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INTRODUCTION

The Nuclear Fuel Waste Management Program (NFWMP) was initiated in 1978 by the
governments of Canada and Ontario. This program has several unique features from a regulatory
perspective. The NFWMP precludes any specific siting and licensing steps at the concept phase.
Other features include the very long time periods of concern (10,000 years and longer), the
rather imprecise and highly variable character of geological and biological systems and the
correspondingly large uncertainties which can arise. The Environment Impact Statement (EIS) on
the Concept for Disposal of Canada's Nuclear Fuel Waste was released in October 1994 (AECL,
1994) in response to the guidelines issued in 1992 by a Panel formed to evaluate this concept
(Federal Environmental Assessment Review Panel, 1992).

AECB staff have been monitoring the NFWMP from its inception as well as similar programmes
in Finland, France, Spain, Sweden, Switzerland, UK and the United States. Staff have also been
active participants in international organizations such as the Nuclear Energy Agency (NEA) of the
Organisation for Economic Co-operation and Development (OECD) and the International Atomic
Energy Agency (IAEA). This participation includes development of international criteria and
development and review of performance assessment and site investigation methods. AECB staff
have focused their efforts on the regulatory aspects within these various programs and how these
connect to the other technical and research activities.

AECB staff normally react to applications submitted by proponents for specific facilities. There
is no application being made to the AECB to license a deep geological disposal facility: this EIS
evaluates only the concept of deep geological disposal. In response to the terms of reference of
the Panel, the staff have addressed issues of a general regulatory and policy nature in addition to
technical issues in the EIS. Members of the AECB have recommended that staff take this course
of action. It is only in this manner that our unique perspective, based on many years of
experience at both the national and international level, can be made available to the Panel.

This response is primarily a statement of deficiencies, and thus focuses on the negative aspects of
the EIS. It should be noted, however, that much of the EIS is appropriate and adequately
addresses the issues under consideration. In particular, the text is clear and well presented.

The staff review of the EIS was based on the AECB mandate, which is to protect human health
and the environment, and as such was focused on technical issues in the EIS. These were
performance assessment of the multiple barrier system, environmental impacts, concept feasibility,
siting, transport and safety as well as general issues of regulatory policy and criteria. The EIS
and its supporting documentation have been the sole basis used to judge whether AECB staff
expectations of the EIS have been met. The staff response (Part II) considers whether an issue is
addressed appropriately and adequately, while taking account of the generic and preliminary
nature of the concept.

AECB staff have made a clear distinction between the generic concept of nuclear fuel waste
disposal and the specific reference design proposed and evaluated in the EIS. The generic
concept embodies the following characteristics:

disposal (as opposed to storage);



use of a deep (500-1000 m) geological medium;

use of multiple, independent safety barriers to ensure protection of individuals and
the environment without the need for intervention and institutional controls.

The overall conclusion that AECB staff have drawn from the technical review of the El S is that
the EIS, by itself, does not adequately demonstrate the case for deep geological disposal for
nuclear fuel waste. However, AECB staff believe that the EIS information, in combination with
a variety of generic national and international assessments, has provided confidence that the deep
geological disposal concept is safe and viable.

Accordingly, Board staff are of the opinion that proceeding to siting is the most appropriate next
step and are recommending this option to the Panel.



PART I REGULATORY ISSUES

1 REGULATORY CRITERIA

The basic criteria which the AECB have established for geological disposal are presented in
Regulatory Documents R-71, R-72 and R-104 (AECB, 1985, 19S7b and 19S7a).

It is the position of the AECB (AECB, 1993) that these criteria are:

- adequate to protect individual Canadians and their environment for very long periods
of time (10,000 years or more);

- consistent with international norms proposed by international agencies and used by
other countries;

- sufficiently flexible to allow for a variety of disposal concepts and technologies; and

- able to be implemented with current disposal and assessment technologies.

This position is supported by several recent documents representing the collective opinion of the
international community which have been produced by international organizations (NEA, 1984,
1985, 1991a, and 1991b; IAEA, 1989). These have been drawn to the attention of the Panel in
previous communications (Seaborn 1992; AECB 1993). In addition, the availability of several
comprehensive safety assessments which show that various other disposal concepts meet safety
criteria was also drawn to the Panel's attention. These have been developed by Sweden,
Switzerland and the European Community (SKBF, 1983; Nagra, 1985; CEC, 1988).

2 TIMING OF DISPOSAL

A key issue before the Panel is when to implement disposal. Until recently, AECB staff had not
taken a firm stand on this issue, but had only expressed a preference for proceeding with disposal
rather than for long term storage. The AECB staff have reevaluated this issue and have adopted
the view that disposal should proceed as soon as adequate protection of health and the
environment can be assured. The reasons for this are as follows:

2.1 Ethics

It is generally agreed that it is not appropriate for this generation to pass waste obligations on to
future generations without at least providing:

the technology for disposal;

the financial resources needed; and,

a suitable site.



This last item is a relatively new constraint and it recognizes that siting is currently the most
difficult stage due to complex social and technical interactions. Thus it is necessary to develop
an actual site to demonstrate that the current generation has shown that disposal is feasible.
Future generations would be free to choose whether to use the site for disposal or to continue
storage of nuclear fuel waste.

This view was reinforced at a recent workshop (NEA, 1994) sponsored by the NEA. The NEA
has issued a collective opinion (NEA, 1995) on the environmental and ethical aspects of the
disposal of long-lived radioactive waste. This collective opinion includes statements such as:

consider that from an ethical standpoint, including long-term safety considerations,
our responsibilities to future generations are better discharged by a strategy of final
disposal than by reliance on stores which require surveillance, bequeath long-term
responsibilities of care, and may in due course be neglected by future societies
whose structural stability should not be presumed;

note that, after consideration of the options for achieving the required degree of
isolation of such wastes from the biosphere, geological disposal is currently the
most favoured strategy;

confirm that the geological disposal strategy can be designed and implemented in a
manner that is sensitive and responsive to fundamental ethical and environmental
considerations;

conclude that it is justified, both environmentally and ethically, to continue
development of geological repositories for those long-lived radioactive wastes
which should be isolated from the biosphere for more than a few hundred years;
and

conclude that stepwise implementation of plans for geological disposal leaves open
the possibility of adaptation, in the light of scientific progress and social
acceptability, over several decades, and does not exclude the possibility that other
options could be developed at a later stage.

2.2 Technology

There is an international consensus that the technology needed to safely dispose of nuclear fuel
waste in a variety of media (clay, salt, crystalline rocks, tuff) currently exists (CEC, 1988). Thus
there is no general need to delay until major technological advances are made, even though some
advances may be needed for particular components of some designs. However, technical
advances might decrease the cost of disposal and might decrease the amount of waste needing
disposal. AECB staff are not aware of any practicable new technology which would eliminate
the need for a disposal facility of the general type under review. The AECB requires that the
technology which is to be used will comply with relevant criteria or standards to ensure the
protection of health and the environment without imposing undue burdens on those who must
dispose of the waste or on future generations.



3 IMPLEMENTING DISPOSAL

The current NFWMP was structured primarily as a vehicle to provide the broad base of
information needed to make future government decisions. The results of this work have been
assimilated and made available by the proponent in the EIS. The AECB staff review of the EIS
has revealed a number of significant deficiencies, which could be resolved by changes in
repository design, by site specific investigations or by changes in assessment methodology. The
relationship between assessment methods, engineering design choices and site characteristics is
very important and this is not adequately addressed in the EIS. Staff believe that siting, design,
and assessment are complementary processes requiring considerable iteration to arrive at an
optimum repository system.

Staff also considered the benefits to be gained from a second phase of research designed to
address the deficiencies and have concluded that a continued generic research program would not
likely prove effective in resolving many of these deficiencies. For example, such research would
not be effective in addressing the largest current issue: the acquisition of a site that is both
socially and technically suitable. Resolution of this issue would require the development and
implementation of a siting process which would in turn require that an implementing organization
be identified and given the authority to proceed. Staff also note the recent report by the Auditor
General (1995) which stressed the many delays already experienced in developing a final solution
for nuclear fuel waste. Any further research should be part of a broader implementation program
and should focus on those areas specifically necessary to support implementation and licensing.

AECB staff fully recognize the apparent contradiction in identifying significant deficiencies in the
EIS as presented (Part II) and then recommending that siting proceed. The fact that the EIS
documents have not fully established a credible case for the concept does not mean that the
concept is not safe or that it is not feasible. It does mean that the mechanism established to make
the case for safety and feasibility has not been completely successful.

It is internationally agreed that methods currently exist to meet regulatory expectations of a
technical nature and to allow for national decisions to be taken. Other countries (notably
Sweden, Finland and Switzerland) have produced integrated assessments, (SKBF, 1983; SKB,
1992; TVO, 1992; Nagra, 1985) with a similar purpose or intent to this EIS, which more
appropriately assessed long-term performance. In particular, these assessments were better able to
deal with the various types of uncertainty so that government policy decisions could be made.
They adopted a more generic approach and used multiple lines of reasoning and natural analogues
to provide sufficient confidence for the decisions which were needed. They also provided more
fully integrated information which allows regulators and other decision makers to make well-
founded decisions on safety, environmental protection and technical feasibility.

4 PROPONENCY

As noted above, it is necessary to identify an implementing organization or a proponent for future
work (siting, design, construction, operation, and decommissioning). The AECB has had
considerable experience in dealing with a variety of proponents and with licensing a variety of
both large and small projects. In keeping with the Panel's broad mandate to advise the
government on future actions, AECB staff believe that they have a responsibility to provide a



regulatory perspective on the desirable attributes of any future proponent for a project of such
magnitude.

In the view of AECB staff, an ideal proponent should have attributes including:

strong project management background;

strong focus on the engineering or application aspects of the project rather than a
focus on data gathering and fact finding;

strong focus on safety and environmental protection issues;

an ability to translate general performance criteria into engineering specifications
for naturally-occurring and engineered components of a disposal facility;

a diverse, flexible and multi-disciplinary approach;

an ability to balance social and technical needs and values; and

a stable financial environment.

S SITING

Siting and siting processes are critical elements leading ultimately to a disposal repository for
nuclear fuel waste. While the focus of the AECB review of the EIS has been mainly on the
technical components, staff have attempted to balance these against other non-technical
components, as is expected by Canadian society. Staff have concluded that the EIS does not
adequately address how different social perspectives might impact on the technical work and vice-
versa. However, AECB staff wish to emphasize that safety is a paramount concern and that no
unsafe facility will be allowed regardless of the social or political processes used during
implementation.

The EIS attempts to make the largely technical case that once a site is identified, it can be
adequately characterized and the safety of a disposal facility built there can be demonstrated.
While this is a necessary requirement, it fails to recognize adequately the possibility that site
selection may involve substantial interaction between technical and social communities.
Furthermore, the EIS offers a site screening process which looks initially at large areas of the
Canadian Shield and then gradually focuses down to more specific areas based on a set of
unspecified site evaluation criteria. This appears to place more emphasis on technical rather than
on social factors at the start of the siting process. In so doing it has not adequately considered
the possibility that social processes might dominate in the early site screening stages, and it has
not demonstrated that this contingency can be adequately addressed with the current technical
characterization and assessment tools.

The EIS does not provide sufficient insight into what makes a site technically good or bad. The
EIS recycles some general site criteria originally specified in R-72 (AECB, 1987b), but does not
translate these general criteria into more specific recommendations.



AECB staff expected the EIS to highlight features or characteristics of a site which were desirable
and undesirable either generally or in the context of specific repository design choices. This is
needed so that a site which might be offered from a non-technical perspective (e.g., a community
volunteering a site) could fairly quickly be screened to see if more detailed work could be
justified.

AECB staff regard this deficiency as being very important. Any future proponent should be
encouraged to quickly develop a site selection and screening process which focuses both on
technical and social factors, and how they interrelate, as well as on site screening and rejection
mechanisms which could be used during early stages of the siting process.

6 FUTURE AECB ACTIVITIES

During the review period, AECB staff have identified the need for several activities which would
be necessary if implementation of nuclear fuel waste disposal were to proceed. These are briefly
noted below:

6.1 Revise Regulatory Documentation

The main documents which the AECB published to help guide the NFWMP were developed in
the mid 1980s. Since that time, some evolution has taken place in regulatory practices and thus
all documents need to be reviewed and updated as appropriate to reflect those changes. Staff will
review current documentation after the Panel recommendations are published and after
governments make any related decisions.

In the event that a decision is taken to proceed with disposal implementation, the AECB would
also need to supplement the current sot of documents with additional ones to provide guidance on
issues such as quality assurance, site characterization, baseline monitoring, and demonstrating
compliance with licensing requirements. Developing these new documents would be given
priority since they would be needed early in the disposal program.

6.2 Develop AECB Implementation Plan

A real site characterization and construction program would require, among other activities,
regular on-site monitoring and inspection. These are additional activities and the required AECB
staff levels and expertise may be different from the current levels. Thus a long range plan is
needed to determine the overall roles and responsibilities of the AECB relative to other stake-
holders and thus what resources are needed. In addition this plan would set out the AECB
activities required to license a disposal facility, along with a well-defined schedule to ensure
objectives are met.

6.3 Safeguards

The International Atomic Energy Agency (IAEA) applies safeguards to all nuclear material in
Canada. There is every reason to believe that IAEA safeguards will continue to apply to nuclear
material when it is placed in a spent fuel repository. At present the IAEA has no procedures or
equipment that are specific to spent fuel in a geological repository.
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The IAEA, together with its member states, is examining the application of practical and effective
safeguards to nuclear material in deep geological disposal. Canada is a participant in this
examination and therefore AECB staff involvement will continue.

6.4 Transportation

AECB staff notes that the transport of spent fuel to a repository is a major technical and social
issue and may involve members of the public who do not live near the repository site. Current
transportation activities by AECB staff concentrate on the licensing of containers to be used to
ensure public safety under a wide range of conditions including serious accidents, large fires and
immersion in water.

This approach, which is based on the transport safety standards of the International Atomic
Energy Agency, has been shown to be safe over many years. However, given the large number
of shipments needed during disposal operations, the AECB intends to ensure that a "cradle-to-
grave" approach is taken. This would ensure that spent fuel is under the operational and
administrative control of highly trained personnel at all times, before, during and after it is
transported. The AECB intends to work with other responsible authorities (Transport Canada,
Canadian Coast Guard, provincial ministries of Transport, etc.) to facilitate this process.



PART II COMPILATION OF TECHNICAL DEFICIENCIES IN THE
ENVIRONMENTAL IMPACT STATEMENT ON THE CONCEPT FOR
DISPOSAL OF CANADA'S NUCLEAR FUEL WASTE

INTRODUCTION AND SUMMARY

The Atomic Energy of Canada Limited (AECL) Environmental Impact Statement (EIS) on the
concept for disposal of Canada's nuclear fuel waste and its supporting documentation have been
extensively reviewed by AECB staff. A multi-disciplinary team of approximately 20 experienced
professionals examined the documentation with a focus on the technical and safety issues that
would ultimately be of concern to the AECB during future licensing phases. Specialists in the
geosciences and biological sciences, engineering, materials, safety, security, safeguards,
transportation and quality management were involved during the nine month review period. Over
the last decade, staff have also been conducting independent studies and monitoring the progress
of nuclear fuel waste disposal programs in Canada and other countries.

AECB staff did not have sufficient time to review all aspects of the EIS documentation in great
detail. Many of the key tertiary references are still in draft form or have only been recently
published, and thus it has been necessary to review these documents for the first time during the
9-month EIS review period. Furthermore, AECB staff have only just begun to review the source
code for the computer programs MOTIF and SYVAC, because these codes are not generally
available to the public as are the other components of the EIS. Nevertheless, the review period
was sufficient for AECB staff to identify and document the most important, top-level technical
deficiencies.

It was clearly not possible for AECB staff to review every area in the same level of detail as the
proponent. Staff instead chose to examine a range of specific issues selected to ensure
comprehensive coverage and to provide a representative view of the proponent's work. Included
were efforts to assess whether the EIS was sufficiently complete and comprehensive for decision-
making purposes at the concept phase of the project; to assess whether appropriate methods and
tools were used; to assess the quality and relevance of the data collected and to assess whether all
the information was appropriately integrated to give a consistent picture of the performance of the
concept over the next 10,000 years.

AECB staff have identified a large number of technical deficiencies, ranging from broad
deficiencies in the objectives for the EIS (which AECL developed to meet the EIS guidelines)
and the methodologies and approaches used in attempts to attain those objectives, to hundreds of
detailed comments on individual statements made and parameter values used. The deficiencies
pertain to the EIS, the Primary Reference Documents, a number of tertiary references, and some
of the computer codes examined.

This compilation focuses on the broader, top-level deficiencies in the EIS. Given the large
number of these broad deficiencies, AECB staff felt that a lengthy list of detailed comments and
deficiencies would divert attention from the broad issues and be of limited value at this time.
Detailed comments are, however, used throughout this compilation to provide examples of the
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broader deficiencies staff have noted. The minor deficiencies can and will be addressed in future
licensing phases if the disposal concept is implemented.

This response is primarily a statement of deficiencies, and thus focuses on the negative aspects of
the EIS. It should be noted, however, that much of the EIS is appropriate and adequately
addresses the issues under consideration. In particular, the text is clear and well presented. The
EIS and its supporting documentation have been the sole basis used to judge whether AECB staff
expectations of the EIS have been met. Staff note that the EIS varies in its capacity to meet
these expectations from one main area to another. The following summarizes the overall
judgements made by the staff on the Primary Reference Documents (PRDs) to the EIS:

Preclosure Assessment

The preclosure assessment (Preclosure PRD)1 was well done, presents a satisfactoiy level
of detail and is sufficiently comprehensive for the concept stage.

Disposal Facility

The disposal facility document (Facility PRD) is also satisfactory and clearly describes the
proposed methods and facilities needed to implement disposal operations.

Biosphere

The biosphere model document (Biosphere PRD) is generally satisfactory. The approach
taken to assess impacts on the biosphere is judged to be sufficiently generic to be
applicable to a variety of possible siting regions.

Vault and Engineered Barriers

A number of significant deficiencies have been noted by staff reviewers in the vault model
(Vault PRD) and engineered barriers (Barriers PRD) documents. The overall case has not
been made that titanium canisters will last for 500 years. In addition the buffer-backfill is
only as effective as estimated if all nuclide migration is through the backfill.

Geosphere

A large number of significant deficiencies have been noted in the geosphere model
document (Geosphere PRD) by staff reviewers. These include: inadequate consideration
of conceptual model uncertainty, inadequate testing of computer models, inappropriate
assumptions in modelling work, lack of demonstrated technology to ensure the waste
exclusion zone exists and is not degraded by thermal-mechanical processes, and lack of
support for major conclusions. Considerable confusion also exists between the site-
specific and the generic aspects of the geosphere.

1 Throughout this document, the Environmental Impact Statement is referred to as the "EIS", and the Primary
Reference Documents, or PRDs, are referenced as shown in this section. Full references for each document
are provided in Part III.
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Postclosure Assessment

A large number of significant deficiencies have been noted by AECB staff in the
postclosure assessment document (Postclosure PRD). These include: a lack of diversity in
modelling and assessment approaches, inappropriate use of probabilistic modelling
(SYVAC), a focus on detail instead of on generic issues, difficulties with the way
scenarios are selected and evaluated and inadequate support for the conclusions drawn.

Siting

A number of significant deficiencies have been noted regarding siting (Siting PRD) by
staff reviewers. These pertain to: the collection, interpretation, and integration of data,
the identification of favourable and unfavourable site characteristics, the development of
siting criteria and decision-making processes.

Public Involvement and Social Aspects

AECB have not reviewed in great detail the document (Public PRD) addressing these
issues. AECB staff have focused on the need to balance technical and social issues in the
context of siting, and some deficiencies have been identified.

The deficiencies in the EIS and supporting documentation identified by AECB staff are presented
in a hierarchical format. Overall categories of deficiencies are identified with capital letters. The
first category, A, documents deficiencies in AECL's presentation of the concept of deep
geological disposal in the EIS. By definition, these are the deficiencies that AECB staff judge to
be most critical, and to some extent the Category A deficiencies summarize the deficiencies
presented in the other categories (B through E). Deficiencies in AECL's overall approach to
demonstrating postclosure safety are presented in Category B, and include the strong AECB
reservations about the nature and use of SYVAC. Deficiencies in the development and use of the
submodels in the postclosure safety assessment are presented in Category C. Category D
presents the deficiencies in Ontario Hydro's preclosure safety assessment. Deficiencies that relate
to repository siting and site characterization are presented under Category E. Within each
category, numbers are used to identify the individual deficiencies.

The five main deficiency statements presented in Category A are:

A.I AECL does not attempt to demonstrate the overall safety of the deep geological disposal
concept. The postclosure safety assessment is intended only to demonstrate how the
assessment tools could be used at an early stage of concept implementation. This clearly
does not meet the fundamental regulatory expectations of the EIS, nor does it address one
of the basic terms of reference of the Panel (i.e., to show the concept is safe).

A.2 The EIS does not demonstrate adequately that the disposal concept is fundamentally safe
and robust and transferable to other sites.
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A.3 AECL has not shown that the multi-barrier concept, as represented by their reference
design, contains sufficient redundancies. It appears that the loss of one barrier would
compromise the safety of the disposal system, and it appears that the loss of another
barrier would, at a minimum, significantly impact on safety.

A.4 Only one reference design is assessed in the EIS, and AECL has not demonstrated that
there is reasonable confidence that safety criteria can be met for that reference design.

A. 5 AECL has not provided adequate evidence and arguments to demonstrate that it is
technically feasible to site a nuclear fuel waste disposal facility.

The sixth deficiency in Category A (A.6) identifies a number of common deficiencies that occur
throughout the EIS documentation that further detract from AECL's claims that the concept is
safe and feasible.

The overall conclusion that AECB staff have drawn from the technical review is that the EIS has
not adequately demonstrated the safety and feasibility of deep geological disposal for nuclear fuel
waste. This lack of demonstration is mainly due to the reference design and assessment methods
chosen by the proponent, rather than a fundamental problem with the concept itself.
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A DEFICIENCIES IN THE CONCEPT AS PRESENTED BY AECL IN THE EIS

The AECB's expectations for the concept assessment phase were published on January 29, 1985
in Regulatory Policy Statement R-71 (AECB, 1985). AECB staff consider R-71 to be generally
consistent with the final guidelines for the preparation of the EIS that were issued by the CEAA
panel (Federal Environmental Assessment Review Panel, 1992). The fundamental expectations of
AECB staff can be summarized as follows:

The AECB staff expected the EIS to be a generic feasibility and safety study of the
geological disposal concept. Staff expected the EIS documents to demonstrate that there
is reasonable confidence that safety criteria can be met, and that repository siting, design,
construction, operation and closure are technically feasible. Technical feasibility implies
that the above can be accomplished with available technology or with reasonably
achievable developments.

The term "reasonable confidence" is used to indicate the level of proof required, since deep
geological disposal is at a concept assessment stage as opposed to a \icensing phase.

The generic aspect of the study could have been accomplished:

(i) by demonstrating safety and feasibility for reasonable ranges of geosphere and biosphere
conditions and parameters on the Canadian Shield,

(ii) by demonstrating safety and feasibility for a specific, real site on the Canadian Shield, and
providing evidence to show that the key features and processes at the site contributing to
safety are not uncommon on the Shield, or

(iii) by designing an effective and robust engineered barrier system that reduces the sensitivity
of the safety case to site specific conditions.

AECB staff would have accepted the use of international work and experiences to address aspects
of the demonstration of safety and feasibility, if AECL had carefully reviewed and verified the
work and described it in appropriate detail in the EIS documentation.

In the judgement of AECB staff, the AECL EIS on the deep geological disposal concept for
nuclear fuel waste does not satisfy the key aspects of the above-stated fundamental expectations.
Significant deficiencies exist in the demonstration of both the safety and feasibility of the
concept, and these deficiencies are described in this section.

A.I AECL does not attempt to demonstrate the overall safety of the deep geological
disposal concept. The postclosure safety assessment is intended only to demonstrate
how the assessment tools could be used at an early stage of concept implementation.
This clearly does not meet the fundamental regulatory expectations of the EIS, nor
does it address one of the basic terms of reference of the Panel (i.e., to show the
concept is safe).
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In the EIS, AECL states that one of the objectives of their work was to "develop and demonstrate
a method to evaluate the safety of a disposal system against established safety criteria, guidelines
and standards" (p. 7). Demonstrating a methodology to assess safety falls short of demonstrating
the overall safety of the disposal concept.

The conditions for which the postclosure safety assessment was performed represent a further
deviation from the AECB expectation of a demonstration of overall safety. The Postclosure PRD
(p. 2) puts the postclosure safety assessment into the following context:

"Our assessment corresponds to what could be done at a time when there was substantial
information from studies on the surface and in exploration boreholes, but when no
exploratory excavation had been done. Thus it demonstrates how the postclosure
assessment methodology could be used when deciding whether or not to begin exploratory
excavation at a preferred disposal site."

Demonstrating the tools to help make a decision of whether or not to proceed with site
investigations after completing surface-based explorations is only one small component of
demonstrating that there is reasonable confidence that safety criteria can be met for an actual
disposal site.

A.2 The EIS does not demonstrate adequately that the disposal concept is fundamentally
safe and robust and transferable to other sites.

This deficiency has two major components. First, the safety attributed to the reference case is
based upon the assumed character of the hypothetical site, which is neither generic nor site
specific. As discussed below, AECB staff question whether the hypothetical geosphere is
conservative or representative, and the parameter values chosen for the model are not adequately
supported. The simplified geosphere that is adopted does not provide a sufficient basis for
evaluating the safety of the deep geological disposal concept. Second, AECL has not provided
evidence to support the statement that technically suitable sites are available.

A.2.1 The hypothetical site selected for the postclosure safety assessment is neither generic
nor site specific.

AECL's postclosure assessment is based on a reference vault design in a hypothetical geosphere
that is northwest of an approximately 1 km2 area where AECL has performed extensive site
investigations. AECL refers to the geosphere in their postclosure assessment as a "realistic" site
as opposed to a "real" site, because the geosphere is hypothetical. AECL claims that "although
this disposal system is hypothetical, it is based on real data and assumptions that are either
realistic or conservative" (Postclosure PRD, p. 13). AECB staff have not found convincing
evidence in the EIS documentation to support this contention.

(i) Geologic Structure of Hypothetical Geosphere

Information on the actual geological structure of the hypothetical geosphere is limited in that no
boreholes have been drilled through the assumed position of the hypothetical vault to confirm
AECL assumptions about the geosphere. In fact, the hypothetical vault extends outside the
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Underground Research Laboratory (URL) Lease Area. AECL claims that the geologic structure
of their hypothetical geosphere is highly conservative, in that they extend low-dipping fracture
zone LDl beyond its expected depth of 450 m to cross the repository horizon (500 m deep) and
connect with vertical fracture zones to the southeast of the site. However, insufficient evidence is
provided to rule out the possibility that other fracture zones intersect or pass close to the
hypothetical vault. For example, fracture zone LDO is terminated approximately 200 m above
the repository without justification. Also, the spacing of low-dipping fracture zones on the URL
Lease Area would suggest that a low-dipping fracture zone could exist that intersects the
northwestern edge of the vault or passes immediately below the vault. AECL's preliminary
postclosure assessments would suggest that, for the reference design of in-floor emplacement
analyzed, a fracture zone immediately beneath the repository cannot be tolerated.

(ii) Parameter Values Selected for Hypothetical Geosphere

The transfer of geosphere parameter values from one location to an adjacent area without data
confirmation is questionable. However, AECL does not provide evidence and reasoned
arguments to support the contention that the selected parameter values are even appropriate for
the intensively studied area around the URL. AECB staff are not aware of any AECL document
that presents all the data available for the URL site up to 1985, and evaluates and analyzes the
data in detail to show that the selected parameter values are realistic or conservative. For
example, neither statistical analyses of the available rock permeability data nor supporting
geophysical or fracture data are presented to justify the horizontal layering or values used for
permeability. For the key geosphere layer containing the repository, the Geosphere PRD (p. I l l )
simply states that "the layer from 300 m to 1500 m depth was assigned a permeability of about 1
x 10 "19 m2 on the basis of measurements made to 1000 m depth at the URL". Deficiency C.7.1
provides more information on this concern.

The resulting hypothetical geosphere used in the postclosure safety assessment is, in the opinion
of AECB staff, a highly simplified representation. At best, it could be considered one possible
realization of a geosphere in a generic study that investigates a representative range of possible
geosphere conditions.

A.2.2 Insufficient evidence is provided to support the statement that technically suitable
sites are available.

The issue of the availability of technically suitable sites is addressed in Section 9.8 of the EIS
(p. 342). While AECL references a 1981 report that identified more than 1000 plutonic rock
bodies in the Ontario portion of the Canadian Shield, there is no discussion of the minimum
requirements for a disposal facility or the relatively suitability of the various plutonic rock bodies
identified. Evidence and reasoned arguments are not provided to support the statement that "the
features and processes of importance for groundwater flow and contaminant transport and the
range of conditions (such as permeability, porosity, and groundwater chemistry) at the Whiteshell
Research Area are not unusual" (EIS, p. 343).
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A.3 AECL has not shown that the multi-barrier concept, as represented by their
reference design, contains sufficient redundancies. It appears that the loss of one
barrier would compromise the safety of the disposal system, and it appears that the
loss of another barrier would, at a minimum, significantly impact on safety.

While several barriers are incorporated into the concept, two barriers account for most of the
containment and attenuation of the contaminants released from the fuel. The predicted safety of
the disposal system is largely dependent on the impermeability of the waste exclusion zone of
sparsely fractured rock and the high porosity of the emplacement room backfill. AECB staff
question whether the performance predicted for either of these barriers in the AECL reference
design is attainable, and it appears that a loss of effectiveness of either barrier would have
significant consequences. The waste exclusion zone and the backfill are discussed separately
below.

A.3.1 AECL has not provided reasonable confidence that a waste exclusion zone with the
assigned properties in the EIS is attainable.

The waste exclusion zone, by virtue of its low permeability and low diffusion coefficient,
effectively delays the predicted contaminant releases from the backfill to the fracture zone to
beyond the AECB's 10,000 year time period for demonstrating compliance using mathematical
models (AECB, 1987a). The rock that constitutes the waste exclusion zone acts hydraulically as
unfractured rock for the assumed permeability of 10'19 nr, which effectively limits contaminant
transport to diffusion. For AECL's median value simulation, the average groundwater (advective)
transit time across the 46.5 m waste exclusion zone for the vault sectors closest to Fracture Zone
LD1 is 7,800,000 years (Postclosure PRD, Table D-3, segment number 12). For comparison, the
average transit time for diffusive transport across the same segment based on the diffusive Peclet
number is 187,000 years (Geosphere PRD, Table 7.4.1). In the probabilistic simulations, the
average groundwater transit time is reduced by up to a factor of 10 through the velocity scaling
factor (Geosphere PRD, Table D3.6), however this reduction is not sufficient to change the
dominance of diffusive transport over advective transport across the waste exclusion zone.

AECL has not provided reasonable confidence that a mass of rock with a permeability of 10"19 m2

is attainable on the scale of the vault. They have not attempted to demonstrate the existence of
such a block at the URL site. AECL does not provide evidence that rock blocks on the order of
4 km2 with permeabilities of 10*I9m2 or lower are common in the Canadian Shield, or that a large
rock block with such a low permeability can be adequately characterized. AECB staff are not
aware of any technologies that would allow a proponent to discriminate between rock with a
permeability of 10"19 m2 and rock with one or more orders of magnitude higher or lower
permeability on the scale of a repository. Deficiency E.I.2 elaborates on some of the difficulties
in characterizing a waste exclusion zone.

Furthermore, for the case of increased permeability due to a sparse interconnected network of
small fractures across the waste exclusion zone, the appropriate effective flow porosity for
advective transport calculations would be one or more orders of magnitude less than the value of
0.003 used in the postclosure assessment (Geosphere PRD, Table D3.4). AECL acknowledges
the importance of this issue (Geosphere PRD, p. 167), and Chan et al. (1994, p. 16) state that an
order of magnitude increase in permeability or an order of magnitude decrease in porosity
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generally results in an order of magnitude decrease in groundwater transit time. Thus, the
presence of a network of sparse, interconnected, small fractures across the waste exclusion zone
could significantly decrease the groundwater transit time as a result of both increased permeability
and decreased effective flow porosity. Neither the permeability nor the effective flow porosity of
the waste exclusion zone are varied in the probabilistic simulations.

The importance of the waste exclusion zone to safety is illustrated in Section 6.3.3.5 of the
Postclosure PRD. The analyses show that decreasing the thickness of the waste exclusion zone
from 30 m to 10 m (which is equivalent to a factor of three decrease in the groundwater transit
time and a factor of nine decrease in diffusive transit time) increases the annual dose at
10,000 years by more than a factor of one million (based on the annual dose versus time curve
for 129I on p. 174).

Another issue regarding the waste exclusion zone that is not adequately addressed by AECL is the
long-term integrity of the rock. Differential expansion of the rock and porewater in the waste
exclusion zone due to the thermal pulse from the waste could cause cracking of low permeability
rock in the exclusion zone. AECL does not adequately assess potential scenarios whereby the
presence of the repository could degrade the barrier effectiveness of the waste exclusion zone.

In summary, AECL has not provided reasonable confidence that rock blocks with permeabilities
on the order of 10"19 m2 or lower exist on the scale of a repository, that such rock blocks could be
adequately characterized, or that the presence of the repository would not significantly degrade
the barrier effectiveness of the rock over the long term.

A.3.2 AECL's assumption that all contaminants released from the buffer must go through
the backfill is non-conservative and not sufficiently justified.

The high porosity of the backfill provides a large retention capacity for the diffusing
contaminants, diluting the contaminants' concentration and delaying their release from the vault.
AECL's assumption that all contaminant releases from the buffer must enter the backfill is not
conservative. Their own calculations (Vault PRD, Figure 6-3) show a portion of the
contaminants diffusing through the rock pillar and bypassing the room backfill. In addition, the
excavation damage zone around the room and emplacement holes would likely provide a pathway
for the contaminants to bypass the backfill. AECB scoping calculations indicate that a 1 m thick
excavation damage zone with an apparent diffusion coefficient that is ten times greater than that
used for the backfill would result in a significant percentage of released contaminants bypassing
the backfill.

The derived constraints study in the Postclosure PRD (Section 6.2) provides an indication of the
importance of the large retention capacity of the backfill to predicted annual doses. It was found
that removing the vault rooms above fracture zone LD1 reduced the estimated annual doses for
I129 by "almost six orders of magnitude at 10,000 years and two orders of magnitude at 100,000
years" (Postclosure PRD, p. 147). The Postclosure PRD states that this occurs because
"groundwater flow velocities above LD1 are more than 10 times faster than flow velocities below
LD1." This increase in velocity is insufficient to change the dominance of diffusive transport.
Thus, it would appear that the increase in estimated annual dose results from contaminants from
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the rooms above LD1 leaving the buffer and entering the rock directly, without passing through
the backfill.

In summary, AECL has not adequately considered mechanisms by which contaminant releases
from the buffer could bypass the backfill. Also, the consequences of bypassing the backfill have
not been adequately evaluated. As such, AECL has not adequately justified the use of a one-
dimensional vault model that forces all contaminant releases from the buffer to pass through the
backfill. Other concerns pertaining to the one-dimensional vault model are presented in
Deficiencies B.2.2 and C.I.

A.4 Only one reference design is assessed in the EIS, and AECL has not demonstrated
that there is reasonable confidence that safety criteria can be met for that reference
design.

The EIS presents a performance assessment of only the in-floor emplacement of packed-
particulate titanium containers as a reference design. This reference design presents unique
challenges such as the structural stability of the rock web between the containers and the potential
for contaminants to bypass the backfilled emplacement rooms.

As shown by Deficiency A. 3 and the numerous deficiencies identified in the postclosure safety
assessment (Deficiency Categories B and C), the EIS documents do not provide AECB staff with
reasonable confidence that safety criteria can be met for the AECL reference design. Although
different repository designs are identified and discussed briefly, they are not assessed. Evaluation
of the disposal concept, then, is constrained to the evaluation of the reference design and its
assessment as presented in the EIS.

AECB staff are aware of other potential designs that do not share the same inherent limitations
and deficiencies as the AECL reference design. For example, the use of an in-room disposal
configuration would provide increased confidence that the contaminants released from the
containers would fully access the available porosity in the buffer and backfill. Furthermore, the
use of copper as a container material would allow the use of natural analogues to support
predictions made for container lifetimes. Unlike titanium, archeological artifacts exist for copper,
and copper ore deposits provide examples of environments under which copper is relatively
stable. Thus, AECB staff consider that AECL's failure to demonstrate the safety of the concept
with their reference design does not necessarily mean failure of the generic concept of deep
geological disposal.

A.5 AECL has not provided adequate evidence and arguments to demonstrate that it is
technically feasible to site a nuclear fuel waste disposal facility.

As discussed below, AECL has not demonstrated that it is feasible to collect the types and
quantities of information necessary to prove safety. Also, AECL has not adequately assessed
potential favourable and unfavourable site characteristics to permit the initial stages of siting to
progress efficiently. Furthermore, AECL has not presented the logic and methods that would be
used to integrate disparate site data and information or the process that would be used to reach
decisions about the technical feasibility of a site. Finally, while AECL was not completely
responsible for the timing of the release of the EIS, the fact that the EIS does not include data
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collected after mid-1984 reflects poorly on the ability to implement the concept in a timely
manner.

Many of these deficiencies relate to AECL's decision to present and discuss only one approach to
siting. AECL's approach to siting is to begin with large siting territories that meet minimum
requirements, and then focus in on progressively smaller areas with the most favourable
conditions, contingent on public acceptance. However, the eventual implementing agency might
instead be presented with a limited number of sites and asked to quickly assess whether any of
them are worth pursuing. In this case, site screening and investigation techniques would be
focussed on quickly rejecting unacceptable sites, which represents a different siting process than
that presented in the EIS. AECB staff believe that the EIS should have discussed other possible
siting processes, and identified the associated ramifications.

Deficiency Category E elaborates on some of the site selection and characterization deficiencies.

A.5.1 AECL has not provided reasonable confidence that it is feasible to collect the types
and quantities of information for a site that would be required to demonstrate safety.

The Siting PRD discusses a variety of different site screening and characterization techniques that
can be used to collect site data and information at various scales of interest. However, AECL
does not demonstrate that it is feasible to collect the quantities and qualities of data and
information required to demonstrate that a site is acceptable.

AECL has intensively studied an approximately 1 km2 area around the URL to a depth of
approximately 0.5 km. However, they do not discuss whether sufficient data has been collected
to characterize this 0.5 km3 of rock, and if not, what additional quantities and qualities of
information would be required. This difficulty results in part from AECL's decision to exclude
URL-site geosphere data collected after mid-1984 from the EIS.

Furthermore, AECL has not addressed adequately the differences in scale between the URL
investigations and those required for a nuclear fuel waste repository. The concept is for a
repository with a plan area of 4 km2 and it is likely that an actual repository site would have to
be characterized to a depth in excess of 1000 m, regardless of the depth of the repository horizon.
Accounting for the necessary exclusion zones, the volume of rock requiring detailed
characterization for the disposal vault alone would be approximately ten times (5 km3) that
characterized at the URL site. The near-field of the repository, which will also require
characterization, could easily be 100 times the rock volume characterized for the URL. A basic
understanding of the far-field will also be required to establish that the site is adequate.

The EIS does not identify the limits of what can be known about a site with current and
reasonably achievable technology, such as the type, quantity and spatial coverage of information
that will be attainable. For the concept to be feasible, it has to be possible to demonstrate safety
with this information. This is of particular importance to the AECL reference design, as the
natural barrier (the waste exclusion zone) is the most important barrier. For example, the
permeability of the host rock and the in situ redox conditions at repository depth are both
important in the reference design, and problematic to characterize. The limitations in
characterizing these and other parameters on the scale of the repository need to be compared to



20

analytical requirements to determine whether it is possible to demonstrate that the reference
design can comply with safety criteria.

A.5.2 AECL has not adequately assessed potential favourable and unfavourable site
characteristics.

AECL provides limited information in the EIS about the types of site characteristics that they
consider to be favourable and unfavourable, and that a proponent should look for during site
screening and preliminary site investigations. For the most part, the favourable and unfavourable
site characteristics identified in the EIS are limited to those provided by the AECB in Regulatory
Document R-72 (AECB, 1987b). Specific technical criteria for screening potentially suitable
candidate areas are not proposed (Siting PRD, p. 11), even though AECB staff assume that AECL
is in a position to make such proposals based on their 15 years of research work.

As noted above, the eventual implementing agency might be presented with a limited number of
sites and asked to quickly assess whether any of them are worth pursuing. In this case, site
screening and investigation techniques would be focussed on quickly rejecting unacceptable sites.
Knowledge of favourable and unfavourable site characteristics would be of particular importance
in such a process, and detailed siting criteria would be required to evaluate the site (see
Deficiency E.3.1 and E.3.2 for more discussion).

A.5.3 AECL has not presented a process for integrating site data and making decisions
about the technical feasibility of a site.

AECL does not present t̂ p- logic and methods that would be used to integrate disparate survey
techniques, or how the results would be used to reach decisions about the technical acceptability
of a site. There is little discussion about region/area/site selection and rejection criteria and
procedures for ranking multiple regions/areas/sites for the various project phases from site
screening through to selecting one site for repository construction (see Deficiency E.2.1 for more
discussion).

There is little discussion about the processes required to ensure that new information obtained
during siting and construction is properly integrated into the design and safety assessment
processes. It is not sufficient to just incorporate new data into the site models. Existing models
and beliefs about the suitability of the site need to be continually tested against the new
information, and based on those tests it may be necessary to drastically change the
conceptualization of the site or declare the site unsuitable for nuclear fuel waste disposal (see
Deficiency E.2.2 for more discussion).

The decision making process for the stated purpose of the postclosure assessment (i.e., after
characterizing site from ground surface, decide whether to proceed with exploratory shaft
excavation or abandon the site) is not identified or discussed (see Deficiency E.3.3 for more
discussion).
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A.5.4 The EIS does not demonstrate that the concept could be implemented in a timely
fashion.

In several places in the EIS documentation, AECL states that their postclosure performance
methodology is relatively flexible, and that assessment results can be readily updated to include
new research information (for example, see Postclosure PRD, p. 13). In describing their strategy
for modelling the geosphere, AECL stated that "At any time, it (the conceptual hydrogeological
model of the site) would reflect the ihen current understanding of the physical and chemical
characteristics of the rock and groundwater that affect groundwater flow and solute transport"
(Geosphere PRD, p. 19). AECB staff note, however, that the EIS, which was published in
October 1994, includes only the geosphere data from the Whiteshell Research Area that was
collected before May 1984, which is the month that shaft sinking for the URL commenced.

The timing of the creation of the CEAA panel and the issuing of the guidelines for the
preparation of the EIS were not within AECL's control. However, an EIS that reports on
10-year-old data does not reflect well on the ability to implement the disposal concept in a timely
fashion.

A.6 A number of common deficiencies that occur throughout the EIS documentation
detract from AECL's claims that the concept is safe and feasible.

A number of common deficiencies, including referencing and justifying that advances in
technology are reasonably achievable, have been identified in a number of places throughout the
EIS documentation. Taken individually, these deficiencies are relatively minor. However, they
occur frequently enough throughout the documentation that, taken together, they significantly
detract from AECL's claims that the concept is safe and feasible.

A.6.1 AECL does not provide sufficient reasoned arguments that required advances in
technology are reasonably achievable.

AECL states that "the disposal concept could be implemented with available or readily achievable
technology" and that "the technology to begin implementation is available and has been
demonstrated." In most cases, however, AECL does not provide reasoned arguments that the
required advances in technology are reasonably achievable. Examples of areas where reasoned
arguments are required to provide a basis for judging the achievability of advances in technology
are as follows:

(i) technologies to locate and characterize rock blocks with the properties assumed by AECL
(e.g., permeability of 10"19 m2 or less) that are of sufficient size to host a repository and
provide a 50 m waste exclusion zone,

(ii) technologies to reliably determine the in-situ Eh and assess the impacts of redox conditions
on performance, and

(iii) technologies to assess the long-term integrity of the waste exclusion zone.
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Many of the required advances in technology pertain to site screening and characterization, which
are discussed in more detail under Deficiency E.3.4.

A.6.2 Documents cited in the EIS and PRDs as providing support for an AECL statement
or additional information often do not contain the expected information.

AECB staff experienced considerable frustration in searching for support for AECL statements or
additional information in the documents cited in the EIS and PRDs. Difficulties were most
prevalent with referencing in the EIS and PRD sections pertaining to the geosciences.

For example, at the end of Section 5.6 of the Geosphere PRD (p. 188), the reader is referred to
Chan et al (1994) for more information on the impacts of pumping on the groundwater flow
system. However, an examination of Chan et al. (1994) shows that pages 64 to 69 are virtually
identical to Section 5.6 of the Geosphere PRD, and the other scattered discussions related to well
impacts also appear to have been incorporated into the Geosphere PRD. Thus, the reference
provides no additional information.

The discussion of the URL drawdown experiment lists three references that address comparisons
between measured and predicted responses (Geosphere PRD, p. 90). The first reference, Davison
and Guvanasen (1985), shows one of the comparisons between measured and predicted heads
from Figure 4.3.6 of the Geosphere PRD and one additional comparison for the first six months
of the experiment (Borehole URL-5, Figure 12c). The second reference, Davison (1986), shows
the two comparisons between measured and predicted heads from Figure 4.3.6 of the Geosphere
PRD and one additional comparison (Borehole URL-10, Figure lib). The third reference, Kozak
and Davison (1993), was never published. Thus, at the time the EIS was issued, comparison data
for only 4 of the 171 piezometer locations that were monitored as part of the experiment were
published. Davison et al. (1995), which was issued in draft form in January 1995, replaced
Kozak and Davison (1993), and it still does not provide comparison data for 25 of the 171
piezometer locations.

A key aspect of the inadequacy of the referenced documentation is that AECL has never
published a detailed report that integrates the data and information collected for the URL site and
the Whiteshell Research Area (WRA), and then justifies the assumptions, structure and
parameterization of the geosphere models based on that data. Deficiency C.7.1 .elaborates on this
problem. Many of the references for the geosphere modelling work are short papers in
conference proceedings that do not provide sufficient information for a detailed review.

A.6.3 The EIS and its supporting documentation do not provide sufficient information of
the URL site and the WRA to allow reviewers to conduct independent analyses.

As with the previous deficiency, AECB staff concerns on data and information availability pertain
primarily to the geosciences. AECB staff have attempted to perform independent groundwater
flow modelling of the URL site. However, the types and quantities of data required to develop
conceptual models are generally not publicly available. For example, AECL developed the TR-
248 series of reports to present groundwater level data from the monitoring well system at the
URL site (Daymond and Reeves, 1985). However, at the time of the release of the EIS, only the
data collected up to May 1984 had been published. In February 1995, AECL published the
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groundwater level data collected from January 1989 to December 1994, but that still leaves more
than 4 years with no published data.

Several AECL technical records present permeability data, however there is no compilation of the
available permeability data fo: <Jie site, with the data categorized by test or rock type, or
reliability of the data. Furthfcimore, AECL has published virtually no analyses showing the trends
and spatial variations in the data as a function of rock type, depth and scale of measurement. It
appears that a 1.3 km by 1.3 km map of permeability in Fracture Zone FZ2 that was published in
1984 (Davison and Simmons, 1984, Figure 6) is the only map of spatial trends in permeability at
the URL site, or for that matter at the WRA. This figure is reproduced in the Siting PRD, and it
shows that permeability ranges over more than six orders of magnitude (Figure 6-28b). These
spatial trends were not incorporated into the fracture zones in the hypothetical geosphere.

AECB staff have had little success in obtaining raw data directly from AECL. Bragg (1988) and
Flavelle (1988) requested 1984 testing data for three boreholes in the URL Lease Area, however,
AECL turned down the request in 1989. The lack of availability of geoscience data and the
difficulties AECB staff have experienced in obtaining data directly from AECL significantly
detracts from AECB staff confidence in the modelling work for the hypothetical site.

If the concept is implemented, the implementing agency should make all site data publicly
available, and the data should be compiled into databases to make it more accessible. The
Swedish Nuclear Fuel and Waste Management Co. (SKB) has taken this approach in developing
the GEOTAB database. Gerlach (1991) describes the hydrogeological data in GEOTAB, and
other reports are referenced which discuss other aspects of the database, such as geochemistry

A.6.4 A number of scenarios are dismissed too casually.

The El S and the PRDs eliminate a number of scenarios from consideration in the postclosure
assessment without rigorous justifications for the decisions. Deficiency C.6.3 discusses some of
the unsupported statements and inappropriate generalizations use to eliminate seismicity and
tectonics from consideration. Similarly, the discussions on glacial erosion and groundwater flow
conditions beneath a glacier generalize and oversimplify the potential impacts of glaciation on a
repository.

As discussed in Deficiency B.I.2, no scenarios containing barrier degradation of failure (with the
exception of the canister) are analyzed in the postclosure assessment. Furthermore, temperature,
stress and hydrologie transients from the sequential excavation, operation and backfilling of the
disposal vault are not included in the postclosure model in favour of uniform constant initial
conditions for the long-term performance assessment (Deficiency B.I.I).

A.6.5 The EIS does not make adequate use of natural analogues to support the long-term
simulation results, or to identify desirable and undesirable site characteristics.

Little reliance is placed on supportive reasoned arguments to compensate for the inherent
difficulties and uncertainties in assessing the performance of natural and engineered systems over
periods of thousands of years. The only natural analogues of the disposal concept that are
invoked are the Cigar Lake uranium deposit and the Oklo natural reactors (Vault PRD,
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pp. 156-159). Other analogues, that do and do not demonstrate containment, are ignored. For
example, the Alligator Rivers analogue study demonstrates containment under reducing conditions
and mobilization under oxidizing conditions, while the high uranium concentrations in the
groundwater at the URL with no obvious source of mineralization demonstrates dispersion
through the geosphere.

The limitations of the natural (and one anthropogenic) analogues that are cited for clay seals in
the vault are not taken into account. All the analogues are massive structures compared to the
25 cm layer of buffer around the emplacement canisters (Vault PRD, p. 33). The implication
presented is that the relatively thin skin provided by the buffer will be as effective as the massive
formations of the analogues. The conclusion that clays form effective barriers for tens of
thousands of years applies to the analogues, but it is not shown to be appropriate for the buffer in
the emplacement holes. A thicker layer of buffer would be more analogous to the natural clay
formations that are cited.

Although some analogues for used fuel dissolution and for bentonite barriers are presented to
support parts of the vault model (Vault PRD, p. 247), there are no analogues at all for the
container corrosion models. Since there are no engineering standards that can be applied to
design lifetimes of centuries or millennia, it is necessary to rely on extrapolation of short-term
closed system corrosion tests to predict long-term open system corrosion behaviour. Experience
shows that such predictions can significantly overestimate performance, even for well-understood
engineered systems with design lifetimes of only decades. Confidence in AECL's predictions of
long-term corrosion behaviour of titanium containers would be enhanced if they had cited some
analogues (such as predictions of corrosion in reactors), or even if they had applied the same
approach to better known and verifiable systems (e.g., predictions of the lifetime of steel drums
based on the known corrosion mechanisms of steel). Applying the corrosion models to predict
the performance of objects made of metals with which there is a long history of engineering
experience would provide increased confidence that the container corrosion model predictions are
reasonable.

A.6.6 The EIS does not demonstrate the flexibility of the concept, and in particular the
ability to vary the design and engineered components of a disposal system to
compensate for undesirable site characteristics.

For some sites, it is expected that it will be possible to compensate for less desirable or uncertain
site characteristics through facility design or the engineered barriers. For example, if the extent
of fracturing in the target horizon (500 to 1000 m deep) is of concern, it may be possible to meet
safety criteria by constructing the vault at a greater depth or by designing a more robust system
of engineered barriers that provides containment for longer periods of time. Similarly, it may be
possible to maintain acceptable geochemical conditions within the vault at a site with uncertain
natural geochemical conditions with chemical additives in the container, buffer and backfill. On
the other hand, it is clear that sites will be found for which neither facility design nor engineered
barriers can reasonably compensate for the deficiencies or uncertainties in the natural barriers.

AECB staff expected the EIS to present scoping calculations to demonstrate the flexibility of the
concept, and to show the extent to which various design and engineering options could be used to
enhance long-term safety. However, the safety case in the EIS is based solely on the SYVAC
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simulations for one reference design at a hypothetical site, and AECB staff consider this to be a
major deficiency.

A.6.7 There was little integration and feedback between performance assessment and
engineering design demonstrated in the case study, and this reflects poorly on the
ability to implement the concept.

For a real disposal facility, AECB staff expect that the disposal vault would be designed to
conform to the site characteristics. Staff note, however, that this was not done in the EIS. For
example, the specification of the vault was developed in 1984 (Facility PRD, p. 17), prior to the
detailed assessment of the available data. Hence, the vault was not designed for the site. The
site characterization comprises essentially only two faces of the block of rock assumed to host the
hypothetical repository: the surface and fracture zone FZ2, which was used to define the model
fracture zones. No change in the vault design as a result of this limited site characterization is
evident in the EIS. The "optimization" of the vault design by elimination of the emplacement
rooms above fracture zone LD1 appears to have been done arbitrarily and outside of an
engineering design process. The "special studies" that resulted in removal of the rooms above
LD1 because they gave a high dose (Postclosure PRD, p. 86) appear to be the original postclosure
assessment calculations referred to on page x of the Executive Summary.

It is not at all clear why the capacity of the repository was diminished in this "optimization"
(Postclosure PRD, p. 40), rather than modifying the layout to maintain the capacity. How the
seemingly arbitrary elimination of the rooms nearest LD1 takes "advantage of the detailed
geological and hydrogeological information that was available" (Postclosure PRD, p. 145) is not
explained. In fact, the Geosphere PRD (p. 85) acknowledges that little is known about Fracture
Zone FZ1 (which corresponds to Fracture Zone LD1 in the hypothetical geosphere). The
associated reduction in the capacity of the vault rather than adjusting the vault dimensions
(Postclosure PRD, p. 147) is a change in a primary engineering specification of the system. It
appears that this modification was done by the performance assessment modellers in response to
the results of interim calculations, rather than as part of the engineering process of designing the
vault for the site. It is not good engineering practice to make such a fundamental change in a
specification during a performance assessment without reiteration through the entire design
process.

Furthermore, AECB staff would expect that the "optimization" of such an important feature as the
width of the waste exclusion zone (WEZ) to "about 50 m" (actually 46.5 m) would be based on a
performance assessment or engineering analysis. However, AECL states that the increase was
inferred from a detailed layout drawing (Postclosure PRD, p. 147).

Finally, there is no indication in the EIS of the feedback processes that are claimed to be "one
strength of the approach" in Section 8.3 of the Postclosure PRD (p. 267). The performance
assessment presented to demonstrate the tools does not appear to feed back into the design
process at any step. No procedures to perform iterations on the container design, on the vault
design, or on the derivation of siting criteria based on up-dated performance assessments are
presented. Nor are procedures presented for incorporating new information in the performance
assessment by means of re-analysis of the scenarios, re-evaluation of the appropriateness of the
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models and their underlying assumptions and limitations, or revision of the parameter input
distributions.

B DEFICIENCIES IN THE APPROACH TO THE DEMONSTRATION OF SAFETY

The claims of long-term safety of the concept are based on estimates of the performance of a
reference vault design on a hypothetical site for a reference scenario, an open-borehole-to-the-
surface scenario and four variations of inadvertent recovery of nuclear fuel waste by exploration
drilling. The hypothetical disposal system was constructed assuming a level of information
consistent with surface-based site investigations, prior to excavation. The reference case is
analyzed using the Monte Carlo simulation code SYVAC3-CC3.

As discussed in Deficiency A. 1, the purpose of the postclosure assessment was not to demonstrate
the long-term safety of the concept, but to demonstrate the tools and techniques that could be
used to decide whether to proceed with excavation of an exploratory shaft at a candidate site after
surface investigations are complete (Postclosure PRD, p. i and p. 8). Meeting the specific
objectives of the study would not provide reasonable confidence that the concept is fundamentally
safe. Given that the purpose of the postclosure assessment is to demonstrate a management tool,
all subsequent conclusions on the overall safety of the concept that are based on the postclosure
assessment are poorly supported.

B.I DEFICIENCIES IN THE CHOICE OF SCENARIOS

The scenario deficiencies discussed below are based on the handling of scenarios in the
postclosure assessment (Postclosure PRD). Other scenario deficiencies identified in the
documentation of the submodels (Vault, Geosphere and Biosphere PRDs) are presented under
Deficiency C.6

B.I.I The scenario(s) developed for analysis by SYVAC are based on assumptions of
idealized conditions that have not been justified.

The assumption that short-term transients will not affect the long-term safety (Postclosure PRD,
p. 10) is not supported adequately. The long-term assessment adopts instantaneous loading,
instantaneous resaturation and uniform thermal and stress initial conditions. The assumption that
the sequential excavation, disposal and backfilling operations and the resulting non-uniform
transient conditions in temperature, saturation and stress do not degrade any of the engineered
barriers in the vault or the waste exclusion zone is presented without adequate supporting
analyses. Examples of short-term transients that are not appropriately considered include the
potential effects of vault construction and operation on geochemical conditions (Deficiency C.3.1)
and the potential impacts of the heat pulse from the used fuel on the waste exclusion zone
(Deficiency C.4.1)
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B.1.2 The postclosure assessment does not include any scenarios in which the barriers fail.
The analysis most closely resembling a failure scenario is the open borehole from
surface scenario.

The scenarios examined using SYVAC do not include failures of the barriers, other than the
container (Postclosure PRD, p. 257). None of the factors related to barrier failure in Table 4-2
(Postclosure PRD, pp. 58-63), such as cracking of the waste exclusion zone and buffer or
degradation of shaft and drift seals, are incorporated in the SYVAC scenarios (Postclosure PRD,
p. 68). Furthermore, scenarios incorporating the effects of the excavation damage zone and of
shaft/drift seal failures are excluded based on assessments using unjustified assumptions about the
waste exclusion zone and the location of the shafts on topographic highs (Deficiencies C.l.l.ii
and C.2.5).

The only non-disruptive scenario is of an open borehole extending from surface to the vault
horizon (Postclosure PRD, p. 69). However, the evaluation of the open borehole scenario
(Postclosure PRD, p. 258) is inadequate, in that only boreholes open to the surface are considered
(instead of including all boreholes that pierce the assumed waste exclusion zone), no impact of
failure of borehole seals to less than specification is included, and the assumption of low
probability of occurrence is based on presumed but undemonstrated quality assurance procedures.

The potential impact of open boreholes and, by association, seal failures in boreholes and failure
of the waste exclusion zone is not examined in sufficient detail. The predicted impact of an open
borehole to surface that is located 30 m away from the vault (10'9 Sv/a) is 100 times the impact
predicted for the reference case (Postclosure PRD, p. 240). The median-value simulation of an
open borehole 5 m from a room (Postclosure PRD, p. 241) results in impacts that are 1012 times
higher at 10,000 years than the impacts from the median-value base case. These special
simulation impacts are within one order of magnitude of the regulatory target, and thus a closer
examination of the assessment is needed.

B.1.3 The evaluation of the intrusion scenarios uses unjustified and overly optimistic
probabilities of occurrence, resulting in an under-prediction of the risk.

The overall risk of inadvertent human intrusion examines only the possibility of a borehole
intersecting a waste container (Postclosure PRD, p. 244 and p. 246). This scenario does not
consider intersection of the contaminant plume (i.e., contaminated groundwater, backfill and/or
buffer). Since the minimum plan area of the contaminant plume will be about four square
kilometres once a sizable portion of the containers fail, the conservative probability of intersecting
contaminated material would be unity.

The joint probability of the occurrence of two intrusion events (Postclosure PRD, p. 242) should
not be the product of their individual probabilities, since the events would likely not be
independent. The repository would be visible to several different exploration remote sensing
techniques as an anomaly. Since exploration drilling is not random but is directed to locate and
delineate anomalies, drilling into the pluton containing the repository would be more likely than
drilling into other plutons. Furthermore, if there is one borehole drilled then there would be a
suite of boreholes drilled. Hence, the probability of multiple intrusions into the contaminant
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plume (Postclosure PRD, p. 245) would simply be equal to the probability that the site is targeted
for exploration drilling.

The probability of failure of active institutional controls (Postclosure PRD, p. 244) will likely
reach unity much sooner than 500 years, since the controls under discussion include "security and
surveillance measures" (unless there is budgeting for 500 years of security and maintenance).
Similarly, the probability of failure of passive institutional controls (Postclosure PRD, p. 244) will
likely reach unity much sooner than 2000 years, since there will be a failure of active
maintenance of site markers and there is no historic reason to assume the effectiveness of land
registration controls over such a long period.

B.2 DEFICIENCIES IN THE CHOICE, DEVELOPMENT AND IMPLEMENTATION
OF SYVAC3-CC3-ML3

B.2.1 SYVAC is not an appropriate tool to perform a complete risk analysis.

SYVAC3-CC3 performs Monte Carlo calculations of the disposal system performance to predict
long-term impacts. Monte Carlo calculations are appropriate to investigate the variation in
expected performance due to stochastic variables, or to perform heuristic "what i f calculations by
selecting combinations of site-specific parameter values, but it is not appropriate to perform both
types of analysis simultaneously, as AECL has done. A stochastic analysis should produce a
distribution of probable impacts, while the heuristic analysis produces a joint conditional
distribution of possible impacts. AECL states "we can define parameters for the model of the
disposal system that effectively define many scenarios" (Postclosure PRD, p. 48). Hence, many
of the inputs used in SYVAC are site-specific parameters (whose values are selected randomly
from distributions of possible values) rather than stochastic variables. SYVAC3-CC3 predictions,
then, should be considered a joint conditional distribution of possible outcomes, with no
significance implied by the frequency of calculating a value. Hence, the distribution of results
does not represent the probability of occurrence, as stated in Section 6.5.2 (Postclosure PRD, p.
199), and should not be interpreted as "the risk associated with the SYVAC scenarios"
(Postclosure PRD, p. 66). The distribution of results estimates only the frequency of calculating
a number, given the input distributions of possible parameter values and the model structure
adopted.

Since conceptual models are mutually exclusive, SYVAC3-CC3 is not appropriate for integrating
disparate models to examine conceptual model uncertainty. Furthermore, multiplying the
frequency of a calculation by its consequence is not an estimate of risk. Because the predictions
reflect the outcome from different combinations of site-specific parameter values, the only
information that can be inferred defensibly from the distribution of SYVAC3-CC3 results is the
range of possible consequences. The shape of the results distribution provides limited
information, since it is controlled by the assumed structure of the simplified simulation models
and not by the statistical properties of stochastic variables.
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B.2.2 The approaches to simplifying the vault and the geosphere in SYVAC3-CC3 are not
shown to be appropriate.

The CC3 subroutines are simplifications of more detailed mechanistic or process models, which
are often derived from the results of applying data interpretation models to experimental
measurements and observations. For example, models of geologic structure are used to interpret
the data from different geophysical surveys. These structural models are integrated into a single-
site structural model that is analyzed using the finite element and particle tracking models MOTIF
and TRACK3D to identify contaminant transport pathways through the geosphere. These
pathways are simulated by GEONET, the geosphere submodel in the SYVAC3-CC3 package. No
information on the computer models used for data reduction and interpretation is provided in the
EIS, and there is no assessment of the reliability of those interpretations.

(i) The approach to simulating the vault using one-dimensional diffusion and mass transfer
coefficients has not been shown to be adequate or appropriate.

The assumptions that the vault can be represented as a planar source and hence that radionuclide
transport can be modelled using a one-dimensional transport model (Vault PRD, p. 162) is an
over-simplification that has not been shown to be appropriate or conservative. The concept as
illustrated in Figure 5-9 (Postclosure PRD) implies that contaminants must pass upwards through
the continuous layer of backfill across the vault (Postclosure PRD, p. 90). The Vault PRD
(Figure 6-3 p. 169) clearly shows that radionuclides would diffuse radially through the annular
buffer and into the surrounding rock pillar much faster than through the backfill. Once in the
rock, the contaminants are vulnerable to capture by advective flow if fractures are present. As
discussed in Deficiency C. 1.1, the impact of the simplification of one-dimensional diffusion
through a continuous layer of backfill is to delay and dilute the vault release to LD1.

The use of an empirical mass transfer coefficient (MTC) to predict the mass flux across interfaces
between vault barriers is also not shown to be appropriate. Discussion of the use of the MTC
approach to mass transport in and from the vault is presented in Deficiency C.I.4.

Considering the biases introduced into the predictions by the one-dimensional-transport-using-
MTCs approach to simulating the vault, it is questionable whether the vault model is appropriate
for estimating probable releases at any time, let alone up to 105 years (Postclosure PRD, p. 129).

(ii) The use of the equivalent porous medium method to simulate groundwater flow and
contaminant transport through sparsely fractured rock has not been shown to be adequate
or appropriate.

AECL acknowledges that "since there would be a wide variety of possible ways of representing
the conceptual model of a site mathematically, the rationale for that chosen would be documented
and justified" (Geosphere PRD, p. 21). With regard to evaluation of groundwater flow and
contaminant transport at the URL reference site, AECL does not justify the use of an equivalent
porous media model, and no other models are discussed or presented. In the Geosphere PRD
(p. 55), AECL states that the equivalent porous media approach "appears to be reasonable"
without justification. On page 93, AECL claims that the URL drawdown experiment
"demonstrated the applicability of using the porous media equivalent finite element modelling
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approach to describe the hydraulic properties of a fractured plutonic rock mass." However, the
shaft only penetrated moderately and highly fractured rock (upper 255 m), and did not test the
applicability of the approach to sparsely fractured rock. Furthermore, the experiment does not
address the ramifications of applying the equivalent porous media method to transport.

AECL has not offered justification for their approach of simulating their equivalent porous
medium model of the URL site with a network of flow segments in the GEONET submodel.
The representation of particle tracks through the uniform and homogeneous medium model using
interconnected one-dimensional flow segments is not shown to simulate the groundwater and
contaminant fluxes and velocities at the site adequately. Detailed discussion of GEONET is
presented in Deficiency C.2.3.

(Hi) Reliance on the long-term integrity of an unfractured waste exclusion zone has not been
shown to be realistic or conservative. The characteristics that a waste exclusion zone
would require to ensure its long-term integrity are not presented.

AECL's approach of limiting contaminant transport in the GEONET flow segments that cross the
waste exclusion zone to equivalent porous medium diffusion has not been shown to simulate
adequately mass flux and velocity through sparsely fractured rock. AECL has not demonstrated
that rock suitable for a waste exclusion zone exists and can be found. The problems of locating
and characterizing a waste exclusion zone are discussed in Deficiency A.3.1.

As discussed in Deficiency B.I.I, the assumption that short-term transients will not affect long-
term safety presumes that disposal operations and the resulting transient conditions do not degrade
the waste exclusion zone. The waste exclusion zone will be subjected to stresses from the
coupled effects of excavation blasting, thermal loading from ventilation and waste emplacement,
groundwater and rock-mass expansion, and seal resaturation and swelling. A detailed discussion
of coupled effects is presented in Deficiency C.4. Since the coupled effects of these transients
are not evaluated, the assumption of longevity of the waste exclusion zone as a barrier has not
been justified (Postclosure PRD, p. 130). The rock properties and in situ conditions needed to
ensure the long-term integrity of the exclusion zone should be specified as a siting constraint.
This was not done, and it is not clear that the modelling is capable of deriving such constraints.

B.2.3 The use of parameter "switches" to define traits of the critical group in the
biosphere submodel is not shown to be appropriate.

Several mutually exclusive scenarios are evaluated together through the use of "switch"
parameters that define some living habits of the critical group and characteristics of the biosphere
(EIS, p. 294). There are 4 switch parameters that are used to randomly select any one of 32
mutually exclusive scenarios (Postclosure PRD, Figure 4-3). The use of "switches" as a method
of accounting for "individuality" in critical group behaviour (Biosphere PRD, p. 18) has not been
shown to be appropriate. In particular, the use of a "switch" in SYVAC3-CC3 to treat the
drinking water source (i.e., lake or well) as a probabilistic parameter is questionable.

The human critical group has been defined as individuals belonging to a group of people
receiving the greatest exposure because of its location and lifestyle (Biosphere PRD, p. ii and
p. 17). Under this definition, if using a well results in greater exposure rates than using lake
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water, as it has been estimated to do (Biosphere PRD, p. 321), then the use of a well should be
the basis of the definition of critical group habits and characteristics, and should be the basis for
the dose estimates. Similar concern exists in the use of other "switches" for simulating other
critical group traits (e.g., source of irrigation water, building material type, soil type). Such traits
should be set at the defined state resulting in the greatest consequence. In summary, exposure
conditions related to the critical group's living habits and traits should not be treated as a variable
or probabilistically.

B.2.4 SYVAC3-CC3 is unnecessarily complex and the documentation of its development
and use is incomplete, precluding an effective review.

There are inconsistencies in the level of detail and complexity in the CC3 simulation models.
Consider the treatment of the mass transport mechanisms of molecular diffusion, retardation and
advection:

(i) In the vault model, the buffer and backfill diffusion coefficients for each element are
sampled from distributions (Vault PRD, Tables 3-2 and 3-4). In the geosphere model, a
single rock mass diffusion coefficient for all elements is calculated from a sampled value
of the free water diffusion coefficient and a sampled value of the flow segment tortuosity
(Geosphere PRD, p. 387). The biosphere submodel does not consider molecular diffusion
an important transport mechanism (Biosphere PRD, p. 112).

(ii) In the vault model, groundwater advection is assumed to not occur in the buffer but is
allowed in the backfill. Although Daicy velocities are calculated for the backfill using the
specific discharges of the adjacent flow segments in GEONET (Geosphere PRD, p. 220),
it is not clear in the calculation of the Mass Transfer Coefficients for the vault if advection
in the backfill is actually considered (Deficiency C.I.4). In the geosphere model, MOTIF
modelling results are used to define the linear groundwater velocities in each flow segment
if there is no well in fracture zone LD1. When a well is present, the geosphere model
uses several empirical equations to modify the heads calculated by MOTIF for the no-well
case, and revised linear groundwater velocities are calculated based on those heads and
other parameters supplied by MOTIF (Geosphere PRD, p. 205). In the biosphere,
convective mass transport through the soil is simulated using 136 4-significant-figure
regression coefficients to reproduce the results of detailed calculations performed outside
SYVAC (Biosphere PRD, Tables 6-2 - 6-5).

(iii) In the vault model, contaminant retardation in the buffer and backfill is incorporated in the
capacity factor for each element, which is sampled from distributions (Vault PRD, Tables
3-3 and 3-5). In the geosphere model, a distribution coefficient for each element and each
mineral type is calculated from a fitted equation using 10 coefficients that include 2
random numbers (Geosphere PRD, Appendix B). In the biosphere's soil submodel, the
soil partition coefficient (distribution coefficient or Kd) is sampled from a distribution for
each element and soil type, and then used as one of the independent parameters in the
regression equation simulating contaminant transport (Biosphere PRD, Table 6-8).

The simulation of mass transport mechanisms in the geosphere and biosphere is more complex
than in the vault. It is not clear whether the conceptual models underlying the derivation of the
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diffusion coefficients and retardation factors as implemented in the geosphere submodel are
appropriate and justified. Nor is the use of the regression model as the biosphere's soil submodel
shown to be appropriate.

A further example of unnecessary complexity is the calculation of drinking water requirements in
the biosphere submodel (Biosphere PRD, Equation 8.44). This calculation requires 28 constant
parameters and five sampled parameters to evaluate a number that likely does not vary by more
than a factor of two. No effort is presented to demonstrate that the reduction in uncertainty in
water intake that is gained by maintaining consistency of water and food intake with a fixed
energy requirement is worth this level of detail.

The documentation of the development of SYVAC3 and the CC3 simulation package is still
incomplete. Much of the software specification was not documented when the EIS was published
in 1994. Software quality assurance has not been applied uniformly over the development of
SYVAC. Furthermore, the development of the subroutines comprising the CC3 simulation
package that are used by SYVAC3 is even less well documented. Software quality assurance
documents such as design specifications, users manuals and testing plans and results were not
published before the results of the models' use in the EIS. More detailed comments on software
quality assurance are provided in Deficiency C.8.

The coding of SYVAC3-CC3 has become unnecessarily complex and unwieldy, and as a result
auditing the calculations is onerous. Significant effort is spent in SYVAC on the capability to
read a user-defined format for the input files, but this employs pattern matching and so the input
files are still highly structured. In addition, a significant number of input parameters are devoted
to defining the magnitude of the problem (e.g., number of radionuclides, maximum decay chain
length, etc.) to fix the size of common blocks and arrays that are required for the problem. For
example, of the 277 input parameters that are assigned values inside INCLUDE files (instead of
in the INPUT files), 258 participate in defining the magnitude of the problem. Four of the
remaining 19 parameters are not explained.

B.3 DEFICIENCIES IN THE RESULTS OF THE POSTCLOSURE ASSESSMENT AND
THEIR INTERPRETATION

The predicted radiological impacts are the result of the discharge to the biosphere of the leading
edge of the contaminant plume in the geosphere. Anything that affects the "breakthrough time"
of the plume will have an apparent affect on the maximum impact at a fixed time (such as at
100,000 years). Because of the simplifications in the systems model, the postclosure assessment
is biased toward delaying the contaminant plume to result in low consequences, and does not
represent the potential performance of a real system. Hence, the interpretation of the postclosure
assessment presents a misleading view of what would control the safety of a real disposal system.
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B.3.1 The predicted impacts are specific to the assumptions and limitations adopted in the
model, and cannot be generalized to demonstrate the safety of the concept. The
uncertainty in the predictions is not evaluated for comparison to the AECB risk
limit.

The predicted consequences are due almost entirely to the single isotope 129I. The observation is
made in Section 7.2.1 (Postclosure PRD, p. 251) that the six other radionuclides with instant
release fractions do not contribute to the dose. The highly skewed distribution of estimated I29I
discharges to the biosphere (Postclosure PRD Figure 6-16) and estimated annual dose (Postclosure
PRD, Figure 6-17) are due to the assumptions and limitations of the vault and geosphere
submodels in SYVAC. It has not been shown that the simulations of the reference case are
representative of a real disposal vault at any site on the Shield, to permit general conclusions
about the safety of the concept to be drawn.

The low release rates from the used fuel (Postclosure PRD, p. 251) are controlled by the assumed
chemical environment (governing fuel dissolution) and assumed transport parameters in the vault
and geosphere. It is not clear whether, under such assumptions, 1000 Monte Carlo runs are
sufficient to define the distribution of 129I discharges to the biosphere (Postclosure PRD
Figure 6-16).

The one-dimensional forcing of contaminants into the backfill, the assumption of the existence of
the waste exclusion zone and the combining of 32 mutually exclusive scenarios result in the
prediction of a disproportionate number of low-consequence exposure scenarios, which
overwhelm the impact of the few high-consequence scenarios predicted. Figure 6-23 (Postclosure
PRD, p. 227) illustrates how combining the results of two mutually exclusive scenarios serves to
reduce the average consequences by reducing the frequency of high-consequence calculations. It
is not clear whether, with such practices, 40 000 Monte Carlo runs are sufficient to define the
distribution of high-valued annual dose estimates adequately (Postclosure PRD, Figure 6-17).

The model predictions are 6 to 7 orders of magnitude below the risk limit at 10,000 years
(Postclosure PRD, p. xviii). The variance of the predictions is not presented, even though several
of the input parameters range over several orders of magnitude. There is no discussion of the
uncertainty in the calculations (Postclosure PRD, p. 259), of the reliability of the calculations or
of the variance in the results, with which to compare the magnitude of the impacts. Presentation
of the 95% confidence interval on the mean (Postclosure PRD, p. 195 and Figure 6-18) does not
present sufficient information on the variation in the data. Rather, the prediction interval based
on the standard deviation of the estimate of the dose at each time should be presented, to indicate
the magnitude of the data scatter about the mean. It is not clear if the 6 to 7 orders of magnitude
between the predictions and the risk limit is adequate considering the possible large variation in
predicted results and when, contrary to what is stated in Section 1.3.5 (Postclosure PRD, p. 13),
the postclosure assessment appears to be neither conservative nor realistic.

B.3.2 The maximum long-term impacts are not estimated in the performance assessment.

The predicted radiological impacts increase monotonically until the time cutoff at 100,000 years.
The mean dose is estimated to increase by a factor of 100,000 (10'n to 10'6 Sv/a) as time changes
by a factor of 10 (from 10,000 to 100,000 years), and it is still increasing with time at 100,000
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years (Postclosure PRD, Figure 6-18). Also, since LD1 is sloping, at longer times there should
be greater interception of the contaminant plume as it diffuses from the vault through the waste
exclusion zone. As a result, one would expect a continuously increasing dose-time curve. These
expectations are contrary to what is presented in Figure 6-10 (Postclosure PRD, p. 174).

Since the predicted impacts are still rapidly increasing at 10,000 years, R-104 requires that
reasoned arguments be presented that the rate of discharge to the environment will not suddenly
and dramatically increase and that an acute radiological risk will not occur (AECB, 1987a). One
method of accomplishing this is to evaluate a bounding value of the maximum dose. However,
the magnitude of the "global maximum" for I29I referred to in Section 6.5.2 (Postclosure PRD, p.
200) is not given. Also, the maximum doses from the other radionuclides in the nuclear fuel
waste are not estimated.

The long-term impact of 129I is limited by the maximum possible body burden of iodine
(Postclosure PRD, p. 250). This argument does not apply to the other contaminants that do not
have a maximum body burden, such as chloride, so the basis for the conclusion that radiation
doses from 36C1 would be comparable to those from 129I is not clear (Postclosure PRD, p. 267).
The cited Figure D-34 shows an increasingly rapid release rate of 129I at 105 years. The
maximum release rate and maximum dose that SYVAC would calculate for all the contaminants
is not presented. Since the maximum release rate for 129I is not presented, the maximum impact
of 36C1 based on its similar behaviour to 129I is not presented either, and the arguments presented
to bound the maximum impacts are not applicable.

The discussion of the relative change in inventory due to decay (Postclosure PRD, p. 250) is
insufficient without also including the initial inventory of the contaminants. Furthermore, since in
the base case only 5/1,000,000 of the 129I inventory enters the biosphere by 105 years (Postclosure
PRD, p. 158), statements that the inventories of other radionuclides will decrease by a factor of
more than 1,000,000 seem inadequate justification for conclusions that they will result in
negligible impacts.

B.3.3 The parameters which control the predictions of radiological impact include
empirical unmeasurable parameters.

Of the 12 "important" parameters in the median-value simulation identified in Table 6-2
(Postclosure PRD, p. 167) and in Table 6-3 (Postclosure PRD, p. 169), 9 relate to the source term
and transport of 129I and 14C, one is a derived characteristic (tortuosity) of the assumed waste
exclusion zone, and the other two are unmeasurable empirical scaling or correlation factors. The
8 important parameters in the probabilistic simulations identified in Section 6.5.5.2 (Postclosure
PRD, Table 6-13 and p. 216) include the derived characteristic of the assumed waste exclusion
zone (tortuosity), the two empirical scaling or correlation parameters identified in the median-
value simulation and a switch controlling the occurrence of mutually exclusive exposure
scenarios.

The tortuosity of the waste exclusion zone is inferred from measurements of transport properties
of solid rock. This derived parameter is then applied to the equivalent porous medium model for
the sparsely fractured waste exclusion zone. The resulting mass transport properties are used to
derive one-dimensional segments across the exclusion zone into which all the contaminants from
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each of the vault sectors are channelled. The tortuosity inferred empirically from measurements
has not been shown to be appropriate to simulate mass fluxes and velocities in the 1-D segments
that have been derived from an equivalent porous medium model.

The two important empirical parameters are the buffer anion correlation parameter and the
groundwater velocity scaling factor. As discussed in Deficiency C. 1.1, the buffer anion
correlation parameter is not explained clearly and its derivation and evaluation are not presented
(Postclosure PRD, p. 127). The function and use of the groundwater velocity scaling factor
(Postclosure PRD, p. 102) is not supported. Derivation of this empirical factor is neither
presented nor justified. The two orders of magnitude range in the value of the scaling factor is
insufficient to represent the variations in permeability, porosity and hydraulic gradient within the
geosphere. The reliance of the predictions of system performance on empirical and immeasurable
parameters is deemed to be inappropriate.

B.3.4 The analyses of barrier effectiveness are inaccurate and misleading. The relative
importance of the barriers is specific to the models used and assumptions adopted,
and as a result the interpretations are not generally applicable.

(i) The performance measure for barrier effectiveness appears to be inappropriate.

In the evaluation of the effectiveness of each barrier (Postclosure PRD, p. 180) no explicit
accounting is made for the retention time within the barrier. Since the predicted dose
consequences are related to the contaminant release rate rather than to the cumulative mass
released, using the total (integrated over time) discharged mass divided by the unit mass entering
(Postclosure PRD, p. 522) does not seem to be an adequate measure of barrier effectiveness.

(ii) The estimated effectiveness of the barriers is inconsistent with the assumptions of the
modelling.

One would expect that the first barriers (container, buffer, backfill) would be more effective at
reducing releases of short-lived, highly-retarded radionuclides such as 90Sr than the later barriers
(rock mass). However, this is not what is shown in Figure 6-13 (Postclosure PRD, p. 184). The
smaller size of the boxes representing attenuation and delay in the container, buffer, and backfill
implies a substantial proportion of the 90Sr leaves the vault. The much larger box representing
the waste exclusion zone indicates that most of the 90Sr is retained there.

Since the I29I instant release fraction (IRF) in the median value case is assumed to be 8.1%, the
waste form "barrier" performance measure for I29I should rise to 0.081 at the time of container
failure, and then slowly increase as the fuel matrix dissolves. No explanation is offered why the
curve estimated for the waste form effectiveness never approaches the assumed 8.1% IRF
(Postclosure PRD, Figure 6-12).

In addition, since the container is assumed to disappear upon perforation, it should have no
effectiveness as a barrier and its performance measure should be unity. However, Figure 6-12
(Postclosure PRD, p. 181) shows it to be less than unity for I29I at early times.
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(Hi) Evaluation of the net effectiveness of the barriers is inaccurate.

The barriers are not independent of each other, as stated in Section 6.4 (Postclosure PRD,
p. 182). The discharge boundary condition for each barrier is controlled by the transport
properties of the subsequent barrier, so the effectiveness of any barrier is determined by the rate
of contaminant removal by the subsequent barrier(s). Because unit loading is used in evaluating
the barriers' effectiveness (Postclosure PRD, p. 522), the calculated fraction released from each
barrier can be considered a response function. However, it has not been shown that multiplying
the fraction released from each barrier to get the net fraction released is an over-estimate of the
system response function, as claimed in Section 6.4 (Postclosure PRD, p. 182). As illustrated
below, multiplying response functions of adjacent barriers does not give the overall response
function of the system.

The total I29I discharge to the biosphere in 100,000 years as indicated in Figure 6-5 (Postclosure
PRD, p. 159) and Figure D-23 (Postclosure PRD, p. 444) is 5 x 10"6 of the inventory. However,
all of this discharge is from the IRF in Sectors 10, 11 and 12 (whose barriers will have identical
effectiveness as those of Sector 11 because of their identical orientation), which contain 0.0056 of
the total vault inventory. So, the net fraction of 129I released by all the barriers is 5 x 10'6 *
0.0056 = 0.0009, which is three times the estimate of net fraction released in Section 6.4
(Postclosure PRD, p. 182 and Table 6-5). Furthermore, from Figure D-23 (Postclosure PRD, p.
444), the discharge from the lower rock zone divided by the input to the zone (waste exclusion
zone) is 6.5 x 10'\ which is somewhat larger than the value of 5 x 10'4 presented in Table 6-5
(Postclosure PRD, p. 183). It is not true that multiplying the fraction released by each barrier (as
is done in Table 6-5) "greatly overestimates the actual release from a sequential combination of
barriers" (Postclosure PRD, p. 182). It appears that the evaluation of barrier effectiveness is
flawed, and Table 6-5 and Figures 6-13 and 6-14 in the Postclosure PRD misrepresent the real
performance of the barriers.

B.4 DEFICIENCIES IN THE CONCLUSIONS DRAWN AND THEIR SUPPORT

The evaluation of the tools used in the postclosure assessment is incomplete and the resulting
conclusions are not justified.

B.4.1 The description of the operation of the SYVAC3-CC3 systems model is inadequate
for review.

In describing the operation of the systems model (such as in Postclosure PRD, p. xvi), it would
be helpful to present how many parameters are used in the calculations (7000, from p. 128 of the
Postclosure PRD), and how few of them have any effect on the results (10 - 12, from Tables 6-2,
6-3 and 6-13 of the Postclosure PRD). It should also be recognized that the results calculated
and the conclusions drawn from them are specific for the models assumed in the analyses.
Different models for, say, the vault or geosphere, would give entirely different results.

In the description of the data used in the modelling in the Postclosure PRD (p. 126), it is not
clear how correlations are handled mathematically in SYVAC. In addition, it should be
recognized that selecting the attributes of an input pdf to bias the results to overestimate the
impact (Postclosure PRD, p. 128) is possible only if the response spectrum of the model to that
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parameter is known. This has only been investigated in a limited sense (in the sensitivity
analyses), and there is no indication that the sensitivities have been used to define the input pdfs
or to determine which processes and mechanisms to include.

B.4.2 The sensitivity analysis of the postclosure predictive models is misleading and of
questionable value.

The sensitivity analyses are performed on the simplified submodels that comprise the systems
model SYVAC3-CC3-ML3. The presentation of the derivation and abstraction of these simplified
models does not show that the systems model accurately retains the sensitivities of the underlying
detailed mechanistic models. The parameter sensitivities in the systems model, then, do not
necessarily reflect the mechanistic relationships or correlations amongst processes and parameters
that the detailed models attempt to simulate.

Section 5.9.2 (Postclosure PRD, p. 133) describes screening calculations to identify important
contaminants for the postclosure assessment. Section 6.3.3.2 (Postclosure PRD, p. 165) and
Section 6.3.3.3 (Postclosure PRD, p. 168) describe screening studies of the sensitivity of the
median-value SYVAC simulation, and Section 6.5.5.2 (Postclosure PRD, p. 216) describes the
screening study of the sensitivity of the "probabilistic" results of SYVAC. It is not clear if the
screening studies used to examine the effect of variations in parameter values in SYVAC employ
the same screening model described in Section 5.9.2 (Postclosure PRD, p. 133), or whether they
use the full systems model. It is also not clear whether the screening methods will adequately
examine calculated parameters that can be measured experimentally, such as apparent diffusion
coefficient. Measurements of the apparent diffusion coefficient are used to infer values for
retardation and tortuosity that are then entered as independent parameters in SYVAC.
Independently sampled values of these parameters are then used to replace the apparent diffusion
coefficient in the calculations. The direct use of experimentally measured parameters instead of
parameters inferred from them would have provided a more meaningful and verifiable analysis.

All of the sensitivity studies and the constraints derived from them (Postclosure PRD, p. xx and
p. 193) are based on the SYVAC systems model of the reference case. None of the sensitivities
or derived constraints that are examined consider the impact of failure of any of the barriers, with
the exception of the container (such as cracking the waste exclusion zone or bypassing the
backfill). The results of the sensitivity studies are not discussed adequately. For example:

(i) It is not clear why the groundwater scaling factor should be an important parameter
(Postclosure PRD, p. 222 and p. 224), since contaminant transport through the waste
exclusion zone is dominated by diffusion due to the assumption of low permeability
sparsely fractured rock (the median value Peclet number (Pe) of 0.1 ensures that the plus
or minus one order of magnitude variation of the groundwater scaling factor never results
in a Pe exceeding five, which would indicate advective flow);

(ii) The reason for an increasing dose with an increasing inventory (Postclosure PRD, p. 176)
is not clear, unless the vault dimension paralleling LD1 increases so that there is a larger
contaminant plume which the fracture zone intercepts, or unless the density with which the
used fuel is emplaced increases so that the contaminant plume becomes more intense (the
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initial concentration inside the canisters, which supplies the gradient that drives diffusion,
does not depend on the number of canisters present in the repository);

(iii) The effect of backfill thickness on the ADE (Postclosure PRD, p. 176) is present only
because the contaminants are forced into the backfill by virtue of the one-dimensional
model, which is not conservative; and

(iv) It is not explained why the maximum doses from I29I at 10, 000 years and 100,000 years
for a 1 m waste exclusion zone are the same, and almost identical when the waste
exclusion zone is 3 m thick (Postclosure PRD, Figure 6-9 and 6-10).

The three design constraints that are identified (keep waste below fracture zone, enlarge waste
exclusion zone and increase container lifetime: Postclosure PRD, p. xxi) all reduce the dose at 105

years by less than one order of magnitude, which is much less than the uncertainty in the
predictions.

B.4.3 The EIS does not demonstrate that the evaluation tools used in the postclosure
assessment are appropriate for siting a disposal facility, as they do not appear to
allow for defensible and timely decisions on the adequacy of a site.

In Section 6.3.3.6 (Postclosure PRD, p. 177), it is stated that sensitivity studies are expected to be
an important tool in developing a disposal facility. Model sensitivity studies can be used for
directing further work and for deriving design constraints only if the models being used are
shown to produce accurate predictions, to be conservative or to be otherwise appropriate for
making the predictions. None of these conditions have been met for the models used in the
performance assessment presented in the EIS.

AECL contends that the postclosure assessment demonstrates the tools and approach to be used to
evaluate a site at the pre-excavation stage. As discussed under Deficiency A.5.4, the EIS is based
on 10-year-old data. Data collected at the URL site and for the WRA after 1984 are not
considered in the analyses. Thus, the analyses do not demonstrate a timely decision on the
adequacy of a site.

In addition, contrary to the statements in Section 1.3.5 (Postclosure PRD, p. 13), AECL has not
demonstrated that new information can be readily incorporated into the assessment. The
observation of high in situ stresses and high hydraulic heads at the URL have not and cannot be
incorporated easily. This is due, in part, to the over-simplification of the systems model. For
example, the geological structural model is based on site investigations performed on a scale
much smaller than the scale of the model, and there is no indication what parts of the model are
based on knowledge and what parts are conjecture. The systems model cannot be easily modified
to account for anything other than variations in the conditions, processes and mechanisms
assumed in the submodels.



39

C DEFICIENCIES IN THE ASSESSMENT OF SAFETY: POSTCLOSURE

C.I DEFICIENCIES RELATED TO ENGINEERED BARRIERS AND THE VAULT
MODEL

The computer simulations of the engineered barriers and the vault performance are
unconservatively biased by underestimates of the contaminant source term, by unjustifiably
optimistic predictions of the container lifetimes, by simplified representations of the engineered
barriers, by the inappropriate use of Mass Transfer Coefficients, and by a conceptual model of the
vault that underestimates the release rate from the buffer and forces the contaminants into the
backfill where they are held.

C.I.I The structure of the Vault Submodel results in artificial retention and delay of the
contaminants.

(i) The implementation of the simplified 1-D transport model representing a series of planar
layers results in underestimation of the vault release rates.

As discussed in Deficiency B.2.2, assuming a planar waste form requires an unrealistic
manipulation of the source term to account for the different release mechanisms from the used
fuel and for the spatial and temporal distribution of the containers' lifetime. The mathematical
derivation based on the planar waste form does not demonstrate clearly that the source term
adequately represents the reference design of the vault.

The comparison between the spherical and planar waste forms (Vault PRD pp. 167-168) is not
convincing. In the reference cited, derivation of the mass flux from each waste form is based on
a constant solubility-limited source concentration. The comparison has not been shown to be
appropriate for the instant release source term that dominates the predicted ADEs in the
postclosure assessment (i.e., not a constant concentration source). Furthermore, in the Vault
PRD, the boundary concentration is taken to be a bulk concentration instead of the aqueous
solubility that is assumed in the reference. The ratio of mass released from the two waste forms
(Vault PRD, Equation 6-3) is initially unity and increases unbounded with time, indicating that
the planar waste form increasingly underestimates the releases from a spherical waste form.
However, AECL assumes that "for times > 6.6 x 103 years, representing a waste form as a planar
source rather than a sphere should give a more accurate representation of the release because of
the interaction between containers" (Vault PRD, p. 168). This assumption has not been shown to
be appropriate, and while it appears reasonable, there is no attempt to demonstrate that the mass
flux from a planar source adequately represents the flux from an array of interacting spherical
sources. The conclusion, then, that "the use of a one-dimensional transport model representing a
series of plane layers should be a good approximation (the ratio Ms/Mp < 4) over the entire time
scale" is not supported adequately.

The total volume of buffer material that contaminants are assumed to go through in the 1-D
model (7.9 x 105 m3) is much larger than the annular volume of buffer material around the
canisters for the whole reference vault (2.1 x 105m3) or the mass of buffer overlying the
containers (2.4 x 105m3). The one-dimensional "simplification", then, provides two to four times
the retention capacity in the buffer than the reference design of the vault. In addition, although
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cracked buffer has been shown to re-seal to its original permeability (Vault PRD, p. 27), it is not
clear if the sealed crack would remain a preferential pathway for diffusion or even advection.

Furthermore, although there is an input "switch" in the vault model to allow the contaminant
migration pathway to bypass the backfill, in the case study BACKSWT is always positive and
hence all nuclide releases from the buffer are forced into the backfill (Vault PRD p. 170). The
backfill is an important barrier due to its high porosity and sorption capacity, and the effects on
contaminant transport of cracks in the backfill are not assessed, neither theoretically nor
experimentally.

(ii) The excavation-damaged zone (EDZ) is not considered in vault release model.

A disturbed rock zone around the excavated opening could provide a route by which nuclides
could bypass (by advection or diffusion) the backfill. The excavation damage zone (EDZ) is not
included in the vault model (Vault PRD, p. 173) because the studies of Chan and Stanchell (1990)
showed it had "no deleterious effect on convective contaminant transport from the vault."
However, those studies assumed that an unfractured waste exclusion zone (WEZ) envelopes the
EDZ and that all shafts are located at topographic highs where the groundwater flow is downward
(Deficiency C.2.5). They used finite element and particle tracking models whose reliability is
questioned (Deficiency C.2) and their conclusions were based on the particle transit time from the
vault to the surface, not on relative fluxes or velocities through the EDZ or on some other more
appropriate performance measure.

Exclusion of the EDZ from the vault model cannot be supported if it is hydraulically connected
with fractures in the WEZ. Even if the conclusion of Chan and Stanchell (1990) is valid, it
applies only to convective transport. The effects of the EDZ on diffusion in the vault have not
been evaluated in the EIS. Independent analysis by AECB staff indicate that an EDZ with a
higher diffusion coefficient than the backfill constitutes a preferential diffusion pathway,
bypassing the backfill, even if the EDZ is not connected hydraulically to any fracture zone.

There seems to be no consideration of enhancement of the EDZ by the expected 10 MPa swelling
pressure of the Highly Compacted Bentonite gasket, in the tunnel plugs (Barriers PRD, p. 215) or
in other drift and shaft seals. It is not clear whether the tools and capabilities exist to predict the
effects of the swelling pressure of the tunnel plugs and gaskets and of the thermal effects from
the emplaced waste on the EDZ or on fracture zones (Barriers PRD, p. 229). It needs to be
shown that the design of these seals will function as desired, and not make matters worse by
fracturing the weak zones already existing in the rock.

(Hi) The simplified models of the barriers and their characteristics are not shown to be
appropriate. Optimistic assumptions about the long-term integrity of the barriers in the
absence of performance criteria, inappropriate application of the container failure
function and precipitation phenomena, and unsupported assumptions about what transport
mechanisms are unimportant all contribute to over-estimation of the effectiveness of the
engineered barriers.

As discussed in Deficiency A.6.5, the conclusion that clays form effective barriers for tens of
thousands of years based on the natural (and one anthropogenic) analogues cited for clay seals
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(Vault PRD, p. 33) is not shown to be appropriate. This is because all the analogues cited are
massive formations, whereas the buffer is a thin, 25 cm layer.

Applying the container failure function to the contaminants released from the waste matrix prior
to their transport through the buffer is inappropriate (Postclosure PRD, p. 90). Each container
should have roughly the same aqueous concentration of long-lived radionuclides from the instant
release inventory once it fails. The rate of diffusion through the buffer will be controlled by the
concentration of the contaminants inside the container. Hence, the mass release rate from the
buffer surrounding each container as a function of time after failure should be about the same.
The rate of mass release from the buffer barrier, then, would be the rate of mass release from the
buffer around one container convoluted with the container failure function. Applying the
container failure function to the releases from the waste matrix instead of from the buffer
effectively dilutes the instant release inventory in one container into the void volume of all the
containers. A presentation of the contaminant concentration at the lower boundary of the buffer
as a function of time would make it easier to assess the calculations of the vault model.

It is not clear why contaminant precipitation is assumed to occur in the buffer and not in the
container where the concentrations should be highest (Postclosure PRD, p. 127 and p. 179). In
addition, it is not clear why solubility limits are correlated between contaminants, instead of being
simulated mechanistically from chemical parameters, as is the sorption for each contaminant
(Postclosure PRD, p. 127).

The buffer anion correlation parameter is not explained clearly (Postclosure PRD, p. 127). Its
derivation and evaluation are not presented. Also, since there appears to be some discrepancy
between sub-models in the mathematical handling of diffusion (Deficiency B.2.4), it is not clear
if this anion correlation parameter applies to sampled or constant parameters. Since this is one of
the most important parameters in the postclosure performance assessment, it needs to be better
explained.

The conclusion that thermal osmosis is insignificant compared to hydraulic conduction in
compacted clays (Barriers PRD, p. 198) requires justification, especially since the hydraulic
conductivity of the compacted clay is so low.

Table 8 (Vault PRD, p. 260) implies that both diffusion and convection are equally important to
mass transport in the backfill. Since the geosphere model predicts that there is ho convection in
the WEZ (Postclosure PRD, p. 433), convective transport in the backfill should be insignificant.

Performance criteria for the vault seals, in particular strength, interfacial adhesion and the time
period of concern, are not stated clearly. Analyses of the sensitivity of radionuclide migration to
deterioration of the integrity of the seals and eventual seal failure are not presented (Barriers
PRD, p. 194). In addition, extending the range of parameter values to include possible changes
that may occur does not examine the evolution of the site or the seals. This approach, which
only allows the assessment of different steady-states and not the transient conditions between
steady-states, has not been shown to be appropriate for a risk analysis.
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C.1.2 The source term for the Vault Submodel is not conservative, and errors and
inconsistencies in its derivation may result in under-estimation of the contaminant
release rates from the used fuel.

(i) The fuel dissolution model assumes geochemical conditions that are not conservative.

The fuel dissolution model does not adequately address the possibility of oxidative dissolution of
the fuel from either naturally occurring oxidants in the groundwater or from anthropogenic
oxidants introduced during the construction phase and operational lifetime of the repository. The
assumed range of redox conditions results in uranium solubilities several orders of magnitude
lower than those observed at the URL. Disturbances to the in situ hydrogeochemical environment
due to the construction and operation of the repository are discussed in Section C.3.

(ii) The presentation of the inventory that comprises the Instant Release Fraction (IRF) is
incomplete and inconsistent.

Fourteen radionuclides are identified as having a significant Instant Release Fraction (IRF)
comprising their gap and grain boundary inventories (Vault PRD, p. 128). There are some
inconsistencies in the reporting of the IRF elsewhere for some of these, and the IRF of most of
these isotopes are not included in Table E-l (Vault PRD), which lists the vault model inputs.
There are, in all, eight isotopes with an IRF that are not included in Figure 5-7 (Vault PRD,
p. 129), and 126Sn is incorrectly identified as 125Sn. An IRF for 107Pd is identified only in Figure
5-7 and for 87Rb only in Table 5-2, but they are not discussed in the text. I37Cs is identified in
the text as having an IRF, and is discussed briefly later in Section 5.5.1.2, but it is not included
in Figure 5-7 or in Tables 5-2, 5-3 or Table E-l as one of the isotopes included in the vault
model, nor in the Postclosure PRD (p. 89). Because 137Cs has about the same half-life as 90Sr and
the same chemical interaction as 135Cs, it should not be excluded on the basis of half-life or
retardation.

6% of the total inventory of "Tc in the fuel is present in the instant release fraction (IRF).
The teaching of Tc in the IRF will not depend on the dissolution of UO2 but will depend on the
redox conditions of the groundwater. The EIS assumes that conditions in the vault are sufficiently
reducing to precipitate "Tc in the buffer. Considering the uncertainty in the redox conditions in
the vault following closure and the high solubility of Tc under oxidizing conditions, the EIS
should have calculated an ADE for "Tc assuming that it is dissolved and transported under
oxidizing conditions, and thus not precipitated in the buffer and backfill.

(Hi) The derivation of the instant release source term is not supported adequately, and there
are inconsistencies and errors in the equations presented in the PRD and the references
cited.

The instant release source term is defined as the rate of mass release to the buffer per unit area of
container surface times the total instant release inventory of the vault (Vault PRD, Equation 5.3,
page 135). The governing equation and boundary condition equations are presented (Vault PRD,
Equations 5.4 and 5.5, page 135), but the solution to the equations is not presented here. Rather,
the solution to the equations is referenced to Garisto and LeNeveu (1989), and in Section 6.5
(page 183), the solution is referenced to Garisto and LeNeveu (1991).
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There appear to be errors in the derivation of the instant release source term and there are
inconsistencies in how it is presented in the Vault PRD and the two references cited:

(i) the contaminant flux is multiplied by the inventory instead of the container surface area;

(ii) the solution in Garisto and LeNeveu (1989) (Equations 4.38 and 4.39) does not include
the instant release inventory (as it is assumed unity) while the solution in Garisto and
LeNeveu (1991) (Equations 5.5 and 5.6) does include it;

(iii) the boundary condition of the source term uses a unit inventory which is multiplied by the
total vault inventory rather than by a container inventory (Vault PRD, p. 137);

(iv) using the volume to surface area ratio of the containers in the boundary condition requires
that the unit inventory is divided by the container surface area (Vault PRD, Equation 5.5),
but it is not; and

(v) the radioactive decay term that is in the governing equation and boundary condition is
missing from the solutions cited in the two references.

In the discussion of the median-value simulation in the Vault PRD (p. 208), a different solution is
presented, and another reference is cited for one parameter in that solution (as is usual with the
referencing, there is no indication of exactly where in the reference the cited information can be
found). That discussion attempts to explain the use of the total vault inventory in the derivation
of the instant release source term. The solution includes the total number of containers in the
vault, with the inherent assumption that they all fail at once and that the container failure function
can be applied later to pro-rate the release rate. This approach is not shown to be justified for the
instant release source term as discussed in Deficiency C.I.I (iii).

C.I.3 The analysis of the lifetime distribution of the preferred disposal container is not
convincing. Optimistic evaluation of the state of knowledge of titanium corrosion,
insufficient data on the physical properties of the glass bead infilling, inadequate
modelling capability of the disposal container behaviour and limited testing and
assessment of the container significantly limit the confidence in the ability of the
container to meet the 500 year minimum lifetime specification.

(i) The limited testing and assessment of the prototype containers is inadequate to justify the
assumed structural integrity of the containers for the specified 500 years minimum lifetime,
especially since there are no engineering standards that are applicable to such a long
design life.

The focus of the AECL container design program has been to develop a waste container with a
minimum lifetime of 500 years. Although this specification is rationalized as being based on the
initial rapid decrease in radioactivity in the spent fuel (Barriers PRD, pp. 50-51), derivation of the
500 year target is neither presented nor referenced. A minimum 500 year lifetime will provide
containment for the short-lived fission products, but it will not provide containment for the
longer-lived fission products, activation products and actinides that the postclosure assessment
indicates are the major long-term contributors to human dose: 129I, 36C1, 14C and "Tc (Postclosure
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PRD). The results and implications of not being able to comply with the 500-year minimum
lifetime specification have not been evaluated.

There are no engineering standards that can be applied to the design, testing and evaluation of a
container with a design life of several centuries. Engineering standards have been developed
from long experience and extensive knowledge of gross material properties and behaviour.
Variations in material properties and behaviour and in imposed conditions of use are accounted
for by over-design and the use of factors of safety. However, experience with metal fabrications
shows that significant early failures can occur in well-understood systems, even when acceptable
standards are applied. In the absence of standards that have been proven through extensive use
and analysis of failures, claims of compliance with an engineering specification such as minimum
container lifetime cannot be justified. The best that can be expected, then, is the use of a detailed
understanding of fundamental processes and mechanisms leading to failure and conservative
estimation of disposal conditions to predict container lifetimes without the validation that is
inherent in engineering standards.

The AECL reference container designed to meet the minimum lifetime is 6.35 mm thick ASTM
Grade-2 titanium. Prototypes of the various titanium container designs have undergone
hydrostatic testing and their performance analyzed using computer simulations. In the opinion of
AECB staff, AECL's claim of generally good agreement between predicted and measured
deformations in the disposal container (Barriers PRD, p. 80) is not warranted. The discrepancies
between simulation and observations arise from the inappropriate simplification of treating the
glass bead infilling material as a solid, and hence testing, understanding and simulation of the
particulate is neither complete nor adequate (Barriers PRD, p. 183).

The derived failure criterion for titanium plate is not conservative. The safety factor from the
ASME code is being applied to the through-wall strain instead of to the allowable tensile stress
(Barriers PRD, p. 379). In doing so, AECL over-estimates the stress that titanium plate could
withstand by 50%. AECL claims that a wall thickness of 2 mm will not buckle under a 10 MPa
hydrostatic load provided there are no gaps between the wall and the particulate infilling (Barriers
PRD, p. 131). However, in the Vault PRD (p. 52) it is stated that an unsupported container will
not buckle provided there is a minimum wall thickness of 2 mm. The unavailability of the safety
factor declared and the inconsistency in the interpretation of the testing results belies the claims
of container lifetime.

The predicted stress load on the emplaced container is not conservative. The only loads
considered are from hydrostatic pressure and uniform buffer swelling. The load prediction does
not include contributions from thermal expansion of the porewater, the buffer and rock matrices
and from the local in situ stresses (Barriers PRD, p. 183 and p. 219). Neither are the effects of
non-uniform loading (due to non-uniform buffer resaturation and swelling and non-uniform in situ
stress) on the preferred container design evaluated.

All the container lifetime predictions assume failure by corrosion (Barriers PRD, p. 185), not by
collapse or buckling (even of a partly corroded container). Considering the limitations of the
prototype testing and the inconsistencies in the analyses, it is not clear whether the testing and
analysis of the structural integrity of the container design is sufficient to rule out collapse of a
partially corroded container.
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Although the postclosure performance assessment has calculated that a more durable container is
the only feature that could reduce the mean dose consequence at 10" years to zero (PRD
Postclosure, p.231), AECL has concluded that increased container lifetime does not offer any
safety advantage (Barriers PRD, p. 130). In contrast, Sweden and Finland, which are the two
countries investigating deep geological disposal that are most similar to Canada in terms of
physiography, climate, and geology, are proposing thick-walled copper containers that are
predicted to survive for at least 30,000 years and possibly longer than one million years. There
are advantages in having a container with a minimum life of 30,000 years as opposed to 500
years.

A longer-lived container would compensate for many of the performance uncertainties associated
with the other barriers. In particular, the fracture characteristics of the rock surrounding the
repository may be too unpredictable to ensure that radionuclides released from the container after
500 years are retained in the geosphere. A container that would not release any radionuclides
before the next glaciation (anticipated to begin 10,000 to 25,000 years from now) would offer
increased long-term safety because human habitations near the repository are unlikely to be viable
once the northern portion of North America is into the next glacial cycle.

AECL states that "studies in various countries have shown copper to be an ideal container for the
conditions expected in a Canadian disposal vault" and that "all containers should remain intact for
106 a" (Barriers PRD, p. 185). Archaeological artifacts made from copper can be used as
analogues to support predicted longevities for copper containers. Furthermore, AECL states that
the choice of a titanium container "is not intended to represent a final selection; rather it provides
a common basis for the safety and engineering analysis for a conceptual used-fuel disposal centre
that is illustrative of the analyses that would be used to evaluate a disposal facility proposed for
implementation at an actual site" (Barriers PRD, p. 184). Apparently AECL is presently
performing a postclosure assessment in which the waste containers are composed of copper.
Unfortunately, the results of that assessment are not part of the present EIS.

(ii) The investigations and testing of the corrosion mechanisms of the titanium container are
insufficient to justify predictions of corrosion rates and container lifetimes under the
assumed vault conditions for thousands of years.

No support is offered for the contention (Barriers PRD, p. 180) that the current information on
Grade 2 titanium is sufficient to justify corrosion predictions for thousands of years but the
information on corrosion of Grade 12 titanium is not. The statement that titanium corrosion is
well understood (Barriers PRD, p. 242) is an overly-optimistic simplification of the current state-
of-the-art of Ti corrosion science.

The discussion of crevice corrosion in the closure weld (Vault PRD, p. 64) implies that a crack in
the closure weld would have to be large enough to be detected by inspection to be susceptible to
crevice corrosion. This would require that the entire contact area between the lid's flange and the
container's wall to be welded, with no crack remaining. Since the width of the weld is expected
to be less than the width of the lid's flange, there will be a crack above the weld that could be a
site for crevice corrosion.
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It is not clear if there are any effects of stress on the weld's corrosion susceptibility (Vault PRD,
p. 89). Scoping calculations performed by AECB staff show that the design of the lid closure
might result in tensile stresses in the weld area in response to external loadings.

It is not clear why the localized front of crevice corrosion should reach a limited depth ahead of
the general (uniform) corrosion front (Barriers PRD, p. 181), and the reference to Section 3.5.6
does not clarify this. Since it is assumed that wall thinning to 2 mm will result in mechanical
failure, the wall thickness to guarantee mechanical stability is equal to the corrosion allowance.
Because the crevice corrosion front precedes the uniform corrosion front, the statement that the
depth of the localized corrosion front does not exceed the wall thickness to guarantee mechanical
stability (i.e., the corrosion allowance) before the uniform corrosion front exceeds the corrosion
allowance appears to be inconsistent.

Galvanic coupling of the titanium to a dissimilar metal is mentioned (Vault PRD, p. 84). In
particular, galvanic coupling to carbon steel which is one of the materials used for the fuel basket
is discussed. However, galvanic coupling to the Zircalloy sheathing, which cannot be substituted
but is an integral part of the used fuel, is not mentioned.

(Hi) The persistence of oxidizing conditions in the vault that will affect container corrosion
rates is not estimated conservatively.

The statement that "the crevice would repassivate when all of the available oxidant was
consumed" (Vault PRD, p. 69) assumes that radiolysis does not supply some oxidants locally, in
which case the oxidants would never be consumed and the crevice would not repassivate.

The conclusion that the model assumption of aerated conditions for container corrosion
predictions is conservative (Barriers PRD, p. 163) needs to be qualified. The extent to which the
assumption is conservative, the extent to which the quantity of initially trapped oxygen could
cause corrosion, and time period required to consume the trapped oxygen are not evaluated. The
Barriers PRD does not discuss how quickly anoxic conditions would be achieved in the vault (p.
168) or the relative rates of canister corrosion and biotite oxidation.

It is not clear how much oxidizable material will remain in the buffer and backfill to consume
trapped oxygen once they are in place (Barriers PRD, p. 134 and Vault PRD, p. 36). The buffer
and backfill will be processed in air. The granite in the backfill will be crushed, the clay
components prepared, the buffer and backfill batched, moistened and emplaced under oxidizing
(atmospheric) conditions. This preparation and handling will expose much of the biotite and
other oxidizable minerals to the atmosphere. The assumptions of the ability of the backfill and
buffer to consume trapped oxygen and oxygen transported by the groundwater should be justified.

Furthermore, the extent to which the redox-controlling minerals in the vault will be oxidized
during the 60 or so years of operation of the repository is not clear. Dewatering of the granite
will introduce atmospheric (oxidizing) conditions in the unsaturated zone in the walls of the vault.
By the time of vault closure and flooding, a significant portion of the accessible redox controlling
minerals could be oxidized, not only removing their capacity to consume oxidants trapped in the
vault, but adding to the inventory of oxidants that need to be consumed to return to reducing
conditions. Further discussions of geochemical conditions are presented in Deficiency C.3.1.
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(iv) The diverse thermal analyses used to predict the evolution of the temperature distribution
in the repository are not performed, evaluated and presented consistently and are not
shown to be either realistic or conservative. The accuracy and precision of the results do
not justify the use of several significant figures in the "simplified" temperature calculations
and corresponding corrosion rates in the post closure assessment using SYVAC.

Detailed thermal simulations of the vault have been made using the programmes HOTROK,
FAXMOD-3, ABAQUS and ANSYS (Facility PRD, Section 3.3.7) and HOTROK and TRUCHM
(Vault PRD, pp. 18-20) and MOTIF (Geosphere PRD, pp. 167-176). The calculations and
assumptions of the models and details of the simulations are not presented and used to evaluate
the results. For example, the 1985 calculations using HOTROK, which are cited throughout the
PRDs, were performed using an emplacement layout and canister dimensions different from the
reference case in the EIS. These discrepancies are not identified and given consideration when
presenting the results in the EIS. The calculations using TRUCHAM are not described in
sufficient detail to determine whether there are limiting assumptions that must be taken into
account when using the results. However, the available descriptions of the thermal simulations all
indicate that the conditions adopted are instantaneous loading of a vault in an initially uniform
temperature field. Most simulations also appear to be for saturated, steady-state hydrogeologic
conditions, although this may not be true for the TRUCHAM model since it is claimed to account
for moisture migration.

It is not clear which of the detailed simulations were used to derive the "simplified" temperature
calculations in SYVAC3-CC3. The uncertainty in corrosion rates introduced by the simplification
of the thermal fields is not assessed. Inspection of Figure 4-13 in the Vault PRD indicates that
the match between the simplified and detailed temperature predictions does not justify the large
number of significant figures assumed in the simplified model, as there are sometimes 10s of
degrees difference between the simplified and detailed calculation results. The impact of these
uncertainties on the predictions of container lifetime is not evaluated.

C.I.4 Contaminant transport through the simplified barriers is simulated inappropriately
using a mass transport coefficient (MTC) derived to represent the rate of mass
movement across interfaces between the barriers. The use of an MTC is not
conservative, in that it was derived for steady-state conditions and under-estimates
the contaminant transport rates.

(i) It is not shown that modifying the steady state MTC with an Augmentation Factor to
simulate transient conditions is conservative or appropriate.

The MTC method is derived from and thus is applicable to steady state mass transport only.
Although AECL uses an augment factor (AF) to adjust the steady state mass transfer coefficient
to account for transient conditions (Vault PRD, p. 191), this approach may not be appropriate
because:

(i) derivation of the AF is not documented in sufficient detail in the reference (Garisto
and LeNeveu, 1991) to permit review;

(ii) the AF is derived empirically for non-decaying contaminants only;



48

(iii) its derivation is based on comparison of the peak response function rather than on
the convoluted vault release rates;

(iv) the AF does not meet upper or lower boundary conditions; and

(v) the potential errors in the use of an AF are not evaluated and the modified MTC is
not shown to be conservative.

(u) The form of the MFC for convective mass transport does not appear to be realistic.

The MTC for convective mass transport (Vault PRD, Equation 6.16) is inversely proportional to
w, the length of the interface between the rock and backfill/buffer, so the MTC approaches zero
as w increases. This implies that if the repository room were designed to be sufficiently large the
MTC would approach zero and there would be no contaminants released from the vault, no
matter what the hydrogeologic conditions are in the vault or in the surrounding rocks.

(Hi) Assuming no convection in the buffer could result in an underestimation of the MTC.

AECL assumes that both diffusion and convection occur in the backfill, but in the buffer they
assume that diffusion is the only transport mechanism (Vault PRD, p. 182). These assumptions
are made even though diffusion coefficients for iodine and other non-sorbed anions in the buffer
(Vault PRD, Table 3-2) are two orders of magnitude smaller than in the backfill (Vault PRD,
Table 3-4), but the hydraulic conductivity is only one order of magnitude smaller for the buffer
than for the backfill (Barriers PRD, Table 4-4). Hence, the diffusive Peclet number for the buffer
is larger than for the backfill where both diffusion and convection occur. This indicates that
convection as well as diffusion could be important in the buffer. Ignoring the potential for
convective transport through the buffer may result in the underestimation of the MTC, and
subsequently underestimation of radionuclide release rates.

(iv) The use of the MTC to simulate contaminant transport through the buffer and backfill is
not described clearly.

The derivation of equations describing mass transport controlled by convection (Vault PRD, pp.
187-189) includes Mass Transfer Coefficients that couple diffusive flux in the buffer to
convective flux in the rock, and diffusive flux in the backfill to convective flux in the rock.
However, coefficients that couple diffusive flux in the buffer to convective flux in the backfill, or
convective flux in the backfill to convective flux in the rock are not derived. It is not clear
whether convection in the backfill is actually considered in the vault model, even though
groundwater Darcy velocity in the backfill is calculated in the geosphere submodel (Geosphere
PRD, p. 220) and transferred to the vault submodel (Vault PRD, p. 182).

(v) Using the larger of the convective and diffusive MTCs is not always conservative.

When either convection or diffusion is dominant, the method of choosing the larger of the
convective and diffusive MTCs as the one for both (Vault PRD, p. 195) might be appropriate.
However, when both convection and diffusion are equally significant, choosing one of the two
means ignoring the other equally important mass transport mechanism, thus underestimating the
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mass transfer coefficient by up to 50%. Table 8 (Vault PRD, p. 260) implies that there are
indeed cases in the reference design where both diffusion and convection are equally important in
vault mass transport.

(vi) The MIC model shows poor agreement with other conceptual models, and underestimates
vault release rates by orders of magnitude.

Figures 8-2 and 8-3 (Vault PRD, pp. 257-258) show that the MTC method underestimates vault
release rates by about two orders of magnitude compared with the Coupled Solution (CS) model
and by four orders of magnitude compared with the swept-away (C=zero) method. The
computational constraints of using the CS model (Vault PRD, p. 186) should not compromise the
conservativeness of the mass transport rate estimates, especially when the discrepancy between the
models is orders of magnitude.

C.2 DEFICIENCIES RELATED TO THE GEOSPHERE: HYDROGEOLOGY

C.2.1 The extent to which the URL drawdown experiment can be used as a validation case
for MOTIF is limited. The experiment attempted to test the code for moderately to
highly fractured rock only, and the documentation of the modelling work is
misleading and inadequate for validation purposes.

There are two components to this deficiency: the documentation of the MOTIF modelling work
and the nature of the experiment. With regard to documentation, it is important in blind
experiments for a complete description of the model and the modelling results to be submitted to
a third party (and preferably published) prior to the start of the experiment. It does not appear
that this was done. The shaft sinking began on May 12, 1984, but the modelling results were not
presented until 19 days after the start of shaft sinking (Guvanasen et al., 1985). According to
Figure 5 in Davison et al. (1995), the shaft had been sunk to a depth greater than 40 m by then.
To date, a detailed description and justification of the model structure and parameterization based
on the available field data has not been published.

Furthermore, it appears that the local scale model used in the predictions was changed around the
time that the experiment started, and AECB staff have not been able to confirm in the available
literature that the new model was in place and used prior to the start of the experiment. Ten days
after shaft sinking started, Guvanasen (1984) presented a local scale model for the URL site at an
I AH conference in Montreal (May 21 to 23, 1984) that is very different from the one used in the
validation (Geosphere PRD, Figure 4.3.4). Also, AECB staff have not found any discussion in
the literature giving the reasons for the change in the local scale model.

The Geosphere PRD (p. 93) states that the results of the URL drawdown experiment "support the
numerical approach and calibration procedure used by the MOTIF code to mathematically
describe the hydraulic aspects of the groundwater flow system at the URL site." However, it is
important to note that the shaft was sunk to a depth of 255 m during the experiment, and thus it
tested MOTIF for moderately to highly fractured rock conditions only. This is highlighted by the
fact that only the hydraulic properties in the fracture zones had to be adjusted to match pumping
test data during calibration work. As such, the URL drawdown experiment did not test the
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applicability of MOTIF and the equivalent porous media approach to modelling groundwater flow
and contaminant transport across sparsely fractured rock, such as the waste exclusion zone.

As discussed under Deficiency A.6.2, AECL has been slow to report on the comparison between
the measured and predicted drawdowns from the experiment. Prior to the release of Davison et
al. (1995), comparisons for only 4 of the 171 piezometer locations that were included in the
experiment had been reported, and comparison results are still not available for 25 piezometer
locations. Furthermore, Davison et al. (1995) showed discrepancies between measured and
predicted heads that were higher than AECB staff had anticipated based on previous AECL
accounts of the comparison. The Geosphere PRD (p. 90) states that "some discrepancies were
noted between the observed and predicted groundwater pressure drawdown trends". In Appendix
J of the EIS (p. 481), the comparison between measured and predicted heads for a piezometer
location in well MIA is given as an example of a case where "the magnitude was somewhat over-
predicted or under-predicted." At this piezometer location, the discrepancy was on average about
4 m. However, Davison et al. (1995) shows discrepancies ranging from 20 to 90 meters for a
number of piezometer locations close to the URL shaft. While these discrepancies may not be
out of line with the capabilities of groundwater modelling technology given the computational
constraints and the data available in 1984, the statements in the EIS documentation do not reflect
the magnitude of the discrepancies.

C.2.2 The TRACK3D modelling results appear suspect. In some cases predicted pathlines
differ from what would be expected based on hydrogeological theory, and AECL and
Ontario Hydro documentation suggest that oscillations and aberrations exist in some
predicted pathlines. The TRACK3D pathlines are used in the construction of the
GEONET network, and thus they represent a key input to the SYVAC postclosure
safety calculations.

Several figures in the EIS documents show TRACK3D particle pathlines that appear inconsistent
with hydrogeological theory. Figure 5.5.15 of the Geosphere PRD shows that pathlines do not
refract at layer boundaries; rather they travel along layer boundaries for considerable distances.
This behaviour is not caused by the fracture zones, as it appears in a layered geologic system
with no fracture zones (Chan et al., 1994, Figure 4.24b). AECB staff note that TRACK 3D has
not been verified for the case of a layered geologic system (Nakka and Chan, 1994). Other
concerns are that pathlines appear to avoid entering fracture zones, even when the fracture zone
provides an enhanced conductivity pathway to a potential discharge area. For example, in Figure
5.6.6 of the Geosphere PRD a number of particles approach Fracture Zone LD1 and travel along
the base of the fracture zone without entering it, and in Figure 5.6.1 particles cross over Fracture
Zone LDO. In AECL's two-dimensional model, the flow paths show a completely different
behaviour around LDO, with particles entering the fracture zone and then moving down dip
(Geosphere PRD, Figures 5.4.9 and 5.4.10).

TRACK3D assumes that the elemental velocities at a fixed time are constant throughout the entire
element (Geosphere PRD, p. 75), and as such the groundwater velocity field is not continuous
across element boundaries. Nakka and Chan (1994, p. 283) state that the discontinuities in the
velocity field can result in aberrations or numerical oscillations in pathlines, and that in some
cases "two adjacent elements have velocity vectors that almost oppose each other." Nakka and
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Chan further state that numerical oscillations "invariably increase both the particles travel distance
and travel time", which is clearly not conservative.

It appears that AECL requested Ontario Hydro to assist in the investigation of TRACK3D
"aberrations that are not indigenous to the movement of particles, but originated from the
numerical algorithm" (Chan and Punhani, 1991, p. 1). (Note that this Chan is Dr. Arthur H.C.
Chan, whereas the Chan in all other references is Dr. Tin Chan.) Ontario Hydro proposed an
algorithm to eliminate the oscillations, and the use of this algorithm reduced travel times by as
much as 36% from a comparable TRACK3D run (Chan and Punhani, 1991, Table 1). The source
code for the algorithm (Appendix B) was, however, removed from the document provided to the
AECB for review.

In the Geosphere PRD, the purpose of the Ontario Hydro work is portrayed in a very different
light. The document (p. 477) states that the purpose of the Ontario Hydro research was to
"provide an independent confirmation of results obtained with TRACK3D" and that to ensure an
independent verification, AECL "did not supply them (Ontario Hydro) with any specific
information about the operation of TRACK3D." The Geosphere PRD (p. 478) noted TRACK3D
travel times were typically longer than the Ontario Hydro values, but that the largest difference
was 9.7%. The Geosphere PRD (p. 478) states that "for the two particles in Table F4.1 that
exhibit major discrepancies, our results are more défendable".

The tertiary documentation demonstrates, however, that AECL had serious reservations about the
numerical oscillation problems in TRACK3D (Chan et al., 1994, p. 49; Nakka and Chan, 1994,
Appendix D). Nakka and Chan (1994, p. 283) describe two conditions that can result in
numerical oscillations, and they present a post-processing code called "SMOOTH" to remedy one
of the conditions. The SMOOTH code was applied to the oscillations of particles that originated
in fracture zones only. In one case, the use of SMOOTH resulted in a 95.5% reduction in travel
time from 20,638 years to 925 years (Nakka and Chan, 1994, p. 293). Nakka and Chan (1994, p.
293) state that SMOOTH was applied to the three-dimensional MOTIF/TRACK3D modelling
work presented in the Geosphere PRD.

AECB staff have not found any reference to the SMOOTH code in the El S or the PRDs. Given
the significant impact of SMOOTH on predicted groundwater travel times, AECB staff consider
this to be a significant deficiency. AECL should explicitly indicate which pathlines were
modified by SMOOTH. Furthermore, Nakka and Chan (1994, p. 284) state that SMOOTH has
only been applied to one type of oscillation, and AECB staff suspect that the unexpected
behaviours of many of the pathlines presented in the Geosphere PRD (see above discussions for
examples) are due to discontinuities in the velocity field.

AECB staff question whether post-processing TRACK3D pathlines with SMOOTH is an
appropriate approach to addressing numerical oscillation problems. TRACK3D represents a
critical link between the detailed geosphere modelling with MOTIF and the simplified GEONET
network in SYVAC. As such, it may be more appropriate to investigate methodologies that yield
velocity fields that are continuous across element boundaries, which would eliminate the need to
correct TRACK3D pathlines. AECB staff have a number of concerns about the approach AECL
uses to correct the TRACK3D pathlines with SMOOTH, and Chan and Nakka (1994, p. 284)
admit that "the decision as to whether or not an oscillation is spurious is quite arbitrary."
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C.2.3 AECL has not performed sufficient verification work to show that GEONET
adequately represents the more detailed three-dimensional MOTIF models of the site.

Verification work to show that GEONET adequately represents the more-detailed MOTIF models
for the hypothetical site is limited to a comparison of a portion of the two-dimensional site model
only (Chan et al, 1991, Figure 2). Three-dimensional groundwater flow modelling of the
hypothetical site shows that significant flow occurs perpendicular to the plane of the two-
dimensional model, and that the minimum groundwater travel time from the vault to ground
surface in the three-dimensional model was about half that in the two-dimensional model
(Geosphere PRD, p. 156). Thus, a two-dimensional model does not provide an adequate
representation of groundwater flow patterns for the hypothetical site for the verification of
GEONET.

A number of computational aspects of GEONET were not tested in the comparison with MOTIF
(Chan et al, 1991), including sorption, radioactive decay and the analytical well model. Although
a well was included in the two-dimensional MOTIF model, the impacts of the well on heads and
flow rates were transferred directly into GEONET, without the use of the analytical well model.
AECL shows the results of comparisons between GEONET and MOTIF for individual input
parameters to the analytical well model for specific well locations and pumping rates. However
there is no integrated comparison showing that the model adequately represents the more-detailed
MOTIF modelling with regard to contaminant capture by a well. For example, the well pumping
rate can be potentially altered by two scaling factors (the groundwater velocity and well scaling
factors) prior to the calculation of the impacts of the well on the flow field, and the ability of the
analytical well model to appropriately account for these factors is not demonstrated. Also, it is
not clear that the range of well pumping rates and depths assessed were sufficient to adequately
define the calibration and scaling factors. For example, Figure D4.3.5.1 in the Geosphere PRD
appears to indicate that the analytical well model generally under-predicts the contaminant capture
fraction for a 100 m deep well, and an extrapolation of the results provided would suggest that
the under-prediction becomes more severe for shallower wells.

Furthermore, the sensitivities of the GEONET model outputs to hydrogeological and geochemical
parameters are not compared to the corresponding sensitivities from the more-detailed analyses
with MOTIF. In other words, AECL does not demonstrate that GEONET adequately reproduces
the underlying sensitivities in the more detailed modelling.

In addition to the above concerns, AECB staff have significant reservations regarding the quality
and conservativeness of the fit between GEONET and MOTIF for the two-dimensional site
model. Chan et al (1991, Figure 5) shows that GEONET underestimates mass flux from the
portion of the vault below Fracture Zone LD1 by orders of magnitude at 10,000 years. The
fitting of the GEONET mass flow to the MOTIF mass flow for the portion of the vault above
LD1 in Figure 6.8.14 of the Geosphere PRD does not appear relevant to the case at hand, since
this portion of the vault was eliminated in the postclosure assessment.

With regard to Figure 6.8.14, Chan et al (1991, p. 289) state that "After a few iterations, it is
possible to optimize the GEONET geometry to give a conservative and yet acceptably accurate
geosphere transport model for use in probabilistic simulations of long term impacts of the
disposal system using SYVAC." AECL does not demonstrate that this iterative fitting has been
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carried out to ensure that GEONET acceptably reproduces the magnitudes and sensitivities of the
key performance measures for the three-dimensional flow field around the hypothetical vault, and
key aspects of GEONET such as the analytical well model have not been tested in an integrated
fashion against the more-detailed MOTIF models.

C.2.4 Decisions on the representation of features in three-dimensional MOTIF groundwater
flow models are based in part on two-dimensional MOTIF modelling, even though
subsequent work has shown that the flow system for the hypothetical site is clearly
three-dimensional.

In describing their two-dimensional regional groundwater flow model, AECL states that "this
27 km x 4 km section is approximately along a groundwater flow line, ie, there is little
groundwater flow perpendicular to the plane of the section" (Geosphere PRD, p. 114). The two-
dimensional model was used to assess the impacts of a number of uncertainties in site features on
convective transport from the vault. For example, the impacts of an anisotropic permeability
distribution for the vault horizon and the extension of vertical fracture zone VI down through the
vault were judged to have a "low" impact on convective transport based on the two-dimensional
model.

AECL's preliminary three-dimensional modelling showed, however, that the groundwater flow
system for their hypothetical site is clearly three dimensional. The minimum groundwater travel
time from the vault to the surface was about half of that calculated with the two-dimensional
model, and AECL stated that "this was caused by the focussing of the three-dimensional
groundwater flow paths up the low-dipping fracture zone in the direction perpendicular to the
two-dimensional model section" (Geosphere PRD, p. 156). Furthermore, particle tracking shows
that there are also significant differences between the two- and three-dimensional flow fields in
the plane of the two-dimensional model. In the two-dimensional model, particles travel down
Fracture Zone LDO (Geosphere PRD, Figures 5.4.9 and 5.4.10), which contradicts the results of
the three-dimensional modelling (Figures 5.5.7 and 5.5.8), where particles cross or travel up the
fracture zone.

As such, all conclusions drawn with the two-dimensional groundwater flow model must be treated
as suspect, and re-assessed with a three-dimensional groundwater flow model. It does not appear
that this was done for the two examples cited above (anisotropic permeability distribution for the
vault horizon and depth of vertical fracture zone VI).

C.2.5 The modelling work that was used to justify the exclusion of the shafts and
excavation damage zone from the GEONET network in the postclosure safety
assessment assumed that the upcast ventilation shafts were located on a local height
of land. The Postclosure PRD clearly shows that the upcast ventilation shafts are
located in a discharge area, which brings into question the exclusion of the shafts and
excavation damage zone from the postclosure safety assessment. Additionally, AECB
staff are troubled by the fact that the key assumption regarding the placement of the
shafts on topographic highs was not mentioned in any of the geosphere modelling
reports that AECB staff have reviewed to date.
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The Vault PRD (p. 172) states that the service, waste and downcast ventilation shafts are located
under a topographic high, and the upcast ventilation shafts on the other side of the vault are
located under a local height of land. These assumptions appear to have ensured that the shafts,
tunnels and the excavation damage zone do not significantly affect convective transport away
from the vault. Given the importance of the shaft locations on safety, AECB staff are troubled
by the fact that the shaft locations have not been discussed in any of the geosphere modelling
reports that staff have reviewed to date, and this raises the question of whether there are an-
other key assumptions that are not discussed. The Geosphere PRD (p. 166) and Chan and
Stanchell (1990, p. 536) do, however, acknowledge that the conclusions regarding the small
impacts of the shafts and tunnels and the excavation damage zone (EDZ) on convective transport
from the vault are due to the fact that the hydraulic gradient is not parallel to the shafts, tunnel or
EDZ. AECB staff are left wondering whether the location of all shafts on topographic highs is a
requirement for repository siting, or if in fact safety criteria can be met regardless.

The groundwater modelling by Chan and Stanchell (1990) (which has been largely reproduced as
Section 5.5.2 of the Geosphere PRD) with the upcast shaft on a height of land was used as the
basis for deciding that the shafts and the excavation damage zone did not need to be included in
the GEONET network for the postclosure safety assessment (Vault PRD, p. 172 and 173).
However the Postclosure PRD clearly shows that the upcast ventilation shafts are located in a
discharge area in the Pinawa Channel (Figure 5-IS). The surface topography map for AECL's
three-dimensional groundwater flow model (see Figures 5.5.2 and 5.5.3 in the Geosphere PRD)
also indicates that the upcast shafts occur in a topographic low area. As such, the shafts and
excavation damage zone were excluded from the postclosure safety assessment based on a
modelling assumption that contradicts the location and layout of the hypothetical vault in the
Postclosure PRD.

C.2.6 Several aspects of the representation of Fracture Zone LDl in the geosphere models
are not shown to be conservative.

Hydraulic testing in Fracture Zone FZ2 at the URL site has shown that permeability can vary by
several orders of magnitude over short distances (see Figure 6-28b in the Siting PRD), resulting
in the channelling of groundwater flow. While AECL selected a permeability value for Fracture
Zone LDl that is at the high end of the observed range so that groundwater velocities in the zone
would be similarly high, a variable permeability field with the potential to channel vault releases
to a well probably would have been more conservative. For example, a high permeability zone
connecting the portion of the fracture zone above vault sectors 10, 11 and 12 to a water supply
well that was surrounded by a zone with significantly lower permeability would channel
contaminant releases to the well with significantly less dilution from uncontaminated
groundwater. Such a zone of high permeability rock is not unrealistic when one considers the
unusual pattern of permeability found in Fracture Zone FZ2. Also, wells are placed in higher
permeability zones where possible.

The Geosphere PRD (p. 119) states that it is now known that Fracture Zone LDl does not extend
to the depth of the vault (500 m), and that it pinches out at a depth of approximately 450 m.
However, the basis for these statements is not clearly presented. AECL notes that their data on
Fracture Zone FZ1 (which corresponds to Fracture Zone LDl of the hypothetical geosphere) is
limited, in that it is known only from a line of four boreholes, and that the information is
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insufficient to accurately determine its dip (Geosphere PRD, p. 85). The basis for the conclusion
that the zone pinches out at depth 450 m is not adequately stated. AECL notes that Fracture
Zone FZ1 was not encountered in borehole URL-2, yet AECL found that Fracture Zone FZ2 was
discontinuous and was not encountered in every borehole where it was expected. Thus, one
borehole is not enough to rule out the possibility that Fracture Zone FZ1 extends beyond depth
500 m. Furthermore, Figure A1.2 of the Geosphere PRD shows that a geochemical sample was
collected at a depth of approximately 600 m from a zone that appears to be Fracture Zone FZ1.

The dip selected for Fracture Zone LD1 has not been assessed to show that it is conservative. A
steeper dip or splaying of the fracture zone similar to that observed with Fracture Zone FZ2
would reduce the waste exclusion zone in the vicinity of vault sectors 10, 11 and 12, whereas a
shallower dip would decrease the distance between the fracture zone and the other vault sectors
(sectors 1 to 9). In fact, Figure 7-1 in the EIS would suggest that the modelled dip of Fracture
Zone LD1 is steeper than that implied by the fracture zones at the URL site.

C.2.7 Insufficient information is provided to permit a detailed review of the three-
dimensional groundwater flow modelling with the MOTIF code.

AECL has not provided a detailed review of the available geologic and hydrogeologic data for
the WRA/URL area or justified the structure and parameterization of their groundwater flow
models based on that data in the EIS, the PRDs, or any of the tertiary references. This is
addressed more fully under Deficiency C.7.1. Also, additional information is required on the
configuration of the finite element grid, and in particular around the vault, to assess how features
such as the excavation damage zone and waste exclusion zone were physically modelled, and
where the particles that were used in the groundwater travel time calculations were released. This
information is required to assess the appropriateness of the conclusions made based on the
modelling results. For example, in Section 5.5.2 of the Geosphere PRD it is unclear how a 3 m
excavation damage zone was modelled around all underground openings (rooms, tunnel and
shafts), as the plan view of the finite element discretization does not provide sufficient detail
(Geosphere PRD, Figure 5.5.11). Figure 4.32 in Chan et al (1994) suggests that the excavation
damage zone was appropriately modelled in the vertical dimension, and similarly-detailed figures
are required showing the grid at the vault horizon in plan view.

As an example, it is not immediately obvious why adding an excavation damage zone and
increasing the waste exclusion zone permeability by five orders of magnitude (Geosphere PRD,
Figure 5.5.14, Case 8) over the reference case (Case 5, same figure) results in an increase in the
minimum travel time from the vault to ground surface. While AECB staff are aware of the
hydraulic cage effect, it is not clear why "even particles directly released into the damaged zone
soon exit this relatively thin damaged zone and travel through the undamaged rock" (Geosphere
PRD, p. 166), because the damaged rock should connect directly to Fracture Zone LD1, and thus
the particles would not need to travel through undamaged rock to reach the fracture zone. Also,
the result appears to conflict with the conclusion in Chan et al (1994, p. 17) that an order of
magnitude increase in the permeability of the rock layer containing the repository horizon results
in an order of magnitude decrease in particle travel time. The detailed information discussed
above would be required to fully assess the appropriateness of the approach to modelling Case 8
and the conclusions made.
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C.3 DEFICIENCIES RELATED TO THE GEOSPHERE: GEOCHEMISTRY

C.3.1 The long term release rate of radionuclides from the waste form and the vault will
be highly dependent on the oxidation-reduction (redox) conditions in the
groundwater following resaturation. AECL has assumed that reduced conditions will
be rapidly attained following closure but this assumption is neither well-supported
nor conservative.

This deficiency has four components, and they are discussed below. First, AECL's assessments
of the redox conditions on the Canadian Shield in general and specifically at the URL site are not
adequately supported. Second, AECL has not adequately considered the effects of the
construction and long-term operation of the repository on the in situ hydrogeochemical
environment. Third, AECL has made a number of non-conservative and/or unsupported
assumptions about the impacts of the engineered barriers on redox conditions. Fourth, several
non-conservative and/or unsupported assumptions are made regarding the dissolution of the waste
form and transport through the vault.

(i) Redox Conditions on the Canadian Shield.

Reported concentrations of sulphide and ferrous iron in Canadian Shield granitic groundwaters are
generally much lower than those reported in similar groundwaters from Sweden (Vault PRD, p.
36). The reasons for this are unclear, but it is important as it suggests that Canadian Shield
groundwaters are less reducing than their Scandinavian counterparts. AECL has also come to the
same conclusion (Barriers PRD, p. 162) but no explanation is offered for this difference. AECL
has estimated the redox potential of URL and WRA groundwaters largely on the basis of
electrode potential measurements (Gascoyne, 1989). Because these waters are, in general, poorly
poised (ie. low concentrations of electroactive redox couples such as Fe2+/Fe3+) it is inappropriate
to interpret the measured potentials as thermodynamically meaningful redox potentials.

(ii) Impacts of Repository Construction and Operation on Redox Conditions.

AECL has not adequately considered the effects of the construction and long-term operation of
the repository on the in situ hydrogeochemical environment. Since a repository would be
essentially a mine, a "reference" mine water chemistry should also be considered (Vault PRD,
p. 34 and Table 3-1 a). A mine water may have a different composition for certain parameters
than the in situ groundwater as a result of various anthropogenic factors. For example, mine
waters may contain several hundred ppm nitrate (NO3) because of mine blasting. This is an
oxidant that must first be reduced before other naturally occurring oxidants (Fe3+, Mn4+, SO4

2" )
will become effective electron accepters and thereby lower E». Contrary to what is inferred
(Vault PRD, p. 34), the absence of measurable quantities of O2 (detection limit about 10 ppb)
does not necessarily mean that the groundwater is reducing if other oxidants, such as nitrate, are
present.

The effects of the precipitation of ferric oxyhydroxide from groundwater seepage onto the walls,
ceilings and floors of the disposal rooms during the operation of the repository on the postclosure
redox conditions have not been assessed. This ferric iron will act as an electron accepter and
hence slow down the establishment of reducing conditions.
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(iii) Impacts of Engineered Barriers on Redox Conditions.

Oxygen consumption by the titanium containers following emplacement (Vault PRD, p. 37)
would likely be minor because the containers would have developed a passivation layer prior to
emplacement. The possible addition of magnetite to the containers to promote reducing
conditions within the container is suggested, but no supporting design/performance details are
presented (Vault PRD, p. 13). Furthermore, the oxygen trapped in the pore space in the sand
placed around the containers has not been considered.

Iron minerals are indicated to be present in the buffer (Vault PRD, p. 39) but it was previously
stated that the buffer contains very little Fe2+ and no iron minerals are indicated to be present in
the buffer as minor phases (Vault PRD, p. 14). Oscarson and Dixon (1989) report that the
Avonlea bentonite contains 3.12% total iron of which only 0.27% is present as Fe2+. Therefore,
most of the iron in the buffer would be already oxidized.

Biotite in the backfill will not consume dissolved O2 if the groundwater that saturates the buffer
by-passes the backfill because of fractures in the rock (Vault PRD, p. 36).

(iv) Ramifications for NFW Dissolution and Transport Through the Vault

AECL's "solubility-limited dissolution model" assumes that the UO2 and U4O9 are the
thermodynamically stable uranium phases in the vault (Vault PRD, p. 138). The maximum redox
potential attainable at the fuel surface is assumed to correspond to that of the XifiJV-fi-,
equilibrium boundary (Vault PRD, p. 120). This assumption is non-conservative considering the
uncertainty in assigning thermodynamic significance to measured potentials in the poorly poised
groundwaters in the Lac du Bonnet batholith (at depths of 400-500 m) in which the actual
measured potentials lie very close to the equilibrium boundary. This suggests that in some
granitic plutons on the Shield, U3O7 could be the stable U phase, in which case the assumed
"solubility-limited dissolution model" is not applicable.

The assumption that the groundwater EH will be within the UO2 and U4O9 stability fields is
unsupported (Vault PRD, p.124). A comparison of Figure 5-6 (p.125) with Figure 3-2 (p. 38)
indicates that the reference groundwater WRA-500 is very near the stability fields of both U3O7

and microcrystalline Fe2O3.

The assumption that goethite or hematite would be more stable in the vault than amorphous ferric
oxyhydroxides is both unsupported and non-conservative (Vault PRD, p. 153-154). Therefore, the
assumption that the magnetite/hematite redox boundary will buffer the redox conditions, rather
than for example the magnetite/ferric oxide(am) potential, is unsupported.

The solubility of Tc (which has a significant instant release fraction of about 6%) is calculated
assuming that the redox conditions do not exceed the l^Oç/l^O, equilibrium boundary (Vault
PRD, p. 149). Under more oxidizing conditions, there is no effective solubility limit for Tc (SKI,
1991), and AECL has not considered this scenario. The assumption that a redox front will form
within the buffer is both unsupported and unlikely considering the low concentrations of reactive
reduced compounds in the buffer (Postclosure PRD, p. 91).
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Furthermore, the radiolysis dissolution model of Werme is considered by AECL to be too
conservative, but the "compelling evidence" for this position that is referred to in the El S is not
provided (Vault PRD, p. 239). Werme's fractional dissolution rate of 10"5to K ï V for the spent
fuel is much greater than the 10"7 a"1 rate predicted by Shoesmith and Sunder (1991).

C.3.2 Some geochemical processes are not adequately considered or justified in model
development.

(i) The use of a redox switch to approximate actiniae speciation has not been justified.

AECL does not provide adequate justification that a redox switch can be used to approximate
actinide speciation (and hence actinide Kj) as a function of solution pH and redox (Geosphere
PRD, p. 404). Under certain chemical conditions, some radionuclides can be present in solution
as more than one species.

(ii) AECL has not adequately considered the potential impacts of colloids on radionuclide
transport.

In the discussion of the role of colloids (Geosphere PRD, p. 336-337), it is assumed by AECL
that the mass of rock available for sorption depends on the porosity of the rock and that rock can
be represented as an equivalent porous medium. However, as stated by Vilks et al. (1991), the
equation:

A « ( 1 - porosity ) x density

overestimates the mass of rock (A) available for sorption when a porosity of less than about 0.5
is used. This suggests that the assumption of an equivalent porous medium is invalid if applied
to low porosity fractured rock, particularly if radiocolloid formation is irreversible.

Secondly, it is assumed that any radiocolloids formed inside the container would be filtered out
by the buffer. However, there are no experimental data presented to support this assumption.
Because the colloid size-range includes particles that are of the same size as dissolved ions (i.e., <
450 nm) there is no obvious reason why colloids could not diffuse through the buffer as
effectively as ions.

(Hi) AECL has not adequately considered the potential impacts of dissolved organic complexes
on radionuclide transport.

The effects of dissolved organic complexes on radionuclide transport have not been adequately
evaluated (Geosphere PRD, p. 339). To assume that the lack of specific data on radionuclide
complexation can be compensated for by assuming that such effects fall within the range of
uncertainty in the sorption data base is non-conservative. The reason for this is that reactive
radionuclides could become more mobile in the presence of dissolved organic complexes.
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C.3.3 Some of the modelled results pertaining to geochemistry are inconsistent with site
data, or have not been adequately presented for review.

(i) The uranium solubilities calculated in SYVAC are lower than the measured uranium
concentrations in groundwaters at the WRA/URL site.

The distribution of calculated uranium solubilities (Vault PRD, Figure 5-10, p. 141) is much
lower than the measured concentrations in groundwaters of the Lac du Bonnet batholith
(Gascoyne, 1989). At depths approaching 500 m, uranium concentrations range from about 10"9

to 4 x 10"7 M, and at shallower depths maximum concentrations exceed 10"6 M. These values are
much greater than the calculated solubility of 1.55 X 10'10 M that was used in the median value
simulation (Postclosure PRD, p. 410). The values for the Lac du Bonnet batholith are also
amongst the highest uranium concentrations reported for global groundwaters, and are apparently
controlled by the redox potential and not by uranium enrichment in the granite. Furthermore,
uranium solubility under highly saline conditions (such as represented by Standard Canadian
Shield Brine reference groundwater) is poorly understood (Vault PRD, p. 142). Such waters can
occur at depths of 1000 m, and the impacts of these waters on radionuclide solubilization (for
example, by chloride complexation) are not assessed in the El S.

(ii) Calculated Kd values are not verified against available data.

As discussed in Deficiency B.2.4, the retardation coefficients in GEONET are calculated with a
fitted equation containing 10 coefficients. This approach has not been justified, and the Kd values
calculated in GEONET were not tabulated (Geosphere PRD, p. 207). The Kd values are
important intermediate results, and they should be presented to allow reviewers to make
comparisons with field and laboratory data. Furthermore, the validity of normalizing Kd values to
porosity (Geosphere PRD, p. 208) has not been demonstrated (for example, see Geosphere PRD,
p. 336).

C.3.4 Several aspects of the geosphere model are inconsistent with AECL's interpretation
of the geochemical data for the WRA/URL site, and those interpretations are
incomplete.

(i) The geosphere models are inconsistent with the suggested presence of Western
Sedimentary Basin formation waters at the URL site.

The Geosphere PRD (p. 320) suggests that the salinity of URL groundwaters is due in part to
lateral infiltration of Western Sedimentary Basin formation waters into the batholith. There are
no horizontal or westward-dipping fracture zones in the AECL geosphere models to allow for the
movement of groundwaters from the west. Thus, AECL should have discussed mechanisms by
which this could have occurred to demonstrate that their models are consistent with this
explanation for the presence of the salinity.

(ii) The assumption that the groundwaters resaturating a 500-m deep repository would be
reducing contradicts the conditions in Fracture Zone FZ2.
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It is stated that both the pink and grey granites adjacent to Fracture Zone FZ2 are highly oxidized
to a deep red colour by the formation of hematite (Geosphere PRD, p. 325). It is further stated
that the isotopic compositions of secondary clay minerals associated with the hematite in this
fracture zone indicate that they are in equilibrium with groundwaters having isotopic compositions
similar to those of the groundwater that presently resides in this fracture zone. This suggests that
this oxidation may be a recent product of the infiltration of oxidized meteoric water along the
fracture zone to depths of several hundred metres into the batholith. Accordingly, it cannot be
assumed that the groundwater resaturating the repository (at least for one constructed at a depth
of 500 m) will be reducing.

(Hi) Other deficiencies in the interpretation of geochemical data.

There are no radiogenic isotopic data presented that support estimated groundwater residence
times of 106 years (Geosphere PRD, p. 182). Also, the chloride data can be interpreted as
indicating that there is an upward component of groundwater flow from deep saline waters into
Fracture Zone FZ2 at the URL.

C.4 DEFICIENCIES RELATED TO THE GEOSPHERE: ASSESSMENT OF
COUPLED PROCESSES

C.4.1 AECL does not adequately consider the impacts of a number of coupled thermal-
hydrological-mechanical processes on the long-term integrity' of the waste exclusion
zone and safety1.

The radiogenic heat from the wastes as well as future geological events such as glaciation will
disturb the thermal, mechanical and hydrological regimes in the host rock. The thermal-
hydrological-mechanical (T-H-M) processes involved will be in general fully coupled, but this full
coupling was not considered in the EIS. The Facility PRD (Section 3.3.7) examined the
disturbances to the stress field by performing thermal-mechanical (T-M) analyses using a total
stress approach. The heat-induced pore pressure increase was thus not taken into account. This
pore pressure increase is fundamental in rock and soil mechanics, since it influences the
mechanical response and the failure conditions of the rock mass. On the other hand, the
disturbances to the flow field were assessed with the MOTIF code (Geosphere PRD, Sections 5.1
to 5.5) with consideration of thermal-hydrological (T-H) coupled effects, but mechanical effects
were not included. Since mechanical effects could strongly influence the permeability of the
fracture zones and the rock mass, they should have been considered in the EIS. Furthermore, the
above two sets of analyses are not consistent. The T-M analyses are applicable to a generic site
with a repository depth of 1000 m, while the T-H analyses were performed for a repository depth
of 500 m at the URL site. The MOTIF analysis resulted in only one thermal peak (Geosphere
PRD, Figures 5.4.4 and 5.5.18); the one presented in the Facility PRD (Figure 3.10) shows two
peaks.

To assess the importance of fully coupled T-H-M processes, AECB staff performed preliminary
assessments of the impacts of the heat generated by the waste and of glaciation loads on the host
rock. A two-dimensional model was used, and the depth of the repository was set at 1000 m in
the analyses. Furthermore, vertical fracture zones were assumed to exist at a distance of 100 m
from both ends of the repository. The thermal, mechanical and hydrological disturbances due to
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the above two factors are traditionally analyzed by neglecting the coupling between the T-H-M
processes. The AECB scoping calculations considered the full T-H-M coupling, and the
following potential impacts were identified:

(i) Both the heat pulse generated by the wastes, and the loads associated with a future ice age
have the potential to significantly perturb the groundwater and stress regimes in the host
rock.

(ii) The pore pressure generated by both a glacier and the heat generated by the waste can
accelerate the movement of contaminated water to ground surface. In 10,000 years, this
accelerated rate can result in flow distances of tens of metres (due to heat effects) to more
than 100 m (due to a glacier) in addition to the flow distance resulting from natural
hydraulic gradients.

(iii) Lower rock mass permeability will not always ensure lower groundwater flow rates since
the thermally induced hydraulic gradients are higher for lower permeabilities. In some
extreme cases, when a low permeability is combined with a high rock mass Young's
modulus, the high pore pressure generated by the heat from the waste can induce tensile
cracks in the rock mass, and the effectiveness of the rock barrier between the repository
and a fracture zone could be reduced.

AECL's reference design includes a 46.5 m waste exclusion zone of low permeability, competent
rock between the wastes and a major fracture zone. This distance was determined without
consideration of coupled T-H-M processes. AECB scoping calculations indicate that for some
severe combinations of site conditions and rock mass properties, a larger waste exclusion zone
could be required to provide an allowance for damage to a portion of the rock mass due to
coupled T-H-M processes.

C.4.2 Using a laboratory-determined uniaxial compressive strength in the Hoek and Brown
criterion is not conservative for assessing long term rock mass stability and crack
propagation.

AECL used the empirical Hoek and Brown (1980) failure criterion to assess whether thermally-
induced stresses could result in the fracturing of a competent rock mass. In the analyses, the
values used for the uniaxial compressive strength were based on the results of short-term
laboratory tests on intact rock samples. The work from Martin (1993) suggests that the use of
such values for uniaxial compressive strength in the Hoek and Brown criterion might not be
applicable for the assessment of long term stability assessment of Lac du Bonnet's granite, since
lower values could result in long term failure due to crack propagation. Nevertheless, this new
information was not integrated in the thermal-mechanical analyses in the EIS.
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C.5 DEFICIENCIES RELATED TO THE BIOSPHERE AND DOSE ESTIMATES

C.5.1 The dose estimates do not use the ICRP's most recently recommended Dose
Conversion Factors (DCFs) or Risk Factors.

Dose estimates are calculated with Dose Conversion Factors (DCFs) based on International
Commission on Radiological Protection (ICRP) 26 recommendations (ICRP,1977). AECL
indicate that these dose calculations are "state-of-the-art" (Biosphere PRD, p. 18), but this is not
necessarily true given that they do not consider the more recent ICRP 60 recommendations
(ICRP, 1991). The DCFs used by AECL may lead to an underestimation of doses for some
radionuclides, relative to the use of DCFs based on the more recent ICRP 60 recommendations
(Biosphere PRD, p. 9).

Two important changes have occurred in the dosimetry recommendations. First, the revised
DCFs would be larger for some radionuclides, and would decrease.for others, typically by a
factor of less than two. Most importantly, there would be an increase of about 60 percent in
estimated doses from ingestion of 1291, the dominant contributor to dose in the AECL estimates.
Secondly, the risk conversion factor has changed from 2 x 10'2 (as indicated in AECB, 1987a) to
a nominal probability coefficient of 7.3 x 10'2. This would imply a four-fold larger risk, although
the risk endpoints have also been changed (i.e., from fatal cancers and serious genetic effects, to
consideration of fatal and non-fatal cancer or severe hereditary effects).

For AECL's postclosure safety assessment, AECB staff recognize that changing the DCFs and
risk conversion factors alone would not increase the mean estimated dose above the AECB risk
criterion (i.e., 10"6 per year). However, since the dose arising from the dominant contributor to
total dose (i.e., 129I) is underestimated, AECL should assess the changes to the principal
assessment endpoints that would result from the use of DCFs based on the ICRP 60
recommendations (ICRP, 1991).

C.5.2 Some of the biosphere-related assumptions used in the model development are not
conservative or not adequately supported.

AECL indicates that the biosphere model was designed to ensure that the impacts of radionuclides
and chemically-toxic elements on the environment and humans would not be underestimated.
The choice of conservative assumptions is given as a primary means of accomplishing this
objective (Biosphere PRD, p. iii). However, a significant departure from the choice of
conservative assumptions was made with the use of the physiographic and hydrologie
characteristics of the Boggy Creek watershed catchment, because the area of this catchment is at
the high end of the distribution of areas for Canadian Shield catchments (Biosphere PRD, p. 84).
This results in a bias toward dilution of radionuclides released to surface water, and thus to a
lowering of exposures. AECL should assess the impacts of using the Boggy Creek watershed
characteristics in the biosphere model instead of more typical Canadian Shield values on
estimated doses and environmental concentrations.

Furthermore, it is assumed that radionuclides will reach the sediment through the deposition of
contaminated suspended particulates from the water column. However, higher sediment
concentrations would result from radionuclides being retained by the sediment as the groundwater
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is discharged from the geosphere. Also, it is assumed that the contaminants are rapidly and
uniformly dispersed throughout the lake volume upon reaching the lake. For fish and benthic
organisms, it would be more conservative to assume that the contaminants are retained within the
hypolimnion of a stratified water column.

C.5.3 AECL has not identified potentially significant exposure pathways for non-human
biota but rather have relied on the fact that the broad PDFs used for transfer
coefficients would include most organisms of interest.

Although the choice of generic biota is useful in a general assessment, AECL should have
attempted to identify the organisms and life stages that would potentially receive the highest
doses because of their diet or habitat, and to orient their assessment towards those organisms or
life stages. This would have been all the more relevant since AECL acknowledges that,
"nonhuman organisms could be exposed to larger doses (i.e., than humans) because of ecological
differences" (Postclosure PRD, p. 21).

For example, in assessing dose to fish, the proponent assumes that, "exposure to contaminated
vegetation is unimportant for fish because most of their external dose should come directly from
water or sediment". However, external dose from aquatic vegetation may be important for some
species such as Northern Pike eggs that develop attached to submerged aquatic vegetation.

C.5.4 The assumed background concentrations for stable iodide in the biosphere model are
based on WRA data, which are not conservative with respect to Canadian Shield
data.

The statement (Biosphere PRD, p. 43) that Canadian Shield groundwaters contain appreciable
amounts of stable iodine is based only on data from the WRA where variations in iodine
concentrations are controlled by variations in salinity. Shallow Shield groundwaters typically
have low salinities, but there are no supporting data on iodine concentrations in these
environments, even from other AECL Research Areas.

C.6 DEFICIENCIES RELATED TO SCENARIO SELECTION AND ASSESSMENT

C.6.1 The only critical group considered by AECL in the EIS is a self-sufficient farm
household, and this assumption is not adequately justified.

AECL does not justify the selection of the self-sufficient farm household as the critical group.
AECL should discuss the various possibilities for the critical group, and provide reasoned
arguments and/or assessments to show that the risks would be expected to be greatest for the self-
sufficient farm household. For example, AECB staff note that some fracture zones in the WRA
may be capable of supplying sufficient groundwater for a municipal water supply well. During
long-term convergent-flow hydraulic interference tests at the WRA, a fracture zone at a depth of
greater than 200 m was pumped for 41 days at a rate of 130 1/m or 68,339 mVa (Geosphere PRD,
p. 94). This pumping rate is much greater than both the assumed median well demand of 1330
m3/a and the maximum well capacity of 10,400 m3/a (Postclosure PRD, Figure D-46) that was
used in the median value simulations. Therefore, AECL should have considered scenarios where
a well or well-field is used to supply water for a town or village.
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Furthermore, the median household well demand of 1330 m3/a (Postclosure PRD, p. 447) is only
0.56 Igpm and is too low by a factor of about five. A well needs a specific capacity greater than
the mean annual consumption to supply peak water demands. As stated above, a communal or
municipal well would require an even greater capacity.

The sensitivities of maximum annual dose to well demand and depth in the median-value
simulation in the Postclosure PRD are somewhat misleading, as only one parameter is varied at a
time. As such, the sensitivities may not reflect the potential for a deep, communal well to
capture the majority of the contaminants released without excessive dilution, particularly if the
hydraulic conductivity field in the fracture zone is highly variable (as in the case of Fracture
Zone FZ2, see Davison and Simmons, 1984, Figure 6) and tends to channel vault releases to the
well. For example, the results shown in Figure D-45 of the Postclosure PRD (p. 491) apply only
for relatively low pumping rates such as for the median case simulation. For pumping rates
greater than about 1500 m3/a, Table 7.4.2 of the Geosphere PRD implies that the fraction of
contaminants recovered may increase with increasing well depth. Furthermore, doses may be
attenuated with increasing well depth for only the low-pumping-rate median case simulation
(Figures D-52 and D-53 of Postclosure PRD, p. 499). For higher pumping rates, maximum doses
may increase with increasing well depth. Similarly, the trends shown in Figures D-54 and D-55
of the Postclosure PRD (p. 502-504) may not apply for well depths greater than about 100 m. At
such depths, dose may increase with the number of people in the critical group.

C.6.2 AECL has not provided sufficient justification to fully support their statement that
nuclear criticality would not occur in a nuclear fuel waste vault in the Canadian
Shield.

The Vault PRD (Section 8.5) and McCamis (1992) show that there is insufficient Special Nuclear
Material (SNM, which includes 235U, 239Pu and other readily fissile isotopes of uranium and
plutonium) in a single used fuel container to sustain nuclear criticality.

These documents also examine some aqueous solutions of 239Pu (presumably dissolved and
mobilized to some other location) and define critical volumes in milieus of buffer, backfill, sand
(or sandstone) or glass beads as host material. All these materials are used in the vault. Thus it
defines a partial range of parameters to look for in the disposal system that could result in nuclear
criticality. Although the full range of parameters is not rigorously defined, the documents set out
conditions that must not occur if nuclear criticality is to be eliminated from further consideration
in the EIS. However, it should be noted that if SNM conditions incident to the vault can fall into
any of the ranges from McCamis (1992), then it may be necessary to take into account other
parameters or conditions to be able to show that nuclear criticality cannot occur.

The EIS does not give an adequate justification of why the conditions leading to nuclear
criticality are not expected to occur in a disposal vault in the Canadian Shield, and thus this
scenario cannot be excluded from consideration without further analysis. In particular, additional
analyses are required to show that sufficient accumulations of SNM to cause nuclear criticality
from many failed containers are not expected for the range of conditions that could occur.
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C.6.3 AECL does not sufficiently justify the elimination of seismicity and tectonics from
consideration in the postclosure safety assessment.

(i) AECL is placing too much emphasis on the documented earthquake record which, in
Canada, is far too short to provide a reliable indication that major earthquakes would not
be expected in any areas studied to date.

The Geosphere PRD (p. 50) states that "On the basis of the lack of evidence for active movement
along faults at the URL during the last million years, the effects of earthquakes have not been
included directly in the Geosphere Model used for the postclosure assessment case study." Ontario
Hydro wrote that vast areas of the Canadian Shield are characterized by negligible seismic
activity (Preclosure PRD, p. 6-55) and that no damage to building structures was ever recorded.
Ontario Hydro, therefore, adopted the position that "it is assumed that no substantial damage
could be caused to the surface facilities from a credible seismic event. Therefore, accident
scenarios having an earthquake as the initiating event have not been analyzed further."
Furthermore, AECL did not support their statement that there has been no reactivation of pre-
existing fracture zones in the last million years (Geosphere PRD, p. 45). Because there is
evidence that certain fracture minerals have formed in the last million years, it could be claimed
with equal veracity that fracture reactivation has indeed occurred during that time period.

The inherent assumption in the above statements is that the documented seismological history of
approximately 200 years is long enough to provide a representative picture of where moderate to
large (M>5) intraplate seismicity has occurred in the past and, therefore, could occur in the
future. Large magnitude intraplate earthquakes are much less common than small-magnitude
earthquakes and the temporal interval between consecutive large-magnitude events, at any
location, may be as long as several hundred to a few thousand years.

The conclusion that locating a vault away from earthquake clusters would afford long-term
protection (Siting PRD, p. 22, point 2) may be true. However, geological work would be
required to provide reasonable assurance that the major faults in the vicinity of the chosen
repository site were either inactive or not capable of producing a near-field, large-magnitude
earthquake. The documented seismological record in eastern North America is far too short to
provide the sole basis for assessing earthquake potential in an area. The 1988, magnitude 6.5
Saguenay earthquake demonstrated this point.

(ii) There are too many unsupported statements suggesting that the Canadian Shield has not
been subjected to any major tectonism in the last 600 million years, therefore implying
that no site located in the Shield will experience damaging earthquakes.

AECB staff disagree with the statement that "the entire Shield has been free of any major
orogenic activity for at least the past 600 million years" (Siting PRD, p. 22). There was a major
orogenesis, between about 600 million and 300 million years ago, in which sheets of Palaeozoic
rocks were thrust on to the Canadian Shield in eastern Quebec. In Southern Ontario, faults
deform both Canadian Shield and upper Middle Ordovician rocks (Sanford, 1993), meaning that
movement along those faults is upper Middle Ordovician (approximately 450 million years old),
or younger, in age. Sanford's work and other recent studies indicate that orogenic activity



66

occurred in Southern Ontario in the last 500 million years, which contradicts the previous
consensus that the area was stable over the last 600 million years.

(in) Inadequate assessment of existing information.

The overburden thickness map in the Siting PRD reveals a prominent NE-oriented linear zone,
within which the sedimentary thickness is noticeably greater than on either side (p. 77,
Figure 4-6). This is a linear depression, and the document (p. 79) acknowledges that it is a
fracture zone. AECB staff agree with this point, however more discussion is required. There is a
need to determine whether the fracture zone is really a fault zone and, if so, the characteristics of
the zone. This zone is more than 7.5 km long, and is quite close to the URL. It should not be
dismissed without further investigation, and well-documented discussion.

C.7 GENERAL DEFICIENCIES RELATED TO MODELLING AND DATA

C.7.1 An integrated discussion of the data and information available for the WRA and
URL is not provided. The structure and input data to the geosphere models are not
adequately justified based on field data.

An integrated and detailed discussion/description of the data and information available for the
WRA is not provided in the EIS, the PRDs, or to the knowledge of AECB staff, in any of the
tertiary references. This makes it difficult for reviewers to assess the appropriateness of the
structure and parameter values used in the geosphere models. For example, the chemical and
environmental isotopic analyses of URL/WRA groundwaters have not been tabulated (Geosphere
PRD, p. 319). Therefore the basic hydrogeochemical data base for the batholith is unavailable for
review. This is an important omission because the hydrogeochemical data have been used to
"validate" the physical groundwater flow model for the URL site. Furthermore, AECL does not
present or analyze in detail the available hydraulic conductivity data for the WRA.

The structure and input data to the geosphere models are not adequately justified based on field
data. In Deficiency A.2.1, several non-conservative assumptions regarding the assumed
configuration of fracture zones were identified. Also, AECL defines a number of criteria for
defining fracture zones and assigning depths in the Geosphere PRD (p. 107) without a discussion
of relevant field data, and they appear to ignore the criterion for depth for Fracture Zone VI
(Geosphere PRD, Figures 5.3.2 and 5.5.12), in that no rationale is given for limiting its depth to a
couple of hundred meters.

Input values to models are not sufficiently justified based on field data to be realistic or
conservative. For example, the Geosphere PRD presents model inputs for permeability and
porosity (Section 5.3.2) and states that "hydrogeologic measurements in boreholes and fracture
records from borehole logs suggested the permeability of the rock mass at the WRA decreased
with increasing depth" (p. I l l ) without reference to any specific URL/WRA data. With regard to
mineralogy, it is stated that hematite is the major iron oxide in the fractures (Geosphere PRD, p.
325). However, in the postclosure assessment, goethite is indicated to be the only iron oxide
present in Fracture Zone LD1 (Table D-2 of the Postclosure PRD), with a relative mineral
fraction abundance of 0.15 in the fracture zone. Because goethite is indicated to be a major
sorbent for certain radionuclides, its assumed relative abundance in fractures needs to be
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supported. This is necessary because the sorptive behaviour of goethite and hematite are quite
different.

In summary, AECB staff disagree with the statement (Geosphere PRD, p. 274):

"Although this case study is hypothetical, it illustrates how site specific geological,
hydrogeological and geochemical information from site characterization and laboratory
measurements would be combined to produce a model of the transport of vault
contaminants through the geosphere surrounding a nuclear fuel waste disposal vault."

For this statement to be valid, AECL would have had to justify the structure and input values to
the geosphere model based on all the available data at the WRA/URL site.

C.7.2 AECL is inconsistent in their use of data collected after 1984 (the year construction
began on the URL), and they should summarize and discuss the ramifications of all
data collected after 1984 that contradicts their conceptual models. If the associated
changes to the conceptual models would not have a significant negative impact on
safety, the exercise would provide a measure of adequacy for the modelling
performed.

While the geosphere model is based on pre-1985 data, data collected after that time are
referenced in the El S when it reinforces or supports modelling assumptions or results. For
example, on page 182 of the Geosphere PRD, recent field testing that used helium as an indicator
for identifying discharge areas in and around Boggy Creek is used to confirm aspects of the
three-dimensional groundwater flow model for the site. AECL should present all data and
information collected since 1984 that adversely contradicts the geosphere model, and provide an
indication of the possible impacts on the safety case.

C.7.3 Discussions about system performance for various minimum waste exclusion
distances are misleading, because most of the vault is separated from Fracture Zone
LD1 by much larger distances.

The many discussions in the EIS and PRDs about a 46.5 or 50 m waste exclusion distance have
the potential to give readers the impression that 50 m of sound rock is sufficient to ensure safety.
However, because of the dip of Fracture Zone LD1 (18 degrees, see Postclosure PRD, Figure 5-
7) and the GEONET network configuration, approximately 86 percent of the vault is separated
from Fracture Zone LD1 by at least 150 m of the lower rock layer (permeability of 10'19 m2 ).
This can be seen in Figure D2.1.1 of the Geosphere PRD, with the actual numbers being obtained
from Table 6-1 and Figure 6-1 of the Vault PRD. Thus, the reference vault design for the
hypothetical site could be viewed as providing a 150 m waste exclusion zone that is reduced
down to a minimum of 50 m over 14 percent of the area of the vault.

Section 6.3.3.5 of the Postclosure PRD shows the impacts of reducing the minimum distance
between the vault and Fracture Zone LD1 down to 1 m on annual doses due to 14C and 129I.
Based on Table 6-1 of the Vault PRD, approximately 86 percent of the vault would still be
separated from Fracture Zone LD1 by at least 100 m of the lower rock layer. Furthermore, for a
minimum waste exclusion distance of 1 m, other radionuclides in addition to 14C and 129I should
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be considered. Table 6-1 of the Postclosure PRD shows that significant quantities of several
radionuclides are released from the vault, and thus other radionuclides could contribute
significantly to annual dose.

C.7.4 The postclosure assessment modelling uses data and coefficients with an unwarranted
number of significant figures, implying much greater precision and accuracy than
can be justified.

Temperatures in the vault are predicted as a function of time using detailed models, and the vault
is partitioned into three temperature regimes (hot, cool and cold) according to the maximum
temperature attained (Vault PRD, Section 4.7.2). In SYVAC3-CC3, the evolution of the
temperature in each of these regimes (and hence for each container subject to that regime) is
simplified into step functions using temperature and time coefficients having 3 to 5 significant
figures. The fraction of containers in each vault sector that are subject to each temperature
regime is determined to 5 significant figures (Vault PRD, Table 4-3, p. 97).

However, there are discrepancies of tens of degrees in reporting the results of the detailed
temperature simulations. The Geosphere PRD (Figure 5.5.17a) shows a maximum temperature of
only 48°C in the centre of the vault at 70 years, while on page 168 it states that the "average
vault temperature reaches a maximum of 72°C at about 70 years (Figure 5.5.18)". Further-more,
the caption on Figure 5.5.18 states that it is the temperature of the hottest point, not the average.
The maximum temperatures reported in the Vault PRD are over 90°C (Vault PRD, Figure 4-13a).
In addition, the temperature profiles shown in Figures 4-13a and 4-13b for locations H3 and Cl
(Vault PRD, Figure 4-14) should be approximately the same, but the profile at Cl is much hotter
than the profile at H3. The lack of clear comparison between the various thermal analyses and
the apparent discrepancies in the reporting introduces uncertainty in the results and makes the use
of 3 to 5 significant figures in the temperature and time coefficients unwarranted.

The container lifetime distribution calculated in SYVAC uses temperature-dependent corrosion
rates. Two corrosion mechanisms are assumed, and the rates are given to four significant figure
precision (Vault PRD, Tables 4-5, 4-6, 4-7). The coefficients of temperature dependence are
given with 3 and 4 significant figure precision. The use of such high precision implies that there
is a measurable effect by varying the least significant digit. This is neither examined nor
supported in the experimental results or in the modelling. The resulting effect'on the predictions
of container lifetime of using temperature, time, corrosion rate and temperature-dependent
coefficients with superfluous significant figures is not assessed.

In the biosphere submodel, the soil submodel uses regression equations to reproduce the results of
detailed calculations using the SCEMR1 model. The regression equations use 34 coefficients for
each of four soil types (Biosphere PRD, Tables 6-2, 6-3, 6-4, and 6-5). Even though each of
these 136 coefficients have four significant figures, the "satisfactory" agreement between the
regression model and SCEMR1 is never better than a factor of two but always within a factor of
six (Biosphere PRD, p. 161). That this "satisfactory" match requires four-significant .figure
precision in the regression coefficients is not discussed.

The use of a large number of significant figures implies a precision and accuracy of the data that
are not warranted. This, in turn, implies unwarranted confidence in the results of the calculations.



69

The variation in the number of significant figures used for different input data is indicative of
(and may also derive from) the inconsistent level of detail in the models. At a minimum,
extraneous significant figures squander computer resources and introduce an unjustified level of
confidence into the modelling.

C.8 DEFICIENCIES RELATED TO QUALITY ASSURANCE

C.8.1 A formal QA program for the Canadian Nuclear Fuel Waste Management Program
was not initiated until 1990.

The implementation of a formal quality assurance program for research and design work for
waste management was not begun until 1990. As a result, much of the research upon which the
SYVAC sub-models were based was not conducted under the guidance of a quality assurance
program. Furthermore, it appears that the program has not been strictly followed since 1990, as
it is stated that the program has not been fully applied thus far but it will be in the future
(Biosphere PRD, Section 11.7.1).

C.8.2 While code development has been carried out at AECL in support of the EIS since
the late 1970s, formal Software Quality Assurance processes have been put into use
only recently.

Of all the codes developed by AECL in support of the EIS, software quality assurance has been
most stringent for SYVAC. However, the SYVAC Software Development Project Plan was
approved for use in August 1993 and the Software Development Procedures in September 1994
(Allan, 1994), which in both cases was too late to be of any use. Furthermore, the SYVAC
Software Development Standards, the SYVAC3 Manual and the ML3 User's Manual/
Programmer's Guide have not been approved and issued for use, and the Unit Test Plans and
Reports and Functional Test Plans and Reports are only partially complete for SYVAC3-
CC3-ML3.

Software quality assurance is generally lacking for the more-detailed computer codes upon which
SYVAC is based. For example, design specifications were never produced for MOTIF, and the
documentation for the code is limited to a draft Mathematical Formulation and User's Manual
(Guvanasen and Chan, 1994). The software configuration management for MOTIF is inadequate.
The current version of the code has not been tested against the URL drawdown experiment
because of incompatibilities between MOTIF's current format for data input and the original input
files for the URL drawdown experiment. This experiment, which is presented in the Geosphere
PRD, is the key experiment in the MOTIF validation program. Furthermore, in early 1995
AECL was unable to resurrect the version of MOTIF and the input files used in the URL
drawdown experiment (Stanchell, 1995).

C.8.3 There are important deficiencies in the quality assurance processes for handling
models, computer software, and data.

In the configuration control and change request processes, two distinct steps, software deficiency
reporting and corrective action, have been combined into one step, change request (Postclosure
PRD, Figure B-l). Consequently, corrective actions can be decided upon, designed, and
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integrated into the model without sufficient review to determine what corrective action would be
most effective. In addition there is no re-verification and re-validation, and no feedback to
determine whether the deficiency has been adequately resolved.

The data quality or data qualification process only focuses on the mechanics of entering data into
the master database (Postclosure PRD, Section B.5.2). There are no quality assurance activities
identified to control and determine the degree of validity of the data, such as calibration of
instrumentation and verification/validation of data interpretation software.

C.8.4 The probabilistic approach upon which SYVAC is based has not been adequately-
reviewed to ensure that it appropriately accounts for uncertainties in the evolution of
the vault and the environment.

The probabilistic approach embodied in SYVAC has not been independently reviewed by experts
in mathematical statistics. As a result, there is no assurance that the uncertainties associated with
imprecise knowledge of the future behaviour of the engineered and natural systems are being
adequately incorporated in model predictions (Postclosure PRD, Section 2.5). For example,
Stephens et al (1989) only gives guidelines to scientific staff for defining probabilistic density
functions to be used by SYVAC3-CC3.

C.8.5 The testing work carried out for the SYVAC sub-models is flawed, and key aspects
of the testing are not yet complete.

The testing of many of the models underlying the development of the SYVAC3-CC3 simulation
models is not consistent, especially the criteria for judging the testing. For example, in the
biosphere submodel, a 136-coefficient regression model is deemed to provide a "satisfactory"
match with the results of the detailed soil model SCEMR1, even though the fit is never better
than a factor of two and never exceeds a factor of six (Biosphere PRD, p. 161). In the
international model inter-comparison project B1OMOVS, the biosphere submodel BIOTRAC
"predictions do not stand out in any way from the overall body of results" (Biosphere PRD,
p. 338). However, that "body of results" typically ranges over three orders of magnitude
(Biosphere PRD, Figures 11-1 to 11-4). Furthermore, "the error bars estimated by the various
participants overlap" (Biosphere PRD, p. 344), which is not surprising considering that the error
bars are typically three orders of magnitude in size (Biosphere PRD, Figures 11-5 and 11-6). The
evaluation of the testing of other sub-models is discussed in Sections C.I and C.2.

Some of the validation tests for SYVAC are not relevant to deep geological disposal of nuclear
fuel waste. For example, SYVAC3 was compared to the UTAP model as part of the validation
activities for SYVAC3 (Postclosure PRD, Section B.4.2.1). However, UTAP is inappropriate for
this purpose since it models the processes relevant to the shallow ground disposal of uranium
mine tailings as opposed to the processes relevant to the deep geological disposal of nuclear fuel
waste, which SYVAC attempts to model in this EIS.

Also the testing of key aspects of SYVAC was not complete at the time of the release of the EIS.
For example, independent unit verification tests of vault model modules were not completed
(Vault PRD, Section 7.4.2). These tests are currently being carried out by the U.S. Department
of Energy as part of a cooperative program.
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C.8.6 Quality assurance programs for implementation of the concept have not been
sufficiently developed.

Siting quality assurance program descriptions are too vague to provide confidence that a
sufficiently systematic siting process could be successfully carried out in the face of strong
schedule, financial., and social pressures (Siting PRD, Section 1J2).

Quality assurance program descriptions are too general to enable an assessment of whether the
QA approach for disposal facility characterization, construction, operation and closure would be
sufficient to ensure that the facility would satisfy AECB disposal criteria (Facility PRD, Section
2.2.3).

For example, the determination of the details concerning the variabilities of the rock mass is an
essential element of the design QA process. However, this design input data would remain
largely unknown until excavations were well underway at the site. No information has been
presented on how the design QA processes would accommodate design through this observational
method approach. The QA measures for the facility would have to ensure that the design
activities include continual and systematic assessment of new information that might require
major and properly developed changes in the design. This would be considerably more
demanding than conventional design environments where the input data is relatively well-defined
and design changes are much less numerous.

D. DEFICIENCIES IN THE ASSESSMENT OF SAFETY: PRECLOSURE

As stated in Part I of this document, AECB staff found the preclosure assessment to contain a
satisfactory level of detail and to be sufficiently comprehensive for the concept stage.
Furthermore, of all the Primary Reference Documents (PRDs), the preclosure safety assessment
report was considered to best satisfy the needs of an environmental impact assessment.
Deficiencies were, however noted in the areas of transportation, environmental impacts and
quality assurance, and they are presented in Sections D.I, D.2 and D.3, respectively below.
Minor deficiencies were also identified in the areas of worker health and safety, safeguards and
security, however they were not of sufficient concern to report at this time.

D.I DEFICIENCIES RELATED TO TRANSPORTATION

D.I.I The transport of nuclear fuel wastes from facilities outside of the Province of Ontario
is not adequately considered in the preclosure safety assessment.

The Preclosure PRD focuses on the transport of Ontario Hydro nuclear fuel waste from the
Darlington, Pickering and Bruce nuclear power plants to the disposal facility and does not
adequately consider the nuclear fuel waste from the nuclear power plants at Gentilly and Point
Lepreau and the AECL research facilities in Ontario and Manitoba. The Preclosure PRD does
not evaluate, among other issues:

(i) The radiological consequences of transporting nuclear fuel waste from Gentilly and Point
Lepreau to the disposal site.
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(ii) The transport route or system from Gentilly and Point Lepreau to the disposal site (road,
rail or sea).

(iii) The impact on the host community from the increase in traffic caused by nuclear fuel
waste shipments from non-Ontario Hydro facilities.

D.I.2 Transportation impacts are only assessed for disposal facility locations in Ontario.

The EIS states that the geologic medium for the disposal concept is the plutonic rock of the
Canadian Shield. The Canadian Shield occurs in Ontario, Quebec, Manitoba, Saskatchewan and
the Northwest Territories. However, the Preclosure PRD only considers possible transport routes
to disposal facility locations in the Ontario portion of the Canadian Shield. This precludes the
assessment of the incremental increases in costs, doses, environmental impacts and accident risks
involved in transporting the nuclear fuel wastes further from Southern Ontario, which is where
most of the waste is currently stored. Some of the increases could be significant for facility
locations west of Ontario.

D.I.3 The emergency response and preparedness programs for the transportation system
have not been adequately developed.

Emergency response and preparedness is based and compared to the existing system. This system
relies upon the nuclear power plants' response teams and the local emergency response vehicles
and personnel. At present, most shipments made are between the power plants and in relatively
populated areas. Thus, power plant and local emergency vehicles can respond in an acceptable
time period. For shipments of nuclear fuel waste to a repository located in Northern Ontario,
Manitoba and Saskatchewan there would be few local emergency response vehicles and most
responders would be volunteers. Also, the power stations' response teams could be a thousand or
more kilometres away. Specialized cranes and lifting equipment may not be readily available to
recover a transport cask at an accident site. As such, the emergency response and preparedness
programs for transportation to the disposal facility will be considerably more involved and
complex and involve more agencies than those for the infrequent, small shipments of spent fuel
that currently take place.

In summary, the existing emergency response and preparedness plans will be inadequate given
that the concept involves significant transport of nuclear fuel waste through sparsely populated
areas where existing emergency response capabilities are limited.

D.I.4 Discussions regarding the transport package for the nuclear fuel waste are potentially
misleading, and do not adequately address package testing issues.

The transportation portion of the preclosure safety assessment is based on Ontario Hydro's
existing 192-bundle spent fuel cask, CDN/2052/B(U). Based on the Preclosure PRD, it might be
assumed that the package is currently approved by the AECB, when in fact the package design
approval certificate for the cask expired 3 years ago. It should be noted, however, that Ontario
Hydro submitted an application to have the certificate renewed in March 1995. Furthermore,
Ontario Hydro is spending a considerable amount of time and effort to have their 384-bundle Dry
Storage Container approved for storage and transport. As such it would have been useful for the
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Preclosure PRD to discuss the ways in which the system operation and costs and predicted
impacts would change for the 384-bundle cask. Also, the impacts of doubling the capacity of the
package on public concern should have been discussed.

Considering that the safe transport of nuclear fuel waste relies primarily on the transport package
and its ability to retain its contents under normal and accident transport conditions, the Preclosure
PRD should have discussed the testing programs for the packages under consideration, the results
of those tests, and the means by which a proponent would demonstrate that a package meets the
various regulatory requirements for a certificate. This information should have been provided
because neither the 192-bundle nor the 384-bundle casks are currently approved for use, and
obtaining a renewal of a certificate is not simply an administrative procedure. An application for
renewal or approval of a package design must demonstrate that the package meets current-day
regulatory requirements, using up-to-date and appropriate analytical tools and test data.

D.1.5 The transportation system appears to be based on a number of optimistic
assumptions.

The transportation system appears to be based on a number of optimistic assumptions. Four
examples from the Preclosure PRD are provided below:

(i) The use of a 275-day transport year for road transport appears to be overly optimistic
(p. 2-76). Using a six-day working week, there are 312 days per year for transporting
waste. Most of Northern Ontario is subject to a six month winter, and thus weather
restrictions can be considered six days a month. This would result in 276 days without
consideration of statutory holidays, breakdown and traffic slowdowns in the summer due
to road construction and vacation traffic.

(ii) The maximum vehicle speed for road transport of 100 km/h is above the legal limit for
commercial vehicles on most Ontario roads. Consequently the average speed used
(50 km/h) is probably high when traffic, climate, type of vehicle and duration of trip are
considered (p. 2-95).

(iii) The mass for the loaded 6 module rail package of 79 Mg appears low (Figure 2-22). For
a two module road package, the weight is 35 Mg. Considering that the cube square law is
operating for mass/stress, a total mass of about 100 Mg would be more realistic.

(iv) The assumption that driver and maintenance error rates are implicit in historic accident
rates is questionable when traffic intensity or vehicle loading increases for a certain area
(p. 7-72). This point is of particular concern for Northern Ontario, where the projected
traffic increase of 72-76 trucks per day (p. 11-17) could be significant.

D.2 DEFICIENCIES RELATED TO ENVIRONMENTAL IMPACTS AND DOSE
ESTIMATES

Generally, AECB staff consider the approach used to assess the impacts of siting, transportation
and facility construction on the natural environment and humans to be adequate. The approach
outlined to assess and monitor potential impacts during facility operation has some weaknesses.
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However, the methods needed to properly assess the impacts of such a facility do exist, and if the
concept proceeds, they will be in broader use by the time site selection and characterization
begin. Thus, the deficiencies noted below are more related to a lack of adequate documentation
than to a lack of adequate methodology in the field of ecological assessment and monitoring.

D.2.1 The proponent has not identified potentially significant exposure pathways for valued
ecosystem components (VECs).

Although the choice of generic biota is useful in a general assessment, the proponent should have
attempted to identify the organisms and life stages most likely to receive the highest doses due to
the ecological niche in which they are found (e.g., feeding habits, part of the environment
occupied during sensitive life stages, etc.). Significant exposure pathways for potential VECs
have not been identified and the proponent does not provide any information on how these would
be identified when the site assessment stage is reached (Preclosure PRD, pp. 6-13 to 6-15). An
ecological risk assessment methodology needs to be followed.

In assessing dose to the four generic organisms, fish are assumed to reside where radionuclide
water concentrations are the highest. However, in the case of the mammal and the bird, they are
assumed to feed on vegetation cultivated by humans living near the Used Fuel Disposal Centre
(UFDC). This scenario is not appropriate for two reasons. Firstly, the critical group is located
1500 m away from the UFDC but the highest environmental concentrations are expected to occur
200 m from the UFDC (Preclosure PRD, p. 9-3); this is therefore not a conservative assumption.
For birds, mammals and plants, most of the dose is from 90Sr groundshine. What would be the
dose if these organisms were located where the highest ground concentrations are expected?
Secondly, the proponent has not provided any information on the most significant pathways of
exposure for biota and has, therefore, not shown that herbivores and granivores would be the
most exposed. It is possible that insectivores and birds (eg. ducks) feeding on aquatic plants and
benthic invertebrates could receive the higher doses.

Fish are assumed not to be exposed to groundshine. However, in the case of bottom-feeding fish,
external exposure from contaminated sediments may be an important pathway of exposure.

In view of the above comments, it is difficult to support the conclusion that "the annual dose rate
to non-human organisms is projected to be several orders of magnitude below background levels
and the impact is expected to be very small" (Preclosure PRD, p. 6-40).

Potential impacts on aquatic and terrestrial organisms of the release of toxic chemicals should
also be assessed based on their toxicity using pathways analysis and hazard quotients (ecological
risk assessment) (Preclosure PRD, p. 6-109).

D.2.2 The proponent has not provided any information on what criteria would be used to
identify ecologically important species and end-points indicating effects.

Beyond stating that, "it is necessary to find out what resources and natural components are
important" (Preclosure PRD, p. 10-2), the proponent provides little information to suggest that
they are aware of methods that provide criteria to identify VECs that are ecologically important
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species, which are species that play a significant role in structuring ecosystems or in the function
of a given ecosystem (Preclosure PRD, Section 10.2).

The references (e.g., Beanlands and Duinker 1983) used as a basis for the document's "Ecological
Perspective" are somewhat outdated (mainly from the 1970s and early 1980s). Methods and
criteria to identify ecologically important species, and to choose effects indicators and
measurement end-points for environmental effects monitoring programs, have been extensively
researched in the last five years, and would be relevant to the preclosure assessment.

D.2.3 The proponent has ignored the influence of the length of the operating period on
sediment concentrations.

Although radionuclide concentrations in the water would soon achieve a steady-state, this is not
the case for sediment concentrations. Sediment concentrations would build up in time as is the
case for soil concentrations, and this could be significant for organisms inhabiting sediments or
the sediment surface. This issue has not been considered in dose assessments to aquatic biota
(Preclosure PRD, Section 9.2.1.2, p. 9-3).

D.2.4 The calculation of whole body and thyroid doses is unclear, and may be
inappropriate.

The calculated whole body and thyroid doses (Preclosure PRD, Table 6-22) may not be
appropriate, given the somewhat confusing accompanying text in Section 6.1.2.5, as highlighted
below:

(i) With respect to the dose assessments for potential accident scenarios, it is stated that,
"The thyroid dose was relatively insensitive to the presence or absence of particulate
filtration since most of the thyroid dose was due to exposure to 3H." The meaning of this
statement is unclear, since one would not normally calculate a thyroid dose from tritium
exposure.

The method used to calculate whole body and thyroid doses for accident scenarios should
have been provided.

(ii) It is indicated (p. 6-70) that, "Since the thyroid doses were found to be less than the
whole body doses, the whole body doses to the critical group ... can be used to test
compliance with the public safety guidelines ...". Predicted thyroid doses and whole body
doses should be compared to their respective limits or guidelines, and not to each other.

D.2.5 The potential impacts of releases of saline water from the underground works during
the preclosure phase are not adequately assessed.

In the Preclosure PRD (p. 6-97), there is no discussion of the treatment of highly saline (high Cl"
) groundwaters from dewatering the repository during operations or of remedial measures for
saline discharges, only a hope that their volume would be small. The possible treatment needs
are not identified, and the environmental impacts that would result from saline discharges are not
assessed.
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D.3 DEFICIENCIES RELATED TO QUALITY ASSURANCE

D.3.1 Validation activities have not been carried out for a number of the computer codes
used in the preclosure safety assessment.

Validation activities have not been carried out for the computer codes used to assess the potential
radiological and toxic chemical impacts on the environment from the operation of the disposal
facility (PREAC, PSAC, and CEMTOX) and the radiological impacts from transportation of
nuclear fuel waste to the facility (TADS) (Preclosure PRD, Section 1.6.3.3). During verification,
portions of the codes were identified for validation against independent environmental data sets
but such validation activities have not been carried out.

D.3.2 Quality assurance programs are presented for only a limited number of aspects of
the operation of the disposal facility.

Transportation quality assurance only covers the design, manufacturing and testing of the
transportation system (Preclosure PRD, Appendix Section 1.7). The quality assurance approach
has not been described for the operation of the transportation system. Furthermore, except for a
description of some QA activities for ensuring seal integrity (Barriers PRD, Section 4.8), there
are no QA processes identified for the operation phase of the disposal facility.

E DEFICIENCIES IN SITE CHARACTERIZATION AND SELECTION

This deficiency category expands on several of the concerns raised under Deficiency A. 5
pertaining to site characterization, evaluation and selection. Specifically, deficiencies in the
review of data collection techniques, methods for data integration and interpretation and the
extent to which the El S provides the basis for concept implementation are presented.

E.1 DEFICIENCIES IN THE REVIEW OF DATA COLLECTION TECHNIQUES

As discussed under Deficiency A.5.1, AECL has not demonstrated that it is feasible to collect the
types and quantities of information for a site that would be required to prove safety. The EIS
does not identify the limits of what can be known about a site with current and reasonably
achievable technology, such as the type, quantity and spatial coverage of information that will be
attainable. The limitations in site characterization on the scale of the repository need to be
compared to analytical requirements to determine whether it is possible to demonstrate that the
reference design can comply with safety criteria.

The EIS discusses the techniques and existing technology for collecting regional and site scale
data and information. However, it does not adequately identify the information and data needs
for the various stages of the siting process. Also, it does not critically evaluate the techniques
and technologies or discuss their limitations. This deficiency statement provides examples of
some of the shortcomings in this area.
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E.I.I The available measurement techniques for collecting regional-scale data are not
critically evaluated, and information needs are not adequately identified.

The EIS does not identify what regional-scale information will be needed for site screening, and
it does not critically evaluate the techniques and the existing technology for collecting, integrating
and interpreting that information. Table 6-1 of the Siting PRD (p. 124) lists various exploration
methods, but there are no supporting discussions of their capabilities, their limitations and how
they could be used in an integrated site evaluation program.

In the discussion of the availability of satellite images and the variety of aerial photographs in
Canada (Siting PRD, p. 61), the report does not critically review the information that can be
generated and its use in the site screening process. The report claims that a great variety and
number of existing geological reports, prepared by various geological institutions, will be a very
useful tool during the site screening phase (Siting PRD, p. 63). However, the types and typical
quality of the data in these reports is not discussed or critically reviewed.

The brief discussions of geological mapping during the site screening phase (Siting PRD, p. 81)
and reconnaissance-scale site evaluation (Siting PRD, p. 114) do not identify the types of data
that will be useful in the siting process. Furthermore, the mapping procedures to produce those
data are not critically review and evaluated.

Methods to quantify and assess the regional geological stresses are not adequately addressed. The
report does not fully describe and critically review the regional hydrogeological methods that
should be carried out during reconnaissance phase (Siting PRD, p. 82).

E.I.2 The site-scale data that will be needed to select a site, design a facility and perform a
safetj' assessment are not adequately identified and the available measurement
techniques are not critically evaluated.

Site-scale measurements will progress from surface-based remote sensing techniques to subsurface
borehole investigations to test excavations. The EIS does not adequately identify what
information is going to be needed to select and adequately characterize a site. Nor are the
techniques and the technology to generate that information critically evaluated.

AECL suggests that approximately 20 boreholes to depths greater than 500 m would be sufficient
to characterize the four km2 area of the repository (Postclosure PRD, p. 238) however no
justification is given for this estimate. The discussion of fracturing of the host rock and its
impacts on repository performance is inadequate (Siting PRD, p. 54). The requirements for
characterizing the fault or fracture zones that bound the block of rock hosting the repository are
not adequately discussed. For example, the needs and methods for characterizing the
geomechanical properties of fracture zones is not sufficiently addressed.

The resolution capabilities of the various borehole geophysical techniques, particularly borehole
radar surveys, to detect open fractures is not discussed (Siting PRD, p. 143). Furthermore, the
need and potential for technology developments to measure in situ stresses in boreholes drilled
from surface at depths below approximately 350 m is not adequately discussed (Siting PRD, p. 43
and p. 159).
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Although they appear to be quite promising techniques, there are insufficient discussions of the
current capabilities of cross-hole seismic tomography and cross-hole radar tomography (Siting
PRD, p. 163), as well as the need for additional development of these techniques. There is not a
critical assessment of the capabilities and limitations of multiple borehole hydrogeological tests as
part of the site characterization program (Siting PRD, p. 175). Nor is there critical review of the
use of multiple borehole groundwater tracer tests for the determination of the rock porosity,
permeability and dispersion (Siting PRD, p. 176).

The use at the URL of ground penetrating radar and seismic reflection surveys to detect fractures
behind the shaft and tunnel walls is mentioned (Siting PRD, p. 196 and p. 213). However, there
is no critical demonstration of the capabilities and limitations of these technologies, and they are
not discussed in the context of generating data to characterize a waste exclusion zone (Siting
PRD, p. 143). Underground borehole drilling and exploratory excavations would create potential
conduits for contaminant migration away from the vault, and thus they would need to be sealed.
The inspection of borehole seals after placement is problematic, and the longevity of seals is
uncertain, so it will be desirable to limit the number of boreholes from the underground
excavation. Also, hydraulic tests in boreholes in tight rock only interrogate the rock to depths on
the order of decimeters (several wellbore diameters) away from the borehole. Thus, non-intrusive
geophysical techniques will be required to verify the existence of a waste exclusion zone.
However, Raven Beck Environmental (1995) concluded that these techniques are insufficiently
sensitive to be able to detect small fractures (< 1 cm) that are still capable of providing pathways
for advective flow. As such, it appears that current non-destructive (i.e., geophysical) methods
cannot provide appropriate data of sufficient confidence to adequately characterize a waste
exclusion zone.

E.2 DEFICIENCIES IN THE PRESENTATION OF METHODS TO INTEGRATE AND
INTERPRET DATA

The El S was expected to provide descriptions of methods for the integration of remote and on-
site observations, and to demonstrate the integration of the site investigation and characterization
information in the context of a site selection process. Some attempts at data evaluation and
integration are presented in the EIS. However, as discussed under Deficiency A.5.3, the logic
and methods of integrating the disparate regional-scale and site-scale survey techniques and how
the results would be used to reach decisions about the technical acceptability of a site are not
presented. In addition, there is no discussion of the technological developments that are needed
to collect the information and perform integrated site characterization at the spatial scales
required.

E.2.1 The procedures, processes and mechanisms to integrate the data are not adequately
discussed.

The summary of various reconnaissance investigation methods (Siting PRD, Table 4-2) also
attempts to provide some discussion about the integration process by stating that "Integration of
the characterization data from these information sources into maps and tables showing those
factors that relate to disposal system performance would enable a smaller number of potentially
technically suitable candidate areas to be identified." However, this statement oversimplifies the
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process of data integration. Maps and tables do not represent the complex task of total
integration of data.

Discussions on the interpretation and integration of data obtained by different geophysical
methods is missing. A critical review and inter-comparison of different geological and
geophysical methods and techniques is lacking (Siting PRD, p. 69). No critical review of
borehole geophysical methods and technology is presented, and no comparisons and correlations
of the results of geophysical surveys with core logs, TV logs or data obtained by other methods
are presented (Siting PRD, p. 143). There is a failure to build or to improve the confidence in
the capabilities and usefulness of these surveys and methods by comparing the geophysical
interpretations with the interpretations obtained from other methods. In addition, there is no
discussion of how the information collected during the underground characterization stage will be
incorporated into an overall safety assessment of the site (Siting PRD, p. 213).

E.2.2 The demonstration of data integration and interpretation in the EIS is inadequate.

The Siting PRD provides examples of multidisciplinary regional (i.e., "reconnaissance-scale")
investigations at various research areas (East Bull Lake, Atikokan and URL/WRA) to demonstrate
the procedures for integrating and interpreting results (Siting PRD, p. 116). However, these
examples fail to demonstrate the logic and methods of integrating the information and collected
data. Furthermore, the development of successively more detailed and accurate site models based
on new site data is not demonstrated. All that is presented is the "current" model of each site and
the information that went into its derivation. It is not clear whether what is presented is all the
information collected, or only the information that is not anomalous. AECL had an excellent
opportunity to demonstrate the evolution of the URL and WRA site models based on additional
investigations in the area, however they present geosphere models based only on data collected up
to the end of 1984.

E.3 DEFICIENCIES IN PROVIDING THE BASIS FOR CONCEPT
IMPLEMENTATION

AECB staff believe that AECL could have gone further in laying the groundwork for siting,
based on their 15 years of research work. As discussed in Deficiencies A.5.2 and A.5.3, AECB
staff believe that AECL has not adequately assessed potential favourable and unfavourable site
characteristics or siting criteria, or adequately developed a decision-making process for site
selection. These deficiencies are further developed in Deficiencies E.3.1 through E.3.3 below.
Deficiency E.3.4 elaborates on the concerns identified in Deficiency A.6.1 regarding the needs for
technological developments to implement the concept.

E.3.1 Favourable and unfavourable site characteristics are not identified based on the
parameters that are predicted by the postclosure performance assessment to be
important to the safety of the facility, or on the assumptions and limitations of the
postclosure performance assessment.

Favourable and unfavourable site characteristics based on the performance assessment are not
identified and discussed. The postclosure performance assessment identifies the most important
parameters controlling the calculation of annual dose (Postclosure PRD, Table 6-3 and
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Table 6-13). However, none of those parameters are discussed in either the Postclosure PRD or
the Siting PRD in terms of favourable or unfavourable site characteristics. Comments on the
important parameters in the postclosure performance assessment are presented in Sections B.3 and
B.4

The postclosure assessment employs a large number of assumptions and limitations. These
modelling constraints are not evaluated to identify favourable or unfavourable site characteristics.
For example, several aspects of the disposal facility are ignored in the systems model based on
analyses that assume that the access shafts are located in recharge zones at topographic highs
(Vault PRD, p. 172). This appears to be an important assumption in the demonstration
calculation, and because of this AECB staff expected that having topographic highs at which to
locate shafts would have been identified as a siting criterion or a favourable site characteristic.
Also, the limits of the redox potential in the repository are expected to be within an assumed
range (Barriers PRD, p. 25). The redox potential is not discussed as a favourable or unfavourable
siting parameter (Siting PRD, p. 97).

Key factors in the reference design cannot be evaluated until late in the site characterization
program, such as the nature and extent of fracturing and the in-situ stress field at the repository
horizon. AECL does not attempt to identify measurable indicator conditions for those desirable
and undesirable characteristics that can only be quantified later in the site characterization
program. For example, large hydraulic head differences between low-dipping fracture zones that
underlie and overlie a proposed repository horizon could indicate that the intervening rock is
hydraulically tight. Otherwise, the large head differences would have dissipated over time to
more closely reflect the local and regional topography.

E.3.2 AECL does not adequately develop siting criteria.

In its simplest form, the deep geological disposal concept can be viewed as a block of rock
bounded by more transmissive features leading to the surface environment. The El S does not
identify the limits of acceptable and unacceptable properties for the rock block, the bounding
features or the surface environment.

It was expected that the favourable and unfavourable site conditions identified from the
parameters important to the prediction of safety and from the assumptions and limitations of the
performance assessment would have been evaluated to derive acceptance and rejection criteria for
siting. Acceptance criteria identify the states or values of important site characteristics that will
enhance safety. Rejection criteria identify the limits on site characteristics that cannot be
tolerated, no matter what compensating conditions may exist. There is little discussion of such
criteria for the rejection of unsuitable regions, the rejection of unsuitable sites, the ranking of
suitable sites and the selection of a site for development. Nor are there criteria presented for site
abandonment during underground characterization. These criteria should include consideration of
the potential for site improvements or modifications, such as grouting and pre-grouting, which are
neither assessed nor discussed in the documents.
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Examples of siting criteria that could have been derived but were not include:

(i) acceptable or unacceptable limits of the extent of postglacial faulting (Siting PRD,
Table 3-1);

(ii) the minimum distance from existing mine or mine workings (Siting PRD.. Table 3-1);

(iii) limits on the acceptable or unacceptable mineralization or other natural resources that may
occur on a site (Siting PRD, p. 48);

(iv) the minimum spacing of major structural features and minimum size of the host block of
rock (Siting PRD, Table 3-1);

(v) limits of acceptable topography, including the existence of topographic highs suitable for
locating access shafts (Vault PRD, p. 172);

(vi) acceptable or unacceptable limits on the degree of fracturing of host block of rock (and
the waste exclusion zone in particular) and on the geomechanical properties of the host
rock; and

(vii) limits on the magnitude and anisotropy of the in situ stress to comply with the needs or
assumptions of construction and operation safety assessments and predictions of long-term
performance of the facility.

E.3.3 AECL does not adequately develop a decision-making process for site selection.

Although the El S presents a demonstration of their site evaluation tools, no comprehensive site
evaluation is presented and no illustrative site selection decision is made. The description of the
site characterization technology, the logic and methods of integrating the disparate survey
techniques and how the results would be used to reach decisions about the technical acceptability
of a site are not discussed in the context of a decision-making process for siting a repository.
The Siting PRD (p. 177) states:

"After consideration has been given to various alternative locations within the larger
regional context of the geologic, hydrogeologic and environmental setting of the candidate
area, a candidate site would be identified for the disposal vault."

It is not clear from this statement how a candidate site would be selected, or what criteria and
guidelines would be applied. The transition from a region to a site is a crucial point in the site
selection process, but the EIS does not describe this decision-making process clearly.

Reliance on the interim predictions which result from the site evaluation methodology to direct
the program assumes that the models initially developed are correct, and that future information
will only enhance model reliability rather than disprove the model. There appears to be no
mechanism to evaluate the models and discard them if they are insufficient for making a good
decision. Likewise, there appears to be no mechanism for rejecting a site if it proves inadequate.
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There is no indication in the EIS of the feedback processes that are "one strength of the
approach" (Postclosure PRD, p. 267). The interim performance assessment presented to
demonstrate the tools does not feed back into the design process at any step. No procedures to
perform iterations on the container design, on the vault design, or on derivation of siting criteria
based on up-dated performance assessments are presented. Nor are procedures presented for
incorporating new information in the performance assessment by means of re-analysis of the
scenarios, re-evaluation of the appropriateness of the models and their underlying assumptions and
limitations or revision of the parameter input distributions.

The need for a feedback mechanism to refine the monitoring program based on current conditions
is identified in the Preclosure PRD (p. 2-18). Unfortunately, there does not seem to be any
discussion or development of such mechanisms later in that document, or in the Siting PRD.

Furthermore, siting the facility's shafts and tunnels (Preclosure PRD, p. 2-22) would require a
closed feedback loop whereby the site characterization is continually used to modify the vault
design and its performance assessment. Such a mechanism is not mentioned in the discussions.

E.3.4 The discussion of technological developments needed for site characterization and
selection is inadequate.

The Siting PRD does not address the need for the development of new technologies for the
implementation of deep geological disposal, such as for the characterization of a waste exclusion
zone (WEZ). The report does not critically review the capabilities and limitations of the
investigation techniques, methods and procedures for the site selection process. AECL states that
"the site characterization methods that are currently available are sufficiently well developed to
allow siting to commence" (Siting PRD, p. 216). This statement implies that additional
technological developments will be required to complete site selection and characterization,
however, there is no discussion of the critical technological needs and when they might be
achieved.

AECL states that technology currently exists to develop site-specific constraints for the lay-out
design of the repository (Siting PRD, p. 213). However, the Siting PRD does not provide a
demonstration of the evaluation and characterization of the host rock properties in three-
dimensional space. Therefore, it is not clear if the technology is currently available and tested for
determining whether a waste exclusion zone, as defined by AECL, envelopes the repository.

The adequacy of the present technology for in situ stress determination and the need for
improvements and innovations is not discussed. Field methods for investigating local and
regional paleostresses and characterizing the total stress field are not evaluated. Also, the need
for developments in technology to measure in situ stresses at the depth of a repository prior to the
shaft excavation is not discussed (Siting PRD, p. 98).
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