independent groups of scientists are mathematically

modeling the drawdown (the lowering of the water table) expected to be

caused by the construction of the underground facility. These data will

be compared with results from field measurements.

Hydrogeological research has continued at the WNRE research

site. Open-hole hydraulic interference tests were conducted by pumping

successive pulses of water from one borehole and observing the pulse

transit time to other boreholes. Water samples, pumped from various

zones, indicate that saline water occurs at the 416 m fracture zone in

the WN-1 borehole. A continuous water-level recorder has been installed

in one borehole to monitor the long-term water level fluctuations caused

by seasonal changes, earth tides and barometric effects.

A series of hydrofracturing tests was performed at various

depths in two boreholes (one each at WNRE and the URL) to investigate

the in situ stress conditions in the Lac du Bonnet batholith. The

results are currently being analyzed.

7.1.3 Chalk River Research Area

A hydrogeology study has commenced on a volume of fractured

crystalline rock (100 m x 100 m x 40 m deep) at Chalk River, to investi-

gate the flow pattern and the ability of various investigative tools to

define and predict the flow. Nine boreholes have been drilled to a
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depth of 40 m and open-hole injection tests were conducted to evaluate

the near-hole hydraulic conductivity. Hydraulic conductivities varied

over five orders of magnitude, the higher conductivities being appar-

ently associated with highly fractured regions. Multiple air-inflated

packers have been installed in each of the nine boreholes, and monitor-

ing is currently underway to determine if they will provide long-term

seals.

A second site at CRNL has been developed for solute transport

experiments. An array of boreholes has been drilled and instrumented to

provide a radial network for tracer tests. The boreholes are being

characterized for hydraulic conductivity and hydraulic head distribution

as a function of depth, and for Interconnectivity of fracture zones

between boreholes. The results of two tracer tests, using iodide ions

as the tracer, compare well with those from hydraulic measurements.

Geochemistry studies are being carried out at a third CRNL

site, using a multi-port piezometer casing and a geochemical probe.

Results from one test section indicated chloride ions at 244 m depth,

and the concentration increased with increased pumping time. Pumping of

this section also showed an apparent hydraulic connection between this

site and the second site (described above), 650 m away.

A hydrogeological study continues at Maskinonge Lake, to

determine if the lake is a discharge zone for deeper ground waters (see

Section 8).

The major thrust of future work at Chalk River will be the

integration of composite aerial and sutface data with the subsurface

data. When this is achieved, a three-dimensional geologic-tectonic

evaluation of the rock and fracture distribution will be possible.
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7.2 ENGINEERING AND GEOMECHANICS

7.2.1 Engineering Studies

Conceptual design studies of a single-level Irradiated Fuel

Disposal Centre^101) and an Immobilized Waste Disposal Centre^102)

were completed in 1980. These studies considered emplacement of the

immobilized waste in either rooms or vertical holes in the floors of the

rooms. Studies to assess horizontal borehole emplacement and a multi-

level disposal vault will be completed in 1982*

A conceptual design of the surface facilities for a Fuel Dis-

posal Centre, along with design, construction and operating schedules,

personnel requirements and cost estimates, has been completed'103).

The surface facilities will receive, store, package and immobilize irra-

diated fuel for underground disposal, provide a steady feed of immobil-

ized fuel containers to the underground vault, support underground con-

struction and operations, and provide all required services.

A conceptual design of surface facilities for an Immobilized

Waste Disposal Centre has also been completed(10*), The design

includes facilities for the treatment of both active solid waste and

low-level liquid waste. Many of the facilities and operations would be

similar to those of a Fuel Disposal Centre.

A preliminary feasibility study of an underground waste-

handling system for transferring and emplacing waste containers has been

completed. Although of limited scope, the study indicates that a

remotely controlled monorail handling system is feasible.

7.2.2 Geomechanics Studies

From a geomechanical standpoint, safety in vault design means

that the rock nass in the vicinity of the vault should have an accept-

ably high degree of stability and integrity*under operating conditions.
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The stability of a disposal vault could be influenced by excavation,

thermal-mechanical effects due to heat generated by the waste, and

various tectonic, geomorphological and natural disruptive processes.

Two main types of instability could occur as a result of

underground excavation. The first, which involves fractures intersect-

ing the vault, may be minimized by the selection of a competent rock

mass and the provision of artificial support (e.g. rock bolts, shotcrete

and steel sets)'10-')< The second, which is due to overstressing of

the rockdO"' and can lead to a rockburst, is unlikely in our

situation.

Studies of short-term thermal-mechanical stability involve

analyzing, the thermal transients around the vault(107-111)^ an(j

thermal fracturing and spalling in the rock. It is unlikely that exten-

sive thermal-mechanical instability will occur around the disposal

rooms, and short-term thermal fracturing and spalling will likely be

confined to surficial layers and local zones of weak rock.

Studies of long-term thermal-mechanical stability will consi-

der time-dependent creep mechanisms and fracture propagation. Efforts

are being made to understand the mechanism of raicrocracking, and to

quantify it in terms of linear elastic fracture mechanics(H2)>

The impacts of the various tectonic and geoaorphological pro-

cesses and disruptive events on the long-term stability of a disposal

vault must be examined. These processes include earthquakes, glacia-

tion, erosion, weathering and sedimentation, volcanism, meteorite

impacts, isostatic movements, global tectonics and rheological effects.

A number of these phenomena have been considered(H^^, and glacia-

tion appears to be the most likely process that could affect the long-

term stability of a disposal vault.
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Considerable work has been done in recent years on the

response of an underground vault to earthquakes and rockbursts. Largely

as a result of these studies, a methodology has been developed to model

the seismic response of a disposal vault(H^). It is estimated that

the dynamic stress caused by a seismic event will not exceed a few MPa.

A computer code has also been developed for the dynamic analysis of rock

joints during earthquakest115). From it, the displacement field

generated around a vault during a seismic pulse may be calculated.

7.3 UNDERGROUND RESEARCH LABORATORY

As the Nuclear Fuel Waste Management Program developed, it

became evident that some experiments and performance assessments should

be performed on a scale and in an environment comparable to that

expected in a full-scale disposal facility. Such experiments are essen-

tial if the mathematical models being developed to assess the perfor-

mance of a disposal facility are to be realistically validated.

The necessary experiments will be performed in the Underground

Research Laboratory (URL), to be constructed in the granitic rock of the

Lac du Bonnet batholith, near WNRE. Strong support for the URL project

has been given by the federal government and the Technical Advisory

Committee'^,6)# Whereas some underground projects, with a similar

purpose, have been underway, for some time in other countries, the URL

will be the first test facility built below the water table in a previ-

ously undisturbed granitic rock mass.

The location of the leased research area for the URL is shown

in Figure 8. The area has extensive outcrop and is representative of

plutonic formations in the Canadian Shield. Evaluation of the lease

area (see Section 7.1.2) will continue until late 1983.

A preliminary site evaluation program' H6) and a concep-

tual design study for an underground research laboratory'H?) have
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been completed. A program document for the URL is in prepara-

tion'21). Access to the experimental area will be by a shaft; its

location will be selected in 1982. The laboratory, as now envisaged

(Figure 11), will consist of several small experimental rooms at a prob-

able depth of 150 to 300 m. The underground layout will be finalized

and design contracts for the surface and underground facilities issued

in 1982. An environmental impact assessment of the URL and associated

facilities is currently being prepared.

The URL will provide an environment suitable for in situ

experiments in rock mechanics, hydrogeology, geochemistry and vault

sealing, and information on the effect of excavation on the rock mass.

The data obtained from the experiments will be used to assess computer

models, mathematical predictions, and the accuracy of estimations of

geological parameters at depth from surface measurements.

No nuclear waste will be used or emplaced in the URL. Accord-

ing to the terms of the lease, radioactive tracers and sealed sources

will be permitted in the research program, subject to approval by the

Atomic Energy Control Board. The URL will operate for up to 15 years,

after which it will be sealed and the site restored and returned to the

province.

7.4 GEOCHEMISTRY AND APPLIED CHEMISTRY

The objective of the geochemistry and applied chemistry

research is to study the interactions between the waste forms, the rock

and groundwater, and to assess the rock as a barrier or retardant to

radionuclide migration.

7.A.I Waste/Rock Interactions

In the study of waste/rock interactions, experiments are being

carried out to:
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- asses* Che retardation of radionuclide migration by interaction

with the rock and constitutive ainerals,

- develop models for analysis of results from simple laboratory and

field experiments, and

- quantify the relationships between laboratory and field experi-

ments .

Sorption of radionuclides on rock surfaces can retard their

migration significantly. Earlier measurements^) of the static

sorption of radionuclides by rock samples have been extended to other

radionuclides and groundwaters. Results for strontium (Table 1) show

that its sorption is reduced substantially in brines. This is due to

the competition for sites by calcium and sodium ions in the brine.

Measurements of the sorption of strontium-90, cesium-137,

cerium-144, plutonium-237 and americium-241 have been extended to addi-

tional core samples from the WNRE and CRNL research areas. The sorption

coefficient was found to increase with increasing mafic content of the

rock(H8) # The results for plutonium-237 are shown in Figure 12.

Results for uranium followed the same trend, as sorption was found to

occur on mafic rocks (anorthosite and gabbro) but was essentially zero

on felsic rocks (granite and hornblende-syenite).

The importance of alteration minerals in the sorption process

has been demonstrated using autoradiographic techniques. The retarda-

tion of radionuclide migration by the alteration minerals in fractures

has been studied by measuring strontium-90 sorption on fracture-fill

sections of core from the Atikokan research area'l-^). Preliminary

observations suggest the following descending order for sorption:

sphene, epidote and chlorite, hornblende and biotite, mica, altered

plagioclase feldspar, plagioclase feldspar, K-feldspar and quartz. The

data suggest that it may be possible to predict radionuclide sorption if

the chemical and mineral compositions of the rock are known.
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TABLE 1

SORPTION OF STRONTIUM ON REPRESENTATIVE ROCK TYPES

AS A FUNCTION OF GROUNDWATER COMPOSITION

^*~*-v^Rock Type

Groundwater ^s*"'~-̂

Granite

Basalt

Dilute Brine*
(6 000 ppm chloride)

Concentrated Brine*
(30 000 ppm chloride)

ka (cm)
+ for

Anorthosite

-

0.33

0.06

0.05

Strontium

Gabbro

-

0.35

0.05

0.10

(28 Day Sorption)

Granite

0.35

-

0.03

0.05

Syenite

3.6

-

0.11

0.07

• ka " amount of radionuclide sorbed per unit area of rock
amount of radionuclide per unit volume of solution

* The relative error is probably +_ 100% (due to lack of precision in

counting in the low sorption range).
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In order to understand the sorption processes better, a study

of the kinetics and mechanisms of sorption on rock surfaces is in pro-

gress(120). Initial results show that sorption on granite is comp-

lex and that the effect of processes such as surface alteration, parti-

culate formation and the irreversible incorporation of radionuclides in

alteration minerals must be assessed. Experimental studies are being

supported by theoretical calculations of radionuclide mobility in the

geosphere.



7.4.2 Groundwater Studies

A preliminary survey(121>122) of t n e occurrence, distribu-

tion and origin of saline groundwaters in the Canadian Shield has been

made. The survey showed that, in more than fifty locations across the

Precambrian Shield, groundwaters contained dissolved solids in excess of

1000 mg/L• In many cases, the groundwaters contained more than

10 000 mg/L total dissolved solids and, in six widely separated areas,

groundwaters had solute concentrations in excess of 100 000 mg/L.

Calcium, sodium and chloride ions are the main constituents of

the more saline groundwaters. At several sites, where samples from

various depths were examined, a number of trends were observed. The

salinity of the waters increased with increasing depth. The calcium,

sodium, chloride, and bromide ion contents of the water increased signi-

ficantly with depth, whereas the concentrations of magnesium, potassium,

bicarbonate and sulphate ions usually decreased with depth. Isotopic

analyses suggest that the deeper waters are very old. The initial

results indicate that, regardless of origin, most of these waters have

undergone chemical and isotopic interactions with the host rocks, and

have been altered considerably since emplacement.

All the brines from the Canadian Shield that have been sampled

and analyzed to date are isotopically and chemically different from the

sedimentary, magmatic and thermal brine waters reported in the litera-

ture. They are also different froa groundwaters reported in other crys-

talline environments. Analyses show that the Shield brines are not

simple evaporated seawater, sedimentary basin brines, hydrothermal solu-

tions or residual ore-forming fluids. However, any of these sources may

have provided an original water that was trapped and modified by inter-

actions with the surrounding rock. Combinations of geochemical pro-

cesses may have modified not only the chemical composition but also the

isotopic composition of the brines.
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The effect of temperature on the chemical composition of

groundwater in contact with rock is being studied. Preliminary results

show that the concentrations of cations, except magnesium, increase with

increasing temperature. (The concentration of magnesium appears to be

controlled by chlorite formation.) The results are qualitatively in

agreenent with calculations using the computer code

8. ENVIRONMENTAL RESEARCH

The objective of the environmental research program is to

develop an understanding of processes by which radionuclides move

through the biosphere, in order to help assess the impact of nuclear

fuel waste disposal on man and the environment.

There are two main types of processes which act in the bio-

sphere: those which are primarily physical or physico-chemical, such

as transport in groundwater and surface water, interaction with soils,

erosion, and transport to the deep ocean sediments; and those which are

primarily biological, such as uptake of radionuclides by plants and ani-

mals, and intake of food, water and air by man. Independent, specific,

computer models of a number of these processes are being developed.

Water is the main vehicle by which radionuclides are trans-

ported in the saturated zone (the zone below the water table), the

unsaturated zone (the zone between the water table and the surface) and

the discharge zone (where the water is discharged).

Pulsed-radar profiling is being investigated as a method for

characterizing the saturated zone. A number of sites at CRNL have been

profiled, and field results suggest that this may be a rapid way of des-

cribing the contours of the water table and bedrock at a site.
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Studies of the interaction between the soil and radionuclides

in groundwater have concentrated on cobalt-60 (as an example of a multi-

valent element) in a number of contaminated sites at CRNL. Fractiona-

tion of soils from one area indicates that the cobalt is not distributed

uniformly throughout the soil substrate, but is preferentially fixed on

certain mineral fractions in the soil. The composition of the soil is

therefore important in determining its overall capacity to fix

radionuclides.

To understand the importance of the discharge zone, a project

to investigate the connections between bedrock wat^r and lake water is

being conducted at Maskinonge Lake at CRNL. A number of wells have been

drilled in the bedrock, the level of the lake manipulated, and the

response of the water level in the wells observed. Water is also being

collected from rock cracks in the lakebed for chemical analysis and com-

parison with bedrock water in the nearby wells.

The SCEMR (Soil Chemical Exchange and Migration of Radionuc-

lides) computer code^1^) is being used to describe the movement of

radionuclides in the unsaturated zone. The code models the movement of

a solute through the soil profile. In the root zone, movement is

assumed to be by mass flow and diffusion, or by diffusion only. Predic-

tions using the code are being compared with experimental results.

A number of experiments have been performed on the movement of

radionuclides in the unsaturated zone and their uptake by plants. An

examination of the growth of Swiss chard plants, in either sand or peat

soil containing technetium'*•")^ showed no growth effects up to 0.1

Mg technetium/g soil. The technetium uptake was 10 times smaller in

peat than in sand. This may be significant, since peat is a common

organic soil in low-lying areas of the Canadian Shield, where ground-

water discharge would be expected to occur.
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Measurements of the growth rate amd survival of Scots pine

seedlings grown in soil from the residue are* of a uranium refinery have

been made^26)# The soil contained small quantities of uranium,

thorium and arsenic, all of which were absorbed by the seedlings. The

deleterious effect of the metals (i.e. death or reduced growth of the

seedlings) was ascribed to the chemical toxicity of the metals rather

than a radiation effect.

Experiments are underway to measure transport and dispersion

of radionuclides in the atmosphere. Observations of atmospheric disper-

sion of a tracer gas, sulphur hexafluoride, have been made at WNRE under

a variety of meteorological conditions. The observed horizontal and

vertical concentration distributions correlate well with predictions of

the computer model, AERAD'^-^^. The results indicate that the model

can predict a gas concentration to within a factor of two, to at least

10 km downwind. A long-range model is being developed at WNRE to

predict the atmospheric transport of materials to distances greater than

100 km.

A computer code has been developed for calculating the gamma-

ray dose rate in air uniformly contaminated with a given radionuclide.

The code is being extended to .beta and electron emissions, and to the

calculation of dose due to submersion in contaminated water.

NEPTUN, an assessment model for aquatic food chains'-128),

estimates the movement of radionuclides through a number of pathways,

including fish, aquatic plants and invertebrates, to man. Development

of a new assessment model, LIMCAL, specifically designed for long-term

waste management, has commenced. LIMCAL will include terrestrial,

freshwater and saltwater food chains to allow for a more appropriate mix

of man's diet.

The internal dosimetry model, used to describe radioactive

iodine metabolism^ 129), has been expanded to include the effects of



- 58 -

stable iodine intakes on radioactive iodine retention by man. Committed

thyroid doses per unit intake of radioactive iodine have been calculated

as a function of age. These improvements will lead to a more realistic

assessment of the impact of radioactive iodine on the thyroid.

Experiments are underway to critically examine the long-term

retention of technetium in animals. Technetium-99 is a long-lived com-

ponent of irradiated fuel and appears to be readily transported through

the environment to man. Earlier experiments in both man^^O) aruj

experimental animals(131) have shown some long-term retention of

technetium, possibly in the thyroid, although the International

Commission on Radiological Protection (ICRP)^1^2) h a s assumed that

there is no- lotig-term thyroid retention.

9. ENVIRONMENTAL AND SAFETY ASSESSMENT

The objective of the environmental and safety assessment is to

estimate the effect of storage, transportation, immobilization and dis-

posal facilities on man and the environment. The assessment will form

the basis on which endorsement of the disposal concept will be sought

from the regulatory authorities, the technical community and the public.

The assessment, which incorporates information and data from

all areas of the Nuclear Fuel Waste Management Program, is divided into

two parts: pre-closure assessment and post-closure assessment. In the

pre-closure assessment, the impacts of storage, transportation, immobi-

lization, emplacement and decommissioning are estimated. In the post-

closure assessment, the migration of radionuclides from a disposal vault

through the geosphere and biosphere, and the effects on man and the

environment, are analyzed.
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The assessments are performed in parallel with the research

and development and are presented for review by the regulatory author-

ities on a regular basis. These reviews are part of an iterative pro-

cess, as shown in Figure 13. After a number of iterations, the assess-

ment is expected to be sufficiently well developed that the formal

review and public hearings can begin.
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FIGURE 13: Assessment Cycle

The first iteration has reached the informal review stage and

the first set of assessment documents has been is sue d̂  133-135 ;#

methodology and data used in the current assessment were reviewed at the

Ninth Nuclear Fuel Waste Management Information Meeting'22). xhe

Technical Advisory Committee has endorsed the general approach used in

the assessment and has made recommendations for its refinement(6).
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9.1 PRE-CLOSURE ASSESSMENT

The pre-closure assessment considers the effects of construc-

tion of a disposal facility, storage, transportation, Immobilization and

disposal of the fuel wastes, and decommissioning of the facility, on man

and the environment. The major part of this assessment, which relates

primarily to the effects on current generations, is being done by

Ontario Hydro.

The pre-closure assessment has five components(136,137).

radiological pathways, biophysical/resources, social impact on the com-

munity, occupational safety, and security and safeguards. It is based

on conditions that are representative of the Canadian Shield region of

Ontario, rather than on a specific site.

The radiological pathways analysis estimates the potential

radiation dose to man due to routine operations or minor irregularities.

A preliminary analysis'136)^ which assumes interim storage of the

irradiated fuel at the reactor sites, indicates that the total dose to

the exposed population would be less than 0.1% of the natural background

dose. Most of this small incremental dose results from transportation

of the fuel from the reactor sites to the disposal centre, assuming a

maximum shipment distance of 1600 km.

The biophysical/resources analysis estimates potential impacts

on the environment, and Includes the commitment of non-renewable

resources. A preliminary analysis of construction impacts indicates

that they are not likely to differ significantly from those of other

large construction projects. The assessment of resource requirements

for construction and operation is almost complete, and preliminary

results indicate no major problem areas. However, if lead is used as a

matrix material for immobilizing irradiated fuel, it might be a critical

resource^136«
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To estimate the possible social impacts, four reference com-

munity types, in which a facility might be located, are considered. The

community types, which are based on real communities, include a county,

a town, a township, and an unorganized territory in which a new town

might be located. Data are being analyzed for 13 social and community

factors in each of the four reference community types (137^

The occupational safety analysis identifies the occupational

radiological and non-radiological hazards, provides dose estimates for

routine activities, estimates the radiological, non-radiological and

total occupational risks, and provides recommendations for minimizing

the radiation dose in dose-intensive activities. The total risks esti-

mated for operation of a disposal centre compare favourably with occupa-

tional risk statistics reported by other industries with high safety

standards^136»137>.

The security and safeguards analysis shows that existing

security measures at nuclear installations would be suitable for a dis-

posal centre, and that existing safeguards for containment, accounting

and surveillance could be extended to all aspects of irradiated fuel

management'!^»I3'). This would ensure continued fulfillment of

Canada's obligations under the Nuclear Non-Proliferation Treaty.

9.2 POST-CLOSURE ASSESSMENT

The post-closure assessment considers the potential long-term

effect of a disposal vault and its contents on man and the environment

after the vault h?> been sealed and the surface environment restored.

This assessment thus relates, primarily, to the effects on future

generations.

9.2.1 Methodology Development

The development of methods for the post-closure assessment is

divided into three components: systems analysis, hydrogeological model-

ing and chemical modeling.
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A computer program, SYVAC^138"1*0), has been developed to

perform the systems analysis. It models the processes occurring in the

vault, the geosphere and the biosphere, and takes into account uncer-

tainties in the data associated with those processes.

In SYVAC, the data obtained from laboratory and field studies

are used in the form of parameter distributions rather than 'best esti-

mate* or 'conservative' single values. A value for each parameter is

sampled in turn from its distribution to form a set. This set of values

defines a "scenario". SYVAC then estimates the transport of radionuc-

lides from the vault to the biosphere for this scenario, and determines

a "consequence" (dose to man). Repeated sampling produces different

scenarios for Which consequences are determined. The consequences are

then plotted as a histogram versus frequency of occurrence.

During the next development phase of SYVAC, time-dependent

parameters, transitional events and better sampling methods will be

incorporated.

Hydrogeological modeling studies are underway to develop and

apply methods for analysis of water flow, heat transfer and solute

transport through porous and fractured media. The studies have two

aspects: the application of existing hydrogeological modeling methods

to aid the research and assessment programs, and the development of new

methods that may be more appropriate for estimating water flow in

fractured rock.

Development of methods for modeling water flow in fractured

media is being carried out at WNRE and the Universities of Alberta and

Waterloo. At WNRE, a program, FLOWNET, which calculates flow through a

three-dimensional array of intersecting fractures, is being developed

and tested. A preliminary version of the program gave results that were

in reasonable agreement with those from a simple experiment on a three-

dimensional cubic fracture system model. The results are being prepared
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for publication. Methods for generating fracture system information,

suitable for use with the fracture flow models, are being developed by

the Geological Survey of Canada, with assistance from Ontario Hydro.

At the University of Alberta, a two-dimensional stochastic

model for groundwater flow and contaminant transport in fractures is

being developed. The first version of the computer code has been tested

satisfactorily using representative data on fracture densities. At the

University of Waterloo, a general analytical solution for contaminant

transport along a discrete fracture in a porous rock has been

developed^141).

During the past year, INTERA Environmental Consultants have

used some of the data from the Atikokan research area to test the appli-

cability of the three-dimensional porous-medium flow model,

SWIFTC142), for simulating regional groundwater flow^1*3^. The

results. of the initial analysis indicate that water transit times and

flow path lengths are particularly sensitive to the. water infiltration

rate.

A modified version of the computer code SOLMNEQ^S) i s

used in chemical modeling. SOLMNEQ calculates equilibrium concentra-

tions of plutonium and uranium specie 3 as a function of various parame-

ters, such as Eh, pH, groundwater composition and temperature. It has

been used to calculate uranium and plutonium solubilities at pH values

ranging from 4 to 10 and temperatures from 25 to 150°C, for brine and

granite groundwater in reducing, mildly reducing, and oxidizing condi-

tions. A simple chemical kinetics model is also being developed to

describe the dissolution behaviour of potassium feldspar^1**).

9.2.2 Current Assessment

As described earlier, the computer code SYVAC links a set of

sub-models that describe the components of the system, i.e. the vault,
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the geosphere and the biosphere. The sub-models are executed in

sequence, which leads to an estimate of the consequence for a given

scenario (set of parameter values). The consequence is presently taken

as the maximum radiation dose to an individual in the most exposed

group during the first million years after disposal.

Recently, the results of the first post-closure assessment

were reported'135)# -]<he sub-models used and the results obtained

are described below.

Vault Sub-model

The first sub-model, the vault, is used to analyze the pro-

cesses occurring within the vault and to estimate the rate at which

radionuclides are released to the surrounding geosphere. The vault

includes the waste (assumed to be immobilized fuel in the first assess-

ment), the container, the rooms, tunnels, shafts and boreholes, and the

materials used to fill and seal them. The waste containers are

surrounded by a buffer material to retard the movement of water towards

the containers and the migration of radionuclides away from the con-

tainers. The major components of the vault sub-model are shown schemat-

ically in Figure 14.

DIFFUSION AND
ADVECTION VAULT

BACKFILL

FUEL DISSOLUTION BUFFER

^CONTAINER FAILURE

FIGURE 14: Vault Sub-Model
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It Is assumed that steady-state, saturated flow has been esta-

blished In the vault. The flow rate through the vault is derived from

the flow rate through the rock and the ratio of the hydraulic conductiv-

ities of the buffer and the rock. The containers are assumed to fail at

a specified rate, namely, a few Initial failures, due to incipient

defects, followed by a normal distribution of succeeding failures. When

a container fails, its entire contents are assumed to be immediately

available for dissolution, i.e. no credit is taken for protection by the

fuel sheath.

The irradiated fuel matrix is assumed to dissolve congruently.

The dissolution time is estimated from the uranium solubility in the

water adjacent to the fuel. Based on calculated(1*5-147) aIU} exper-

imental (1*8) results, the solubility range for uranium is 10"11

to 10~8 molal for conditions likely in the vault. These conditions

include a temperature of 100°C, a near neutral or slightly alkaline pH,

a mildly reducing electrochemical potential (controlled by the magne-

tite/hematite equilibrium in the rock), and low concentrations of trace

elements.

There are exceptions to the congruent dissolution mechanism.

A fraction of the iodine and cesium (estimated at 0.7% of the Inventory

of those elements) migrates to the fuel-sheath gaps during irradiation

in nuclear reactors. It is assumed that this fraction is released

instantly when a container fails. After dissolution, the radionuclides

are transported by advection and diffusion across the surrounding buf-

fer, which chemically retards their movement.

Geosphere Sub-Model

The second sub-model, the geosphere, is shown schematically in

Figure 15. This sub-model is used to analyze the migration of radionuc-

lides from the vault, through the surrounding rock formation, to the

surface. The physical model assumes that cracks and fissures connect
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the vault to the surface. Radlonuclides are assumed to be transported

along these cracks by groundwater. The velocity of the grdundwater is

estimated from the porosity and permeability of the rock and the

hydraulic gradient. Retardation is accounted for by a simple parameter,

defined as the ratio of water velocity to radionuclide velocity.

FIGURE 15: Geosphere Sub-Model

Biosphere Sub-model

The third sub-model, the biosphere, is shown schematically in

Figure 16. It is used to analyze the movement of radionuclides from the

geosphere, through the soil, groundwater, surface water, plants and

animals, to man. Water, containing radionuclides, is assumed to dis-

charge into either a water body or surface soil. The radionuclides are

assumed to interact with the soil and become incorporated into plants.
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The plants are eaten by man, or by animals that contribute to man's food

chains. The soil pore water may be ingested directly as water from a

shallow well. Radionuclides discharging to a water body may contribute

to man's diet, either by direct ingestion of water or through aquatic

food chains. The radiation do*c to man is computed from the dose/

concentration ratios^!*) f o r terregtrial^150) and aqua-

tic(128) pathways, and the radionuclide concentrations in the soil

and water.
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FIGURE 16: Biosphere Sub-Model
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Assessment Results

Figure 17 shows how the annual dose to the most exposed indi-

vidual varies with time for three arbitrary "scenarios" (three sets of

parameter values). For each scenario, the consequence is defined as the

maximum value on the respective dose curve, i.e. about 6, 2 and 7 nSv

for cases A, B, and C, respectively. Since the average annual natural

background dose is about 1000 /uSv, the additional doses for these sce-

narios are all less than 1% of background. The differences between the

three curves reflect the wide variability in input parameter distribu-

tions at this stage of the program.

1% of Natural Background D O M

10s I0 4

TIME (YEARS)
10s

FIGURE 17: Annual Dose as a Function of Time
for Three Arbitrary Scenarios

The maximum annual radiation dose to man from nuclear waste

disposal has been estimated for 1730 different scenarios. In 730 cases,

the estimates showed no dose in the first million years. The remaining

1000 estimates are shown in the form of a histogram in Figure 18.
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One percent of natural background and one percent of the regulatory

limit for members of the public for existing nuclear f a c i l i t i e s are

also shown, for comparison.

1% of Natural
Background
Dose

10- 10'
ANNUAL DOSE (mSv)

1% of Regulatory
Limit for Public
for Present
Nuclear Facilities

to1

FIGURE 18: Histogram of Maximum Annual
Dose to Man

Figure 19 shows the maximum annual dose, the time of occur-

rence and the main contributor in each case. The main contributors are

"instant" iodine-129 (i.e. that fraction from the fuel sheath gaps),

technetium-99, thorium-230, "instant" cesium-135 and neptunium-237.

Since it is assumed that iodine and technetium are not retarded by

interactions with the geosphere, most of the early dose is due to these

radionuclides. Cesium-135, neptunium-237, thorium-230, and its precur-

sor uranium-238, are retarded in the geosphere and, therefore, contri-

bute to the dose at later times.
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The results from this first assessment are encouraging. In no

case did the dose approach the natural background dose and in most

cases it was much less than 1% of natural background. Feedback from the

review process and advances in laboratory and field research are now

being incorporated into the model for the next assessment cycle.

10. SUMMARY AND CONCLUSIONS

The research and development program for investigating tech-

nologies for the disposal of nuclear fuel waste is well established.

Atomic Energy of Canada Limited, a federal Crown Corporation, has prime

responsibility for the program and provides overall coordination. Pro-

gram participants include a wide cross-section of Canada's scientific

and engineering community, including industry, government departments

and agencies, and the universities.

In 1981 April, the federal government approved, in principle,

a ten-year generic research and development program in nuclear fuel

waste management. The program will have an average yearly funding of

approximately 29 million 1981 dollars. During the ten-year period, the

program is expected to provide the data necessary to evaluate the con-

cept of deep underground disposal in a stable geological formation. The

process by which the concept will be evaluated was defined in a Canada-

Ontario joint statement, issued in 1981 August.

Ontario Hydro has prepared a detailed program plan for the

design and construction by 1990 of a road cask for the transportation of

irradiated fuel. The current concept involves a cask containing one or

two modules for supporting the irradiated fuel (one nodule contains 96

bundles), and stainless steel, lead or depleted uranium as the shielding

material.
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Research and development has continued on immobilization tech-

nologies for both irradiated fuel and the wastes that would result from

reprocessing of the fuel. Preliminary results suggest that durable

waste forms can be produced for both types of waste. An assessment of

potential container materials for the disposal of irradiated fuel has

identified a number of materials which merit detailed study, and designs

of supported-shell containers, involving a metal matrix, packed particu-

late, or structural support, have been completed. Although glasses con-

tinue to be the prime candidates for immobilization of the radioactive

wastes that would arise from reprocessing of irradiated CANDU fuel,

crystalline and glass-ceramic materials are also being investigated as

possible alternatives.

Field studies in the research areas at Atikokan, Chalk River,

and Lac du Bonnet, have provided important experimental data on granitic

rock. The data suggest that subsurface characteristics of the rock can

be determined from measurements at the surface and In boreholes. Two

new areas, recently approved for research, will allow field measurements

on gabbroic rock. The proposed Underground Research Laboratory in the

Lac du Bonnet research area will be of vital importance since it will

permit experiments to be carried out in an environment comparable to

that expected in a full-scale disposal vault. However, no nuclear waste

will be used or emplaced in the Underground Research Laboratory.

.?

Environmental research studies are improving our understanding

of the processes occurring in the biosphere. Computer models and exper-

imental studies are providing information on the migration of radionuc-

lides through various food chains to man. These studies are important

in helping to determine the long-term impact of a disposal facility on

man.

The first environmental and safety assessment, which estimates

the effects of storage, transportation, immobilization and disposal

facilities on man and the environment, has reached the informal review
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stage. A preliminary radiological analysis of the storage and transpor-

tation of Irradiated fuel estimates the total incremental dose to the

exposed population to be less than 0.1% of the natural background dose.

An initial assessment of the long-term impact of a disposal facility is

encouraging. Of 1730 estimates of the radiation dose to the most

exposed individual for different scenarios, 730 cases showed no dose in

the first million years, and the great majority of the others were less

than 1% of the average dose from natural background radiation. In no

case did the dose approach that from natural background radiation.
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APPENDIX A

Statement Issued by the Honourable Marc Lalonde, Federal Minister of
Energy, Mines and Resources, and the Honourable Robert Welch, Ontario

Minister of Energy, 1981 August 04:

CANADA-ONTARIO JOINT STATEMENT
ON THE NUCLEAR FUEL WASTE MANAGEMENT PROGRAM

The Canada/Ontario Nuclear Fuel Waste Management Program has made
steady progress since its inception in June 1978. Over the next decade,
the program is expected to demonstrate that the concept of deep geologi-
cal disposal in stable rock formations is a fully acceptable method of
disposing permanently of high-level radioactive wastes from the nuclear
fuel cycle.

Under the agreement, the responsibility for work on the storage and
transportation of irradiated nuclear fuel was allocated to Ontario Hydro
while the responsibility for work on the waste immobilization and dispo-
sal was allocated to Atomic Energy of Canada Limited.

We are today announcing the process by which acceptance of the dis-
posal concept will be undertaken and some changes to the direct public
involvement in the present research phase. These changes result from
the Government's decision that no disposal site selection will be under-
taken until after the concept has been accepted. This decision also
means that the responsibility for disposal site selection and subsequent
operation need not be allocated until after concept acceptance. The
overall responsibility for regulation and control of nuclear matters
rests with the federal government under the Atomic Energy Control Act,
1946.

Subsequent statements detailing further steps in the overall pro-
gram will be made well in advance of their being put into effect.

PROGRESS IN CONCEPT ASSESSMENT RESEARCH

This major research and development effort is aimed at providing
the scientific information needed for evaluation of the deep geological
disposal concept. The scientific evidence will be presented in a series
of "Concept Assessment" documents prepared under the direction of Atomic
Energy of Canada Limited (AECL). A significant part of this research
and development program, namely the investigation of the geology and
hydrogeology of the hard igneous rocks of the Canadian Shield, has been
pursued at three granite research areas in Ontario (White Lake, Chalk
River and Atikokan) and one in Manitoba (Whiteshell).

This research work is of a generic nature and does not involve dis-
posal of any radioactive material, nor does it represent any intention
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that research sites ultimately would become sites for disposal of
nuclear fuel wastes.

The initial results of this field research, as well as work con-
ducted in AECL's laboratories and through a large number of consultants
and contractors from private industry and universities, were widely pub-
lished in December 1979 and 1980 in AECL's first two annual reports on
the program.

The program also has been assessed by an independent Technical
Advisory Committee, consisting of representatives of several profes-
sional and academic associations. This committee issued its annual
reports in May, 1980 and 1981.

While analysis of the research results at this time can only be
preliminary, the conclusions reached in these four reports support the
view that nuclear fuel wastes can be safely disposed by deep burial in a
geologically stable hard rock formation.

Underground Research Laboratory

A significant addition to the Nuclear Fuel Waste Management Program
in the past few months has been the approval by the federal government
of construction of an underground laboratory close to AECL's Whiteshell
Laboratories at Pinawa, Manitoba. This underground laboratory, to be
completed in the mid 1980s, will allow a wide range of measurements and
tests to be made approximately 300 metres below the surface in a granite
rock formation.

No nuclear fuel waste will be used at this facility. However, the
work will provide extensive information on the thermal properties of
rock and measurements of the movement of ground water within the massive
granite formation in which the underground laboratory is located. It
will 'so provide an opportunity for tests on the chemical and thermal
interactions between the various engineered components and the natural
system and also for tests of alternative shaft sealing methods.

EVALUATION PROCESS

It has been the intention from the beginning of the program that
the results of AECL's research work would be subject to thorough public
aiid regulatory scrutiny. Enough information should be available from
the research program by the mid 1980s to begin a formal evaluation of
the disposal concept.

The two governments have reached agreement on the scope of this
evaluation process, the roles and responsibilities of their agencies and
on the means by which the public could become involved. An outline of
the process for the evaluation of the Concept Assessment as agreed upon
between the two governments, is appended to this statement.
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In summary, the evaluation process will involve the following three
stages:

1. regulatory and environmental review,
2. a full public hearing, and
3. a decision by governments on the acceptability of the concept,

based on the information and recommendations flowing from
stages 1 and 2.

Regulatory and Environmental Review

The federal government has decided that the Atomic Energy Control
Board will be the lead agency for the regulatory and environmental
review of the disposal concept. It will be assisted in the development
of standards, requirements and other regulatory functions by the federal
Department of the Environment and the Ontario Ministry of the Environ-
ment. Together these three agencies comprise the Interagency Review
Committee. They will adopt a consultative and iterative approach with
all interested parties including other interested Governments and
Departments, Atomic Energy of Canada Ltd., the Technical Advisory Com-
mittee of independent experts, the universities, public interest groups
and the public in general.

In the present stage of the program, the Atomic Energy Control
Board will be responsible for ensuring that the disposal concept pro-
posed by Atomic Energy of Canada Ltd. is given a thorough review.

In subsequent stages of the program, the Control Board will regu-
late nuclear fuel waste projects through the issuing of licenses, in the
same way that it does for nuclear reactors and other projects within its
jurisdiction.

Public Hearing

When the regulatory review is completed, probably in the late
1980s, there will be a full public hearing under the auspices of the
federal government, thus ensuring that the public is involved throughout
the process.

Government Decision

Following the public hearing, the governments involved will have
three options:

1. Concept acceptance. Confirmation by the Governments of Canada
and Ontario would then be a prerequisite to selection of any
site for a waste disposal facility.

2. Conditional concept acceptance. This would require further
research work by AECL and resubmission of a final concept
acceptance document.
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3. Concept rejection. In this event, the governments of Canada
and Ontario must consider alternative proposals.

FIELD RESEARCH

With regard to the research program itself, last summer AECL and
the Technical Advisory Committee reviewed the needs of the program.
They concluded that research drilling at two further areas in gabbro
type rock, in addition to the granite research areas already underway,
would be required to provide sufficient information on a range of rock
properties to allow AECL to adequately assess the disposal concept.

On this basis, the two governments authorized further exploratory
work consisting of aerial and ground surveys of five possible research
drilling areas in Northern Ontario. This work was announced by AECL on
October 2, 1980.

Research Drilling Areas

Over the winter, the results of this exploratory work have been
evaluated by scientists and geologists in the program. Two research
areas have been selected on the basis of their suitable geological char-
acteristics and have been approved by the Governments of Canada and
Ontario as research areas for the purposes of the Nuclear Fuel Waste
Management Program. The areas tire:

a. East Bull Lake, 35 kilometres east of Elliot Lake in the Algoma
District, and

b. Overflow Bay/Denmark Lake, 75 kilometres southeast of Kenora.

In announcing this further research work, AECL, as project manager,
has been directed to work with adjacent municipalities, community groups
and the general public to provide whatever information may be required
about its research program in their particular area.

Both governments wish to reiterate that the work to be carried out
is research only, required for a generic assessment of the basic concept
and is not associated with the selection of a site for a disposal facil-
ity, which will not occur until after a concept has been accepted by the
regulatory agencies and governments.

General Field Studies

In addition, routine field activities such as placing of seisaoae-
ters, water and rock sampling and geological surveys, in various and
widely scattered locations in the Canadian Shield continue to be
required for the research program. These general field studies involve
no deep drilling and are typical of hundreds of geophysical exploration
programs carried out across Canada. The Governments of Canada and
Ontario have given approval for such general studies to proceed without
the need for specific local community approval.
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Atomic Energy of Canada Limited, as manager of the research phase
of the Nuclear Fuel Waste Management Program, will continue to keep the
public informed on the progress of work and will answer inquiries
related to the research program.

INTERIM STORAGE

Pending decisions on the long-term disposal method, spent fuel
wastes will continue to be stored safely at reactor sites, so there is
no urgent requirement for early establishment of an operating disposal
facility. The concept assessment process will allow sufficient time for
full public consideration of the disposal concept.

FOR FURTHER INFORMATION:

Concept assessment process:

Office of Public Information
Atomic Energy Control Board
270 Albert Street
P.O. Box 1046
OTTAWA, Ontario
KIP 5S9
Telephone: (613) 995-5894

Research developments, Nuclear Fuel Waste Management Program:

Atomic Energy of Canada Limited
Research Company
275 Slater Street
OTTAWA, Ontario
K1A 0S4
Telephone: (613) 236-6444

Atomic Energy of Canada Limited
Public Affairs Department
Whiteshell Nuclear Research Establishment
PINAWA, Manitoba
ROE 1L0
Telephone: (204) 753-2311

In Northern Ontario and Western Canada, telephone (toll-free) ZE-07444.
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Attachment to Appendix A

Canada/Ontario Nuclear Fuel Waste Management Program
Process for Evaluation of the Concept

Preamble: Spent fuel wastes from nuclear power reactors In Canada are
presently maintained under water In storage bays at the reactor sites.
They can be stored In this fashion cheaply, safely, and reliably for
periods of at least 50 years. Ultimately the wastes from spent fuel
will have to be disposed of permanently and safely.

Under the Canada/Ontario Agreement of June, 1978 for the management of
radioactive spent fuel wastes, Ontario Hydro Is performing research on
storage and transportation, and Atomic Energy of Canada Limited (AECL)
Is performing research on the Immobilization and permanent disposal of
spent fuel wastes deep in stable rock formations.

This present document defines the process by which AECL's concept of
geological disposal will be evaluated by government. It is expected
that this process will be completed by 1990.

The Atomic Energy Control Board (AECB) will be the lead agency in this
concept assessment process and will carry out its role through the
powers assigned to it under the Atomic Energy Control Act. It will be
assisted in the development of requirements and other regulatory func-
tions by the Ontario Ministry of Environment and the Federal Department
of Environment. Together these agencies form the Interagency Review
Committee (IRC). Interested provincial governments will be kept
informed and consulted as this process proceeds.

Once the disposal concept is accepted, proposals for the various stages
of licensing, required under the Atomic Energy Control Act and Regula-
tions, can be submitted to the AECB. It is expected that a full-scale
commercial repository for disposal of the spent fuel wastes would be
preceded by a demonstration repository which would operate for some
years before the commercial repository is built. The province in which
a repository is located would ensure that it met conventional provincial
criteria for health, safety, and environmental impact.

Issuance of this document constitutes step No. 1 in this process. Sub-
sequent documents will be developed and released according to the steps
outlined below.

1. Public Announcement: Announcement by the Governments of Canada and
Ontario of the overall process to be implemented in the concept
assessment phase of the waste management program.

2. Issuance of Initial Statement on the Regulatory Review and Assess-
ment of the Disposal Concept; Issuance by the AECB of a statement
on the regulatory review and assessment of the disposal concept for
public review and comment. This statement will include requirements
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on the content of the AECL submissions and performance requirements
on the Impact of a sealed repository on the biosphere over long time
periods. Concurrent Issuance by the three IRC agencies of an expla-
nation of the joint consultative nature of the regulatory review.

3. Submission of Interim Concept Assessment Document; Submission by
AECL to the members of the IRC, interested groups, public libraries
and Government offices across Canada of the Interim Concept Assess-
ment Document, Which will include a safety and environmental assess-
ment, for review and comment.

4. Issuance of Final Statement on the Regulatory Review and Assessment
of the Disposal Concept; Issuance by the AECB of the final state-
ment on the regulatory review and assessment of the disposal con-
cept. This document will provide a basis for decisions on the
acceptability of the proposed concept.

5. Issuance of Updated Concept Assessment Documents; Updated Concept
Assessment Documents issued by AECL from time to time including new
data from the research.

6. Formal Submission for Acceptance of the Concept Assessment Document;
A Formal Submission of the Concept Assessment Document for the
acceptance of the AECB will be made by AECL. This is not expected
to occur until several years after the start of the process. This
document will also be submitted to the members of IRC, interested
groups, public libraries and Government offices across Canada.

7. Review of Concept Assessment Document; Announcement by AECB of the
receipt of the submission and of the specific arrangements and
schedule for regulatory review including public consultation through
a public hearing process under the auspices of the Federal Govern-
ment. A report from the IRC on the concept assessment document will
be made available to the public before the hearing.

8. Report from Public Hearing; Recommendations arising from the Public
Hearing Process submitted to AECB by the responsible body and made
available to the public.

9. Statement on Acceptability or Non-Acceptability of the Waste Dispos-
al Concept; Issuance of a statement by the AECB on the acceptabil-
ity, conditional acceptability, or non-acceptability of the concept.

10. Concept Acceptance; In the case of acceptability, the Governments
of Canada and Ontario m*y accept the concept assessment document.
Acceptance would be a prerequisite to selection of any site for a
waste disposal facility.

In the case of conditional acceptability, further research work by
AECL and resubmission of a final Concept Assessment Document will be
required.

In the case of non-acceptaMlity, the Governments of Canada and

Ontario must consider alternative proposals.



- 94 -

APPENDIX B

MEMBERS OF THE TECHNICAL ADVISORY COMMITTEE
AND THEIR NOMINATING SOCIETIES

L.W. Shemllt, B.A.Sc, M.Sc, Ph.D.
Chairnan
Professor of Chemical Engineering
McMaster University
(Engineering Institute of Canada)

John Convey, B.Sc, M.Sc, Ph.D., D.Sc.
Vice-Chairman
Former Senior Advisor to the Canadian Government on Mining and
Metallurgy
(Canadian Institute of Mining and Metallurgy)

*R.N. Farvolden, B.Sc, M.Sc., Ph.D.
Dean of Science
University of Waterloo
(Canadian Geoscience Council)

R.H. Haynes, B.Sc., Ph.D.
Professor of Biology
York University
(Canadian Federation of Biological Societies)

H.B.N. Hynes, B.Sc., Ph.D., D.Sc, F.R.S.C.
Professor of Biology
University of Waterloo
(Biological Council of Canada)

B. Ladanyi, B.A.Sc., D.A.Sc.
Head, Geotechnical Section, Department of Engineering
Ecole Polytechnique
University of Montreal
(Engineering Institute of Canada)

K.G. McCallum, B.Sc., M.Sc., Ph.D., F.R.S.C.
Dean of Graduate Studies and Research
University of Saskatchewan
(Chemical Institute of Canada)

T.I. Oren, M.S., Ph.D.
Associate Professor of Computer Science
University of Ottawa
(Canadian Information Processing Society)



- 95 -

M.H.L. Pryce, B.A., M.A., Ph.D., F.R.S.
Honorary Professor of Physics
University of British Columbia
(Canadian Association of Physicists)

6.B. Skippen, B.Sc, M.Sc, Ph.D.
Professor of Geology
Carleton University
(Canadian Geoscience Council)

•J. Toth, M.Sc, Ph.D.
Professor of Hydrogeology
University of Alberta
(Canadian Geoscience Council)

G.M. Volkoff, B.A., M.A., Ph.D., D.Sc, M.B.E., F.R.S.C.
Former Dean of Science
University of British Columbia
(Canadian Association of Physicists)

G.F. Whitmore, B.A., M.A., Ph.D., F.R.S.C.
Associate Director
Ontario Cancer Institute
(Canadian Federation of Biological Societies)

Science Secretary to the Technical Advisory Committee

Mr. Grant Sheng
Department of Zoology
University of Toronto
TORONTO, Ontario
M5S 1A1

Terminated 1981 June 30.

Appointed 1981 November 0A.



- 96 -

APPENDIX C

SUMMARY OF TAC-2

The Second Annual Report of the Technical Advisory Committee

reviews progress in the Canadian Nuclear Fuel Waste Management Program

since May 1980.

The Committee has continued to review the basis for the assessment

of the concept of ultimate geologic disposal. We support strongly the

general systems approach being used. Although such an approach must

ultimately involve the use of specific criteria, we note with satisfac-

tion that some possible criteria have been clearly enunciated and are

being applied in a preliminary fashion. We advocate caution in the

development of final specific criteria.

In its evaluation of research performance to date, the Committee

has reconfirmed its endorsement of the overall program as being very

well conceived, and notes with approval the increasing clarity with

which more detailed research planning is proceeding and that there con-

tinue to be many specific valuable research accomplishments. It is

especially satisfactory that an overall systems analysis for environ-

mental and safety assessment has been brought to the point where it

gives definition and comprehensive guidance. We commend the approach

being used and support the continuing caution with which it is currently

applied. Its usefulness in determining research priorities throughout

the program is noteworthy.

We express again full support for the development of the Under-

ground Research Laboratory, with its significant potential for providing

relevant information for the whole disposal program and with its empha-

sis on cooperation amongst the many scientific groups from different

disciplines.
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Even though the Committee feels that more of the research results

should be published in the scientific literature, where it is also

subjected to careful scrutiny, it commends, in the highest possible

terms, AECL and the program participants for the exemplary degree of

openness in naking available information and scientific and technical

results. Such availability pertains not just to the Committee, but to

the scientific community at large and to the public in general.*

*The detailed conclusions which follow this summary are not reproduced

here. They may be found on pp 80-93 of reference (6).
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