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S U M M A R Y  

Since the last reporting period by the Technical Advisory Committee (TAC) the emphasis of the 
work in the Canadian Nuclear Fuel Waste Management Program (CNFWMP) has been on the 
writing of the Environmental Impact Statement (EIS) and the associated set of nine primary 
reference documents as well as supporting documents. These are in preparation for submission to 
the Environmental Assessment Review Panel who will lead the national evaluation of the disposal 
concept under the auspices of the Federal Environmental Assessment Review Office (FEARO). 

The disposal concept developed over the last fourteen years by Atomic Energy of Canada Limited 
(AECL) and anticipated to be presented by means of the EIS in 1994, is based on a multiple 
system of natural and man-made barriers wherein nuclear waste is first enclosed in corrosion- 
resistant containers, designed to last at least 500 years, and then placed in a vault excavated 500 - 
1000 m deep in granitic rocks of the Canadian Shield. After container emplacement either in or 
on the floor of the vault, and with a surrounding buffer material of a bentonite claylsand mixture, 
the vault will be backfilled and sealed with crushed rock, buffer and sand, as will be the shafts 
and exploratory boreholes. The case study being presented by AECL to demonstrate the safety 
of this concept and the technology to implement it, relies on computer simulations of a 
hypothetical disposal site with geological characteristics similar to those at the Underground 
Research Laboratory (URL) in the Whiteshell Research Area (WRA) located in Manitoba. The 
preliminary simulation results suggest that safe containment can be achieved provided that the 
waste is surrounded by a sparsely-fractured zone of rock wherein movement of contaminants 
carried by groundwater is modelled as a diffusive as opposed to a advective process. 

TAC continues to advocate its previously expressed view that an additional level of safety can be 
achieved by siting the vault in a regional groundwater recharge area to maximize the length of 
groundwater flow path from a vault to the biosphere. Adoption of this siting strategy would also 
minimize the potential adverse effects of undetected fractures or unanticipated future development 
of fractures - possibilities to which reliance on a zone of intact rock would be sensitive. 

At the URL six of the nine planned in situ experiments including studies on bufferlcontainer 
interaction, solute transport in highly and moderately fractured rock, grouting and shaft sealing 
are presently in various stages of operation. TAC strongly endorses the activities currently 
planned in the Mine-by Experiment at the URL. The aim of this major experiment is to develop 
and improve the ability to understand and predict responses of highly stressed rock to excavation, 
and thus to design stable openings and sealing systems for a disposal vault in a high-stress 
environment. In view of the uncertainty regarding actual in situ stress magnitudes and rock mass 
strength parameters, TAC agrees with the need to demonstrate that emplacement concepts are 
robust, and advocates continued progress towards an adequate simulation of medium-term response 
of rock mass around emplacement rooms and container holes. 

iii 



The environmental research program is well prepared for assessment of its work with the 
completion of the Biosphere primary reference document and its supporting documentation. In 
addition, numerous papers describing various biospheric processes have been or are being 
published in peer-reviewed journals thus lending further support to the credibility and quality of 
the research and the biospheric models developed. In the area of continuing research, the novel 
and indirect method of detecting and characterizing groundwater discharges through measurement 
of helium anomalies in surficial land and water bodies holds promising potential. TAC views it 
as a positive step in meeting the need to better understand the deep groundwater flows in the 
Canadian Shiel 

TAC continues to find the program of studies on used fuel, including collaborative work with the 
Swedish program, to be comprehensive and closely oriented to realistic vault conditions. TAC 
supports the work to refine further the fuel dissolution model, the continuing contributions to the 
data base on used fuel dissolution, and more extensive studies on alpha radiolysis and temperature 
effects on used fuel. The program on the corrosion resistance of container materials, including 
both titanium alloys and copper, is of high calibre and is focused on appropriate problems. The 
clay technology program with its large-scale testing is well formulated and productive. The vault 
sealing work is now focused on the URL experiments and the studies of the buffer-container-rock 
system under transient thermal conditions appear to be comprehensive. TAC has reviewed and 
commented on a draft of the primary reference document dealing with the Vault Model and based 
on its organization and completeness expects the final version to be of high quality. 

The principal focus of work during the past year within the environmental and safety assessment 
has been to complete the Post-Closure Assessment primary reference document with much effort 
devoted to ensuring its quality and consistency through the holding of workshops complemented 
by extensive technical and editorial reviews. TAC continues to emphasize the importance of 
software quality assurance, supports the external SYVAC testing activities presently in progress, 
and carries on its own independent effort of code inspection and testing. 

International cooperative programs addressing the geosphere, biosphere, technical siting, and 
performance assessment aspects of waste disposal systems have been very active. An issue of 
increasing importance recognized by these programs is that of model validation. TAC considers 
the monitoring of such projects as a useful activity in support of our appraisal of the components, 
quality and progress of the Canadian program. 

For any implementation of the generic disposal concept, following environmental assessment, a 
continuing effective research program with the necessary experienced personnel would be required. 
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I. THE CANADIAN PROGRAM - DEVELOPMENT AND REVIEW 

1.1 INTRODUCTION 

The Canadian Nuclear Fuel Waste Management Program (NFWMP) comprises the research and 
development required to establish appropriate technologies for the safe permanent disposal of 
Canada's nuclear fuel wastes. It was formally initiated in June 1978 by a Canada-Ontario 
Agreement with the overall objective of managing radioactive by-products and wastes so that the 
potential hazards are negligible, and the trouble and concern to future generations in keeping them 
safely will be minimized or eliminated. The program includes continuing research and 
development of technologies for interim storage and transportation (the responsibility of Ontario 
Hydro (OH)), and a generic research program on the concept of immobilization and subsequent 
deep disposal of nuclear fuel waste in stable crystalline rock within the Canadian Shield (the 
responsibility of Atomic Energy of Canada Limited (AECL)). 

The Technical Advisory Committee (TAC) to AECL on the Nuclear Fuel Waste Program was 
established in mid-1979 following recommendations in earlier government reports and suggestions 
from parts of the scientific community. Its membership is selected entirely from nominees 
submitted by major scientific and engineering societies in Canada, and its purpose is to act as an 
independent review committee advising AECL on the extent and quality of the Nuclear Fuel 
Waste Management Program. It has fulfilled this role primarily through the issuing of an annual 
report which is publicly available. This thirteenth report continues that process. The terms of 
reference for TAC are given in earlier reports (TAC, 1980, 1981) and are available on request. 
All previous reports (e.g. TAC, 1992) give details on TAC's operating and reporting procedures, 
and membership information is appended (Appendix I). 

Based on a Canadian Government decision in 1987, AECL's concept of deep geological disposal 
is to be assessed under the federal Environmental Assessment Review Process (EARP). This 
requires AECL to submit an Environmental Irqpact Statement (EIS) which, along with reference 
and support documentation, is expected to be available in late 1993 or early 1994. TAC's 
advisory role has recently therefore been concentrated on a review of drafts of the primary 
references prepared by AECL, and as a result its last report (TAC, 1992) was more abbreviated 
than previous reports. Thfs report is even more brief for the same reason. Nonetheless we do 
include in this introductory chapter some elaboration on the AECL disposal concept and its 
development (Section 1.2), and on the approval or evaluation process (Section 1.3). In Chapter 2 
we provide current assessments related to major components of the program, and in Chapter 3 a 
brief summary of relevant international aspects. 



1.2 PROG CONCEPT AND DEVELOPMENT 

A description of the concept of effective and permanent isolation in a vault constructed deep in 
a stable geologic formation appeared in our earlier reports (e.g. TAC, 1981; TAC, 1986). These 
and recent reports (e.g. TAC, 1990) which have presented a more abbreviated description may be 

In essence, a deep underground vault provides a natural barrier in the form of the large geologic 
mass between the emplaced waste and the biosphere. The principal long-term concern is the 
potential for groundwater to become contaminated with radioactive nuclides (radionuclides) from 
the waste and eventually to enter the biosphere. The natural barriers provided by geologic 
disposal thus include rock with low permeability and low groundwater flow rates, long transport 
times for groundwater to reach the surface, retardation of migrating nuclides in rock pores and 
fractures, sorption of nuclides on rock surfaces and in overlying strata, and further dispersion and 
retention in the lakes, rivers and biomass of the biosphere. 

A vault constructed deep underground provides additional engineered barriers which include (1) a 
waste form of high stability, (2) encapsulation or containment in material of high corrosion 
resistance and durability, and (3) the further addition of buffer material with low permeability and 
high sorption capacity surrounding the waste and as a component in a suitable material for the 
filling of vaults, tunnels and shafts. 

This general concept of a multibarrier system involving geologic media and engineered systems 
is based on known technologies and current scientific knowledge. It holds strong international 
scientific and engineering support as being currently the most feasible and practical. The 
Canadian program has been centred on investigations in intrusive igneous rock formations (granite, 
gabbro, etc.), known as plutons, which have wide occurrence in the highly stable Canadian Shield. 
Within that broad limitation, the Canadian research and development program remains generic, 
rather than site-specific. Alternative host media such as salt beds, clays or shales have been 
examined in a very limited fashion. 

Through the past twelve or so years the program has been seeking to provide the scientific and 
technical data necessary for an assessment of the concept of deep crystalline rock disposal in terms 
of achieving the stated objective of safety and permanence. The judgment on the behaviour of 
the complex multibanier system over a long time-span is being made through a probabilistic 
approach based on system variability analysis. It is implemented through the use of a computer 
simulation program SYVAC (SYstem Variability Analysis Code) which operates on distributions 
of values of all parameters included in the descriptive models of the system or parts of the system. 
This operation produces a number of simulations each describing the anticipated impacts on the 



environment and gives a measure of human health impact. These calculated consequences can 
serve as a basis for the judgment of safety. 

A brief, informative guide to the Canadian NFWMP, "Managing Canada's Nuclear Fuel Wastes" 
(AECL, 1989) describes the administrative structure, the main research and development 
components, the participating organizations, areas of international cooperation, and aspects of 
external review. A comprehensive, detailed report on the Canadian program has appeared as an 
entire issue of an international journal (Dormuth, 1987). Reports on specific research 
accomplishments in the program continue to be published in two numbered series (a Technical 
Record series, and AECL Reports) and in the open scientific literature. A summary update (Allan, 
1992) on the program emphasizes its adaptability to the forthcoming environmental assessment 
through the use of case studies in assessing overall disposal system safety and through a list of 
choices in materials and/or design of system components. 

As noted before, the evaluation of this concept of deep geological disposal, the first phase of the 
Canadian program, has been allocated to the Federal Environmental Assessment Review Office 
(FEARO). Responsibility has not yet been assigned by government for the succeeding stages or 
phases, that of site selection (if the concept is deemed acceptable), and that of construction and 
operation of a vault, including both its period of active use and its status after final closure. The 
latter two stages of implementation of the concept will require convincing confirmatory evidence 
that the concept can be put into practice in the Canadian context. This requirement is noted in 
the Environmental Assessment Review Panel guidelines and is realistically acknowledged through 
the ongoing research in the program. 

1.3 CONCEPT ASSESSIMENT AND THE REVIEW PROCESS 

As stated above, the first stage in the program involves the research on geological disposal being 
conducted by AECL, OH and other parties, and is designed to provide the evidence upon which 
the acceptability of the concept will be judged. The research documentation, termed the 
"Environmental Impact Statement on the Concept for Disposal of Nuclear Fuel Waste in Canada" 
or EIS, is going through stages of preparation and revision based both on research results and also 
on public comment and review. The final EIS together with a set of nine primary references and 
supporting and background reports will be submitted by AECL for evaluation, 

The history of the evaluation or review process has been presented previously (TAC, 1990 and 
earlier). Conducted according to the federal Environmental Assessment and Review Process it is 
administered by the FEARO. This involved the appointment of a Review Panel (announced in 
October 1989) which has a broad mandate for examination of the concept of deep geological 
disposal and which ensures opportunities for full public discussion of nuclear fuel waste 



management issues. The panel's preliminary operations leading to issuance of a set of guidelines 
in March 1992 for AECL's EIS and the general review process have been outlined in our last 
report (TAC, 1992). The overall procedures to be followed have also been described in recent 
papers (Sheng et al., 1992~). 

opportunity to provide views on and responses to the results of the very complex undertaking of 
the research on nuclear fuel waste disposal, At the same time, the final decision on its 
acceptability. rests properly with the governments as having overall responsibility. Actual sitz 
selection for a waste disposal facility, which is the implementation stage, will, it is understood, 
commence only after the concept has been accepted. The FEAR0 guidelines do require the EIS 
to provide discussion on the various components in such implementation. This is a logical 
progression from the development of technologies and generic knowledge of the deep disposal 
concept and its assessment to their site specific application. Figure 1 as given by Sheng et al. 
(1992~) is a schematic representation of the process as currently formulated and presented in terms 
of the various participants. 



From: Sheng, Ladanyi and Shemilt, 1992e 

Figure 1. Evaluation of Canadian Nuclear Waste Disposal Concept 

AECB 

I 

May + June Oct + Nov June March Late 
1990 1990 1991 1992 1993 

(~n t i c ipa t ed )  

AECB - Atomic Energy Control Board (Regulatory Body) 
AECL - Atomic Energy of Canada Limited (Proponent) 
EA - Environmental Assessment Panel (FEARO) 
EAT - Environmental Advisory Team (Environment Canada) 
EC - Environment Canada (Federal Department) 
EIS - Environmental Impact Statement 
EMR - Energy, Mines and Resources (Federal Department) 
FEARO - Federal Environment Assessment Review Office 
SAT - Subsurface Advisory Team (Environment Canada) 
SRG - Scientific Review Group (FEARO) 
TAC - Technical Advisory Committee (AECE) 

1994 1994 - 1995 ? 
(Anticipated) 

Major FLOW of Events and/or lnleraction between TAC's an-going Output from Event 
Documents In the Concept Parties and/or Events Lnteractlon 
Evaluation Process 



2. PROGMM ASSESSMENTS 

2.1 GEOSCIENCE ASPECTS 

2.1.1 Geoscience Program and Documentation 

The primary reference documents for the geoscience aspects of the EIS are expected to be entitled 
"Site Screening and Site Evaluation Technology for Disposal of Canada's Nuclear Fuel Waste" 

ada's Nuclear Fuel 
Waste". Draft versions of these documents have recently been made available for review by TAC. 
Preliminary drafts of these documents had been examined by the Geoscience Subcommittee a year 
ago and comments forwarded directly to AECL. 

Based on extensive laboratory and field research, the geoscience program has been oriented to 
developing and refining the technologies for locating and characterizing potential disposal sites, 
leading to the development of a geosphere model utilized in performance assessment of a 
hypothetical vault. These computer modelling studies suggest that safe containment of high-level 
wastes in the Canadian Shield can be achieved at a hypothetical site with geosphere characteristics 
similar to those at the Underground Research Laboratory (URL) in the Whiteshell Research Area 
(WRA) provided that the waste emplacement areas are separated from a permeable fracture zone 
by a region of sparsely fractured rock of approximately 50 m thickness. Transport of 
contaminated groundwater across this 50 m zone is considered diffusion dominated in the 
modelling. The Whiteshell site is located in a groundwater discharge area where the fracture zone 
acts as a rapid discrete pathway for groundwater movement from vault depth to the surface. 
Hence contaminant transport to the biosphere would be significantly faster without the intact rock 
zone of diffusion which can act to retard this transport. 

Previous reports (TAC, 1990; TAC, 1992) have presented our judgment that an additional level 
of safety could be demonstrated by considering a further type of geosphere barrier in site selection 
and modelling studies. This additional barrier is achieved by siting a vault in a regional 
groundwater recharge zone so that the longest possible flow paths from a vault to the biosphere 
are utilized. Such a hydrogeological barrier offers the advantage of predictability over long time 
periods due to the stable topography of the Canadian Shield. This contrasts with a lower 
predictability for the integrity of the 50 m zone of sparsely fractured rock. Even if such a zone 
is realizable through careful siting investigations or by suitable engineering of the vault, its 
intactness into the future 10,000 years and beyond will be most difficult to assure. TAC considers 
that the development of open fractures through jointing is an ongoing, if sporadic, process 
potentially resulting in advection of contaminants into major fracture systems. This judgment has 
previously been provided to AECL in a technical communication. It would be prudent, therefore, 
to introduce the additional safety factor provided by siting in a regional recharge setting. The 



safety of a vault suitably located in a regional recharge location is less likely to be adversely 
influenced by possible future development of fractures. 

The response to our discussion of this matter in TAC-12 (TAC, 1992), as given in Appendix 5, 
does not appear to provide adequate reasoning to relinquish our advocacy of emphasis on the 
hydrogeologic characteristics of a site and the geomechanical behaviour of the rock mass. We 
are continuing to study these matters and intend to elaborate on them further in a future technical 
communication. However, we do record again our advice that in the development of the concept 
and its documentation, location in a regional recharge area be given serious consideration as a 
siting characteristic. Additional related elements that could be reasonably considered in 
formulating a siting plan through careful topographic analysis would be (a) adequate size of a 
broad highland, e.g. 10 to 15 km in diameter; (b) adjacent lowland basins distant (e.g. 25 to 
30 km) from the highest point of the highland area; and (c) an upper limit to elevation difference 
(e.g. 100 to 200 m) between the highland recharge and the lowland discharge zones. The 
dimensions given immediately above are valid examples but are not necessarily a definitive range. 
The objective in such a siting plan would be to provide long travel times from the vault to points 
on the surface which are at lower hydraulic potential. Fractures that might develop above the 
vault in the future provide additional safety in such a location. Fractures passing through or 
beneath the vault would still be unlikely to detract from a vault's safety performance. 

Research into grouundwater flow systems in metamorphic rock in general, and in the Canadian 
Shield in particular, has not yet advanced to the point where the existence of deep regional flow 
systems in such rock has been demonstrated. Some hydrogeologists expect that flow systems in 
the Canadian Shield are shallow and of local extent and that little advantage is gained in siting 
a vault in a recharge rather than a discharge location. Others consider it reasonable, as we do, to 
expect there to be systems with sufficiently long flow paths from recharge to discharge to enhance 
safe containment. The resolution of such issues as this will require continuing investigations that 
must be part of any implementation of deep geologic disposal. 

Although present modelling of the hypothetical disposal system is based on data at a specific site, 
allowance must be made for wide ranges of geologic conditions that might be encountered at other 
locations. This does call for unambiguity as well as flexibility in the site selection methodology 
eventually to be employed. It also requires coherence and consistency in the selecting and ranking 
of site characteristics. 

2.1.2 Underground Research Laboratory (URIC) 

The UR6, is a unique, dedicated geotechnical research facility located in a granitic rock body near 
Lac du Bonnet, Manitoba, which is representative of the geological media being considered in 
Canada for the disposal of high-level nuclear waste. 



With the completion of the development and characterization work, the activities of the URL 
entered the operating phase program described previously (TAC, 1990) and which consists of nine 
in situ experiments. It was reviewed and technically assessed at a meeting of the URL 
Experimental Committee in April 1991. Six of the experiments are presently in various stages 
of operation. Three directly related to the vault sealing program, namely grouting, shaft sealing 
and the multi-component experiment, are scheduled to begin over the next one to three years. All 
of the nine experiments are supported by ongoing laboratory and background-associated research, 
including the development of necessary equipment and instrumentation (Wright, 1992). Progress 
continues in the URL Characterization Program and in the In Situ Stress Program. This latter 
involves cooperative activities with the United States Department of Energy (US DOE). The 
BufferIContainer experiment is also ongoing, and is noted in part in Section 2.3.4 below. The 
Solute Transport (in Highly Fractured Rock) Study involves extensive tracer measurements, and 
is being reported at scientific conferences. The Solute Transport Study in Moderately Fractured 
Rock is in its initial stages. A meeting to review the total program, at which TAC will be 
represented, is to be held shortly. Meanwhile TAC again affirms its overall judgment that the 
scientific and engineering activities in the planning and operations within the URL program are 
of very good quality. Each of the experiments in the program, as currently outlined, has the 
potential to contribute directly and centrally either to the concept EIS or to some of the most 
important and basic elements in an implementation process or to both. The long-term 
requirements for much of the experiment planning and execution are now assured on the level of 
URL availability through the extension of the lease with the Manitoba Government for 20 years 
into the future. 

We report here briefly on the Mine-by Experiment which is a major experiment with its design 
and operation under frequent review by a committee with AECL personnel, a number of outside 
experts on geomechanics, and, usually, a TAC member. Its central importance to the program is 
noted through its objective of evaluating the (AECL) ability to understand and predict responses 
of highly stressed rock to excavation in order to be able to design stable openings and sealing 
systems for a disposal vault in a high stress environment. The specific objectives of the Mine-by 
Experiment (Simmons et al., 1992) are: to improve the fundamental understanding of in situ rock 
mass behaviour and failure mechanisms; to evaluate the excavation damage created 
around underground openings, study the causal mechanisms and establish the controlling 
factors in damage-zone creation; to contribute to the studies on the viability of the 
borehole alternative for emplacing nuclear fuel waste containers; and to develop and 
evaluate underground characterization methods and monitoring instruments. 

Excavation of the Test Tunnel (Room 415) started in September 199 1 and was completed 
in July 1992. The tunnel has a circular cross section of 3.5 m diarn. and is 46  m long. 
The Mine-by Experiment involves a continuous monitoring of the rock behaviour around 



the tunnel before excavation, and measuring rock mass characteristics prior to, during and 
following excavation through instrumentation emplaced in tunnels above, below and 
parallel to the test tunnel. Comparisons of predicted and recorded behaviour are being 
performed to evaluate and improve the modelling technology used to simulate excavation 
responses. Extensive observations and characterization of excavation damage have been 
made. Post-excavation drilling and testing will be conducted to determine the radial 
extent of the excavation-damaged zone, the permeability of the rock and other phygical 
properties of the damage zone. Such an understanding of the process of progressive 
failure of a highly stressed rock mass is considered to be essential for the development 
of a sound design process for future disposal vaults (Simmons et al., 1992). 

For numerical simulations of rock mass response, the Mine-by Experiment results are 
being evaluated utilizing closed form elastic solutions, 2D constitutive models (elastic, 
strain softening, strain hardening) available in the numerical code FLAC, a 3D elastic 
model, and the 3D Elastic-Brittle-Ductile constitutive model, developed by the University 
of Toronto. In addition to the modelling of the intact rock mass, AECL have also 
attempted a limited modelling with the discontinuum code UDEC, which takes into 
account the existence of rock discontinuities. 

2.1.3 Geornechanics 

TAC has given specific emphasis in preceding reports (e.g. TAC, 1992) to the need for theoretical 
and experimental work that will demonstrate the ability to simulate the behaviour of rock mass 
around a projected vault for any site on the Canadian Shield, and to check its short- and long-term 
stability. The Mine-by Experiment as described above addresses this problem of understanding 
rock mass behaviour. TAC strongly endorses its continuation as currently planned. 

Directly related to the adequate understanding of rock mass behaviour is the ability to simulate 
behaviour by an adequate constitutive model (TAC, 1992). In this connection, TAC notes that 
a scoping study of a hypothetical disposal vault was recently made by McCreath and Diederichs 
(1992) for the Subsurface Advisory Team of Environment Canada. In the study, the elastic 
fictitious stress boundary element model  EXAMINE^^ was used to model the induced stresses and 
the location of incipient failure zones around the rooms and container holes, and to compare these 
stresses to the available rock mass strength. The rock mass strength was characterized by 
parabolic Mohr envelopes (Hoek and Brown, 1988), with laboratory-determined experimental 
parameters, different for rock mass around rooms and for rock web between container holes, the 
latter being considered weaker because of disturbance during room excavation. In order to 
evaluate whether and where the rock fracturing is likely to occur around the vault rooms and 



container holes, the available rock mass strength was compared to the induced stresses on a point- 
to-point basis around the openings. 

In general, the results of these scoping calculations indicate that under high lateral ground stresses, 
as usually encountered in a relatively unfractured rock in the interior of a pluton or batholith in 
the Canadian Shield, there is a significant potential for fracturing or slabbing in the rock beneath 
the floor of a vault. The analysis indicates also that there is a significant potential for spalling 
and shear fracturing of the rock around the walls of the emplacement boreholes to a depth of the 
order of 100 to 200 mm. The effect of thermally induced stresses due to heating of the rock mass 
after container emplacement is likely to increase the fracturing of the rock in the immediate 
vicinity of the boreholes, as well as the horizontal slabbing of the rock between boreholes. 

We emphasize that these findings were based on extreme values of lateral ground stresses, and 
on an approximate analysis which did not consider the effect of stress redistribution following 
rock fracture. Nonetheless TAC agrees with the authors of the analysis (McCreath and Diederichs, 
1992) that AECL should consider possible consequences of rock fracturing and the subsequent 
issues affecting vault construction and operation. This would also include the need to 
counterbalance such possible negative effects of in-floor container hole storage as shown by these 
theoretical findings, and to make adequate comparisons with the in-room container concept. TAC 
agrees with the need to demonstrate that emplacement concepts are robust in light of the 
uncertainty regarding actual in situ stress magnitudes and rock mass strength parameters. 

2.1.4 Other Geoscience Program Aspects 

Laboratory and field studies continue in a number of important aspects (Wright, 1992) in addition 
to the URL experiments. Field studies continue at both the Whiteshell Research Area (WRA) and 
the Atikokan Research Area (ARA) in hydrogeological measurements, analysis of borehole data, 
and analysis based on LANDSAT data. Specific objectives range from better understanding of 
fracturing to improved geosphere modelling. 

In the geochemistry area, additional sorption data have been obtained for uranium, plutonium and 
neptunium on a range of alteration minerals and two rock types. These measurements have been 
made under oxidizing conditions. Efforts are proceeding to obtain both sorption and migration 
data under controlled redox conditions in order to simulate much better the usual reducing 
conditions in Canadian Shield groundwater. Experimental work on the applicability of sorption 
coefficients to radionuclide transport in intact rock is being conducted using static tests in a 
limited parametric framework. 



TAC views the above activities as well as other continuing geoscience related research to be well 
formulated for positive and direct contribution to site screening and the characterization and 
evaluation of sites in the Canadian Shield. 

2.2 BPOSCIENCE AND EWPW ONMENTAL ASPECTS 

2.2.1 Program Objectives and Approach 

The Environmental Program of the NFWMP is directed at determining the potential impact of 
radionuclides on humans and the environment should radionuclides from the used fuel in the vault 
reach the biosphere. The biosphere model describes the pathways by which radionuclides could 
travel fmm the geosphere to humans and estimates the consequences to humans from exposure 
to them. The consequences are calculated for a member of the critical group as defined by AECB 
(1987). In essence this means that any potential exposure that could occur, if someone were in 
a position to be exposed, is included in the estimate. 

2.2.2 Program Documentation 

The Biosphere primary reference document is now completed and ready for publication after 
undergoing a rigorous process of review by TAC members and varying degrees of review by other 
parties. TAC members' effort include complete examination of two earlier drafts in addition to 
multiple reviews of some portions of the document. Our comments, forwarded to AECL, have 
been carefully considered in the various draft revisions. AECL's own review process has included 
technical reviews by the W U  Qwners Group (COG), checking through "consistency 
workshops", as well as editorial and management reviews. 

Supporting this Biosphere primary reference document is a set of submodel reports dealing with 
(i) surface water (Bird et al., 1992), (ii) soil (M.I. Sheppard, 1992), (iii) atmosphere (Amim, 
1992), and (iv) food chain and dose (Zach and S.C. Sheppard, (1992). Drafts of these reports had 
also been reviewed by TAC members. In addition, articles describing research work associated 
with biospheric processes have been published or accepted for publication in peer-reviewed 
journals. These include: sensitivity analysis of biosphere model (Reid and Corbett, 1993), 
contarninants in surface water (Stephenson and Turner, 1993), fate of contaminants in soils (Davis 
et al., 1993), radionuclide transport to the atmosphere (Amiro and Davis, 1991), food chain and 
dose (Zach and S.C. Sheppard, 199 I), baseline radionuclide concentrations and increments (Amiro, 
1993), and plant up-take studies (S.C. Sheppard, 1991; S.C. Sheppard and Evenden, 1991; S.C. 
Sheppard and Evenden, 1993a, 1993b; S.C. Sheppard and M.I. Sheppard, 1991; S.C. Sheppard 
et al., 1993; S.C. Sheppard et al., 1992; Amim and Davis, 1991). 



TAC considers such peer-reviewed publications to lend further support to the credibility and 
quality of the biospheric research and the biospheric models. 

2.2.3. Continuing Research 

An active area of continuing research involves the detection, measurement and characterization 
of helium (He) gas in lakes, their bottom sediments and in terrestrial soils in the Canadian Shield. 
He is an inert gas produced in nature primarily as the alpha particle from the decay of uranium 
e3'U -+ '06pb + 8 4 ~ e ;  2 3 5 ~  -+ '07pb + 7 4 ~ e )  and thorium e32Th -+ '06pb + 6 4He) isotopes 
(Andrews, 1987). It is not involved in biological processes and under normal circumstances, its 
concentration in surface waters is in equilibrium with that in the atmosphere. An elevation in He 
levels, therefore, implies the existence of a source other than the atmosphere and in the waste 
disposal context, the only other credible source is groundwater that has been resident in geologic 
media long enough to have built up an He concentration greater than the atmosphere. Exploiting 
this premise, surveys were conducted to detect and measure He anomalies in lake waters and 
bottom sediments to identify and characterize areas of groundwater discharge. These included 
surveys of: Boggy Creek and Boggy Lake at the Whiteshell Research Area in southeastern 
Manitoba during the winter of 1989 (Stephenson et al., 1992), of 32 basins yearly during the late 
summers of 1989, 1990 and 1991 at the Experimental Lakes Area @LA) in northwestern Ontario 
(Stephenson et al., 1993), and of bottom sediments in lakes at the ELA. 

It was reasoned that elevated He levels are due to transport by water supplied from fractures (or 
facilitated by fractures) within the granite bedrock beneath the detection area. Furthermore, high 
He concentrations indicate that the transporting water had a long subsurface residence time thus 
implying the existence of groundwater flows of deep (and probably very long) path lengths. 
Preliminary analyses using He concentration profiles from the lake sediments of ELA have shown 
that such measurements can characterize certain aspects of groundwater flows. This approach is 
also being applied to the detection and characterization of terrestrial discharge points. Measured 
He concentrations in the soils from banks of Boggy Creek are used to calculate He fluxes which 
are then used to estimate groundwater discharge rates (Gascoyne and Sheppard, 1993). 

TAC considers this novel, indirect method of detecting "points" of groundwater discharge 
important. While it is a step towards a better understanding of deep groundwater flows, we 
suggest that in this approach careful consideration be given to recognizing the potential of helium, 
with its high mobility, for migrating independently of water. 



2.3 IMMOBILIZATION AND VAULT SEALING TECHNOLOGY 

2.3.1 Engineered System Studies 

A draft version of a primary reference document now entitled "Engineered Systems Alternatives 

results that have been obtained in the program, most of which have been available through 
Technical Record (TR) reports, AECL reports, or in the scientific literature. The main categories 
utilized in the document are used fuel, solidified fuel reprocessing wastes, containers (including 
design, fabrication, material properties and testing), and aspects of vault sealing (including buffer, 
backfill, and cementitious materials). The companion and closely related primary reference 
document dealing with the conceptual design and engineering of a used fuel disposal centre is also 
under revision and will be examined by TAC when available. 

Research in certain aspects of these engineered systems is continuing, along with related and 
important parts of the URL experimental program (Section 2.1.2 above). The idea of alternative 
engineered systems introduces both flexibility and comparability within a total disposal system, 
and can utilize more fully the extensive research data now available. The approach being used 
by AECL is to follow extensive investigation with selection of a reference design or a reference 
material for inclusion in a complete disposal system whose performance is then assessed. 
Alternatives for a particular component or material can be selected when design or other 
considerations enter the picture. An obvious example is that of container material being either 
copper or titanium. 

In our last report (TAC, 1992) we commented on the work on used fuel, containers, and vault 
sealing as well as on some related aspects of the vault model. The response by AECL is given 
in Appendix V. We continue here with brief consideration of the same topics, all of which enter 
into engineered systems alternatives. 

2.3.2 Used Fuel 

The focus of the experimental work on used fuel characterization continues to be on the influence 
of vault environmental factors on dissolution rates, and on the n a t w  an8 distribution of fission 
products within the used fuel bundles (Wright, 1992). Results are then directly applicable to 
refining the model adopted for the used fuel as a source term for radionuclide escape. This 
potentially allows an increasingly realistic model to emerge as well as strengthening the rationale 
for the assumptions made in the current model. 



The base of investigations for dissolution processes now includes UO,, unirradiated fuel, and a 
simulated used fuel (SWIFUEL). In addition preliminary electrochemical studies on spent fuel 
have been initiated. The electrochemistry-based (kinetic) model to predict UO, fuel dissolution 
under both oxidizing and non-oxidizing conditions permits comparison with chemical dissolution 
rate measurements. The effects of 0,, H202, gamma radiation, and alpha radiolysis continue to 
be studied (Shoesmith and Sunder, 1992; Hocking, et al., 1992; Sunder, et al., 1992). Continuing 
clarification is thus emerging as to the effect of water radiolysis on fuel dissolution rates through 
the provision of oxidants into the reducing environment which exists in deep groundwater. 

Studies on the gap and grain-boundary inventories (taken in the model as the instant release 
fraction of the radionuclide inventory in the used fuel) have continued (Stroes-Gascoyne, et al., 
1992a, 1992b). Accurate measurements of grain-boundary inventories have been found difficult, 
but it appears that the amounts of Cs, Sr and Tc available for release from the grain-boundaries 
are much less than originally expected. The instant release of C14 now seems to be less than 1% 
of total inventory, and hence the limits assumed for earlier model calculations are ultra- 
conservative. 

TAC continues to find the program of studies on used fuel, which includes collaboration with the 
Swedish program, to be comprehensive, and closely oriented to realistic vault conditions. We 
support the direct moves to further refinement of the dissolution model, which appears to have 
now reached a stage where it provides an acceptable base for predicting dissolution rates of used 
fuel. TAC also strongly supports more extensive work on possible effects of alpha radiolysis, 
studies directly on used fuel, investigation of temperature effects and the continuing contributions 
to a general data base on used fuel dissolution. The international cooperative work with SKI3 
(Sweden) appears directly supportive of the programs in each country. 

2.3.3. Containers 

Both copper and a number of titanium alloys are potential container material, and detailed 
investigations continue. Last year (TAC, 1992) we emphasized the need for further consideration 
of creep effects and of microstructure. Detailed responses (Appendix 111) describe on-going 
activities in both of those matters. 

The work on titanium designed to contribute to a realistic container failure model is focused on 
gaining an understanding of crevice corrosion and of delayed hydrogen-induced failure. For 
crevice corrosion the effects of water composition, temperature, oxygen concentration, and the 
potential for I-& absorption and hence delayed hydride cracking continue under study (Wright, 
1992). Both Grade-2 and Grade-12 titanium may suffer from delayed failure (Clark et al., 1992) 
with causes related to stresses and hydrogen levels, as well as the microstructure and texture of 
the fabricated metal. Crevice corrosion will not propagate indefinitely on either Ti-2 or Ti-12 



under projected vault conditions. This substantiated observation arises from the extensive work 
on the effect of temperature and oxidant supply on crevice corrosion propagation (Ikeda et al., 
1993). Initial studies on Ti-16 (a low palladium alloy) also show its restricted susceptibility to 
crevice corrosion. Problems that appear to remain for further or continuing investigation include 
(1) the influence of temperature on hydrogen-induced failure, (2) whether the failure of grades 2 
and 12 Ti occurs by strain-induced hydride precipitation or by a creep mechanism, (3) the rates 
of hydrogen pickup due to crevice corrosion, and (4) localized attack due to hydrogen-induced 
intergranular embrittlement of Ti. 

The choice of titanium as a reference container material is largely based on its corrosion resistant 
passive film. For example, hydrogen absorption by the titanium due to transport through the 
passive film is expected to be extremely slow. Also, it is thought that the impact of radiation will 
not lead to significant hydrogen absorption. However, when the amorphous passive film 
crystallizes after 5 to 6 a (Mattson and Olefjord, 1990), the presence of grain boundaries will 
provide many rapid diffusion paths for the hydrogen to be incorporated into the titanium. This 
is especially critical if the amorphous film crystallizes to form the nanocrystalline state. The 
importance of intercrystalline defects on the transport of hydrogen in nanocrystalline nickel was 
recently shown by Palumbo et al., (1991a). Therefore, the influence on the structure of passive 
film due to long periods of exposure at temperatures from ambient to 100°C should be determined. 

Continuing research on copper as a candidate container material aims at verifying attributes of 
copper in a realistic vault environment that will relax some of the more conservative assumptions, 
such as permanent oxidizing conditions, in the copper container failure model (Wright, 1992). 
A mechanistic study on the uniform corrosion of copper (Litke et al., 1992) suggests that long- 
term effects can be based on the rate of transport of copper corrosion products through the 
surrounding buffer material. An improved failure model for copper has now been developed, and 
we will be examining it with interest when the reports are available. Our concern regarding need 
for knowledge of creep effects (TAC, 1992) is repeated since we consider continuing problems 
to relate to (1) long-term pitting corrosion behaviour of Cu, and (2) structural and chemical 
composition effects on the creep of Cu. Creep due to grain boundary sliding in Cu must also be 
considered. In addition, there is some indication for Cu that corrosion pits may initiate at grain 
boundaries, resulting in inkgranular corrosion (Lam, 1990). Although the latter result was 
obtained after 150 days at 150°C in the presence of sulphide in a groundwater-bentonite slurry, 
a similar effect may occur at lower temperatures over a longer period of time. 

Since the grain boundaries are involved in intergranular embrittlement, grain boundary sliding and 
intergranular corrosion, it is important to determine the role of grain size and shape, crystallo- 
graphic texture, trace impurity atoms and grain boundary structure on these phenomena. Their 
effects on the long-term lifetime of the container material may be critical. 



One materials engineering approach is to control the distribution, quantity and structure of grain 
boundaries in order to obtain greater resistance to grain boundary sliding, fracture, cavitation and 
localized corrosion, This concept of grain boundary design and control has been recently applied 
to the problem of intergranular stress-corrosion resistance in nickel-base alloy 600 (Palumbo et 
al., 1991b; Palumbo et al., 1992). Although interfacial and microstructural characteristics of 
materials may not be particularly important in determining general or uniform corrosion rates, they 
are especially important in determining localized intergranular failure of the material by 
embrittlement, creep, cavitation or corrosion. The long-term segregation of solute impurities to 
the grain boundaries may influence each of these phenomena. 

TAC continues to judge the program on container materials, especially in the corrosion area, to 
be of high calibre and to be focused on appropriate problems. Recent work has underscored the 
high conservatism of the Ti failure model and should allow more realistic representation of 
container life. We consider that the problem areas touched on above deserve further or continuing 
consideration. 

2.3.4 Bufler and Vault Sealing 

The disposal vault sealing program entails the development of engineered barriers for the 
permanent isolation of nuclear fuel waste in an underground disposal vault. The main components 
of the program are associated with the development and emplacement of buffer, backfli, grout 
and concrete materials. The Canadian program has clearly benefited greatly from the strong 
AECL participation in the NEA/OECD international Stripa project on engineered barriers which 
has been on-going since 1980. Its different phases have dealt with tests on buffer, borehole and 
shaft sealing, grouting and longevity of sealants (Gray, 1993). At the same time, development 
of both clay- and cement-based sealants and ae i r  testing on laboratory scale, as well as the 
planning and in situ trials related to the BufferIContainer Experiment at the URL have been 
pursued. Progress has been reported on a semi-annual basis (Wright, 1992), through other AECL 
reports and an impressive number of publications in the scientific literature. A few examples of 
these will be noted in the comments which follow. 

Studies of the properties and performance of the Reference Buffer Material (RBM) are continuing. 
These include additional investigations of diffusion of important radionuclides in both buffer and 
backfill materials (e.g. Oscarson et al., 1992; Sawatsky and Oscarson, 1991; Cho et al., 1993) 
which have contributed significantly both to the methodology and the diffusion coefficient data 
base, Studies on the smectite-illite transformation are lending credence to the satisfactory long- 
term performance of bentonite in Canadian vault conditions. The concept of a critical hydraulic 
gradient required to initiate water flow through clay-based materials continues to be evaluated 
(Dixon et al., 1992a). A thorough appraisal of potential supply of acceptable quality bentonite 
has been completed (Dixon et al., 1992b), and a satisfactory process developed and tested on a 



reasonable scale for the preparation and quality control of the reference buffer material (Dixon et 
al., 1992~). 

The URL Buffer/Container experiment makes it possible to study the effects of scale on buffer 
performance under vault conditions, and full evaluation of results should proceed shortly. Results 
to date give preliminary indication of the necessity for such full-scale in situ experiments. due to 
the limitations in application of laboratory scale measurements. TAC considers the program on 
clay technology with regard to materials behaviour and design parameters as well as large-scale 
testing to be soundly formulated and productive, with program plans balanced and realistic. 

Studies on the properties and behaviour of high-performance grouts have continued. The grouts 
include the reference high-performance grout (RHPG) which has a super plasticizer component. 
Through the international Stripa project, laboratory tests were carried out in parallel to in situ 
investigations and development of geochemical theoretical models for grout longevity. Results 
now reported (Onofrei et al., 1992) indicate the viability of RHPG and similar commercial grouts 
for vault sealing applications. Future work should relate to groutfgroundwater reactions under 
Canadian vault conditions. 

Laboratory work to establish a satisfactory mix design for a reference high-performance concrete 
for seal construction has been completed (Wright, 1992). 

Studies in the general areas of vault sealing are now focused on the URL experiments 
(Buffer/Container and other large-scale sealing experiments) and on modelling of the performance 
of the various seal components in their interactions with rock and groundwater in a thermal source 
environment. The modelling work is being carried out in separate complementary projects at four 
different universities and at Ontario Hydro Research. Despite the physical separation of these 
individual projects, a full coverage of the buffer-container-rock system under transient thermal 
conditions appears to have been provided. 

2.3.5 The Vault Model 

The primary reference document "The Vault Model For Post Closure Assessment For Disposal 
of Canada's Nuclear Fuel Waste" draft format has been reviewed by members of TAC's 
Engineered Barriers Subcommittee and comments forwarded to AECL. The report draws 
extensively from previously reported research on mass transport, corrosion properties of materials, 
and used fuel characteristics. As well, the submodels of container lifetime, radionuclide release 
from used fuel, and radionuclide mass transport have been available in a published format 
(although sometimes in an earlier version than that now being utilized). However no mention is 
made of a more recent contaminant mass transfer model (Thomas, 1992) which may well be more 
realistic, less overly conservative and even more efficient computationally. Model calculations 



and sensitivity analysis are included in the draft report. Relevant submodel refinements as well 
as confirmatory methodologies not included in the SYVAC version of the vault model are in the 
draft primary reference document. The subcommittee judges that its organization, completeness, 
and suitability of appendices augur well for the production of an excellent primary reference. 

2.4.1 Introduction 

The objective of the environmental and safety assessment, sometimes termed system performance 
assessment, is "to estimate the effects of storage, transportation, immobilization and disposal of 
nuclear fuel waste on man and the environment" (Rosinger and Dixon, 1982). The activities of 
this portion of the program involve interpreting and synthesizing the research work done in other 
parts of the program into a coherent body and in a form suitable for external review and, 
ultimately, for the formal evaluation being led by the FEAR0 Review Panel which is expected 
to begin by 1994. The judgment on the acceptability of potential environmental and human 
impact will, in part, depend on meeting the radiological and risk criteria set by AECB (AECB, 
1987). A discussion of these criteria was given in our last report (TAC, 1992). 

I 

2.4.2 Pre-Cbsure Assessment 

In the pre-closure phase, analyses of potential and socio-economic impacts of construction, health 
and occupational risks associated with transportation, immobilization and disposal operations are 
based on generally practised techniques. Ontario Hydro has had substantial experience in 
conducting similar types of assessment in connection with power generating stations, and is 
conducting this phase of the program. 

A draft of the primary reference document for Pre-Closure Assessment was submitted to TAC for 
review. Various TAC members have provided comments on those parts of the document which 
fall within the members' areas of expertise. The draft has also undergone internal and external 
reviews. It is expected that portions of the document will be revised significantly. 

~ 2.4.3 Post-Cbsure Assessment 

The estimation of potential impacts far into the future from emplaced wastes in a disposal system 
is done principally by applying system variability analysis which is implemented by a 
computerized simulation program, SYVAC. This adopts a probabilistic approach in calculating 
possible doses and risk. Details of this approach are given in the TAC-32 Report (TAC, 1992). 



The focus of work in the past year has been to complete the Post-Closure Assessment primary 
reference document. Drafts of the document were subjected to both internal and external reviews 
and various sections have undergone many revisions. Members of TAC have conducted two 
major reviews and made numerous comments and suggestions on technical issues, presentation, 
style and editorial aspects. In addition, TAC members have also reviewed and provided extensive 
comments on two glossaries. 

Some of the issues raised in members' comments have been addressed explicitly through a series 
of "Consistency Workshops". Their principal aim is to ensure consistency (in all respects) within 
individual, and among the various primary reference and their supporting documents. The first 
two of these workshops focused on the Pre-Closure and the Post-Closure Assessment primary 
reference documents respectively. TAC views these workshops as appropriate and necessary 
activities to ensure consistency of presentation of information, which in turn maintains a credibility 
reflecting the quality of work presented in these documents. 

2.4.4 SofWare Quality Assurance 

As part of the SYVAC software quality assurance program we reported in our last report (TAC, 
1992) that unit testing would be carried out as part of an agreement with the U.S. Department of 
Energy. TAC supported the goal of this effort which included the analysis and testing of ten 
modules as part of a pilot project. This involved about 1300 total lines of code with an 
approximately equal proportion of executable statements and comments, and seeded with a known 
number of code defects and design (module specifications) defects. Visual code inspections and 
forms of dynamic testing have been camed out. Preliminary results have shown that the error 
detection performance needs to be improved, especially that associated with the design. Unseeded 
code and design defects have also been detected and their degree of impact has been analyzed. 

The preliminary results are consistent with general software engineering experience that design 
errors are harder to detect than code e m r s  and that it is very important to expend the necessary 
effort to eliminate errors at the requirements and design stages of software development in order 
to minimize subsequent unaesirable impacts, and further expenditure of money and effort. This 
pilot project, in which only ten modules (out of 160 total modules in the SYVAC code) were 
analyzed, illustrates the real need to execute this and other types of testing and inspection as part 
of the overall goal to verify the SYVAC code. With respect to this particular effort and especially 
in view of plans to proceed with full-scale testing, we re-emphasize our statement in TAC-12 
(TAC, 1992) that close vigilance is necessary in this testing procedure where the code developers 
(AECL) and those testing it (USA) are geographically separated. 

TAC continues its independent effort to carry out some code inspection and testing. The most 
recent version of SYVAC with the CC-3 submodels (vault, geosphere, biosphere) have been 



received and installed. Tools in addition to those previously used for static analysis of the code 
are expected to be applied. A primary objective will be to assess the compliance of the SYVAC 
program to certain development standards in the ANSI/IEEE Software Engineering Standards. 
Such software inspection will be limited because of the availability of certain documentation but 
will provide independent testing of some crucial aspects of the SYVAC code. Previously we have 
reviewed quite extensively an earlier version of the SYVAC executive code, and will now be 
concentrating on the new version of the submodels in the SYVAC program. The time series 
package within the executive code is also a new version since our earlier review and will be re- 
inspected. Information gained in these reviews is transmitted directly to the appropriate working 
group at the Whiteshell Laboratories of AECL. 

3. INTERNAT'lONAL CONTEXT 

3.1 INTRODUCTION 

In a previous report (TAC, 1990) we summarized aspects of the extensive international framework 
of activity related to radioactive waste management including the scientific literature, international 
conferences, and bilateral and international agreements with a research connotation. Last year 
(TAC, 1992) we reviewed progress in several of the international cooperative projects which have 
been initiated to address specific components of the waste disposal system including the 
geosphere, the biosphere, technical siting issues, and the performance assessment aspects. A more 
detailed listing and brief description of such projects, as well as an evaluation of their success in 
meeting their stated goals of "validating" processes and models, has been reported (Sheng et al., 
1992a). AECL has been an active participant in these international projects both learning from 
and contributing to the development of new techniques and approaches to solving some difficult 
problems. Knowledge of international progress in such areas gained through active participation 
supports claims that Canadian research reflects intemational state of the art. 

TAC considers the monitoring of such projects as a useful activity in support of our appraisal of 
the components, quality and progress of the Canadian program. Here we report on four such 
intemational activities in which AECL participates. 



3.2 BIOSPWERIC MODEL VALIDATION STUDY (BIOMOVS) 

This study, now in its second phase, BIOMOVS 11, is an international cooperative effort 
(49 organizations from 20 countries) to evaluate models designed to quantify the transfer and 
bioaccumulation of radionuclides and other trace substances in the environment. 

include testing the accuracy of the predictions of environmental assessment models, analyzing 
differences in model predictions, and recommending research priorities to improve the accuracy 
of model predictions. Major themes selected are scenario development and model inter- 
comparison; uncertainties and validation; reference biosphere; and biosphere modelling. Specific 
issues within these themes are being examined through a number of working groups (BIOMOVS 
11, 1992). 

In TAC-12 PAC, 1992) a number of observations were made arising from our review of 
BIOMOVS I and our careful advocacy of the plans for BIOMOVS 11. The issues now central in 
BIOMOVS I1 are consistent with the cautions we had intimated. The issues most relevant to the 
Canadian program are considered to be those dealing with the theme of uncertainties and 
validation. The various .working groups being organized to pursue studies on these issues will 
normally include AECL and AECB participants. Although the activities are still at the proposal 
or initial stages of development, recognition of the need to address these issues is a critical step 
in the long process of effective evaluation and intercomparison of models. Also of importance 
are the activities associated with assessing models through the use of post-Chernobyl data. 
Models are developed to describe three different scenarios and their simulation outputs will 
subsequently be compared with the post-Chernobyl data observed, or to be collected, at the 
appropriate sites. 

TAC considers the BIOMOVS work with its multinational base to be promising. It has the 
potential to make significant contributions to modelling biospheric processes in general and to the 
national and international effort in nuclear waste disposal. 

3.3 SITE EVALUATION AND DESIGN OF EXPERIMENTS (SEDE) 

The coordinating group on Site Evaluation and Design of Experiments (SEDE) was established 
by NEAIOECD in January 1990 with the principal goal of enhancing the international exchange 
of information on specific aspects of siting evaluation and technology. The initiatives taken have 
centred on organizing specialized international workshops. The first dealt with "Heterogeneity of 
Groundwater Flow and Site Evaluation" and the second with "Gas Generation and Release from 
Radioactive Waste Repositories". Proceedings from both are now available (SEDE, 1991, 1992). 



The most recent workshop on "Paleohydrogeological Methods and Their Application for 
Radioactive Waste Disposal" was held in late 1992 with the objective of describing methods of 
deriving paleohydrogeological evidence and discussing applications of this evidence to help 
develop strategies for the characterization of sites for radioactive waste disposal. Concentration 
was on the paleogeochemical and geochemical aspects of sites. The keynote address critically 
examined the major drawbacks associated with present state of the art performance assessment 
modelling and argued "that a well-constructed paleohydrogeological reconstruction of the past 
evolution of a site may be the best, and possibly the only convincing basis from which to evaluate 
a predictive performance assessment" (Chapman and McEwen, 1992). This appears consistent 
with TAC's view that an understanding of hydrogeological properties and the flow patterns and 
distributions is important in the evaluation of the safety of a potential site. 

3.4 PROBDILISTK SAFE W ASSESSMENT GROUP (PSAG) 

AECL has participated in PSAG since its establishment in 1985 by NEAIOECD to examine a 
wide variety of issues associated with the development of models for safety performance 
assessments. The group is in the process of completing its first level studies which focused on 
code intercomparison activities, and of defining the scope and procedures for the Level 2 Exercise 
which focuses on the issue of conceptual model uncertainty associated with the modelling of 
contaminant transport. The test case provided is the WIPP data base developed at Sandia National 
Laboratories (USA) and addresses the potential release of contaminants following an inadvertent 
borehole intrusion within the vault. 

A recent PSAG activity was a topical session on "Validation of Probabilistic Models" which 
included examination of attempts to validate flow and transport models in connection with the 
Stripa Drift Inflow Experiment, the FinnsjtinTracer Experiments and the HYDRASTAR stochastic 
code used in the Swedish SKB-91 Project (Kjellbert, 1992). The lack of a definitive approach for 
validating probabilistic models was noted (Bagtzoghev et al., 1992) and a critical examination has 
been made of the various international cooperative projects that purported to be doing model 
validation (Sheng et al., 1992a). The emerging picture both from this session and from a similar 
topical meeting held by INTRAVAL, suggests that validation, in the strict sense, is likely not 
achievable and that there is disagreement as to what activities validation actually entails. There 
is recognition of this within the Canadian program (Domuth, 1993) where model evaluation is 
being used as an alternative and narrowly defined activity in assessing the reliability of a model 
through observations of real systems. It is TAC's opinion that international cooperative projects 
as in PSAG with their potential for assisting sound evaluation of performance assessment within 
the Canadian program justify support and participation. 



3.5 TWERMOCHEMZCAL DATA BASE PROJECT (TDB) 

This NEAJOECD activity in which AECL participates is producing internationally accepted 
chemical thermodynamic data bases for those elements of particular importance in the performance 
assessment of radioactive waste disposal systems. Centring on five elements (uranium, plutonium, 
neptunium, americium and technetium) small teams of experts have been critically reviewing and 
compiling data. The selected thermodynamic uranium data base has now been published, and 
clearly serves as a very important data source. As the work on the remaining elements is 
completed, it too will serve the Canadian program well, and clearly justifies past and present 
Canadian involvement in the project. 

4.  COMMENDATIONS AND CONCLUSIONS 

4.1 GENE 

This Thirteenth Annual Report assesses some of the areas of the scientific and technical progress 
made within the Canadian Nuclear Fuel Waste Management Program since our last report in 
March 1992. As we have noted above, the main TAG effort has been applied to review of draft 
reports which will be the primary reference material for the EIS. Hence this report is more 
limited in scope than earlier ones. In that sense, both TAC-13 and TAC-12 are supplementary 
to our earlier comprehensive reviews to which reference should be made (e.g. TAC, 1990). 

The Canadian Program can be viewed currently as having two interconnected and overlapping 
aspects which could be termed EIS production and post-EIS activities. The production of the EIS 
and of the primary reference documents along with the continuing production of support 
documentation in the form of TI2 reports, AECL reports, and contributions to the open scientific 
literature, require a major concentration of time and personnel. 

The post-EIS aspect is that of continuing research investigations which include both important 
long-term experiments (e.g. corrosion tests, URL experiments, etc.) and other investigations that 
will also contribute to establishing increasingly realistic assumptions to be used in the modelling 
of processes involved in the waste disposal system. These activities will undoubtedly be of 
importance throughout the environmental assessment process when the EIS is under public 
scrutiny and evaluation. They will also be essential post-EIS contributions to the refining and 
improving of technologies and methodologies and to the augmenting of the basic knowledge 
needed for implementation of the concept through its site selection and disposal facility 
operational phases. 



The constraints imposed on the EIS production are not only of budget and of time, but are those 
imposed by the FEARO guidelines for the EIS which are considerably broader than the original 
science-technology based mandate assigned to AECZ in 1978. The same constraints are operative 
on the "post-EIS" part of the program. The FEARO guidelines require the EIS to include 
considerable matter relating to the implementation of a disposal concept if it is found acceptable. 
This definite linkage between the basic informational requirements (including the necessary 
science and technology) of a generic disposal concept and its (possible) future implementation 
should be understood. This need to build on the existing knowledge-base through continuing 
research, if implementation is eventually decreed, has an essential counterpoint. This is the 
necessity to have available the scientists and engineers, able and experienced in the fields of 
science and technology involved in such a complex enterprise. 

TAC's judgments and recommendations on the program as they appear in earlier sections of this 
report reflect our understanding of the constraints indicated above as well as our estimate of the 
development of the program and progress towards the objective of preparation of an assessed and 
assessable concept for safe disposal. 

In the sections which follow we have extracted the recommendations and judgments which we 
consider to be of greater import along with the relevant section reference so that the full context 
can be noted. That context may include other suggestions or cautions which we feel are equally 
deserving of attention. 

4.2 GEOSCIENCE ASPECTS 

1. TAC again advances for serious consideration the notion of disposal site location in a 
regional groundwater recharge area as a positive siting characteristic. (Section 2.1.1.) 

2. TAC reaffirms its overall judgment that the scientific and engineering activities in the 
planning and operations within the URL program are of very good quality. Each of the 
experiments in the program, as currently outlined, has the potential to contribute directly 
and centrally either to the concept EIS or to some of the most important and basic 
elements in an implementation process or to both. (Section 2.1.2) 

3. TAC strongly endorses the continuation of the Mine-by Experiment as currently planned 
since it is carefully focused on addressing the problem of understanding rock mass 
behaviour around a projected vault for any site on the Canadian Shield. (Section 2.1.3) 



In the comparative studies of in-floor and in-room container emplacement, TAC suggests 
that robustness of concept be convincingly demonstrated in light of the uncertainty 
regarding actual in situ stress magnitudes and rock mass strength parameters. (Section 
2.1.3) 

BIOSCIENCE m D  E W O N M E N T A L  ASPECTS 

Studies on detection and measurement of He anomalies in lake waters and bottom 
sediments have been pursued. TAC considers this novel, indirect method of detecting 
"points" of groundwater discharge important. While it is a step towards a better 
understanding of deep groundwater flows, we suggest that in this approach careful 
consideration be given to recognizing the potential of helium, with its high mobility, for 
migrating independently of water. (Section 2.2.3) 

IMMOBILIZATION AND VAULT SEALING TECNNOLOGY 

TAC continues to find the program of studies on used fuel, which includes collaboration 
with the   we dish program, to be comprehensive, and closely oriented to realistic vault 
conditions. We support the direct moves to further refinement of the dissolution model, 
which appears to have now reached a stage where it provides an acceptable base for 
predicting dissolution rates of used fuel. TAC also strongly supports more extensive work 
on possible effects of alpha radiolysis, studies directly on used fuel, investigation of 
temperature effects and the continuing contributions to a general data base on used fuel 
dissolution. (Section 2.3.2) 

TAC supports the continuing studies on both copper and titanium as potential container 
materials with their focus on developing improved and realistic failure models. We 
suggest that further investigation on grain boundary and microstructural characteristics be 
seriously considered in order to avoid potential interfacial degradation phenomena. TAC 
also reaffirms the need for knowledge of long-term creep effects and supports the 
programs that are proceeding in this regard. (Section 2.3.3) 

TAC considers the program on clay technology with regard to materials behaviour and 
design parameters as well as large-scale testing to be soundly formulated and productive, 
with program plans balanced and realistic. Related programs on cement-based materials 
are proceeding well and centred on URL experiment plans which can provide the 
necessary reality of Canadian vault considerations for material/rock/groundwater studies. 
(Section 2.3.4) 



4.5 ENVIRONMENTAL AND SAFETY ASSESSIMENT 

1. TAC endorses the overall goal of verifying the SYVAC code, and supports the current 
studies related to a software quality assurance program. TAC continues to do some 
independent work on code verification and testing. (Section 2.4.4) 
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APPENDIX II 

SUMMARY OF TAC-12 

The Twelfth Annual Report of the Technical Advisory Committee (TAC) examines the 
scientific and technical progress made within the Canadian Nuclear Fuel Waste Management 
Program during the period July 1990 to approximately August 1991. The Committee notes that 
the general concept of a multibanier system involving geologic media and engineered systems is 

scientific and engineering support as currently the most feasible and practical. TAC continues to 
endorse the full investigation of the concept of nuclear waste disposal deep in the crystalline rock 
of the Canadian Shield. 

The program results are to be presented through the submission of an Environmental 
Impact Statement (EIS), a compilation of reports and data. The process for evaluating the EIS 
through the Environmental Assessment and Review Process has been initiated and will ensure that 
all parties including regulatory bodies, government departments, the scientific community, the 
general public, interest groups, etc. have the opportunity to provide views on the results of this 
complex research on nuclear fuel waste disposal. The preparation of the main documents to 
comprise and to support the EIS is now well advanced. TAC has concentrated its evaluation 
efforts, as expressed in this twelfth report, on certain aspects of the program and the documenta- 
tion drafts. A more comprehensive coverage was given in the Eleventh Annual Report (TAC-11) 
to which this current report is supplementary. 

Our current examination of the program encompasses the four general areas of geoscience, 
environment and biosphere, engineered barriers, and safety and performance assessment of a 
disposal vault. TAC considers that two elements within the geosphere program deserve particular 
attention: (a) Hydrogeologic characteristics of the site, (2) Long-term geomechanical behaviour 
of the rock mass. We continue to advocate broad delineation of flow systems, b d  the positive 
characteristics of regional recharge areas as potential vault locations. We support the increased 
attention to dynamic simulation of behaviour of the rock mass hosting a vault, including both 
existing and potential fracture zones. 

In spite of the limitations of natural analogs TAC considers the program efforts to be well 
justified and centred appropriately on Canadian phenomena. For the Cigar Lake analog study, 
TAC recommends concentration on detailed evaluation of hydrogeological conditions. General 
geosphere modelling being applied both to the Whiteshell Research Area, including the 
Underground Research Laboratory (URL), and the Atikokan Research Area, requires as much 
extension of validation efforts as possible. The URL provides the site and focus for major 
integrated and well-coordinated geoscientific studies. The total URL operating phase program is 
comprehensive with clear objectives and adequate design flexibility. While the ongoing 
geophysical research is clearly of high quality, TAC considers that cross-hole seismic systems and 
borehole radar techniques merit priority because of their importance in detecting underground 
fracture zones and the advantage of expanding their limits of range. 



The extensive geochemical work has contributed significantly to the knowledge of 
radionuclide sorption. There is a sound understanding of the problems in defining and measuring 
sorption coefficients, and the continuing investigations as well as the related modelling of nuclide 
retardation deserve support. TAC also supports the continuing investigations on the possible role 
of colloid transport of radionuclides. 

The development of a credible biosphere model is progressing favourably with submodels 
for the atmosphere, surface water, soil and food-chaiddose now documented. The draft reports 
on these submodels have been reviewed. Continuing work on improving the data used in the 
biosphere model, and on identifying groundwater discharge areas is important. 

In the area of engineered barriers, continuing investigations on used fuel and on titanium 
and copper as container materials are justified in order to improve the corresponding models. The 
mathematical formulation of these models as well as for that of radionuclide transport are soundly 
conceived and well advanced. The continuing experimental work on corrosion and stress effects 
on container materials is well merited. A sound basis is being established for bentonite-based 
buffer and sealing materials to provide an effective barrier for the isolation of nuclear fuel wastes. 
The program for development of both buffer and backfill has provided a comprehensive 
understanding of their behaviour under realistic vault conditions. The need for study of potential 
gas generation is noted. The relevant operational experiments planned for the URL will be 
essential as part of the necessary validation of disposal vault modelling, as will the development 
of grouting and of the high-performance cements and concretes being investigated. 

Assessment of the disposal concept requires application of radiological and risk criteria 
now established by regulation. The examination of the performance of the complex multibarrier 
disposal system utilizes system variability analysis. TAC considers this a sound and justifiable 
approach to environmental and safety assessment provided the conceptualization of the system, 
including all component parts and parameter distributions, has validity. Model quality assurance 
with emphasis on both verification and validation should receive high priority. This also applies 
to uncertainty analysis and to software quality assurance. The reliability of SYVAC, the code 
used to implement the safety analysis, depends on detailed attention to unit testing, code 
inspection and an adequate software development audit trail. Continued participation in 
international code validation projects is merited. 

We again record our support for: (a) the policy of involving universities, industries and 
private consulting groups through contractual arrangements, (b) the policy of full and free 
availability of research results and information, and (c) the impressive achievements in 
publications of many of the results from the program in the open literature. TAC also strongly 
supports participation in international activities, an area where we judge the Canadian 
contributions to the international knowledge base in the field of radioactive waste management 
to be significant and well recognized. TAC supports and urges additional involvement of 
scientific and engineering groups and associations in the processes of peer evaluation and 
assessment of the research results of the Canadian NFWMP, especially of the EIS. Finally, TAC 
supports unequivocally the continuing clear and definite provisions for public participation at the 
various stages of program development and review. 
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PREFACE 

The report TAC- 12, issued by the Technical Advisory Committee in March 1992, has been studied 
in detail by researchers at AECL whose work was commented upon in that report. Their 
responses, suitably collated and edited, are presented on the following pages. 

The first part of each entry (printed in bold type) is a word-by-word extract from TAC-12, with 
the page and paragraph on which it appeared also indicated. The second part is the response of 
AECL scientists to that particular item. The titles of the sections are the same as in TAC-12. 
Literature referenced in this response is listed at the end of this section. 

AECL staff thank the Technical Advisory Committee for the in-depth review provided in TAC-12, 
and are pleased to take advantage of this opportunity for an open discussion with TAC on specific 
aspects of the CNFWMP. 



2. PROGRAM ASSESSMENTS 

2.1 GEOSCIENCE RESEARCH 

We recognize TAC's continuing concern with the issues of delineation of flow systems, areas of 
regional recharge and discharge, and the stability of highly stressed rock. We are continuing 
investigations and the preparation of documentation that we expect will be useful in addressing 
TAC's concerns in these areas. 

We agree that the hydrogeological characteristics of a site and the long-term behaviour of the rock 
mass (both in terms of geomechanical and hydrogeological conditions) are of particular 
importance. These two aspects have been the primary focus of the geoscience program at our 
research areas since investigations began more than a decade ago. 

Borehole investigations, at our field research areas at Whiteshell, Atikokan and East Bull Lake, 
have identified zones of sparse fracturing and low permeability separated by thin zones of intense 
fracturing and generally higher permeability (fracture zones). Within two or three hundred metres 
of surface, the rock between the fracture zones is often moderately fractured and has moderate 
permeability. With depth, both the degree of fracturing and the permeability of the rock between 
the fracture zones tend to decrease, and the spacing between fracture zones tends to increase. 
These observations from the Canadian Shield are also consistent with observations at field research 
areas on the Fennoscandian Shield in Sweden and Finland. The relationship between the spacing, 
orientation, and interconnections of the fracture zones, and the local topographic relief, tends to 
cause the development of groundwater flow systems at potential disposal vault depth that are of 
less than regional scale. Our analyses therefore indicate to us that more extensive flow systems 
are not necessary for a disposal system to meet the regulatory safety criterion. 

Safety of the disposal facility is determined by assessing the performance of the overall disposal 
system against regulatory criteria. In the assessment we include all components of the system, 
including both the engineered components (waste form, container, buffer, backfill) and the natural 
components. We believe that it is inappropriate to focus on one particular component or feature 
(such as the stress condition in the rock or the particular location of the site with respect to the 
groundwater flow system) as of overriding importance without an analysis of the performance of 
the disposal system as a whole. Our analyses of the sensitivity of the results of the assessment 
calculations to variations in the characteristics of the individual components of the disposal 



~ system, indicate that the various components can provide some redundancy in terms of meeting 
I 

the safety criteria. However, the importance of any one component will vary depending upon the 
specifics of the design of each engineered component, the overall system design, and the specific 
site characteristics. Because of this variability and because one of our main objectives is 
flexibility and robustness in the disposal concept, it is our position that it is inappropriate at the 

I conceptual stage to dictate prescriptive specifications for the characteristics of single components 
of the disposal system in isolation, unless they can be shown unequivocally to be necessary to 
achieve safety. 

Although we would recommend that preference be given during the siting process to sites with 
a variety of potentially favourable characteristics, including ones such as an upland setting and 
low local relief, that would be associated with regional recharge areas, we do not believe it is 
appropriate to specify most of these characteristics as requirements. We believe that when siting 
is initiated, most decisions on siting requirements should be made in a consultation process 
amongst the affected communities, an agency that will be responsible for siting and developing 
an actual disposal project and the regulators. 

2.1.2 Geomechanics 

"TAC considers that the ability to simulate the behaviour of rock mass 

demonstrated. Further, although good experimental work has been done in 
connection with ground stress determination, more attention to addressing 
the problem of understanding the behaviour of the host rock would seem to 
be needed." (p. 8, para. 6, and Recommendation 4.1, No. 2) 

We agree with the need for understanding the behaviour of the host rock. The Mine-by 
Experiment at the URL is designed specifically to address this issue in a high stress environment. 
The experiment started in 1990 and the analysis of the results is scheduled to be completed in 
1994. 

In addition, we have investigated the long-term strength of brittle rock masses since 1980 and the 
work of Wilkins (1980, 1984, 1987), Lajtai (1982), Schrnidtke and Lajtai (1985) and Cruden 
(1983) have provided the basis for our approach to theoretical and laboratory investigations. 

Laboratory investigations indicate that time-dependent microcracking does not occur at a stress 
level below 50% of the strength index 0,. This is being investigated in the Mine-by Experiment 
at the URL. Acoustic emission/microseismic (AE/MS) monitoring of cracking in the rock at the 
URL around the shaft extension and the excavations at the 420 Level indicate that cracking is 



confined to within about one diameter of the excavation, which is the main region of stress 
perturbation. The microseismic events observed are about to lo4 on the Richter scale. 

Because of the nature of the mechanisms that cause crack growth, excavation-induced cracking 
under vault conditions will almost certainly be confined to the immediate area around the opening, 
and large scale excavation-induced fracturing will not extend to tens of metres away from the 
excavation in the long-term if there is support pressure such as that provided by backfilling. 

"TAG also expresses concern about the reliance placed on such models as 
MCDIRC and MCCREEP for prediction of microcracking around vault 
openings. (p. 9, para. 2) 

As noted above, creep is not expected to be an issue when the stress level is maintained below 
about 50% of the strength index 0,. When the stress level is above this value, creep in the form 
of microcracking will occur, but only in the immediate vicinity of the opening. Furthermore, 
microcracking is not expected to be a major issue because it can be controlled by backfiiing. 

The creep codes, MCCREEP and MCDIRC, are a novel and simple approach to the issue of creep 
in brittle rocks based on the empirical power law of Charles for crack velocity (Kemeny 1991). 
Work is under way to compare the results obtained using these codes to the more traditional 
approach of viscoelastic analysis. MCCREEP and MCDIRC have the advantage of being based 
on the fundamental mechanism of brittle creep. However, until all approaches are evaluated based 
on the laboratory and field data, we are not relying on any one method for predicting 
microcracking around vault openings. 

The Mine-by Experiment is collecting in situ creep data which will be used as part of the 
evaluation of the various methods available to predict creep. 

"What is needed ... is a 3D constitutive model of the rock which hosts the 

para. 2) 

We have carried out global modelling of the thermal-mechanical response caused by the vault and 
used these results to conduct limit-equilibrium analysis for slip along potential fractures with 
various orientations and frictional properties. We do not believe it is realistic to use a single 
global model that attempts to represent the rock mass in detail around the entire vault in order to 
investigate the response of the rock mass at all scales and over all time periods. Our approach 



is to use large scale hydrogeological models that include the major flow paths in the rock mass 
surrounding a disposal vault to investigate the effects of such things as thermal or glacial loading 
over the long-term and special purpose models to investigate specific areas of concem or short- 
term effects. 

(Recommendations and Conclusions 4.1, Nos. 3-4) 

See "Introductory Comments" (Section 2.1.1, Geoscience Program). 

"Although groundwater flow modelling has been a visible component of the 
Cigar Lake study, 

Both current and paleogroundwater flow conditions around the Cigar Lake deposits are being 
inferred from a wide range of information such as: the geologic setting, extensive core and 
borehole logs, hydrogeochemistry, uranium series isotopes, hydraulic pump tests conducted by 
Cigar Lake Mining Corporation and AECL, an array of stand-pipe piezometers and continuous 
monitoring. 

We concur with TAC that reliance solely on hydraulic information is inappropriate. A detailed 
evaluation of all relevant data is in progress. 

"It should also be possible to reconcile the apparent contradiction between 
the conclusions derived from hydraulic tests and those from hydrochemical 
analyses." (p. 11, para. 4) 

We believe there is no contradiction, although it is possible that the preliminary and somewhat 
limited description of the observations in the Semi-Annual Report referred to (TR-425-10) may 
have resulted in some misinterpretation. The term "modem" water is used in a geological context, 
i.e., waters less than 1 million years old. This is not inconsistent with the observation, from 
hydraulic tests, that the clay-rich zone acts as a good sealant: "isolating the uranium ore from 
significant recharge or flow from the aquifer in the sandstone: (TR-425-10, p. 73, para. 1). The 
~1~~ measurements from the groundwater in the ore strongly suggest that the residence time of the 



groundwater in the ore was -16 years, although this latter point was not explicitly stated in the 
Semi-Annual Report. 

"It is suggested that a further review of the entire experimental program be 
made within the next six to twelve months when its potential for supporting 
the concept EIS may become more clear, and the environmental assessment 
guidelines have been assimilated." (p. 14, para. 4) 

We are planning to include the review of the URL Operating Phase Experiments under the 
existing Disposal Technology Division Quality Assurance Program. 

While the ongoing geophysical research is clearly of high quality, TAC 
considers that greater emphasis should be given to cross-hole seismic systems 
and borehole radar techniques because of their importance in detecting 
underground fracture zones and the advantage of expanding their limits of 
range. (p. 15, para. 2 and Recommendation 4.1, No. 7) 

We agree with the above observation and recommendation made by TAC and have been placing 
increasing emphasis on improving our crosshole seismic radar methods. The depth capabilities 
of both these units are being enhanced, so that they can become operational at depths of 600 m 
to 1000 m. Work is also continuing on data processing and interpretation of crosshole seismic 
and borehole radar surveys, to improve the degree of correlation between geophysical and 
hydrogeological parameters. The resolution of the crosshole seismic technique has also been 
improved as a result of its use in the Mine-by Experiment at the URL. The above-described work 
on crosshole seismics and borehole radar has been included in the appropriate COG Work 
Package. 

2.3 IMMOBILIZATION AND VAULT SEALING TECHNOLOGY 

2.3.1 Used Fuel Studies 

"Used fuel dissolution will be dependent in part on the redox conditions. 
Magnetite, if it is present, is expected to be a major controlling factor. 
Sorption of silicate or phosphate on the iron oxide surface can inhibit the 
oxidation of iron (Swaddle and Oltmann, 1980). Whether the inhibition is 
significant on the time scale of interest is doubtful." (p. 18, para. 4) 



Magnetite is a natural constituent phase in granitic rock formations, or is a minor phase that may 
be present in the bentonite clay that may be used to surround the disposal container. The 
importance of silicate and phosphate in groundwaters lies primarily in their inhibition of the 
conversion of y-FQO, or Hfe,O, (maghemite) to the more stable form, a-FQO, (hematite), rather 
than the oxidation of iron per se (Swaddle and Oltmann, 1980). Thus, persistent metastable redox 
conditions corresponding to magnetite/maghemite couple, rather than magnetitehematite, may 
occur when residual oxygen is scavenged from groundwaters by magnetite. The former couple 
is less reducing than the latter, manifested by a lower equilibrium Fez+ activity at given Ph 
(equilibrium oxygen concentrations are vanishingly small for either couple). 

The conversion of maghemite to hematite by a solid-state route, is apparently not markedly 
affected by adsorbed species, and occurs rapidly above about 250°C, but has not been observed 
experimentally below 200°C (e.g., Gallagher et al. 1968). The existence of maghemite as a major 
mineral in some soils attests to its persistence at low temperatures (Sadiq and Lindsay, 1988). 
The possible significance of metastable iron oxides in determining vault redox conditions thus 
remains a moot point, and is the subject of continuing research. A paper discussing both 
theoretical and experimental aspects of this subject is in the final stages of revision before 
submission to a journal (Taylor and Owen, in preparation), and a copy will be forwarded to TAC 
in due course. 

"On the experimental side, TAC remains concerned about creer, effects on 
comer through potential stress conditions arising in a disposal vault. Recent 
work by Auerkari et al. (1991) illustrates that a very low strain rate 
technique may be extremely useful in this regard." (p. 19, para. 6 and 
Recommendation 4.2, No. 1) 

We share TAC's interest in the potential effects of creep on the long-term structural integrity of 
copper- and, as well, titanium-shell containers. As indicated in our response to TAC-11 last year, 
we have embarked upon a program to determine the creep properties of these materials at 
anticipated disposal-vault temperature and stress conditions. Following a commissioning period 
for the refurbished creep machines that we will be using for the test program, this work has now 
begun in earnest and some early results for titanium are already available. Ontario Hydro 
Research will be assisting AECL in this program with their own creep-testing program, which will 
be integrated with that of AECL. 

Specifically, in respect to copper, we have recently made personal contact with representatives 
from the Swedish and Finish nuclear waste management programs, from whom we gained 
valuable insight into their current thinking on the long-term mechanical properties of copper and 



appropriate structural-modelling approaches. We are familiar with the work conducted by 
Auerkari et al. (1991), as noted by TAC, in addition to other work, such as that conducted for 
SKB by Henderson et al. (1991) at the Swedish Institute for Metals Research. In formulating our 
test programs, we will be taking their approaches and the results into consideration and will keep 
abreast of further developments in those programs. 

The work of Henderson et al. suggests possible low ductility of OFHC copper prior to failure. 
Their observations are based on a limited series of tests, some of which have been extrapolated 
to lower temperature regimes, such as those projected for Canadian disposal conditions. Prudence 
would indicate that further tests, specific to Canadian conditions, would be appropriate in our 
program before any conclusions are drawn that might potentially affect the future direction of our 
copper-container development program. Such tests will be formulated during 1992 for 
implementation in 1993 or sooner. 

"TAC has suggested previously that one aspect of undue conservatism in the 
container failure model relates to the assumption that penetration of a 
container at one point immediately eliminates all protection of the used fuel 
by that container. A recent modelling of a degraded container provided a 
useful approach to this problem (Neretnieks and Faghihi, 1991)". (p. 20, 
para. 1) 

We are aware of the approaches developed by Neretnieks and others to model the effect of defect 
size on transport of radionuclides from a failed container. These effects may be significant, 
depending on the size of the defect. Our model for failure of copper container, however, is based 
on uniform corrosion, thus when the container has thinned sufficiently, mechanical failure would 
occur by buckling of the shell. Because it is very difficult to justify any value selected for the 
failed surface area under such conditions, and because estimated lifetimes for copper containers 
are already very long (a minimum of 30,000 a), such an approach has not been pursued. We are, 
however, conscious of the need to examine any conservations in our model, and will continue to 
do so during revisions to the copper container failure model which are now in progress. 

For titanium containers, this effect has not been included in the model. We will, however, 
examine the impact of such transport limitations in an analysis of radionuclide release from 
prematurely defected containers which we are currently pursuing. 

(p. 20, para. 2) 



From a mechanical design viewpoint, the relative properties of the base metal (i.e., the starting 
material) used for construction of the container shell and those of regions where welds/junctions 
must be made (particularly in the final head-to-shell closure region) has been a focus of interest 
in the titanium-shell container development program. Two methods of joining titanium have been 
studied: resistance/diffusion (R/D) bonding and gas-tungsten-arc (GTA) welding. While R/D 
bonding has been selected as the reference process for the final container-closure weld for the 
Used Fuel Disposal Centre Study, it is possible that both methods of joining titanium would be 
required for the construction of containers, i.e., GTA welding for prefabrication of the shell and 
R/D bonding for the final closure. In RID bonding studies of ASTM Grade-2 titanium, conducted 
by Bristol Aerospace Ltd. and Ontario Hydro Research for the CNFWMP (Maak and Shui, 1984; 
Howard and Cooper, 1985; Maak, 1985, 1986; Maak and Cooper, 1985), metallographic 
examination of R/D bonded samples, rings, and a prototype half-scale container confirmed that 
it could be expected that, in the region of the bond, grain-structure transformation would, indeed, 
occur. The type and extent of the transformation of the structure of the base metal (consisting 
initially of equiaxed alpha grains) was, to a large extent, dependent on the bonding parameters 
used (e.g., bonding current, bonding-wheel pressure, cooling rate, dwell time during each bond 
cycle, etc.). Typical grain-structure transformations that were observed included the presence of 
both serrated and acicular grains. Extensive mechanical testing of a wide variety of bonded 
regions showed that while, as expected, hardness increased in the bond region, the amount was 
well within acceptable limits. Furthermore, there was no indication of material embrittlement, the 
shear strength of the bonded joint was considerably higher than the base metal, and high ductility 
prevailed. 

Similar results were obtained on tests conducted on GTA-welded samples of Grades-:! and -12 
titanium (Maak and Galloway, 1988). In Grade-2 titanium, the equiaxed alpha grain structure of 
the base metal was transformed to a structure containing relatively large, serrated alpha grains. 
Again, mechanical tests on the weld metal showed very acceptable hardness, strength and ductility. 
In Grade-12 titanium, the base metal appearance consisted of a continuous matrix of alpha grains 
containing angular "particles" (thought to be an intermetallic phase); the weld metal contained fine 
acicular alpha grains. While tests revealed that the hardness increase in the weld metal was about 
30% higher than that specified for titanium welds, strength tests still indicated satisfactory tensile 
strength and ductility. 

Thus, studies to date of the microstructure of bonded samples of candidate titanium container-shell 
materials have indicated that, from a structural-design aspect, there is little reason to anticipate 
localized changes in short-term mechanical properties that would be detrimental to the container's 
structural durability under loading corlditions within the disposal vault. Although this would auger 
well for a probable similar maintenance of the material's long-term properties (e.g., creep 
behaviour), we would, nevertheless, concur that some complementary investigation of the long- 
term mechanical properties of bonded titanium should be considered to confirm this expectation. 



Currently, a creep-test program to establish baseline data on the parent materials is under \.jay, 
following which similar tests on bonded material could be considered. 

With regard to crevice corrosion we are beginning investigations to optimize the selected material. 
This involves studies of the effect of variations in composition and microstructure on the rate and 
of crevice corrosion in both Grades-2 and -12 titanium. We also plan to look at the advantages 
of adding small amounts of palladium to alpha alloys. 

We are also studying the effects of heat treatments on the hydrogen-induced cracking of Grade-12, 
and to a lesser extent Grade-%, titanium. These treatments are for the specific purpose of changing 
the microstructure in order to determine its effect on the mechanism of crack propagation in these 
materials. From such experiments we hope to get a better understanding of the cracking process 
and a measure of the impact of microstructure on the critical hydrogen concentrations required for 
fast crack growth to occur. 

sealing, has been the issue of 
... In TAC's opinion 
0, para. 4 and Recommendation 4.2, No. 2) 

The issue of gas generation and its impact on the performance of a disposal facility is being 
increasingly recognized as an important consideration in the design and selection of materials for 
a disposal facility. We have indicated previously in discussions with TAC that carbon steel may 
be an inappropriate material for the bundle support tubes in the container because of this concern, 
and alternative materials are being considered. In the mass transport area, we are initiating a study 
of gas transport through buffer material. 

2.4 ENWRONMENTAL AND SAFETY ASSESSMENT 

2.43.2 Post-Closure Assessment - System Variability Analysis 

SYVAC =stem yariabili ty Analysis Code) Results 

'I... a 50 m exclusion zone was adopted as a reference "derived constraint" 
for this feature of the system ..." (p. 27, para. 3) 



The derived constraints used in the assessment modelling are specific to the particular features of 
the site and design involved and have no broader general implications implied by the use of the 
term "a reference". 

2.4.3.6 Software Tools 

(p. 28 to 35 and Recommendations 4.3, Nos. 1 to 9) 

We agree with the observations and recommendations contained in points 1 to 9 in the Section 
on Environmental and Safety Assessment (Section 4.3, p. 42) in TAC-12 and are addressing them 
in the EIS and its primary references. At this time, we would like to make the following 
comments on model validation and software verification. 

The models, and associated data for the long-term assessment, stem from extensive field and 
laboratory research, judgment of experts, international consensus and published literature. A 
discussion and justification of the basic models, assumptions, and parameter values will be 
included in the primary references pertaining to the vault, geosphere and biosphere models. 
Conservative or bounding assumptions, which lead to an overestimate of impacts, are often made 
when detailed analyses are not warranted. 

The SYVAC-CC3 model code and associated databases have been developed under rigorous 
quality assurance procedures, many of which have been recommended by TAC over the past 
several years, for which we express our gratitude. Extensive testing, review and code 
intercomparisons are being carried out. For example: the SYVAC executive and aspects of CC3 
models have been included in the PSACOIN intercomparisons carried out by the Nuclear Energy 
Agency of the OECD; Ontario Hydro has independently verified our vault model response 
functions; and the U.S. Department of Energy is independently testing each module of SYVAC. 

Software tools for analysis and design are being continually improved as part of an ongoing 
quality improvement program. Recently, for example we have started using DECDesign, an 
automated tool for producing specifications. 



The SYVAC code is being verified in cooperation with the U.S. Department of Energy. Hidden 
errors have been introduced into the modules sent for verification to determine the adequacy of 
the test procedures. 

Due consideration is also given to the maintenance and upgrade of hardware, and over the years, 
improvements have been made in the mainframe and the workstations. 

Finally, we intend to review our risk assessment procedures for their compliance with the Risk 
Analysis Requirements and Guidelines of the Canadian Standards Association. 
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APPENDIX VI 

TECHNICAL ADVISORY COMMITTEE TO AECL 
ON THE NUCLEAR FUEL WASTE MANAGEMENT PROGRAM 

ABBREVIATIONS AND ACRONYMS 

AECB 
AECL 
ANSI 
ARA 
BIOMOVS 
CANDU 
CC-3 
COG 
EARP 
EIS 
ELA 
FEAR0 
He 
IEEE 
II'dTRAVAL 
NEA/OECD 

N F W  
OH 
PSAG 
Q A 
RBM 
RHPG 
SEDE 
SIMFUEL 
SKB 

SYVAC 
TAC 

TAC- 1 
TAC-2 
TAC-7 
TAC-8 
TAC-10 
TAC- 1 1 

Atomic Energy Control Board 
Atomic Energy of Canada Limited 
American National Standards Institute 
Atikokan Research Area 
Biosphere Assessment Models 
C e a d i a n  Deuterium lJranium (reactor) 
See SYVAC 
CANDU Owners Group 
Environmental Assessment and Review Process 
Environmental Impact Statement 
Experimental Lakes Area 
Federal Environmental Review Office 
Helium 
Institute of Electric and Electronic Engineers 
INternational m n s p o r t  Model m i d a t i o n  - 
Nuclear Energy Agency (Organization for Economic Cooperation 

and Development) 
Nuclear Fuel Waste Management Program 
Ontario Hydro 
Probabilistic Safety Assessment Group 
Quality Assurance 
Reference Buffer Material 
Reference High Performance Grouts 
Site Evaluation and Design of Experiments 
Simulated Used Fuel 
Svensk Kibnbrhslehantering AB (Swedish Nuclear Fuel and Waste 
Management Company) 
System Variability Analysis Code - 
Technical Advisory Committee to AECL on the Nuclear Fuel 

Waste Management Program 
First Annual Report of the Technical Advisory Committee 
Second Annual Report of the Technical Advisory Committee 
Seventh Annual Report of the Technical Advisory Committee 
Eighth Annual Report of the Technical Advisory Committee 
Tenth Annual Report of the Technical Advisory Committee 
Eleventh Annual Report of the Technical Advisory Committee 



TAC-12 Twelfth Annual Report of the Technical Advisory Committee 
TDB Thennochemical Data Base 
3-R Technical Record 
URL Underground Research Laboratory 
USDOE United States Department of Energy 
WRA Wteshell  Research Area 
W te Isolation Pilot 
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