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RÉSUMÉ

Le concept d'évacuation des déchets de combustible nucléaire
choisi â des fins de développement et d'évaluation au Canada porte sur
l'isolement de conteneurs de déchets résistant à la corrosion dans une enceinte située à grande profondeur dans la roche plutonique. À mesure qu'on
développe le concept et met au point les moyens d'évaluation, on effectue
des évaluations périodiques pour permettre de déterminer la méthodologie et
d'envoyer les renseignements obtenus aux personnes développant le concept en
question. Le but final des évaluations est de prédire les conséquences
qu'aurait le système d'évacuation (stockage permanent) pour l'homme et
l'environnement si on mettait en pratique le concept.
On a effectué la deuxième évaluation de ce genre en 1984; celle-ci
est documentée dans la Deuxième évaluation provisoire du concept canadien
d'évacuation des déchets de combustible nucléaire Volume 1: Sommaire
Volume 2: Historique
Volume 3: Evaluation avant fermeture
Volume A: Évaluation après fermeture
Le présent volume, qui constitue le troisième volume du rapport,
résume les évaluations, avant fermeture, de l'environnement et de la sûreté,
lesquelles ont été effectuées par Ontario Hydro pour le compte de l'Énergie
Atomique du Canada, Limitée. On y examine les résultats préliminaires et
leur importance.
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ABSTRACT

The nuclear fuel waste disposal concept chosen for development and
assessment in Canada involves the isolation of corrosion-resistant containers of waste in a vault located deep in plutonic rock. As the concept and
the assessment tools are developed, periodic assessments are performed to
permit evaluation of the methodology and provide feedback to those developing the concept. The ultimate goal of these assessments is to predict what
impact the disposal system would have on man and the environment if the
concept were implemented.
The second such assessment was completed in 198A and is documented
in the Second Interim Assessment of the Canadian Concept for Nuclear Fuel
Waste Disposal - Volume 1: Summary
Volume 2: Background
Volume 3: Pre-Closure Assessment
Volume 4: Post-Closure Assessment
This, the third volume of the report, summarizes the pre-closure
environmental and safety assessments completed by Ontario Hydro for Atomic
Energy of Canada Limited. The preliminary results and their significance
are discussed.
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FOREWORD

The Canadian Nuclear Fuel Waste Management Program was established
in 1978 to develop storage and disposal concepts which will ensure that
nuclear fuel waste will not have any significant adverse effects on man or
the environment at any time. To achieve this goal, research is being
conducted by Atomic Energy of Canada Limited; Ontario Hydro; Energy, Mines
and Resources Canada; Environment Canada; scientists at Canadian
universities; and consultants in the private sector. Most of the research
involves developing and assessing the concept of isolating containers of
nuclear fuel waste in a vault located deep in plutonic rock in the Canadian
Shield.
An initial interim assessment of the concept was performed in 1981
(Lyon et al. 1981; Johansen et al. 1981; Wuschke et al. 1981). A second
interim assessment is documented in a four-volume report, of which this is
Volume 3. The other volumes in the report are
Volume 1:
Volume 2:
Volume 4:

Summary (Wuschke et al. 1985a)
Background (Gillespie et al. 1984)
Post-Closure Assessment (Wuschke et al. 1985b)

The major input and supporting documents for Volume 3 that were prepared by
Ontario Hydro are
Preliminary Environmental Assessment of the Canadian Nuclear Fuel
Waste Management Concept: Pre-Closure Phase (Gee et al. 1983)
Nuclear Fuel Waste Management Concept: Preliminary Safety Assessment of the Pre-Closure Phase (Nathwani 1983)
Reference Environment for Pre-Closure Environmental and Safety
Assessments (Gee 1983)
Radiological Pathway Analysis for Chronic Radioactive Emissions
and Normal Transport of Irradiated Fuel for the Nuclear Fuel Waste
Disposal Facility: Pre-Closure Phase (Green and Donnelly 1983)
Preliminary Social Impact Assessment of a Nuclear Fuel Waste Management Center - Concept Assessment (Stevenson 1983)
Preliminary Social Impact Assessment: Transportation Component of
a Long-Term Irradiated Fuel Management Program (Rogers and Hardy
1983)
Preliminary Occupational Safety Assessment Relating to the Nuclear
Fuel Waste Management Program (Velshi 1981)

A formal assessment of the concept will be completed in 1988, at
which time it will be reviewed by regulatory and environmental agencies, and
later at a public hearing.
Comments on this document, and inquiries concerning the Canadian
Nuclear Fuel Waste Management Program may be directed to The Director, Waste
Management Division, Whiteshell Nuclear Research Establishment, Pinawa,
Manitoba, Canada, ROE 1L0.
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1.

1.1

INTRODUCTION

OBJECTIVES AND SCOPE OF THE PRE-CLOSURE CONCEPT ASSESSMENT

The overall objective in the concept assessment phase of the Canadian Nuclear Fuel Waste Management Program (NFWMP) is to assesss the
feasibility, practicality, safety, and social and environmental acceptability of the disposal of nuclear fuel waste deep in plutonic rock. The objectives of the pre-closure environmental and safety assessment, performed by
Ontario Hydro (Gee et al. 1983, Nathwani 1983) are to
assess the environmental and socioeconomic effects that could
occur during the pre-closure activities;
identify ways to mitigate adverse impacts and maximize potential
benefits;
-

assess the potential public and occupational hazards of the preclosure activities; and

-

develop environmental and socioeconomic guidelines to aid in the
eventual selection of a site, if the concept is accepted by the
Governments of Ontario and Canada.

There are two restrictions on the scope of the assessments,
arising from the fact that the program is presently in a generic concept
assessment phase. First, no specific site for disposal has been selected or
implied. The assumption is that a site will be chosen from the Ontario portion of the Canadian Shield. Second, the waste form for disposal is either
used fuel or fuel recycle waste. Disposal of intact used fuel is considered
in this second pre-closure assessment, as described in the conceptual design
of a disposal facility by Card and Ohta (1981) and Acres et al. (1980).
Disposal of immobilized recycle waste is considered in the post-closure
assessment (Volume 4 of this report), and will considered in future work by
Ontario Hydro for the pre-closure assessment.
The pre-closure assessment of used fuel disposal includes both an
environmental assessment and a safety assessment. The environmental assessment addresses the potential effects on the natural environment and the
social and economic environment. The safety assessment includes both public
and occupational safety. The following activities are considered in the
assessment:
-

construction of a disposal facility,
transportation of used fuel to a disposal facility,
operation of a disposal facility, including the immobilization of
fuel bundles within disposal containers, and emplacement in the
vault, and
closure and decommissioning of the disposal facility.

- 2 This second interim pre-closure assessment was conducted by
Ontario Hydro. The detailed results of the assessment, giving the necessarybackground information, are available in the Ontario Hydro supporting
documents (Gee et al. 1983, Nathwani 1983).
1.2

GENERAL REQUIREMENTS OF ENVIRONMENTAL AND SAFETY ASSESSMENTS

1.2.1

Overview

Proponents of industrial projects that undergo environmental assessment follow a set of guidelines that specify the general contents of the
assessment. There are also existing and pending regulations that will govern the activities to be carried out in the nuclear fuel waste disposal
process. In the succeeding sections, both the assessment guidelines and the
regulations bearing on the used fuel disposal are outlined as background.
More detailed information can be obtained from the sources cited in the
text.
1.2.2

Environmental Assessment Guidelines

To accommodate the general environmental assessment guidelines of
both federal and Ontario regulatory agencies, this pre-closure assessment
includes the standard requirements listed below:
A description of the purpose and need for the undertaking.
A description of alternative methods of carrying out the undertaking (discussed in Volume 2 (Gillespie et al. 1984)).
A description of the proposed undertaking in sufficient detail to
permit a thorough analysis and assessment of its environmental
impact, including its energy and resource requirements.
A description of the environment that may be affected; by definition, "environment" includes man and the social, economic and
cultural conditions that influence the life of man or a community,
in addition to the natural or physical aspects such as air, water,
land, vegetation, wildlife, and mineral resources.
An account and assessment of environmental and occupational effects that may result from the undertaking.
An indication if the undertaking would encourage industrialization, population change, and related kinds of growth.
A description of measures available to avoid, minimize, or mitigate the detrimental effects on the environment.
An account of the relationship between short-term and long-term
uses of the environment.
An account and assessment of any irreversible or irretrievable
commitments of energy or resources that could result from the
undertaking.

- 3 -

An assessment of the overall environmental advantages and disadvantages of the proposed undertaking, sufficient to conclude that
no unacceptable effects or risks will result to man and his
environment.
These requirements were compiled from guidelines under the Federal Environmental Assessment and Review process (Canada 1979) and under the Ontario
Environmental Assessment process (Ontario 1978a).
As discussed in Volume 2 of this report (Gillespie et al. 1984),
the Atomic Energy Control Board (AECB) will be the lead agency for the regulatory and environmental review of the disposal concept. The AECB will be
assisted in the development of standards, requirements, and other regulatory
functions by the federal Department of the Environment and the Ontario
Ministry of the Environment. Together, these three agencies comprise the
Interagency Review Committee (IRC). It is anticipated that the above listed
requirements will be considered by the IRC as relevant for concept assessment. The AECB is also preparing further guidelines and criteria that will
be specific to nuclear fuel waste disposal systems (AECB 1985, AECB 1984a).
1.2.3

Atomic Energy Control Act Regulations

The AECB was established in 1946 pursuant to the provisions of the
Atomic Energy Control Act. The Atomic Energy Control Regulations (Canada
1974) were issued under the authority of the Act and apply to any nuclear
facility. Under these regulations, before a nuclear facility can be constructed and permitted to operate, the proponent must obtain (in sequential
order from the AECB) site approval, construction approval, and an operating
license. The regulations are designed to ensure the protect?on of the public and the atomic radiation workers by limiting the radiation dose received
by both groups. The dose limits are met by proper siting and design of a
facility, and by controlling emissions from the facility to a very low
level.
The AECB's strategy for regulating the management of radioactive
wastes, including high-level nuclear fuel waste, was reviewed recently
(Hamel et al. 1982). The objective of the AECB regulations is to ensure
that people and the environment are protected during this and future generations. The system of dose limitations currently recommended by the International Commission on Radiological Protection (ICRP) provides a reasonable
basis for establishing performance criteria and standards for radioactive
containment. This system will soon be incorporated into AECB regulations.
1.2.4

Transportation Regulations

A summary of current and proposed federal and Ontario regulatory
requirements, guidelines and criteria affecting the transportation of used
fuel in Ontario is presented below. More detailed information has been
given by Sears (1982) and in the specific legislation cited.
Used fuel transportation is subject to AECB regulations that are
based on International Atomic Energy Agency (IAEA) Guidelines. New draft
regulations regarding the packaging of radioactive material for transportation were released for comment by the AECB as Consultative Document C-41

- 4(AECB 1981). These new regulations would alter slightly the existing
regulations which have been in force since 1969. The regulations include
definitions, exemptions, packaging requirements and shipper/receiver
responsibilities. The AECB has also issued another Consultative Document
(AECB 1984b), containing proposed guidelines for contingency planning (on
behalf of provincial/municipal authorities and nuclear facility operators)
to deal with off-site transportation emergencies. Both documents are in the
"proposed" stage.
Approval of the method (road, rail, barge) for transportation of
radioactive materials is required under the Federal Transportation of Dangerous Goods (TDG) Act 1980. The Federal Department of Transport is responsible for setting transportation safety standards and guidelines and, where
necessary, issuing approvals. TDG Regulations were issued in 1985, along
with Ontario's complementary Dangerous Goods Transportation Act. It is
expected that both federal and Ontario regulations will be consistent with
the prior AECB regulations.
With regard to rail and barge shipments, used fuel transportation
must also comply with regulations for the Transportation of Dangerous Commodities by Rail (CTC General Order No. 1974-1 Rail) and with regulations for
Dangerous Goods Shipping under the Canada Shipping Act (SOR/81-95).
In summary, although the AECB is recognized as the primary licensing authority for radioactive waste management in Canada, there are a number of non-AECB federal and Ontario regulatory requirements that will also
bear on the transportation of used fuel. The major requirements are those
specified (or soon to be) under

1.3

(1)

The Transportation of Dangerous Goods Act, Canada.

(2)

CTC General Order No. 1974-1 Rail, Canada.

(3)

The Canada Shipping Act.

(4)

The Dangerous Goods Transportation Act, Ontario.
GENERIC ASSESSMENT APPROACH AND LIMITATIONS

The assumption has been made in the NFWMP that a disposal facility
will eventually be located somewhere within the Canadian Shield area of
Ontario. However, the pre-closure environmental and safety assessment
studies are generic in that no specific site or community is identified or
assumed. Yet to be meaningful, the assessment must be based upon environmental conditions which are, in general, representative of the Shield region
in Ontario. The approach adopted by Ontario Hydro is referred to as "reference environment". A data base was developed to provide information that is
realistically representative of the environmental and socioeconomic conditions in the Shield region, without concentrating on any specific site.
These data provide the basis for the generic referent- environment approach.
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2.

2.1

THE REFERENCE ENVIRONMENT AND METHODOLOGY

DEVELOPMENT OF APPROACH

The "reference environment" approach evolved from a fundamental
principle established early in the NFWMP• That is, site selection for a
disposal facility is not to begin until after the disposal concept has been
assessed and accepted by appropriate authorities. It followed that environmental and safety assessments had to be approached in a way which would not
use specific locations. This was a major challenge because environmental
and safety assessments depend on specific baseline data and because the
large study area has to be represented, i.e., the Canadian Shield area of
Ontario.
For this pre-closure environmental assessment, the Canadian Shield
region of Ontario has been divided into three smaller regions - southern,
central and northern, as illustrated in Figure 2.1-1. The southern region
comprises an area of approximately 51 000 km2 and includes the portion from
the St. Lawrence River to the French and Mattawa Rivers and Lake Nipissing
(in the north). The central region, 217 000 km2 in area, is bounded to the
south by the French and Mattawa Rivers and Lake Nipissir.g, to the east by
the Quebec border, to the north by the Hudson Bay Lowlands, and to the west
by the boundary between Algoma, Cochrane, and Thunder Bay districts. The
northern region extends to the Manitoba boundary and comprises an area of
approximately 406 000 km2. A brief description of the Canadian Shield is
contained in the next section, followed by the regional environment
description and an outline of the methodology.
2.2

CANADIAN/ONTARIO SHIELD OVERVIEW

The Canadian Shield, a vast region of Precambrian rock, comprises
an area of approximately 4 578 000 km2. The Shield includes much of
Ontario, most of Quebec, all of Labrador, northern Manitoba and Saskatchewan
and much of the Northwest Territories. Near Lake Superior and Lake-of-theWoods, the Shield extends into Minnesota and Wisconsin. To the south, the
Shield forms the Thousand Islands in the St. Lawrence River east of Lake
Ontario and the Adirondack Mountains in northern New York state. The
Ontario portion of the Canadian Shield comprises an area of approximately
674 000 km2 and extends from the Manitoba border across the province to the
St. Lawrence River and the Quebec border, as shown in Figure 2.1-1.
The Ontario portion of the Canadian Shield is generally sparsely
populated with a mean population density of 1.5 persons per square kilometre. In comparison, the mean population density in Ontario is 9.0 persons
per square kilometre, and in off-Shield areas of southern Ontario approximately 100 persons per square kilometre. The total population of the Shield
region in 1976 was just over 1 million while the total population of the
province was approximately 8.2 million.
Population centers are generally smaller in the central and northern regions and situated along the main transportation routes. There is,
however, at least one major population center in each region. In the

- 6-

MANITOBA

USA

FIGURE 2.1-1:

Reference Environment Regions Within the Canadian Shield Area
of Ontario (Gee et al. 1983)

- 7northern region the city of Thunder Bay represents approximately 50 percent
of the population of the region and is the largest population center on the
Shield. In the central region, Sudbury, Sault Ste. Marie, Timains and North
Bay are the major population centers and represent 52 percent of the
region's population. Population tends to be somewhat more dispersed in the
southern region without any large population centers comparable to those
above. However, there is a greater number of towns and villages than in the
central and northern regions. Approximately 70 percent of the population
lives in the urban setting of cities, towns and villages.
Two major forest ragions occur on the Canadian Shield - The Great
Lakes-St. Lawrence forest, aad the Boreal forest. The Great Lakes - St.
Lawrence forest occurs in the southern portion of the Shield, and is characterized by a mix of deciduous and coniferous trees including maples, oaks
and white and red pines. In the north, with more severe climatic and soil
conditions, the Boreal forest is predominant, and is characterized by
species such as white and black spruce.
The forested area is extensive in each of the three regions.
Approximately 80 percent of land in the southern region is of moderate to
high timber use capability and produces the greatest volume of timber per
unit land area. In 30 percent and 27 percent of the central and northern
regions respectively, the timber use capability is considered to be moderate
to high. In a recent four-year period (1976/77 to 1979/80) more than 15
million cubic metres of timber were harvested from approximately 1624 km 2 of
crown land in the Shield region. The northern and central regions accounted
for approximately 50 percent and 40 percent of this harvest, respectively.
Recreation opportunities abound in the Shield region of Ontario.
The recreational use of land is most pronounced in the southern region of
the Shield where there is a greater number and density of cottages, parks
and other recreational facilities.
2.3

REGIONAL ENVIRONMENTS

2.3.1

The Natural Environment

The three Shield regions in Ontario provide the reference environments for the assessment of radiological and nonradiological impacts of the
disposal concept. The natural environmental characteristics of the regions
are described by the factors given in Table 2.3-1. More detailed information regarding the regional and reference environmental conditions is presented in the Ontario Hydro document (Gee et al. 1983, Volume 1 and
Volume 2 ) . The assessment of the potential effects of a disposal facility
on the natural environment is based on the characteristics of each factor
in each Shield region. While it is recognized that considerable variability
in the factors will occur across each region, it was felt that the most
commonly occurring, or average conditions, would be representative of each
region for the generic assessment. Where possible, variability of factor
values across the study area are taken into account for analysis of
potential effects.
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TABLE 2.3-1
NATURAL ENVIRONMENTAL FACTORS

Factor

Specific Consideration

1. Regional Demography

(a) Population Density
(b) Population Centers
(c) Transient Population*
(d) Affected Population Groups*

2. Land Use/Capability**

(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)

Forestry
Agriculture
Mining
Indian Lands
Hunting, Trapping and Fishing
Recreation
Other Industry and Hazards
Transportation

3. Biological Environment (a) Aquatic Ecology
(b) Terrestrial Ecology
(c) Rare, Threatened and Endangered Species
4. Physical Environment

(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)
(i)

Air Quality
Climate and Dispersion Meteorology
Water Quality
Hydrology
Topography
Surficial Geology and Soils
Hydrogeology
Permafrost
Seisraicity and Bedrock Faults

5. Undisturbed Environmental and Historical Features
6. Nonrenewable Resources

**

Insufficient regional information prevented incorporation of these
specific considerations in this assessment.
Land capability has been considered where existing land use information
is unavailable or insufficient.
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2.3.2

Exposure from Natural Background Radiation

The natural background radiation dose assumed in this assessment
was 1.9 mSv/a (Gee et al. 1983). The sources of this radiation include the
sun and the earth, referred to as cosmic and terrestrial sources, respectively. Radiation from the sun (in the form of energetic particles) is
called cosmic radiation or cosmic rays. Naturally occurring radionuclides
on earth may either be generated by the interaction of cosmic rays with the
earth's upper atmosphere (cosmogenic) or be those that were present when the
earth was formed (primordial). The contribution of these sources to the
natural background radiation is summarized in Table 2.3-2.

TABLE 2.3-2
ESTIMATED ANNUAL EFFECTIVE DOSE-EQUIVALENTS FROM NATURAL SOURCES

Annual Effective Dose-Equivalent*
Source of
Irradiation

External
Irradiation
mSv (mrem)

Internal
Irradiation
mSv (mrem)

Total
mSv (mrem)

COSMIC RAYS
- Ionizing component
- Neutron component

0.28
0.021

(28)
(2)

COSMOGENIC RADIONUCLIDES

0.280 (28)
0.021 (2)
0.008

(0.8)

0.008 (0.8)

0.17
0.004

(17)
(0.4)

0.29
(29)
0.004 (0.4)

(1)
(0.7)
(0.8)
(78)
(13)

1.0

(100)

PRIMORDIAL RADIONUCLIDES
0.12
87

238

U series

238^23^
2 30 T h
2 26Ra
2 2 2 R n _2l4p o
210pb_210po
232

0.08

(8)

0.0096
0.0074
0.008
0.78
0.13

0.12

(12)

0.007
0.021
0.10

(0.7)
(2)
(10)

0.25

(25)

0.62

(62)

1.3

(130)

1.9

(190)

T h series

23 2Th
2 28 R a -2 2 4 R a
220Rn_208T1
TOTAL DOSE FROM
BACKGROUND RADIATION
*

(12)

Rb

Estimates from UNSCEAR 1982.
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The naturally occurring radlonuclldes listed In Table 2.3-2 are
present in air, water and all plant life. Hence, the intake of air, water
and plants by man results in internal exposure to radiation. The most significant radionuclides with respect to internal exposure are 222 Rn and
210
Po. The decay of 226 Ra generates inert, gaseous 2 2 2 Rn, which emanates
from the ground and building materials. 2l°Po is a decay product of 2 2 2 Rn.
External exposure is primarily due to cosmic rays, "*°K, and isotopes of
radium (Table 2.3-2).
2.4

REFERENCE COMMUNITIES AND SETTLEMENT PATTERNS

2.4.1

Social Environment

The assessment of potential social and economic impacts of disposal facility construction and operation has been based upon four unidentified, real communities. The selection of these particular communities does
not imply that they are appropriate to host a disposal facility. The social
and economic assessment of those communities is generic in nature, and not
related to site selection. The reference communities are a town, township,
county and a new town in an area of unorganized territory. The municipal
structure and characteristics of the four reference communities were described using 13 social factors:
(1)

community population;

(2)

economic base;

(3)

labour supply and employment;

(4)

municipal finance and administration;

(5)

housing and property values;

(6)

municipal services and facilities;

(7)

transportation and communications;

(8)

recreation and tourism;

(9)

regional development/community planning;

(10)

education;

(11)

health and safety services;

(12)

social services; and

(13)

lifestyle, culture and social aspects.

Data were collected from published sources for each social factor
for each reference community. The profiles thus developed were then used to
identify and to assess possible impacts of a nearby disposal facility on
each community. The information derived from these real communities is
intended to facilitate a more realistic impact; assessment than would be
possible with more general or hypothetical information.
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The Population and Employment Influx Model (POPIN) was used to
estimate population changes due to the construction and operation of the
disposal facility. For each community, POPIN estimated the number of workers and families that would locate on an annual basis, in the community
nearest the disposal facility. Using these data as a basis, the effects of
the population changes on each of the communities were identified for each
social factor. Gee et al. (1983) and Stevenson (1983) discuss the POPIN
model in more detail.
2.4.2

Transportation Environment

The assessment of potential radiological and social impacts of
used fuel transportation has been based upon three settlement patterns representative of the Shield region. These settlement patterns are (1) urban,
(2) cottage/recreational, and (3) rural/agricultural. Settlement pattern
refers to loose complexes of land use that have in common a specific economic orientation. For example, a rural/agricultural settlement pattern encompasses areas principally devoted to resource-based activities such as farming, forestry and mining, and the enterprises servicing these sectors. This
approach differs from the reference community approach because transportation is a linear process, passing through a number of communities and is
likely to have somewhat different effects than would a disposal facility.
The three settlement patterns would contain different transportation infrastructures as well as different social structures, population densities,
communications networks, and other characteristics that are likely to result
in varying community and social effects.
The characteristics of each of the three types of settlement patterns have been described on the basis of eight social factors:
(1)

economic orientation;

(2)

land use pattern;

(3)

population density;

(4)

citizen organization;

(5)

education in nuclear matters;

(6)

communication networks;

(7)

transportation infrastructure; and

(3)

health and emergency response facilities.

Generalized regional data were collected from published sources
for each settlement pattern and classified according to the eight factors.
The profiles thus developed were then used to assess the social impacts of
used fuel transportation In the various regions of the Ontario Shield. The
work to date identifies only some of the socioeconomic effects of used fuel
transportation. A more complete assessment of wider ranging impacts will be
included in future work by Ontario Hydro for the pre-closure assessment.
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2.5

ANALYTICAL METHODS

2.5.1

Overview of the Analytical Methods
The pre-closure assessment includes an analysis of
the impact on resources,
-

capital and operating costs,
the radiological effects on members of the public, from normal
operation,
the nonradiological effects on the natural environment,
socioeconomic impacts,

-

occupational safety, and
the potential radiological effects on members of the public, fron
abnormal operation and accidents.

The results of these different analyses are given in terms such as radiation
dose, dollar values and less quantifiable values for environmental quality,
and are difficult to integrate. Details of the analytical methods are given
in Gee et al. (1983) and Nathwani (1983) . Outlines of the analytical
methods follow.
2.5.2

Guide to the Analytical Methods

A guide to the description of the analytical methods used for
different areas of analysis is given in Table 2.5-1. Details of the methods
can be found in the supporting documentation.
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TABLE 2.5-1
GUIDE TO DETAILED ANALYTICAL METHODS

Reference to Descriptions
of Corresponding Methods
in Support Documents
Type of Analysis
Section

Source*
(a) General

EA

1.4

(b) Radiological Effects of
Normal Operation
- on the public
- on the biota
- radon and global effects

B

2.1, 2.2

B
EA
EA

2.1, 2.2
7.3.1.5
7.3.2

A

3.3 - 3.7, 4.6

Cl
C2
EA

2.1 - 2.3
2.1 - 2.5
10.6

D

2.1 - 2.2

SA

3.1.2

(c) Nonradiological Effects
on the Natural Environment
and Resources
(d) Socioeconomic Impacts on
- local communities
- on the regional economy
(e) Radiological and Conventional
Risks to Workers
(f) Radiological Effects on the
Public from Abnormal Operation
and Accidents
(g) Safeguards and Security
*

EA
SA
A,B,C1,C2,D

TR-127-2

TR-127-2

3.5

- Ontario Hydro Environmental Assessment - Gee et al. 1983.
- Ontario Hydro Safety Assessment - Nathwani 1983.
- These support documents of the Ontario Hydro Environmental
Assessment (Gee et al. 1983) and Safety Assessment
(Nathwani 1983) are contained in a separate volume
(Volume 2) of this Ontario Hydro documentation.
-Johaasen et al. 1981.
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3.

CONCEPTUAL DESIGN, CONSTRUCTION, AND OPERATION OF A

DISPOSAL FACILITY AND A USED FUEL TRANSPORTATION SYSTEM
3.1

GENERAL DESCRIPTION

The concept assessment, although generic in nature, requires a
detailed conceptual design of a disposal system. The reference disposal
system used for this assessment is that reported by Card and Ohta (1981) and
Acres et al. (1980) .
The purpose of a disposal facility is to emplace corrosionresistant containers of nuclear fuel waste from Canadian nuclear generating
stations in a vault located deep in plutonic rock. Following the clearing
and preparation of a selected site, surface and underground facilities would
be constructed. Used nuclear fuel would be transported from the generating
stations or interim storage location to the disposal facility. The used
fuel would be immobilized within containers at the facility, and transferred
underground to the disposal vault for emplacement. After several decades of
operation, the vault would be backfilled and sealed, and the surface facilities decommissioned.
3.1.1.

Reference Site Layout and Surface Facilities

The reference site layout for the proposed disposal facility is
shown in Figure 3.1-1. The land area required for a disposal facility would
be approximately 27 km2, of which 1.7 km2 would be devoted to surface facilities (such as the used fuel immobilization building, waste treatment facilities and headframe buildings), and construction facilities, (such as maintenance yards, storage areas, and parking lots). The site, which would also
include the land area over the vault (approximately 7 k m 2 ) , and a land use
control zone, would be fenced and supervised by disposal facility personnel
during the operating lifetime of the facility.
The major surface facilities would be
the fuel immobilization building;
the active waste shaft headframe building;
the service shaft headframe and associated facilities;
the active waste treatment and management areas; and
the auxiliary site facilities.
The site plan for the surface facilities is shown in Figure 3.1-2.
The surface facilities of the proposed center have been divided into active
and inactive areas. The used fuel and any radioactive residue that could
arise from the immobilization and emplacement operations would be confined
to the active area. This would further be divided into high- and low-level
radioactive waste areas based on the levels of radioactivity.

- 15 -

3.7km

VAULT
EXHAUST
SHAFTS
• •

1.7 km
1.0 km
LAND USE
CONTROL
ZONE

E

FUEL
IMMOBILIZATION
BUILDING

WASTE
MANAGEMENT
AREA

er

^

ADMINISTRATIVE
AND MAINTENANCE
BUILDINGS

l

—,

MINED
ROCK
DISPOSAL

FIGURE 3.1-1:

BACKFILL
STORAGE

Reference Site Layout for the Used Fuel Disposal Facility
(from Acres et al. 1980)

Security and
Safeguards
Boundary

Backfill Storage

Sandfc
Gravel &
Bcntonite
Clay Receiving

I
FIGURE 3.1-2:
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3.1.2

Underground Facilities

The disposal vault would be located on a single level at a depth
of 1000 m. It would consist of a rectangular area, 1700 m wide and 3600 m
long, divided into large operational units (panels). The panels would be
divided into a system of rooms in which the used fuel containers would be
placed. Figure 3.1-3 shows the layout of the underground facilities.
Access would be via three shafts (service shaft, active waste
shaft and downcast ventilation shaft) located at one end of the vault, 200
to 300 m outside the vault perimeter. The shafts and rooms would be connected by five main tunnels (drifts) running the length of the vault, and a
series of panel drifts running from the main drifts to the rooms. The
shafts and drifts would accommodate the movement of used fuel containers,
excavated rock, backfill material, and ventilation and auxiliary vault services. Two ventilation exhaust shafts would be situated at the opposite end
of the vault.
3.2

CONSTRUCTION ACTIVITIES

3.2.1

Site Preparation

Approximately 2 km2 of land would be cleared of existing forests
and/or agricultural vegetation for development of the surface facilities and
construction areas. So:ae area of land might have to be cleared for construction of site access roads, railways and transmission lines.
3.2.2

Construction of Underground Facilities

There would be four stages of vault development.
major activities are summarized in Table 3.2-1.

These stages and

The first stage, access and demonstration, would take place during
the initial 10 years of development. This stage would begin with the sinking of a temporary construction shaft for rock hoisting, followed by construction of a demonstration vault. The second stage is a six-year period
termed primary development. The third stage, called secondary development,
includes the 35-year operating period. The monitoring and closure stage
begins 51 years after the first excavation, and would result in shaft
backfilling and vault closure.
3.2.3

Construction of Surface Facilities

The construction of the surface facilities would take place over
16 years in two stages. During the last four years of primary development
of underground facilities, the first production line in the fuel immobilization building and all required site services would be constructed.
In the following nine years (secondary development stage) the
disposal facility would operate at half capacity. This would allow adequate
time for development and improvement of above- and below-ground operating
equipment and procedures, a slow buildup of operating staff (resulting in
less socioeconomic impact on surrounding communities), more time for training new operating staff, and a reduction of the maximum size of the

1 km
Backfill Rail Haulaijp Dnfi 130 m above)

Rock Rail Haulage Dnft (30 m below)

FIGURE 3.1-3:

Underground Layout of the Conceptual Disposal Facility (Acres et al. 1980).
Drawing is not to scale. Only a fraction of the rooms and panel drifts is shown.
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TABLE 3.2-1
STAGES OF DISPOSAL FACILITY CONSTRUCTION, OPERATION AND DECOMMISSIONING

Stage
Major Activities

1. Access and
Demonstration

- excavation of temporary
construction shaft
- development (operation of
demonstration vault)
- initial rock exploration

2. Primary
- excavation of shafts,
major drifts and bins for
Development
backfill and excavated rock
- installation of waste
and rock handling and hoisting
equipment
- construction of first
fuel immobilization
production line (4 years)
- construction of all required
site services
- panel drift and room
3. Secondary
excavation
Development
- room preparation
- vault operation at
half capacity (9 years)
- container emplacement
- partial backfilling
- construction of second
fuel immobilization
production line
- vault operation at
full capacity (26 years)
4. Monitoring - cessation of immobilization
and disposal operations
and Closure
- monitoring (20 years)
- final room backfilling
(5 years)
- monitoring (40 years)
- drift and shaft backfilling
and sealing (5 years)
- removal of surface facilities

Time
Period
(years)
10

Cumulative
Time
Period
(years)

Task

10

Construction

6

16

Construction

35

51

Operation

70

121
Decommissioning
and vault
closure
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construction force. The construction of a second production line would also
be completed during this stage, followed by operation at full capacity for a
period of 26 years.
3.2.4

Manpower Requirements

Based on the duration of construction activities, it is anticipated that the construction workforce for the surface facilities would peak
at approximately 350 people during primary development and at about 150
during the secondary development stages (Card and Ohta 1981).
Manpower levels for vault construction have been forecast to peak
at approximately 130 persons (not including administrative, supervisory and
operations staff). Combined construction workforce peaks would be about 480
during primary development and 280 during secondary development.
The manpower requirements on an annual basis are presented by Gee
et al. (1983).
3.2.5

Cost Estimates

The cost estimates for the construction of the surface and vault
facilities, summarized from Card and Ohta (1981) and Missio (1982), are
presenteu in Table 3.2-2. The disposal facility has been assumed to be
located within daily commuting distance of a community capable of housing
all employees.

TABLE 3.2-2
NUCLEAR FUEL WASTE DISPOSAL FACILITY
ESTIMATED CONSTRUCTION CAPITAL COSTS*

Surface Facilities (1979$)
capital cost

$237 million

Vault (1979$)
capital cost

$233 million

* Cost estimates do not include any financing charges.

The total direct costs of constructing the surface facilities and
associated services have been estimated to be $154 million (1979$). Indirect costs, which would include engineering, administration, overheads and
taxes, have been estimated to be approximately $44 million, for a total
estimated capital cost of $198 million. Including a contingency of 20%, the
total capital cost of surface facilities would be $237 million (Card and
Ohta 1981).
The total direct capital cost of the underground facilities and
associated structures and services (excluding decommissioning) have been
estimated to be $172 million. Indirect costs have been estimated to amount
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to $22 million, for a total estimated capital cost of $194 million. Including a contingency of 20%, the total capital cost of the vault would be
$233 million.
3.3

TRANSPORTATION OF USED FUEL

3.3.1

Description Of The Transportation System

The used fuel transportation system is in an early stage of development at Ontario Hydro and a firm schedule has been established for the
design and acquisition of a cask system by 1988. Thus, the description and
evaluation of the transportation system is preliminary. More detailed
analysis is presently being carried out In Ontario Hydro's fuel waste
transportation program.
Used fuel would be transported from the generating station or
interim storage location to a disposal facility by truck, train or barge.
In this assessment, the prime consideration has be:en given to transportation
by truck (Figure 3.3-la). Other modes of transportation will be investigated later.
The transportation distances between the used fuel storage location and the disposal facility have been assumed to be 400 km, 800 km and
1600 km for the southern, central and northern regions, respectively.
3.3.2

The Shipping Casks

Two types of casks are being considered for transporting used
fuel. A shipping cask, which is presently used by Ontario Hydro to transfer
used fuel between storage bays at the Pickering Nuc?ear Generating Station,
is shown in Figure 3.3-lb. Operating experience wltu this cask at the generating station has been good. Future off-site shipping casks could be of a
similar size, appearance, shape and handling concept.
Figure 3.3-2a illustrates a conceptual road transportation cask
being evaluated by Ontario Hydro (Oberth 1982). This new type of shipping
cask is being designed to conform to IAEA standards for puncture resistance,
fire resistance and water immersion capability, and will likely be the design used for the transportation of used fuel. A series of tests conducted
by Sandia Laboratories (Jefferson and Yoshimura 1978) on a road cask similar
to the Pickering cask has proven the ability of road casks to survive, intact, even when exposed to "real life" accidents such as the impact of a
locomotive at 120 km.h"1 into a truck-mounted cask at a grade crossing.
Further details of accident analyses for transportation casks are presented
in the Safety Assessment document (Nathwani 1983), and a summary is given in
Section 4.3.
The road transportation cask is assumed to contain one 96-fuelbundle shipping module (see Figure 3.3-2b). Since additional shielding
could be required for a two-module road cask, load restrictions were assumed
to limit payloads to one 36-Mg single-module cask per truck. A rail cask is
assumed to be larger, containing three, or possibly four, 96-bundle shipping
modules.
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FIGURE 3 . 3 - 1 :

Used Fuel Transportation System: (a) Transport Truck with
Cask, (b) Currently Used Fuel Shipping Cask (from Gee et a l .
1983)
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FIGURE 3.3-2:

Conceptual Used Fuel Transportation Cask and Module (a) Used
Fuel Cask Currently Under Design (b) Present Horizontal
Shipping and Storage Module (from Gee et a l . 1983)
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The cask considered for barge transport Is the same as the road or
rail cask, depending upon whether used fuel Is shipped to and from the barge
by truck or train. Multlcask shipments and shipments where the entire cargo
would be one cask are also being Investigated for rail transport (Mlsslo
1982).
3.3.3

Operational Data

The conceptual design Indicates that the dally capacity of the
fuel-receiving operation at the disposal facility, when fully operational
(300 days per year, 24-h shifts), would be 61 modules (approximately 1.5
million bundles per year). To meet the throughput requirements during the
nine years of half-capacity operation (291 600 bundles per year), an average
of 10 truck casks per day or four rail casks per day would be received.
During the 26 years of full-capacity operation (583 200 bundles per year),
20 truck casks per day, or seven rail casks per day would be required to
meet the throughput rate. These estimates, shown in Table 3.3-1, were based
on 1978 estimates of load growth (Card and Ohta, 1981) . A more current
estimate, based on a disposal operation proportional to the 1982 installed
and committed generation, is also shown In Table 3.3-1. This estimate indicates that 6.3 million used fuel bundles would be available for disposal by
2035. At a shipment rate of 180 000 bundles per year, approximately 1875
truck, or 469 to 600 rail shipments per year would be needed (Missio 1982).
This projection has been included for comparison with the reference case.
The time taken for each road or rail cask to be received, unloaded, decontaminated and to exit from the disposal facility has been estimated to be four to six hours (Card and Ohta 1981). To ensure safety during
transportation, it has been assumed that each truck would travel at a maximum speed of 30 km.h"1 in urban areas and 50 km.tr1 in rural areas.
3.3.4

Manpower Requirements

The staff required to transport the used fuel by truck, to and
from the disposal facility, is given in Table 3.3-2. These figures are
estimates only, as the number of employees would vary, depending on the
schedule, driving-time restrictions on the crews, and maintenance required.
The personnel needed for loading and unloading the trucks have not been
included.
3 .3 .5

Cost Estimates

Costs have been estimated for used fuel transportation from the
generating station or interim storage location to a disposal facility for
the rail and truck transport modes. These cost estimates were based on
shipping cask cost and freight cost estimates (Missio 1982).
The operating and capital cost of the truck transport mode would
be substantially less than the cost of rail transport. This is primarily
due to the use of unit trains which represent a transport cost of $131 to
$349 per fuel bundle as opposed to $24 to $95 per fuel bundle for trucks,
depending on distance shipped.
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TABLE 3,3-1
ESTIMATED TRANSPORT FLEET REQUIREMENTS FOR USED FUEL TRANSPORTATION
TRUCK MODE
Truck Fleet Size* Needed For
Reference
Round Trip
Distance
Installed and
Time*
to Disposal
Committed
Full+ Capacity Half1" Capacity
(h)
Operation
Facility (km)
Generation"1"
Operation
1600
800
400

72
42
26

60
35
22

30
18
11

18
10
7

RAIL MODE
Rail Fleet Size** Needed For
Reference
Distance
Installed and
Round Trip
to Disposal
Full"1" Capacity Half"1" Capacity
Committed
Time*!'
Facility (km)
Operation
Generation*"
Operation
(h)
1600
800
400
*

192
120
96

44
28
22

22
14
11

14
9
7

Based on 300 operating days (Sundays and statutory holidays excluded) per
year; one single-module cask per shipment.
** Based on 365 operating days per year; three modules per cask; one cask
per shipment.
^ Missio (1982) .
+
Daily transport rates:
Full Capacity - 20 modules per day
Half Capacity - 10 modules per day
Installed and Committed Generation - 6 modules per day
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TABLE 3.3-2
ESTIMATED EMPLOYMENT FOR THE TRANSPORTATION OF USED FUEL BY TRUCK

Reference
Personnel Requirements
Distance
Personnel
to Disposal Per Truck
Installed
Facility (km)
Full+ Capacity Half" Capacity and Committed
Generation*"
1600
800
400

5.2*
5 .2*
3 .2**

312
182
70

156
94
35

94
55
23

Two, two-man driving crews per round trip plus one maintenance mechanic
for five trucks, plus one spare driver per truck.
One, two-man driving crew per round trip plus one maintenance mechanic
for five trucks, plus one spare driver per truck.
Daily transport rates:
Full Capacity - 20 casks per day
Half Capacity - 10 casks per day
Installed and Committed Generation - 6 casks per day

3.4

OPERATION OF THE DISPOSAL FACILITY

3.4.1

Overview of Activities

The disposal facility would receive used fuel for immobilization
and disposal. The facility's operations ace shown diagrammatically in
Figure 3.4-1, and a description of each step in the procedure is described
in the Ontario Hydro support document (Gee et al. 1983).
For 35 years (nine years at half capacity and 26 years at full
capacity) the disposal facility would operate 300 days per year, 24 h per
day. The remaining 65 days would be for required maintenance. At full capacity operation the disposal rate would be 27 containers per day or 8100
per year, with a cumulative total of 246 483 containers being produced and
emplaced in the vault.
3.4.2

Radioactive Waste Treatment Facilities

Radioactive wastes will be generated during the operation of the
disposal facility. The waste treatment facilities (Gee et al. 1983) will
manage the radioactive airborne, liquid and solid wastes, to ensure that the
total release of radionuclldes to the environment is as far below the permissible limits as reasonably achievable.
Airborne wastes will be treated directly by using high-efficiency
particulate air filters and iodine filters built into the building ventilation systems. Annual operations are expected to produce about 500 m 3 of
low-level solid waste. It will be sorted and stored in concrete bunkers on
the disposal site. Low-level liquid wastes may be treated to remove most

SURFACE
FACILITY
OPERATIONS

I

''

Emplacement In Room

FIGURE 3.4-1:

Fuel Immobilization
(lead pouring)

Back Filling

Overview of Activities at the Conceptual Used Fuel Disposal Facility (Acres et al
1980)
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of the radionuclides prior to release to local surface waters. High-level
wastes generated on site will be contained and disposed of in the vault.
3.4 .3

Nonradioactlve Emissions and Waste Control

Nonradioactive emissions from the disposal facility would include
airborne material, liquid effluents, and solid waste. Airborne emissions,
such as dust, are treated as radioactive and are discussed in Sections 4.A.I
and 4.5. The liquid effluent sources would be the surface drainage and
vault drainage systems. The domestic sewage system, sized for 20 L'S"1,
would discharge the waste into two sewage lagoons. Sanitary waste treatment
would be provided to ensure that the treated effluents conform to the
Ontario Ministry of the Environment's (MOE) water quality guidelines
(Ontario 1978c).
Laundry wastes containing phosphate discharges would be directed
to the active liquid waste treatment system. If necessary, additional
treatment would be used to ensure that the MOE's 1 mg«L~l total phosphate
discharge guideline is met.
The vault drainage system would have a minimum capacity of
631 L's"1 (Card and Ohta 1981). To facilitate water drainage in the vault,
the major drifts, panel drifts, and emplacement rooms would have sloped
floors. Vault drainage water would be pumped to the surface and discharged
to a settling pond. If radioactive contaminants were detected, the water
would be redirected to a holding pond. Effluents from the holding pond
would be directed to the radioactive liquid waste system for treatment.
It is anticipated that general trash, refuse and garbage, would be
deposited in covered bins and transferred from the site by a disposal contractor.
3.4.4

Manpower Requirements

The surface facilities would operate 24 hours per day, 7 days per
week, 300 days per year, and routine maintenance activities would be performed on the facilities. The numbers of personnel required annually have
been published by Gee et al. (1983). For the first nine years, when only
one production line is operating, 521 people would be needed. When the
second line begins operation, the personnel would increase to 663. This
requirement would remain constant until after the facilities were shut down.

3.4.5

Cost Estimates

The estimated operating costs for the surface and underground
facilities have been summarized from the work of Card and Ohta (1981) and
Missio (1982). It is assumed that the disposal facility will be located
within a daily commuting distance of an established community capable of
housing all employees. There has been no allowance for the operating costs
of a demonstration vault.
The annual operating costs for the surface facilities during halfcapacity operation (nine years) have been estimated at approximately
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$99 million per year. During full-capacity operation (26 years), operating
costs have been estimated at $185 million per year. Approximately half of
the annual operating costs would be for the stainless-steel disposal containers. Lead would also represent a significant portion of operating
costs, comprising approximately 18 percent of the annual costs (Card and
Ohta 1981).
The annual operating costs for the underground facilities during
half-capacity operation have been estimated to be $18.7 million per year.
During full-capacity operation the cost would be $24.5 million per year for
a total lifetime operating cost of about $800 million.
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4.

ANALYSIS OF RADIOLOGICAL EFFECTS

ON MAN AND THE ENVIRONMENT UNDER NORMAL CONDITIONS

4.1

INTRODUCTION

The assessment of the disposal concept requires a radiological
analysis for each disposal activity. During the construction phase, there
will be no radioactive material on site, but radiation exposure may result
from release of naturally occurring radionuclides due to underground construction. The transportation of used fuel from interim storage locations
or from generating stations to the disposal facility will result in very low
radiation exposure. The transportation casks provide shielding from the
radiation and contain the fuel in the event of transportation accidents.
The radiation exposure to the public from these shipments is summarized in
Section 4.3, and the estimates of exposure for the workers are shown in
Section 7.2.2. Operation of the used fuel disposal facility will result in
low-level radioactive emissions to the environment. Design and operational
efforts will concentrate on keeping these emissions as low as is reasonably
achievable. The emissions, exposure pathways, and estimated doses are summarized in Section 4.4. The radiation risks to workers in the disposal
facility are summarized in Section 7.2.3. The radiological effects during
decommissioning of the disposal facility are expected to be similar to those
during operation of the facility.
4.2

RADIOLOGICAL EFFECTS OF CONSTRUCTION

There will be no radioactive materials on the disposal site during
construction of the surface facilities and the first stage of vault construction of the underground facilities. However, excavation of the disposal vault will result in the release to the atmosphere of naturally occurring radon and radon daughters. This type of release is called technologically enhanced radiation exposure - natural radiation exposure that is enhanced by man's activities. An estimate of the amounts of naturally occurring radionuclides that could be released from a vault excavated in granite
is given in Table 4.2-1 (U.S. Department of Energy, 1980).
To put these emission rates into perspective, 2Z2 Rn emanation from
surface soils is about 37 mBq«m~2«s~x (1100 GBq«km~2«a~ l ) . Therefore 222 Rn
emission from a disposal vault (700 GBq^a"1) would be less than the emanation from 1 km 2 of soil in the environment. Radon emissions resulting from
excavation of a disposal vault therefore represent a very small increase to
natural radon emanation in the environment.
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TABLE 4.2-1
ESTIMATED ANNUAL RELEASES OF NATURALLY OCCURRING RADIONUCLIDES
TO AIR FROM EXCAVATION OF A FUEL DISPOSAL VAULT* (U.S. DOE 1980)

Nuclide
220
222

212

Rn
Rn

Pb
211
*Pb
210
Bi

Airborne Release
(GBq.a" 1 )

740
700
0.059
1.10

700
700

(Ci.a-1)

20
19
0.0016
0.03

19
19

U.S. vault is about three times larger than vault assumed for this
assessment.

4.3

RADIOLOGICAL EFFECTS OF USED FUEL TRANSPORTATION

The transportation of highly radioactive used fuel in specially
designed transportation casks results in a very low radiation dose only to
people in close proximity to the transport vehicles. Detailed calculations
of the doses are contained in the supporting documentation (Gee et al.
1983). Potential accidents during transportation are summarized in
Chapter 8.
The radiation dose to the population is calculated for three
transport modes - truck, rail, and barge - in the three Shield regions
(Green and Donnelly 1983). The population dose is a function of the shipping distance; therefore for the northern region the population doses
(1600 km travel) are the highest. For transportation to sites located in
the central or southern Shield regions, the doses would be lower by a factor
proportional to the distance travelled.
Table 4.3-1 summarizes the annual population dose as a result of
normal truck transport to the northern region. The largest radiation dose
to the population would result from vehicles sharing the transport route
with the shipment. The magnitude of the results is primarily due to two
factors: the close spacing (3 m) between the shipment and passenger
vehicles, and the large number of people exposed. The radiation dose to
persons living along the transport routes would be very low primarily
because of the greater distance between the shipment and the population
(greater than 30 m ) .
The maximum estimated dose to any individual as a result of shipping used fuel in casks would be about 30 p S v a " ', As this dose is only
1.5 percent of the dose from natural background radiation (1900 (iSv for a
typical member of the population), it is considered very low. Rail
transport would result in an even lower population dose, with the lowest
population dose resulting from barge transport.
Hence, no unacceptable radiological effects on the public would be
expected from the used fuel transportation system operating under normal
conditions.
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TABLE 4.3-1
SUMMARÏ OF THE ANNUAL POPULATION RADIATION DOSE AS A RESULT OF
NORMAL TRUCK TRANSPORT OF USED NUCLEAR FUEL TO THE
NORTHERN SHIELD REGION

Shipments per year

Full-Capacity
Operation
26 years

Half-Capacity
Operation
9 years

Installed and
Committed
Generation
Scenario

6075

3038

1875

Dose (man-Sv)
Pmov
Pstop
Popp
Psame

0.016
0.073
0.41
0.55

0.008
0.037
0.21
0.28

0.005
0.023
0.13
0.17

Ptotal

1.0

0.52

0.32

Pmov is the radiation dose to the population close to the transport route
while the shipment is moving
Pstop is the radiation dose to the population while the shipment is
stopped
Popp is the radiation dose to persons in vehicles that share the transportation route, traveling in the opposite direction.
Psame is the radiation dose to persons in vehicles that share the transportation route, traveling in the same direction.

4.4

RADIOLOGICAL EFFECTS OF DISPOSAL FACILITY OPERATION

4.4.1

Emissions from the Disposal Facility

Operation of the disposal facility will result in radioactive
emissions to the environment. The facility will be designed and operated to
keep these radioactive releases as far below regulatory limits as reasonably
achievable. The radioactive emissions from the surface facilities could be
dispersed to the environment primarily via ventilation exhaust air and discharged service water. The active waste management systems will control
these emissions to ensure that releases will conform to regulatory limits.
Radioactive emissions from the emplaced used fuel have not been
included in this pre-closure assessment. The high integrity of the emplaced
immobilized fuel, and the long transport times from the vault through the
geosphere to the biosphere, make the exposure of man via this route highly
unlikely during the relatively short time period of the pre-closure phase.
The potential escape of radionuclides from the emplaced fuel waste in the
long term has been evaluated in detail in Volume 4 of this report (Wuschke
et al. 1985b).
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Emissions from the fuel disposal facility (Gee et al. 1983) are summarized
in Tables 4.4-1 and 4.4-2, respectively. The estimate of airborne radioactive emission has been derived by assuming a defective fuel bundle rate of
0.3 percent, and the resultant loss of 1 percent of the particulates, and a
variable release rate of the gaseous nuclide inventory. The radioactive
emissions in Table 4.4-1 were estimated using the assumption that
99.997 percent of the particulates are removed by filtration prior to being
released through the ventilation exhaust stack. No credit is given for
removal of gases released from the failed element inventory.
For waterborne emissions, it was assumed that 1 percent of the
particulates from the failed fuel bundles would be contained in decontamination water used in the hot cells. The water would be decontaminated by the
liquid waste management system. The radioactive emissions in Table 4.4-2
are based on the assumption that 99.99 percent of the particulate activity
is removed. Details of the assumptions and derivation of the source terms
are found in the Ontario Hydro assessment documents (Gee et al. 1983).
The assumptions made in deriving the source terras have probably
led to overestimates of emissions. For instance, the assumed fuel handling
rate (Card and Ohta 1981) is about five times higher than the predicted
rates from current and committed nuclear generating scenarios. The fuel
defect rate assumed is thought to be high, but since the immobilization
process is new, its emission potential could only be estimated from the
defect rate associated with reactor operation. In addition, no credit is
given to removal of radionuclides from waterborne emissions by water treatment processes. These source terms are, therefore, expected to provide
conservatively high dose estimates, particularly for waterborne pathways.
4.4.2

Environmental Exposure Pathways

Upon entering the environment, the emissions can lead to a radiation dose to man via a number of routes or "pathways", as shown in
Figure 4.4-1. The environmental exposure pathway begins with radioactive
emissions to the environment, and proceeds through a number of compartments,
through which the radionuclide is transported until it comes into contact
with humans or other biota. Certain pathways are of primary importance,
others are relatively minor. The derived emission limits for the disposal
facility will be established by determining the most important radionuclides, and the dominant exposure pathways.
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TABLE 4 .4-1
ESTIMATES OF AIRBORNE RADIONUCLIDE EMISSIONS
FROM THE REFERENCE DISPOSAL FACILITY

Annual Emissions
with F i l t r a t i o n (GBg . a - 1 )
Isotope
Gaseous Release
3

H

14

C

85Kr
90
Sr
l° 6 Ru
125
Sb
125^
—t

131

*Cs
Cs
ltt7
Pm
239p u
2"t0pu
241p u
2^Am
137

Particulate Release

3.1 E+03
1.0
1.2 E+03
0
6.93
0
0
1.05 E-02
0.11
4.03
0
0
0
0
0

0
3.03
0
1.42
2.10
2.24
5.52
7.88
5.57
2.02
5.01
1.65
2.35
1.33
2.75

E-05
E-01
E-03
E-03
E-04
E-08
E-03
E-01
E-02
E-03
E-03
E-01
E-03

TABLE 4.4-2
ESTIMATES OF TOTAL WATERBORNE RADIOACTIVE EMISSIONS
FROM THE REFERENCE DISPOSAL FACILITY

Isotope
3H
14

C
90
Sr
106
Ru
125sb
125Te
129j;
131
*Cs
137 C s
llt7
Pm
239 P u
240 p u
241p u
2l4l
Am

Annual Emission
(GBq«a -1 )
3.1
1.0
0.5
6.93
7.9
1.9
1.05
0.13
4.7
0.18
5.8
8.3
4.7
9.7

E+03

E-03
E-03
E-02

E-03
E-03
E-01
E-03
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FIGURE 4.4-1:

Radiation Pathways to Man from Used Fuel Transportation and
Disposal (Gee et al. 1983)
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4.4.3

Individual Dose Equivalent Estimates From
Disposal Facility Operation

The average individual dose to the public from natural background
radiation is approximately 1900 nSv.a"1 (G ee e t al. 1983). Tables 4.4-3 and
4.4-4 summarize the potential individual dose to the general public that
could result, in addition to the natural background dose, from operation of
the disposal facility. Table 4.4-3 considers individual radiation doses
from airborne emissions, while radiation doses from waterborne emissions are
shown in Table 4.4-4.
The dose to individuals and other biota via airborne emissions
would be small for all Shield regions, and would represent a negligible
impact on human and animal health. The total dose to individuals from
airborne emissions would be smaller than the natural background radiation
dose (Table 4.4-3).
The dilution available for airborne emissions would be almost
independent of site features, depending mostly on weather and distance for
dispersion. However, dilution available for emissions to water bodies would
be highly site dependent, as shown by the results of this assessment for
aquatic pathways. Dose to the public from emissions to water bodies would,
as expected, be dependent on the size of receiving lakes or flow rate of
receiving rivers.
Three waterbody scenarios are assumed: isolated lakes, chain
lakes and rivers. For isolated lakes the analysis has been based on lakes
10 km2 in area, whereas for a chain of small lakes it has been assumed that
the first receiving lake is only 1 km in area. Calculated flow through the
lakes varies from region to region because of differences in drainage area
per lake, runoff, precipitation and evaporation. For rivers, the analysis
has been based on the mean minimum flow of the quarter having the lowest
flows.
The results for aquatic pathways show that smaller
have enough diluting capacity to keep individual doses lower
variation in natural background dose. This conclusion could
when more accurate source terms are available. Emissions to
bodies require further analysis.

lakes do not
than normal
be modified
small water-

As with the airborne pathways, the dose to individuals via waterborne emissions, excluding the small lake scenarios, is small for all Shield
regions and aquatic pathways, and represents a negligible impact on human
and animal health.
4.5

EFFECTS OF RADIATION ON BIOTA OTHER THAN MAN

It has generally been accepted by the scientific community that
radiation guidelines and standards accepted as being adequate for the protection of man would also be suitable to protect other living organisms
(USNRC 1978, Preston 1975, Kay 1973, USNAS 1971).
Animals, in general, have high natural mortality rates. As such,
death to individual members of an animal population from radiation exposure
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TABLE 4.4-3
ESTIMATED ANNUAL EFFECTIVE DOSE
EQUIVALENT TO AN INDIVIDUAL FROM AIRBORNE EMISSIONS

Shield
Region

Inhalation Immersion Food Chain
Pathway
Pathway
Pathway
(uSv)
(uSv)
(nSv)

1.6
1.2
1.0

South
Central
North

0.00098
0.00074
0.00062

0.72
0.55
0.46

Contaminated
Ground
TOTAL
(HSv)
Pathway
(liSv)

7.6
5.8
4.8

5.9
4.5
3.8

% of
Natural
Background
0.40
0.30
0.25

TABLE 4.4-4
ESTIMATED ANNUAL EFFECTIVE DOSS EQUIVALENT
TO AN INDIVIDUAL FROM WATERBORNE EMISSIONS*

Dose
Dose
Dose
from
Dose
from Beach
Drinking from Fish from
Ingestion Swimming Sediment
Water
(|iSv)
(|iSv)
(HSv)
(nSv)

Water
Source

*

RIVERS
North
Central
South

1.6
1.3
7.7

35.0

LAKES
North
Central
South

1.7
2.0
2.5

11.0
14.0

CHAIN
LAKES
North
Central
South

12-200
7-160
8-190

81-1300
48- 970
49-1100

Note:

7.4
6.0

9.1

Total
Dose

% of
Natural
Background

9.6
7.8

0.0011
0.0008
0.0052

0.61
0.48
2.90

46.0

0.5
0.4
2.4

0.0012
0.0014
0.0017

0.9
1.1
1.3

12.0
14.0
18.0

0.6
0.7
0.9

93-1400
55-1100
57-1300

Time = 35 years after facility begins operating.

5-74
3-58
3-68
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would not likely be detectable among the many natural mortality factors such
as prédation, disease or population cycles. Therefore, the only radiation
effect of potential significance for an animal population exposed to significant levels of radiation would be impaired fertility. Acute exposure of
the gonads to doses exceeding 4 Gy are required to induce sterility in
humans (USNRC 1980). Acute whole-body exposures of male mice under eight
months of age to doses up to 10 Gy have been shown not to impair fertility
(USNRC 1980). Therefore, the likelihood of radiation effects in the form of
reduced reproductive potential is low.
The Committee on the Biological Effects of Ionizing Radiation
(USNRC 1980) reached the following conclusions:
(1)

If exposed to the same acute radiation dose, no animal species
would be at very much greater risk than man.

(2) Probably no other living organisms are more radiosensitive than
man, so if man as an individual is protected, then other organisms
as populations would be most unlikely to suffer harm.
Aquatic bioconcentration of radionuclides, a potentially important
pathway to man, is also of concern because of the possible internal doses to
aquatic organisms. However, based on evidence accumulated to date, no significant deleterious effects are predicted for populations of aquatic organisms resulting from routine radioactive emissions from nuclear reactors or
reprocessing facilities (Blaylock and Witherspoon 1975). A report of the
International Atomic Energy Agency (IAEA) stated that at chronic low-level
dose rates, no deleterious effects on aquatic organisms are expected

(IAEA 1976).
With respect to effects on plants, the BEIR report maintains that
"it is difficult to conceive of significant harm to plant populations from
radiation exposures that could occur under conditions which were acceptable
to man" (BEIR 1972). In general, plants are less sensitive to irradiation
than animals (USNRC 1978).
4.6

ENVIRONMENTAL PROTECTION AND MITIGATION

The mitigation of the radiologie effects on man and the environment would primarily be accomplished by the design of transportation and
operating systems to keep radiological exposures as far below limits as
reasonably achievable. The mitigative measures that would minimize the
radioactive emissions to the air and water from the disposal facility are
summarized in the detailed assessment (Gee et al. 1983). Implementation of
other mitigative measures may be required, and these will be identified at
the site selection stage. The effectiveness of the mitigative measures will
be evaluated by monitoring, as described in the following paragraphs.
Radiologie surveillance in the vicinity of nuclear facilities,
such as a nuclear generating station or a disposal facility, is intended to
ensure that the operation of the facility is in accordance with regulatory
requirements. The radiologie surveillance typically consists of four periods. The first three periods are discussed below, and the fourth period,
surveillance after site closure, is discussed in Section 9.
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(1)

Preliminary Surveillance Prior to Site Acquisition

The objective is to determine characteristics that could affect
the overall suitability of the site with respect to radiological emissions.
For example, population size and distribution, atmospheric and water
movements, local food consumption and environmental usage patterns would be
recorded. Certain characteristics of the natural environment, such as water
hardness and sedimentation rates, that could affect reconcentration of radionuclides would also be examined. The environment would be sampled and
monitored to provide site-specific information.
(2)

Pre-Operational Surveillance

The objective is to determine levels of radioactive contamination
and exposure due to natural background, atomic weapons fallout, or other
man-made or technologically enhanced sources of radioactivity. These measurements would provide a baseline for estimating radiological impacts
through subsequent monitoring during operation of the center.
(3)

Operational Surveillance

During the early operational stages of a nuclear facility more
comprehensive monitoring of the environment is usually required than is
necessary when the facility has reached a mature and relatively stable operation. Early operational monitoring would provide information on radionuclide pathways through the environment and their concentrations. The most
important radionuclides and pathways would be identified, and surveillance
activities modified as necessary to ensure all significant radionuclide
pathways have been considered. This would permit an effective operational
surveillance program.

5.

5.1

ANALYSIS OF NONRADIOLOGICAL EFFECTS
ON THE NATURAL ENVIRONMENT

INTRODUCTION

The assessment of nonradiologic effects of the disposal facility
has focused on three primary activities: construction of the disposal
facility; transportation of used fuel to the disposal facility; and
operation of the disposal facility. An analysis of these effects is
summarized in the following three sections, based on the details, Ontario
Hydro assessment (Gee et al. 1983).
5.2

EFFECTS OF CONSTRUCTION

During construction, most environmental effects would likely be of
a negligible or acceptable nature, provided that appropriate siting and
environmental protection measures were taken. Although some effects would
be clearly evident, such as the loss of vegetation and wildlife as a result
of site clearing and grading, the implementation of appropriate controls
would eliminate or reduce these effects to acceptable levels.
Most atmospheric environmental effects would be from dust and
particulate emissions generated from site clearing, excavation and filling
operations, rock crushing and vehicle traffic. These emissions would be
temporary and restricted to the immediate site area. Paving of roadways,
periodic water spraying, and other dust control measures would help minimize
dust erosion. Experience at other projects indicates that air quality would
not likely be altered appreciably during construction, and that any changes
would probably be temporary and localized.
Effects on the aquatic environment during construction would likely be largely associated with site runoff. Site runoff may result in elevated water-turbidity levels and sedimentation, temporarily affecting aquatic flora and fauna. As well, any offshore blasting or dredging would
affect aquatic life temporarily. Site erosion controls, adherence to the
Ontario Ministry of the Environment marine construction guidelines and
limiting construction during periods of peak fish sensitivity would minimize
aquatic environmental effects to acceptable levels. These effects would
generally be temporary and recolonization of disturbed areas could be expected soon after construction stops.
Construction of a disposal facility would result in the clearing
of native vegetation, displacement of local wildlife and decreased soil stability. Clearing would be restricted to only those areas required for surface facilities to preserve as much of the existing vegetation as possible
and to minimize soil erosion and landscaping. Construction is not expected
to adversely affect regional wildlife populations or migrating waterfowl.
Implementation of appropriate shore erosion control measures would minimize
the potential for excessive sedimentation In local water bodies. The use of
appropriate construction techniques would minimize any adverse effects from
construction on permafrost. While it is not expected that the disposal
facility would be in a permafrost area, the northern region does include
areas of permafrost.
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A significant effect on land-use capabilities would occur if a
disposal facility were to be located on agricultural lands, Indian lands,
park lands, valuable timber lands, and lands capable of being used for
exceptional recreational purposes. The incorporation of appropriate siteselection criteria would ensure that such lands were avoided.
5.3

THE EFFECTS OF USED FUEL TRANSPORTATION

The used fuel transportation system would not likely cause any
significant effects on the natural environment. Two potentially detrimental
effects were identified. It was shown that the effect of transport vehicle
emissions on atmospheric pollution levels is expected to be negligible in
comparison with existing levels in urban areas, and to fall within regulatory limits of acceptability elsewhere. Transportation of used fuel by
truck would be a relatively insignificant addition to the average daily
traffic volumes in the Shield regions. The additional traffic burden could
be significant, however, in some local congested areas. The effect of train
transportation would be greater if unit trains were used instead of multicask shipments being transported with other freight. Details of the assessment are included in Gee et al. (1983).
5.4

THE EFFECTS OF DISPOSAL FACILITY OPERATION

The operation of the disposal facility in a Shield region will
have both radiological and nonradiological effects on the natural environment. The radiological effects were described in Chapter 4. The potential
nonradiologic effects of disposal facility activities on the atmospheric,
aquatic, and terrestrial environment are summarized in the following sections.
5.4.1

Atmospheric Effects

Emissions of dust and particulates from the excavated rock disposal and backfill storage operations may affect local air quality. It is
expticted to be a local effect only, that can be controlled by implementing
appropriate dust control procedures.
Lead melting associated with the reference fuel immobilization
process would be expected to give rise to some lead particulate emissions.
The maximum predicted ground-level concentration, however, is less than
10 percent of the concentration allowed by regulation in Ontario. Emissions
cf sulphur and nitrogen oxides and particulates from operation of the coalfired boilers may also affect local and regional air quality. However,
given the relatively small size of these boiler units, air quality is not
expected to be significantly affected provided normal modern air pollution
controls are applied.
5.4.2

Aquatic Effects

Any nonradiological effects on the aquatic environment resulting
from operation of a disposal facility are expected to be from operation of
the water supply system and from site runoff.
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The water supply for the disposal facility is assumed to be drawn
from either a river or a lake* To ensure protection of aquatic life, water
quality and users of a natural water supply, it is assumed that only a small
portion of the river flow, or of the lake volume, can be withdrawn. The
assessment indicated that a river with a mean monthly minimum flow of at
least 3500 L^s" 1 or a lake larger than 1 km 2 would be required. Information
on water use requirements is limited, and further work is necessary.
The water effluent from the disposal facility may affect physical
and chemical water quality of the receiving water body. It is assumed that
conventional treatment of discharge waters will be provided to ensure that
the existing quality of the receiving water body is not impaired and that
treated effluents conform to the Ministry of the Environment's water quality
guidelines. Saline or brine groundwater may be encountered in the vault
excavation and pumped to the surface. This groundwater may have to be
treated prior to release to the environment.
Precipitation runoff from the excavated rock disposal, backfill
storage and ash disposal areas may affect the quality of receiving water
bodies and groundwater. However, a number of protection and control measures are available to ensure that runoff does not contaminate surface or
groundwaters.
5.4.3

Terrestrial Effects

The most substantial effects on the terrestrial environment will
have occurred during construction, but wildlife may continue to avoid the
site during the operation phase because of noise primarily from crushing and
screening operations. Dust and other atmospheric emissions may continue lo
affect the vegetation.
Siting excavated rock disposal and backfill storage areas on permafrost or moisture-rich soils such as wetlands would likely cause soil
subsidence and erosion. These effects can be eliminated by careful siting
of storage and disposal areas on soils with appropriate load-bearing capacities. Providing adequate drainage and, in the case of permafrost, an insulating layer over the permafrost will help minimize any adverse effects.
5.5

COMMITMENT OF NONRENEWABLE RESOURCES

The assessment has shown that, of all the nonrenewable resources
required for operation of the disposal facility, only lead could be a "critical" resource in terms of insufficient supply or known reserves.
At the full-capacity operation (583 200 fuel bundles«a"*), the
annual lead requirement would be approximately five times the refined lead
production in Ontario. The total lead requirement of about 1.3 million Mg,
over the operating life of the facility, represents approximately four times
the current known reserves of lead in Ontario. For the installed and committed nuclear generation scenario, the total lead requirement of 452 500 Mg
is almost twice the current known lead reserves in Ontario. The lead
requirements are also considered to be significant in comparison to Canadian
production, consumption and known reserves.
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5.6

ENVIRONMENTAL PROTECTION AND MITIGATION

The assessment of the potential nonradiological effects of used
fuel transportation, and construction and operation of a disposal facility
on the natural environment indicated that the effects would generally be
comparable to those that could be expected for any large industrial facility. No exceptional impacts were identified. The control and mitigative
measures are generally those that are typically required, to varying
degrees, in any large industrial project.
Environmental protection, control and mitigative measures would be
incorporated in the project design and the management plan at increasing
levels of detail as the project progresses. Environmental assessment is an
iterative process in which all potentially significant environmental effects
contribute to the criteria to be used in site selection.
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6.

6.1

ANALYSIS OF COMMUNITY AND SOCIOECONOMIC IMPACTS

INTRODUCTION

Many of the attributes of the disposal concept and activities
associated with a disposal facility are expected to affect the social characteristics of the community hosting the disposal facility and the population along the transportation routes. It is important to understand those
interactions that directly or indirectly induce change in the reference
communities, as they identify project characteristics and community conditions that must be considered for monitoring or mitigative actions.
Gee et al. (1983) have considered the potential interactions of
disposal facility construction and operation and used fuel transportation on
the social and community factors discussed in Section 2.4.1. The effects
have also been summarized by social factor for each of the reference
communities (Gee et al. 1983). Many of the significant effects, or impacts,
are very similar for the town, township and county reference communities,
while others are unique to the specific commuity. Mitigative measures are
designed to minimize harmful effects and maximize the benefits.
The potentially significant effects arising during disposal facility construction and operation, and during used fuel transportation are
discussed In Section 6.2 and Section 6.3. For brevity in this report the
impacts for the disposal facility are organized by reference community
rather than by social factor. Mitigative measures are addressed in
Section 6.4, and the necessary monitoring activities are considered in
Section 6.5.
6.2

POTENTIAL IMPACTS OF DISPOSAL FACILITY CONSTRUCTION
AND OPERATION

The social impact analysis was conducted on four reference communities: a town, township, county and a new town in an area of unorganized
territory. The analysis assumes that a disposal facility is placed in each
of these communities, and the potential impacts are identified based on the
characteristics of each community. Since social and economic impacts are
very community specific, real communities have been used in the analysis.
However, the real communities are not identified, because there is no intention to imply that these communities would be appropriate for site selection. In the following four sections, each community is described based on
secondary data collected prior to 1982, and a summary of the potential
social impacts is given.
6.2.1

Town

6.2.1.1

General Description of the Town

The town, with a population of about 12 000, has experienced slow
growth and a varied history. More than half of the population is French
Canadian.
Today, the town is primarily single-industry with over 50 percent
of the workforce employed in the forest industry Dy one company. The
service and clerical sectors are the second-largest employers in the town,
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but due to the dependence on the forestry industry, the occupational diversity is more limited than In most Ontario towns. The wilderness environment
in the area has fostered an active tourist industry.
It seems unlikely that another major employer will move into the
area in the near future. A mining company is considering a development near
the town that could employ approximately 300 people. Unemployment is
slightly above the provincial average and is highest in the construction
industry. Ninety-five percent of the labour force is unionized.
This community appears to be well serviced with water and sewer
facilities, and can accommodate a large population increase. It is in a
sound financial position although there Is a high average tax burden per
household. The residents are active in community organizations ranging from
sports clubs to church groups. The town Is serviced by bus, rail and community and private airline service. A major highway runs through the community.
The educational facilities are underutilized and can accommodate
additional, large numbers of students. A wide variety of technical training
is available. General medical services are available but there is a shortage of medical specialists.
6.2.1.2

Potential Social and Economic Impacts on the Town

In the town, there would likely
levels. During the construction phase of
of an average 400 unemployed construction
the operation of the facility, employment
would be required.

be a decline in local unemployment
the disposal facility, up to 335
workers could be hired. During
of close to 400 local workers

New housing would be required. An estimated 280 to 340 new housing units would be needed, which is slightly less than 10 percent of the
existing he using stock. Property values would increase until closure of the
disposal facility.
The educational facilities would be affected by the increased
population, and up to 15 additional teachers could be required during the
construction and operation of the disposal facility. A monitoring program
may determine if the increased school tax will be offset by the increased
population.
Other social impacts that may occur due to the population change
are: the values and lifestyles of the local people and the inmoving workers
may differ; the newcomers may remain apart, enter local politics, and bring
about changes not desired by long-term residents; and French and English
differences may be accentuated.
In addition, the high technology and nuclear aspects of the new
industry may attract unwanted attention to the town. The risk perception
could become important, but the data are insufficient to determine the
impact.
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6.2.2

Township

6-2.2.1

General Description of the Township

This community is a small, isolated township with a population of
about 5 000. It is an older, resource-based community.
In the last 40 years, a primary industry has been the major employer, employing over 1 000 people at its lifetime peak. Forestry products
and service industries are also large employers.
The township has recently suffered serious setbacks as two mines,
which employed 40 percent of the labour force, have closed. Current prospects for replacement of the jobs are limited, and residents have already
begun to move to other communities. The situation, however, is not as
severe as it might be. An industrial developer has recently begun construction of a new plant. This reaffirms the residents' belief in the viability
of the community.
Housing is adequate to meet present needs, but the quality of many
of the vacant units is low and would be unsuitable for long-term or family
accommodation. There are very few serviced housing lots available. Additional servicing and any improvements would be expensive due to the
costly excavation of the exposed bedrock.
The township has experience in planning and it has a full set of
planning documents. A planning coordinator has been hired. The township is
currently in a good position with respect to service levels, debt position
and financial management.
The township is served adequately by rail, bus and road although
the main highway is often in need of repair. The area supports an active
tourism industry.
The township is underserviced with medical care when compared to
other Ontario communities. General medical doctors and specialists are in
short supply.
Community services and facilities are excellent. The majority of
residents have settled there on a long-term basis. The older residents are
relunctant to abandon their personal investment of time and energy in the
community or their financial investment in property. This attitude has
generated a great deal of involvement in community projects such as the
community center, support of recreational clubs and facilities and interest
in the new industry under construction. As a social milieu, the township is
a dynamic community.
6.2.2.2

Potential Social and Economic Impacts in the Township

The economic base of the township would be significantly improved
by the disposal facility. Not only could there be increases In personal
incomes, but there would be increased spending from project workers during
construction and operation of the facility. An increase in contract work
during construction could encourage local workers to stay in the community.
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In general, there would likely be a boost in the local economy during operation, for services such as house construction and project-related service
contracts.
The disposal facility would provide good opportunities for local
employment during construction. When operational, the facility would become
a major employer, possibly creating jobs for 300 local residents. Some of
the local unemployed labour force would be absorbed, but the demand for
workers could be so high that it would draw both employed and unemployed
people from other sectors and existing businesses.
Many vacant housing units would become occupied during construction. A minimum of 200 housing units would be required for the long-term
operating phase, which would be an increase of at least 10 percent of the
existing housing stock. Construction costs would be high, due to excavation
of bedrock. Local property values would increase.
Since the township is currently experiencing a shortage of doctors
and dentists, the increased population could increase this problem. It may
be difficult to attract new doctors and dentists. On the other hand, the
increased technological and economic base may help to attract medical and
other professionals.
Many of the social effects could be similar to those in the town.
The values and lifestyles of the inmoving workers and their families could
be different from the local residents, and thus cause polarization of the
two groups. For example, the leisure activities of the two groups could be
different. The high technology and nuclear nature of the new industry may
be perceived differently by the two groups, and thus a risk perception issue
could develop. This type of impact could be intensified by the community
attaining a high profile, and thus becoming a focus for nuclear concern in
Canada. However, Insufficient data were available to determine the specific
degree of such social impacts.
6.2.3

County

6.2.3.1

General Description of the County

The county has a population of approximately 45 000. Population
growth has been slow and the absolute population is forecast to decline. It
covers an area of 300 000 ha and is comprised of twelve townships, some
towns and a village. A variety of economic activities provides a livelihood
for the residents. The economic base of the towns revolves around a number
of small, light manufacturing industries, government employment, the railway
and the retail service sector. The village and the townships are located in
the more rural areas of the county and are primarily involved in farming and
tourism.
The county has encountered a number of economic difficulties, particularly in the area of manufacturing. Several fairly large manufacturing
firms have ceased operations in the past few years. Some of the communities
have been able to attract other industries, while others have had difficulty
attracting any, primarily due to the lack of serviced industrial sites. The
attraction of additional industry would help to improve the tax base.
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Throughout the county, attempts are being made to initiate economic
development programs.
Attitudes towards growth and development vary somewhat. Younger
residents and those connected with businesses have a positive attitude
towards economic growth. Older residents, however, prefer to see conditions
remain the same and are apprehensive about any type of development.
Residents within the county are active in a number of groups and
organizations, most of which are service and socially oriented. The large
number of historical societies, architectural conservation groups and
heritage committees illustrates the interest and concern for community
history. As well as having an interest in the social and cultural
development of their communities, the residents are becoming increasingly
more active in community development and planning. Numerous special needs
programs are available.
Each of the towns has a planning board and an official plan and
zoning bylaws. The municipal water supply is adequate in the towns.
However, the sewer facilities are being used to capacity in the larger towns
and would require expansion if there were new growth. Other small towns do
not have sewage treatment facilities.
The county has two municipal airports for light aircraft and is
serviced by Canadian National Railways and CP Kail. A private bus company
provides service between the towns. Weekly and daily newspapers are published in the county.
School enrollment has been declining in the past four years and
facilities are now underutilized. Enrollment is projected to continue to
decline and some schools may be closed. A community college is located in
the county.
Recreation and tourism consists mainly of summer activities such
as going to the cottage, camping, swimming and boating. Local recreational
facilities are limited and tourism Is not a dominant industry.
Medical facilities are adequate. The number of general practitioners Is higher than the provincial average, but there is a shortage of
medical specialists.
6.2.3.2

Potential Social and Economic Impacts on the County

The construction of the disposal facility could provide employment
for about 25 percent of the unemployed in the county, and the operation of
the facility could create employment for up to 35 percent of the unemployed.
Low wage earners from other industries in the area may also be attracted by
higher salaries at the facility.
Since the sewers and sewage treatment in the county are presently
inadequate, upgrading of these municipal services would likely be required.
The impact of this expense on municipal finances was not determined.
Traffic patterns in the county are likely to change, because of a
large number of workers from the towns and villages commuting to the
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disposal facility. More road maintenance would likely be required, and increased traffic congestion may result.
Social impacts that may occur in the county, due to the influx of
new people, and the high technology and nuclear nature of the project could
be similar to those listed for the town and the township. One difference
would be that the new residents could be absorbed by a larger number of
smaller communities in the county. How this would affect the potential
polarization impact is not known. In addition, there could be a shift from
a more rural lifestyle to a more industrial-oriented lifestyle in some
areas.
6.2.4

New Town

6.2.4.1

General Description of the New Town

The new town is not comparable to the other three communities. It
would be located in a remote area of unorganized territory. As in many
undeveloped areas of Northern Ontario, an Indian reserve could be located in
the vicinity of the new town site.
The proposed new town would accommodate a maximum of about 3 500
people, and its population would stabilize at about 2 500 for 30 years. The
small size of the town would present a constraint to the provision of an
urban environment that would duplicate typical urban amenities. Because
there are no service centers within commuting distance, the new town must be
self-sufficient.
The new town's life expectancy of about 40 years is the same as
that of the disposal center facility. When the NFWMC is sealed, the town
would most likely be closed down. The narrow economic base would not be
diversified, since few other businesses would be attracted to locate in this
isolated situation. However, the service sector is estimated to generate
nearly 150 jobs in providing necessary services in education, administration, health and safety. A. high level of recreational facilities would be
needed for residents and a few wilderness outfitter lodges may be in demand
for tourists.
6.2.4.2

Potential Social and Economic Impacts on the New Town

After the initial establishment of the new town, the population
would likely grow by more than 10 percent per year during the construction
phase.
The economic base of the town would obviously be the disposal
facility, and as such there would be limited diversification, and limited
service sector development. If an Indian reservation were nearby, the local
economy of the reserve could be positively affected.
Most of the construction force would be obtained from other
sources of population, and the availability of these workers would depend on
the general Canadian economic climate and willingness to move to the site.
Nearby Indian reservations could supply, a small amount of native employment
depending on available training, skill levels, and unionization.
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The costs of building a new town would be substantial, due primarily to the isolation of the community. An access road ranging from 100 to
200 km in length may be required. The construction of new houses and
community services would have to be carefully planned to meet the schedule
for the disposal facility, since alternate accommodations are not available.
Living costs would likely be higher than the Ontario average during the
operating lifetime of the disposal facility.
It may be difficult to attract the required health and safety
professionals to an isolated community. However, the high technology nature
of the community, low-unemployment, and probable higher than average salaries of the residents may offset this impact.
The social impacts in the new town are difficult to predict. The
impacts would most likely be related to an initial period of adjustment to
living in an isolated community, and the possible relocation after the
closure of the disposal facility. If an Indian reservation were located
nearby, there may be major changes to the traditional way of life.
6.3

IMPACTS OF USED FUEL TRANSPORTATION

The social and community effects arising from the operation of the
used fuel transportation system would be increased traffic volumes,
increased employment opportunities, and noise and health hazards (real and
perceived) to people living near or sharing the transportation route. These
effects are summarized in the following section. Transportation of used
fuel would involve radiological and conventional occupational risks to the
personnel responsible for shipping, cask loading, transportation, and
unloading operations. These potential risks are summarized in
Section 7.2.2.
6.3.1

Traffic Effects

As stated previously, it is unlikely that truck transportation of
used fuel would add significantly to traffic density or contribute to highway congestion in the Shield region. It is expected that transport trucks
would operate at normal, safe speeds, consistent with the highway speed
limit, and thus would not represent a source of traffic congestion or a
traffic hazard.
As discussed in Section 5.3, rail transport would significantly
increase rail traffic if unit trains were used. This would be true particularly on branch rail lines where existing freight train traffic was normally
light. Effects associated with a significant increase in rail traffic could
include increased noise, increased probability of grade crossing accidents,
and increased traffic delays at rail crossings (Ontario 1980a).
Although collisions and derailments receive much public attention,
grade crossing accidents are far more numerous. Increasing the frequency of
rail traffic would likely increase the occurrence of level crossing accidents. It would, therefore, be reasonable to expect that community concern
for safety could be aggravated if rail traffic through the community were to
increase substantially.
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6.3.2.

Noise Effects

Vehicular traffic is a major source of noise annoyance in most
urban communities (May 1978, World Health Organization 1980). The level of
annoyance is dependent upon many factors, including background noise levels,
type and volume of noise, time of day and proximity to the noise source.
Generally, the level of annoyance increases as noise levels exceed
60 dBA (World Health Organization 1980). Noise from the operation of heavy
trucks could be an annoyance to people living near the transport route.
Heavy trucks typically produce a sound level of about 80 to 90 dBA (measured
at a distance of 15 m) when traveling at speeds above 55 k.h"1, and 78 to
87 dBA when traveling at slower speeds. In comparison, passenger cars
produce sound levels approximately half as loud under similar conditions.
Transport trucks traveling on normal-traffic-density highways
would be expected to have relatively little effect on background sound
levels. However, on lightly traveled highways, with relatively little truck
traffic, the additional transport truck traffic could exceed average background levels by a significant amount. Those living close to such lightly
traveled routes might consider the intermittent truck traffic annoying.
Railroads do not generally represent such a widespread source of
community annoyance as traffic noise, although noise levels from trains
(average 94 dBA at 15 m) (Wyle Laboratories 1971) are often greater than
those from heavy trucks (Ontario Task Force on Provincial Rail Policy 1980,
World Health Organization 1980). Nevertheless, a large increase in the
frequency of trains in relatively quiet areas could be a source of community
annoyance.
Noise from barge transport is generally expected to be low (World
Health Organization 1980).
6.3.3

Municipal Finance and Administration

Transport trucks would carry a 36-Mg cask, which, although heavier
than the cargo of most truck traffic, is not unusual in Ontario. Heavy
trucks cause substantially greater road wear than do light vehicles. The
amount of additional road wear and of resultant increase in highway repair
and improvement costs is difficult to predict. Highway repair and improvement costs are borne by the province, except where a highway passes through
a municipality, in which case the costs are often shared. The additional
costs from used fuel shipments may be insignificant.
Rail shipping casks would be expected to weigh approximately 65-Mg
for a 288 fuel bundle cask (Missio 1982). Shipments of this weight could
probably be transported on main rail lines without difficulty. However, on
branch lines, which often have lower weight limits than main lines, load
limits could be exceeded. This would require either the use of specially
designed rail cars or improvements to the load capacity of the branch line.
It is reasonable to assume that most of these increased costs would be
incorporated into the shipping charges.
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Employment

The number of workers required to operate a used fuel transport
system would depend upon the transport mode, shipping frequency, and shipping distance. It is anticipated that shipping by truck would create more
new jobs than shipping by rail or barge. Shipping by rail would likely make
use of the existing rail system and facilities, and shipping by barge would
involve fewer shipments since many casks could be transported in a single
shipment*
As discussed in Section 3.3.A, a number of new jobs would be created, depending on the shipping frequency and distance to a disposa?, facility. This number of new jobs would represent an addition of about 2 percent
to the current number of jobs in the truck transportation sector of the
provincial labour market (Statistics Canada 1980). Transportation would
likely draw personnel from various parts of the province and would, therefore, not have much effect on employment in any one area.
6.3.5

Social Effects

The potential social effects of used fuel transportation must be
examined differently than those arising from fixed facilities. Transportation neither requires major construction efforts nor employs large numbers
of people from any one area. Potential effects that could arise include
actual or perceived changes in the quality of life or environment, or potential risks to the public associated with the transportation. Determining
the magnitude of these potential effects, and assessing their significance
in detail has not been attempted because of insufficient data. The potential impacts of transportation have been discussed in detail by Rogers and
Hardy (1983).
The factors that influence an individual's perception of risk, and
the effects of these perceptions, are generally poorly understood. Although
inconclusive, risk perception studies to date have been instructive with
respect to the assessment of the used fuel transportation system. A consistent finding of such research is that technical experts and nonexperts differ substantially in their risk perceptions. Experts' perceptions are
closely correlated with annual fatality rates, and the nonexperts only moderately or poorly (Covello 1983, Slovic et al. 1979). Experts and nonexperts appear to take different factors into account and employ different
methods in estimating risks.
It is reasonable to assume that risks perceived to be associated
with nuclear power would also be associated to some extent with nuclear fuel
waste transportation. Very little risk perception research has been conducted, however, and it was necessary to initiate new studies. For this
assessment, focus group discussions were used to identify risks perceived to
be associated with the transportation of nuclear waste. Additional information was obtained from research conducted by the Battelie Human Affairs
Research Center (Cluett et al. 1980). The focus group was used to develop
preliminary hypotheses about people's perceptions and views, and involved
discussions among small groups of people selected from different types of
communities. Guided by an experienced moderator, the group's reactions to
various preselected topics were probed. Great care was used to minimize
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the moderator's influence on opinion and topic order. Further details
concerning the focus group approach have been given by Rogers and Hardy
(1983).
Six focus group discussions were conducted in 1981 on the general
topic of used fuel transportation. Two were held in Toronto to explore the
perceptions and beliefs of urban individuals. Two were also held in Toronto
with cottage owners to explore their perceptions and beliefs. The final two
were conducted in Kitchener with people from the surrounding agricultural
communities. Members of the groups were between 18 and 60 years and
possessed at least a high school education. No attempt was made to differentiate the groups by socioeconomic characteristics.
With respect to the general knowledge concerning the transportation of used fuel, the focus group research found that there was little or
no awareness of
-

which types of hazardous materials were transported (some did not
want to know);
the transportation of radioactive materials;
the meaning of the trefoil sign for radiation;

-

differences between high and low levels of radiation.

In general, an individual's level of knowledge concerning hazardous or nuclear materials did not appear to depend upon his residence or upon
the transportation mode used for the material.
With respect to risk perception, major concern was expressed about
the possibility of accidents during hazardous material transport. Respondents were worried about the resulting danger to their health as well as
their children's health. The discussions suggested that accidents involving
radioactive materials are perceived to be potentially more dangerous than
those involving other hazardous materials.
6.4

MITIGATIVE MEASURES

A number of potential social impacts were identified in each of
the reference communities during construction and operation of the disposal
center. Once a site has been identified, a monitoring and review program
would be required before detailed mitigative measures could be implemented.
The following sections outline general measures that could be applied.
6.4.1

Mitigation of the Social Effects During Construction
and Operation of the Disposal Facility

6.4.1.1

Town, Township and County

The existing reference communities (town, township and county) are
grouped, since a number of the mitigative measures are applicable to all of
the existing communities, but not to the new town.
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The beneficial economic impact» to the three communities could be
improved if preference were given to local firms when contracts are let for
supply of goods and services. A program would be developed making it attractive for local contractors to participate in the project, thus further
stimulating the local economy. Local firms could be given preference for
service contracts such as catering, maintenance, and office cleaning to aid
local employment. Job training and hiring preferences could be given to
local residents, who would be informed in advance of the workforce requirements.
The increased demands placed on municipal finance and planning
could be mitigated in several ways. Payments in lieu of taxes to the local
municipalities could be made by the proponent. Additionally, municipalities
may require assistance in the form of special grants or special government
programs to increase their level of service or expand services to new areas
during construction and operation of the facility.
To aid planning and regional development that may be needed during
construction, communities would be informed of needs and expectations anticipated for the project. This would require that accurate information be
made available well in advance in order to plan for the changes due to the
project, such as anticipated population influx. The potential effect of
disposal facility construction and operation on educational needs could not
be estimated. However, any additional costs for education of staff and
special educational assistance could be provided by the proponent or the
provincial government.
The additional demands on the health and safety services by the
new residents may require an extension of those services. A program would
be developed to attract the required medical personnel. If the recruiting
were successful, the quality of service could be improved for the existing
residents. In addition, emergency response services would be developed by
the proponent.
Communication programs could be used to reduce some of the anticipated conflict between new and existing residents due to the nuclear
aspects of the project. Educational programs and counselling for local
residents, combined with orientation and counseling of new residents and
their households on life in the host community, could reduce some of the
potential conflicts. The facility will operate for a relatively long period
and it is likely that conflicts will decrease with time.
6.4.1.2

New Town

In planning for the new town many potential impacts could be mitigated. The design and siting of the town and the disposal facility, the
provision of municipal services and facilities, social programs and recreational activities could eliminate or minimize adverse effects.
New employees and their families could be offered orientation and
counselling programs on life in a remote area to alleviate stresses associated with the remote location of the community, and to clearly outline the
benefits of life in such a community.
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6.4.2

Mitigation of The Social Effects of Used Fuel Transportation

There are a number of general mitigative practices that would be
considered. The most notable are educational programs for public officials
and the potentially affected public, and offsetting benefits to compensate
for negative impacts.
Public safety and mitigation of the consequences from transportation accidents are discussed in Section 8.3. An emergency action response
plan would be devised with the objective of minimizing any radiological risk
and quickly clearing up the damage at the site of a truck accident. Other
measures that could be employed are avoiding transportation on holidays and
weekends, and moving the truck routes to less congested roads.
During the design of the transportation system, conventional occupational risks would be reviewed to ensure that steps for the prevention of
accidents would be integrated into every activity. Details of the occupational safety analysis are contained in Section 7.2.2.
6 .5

MONITORING ACTIVITIES

Site acquisition, construction and operation of a disposal facility could produce social and economic impacts on the nearby community.
While some of the effects will be of a beneficial nature to the community,
social and economic problems could arise. Social impact studies conducted
at the site-selection stage would be important in identifying the most probable impacts. Due to the difficulties of accurately forecasting impacts a
monitoring ana review process could be established to assess the changes
throughout the construction and operation phases.
A community impact monitoring program is intended to be a comprehensive joint undertaking, oriented to decision making, between the proponent and the community (Proctor and Redfern Group; Ontario Hydro 1979).
A formal community impact agreement could be developed to establish the
responsibilities and liabilities of both parties, as well as methods of
measuring impacts and negotiating compensation.
Usually, a community impact agreement would be negotiated following the completion of an in-depth social impact assessment. A comprehensive
monitoring program and a joint planning program would then be undertaken to
verify impacts and to minimize any negative impacts. This process would be
the same regardless of which community is chosen, although the content of
the impact agreement could vary depending upon the anticipated areas of
concern and negotiations between the community and the proponent. For
details of community impact monitoring programs, see Gee et al. (1983).
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7.
7.1

ANALYSIS OF OCCUPATIONAL SAFETY

INTRODUCTION

Occupational safety of the workers during disposal facility construction, used fuel transportation, and disposal facility operation will be
ensured primarily by the design of the systems that will protect both
workers and the public from radiological and nonradiological hazards. The
occupational radiological risk is summarized is Section 7.2, and the nonradiological risk in Section 7.3. The analysis of public safety is contained in Chapter 8.
7.2

OCCUPATIONAL RADIOLOGICAL RISK

7.2.1

Disposal Facility Construction

No occupational risks from radioactive sources have been identified during construction activities, since there would be no radioactive
waste material present on the site. Potential effects from naturally occurring radionuclides, such as radon, were discussed previously (Section 4.2).
7.2.2

Transportation System

7.2.2.1

Principal Design Safety Features

Safety in transportation is largely provided by package construction, which is intended to maintain adequate shielding and containment under
severe accident conditions. Details of the safety features of the transport
cask, transportation accident statistics, and public safety are discussed in
Section 8.3. Occupational risks are discussed below.
7.2.2.3

Occupational Radiological Risks of Transportation

The main objective of the occupational risk assessment was to
identify and estimate the radiological hazards associated with the transportation of used fuel. These estimates have been based on radiation levels
which exist after taking into account the radiation protection measures
provided in the design, such as shielding, remote handling, ventilation, and
respiratory protection.
Preliminary dose estimates for specific activities associated with
the transportation system have been based on presently available design
data and on transportation and maintenance data from existing nuclear facilities. Further information regarding these estimates is given by Velshi
(1981).
The transportation activities that would involve radiation exposure to workers at the disposal facility have been classified into two categories: process activities and service activities.
Process activities would encompass the removal of the used fuel
from the storage bays, its transfer to shipping casks, and transportation
to, and unloading at the disposal facility. Service Activities would
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include all maintenance requirements associated with the transportation
equipment. Estimates of the radiological dose associated with these activities are given in Table 7.2-1.

TABLE 7.2-1
DOSE ESTIMATES FOR TRANSPORTATION ACTIVITIES

Activity

Dose (mSv per bundle)*

Loading/unloading of shipping caek
Transport of used fuel between sites
Transportation equipment maintenance
Total

0.0042
0.0016
0.000086
0.005886

These estimates are conservatively based on truck transportation only;
rail transport would lead to considerably lower doses (Refer to Velshi,
1981).

The total occupational dose associated with the transportation
would approach 0.006 mSv per bundle. The full-capacity demand of the
disposal facility would be 583 200 bundles per year (Card and Ohta 1981).
The annual collective dose associated with used fuel transportation would,
therefore, be 3.43 Sv. This annual dose estimate was compared with the
collective occupational dose associated with Ontario Hydro's nuclear
stations. In new Ontario Hydro nuclear generating stations, the design dose
target is 6.0 mSv«(MW(e)«a)~*• (Burchartz 1979). The generation of one
MW(e)»a of electrical energy results in approximately nine used fuel bundles. Therefore, power generation would result in about 0.66 mSv of
occupational dose per bundle as compared to 0.006 mSv associated with the
transportation of used fuel.
To calculate the occupational risk, the ICRP mortality risk
figures given in ICRP 27 (ICRP 1977b) have been adjusted to reflect the age
and sex profile of parsonnel at Ontario Hydro's nuclear generating stations
(Wilson and Donnelly 1980). The representative risk value is 6 x 10" 3
fatalities (somatic and genetic) per sievert (To 1980). Using this adjusted
ICRP mortality figure, the radiological occupational risk associated with
the transportation system has been estimated as follows.
The annual man-h associated with the transportation system are
7.5 h x 10 5 . The annual transportation dose associated with fuel disposal
has been estimated to be 3.43 Sv. The radiological occupational risk would,
therefore, be:
3.43 Sv
7.54 x 10

J

man-h

6 x 10

fatalities _ 2.7

Sv

x

10~ 8

fatalities
man-h

or 2.7 fatalities for every 100 million raan-h worked (Velshi 1981)
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To put this value of occupational risk into perspective it can be
compared to other activities, as shown in Table 7.2-2.

TABLE 7.2-2
FATALITY RISK. FOR ACTIVITIES COMPARABLE TO USED FUEL TRANSPORTATION

Activity

Fatalities per 100 million man-h worked*

Ontario transportation,
communication and other
utilities
Canada/U.S. utilities
Canada/U.S. manufacturing
Ontario Hydro average
Used Fuel Transportation

18.3

12.0
4 to 6
8.3
2.7

* As quoted* from Wilson and Chase (1982).

7.2.3

Disposal Facility Operation

Workers at the disposal facility would be exposed to radiological
doses in addition to those identified for the general public from airborne
and waterborne emissions (Section 4.4). The additional radiation exposure
is defined as radiological occupational risk.
The estimates of the occupational risk are based on radiation
levels which exist after taking into account the radiation protection measures provided in the design, such as shielding, remote handling, ventilation and respiratory protection. For example, the gamma dose rates would be
those experienced by the worker behind shielding. The effective air contamination levels take into account the protection afforded by respiratory
protective equipment.
Occupational radiation exposures are, to a great extent, a function of nuclear system design. The layout, operability, reliability and
maintainability of a particular system would generally determine the annual
doses associated with the system's operation and maintenance. For this
reason, a quantitative assessment of occupational radiation safety is difficult at the concept assessment phase of any project. Preliminary dose estimates for specific activities associated with the disposal facility, however, have been generated.
The activities that would expose facility personnel to radiation
can be classified into two categories: process activities and maintenance
activities.
Process activities for the operation of the disposal facility
would include all the activities beginning with the receiving of used fuel
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discussion of the associated activities along with their estimatad radiological conditions is given in Section 8.4.2. Table 7.2-3 summarizes the
dose estimates resulting from the handling of the used fuel bundles after
their arrival at the receiving bay (Velshl 1981).
TABLE 7.2-3
ANNUAL DOSE ESTIMATES FOR PROCESS ACTIVITIES
Dose
(mSv per bundle)

Process Activities

*

Fuel receiving and dispatch at disposal facility
Immobilization of fuel
Emplacement of immobilized fuel in disposal vault

3 X lu" "Hk
3 x 10" "*
2 x 10" *•

TOTAL

8 x 10" *•

This estimate is conservatively based on truck transportation only,
rail transportation would lead to considerably lower doses (refer to
Velshi (1981)).

The major maintenance activities in support of the operation of
the facility would be maintenance of immobilisation facility equipment, and
maintenance of vault equipment. Estimates of the radiological dose that
could result from these activities are given in Table 7.2-4 (Velshi 1981).
The dose estimates have been based on an assumed full-capacity operation of
583 200 bundles per year, (Card and Ohta 1981).
TABLE 7.2-4
ANNUAL DOSE ESTIMATES FOR MAINTENANCE ACTIVITIES
Dose
(Sv)

Maintanance Activity
Immobilization facility maintenance
Vault maintenance
Total Annual Dose

The annual dose associated with the operation of the disposal
facility would therefore be the sum of dose from process and maintenance
activities:
583 200

1.32

1.79 Sv.a-1
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This dose would therefore be 0.003 mSv per bundle, which, for half-capacity
operation translates to an annual dose of 0.87 Sv and for operation based on
the installed and committed generation scenario to 0.54 Sv. These annual
dose estimates were compared with the collective occupational dose associated with Ontario Hydro's nuclear stations.
In new Ontario Hydro nuclear generating stations, the design dose
target is 6.0 mSv.(MW(e).a)"1 (Burchartz 1979). The generation of 1 MW(e).a
of electrical energy results in approximately nine used fuel bundles.
Therefore, power generation results in about 0.66 mSv of occupational dose
expenditure per bundle as compared with 0.003 mSv per bundle associated with
immobilization and disposal.
The ICRP mortality risk figures given in ICRP 27 (ICRP 1977b) have
been adjusted to reflect the age and sex profile at Ontario Hydro's nuclear
.generating stations. The representative risk value is 6 x 10" 3 fatalities
(somatic and genetic) per sievert (To 1980). Using the adjusted ICRP mortality figure and the annual man-h estimates (9.7 x 10 5 ) the radiological
occupational risk associated with the operation of the disposal facility has
been estimated to be 1.2 fatalities for every 100 million man-hours worked
(Gee et al. 1983).
7.3

NONRADIOLOGICAL RISK

7.3.1

Construction Safety

7.3.1.1

Surface Facilities

The proposed surface facilities would be designed to high standards of safety to ensure the health and safety of both the personnel at the
site and the general public. The design and construction of the proposed
facility would comply with all applicable building and industrial safety
standards and regulations in force in the Province of Ontario. The design
of the facilities would be such as to ensure that the risk from accidents
would be within prescribed regulatory limits. Guidelines applicable to
these general safety principles have been presented in detail by Nathwani
(1983).
The erection of prefabricated steel and concrete, which is one of
the more hazardous construction activities (surface facilities), has a fatal
accident rate of 47 fatalities per 100 million man-h worked (Wilson and
Chase 1982, Advisory Council on Occupation Health and Safety 1983). The
occupational fatality rate, to date, associated with the construction of
Ontario Hydro nuclear projects is 4 fatalities for every 100 million man-h
worked (Strange 1980). The construction of surface facilities at the disposal facility would not be expected to result in occupational fatalities
higher than this.
7.3.1.2

Underground Facilities

Based on the reference facility design, the nonrad-'ological, or
conventional, occupational risks due to excavation of the vault and construction activities have been assumed to be the same as the average risks
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associated with similar activities within Ontario and Canada-wide. Risks
associated with construction of the disposal facility are listed in
Table 7.3-1.
TABLE 7.3-1
CONVENTIONAL OCCUPATIONAL RISKS ASSOCIATED
WITH CONSTRUCTION OF A DISPOSAL FACILITY

Activity
1.

Vault Excavation

2.

Construction of Surface
Facilities

Risk
(fatalities per 100 million man-h worked)
154
47

Mining has traditionally been regarded as a hazardous industry,
with fatality rates considerably higher than those for most industries.
The most dangerous phase of mining is the opening of a mine, which involves
shaft-sinking, drifting and cross-cutting operations. This would also be
the most dangerous stage in the excavation of a disposal vault. The fatal
accident rate for Ontario mine workers involved in cross-cutting, drifting
and shaft-sinking in mines during the period 1977 to 1980 was 154 fatalities
for every 100 million man-h worked (Wilson and Chase 1982). The most recent
period for which statistics are available is 1981, which had a fatality rate
of 416 fatalities for every 100 million man-h worked (Advisory Council on
Occupational Health and Safety 1983).
7.3.2

Transportation Safety

7.3.2.1

Truck Transport

To date, experience in Canada with the transportation of used fuel
by truck has been limited. There have been approximately 5 700 road shipments of radioactive material by Ontario Hydro between 1963 and 1979 within
the province of Ontario. The total mileage (including used fuel shipments
to Whiteshell Nuclear Research Establishment) during these years is approximately 1 716 000 km (Phillips 1980). While there have been no fatalities
associated with these shipments, the cumulative data base is too small to
provide a meaningful estimate of the fatality rate.
The transportation of used fuel by truck is not expected to result
in occupational fatalities higher than the current Ontario average.
Table 7.3-2 summarizes the estimated occupational risks associated with
truck transportation.
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CONVENTIONAL OCCUPATIONAL FATALITIES ASSOCIATED
WITH USED FUEL TRANSPORTATION
Total Annual Fatalities Expected
Risk
Transportation (Fatalities Region*
per million
Mode
vehicle-km)

Installed
and
HalfFullCommitted Capacity Capacity
Generation Operation Operation

ROAD1*'

0.022

southern
central
northern

0.03
0.06
0.13

0.05
0.10
0.21

0.10
0.21
0.42

RAIL^

0.13

southern
central
northern

0.05
0.09
0.19

0.10
0.20
0.40

0.20
0.40
0.80

Assuming round trip distances of 400 km, 800 km, and 1600 km to a disposal facility in the southern, central and northern regions, respectively.
Road transportation assumes one cask per shipment.
Rail transportation assumes four casks per exclusive train shipment.
7.3.2.2

Rail and Barge Transport

There is no experience in Canada to date with the transportation
of used fuel by rail or by barge.
Based on Canadian statistics (1971 to 1975), the occupational
fatalities from railroad accidents are 0.13 fatalities per million kilometres (Canadian National Railways: Unpublished data). Table 7.3-2
summarizes the estimated occupational risks associated with rail transport.
Ontario Ministry of Labour data indicate that the occupational fatalities
from barge shipping accidents are much lower than for rail. Accordingly,
the transportation of used fuel by barge would not be expected to result in
occupational fatalities higher than 0.13 fatalities for every million
kilometres.
7.3.3

Operational Safety

The conventional occupational safety assessment has estimated the
nonradiological occupational risks due to vault excavation, industrial (man
- machine) hazards, and toxic hazards, such as chemical fumes.
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Table 7.3-3 summarizes the estimated occupational risks associated with the
three categories of hazards»

TABLE 7.3-3
CONVENTIONAL OCCUPATIONAL RISKS ASSOCIATED WITH
OPERATION OF THE DISPOSAL FACILITY

Type of Hazard

Risk
(fatalities per 100 million man-h worked)

1. Vault Expansion and Operation
(a) Construction of vault
(b)

Operation of vault

2. Industrial (man-machine)
3. Toxic

154
4
2
None*
i

Assuming the lead airborne concentrations meet the established targets.

7.3.3.1

Risks from Excavation Activities

Some excavation would continue during the operation of the disposal facility. Excavation risks were discussed for the construction phase
(Section 7.3.1.2), and the fatality rate is included In Table 7.3-3 to compare with vault operation. The operation of the vault would involve fewer
risks. The conventional risk has been estimated to correspond to that
associated with occupationally safe industries - four fatalities for every
100 million man-h worked.
7.3.3.2

Industrial Risks

The industrial risks for all activities where the worker would
interface with machines and equipment during operation were assessed.
Accident data from existing nuclear facilities in Canada indicate that the
Canadian nuclear industry is relatively safe. In Ontario Hydro, the nuclear
generation program has had more than 80 million man-h of work without
experiencing a single fatality.
The degree of safety for the disposal facility activities is
expected to be comparable to that of the nuclear generation program. Tha
safety goal for conventional fatalities of less than 3 for every 100 m.llion
man-h worked at the Nuclear Generation Division of Ontario Hydro could be
adopted as a standard for the disposal facility.
7.3.3.3

Risks from Toxic Elements

Other than the radiological risk, the most significant chronic
hazard could be that created by the large quantities of molten lead needed
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during the immobilization process. Since the lead-pouring areas would not
be accessible during operation, lead would pose a potential hazard only
during maintenance.
Of the two types of lead contamination (surface and airborne),
surface deposition is the more difficult to deal with from the standpoint of
design and operation. Airborne levels would not exceed the limit of 100 mg
of lead per cubic metre of air (Wilson and Donnelly 1980). Experience shows
that these levels could be achieved without a great demand on the ventilation system. In addition, the temperature of the lead melt would not likely
be high enough to give off significant vapours. If the lead airborne concentrations met established targets, no significant additional occupational
risks would be anticipated at the fuel immobilization facility due to the
use of lead.
7.4

TOTAL OCCUPATIONAL RISKS

In Section 7.2.3, the radiological occupational risk during
disposal facility operation was estimated to be 1.2 fatalities for every 100
million man-h worked.
The nonradiological, or conventional, risks due to operation of
the immobilization facility and the disposal vault have been assumed to be
the same as the average risks associated with similar activities for comparable industries within Canada. The conventional risk assumed for operation
of the disposal vault (excluding vault expansion) was 4 fatalities for every
100 million man-h worked (Velshi 1981). The conventional occupational risk
assumed for operation of the immobilization facility was 2 fatalities for
every 100 million man-h worked. The total conventional occupational risk
associated with operation of a disposal facility (excluding vault expansion)
would therefore be 2-4 fatalities for every 100 million man-h worked (Velshi
1981).
The total estimated occupational risk for operation of a disposal
facility would therefore be
Radiological risk
Conventional risk
Total (approximately)

1.2 fatalities per 100 million man-h
2-4 fatalities per 100 million man-h
3-5 fatalities per 100 million man-h

Excavation of a disposal vault involves distinctly different activities and occupational risks than those associated with vault operation.
Vault excavation would involve aspects of mining, which is typically a highrisk occupation, but would, in many respects, be more similar to a civil
construction project. Risk figures for all Ontario underground mine workers
were 154 fatalities for every 100 million man-h worked in 1977-1980 (Wilson
and Chase 1982). Occupational risks of vault excavation are assumed to be
the same as the risk for this aspect of conventional mining.
A valid method for judging the acceptability of total estimated
occupational risk would be to compare it with that of other occupations
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recognized as having high standards of occupational safety. Best estimates
of fatality rates in other comparable industries are shown in Table 7.4.1.

TABLE 7.4-1

OCCUPATIONAL RISKS IN INDUSTRIES COMPARABLE TO A DISPOSAL FACILITY

Total Occupational
Risk
Industry
(fatalities per
100 million
man-h worked)
Ontario Underground Mine Workers
Nuclear Generation Division, Ontario Hydro
Ontario Hydro
Canadian/U.S. Utilities
Canadian/U.S. Manufacturing
Ontario Manufacturing

154
4-6
9
12
4-6
4

From the above comparison it appears that the estimated risk of
3-5 fatalaties per 100 million man-h for the disposal facility, would compare well with reported values for all fatalities in external industries
generally regarded as "safe".
7.5

MITIGATION OF OCCUPATIONAL RISKS

7.5.1

Mitigation of Radiological Impacts from Routine Activities

According to the reference design, a truck arriving at the facility would be admitted into an entrance airlock of a fuel-receiving bay by an
inspector. From there, the truck would be driven to an area where the shipping cask on the truck would be inspected, recorded, unsealed and decontaminated. The truck driver would then drive through the exit airlock and
leave the disposal facility.
This process would result in the truck driver being unnecessarily
exposed to the radiation fields inside the fuel-receiving bay; the total
annual collective dose to the truck drivers could be up to 0.09 Sv. The
dose could be reduced if the truck driver, after driving the truck into the
inspection area, leaves the fuel-receiving bay until all the above operations are complete. The truck can then be pulled to the various process
stations in the fuel-receiving bay by a conveyor system. Once all the operations in the unloading bay are complete, the truck driver can return to the
bay and drive the truck away from the disposal facility.
The occupational dose associated with the receipt of fuel at the
disposal facility could be further reduced if, for example, the checking,
recording and inspection of the shipping cask could be done remotely.
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A significant portion of the 1.3 Sv annual occupational dose
associated with this inunobilization facility maintenance would be due to the
maintenance of the bundle-loading machines. (These machines transfer the
fuel bundles from the shipping modules into the storage canisters.) The
bundle-loading machines proposed for the disposal facility would be very
similar to the fuel transfer system at nuclear generating stations. At
Pickering Generating Station A, the annual dose associated with this activity is approximately 0.2 Sv (Velshi 1981).
7.5.2

Occupational Safety Programs

There would be no danger of nuclear criticality at the disposal
facility, because only used, natural uranium fuel would be handled.
No
configuration of used fuel bundles, even if flooded with water, could reach
criticality. Consequently, the only occupational nuclear risk, would be the
possibility of exposure to radiation or radioactive contaminants from the
used fuel (Card and Ohta 1981) .
Protection against radiation will be provided by shielding designed to limit the radiation fields in generally accessible areas to less
than 0.01 mSv.h" 1 during normal operation. Areas having higher radiation
fields would be controlled to permit access only by authorized personnel and
under strict radiation monitoring and control procedures. Protection
against radioactive contaminants would be provided by a series of barriers
between the contaminants and personnel, by careful monitoring to ensure the
barriers have not been breached and by corrective measures to control and
limit the spread of contaminants. Solid, liquid and gaseous active-waste
systems would be provided to restrict the release of radionuclides to the
environment to less than the derived release limits for the site (Card and
Ohta 1981).
The facility will be designed to reduce to acceptable limits the
frequency, severity and consequences of any accidents such as the dropping
of fuel bundles or containers of fuel. Non-nuclear hazards such as fires,
and other typical industrial dangers will be minimized by standard safe
design and operating procedures.
Controls against lead contamination (surface and airborne) in the
immobilization facility would involve dust control, proper ventilation and
facilities layout, good housekeeping, educating personnel in hygienic procedures, and a sound medical program. Contamination control techniques such
as zoning, personnel contamination monitoring, protective clothing, decontamination, ventilation and respiratory protection, which would be implemented to control surface radiological contamination, would be equally effective against surface lead contamination. A medical surveillance program
to monitor the amount of lead absorbed into the body of those employees
exposed to airborne lead would provide the data base for analysis and corrective actions, if required. Routine sampling and analysis of lead in the
urine and blood would also be performed for these employees.
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8.

8.1

ANALYSIS OF PUBLIC SAFETY

INTRODUCTION

A preliminary safety assessment of the transportation and disposal
of used fuel is presented here. This assessment focuses on the principal
radiological hazards associated with the facility, and the role of safety
features and engineered barriers in reducing the probability and
consequences of potential accidents.
8.2

METHODOLOGY

A brief outline of the methodology generally used in safety
assessment is shown in Figure 8.2-1. The initiating events that may lead to
accidental releases of radionuclides can be classified under three
categories:
(1)

Natural events such as earthquakes, floods, and meteorite impact.

(2)

External man-caused events such as aircraft impact and collision
events involving shipping casks.

(3)

System and equipment failures and operator errors such as dropping
fuel bundles.

Credible events that have some potential for release of
radionuclides to the environment are analyzed to identify the types and
quantities of radionuclides likely to be released, and to establish the
release mechanisms. Radiological doses are estimated, taking into account
safety features.
The important operational steps assessed in the analysis of safety
during the pre-closure phase are
-

-Transportation of used fuel from nuclear generating stations or
interim storage facility to the disposal facility in a transport
cask.
Reception and subsequent handling for buffer storage at the
facility.
Immobilization and encapsulation of the used fuel at the
facility.
Emplacement of the immobilized fuel in the vault.
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Safety Assessment Methodology (from Rao et a l . 1979)
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8.3

SAFETY IN TRANSPORTATION OF USED FUEL

8.3.1

Principal Design Safety Features and Regulatory Compliance

Used fuel from the nuclear generating stations will be transported
to a disposal facility in a transport cask that meets all the requirements
for package design prescribed in the IAEA Transport regulations, which have
been incorporated into Canadian regulations by the AECB and implemented
through the Federal "Transport of Dangerous Goods Act."

shie
tin

The basic requirements that must be met to achieve safety are
ig of radiation emitted from the material, effective containment of
crial, and adequate dissipation of any heat generated.

To limit risks from accidents to acceptable levels for transport
workers and members of the public, the transport regulations prescribe
standards and package performance tests designed to ensure that cask
shielding and containment are retained under severe accident conditions.
The tests for demonstrating the ability of a cask to withstand
normal and accident conditions of transport are the water spray, free drop,
compression, penetration, mechanical, thermal and the water immersion tests.
These tests simulate the damaging effects of environmental and mechanical
conditions during normal transport and accident conditions. Prototypes of
the cask subjected to these tests must demonstrate compliance with the
regulations. Some of the tests are described here to illustrate the rigorous and exacting requirements of the present transport regulations.
Water Spray Test: It is possible that during transportation, or even in
storage, a cask may be exposed to heavy rainfall. The requirement of the
water spray test is that the cask must not leak after a one-hour spray
equivalent to a rainfall rate of 5 cm'h"1.
Free Drop Test: It is possible that during handling or storage, the cask
may fall. In this test, the cask is dropped onto a target. The falling
distance measured from the lowest point of the cask to the upper surface of
a target is not less than 1.2 m. In a more severe drop test, called a
Mechanical Test, the cask is dropped twice onto a hard unyielding target.
For the first drop, the package falls from a height of 9 m onto a flat,
horizontal, unyielding surface so as to suffer maximum damage. This is
equivalent to an impact velocity of about 50 km#h~'-. For the second drop,
it falls onto a mild steel bar, 15 cm in diameter, from a height of 1 m.
The bar is rigidly mounted, is perpendicular to the target surface and must
not be les3 than 20 cm long.
Compression Test: In this test, the cask is subjected, for a period of
24 h, to a compressive load equal to the greater of five times the weight of
the cask, oc the equivalent of 1300 kg»m~2 multiplied by the vertically
projected area of the cask.
Penetration Test: The cask is placed on a rigid, flat, horizontal surface
and a bar, 3.2 cm in diameter, with a hemispherical end and weighing 6 kg
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is dropped from a height of 1 in, with its longitudinal axis vertical, so
that it falls onto the center of the weakest part of the package.
Thermal Test: Following the Mechanical test the whole cask is exposed to a
temperature of 800°C for 30 minutes to simulate a fire that may occur after
an accident. This is accomplished by complete immersion in a hydrocarbon
fire, or by insertion in a large furnace.
Water Immersion Test: The cask is immersed in water to a depth of at least
15 m for a period of not less than 8 h.
Failure of a transport cask to maintain its shielding and containment integrity under these test conditions would represent non-compliance
with the regulatory criteria, and the AECB would not grant a license for
such a cask.
8.3.2

Demonstration of Transport Cask Integrity

As part of Ontario Hydro's 'Irradiated Fuel Transportation Program' , design concepts for a prototype road cask (to be in-service by 1988)
are being studied. Designs are specifically related to CANDU fuel and the
transportation environment in the Province of Ontario. The program concentrates on used fuel durability studies, cask performance, and development of
public safety design criteria for the operation of the transportation system, in addition to the regulatory guidelines stipulated by the IAEA. A
comprehensive hardware design program has also been defined in several areas
such as shock and vibration, cask thermal analysis, shielding studies, seal
selection and impact analysis of cask structural design. Accident analyses
are being undertaken to provide further information on certain aspects of
design criteria. The objective is to establish a cask design that will
provide protection against hypothetical "worst-case" accidents. When a
full-scale transportation system is designed, the mode, distance, and
logistics of shipments will be optimized to minimize hazards to the public.
The ruggedness of transport casks has been demonstrated by a
series of crash tests carried out by Sandia Laboratories in the United
States (Table 8.3-1). These tests showed that casks designed to meet the
IAEA criteria outlined above can retain their overall integrity in very
severe crash tests such as those involving impacts of 130 km/h (Jefferson
and Yoshimura 1978). Based on these tests, computer codes that simulate
crash tests have been developed and tested for accuracy, for use in the
design of transport casks.
8.J.3

Transportation Accident Statistics

The probability of transportation accidents has been evaluated by
Ontario Hydro. Based on motor vehicle accident statistics for the U.S.,
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TABLE 8.3-1
SANDIA LABORATORIES TESTS ON SHIPPING CASKS*

Test Summary
Two lead-shielded shipping
casks were dropped 610 m
from a helicopter onto
undisturbed soil

Test Results
One cask weighing 3 Mg penetrated 2.4 m
into the hard prairie soil after
impacting at 396 km.h • No measurable
deformation occurred.
Another cask weighing 7.4 Mg
1.3 m after impacting at 371
Some superficial deformation
that would not have resulted
release of its contents.

A tractor-trailer rig
carrying a shipping cask
was crashed into a massive
concrete barrier at 100 and
130 km.h"1

penetrated
km.h"1.
occurred
in the

100 km.h"1 test: The cask remained
intact, sustaining only superficial
damage to part of the external structure.
The fuel assembly inside the cask was
undamaged and intact.
130 km.h"1 test: Some measurable
deformation of the cask occurred.
However, the leakage from the cask was
observed to be a minor seepage^ of two
drops per minute, which later stopped
after releasing about 100 cm3 of fluid.

A high-speed (130 km.h"1)
locomotive was impacted into
a truck-mounted shipping
cask at a simulated grade
crossing

Some measurable deformation occurred;
however, leak testing of the damaged
cask indicated only a small leak in the
head seal, when the cask was pressurized.
This leakage, had the cask contained
water, would have caused essentially no
risk to the public. The fuel assembly
was intact; however, some fuel pins had
bowed; but no fuel sheath failure was
observed.

A. high-speed (130 km.h"1) rail The shipping cask received minor surface
car carrying a shipping
dentsj no breach or leakage occurred.
container was impacted into a
concrete barrier, and exposed
to a fire
* From Jefferson and Yoshimura (1978).
Y Unlike the dry casks presently being studied by Ontario Hydro, these
American designed casks contain water.
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Ontario, and on Ontario Hydro experience for the period 1967-1976, the probability of occurrence of an accident for all motor vehicles is estimated to
range from 3.2 to 7.4 accidents per million vehicle kilometres (Dicke 19Ö0).
A probability of 1.5 x 10~*> accidents per kilometre for accidents involving
trucks has been adopted by several investigators (Dicke 1980, Elder 1978a,
Dennis et al. 1978).
The U.S. Nuclear Regulatory Commission (USNRC) has produced an
accident severity classification scheme consisting of eight categories (I to
VIII), which consider the combined effects of impact and fire exposure
(USNRC 1977). This classification scheme gives the probability of
occurrence for various categories of truck accidents. The severity
distribution of accidents in Canada is not expected to be significantly
different from that in the United States. An evaluation of the Sandia tests
described earlier indicates that no significant release of radioactivity
from shipping casks will occur due to accidents of severity categories I to
VII inclusive.
The probability of occurrence of a severe accident involving an
impact speed of 130 km/h and fire duration of 0.5 h at 1300 K (severity
category VIII) is estimated to be 2.4 x 10"u per vehicle kilometre for
truck transportation. Based on this, the annual probability of accidents
with a potential for release of radionuclides can be readily estimated by
considering the transportation distance and frequency of shipments. For
example, the estimate of the probability of occurrence of an accident severe
enough to be of any concern to the integrity of the transport cask is
2.3 x 10"1* per year, based on a scenario that calls for 6075 shipments per
year, and a journey of 1600 km per shipment.
Similarly, the probability of occurrence of rail-car accidents in
Canada has been analyzed by Ontario riydro to be 1.3 x 10"^ rail-car accidents per rail-car kilometre (Rao et al. 1979). For a severe accident
(category VIII), the probability is approximately 1.3 x 1 0 ~ 1 2 accidents per
rail-car kilometre. For a scenario that calls for 6 075 shipments per year
over a distance of 1 600 km, the probability of a severe accident is
estimated to be 1.3 x 10"5 per year for transportation by rail.
8.3.4

Radiological Impact of Postulated Accidents

A probabilistic assessment of the overall risk to the public from
transportation accidents involving used fuel casks (Elder, 1978a) defined
the accident environment in terms of five stresses: fire, impact, crush,
immersion and puncture.
To obtain any release of radioactive material to the environment,
the accident must be severe enough to breach the shipping cask and break the
fuel cladding. For such accidents, four mechanisms were identified which
may lead to release of radionuclides from the failed fuel bundles.
(1)

Release of volatiles and gaseous fission products e.g., krypton,
xenon and iodine, from the gap between the fuel and the cladding.
Some particulates that have migrated from the fuel matrix during
irradiation may also be released.
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(2) Vaporization release of low melting point fission products and
their transport to the environment.
(3)

Leaching of fission products from the fuel pelJets, if direct
contact with water occurs.

(4)

Oxidation of a small fraction of the uranium dioxide (UO2) pellets
to uranium oxide (U^Og). This may result in some release in the
form of noble gases, volatilized fission products and particulates
from the affected pelletsRelease sequences were identified and were evaluated using accident environment data and cask failure analysis. The release fractions of
radionuclides from postulated transportation accidents were then derived.
The maximum fractional releases, as established from these analyses (Elder
1978b), are presented in the Table 8.3-2.

TABLE 8.3-2
MAXIMUM RADIOACTIVE RELEASES FROM THE
POSTULATED TRANSPORTATION ACCIDENTS

Radionuclides

Maximum
Fractional
Release

Activity Released Based on
Maximum Fractional Release
(96 bundles; 10-year cooled fuel)
GBq

0.31

25.2 x 1 0 3

Iodine

0.12

6.20 x 10~ 2

Cesium

3.1 x 10-1*

4.33 x 1 0 2

Noble Gases
85

( Kr)

Ruthenium

1 x 10-1*

1.40

Actinides

1 x 10- 5

31.4

All other
fission products

1 x 10" 5

8.53

The radiological consequences to the public from such releases
would depend on the prevailing meteorological conditions, the population
density around the scene of the accident, and contingency plans and emergency response procedures that would help mitigate the consequences.
5.3.5

Contingency Plans and Features to Mitigate Consequences

An "Emergency Response Plan for Transportation Accidents Involving
Ontario Hydro Shipments of Radioactive Materials" is currently in force
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(Nathwani 1981). At all nuclear facilities of Ontario Hydro, a record is
maintained of all current shipments in their response area. According to
the plan, the nuclear facility closest to the scene of the accident will
respond. The facilities maintain response teams, support groups and response equipment. The shift supervisor at the responding location is expected to use the most expedient means (including helicopters if necessary) for
reaching the accident site, minimizing the radiological hazard, and initiating the cleanup.
In calculating the consequences of an accident, the following
conservative assumptions were used:
People remain at the scene of the accident for several hours (up
to 24 h) at a distance of 100 m from the cask, despite emergency
response measures.
-

Ali ce&.'.im is completely volatilized and airborne (this implies a
long-lasting fire, which would make it difficult to remain close
to the cask).
Adverse meteorological conditions persist following the accident,
thus slowing dilution and dispersion of the airborne radionuclides.

The calculations based on these assumptions (Rao et al. 1979)
showed that the dose received by a hypothetical individual is much less than
the emergency dose limit or 0.25 Sv/person recommended by the ICRP (Hurst
and Boyd 1972, ICRP 1977a).
The value, 0.25 Sv/person, is also the AECB individual whole body
dose limit for dual process failures with a maximum frequency of such
failures to be less than 1 in 3 000 per year. For transportation accidents,
the frequency of accidents of a severe nature, as described above, is less
than 1.3 in 10 s per year; furthermore, the postulated consequences of such
an accident can be kept well within the AECB dose limit.
It is concluded that the used fuel shipments do not constitute an
unacceptable hazard to the public.
8.4

SAFETY IN HANDLING, IMMOBILIZATION, AND EMPLACEMENT OPERATIONS

8.4.1

Inherent and Design Safety Features

The inherent safety features are represented by barriers to
release of radionuclides during the pre-closura phase.
The first barrier is the used fuel itself. Uranium dioxide (U02)
is a ceramic with a high melting point and is chemically inert in water.
Almost all o? the fission products are bound in the U 0 2 matrix.
The second barrier to fission product release is a zirconium alloy
sheath. The zirconium alloy sheath is corrosion resistant and sealed by
vacuum-welding techniques. It is designed to withstand pressure resulting
from used fuel expansion and fission gas, as well as external hydraulic
pressures and mechanical loads during handling.
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During transportation, the fuel bundles are secured in massive
casks, resistant to puncture and fire, and constructed to withstand maximum
credible accidents.
At the fuel disposal facility all operations involving the handling of used fuel and its immobilization will be performed in a controlled
environment. The ventilation and filtration systems will be designed to be
capable of isolating the facility atmosphere from outside air. All unshielded used fuel will be handled by remotely controlled equipment in
sealed cells, and any releases during the immobilization operations due to
fuel sheath damage will be contained within these cells.
The lead proposed for filling all space between the fuel and the
disposal container provides an additional barrier as well as shielding,
which reduces exposures to radiation during normal handling.
The disposal container, manufactured from stainless steel and a
corrosion-resistant alloy material, is another barrier designed to withstand, without failure, severe adverse environmental conditions such as high
pressures and temperatures.
In addition to the multi-barrier approach to safety, the principles of redundancy, diversity and independence will be incorporated in the
design to further decrease the probability of an event occurring that may
pose a hazard. These same design principles also help to mitigate the
consequences if an event could cause release of radionuclides.
Events that may lead to abnormal conditions for each step in the
handling sequence have been reviewed and assessed. The handling sequence
according to the reference design is as follows: surface handling, surface
to underground transfer, underground transfer, underground transportation,
and emplacement operations. The role of the design safety features
pertaining to the surface handling and surface to underground transfer are
described below (Nathwani 1983).
8.4.2

Surface Handling Facility

8.4.2.1

Normal Operations

The roller conveyer will store up to eight containers. The radiation level in the vicinity of these containers will be less than 0.03 Sv/h.
The control room at the shaft station will be completely enclosed by 0.3-mthick concrete walls. Observation windows with shielding glass will enable
the operator to view the entire roller conveyer and cage loading operation.
The mechanical drives for the roller conveyer and the hydraulic power pack
for the hydraulic ram will be located in the mechanical room situated underneath the main level. The mechanical room will thus be shielded from radiation, and normal maintenance will be possible.
Only a single container will be located at any one time in the
shaft loading room. The room will be isolated from the conveyer storage by
a sliding door, which will close after a container is transferred for loading into the cage. This room will not be accessible to personnel during
normal operation. The operator will monitor the cage loading operation
through a TV camera located just above the hydraulic ram. An observation
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window on the shaft side
this area. The overhead
tainer can be removed to
enable personnel to work

will be located in the control room for
'ew of
crane will have access to this area so ti
a conthe conveyer for temporary storage. This will
normally at the shaft area.

The hydraulic ram will include built-in safety circuits, so that
it can be operated only when the cage hoist is correctly leveled at the
surface.
An electrically operated safety door will be provided at the entrance to the shaft. The safety bar will be mechanically raised by the cage
itself. The shaft safety door and the cage door will be opened only when
the cage is correctly located at the surface. This will ensure safety
against a container being dropp. ' 4nto the shaft in the absence of the cage.
The hydraulic cylinder will be p wided with a load-limiting device to prevent overturning of a container, or crashing of the safety bar. The hydraulic ram will also be capable of pulling the container out of the cage
and transferring it back into conveyer storage.
8 .4 .2 .2

Abnormal Operations

(a) Loss of Horizontal Motion
The crane will have two motors for each motion; one geared for
rapid movement, and one geared for creep. It will be possible to
lower the container, or bring the crane out of the storage area on
one motor if the other fails. In the extreme condition that two
motors fail, the storage area can be entered to attach a cable to
haul the crane out, or to perform some minor repairs.
The crane will be remotely controlled, with control signals transferred to switching gear on the crane. Failure of the remote
control system can be overcome by manual operation of the crane
controls. Failure of the switching gear will require entry to
replace it. Although the probability of failure of solid-state
switching gear is very low, redundant systems will be provided.
(b) Loss of Lifting Control
The position of the lond will be controlled by cable-drum position
encoders, backed up by limit switches. Raising the load too high
will be prevented by a separate mechanical limit switch that will
cut power to the hoist motors. This will require access to the
crane bridges to reset, which will be done by removing the crane
to the repair area.
(c)

Loss of Grapple Control
The crane grapple is air operated, and the air supply will have a
reservoir large enough to perform several release operations, even
if the compressor fails. The compressor and controls will be
mounted on the crane bridge, and will be accessible for repair.
To prevent inadvertent release of the load, the grapple cylinders
will not release the container as long as there is any weight in
the jaws. Duplicated sensors will indicate if the jaws are
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properly located on a container• If the grapple falls to release,
the container will be lowered onto the conveyer, and the cable
cut.
Hydraulic Kaa
(a)

Loss of Motion
The controls and power system for the ram will be in the mechanical room so repairs or manual override can be carried out without
radiation exposure.

(b)

Loss of Control
The interlocking switches and position sensors will be duplicated
with an alarm given on the failure of any sensor. Solid-state
programmable logic controllers will be used to control the
ram and cage interlocks. The forces generated by the ram or
container will not be sufficient for a container to break through
either the shaft safety door or the safety bar into the shaft, so
neither the ram nor a container can be pushed into the shaft in
the absence of the cage.
Shaft Safety Door

(a)

Loss of Motion
The controls and power system for the shaft safety door operations
will be in a separate machinery room so repairs or manual override
can be carried out without radiation exposure.

(b)

Loss of Control
The control system for the door will be part of the loading ram
and cage control system. The door will be unable to axert enough
force to damage the container.
Safety Bar

The safety bar is a passive mechanical barrier, and it will be
raised by a projection on the cage as it enters the loading position. The
ram does not have enough force to break the bar, and therefore, the possibility of failure ie excluded.
8.4.3

Surface to Underground Transfer

8.4.3.1

Normal Operations

The cage will be provided with a door that can be opened only when
the hoist is correctly located at the surface and underground shaft
stations. The roof of the cage will be protected by an 8-cm-thick steel
plate, which reduces the radiation fields above the cage to less than
0.01 mSv'h" 1 . Thus, normal maintenance could be performed above the cage
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locators to hold one container in place when the cage is lowered.
The loading and unloading of the cage will be remotely controlled,
and therefore, no personnel will be exposed to radiation during normal operation of the cage hoist.
8.4.3.2

Abnormal Operations
Cage and Hoist

The shaft safety door and safety bar together will make it
improbable that the ram can inadvertently push a container into the shaft in
the absence of the cage. The safety door will be interlocked with the cage
to open only when the cage is present at that level; and the safety bar will
be raised by the cage itself. These will be two mechanically independent
systems, and the simultaneous failure of both is considered improbable.
(a) Loss of Motion
The cage will be raised and lowered by a remote motor/brake. Loss
of motion might arise from motor failure, cable damage, or damage
to the cage guides. In most cases, repair will be straightforward. In some cases involving close approach to the cage, additional temporary shielding may be required.
(b) Loss of Control
Most hoist accidents result from loss of control, leading to rapid
movement of the cage. The cage position will De known from heist
drum position encoders, and from fixed sensors at each station.
3y the use of duplicated sensors and solid-state equipment, the
probability of the control system failing can be made very small.
The hoisting machinery will be of conventional design, with duplicated braking systems with different power sources. The cage will
be fitted with overspeed brakes, capable of stopping the cage even
if the cables break.
(c) Loss of Cable
Cable failures are not probable failures. Not only do the cables
have a high safety factor, but, by their stranded nature, contain
a high degree of structural redundancy. Cable inspection will be
carried out frequently to check for signs of wear. Lined induction coils will be fitted around the cables at the headframe to
check them for soundness along their length.
After a review of the entire handling sequence, it was concluded
that the safety design features will limit the radiological consequences
from normal and abnormal operations during surface handling, transfer to the
underground vault, and emplacement of the containers, to a low level. The
consequences, if any, will be within established regulatory limits.
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8.4.4

Radiological Consequences of Postulated Accidents

Safety assessments have been performed for the following postulated accidents, and their radiological consequences for public safety have
been estimated where possible.
8.4.4.1

Accidental Drop of a Fuel Container Down Access Shaft

The worst-case container handling accident would be the dropping
of a fuel container down the access shaft onto another fuel container at the
bottom of the access shaft. Should such a postulated drop occur near the
surface, allowing the container to drop through the major portion of the
access shaft (approximately 1000 m ) , the container would undoubtedly rupture, as well as the fuel elements. Such an accident could occur if the
access shaft hoist cable broke and the emergency brake assembly failed to
function. It could also occur due to associated mechanical failures of the
grapple or other associated hoisting equipment.
The radiological consequences of the accident depend on the inventory of radionuclides available for release and the pathways that govern the
potential for exposures. The maximum inventories of gaseous radionuclides
that constitute a primary source of potential exposures were considered.
The maximum total radiation dose to a hypothetical individual at the site
boundary due to a gaseous release of the total inventory of
Kr in two
containers (144 bundles) is estimated to ba approximately 0.11 mSv.
8.4.4.2

Accident in the Fuel Immobilization Building Coupled
with an Extreme Meteorological Event

The hypothetical accident at the fuel disposal facility that would
release the maximum credible amount of airborne radioactivity is the
dropping during handling of a full fuel module onto another, and the subsequent defecting of all the fuel elements. This accident is postulated to
occur during an extreme meteorological event (lightning, thunderstorms and
high winds), which also results in loss of power to the site such that the
ventilation and air-treatment facilities are not availableSeveral other mishaps during the immobilization process are possible: damage to cladding during handling, mechanical damage due to incorrect
operation of the rams, malfunction of process systems, and loss of vacuum
and prof-active gas in the hot cells. The releases of airborne radioactivity
as a result of these mishaps is not expected to be greater than the maximum
credible amounts postulated for the hypothetical accident described above.
The consequences of a full fuel module drop in the immobilization
building, for a hypothetical scenario as outlined above shows that the maximum total radiation dose to a hypothetical individual is estimated to be
0.15 mSv. This is well below the AECB criteria for accidental releases.
The postulated releases, therefore, do not constitute an unacceptable radiological hazard irrespective of the extent of damage to the containers.
8.4.4.3

Effects of Extreme Natural Phenomena

Since the i: :tors that govern the effects of these phenomena are
practically unique for each site, a detailed analysis of consequences or
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probabilities of occurrence was not undertaken. However, the general considerations for establishing the design bases have been described.
Preliminary investigations have concluded that flooding associated
with earthquakes is a very rare occurrence. A site for a future disposal
facility, however, will be determined only after a careful examination of
the past and predicted luture potential for floods.
Earthquakes
An important part of the information for determining the design
basis earthquake is a complete set of historical earthquake data. The cumulative known historical seismicity in the Ontario Shield and surrounding
regions for the period 1534 to 1979 has been documented in a companion report to this study (Gee et al. 1983). The known bedrock faults in the Precambrian Shield Region of Ontario are also illustrated in this reference.
Results of the preliminary estimates of seismic activity in the
characterization of the reference environments reveal that there are more
known earthquake events in the southern region and vicir.ity than in either
the central or northern regions.
Detailed geological investigations will be undertaken prior to
site selection to determine the vibratory ground motions expected at the
site from earthquakes, to define the characteristics of faulting at or near
the site, and to define the seismic and geological hazards at or near the
site, so that the corresponding engineering design basis can be established.
The methodology for establishing such a design basis earthquake is outlined
in greater detail in the IAEA Safety Guides (IAEA 1979b) .
The facilities at the fuel disposal facility will be designed to
withstand the design basis earthquake that envelopes the range of seismic
events deemed to be credible at a specific site. This will ensure that the
integrity of containers and facilities for storage of fuel will be maintained under earthquake conditions. Therefore, the consequence of release
of radioactive material due to seismic events is not considered.
Structural Collapse of Vault ("Cave-in")
From the results of the thermal and stress analyses (Chan 1979),
it was concluded that no overall structural collapse of the vault is expected. The assessment covered the first hundred years after waste emplacement. It was shown that temperatures and stresses generally increase with
time, reaching peak values around 50 years after emplacement, and that the
maximum temperature rise does not exceed 100 K.
Emplacement o^ backfill within the annulus between the container
and the drillhole periphery should be sufficient to protect the container
from any rock failure consequences. Considering the container emplacement
room layout and container geometry, it is concluded that in the event of a
catastrophic structural collapse (mine "cave-in"), no significant release of
radioactivity from a container can be expected.
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8.4.4.4

External Events

A study of possible aircraft crashes was> carried out previously
for the Pickering GS site (Manning and Atchison 1974). This was considered
a credible phenomenon for a site so close to a large urban center being
served by a major international airport. The probability of an aircraft
striking an irradiated fuel bay at the Pickering GS A site was calculated to
be less than 1.2 x 10~ 7 per year.
The fuel disposal facility, in all likelihood, will not be located
near a large urban center and particularly not close to a major airport. It
is therefore judged that the probability of an aircraft striking the fuel
disposal facility is no higher than 1.2 x 10~ 7 per year. This probability
is sufficiently low that no specific design action is required to provide
additional protection against such a rare event.
8.5

SAFEGUARDS AND SECURITY

8.5.1

Safeguards

8.5.1.1

Safeguards Requirements

Canada is a party to the Treaty on the Non-proliferation of Nuclear Weapons; which came into force on March 5, 1970. An agreement between
Canada and the IAEA provides general guidelines (IAEA 1972) for the implementation of safeguards: establishment and maintenance of a system of accounting and control for all nuclear materials subject to safeguards, access
by the IAEA to information concerning the nuclear materials subject to safeguards, and designation of IAEA inspectors to the country.
CANDU fuel is subject to safeguards control; new fuel is classified as source material, while used fuel is classified as special fissionable material, due to its plutonium content.
8.5.1.2

Existing Safeguards Program

The safeguards program of Ontario Hydro (Duda 1980) is concerned
with t i accounting and surveillance measures used for the control of nuclear materials subject to safeguards. This objective is satisfied by provision of a national nuclear material accounting center, and by ensuring that
appropriate containment and surveillance techniques are applied to the inventories of such nuclear materials. In this area, Ontario Hydro is responsible to the AECB.
The accounting and surveillance measures include:
(1)

reasonable access to Ontario Hydro fuel records by IAEA inspectors;

(2)

opportunity for IAEA inspectors to follow the normal station inventory, and physically count all accessible new fuel;

(3)

opportunity for IAEA inspectors to count all used fuel bundles;
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sample of used fuel bundles to confirm their content;
(5)

sealing of the verified fuel casks;

(6) surveillance of the sealed casks by IAEA inspectors, visually and
bV closed-circuit television or film camera; and
(7) opportunity for IAEA inspectors to check the seals of the sealed
casks annually•
8.5.1.3

Regulatory Requirements for Transportation

A summary of current and proposed Federal and Ontario regulatory
requirements, guidelines and criteria affecting the transportation of used
fuel in Ontario has been presented in Section I.A.
The IAEA regulations (IAEA 1979a) provide the basis for national
and international transport of radioactive and fissile materials by all
modes of transport. These regulations have been adopted by the united
Nations as its recommendations on transport of radioactive materials. The
IAEA regulations are implemented through the Federal "Transport of Dangerous
Goods Act". All radioactive materials transported in Canada, including used
fuel, must comply with these regulations. The basic requirements to be met
were described in Section 8.3.1.
8.5.1.4

Safeguards for Disposal of Used Fuel

Use of the current accounting, containment and surveillance techniques for used fuel storage will be extended to the disposal facility in a
manner acceptable to the IAEA and the AECB. Shipment of used fuel off-site
will employ similar techniques, primarily the use of IAEA sealed casks.
Immobilization of the used fuel, its shipment and disposal may
require adaptation of present techniques to tailor them to the methods of
immobilization and final disposal. These will be developed in accordance
with the principles for safeguards (IAEA 1968, Hough 1978), and IAEA containment and surveillance (Shea and Tolchenkov 1978).
The extra safeguards that could be required for disposal operations are the additional accounting and surveillance needed to verify the
fuel inventory before and after shipment, and the additional time needed to
verify the inventories.
An appropriate safeguards system will be developed and implemented
during the detailed design phase.
8.5.1.5

Regulatory Requirements for Disposal Facility Operation

Under the Atomic Energy Control Regulations (Blackburn 1974), the
proponent is required to obtain an operating license before a nuclear facility is permitted to operate. One of the licensing regulations states that
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appropriate administrative control procedures must have been established to
ensure that proper operating procedures are followed and all appropriate
procedures are taken to protect the safety of plant personnel and members of
the public. This Includes maintaining adequate safeguards and security
measures to prevent unauthorized access to potentially fissionable material,
and to demonstrate that all used fuel is accounted for.
8.5.2

Security

8.5.2.1

Security Requirements

The objective of the security measures is to protect the disposal
facility and property from unauthorized entry, and to protect the public
against the possible actions of subversive groups. The security measures
provide the means to detect and deter unauthorized entry to areas where
large inventories of radioactive materials exist. These measures also
provide the normal industrial security required to contribute to the control
of equipment, materials, and information.
8.5.2.2

Existing Security Program

The general security measures are designed for the detection of
unauthorized entry by a perimeter alarm system, restriction of entry only to
authorized persons by controlled access at recognized entry points, identification of authorized persons by an identity badge system, security-related
review of authorized persons, and continuing supervisory review, and
arrangements for response and support by civil police forces.
Although the existing security measures are concerned with fixed
facilities, emphasis is also being placed on secure transportation of used
fuel. Programs of personnel qualification and training will be carried out
to develop transportation crews that can be charged with the responsibility
of transporting the materials in full compliance with safety, safeguards,
and security objectives. The emphasis will be on prevention, deterrence and
detection, and response and recovery to counter potential incidents that may
occur.
8.5.2.3

Security for Disposal of Used Fuel

Security of the used fuel at nuclear generating stations will be
provided through the existing program. A continuation of similar provisions
will probably be adequate for disposal facilities.
For off-site shipments of used fuel, the existing security services will be extended in accordance with the principles discussed above,
and those suggested by the IAEA (IAEA 1976). The safe transportation of the
used fuel off site in massive casks, its lack of maneuverability, and ease
of detection provide a certain degree of safety and security.
The design features, which enable the shipping cask to withstand
severe transportation accidents, also enable the casks to withstand attacks
by small arms and explosives. A Sandia Laboratory Study (Dulharme 1978)
has concluded that the use of high explosives would probably be the only
credible way to cause dispersal of the radioactive material from a cask.
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Even then, significant quantities of high explosive would have to be
employed at very close range to penetrate the cask. Sandia concluded that
there is probably no mechanism that will create airborne material, aside
from the release of the free gases and semivolatiles caused by the rupture
of fuel sheaths that normally contain these substances.
For security at facilities for the ultimate disposal of used fuel,
there does not appear to be any significant requirements in addition to
those used presently at other nuclear facilities.
8.6

SUMMARY OF PUBLIC SAFETY

A preliminary assessment of public safety for the pre-closure
phase of used fuel disposal, based on a conceptual design, has shown that
the radiological consequences of accidents, or abnormal conditions, will be
within acceptable limits.
Safety in transportation is addressed from several perspectives:
package design and regulatory compliance, transportation accident statistics, the role of emergency response plans, and radiological impacts of
postulated accidents. For transportation accidents, the frequency of severe
accidents is estimated to be less than 1.3 x 10~ 5 per year; furthermore,
the postulated radiological consequences are within acceptable limits. It
is, therefore, concluded that the overall risk of used fuel shipment does
not constitute an unacceptable hazard to the public.
Analysis and detailed discussion of the design safety features of
the proposed concept have shown that the impacts of abnormal conditions, and
postulated accidents, during handling, storage, immobilization, and emplacement would not result in unacceptable radiological consequences.
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9.

VAULT CLOSURE, SURFACE FACILITY DECOMMISSIONING AND
TRANSITION TO THE POST-CLOSURE PHASE

9.1

DESCRIPTION OF ACTIVITIES

9.1.1

Schedule of Activities

After 35 years of operation, the disposal facility would be closed
down, and two surveillance periods of 20 and 40 years would follow, as shown
in Table 9.1-1 (Gee et al. 1983). During this period and throughout the
following decommissioning stages, environmentally and technically important
parameters would be monitored on the site.
Complete backfilling of the vault would be delayed for at least
20 years after emplacement of the last container, to permit retrieval of
waste containers (Gee et al. 1983). It has been proposed that after this
period, backfilling and sealing of the vault at selected elevations would
occur in two five-year periods (Acres et al. 1980). When these backfilling
and sealing operations have been completed, decommissioning and removal of
surface facilities would commence.
The activities and methods for
ing the surface facilities have not been
conceptual design (Card and Ohta 1981).
vault closure or in decommissioning such

closing the vault and decommissionspecified in tha current reference
Although no direct experience in
a disposal facility exists,

TABLE 9.1-1
TIMETABLE FOR VAULT CLOSURE AND DECOMMISSIONING ACTIVITIES

Time (a)

Cumulative
Period (a)

0

0

Monitoring Period

20

20

Vault Backfilling

5

25

Monitoring Period

40

65

5

70

5

75

Activity
Immobilization Activities Stop
Surface Facilities Closed

Drifts, Shafts Sealed
(Vault Closure)
Removal of Surface Facilities
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considerable understanding has been gained within the industry of decommissioning requirements for any nuclear facility. Many years of experience are
available in the remote operation and modification of nuclear research facilities, where very large sources of radlonuclides have been safely handled
and controlled. Relevant Canadian experience includes the replacement of
the calandrias of the NRU and NRX research reactors at the Chalk River
Nuclear Laboratories, as well as the replacement of pressure tubes at the
Pickering Nuclear Generating Station.
It is expected that the low-level active waste from decommissioning activities will fill an additional 15 bunkers in the disposal facility's
waste management area. Eventual disposal of this waste could probably be
carried out at a low- and intermediate-level waste management facility.
Further studies on closing the vault and decommissioning the surface facilities will provide detailed plans and procedures for all decommissioning operations.
9.1.2

Manpower Requirements

When disposal activities cease, the operating staff would be replaced by a decommissioning crew and a site-surveillance and monitoring
staff. Table 9.1-2 presents the manpower requirements for decommissioning
and vault-closure activities.
As the table indicates, the manpower levels would fluctuate. The
workforce would drop from 571 in the last year of operation to 14 in the
first period of decommissioning. During the first 20 years, only 14 surveillance and monitoring staff would be required, but these 14 positions
would be maintained throughout the decommissioning and vault-closure activities. For a six-year period during the final room backfilling operations,
approximately 200 people would be required; then for 40 years, only

TABLE 9.1-2
MANPOWER SCHEDULE FOR THE DECOMMISSIONING AND VAULT-CLOSURE ACTIVITIES

Time Period

Administration
and Supervision

1st Monitoring Period

6

8

14

50

150

200

6

8

14

45

105

150

Final Backfilling
2nd Monitoring Period
Vault Closure

Operation

Total
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only 14 people would be used for surveillance and monitoring of the facilities. For the next five years 150 people would be required for the backfilling of drifts and shafts, sealing, and the final closure of the vault
(Acres et al. 1980). No manpower requirements have been given for the
removal of surface facilities. Details of staffing requirements for the
administration of, and operations for, the decommissioning activities have
not been established.
9.1.3

Cost Estimates

The costs of decommissioning the surface facilities and closing
the vault are shown in Table 9.1-3. The cost of decommissioning the surface
facilities has been roughly estimated to be $10 million (1979$) based on
cost estimates for decommissioning a CANDU reactor (Card and Ohta 1981).
During decommissioning, the cost of maintaining security and surveillance of
the site has been estimated to be approximately $650 000 per year for
10 years (Card and Ohta 1981).

The operating costs for closing the vault have been estimated to
amount to $511.8 million (1979$) during the 70 years of vault backfilling,
monitoring and sealing (Acres et al. 1980). Capital costs, which would be
for replacement purchases of major equipment, have been estimated to be
approximately $20.8 million. Thus, the total cost of vault closure has been
estimated to be approximately $549 million.

TABLE 9.1-3
NUCLEAR FUEL WASTE DISPOSAL FACILITY ESTIMATED COSTS
FOR DECOMMISSIONING AND VAULT CLOSURE*

Activity

Cost
(Millions of Dollars)
(1979$)

Decommissioning
Surface Facilities
- Capital cost
- Security and Surveillance
Sub-Total
Vault Closure
- Capital Cost
- Operating Cost - (70 years)
Sub-Total
TOTAL
Cost estimates do not include any financing charges.

10.0
6.5
16.5

20.8
511.8
532.6
549.1
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9.2

REQUIRED ASSESSMENTS

9.2.1

Environmental Assessment

Present studies on decommissioning CANDU nuclear reactors indicate
that reactors can be decommissioned within the stringent environmental standards of current operations (Unsworth 1977, Ontario Hydro 1981b, USNRC
1981). A reasonable assumption is that the nuclear waste disposal facilities could also be decommissioned within acceptable environmental
standards.
In general, the potential effects of vault closure and decommissioning of surface facilities would appear to be less significant than those
due to either construction or operation.1 In many respects, much of the
effect of a disposal facility would have already occurred. Wildlife populations would have adjusted to the site during the construction and operating
phases. Decommissioning would likely be ,a more gradual process than construction. Wildlife would therefore probably only be affected to a limited
degree by the demolition noise of blasting and increased traffic. Should
the site be returned to a relatively natural state, recolonization would
likely occur.
Few of the potential environmental effects of decommissioning
could be regarded as new or substantially different from those that occurred
during construction and operation. A tentative list of the potential nonradiological effects of decommissioning a nuclear generating station with
respect to the natural environment is given by Gee et al. (1983). These
effects are generally similar to those encountered during construction of
the disposal facility. A more detailed evaluation will be made when further
details of the disposal system are available.
Similarly, the radiological environmental effects during decommissioning of the surface facilities are expected to be comparable to those
experienced during the operation phase.
9.2.2

Socioeconomic Assessment

A systematic evaluation of decommissioning effects on the social
and economic community has not been possible due to the lack of data. The
types of skills required, for example, have not been established. Decommissioning and vault closure activities would commence in the future, and
technological and social conditions are difficult to predict. Changes in
these conditions could alter the effects that would be expected based on the
present situation. For example, improvements in transportation technology
could allow workers to travel greater distances to work, perhaps from other
more distant towns. In addition, in any town (new or existing) political
pressure could be placed on the government to develop new industry in the
same area.
The sources of social changes would be, of course, the opposite of
those found during construction and operations - the loss of population and
associated income, the loss of economic benefits, and the uncertainty and
uprooting due to the loss of employment. The remainder of the community
would face changes due to oversupply of facilities and services coupled
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with a reduced population incapable of financially supporting the services.
Some of the effects could also be psychological and include feelings of
uncertainty, loss and displacement. However, since the changes would be
known and planned for well in advance, many potential negative effects could
be mitigated.
9.2.3

Safety Analysis

As specific decommissioning activities and methods have not been
described for the disposal facility, a detailed safety analysis has not been
possible. Present studies regarding the decommissioning of CANDU nuclear
reactors (Unsworth 1977, Ontario Hydro 1981a, USNRC 1981) indicate that they
can be decommissioned within the stringent safety standards by which these
reactors presently operate. It is reasonable to assume that a nuclear waste
disposal facility could also be decommissioned within acceptable safety
standards.
A safety analysis of both the methods and activities for vault
closure and decommissioning of surface facilities would be done once these
activities have been described for the conceptual reference center.
Occupational radiation exposure could occur with the decommissioning of radioactive sections of the fuel immobilization building, and the
shipment and disposal of radioactive materials. During decommissioning,
residual radioactivity in the fuel immobilization building and the methods
and protective systems used to dismantle the surface facilities would determine the occupational radiation exposure and risk associated with demolition
activities. These residual activity levels and methods that might be used
in decommissioning have not been specified in the current reference design.
9.3

TRANSITION TO THE POST-CLOSURE PHASE

Once the disposal facility has been decommissioned, a fund would
be established to provide environmental monitoring, safeguards and security.
Because the vault would not be completely backfilled for a considerable time
following closure of the surface facilities, the safeguards and security
requirements would be nearly the same as during the operation of the facility. Environmental monitoring would likely consist of routine data gathering and analysis (Card and Ohta 1981).
The overall objective of the Canadian Nuclear Fuel Waste Management Program is to ensure that there will be no significant adverse effect
on man or the environment from nuclear fuel waste at any time (Rosinger and
Dixon 1982). After the disposal facility receives its nuclear operating
license, but prior to its closure, a synthesis of the available information
would have to indicate conclusively that the vault would perform as expected. The vault would not be closed until sufficient technical evidence
had been assembled to conclude, with a high degree of certainty, that the
disposal facility could be closed and safely abandoned (AECB 1982).
The particular parameters and time period of monitoring after vault
closure could be decided by analysis of the objectives for monitoring and
expected vault behaviour in this period. However, the technical feasibility
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of monitoring the vault with presently available equipment for a long time
periods has not yet been developed. A development program would be required
to produce instruments with the reliability and lifetime to satisfy the
needs for vault monitoring over longer periods (McConnell 1982).
Instrument lifetime and reliability for surface and borehole monitoring would not, however, present the same problems as those for in-vault
monitoring equipment. Surface and borehole^ monitoring instruments could be
retrieved for maintenance and repair and could, using state-of-the-art
equipment, maintain monitoring of the vault site for as long as is deemed
necessary or desirable (McConnell 1982).
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LO.
10.1

ESTIMATED COSTS AND EXPECTED BENEFITS

OVERVIEW

Construction, operation and decommissioning of a nuclear fuel
waste disposal facility and used fuel transportation would generate a large
number of economic, environmental and social costs and benefits. Due to the
generic nature of this assessment and limitations in the current conceptual
design, quantification and assessment of many of these potential costs and
benefits were not possible and therefore could only be described in qualitative terms on the basis of the available information. Estimates of the
potential costs and benefits of a nuclear fuel waste disposal facility,
during the pre-closure phase, are summarized in Gee et al. (1983).
Expenditures upon labour Inputs, goods and services would contribute through direct, indirect and induced effects to the stimulation and
growth of the Ontario economy. To the extent that many of these expenditures would be concentrated in high technology pursuits, the particular
industries involved would be especially stimulated. Every dollar spent on
wages and salaries would represent a direct addition to the Gross Provincial
Product (GPP) with a subsequent indirect impact to the extent that a proportion of this amount is respent in the economy (that is, there would be a
multiplier effect). The multiplier model used in this assessment was the
1974 Statistics Canada Interprovincial Input-Output Model (Gaston and Bedard
1980). Other methods used for "economy-wide" evaluations have been described by Gee et al. (1983).
In the following discussion, estimates of the potential costs and
expected benefits on a local and regional, provincial, and general scale are
presented.
10.2

LOCAL AND REGIONAL COSTS AND BENEFITS

One of the greatest potential benefits of a nuclear fuel waste
disposal facility would be in terms of direct and indirect employment. It
has been estimated that at the peak of the construction and operation activities approximately 480 and 660 jobs, respectively, would be required. The
combined peak has been estimated as 800 jobs. A total of approximately
2 5 800 man-years of direct employment would be generated during the
construction and operation of the disposal facility, decommissioning of the
surface facilities and closing of the vault. These estimates have been
based on the current reference conceptual design (Card and Ohta 1981).
The disposal facility would also generate indirect and induced
employment opportunities in the form of supporting services, such as the
retail, educational, medical and house construction areas in the community
and region in which the disposal facility was located and also in industries
that produce goods used by a disposal facility such as in the metal products
industry for disposal containers.
It is estimated that some 1100 to 2100 man-years of indirect and
induced employment would be created in an existing community and approximately 15 000 to 20 000 man-years of indirect and induced employment would
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be created in a new town (Gee 1981). Although these estimates are very
dependent on the characteristics of the reference communities, they illustrate a range in the number of indirect jobs that could result in a community that hosts a disposal facility.
A second benefit would be in the form of increased property tax
revenue from the additional housing and payments in lieu of taxes paid by
ehe operator of the disposal facility. These benefits were not quantified
because they would be dependent upon the municipal mill rate, the assessed
value of properties and, in the case of residential and commercial taxes,
the number of properties involved. In the case of grants in lieu of taxes,
the amount paid would depend upon the proponent's agreed-upon obligations,
the number, type and area of buildings and other facilities as well as on a
number of other factors. However, an estimate of payments in lieu of taxes
to municipalities by the operator of a disposal facility might range from
$120 000 to $200 000 (1982$) annually (Sr.svenson 1983).
A community impact agreement negotiated between the proponent and
the host community would benefit the community by providing the means of
mitigating many of the effects that could result from the development. The
agreement would be community-specific and the dollar amounts involved would
depend upon specific circumstances.
10.3

PROVINCIAL COSTS AND BENEFITS

The construction and operation of a disposal facility, which has a
relatively large labour requirement, would have a positive effect on the
provincial labour market. The provincial labour market is composed of an
interacting group of regional labour markets and is a complex and fluid
entity. The creation of employment in one region could have many effects
both within and outside the region. Economic activity could be displaced
elsewhere in the province as a result of fully employed labour migrating to
the project. The effect would be, to a certain extent, determined by the
existing unemployment conditions during the period in question and by the
expertise required. During times of high unemployment, however, the economic displacement would be minimal. More employment could be created by support activities: the fabrication of containers and the mining of lead, for
example, could create indirect employment; the respent wage incomes of the
newly employed could induce additional employment; and the new demand for
intermediate production inputs by the recipients of the proponent's purchase
orders would probably induce additional industrial activities. This
spending of incremental income in the host region and in the province in
general would generate more jobs by a multiplier effect. Based on aultipliers determined by Statistics Canada in 1974 (Gaston and Bedard 1980), it has
been estimated that construction and operation of a disposal facility would
result in the creation of approximately 100 000 man-years of indirect and
induced employment opportunities in Ontario. These estimates are not considered to be definitive owing to the limitations of the multiplier analysis
and the preliminary nature of the conceptual disposal facility cost estimates.
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The net result of the labour market adjustments upon the province
would vary according to the nature of the jobs created by the disposal facility and upon labour market characteristics of the host region and of the
province. The social cost of these labour market adjustments resulting from
the disposal facility project could not be determined in this assessment.
A nuclear fuel waste disposal facility would create a demand for
large quantities of construction and operating supplies. The cost of this
demand, with the exception of lead for fuel immobilization, would not be
considered to be significant in terms of provincial and national supply
capability or reserves. However, this demand would have many implications
for the Ontario and Canadian economies. The demand for domestically produced goods and services has associated with it a whole chain of economic
interactions as labour, capital and material sources would be called upon to
produce the necessary inputs to the disposal facility. As well, manufactured goods could be required from abroad. On the whole, the province would
benefit from a disposal facility only if the economic activity becomes incremental; that is, if it would be a net addition to what would otherwise
have occurred. This would be a definite possibility for many of the goods
and materials required, with the exception of lead. The disposal facility's
presently predicted lead requirement could have substantial negative implications on the provincial and national lead market. It would far exceed
supply capability by displacing many existing demands, and it would represent a significant proportion of provincial and national reserves.
The potential costs and benefits of a disposal facility to the
host community, the region in which it is situated, and to the province
would be numerous, varied and not necessarily distributed evenly. Provincial resources would be transferred to the host region for the project and
could result in an improved regional economy. However, many of the social
disruptions associated with the development would be focused directly upon
the host community and region, while the whole province would share in the
benefits of the project. This is an issue that warrants further consideration.
10.4

PROVISION OF REVENUE

Ontario Hydro policy requires that the future costs for the
storage and/or disposal of fuel should be included as part of the energy
charges to the consumer for the current period (Ontario Hydro 1981b). This
accounting policy incorporates a sensitivity analysis to determine the
significance of changes in major variables upon the estimated costs. Some
of the relevant uncertainties revealed by the sensitivity analysis are:
improvements in technology, engineering methods and materials could reduce
estimated costs; estimated costs for an immobilization facility and vault
would tend to increase for more remote locations and earlier in-service
dates; changes in regulations governing transportation and disposal of used
nuclear fuel would, in general, tend to increase estimated costs; and
changes in long-term interest and escalation rates could change the costs.
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11.

11.1

PRE-CLOSURE ASSESSMENT SUMMARY AND FUTURE WORK

SUMÎ4ARY OF RESULTS
(1)

The conceptual design would allow a nuclear fuel disposal facility
to be normally operated such that no worker or member of tlie public would receive a radiation dose exceeding limits specified in
the Atomic Energy Control Regulations.

(2)

Detailed analysis of the design safety features of the proposed
concept has shown that the impacts of abnormal operations or postulated accidents during handling, storage, immobilization, and
emplacement would not result in unacceptable radiological consequences.

(3)

Using the given design information and incorporating many conservatisms in the interim source terms, pathways analysis resulted in
a range of dose estimates depending on pathways and regional environment conditions. Individual doses from airborne emissions
have been shown to be small fractions of natural background dose,
not varying much from region to region. Individual doses from
waterborne emissions are more variable, ranging from less than
1 percent up to about 75 percent of natural background dose,
depending largely on the assumed dilution capacity of small versus
large waterbodies. This is an area that would require further
design and environmental analysis.

(4)

Further refinement and optimization of system designs and processes could reduce worker and public exposure levels to small fractions of the regulatory limits, to where they would be indistinguishable from normal variations in natural background exposure.

(5)

The used fuel transportation system, which would meet all requirements of the Internationa1. Atomic Energy Agency (IAEA), the Atomic
Energy Control Board (AECB) and Transport Canada, would not be
expected to result in any unacceptable radiological consequences.
The assessment concluded that the radiological effect of used fuel
transportation would represent a small fraction of natural background radiation regardless of the three different modes of transport. The evaluation indicated that, of the three modes of transport considered, the truck transport mode would result in the
largest population dose, with the dose for rail transport being
lower and barge transport resulting in the lowest population
dose.

(6)

Safety against transportation accidents is addressed from several
perspectives: package design and regulatory compliance, transportation accident statistics, the role of emergency response plans,
and radiological impacts of postulated accidents. For transportation accidents, the frequency of accidents of a severe nature is
estimated to be less than 1.3 x 10~ 5 per year; furthermore, the
postulated radiological consequences are within acceptable
limits.
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Therefore, the overall risk of used fuel transportation doe3 not
constitute an unacceptable hazard to the public.
(7) Hazardous nonradiological emissions such as lead fumes from fuel
immobilization could not be fully quantified due to the incomplete
reference design. However, effective control technology is available to ensure that such emissions weriId comply with environmental
protection criteria.
(8)

Although the total land area required by a nuclear fuel disposal
site would be relatively large (approximately 27 k m 2 ) , less than
10% of this land would actually be developed. Ecological effects
and pre-emption of land use or capability would largely be reversible following closure of the site. The cumulative land production permanently relinquished as a result of disposal facility
construction would be minimized by siting in an area of low landuse capability and mineral resource potential.

(9) The quantities of excavated rock to be disposed of would be significant, but not unprecedented. A nuclear fuel waste disposal
project would have much in common with a mining development, for
example. However, the toxic runoff effects from rock disposal
areas, which sometimes occur with mining developments, would not
be expected to occur in this case because site selection is expected to avoid areas with mineral potential. Any negative
effects would be reduced if there were a market for this rock, as
aggregate, for example. Furthermore, prudent siting and adherence
to environmental design and construction procedures for Ontario
raining developments would eliminate or minimize to within acceptable levels any potential adverse effects.
(10) Sensitive environmental areas (those having features of conspicuous ecological, geological, historical or cultural value) are
normally avoided through careful siting of facilities. However,
if any of these features were found on a site, protective measures
and experience are available to ensure that the features would be
preserved. This would largely be a matter of environmental policy
and procedures.
(11) If lead is used as the matrix material, in the disposal container
design, the total lead requirement would have a significant effect
on Canadian lead supplies and reserves depending on the projected
fuel disposal rate. However, ongoing research into alternative
matrix materials could well lead to a different container design
involving more abundant resources. No other material resource
requirements were found to be potentially critical, although several require further investigation.
(12) From the social impact analysis, a variety of potential community
impacts were identified:
(a) A nuclear fuel disposal facility, like any major project,
would have a wide range of community impacts. Some of the potential impacts such as employment and income distribution would
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generally be desirable, while others might be undesirable such as
increased costs of community services and social alterations.
Although this assessment has not identified any unique or unfamiliar effects compared to those of other large energy projects, the
affected public could perceive some effects as unfamiliar and
perhaps serious.
(b) Some impacts would occur regardlese of the type of host community. Other impacts, however, would be dependent upon the
specific host community characteristics, such as availability of
housing and adequacy of municipal services. Where project activities would have some negative impacts on a local community,
despite overall net benefits to the region or province, suitab. 2
offsetting compensation could probably be provided.
(c) It has been noted that environmental impacts in general, and
socioeconomic impacts in particular, are sensitive to the rate and
duration of project development. Staged development from demonstration through half-scale to full-scale operation would have
less socioeconomic and resource impact than immediate full-scale
development.
(d) For the full-scale development reference design, direct employment potential would be more than 25 000 man-years, of which
30 to 70 percent would probably go to local labour. The maximum
number of site jobs at the peak of construction and operation
would be approximately 800 (240-560 local). The total (direct +
indirect + induced) employment for construction, operation, supply
and services would be up to five times as much as direct
employment.
(13) Public perception of risk, will continue to be an important consideration in assessing the acceptability of the nuclear fuel
waste disposal program. Continuing to provide accurate and complete information about the program would contribute to reducing
people's fears about the unfamiliar aspects of the project.
(14) The total occupational risk (radiological and conventional) from
operation of a disposal facility compares favourably with that of
other industries with high safety standards. With additional
design effort, significant reductions in radiological dose to
workers appear feasible. For other activities (vault excavation,
construction of surface facilities and eventual demolition), occupational risks would be no greater than the average risks in comparable industries.
(15) The benefits of a nuclear fuel waste disposal project would include (a) permanent isolation of hazardous materials from man and
his environment: (b) direct, indirect and induced employment
associated with construction and operation of the facility as well
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as supply of materials, equipment and services; and (c) tax revenue to the local community. Approximately 75 percent of total
expenditures would remain in Ontario, generating close to one
percent of Gross Provincial Product at maximum expenditure.
(16) The economic costs for facility construction, operation (including
transportation), decommissioning, security and surveillance would
be substantial. However, Ontario Hydro accounting policy provides
for the necessary revenues by requiring that rates paid by electricity consumers be sufficient to cover the future costs of used
fuel management. The fraction of electricity rates paid by consumers for future costs of used fuel management is very small.
Further evaluation of the costs and benefits on a local, regional
and provincial scale would be undertaken when the conceptual design has developed further11.2

FUTURE WORK

Future work by Ontario Hydro will incorporate the assessment of
fuel recycle waste disposal as an alternative to used fuel waste disposal.
A new conceptual design of the disposal facility will provide the basis for
the updated assessment. The conceptual design to be completed by 1987, will
incorporate current estimates of fuel waste arisings.
This, preliminary assessment has been based largely on the conceptual design study issued by AECL in 1979, augmented with Ontario Hydro assumptions to cover design gaps. Ontario Hydro recognizes that immobilizing
fuel by lead matrixing is not necessarily the best alternative* It was
selected by the designers as the reference case on which to base their economic evaluation. Likewise, the designs of facilities and equipment were
not optimized, but were offered as a possible design concept (Card and Ohta
1981). The lifetime operating cost of the surface facilities was estimated
to be over 75 percent of the total lifetime cost of the disposal facility.
Therefore, a great deal of engineering and optimization for both surface and
underground facilities can be justified to reduce operating costs. The
following are areas where further design effort and optimization could
reduce costs or environmental effects.
-

The annual capacity, operating lifetime and total capacity of the
facility should be more in keeping with Ontario Hydro's current
forecast of used fuel arisings.

-

The liquid waste management system should take into account the
dilution constraints associated with smaller waterbodies typical
of the Canadian Shield.
The integration of containers for transportation and disposal and
transfer facilities would simplify operational procedures and
reduce occupational radiation exposures.

-

If lead is retained as the matrix material for immobilizing fuel,
lead emission controls could be implemented to minimize occupational exposure.
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The radioactive emission estimates should be refined, taking into
account the results of tests conducted in hot cells regarding fuel
off-gases and particulates.
In addition, a thorough review of the social impact assessment of this
second iteration (Lang Armour Associates, "Assessing the Social Impacts of
the Canadian Nuclear Fuel Waste Management Concept: A Critical Review of
Ontario Hydro's Preliminary Assessment", unpublished report) has prompted
changes in the social assessment proposed for the next assessment. As we
receive comments and critical review of other aspects of this second interim
assessment from regulatory bodies, scientists, and the public, the scope of
future assessments can be adjusted to accommodate these concerns.
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GLOSSARY

ABSORBED DOSE; The amount of energy, from ionizing radiation, absorbed per
unit mass of material. The SI derived unit of absorbed dose is the gray.
ACTINIDE: An element with an atomic number from 89 (actinium) to 103, inclusive. All are radioactive. Examples are uranium and plutonium.
ACTIVATION PRODUCTS: Heavier radioactive nuclides (radionuclides) formed
when nuclides absorb neutrons. Uranium activation products (actinides),
activation products of fuel impurities, and Zircaloy activation products are
three categories of radionuclides found in used fuel bundles.
ALPHA PARTICLE: A positively charged particle composed of two protons and
two neutrons and emitted from a nucleus during radioactive decay. It is
identical in all measured properties to the nucleus of a helium atom. An
example of a radionuclide that emits alpha particles is 2 3 9 Pu. Alpha particles cannot penetrate the body's outer layer of skin.
BACKFILL: The material used to refill the excavated portions of a vault
after the waste has been emplaced. It is typically a mixture of clay, sand,
and perhaps gravel and crushed rock.
BACKGROUND RADIATION:

(see NATURAL BACKGROUND RADIATION).

BECQUEREL (Bq): The SI derived unit of radioactivity, equivalent to one
disintegration per second.
BETA PARTICLE: An electron or positron emitted by a nucleus during radioactive decay. It can penetrate body tissue to a depth of 1 to 2 cm. An
example of a radionuclide that emits only beta particles is 90 Sr.
BIOSPHERE: The life-zone of the earth including the surface of the earth,
the plants and animals, the regions below the land surface (to the limit of
biological activity), the lower part of the atmosphere, and surface water
bodies such as lakes, rivers, and oceans and their bottom sediments. It
includes the human habitat or environment in the widest sense.
CASK: A receptacle used for transporting nuclear fuel waste from an interim
storage facility to the disposal facility.
CHAIN LAKES: One set of two lakes in a chain with the smallest lake in the
REFERENCE ENVIRONMENT assumed to feed the next largest lake size in that
environment, a.g. from 1 km 2 to 5 km 2 lake.
COLLECTIVE DOSE-EQUIVALENT: The sum of the individual dose-equivalents
received by the members of a given population. The unit of collective doseequivalent is the man-sievert.
COLLECTIVE DOSE-EQUIVALENT COMMITMENT: The (effective) dose-equivalent
commitment multiplied by the number of individuals in the specified population. The SI derived units is man-sievert.
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CONCEPT, WASTE MANAGEMENT;
method may be developed.
CONTAINER:
waste.

A basic Idea from which a waste management

A durable, sealed receptacle used for isolating nuclear fuel

COUNTY; A municipality that is a federation of the towns, villages and
townships within its boundaries, whose powers are exercised by an elected
council.
CRITICALITY; The condition under which a self-sustaining chain reaction of
nuclear fission can be maintained without an additional source of neutrons.
CRITICAL PATHWAY; For a given group of people ("critical group"), the environmental pathway(s) for radioactive materials through which the highest
potential exposures may occur.
DECOMMISSIONING; The work required for the planned permanent retirement of
a nuclear facility from active service. This would include decontamination
of the site. In the Canadian concept for nuclear fuel waste management,
decommissioning activities would involve only the surface facilities and the
area of the site aboveground.
DECONTAMINATION FACTOR: The ratio of initial content of contaminating radioactive material to the final content as a consequence of a decontamination
process.
DISPOSAL FACILITY: The surface facilities, a disposal vault and all its
supporting facilities, the associated surface storage areas, and the surrounding exclusion zone.
DISPOSAL FACILITIES: The fuel immobilization building, shafts, vault, and
the equipment and materials required to handle the fuel waste underground
and to fill and seal the vault.
DISPOSAL SYSTEM: A disposal facility and the transportation facilities
needed to bring nuclear fuel waste from interim storage sites.
DOSE: The amount of energy (from ionizing radiation) absorbed per unit mass
of material; also referred to as "Absorbed Dose".
DOSE-EQUIVALENT: A measure of the biological effect of radiation received
by exposed tissue. It is the product of absorbed dose, a quality factor,
and a modifying factor. The quality factor expresses the biological effectiveness of different kinds of radiation. The modifying factor takes account, for example, of absorbed dose rate and fractionation. The SI derived
unit of dose equivalent is the sievert.
DOSE-EQUIVALENT COMMITMENT; For any specified decision, practice or operation, the infinite time integral of the per capita dose-equivalent rate for
a specified population. The Si-derived unit is the sievert.
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EFFECT: An alteration to the environment caused by the activities or facilities associated with the construction, operation, and decommissioning of,
as well as used fuel transportation to and from, a disposal facility.
EFFECTIVE DOSE-EQUIVALENT: The weighted sum of the dose-equivalents received by several organs from an intake of radionuclides and/or nonuniform
external irradiation. The weighting is carried out in such a way that the
effective dose-equivalent would give rise to the same risk of induction of
fatal cancer or serious genetic defects as a numerically equal whole-body
dose-equivalent resulting from uniform Irradiation (e.g., an effective doseequivalent of 5 mSv would give rise to the same risk as a dose-equivalent of
5 mSv to the whole body from uniform irradiation).
ENVIRONMENT: Means (i) air, land or water, (ii) plant and animal life including man, (iii) the social, economic and cultural conditions that influence the life of man or a community, (iv) any building, structure, machine
or other device or thing made by man, (v) any solid, liquid, gas, odour,
heat, sound, vibration or radiation resulting directly from the activities
of man, or (vi) any part or combination of the foregoing and the interrelationships between any two or more of them.
ENVIRONMENTALLY SENSITIVE AREAS: Undisturbed environmental and historical
features that are either provincially or regionally unique or rare are
considered to be of importance from a socioeconoraic, natural environment or
aesthetic perspective, and are susceptible to degradation or displacement
from human intrusion.
FISSION PRODUCT: A nuclide produced either by fission or by the subsequent
radioactive decay of a radionuclide produced by fission. Fission is the
splitting of an atomic nucleus resulting in the release of a large amount of
energy.
FLASK. The shielded section on the underground transporter in which the
containers would be carried from the active waste shaft to the emplacement
rooms.
FUEL RECYCLE WASTE:
FUEL WASTE:

Waste resulting from fuel reprocessing.

(see NUCLEAR FUEL WASTE).

GAMMA RAY: High-energy, highly penetrating, shortwave electromagnetic radiation emitted by a nucleus of a radioactive atom during radioactive decay,
as a result of a transition from one of its excitea energy levels to a lower
level.
GENETIC EFFECT: A radiation effect that manifests itself in the decendents
of the exposed individual.
GPP: Gross Provincial Product. The total market value of all goods and
services produced, during a specified period of time, by a province before
the value of the assets and the depreciation of the assets used to produce
the products are deducted.

- 110 GRAY (Gy); The SI derived unit of absorbed dose (1 Gy = 1 J'Kg" 1 ).
HAZARD;

A source of danger.

HIGH-LEVEL RADIOACTIVE WASTE: In general terms, the most highly radioactive
vaste from the nuclear fuel cycle. For the purpose of this assessment,
particles of used fuel activation products that have escaped from defects in
fuel sheaths, which are found in the liquid and solid waste of the fuel
immobilization building. The waste usually contains millions of gigabecquerels of radioactivity per cubic metre.
HOT CELLS: Shielded, and separately ventilated enclosures fitted with suitable manipulation systems to allow the operator to perform tasks without
subjecting himself to radiation beyond a specified maximum allowable dose
rate.
IMMOBILIZATION: Encapsulation of the used fuel bundles by placing them in a
container and filling the spaces with a matrix material.
IMPACT :
SOCIOECONOMIC IMPACT: In the context of social assessment is an effect
that can be perceived by those affected and which is determined to be
important to them.
NATURAL ENVIRONMENTAL IMPACT: Any significant change in the quality or
character of the NATURAL environment is considered an IMPACT upon that
environment.
IONIZING RADIATION: Any radiation capable of displacing electrons from
atoms or molecules, thereby producing ions. Examples are alpha, beta, and
gamma radiation. Ionizing radiation may produce skin or tissue damage.
ISOTOPE: One of two or more nuclides that have the same number of protons
in their nuclei. Different Isotopes of an element have the same atomic
number (number of protons) but different mass number (protons and neutrons).
LOW-LEVEL RADIOACTIVE WASTE: In general terms, the slightly contaminated
waste from the nuclear fuel cycle. For the purpose of this assessment, part
of the liquid and solid waste generated by the disposal facility. It
usually contains a few gigabecquerels of radioactivity per cubic metre.
MAN-HOURS (man-h): An industrial unit of time equal to one hour of work
done by one person.
MAN-SIEVERT (man-Sv):
tion.

The unit of collective dose-equivalent to a popula-

MATRIX MATERIAL: A nonradioactive material used to immobilize radioactive
waste. An example of a matrix material is lead-antimony.
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MITIGATIVE MEASURES: Procedures adopted to alleviate nonbeneficial impacts
and enhance beneficial impacts. They can include any action that avoids,
minimizes, corrects, eliminates or compensates for impacts.
MW(e);
watts.

One megawatt (MW) is a unit of power equal to one thousand kiloMW(e) denotes the electrical power output of a generating station.

NATURAL BACKGROUND DOSE-EQUIVALENT; The dose-equivalent from natural
sources of radiation, which include cosmic rays (from outside the solar
system and from the sun) and naturally occurring radionuclides in the
earth's crust, in the air, and in the body.
NATURAL ENVIRONMENT; The sum total of all the conditions and influences
surrounding an organism, human or otherwise, that affect its life, survival,
and development, excluding those factors discussed under SOCIAL ENVIRONMENT.
NUCLEAR FUEL WASTE;
clear reactors.

In this volume, refers to used fuel bundles from nu-

NUCLIDE; A species of atom characterized by its mass number, atomic number,
and energy state.
PLUTONIC ROCK; In the strictest sense, a body of igneous rock that has
formed beneath the surface of the earth by consolidation from magma. In a
broader sense, it may include bodies composed of pseudo-igneous rock that
formed beneath the surface of the earth by the metasomatic replacement of
an older rock (with change in chemical composition as well as structure).
PROPONENT; A company, province or other organization that intends to undertake a project, program or other activity having potential environmental
and socioeconomic effects.
RADIONUCLIDE: A nuclide that can decay to another nuclide by spontaneously
emitting particles such as alpha- or beta-particles.
RADIONUCLIDE MIGRATION; The movement of radionucltdes through a medium by
fluid flow and/or diffusion.
RADON DAUGHTERS; The particulate decay products of radon gas, a chemically
inert radioactive gas emitted from uranium.
RECYCLING: The reuse of fissionable material such as plutonium after It has
been recovered by chemical processing from used reactor fuel.
REFERENCE COMMUNITIES : Four different types of municipal structures typical
of those found in the Ontario Shield region, the characteristics of which
have been used to illustrate potential socioeconomic impacts from a disposal
facility on a community.
REFERENCE ENVIRONMENT: Generalized regional data that represent and typify
all the regions and communities in the Ontario portion of the Canadian
Shield.
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REFERENCE SETTLEMENT PATTERNS; Three typical settlement patterns found in
the Ontario Shield region, the characteristics of which have been used to
assess the potential socloeconomic impacts of the transportation system on
communities that may lie along the shipment route.
REGIONAL ENVIRONMENTS; The three regions: northern, central and southern,
into which demographic and natural environmental conditions found in the
Ontario Shield region have been divided. This regionally representative
Information has been used to assess the potential natural environmental
impacts of the disposal system.
REPROCESSING; The processing of used reactor fuel to recover the created
zjy
Pu and the unused 2 3 5 U , and to remove fission products.
RISK; A measure of the harmful effects that could be expected as a result
of the activities associated with the disposal system. It is quantified as
the product of the probability and the consequence of the occurrence of an
event or series of events.
CONVENTIONAL RISK: The nonradiological risks that could be expected
from the activities associated with a disposal system.
SAFEGUARDS ; A system of technical measures to provide timely detection of
the diversion of significant quantities of nuclear material from peaceful
nuclear activities to the manufacture of nuclear weapons or other nuclear
explosive devices or for purposes unknown, and to provide deterrence of such
diversion by the risk of early detection.
SECONDARY WORKERS; People aot directly employed on the project but employed
in businesses or activities associated with the project and businesses providing services within the community.
SIEVERT (Sv): The SI derived unit of dose equivalent (1 Sv = 1 J.kg""1).
SI UNITS; Le Système international d'unités. An internationally accepted
coherent system of units based on the metric system.
SOCIAL ENVIRONMENT; The socioeconomic and cultural factors derived from the
characteristics of the disposal system that would affect the people living
in the reference communities.
SOMATIC EFFECTS; Biological effects produced by radiation that would occur
during the lifetime of the person so exposed.
TOWN; An incorporated urban municipality, generally with a population of
1500 to 15 000 people, whose powers are exercised by an elected council.
TOWNSHIP; A large rural area, generally up to 258 km2, whose powers are
exercised by an elected council.
TOXIC ELEMENTS;

Chemically poisonous substances, such as lead.
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TRANSPORTER; The manned underground vehicle that carries containers from
the active waste shaft to the emplacement rooms in the vault. Its design
has been based on existing diesel mine vehicles.
UNIT TRAINS;
train.

Trains that carry a single commodity only, i.e. one cask per

USED FUEL; Nuclear fuel that has been used in a nuclear reactor and, hence,
has become highly radioactive.
VAULT;

An underground excavation and its contents.

ZIRCALOY; A family of metal alloys in which the predominant constituent is
zirconium (Zr). These alloys are used for the structural components of fuel
bundles•

- 114 METRIC UNITS USED IN THIS VOLUME
The units used in this volume conform to the standard specified in
the Canadian Metric Practice Guide (Canadian Standards Association 1979),
which is a guide for the application of the International System of Units.
In this report, negative powers are used to express compound units formed by
division.
SYMBOL

UNIT NAME

a
Bq
°C
cm
dBA
g.L" 1
GBq-a" 1
GBq»km~ 2
Gg
GJ
Gy
h
ha
J
L
L'S" 1
kg
km
km'tr 1
kW
m
m 3 .a-l
m^« s~ *
man-h
man-SvGBq- 1
mg
Mg
mg'L" 1
mm
mSv
MW(e)
Sv
Sv(MW(e)^a)" 1
V
W

year
becquerel
degree Celsius
centimetre
decibels (acoustic)
grams per litre
gigabecquerel per year
gigabecquerel per kilometres squared
gigagram
gigajoule
gray
hour
hectare
joule
litre
litres per second
kilogram
kilometre
kilometres per hour
kilowatt
metre
cubic metres per year
cubic metres per second
man-hour
man-sievert per year
man-sievert per gigabecquerel
milligram
megagrain
milligram per litre
millimetre
millisievert
megawatt electric
sievert
sievert per megawatt (electrical) year
volt
watt
micrograms per cubic metre
micrometre
microsievert

Lig* m

um
uSv

CONVERSION FACTORS
1 B q » 2.7 x 1 0 " 1 1 Curies
1 Gy =• 100 rads
1 Sv * 100 rems
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