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PREFACE

This is the Summary of the Environmental 
Impact Statement (EIS) prepared by Atomic 
Energy of Canada Limited (AECL) on the 
concept for disposal of Canada’s nuclear fuel 
waste. The proposed concept is a method for 
geological disposal, based on a system of 
natural and engineered barriers. The EIS 
provides information requested by the 
Environmental Assessment Panel reviewing the 
disposal concept and presents AECL’s case for 
the acceptability of the concept.

The introductory chapter of this Summary 
provides background information on several 
topics related to nuclear fuel waste, including 
current storage practices for used fuel, the need 
for eventual disposal of nuclear fuel waste, the 
options for disposal, and the reasons for 
Canada’s focus on geological disposal.

Chapter 2 describes the concept for disposal of 
nuclear fuel waste. Because the purpose of 
implementing the concept would be to protect 
human health and the natural environment far 
into the future, we discuss the long-term 
performance of a disposal system and present a 
case study o f potential effects on human health 
and the natural environment after the closure 
of a disposal facility.

The effects and social acceptability of disposal 
would depend greatly on how the concept was 
implemented. Chapter 3 describes AECL’s 
proposed approach to concept implementation. 
We discuss how the public would be involved 
in implementation; activities that would be 
undertaken to protect human health, the 
natural environment, and the socio-economic 
environment; and a case study of the potential 
effects of disposal before the closure of a 
disposal facility.

The last chapter presents AECL’s conclusion, 
based on more than 15 years of research and 
development, that implementation of the 
disposal concept represents a means by which 
Canada can safely dispose of its nuclear fuel 
waste. This chapter also presents AECL’s 
recommendation that Canada progress toward 
disposal of its nuclear fuel waste by undertaking 
the first stage of concept implementation -  
siting.

These topics are discussed in more detail in the 
EIS. In addition, many supporting references 
have been issued, including nine “primary 
references” that deal with major aspects of the 
disposal concept. The primary references are 
listed and described on the following two pages.
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THE EIS, SUMMARY, AND PRIMARY REFERENCES

Environmental Impact Statement on the Concept for Disposal of Canada’s 
Nuclear Fuel Waste (AECL 1994)

Summary of the Environmental Impact Statement on the Concept for the Disposal 
of Canada’s Nuclear Fuel Waste (this volume)

The Disposal of Canada’s Nuclear Fuel Waste: Public Involvement and Social 
Aspects (Greberetal. 1994)

The Disposal of Canada’s Nuclear Fuel Waste: Site Screening and Site 
Evaluation Technology (Davison et al. 1994a)

The Disposal of Canada’s Nuclear Fuel Waste: Engineered Barriers Alternatives 
(Johnson et al. 1994a)

The Disposal of Canada’s Nuclear Fuel Waste: Engineering for a Disposal 
Facility (Simmons and Baumgartner 1994)

The Disposal of Canada’s Nuclear Fuel Waste: Preclosure Assessment of a 
Conceptual System (Grondin et al. 1994)

The Disposal of Canada’s Nuclear Fuel Waste: Postclosure Assessment of a 
Reference System (Goodwin et al. 1994)

The Disposal of Canada’s Nuclear Fuel Waste: The Vault Model for Postclosure 
Assessment (Johnson et al. 1994b)

The Disposal of Canada’s Nuclear Fuel Waste: The Geosphere Model for 
Postclosure Assessment (Davison et al. 1994b)

The Disposal of Canada’s Nuclear Fuel Waste: The Biosphere Model, 
BIOTRAC, for Postclosure Assessment (Davis et al. 1993)
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GUIDE TO THE CONTENTS OF THE PRIMARY REFERENCES

The Disposal of Canada’s Nuclear Fuel Waste:
Public Involvement and Social Aspects
• describes the activities undertaken to provide 

information to the public about the Nuclear Fuel 
Waste Management Program and to obtain public 
input into the development of the disposal . 
concept

• presents the issues raised by the public and how 
the issues have been addressed during the 
development of the disposal concept or how they 
could be addressed during the implementation of 
the disposal concept

0 discusses social aspects of public perspectives on 
risk, ethical issues associated with nuclear fuel 
waste management, and principles for the 
development of a publicly acceptable site- 
selection process

The Disposal of Canada’s Nuclear Fuel Waste: Site
Screening and Site Evaluation Technology
° discusses geoscience, environmental, and 

engineering factors that would need to be 
considered during siting

• describes a methodology for characterization, that 
is, for obtaining the data about regions, areas, and 
sites that would be needed for facility design, 
monitoring, and environmental assessment

The Disposal of Canada’s Nuclear Fuel Waste:
Engineered Barriers Alternatives
• describes the characteristics of nuclear fuel waste
• describes the materials that were evaluated for use 

in engineered barriers, such as containers and 
vault seals

• describes potential designs for containers and 
vault seals

• describes procedures and processes that could be 
used in the production of containers and the 
emplacement of vault-sealing materials

The Disposal of Canadas Nuclear Fuel Waste:
Engineering for a Disposal Facility
• discusses alternative vault designs and general 

considerations for engineering a nuclear fuel 
waste disposal facility

• describes a disposal facility design that was used 
to assess the technical feasibility, costs, and 
potential effects of disposal

• presents cost and labour estimates for 
implementing the design

The Disposal of Canada’s Nuclear Fuel Waste:
Preclosure Assessment of a Conceptual System
• describes a m ethodology for estim ating effects on 

hum an  health, the natural environm ent, and  the 
socio-econom ic environm ent th a t could  be 
associated w ith siting, constructing, operating 
(includes transporting  used fuel), 
decom m issioning, and closing a disposal facility

• describes an application o f  this assessment 
m ethodology to  a reference disposal system

8 discusses technical and social factors th a t w ould 
need to be considered during siting

• discusses possible measures and  approaches for 
m anaging environm ental effects

The Disposal of Canada’s Nuclear Fuel Waste:
Postclosure Assessment of a Reference System
• describes a m ethodology for

• estim ating the long-term  effects o f  a disposal 
facility on hum an health and  the natural 
environm ent,

• determ ining how  sensitive the estim ated effects 
are to variations in  site characteristics, design 
param eters, and  o ther factors, and

• evaluating design constraints

0 describes an application o f  this assessment 
m ethodology to a reference disposal system

The Disposal of Canada’s Nuclear Fuel Waste: The
Vault Model for Postclosure Assessment
• describes the assum ptions, data, and  m odel used 

in the postclosure assessment to analyze processes 
w ith in  and  near the buried  containers o f  waste

• discusses the reliability o f  the data and  m odel

The Disposal of Canada’s Nuclear Fuel Waste: The
Geosphere Model for Postclosure Assessment
• describes the assum ptions, data, and  m odels used 

in the postclosure assessment to analyze processes 
w ith in  the rock in w hich a disposal vau lt is 
excavated

• discusses the reliability o f  the data and  m odel

The Disposal of Canada’s Nuclear Fuel Waste: The
Biosphere Model, BIOTRAC, for Postclosure
Assessment
• describes the assum ptions, data, and  m odel used 

in the postclosure assessment to analyze processes 
in the near-surface and  surface environm ent

• discusses the reliability o f  the data and  m odel

Summary o f  the Environm ental Im pact Statem ent vii



INTRODUCTION

1.1 NUCLEAR FUEL WASTE

In 1992, 15% of the electricity generated in 
Canada was produced using CANDU' nuclear 
reactors. Three provincial electric utilities, 
Ontario Hydro, Hydro-Quebec, and New 
Brunswick Power, own these reactors and the 
used fuel removed from them. A limited 
amount of used fuel, from prototype power 
reactors that have been permanently shut 
down, is owned by AECL, a federal 
Crown corporation.

The fuel for CANDU reactors consists of ceramic 
pellets made from uranium dioxide. They are stacked 
and sealed inside metal tubes made o f zirconium alloy. 
Up to 37 o f these tubes are welded together to make a 

fuel bundle.

A CANDU fuel bundle is about 10 centimetres in 
diameter and 50 centimetres long. It has a total mass 
o f about 24 kilograms, ofivhich about 19 kilograms is

Inside a reactor, nuclear reactions within the 
fuel produce heat, which is used to produce 
steam to drive turbines to generate electricity. 
These reactions cause some of the atoms of the 
fuel to change to new atoms — less than 2% of 
the uranium is changed. These changes

eventually make the fuel unsuitable for 
producing heat in the reactor, and the “used 
fuel” is removed.

Many of the new atoms formed while the fuel is 
in the reactor are unstable, and thus change 
spontaneously into different atoms (decay). This 
causes the used fuel to be radioactive, emitting 
radiation which in turn generates heat. At first 
the used fuel is highly radioactive, but it 
becomes less so over time, as described in 
Section 1.2.

W hen the used fuel is removed from a reactor, it 
is initially stored under water. The water 
protects people from the radiation and removes 
the heat. Later, the used fuel may be transferred 
to dry storage, as discussed in Section 1.4.

Used fuel is not necessarily a waste, because it 
contains plutonium and uranium, which could 
be used to produce more energy by recycling 
them back into a reactor. First, however, the 
used fuel would have to be reprocessed to 
separate these useful materials from the 
unwanted ones. Currently this is neither done 
nor planned in Canada. If used fuel were 
reprocessed, the most radioactive material that 
remained (the high-level waste) would be 
solidified, for example by maldng it into a glass. 
Then the solidified high-level waste would be 
managed in much the same way as the used fuel.

Nuclear fuel waste is either the used fuel, if it is 
not to be reprocessed, or the solidified high-level 
waste from reprocessing. Decisions have not yet 
been made regarding the long-term management 
of such waste.

AECL proposes that the waste be disposed of in 
a vault, which would eventually be sealed, several 
hundred metres below the surface in rock of the 
Canadian Shield.

1 C A N D U  (C A N ada D eu teriu m  U ran ium ) is a registered tradem ark  o f  AECL.
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1.2 CHARACTERISTICS OF USED FUEL

Three characteristics of used fuel are 
particularly im portant when considering 
how it is managed:

• it is radioactive,

• it generates heat, and

• its volume per un it of electricity generated 
is small.

W hen a fuel bundle is removed from a 
reactor, it is highly radioactive because of 
the decay o f unstable atoms. It emits energy 
in the form o f radiation. Because many of 
the unstable atoms have short half-lives, the 
activity decreases rapidly. However, a fuel 
bundle will remain radioactive for a long 
time, because some o f its unstable atoms 
have long half-lives.

M uch o f the radiation is absorbed by the 
fuel bundle itself, causing it to generate heat. 
As the activity decreases, so does the heat 
generated. It is im portant to take account of 
the heat ou tpu t when m anaging used fuel.

Besides containing radioactive elements, 
used fuel also contains some chemically 
toxic elements in sufficient quantities that 
they need to be considered when evaluating 
the effects o f disposal.

The volume of used fuel is very small. A 
single bundle generates about one million 
kilowatt hours o f electricity. It is about 50 
centimetres long and 10 centimetres in 
diameter, about the size o f a fireplace log.

1.3 POTENTIAL EFFECTS OF USED FUEL

Both the radioactive and chemically toxic 
elements in used fuel can be hazardous if 
swallowed or inhaled. Some of the 
radioactive elements also em it radiation that 
can penetrate into or through the hum an 
body from an external source. The effect of 
radioactive and chemically toxic elements 
depends on the dose received and on the 
time over which it is received.

The radiation dose to hum ans is given in a 
un it called the sievert, and in a fraction o f a 
sievert, the millisievert (1000 millisieverts =
1 sievert). T he dose rate can be expressed in 
millisieverts per year.

We are all constantly exposed to background 
radiation, mostly from naturally occurring 
sources. T hroughout the world, values of 
dose rate from natural background radiation 
range from about 1.5 to 6 millisieverts per 
year. Average values are 2.4 millisieverts per 
year for the world, 2.6 for Canada, and 3.0
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DECREASE IN ACTIVITY OF A USED-FUEL BUNDLE

In the figure above, we compare the activity o f a used- 
fuel bundle upon removalfrom a reactor with the 
height o f a 50-storey building. After 1 year, the 
activity would be comparable to the height of a person 
(about 1% o f its initial value). After 10 years, it 
ivoidd be comparable to the height o f a paperback 
(about 0.1% o f its initial value). After 100 years, it

would be comparable to a stack o f 10 loonies (about 
0.01 % o f its hiitial value). After 1000years, it would 
be comparable to the thickness o f a credit card (less 
than 0.001 % o f its initial value). Thus the activity 
decreases very rapidly to start with, but some activity 
persists for a very long time.
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COMPOSITION OF
USED-FUEL
PELLETS

The pie chart shows the 
composition ofused-fuel 
pellets 10 years after 
removal from a reactor.
The composition changes 
with time because of 
radioactive decay. The 
number o f radioactive 
decays occurring within 
a radioactive material in 
a unit time is called the 
activity o f the material. 
The rate o f decay is 
indicated by the half-life, 
the time required for half 
the original atoms to 
decay to new atoms.
Thus the longer the half- 
life o f the original atoms, 
the lower the activity o f a 
given mass o f the 
material.
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for southern O ntario  and the U nited States. 
In addition, we are exposed to radiation 
caused by hum an activities. Typical doses 
are 0.1 millisieverts from a chest X-ray and
0.03 millisieverts from a dental X-ray.

Used fuel in  storage is isolated to prevent the 
radioactive and chemically toxic elements 
from contam inating the natural 
environm ent (air, land, water, plants, and 
animals), where they could be swallowed or 
inhaled. It is shielded by materials such as 
water or concrete to protect against external 
radiation. In addition, used fuel is cooled to 
remove the heat produced by radioactive 
decay.

As a result, the exposure o f the public is kept 
well below variations in natural background 
radiation throughout the world. Moreover, 
our studies show that this would continue to 
be the case if  the used fuel were disposed of 
as we propose.

It is no t certain that low levels o f radiation, 
such as background levels, cause any harmful 
effects. According to the U.S. N ational

Research Council C om m ittee on the 
Biological Effects of Ionizing Radiations 
(BEIR 1990),

. . .  it is difficult to determine whether 
there are any variations in disease rates 
associated with changes in natural 
background radiation levels. . . . No 
increase in the frequency of cancer has 
been documented in populations 
residing in areas of high natural 
background radiation.

Thus the effects of low doses and low dose rates 
cannot be determined directly. Instead, the 
probability of health effects, such as fatal cancer 
or serious genetic effects, is estimated using 
observations of effects from much higher doses 
and dose rates.

1.4 CURRENT MANAGEMENT OF USED FUEL

The used fuel from Canada’s power reactors is 
currently stored by its owners in water-filled 
pools (wet storage) or concrete structures (dry 
storage). Currently there are about 900 000 
bundles of used fuel in storage in Canada, most 
of it owned by Ontario Hydro.

WET STORAGE

When fuel bundles are removed from a power reactor, 
they are stored in a pool ofiuater adjacent to the 
reactor. The radiation is shielded by the water and the 
heat is transferred to the water. The water is cooled by 
heat exchangers and purified to remove any 
contaminants. The pools are monitored for 
degradation and leaks.

DRY STORAGE

After used fuel has been out o f a reactor for about six 
years, the activity and heat have decreased enough to 
allow the fuel to be transferred to dry storage ifdesired. 
Concrete canisters are being used for thispinpose. The 
radiation is shielded by the concrete and the heat is 
transferred through the concrete walls to the outside air.
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STORAGE OF USED FUEL FROM POWER REACTORS (1992 DECEMBER 31)

Storage Location Licensee Storage
Method

Number of 
Bundles

Bruce Ontario Hydro wet 432 199
Pickering Ontario Hydro wet 337 742
Pickering Ontario Hydro dry 382
Darlington Ontario Hydro wet 6 533
Point Lepreau New Brunswick Power wet 39 010
Point Lepreau New Brunswick Power dry 13 500
Gentilly 2 Hydro-Quebec wet 39 008
Douglas Point AECL dry 22 256
Gentilly 1 AECL dry 3 213
Chalk River Laboratories AECL dry 4 853
Whiteshell Laboratories AECL dry 360

899 056

The federal government and the owners of used 
fuel are responsible for its safe management. The 
federal government has legislative jurisdiction over 
matters relating to atomic energy, including the 
management of used fuel, and it has exercised its 
authority primarily through the Atomic Energy 
Control Act. This Act establishes the Atomic 
Energy Control Board as the regulator of nuclear 
activities in Canada. The utilities who own used 
fuel include the cost of its disposal in the rates 
charged for electricity.

The amount of used fuel produced in the 
future will depend on many factors, such as the 
demand for electricity, the cost of generating 
electricity by various methods, and societal 
preferences for different methods o f generation. 
Thus any projection about the cumulative 
am ount of used fuel is uncertain. We have 
identified a range of possibilities based on 
different assumptions.

\  M
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Ca n a d a ' '  jLaboratories 
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/.-■N

G entilly  \
•  i
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Bnjce Bickering
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USED-FUEL STORAGE 
LOCATIONS

In Canada, storage 
facilities for used fuel have 
been safely operated for 
over 45 years. They are 
licensed and inspected by 
Canada’s nuclear 
regulatory agency, the 
Atomic Energy Control 
Board. Emissions of 
radioactive material to air 
and water, and doses to 
workers, are monitored. 
Both have been ivell below 
regulatory limits. Security 
measures are in place to 
protect against theft or 
sabotage that could 
endanger public health. 
Storage o f usedfuel, 
although intended as an 
interim measure, could be 
continued for many years.
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U SE D -FU E L  PR O JE C T IO N S
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Year

ASSUMPTIONS FOR PROJECTIONS

1. Expansion o f Nuclear Power after 1994: Canadian 
nuclear generating capacity would increase by 3% per 
year after 1994. By the end of2035, a total o f about 
10 million bundles o f usedfuel woidd have been 
produced in Canada.

3. No New Construction after 1993: Canadian nuclear 
power reactors existing as o f1993 March 31 woidd be 
operated for 40 years, but no new reactors ivould be 
constructed. By the end of2033, when the last reactor 
was shut doivn, a total o f about 4.3 million bundles of 
used fuel would have been produced.

2. Maintain Existing Capacity after 1993: Canadian 
nuclear generating capacity existing as o f1993 March 
31 ivould be maintained. By the end o f2073, a total 
of about 10 million bundles o f used fuel ivoidd have 
been produced.

4. No Nuclear Power Generation after 1994: 
Canadian nuclear power reactors existing as o f 1993 
March 31 would be shut down as o f1995January 1, 
by ivhich time a total o f about 1.1 million bundles of 
used fuel woidd have been produced.

1.5 THE NEED FOR DISPOSAL

Current storage practices, while safe, require 
continuing institutional controls such as 
security measures, monitoring, and 
maintenance. According to the Atomic Energy 
Control Board (AECB 1987),

For the long-term management of 
radioactive wastes, the preferred 
approach is disposal, a permanent 
method of management in which there is 
no intention of retrieval and which, 
ideally, uses techniques and designs that 
do not rely for their success on long-term 
institutional control beyond a reasonable 
period of time. . . . Where reasonable 
disposal alternatives clearly exist, those 
options which rely on monitoring, 
surveillance or other institutional 
controls as a primary safety feature for

very long periods are not recommended. 
This is not because of concern that 
future generations will be technologically 
incompetent, but rather because 
methods of ensuring the continuity of 
controls are not considered very reliable 
beyond a few hundred years.

The Atomic Energy Control Board (AECB
1987) also requires that

The burden on future generations shall 
be minimized by: (a) selecting disposal 
options for radioactive wastes which to 
the extent reasonably achievable do not 
rely on long-term institutional controls 
as a necessary safety feature; (b) 
implementing these disposal options at 
an appropriate time, technical, social, 
and economic factors being taken into 
account; and (c) ensuring that there are

Introduction  Page 5



no predicted future risks to human 
health and the environment that would 
not be currently accepted.

Reviews initiated by governments in Canada 
have also concluded that disposal is necessary. 
For example, in 1977, a study group chaired by
F.K. Hare recommended that waste should not 
be allowed to accumulate indefinitely in 
interim storage. In 1980, Ontario’s Royal 
Commission on Electric Power Planning 
concluded that there is an urgent need to 
develop disposal facilities. In 1987, the House 
of Commons Standing Committee on 
Environment and Forestry recognized that, 
whatever the future of nuclear energy, the waste 
it has produced must be disposed of.

Thus storage, while an effective interim 
measure, is not a permanent measure. Disposal 
is needed to manage nuclear fuel waste in a way 
that does not depend on institutional controls 
to maintain safety in the long term. This does 
not mean that society would not implement 
long-term institutional controls, but rather that 
if such controls should fail, hum an health and 
the natural environment would still be 
protected.

Although there is extensive co-operation 
among nations producing electricity from 
nuclear energy to exchange information on 
nuclear waste disposal, Canada cannot expect 
to dispose of its nuclear fuel waste in another 
country. Canada needs a practical disposal 
method to provide a permanent means of 
managing its existing waste and waste that will 
arise from the continuing generation of nuclear 
power in Canada.

1.6 DISPOSAL OPTIONS

Three types of disposal have been considered 
internationally by researchers investigating 
alternatives for the disposal of nuclear fuel 
waste:

• removal of the waste from the earth by 
transporting it into space;

• transmutation, which would entail changing 
some of the radioactive elements in the waste 
to different elements, by nuclear methods, in 
order to reduce the long-term radiotoxicity of 
the waste; and

• geological disposal, which would entail 
isolating the waste in a geological medium 
(an ice sheet, sediment or rock beneath the 
deep seabed, or sediment or rock on land) in 
such a way that maintenance and 
administrative controls would not be 
required in the long term.

Transport of entire used-fuel bundles into space 
would be prohibitively expensive. Thus used 
fuel would have to be reprocessed to separate 
out selected elements to be transported into 
space. The cost of space disposal would still be 
very high, and the probability of launch failure 
suggests that the radiological risk would be 
higher than for geological disposal. Moreover, 
disposal on earth would still be needed for the 
remaining elements.

Although transmutation may not, strictly 
speaking, be a type of disposal, we include it in 
this discussion because it has the potential to 
eliminate some of the radioactive elements in 
the waste. Transmutation would require 
reprocessing, and the technology for carrying 
out transmutation on a large scale is not 
available or readily achievable. In the future, if 
used fuel were to be reprocessed for the purpose 
of recycling, and if transmutation of some 
long-lived radioactive elements could be 
effectively included in the fuel cycle, there 
might be merit in transmutation for some of 
the radioactive elements. However, another 
type of disposal would still be needed for any 
elements that were not transmuted.

Disposal either in an ice sheet or under the 
deep seabed is potentially feasible. However, 
Canada does not have large thick ice sheets on 
its own territory. Although Greenland and 
Antarctica have potentially suitable ice sheets, 
the Greenland ice sheet is under the 
jurisdiction of Denmark, and Canada 
interprets its legal obligations under the 
Antarctic Treaty and the Madrid Protocol as 
precluding the disposal of nuclear fuel waste in 
the Antarctic ice sheet. Also, Canada interprets 
its legal obligations under the London 
Dumping Convention as precluding the 
disposal of nuclear fuel waste under the seabed.

In 1972, a committee formed by AECL,
Ontario Hydro, and Hydro-Quebec concluded 
that geological formations offer the best
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GEOLOGICAL MEDIA IN CANADA

Plutonic rock is formed deep in the earth 
by crystallization o f magma and/or by 
chemical alteration. It is often referred 
to as crystalline rock or intrusive 
igneous rock. The most common 
type o f plutonic rock is granite.
Plutonic rock o f the Canadian 
Shield has the characteristics 
considered to be technically 
favourable in a disposal 
medium, and it offers the 
greatest scope for siting because 
o f its wide geographic 
distribution.

Both salt and shale offer less 
scope for siting. Salt is an 
economic resource and 
commonly occurs in the same 
areas as economic petroleum 
resources. Shales often occur in 
sedimentary sequences that 
contain oil, gas, or coal deposits. 
Thus both salt and shale would 
be more prone to inadvertent 
human intrusion.

Canadian Shield 

Thick Shale 

Salt Basins
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prospect for disposal of Canada’s nuclear fuel 
waste. The preference for land-based geological 
disposal was subsequently supported by three 
review groups: a study group chaired by F.K. 
Hare, Ontario’s Royal Commission on Electric 
Power Planning, and the House of Commons 
Standing Committee on Energy, Mines and 
Resources. Most countries with large nuclear 
power programs are planning for land-based 
geological disposal.

Three geological media warrant serious 
consideration for the land-based disposal of 
Canada’s nuclear fuel waste: plutonic rock, salt, 
and shale.

In 1974, through consultation between the 
Departm ent of Energy, Mines and Resources 
(now called Natural Resources Canada) and 
AECL, it was decided to direct most of the 
research on disposal of nuclear fuel waste 
toward disposal in plutonic rock prevalent 
within the extensive area of the Canadian 
Shield in Ontario. The decision was based on 
studies carried out by Energy, Mines and 
Resources. Subsequently, the study group

chaired by EK. Hare confirmed that resources 
should not be spread too thinly, and that the 
research and development should focus on the 
crystalline rocks of plutonic origin. The study 
group also advised that careful attention should 
be paid to studies in other countries on 
different rock types. The preference for 
plutonic rock was also supported by Ontario’s 
Royal Commission on Electric Power Planning.

1.7 GOVERNMENT DIRECTIVES 
REGARDING DISPOSAL

In 1978, the governments of Canada and 
Ontario established the Nuclear Fuel Waste 
Management Program “to assure the safe and 
permanent disposal” of nuclear fuel waste 
(Joint Statement 1978). Responsibility for 
research and development on “disposal in a 
deep underground repository in intrusive 
igneous rock” was allocated to AECL. 
Responsibility for studies on interim storage 
and transportation of used fuel was allocated to 
Ontario Hydro. The Ontario government also 
directed Ontario Hydro to provide technical
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assistance in its areas of expertise to assist 
AECL in the research and development on 
disposal.

In 1981 (Joint Statement), the governments of 
Canada and Ontario announced that

no disposal site selection will be 
undertaken 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.

1.8 REVIEW OF THE DISPOSAL CONCEPT

The disposal concept is now being reviewed 
under the federal Environmental Assessment 
and Review Process. Although many 
organizations have contributed to the Nuclear 
Fuel Waste Management Program, AECL is the 
proponent of the disposal concept in this 
review. The Environmental Assessment Panel 
appointed to conduct the review is also 
responsible for examining a broad range of 
issues related to nuclear fuel waste 
management. After consulting the public, the 
Panel issued guidelines to AECL for the 
preparation of an Environmental Impact 
Statement (EIS) (Federal Environmental 
Assessment Review Panel 1992).

For this review, neither a site nor a site-specific 
design could be assessed, because no disposal 
site selection has been undertaken. Instead, 
two assessment case studies of hypothetical 
systems were performed. One is for the period 
before a disposal facility is closed (the 
preclosure assessment case study) and the other 
is for the period after a disposal facility is closed 
(the postclosure assessment case study). 
Information derived from extensive laboratory 
and field research was used. Many of the 
assumptions made in these studies tend to 
overestimate adverse effects.

Although AECL does not have a mandate to 
implement the disposal concept if it is 
accepted, we indicate how AECL would 
propose that the disposal concept be 
implemented.

We are asldng the Panel

• to confirm that the general requirements for 
the disposal concept (Section 2.2) and the 
technical objectives regarding safety and 
feasibility (Section 2.4) are appropriate;

• to concur with the conclusion that the 
proposed concept satisfies these requirements 
and that the technical objectives have been 
met (Section 4.1); and

• to support the recommendations made in 
Section 4.2.

After the Panel has received and reviewed the 
information requested from AECL and from 
other parties, and has considered the findings 
of the Scientific Review Group (which it 
established to provide a scientific evaluation of 
the disposal concept), it will hold public 
hearings. According to the Panel’s terms of 
reference (Minister of the Environment,
Canada 1989),

As a result of this review the Panel will 
make recommendations to assist the 
governments of Canada and Ontario in 
reaching decisions on the acceptability of 
the disposal concept and on the steps 
that must be taken to ensure the safe 
long-term management of nuclear fuel 
wastes in Canada.

Acceptance of the disposal concept at this time 
would not imply approval of any particular site 
or facility. Concept implementation would 
occur in stages and would entail a series of 
decisions about whether and how to proceed 
(Chapter 3).
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THE DISPOSAL CONCEPT

2.1 SCOPE OF THE CHAPTER

In this chapter we discuss the general 
requirements that must be satisfied by a 
disposal concept. Then we describe the 
features of the concept proposed by AECL and 
how the concept is expected to satisfy the 
requirements. The research and development 
for the disposal concept is described, including 
the work done to evaluate the concept’s 
suitability. We then discuss how, on the basis 
of our research, we expect a disposal system 
would function to protect human health and 
the natural environment far into the future. 
This discussion entails a qualitative, general 
description of the long-term performance of 
the system, followed by a description of an 
assessment case study that provides quantitative 
estimates of the potential long-term effects on 
human health and the natural environment.

2.2 GENERAL REQUIREMENTS 
FOR A DISPOSAL CONCEPT

To focus the research and development in the 
Nuclear Fuel Waste Management Program, 
AECL established general requirements for a 
disposal concept. These were based on the 
Joint Statements from the governments of 
Canada and Ontario (Section 1.7), the 
regulatory documents of the Atomic Energy 
Control Board, and the objectives for disposal 
established by the International Atomic Energy 
Agency and the Nuclear Energy Agency of the 
Organisation for Economic Co-operation and 
Development. The general requirements were 
also based on the results of AECL’s public 
involvement program. This program included 
consulting with special interest groups, 
discussing issues with focus groups, conducting 
public opinion surveys, and commissioning 
literature reviews and case studies on social 
issues.

The general requirements are as follows:

• human health and the natural environment 
must be protected;

• the burden placed on future generations must 
be minimized, social and economic factors 
being taken into account;

• there must be scope for public involvement 
during all stages of concept implementation; 
and

• the disposal concept must be appropriate for 
Canada, that is, compatible with the 
geographical features and economic factors.

2.3 FEATURES OF THE DISPOSAL CONCEPT

The proposed disposal concept is a method for 
geological disposal of nuclear fuel waste. 
Multiple barriers would protect humans and 
the natural environment from both radioactive 
and chemically toxic contaminants in the 
waste. These barriers would be the container; 
the waste form; the buffer, backfill, and other 
vault seals; and the geosphere (the rock, any 
sediments overlying the rock below the water 
table, and the groundwater). Institutional 
controls would not be required to maintain 
safety in the long term.

The waste form would be either used CANDU 
fuel or, if the used fuel were reprocessed in the 
future, the solidified high-level waste from 
reprocessing. The low solubility o f used 
CANDU fuel under expected disposal 
conditions would make it effective for retaining 
radioactive and chemically toxic contaminants; 
thus it is an excellent waste form in its current 
state. The liquid radioactive waste that would 
result if used fuel were reprocessed would not 
be suitable for direct disposal, but such waste 
could be solidified to produce an excellent 
waste form, as is done on a commercial basis in 
France.
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The waste form would be sealed in a container 
to facilitate handling of the waste and to isolate 
it from its surroundings. The container 
material and other aspects of the container 
design would be determined when developing a 
design for a potential disposal site.

The container would be designed to last at least 
500 years to ensure that the waste would be 
completely isolated during the operation of the 
disposal facility and until there is a substantial 
decrease in the activity and heat output of the 
waste. W ithin 500 years, the activity of the 
radioactive waste will be more than 200 000 
times less than when it came out of the reactor. 
The remaining activity will be caused primarily 
by the long-lived radioactive elements, such as 
iodine-129, cesium-135, technetium-99, 
plutonium-239, and carbon-14. Much longer 
container lifetimes could be achieved (Section
2.5).

The containers o f waste would be emplaced in 
a disposal vault excavated nominally 500 to 
1000 metres below the surface in plutonic rock 
of the Canadian Shield. The plutonic rock 
would protect the waste form, container, and 
vault seals from natural disruptions and human 
intrusion; would maintain conditions in the 
vault that would be favourable for long-term

waste isolation; and would 
retard the movement of 
any contaminants released 
from the vault. The vault 
would be designed to 
accommodate the 
subsurface conditions at 
the disposal site.

The containers of waste 
would be emplaced either 
in the rooms or in 
boreholes drilled from the 
rooms. Each container 
would be surrounded by a 
buffer, a material that 
would likely contain clay.
A buffer around the 
container would limit the 
rate of corrosion of the 
container, limit the rate of 
dissolution of the waste 
form should groundwater 
seep into the container, 
and retard the movement of any contaminants 
released from the waste form and the container.

Each room would be sealed with backfill and 
other vault seals, made of materials containing 
clay or cement. These seals would fill the space

ARTIST’S VIEW OF A DISPOSAL VAULT IN RELATION TO THE ROCK STRUCTURE
The vatdt would be a network o f horizontal tunnels 
and disposal rooms excavated deep in the rock, ivith 
shafts extending from the surface to the tunnels. The 
greater the depth, the greater the minimum distance 
for contaminants to move from the disposal rooms to 
the surface, and the lower the likelihood o f any natural

disruption or inadvertent human intrusion. However, 
the temperature and stresses in the rock and the cost of 
construction and operation tend to increase with depth. 
We believe that the nominal range of500 to 1000 
metres strikes a reasonable balance among these 
considerations.

DISPOSAL CONTAINER

Several options for container 
design have been studied in 
the Nuclear Fuel Waste 
Management Program, 
including the design shown 
on the Irft.

l a p
Used-Fuel

Bundle
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Container
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in the room; keep the 
buffer and containers 
securely in place; and 
retard the movement of 
any contaminants released 
from the waste form, 
container, and buffer.

Cross Section S how ing  
In-Borehole Em placem ent 

(containers emplaced 
vertically)

Cross Section S how ing  
In-Room E m placem ent 
(containers emplaced 

horizontally)

All tunnels, shafts, and 
exploration boreholes 
would ultimately be sealed 
in such a way that the 
disposal facility would be 
passively safe; that is, 
long-term safety would 
not depend on 
institutional controls.
The tunnels, shafts, and 
exploration boreholes 
would be sealed to keep 

people away from the waste and to retard the 
movement of any contaminants released from 
the disposal rooms. Studies in Canada and 
abroad have focused on clay-based and cement- 
based sealing materials.

On the basis of our research and development 
on the disposal concept, we expect that the 
multiple barriers would protect human health 
and the natural environment far into the future.

2.4 RESEARCH AND DEVELOPMENT 
FOR THE DISPOSAL CONCEPT

During the development of a disposal concept 
that would satisfy the general requirements, the 
Nuclear Fuel Waste Management Program has 
focused on meeting the following technical 
objectives regarding safety and feasibility:
• Develop and demonstrate the technology for 

the siting, construction, operation, 
decommissioning, and closure of a disposal 
facility in plutonic rock. The disposal 
technology should not rely on long-term 
institutional controls as a necessary safety 
feature, although such controls might be 
implemented; it should be currently available 
or readily achievable; it should be adaptable 
to a wide range of physical conditions and 
societal requirements and to potential 
changes in criteria, guidelines, and standards; 
it should include monitoring; and it should 
allow retrieval of the waste.

• Develop and demonstrate a methodology to 
evaluate the safety of a disposal system 
against established safety criteria, guidelines, 
and standards.

• Determine whether technically suitable 
disposal sites are likely to exist in Canada.

The research and development on disposal has 
involved many scientific disciplines, including

LOCATIONS OF AECL LABORATORIES, FIELD 
RESEARCH AREAS, AND OTHER FIELD STUDIES

Much o f the research and development on disposal has 
been conducted at the two national laboratories 
operated by AECL Research (the Whiteshell 
Laboratories in Manitoba and the Chalk 
River Laboratories in Ontario) and at 
several field research areas in the 
Canadian Shield.

The Whiteshell Laboratories include the 
Underground Research Laboratory, which 
was constructed to provide a representative 
environment in which to conduct large-scale 
midtidisciplinary underground studies.

AECL has not been given a mandate to 
investigate potential disposal sites. In 
particular, the Whiteshell Research Area, on 
which the Underground Research 
Laboratory is located, has not been 
investigated as a potential site. No nuclear 
luaste materials are permitted on or stored at 
the site o f the Underground Research Laboratory.

Canadian Shield 

Field Research Areas (RA) 

A E C L  Seism ograph 

Natural Analog Study 

Other Studies
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CANADIAN RESEARCH AND DEVELOPMENT ON DISPOSAL

Aspect Objectives Activities

Disposal
Container

Understand the behaviour of potential 
disposal containers in order to design and 
test long-lasting containers and to develop 
models for estimating their performance 
under disposal vault conditions.

• studies of corrosion of titanium, copper, nickel alloys, and 
a variety of steels

• welding and inspection of containers
• testing and analysis of structural performance of container 

designs

Waste Form Understand the behaviour of nuclear fuel 
waste in order to develop models for 
estimating the rate of release of contaminants 
from a waste form in a disposal vault.

• studies of processes for making glass and glass-ceramic 
reprocessing waste forms

• studies of dissolution and leaching of used fuel and the 
solidified high-level waste from reprocessing

• studies of uranium ore bodies as analogs of the used fuel 
as a waste form

Vault Seals Understand the behaviour of potential vault 
seals in order to develop methods for sealing 
a disposal vault and to develop models for 
estimating the rate of transport of 
contaminants through the seals.

• studies of both clay-based and cement-based sealing 
materials for use as
• buffer around the container
• backfill in excavated openings
• grout in open fractures in the rock
• bulkheads or plugs in rooms, tunnels, 

shafts, and boreholes

Geosphere Understand the behaviour of plutonic rock 
and associated groundwater flow systems in 
order to assess the performance of plutonic 
rock as a host medium.

• studies of processes that could affect contaminant transport
• development and demonstration of methods for 

characterizing and monitoring the geosphere

Biosphere Understand the surface environment of the 
Canadian Shield in order to develop models 
for estimating the transport of contaminants 
through the biosphere and the potential 
exposure of humans and other living things 
to them.

• studies of movement of contaminants in the near-surface 
and surface environment

• development and demonstration of methods for 
characterizing and monitoring the biosphere

Total
System

Develop and evaluate engineering conceptual 
designs for a disposal facility and 
transportation systems in order to assess 
feasibility, cost, and safety.

• large-scale, in situ tests and demonstrations of excavation 
methods, engineering activities, and selected elements of 
disposal vault designs in the Underground Research 
Laboratory and in the International Stripa Project

• designing a cask for transportation of used fuel, obtaining a 
design approval certificate from the Atomic Energy Control 
Board, and manufacturing a full-scale demonstration cask

Assessment of
Environmental
Effects

Develop and demonstrate the methodology 
for evaluating the effects of nuclear fuel 
waste disposal on human health and the 
natural environment.

• identifying factors important to safety
• developing, testing, and evaluating assessment models
• estimating the effects of disposal, including transportation 

of nuclear fuel waste, on human health and the natural 
environment

• analyzing the sensitivity of the estimates to changes in the 
disposal systems
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geological and environmental sciences, physics, 
chemistry, mathematics, metallurgy, 
engineering, and social sciences.

From 1978 to 1992, AECL’s research and 
development on disposal has cost about $413 
million. Most of this research and 
development is currently cofunded by AECL 
and Ontario Hydro. In addition, Ontario 
Hydro provides expertise and advice to AECL 
on topics such as disposal containers and vault 
engineering. It has also assessed the potential 
effects of nuclear fuel waste disposal (including 
transportation) on human health, the natural 
environment, and the socio-economic 
environment (the social, economic, and 
cultural conditions that influence the life of 
humans or the community) during the 
preclosure phase. As noted earlier, Ontario 
Hydro is responsible for studies on interim 
storage and transportation of used fuel.

Over the years, a number of other 
organizations have contributed to the program,

including Natural Resources Canada, 
Environment Canada, universities, and 
consultants in the private sector. Also, 
researchers in the Nuclear Fuel Waste 
Management Program sought input from the 
technical community by conducting and 
attending conferences, meetings, and 
workshops; by publishing documents; by 
contracting for expert reviews on specific 
topics; and by establishing the Technical 
Advisory Committee to advise AECL on the 
extent and quality of the technical program on 
nuclear fuel waste management.

Canada’s program was developed in parallel 
with programs in other countries. We m onitor 
the research being done internationally on 
disposal in plutonic rock; on disposal in 
geological media other than plutonic rock; and 
on alternative waste forms, container materials, 
and other engineered components of a disposal 
facility. Collaborative programs with foreign 
waste management research agencies have 
contributed substantially through the exchange 
of information.

SCHEMATIC REPRESENTATION 
OF THE MULTIPLE BARRIERS

Our expectations o f the long-term 
performance o f the barriers are 
based on an understanding 
developed during more than 15 
years o f field and laboratory 
research conducted in Canada 
and internationally.

Schem atic Representation 
o f a D isposal Room

Geosphere

2.5 LONG-TERM PERFORMANCE 
OF A DISPOSAL SYSTEM

After a disposal facility based on the proposed 
concept was closed, human health and the 
natural environment would be protected by 
multiple barriers — the container; the waste 
form; the buffer, backfill, and other vault seals; 
and the geosphere. In this section we discuss in 
general terms how we expect these barriers 
would perform in the long term. In Section
2.6 we give quantitative estimates of effects.

The disposal facility would be sited and 
designed in such a way that the barriers, 
functioning together, would prevent both 
radioactive and chemically toxic contaminants 
in the waste from reaching the biosphere in 
amounts that would exceed criteria, guidelines, 
or standards. The biosphere is the lower part of 
the atmosphere, the land down to the water 
table, the surface water, the shallow lake 
sediments, plants, animals, and humans.

Because groundwater is present in the rock of 
the Canadian Shield, we must evaluate how it

Backfill 
and Other . 
Vault Seals
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could affect the long-term safety of a disposal 
facility. In evaluating the safety o f a facility 
that remains undisturbed following closure, we 
considered the following sequence of events:

• groundwater contacts the container,

• the container corrodes,

• groundwater contacts the waste form and 
contaminants are released from the waste form,

• contaminants move through the vault seals,

• contaminants move through the geosphere, and

• contaminants move through the biosphere.

Each of these events is discussed briefly below. 
Potential natural and human disturbances are 
discussed in Section 2.6.2 as part of the case 
study.

Groundwater Contacts the Container

Throughout most of the Canadian Shield, 
groundwater saturates the rock and sediment to 
very near the surface. Water moves through 
fractures in the rock under the influence of 
gravity. Even rock that has no visible fractures

has minute interconnected pore spaces through 
which water can move, albeit very slowly.

Excavation of a disposal vault would cause the 
rock adjacent to the tunnels and rooms in the 
vault to become unsaturated as groundwater 
drained from the rock into the excavation. The 
water that entered the excavation would be 
pumped to the surface.

W hen a portion of the disposal vault was 
sealed, groundwater would move from the 
saturated portion of the surrounding rock 
toward the vault until the rock, buffer, and 
backfill became saturated. The time required 
for the more permeable parts of the rock to 
resaturate would likely be a few months to a 
few years, whereas it could take thousands of 
years for very low-permeability rock to 
resaturate. Because the buffer and backfill 
would have very low permeability, it would take 
several years to thousands of years for them to 
become saturated with groundwater, depending 
on the hydraulic properties of the surrounding 
rock as well as the geometry and permeability 
of the buffer, backfill, and other vault seals.

Shallow flow  rises towards a 
local low point (stream) which 
forms a flow  boundary along 
its length. Deeper flow  drains 
to major fracture zones.

GROUNDWATER FLOW

On topographic highs and 
surrounding slopes, 
groundwater tends to move 
downward from the water 
table (recharge). In 
topographic lows, which are 
often occupied by swamps, 
lakes, and streams, 
groundwater tends to move 
upward to the surface, where 
it discharges.

The generally low relief o f the 
Canadian Shield landscape 
provides a generally low 
driving force for groundwater 
movement. Thus the 
movement tends to be slow.

A disposal vaidt would be 
located so that the 
characteristics o f the local 
and regional groundwater 
flow systems and the 
groundwater chemistry could 
be used to best advantage in 
the design of the disposal 
vault.

Flow, driven by 
gradients resulting from 

high ground, rises against 
low-permeability fault.

Flow is lateral in high-permeability 
fracture zone acting as regional 

drain for adjacent rock.

Rock Outcrop

Moderately 
. Fractured Rock

jr

Flow is downward 
from upland outcrop 
areas by vertical 
infiltration through 
moderately and 
sparsely fractured rock.
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Permeable Low-Dipping 
Fracture Zones

Sparsely Fractured Rock

Low-Permeability Fault

Stream
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RESEARCH ON
CONTAINER
CORROSION

Preparing to test the 
effects o f radiation on the 
corrosion o f copper

The Container Corrodes

As a clay-based buffer absorbed water it would 
swell and exert pressure on a container. 
Additional pressure would be exerted by the 
groundwater once the buffer was saturated. 
Because the container would be designed to 
withstand these pressures, it is expected that 
container failures would occur only as a result 
of corrosion.

The container material would be chosen to 
resist corrosion at the temperatures and under 
the chemical conditions expected in a disposal 
vault. O ur research shows that both copper 
and titanium would corrode very slowly under 
such conditions.

Non-oxidizing conditions would limit the rates 
of container corrosion and waste-form 
dissolution. At AECL’s field research areas on 
the Canadian Shield, the groundwater at 
potential disposal depths does not contain 
significant amounts of dissolved oxygen. This 
is because the rock contains large amounts of 
iron-bearing minerals that take up oxygen in 
the water coming from the surface. In a 
disposal vault, the backfill would also contain 
large amounts of iron-bearing minerals that 
would deplete the water of free oxygen. Thus, 
in a disposal vault, the groundwater is not 
expected to act as a source of oxidants.

O ur research into the corrosion o f container 
materials and the structural strength of 
containers indicates that containers could be 
designed so that most would last for at least 
tens of thousands of years under the conditions 
expected in a disposal vault.

Despite thorough inspection, a few containers 
might have undetected manufacturing defects 
that could cause them to fail prematurely. On 
the basis of current manufacturing data, less 
than 1 container in every 1000 is expected to 
have a defect that could lead to an early failure.

Groundwater Contacts the Waste Form and 
Contaminants are Released from the Waste Form

Should a container fail, groundwater would 
gradually enter the container through the 
penetrations.

If the waste form were used fuel, groundwater 
in the container would eventually penetrate the 
corrosion-resistant fuel sheath and reach the 
uranium dioxide pellets. The majority of the 
new radioactive elements formed in the reactor 
are bound within the pellets. Because the 
pellets would dissolve extremely slowly under 
the conditions expected in a disposal vault, a 
large proportion of the inventory of many of 
the radioactive elements would decay while still 
retained in the fuel pellets (an example of such 
an element is plutonium-239). A small 
proportion of the inventory of some radioactive 
elements would be released more quickly (these 
elements include iodine-129, cesium-135, 
technedum-99, and carbon-14). Over a period 
of 100 000 years, less than 1% o f the mass of 
the radioactive elements formed in the reactor 
would be released. Thus the used fuel would 
be an excellent barrier even if there were no 
containers.

If the waste form were the solidified high-level 
waste from reprocessing, the contaminants that 
had not decayed would in general be released 
very slowly as the low-solubility waste form 
dissolved in groundwater.

Any contaminants released from either waste 
form would move through the groundwater in 
the container mainly by diffusion (slow 
movement of a dissolved contaminant from 
locations where its concentration is high to 
locations where its concentration is low). They
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THE CIGAR LAKE 
ANALOG STUDY

The solubility o f the 
uranium dioxide fuel 
pellets is analogous to the 
solubility o f the uranium 
oxide in the 1.3-billion- 
year-old ore deposit at 
Cigar Lake in northern 
Saskatchewan. The 
concentration of 
uranium in the 
groundwater within the 
ore deposit indicates that 
the uranium has a very 
low solubility, consistent 
with the loiv solubility of 
uranium calculated in 
the fuel dissolution 
model used in our case 
study for postclosure 
assessment. Also, the 
observed oxidation state 
o f undissolved uranium 
in the ore deposit is 
consistent with the 
conditions that are 
expected to cause low 
solubility.

would be released through the small 
penetrations in the container wall into the 
groundwater in the buffer.

Contaminants Move Through the Vault Seals

The low permeability of the buffer would 
inhibit groundwater movement; thus any

contaminant movement through the 
groundwater in the buffer would be mainly by 
diffusion. As contaminants diffused through 
the groundwater in the buffer, they could be 
removed from the groundwater, either 
temporarily or permanently, through chemical 
reactions with minerals in the buffer and with 
the groundwater. This would tend to retard 
the movement of contaminants. Some 
radioactive elements, such as plutonium-239 
and cesium-135, would be greatly retarded,

RESEARCH ON 
VAULT SEALS

Measuring the flow o f 
ivater through cement- 
based grout (left)

Preparing the 
instrumentation to test 
the response o f buffer to 
heat (far left)
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reactions with minerals in the backfill and with 
the groundwater would retard contaminant 
movement to a greater extent than in an 
equivalent volume of buffer, because the pore 
volume of the backfill would be greater. Thus 
the backfill would retain some intermediate- 
lived radioactive elements, such as technetium- 
99, until little of them remained because of 
radioactive decay. The backfill would provide 
backup protection from radioactive elements 
retained in the waste form and the buffer.

Any contaminants released from the backfill 
would enter the groundwater in the geosphere.

Contaminants Move Through the Geosphere

The major structural features controlling 
groundwater movement in plutonic rock 
bodies are the fracture zones (volumes of 
intensely fractured rock). A disposal vault

interconnected and can have 
relatively high permeability. 
Where they are permeable, 

fracture zones could be pathways 
for the relatively rapid 
movement o f contaminants with 
the groundwater.

Permeable moderately fractured 
rock is commonly present both 
immediately adjacent to fracture 
zones and to depths of200 to 
500 metres from the ground 
surface. Moderately fractured 
rock could provide local 
pathways for the movement of 
contaminants to fracture zones 
and, near the surface, from 
fracture zones to the surface.

Below depths of200 to 500 
metres, ive have found blocks of 
sparsely fractured rock that have 
vety low interconnected porosity 
and permeability, that are 
between the fracture zones, and 
that are large enough to contain 
significant quantities o f nuclear 
fuel waste. Contaminant 
movement in such rock would 
tend to be by diffusion and thus 
ivould tend to be very slow.

whereas others, such as iodine-129, 
technetium-99, and carbon-14, would be more 
mobile.

Most radioactive elements that entered the 
buffer would not be released from the buffer 
because (1) contaminant movement by 
diffusion is slow, (2) chemical reactions would 
tend to retard contaminant movement, and (3) 
radioactive elements decay with time. The 
buffer would provide backup protection from 
radioactive elements retained in the waste form 
until they decayed.

Any contaminants released from the buffer 
would enter the groundwater in the backfill or 
the geosphere.

Contaminants would move very slowly through 
the backfill, because of its relatively low 
permeability and high porosity. Chemical

FRACTURES IN THE 
GEOSPHERE

Fracture zones can be

Jo in ts

A lte ra tion

Shear

Grain
Boundary
Pores

M icrocracks

0.01 m
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would be designed such that disposal rooms 
would be separated from fracture zones by low- 
permeability rock.

In moving groundwater, contaminants would 
move through the rock with the groundwater 
and would be dispersed. Even if the 
groundwater was not moving, contaminants 
would move through it by diffusion. In either 
case, chemical reactions with minerals in the 
rock and with the groundwater would tend to 
retard the movement of contaminants through 
the geosphere.

Any contaminants released from the geosphere 
would enter the biosphere.

Contaminants Move Through the Biosphere

The biosphere of the Canadian Shield consists 
of rocky outcrops; bottom lands with pockets 
o f soil, marshes, bogs, and lakes; and uplands 
with meadows, bush, and forests.
Contaminants could move through the 
biosphere via water wells, surface water, lake

sediments, wetlands, soils, the atmosphere, and 
food chains. They would be dispersed and 
diluted, and chemical reactions would tend to 
retard their movement. Thus any potential 
effects on humans and other living things 
would be delayed or reduced.

2.6 POSTCLOSURE ASSESSMENT CASE 
STUDY

2.6.1 The Disposal System

The purpose of geological disposal is to protect 
hum an health and the natural environment 
from the hazards of nuclear fuel waste far into 
the future. The assessment of how well a 
disposal facility would provide such protection 
is therefore a key factor influencing its location, 
design, licensing, and overall acceptability.

As institutional controls cannot be relied on to 
ensure safety far into the future, the disposal 
facility would eventually be closed so that it 
would be passively safe — it would not rely on 
institutional controls to maintain safety.

BIOSPHERE RESEARCH

Studying dispersion o f iodine in a bog (left)

Sampling helium gas in surface water to identify 
groundwater discharge zones (beloiu)
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EIS S 21 
------ 1

THE HYPOTHETICAL DISPOSAL VAULT

In the design used for the case study, the waste form is 
used fuel. The disposal container has a titanium shell 
6.35 millimetres thick and holds 72 used-fuel bundles.

Each container is emplaced in a borehole drilled into 
the floor ofa disposal room in the vatdt. The 
container is separated from, the rock by a clay-based 
buffer material. The rooms, tunnels, and shafts are 
sealed with clay-based backfill and other vault seals.

The postclosure assessment case study uses geological 
information from the Whiteshell Research Area. The

rock immediately surrounding the disposal rooms has 
loiv permeability, while the rock closer to the surface is 
more permeable. A highly permeable fracture zone is 
assumed to extend from the surface past the vatdt.

The disposal rooms are at a depth of500 metres. No 
container is located less than about 50 metres from the 
fracture zone. This results in a somewhat smaller vault 
than the one assessed in the preclosure case study.

The biosphere is typical o f the Canadian Shield.

Postclosure assessment, then, deals with a 
system consisting of the underground vault 
with its containers of waste and vault seals, the 
rock and groundwater system surrounding the 
vault, and the surface environment.

The specific location and design of a disposal 
facility could only be decided during a future 
implementation of the disposal concept. 
Nevertheless, information about specific 
characteristics is required for a quantitative 
assessment. Therefore, a case study was 
performed on a hypothetical disposal system

with characteristics based on information 
developed in the research program.

This case study demonstrated how a 
postclosure assessment could be done during 
concept implementation. It also produced 
quantitative estimates of effects for comparison 
with criteria, guidelines, and standards for 
protection of hum an health and the natural 
environment.

The characteristics of the hypothetical disposal 
vault were based on an engineering conceptual 
design that was also used for the preclosure
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assessment case study (Section 3.6.1).
The hypothetical disposal vault is located in 
plutonic rock of the Canadian Shield.

2.6.2 Estimated Effects

The Atomic Energy Control Board requires 
that quantitative estimates be made of the 
radiological risk associated with a disposal vault 
up to 10 000 years following closure. The 
radiological risk is defined as the probability 
that an individual of the “critical group” will 
incur a fatal cancer or serious genetic effect due 
to exposure to radiation. This critical group is 
a hypothetical group of people assumed to live 
at a time and place and in such a way that its 
risk from the disposal facility is likely to be the 
greatest.

For the case study, the critical group is a 
hypothetical rural household, located in the 
immediate groundwater discharge area 
associated with the vault. It is assumed to be 
totally self-sufficient, deriving all of its food, 
water, fuel, and building materials from local 
sources.

We considered the factors (features, events, and 
processes) that could have an influence on the 
risk to the critical group. Teams o f researchers 
identified and analyzed these factors to 
determine which factors needed to be included 
when estimating the risk. For example, analysis 
showed that a strike by a meteorite large 
enough to disrupt the vault has such a low 
probability that this factor need not be 
included. O n the other hand, the critical 
group’s use of a well located near the disposal 
vault was considered sufficiently probable that 
this factor was included. Similarly, inadvertent 
intrusion into the vault by exploratory drilling 
in the future was considered sufficiently 
probable that it was included.

Mathematical models of the disposal system 
were constructed. The models are based on 
knowledge gained through research and 
development on disposal, both in Canada and 
in other countries. The models are used to 
estimate the magnitude of the effects as well as 
the probability that the effects would occur.
The models are designed to take into account 
the uncertainty in input data, and they are used 
to analyze the sensitivity of the estimates to 
variations in the data.

In addition to estimating the radiological risk 
to an individual of the critical group, these 
models were used to estimate the 
concentrations in the biosphere of 
contaminants from the disposal vault. They 
were also used to estimate effects on four 
generic species (plant, mammal, bird, and fish) 
that live in the same area as the critical group.

For all times up to 10 000 years, the estimated 
mean dose rate to an individual of the critical 
group, excluding the consequences of human 
intrusion by exploratory drilling, is less than 
0.000 000 01 millisieverts per year. This is 
more than 1 million times less than the dose 
rate (0.05 millisieverts per year) corresponding 
to the radiological risk criterion specified by the 
Atomic Energy Control Board and more than 
100 million times less than the dose rate from 
natural background radiation (about 3 
millisieverts per year).

In estimating the risk associated with 
inadvertent human intrusion into the vault by 
exploratory drilling, it was assumed that 
institutional controls would gradually become 
ineffective over a period of 500 years. For all 
times up to 10 000 years, the estimated risk 
from inadvertent human intrusion is at least 
1000 times less than the radiological risk 
criterion (0.000 001 per year) specified by the 
Atomic Energy Control Board.

The estimated concentrations of contaminants 
in water, soil, and air are so low that there 
would be no significant chemical toxicity 
effects from any contaminants potentially 
released from the disposal vault.

The dose to plants and animals is given in a 
unit called the gray, and in a fraction of a gray, 
the milligray (1000 milligray = 1 gray). For a 
wide variety of plants and animals, the dose 
rate from background radiation is 1 to 100 
milligray per year, depending on factors such as 
diet, habitat, and way of life. For the case 
study, the dose rates to a plant, a mammal, a 
bird, and a fish were estimated to be less than 
0.1 milligray per year for all times up to 
100 000 years. These dose rates are lower than 
those from background radiation, which are 
themselves lower than dose rates known to 
cause harm.
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The table below shows the potential effectiveness At times beyond 10 000 years, the disposal
as barriers of the used fuel, the titanium vault is expected to have effects similar to those
container, the buffer/backfill, and the low- of a uranium ore body containing the same
permeability rock surrounding the disposal amount of uranium. Thus in the event of
rooms. For each of these barriers, the table shows glaciation, earthquakes, or a meteorite impact,
the percentage of a contaminant released by a the risk from a disposal vault would be about
barrier over 100 000 years. It also shows the the same as the risk from a rich uranium ore
effect of all barriers combined. The smaller the deposit,
percentage released, the more effective the barrier.

PERCENTAGE OF A CONTAMINANT RELEASED BY A BARRIER OVER 100 000 YEARS

Barriers in the Case Study

Contaminant Half-Life
(years)

Used Fuel Titanium
Container

Clay-Based 
Buffer and 

Backfill

Low-
Permeability

Rock

All
Barriers

Combined

Strontium-90 29 0.05 «  0.001 1 «  0.001 «  0.001

Argon-39 270 8 0.08 «  0.001 «  0.001 «  0.001

Carbon-14 5 730 6 60 0.8 0.007 «  0.001

Plutonium-239 24 000 «  0.001 100 «  0.001 «  0.001 «  0.001

Technetium-99 210 000 6 100 «  0.001 0.1 «  0.001

Iodine-129 16 000 000 6 100 10 5 0.03

«  means very much less than

The potential effectiveness of a barrier depends on barriers that are either effective (release no more
the contaminant being considered. For example, than 10% of the mass of these contaminants over
the used fuel is a very effective barrier for 100 000 years) or very effective: the used fuel, the
plutonium-239, because it is bound within the buffer/backfill, and the low-permeability rock,
uranium dioxide fuel pellets and is released only
as the pellets slowly dissolve. The used fuel The container is an effective barrier only for
releases very much less than 0.001% of the mass radioactive contaminants with half-lives that are
of plutonium-239 over 100 000 years. Larger short in comparison with the container lifetime,
percentages of contaminants such as argon-39 and The examples given in the table are strontium-90
iodine-129 are released. and argon-39. A longer-lasting container would

show greater effectiveness for a material having a 
More than one barrier may be effective in limiting long half-life,
the release of a particular contaminant. For
example, there are three very effective barriers for The percentage of a contaminant that would pass
plutonium-239: the used fuel, the buffer/backfill, all these barriers in 100 000 years ranges from
and the low-permeability rock. Each of these « 0 .001% to about 0.03%. Thus the
barriers releases very much less than 0.001% of combination of barriers is very effective for all the
the mass of this contaminant over 100 000 years. contaminants. The percentage that would pass all
Similarly, there are two very effective barriers for the barriers in 10 000 years is very much lower
strontium-90 and argon-39. For carbon-14, than the releases over 100 000 years.
technetium-99, and iodine-129, there are three
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2.7 CONCLUSION

We expect that the waste form, the container, 
the buffer, and the backfill would function 
effectively as barriers to the movement of 
contaminants at any site within the range of 
conditions expected for a well-selected plutonic 
rock site on the Canadian Shield.

In addition to these barriers, it is expected that 
low-permeability rock, which would be an 
excellent barrier for many contaminants, could 
be found at many sites. At any site, the waste 
would be located so as to allow the 
characteristics of the local and regional 
groundwater flow systems and the groundwater 
chemistry to enhance the safety of the disposal 
system. The effects of any contaminants that 
entered the biosphere would depend on the 
properties of the contaminants and the 
properties of the surface environment.

A technically suitable site would be one at 
which it could be demonstrated that nuclear

fuel waste disposal would meet all applicable 
criteria, guidelines, and standards for 
protecting human health and the natural 
environment. Technically suitable disposal sites 
are likely to exist in Canada because

• the numerical results of the postclosure 
assessment case study show a very large 
margin of safety between estimated effects 
and the regulatory limit, even though many 
pessimistic assumptions were made;

• the geological conditions assumed for the 
case study are based on conditions at an 
actual location in plutonic rock of the 
Canadian Shield and are not unusual; and

• plutonic rock is abundant on the Canadian 
Shield.

We conclude that disposal of Canada’s nuclear 
fuel waste in plutonic rock would protect 
humans and the natural environment from the 
hazards of the waste far into the future, without 
the need for long-term institutional controls to 
maintain safety.

Page 22 Summary o f  the Environm ental Im pact Statement



IMPLEMENTING THE DISPOSAL CONCEPT

3.1 SCOPE OF THE CHAPTER

The effects of disposal, both before and after 
closure, as well as its social acceptability would 
depend greatly on how the disposal concept 
was implemented.

In this chapter we discuss how AECL would 
propose that the disposal concept be 
implemented. We describe the principles for 
concept implementation, as well as the various 
stages of implementation, beginning with siting 
and ending with closure. It is important that 
human health and the natural and socio
economic environments be protected during 
implementation of the disposal concept. Thus 
we describe the ongoing activities that would 
take place to provide such protection.

We also discuss the factors that could influence 
a decision on when to begin implementation.

Finally, we present an assessment case study 
that provides quantitative estimates of potential 
effects on hum an health, the natural 
environment, and the socio-economic 
environment during implementation o f the 
disposal concept.

3.2 PRINCIPLES FOR IMPLEMENTATION

The implementing organization would adhere 
to the following principles for concept 
implementation:

• Safety and Environmental Protection
In addition to complying with all applicable 
legislation, the implementing organization 
would keep adverse effects on hum an health, 
the natural environment, and the socio
economic environment as low as reasonably 
achievable, social and economic factors being 
taken into account. All approvals required 
by legislation, including licences, would be 
obtained. Environmental conditions would

be thoroughly characterized in order to 
identify a site at which disposal could be 
safely implemented. The disposal facility 
would be designed to protect human health 
and the natural environment until the facility 
was closed and for a long time after closure. 
Potential environmental effects would be 
identified, and measures would be taken (I) 
to avoid adverse effects, (2) to mitigate 
unavoidable adverse effects, and (3) to 
compensate for adverse effects of the disposal 
facility that were not avoided or sufficiently 
mitigated. Monitoring would be an ongoing 
activity to determine whether the disposal 
system was performing as expected. 
Emergency response plans would be 
developed.

• Voluntarism
No community would be forced to host a 
disposal facility. A community would have 
the right to determine whether or not it was 
willing to be a host community. In an area 
over which a community had jurisdiction, a 
disposal site would be sought only with the 
support of the community. O n crown land, 
a disposal site would be sought only with the 
consent of the government that had 
jurisdiction. The implementing organization 
would encourage the government to identify 
a potential host community for a disposal 
facility on crown land.

• Shared Decision Making
Concept implementation would occur in 
stages and would entail a series of decisions 
about whether and how to proceed.
Potential host communities, and later the 
host community, could be affected. Other 
communities (local individuals, groups of 
local individuals, or municipalities) could 
also be affected. Each potential host 
community, and later the host community, 
would share in decision making as 
negotiated. In addition, the implementing
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organization would seek and address the 
views of other potentially affected 
communities.

• Openness
During concept implementation, the 
implementing organization would offer 
information to the general public about its 
plans, procedures, activities, and progress, 
beginning early in the siting stage and 
continuing thereafter. In addition, 
potentially affected communities would have 
access to all available information required to 
make a judgement about safety and 
environmental protection.

* Fairness
The host community would provide a 
significant service to the consumers of 
nuclear-generated electricity and to the 
public at large. In fairness, the net benefit to 
the host community should be 
correspondingly significant. As part of the 
negotiated program for managing 
environmental effects, measures would be 
taken to avoid, mitigate, or compensate for 
adverse effects; such measures would be 
enhanced or additional measures taken to 
ensure the betterment of the host 
community. Fairness also requires “due 
process,” which would be provided by 
adherence to the principles of voluntarism, 
shared decision making, and openness.

AECL’s public involvement program has played 
a major role in developing this approach to 
concept implementation. The participation of 
a community would enable it to judge for itself 
the effectiveness of measures to protect human 
health, the natural environment, and the socio
economic environment. The community 
would also be able to judge for itself the 
competence and integrity of the implementing 
organization, and to decide whether or not it 
was willing to be a host for a disposal facility.

3.3 STAGES OF IMPLEMENTATION

Disposal of nuclear fuel waste would proceed in 
sequential stages, as shown below. Throughout 
these stages, characterization, monitoring, 
design, assessment, and management of 
environmental effects would be ongoing 
activities (Section 3.4).

STAGES OF CONCEPT IMPLEMENTATION

Stage
Minimum Duration (years)

10 20  30  40  50 60

Siting

C onstruction

O peration

P red eco m m iss io n in g  E xtended  M o n ito r in g *  

D ecom m ission ing

P o stdecom m iss ion ing  Extended  M o n ito r in g *  

Closure

v EIS S 22
The need for extended monitoring and its duration would be decided at the time.

STEPS IN THE SITING PROCESS
EIS S 23

The Disposal Site and 
the Host Community
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The Siting Stage

We assume that the implementing organization 
would be given its terms of reference by the 
federal government and the owners of the waste.
It would seek a disposal site only in the areas on 
the Canadian Shield described in its terms of 
reference (the siting territories). It would proceed 
in steps as shown on the left.

At the beginning of the siting stage, the 
implementing organization would specify its 
exclusion criteria. The implementing 
organization would also consult with regulatory 
agencies and the provincial governments that 
could be affected by concept implementation, in 
order to develop exclusion criteria based on their 
concerns.

Exclusion criteria are standards by which areas 
would be excluded, either because they lacked 
some essential characteristic (such as being in 
seismic zones 0 or 1), or because they exhibited 
some unacceptable characteristic (such as the 
presence of endangered species habitat that must 
be avoided). In the siting territories, the 
implementing organization would apply exclusion 
criteria to identify siting regions.

People throughout the siting regions would be 
offered information about the plans, procedures, 
and progress of the implementing organization, 
beginning early in the siting stage and continuing 
thereafter. They would have the opportunity to 
discuss their views and concerns about disposal 
and their interest in participating in the siting 
process.

The views and concerns of aboriginal people 
would be given special consideration because of 
their special status. In Canada, aboriginal title, 
land claims, treaty obligations, and self- 
government are issues that are unique to 
aboriginal people. The unique position of 
aboriginal people in Canada is clearly indicated by 
the Constitution Act, 1982, which recognizes and 
affirms the existing aboriginal and treaty rights of 
the Indian, Inuit, and Metis peoples of Canada.

During this initial interaction, people within each 
siting region would be offered the following 
information:

• the terms of reference of the implementing 
organization,

• the principles for concept implementation,

• the opportunities for public participation,

• the features of the disposal concept 
(including the options available),

• the known characteristics of the Canadian 
Shield in their vicinity (including the 
distribution of plutonic rock),

• the technical objectives of the implementing 
organization,

• the exclusion criteria that had been 
developed (those that had been used to 
identify the siting regions and those proposed 
to be used in subsequent steps of the siting 
stage), and

• the roles of various participants in the siting 
process.

Throughout each siting region, the 
implementing organization would encourage 
communities to become involved as potential 
hosts for the disposal facility. Because a 
potential host community would have a special 
relationship with the implementing 
organization with respect to decision making, 
the boundary of the potential host community 
would have to be well defined. This boundary 
could be based on municipal boundaries, for 
example. The potential host community could 
include more than one administrative unit, 
such as several local municipalities or a regional 
municipality

For each community that was willing to be 
considered as a potential host for a disposal 
facility, the approach would be to make the 
process fit the community. The implementing 
organization and the potential host community 
would jointly define a framework for 
interaction by defining methods for exchanging 
information, methods for identifying and 
resolving the concerns of the community and 
the implementing organization, and methods 
for sharing decisions. It is recognized that the 
interests, concerns, and priorities of the 
potential host community might change. The 
framework for interaction could be modified as 
required in order to continue to meet local 
needs and preferences as well as the 
requirements of the implementing 
organization.
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A potential host community would negotiate 
with the implementing organization the 
conditions for the community’s participation.
It could develop exclusion criteria to be applied 
within the area for which it was a potential 
host. If processes for ranking potential 
candidate areas and candidate sites were 
required, it would participate with the 
implementing organization and other potential 
host communities in developing them.

During the siting stage, the implementing 
organization would be making progressively 
larger commitments o f resources; therefore, at 
some point, the implementing organization 
would require a binding commitment from the 
community that it was willing to be the host 
for a disposal facility. The implementing 
organization would negotiate with the potential 
host community to determine the conditions 
required by the community for its

commitment. These conditions might include 
binding commitments by the implementing 
organization.

A potentially affected community that was not a 
potential host community would establish with 
the implementing organization a procedure to 
provide views and have them addressed.

A disposal site would have to be technically 
suitable as well as acceptable to a potential host 
community. The principle of safety and 
environmental protection would not be 
compromised, no matter how acceptable or 
desirable a site might be in all other respects.

In determining the technical suitability of a 
candidate area, the implementing organization 
would consider several characteristics to be 
favourable. Examples are given in the table 
below.

FAVOURABLE CHARACTERISTICS OF A CANDIDATE AREA

Examples of Favourable Characteristics Objective

Regional upland location and 
low local topographic relief

Maximize the time required for a contaminant 
released from a disposal vault to move through 
the geosphere to the surface.

Absence of postglacial faulting Minimize the hazard from earthquakes.

Being far from operating and 
abandoned mines

Minimize the likelihood of future inadvertent human 
intrusion by exploration or exploitation of resources 
and avoid limiting the future use of resources.

Large areal extent and depth of plutonic rock Maximize the flexibility for locating a disposal 
facility within a candidate area and within the 
nominal depth range for disposal.

Relatively uniform properties 
of the plutonic rock

Maximize the predictability of the performance 
of the geosphere as a barrier to contaminant 
movement.

Extensive outcrop of rock Maximize the information that could be 
obtained on the surface about fracturing and 
uniformity of properties in the plutonic rock.

Absence of spawning grounds for fish Minimize the adverse effects on the 
environment caused by activities during the 
preclosure phase.

Optimal location with respect to both storage 
facilities for nuclear fuel waste and sources of 
materials needed to construct and operate the 
disposal facility

Minimize the adverse effects of transporting 
nuclear fuel waste and other materials to the 
disposal facility.
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In determining the technical suitability of a 
candidate site, the implementing organization 
would consider several characteristics to be 
favourable, including

• low permeability rock in which to locate 
disposal rooms,

• low natural hydraulic gradients along 
potential pathways for contaminant 
movement from the potential disposal vault 
location,

• long potential pathways for contaminant 
movement from the disposal vault to 
potential locations of discharge at the surface, 
and

• low potential for intrusion by water supply 
wells.

The siting stage would end when the 
implementing organization obtained approval, 
including a construction licence from the 
Atomic Energy Control Board, to construct a 
disposal facility at the preferred site. Taking 
into account the time required to obtain 
geological information regarding a potential 
disposal site and the need for public 
involvement, we estimate that the siting stage 
would take at least 20 years.

The Construction Stage

Having obtained all required approvals, 
including a construction licence from the 
Atomic Energy Control Board, the 
implementing organization would proceed to 
the construction stage. The objective would be 
to construct the facilities and systems needed to 
begin emplacing nuclear fuel waste in a 
disposal vault, and to obtain approval to 
operate the disposal facility. We estimate that 
the construction stage would take at least 5 
years.

The facilities and systems needed to begin 
emplacing waste in the vault would include 
transportation facilities and equipment, access 
routes, utilities, surface facilities, shafts, 
tunnels, underground services, and some of the 
disposal rooms. All systems would undergo 
testing in preparation for full operation in 
accordance with regulatory requirements.

The natural environment could be protected by 
measures such as minimizing the clearing of

vegetation; avoiding the habitat of endangered, 
threatened, or rare species; and possibly 
relocating species to an off-site or protected on
site area. The facility design would include 
filtration systems to treat air discharges, settling 
ponds to reduce the particulate content of 
waste water, treatment of sewage water, and 
collection of hazardous liquid wastes in 
approved containers. The excavated rock not 
used for vault seals could be used for local 
needs, such as road construction.

The implementing organization would develop 
an emergency response plan to deal with 
potential radiological and non-radiological 
emergencies at the disposal facility. The plan 
would be developed within the municipal, 
provincial, and federal emergency response 
infrastructures, in co-operation with the host 
community and appropriate authorities. 
Potential accidents would be identified, and the 
response of workers and local support services 
would be planned. Emergency response teams 
would be established and trained. In addition, 
general emergency response training would be 
provided to workers that were not on the 
emergency response teams. Local support 
services would be enhanced if necessary, and 
provisions would be made for underground 
rescue.

An emergency response plan to deal with 
transportation accidents would also be 
developed. The plan would identify hazards, 
identify means of dealing with the hazards, and 
indicate ways of containing and cleaning up 
any release. First responders would be 
identified and trained. Any specialized 
equipment and materials required to respond 
to an accident would be provided.

The Operation Stage

Having obtained all required approvals, 
including an operating licence from the Atomic 
Energy Control Board, the implementing 
organization would proceed to the operation 
stage. The objective would be to emplace 
nuclear fuel waste in the disposal vault. The 
operation stage could begin with a 
demonstration of operation, during which the 
disposal rate or vault size might be limited.
The construction schedule might also be 
affected. Assuming that the capacity of the
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disposal facility was 5 to 10 million bundles of 
used fuel, we estimate that the operation stage 
would take at least 20 years and possibly more 
than 80 years.

Waste would be transported from storage 
facilities to the disposal facility in 
transportaaon casks certified by the Atomic 
Energy Control Board. The casks could be 
transported by road, rail, or water, or a 
combination of these modes. The measures 
currently used to protect human health and the 
natural environment during transportation of 
radioactive materials would be implemented. 
For example, training, equipment maintenance, 
and safety standards would contribute to 
reducing the probability of transportation 
accidents.

At the disposal facility, waste would be removed 
from the transportation casks and put into 
long-lasting disposal containers. The 
containers would be sealed and emplaced in the 
underground disposal vault. Construction of 
disposal rooms would continue in parallel with 
waste emplacement.

The measures currently used at nuclear facilities 
and at mines to protect human health and the 
natural environment would be implemented. 
For example, potential exposure o f the public 
to radiation would be limited by controlling 
access to the disposal facility and preventing 
habitation near the facility. Emissions from the 
facility would be limited to well below levels 
required to meet regulatory requirements.

Workers would be trained in safety procedures, 
including radiological protection, handling of 
hazardous materials, and emergency response. 
Unshielded nuclear fuel waste would be 
handled in shielded facilities by robotic or 
remote handling tools. In the disposal vault, 
waste emplacement activities would be kept 
separate from excavation activities.

Procedures would be in place to retrieve waste 
from sealed disposal rooms if necessary.

The operation stage would end when the 
implementing organization obtained approval 
to decommission the disposal facility or when a 
predecommissioning extended monitoring 
stage commenced (discussed on next page).

Road Transport in France (CEA)

TRANSPORTATION 
OF USED FUEL

In the United Kingdom, 
France, Japan, Sweden, 
and the United States, 
used fuel from nuclear 
reactors is transported on 
a large scale by road, rail, 
water, or some 
combiyiatioii thereof

In Canada, used fuel 
and other radioactive 
materials have been 
transported safely since 
the late 1940s, although 
there has been no large- 
scale transportation of 
used fuel. For example, 
4853 bundles o f used 
fuel were transported 
from the Nuclear Poiver 
Demonstration reactor to 
AECL’s Chalk River 
Laboratories, and 360 
bundles o f used fuel were 
transportedfrom the 
Douglas Point reactor to 
AECL’s Whiteshell 
Laboratories. In both 
cases, the used fuel was 
moved safely by road. 
Ontario Hydro typically 
makes over a thousand 
shipments o f radioactive 
material each year and 
has never had an 
accident that resulted in 
any release o f radioactive 
material.

Water Transport in Sweden (SKB)

The Decommissioning Stage

Having obtained all required approvals, 
including a decommissioning licence from the 
Atomic Energy Control Board, the 
implementing organization would proceed to 
the decommissioning stage. The objective of 
the decommissioning stage would be to 
complete vault sealing and rehabilitate the site. 
We estimate that the decommissioning stage 
would take at least 10 years.

The activities during the decommissioning 
stage would include the decontamination,

Rail Transport in the United Kingdom (AEA Technology)
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dismantling, and removal of the surface 
facilities and underground services. They 
would also include the sealing of the tunnels, 
service areas, shafts, and all previously unsealed 
exploration boreholes drilled from 
underground. Markers could be installed to 
indicate the location of the disposal vault.

After decommissioning, retrieval of the waste 
would be possible, but it would be more 
complex than during operation, because of the 
need to re-excavate shafts and tunnels, to 
dispose of the retrieved sealing materials, and to 
construct underground facilities for preparing 
retrieved containers for their return to the 
surface.

The decommissioning stage would end when 
the implementing organization obtained 
approval to close the disposal facility or when a 
postdecommissioning extended monitoring 
stage commenced (discussed below).

The Closure Stage

Having obtained all required approvals, the 
implementing organization would proceed to 
the closure stage. The objective would be to 
return the site to a state such that safety would 
not depend on institutional controls. We 
estimate that the closure stage would take at 
least 2 years.

The activities during the closure stage would 
include the removal of monitoring instruments 
from any exploration boreholes that could, if 
left unsealed, compromise the safety of the 
disposal system, and then the sealing of those 
boreholes.

The closure stage would end when the 
regulatory agencies, the host community, and 
the implementing organization agreed that the 
disposal facility was passively safe, that is, that 
its safety no longer depended on institutional 
controls. However, institutional controls could 
be continued if  desired (discussed below).

The Extended Monitoring Stages

M onitoring to determine whether the disposal 
system was performing as expected would be an 
essential activity during concept 
implementation. The Atomic Energy Control 
Board (AECB 1985) has stated that

The performance of the waste 
repository in the postclosure 
period will be assessed on the 
basis of predictive modelling.
Therefore measurements will be 
required during the preclosure 
period in order to ensure that 
input data for the models are 
sufficiently complete and 
representative of the repository 
environment. . . . The 
repository will only be allowed to 
close when sufficient evidence is 
available to lead to the 
conclusion, with a sufficient 
degree of certainty, that the 
facility could be abandoned 
without the need for postclosure 
monitoring.

If the regulatory agencies, host community, or 
implementing organization require additional 
data on the performance of the filled, partially 
sealed disposal vault, decommissioning would 
be delayed to allow for predecommissioning 
extended monitoring. Similarly, if the 
regulatory agencies, host community, or 
implementing organization require additional 
data on the performance of the sealed disposal 
vault, closure would be delayed to allow for 
postdecommissioning extended monitoring.

Postclosure Institutional Controls

Following closure, although safety would no 
longer depend on institutional controls, society 
might nonetheless wish to maintain such 
controls. For example, monitoring could be 
continued, provided the methods used would 
not compromise the passive safety of the 
disposal system.

To ensure the maximum capability of future 
generations to maintain institutional controls, 
information about the location, design, and 
contents of a disposal vault should be 
maintained as long as institutions are capable of 
doing so. To protect against loss of knowledge 
about nuclear fuel waste disposal sites, the 
international nuclear community is studying 
methods of communicating information over 
extremely long periods of time, such as archives 
and on-site markers. Canada participates in 
these studies, and the implementing 
organization would consider any 
recommendations developed internationally.
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3.4 ONGOING ACTIVITIES TO PROTECT 
HUMAN HEALTH, THE NATURAL 
ENVIRONMENT, AND THE SOCIO
ECONOMIC ENVIRONMENT

A number of activities would take place during 
concept implementation to ensure that human 
health, the natural environment, and the socio
economic environment were protected. Two of 
these activities, characterization and 
monitoring, would involve acquisition and

interpretation of data important to three other 
activities: facility design, assessment of 
environmental effects, and management of 
environmental effects. These five activities are 
discussed briefly here.

Characterization

Studies would be conducted (1) to determine 
the physical, chemical, and biological 
conditions in the surface environment and in

METHODS FOR 
CHARACTERIZATION 
AND MONITORING

Since 1976, AECL has 
been developing, assessing, 
and demonstrating 
methods for 
characterization and 
monitoring through 
investigations at field 
research areas.

Pre-existing information 
toas used while developing 
an inventory o f plutonic 
rock bodies in Ontario, 
selecting the Atikokan and 
East Bull Lake Research 
Areas, and selecting the 
lease area forAECL’s 
Underground Research 
Laboratory.

Reconnaissance studies 
were conducted at the East 
Bull Lake Research Area.

Detailed studies on the 
surface and in exploration 
boreholes were conducted 
at the East Bull Lake, 
Atikokan, and Whiteshell 
Research Areas.

A t the Underground 
Research Laboratory, we 
conducted exploratory 
excavation activities 
similar to those that would 
be carried out during 
siting, construction, and 
operation o f a disposal 
vault.
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the soil and rock below the surface; (2) to 
determine the socio-economic conditions of 
communities potentially affected by the 
disposal facility; and (3) to determine the 
relevant conditions, such as traffic volumes and 
accident statistics, along potential 
transportation routes. The scope of 
characterization would be determined in 
consultation with potentially affected 
communities.

The information obtained would be used for 
obtaining approvals, establishing baseline 
conditions, designing monitoring systems, 
designing the disposal facility, assessing the 
environmental effects of disposal, and 
managing environmental effects.

Monitoring

Continuous or intermittent measurements 
would be made as appropriate throughout 
concept implementation. The following would 
be monitored:
• the performance of containers and vault seals 

in test areas in the vault;

• activities and processes at the disposal facility;

• the atmospheric and aquatic effluent streams 
leaving the disposal facility;

• the natural environment, including drinking 
water and locally produced food, in the 
vicinity of the disposal facility;

• characteristics of the groundwater, such as 
pressure, temperature, and concentrations of 
potential contaminants;

• characteristics of the rock, such as 
permeability, stress, and temperature;

• seismicity; and
• socio-economic conditions, as agreed with 

potentially affected communities.

A monitoring program would be defined in 
consultation with regulatory agencies and 
potentially affected communities. They would 
be consulted regarding what conditions would 
be monitored, which methods would be used, 
who would do the monitoring, how the results 
would be reported, what results would require 
action to be taken, and what actions would be 
taken.

The monitoring results would help to establish 
baseline conditions; to obtain data to assess 
potential environmental effects; to improve 
understanding of the disposal system; to 
determine compliance with requirements in 
legislation, regulatory documents, and 
guidelines; to develop the vault design; and to 
determine whether methods for monitoring, 
assessing, or managing environmental effects 
needed to be modified, and if so, how.

Design

Site-specific designs for the disposal facility (the 
surface facilities and the disposal vault) and for 
the transportation system would be developed 
during the siting stage. Design options such as 
vault capacity, disposal depth, container 
spacing, designs for containers and vault seals, 
and methods for excavation and for emplacing 
containers and vault seals would be 
determined.

Factors such as the groundwater flow system, 
the rock stress, the heat generated by the waste, 
seismicity, and the amount of waste requiring 
disposal would be taken into account in 
designing the disposal vault. The vault design 
would evolve during the subsequent stages of 
the preclosure phase in response to new 
information obtained by characterization, 
monitoring, and assessment of environmental 
effects. Improvements in technology would be 
incorporated.

Assessment of Environmental Effects

Throughout concept implementation, the 
implementing organization would estimate 
potential environmental effects, evaluate the 
significance of these effects, and identify 
potential measures for managing them. The 
views of potentially affected communities 
would be addressed.

The significance of potential effects could be 
evaluated by comparisons with requirements in 
legislation, regulatory documents, and 
guidelines; by comparisons with natural 
background levels; by comparisons with 
industrial standards; and by consultation with 
the potentially affected communities.
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Management of Environmental Effects

A program for managing environmental effects 
would be developed in consultation with 
potentially affected communities. A formal 
agreement regarding the management of 
environmental effects could be made with a 
community.

Environmental effects would be managed by 
avoiding and mitigating adverse effects, 
compensating for adverse effects o f the disposal 
facility that were not avoided or sufficiently 
mitigated, and ensuring a net benefit to the 
host community.

Examples of measures to avoid or mitigate 
adverse effects on human health and the 
natural environment were given in Section 3.3.

Examples of measures to manage socio
economic effects are as follows:

• providing transportation and temporary 
accommodation for workers;

*> developing community housing;

• isolating the disposal facility to avoid 
nuisance effects such as dust, noise, and 
visual intrusion;

• restricting facility traffic to designated access 
routes;

• avoiding historical, cultural, and religious 
features such as heritage sites and burial 
grounds;

0 negotiating co-use of land, such as for fishing 
and trapping;

8 developing a property value protection 
program to compensate for property 
devaluation;

• restoring damaged infrastructure such as roads;

• providing in-kind replacement;

• providing direct financial compensation;

8 giving preference to local suppliers when 
purchasing materials and services;

8 giving preference to local people when hiring 
and training; and

• providing investment to support economic 
development projects.

3.5 TIM ING  OF IMPLEMENTATION

Since the mid-1970s, there has been 
continuing public concern about the lack of a 
permanent solution to the management of 
nuclear fuel waste. This concern has been 
reflected in the recommendations of 
government reviews, including those of 
Ontario’s Royal Commission on Electric Power 
Planning; the House of Commons Standing 
Committee on Environment and Forestry; and 
the House of Commons Standing Committee 
on Energy, Mines and Resources. We believe 
that progressing toward disposal by beginning 
the first stage of implementation, siting, would 
increase public confidence in Canada’s ability 
to safely manage nuclear fuel waste.

We believe that dependence on institutional 
controls to maintain safety should not be 
continued any longer than would be necessary 
to implement passively safe disposal. In our 
opinion, a society would not foresee the 
collapse of its institutional controls in time to 
site, construct, operate, decommission, and 
close a nuclear fuel waste disposal facility.
Thus, if the siting of a disposal facility were 
delayed because the collapse of institutional 
controls was not foreseen, then disposal may 
never be implemented.

A large component of the technology required 
to dispose of nuclear fuel waste is the 
knowledge and skills of the team of scientists 
and engineers who have been conducting the 
research and development on disposal. 
Maintaining the team is expensive, and we 
believe it is unlikely that it could be maintained 
if the beginning of siting is delayed until the 
distant future. Thus, if siting is delayed, there 
is a large risk that much of the disposal 
technology would be lost and would need to be 
redeveloped or purchased from a country that 
had developed and maintained a disposal 
technology. In either case, Canada’s investment 
in developing the technology would have been 
lost.

Reasons that might be given to justify a delay 
in disposal are listed below, along with a
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discussion of why, in our opinion, a delay
would not be justified:

• Disposal would require a high front-end 
expenditure, with no off-setting decrease in 
storage costs for a long time, because it would 
take about 25 years at least to begin disposing 
of the waste.

If the present generation delays the 
siting of a disposal facility because 
storage is cheaper, then it should not 
expect future generations to make a 
different decision; thus disposal may 
never be implemented. Assuming 
that disposal is needed, we believe 
that a saving of money by the present 
generation is not a legitimate reason 
for delay.

• The development of a superior technology to 
dispose of the waste can be anticipated at any 
time.

We believe that safe disposal is within 
the capability of the present 
generation. If the present generation 
delays the siting of a disposal facility 
to await advances in technology, even 
though safe disposal is within its 
capability, then it should not expect 
future generations to make a different 
decision; thus disposal may never be 
implemented. Assuming that 
disposal is needed, we believe that 
waiting for advances in technology is 
not a legitimate reason for delay.

• The radioactivity and heat generated by 
radioactive decay in used fuel decreases with 
time, which results in disposal becoming 
somewhat easier if disposal is delayed.

We believe that disposal of 10-year- 
old fuel is feasible, and even if 
implementation began immediately, 
controls could ensure that any fuel 
disposed of would be more than 10 
years old. The decreasing activity of 
the used fuel with time would not 
warrant delaying disposal.

• Future generations may wish to access used 
fuel in order to recycle it, and if it had already 
been disposed of they would be faced with 
the difficulty of retrieving it from a sealed 
disposal vault.

Even if siting of a disposal facility is 
begun immediately, used fuel could

not be disposed of for at least 25 
years. Thereafter, the amount 
remaining in storage would depend 
on the rate of production and the rate 
of disposal. The ability to recycle any 
used fuel remaining in storage would 
not be affected. If it were decided to 
recycle used fuel that had already 
been disposed of, it would be possible 
to retrieve it, albeit with added 
difficulty and expense. Moreover, we 
believe that the solidified high-level 
waste from reprocessing could be 
disposed of at any site that was 
suitable for disposal of used fuel.
Thus any investment in a disposal 
facility would not have been wasted. 
Assuming that disposal is needed, we 
believe that the possibility of 
recycling used fuel in the future is not 
a legitimate reason for delaying the 
siting of a disposal facility.

3.6 PRECLOSURE ASSESSMENT CASE STUDY

3.6.1 The Disposal System

Ontario Hydro assessed the potential effects of 
disposal during the preclosure phase — the 
siting, construction, operation, 
decommissioning, and closure stages of a 
disposal facility as well as any extended 
monitoring stages.

No disposal site or facility design is being 
proposed at this time. Therefore, to assess the 
potential effects of implementing the disposal 
concept, Ontario Hydro used engineering 
conceptual designs of a hypothetical disposal 
facility and transportation systems. Ontario 
Hydro also specified three separate Ontario 
environments for the disposal facility.

These designs and environments are shown 
below. They are based on information from 
extensive laboratory and field research and on 
available or readily achievable technology.

If the disposal concept were implemented, a 
disposal facility would be designed to 
accommodate the physical conditions at the 
disposal site, such as rock structure, 
groundwater chemistry, and surface features. 
Also, a transportation system would be
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DISPOSAL FACILITY SPECIFIED FOR TH E CASE STUDY

EIS  S 26

In the design used for the case study, the disposal 
facility comprises surface facilities and an underground 
disposal vaidt.

The surface facilities include a container fabrication 
plant, a used-fuel packaging plant, a concrete mixing 
plant, a rock crushing plant, and shaft headframes. 
They also include auxiliary facilities, such as a 

powerhouse, fire hall, and security building.

Disposal is on a single level at a depth o f1000 metres. 
The area o f the vault is about 4 square kilometres and 
the capacity is about 10 million used-fuel bundles.
Five vertical shafts connect the surface to the 
underground tunnels to provide for ventilation and for 
transportation o f disposal containers, materials, 
equipment, and personnel (including emergency 
escapej.

Access to the disposal area is provided by perimeter 
tunnels and a pair o f central access tunnels that divide 
the area into operationally independent halves. 
Containers are emplaced in disposal rooms on one side 
o f the vault at the same time as rooms are excavated on 
the other side. The twin central access tunnels permit 
the segregation o f container traffic from other traffic, 
and provide for two separate ventilation flow paths.

Perimeter 
Access Tunnel

Upcast
Ventilation

Shafts

Disposal Rooms

Surface
Facilities

Service Shaft

designed to accommodate the waste form and 
the location of the disposal site. The 
assessment of potential effects would be based 
on these site-specific designs and on the site- 
specific environmental conditions.

For the case study, the siting stage is 23 years, 
the construction stage is 7 years, the operation

stage is 41 years, the decommissioning stage is 
16 years, and the closure stage is 2 years, for a 
total of 89 years. The duration of the extended 
monitoring stages is undefined. The operating 
season for the disposal facility is 230 days per 
year.
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TRANSPORTATION CASK

Engineering conceptual designs ivere developed for three inodes of 
transporting used fuel: road, rail and water. Usedfuel is 
transported by these modes in other countries, and the designs 
developed by Ontario Hydro are similar to those developed 
elsewhere.

The transportation cask illustrated here was granted a design 
approval certificate by the Atomic Energy Control Board in 1987. 
This cask, although it could be transported by any mode, was 
designed such that its weight would allow transportation by road.
It holds 192 bundles o f usedfuel.

Ontario Hydro has also designed a larger cask based on similar 
technology. It holds 576 bundles and would be suitable for rail 
and ivater transportation.

For road transportation, one 192-bundle cask is transported on 
each tractor-trailer. Rail transportation is by a dedicated train 
ivith 10 railcars each transporting one 576-bundle cask. For ivater 
transportation, casks are transported by an integrated tug-barge to a 
transfer facility, where they are transferred to trucks or trains for the 
last part o f the journey to the disposalfacility. The capacity of the 
barge is thirty-six 192-bundle casks or twelve 576-bundle casks.

The operating capacity for each transportation system is
250 000 bundles per year. The number o f round trips per year is
1302 i f  by truck, 44 i f  by train, and 37  i f  by integrated tug-barge.

ENVIRONMENTS 
SPECIFIED FOR THE 
PRECLOSURE 
ASSESSMENT CASE 
STUDY

The environments 
specified for the 
preclosure assessment case 
study have characteristics 
typical o f the Southern, 
Central, and Northern 
Regions o f the Ontario 
portion o f the Canadian 
Shield.

To assess the potential 
effects o f transporting 
used fuel to a disposal 

facility at the centre o f 
each region, hypothetical 
transportation routes 
were specified on the 
basis o f data from 
existing road, rail, and 
ivater routes.

3.6.2 Estimated Radiological Effects

During the preclosure phase, estimated 
radiological effects are greatest during the 
operation stage. That is the stage when the 
used fuel is transported to the disposal facility, 
sealed into disposal containers, and emplaced 
in the disposal vault.

Effects on the public were assessed by 
estimating the dose to a member of the “critical 
group,” a relatively homogeneous group of 
people that is expected to receive the greatest 
dose because of its location, age, habits, and 
diet. Doses to workers and plants and animals 
were also estimated. The effects o f potential 
emissions were assessed by considering the 
routes (pathways) by which radioactive 
elements could reach humans and other living 
things. Doses from both internal radiation 
(resulting from ingestion and inhalation) and 
external radiation were estimated, and both 
normal and accident conditions were 
considered.

Northern
Region
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Estimated Radiological Effects of 
Transporting Used Fuel — Normal Conditions

The cask for transporting used fuel has been 
designed to provide sufficient shielding to limit 
radiation doses to low levels. Potential dose 
rates to humans and other living things near 
the cask during normal transportation of used 
fuel were estimated.

Effects on the public were assessed by 
estimating the dose rates for people living 
beside the route, people at stops, and people 
following a shipment.

The maximum estimates of dose rate to the 
public under normal conditions are well below 
the current Atomic Energy Control Board limit 
of 5 millisieverts per year for the public, the 
proposed limit of 1 millisievert per year, and 
the natural background level of about 3 
millisieverts per year.

For plants and animals, the estimated dose rate 
under normal conditions is 0.09 milligray per 
year. This dose rate is lower than those from 
background radiation (1 to 100 milligray per 
year), which are themselves lower than dose 
rates known to cause harm.

For a member of a transport crew, the 
estimated maximum dose rate under normal 
conditions is 2.4 millisieverts per year for road 
transportation, 1.2 millisieverts per year for rail 
transportation, and 10 millisieverts per year for 
water transportation. For a worker loading 
casks at a nuclear generating station, the 
estimated maximum dose rate is 10.6 
millisieverts per year. These estimates are 
below the current Atomic Energy Control 
Board limit of 50 millisieverts per year for

atomic radiation workers and the proposed 
limit of 20 millisieverts per year. If the disposal 
concept were implemented, dose rates to 
atomic radiation workers would be monitored 
and administrative measures would be taken to 
prevent dose rates from exceeding the Atomic 
Energy Control Board limit and to keep doses 
as low as reasonably achievable, social and 
economic factors being taken into account.

Estimated Radiological Effects of 
Transporting Used Fuel — Accident 
Conditions

The transportation cask has been designed to 
withstand severe accident conditions. Models 
of casks have been tested, and the cask walls, 
cask seals, and lid bolts withstood both impacts 
and fire.

The probabilities and consequences of potential 
transportation accidents were estimated for a 
range of accident conditions, including high
speed impact and high-temperature fire.

A mathematical model of the important 
pathways was constructed to estimate the 
potential dose to the public. Where radioactive 
elements were released from the cask and 
remained at ground level, the critical group was 
assumed to reside 50 to 100 metres from the 
accident. Where releases were dispersed by the 
updraft of a fire, the critical group was assumed 
to reside at the location where the concentration 
of radioactive elements was highest.

It is unlikely that an accident would result in 
any release of radioactive material. The 
estimated frequency of such an accident is less 
than 0.0001 per year, for all transportation 
modes and distances.

MAXIMUM ESTIMATE OF DOSE RATE 
FOR EACH MODE OF TRANSPORTATION UNDER NORMAL CONDITIONS

Mode Maximum Estimate of Dose Rate 
(millisieverts per year)

Critical Group Corresponding to the 
Maximum Estimate for Each Mode

Road 0.09 People at a truck stop

Rail 0.0004 People living beside the railway

Water 0.05 People who follow one shipment of used fuel 
through a canal
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If an accident resulted in a release of radioactive 
material, the short-term dose would depend on 
factors such as the accident conditions and the 
weather conditions. The estimated frequency 
of an accident resulting in a short-term dose 
exceeding 10 millisieverts is very low —
0.000 004 per year. The maximum short-term 
dose estimated is 40 millisieverts.

Radioactive material deposited on the ground 
in the short term could lead to long-term 
external exposures. It could also be 
resuspended into the air and inhaled, which 
could lead to long-term internal exposures.
Even with cleanup, the dose is estimated to 
increase in the long term (up to 50 years after 
the accident) to a total of 1.6 times the short
term dose. Long-term doses could be higher if 
contaminated food were consumed.

The protective measures that could be taken 
following an accidental release of radioactive 
material include advising people to remain 
indoors, evacuation, and restricting the 
consumption o f local food and water supplies. 
The Ontario Nuclear Emergency Plan specifies 
the measures to be taken following an 
accidental release from a nuclear generating 
station, depending on the projected radiation 
doses. Although the Plan does not apply to a 
transportation accident, the estimated doses 
under unlikely accident and weather conditions 
can be compared with the action levels 
specified in the Plan. For example, the Plan 
specifies that the projected dose at which 
evacuation should be undertaken, unless valid 
reasons exist for deferring action, is 10 
millisieverts.

To estimate the potential dose to the transport 
crew from an accident, it was assumed that the 
crew would remain within 50 metres of the 
release point. The estimated maximum dose to 
a worker under such conditions is 190 
millisieverts. The estimated frequency of such 
an accident is less than 0.000 01 per year.

Estimated Radiological Effects of Disposal 
Facility Operation -  Normal Conditions

The radiological effects of emissions from the 
disposal facility during normal operation were 
estimated. A  mathematical model of the

important pathways was constructed to 
estimate the potential dose rate to the public. 
The critical group for the disposal facility was 
assumed to reside year-round on a farm at the 
disposal facility boundary, and to consume 
food grown on that farm and fish and water 
from a nearby water body that receives the 
liquid discharge from the disposal facility. The 
farm was assumed to be located where the wind 
direction would give the largest concentrations 
of radioactive elements from airborne emissions 
from the disposal facility.

For a member of the critical group, the 
estimated dose rate resulting from waste 
handling in the disposal facility under normal 
conditions does not exceed about 0.0005 
millisieverts per year. This dose rate is more 
than a thousand times less than the current 
Atomic Energy Control Board limit of 5 
millisieverts per year for the public, the 
proposed limit of 1 millisievert per year, and 
the natural background level of 3 millisieverts 
per year.

For an aboriginal community on the Shield, 
fish ingestion could be the pathway that 
contributed the most to the dose, and the fish 
ingestion rate could be substantially higher 
than the 5.5 kilograms per year assumed for the 
critical group. If  the fish ingestion rate is 
increased to 100 kilograms per year, the 
estimated dose rate increases to 0.003 
millisieverts per year. This is still well below 
the current regulatory limit, the proposed limit, 
and the natural background level.

The estimated dose rates to a plant, a mammal, 
a bird, and a fish are less than 0.009 milligray 
per year. These dose rates are much lower than 
those from background radiation (1 to 100 
milligray per year), which are themselves lower 
than dose rates known to cause harm.

The estimated maximum dose rate to an 
individual worker is 17 millisieverts per year, 
which is below the current Atomic Energy 
Control Board limit of 50 millisieverts per year 
for atomic radiation workers and the proposed 
limit of 20 millisieverts per year. If  the disposal 
concept were implemented, the design would 
be optimized, dose rates to atomic radiation 
workers would be monitored, and
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administrative measures would be taken to 
prevent total dose rates from exceeding the 
Atomic Energy Control Board limit and to 
keep doses as low as reasonably achievable, 
social and economic factors being taken into 
account.

Estimated Radiological Effects o f Disposal 
Facility Operation — Accident Conditions

The probabilities and consequences of potential 
accidents at a disposal facility during the 
operation stage were estimated. Potential 
scenarios were identified by analyzing the 
disposal facility design, reviewing safety 
analyses developed for other disposal facility 
designs, and analyzing the set o f external events 
normally considered in the design of nuclear 
facilities.

The scenarios selected for further analysis 
included dropping a transportation cask after 
the lid was removed, dropping used-fuel 
bundles in the surface facilities, and dropping a 
disposal container down the shaft into the 
vault. The analysis included the assumption 
that the ventilation system would fail, such that 
radioactive elements would by-pass the 
ventilation filters.

A mathematical model of the im portant 
pathways was constructed to estimate the 
potential dose rate to the public. These 
pathways include external exposure from 
immersion in air, external exposure from 
radioactive elements in the soil, and internal 
exposure from inhalation. The maximum of 
the estimated doses is 0.25 millisieverts, and 
the frequency of an accident that would result 
in such a dose is 0.0003 per year. According to 
the Ontario Nuclear Emergency Plan, the 
lowest level at which any action would be 
considered is 0.5 millisieverts; thus no 
protective measures would be required, even in 
the event of a severe accident. If an accident 
occurred, local food and water supplies could 
be monitored to determine whether their 
consumption would need to be restricted.

The maximum of the estimated doses to a 
worker resulting from accidents in  the surface 
facilities is 16.5 millisieverts, and the frequency 
of an accident that would result in such a dose 
is 0.002 per year. The maximum of the

estimated doses to a worker resulting from 
accidents underground is 20.5 millisieverts, 
and the associated frequency is 0.004 per year.

3.6.3 Estimated Non-Radiological Effects

The potential non-radiological effects of a 
disposal facility and transportation system on 
valued environmental components, land and 
resource use, air and water quality, and traffic 
levels were estimated. It was concluded that

8 valued environmental components could be 
avoided when siting a disposal facility or 
access route, or they could be otherwise 
protected;

• although land use would be controlled over 
about 16 square kilometres, only about 3 to 
4 square kilometres would be developed;

• there would be sufficient reserves and 
production of all the materials that would be 
required for the disposal facility and the 
transportation system, either in Canada or in 
other countries that traditionally supply these 
materials;

• the environmental effect of any chemically 
toxic contaminants released from a disposal 
facility is expected to be very small;

• the surface water runoff from the pile of 
waste rock is not expected to be toxic;

• delivery of materials to the site during the 
construction stage is estimated to increase 
traffic by about 32 trucks per day if by road 
or 22 railcars per day if by rail;

• delivery of container and sealing materials to 
the disposal facility during the operation 
stage is estimated to increase traffic by about 
60 trucks per day if by road or 30 railcars per 
day if by rail; and

• transportation of used fuel to the disposal 
facility during the operation stage is 
estimated to increase traffic by about 12 
trucks per day if by road, about 1 train (10 
railcars of used fuel) every 3 days if by rail, 
and about 1 integrated tug-barge every 3 
days if by water.

Estimates of non-radiological injuries and 
fatalities to workers were based on data from 
industries where comparable tasks are carried 
out using similar types of equipment. For the
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underground activities, the estimates were 
based on data from the Ontario mining 
industry: 0.3 worker fatalities and 47 lost-time 
injuries per million person-hours worked. On 
the basis of these data, accidents at the disposal 
facility were estimated to result in 2591 lost
time injuries and 12 fatalities during the 64 
years of construction, operation, and 
decommissioning. The underground activities 
were the single largest contributor.

It is expected that the implementing 
organization would have a better safety record 
than the industry average, because of stringent 
working procedures, health and safety 
programs, and less emphasis on production 
targets. For example, during the 1.6 million 
person-hours worked to construct and operate 
AECL’s Underground Research Laboratory, 
there were no fatal accidents and only 6.2 lost
time injuries per million person-hours worked. 
Also, during the 50 million person-hours 
worked to construct the Darlington Nuclear 
Generating Station, there were no fatal 
accidents. It is expected that the actual injury 
and fatality rates at a disposal facility would 
also be significantly lower than those assumed 
for this assessment.

3.6.4 Estimated Socio-Economic Effects

The socio-economic effects of a disposal facility 
and transportation system would depend on 
both the characteristics of the project and the 
characteristics of the community. Also, the 
relationship established between the 
implementing organization and a potentially 
affected community during the siting stage 
would be a major factor influencing the 
management of socio-economic effects 
throughout the preclosure phase.

During concept implementation, the views of 
potentially affected communities would be 
addressed when estimating the potential effects 
of disposal, evaluating the significance of 
potential effects, and determining how effects 
would be managed. For the case study, the 
socio-economic assessment was limited to 
identifying a broad range of potential effects 
and potential measures for managing those 
effects.

The potential socio-economic effects of 
disposal, both adverse and beneficial, are to 
some degree similar to those associated with 
any large-scale facility or transportation system. 
However, the potential for radiological effects 
on human health and the natural environment 
might be of concern to people living near a 
disposal facility and along the transportation 
route, despite the low radiological risk 
estimated by the safety assessment. Such a 
concern would have to be addressed as an 
integral part of assessing and managing the 
effects of disposal.

M any measures have been used in the past to 
manage socio-economic effects (Section 3.4). 
These measures could be considered by the 
implementing organization and the potentially 
affected communities when they jointly 
developed programs for managing effects.

The labour requirements and costs estimated 
for the case study are shown on the following 
page.

The beneficial effects of a disposal facility 
would include reducing the risk to future 
generations and minimizing the burden of 
caring for the nuclear fuel waste that our 
generation has produced. Because of the 
significant service provided by the host 
community, the implementing organization 
would ensure that the host community received 
a net benefit. Careful management of potential 
effects, with community participation, would 
likely lead to

• an increase in employment opportunities;

• an influx of new money being spent by 
workers, which could stimulate the local 
economy;

• a new demand in the market place, which 
could increase opportunities for businesses 
and workers; and

• improved health care, fire protection, 
educational services, roads, and recreational 
facilities.

The long construction and operation stages 
would allow workers to obtain long-term 
employment and would allow the community 
to plan economic diversification in preparation 
for the end of the operation stage.
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ANNUAL LABOUR REQUIREMENTS FOR THE 
DISPOSAL FACILITY SPECIFIED FOR THE CASE STUDY

The estimated total labour requirement for the disposal 
facility in the case study is about 62 000 person-years. 
In addition, extended monitoring before 
decommissioning would require about 110 persons per 
year, and extended monitoring after decommissioning 
woidd require about 25 persons per year.

When indirect employment is included, the total is 
329 000person-years in Ontario and 421 000 person- 
years in all of Canada.

Estimated labour requirements for transporting the 
usedfuel range from 2600 to 4700 person-years for 
road transport and from 1200 to 1300person-years 
for rail transport, depending on the location o f the 
disposal facility. Estimates for water transport are 
between those for road and rail.

Estimated total employment in Ontario for 
transportation ranges from 4 600 to 35 700 person- 
years, depending on the transportation mode and 
distance.

ESTIMATES OF SCHEDULE AND COST FOR THREE SIZES OF DISPOSAL FACILITY 
BASED ON THE DESIGN SPECIFIED FOR THE CASE STUDY

5 Million Bundles 7.5 Million Bundles "10 Million Bundles
Duration Cost Duration Cost Duration Cost

(years) (Millions (years) (Millions (years) (Millions
Stage of$1991) o f$I991) of$1991)

Siting 23 2 140 23 2 160 23 2 180

Construction 5 1 520 6 1 630 7 1 810

Operation 20 4 060 30 6 040 41 8 060

Decommissioning 13 940 15 1 090 16 1 250

Closure 2 30 2 30 2 30

Total 63 8 680 76 10 950 89 13 320

Note: The costs shown for 
the stages do not necessarily 
add up exactly to the totals 
shown because o f rounding 
off. The estimates do not 
include the costs o f  extended 
monitoring or 
transportation o f  usedfuel. 
The estimated cost o f 
extended monitoring before 
decommissioning is about 
$23 million per year, and 
the estimated cost o f  
extended monitoring after 
decommissioning is about 
$9 million per year. The 
additional estimated cost o f 
transportation is 3%  to 
16% o f  the cost o f  the 
disposal facility, depending 
on the mode and distance.
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3.7 CONCLUSION

The disposal concept would be implemented in a 
way that would protect human health, the natural 
environment, and the socio-economic 
environment. Concept implementation would 
occur in stages and would entail a series of 
decisions about whether and how to proceed.

In a case study of a hypothetical disposal system, 
the estimated dose rates to humans under normal 
conditions are lower than the limits specified by 
the Atomic Energy Control Board. The 
estimated dose rates to plants and animals are 
well below background and even further below 
dose rates known to cause harm.

Even the most severe accidents analyzed for the 
disposal facility would not require an evacuation, 
and the likelihood of a transportation accident 
that would require an evacuation is extremely 
low. The need for an evacuation was assessed on 
the basis of Ontario’s Nuclear Emergency Plan.

The beneficial effects of a disposal facility would 
include reducing the risk to future generations 
and minimizing the burden of caring for the 
nuclear fuel waste that our generation has 
produced. A net benefit to the host community 
would be ensured. The long construction and 
operation stages would allow workers to obtain 
long-term employment and would allow the 
community to plan economic diversification in 
preparation for the end of the operation stage.

The potential for radiological effects on human 
health and the natural environment might be of

concern to people living near a disposal facility 
and along the transportation route. Such a 
concern would have to be addressed as an integral 
part of assessing and managing the effects of 
disposal.

The economic cost of nuclear fuel waste disposal 
would be substantial, but the utilities with 
nuclear generating stations are including the cost 
of managing used fuel in the rates currently being 
charged to electricity consumers.

The types of potential effects identified are not 
unique. Those identified for the disposal facility 
are similar to effects encountered at large civil 
engineering projects, mining developments, 
nuclear generating stations, waste management 
facilities, and other large-scale projects. There is a 
considerable body of experience in assessing and 
managing these types of effects in a variety of 
locations and under a variety of conditions.
There is also a considerable body of experience in 
handling and transporting nuclear materials in 
Canada and in other countries.

A disposal facility and transportation system 
similar to those assessed could be implemented 
while protecting human health and the natural 
environment. If the disposal concept were 
implemented, the system designs and work 
procedures could be optimized such that the 
radiological exposures of workers and the public 
under normal conditions would be 
indistinguishable from normal variations in 
exposure to natural background radiation.

Implementing the Disposal Concept Page 41



CONCLUSIONS AND RECOMMENDATIONS

4.1 CONCLUSIONS

Although current storage practice is a safe 
interim measure for the management of used 
fuel, eventually nuclear fuel waste must be 
disposed of.

O n the basis of research and development 
spanning more than 15 years, AECL has 
concluded that the concept of disposal in 
plutonic rock of the Canadian Shield meets the 
general requirements for an acceptable disposal 
concept put forward in Section 2.2. In 
particular, we have concluded that

• Implementation of the disposal concept 
would protect human health and the natural 
environment from the potential adverse 
effects of nuclear fuel waste far into the 
future. In addition, human health and the 
natural environment would be protected 
while the disposal concept was being 
implemented.

® The disposal concept provides a means of 
minimizing the burden on future 
generations.

• The disposal concept provides scope for 
public involvement during implementation.

° O f the options that have been considered 
internationally, only geological disposal is a 
viable alternative for the disposal of Canada’s 
nuclear fuel waste using currently available or 
readily achievable technology. The choice of 
plutonic rock of the Canadian Shield as the 
preferred disposal medium, made in the late 
1970s, was appropriate, and plutonic rock 
should remain the preferred disposal medium 
for Canada.

The research and development program has 
satisfied the objectives regarding safety and 
technical feasibility set out in Section 2.4. 
Specifically, we have concluded that

• The disposal concept could be implemented 
with available or readily achievable

technology. This disposal technology does 
not rely on institutional controls as a 
necessary safety feature; it is adaptable to a 
wide range of physical conditions and societal 
requirements and to potential changes in 
criteria, guidelines, and standards; and it 
includes monitoring and retrievability. The 
disposal technology has been developed and 
demonstrated to the extent reasonably 
achievable in a generic research program.
The technology to begin implementation is 
available and has been demonstrated.

8 The methodology to evaluate the safety of a 
disposal system against established safety 
criteria, guidelines, and standards has been 
developed and demonstrated to the extent 
reasonably achievable in a generic research 
program.

® Technically suitable disposal sites are likely to 
exist in Canada.

We are confident that implementation of this 
concept represents a means by which Canada 
can safely dispose of its nuclear fuel waste.

4.2 RECOMMENDATIONS

1. We recommend that the strategy for long
term management o f  Canada’s nuclear fuel 
waste be based on the concept o f  disposal in 
plutonic rock o f  the Canadian Shield.

We have concluded that of the three types of 
disposal that have been considered 
internationally (geological disposal, 
transmutation, and transport into space), only 
geological disposal is a viable alternative for the 
disposal of Canada’s nuclear fuel waste using 
currently available or readily achievable 
technology. Reprocessing would not eliminate 
the need for geological disposal. We have also 
concluded that the choice of plutonic rock of 
the Canadian Shield as the preferred disposal 
medium, made in the late 1970s, was
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appropriate, and plutonic rock should remain 
the preferred disposal medium for Canada.

We believe that disposal of nuclear fuel waste in 
plutonic rock would protect human health and 
the natural environment during both the 
preclosure and postclosure phases of a disposal 
facility. For example, we believe that disposal 
in plutonic rock would meet the Atomic 
Energy Control Board’s risk criterion for 
postclosure protection of human health by a 
large margin of safety. This risk criterion is at a 
level “that is considered to be insignificant by 
individuals in their daily lives” (AECB 1987).

From 1978 to 1992, Canada and Ontario 
invested more than $400 million to develop 
and assess the concept for disposal in plutonic 
rock. Pursuing technology for a different 
medium would not likely result in any 
significant improvement in protection of 
human health and the natural environment.

2. We recommend that those who have
responsibility for the safe management o f  used 
fuel — the federal government and the owners 
o f  the used fuel -  also have responsibility for 
implementing the disposal concept. In 
addition to addressing their requirements, the 
plan for implementation should address the 
requirements o f  any provincial government 
that coidd be affected by implementation, 
and those resultingfvm the present 
environmental review.

The federal government has legislative 
jurisdiction over matters relating to atomic 
energy, including nuclear fuel waste 
management and disposal, and it exercises its 
authority primarily through the Atomic Energy 
Control Act. This Act establishes the Atomic 
Energy Control Board as the regulator of 
nuclear activities in Canada.

The federal government has the responsibility 
to ensure that the owners of the used fuel meet 
their obligation to manage the waste safely 
un til it is disposed of. The utilities who own 
used fuel are collecting funds from their 
ratepayers for its disposal and have a 
responsibility for the management of those 
funds.

All activities undertaken in connection with the 
implementation of the disposal concept, 
including the transportation of nuclear fuel 
waste to a disposal facility, would have to 
comply with applicable legislative 
requirements. Such requirements may derive 
from either federal or provincial acts and 
regulations. Municipalities, which receive their 
authority from provincial legislation, may also 
have relevant requirements. In addition, 
directives, policies, or procedures of the 
governments or their agencies might have to be 
considered.

The current review of the disposal concept is 
expected to result in additional requirements 
that would need to be addressed, including 
requirements based on the views of the public.

Those who have responsibility for 
implementing disposal should ensure that the 
organizational framework is in place to follow 
through in the long term on commitments 
made during the early stages of 
implementation.

3. We recommend that those responsible for  
implementing the disposal concept be 
committed to the principles o f  safety and  
environmental protection, voluntarism, 
shared decision making, openness, and 
fairness.

To ensure safety and environmental protection, 
in addition to complying with all applicable 
legislation, those responsible for implementing 
the disposal concept should keep adverse effects 
as low as reasonably achievable, social and 
economic factors being taken into account. 
Potential environmental effects should be 
identified, and measures should be taken (1) to 
avoid adverse effects, (2) to mitigate 
unavoidable adverse effects, and (3) to 
compensate for adverse effects of the disposal 
facility that were not avoided or sufficiently 
mitigated.

By voluntarism we mean that a community 
would have the right to determine whether or 
not it was willing to be a host community. 
Because a community would have the power to 
veto the selection of a site within its
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jurisdiction, it could ensure that local concerns 
were addressed and that local criteria for 
acceptance were met.

Concept implementation would occur in stages 
and would entail a series of decisions about 
whether and how to proceed. Each potential 
host community, and later the host 
community, should share in decision making as 
negotiated. In addition, those responsible for 
concept implementation should seek and 
address the views of other communities that 
could be affected by concept implementation 
and the views of provincial governments that 
could be affected.

Openness should entail offering information to 
the general public about the plans, procedures, 
activities, and progress of those responsible for 
concept implementation, beginning early in the 
siting stage and continuing thereafter. In 
addition, potentially affected communities 
should have access to all available information 
required to make a judgement about safety. 
Open communication on the part of those 
responsible for concept implementation would 
be necessary in order for a community to 
participate effectively in shared decision 
making. Moreover, openness would be 
necessary to demonstrate the commitment of 
those responsible for concept implementation 
to safety and environmental protection.

The host community would provide a 
significant service to the consumers of nuclear
generated electricity and to the public at large. 
In fairness, the net benefit to the host 
community should be correspondingly 
significant. As part of the negotiated program 
for managing environmental effects, measures 
should be taken to avoid, mitigate, or 
compensate for adverse effects; such measures 
should be enhanced or additional measures 
taken to ensure the betterment of the host 
community.

4. We recommend that Canada progress toioard 
disposal o f  its nuclear fuel waste by 
undertakmg the first stage o f  concept 
implementation — siting.

Current storage methods have an excellent 
safety record. There is no urgency to dispose of

waste because of a need to correct an unsafe 
situation. The safety and cost-effectiveness of 
current storage practices allow Canada to 
proceed without hurry to implement disposal, 
that is, at a pace that allows for full public 
involvement integrated with a thorough 
technical program. Implementation would 
proceed in stages during which flexibility 
would be maintained to address changing 
requirements. Implementation would entail a 
number of decision points regarding whether 
and how to proceed.

The first stage of implementation is siting. 
Taking into account the time required to 
obtain geological information regarding a 
potential disposal site and the need for public 
involvement as outlined in Chapter 3, we 
estimate that siting would take at least 20 years 
following a decision to begin the process.

We believe that progressing toward disposal 
would help to minimize the burden on future 
generations by taking the next logical step 
toward a method of waste management that 
would eliminate the dependence on long-term 
institutional controls. Taking this step would 
allow site-specific and design-specific issues to 
be addressed in the most effective and efficient 
way. It would maintain the disposal 
technology that has been developed, would 
protect the investment of Canada and Ontario 
in developing this technology, and would 
increase public confidence in Canada’s ability 
to dispose of nuclear fuel waste.
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