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ABSTRACT

The Nuclear Fuel Waste Management Program has been established to develop and
demonstrate the technology for safe geological disposal of nuclear fuel waste.
One objective of the program is to show that a disposal system (i.e., a
disposal centre and associated transportation system) can be designed and that
it would be safe. Therefore the disposal system must be shown to comply with
safety requirements specified in guidelines, standards, codes and regulations.
The components of the disposal system must also be shown to operate within the
limits specified in their design.

Compliance and performance of the disposal system would be assessed on a
site-specific basis by comparing estimates of the anticipated performance of
the system and its components with compliance or performance criteria. A
monitoring program would be developed to consider the effects of the disposal
system on the environment and would include three types of monitoring:
baseline monitoring, compliance monitoring, and performance monitoring.

This report presents an approach to establishing compliance and performance
criteria, limits for use in disposal system component design, and the main
elements of a monitoring program for a nuclear fuel waste disposal system.

AECL Research
Whiteshell Laboratories
Pinawa, Manitoba ROE 1LO

1994

AECL-10737
COG-94-30



CRITÈRES, LIMITES DE CONCEPTION

ET VÉRIFICATION POUR LE STOCKAGE PERMANENT DES

DÉCHETS DE COMBUSTIBLE NUCLÉAIRE - UNE NOUVELLE APPROCHE

par

G.R. Simmons, P. Baumgartner, G.A. Bird, C.C. Davison,
L.H. Johnson et J.A. Tairan

RESUME

Le Programme de gestion des déchets de combustible nucléaire a été mis
sur pied pour mettre au point la technologie du stockage permanent des
déchets de combustible nucléaire et démontrer la sûreté de cette
technologie. Un des objectifs du programme est de montrer qu'un
système de stockage permanent (soit un centre de stockage permanent et
un système de transport correspondant) peut être conçu et serait sûr.
Par conséquent, on doit démontrer que le système de stockage permanent
est conforme aux exigences de sûreté précisées dans les lignes
directrices, les normes, les codes et les règlements. On doit aussi
démontrer que les composants du système de stockage permanent peuvent
fonctionner dans les limites précisées au moment de leur conception.

L'évaluation de la conformité et des performances du système de
stockage permanent serait réalisée en fonction du site, en comparant
les performances prévues du système et de ses composants avec les
critères de conformité et de performances. Pour évaluer les incidences
du système de stockage permanent sur l'environnement, on élaborerait un
programme de vérification à trois volets : vérification des niveaux de
référence, vérification de la conformité et vérification des
performances.

Le présent rapport décrit une nouvelle approche pour l'établissement
des critères de conformité et de performances, des limites à utiliser
dans la conception des composants de système de stockage permanent et
des principaux constituants d'un programme de vérification d'un système
de stockage permanent des déchets de combustible nucléaire.
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EXECUTIVE SUMMARY

The Nuclear Fuel Waste Management Program has been established to develop and
demonstrate the technology for safe geological disposal of nuclear fuel
waste. One objective of the program is to show that a disposal system
(i.e., a disposal centre and associated transportation system) can be
designed and that it would be safe. Therefore, the disposal system must be
shown to comply with safety requirements specified in guidelines, standards,
codes and regulations. The components of the disposal system must also be
shown to operate within the limits specified in their design.

Compliance and performance of the disposal system would be assessed on a
site-specific basis by comparing estimates of the anticipated performance of
the system and its components with compliance or performance criteria. For
the complete disposal system, these criteria would be set to protect human
health and the natural environment.

A monitoring program would be prepared for each potential site to be studied.
The program would be developed to consider the effects of the disposal system
on four interrelated components of the environment: the vault, the geosphere,
the biosphere, and the human communities. It would include three types of
monitoring: baseline monitoring, compliance monitoring, and performance
monitoring.

A monitoring program for each study area and potential site would be
developed in consultation with regulatory agencies and potentially affected
communities. The monitoring program would follow disposal system project
quality assurance procedures and would include the complete rationale for

the monitoring locations;
the monitoring frequency;
the parameters to quantify;
the criterion, action level, and action to be taken for each parameter;
and
the procedures for collecting, analyzing, reporting and storing the
data, including provision for archival storage of the data using the
best technology available at the time.

The monitoring results would be used to

establish baseline conditions;
assess potential environmental effects;
develop the disposal system designs;
determine compliance with requirements in legislation, regulatory
documents and guidelines;
assess the socio-economic effects caused by the disposal system and the
functional performance of the disposal system components and processes;
determine whether methods for monitoring, assessing, or managing
environmental effects need to be modified, and if so, how; and
improve understanding of the disposal system.
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Compliance criteria would generally be established by legislation,
guidelines, standards, codes and regulations applicable to the project and by
the review process that leads to licensing. For individual components and
processes of the disposal system, specific performance criteria would likely
not be set by the various jurisdictions. These are site and disposal system
design specific. The performance of individual components or processes that
may influence the overall disposal system performance would be related to
measurable parameters or conditions. These parameters or conditions would
have an action level, a design limit, and criterion established. The action
level is a value of the parameter or condition that is outside the expected
operating range and at which a predetermined action will be taken. The
design limit is selected for design purposes so that the value of the
parameter or condition at the action level would indicate that the component
or process is operating near the boundary of its design range. If the
actions taken at the action level resulted in a change in the design of one
or more processes or components, the performance criterion for measurable
conditions or parameters associated with the process or component would be
re-established at values consistent with the new design.

The monitoring program for a disposal centre and associated transportation
system would focus primarily on the preclosure phase, which includes siting,
construction, operation, decommissioning and closure stages. During the
decommissioning and closure stage, actions would be taken to place the
disposal system in a passively safe state (i.e., institutional actions and
controls are not necessary to the safety of disposal). The disposal centre
surface facilities would be decontaminated and dismantled. The disposal
vault at the disposal centre would be carefully sealed. The transportation
system equipment would be taken out of service, and any installations would
be assigned to other uses or dismantled and disposed of safely. During the
closure stage any monitoring installation that could detrimentally affect the
safety of the disposal vault would be removed, and any associated boreholes
would be sealed. Postclosure phase monitoring of the disposal vault could be
continued for the monitoring installations that would remain after closure.

In this report the disposal concept is illustrated by hypothetical reference
examples of a disposal centre and three alternative transportation systems.
The disposal centre would receive used-fuel bundles, package them in titanium
containers and dispose of them in a geological disposal vault. The disposal
vault is a room-and-pillar design that has individual waste containers placed
and sealed in boreholes drilled into the floor of disposal rooms. The
transportation system includes alternatives for road, rail and water modes.
These descriptions provide a basis for discussing monitoring in each
component of the environment.

In the context of nuclear fuel waste disposal, a monitoring program would
focus on the region of the environment influenced, or potentially influenced,
by the disposal centre and the waste transportation system. In some cases
there would also be control areas, known to be uninfluenced by the disposal
system, to provide data on an unaffected, similar environment.
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The monitoring program would be prepared by the implementing organization in
consultation with other agencies and organizations. These other groups might
include federal, provincial and local regulatory agencies; organizations
representing potential host communities; the public; organizations involved
in the design, construction and operation of various components of the
disposal centre and transportation system; and research organizations that
may be familiar with the processes and components being monitored and the
models being used to assess performance. They would be consulted regarding
what conditions would be monitored, which methods would be used, who would do
the monitoring, how the results would be reported and what actions would be
taken as a result of monitoring. Locations for monitoring and the parameters
to be monitored routinely would be selected.

The monitoring program developed for any particular site would be prepared in
the context of the vault, geosphere and biosphere components of the
environment and local communities. A special case is occupational health
monitoring, which covers regions of the vault and the biosphere environments
during the preclosure phase. The monitoring program would have spatial and
temporal boundaries that vary for each system or parameter being monitored,
depending on the physical extent of the system and the magnitude and duration
of the effect.

In developing a monitoring program for a nuclear fuel waste disposal centre
and transportation system, the important criteria relating to compliance and
performance would be determined. The spatial and temporal variations in
individual parameters and conditions, and the practical limit on the duration
of the monitoring program would also be considered.

A monitoring program would explicitly state the conditions and parameters
within the vault, geosphere, biosphere, and human communities that are
relevant to compliance or performance and which would be monitored. It would
also specify the equipment, instrumentation or sampling techniques to be used
in monitoring each condition or parameter; and discuss the availability,
durability, longevity, maintainability, and cost of each of these items.

The details in the monitoring program would depend on the details of each
potential disposal site and associated transportation routes. The
information in such a monitoring program could include

the parameter to be measured and the rationale for this choice;
the physical location where the measurement will be taken or where data
will be collected;
the expected range of the parameter or condition and applicable action
levels and criteria;
the method, equipment, instrumentation or test to be used to take the
measurement or gather the data;
the action to be taken if the parameter or condition reaches or exceeds
the action level or the criteria (mitigation); and
auditing process to identify the need for improvements in the monitoring
program.
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As well, the monitoring program would identify the agencies and organizations
responsible for collecting and analyzing the data. It would also describe
the form and frequency of reporting the results and the role of governments,
technical experts and the public, including affected communities, in
developing and operating the program and in reviewing the results.

The vault monitoring program would measure conditions and parameters in the
environment created by man to contain the nuclear fuel waste (i.e., all
components within the excavated rock boundary). Because monitoring is
generally intrusive, the long-term performance of the engineered barriers
could be affected by the monitoring installations. Component testing would
be an important part of a vault monitoring program because it would replace
intrusive monitoring of disposed waste. These tests, installed in
specifically constructed test areas, separate from but very similar to the
waste-emplacement areas, would be instrumented. They might include

response of the rock mass, groundwater systems, buffer and backfill
systems to load changes caused by excavation and heating;
solute transport property and process studies;
emplacement of recoverable used-fuel containers to monitor detailed
performance over the operating life of the vault;
emplacement and testing of seals for plugging boreholes;
emplacement and testing of shaft and tunnel seals to assess their
performance;
material corrosion tests in the vault/geosphere environment; and
demonstration of construction methods and the suitability of quality
control method specifications for desired end products.

These tests would be decommissioned and removed during the decommissioning of
the disposal vault. Any nuclear fuel waste in the component tests would be
retrieved, repackaged and disposed of in a disposal room.

The geosphere monitoring program would involve monitoring of regional and
local conditions around potential disposal-vault sites. Although some
regional aspects of the geosphere such as seismicity could be monitored
during the screening of candidate areas for a disposal centre, the monitoring
of most geosphere conditions would not begin until candidate site(s) are
selected and site evaluation activities had begun. Some of the monitoring
would be done to serve specific needs of the site-evaluation program such as
establishing parameter values and their ranges in the natural geosphere at
the site. Other monitoring activities would be undertaken to provide
temporal data on transient conditions to assist in calibrating and testing
various models describing geosphere processes at the site. Still other
monitoring activities would be undertaken to establish baseline conditions
against which the effects of various stages of the disposal project could be
evaluated. Some baseline monitoring would be performed to assess the effects
of various site evaluation activities on che natural geosphere environment.

In the biosphere monitoring program (often called environmental monitoring),
relevant physical, chemical and biological characteristics of the air,
surface and groundwaters, soil and sediments, and characteristic of species
of aquatic and terrestrial biota would be sampled and analyzed. These data
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would be collected during the site evaluation substage to define baseline
conditions. The continuation of biosphere monitoring throughout the later
stages of the project would provide data on any changes that occurred
relative to the baseline and on the likely causes of the changes. These data
would be used to demonstrate compliance with the criteria established for
environmental effects.

The health of workers at the disposal centre and in the transportation system
would be carefully monitored. Radiological dose data would be compared with
the Atomic Energy Control Board regulatory criteria for atomic energy
workers. Nonradiological data would be compared with data from workers in
other industries, which would be available from various ongoing provincial
and federal registries and surveys. The data from the occupational health
monitoring would be made available for public, regulatory and scientific
reviews.

The community monitoring would also gather data on the socio-economic effects
of the disposal centre and the transportation system on communities affected
by their siting, construction, operation, decommissioning and closure. The
baseline data would be gathered before any significant project activity had
begun, and additional data would be gathered at intervals through the
project. The data from the community monitoring program would be used to
identify the actual effects, both anticipated and unexpected, that occur in
the communities potentially affected by the project and determine the cause
of these effects. The implementing organization would work with the affected
communities to ensure that the effects are managed appropriately for the
needs of each affected community. The monitoring data would also assist in
evaluating the effectiveness of mitigative measures that would be implemented
to manage socio-economic effects.

Public health monitoring (i.e., epidemiological studies) is likely not an-
effective means of assessing the health effects caused by a disposal centre
or its transportation system. However, if deemed necessary by the regulators
or the potentially affected communities, such studies could be carried out.

Monitoring programs would be initiated at all potential sites and would be
followed through until a decision is made concerning the acceptability of
each site. The monitoring program at the selected site would be continued to
the end of the closure stage and beyond, if desired.



1. INTRODUCTION

1.1 OVERVIEW

The Nuclear Fuel Waste Management Program (NFWMP) was established to develop
and demonstrate the technology for safe geological disposal of nuclear fuel
waste (Dormuth and Nuttall 1987) . The design and safety assessment of a
disposal system (i.e., a disposal centre and associated transportation
system) to dispose of nuclear fuel waste requires the existence of
legislation that establishes the requirements for "safety." The legislation
is expected to be established by federal, and perhaps also by provincial and
local jurisdictions if these aire applicable, in the form of guidelines,
standards, codes and regulations. A comprehensive inventory of applicable
guidelines, standards, codes and regulations would be completed for each
potential disposal site and transportation route(s) because their
requirements would form part of the basis for the design and operation of the
facility. They would also outline the compliance monitoring activities that
would be necessary to show that the project complies with all applicable
requirements. In addition, performance monitoring activities would be
undertaken to assess the performance of individual components and processes
within the disposal system and to assess effects of the disposal system that
are not covered by guidelines, standards, codes and regulations.

The compliance and performance of a disposal system (i.e., disposal centre
and associated transportation system) would be assessed on a site-specific
basis by comparing estimates of the anticipated performance of the system and
its components with compliance and performance criteria. For the complete
disposal system, these criteria would be set to protect humans and the
environment.

This report considers four interrelated components of the environment: the
vault, comprising all materials, systems and installations within the
boundary defined by the perimeter of the excavated openings; the geosphere,
comprising the rock/groundwater system surrounding the vault, but excluding
the vault, which has an overlap with the biosphere near ground surface; the
biosphere, comprising the earth, water and regions of atmosphere that support
the affected ecosystems; and the human communities, comprising the disposal
system workers and the people in the affected communities. The compliance
and performance criteria and performance estimates for the disposal system
and its components would generally be established for and monitored within
one of these environments. Occupational health and safety monitoring is a
special case because the employees and contractors for the disposal centre
would work in the vault and the biosphere, two environments being considered
in this study.

Monitoring the performance of the disposal system and its components involves
three types of monitoring, defined as
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(1) Baseline Monitoring: comprises measuring actual conditions at
specific locations before they are significantly disturbed by an
activity or project, or at control locations outside the sphere of
influence of the project. The duration of baseline monitoring
should be sufficiently long to include seasonal or other regular
variations in the conditions being measured. Some baseline
monitoring might have to be ongoing at similar locations unaffected
by the disposal system, to provide adequate control data.

(2) Compliance Monitoring: comprises measuring parameters or conditions
regularly at specific locations during the life of the activity or
project for comparison with baseline monitoring data to show the
effects of the project and that it complies with regulations and
performance standards. The frequency of measuring and reporting
results would generally be specified through the licensing process
and developed through discussions among regulators, the implementing
organization, and the potentially affected communities.

(3) Performance Monitoring: comprises measuring parameters or conditions
for comparison with baseline monitoring data to assess the
functional performance of the disposal system and its components
against the assumptions in their design; or to develop and build
confidence in understanding of processes, detailed models and
performance predictions. The focus, frequency of measurement, and
reporting would be specified in the project procedures and as part
of the licensing process and would be developed through discussions
among the regulators, the implementing organization and the
potentially affected communities. Other parameters and conditions
might be monitored by the implementing organization for operational
purposes.

Monitoring would consist of measuring environmental conditions, either
continuously or intermittently. Parameters that indicate conditions in the
vault, geosphere, biosphere, and human communities would be measured. A
monitoring program for each area being considered for siting would be defined
in consultation with regulatory agencies and the potentially affected
communities. They would be consulted regarding what conditions would be
monitored, which methods would be used, who would do the monitoring, how the
results would be reported and what actions would be taken. Locations for
monitoring and the parameters to be monitored routinely would be selected.
Nonroutine events would be identified and the plans, procedures, equipment
and training necessary to monitor and manage their effects on the environment
would be agreed.

The monitoring results would be used to

establish baseline conditions;
assess potential environmental effects;
improve understanding of the disposal system;
determine compliance with requirements in legislation, regulatory
documents, and guidelines;
assess the socio-economic effects caused by the disposal system and
the functional performance of disposal system components and
processes;
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develop the disposal system design; and
determine whether methods for monitoring, assessing, or managing
environmental effects need to be modified, and if so, how.

This report presents an approach to establishing compliance criteria,
performance criteria, design limits, action levels, and a monitoring program
for a nuclear fuel waste disposal centre and associated transportation
system. The report draws on information that is presented in the
Environmental Impact Statement (EIS) for the nuclear fuel waste disposal
concept developed by Atomic Energy of Canada Limited (AECL 1994) and several
of the primary reference documents supporting the EIS (e.g., Davison et al.
(1994), Davis et al. (1993), Grondin et al. (1994), Simmons and Baumgartner
(1994) and Johnson et al. (1994)). The descriptions are provided in terms of
the disposal vault, the geosphere, the biosphere and the human communities.

The used-fuel disposal centre described by Simmons and Baumgartner (1994) is
used as an example of a disposal centre. This reference design includes a
used-fuel packaging plant, an underground disposal vault and associated
ancillary support facilities (Figure 1-1). A reference transportation system
description has been developed by Ontario Hydro to transport used fuel from
nuclear generating stations to a disposal centre (Ulster 1993) and is used as
the example transportation system in this report. The transportation system
described includes three transporter alternatives encompassing road, rail and
water transport and two transportation cask configurations.

This report, prepared concurrently with the EIS and primary reference
documents, consolidates aspects of our approach to establishing criteria,
design limits and monitoring plans. It includes discussions that are
relevant to AECL fulfilling the requirements of the Federal Environmental
Assessment and Review Panel guidelines (FEARO 1992) and it provided the
authors with guidance in completing the primary reference documents.

1.2 LEGISLATION, REGULATORY DOCUMENTS, GUIDELINES, AND PLANS
RELEVANT TO NUCLEAR FUEL WASTE DISPOSAL

All activities undertaken in connection with the implementation of the
disposal concept, including the transportation of nuclear fuel waste to a
disposal centre, would have to comply with applicable legislative
requirements. Such requirements derive from either federal or provincial
acts and regulations. Municipalities, which received their authority from
provincial legislation, may also have relevant requirements.

In addition, directives, policies, or procedures of governments or government
agencies might have to be considered. These could be found, for example, in
regulatory documents issued by the Atomic Energy Control Board (AECB) (AECB
1985, 1987), in the Guidelines for the Decommissioning and Cleanup of Sites
in Ontario issued by the Ontario Ministry of the Environment (Government of
Ontario 1989), or in the Federal Nuclear Emergency Response Plan prepared by
Health and Welfare Canada (Government of Canada 1991) .

The Atomic Energy Control Act (Government of Canada 1985a) establishes the
AECB as the regulator of nuclear activities in Canada. The AECB makes and
enforces regulations that cover all aspects of the development, production,
and application of nuclear energy. During the implementation of nuclear fuel



- 4 -

waste disposal, the implementing organization would obtain all the required
approvals. The AECB would regulate a nuclear fuel waste disposal centre, as
it does all nuclear facilities in Canada. The major method by which the AECB
regulates nuclear facilities and the use of radioactive materials is through
its licensing process.

According to proposed amendments to the Atomic Energy Control Regulations
(AECB 1986), a license for a nuclear facility or for the use of radioactive
material would be issued only if the AECB was satisfied that the application
would

provide adequately (a) for the protection of health and safety of
persons; (b) for the protection of the environment; (c) for
security in respect of all activities conducted under the
license; and (d) for the implementation of any applicable
safeguards.

When licensing a nuclear facility, the AECB issues licenses in stages and may
require that a license be renewed periodically within the stage for which it
was issued. The proposed amendments (AECB 1986) describe the sequence of
licenses that would have to be obtained from the AECB for a nuclear facility:

a license to clear or.excavate land or otherwise prepare the site,
a license to construct the facility,
a license to operate the facility, and
a license to decommission the facility.

The proposed amendments also require that written approval be obtained from
the AECB to abandon the site of a nuclear facility after decommissioning. To
obtain such approval, the licensee must have taken adequate measures to limit
the environmental effect caused by any preparation, construction, or
development on the site; the licensee must have removed all buildings,
machinery, and equipment from the site; and the condition of the site must
not be inferior to the condition it was in before preparation for
construction of the facility.

After a nuclear facility is granted a license, the AECB conducts inspections
to ensure compliance with the terms and conditions of the license.

Implementation of nuclear fuel waste disposal would also be subject to many
other legislative requirements, such as an environmental assessment and
review process, environmental protection, occupational health protection, and
transportation of nuclear fuel waste. Approvals, including licenses, in
addition to those from the AECB could be required at several times throughout
concept implementation.

Appendix D of the Environmental Impact Statement (EIS) (AECL 1994) summarizes
the more significant legislation, regulatory documents, guidelines, and
plans, both federal and provincial, that could apply to the implementation of
disposal. Those summarized are not meant to constitute an exhaustive list
but are included for illustrative purposes only. Additional information is
contained in Grondin et al. (1994).
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In addition to federal and provincial legislation, municipal by-laws may
apply to construction, operation and closure of the facility and
transportation of used fuel. In particular, by-laws to regulate discharges
to sewers, generation of noise and dust, and control of road, rail and water
transportation may be relevant.

The criteria and operating limits established by guidelines, standards, codes
and legislation are under constant review and are revised by the responsible
authorities as new knowledge and technologies become available. Similarly,
advances in technology may be expected to increase our understanding of
materials and environmental performance and to improve our ability to monitor
the performance of components and systems. In the future, when nuclear fuel
waste disposal would be implemented, the components and systems would be
designed and operated to satisfy the then current legislation. The designs
and operation procedures may be revised several times during the life-cycle
of the transportation system and disposal centre to adapt to these revisions.

In this report, we discuss nuclear fuel waste disposal monitoring within the
context of current technology and regulatory requirements.

1.3 REGULATORY REQUIREMENTS FOR MONITORING

"In the preclosure period, the disposal system must meet applicable
regulations regarding:

radiological health and safety;
conventional health and safety;
environmental protection;
safeguards and security; and
transportation of radioactive material." (AECB 1985).

Additionally, "the waste repository must be designed in such a way that no
dependence on intervention or maintenance by future generations is necessary
to ensure continued safety in the postclosure period " (AECB 1985). These
two regulatory requirements for the concept assessment phase of deep
geological disposal of nuclear waste (AECB 1985) set the monitoring
requirements of the AECB. The AECB (1985) further states that "The
effectiveness of the disposal system must not be compromised by any provision
that may be made for

(a) pre-closure measurements.
(b) post-closure retrieval.
(c) post-closure measurements."

During the preclosure phase, as the disposal system is sited, constructed,
operated, decommissioned and closed, the public, the workers and the
environment would be protected from any hazards, emissions and any other
conditions that may affect health or safety. Health and safety criteria are
generally identified in federal and provincial legislation and in local
municipality by-laws. Those applicable to a specific nuclear fuel waste
disposal project would depend in part on the nature of the organization given
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responsibility for implementing disposal and the location of the disposal
centre and transportation system. The ownership and location would be two
elements in defining the applicable regulatory body(ies) that would approve
the project. To assure the owner of the disposal system, the regulators and
the potentially affected communities that the disposal system equipment and
procedures are performing within the prescribed limits, a monitoring program
would be developed and implemented to demonstrate compliance and performance.

The-disposal vault would be designed so that following its closure (i.e., the
postclosure phase), no dependence on intervention or maintenance by future
generations is necessary to ensure continued safety (AECB 1985). Achieving
this would require strict adherence to a design and construction process that
would demonstrate a sound understanding of the physical and chemical
conditions of both the disposal vault and its natural surroundings.

1.4 SUMMARY OF MONITORING PROGRAM

The monitoring program for the preclosure phase would include the necessary
monitoring activities for each stage of the project. For each parameter or
condition selected for monitoring, the program would specify the normal
operating range, the value(s) of the parameter or condition at or beyond
which action would be required.(action level) and the action to be taken.
Relevant parameters and conditions, within their normal range, would indicate
that a component or system is performing properly. Data from monitoring the
vault, geosphere, biosphere and human communities during the preclosure phase
would be an essential contribution to establishing confidence in the models
used to predict the preclosure and postclosure performance of the disposal
system.

During the preclosure phase of the project, the monitoring program would
include collection of baseline, compliance and performance monitoring data.
These data would be used

to establish the conditions that existed in the geosphere, biosphere
and human communities prior to beginning the project activities;

to establish the change in conditions caused by project activities;

show compliance with legislation, guidelines, codes and standards
that apply to transportation and disposal of nuclear fuel waste;

calibrate and assess the performance of models that would be used to
estimate future performance of the disposal system;

to establish the appropriateness of designs being used for
construction; and

to establish the actual socio-economic effects of the project on the
affected human communities.
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The long-term environmental effects of nuclear fuel waste disposal would be
estimated through the use of models, representing the physical and chemical
processes that affect the transport of radionuclides and other contaminants
from a disposal vault to humans and other organisms in the environment. By
applying the models to predict the performance of the disposal system
components, and then comparing the results with the actual monitored
performances, the models would thus be tested and improved. These
comparisons, done several times during the preclosure phase, would increase
the confidence of the regulators and the public in the models being used as
the basis for the postclosure performance assessment.

1.5 CONTENT OF THIS REPORT

This report presents the general approach adopted for the NFWI1P for
establishing criteria, design limits and programs for monitoring safety-
related parameters and conditions, baseline natural conditions, and
performance of the disposal system and its components. The general approach,
as outlined in Chapters 1 and 3, is discussed individually for the vault, the
geosphere, tne biosphere, occupational health and safety, and the human
communities in Chapters 4 through 8 respectively. Tc provide a frame of
reference for the discussion, the disposal concept is discussed and the
specific examples of a used-fuel disposal centre and a transportation system
are presented in Chapter 2. A brief summary is provided in Chapter 9.

The approach is presented in a very general way because a detailed 'discussion
is only possible when a specific disposal site and a transportation system,
including a specific route(s) have been selected. The general approach
provides a sense of the issues and factors that would be addressed for a
site-specific disposal centre and transportation system and gives some
specific examples of the criteria, design limits and monitoring programs that
would likely be used.

Chapters 4 through 8 present and discuss approaches to monitoring the vault,
geosphere, biosphere, occupational health and safety and community effects.
The detail in each of these discussions depends to a large extent on the
current availability of well-defined regulatory criteria and guidelines and
well-defined monitoring techniques (e.g., biosphere monitoring during the
preclosure period). Where these exist, the examples are more specific than
for areas where they either do not exist, or are not well defined.

The report also discusses the development of compliance and performance
criteria and monitoring programs for baseline, compliance and performance
data that will show the natural conditions and will indicate unsatisfactory
performance of components, of subsystems or the entire disposal system.
Discussion of mitigation (i.e., changes to the project design to lessen
potential effects on the environment and human communities) is beyond the
scope of this report because mitigation can be meaningfully addressed only in
the context of concept implementation and specific sites.
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2. THE NUCLEAR FUEL WASTE DISPOSAL SYSTEM

2.3 THE NFWMP DISPOSAL CONCEPT

The disposal concept proposed by AECL in the EIS (AECL 1994) is a method for
geological disposal of nuclear fuel waste in which

the waste form would be either used CANDU fuel or solidified highly
radioactive reprocessing waste;

the waste form would be sealed in a container designed to last at
least 500 a and possibly much longer;

the containers of waste would be emplaced in rooms in a disposal
vault or in boreholes drilled from the rooms;

the vault would be nominally 500 to 1000 m deep;

the geological medium would be plutonic rock of the Canadian Shield;

each waste container would be surrounded by a buffer;

each room would be sealed with backfill and other vault seals; and

all tunnels, shafts, and exploration boreholes would ultimately be
sealed so that the disposal centre would be passively safe, that is,
long-term safety would not depend on institutional controls.

The disposal vault would be a network of horizontal tunnels and disposal
rooms excavated deep in the rock, with vertical shafts extending from the
surface to the tunnels. Rooms and tunnels might be excavated on more than
one level. The vault would be designed to accommodate the rock structure and
other subsurface conditions at the chosen site. The disposal container and
vault seals would also be designed to accommodate the subsurface conditions
at the chosen site.

After the disposal centre would be closed (i.e., following completion of the
closure stage discussed in Section 2.4), multiple barriers, consisting of the
container, the waste form, the buffer, backfill and other vault seals, and
the geosphere, would protect humans and the natural environment from both
radioactive and chemically toxic contaminants in the waste.

The disposal centre would require a waste transportation system, designed to
transport the nuclear fuel waste and to comply with the appropriate
transportât ion régulât ions.

This is a very general concept and could be implemented in various forms.
Conceptual designs for facilities have been prepared for use in case studies.
Brief descriptions of a disposal centre conceptual design and of

CANDU (CANada Deuterium Uranium) is a registered trademark of AECL.
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transportation system alternatives are presented in Sections 2.2 and 2.3
respectively. These are presented to assist the reader in visualizing the
disposal centre and transportation system.

2.2 USED-FUEL DISPOSAL CENTRE

A conceptual design of a used-fuel disposal centre for Canada's nuclear fuel
waste has been described by Simmons and Baumgartner (1994). In this design,
the disposal centre surface facilities are constructed at a site on a
suitable plutonic rock body of the Canadian Shield, and the disposal-vault
emplacement area is excavated at a depth of 500 to 1000 m in the rock body.
The disposal vault is a single-level room-and-pillar configuration
(Figure 1-1) sized to contain 191 133 Mg of uranium in the form of used-CANDU
fuel bundles (Figure 2-1). The vault emplacement area has an idealized plan
area of about 4 km^.

The disposal centre is designed to receive, package and dispose of about
250 000 used-fuel bundles per year. The used-fuel bundles are assumed to
have been out-of-reactor for 10 a. Conceptual designs are presented for the
primary facilities and equipment and for the operations for receiving,
packaging and disposing of the used fuel. The necessary material supply,
handling and preparation facilities, and the utilities and services required
to support siting, construction, operation, decommissioning and closure of
the disposal centre are described. Figure 2-2 shows a simplified operating
sequence.

Used fuel is received at the packaging plant of the disposal centre in either
a road or rail transportation cask that contains the used-fuel bundles in
storage/shipping modules. The modules are unloaded from the casks in a
module-handling cell. The modules may be held temporarily in a receiving
surge-storage pool or they may be transferred directly to the used-fuel
packaging cell. In the packaging cell, the fuel bundles are transferred from
the shipping modules to the disposal container fuel baskets, 72 bundles to a
basket, and each fuel basket is installed within a disposal container
(Figure 2-3). Each bundle and container is monitored for nuclear material
safeguards purposes during the transfer operations.

The reference disposal container shell and end closures assumed in this
conceptual design are fabricated of 6.35-mm-thick ASME Grade-2 titanium. The
loaded container is filled with a particulate, such as glass beads, that is
compacted vibrationally to fill all the void space, allowing the container to
withstand the expected external loads in the disposal vault. A top head is
pressed into the container, and the top head and container shell flanges are
diffusion-bonded. The total quantity of used fuel assumed to be disposed of
in the vault requires about 140 000 disposal containers, each having a mass
of about 2800 kg when filled with used fuel. When initially sealed in the
disposal container, the 72 used-fuel bundles produce about 300 W of heat.

Following nondestructive testing (i.e., ultrasonic bond inspection and a
helium leak test) to establish the integrity of the sealed container, each
disposal container is loaded into a shielding container cask. Each full cask
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is transferred to the disposal vault using the cage in a dedicated waste
shaft. When removed from the cage, the cask is moved by crane to an
underground storage area or by truck directly to a disposal room.

In this conceptual design, each disposal room is about 8 m wide, 5 to 5.5 m
high and 230 m long. Up to 282 vertical emplacement boreholes are drilled in
the floor of each disposal room, and each borehole is prepared to receive the
disposal container. The emplacement boreholes aire 1.24 m in diameter, and
5 m deep, and are spaced about 2.1m apart, three across the room and 94
along the room, as required to keep the maximum temperature of the container
shell below 100°C. Before a container cask is received in the disposal room,
a clay-based buffer material (i.e., 50% Na-bentonite clay and 50% silica sand
by mass) is compacted into the emplacement borehole, and a hole is centrally
augered into the buffer to receive the container. When the container has
been emplaced, the small radial gap between the container and the buffer is
filled with dry silica sand to improve heat transfer, and additional buffer
material is then placed and compacted over the container to the floor level
of the disposal room.

When all the emplacement boreholes in a room have been filled, the room is
backfilled by placing and compacting a mixture of 25% glacial-lake clay and
75% crushed granite, by mass, .to fill the lower 3.5 m of the room. The upper
portion of the room is filled by spray-compacting into place an upper
backfill material similar in composition to the buffer material. A concrete
bulkhead is constructed at and grouted into the room entrance to seal the
room and to withstand the buffer and backfill swelling and the groundwater
pressures. A safeguards seal may be incorporated into the bulkhead, to
detect unauthorized entry.

The operational sequence in the conceptual design, consisting of disposal
room excavation by the drill-and-blast method, emplacement-borehole drilling
and preparation, waste emplacement, borehole sealing and room backfilling and
sealing, continues throughout the operation stage of the disposal vault.
Section 2.4 describes the operation stage. The disposal rooms are developed
and filled in sequence, moving from the upcast shaft complex toward the
service shaft complex (Figure 1-1) to control access, potential
contamination, and potential radiation doses to personnel.

When the vault has been filled, the monitoring data have been assessed to
show compliance with the regulatory and design criteria, and the regulators
have approved the decommissioning and closure plan for the centre, the access
tunnels and shafts will be backfilled and sealed, the surface facilities will
be decommissioned and disassembled, and the site will be permanently marked
and returned to a state suitable to allow public use of the surface.

2.3 NUCLEAR FUEL WASTE TRANSPORTATION SYSTEM

The reference design for a nuclear fuel waste transportation system to move
used fuel from the nuclear generating stations to a disposal centre has been
prepared by Ontario Hydro (Ulster 1993). This reference system includes
design descriptions for road, rail and water transportation modes. The water
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transport mode is assumed to be a combination water/road or water/rail modes.
The transportation system can be separated into the transportation package
and the transportation carrier.

The transportation carrier and routes for transportation of waste to a
particular disposal site would be selected on the basis of an assessment of
the environmental and human effects of all the available, practical
alternatives. This assessment would likely involve the implementing
organization, regulators, technical experts, the affected communities and the
general public.

2.3.1 Transportation Package

The transportation package design would be based on certified technology,
regulated by the AECB through the transport packaging of radioactive
materials (TPRM) regulations (AECB 1991a). Ontario Hydro has designed a road
transportation cask and, in 1987, was granted an AECB design approval
certificate (Ontario Hydro 1986) . A rail cask design has also been developed
to the conceptual stage, based on similar technology. The TPRM regulations
cover external radiation levels, allowable external surface contamination,
leakage of radioactivity in normal conditions, and retention of shielding and
containment of radioactive material in severe accident conditions. These
regulations are intended to reduce hazards to transportation workers and the
general public to an acceptably low level.

The TPRM provisions for normal conditions (AECB 1991a) are intended to cover
rough handling and adverse weather conditions, and the regulations require
compliance through the performance of tests. Transportation accident
conditions are also defined in the TPRM regulations (AECB 1991a) in terms of
a set of mechanical and thermal tests. However, compliance with these
regulations may be demonstrated either by physical testing or by analysis.

The Ontario Hydro road cask is designed to transport 192 used-fuel bundles in
two storage/shipping modules. The main cask body, illustrated in Figure 2-4,
is of rectangular monolithic stainless steel construction, forming a hollow
rectangular shape with solid walls and base. A lid containing an "O"-ring-
type double seal is bolted to the tops of the four walls to form a sealed
enclosure. An impact limiter is fitted onto the upper end of the cask when
it is ready for shipment. This device, constructed of blocks of redwood
encased in a steel sheath, provides impact protection and serves as thermal
insulation to protect the seals between the cask lid and body under accident
conditions. The reference design assumes a road cask life of 20 a.

The rail cask is a conceptual design to transport 576 bundles in six
storage/shipping modules. The rail cask design has the same basic
configuration as the road cask. The impact limiter configuration is,
however, different from that of the road cask. The rail cask has two impact
limiters, one at each end, as illustrated in Figure 2-5. The reference
design assumes rail cask life of 20 a.
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2.3.2 Transportation Carrier

2.3.2.1 Road

The road cask would be transported individually on a flatbed trailer
(Figure 2-6). The trailer would have four axles, all with dual tires. A
tiedown system would firmly secure the cask"to the trailer. The reference
design assumes a trailer life of 8 a.

The tractor would be a standard unit normally used in handling heavy loads.
It would have three axles in total, a single front axle with single tires and
a tandem rear axle with dual tires. An adjustable fifth wheel, which
connects with the trailer unit, would allow some flexibility in load
distributions. The reference design assumes a tractor life of 5 a.

The road transportation system is assumed to load at a fuel storage bay of a
nuclear generating station and unload at the disposal centre with no
intermediate cask handling. The truck operation would be managed to meet the
federal and provincial labour and transportation requirements and is assumed
to operate 275 d/a.

2.3.2.2 Rail

A rail transportation system is assumed to consist of dedicated trains, each
transporting 10 rail casks. Each cask would be transported on a 100-ton rail
flatcar, modified to meet the specific requirements of transporting the rail
cask (Figure 2-5). The flatcar would have four axles and be equipped with
cushioning couplers to reduce the forces on the cask that result from normal
train operation such as shunting. Another feature to increase safety would
be double-shelf couplers and locking centre pins to keep all cars and
components connected together in the event of a derailment. The railcar
would be provided with a cask transportation support frame. The car floor
would be made of stainless steel, designed to facilitate decontamination.
The life of a railcar is assumed to be 35 a.

The owners of the railroad would supply the locomotive and equipment support
and maintenance facilities. Ulster (1993) assumed that the train would
include a locomotive, a caboose, four buffer cars and the ten cask cars. The
train crew would also be supplied by the railroad. They would receive
special training that would include the application of the Transportation of
Dangerous Goods Regulations (Government of Canada 1992) .

With rail transportation it is assumed that the casks are loaded on the train
at the nuclear generating station and that the train is operated as a unit
train, moving continuously to the disposal centre where it is unloaded.
However, if the train were delayed for any reason (e.g., equipment failure,
etc.), it would present no risk to the operators or public. The rail
transportation system is assumed to operate 275 d/a.
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2.3.2.3 Water

Because the disposal centre might not be located immediately on the shores of
an accessible water body, the use of the water transportation mode might be
combined with either road or rail transportation. A transfer facility would
be required to interface the two transportation modes.

Ulster (1993) described a water transportation system that would consist of
an integrated tug/barge unit and a transfer facility. The barge would
transport either road or rail casks, depending on the system chosen for the
ground transportation segment. The reference barge would accommodate a
maximum cargo equivalent to 48 road casks or 20 rail casks. The casks would
be loaded at the nuclear generating station and placed on the barge.

A specially designed barge would be required (Figure 2-7), which would
include two longitudinal side bulkheads, one forward collision bulkhead and
five transverse bulkheads to subdivide the barge into four cargo holds.
Shell and internal structure at the bow and waterline would be ice-
strengthened for medium ice conditions. The barge would be moved by a tug
boat designed to move a loaded barge of cargo on the Great Lakes, as well as
the interconnecting rivers and waterways. The crew requirements for the
tug/barge would meet the Safe Manning Regulations, as laid down by the
Canadian Coast Guard (Government of Canada 1985b). The tug would have th>e
required navigational and communications equipment.

Casks tiedowns would be permanently fixed to the decking of the barge and
designed to accommodate tlie cask loads under normal and accident conditions.
Quick release indicator buoys would be attached to each cask before the start
of a voyage, to enable locating a cask in the event of submersion. The life
of a barge is assumed to be 40 a.

The transfer facility would serve as an off-loading port to transfer the
casks from the water transporter to the land transporter (road or rail). A
schematic layout of the facility is shown in Figure 2-8. A dock would be
required. A two-rail gantry dock crane, capable of accessing all points
along the length of the dock, would be provided.

The water transportation mode is assumed to have a restricted operating
season of 231 a/a operating on a 24-hour-per-day, seven-day-per-week basis,
as required to move the necessary mass of used fuel.

2.4 PROJECT SCHEDULE

A nuclear fuel waste disposal project would be subdivided into smaller
elements for planning and control. One approach would be to establish stages
and activities where the project stages are sequential and to incorporate the
major blocks of effort necessary to achieve nuclear fuel waste disposal. The
activities may occur concurrently and generally span more than one stage.

The stages and activities assumed in the conceptual design study (and also
applicable to the transportation systems) and their expected durations are
illustrated in Figure 2-9.
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The Siting Stage would involve developing the siting process, and site
screening and site evaluation substages to identify suitable site(s) for
waste disposal. Data would be gathered during site evaluation to develop an
understanding of the surface and underground physical and chemical conditions
in and around the site(s) to confirm their potential for safe disposal.
During the siting stage, preliminary disposal centre and transportation
system designs would be prepared for each site being evaluated. A specific
design for the preferred site would be completed and approved before deciding
to proceed with underground evaluation of the disposal vault location. The
end point of the siting stage would be a design, based on the results
obtained from the surface and underground evaluation studies, that is
approved for construction at the site selected for a disposal centre and its
associated transportation system.

The Construction Stage would involve constructing the infrastructure and
surface facilities needed to transport and dispose of nuclear fuel waste, the
underground accesses and service areas, and a portion of the underground
disposal rooms.

The Operation Stage would involve transportation of nuclear fuel waste to the
disposal centre, receiving it at the disposal centre, sealing it in
corrosion-resistant containers., sealing the containers in disposal rooms, and
constructing additional disposal rooms, as necessary.

The Extended Monitoring Stages, if required, would involve monitoring
conditions in the vault, geosphere, biosphere and affected communities
between the operation and decommissioning stages and/or between the
decommissioning and closure stages.

The Decommissioning Stage would involve the decontamination and removal of
the surface and subsurface facilities; the sealing of the tunnels,
underground service areas, shafts, and underground exploration boreholes; and
the return of the site to a state suitable for public use.

The Closure Stage would involve the removal of monitoring instruments from
any boreholes that could compromise the safety of the disposal vault, the
sealing of those boreholes, and the return of the site to a state such that
safety would not depend on institutional controls (i.e., to a passively safe
state) . Monitoring could continue beyond closure, if desired by the
regulatory authorities or the public, provided that such monitoring did not
compromise the long-term passive safety of the sealed disposal vault.

The major activities during these stages would be public involvement,
characterization, design, monitoring, component testing, performance
assessment and construction (Figure 2-9).
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3. MONITORING APPROACH

3.1 GENERAL

In the context of nuclear fuel waste disposal, a monitoring program would be
focussed on the region of the environment influenced, or potentially
influenced, by the waste disposal centre and the transportation system. The
monitoring process presented in this report would involve baseline
monitoring, compliance monitoring and performance monitoring, as defined in
Section 1.1. Monitoring would consist of the continuous or intermittent
measurement of parameters that represent environmental conditions. These
parameters would indicate conditions in the vault, geosphere, biosphere and
human communities. A special case is occupational health monitoring, which
covers regions of the vault and the biosphere during the preclosure phase. A
monitoring program would have spatial and temporal boundaries that vary for
each system or parameter being monitored, depending on the physical extent of
the system and the magnitude and duration of the effect.

The monitoring program would be prepared by the implementing organization in
consultation with other agencies and organizations. A part of this
consultation might be in the regulatory and environmental reviews that will
be done during each of the project stages. The other groups might include
federal, provincial and local regulatory agencies; organizations representing
potential host communities; organizations involved in the design,
construction and operation of various components of the disposal and
transportation systems; and research organizations that may be familiar with
the processes and components being monitored and the models being used to
assess performance. They would be consulted regarding what conditions would
be monitored, which methods would be used, who would do the monitoring, how
the results would be reported and what actions would be taken. Locations for
monitoring and the parameters to be monitored routinely would be selected.
Potential nonroutine events would be identified and the plans, procedures,
equipment and training to monitor and manage their effects on the environment
would be agreed.

The monitoring program would follow quality assurance procedures with
complete documentation of the rationale for

the monitoring locations;
the monitoring frequency;
the parameters to quantify;
the procedure for collection, analysis, reporting and storage of the
data, including provisions for long-term archival storage using the
best technology available at the time;
the criterion, action level, and action(s) that would be taken for
each parameter; and
the process of audits by internal and external experts to identify
needs for improvement in the monitoring program.

A monitoring program would be designed to obtain data that would help to
establish the characteristics of these environments and to assess the effects
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of the project on the environments and on occupational safety and health. To
assess the project's compliance with regulatory requirements established by
legislation, regulations, guidelines, or in the environmental reviews of the
project, the parameters and conditions monitored must have a direct
relationship to the limits established for the project. As well, parameters
and conditions that are important to assess the project's performance in the
areas of occupational health and safety, and socio-economic effects would be
monitored. Performance monitoring would be done for segments or components
of the disposal centre and transportation system, to assess their performance
against design assumptions, and to build confidence in parts of the models
that are being used to assess long-term safety of disposal.

The disposal vault would be designed so that following its closure (i.e., the
postclosure phase), no long-term monitoring or any other form of maintenance
would be needed to ensure the system performance. Achieving this would
require strict adherence to a design and construction process that would
demonstrate a sound understanding of the physical and chemical conditions of
both the disposal vault and its natural surroundings.

The design and construction process would also accommodate the inherent
variability in the geological environment through incorporation of a
structured approach, such as the observational method (Peck 1969). The major
elements of this method are listed below.

(1) • Exploration must be sufficient to establish the general nature,
pattern and properties of the geological media, but not necessarily
in detail.

(2) Assess the most pi^obable conditions and the most unfavourable
conceivable deviations from these conditions.

(3) Establish a design based on a working hypothesis of behaviour
anticipated under the most probable conditions.

(4) Defined items to be observed as construction proceeds and estimate
or calculate their anticipated values using the working hypothesis.

(5) Estimate the items noted in (4) under the most unfavourable
conditions compatible with available subsurface conditions.

(6) Select in advance a course of action or design modification for
every foreseeable significant deviation of the observational
findings from those predicted by the working hypothesis.

(7) Measure items to be observed as defined by item (4) and compare to
actual condition.

(8) Modify design/construction to suit actual conditions.

The obs'ervational method in itself requires careful observations, or
monitoring, of sensitive parameters to ensure that the designs being used in
construction are still suitable for the actual conditions being encountered.
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Before a program to monitor performance and health and safety effects could
be planned, the process outlined in Figures 3-1 and 3-2 would have to be
applied to define appropriate parameters and conditions to be observed and
the monitoring range, action level(s) and design limit(s) (if appropriate)
for each type of information being collected.

3.2 CRITERIA AND DESIGN LIMITS

3.2.1 Criteria

The criteria (i.e., values of parameters) relevant to compliance would be
either defined by regulatory requirements (Section 1.2) or agreed upon during
the various licensing processes for the project. Compliance criteria would
be established by the applicable guidelines, standards, codes and regulations
specified by federal, provincial or local governments, or decisions taken in
an environmental review process. Unless these change with potential disposal
facility location, these compliance criteria would apply to all potential
disposal sites. Performance criteria might be established for a particular
parameter or component,- that is an indicator of the health and safety
performance of the disposal centre or transportation system, or one of their
important subsystems. The parameters and components would be selected on the
basis of sensitivity analyses of the relative contributions of various
components or the significance of various parameters to overall system
performance. Performance criteria would be specific to a given site and a
single design selection for each important component or subsystem of the
disposal centre or transportation system. Performance criteria would be
generally used during the project stages before closure (Section 2.4).

Compliance criteria would normally be beyond the authority of the
implementing organization to change when designing the disposal or
transportation system. Examples of these are the radiological and
occupational safety criteria specified by applicable legislation and
regulations. These criteria would generally apply universally, not site
specifically and would establish the basis for design of system components.
It is assumed that the implementing organization for the disposal and
transportation systems would be required to develop a monitoring program that
would show continuing compliance with the criteria and would provide data to
validate the predictive methodology used to estimate long-term compliance
with the safety goals established for the disposal .system.

The criteria relevant to the performance of the disposal centre and
transportation system would also be established in consultation with federal,
provincial and local governments and the affected communities, or for
operational reasons. Figure 3-1 outlines an approach to identifying, for any
site and combination of components, those components and processes whose
individual performance might significantly affect the overall disposal system
performance.

In the process of screening and evaluating sites for a disposal centre and
its transportation system, one or more performance assessments of the
disposal system would be completed. Many assumptions on the performance of
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components and processes would be made in completing each assessment. These
assumptions would be part of the basis from which the design specification
for the components and processes would be developed.

Where the design specification is based on an assumed level of performance,
the actual performance of the individual component or process might affect
overall disposal system performance. For components and processes in this
category, the sensitivity of disposal centre or transportation system
performance to the individual component performance would be studied. If the
performance of the disposal centre or transportation system is insensitive to
the component or process performance, monitoring the component or process
would not be an effective indicator of disposal system performance.

Where the performance of the disposal centre or transportation system is
sensitive to the performance of an individual component or process,
observation of the performance of the component would be included in the
monitoring program. To monitor a component or process effectively, there
must be one or more measurable parameters or observable conditions whose
values or states relate directly to the performance of the component or
process. These parameters and conditions would be selected by the project
designers and operators using their knowledge of other similar processes and
data from process or component sensitivity analyses. For each parameter or
condition there would be a performance criterion established. This criterion
would be determined, using information from sensitivity studies, as the value
at which the performance of that individual component might detrimentally
affect the performance of the disposal system.

When the compliance or performance criteria for the relevant parameters or
conditions are established, the design specification for the component or
process would be prepared. The design specification would be such that, when
the disposal system is performing as expected, the value of each parameter or
state of each observable condition would be well away from the compliance or
performance criterion (Figure 3-2). When the actual design for the component
or process is being done, the design limits chosen for the important
variables would include, where appropriate, an allowance for the natural
variability in the component or process and for the uncertainty in
understanding the underlying processes. Practically, this would imply that
the design limits would be derived so that in normal operation and under
expected upset conditions the value of each important parameter and condition
would not reach the compliance or performance criterion.

If the design of one or more components of the disposal system was altered,
the process described above would be repeated. New criteria would be
developed for the modified disposal system components that are a direct
indicator of the overall performance of the revised disposal system, and the
monitoring program would be revised to gather data for assessing the
component and system compliance and performance.

The compliance and performance criteria established for the disposal centre
and transportation system would be included in the system design manuals and
monitoring program. These documents would be reviewed by various regulatory
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organizations and the public from potentially affected communities. The
outcome of these reviews would likely affect the values of some of the
criteria used for design and for the monitoring program.

3.2.2 Design Limits and Action Levels

Design limits are values selected for each condition or parameter that relate
directly to disposal system performance and that can be influenced by
engineering decisions made in the system design, construction or operation.
Careful selection of these design limits will incorporate appropriate
conservatism into the disposal system by design of components and processes
that are expected to operate within a parameter range that is less than, or
greater than, the material or component limiting (performance) criteria.

A design limit for a controllable variable would be selected to provide a
margin between the values expected during normal system operation and
expected unusual or upset conditions and the value of the compliance or
performance criterion (Figure 3-2). The magnitude of this margin would be
established to provide a balance among three aspects: the natural
fluctuations of the conditions that influence the variable, the uncertainty
in understanding of the processes that affect the variable, and the need to
control excessive conservatism .that may be incorporated in the design. Care
must be exercised that, cumulatively through the entire disposal centre or
transportation system, conservatism does not become excessive and result in a
system that would be unnecessarily expensive. This conservatism would have
to be judiciously applied through careful selection of the design limits.

Conditions and variables that can be controlled by design and for which
criteria are established would be important elements in the preparation of a
monitoring program. Values for these variables collected over a period of
time would contribute to the validation of the tools, assumptions and system
models used in the disposal centre and transportation system designs.

The normal range for a parameter or condition and the upset condition range
above and/or below it would establish the expected monitoring range for the
parameter or condition. Each parameter or condition would be assigned an
"action level" (Figure 3-2). The action level(s) would be a value(s) of the
parameter that is less than the design limit. When the parameter value
reaches the action level it would suggest that the uncertainty in
understanding of the underlying processes or variability in environmental
conditions was greater than expected. If the parameter or conditions were to
reach the action level, some action would be initiated to determine the
reason and assess the significance of the happening to the overall system
performance. The action taken might include

re-analyses of the disposal system to determine a reason for the
condition or parameter being outside the normal (expected) range;

changes in the design of one or more elements (components or
processes) of the disposal system to correct the situation and
application of the design change to all future waste disposal
operations;
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change in the design of one or more elements of the disposal system,
including retrieval of some or all of the emplaced waste, and it's
re-emplacement according to the new design; or

retrieve all waste, transfer it to storage facilities, seal the
disposal-vault excavations appropriately and leave the site (This
action would only be taken under extreme conditions).

The implications of operating at or beyond the action level would be assessed
on a case-by-case basis and might result in some corrective action or in the
"action level" being changed because the system performance is shown to be
satisfactory with the value of the variable above the "action level."

3.3 PHILOSOPHY OF A MONITORING PROGRAM

A monitoring program would be developed for each site being evaluated and
each associated transportation route. It should be developed and implemented
very early in the study of sites and routes to gather baseline data before
any significant effects could be attributed to disposal activities. This
would also ensure that any effects evolving from activities carried out
during site evaluation would be monitored. The monitoring program would be
developed with recognition that the monitoring activities would have some
effect on the environment being monitored. It is conceivable that the
development and implementation of the monitoring program could influence the
schedule for site evaluation.

The monitoring effort must be apportioned appropriately among the sites and
associated transportation routes being evaluated. Initially, several
potentially acceptable sites might receive a similar level of effort. As
preferred sites are identified within the group, those sites and their
associated transportation routes would be monitored more intensively and
would be allocated more effort. To deal appropriately with preferred sites,
alternate sites and rejected sites, the monitoring program would be graded
and incremental.

In developing a monitoring program for a nuclear fuel waste disposal centre
and transportation system, the important criteria relating to compliance and
performance would be determined, as discussed in Section 3.2.1 and
Figure 3-1. The spatial and temporal variations in individual parameters and
the practical limit on the duration of the monitoring program would also be
established.

A monitoring program would explicitly state the conditions and parameters
within the vault, geosphere, biosphere, and human communities that are
relevant to compliance or performance and that would be monitored. The
specific equipment, instrumentation or sampling techniques selected to
monitor each condition or parameter would be specified. In selecting
specific conditions or parameters to be monitored, the availability,
durability, longevity, maintainability, and cost of suitable methods,
equipment or systems would be considered. In an ideal system, a cost/benefit
analysis should be performed to establish the impact of each element of the
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monitoring program on showing that the disposal system complies with
requirements and is performing to specifications. This would provide a basis
for making decisions to improve the program.

Two elements apply equally to compliance and performance monitoring:
establishing the baseline values of each parameter or condition before any
disturbance occurs from the project and monitoring changes that occur because
of the project. For a disposal centre, the monitoring program would cover at
least 90 a from the siting stage through the closure stage. A limited
postclosure monitoring might also be included in the program if it were
requested by the regulators or the host community(ies). For a transportation
system, the monitoring program would cover perhaps 50 to 60 a of time and
would include the siting, construction, operation and decommissioning stages
of the project.

It would be advantageous, when practical, to collect baseline data for Jong
enough to capture natural variations (e.g., seasonal) and person-induced
effects (e.g., industrial, commercial and residential) that exist at each
monitoring location. Monitoring for baseline data that is undisturbed by the
disposal centre or transportation system would be more practical -Tor
parameters relevant to the geosphere, biosphere and human communities.
However, as noted above, the process of monitoring for baseline data might be
a detectable perturbation on the environment, i.e., the installation and
operation of the monitoring systems might affect the environment before
measurements are taken. Therefore, the baseline data might already include
changes caused by monitoring activities, and these must be recognized.

Because the monitoring program would cover several decades, there would
likely be changes in baseline conditions caused by factors external to the
disposal centre and transportation system. Monitoring data would be required
to measure these change and, whenever possible, identify their causes. These
data would be gathered by monitoring control environments that are very
similar to and under similar influences as the disposal site(s) and
transportation route(s). This monitoring of control environments would
continue through the duration of the disposal project.

When a sufficient data set had been gathered to identify baseline conditions,
including natural variations and effects from other activities, and control-
environment monitoring had been established to identify long-term changes,
the monitoring systems would be used to gather data on the conditions and
parameters as the disposal and transportation systems are implemented. These
data would be compared with the baseline data to identify variances from
preproject conditions and from the anticipated project conditions. These
variances might be due to the implementation of the disposal and
transportation systems or to the activities and projects of others. The
variance in the data or conditions from baseline conditions would be used to
show compliance with regulatory criteria, including emission limits
established for the project, confirm the performance of components and
processes, and develop confidence in the detailed models being used to
estimate the long-term performance of the systems.
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As discussed in Section 3.2.2, an action level(s) would be selected for each
parameter or condition. If the value of any parameter or condition reaches
its action level, it would suggest that some element(s) of the disposal
system are not performing exactly as anticipated. Although a parameter or
condition reaching the action level would not represent a reduction in
safety, it would indicate that a reassessment of the appropriate system
performance and a review of the -"action level" should be done.

Monitoring would be planned to accommodate routine and nonroutine activities
and events. Routine monitoring would provide data on baseline conditions
(local and control), and the processes and effects normally associated with
the siting, construction, operation, decommissioning and closure of the
disposal centre and transportation systems. Nonroutine monitoring would be
necessary to facilitate rapid response to unusual occurrences or upset
conditions, such as shutdown of the disposal-vault ventilation system, rock
falls in the disposal vault, damage to a transportation cask, vehicle
accidents, and oil spills. These and many other nonroutine, or upset, events
could occur. The monitoring program would include the plans, procedures,
equipment and training necessary to provide a timely response to nonroutine
or upset conditions and to gather the necessary data to manage them safely.

The details in the monitoring program would depend on the details of each
potential disposal site and associated transportation routes. The
information that such a monitoring program could contain includes

the parameters to be measured and the rationale for the choice;
the physical location where the measurement will be taken or where
data will be collected;
the expected range of the parameter or condition and applicable
action levels and criteria;
the method, equipment, instrumentation or test to be used to take
the measurement or gather the data;
the frequency and overall duration of measurement or sampling;
the method(s) for analyzing the data;
the action to be taken if the parameter or condition reaches or
exceeds the action level or the criteria (mitigation);
the plans, procedures, equipment and training necessary to respond
effectively to nonroutine events; and
an auditing process to identify tho need for improvements in the
monitoring program.

The monitoring program would also identify the agencies and organizations
that would be responsible for collecting and analyzing the data, would
describe the form and frequency of reporting the results and the role of
governments, technical experts and the public, including affected
communities, in developing and operating the program and in reviewing the
results.

In the monitoring program, the baseline data would identify the physical and
chemical characteristics of the environment that could be affected by the
disposal centre and the transportation system. These data would be gathered
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over a period of time both from the surface (disposal centre and
transportation system) and the subsurface (disposal centre). The data
gathered on or near the surface would establish the baseline for the
parameters and conditions and the spatial and temporal changes that occur to
each of them as a result of the project. The data would be used to confirm
that the project is operating within the compliance criteria established by
various regulatory groups and the public during the environmental assessments
of the project. These data would also be used to assess the occupational
health and safety and the socio-economic effects of the project.

During underground evaluation and the subsequent construction and operation
in a disposal vault, additional equipment, instruments and tests would be
installed to augment those installed from the surface. These instruments
would gather additional information on the spatial and temporal changes in
relevant parameters and conditions. The perturbations caused by the site
evaluation activities, exploration shaft and tunnel excavation and the
construction, operation and decommissioning of underground facilities would
be monitored, and these data would be used to assess the validity of the
assumptions made in the design and the performance models of the site. This
would be done by comparing the variation from the baseline in measured data
at one or more monitoring locations with predictions of the variation for the
same measurement locations made with site-specific performance models. The
prediction of the parameter or condition would be made for the same time
period during which the data are measured.

Geosphere, biosphere, human health and socio-economic monitoring could
continue into the postclosure phase of the disposal centre if desired by the
regulators or the public. If this were implemented, the geosphere monitoring
would have to be done at locations that are some distance from the vault to
ensure that the passive safety of the vault is not compromised.

3.4 SPATIAL AND TEMPORAL BOUNDARIES OF THE MONITORING PROGRAM

A nuclear fuel waste disposal centre and its associated transportation system
would be a very large industrial-scale operation, employing several hundred
staff (Simmons and Baumgartner 1994; Grondin et al. 1994). The disposal
centre would cover several square kilometres of land area on the surface and
in the underground. Activities would continue at the centre for at least
90 a and possibly longer, depending on the time required for licensing and
approvals. The transportation system would require continuous use of land
for over 50 a if a water-to-ground transportation transfer facility is
necessary. During a 40-a period a much larger area would be used on an
intermittent basis during transportation activities on roads, railroads or
waterways.

The spatial and temporal boundaries for monitoring would vary with each
component of the environment being considered and indeed may vary with each
parameter, condition or community.

For example, the volume of -the geosphere and the biosphere that would be
subjected to increased temperature because of the waste emplaced in the
disposal vault could be estimated with reasonable confidence so the spatial
extent of monitoring necessary to observe the effect could be established.
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This would likely include appropriate control sites for monitoring beyond the
extent of the effect to observe possible trends in the baseline conditions
caused by influences other than the project. The duration of the effect
could also be estimated so the maximum monitoring time would be known. On
the other hand, it would be more difficult to establish the spatial
boundaries for monitoring the effects of transportation and disposal on the
biosphere and humans. For instance, the human and animal populations in
these environments would not be restricted spatially and therefore might move
about freely. This means that the animal populations that might be affected
by the disposal centre and transportation systems could change with time as
individual members move into and out of the potentially affected area. The
spatial boundaries might define either the area influenced by the disposal or
transportation systems, or the area occupied by members of a population that
at any time was influenced by the disposal and transportation systems.
Moreover, to evaluate the effects, comparative control populations that are
not under the influence of the disposal or transportation systems, would
likely be included in the monitoring program.

To establish the spatial and temporal boundaries for monitoring various
conditions and parameters at a specific site, the characteristics of each
component of the environment at that site would have to be well understood.
The spatial boundaries of the geosphere monitoring program, for example,
would depend on the thermal characteristics of the vault and the rock mass as
well as the hydrogeological flow field at the site. The heat from the waste
emplaced in the vault would change the temperature over a volume of the rock
mass surrounding the vault, and this would in turn affect the hydrogeological
flow field in a different volume of the rock mass. Therefore, within the
geosphere there would be various spatial scales for monitoring depending on
the process to be monitored. These scales cannot be defined without site-
and design-specific information.

Similar aspects vould be encountered in developing the monitoring programs
for the biosphere and the health of employees. Many aspects of the biosphere
and worker populations would be site-specific. Issues such as the range of
movement for mobile animal and employee populations would be factors in
defining the spatial boundaries or data limitations of these monitoring
programs. Comparative control areas or populations outside the area of
influence of the disposal centre and transportation systems would likely be
necessary to identify external influences that could affect the biosphere and
workers.

When establishing the temporal boundaries for a disposal centre monitoring
program, two distinct phases would be considered: preclosure and
postclosure. The preclosure phase would include all stages discussed in
Section 2.4 during which the implementing organization would be taking
actions that alter the physical characteristics of the disposal centre and
transportation system. The monitoring program, as it applies to engineered
disposal-centre components and the geosphere near the disposal vault, would
be limited to the preclosure phase (i.e., the siting, construction,
operation, decommissioning, and closure of a disposal centre and associated
transportation systems). During the decommissioning stage of a disposal
project, monitoring instruments and equipment installed from the underground
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would be removed and all boreholes and openings sealed. Similarly, during
the closure stage, monitoring systems installed in boreholes drilled from the
surface, which are near the vault and may be detrimental to long-term passive
safety, would be removed and the boreholes would be sealed.

During the preclosure phase, the monitoring approach for each component would
vary, depending on the location of the component in the disposal system and
the technology available for monitoring. If the parameters relevant to the
performance of the engineered barrier system can be monitored "in situ" with
no risk to the long-term integrity of the barriers, appropriate
instrumentation would be installed to accomplish this. Any components of the
engineered barrier systems that cannot be monitored "in situ" would be
candidates for testing in component test areas in the disposal vault. They
would undergo long-term performance tests that would be terminated before, or
during, disposal vault decommissioning. These tests would involve
instrumentation to monitor measurable parameters and post-test examination of
the component condition. If these tests involved nuclear fuel waste, the
waste would be retrieved, repackaged if necessary, and emplaced for final
disposal immediately before decommissioning.

By the end of the preclosure phase, all surface installations would have been
decontaminated and removed. The sealed disposal vault would be the only
remaining element of the disposal system. Therefore, the end of the
preclosure phase would be the time at which all human activities associated
with the operation of the disposal centre and transportation system have
ceased. During the decommissioning and closure stages of the preclosure
phase, the type and concentration of monitoring systems would change because
the monitoring of all underground instrument installations and component
testing in and near the disposal vault would cease; the installations would
be removed and the openings would be sealed. Instrumentation, installed from
the surface to monitor underground conditions, could be maintained for as
long as the regulators and the public desired provided it is far enough away
so as not to affect the disposal vault's passive safety. These changes would
be addressed in the monitoring program.

The temporal boundaries for monitoring would be affected by the extent of
data that would be necessary to make decisions regarding the evolution of the
disposal system. The schedule for the reference disposal centre discussed in
Section 2.4 and shown in Figure 2-9, for example, includes two periods of
extended monitoring: one between the operation and decommissioning stages and
one between the decommissioning and closure stages. If ono or both periods
are included in the monitoring program, the duration of many monitoring
activities will be extended by the length of the extended monitoring
period(s).

The postclosure phase would begin when all facilities have been
decontaminated and removed and all testing and monitoring installations that
could affect disposal-vault safety have been sealed. The monitoring program
would address the extent to which monitoring would be continued in the
postclosure phase. The spatial and temporal boundaries for monitoring in the
postclosure phase would be established in consultation with the regulators
and the public, as discussed in Section 3.1.
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In the preclosure phase, the temporal boundaries of a monitoring program
would be limited, in the extreme, to the time during which society retains
the knowledge and capabilities necessary to collect and analyze the data.
Within this limit, there are other limits related to the effectiveness and
value of the additional monitoring data that would be gathered by continued
application of the monitoring program. Data should be collected for a
sufficient time to monitor the transients that are the expected changes in a
parameter or condition over time because of the disposal vault. The duration
of collecting these data, particularly data on time-varying parameters or
conditions, must be sufficient so that they can be used to establish
confidence in the short-term performance of the models that would be used to
predict the long-term system performance.

The testing/verification of models would be more effective if the data on
parameters and conditions were gathered throughout the transient period and
through to near-steady state. This would be practical in cases such as the
groundwater draw-down caused by disposal-vault construction, which occurs
over a few years but would not be practical for the far-field thermal
transient, which might continue for more than 50,000 a (Colder Associates
1993) .

The temporal boundaries of monitoring programs for the biosphere and human
health would be measured in generations whose duration would depend on the
species. For a meaningful study of employee and contractor health, baseline
data and other data would have to be collected through the life of the
project, which could cover several generations.

Therefore, it is not possible to specify the spatial and temporal boundaries
for monitoring without a specific site and disposal system design details for
that site. However, even with such a site and designs it may not be possible
to establish firm spatial and temporal boundaries for all parameters or
conditions. If this were the case, allowance would have to be made in the
monitoring program to assess the validity of the assumed spatial and temporal
boundaries through exploratory sampling outside those boundaries.

3.5 ORGANIZATION AND INSTITUTIONAL REQUIREMENTS

A monitoring program would specify the program for collecting those data
relevant to the compliance and performance of the disposal centre and
transportation system. These data would be an integral part oi' performance
assessment and would be analyzed and compared with baseline data, control
data, and action levels established on the basis of compliance and
performance criteria to assess the validity and performance of the system
designs and to show compliance with criteria established in permits and
licenses for operating these systems. The entire monitoring process
(i.e., planning, approval, implementation, analyses and reporting) would take
place in the broadest technical (i.e., implementing organization, federal and
provincial regulatory agencies and other technical experts) and public arenas
(i.e., governments, interest groups and other members of society). The
primary objective would be to collect the information necessary to assess the
actual performance of the entire disposal system against the expected
performance, to measure all its effects on the surrounding environments, and
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to communicate the results of the program to the public, regulators and
technical experts.

The monitoring program would have two general types of monitoring activities.
The first would be measuring conditions or parameters in the environments
expected to be affected by the disposal and transportation activities or in
control groups used for comparison. These would normally be done at the
intermediate- and far-field spatial scales and would not irreparably disturb
either the systems being monitored or the environments in which measurements
would be made. The second type would require measuring conditions at the
near-field scale, such as in the vault and geosphere very near the emplaced
containers and within the transportation casks. It might not be possible to
monitor these environments without irreparably disturbing the installations.
For these situations component tests would be conducted in controlled tests
in separate but very similar locations to gather subsystem performance data.
These might involve instruments installed within the structure of
transportation casks and placing them in simulated transportation
environments to gather performance data. It might also involve planning and
implementing special tests in the disposal vault where disposal containers
and sealing systems would be installed fully instrumented in a way that could
affect the long-term performance of the system as a barrier to radionuclide
transport. These tests might be operated as long as the transportation
system and disposal centre are being operated. As the transportation system
and disposal vault are decommissioned, the tests would be terminated and the
instrumented used-fuel disposal containers in these tests would be
refurbished or replaced and disposed of according to the final design.

It is expected that the monitoring programs and the performance assessment
process would be open processes, with public and scientific involvement in
all aspects of the programs, including design, data reporting and analyses.
This open process would extend to regular reviews of the analyses (updated
performance assessments) and the criteria, action levels and planned actions
for each parameter or condition being monitored. It would provide the forum
for reassessing and adjusting the monitoring program. It is also expected
that substantial components of the monitoring program would be implemented in
cooperation with, or by agencies other than, the disposal centre and
transportation implementing organization. The monitoring activities that
require access to installations or information and records that are outside
the direct control of the implementing organization would be most effectively
done by public or government agencies.

The credibility of a monitoring program would be enhanced if there was an
opportunity for regular and effective public and government involvement and
regular releases of the data for broad public and scientific review and
assessment. This credibility would be further enhanced if the monitoring
data and records were stored on a continuing basis in public/government
archives. This would ensure that the records would be openly available as
long as the institutions were able or willing to maintain their archives.
These aspects would be included in the monitoring program and would be agreed
upon as part of the various environmental assessments and licensing processes
for the project.
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4. VAULT MONITORING

The disposal vault comprises all materials, systems and installations within
the excavated rock boundary and includes the following engineered barriers:
the containers; buffer and backfill materials, shaft seals, grouts, and
exploration borehole seals or plugs. During the operation of a disposal
vault, various parameters that may affect vault performance would be
monitored. Such monitoring would provide data to further develop and
demonstrate a capability to predict long-term postclosure performance,
demonstrate that component performance is within the bounds predicted by
performance assessment models, and confirm that models are accurate or, at
least, conservative. The discussion presented here is intended to be
relevant to any disposal-vault design; however, where examples are given,
they are based on the used-fuel disposal centre design, summarized in
Chapter 2 and presented in detail by Simmons and Baumgartner (1994).

Before describing a general approach to monitoring of engineered barriers, it
is necessary to clarify the differences between detailed models of the
processes that affect the engineered barriers and the more conservative
models used in performance assessment. Laboratory- or field-based detailed
models of specific processes are typically developed and used as a basis for
developing more simplified and conservative performance assessment models.
The crevice-corrosion rate of titanium, for example, has been studied as a
function of temperature (Johnson et al. 1994). These rates are used in the
performance assessment model of container corrosion to predict the time at
which penetration (i.e., failure) of the container would occur. The detailed
model acknowledges that the process is virtually impossible to initiate on
metal-to-metal crevices and that significant oxygen concentrations are
required to initiate and sustain the process. The performance assessment
models, on the other hand, are developed in a fashion that ensures the
impacts are not underestimated. In this case the performance assessment
model of container corrosion assumes that the process initiates immediately
upon emplacement of a container and that oxygen is available at a constant
concentration throughout the container lifetime. Therefore, the detailed
models are more representative of the actual process and environmental
conditions than the performance assessment models. This distinction between
detailed models and performance assessment models is important. During the
preclosure period, monitoring of parameters affecting engineered barrier
performance would very likely be done to improve the accuracy of the former
and confirm the conservatisms of the latter models.

4.1 AN APPROACH TO PRECLOSURE MONITORING OF ENGINEERED BARRIER
PERFORMANCE

The preclosure phase of the disposal vault would provide an opportunity to
monitor a number of parameters that would influence performance of engineered
barriers. By the time that disposal-vault excavation is initiated, it is
expected that models that provide accurate estimates of barrier performance,
in terms of heat and moisture transfer, water movement, corrosion and
radionuclide diffusion would have been developed from the laboratory and
field research programs. These models could be evaluated and further refined
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by incorporating the data gathered during the preclosure phase
investigations, such that they gradually improve in accuracy. The process of
improving and validating these detailed models would provide confidence that
postclosure performance assessment models are valid and sufficiently
conservative. There would be an opportunity, for example, to monitor
transient phenomena that have a bearing on the postclosure performance of the
barriers. Examples are the relatively rapid increase in temperature of
containers and surrounding materials (i.e., maximum temperatures will be
reached within 30 to 40 a, well within the operational lifetime of the
facility) and uptake of water by the buffer and backfill sealing materials.

The effect of the intrusive nature of such monitoring on subsequent
performance, however, is critical and is highlighted in AECB Regulatory
Document R-71 (AECB 1985), which states that, "should post-closure monitoring
be considered..., the methods proposed must be such that the integrity of the
repository will not be compromised (Section 1.3)." Although the AECB
regulation applies to postclosure monitoring, it is also relevant to
preclosure monitoring because most monitoring methods are intrusive and would
entail instrumentation, with associated wires or conduits penetrating the
various sealing materials and potentially being attached to container
surfaces. In such locations, these instruments and associated hardware would
have to be retrieved and access routes sealed before final vault closure to
ensure that there would be no detrimental effects on subsequent vault
performance.

This difficulty in monitoring the performance of the various barriers in the
vault could be overcome by developing specially designed rooms for monitoring
and demonstrating barrier performance. These component test rooms, which
would be located separate from the waste disposal rooms of the vault, could
contain an appropriate number of containers of used fuel, or, as an
alternative, electrical heaters, emplaced in an identical configuration to
that used in actual disposal rooms. The test rooms could be the first
feature built in the vault, during the underground evaluation substage of the
siting stage, to ensure that at least 50 to 70 a of data would be obtained
throughout the subsequent stages.

A variety of material property tests, technology demonstration tests and
performance assessment tests might be conducted to provide information on the
short-term in situ performance of the key disposal system components. The
component tests might include

response of the rock mass, groundwater systems, buffer and backfill
systems to load changes caused by excavation and heating;
solute transport property and process studies;
emplacement of recoverable used-fuel containers to monitor their
detailed performance prior to the decommissioning stage of the
vault;
emplacement and testing of seals for plugging boreholes;
emplacement and testing of shaft and tunnel seals to assess their
performance;
material corrosion tests in the vault/geosphere environment; and
demonstration of construction methods and the suitability of quality
control method specifications for desired end products.
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A carefully selected group of used-fuel bundles with a thermal output equal
to the reference value (e.g., all 10-a cooled fuel for the current conceptual
design) could be used to ensure that the design maximum temperature of the
engineered barrier components is not exceeded.

Several important parameters could be monitored using such an approach.
These include temperatures of containers, sealing materials and rock, and
pore-water pressures and swelling pressures in sealing materials. Should
techniques become available for remotely detecting localized corrosion of
titanium containers in such an environment, these might also be considered.
Periodically, and at the end of the operation stage, these tests could be
opened to perform more detailed examinations to assess any potential changes
in parameters that cannot be directly measured using monitoring probes. For
titanium containers this might include evidence for uniform and general
corrosion and any alteration in the localized chemistry, both reactants and
resultant products.

Buffer and backfill materials could be recovered to assess physical,
mineralogical and textural changes in addition to changes in pore-water
chemistry. An assessment of microbiological activity and its effects on the
vault could be performed. A range of other characteristics of sealing
materials could also be monitored over long periods of time. These could
include in situ monitoring of the transport of nonradioactive tracers through
emplaced sealing materials, monitoring of the effective hydraulic
conductivity and pore water pressures of buffer and backfill, and monitoring
of sealed exploration boreholes that will exist as a result of site
characterization activities.

The engineered barriers, unlike the natural geosphere barrier (Chapter 5),
are specially designed and emplaced material systems. The current conceptual
sealing materials and designs are based on laboratory materials testing from
samples prepared to meet specifications that have been selected to be
practicable» by current state-of-the-art fabrication or construction
practices. Before their use, full-scale field equipment trials must be
performed to confirm that the fabrication and/or construction specifications
can be met and to confirm "method" or "end-product" specifications and
quality control procedures that can repeatedly achieve the desired material
and system performance requirements.

The component test rooms would provide the facilities, in addition to the
current Underground Research Laboratory facilities now used for geotechnical
research and engineering demonstrations, which would be needed to perform
these confirmation demonstrations. Monitoring is an integral component of
this work to provide data tv- assess the "as-constructed" performance of these
materials and systems.

In addition, during the underground evaluation substage and the construction
stage the methods proposed for disposal-vault development, waste packaging
and emplacement, and disposal vault sealing would be tested. Based on the
results of these tests, the finalized specifications and procedures for each
activity would be prepared for use in the operation stage. Monitoring would
be continually maintained, mainly by inspection, to assure adherence to these
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specifications and procedures. Quality control testing of materials or
products would be performed at source (e.g., at supplier), at delivery
(e.g., at disposal-centre gate), at preparation (e.g., at basket/container
fabrication, buffer/backfill preparation or concrete batch plants) and at
emplacement (e.g., waste emplacement or vault seal location). At intervals,
the quality of the vault sealing components would be tested (laboratory and
in situ) to ensure that the method specifications being followed during
placement are providing the required material properties. This monitoring of
placed sealing material quality would continue to the end of the closure
stage.

The instrumentation and equipment for monitoring and for component tests
would be progressively removed as the underground excavations are backfilled
and sealed during the decommissioning stage. For component tests that use
disposal containers of nuclear fuel waste, the containers would be retrieved
from the tests and emplaced in a disposal room without monitoring equipment
that might affect engineered barrier performance.

4.2 MONITORING AND DESIGN LIMITS

The general relationship between criteria and design limits is discussed in
Section 3.2. The basic performance criteria for engineered barriers are
design specific; thus, we discuss herein the specific engineered barrier and
vault design adopted from the conceptual design developed for the postclosure
assessment case study (Chapter 2).

4.2.1 Container Performance

The disposal concept for Canada's nuclear fuel waste is based on a minimum
container lifetime of 500 a. For the reference titanium container, a design
lifetime of 500 a has been specified. Early studies of crevice corrosion of
titanium suggest that the design maximum temperature for the container should
be 100°C. The maximum predicted container surface temperature for a vault at
500 m in the geological environment of the Whiteshell Research Area is 94°C
(Johnson et al. 1994). In the titanium container lifetime model, container
failures begin at approximately 1200 a, with all containers failing by
7000 a. The crevice corrosion rate of titanium increases with increasing
temperature, and the rate doubles for every 15°C increase in temperature.
For example, for a maximum container temperature of approximately 110°C, as
opposed to 94°C for the reference vault, the container lifetime would be
approximately halved. This would cause the time at which 10% of the
containers would fail to be reduced from 1500 a to approximately 750 a. The
distribution of container lifetimes is important in distributing the
containment release resulting from container failure and therefore lowering
the risks. It would be important to maintain the distribution of container
failures over a period of several thousand years. The design limit of 100°C
used in the disposal-centre conceptual design study provides a significant
margin of safety in ensuring that the container design lifetime criteria are
achieved.
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4.2.2 Sealing Material Performance

Buffer and backfill materials have been selected to ensure that contaminant
and water transport through these materials are diffusion-dominated
(i.e., advection is negligible). If slow degradation processes that might
affect buffer performance are to be avoided, maximum buffer temperatures
should be limited to approximately 100°C (Johnson et al. 1994). Maximum
buffer temperatures are expected to be several degrees lower than the maximum
temperature ot the container surface (94°C). Other clay-based sealing
materials such cs backfill and precompacted bentonite blocks used to seal
rooms and shafts will be exposed to even lower temperatures; thus
significantly increasing the safety margin for their performance.

4.3 CONCLUSION

The concept of component test rooms in a disposal centre for monitoring the
performance of engineered barriers provides an opportunity to fully develop
confidence in the disposal technology without compromising the integrity of
the sealed waste within the waste-emplacement area of the vault. The
information collected over the 50 to 70 a of operation in the preclosure
phase will permit refinement and validation of models describing the key
processes in engineered barrier performance and permit the operators,
regulators and the public to evaluate the adequacy of the technology prior to
licensing the decommissioning and closure of the vault.

5. GEOSPHERE MONITORING

The geosphere comprises the rock/groundwater system surrounding the vault,
but excludes the vault, and has an overlap with the biosphere near ground
surface.

Although some regional aspects of the geosphere, such as seismicity, can be
monitored during the screening of candidate areas for a disposal system, the
main monitoring of various geosphere conditions would not be implemented
until candidate site(s) have been selected and site evaluation activities
have begun. Some of this monitoring would be done to serve specific needs of
the site evaluation program such as to establish parameter values and their
ranges in the natural geosphere at the site. Other monitoring would be done
to provide temporal data on transient conditions to assist in calibrating and
testing various models describing geosphere processes at the site. Still
other monitoring would be done to establish baseline conditions against which
the effects of various stages of the disposal project could be evaluated.
Some of this baseline monitoring would be performed to assess the effects of
various site evaluation activities on the natural geosphere environment.

Because the needs and objectives for monitoring geosphere conditions are
varied, it would be important to develop a monitoring program that ensures
that these requirements are blended into an integrated and cost-effective
monitoring program. Many geosphere monitoring activities would need to
continue throughout the entire lifecycle of the project commencing with site
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evaluation through exploration shaft excavation, facility construction,
operation, decommissioning and closure. Therefore, it would be important to
ensure that all the potential usages of the geosphere monitoring data are
identified very early in the project so that the proper data records would be
maintained throughout the project.

5.1 MONITORING SEISMICITY

Knowledge of the seismicity and seismic risk of the Canadian Shield is
required during the initial stages of site screening to determine if rock
movements could occur in a potential candidate siting area, which would
affect the preclosure or postclosure safety of a disposal system,
particularly, the disposal centre. One of the main methods for obtaining
knowledge about seismicity is by directly monitoring seismic activity.

The Canadian National Seismic Monitoring Network began monitoring the seismic
activity in eastern Canada, including the Canadian Shield in Ontario, in the
1930s and this monitoring shows that relative to the worldwide and Canada-
wide seismic activity, most of the Shield is a region of very low seismicity.
The only areas of the Shield where medium to large earthquakes have been
recorded are associated with well-known regions of structural weakness: the
Kapuskasing Structural Zone, the Timiskaming Rift and the Ottawa-St. Lawrence
Rift system. These areas appear to have been the only locations on the
Shield where any significant tectonic movements have occurred since the
Proterozoic. The large portion of the Canadian Shield west of the
Kapuskasing Structural Zone extending into western and northwestern Ontario
and northeastern Manitoba has been free of any significant seismic activity
(i.e., greater than 3.5 on the Richter scale) since seismic monitoring began
in the 1930s.

To improve the accuracy of monitoring the seismic activity of the Canadian
Shield west of the Kapuskasing Structural Zone, AECL supported the
installation and maintenance of the Northern Ontario Seismograph Network in
1982, consisting of six seismograph stations (Figure 5-1) . This network has
allowed the accurate detection of very small seismic events in this area of
the Shield, including those caused by rock bursts or collapses in existing or
abandoned mines.

Although the current regional seismic monitoring network is adequate for
screening potential candidate siting regions in the Ontario portion of the
Canadian Shield detailed seismic monitoring would commence at candidate
siting areas once site evaluation work began. This would enable the
detection of very small seismic events during the site evaluation substage of
the project. Even more detailed seismic event recording equipment would be
installed at the preferred disposal site in underground boreholes, first
during the construction of the exploration shafts and tunnels, and later
during the construction and operation stages when the complete underground
facilities would be developed. These microseismic monitoring installations
would record minute seismic events such as those caused by stress-induced
cracking at the walls of the excavations and provide valuable information
about the rock stress and the thickness and orientation of the disturbed
zones around the excavations.
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5.2 GEOSPHERE MONITORING DURING SITE EVALUATION

Conditions in the geosphere would be monitored during site evaluation for
various purposes: to establish certain geosphere parameter values and their
ranges; to record transient data for calibrating mathematical models that
describe geosphere processes at the site; to establish baseline conditions
against which future effects can be measured; to measure any effects caused
by site evaluation activities; and to provide data for comparing the actual
disturbances created by exploration shaft excavation against the disturbances
predicted by mathematical models as an important step in model
testing/verification.

5.2.1 Establishing Parameter Values and Ranges

The values of certain geosphere parameters can change with time, either
because of natural temporal fluctuations or because of changes induced by
man's activities. Periods of monitoring are required to establish the
appropriate values of these parameters to be used in constructing geosphere
models. For instance groundwater pressures measured in piezometers can take
a long time to stabilize after disturbances caused by borehole drilling,
testing and piezometer installation. Groundwater pressures can also
fluctuate in response to natural causes such as climatic variations,
barometric effects or earth tidal effects. Therefore, frequent monitoring of
groundwater pressures in piezometers over several years is required to
determine stable pressure values.

Similarly, in order to determine the groundwater chemistry conditions in the
geosphere during site evaluation studies, it is necessary to monitor many
geochemical parameters to assess temporal fluctuations and trends (Gascoyne
et al. 1991). Some chemical characteristics of the groundwaters can be
greatJy affected by borehole drilling and testing activities. Therefore,
frequent measurement of these characteristics is required over prolonged
periods to ensure reliable values. Other chemical characteristics can
fluctuate in response to seasonal climatic changes, especially in shallow
groundwaters, and frequent measurements are required over several years to
establish temporal trends.

Precipitation and surface water runoff must also be continuously monitored
during site evaluation to assign proper values and ranges to parameters used
in the geosphere models. Monitoring periods of at least five to ten years
are considered necessary to provide sufficient data to establish seasonal and
long-term trends in these conditions (Thorne et al. 1991).

5.2.2 Transient Data for Model Calibration

Monitoring of some geosphere conditions during site evaluation can provide
valuable data on short-term, large transient disturbances that can be used to
calibrate models of geosphere processes. For instance, groundwater pressures
at the site can be disturbed either incidentally, by drilling activities or
purposely by performing hydraulic pressure interference tests. -The transient
response of the groundwater pressures at the site during these activities
yields data that can be used to calibrate the hydraulic aspects of regional
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hydrogeological models of the site. Other tests to determine solxite
transport properties of the rock mass at the disposal site involve the use of
man-made, or natural groundwater tracers, whose movement through the rock
mass must be monitored for long time periods to obtain useful information for
calibrating models of solute transport.

5.2.3 Establishing Baseline Conditions

Monitoring should be initiated early in the site evaluation substage to
establish baseline conditions for geosphere parameters that could be affected
by the site evaluation activities, or by the construction, operation,
decommissioning and closure of the disposal centre. Certain parameters, such
as groundwater pressures, chemical compositions of groundwaters and
hydrologie conditions must be monitored for other site evaluation purposes,
and the monitoring programs could be expanded or extended to ensure an
adequate record of baseline data was collected. For instance, some
groundwater samples collected during the site evaluation activities could be
analyzed for their radiological properties. Groundwaters in plutonic rocks
can contain relatively high natural levels of U, Ra and Rn and these levels
could pose an environmental concern, even during the site evaluation
substage. Establishing such baseline data early in the project would provide
the basis for assessing the validity of claims that the project has created
harmful effects in the geosphere.

5.2.4 Monitoring the Effects of Site Evaluation

Many of the site characterization activities carried out during the site
evaluation substage of the project will cause temporal changes in the
geosphere conditions at and surrounding the site. The drilling and testing
of exploration boreholes can induce large fluctuations in the groundwater
pressure and chemistry conditions. These fluctuations need to be monitored
in order to assess if any long-term changes have been introduced by these
activities that could affect the geosphere processes represented in detailed
site models. Drilling-induced fluctuations in groundwater levels or water
chemistry may also need to be monitored during site evaluation to show
compliance with regulatory requirements for the siting stage.

The construction of the exploration shafts and exploration underground
tunnels at the preferred site during the underground evaluation substage
would produce major disturbances in the hydrogeological conditions in the
rock mass surrounding the excavations. By regularly monitoring the
groundwater pressures and chemistry conditions surrounding these exploration
excavations, data would be available to assist in predicting the
hydrogeological effect of constructing the full-scale facility, and many
performance-related questions regarding the short-term effects of the
facility on the geosphere would be addressed. Moreover, the hydrogeological
conditions in the rock mass surrounding the exploration shafts and tunnels
should be monitored during construction to measure the effects of the
construction on nearby groundwater resources.
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5.2.5 Monitoring Effects for Model Testing/Validation

Although it is expected that some monitoring of the geosphere conditions
would be required to satisfy regulatory requirements during the construction
of the exploration shaft and tunnels, this construction would create a major
hydrogeological disturbance that would provide a valuable test of the
groundwater flow models of the disposal site. Geosphere monitoring should be
done throughout the period of exploration shaft construction with collect
data on the changes that occur in the groundwater pressure and chemical
conditions around the excavation. By comparing these observations with
disturbances predicted by calibrated groundwater flow models, many key
aspects of the models could be tested. If the comparison reveals that the
models have successfully predicted the observed hydrogeological disturbances
there would be a stronger basis for extrapolating the model predictions to
longer time frames.

5.3 GEOSPHERE MONITORING DURING THE CONSTRUCTION, OPERATION,
DECOMMISSIONING AND CLOSURE STAGES

During the construction, operation, decommissioning and closure stages of the
project, geosphere monitoring would be carried out to collect a database on
near-field, in situ underground conditions and responses. These data would
be required to meet the needs of vault designers, construction personnel and
regulatory agencies during these stages.

5.3.1 Construction Monitoring

In the construction stage, more accurate and detailed monitoring would be
done of full-scale, near-field conditions, than would be possible during the
previous siting stage. Arrays of instruments could be located, for example,
at several depths in the shaft and at various locations at the vault level,
to monitor areas of particular geotechnical interest as well as areas
representing the general conditions around the waste-emplacement areas. At
these arrays, periodic measurements would be made of rock stresses,
displacements, temperatures, groundwater pressures and chemistry, hydraulic
conductivities and groundwater inflow rates.

The data from near-field monitoring of the geosphere surrounding the disposal
vault, along with data collected during the earlier siting stage, would be
used to continually refine and optimize the designs for the underground
excavations following the observational method (Section 3.1). These designs
would include the layout, the geometry and the support for the excavations.
The extent of the excavation disturbed zone, caused by stress relief,
blasting damage, or both, and its potential effect on radionuclide transport
would be monitored and included in the optimization of the vault design.
Continuous monitoring of the geosphere conditions around full-scale prototype
excavations and waste-emplacement layouts would help to confirm the
performance of the rock mass barrier.

Performance monitoring would begin during the construction stage and would
continue through the subsequent stages. The monitoring data would be
analyzed to confirm the effectiveness of the rock mass barrier in the overall
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vault system design and to ensure that the design ranges are not being
exceeded.

Confirmation testing would be carried out at the vault emplacement level in
component test areas set aside specifically for this purpose (Section 4.1).
These tests and demonstrations might be similar to those activities that have
already been considered or performed by the NFWMP at the URL (Simmons 1990,
Whitaker 1987) and in the STRIPA mine (Fairhurst et al. 1993). The
confirmation tests would be performed at full scale in the disposal vault, to
test vault system designs as well as new technology or its application
(including new advances in monitoring instruments or methods). As well, the
component tests would be carried out in geosphere conditions specific to the
actual disposal site. Examples of full-scale demonstration tests that might
be used for performance confirmation of the vault system design and the near-
field geosphere conditions around the vault are excavation response, borehole
waste emplacement, borehole heating, disposal room simulation and various
vault-sealing demonstrations (Simmons 1990). Some of these tests related to
the engineered barriers have been described in Chapter 4.

5.3.2 Geosphere Monitoring During Vault Operation, Decommissioning
and Closure Stages

Although it is expected that the monitoring of near-field geosphere
conditions would continue from the vault horizons of the disposal centre
throughout the operation, decommissioning and closure stages of the project,
most of this monitoring would likely be restricted to prototype tests and
demonstrations in component test areas, or to specific areas of geotechnical
interest or concern that are accessible from the disposal-vault excavations.

Noninvasive geosphere monitoring methods, such as measuring microseismic
activity or making excavation convergence measurements, could be used in the
waste disposal rooms. However, there would not be any invasive monitoring
that could compromise the effectiveness of the engineered and rock mass
barriers around the emplaced waste. Monitoring of the far-field conditions
in the geosphere around the vault location would continue throughout the
vault operation, decommissioning and closure stages using the monitoring
equipment that was installed earlier during the siting and construction
stages of the project.

An extended monitoring stage might be implemented between the operation and
decommissioning stages. The decision on the need for this stage would be
made in consultation with the regulators and the various publics, discussed
in Section 3.1. The objectives for this stage would be identified during the
consultations. One possible objective might be to gather additional data
from the monitoring system existing at the end of the operation stage
including the component test area(s).

Once a decision is made to decommission the disposal vault, all geosphere
monitoring equipment would be removed from the underground facility and any
associated instrumentation boreholes would be sealed, consistent with the
borehole sealing requirements of the project. Instrument removal and
borehole sealing would most likely be conducted in a retreat fashion,
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maintaining the data collection to the last possible moment, thereby
maximizing the temporal extent of the data. The data collected from
monitoring the conditions e.round the component test areas would likely
provide the longest record of near-field geosphere conditions from the vault.

After the decommissioning stage, another extended stage of monitoring
geosphere conditions at the site could occur before the closure stage. The
purpose of this stage would be to monitor the initial resaturation of the
vault and re-establishment of natural groundwater flow conditions in the
geosphere around the vault. The monitoring boreholes that were drilled from
surface during the siting and construction stages of the project would be
used to collect the hydrogeological data to record this transient response.
Temperature conditions in the rock surrounding the vault would also be
monitored within these surface boreholes to observe the temperature increase
caused by the emplaced waste. Other noninvasive measurements such as
microseismic monitoring and ground surface displacement measurements could
monitor the stability of the decommissioned facility during this period of
transient behaviour.

During the closure stage all monitoring instrumentation would be removed from
the surface-drilled boreholes, and the boreholes would be sealed. Only
boreholes that could not compromise the long-term effectiveness of the
geosphere barrier might be left unsealed when closure is completed. These
could be used for continued monitoring should monitoring activities be
extended into the postclosure phase.

Other noninvasive geosphere monitoring methods could continue at the site
beyond the closure stage. These might include raicroseismic or acoustic
emission monitoring or the precise measurement of the thermal expansion
uplift of the rock mass directly overlying the disposal vault.

6. BIOSPHERE MONITORING

6.1 INTRODUCTION

The biosphere is represented by the disposal centre, transportation system
and the surrounding environment, including air, water, soil and associated
fauna and flora. The objectives of the biosphere monitoring program would be
to gather site-specific data necessary to identify and control potential
contaminant releases near their source, avoid environmental contamination,
develop and apply the biosphere models for predicting consequences, and
validate the model predictions. Monitoring of the biosphere would be an
ongoing activity, continuing from the beginning of the siting stage through
closure and for as long afterward as considered necessary by society.

Monitoring would primarily consider radionuclides, heavy metals, and organic
contaminants, but it would also consider other indicators to measure the
effect of activities on valued ecosystem components (Holling 1978) . For
example, to monitor biodiversity the relative abundance of species (an
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indicator) could be monitored (Bernard et al. 1989), Indicators for surface
waters would include temperature, oxygen concentration, and biochemical
oxygen demand.

Biosphere monitoring would be undertaken to contribute to

the development and verification of models used for estimating the
effects of various contaminants introduced into the biosphere on the
living organisms in the environment including humans, and

the demonstration that the disposal centre and transportation system
comply with regulatory and other requirements that apply to them.

Monitoring for model development would involve the collection of
site-specific data, including baseline environmental conditions, for model
development and for establishing parameter values. Although monitoring for
model development is not a central focus in this report, it is alluded to in
the following discussion. The application of developed models to analyze
monitoring data and to assess potential effects of contaminants on the
environment and humans is discussed.

Compliance monitoring would involve the measurement of contaminant levels to
demonstrate compliance with applicable regulations, guidelines, and
environmental increments (Amiro 1993)) to ensure the safety of both humans
and the environment. It would include operational monitoring, effluent
monitoring, environmental monitoring and emergency monitoring.

Operational monitoring would be concerned with the monitoring of individual
activities, processes, or buildings associated with the disposal system.
This might include contaminant levels in air, water, soil, fauna and flora
within the disposal centre and transportation system site boundaries.

Effluent monitoring would be concerned with the monitoring of atmospheric and
aquatic waste streams at points of release from the facilities (CSA 1990).
Environmental monitoring would be concerned with the monitoring of conditions
that might affect humans and the natural environment beyond the disposal
centre and transportation system facilities, i.e., contaminant levels in air,
water, soil, fauna and flora. Environmental monitoring would provide a
check, independent of effluent monitoring, on the effectiveness of
containment and effluent control, and would provide a means of acquiring data
on radiological and nonradiological contaminant concentrations and their
impacts on the environment. Data on radionuclide levels in the environment
might be used to estimate radiation doses to humans and biota. These and
related environmental monitoring data would be of key importance in the
verification of model results and they would provide confidence in model
predictions.

Emergency monitoring would be concerned with the measurement of contaminants
in effluent, or the environment, in response to an accidental release. Data
from emergency monitoring would be input into an emergency response model,
which would be used to estimate the quantity of contaminants released to the
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environment, waste stream concentrations with time and distance, and the
effect on humans and the environment. This information would be utilized to
determine potential mitigation requirements.

In addition to the monitoring performed by the implementing organization,
third-party monitoring might be carried out. This monitoring would provide
an independent audit of the operator's monitoring and analyses data. For
example, regulators or special interest groups might collect samples to
confirm compliance, investigate special concerns, and verify reported data.
Because third-party monitoring would be independent of the operator of the
facility, it will not be discussed further. However, it could be an
important aspect of the overall monitoring program.

The environmental monitoring program would determine baseline conditions in
and around the disposal centre and transportation system, to characterize the
area. Baseline data would provide initial site-specific data for comparison
with later data collected throughout the operation of the disposal centre and
transportation system. It would also provide site-specific data for
parameter values for the biosphere models. Baseline data would be collected
throughout each stage of the disposal system from siting to closure. Because
of the long time frame involved (~80 a), control sites would need to be
monitored simultaneously with the monitoring of the disposal facilities to
allow the differentiation of effects caused by the disposal system from those
caused by other extraneous factors.

The operational, effluent and environmental monitoring programs would be
fully integrated through an environmental transport model that would
specifically reflect monitoring needs and the geographic, landscape,
environmental, and human settings of the disposal centre and transportation
system facilities. This model would be related to the biosphere model for
the preclosure assessment (,PREAC) (Russell 1993) and, to a lesser extent, to
the biosphere model (BIOTRAC) for the postclosure assessment (Davis et al.
1993). The environmental transport model would be developed through a
comprehensive scenario analysis. The model would be designed to predict
contaminant concentrations in air, water (surface water and shallow
groundwater), sediment, and soil resulting from potential releases of
contaminants from the disposal centre. It would also estimate doses to
humans and other biota from these potential releases. Thus the model would
be used to escablish derived release limits (DRLs) for contaminants from the
disposal centre and transportation system facilities during the preclosure
phase to ensure that guidelines and regulatory limits would not be exceeded.
Derived release limits are extensively used in operating nuclear generating
stations for this purpose.

Sensitivity analysis of the biosphere models would be carried out to increase
the effectiveness of the monitoring program. This analysis would indicate
which contaminants, environmental transport pathways, model parameters, and
contaminant sources are most important in determining environmental
concentrations and radiation doses (Section 6.2 and Table 6-1). Information
gained from sensitivity analysis would be used to focus the environmental
monitoring program more closely. Moreover, the model and its parameter
values would be continuously improved by using monitoring data for model
calibration.
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The environmental monitoring program for a disposal centre is discussed in
Sections 6.2 to 6.9. The monitoring program, aimed at gathering data
necessary to assess the potential effects of the used-fuel transportation
system on humans and the environment, is discussed in Section 6.10.

6.2 ENVIRONMENTAL MONITORING PHILOSOPHY

The nature and extent of potential environmental effects must be documented
for the environmental assessment of the disposal centre and transportation
system. Preclosure phase effects would be almost immediate, whereas
postclosure effects, as a result of transport of radionuclides with
groundwater flow from the vault to the biosphere (as discussed in Chapters 4
and 5), would occur far in the future. Biosphere models would be used to
assess possible environmental effects. The models consider release
mechanisms of nuclides and other contaminants into the biosphere and
subsequent transfer of contaminants through the biosphere over time. This
information is used to perform dose calculations for representative members
of the public and other biota. Environmental studies are required to provide
information on areas of concern, e.g., groundwater discharge areas and
site-specific data to evaluate the models. Monitoring would identify effects
that may not have been predicted and provide data to evaluate the accuracy of
original predictions. On-site. monitoring during the. preclosure phase
provides the opportunity to detect and react to any unusual conditions.
Moreover, the monitoring program would be part of the design process
(observational method) and would provide feedback data to optimize the design
for the disposal centre and transportation system.

The frequency of sampling and number of samples collected would depend on the
specific site and quality of information required. It is envisaged that
intensive sampling would be done in the siting stage to establish a baseline
data set, which would include data on contaminant concentrations in air,
water, soil, flora and fauna, as well as information on plant and animal
community structure including rare, endangered and sensitive species.
Thereafter, the frequency of sampling would be determined by initial
findings, monitoring objectives, statistical requirements and economic
considerations. Initially, some sampling may be exploratory in nature to
identify hydraulic gradients and potential contaminant pathways. Later, most
sampling would focus on the major contaminant transport pathways, such as
groundwater seepage areas and surface waters, and collection of data for
model validation. Supplementary sampling also might be carried out to
provide more information in areas of special interest. The monitoring
program would provide data on the spatial and temporal variability of the
variables monitored. Expert systems could also be used to identify potential
environmental effects (Geraghty 1993) and the monitoring program designed to
detect these effects.

The biosphere monitoring program would be initiated with the selection of
candidate sites. It would then evolve and become more focussed through the
balance of the siting, construction and operation stages. The monitoring
program would be defined by a team of experts, including statisticians to
optimize the monitoring design of the program, regulators (federal,
provincial, and municipal) and representatives from the communities to ensure
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TABLE 6-1

SUMMARY OF THE IMPORTANT PATHWAYS IN THE PRECLOSURB

ASSESSMENT AND THEIR RANKING BASED ON DOSE1

Description

Preclosure
water-fish
water-vegetable
water-groundshine
water-ingestion
air-groundshine
air-vegetable
air-pork
air-milk
water-egg
water-milk
air-beef
air-poultry
air-egg
water-pork
water-beef
water-beach shine
water-soil ingestion
air-inhalation
water-poultry
air-soil ingestion
air-immersion
water-immersion

Ranking

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

Data are from Grondin et al. (1994)

that the public's needs for monitoring are satisfied. A schedule would be
developed to check and refine the monitoring program, as required, to ensure
that the information collected is meeting the goals in a scientific and cost-
effective manner. Reference locations and a suite of parameters, including
"indicator" 'contaminants would be selected for routine monitoring. For
example, gross alpha, beta and gamma activity monitoring could be used as a
screening tool to indicate trends in environmental radioactivity (Reyes
et al. 1987), whereas heavy metal contami'.ant levels and electrical
conductance could be monitored to indicate trends in toxicant levels in major
contaminant pathways.
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The monitoring program would follow a quality assurance (QA) program. It
would include a policy document, and detailed administrative, working and
quality verification procedures governing aspects of monitoring. Any
deviations from the QA program would be documented, evaluated and resolved.
The findings of the monitoring program would be published and made available
to the public.

There are several pathways for nuclide transport to humans and other biota.
For nuclides in water, the most significant pathways to humans usually are
through consumption of drinking water (USEPA 1981) and consumption of fish
(Baweja et al. 1987). Several other pathways to humans are possible
including future use of contaminated sediments for agricultural purposes; use
of contaminated water for irrigation; nuclide uptake by plants from
groundwater and soil, and their subsequent use by humans; or consumption of
animals that have ingested contaminated plants (Zach et al. 1987). The
preclosure assessment of routine emissions from the reference disposal centre
predicts that the most important radionuclides are ^°Sr, -^^Cs and ^3>^Cs
(Grondin et al. 1994). The most important environmental pathways for the
radiological dose to humans are ingestion of fish, ingestion of vegetables,
groundshine and ingestion of water (Russell 1993). Ingestion of fish is
estimated to contribute about 40% of the dose (Russell 1993). Sensitivity
analysis of the postclosure biosphere model (BIOTRAC) has demonstrated that
the number of important parameters varied with the pathway and nuclide in
question (Davis et al. 1993). In the postclosure assessment, the most
important radionuclides in terms of dose to humans are 3-^9I, 14C, ^ Cl and
^9Tc (Davis et al. 1993, Johnson et al. 1994). The most important pathways
associated with radionuclides in the preclosure and postclosure assessments
are presented in Tables 6-1 and 6-2.

The monitoring program would be designed to investigate the parameters and
pathways identified by sensitivity analysis as being important. Also, to
establish baseline levels of nuclides and other contaminants in the
environment, surface waters, fish, sediments, soil, groundwater, plants and
animals would be sampled. This would include collection of baseline data
from areas of deep groundwater discharge to the surface environment
(Stephenson et al. 1992, 1994; Gascoyne and Sheppard 1993). Moreover, the
hydrogeological factors that affect the transport of nuclides in the
biosphere must be considered in the monitoring program. These include
precipitation, surface runoff, infiltration rates, soil and sediment
characteristics, topography, depth to the water table, proximity of surface
water, ambient water chemistry, hydraulic conductivity, hydraulic gradient,
and volume of water used by the disposal centre. Other factors include
frequency and distribution of individual surface water discharge events in
time and space, site location in relation to the drainage basin, topography,
and local and regional water use by humans.

Suggested environmental monitoring activities during the various project
stages are presented in Sections 6.4 to 6.9. Methodologies for monitoring
contaminants in air, water and the terrestrial environment, and their effects
on the flora and fauna are in common practice. However, monitoring
methodologies are constantly evolving with advancements in technology and
science. Therefore, today's common practices may become outdated. Specific
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TABLE 6-2

SUMMARY OF THE IMPORTANT PATHWAYS IN THE POSTCLOSURE

ASSESSMENT AND THEIR RANKING BASED ON DOSE1

Description Ranking

Soil/Plant/Man 1
Air/Plant/Man 2
Water/Man 3
Water/Milk/Man 4
Air/Plant/Milk/Man 5
Soil/Plant/Man 6
Fish/Man 7

1 Data are from Davis et al. (1993).

monitoring methods would vary greatly depending upon the particular site,
monitoring objectives, and in the case of plants and animals, the species
being sampled, as well as future advances in monitoring methodology. Because
methodologies are in common practice and because of the other reasons given
above, specific methods to be used in the monitoring program are not dealt
with in this report. Specific methodologies would be defined early in the
site-selection stage.

6.3 DESIGN CRITERIA

The disposal centre will be required to meet regulatory requirements for
radionuclides releases as defined in Regulatory Document R-71 (AECB 1985) and
the Atomic Energy Control Regulations (AECB 1986). As stated in Section 1.3,
the disposal centre must meet applicable regulations regarding radiological
health and safety, conventional health and safety, environmental protection,
safeguards and security, and transportation of radioactive material.
Criteria are available for humans. For postclosure, Regulatory Document R-
104 states "The predicted radiological dose to individuals from a waste
disposal centre shall not exceed 10~^ fatal cancers and serious genetic
effects in a year" (AECB 1987). Regulatory guidelines based on
concentrations in water are available for a few radionuclides, i.e., -^'Cs,
131I( 226Ra< 90Sr and 3H (OME 1978). These guidelines are based on risk to

humans, but they are also meant to protect the general environment. However,
for most radionuclides there are no clear regulatory criteria available for
concentrations in the abiotic environment or in biota (except for humans).
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Environmental quality criteria and guidelines have been recommended for many
of the nonradiological contaminants (heavy metals and organic pollutants)
(CCME 1991; CWQG 1987; OME 1978). These criteria and guidelines are being
updated constantly and differ slightly depending on the province. There are
also Canadian federal government recommendations, as well as criteria
suggested by other countries (AEL 1991) . Interim assessment criteria for
contaminated sites in Canada have been recommended, which include both soil
and water concentrations (CCME 1991). Water quality guidelines and
objectives have been established by both the federal (CWQG 1987) and Ontario
(OME 1978) governments, and sediment quality guidelines have recently been
established by the Ontario government (Jaagumagi 1990). The range of
criteria and acceptable levels of contaminants, based on a host of criteria
from different provincial agencies and countries, has been reviewed by Angus
Environmental Limited (AEL 1991). The most stringent of these criteria have
been adopted as the design limits for the disposal centre (Grondin et al.
1994). These limits could be set at a fraction of the regulatory criteria or
DRLs for radionuclides. Presently, design limits for nonradioactive
contaminants (metals and organic pollutants) are the limiting criteria
(Ontario Hydro 1987).

In the case of heavy metals, criteria are available for cadmium, chromium,
selenium and antimony (Table 6-3). The proposed criteria for molybdenum in
groundwater (AEL 1991) could be adopted for surface water (Amiro 1992).
Guidelines presented in Table 6-3 are based on protection of aquatic
organisms and are more stringent than those for protection of humans. This
is largely because aquatic organisms are submersed in the contaminated
medium, whereas the guidelines for humans are based on humans only receiving
contaminants through drinking water. For example, the ratio of the guideline
values for human drinking water to aquatic organisms for cadmium and chromium
is 25 (CWQG 1987).

Environmental quality criteria are largely unavailable for most radionuclides
and many nonradiological contaminants that may be released to the
environment. Therefore, for the preclosure assessment of the disposal centre
conceptual design, the design criterion have been based on regulatory
criteria and guidelines, comparison of predicted concentrations with baseline
concentrations in the environment and an estimation of the radio}sgical dose
to nonhuman biota. Because of the relatively long time frame involved
(~80 a), comparisons of conditions observed between the disposal centre site
and suitable control locations would also be made. For the postclosure
phase, where the assessment is based on model predictions, a framework has
been developed to quantitatively assess definable endpoints to estimate the
impact on a generic set of valued ecosystem components (Amiro 1992, 1993;
Amiro and Zach 1993). A multiple concept approach has been adopted that
allows the nature of potential effects to be evaluated, without relying on a
single narrow criterion. The approach includes consideration of available
regulatory guidelines, comparison with risk to humans, comparison with
baseline concentrations in the environment, and estimation of radiological
doses to nonhuman biota.
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TABLE 6-3

REGULATORY GUIDELINES AND CRITERIA

FOR CHEMICALLY TOXIC ELEMENTS

Element

Mo

Sb

Se

Concentrations
Soil Water

(mg'kg"1 dry) (mg»m~3)

4

20

1

Reference

Cd

Cr

1 AEL 1991
0.2 CWQG 1987

100 AEL 1991
2 CWQG 1987

AEL 1991

CCME 1991

AEL 1991
CCME 1991

6.3.1 Environmental Increments

The concepts adopted in defining measurable endpoints to ensure environmental
protection from the potential release of contaminants from a disposal centre
(Amiro 1992) are comparison of model predictions of environmental
concentrations with available regulatory guidelines, risk to humans with
protection of the environment, model predictions of environmental
concentrations with baseline concentrations existing in the environment, and
predicted radiological doses to nonhuman organisms with those doses known to
cause detectable effects. These concepts form an approach that integrates
multiple indicators as part of a framework for environmental protection
(Amiro 1992, 1993; Amiro and Zach 1993).

The approach recognizes that the release of any contaminant to the
environment would increase its local concentration and that tho magnitude of
the increase and its potential effect must be evaluated. Most of the
nuclides present in the nuclear fuel waste are already present in the
environment today. Many of these are natural components of soil, water and
air. Others are present because of human activities. Baseline
concentrations for nuclides in the environment have been estimated (Amiro
1992) and would be measured during the siting stage. Measured or predicted
contaminant concentrations in the environment as a result of the disposal
centre could be compared with these baseline concentrations to evaluate the
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effect of contaminants on the environment. This involves comparison with two
baseline concentrations, the mean background concentration, which can be used
as a benchmark, and an environmental increment (El) value. The El value is
related to the natural variability of the concentration of a contaminant in
the environment, and is nominally set to one standard deviation of the local
measured concentration. Since the El value is within natural variability,
stresses imposed by contaminant concentrations within the El value would be
within the natural variability of stresses. Baseline and El concentrations
have been developed for contaminant concentrations in soil and water, for
both radionuclides and chemically toxic elements (Amiro 1992, 1993) and are
presented in Tables 6-4 to 6-9. These tables also give levels where no
effects have been shown, where these are known.

If a contaminant concentration exceeds the El value, there still may be no
significant effect to the ecosystem, or to individuals of a species found in
the ecosystem. However, the El value could be part of the design criteria,
and mitigating action would be taken for concentrations exceeding the El
value and/or the nature of the effect would be further assessed.
Concentrations lower than the El value are unlikely to have any effect
outside that imposed by nature. These minor consequences are difficult to
detect and it may be impossible to ever separate such a small anthropogenic
stress from natural variability. On the basis of the predicted radiation
dose of 10"^ to 10"** Cya"! to aquatic biota at the boundary of the disposal
centre (Russell 1993), the environmental effects of radiation would be
negligible and indistinguishable from the effects of other contaminants on
the environment. The environmental monitoring program would be designed to
validate this prediction.

6.4 MONITORING IN THE SITING STAGE

The monitoring program would collect data to determine the impact that siting
activities would have on the environment. Siting activities include
construction of access roads; drilling of exploration boreholes; clearing of
trees; construction of exploration shafts and tunnels at the preferred vault
location; and construction of rock disposal areas, storm water holding ponds
and temporary buildings. Thus the effect of noise, construction of roads,
atmospheric emissions from vehicles, runoff, soil erosion, leachates from
rock disposal areas, and effluents from storm water holding ponds would be
monitored.

Early in the siting, stage the monitoring program would emphasize collection
of site-specific data to establish a baseline environmental data set and
provide information for model development. On the basis of the preclosure
(Grondin et al. 1994) and postclosure assessments (Goodwin et al. 1994), the
main pathways that require environmental monitoring for baseline conditions
and model development are presented in Tables 6-1 and 6-2. Initial
monitoring data would also provide information for developing the long-term
environmental monitoring program. The monitoring program would be able to
detect the nature and extent of any effect that the facility could have on
the environment. This would include measuring the effect of any contaminants
in the water effluents from disposal centre and transportation system
construction, the rock disposal area, noise, atmospheric emissions, road
construction, and rcj;?.1 traffic would have on the environment.
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TABLE 6-4

SUMMARY OF CRITICAL CONCENTRATIONS OF

NATURALLY OCCURRING RADIONUCLIDES IN SURFACE WATER (Bq'ro"-3 water)-3

Radionuclide

Cosmogenic:

3H
10Be
14C (Bqokg"1 C)
3 2p
32Si

Primordial :

40R
87Rb

187Re

Uranium-238 (4n+2)
decay chain:

210pb/210Bi(
210mBi/210po
226Ra,222Rn
230Th
234Ur238U(234Th

Uranium-235 (4n+3)
decay chain:

231Pa,227Th,227Ac,
223Ra
235U(231Th

Thorium-232 (4n)
decay chain:

232Th
228Ra(228Th/224Ra

El*
Value

3.6 x 10
2.0 x 10"8

1.0
2.4
3.0 x 10~4

5.0 x 10
4.5 x 10'1

1.1 x 10~3

3.0
1.0
2.5 x 10"1

2.0

2.0 x 10"4

9.0 x 10~2

0.5
1.0 x 10

Background
Estimate

1.2 x 102

1.6 x 10~7

2.27x 102

1.7 x 10
2.0 x 10~3

5.0 x 10
0.9
1.1 x 10~2

3.0
5.0
2.7 x 10'1

1.3

1.0 x 10~4

6.0 x 10"2

0.2
4.0

Level With
No Observed
Effect

4.0 x 106**
1.3 x 10'1

2.5 x 102

7.0 x 10~3

1.2 x 104

9.0 x 10
1.1

1.0 x 102

2.5 x 102

1.1 x 10

8.5 x 10'1

1.7 x 10

* El - Environmental Increment, see text for explanation.
** Regulatory targets
Note: Data are from Amiro (1992, 1993).
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TABLE 6-5

SUMMARY OF CRITICAL CONCENTRATIONS OF

NATURALLY OCCURRING RADIONUCLIDES IN SOIL (Bq'kg"1 dry soil)

Radionuclide

Cosmogenic:

H (wet weight)

14C (Bq.kg"1 C)
32p
32Si

Primordial :

40R
87Rb

187Re

Uranium-238 (4n+2)
decay chain:

210Pb,210Bi,
210mBi(210po

230**'
234U(238U(234Th

Uranium-235 (4n+3)
decay chain:

227̂ 223̂ '235U(231Th

Thorium-232 (4n)
decay chain :

232Th
228Ra,228Th/224Ra

El*
Value

3.6 x 10~3

1.0 x 10~3

1.0
1.2 x 10~2

3.4 x 10~5

0.9 .
1.8 x 10
1.0 x 10~4

7.1 x 10
4.4 x 10
4.4 x 10
2.6 x 10

1.2
1.2

7.0
7.0

Background
Estimate

1.2 x 10"2

7.0 x 10~3

2.27x 102

0.1
2.4 x 10"4

3.70 x 102

5.5 x 10
1.0 x 10~3

5.9 x 10
2.6 x 10
2.6 x 10
1.2 x 10

0.5
0.5

1.6 x 10
1.6 x 10

Level With
No Effect

3.4 x 10

2.5 x 102

1.32 x 103

1.10 x 102

4.5 x 10~2

3.0 x 103

1.2 x 104

1.0 x 103

5.7 x 10
5.7 x 10

1.26 x 102

1.26 x 102

* El - Environmental Increment, see text for explanation.
Note: Data are from Amiro (1992, 1993).
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TABLE 6-6

SUMMARY OF CRITICAL CONCENTRATIONS OF

ANTHROPOGENIC RADIONUCLIDES IN SURFACE WATER -3 water)

Radionuclide

41Ca
59Ni
63Ni
79Se
90Sr/90y
93Zr,93mNb
93Mo,93mNb
94Nb
99Tc
107pd
113mcd
125sb(125mTe
126Sn,126Sb
129j

!35Cs
182Hf(182Ta/205pb/208Bi
229Th(225Ra|225Ac
232U
233y
236u
237Np,233Pa
241Am
238pu
239pu
240pu
241pu
242pu

El*
Value

1.1 x 10~7

4.0 x 10"7

4.0 x 10"8

2.1 x 10~6

3.0
1.0 x 10~5

3.2 x 10~9

1.0 x 10~9

2.0 x 10~6

6.4 x 10~7

1.4 x 10~2

1.0
3.3 x 10"6

4.3 x 10~5

4.0 x 10"7

0.4
0.4
1.7
1.8
3.2 x 10'5

3.0 x 10"4

1.5 x 10"4

4.0 x 10"3

8.0 x 10"4

4.8 x 10"2

1.2 x 10~5

Background
Estimate

3.0 x 10~7

1.0 x 10~6

1.0 x 10~7

5.0 x 10~6

2.5 x 10
3.0 x 10~5

8.0 x 10~9

3.0 x 10~9

1.5 x 10~5

2.0 x 10~6

0.3
2.0
8.0 x 10~6

3.0 x 10~5

3.0 x 10~6

8.0 x 10"5

8.0 x 10~5

2.0 x 10~3

8.0 x 10~5

9.0 x 10~4

4.0 x 10~4

1.0 x 10~2

2.0 x 10~3

1.2 x 10"1

3.0 x 10~5

Level With
No Effect

1.5 x 102

4.0

1.43 x 102

1.75 x 102

4.5 x 10
2.08 x 102

2.3 x 102

* El - Environmental Increment, see text for explanation.
Note: Data are from Amiro (1992, 1993).
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TABLE 6-7

SUMMARY OF CRITICAL CONCENTRATIONS OF

ANTHROPOGENIC RADIONUCLIDES FOR SOIL (Bq'kg"1 dry soil)

Radionuclide

41Ca
59Ni
63Ni
79Se
90Sr(90y
93Zr/93mNb
93Mo,93™Nb
94Nb
99Tc
107pd
113mcd
125sb/125mTe
126Sn,l26Sb
129j
135CS
182Hf(182Ta/205pb/208Bi
229Th,225Ra(225Ac
232u
233U
236D
237Np,233Pa
241Am
238pu
239pu
240pu
241pu
242pu

El*
Value

3.2 x 1<T5

1.2 x 10~4

1.2 x 10"5

6.4 x 10~4

0.5
3.1 x 10"3

9.7 x 10~7

3.1 x 10~7

6.6 x 10~4

1.9 x 10'4

' 0.2
9.8 x 10~4

1.2 x 10'5

1.3 x 10"4

5.4
4.7
2.2 x 10
2.4 x 10
9.6 x 10"3

3.6 x 10'1

4.5 x 10"2

1.2
4.0 x 10~2

0.4
5.4 x 10~4

Background
Estimate

4.5 x 10~5

1.7 x 10~4

1.7 x 10~5

9.0 x 10"4

7.0
4.3 x 10~3

1.4 x 10~6

4.3 x 10~7

6.0 x 10~3

2.7 x 10~4

1.4 x 10~3

3.0 x 10~5

1.9 x 10~4

1.4 x 10~2

1.4 x 10~2

6.0 x 10~2

1.4 x 10~2

5.1 x lO'1

6.3 x 10~2

1.7
6.0 x 10~2

1.4
9.0 x 10~4

Level With
No Effect

4.0 x 102

3.5 x 10"2

2.0 x 103

1.8 x 102

8.3 x 102

9.0 x 102

* El - Environmental Increment, see text for explanation.
Note: Data are from Amiro (1992, 1993).
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TABLE 6-8

SUMMARY OF BASELINE CONCENTRATIONS OF

CHEMICALLY TOXIC ELEMENTS FOR SURFACE WATER -3 water)

Element

Br
Cd
Cr
Cs
Mo
Sb
Se
Sm

El Value

1
_

0
0
1
-
0

.0

.02

.5

.0

.01

Background
Estimate

14
_

0
1

100
-
0

.0

.2

.0

.0

.1

Level With
No Effect

55
0
2
1
5

9100
1
0

.0

.2*

.0*

.0

.0*

.0

.0*

.12

Level With
Observed Effect

740
54000
1600

.0

.0

.0

**

(threshold)
(chronic)

*

**
Criteria from Table 6-3.
10% of LC50

TABLE 6-9

SUMMARY OF BASELINE CONCENTRATIONS OF

CHEMICALLY TOXIC ELEMENTS IN SOIL (mg'kg"1 dry soil)

Element

Br
Cd
Cr
Cs
Mo
Sb
Se
Sm

El Value

2.0
0.7
9.0
1.0
0.6
0.2
0.22
1.0

Background
Estimate

10.0
0.6
22.0
2.0
1.6
0.2
0.37
5.0

Level With
No Effect

515.0
1.0*

100.0*
5.0
4.0*
20.0*
1.0*
120.

Level With .
Observed Effect

5.0

Criteria from Table 6-3.

The monitoring program would collect site-specific baseline information that
would provide data on temporal trends over the siting stage. Monitoring of
baseline conditions would continue over each successive project stage of the
disposal centre (Section 2.3) and would provide information on temporal
trends over several decades. Some examples of data that would be collected
during the siting stage surface-based evaluation are the hydrology and
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chemistry of aquatic and terrestrial areas of deep groundwater discharger the
chemistry of surface water, sediments, groundwater, soil and bedrock; natural
levels of contaminants in aquatic and terrestrial flora and fauna; aquatic
and terrestrial community structure including information on indicator,
sensitive, rare and endangered species; atmospheric conditions; noise levels;
and levels of airborne contaminants.

An important task in the siting stage would be to select a preferred site for
the disposal centre and a preferred transportation route(s). The selection
process would involve input of characterization data from each candidate site
into the biosphere model developed for that site. Biosphere model
predictions, along with other criteria, would assist in the technical
selection of the preferred site. In the selection of candidate sites,
consideration must be given to sensitive, rare and endangered species, as
well as areas of natural and scientific interest. During the siting stage,
monitoring would provide data to predict environmental impacts that might
result from construction of the disposal centre and transportation system and
the transportation of used fuel to the centre and would allow for development
of mitigative actions to reduce predicted effects.

Monitoring during siting would help to characterize the possible candidate
sites; detect the effect of siting activities'on the environment; provide
data to predict the effect transportation of the used fuel would have on the
environment; provide data to predict and monitor the influence of facility
construction on the environment; establish baseline radionuclide and other
contaminant levels in the environment; provide data to demonstrate compliance
with environmental regulations during construction of the facility;
characterize the selected site to provide site-specific baseline data for the
biosphere models; and provide feedback data, which would be the basis for
observational approach refinements to the disposal centre and the
transportation system.

6.5 MONITORING IN THE CONSTRUCTION STAGE

During the construction stage of the disposal centre and the transportation
system, the monitoring program would continue to collect site-specific
baseline data to characterize the site and surrounding environment.
Compliance monitoring would collect data to demonstrate compliance with
environmental regulations, allow detection of environmental changes caused by
construction, and identify any effects that were not predicted. This would
involve monitoring road construction, traffic, clearing of trees, excavation,
construction of surface facilities, runoff and soil erosion, rock disposal
areas, and holding ponds. Monitoring for model development would also
provide- data for parameter values and validation tests of the models. This
would allow the continued refinement of the biosphere models. The monitoring
program would also help to evaluate predictions made in the preclosure
assessment. Emergency monitoring (Section 7.4) would be performed only in
the event of an accidental release of contaminants.
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6.6 MONITORING IN THE OPERATION STAGS

The monitoring program would continue to collect site-specific baseline data
to further characterize the site and surrounding environment. Compliance
monitoring would collect data on the level of contaminants in effluents such
as radionuclides, toxic chemicals and sewage effluents, from the facility so
that they could be controlled and remedial action could be taken, if
necessary. Monitoring for model development would also continue to provide
data to better define parameter values and data for validating the models.
Monitoring would also detect environmental effects that may not have been
predicted, and it may be used to evaluate the accuracy of predictions in the
preclosure assessment. Experience with environmental assessments has
demonstrated that in many instances environmental effects tend to be much
less than earlier predicted (Buckley 1991).

The main sources for release of nuclides and other contaminants from the
disposal centre to the environment are the used-fuel transfer facility and
packaging plant, waste management areas, waste treatment and handling
buildings, upcase ventilation shafts, low-level liquid waste storage areas,
sewage holding ponds, storm-water runoff holding ponds, concrete batching and
crushing plant, and process water settling ponds. Collection and evaluation
of data from these sources would demonstrate the effectiveness of the design
features in mitigating environmental effects.

Compliance monitoring data would be used to demonstrate compliance with
authorized limits and regulatory requirements during operation of the
disposal centre and associated transport and transfer systems; and detect
radiological and other environmental releases, such as toxic chemicals and
sewage effluents, which may result from operation of the facilities.
Examples of data collected to monitor the impact of the facility on the
environment are levels of radionuclides, and other toxic chemicals and
regulated parameters in airborne and liquid effluents from the facility;
particulate emissions from stacks or air exhausted from laboratories and
other facilities; airborne emissions and liquid effluents from
decontamination activities at the transport transfer facility; all process
ponds, liquid waste storage areas and sewage ponds; and levels of
contaminants in air, soil, surface water, groundwater, fauna and flora at
strategic sites downwind or downstream of effluent discharges. This could
include measurement of pH, total suspended solids, bacteria counts and
biochemical oxygen demand in waste water discharges as well as toxicity tests
with invertebrates, fish or other suitable organisms.

Therefore, the monitoring program during the operation stage would provide
data necessary to allow detection of environmental changes caused by
operation of the facility; estimate environmental effects of transportation
of used fuel; demonstrate compliance with environmental regulations; enable
feedback that would be the basis for refinements to the disposal centre
components; and further characterize the site and improve the environmental
database to refine model predictions.

Data from ongoing site characterization activities would improve knowledge on
the distribution of values for model parameters, particularly temporal
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changes, allowing more precise model predictions. These data would
complement the baseline data collected during the siting and construction
stages, and form an extensive database of baseline conditions that could be
used by future generations for comparative purposes.

If an extended monitoring stage between the operation and decommissioning
stages should be required by the regulator and/or the public, then the
monitoring program would continue throughout this stage.

Emergency monitoring would be performed as needed during the operation and,
if required, the extended monitoring stages (Section 7.4).

6.7 MONITORING IN THE DECOMMISSIONING STAGE

The monitoring program would continue compliance monitoring to measure any
environmental effects resulting from the demolition of surface facilities or
from the low and intermediate waste-disposal centres. This would include the
used-fuel transfer facility and packaging plant, waste management areas,
waste treatment and handling buildings, liquid storage areas, process ponds,
sewage ponds, and storm water runoff holding ponds. Contaminant levels would
be monitored in air, soil, surface water, groundwater, fauna and flora at
strategic sites near the disposal centre, e.g., downwind or downstream from
facility effluent discharges. The effect of noise, traffic volume and
atmospheric emissions from vehicles would also be monitored. Monitoring
would identify effects that may not have been predicted and provide data to
evaluate the accuracy of original predictions. The monitoring program would
also continue to collect site-specific baseline data to further characterize
the site and surrounding environment. Model development monitoring would
also continue to provide data to better define parameter values and to
validate the models. This would allow the development, refinement and
evaluation of the reliability of the biosphere models in support of site
closure. The monitoring program would provide information to support an
application to close the disposal centre and would evaluate the need for
monitoring after closure.

If an extended monitoring stage between the decommissioning and closure
stages should be required by regulators and/or the public, then the
monitoring program would continue throughout this stage. Emergency
monitoring would be carried out as needed during the decommissioning and, if
required, the extended monitoring stages.

6.8 MONITORING IN THE CLOSURE STAGE

Compliance monitoring would continue to ensure that there are no adverse
effects on humans and the environment as a result of demolition of surface
facilities or from the low and intermediate waste disposal centres.
Moreover, it would assess recovery of the natural environment following
closure. The monitoring program would also continue to collect site-specific
baseline data to provide temporal trends in these data over longer time
periods. The program would also continue to provide data to better define
parameter values and data for validating tests of the models. This would
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allow the development, refinement and evaluation of the reliability of the
biosphere models used to assess and demonstrate the safety of the facilities
after closure.

6.9 MONITORING IN THE POSTCLOSURE PHASE

Postclosure, the final phase for the disposal system, includes the time after
the closure stage. Closure of the vault would only be allowed when the
available evidence leads to the conclusion that the facility would be
passively safe without the need for postclosure monitoring (AECB 1987).
However, this does not exclude postclosure monitoring if it is desired. Only
environmental monitoring would be carried out during the postclosure stage.
This would provide data to assess the adequacy of environmental protection
and conventional health and safety measures, and to assess the accuracy of
previous assessment predictions. The schedule and intensity of sampling
would be determined before closure, but these are not expected to be as
rigorous as those for the preclosure phase. This may include monitoring
areas of deep groundwater discharge to the biosphere and monitoring of
indicator species such as clams, which filter large volumes of water and are
known to bioconcentrate contaminants (Cory et al. 1970, Heit et al. 1980,
Tessier et al. 1984). Any large, unexplained increases in radioactivity, or
metal concentrations, would indicate the need for more extensive sampling.
Also, periodic intensive sampling at selected monitoring points may also be
desirable to further characterize the site.

Short-term postclosure monitoring could be done to demonstrate that no
environmental effects have resulted from surface facilities following their
demolition or from low and intermediate waste disposal centres. Postclosure
monitoring over the several decades or centuries following closure could
provide data to confirm the medium-term safety of the vault, identify any
unusual conditions, and improve the database. An improved database would
provide better information on temporal trends, which can be used by future
generations to refine model predictions and assess environmental risk. The
database could also be used in the decision to terminate monitoring
altogether.

Institutional controls would be required to assure continued monitoring for
the short- and medium-term after closure. These controls may include an area
surrounding the former site of the disposal centre that would be fenced off.
The site access would be controlled and an on-site monitoring staff would be
maintained. Institutional controls, however, cannot be relied on to continue
monitoring the site for an indefinite period of time.

6.10 TRANSPORTATION

The biosphere monitoring program would also gather the data necessary to
assess the potential effects of transportation of used fuel on humans and the
environment. Effects of transportation on the environment would be
considered in the terms of radiological and nonradiological contaminants. On
the basis of the results of the transportation assessment (Grondin et al.
1994) the environmental effect of transporting used fuel would be minimal.
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Extensive radiological environmental monitoring along transportation routes
would likely not be justified. This is because doses to the public from
direct radiation from the transportation cask during normal transportation
would be low (Grondin et al. 1994) and well within the present regulatory
exposure criteria for a member of the public (AECB 1992). Prediction of dose
to the public includes the case where the transportation vehicle is parked,
and risk of exposure to the public is greatest. The predicted dose from such
exposure is low and mitigative measures can be taken to ensure minimal
exposure to the public during parking. The radiation dose rate on contact
with the transportation cask would be monitored before leaving the nuclear
generating station. Radiological emissions could occur during accidents, but
the probability of this is extremely small (Grondin et al. 1994).
Nevertheless, provisions for emergency monitoring would be part of the
emergency response plan in the event of an accident involving release of
radioactive material from the transportation cask. Transportation could be
by road, rail or barge (Section 2.2). An emergency response plan is in place
in Ontario for the road mode of transportation (Karmali 1991) . Examples of
typical railway and water response plans for dangerous goods are presented by
Ulster (1993).

Nonradiological environmental effects specific to transportation could arise
from increased noise, traffic volume, and atmospheric emissions from
vehicles. The environmental effect of used-fuel transportation has been
evaluated by Grondin (1993), who concluded that the effects would be
insignificant because the increase in traffic resulting from used-fuel
transportation would not be great enough to be distinguishable from normal
daily traffic fluctuations and is only a small fraction of the traffic
regulated under the Transportation of Dangerous Goods Act (Government of
Canada 1992) and Ontario's Dangerous Goods Transportation Act (Government of
Ontario 1990) . The most likely effect of transportation would come from
construction and maintenance of the access road/railway to the disposal
centre, and these activities would be monitored. Therefore, environmental
monitoring along transportation routes is likely unnecessary, but spot checks
could be done to verify this.

6.11 SUMMARY

Biosphere monitoring would be an ongoing activity, continuing from the
beginning of the siting stage through closure and for as long afterward as
considered necessary by society. The monitoring program would collect data
on baseline conditions to characterize candidate sites during the siting
stage; to provide feedback data to optimize the design for the disposal
centre and transportation system; to establish baseline radionuclide and
other contaminant levels in the environment; to predict and monitor potential
effects of siting, construction, operation, decommissioning and closure of
the disposal centre and the transportation of nuclear fuel waste on humans
and the environment; to demonstrate compliance with environmental regulations
and guidelines; to detect any environmental effects that may not have been
predicted; to provide site-specific baseline information for biosphere model
development; to evaluate the accuracy of the preclosure and postclosure
assessments; and to support the release of the site for closure and
decommissioning. An environmental transport model, that would estimate doses
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to humans and other biota from potential releases, would be fully integrated
with the environmental monitoring program. This model would be closely
related to the biosphere model for preclosure and postclosure assessment.
Information on important pathways and parameters obtained from sensitivity
analysis of the transport model would be used to increase the effectiveness
of the monitoring programs. The structure and the parameter values of the
model would be continuously improved by using monitoring data. Such data
might also be used for model validation. A rigorous quality assurance and
auditing program would be an important feature of biosphere monitoring.

7. OCCUPATIONAL SAFETY AND HEALTH MONITORING

7.1 INTRODUCTION

The implementing organization would develop and put in place an occupational
safety and health program that would include compliance and performance
monitoring. The objectives of the program would be to minimize any negative
health effects from the disposal system (i.e., disposal centre and
transportation system) on the workers. Occupational safety and health
monitoring takes place in both, the vault and biosphere components of the
environment.

The program would include

a policy that places worker safety and health among the highest
priorities and defines responsibilities for all levels of employees
and contractors in carrying out the policy;

an overview of identified hazardous and potentially hazardous
activities, substances and areas;

references to relevant safety and health legislation, internal
procedures and manuals, and where to find this information;

an outline of workers' rights respecting safety and health;

safety incident and accident reporting, investigation and response
procedures ;

a flexible process for implementing corrective (mitigative) actions
to reduce the adverse effects on worker safety and health;

ongoing health monitoring and regular safety and health reviews and
audits; and

an emergency response plan outlining the principles, organizations,
responsibilities, interrelationships, functions and actions in
dealing with potential emergencies.
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Before starting any work at candidate areas or sites for waste disposal, the
occupational safety and health program would be prepared and all project
staff and contractors trained in its application. Key to any safety and
health program is the specific training, certification and fitness of the
workers for their jobs. The workers would be required to demonstrate these
attributes before entering the disposal system workforce or taking on new
work.

The disposal system would require specially trained, safety-related worker
groups such as security, fire protection, medical or first-aid, ambulance,
underground-rescue and emergency-response personnel. These groups would be
enrolled in regular training sessions related to their responsibilities;
these would include a review of existing regulations, disposal-system
equipment and processes, work procedures and workplace conditions; this
training would be upgraded, as required. Also, a radiation and industrial
safety group would advise management, supervisors, workers and joint
management-worker safety committees on workplace hazards, work and safety
procedures, potential mitigative measures and conduct routine and special
surveys of workplace conditions. They would participate in safety
orientations for new staff, provide regular refresher courses for experienced
staff, and participate in mock incidents for testing emergency response
procedures and capabilities.

The effectiveness of a workplace safety and health program would be enhanced
by

clearly identifying the hazardous substances and conditions;

controlling the design of the systems, installations and procedures,
and including human factors analysis in the design process; and

monitoring and inspecting ongoing work to identify modifications to
designs, procedures, equipment, process and conditions to minimize
the detrimental effects on workers.

7.2 RADIOLOGICAL HAZARDS

The radiological hazards associated with a disposal system would be the
nuclear fuel waste, the waste generated in the operation of the system, and
the naturally occurring radionuclides in the rock in which the disposal vault
is excavated. The nuclear fuel waste would be either used-fuel bundles from
a nuclear generating station or the sealed canisters of vitrified waste
derived from the reprocessing of used fuel, packaged for shipment to the
disposal centre. Both wasteforms would emit penetrating ionizing radiation
and would present an external exposure hazard to workers. Used-fuel bundles
may also carry radioactive contamination products in the form of surface
residues from the reactor primary heat transport system, storage pools, and
material released from fuel elements with cladding failures. However,
reprocessing waste, solidified and sealed in a canister would likely carry
little surface contamination to the disposal centre. The contamination
products would present an internal radiation exposure hazard to workers by
ingestion, inhalation and contact.
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The operational waste would be generated in the operation of the system and
include the components used to concentrate radioactive contamination (e.g.,
filter elements and ion-exchange resins) and materials that come into contact
with the nuclear fuel waste during handling or maintenance (e.g., protective
clothing, rags, solvents, etc.). Depending on the amount of radioactive
contamination, these materials could present a potential external and
internal exposure hazard to the workers. The naturally occurring
radionuclides in the rock of the disposal vault (e.g., natural uranium and
thorium radionuclides, which yield radon upon decay) could present an
internal radiation exposure hazard to workers. Radon is a radioactive gas
that might migrate into the excavations. When it decays, radon yields
radioactive daughter products that are in the form of particulate
contamination.

7.2.1 Criteria

The disposal system workers would be classed as atomic radiation workers
under the Atomic Energy Control Regulations (AECB 1992). Presently, the
annual committed effective dose equivalent, or simply dose, from ionizing
radiation received by an atomic radiation worker must be less than 50 mSv.
As well, the ALARA principle (As Low As Reasonably Achievable, with economic
and social factors taken into account) would be applied in designing the
disposal system, and its processes and operations. The implementing
organization would limit the annual dose to atomic radiation workers to a
small percentage of the regulatory limit. This might result in annual worker
dose targets of 1% of the regulatory limit for normal operations, and 10% of
the limit for combined normal operations and nonroutine incidents.

The AECB is in the process of revising the dose limit to atomic radiation
workers (AECB 1991b) to address the recommendations of the International
Commission on Radiological Protection (ICRP 1991). The proposed annual dose
limit is 20 mSv for atomic radiation workers which represents a 60% reduction
of the regulatory limit. Under the proposed regulatory amendments, the ALARA
principle will remain a significant factor in the design and operation of
facilities to handle radioactive materials.

An example of the application of the ALARA principle to the operation of
facilities is the experience at Ontario Hydro (1992, 1993), where the average
annual dose to atomic radiation workers was about 10% of the proposed limit
(i.e., 1.9 mSv in 1991 and 2.6 mSv in 1992).

7.2.2 Radiological Controls

The radiological exposure to workers would be limited by the design of the
facilities and processes, and by adherence to a set of approved work
procedures. Exposure to radiological hazards would be controlled by one or
more of the following: shielding; containment; ventilation and contamination
zoning control; movement, access, occupancy and work control; monitoring of
workers, materials and areas; and equipment and plant layout. In addition,
protective clothing, individual breathing-air supply or respirators, and
decontamination procedures would be used as required. The occupational
safety and health monitoring program would provide the data necessary to
assess the performance of these measures and to decide the facilities and
processes that warrant improvement.
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The exposure of workers to any excess level of radon in underground
excavations would be minimized by designing the ventilation system to move
enough air through the excavations to dilute the radon level to an acceptable
concentration (AECB 1992).

7.2.3 Radiological Monitoring

All workers would wear radiation dosimeters to measure any dose received from
external sources of radiation and would participate in a bioassay dosimetry
program to allow the dose received from internal sources to be measured. The
type of dosimetry and the frequency of measurement would be dependent on the
activities of the individual worker and location of work. The types of
dosimeters include personal badges (thermal luminescence dosimeters - TLD),
direct reading ("pencil chamber"), finger (TLD) and alarming dosimeters.
Frequency of measurement could range from immediately (e.g., pencil chamber),
daily (e.g., finger TLD), to semimonthly (e.g., badge TLD). More than one
dosimeter may be worn, as required for the activity. In bioassay dosimetry,
urine and, less commonly, blood samples may be taken and analyzed for
internal radionuclide contamination. Frequency of bioassays would also be
dependent on the activities of the worker. In some situations where the
received dose cannot be measured with external dosimeters or bioassay
techniques, such as the measurement of exposure to radon progeny, the dose
would be indirectly determined from the results of personal air samplers or
area monitors. In all cases, the workers would be informed of their doses.

Contamination monitoring equipment, to detect radioactive contamination being
carried on workers or equipment, would be provided at the access doors that
separate contamination zones to control its spread. Detected contamination
would be removed, or fixed in place on equipment, before continued movement
to zones with less potential for contamination. Either continuous area
monitors would be installed in potentially contaminated zones or intermittent
radiation surveys would be performed by radiation and industrial safety
workers to assess the radiological status of the workplace.

7.3 INDUSTRIAL HAZARDS

The industrial hazards associated with a disposal system would be
nonradioactive hazardous substances (e.g., various industrial chemicals,
fuels, exhaust gases, welding fumes, electricity, dusts, soot, explosives,
compressed air and gases, sewage) and the workplace conditions (e.g., moving
vehicles, rotating machinery, highway traffic, excavation stability, noise,
fire, accidents). These conventional hazards are common to the
transportation, construction, mining and manufacturing industries. Extensive
experience exists in the development and implementation of safe design and
practices. This has resulted in the enactment of comprehensive occupational
safety and health legislation and regulations to control and monitor the
workplace, work procedures and occasionally individual workers. As in
radiological protection, industrial protection from hazards involves
containing or limiting hazardous substances and conditions to reduce or avoid
exposures of workers to an acceptable level.
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7.3.1 Industrial Controls

Substances, used throughout the disposal system, could present a health risk
to workers if mishandled or misused. Regulations, guidelines, standards, and
recommended practices are generally available for containing, sorting,
handling, storing and transferring these hazardous substances. The design of
the disposal system and the work procedures would be developed considering
the locations of various activities and type and quantity of each hazardous
substance. Substitution by less hazardous substances and the reduction of
hazardous substance use would be a continuous objective.

Safe storage facilities would be incorporated in the work areas {e.g.,
specifically designed and ventilated chemical storage cabinets and tanks,
drip tray, and spill containment structures). Explosives required for drill-
and-blast excavation would be stored separately on the surface in approved
buildings or magazines. The explosives would be moved to the work location
in smaller quantities for daily use and would again be stored separately in
approved magazines. Workplace environmental control systems would be
incorporated into the facility design (e.g., fume hoods, filters and
ventilation) to limit the concentration of fumes and particulates. Waste
collection systems would also be included for used or fouled materials (e.g.,
hydraulic fluid, oils and cleaners).

The control of air quality, including control of the concentration of dust,
smoke and fumes, would require that the ventilation systems change the air
frequently enough to carry away airborne contaminants and to replenish the
oxygen. For example, in a disposal vault, levels of airborne dust from
excavation, sealing and material handling operations; soot from diesel-
powered equipment; smoke from blasting; fumes from welding; oxygen; and the
cost of heating the air in winter would be factors in determining the design
air flows in various areas of the vault. Air flow requirements might be
reduced through use of local dust separation/suppression measures (e.g.,
water sprinkling, filtration) in areas with a high rate of dust generation.
The concentration of contaminants would be limited to below their threshold
limit values (TLV) as appropriate based on the specific substance, workplace
conditions and the duration of worker activities. However, TLVs for
hazardous substances should not be considered as 'safe' levels in themselves,
only minimal guidelines. The ALARA (As Low As Reasonably Achievable)
principle, as applied to radiological protection, could also be applied to
industrial contaminants.

Ground control measures would be used to minimize or eliminate the hazard to
workers in excavations that have a potential for roof and wall instability.
Ground control is the maintenance of excavations for safe worker access.
Where ground conditions dictate the installation of ground support measures
(e.g., rock bolts, mesh, shotcrete, etc.), these measures would be
incorporated into the excavation designs (i.e., initially or remedially).
These ground control methods would be developed during the design process and
would be tested and implemented during excavation.

The other major aspect of excavation that would affect worker safety is the
procedures and controls necessary to conduct the work. In underground



- 63 -

excavation, workers would be working with heavy, mobile equipment and
vehicles, often in close quarters, and with explosives. Work plans would be
drawn up by which the sequence of activities, the distribution of workers,
the handling of materials, the use of procedures and the control of work-area
access would be defined, thereby minimizing hazards, errors and congestion.
Work areas would be arranged and constructed to provide ample space for
workers and equipment.

Personal protective equipment would be used where required by regulations or
by the implementing organization's operating policies. This includes hard
hats, safety boots, hearing protection, eye and face protection, respirators,
protective clothing, chemical suits and self-contained breathing apparatus,
as required. All workers would be trained in the proper use and limitations
of their equipment.

7.3.2 Industrial Monitoring

Generally, the workplace would be monitored by periodic inspection and
sampling of conditions. Individual workers might be monitored, as
appropriate, to ascertain specific environmental conditions (e.g., personal
air sampling). Urine or blood analysis might be required for special
purposes, although this is uncommon for industrial contaminants expected at a
disposal centre, and this form of testing should be voluntary.

Workplace inspection is a management and worker responsibility.
Individually, all workers, including those of management, are responsible in
identifying hazards and making them known to others (e.g., through use of an
incident/accident reporting system). Formal joint management-worker safety
committee inspections would also be carried out.

The simplest form of ground control measures would be routine inspection and
scaling of loosened rock from the excavation surface. Any ground support
installations would be routinely inspected and tested (e.g., rock bolt torque
or pull-out tests, as appropriate) as a form of monitoring to ensure
satisfactory performance.

Specific monitoring of conditions would include measurement of air and
waterborne contaminants throughout the disposal system. The purpose would be
twofold; to identify the presence and concentration of contaminants and to
measure the performance of control or remediation measures.

7.4 EMERGENCY RESPONSE PLAN

An emergency response plan would be established for both the radiological and
nonradiological emergencies that may arise during disposal system siting,
construction, operation, decommissioning and closure. "Although the primary
emphasis should be on prevention rather than on reactive or emergency
response measures, the very nature of human activity dictates that
emergencies can and will occur. Through appropriate preparation or emergency
planning the risk, loss and damage resulting from such emergencies can be
minimized" (CSA 1991) .
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The emergency response plan would outline the planning, preparations and
implementation for both on- and off-site emergencies, including the
transportation component of the disposal system, to reduce the potential harm
to workers, the public and the environment. The planning and management
strategies would deal with issues such as risk assessment, protective
measures against radiation and contaminant exposures, public education,
effective planning and preparation, possible accidents and degrees of
severity, emergency operations and monitoring, worker and public evacuation,
and provision of information to the public and media. The plan would be
developed and harmonized with the surrounding municipalities and provincial
and federal emergency response infrastructures and authorities. It would
designate the principles, concepts, organization, responsibilities, inter-
relationships, emergency control centre, functions, training and procedures
for all persons involved in dealing with likely emergencies within the
disposal system. It would include an emergency monitoring plan and would
assign responsibilities for implementing the plan.

Labour, occupational and public safety and health, environmental, dangerous
goods handling and transportation, and emergency planning regulations
promulgated under federal and provincial legislation have specific
requirements for dealing with emergencies (e.g., Government of Ontario 1990).
The type and severity of emergencies can cover a wide range, including worker
injury in a normal work environment, nuclear fuel waste transportation
accidents, explosives or toxic substance transportation accidents, forest
fires surrounding or fires within the disposal facilities, loss of airborne
or waterborne emissions control devices, and loss of radioactive materials
containment structure regardless of cause (e.g., human error or sabotage,
equipment failures, natural events). In each case there would be a risk to
the health of people, either workers or the public. There may also be
environmental risks.

The implementing organization would ensure that the siting, construction,
operation, decommissioning and closure would be carried out in a manner to
minimize or avoid the potential for and effects from accidents. The
implementing organization would also comply with the requirements of
provincial emergency response legislation and regulations, which specify the
owner's responsibilities.

7.5 SUMMARY

Occupational safety and health monitoring would be an integral part of a
comprehensive safety and health program. The monitoring activities would be
designed to gather the data necessary to show compliance with regulatory
standards for radiological material and hazardous material exposures, and to
apply the ALARA principle to these exposures.
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S. COMMUNITY MONITORING

8.1 INTRODUCTION

Monitoring for changes in a community is an important component in the design
of a program to manage project-related environmental effects. We use the
term "environmental effect" to mean a change that the project may cause in
the environment, whether adverse or beneficial. The environmental effects of
a project depend on the characteristics of the project, the characteristics
of the environment and the relationship between the project and the
environment. "Environment" is used not only to discuss the natural
environment but also the human and socio-economic environment.

During the siting process for a disposal system (i.e., disposal centre and
associated transportation system), socio-economic assessments would be
carried out for each of the potential locations. These assessments would
examine the potential socio-economic effects from the disposal centre and the
associated transportation'system on potentially affected communities and
regions. They would assist in identifying the most probable set of socio-
economic effects that might occur during implementation, so that appropriate
measures could be taken to manage them. Once a specific site is chosen, the
socio-economic assessment for that particular site would be completed and a
program to manage socio-economic effects would be jointly developed with the
host community for the disposal centre, as well as potentially affected
communities along the transportation system. Such a program would involve
developing a strategy to ensure that the potentially affected communities are
protected from the adverse effects, related to the project. It would also
ensure that beneficial effects were enhanced, and that the capacity of the
local community to cope with the effects was strengthened.

A program to manage these effects would involve the coordinated application
of avoidance, mitigation, enhancement, compensation and community liaison
measures. The implementation of a comprehensive program would require a
long-term commitment from the implementing organization and involvement from
the communities to ensure the effects are managed in a manner suitable to the
people in those communities. One way to implement a coherent program to
manage environmental effects is through a formal community agreement. While
community agreements are not required by legislation, they are increasingly
being used to successfully site large-scale facilities. These agreements can
provide a framework for a partnership arrangement for the implementing
organization and the communities in managing the project-related effects.
Community agreements allow communities to share in the decision-making
process and ensure that communities are treated fairly during the
implementation of large-scale facilities. Community agreements can include
programs to protect communities from costs related to the potential socio-
economic effects and also protect the implementing organization from claims
for compensation from unsubstantiated effects. Community agreements must
provide flexibility to deal both with effects that are predicted and those
that are unanticipated. They may also include programs such as a human
health monitoring program, which might mitigate the psychological effects
related to implementation of a disposal centre and transportation system.
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8.2 MONITORING OF SOCIO-ECONOMIC CONDITIONS

Monitoring of socio-economic conditions, also known as community monitoring,
would be an important component in planning for, and in managing, changes in
a community, caused by the implementation of a disposal system. A community
monitoring program would be based on the results of a socio-economic
assessment and on any agreements already negotiated with the community.
Community monitoring programs might be required by the host community for the
disposal centre, as well as by communities affected by the associated
transportation system. Monitoring of socio-economic conditions could involve
collection of data, or indicators, on the social and cultural vitality, the
economic viability and the political efficacy of the community (Grondin et
al. 1994). The appropriate indicators to be monitored would be identified in
consultation with each potentially affected community.

Community monitoring involves the establishment of baseline conditions; this
would be determined as part of the community characterization activities
completed during the site-evaluation substage. This information is used to
identify the most probable set of socio-economic effects, and then to develop
the subsequent program that would be used to manage these socio-economic
effects. A monitoring program would begin during the siting stage and
continue throughout the subsequent stages of the project. Monitoring
requires the systematic observation and measurement of variations from the
baseline conditions. As a component of an environmental management program,
the main purpose for monitoring is to analyze the actual effects that occur,
(both predicted and unanticipated), and then to ensure that these effects are
managed appropriately. Monitoring also assists in the evaluation of the
effectiveness of the mitigative measures which form part of the management
program (Wlodarczyk 1990). The scope of a monitoring program would depend on
the characteristics of the local community and locally identified issues, the
anticipated potential effects and the mutually accepted community agreement
for managing the socio-economic effects.

8.2.1 Methodology

A community monitoring program would be designed in consultation with the
potentially affected community and might require (Wlodarczyk 1993)

establishing liaison committees to administer the program;
agreeing on the scope of the program, including the identification
of indicators to monitor, the manner of information collection,
analysis and interpretation, along with the roles and
responsibilities of the parties in these activities;
agreeing on the action to be taken as a result of the data
collected, and the roles and responsibilities in making such
decisions; and
agreeing on issues such as funding and the provision of technical
assistance.

Community liaison committees could be used to identify potential issues of
concern and indicators to be monitored. Liaison committees could function as
the link between the community and the implementing organization in
identifying issues that arise during disposal system implementation.
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Indicators are the specific data that could be collected during the initial
socio-economic assessment. Indicators would be used to develop specific
measures of the effects relevant to a community and would provide a base from
which a community monitoring program could be derived. The types of
indicators that might be used to examine the changes in the demand for
educational facilities in the community include the type of schools, class
size and teaching staff. The types of indicators that might be used to
examine the effect of the disposal centre and transportation system on local
tax levels include the local tax requirement, school board requirement and
sewer/water charges.

Information for a community monitoring program could be collected from a
variety of sources, both formally and informally, such as

planning and administrative records of the local governments or
service organizations, the implementing organization and other
government agencies;
residents and community members through their participation on a
liaison committee;
special studies and surveys conducted by the implementing
organization, community members or commissioned by a liaison
committee; and
issues raised through other community liaison activities.

8.2.2 An Example: The Ontario Hydro and Atikokan Community Agreement

Ontario Hydro broke new ground during the 1970s and 1980s when it negotiated
community impact management agreements with local municipalities, as part of
their process to site electric power stations (Armour 1990) . As part of the
agreements, funds were provided for community monitoring programs.

One of these agreements was with the Township of Atikokan (Hancock et al.
1986). In addition to the main agreement, two of the supplementary
agreements, specific to the monitoring of community and road impacts were
negotiated before construction of the power station at Atikokan. In return
for the township allowing Ontario Hydro to obtain licenses for the
construction and operation of the station, the township received a legally
binding monitoring and compensation system and community planning expertise.
During the eight-year monitoring program, payments were made monthly for the
services of a planning coordinator and to mitigate effects as they were
determined. The majority of the payments were made during the peak years of
construction activity. Specific payments were made to cover the costs of
changes in the road conditions and to provide services required by the
incoming workforce and their families. In addition, payments were made to
cover the costs of improving community facilities. Data, collected on
thirteen socio-economic factors, included population, the economic base of
Atikokan, employment and labour supply, housing, municipal services and
facilities, and lifestyle and culture to monitor community changes in
Atikokan during the construction of the power station. Specific community
data were collected on indicators such as age distribution, births and
deaths, firms conducting business with the power station, changes in sectoral
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composition of the workforce, alcohol and drug case hospital admissions,
police services and tax structure. Because the community was experiencing
severe economic difficulties at the time of construction, the monitoring of
social and economic changes was particularly useful in assessing the effects
of the construction activities.

8.3 HUMAN HEALTH MONITORING

There is a widespread public interest in the effects on human health from
hazardous waste disposal practices (Yassi et al. 1990). It can be expected
that concerns regarding potential health effects associated with a disposal
centre will be raised during the siting stage. It is recognized that, as
part of an agreement with the implementing organization, a potential host
community may request a human health monitoring program. The program would
involve the collection of baseline epidemiological data on populations
surrounding the disposal centre and transportation routes, and the
statistical analysis of data collected from subsequent human health
monitoring activities.

It should be emphasized that epidemiological studies are not part of the
Atomic Energy Control Board or provincial and federal environmental
protection regulatory requirements for operating nuclear facilities. The
intention of such regulations is to limit radiological and nonradiological
contaminant releases in order to prevent effects. Epidemiological studies,
then, would not be used as a primary measure to protect human health or to
corroborate the safety of the nuclear fuel waste disposal operations. The
first level of defence to ensure the health and safety of both humans and
nonhuman biota would be the physical integrity of the disposal centre.
Facility operations would be designed so that radiological and
nonradiological contaminant discharges would be below regulatory limits. A
second line of defence would be provided by emissions and environmental
monitoring of the disposal activities (Chapter 6). If necessary, the
adoption of remedial measures, such as upgrading the emissions controls,
should obviate, from a health protection viewpoint, the need for human health
monitoring. Nevertheless the implementation of such a program would be
considered to assist in providing assurance to the host community.

8.3.1 Methodology

8.3.1.1 Human Health Monitoring Requirements for the Disposal Centre

A human health monitoring program would be developed in consultation with the
community. In defining such a program, it would be prudent to first
determine what information could be obtained from such a program and its
utility. The range of monitoring activities could be limited to those
required to answer the health-related questions a potential host community
may ask. Examining the associated costs and/or difficulties in obtaining the
required data would also assist with prioritizing monitoring activities.
Ideally, baseline health data would be collected to determine the present
health profiles to such precision that a change would be seen, during the
operation of the disposal centre and transportation system, if it were
greater than predicted. These health data would also be used to identify the
cause and its relationship to the disposal centre and transportation system.



- 69 -

The health monitoring program would be conducted by people/agencies
acceptable to or appointed by the community, and participation in the program
would have to be voluntary on the part of individual members of the
community.

The study would be long, difficult, and costly. Therefore, to justify
implementing such a program, thé information obtained must be of high quality
and of wide application. Federal and provincial health authorities would be
consulted at an early stage to ensure a broad scope to the study, as opposed
to one being limited to nuclear fuel waste management. This would allow a
wide use of the data and the integration of the data into other studies.

Studies such as the Durham Region Health Study (Ontario Hydro 1982, 1990) and
the AECB-sponsored Tritium Study for the Pickering Nuclear Generating Station
(Johnson and Rouleau 1991), could be examined to identify what data should be
collected for the disposal program. Data, wherever possible, would be
gathered from third party sources, such as national, provincial or regional
databases.

However, it should be noted that, with epidemiological studies, the
statistical power to find a true difference in an exposed population is
heavily dependent on the size of the community. According to the Health
Physics Society (Taylor 1988), a population of 50 billion people would have
to be studied to provide statistically defensible conclusions regarding
serious health effects for radiological exposures as low as 0.1 mSv. Given
an estimated dose of less than 0.001 mSv/a from a disposal centre
(Section 6.8., AECL 1994), the entire Canadian population would not
constitute a large enough sample to establish a statistically defensible link
between cancer incidence and radiological emissions from disposal operations.

As mentioned above, very low levels of radiological and nonradiological
hazardous emissions have been predicted for the operating disposal centre.
Therefore the community health should not be affected, and a human health
monitoring program is not expected to uncover any health effects resulting
from emissions. If health effects from the emissions are suspected, then
more detailed, individual data would be needed. New methods in molecular
epidemiology may provide the means to answer individual questions at the
individual level.

Given the very low levels of emissions predicted from the disposal centre and
transportation system, we believe it would be impossible to define criteria
limits for a human health monitoring program based on classical
epidemiological methods.

9. SUMMARY

This report outlines an approach to determining criteria and design limits
for the components and processes associated with a nuclear fuel waste
disposal system (i.e., the disposal centre and associated transportation
system) and for monitoring its performance. The criteria, whether set by
legislation, regulations, codes, standards and guidelines (compliance
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criteria), or by performance requirements of components and systems
(performance criteria), would establish the outer bounds of the value range
for conditions and parameters that are representative of the performance of
the disposal system components and processes and their effects on the
environment.

Those conditions and parameters that are sensitive to the performance of the
disposal system and its components and processes should be monitored to
confirm that they are operating in a safe manner consistent with compliance
and performance criteria. The monitoring program would be developed for each
potential siting area and would be enhanced for those areas that develop into
potential sites. It would include baseline monitoring to establish
conditions prior to any significant project disturbance; compliance
monitoring and performance monitoring.

The monitoring program for each location under consideration would be
developed in consultation with other agencies and organizations. These might
include federal, provincial and local regulatory agencies; organizations
representing the potential host communities; organizations involved in
design, construction and operation of various components of the disposal
centre and transportation systems; and the research organizations that may be
familiar with the processes and components being monitored and the models
being used to assess performance. They would be consulted regarding what
conditions would be monitored, which methods would be used, who would do the
monitoring, how the results would be reported and what actions would be
taken.

An approach to monitoring the disposal vault, the geosphere, the biosphere,
occupational health and safety, and the human communities are each discussed.
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Figure 1-1: Used-Fuel Disposal Centre Perspective
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Figure 2-7: Tug and Barge for Water Transport
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Establish the Performance Specifications for
Important Components and > Processes in a
Satisfactory Safety Assessment . .-V/.;'-WV;'•'••'','••';;

Performance assumptions may include: container lifetime,
% of containers with undetectable fabrication defects,
diffusion-controlled mass transport in seals and near-field
rock, and fracture zone characteristics.

Select Measurable Parameter(s) whose,yalùè(sX;,;
is Sensitive to the Performance'-';6f. Each'V
Component or System . ";', ::-:. ,,-. . ,?.

Measurable parameters may include: container temperature,
sealing material temperture, groundwter pH and Eh,
concentration of anoins an dcations in groundwter, and
placed density of sealing materials.

Identify Compliance,and Performance Criteria
for Important Components and Processes >"

Compliance and performance criteria are values of
parameters which, if reached, would likely affect the
performance of the component or process, and might affect
the performance of the disposal system. They may include
a specific, limiting: container temperature, sealing material
temperature groundwater pH and Eh, concentration of
anions and cations in groundwater, and placed density for
sealing materials.

Choose a Design Lirriit(s) for Each" Parameter;;;;
Necessary to Design Important Components and
Processes--, . ' .- .-• • . ' , • ' , ' . ' ; ' • . • ' '•' - - - < . ••• :•'••''.'•'-'••• ~:^\-

A Design Limit is a suitably conservative value of a
parameter that it accounts for the normal operations.x
expected upset conditions, natural variability in the
parameter and any uncertainty in understanding the
processes involved. This value is used in component of
process design.

Set, on Action Level;for Each .Parameter and-;;
Identify 'the Actiori(s) to be Taken if; the '
Parameter Reaches the Action Levelv

An Action Level is a parameter value below the design
limit and criterion. If the parameter value reaches this
level predetermined actions are taken to determine the
reason and to minimize potential problems.

FIGURE 3-1: An Approach to Selecting Parameters to be Monitored, Criteria, Action Levels and
Design Limits for a Monitoring Program
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