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FOREWORD 

The Radioactive Waste Management Committee (RVMC) of the OECD Nuclear 
Energy Agency (NEA) is an international committee of senior government and 
industry experts which reviews and directs NEA activities in the field of 
radioactive waste management. These activities include the promotion of 
information exchange and dissemination within NEA Member countries, »nd cover 
developments in the treatment, storage, transport and disposal of » ''oactive 
vaste. 

In 1986, the RVMC established an Advisory Group on In-Situ Research and 
Investigations for Geological Disposal (ISAG) to help co-ordinate in-situ 
research, investigations and demonstration activities in NEA Member countries. 
The Advisory Group includes representatives of underground research labora
tories, and provides a forum for exchanging information and planning joint 
initiatives at an international level. 

One of the first initiatives of ISAG was the preparation of an overview 
report on in-situ research and investigations in Member countries, based on 
information on national programmes provided by members of the Group. This 
report explains why deep geological disposal is the most favoured option for 
the disposal of high level waste and spent fuel, as well as some alpha bearing 
vastes. It also gives an overview of the main aim and elements of in-situ 
research and investigation activities in OECD countries, as veil as of 
initiatives taken at en international level. 
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**a RAu^CTTTB WASTE HAtUGBSMT UJHHIHEE 

rhree years ago. the Radioactive Vaste Manageaent Coaaittee (RVMC) of 
the JECTI Unclear Enerc., Agency (NEA) published a report providing an appraisal 
of the technical statu.1? of radioactive vaste aanageaent |1J. That report 
presented :he collective view of the RVMC on the Main scientific and techni
cal issue' in the fie7G of radioactive vaste aanageaent, particularly froa the 
point cf vitfv of disposal and the associated long-tera safety aspects. The 
fundamental c.nclusir i of the RVMC was that detailed short- and long-tera 
safety ass«srrents w re feasible, which vould give confidence that safety 
re<;irreaents an'' cri i-ria could be achieved with available technology, and at 
a reasonable cost Referring to the technical coaplexity of geologic isolation 
i/steas for lot>g-lived and high-level waste, the RVMC also recognised that 
rtsea.cn and development (R&D) would need to continue to obtain site-specific 
data and to refine safety studies, and that periodic re-assessaents of waste 
management piacti'.-" and policies would need to be made to account for 
evolving knowledge (2]. Such studies would focus on the optiaisation of 
disposal sy t u s r.nd confirmation of their specific safety and engineering 
features raVi.jr 'ii&n on their general feasibility, which appears to be widely 
accepted «a o s.ientiiic community. 

The ace upanying report has been prepared by the NEA to docuaent the 
status of in-itu research and investigations for geological disposal of 
long lived t -\ hiRbOe/el radioactive waste in OBCD Member countries. The 
report note: ~h*' considerable national and international progress has been 
made since p-.iblication of the "Collective Opinion" [1] in furthering the 
development .-£ the geological disposal concept. Significant programmes and 
activities have been initiated and enhanced in the inter-related areas of 
m-situ investigations, data analysis and modelling, repository engineering 
design and performance assessment. In particular, in-situ research and 
investigations have become an integral and essential part of national 
programmes fir concept assessment, site characterisation and selection, am' 
repository development. 

Geological Disposal - Concept and Rationale 

.'he objective of geological disposal is to immobilize and isolate 
radioactive waste from the human environment for a period of time and in 
conditions such that any possible subsequent release of radionuclides from the 
rejH sitory will not result in unacceptable radiological risks, even in the 
long term. In practice, as absolute safety can never be achieved, radio
logical risks to present and future generations must be limited to very low 
levels corapatible with relevant national and international safety requirements 
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such as those reco—indid by the International Commission on Radiological 
Protection (ICRP) (3,4). This objective can be achieved by designing multi-
component systems, where the waste package, the tepositoiy and the specific 
characteristics of the geological system (e.g., geology, hydcogeology) provide 
Multiple barriers to radionuclide release and transport. The emplacement of 
properly packaged long-lived waste at depth in stable geological formations 
can assure that the waste will remain immobilized and isolated while 
radioactive decay reduces radioactivity to low or negligible levels. 

Geological disposal is designed to be a totally passive disposal system 
with no requirements for continued human involvement to maintain safety after 
closure of the disposal facility. The aim of geological disposal to eliminate 
the need for maintenance of post-closure surveillance or monitoring systems 
can be achieved because of the passive safety features of geological iso
lation, including such factors as long-tern stability of the host formation, 
sufficient depth for long-tern isolation, sufficient impermeability and lack 
cf mineral worth of the host formation which decreases the likelihood of 
inadvertent intrusion in the future. In practice, groundwater circulation is 
the main natural phenomenon which can return radioactive materials to the 
biosphere, and the careful choice of a geological site coupled with suitable 
waste package and repository engineered features can reduce the risks 
associated with this phenomenon. Predictive modelling of possible radio
nuclide transport by groundwater (concerning, for example, the solubility of 
various radionuclides and retardation of their migration by various 
geochemical processes) and its radiological consequences forms the basis for 
evaluation of the long-term safety. 

Geological disposal is also a flexible concept, due to the variety of 
potentially suitable geological media, such as salt, crystalline rock 
(granite, gneiss, schist, basalt), clay, shale and tuff. The necessary 
underground facilities could be implemented with current technology based on 
the extensive experience available in mining and civil engineering. 

Current Status and Role of In-Situ Investigations 

In the past, relevant research has been concentrated on generic issues 
involved in the long-term safety and feasibility of geological disposal, 
including the development of investigation techniques. Increased emphasis is 
now placed on site characterisation and selection, and on concept imple
mentation, i.e., identification of a suitable site and feasibility of 
construction at that site of a facility which can be operated and closed 
safely at an acceptable cost. This emphasis includes the development of site 
investigation procedures, detailed design and feasibility studies, and 
conducting safety assessments. An integral part of each of these involves the 
need to conduct in-situ studies at either reference or actual repository 
sites, so that appropriate site investigation techniques are made available, 
detailed designs can be shown to meet design standards and sufficient inform
ation is available for performance assessment models to predict post-
operational safety with confidence. In this respect, a distinction can be 
made between underground research laboratories such as Asse, Stripa, Grimsel 
and the Canadian URL facilities, where generic research and investigations are 
conducted, and those facilities where in-situ characterisation and qualifi
cation of a potential repository site are conducted, such as Mol (where 
generic research is also included) or Gorleben. 
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As noted in the accompanying report, in-situ experiments and 
investigations have the following aain objectives: 

a) development of methods and instrumentation for specific site 
investigation and characterisation techniques; 

b) provision of field data to facilitate the validation of process and 
performance assessment models; 

c) provision of data in support of modelling and performance 
assessment; and 

d) evaluation of the engineering feasibility of repository 
construction, operation and closure. 

In-situ investigations therefore are viewed as essential in order 
to accumulate data and knovledge on host formations being considered for 
disposal facilities, and to characterise and qualify potential repository 
sites. Investigations and tests in underground laboratories constructed in 
different geological formations have, and will continue, to yield valuable 
information for evaluating detailed disposal concepts. The RVNC views the 
increasing emphasis on in-situ investigations as being an appropriate and 
necessary evolution from laboratory and modelling studies. Such investi
gations will enhance the level of confidence placed on the deep geological 
disposal concept. 

Site Characterisation and Selection 

The RVMC notes that decision criteria for repository site characteri
sation and selection are becoming increasingly important. These issues 
involve not only decisions on concepts, host formations and specific sites, 
but also decisions on the limits of information needs. Of course, decisions 
are not solely influenced by technical and scientific findings, but also 
involve consideration of political and social factors. 

A variety of disposal systems can be envisaged, since there is a 
diversity of potentially suitable host formations, and engineered barriers can 
be adapted to the specific properties of the host formation. Each potential 
host formation offers advantages and limitations which should be assessed in 
terms of the total disposal system, including engineering design possibilities. 

The basic issues involved in site selection generally vill be similar 
amongst repository systems, host formations and candidate sites. For example, 
formations for geologic disposal will be evaluated with respect to their 
geological stability and hydrogeological and chemical properties which govern 
their isolation capability. Site-specific factors subsequently become impor
tant for defining necessary in-situ and laboratory tests and for confirming 
the suitability of the site. 

With respect to such site information needs, it is essential that 
appropriate methods and criteria be developed to enable regulatory authorities 
and those responsible for disposal to make decisions on how much, and at what 
level of detail, data and information need to be collected. Clearly, a 
balance needs to be achieved between demands for site information and possi
bilities to provide the desired information with available resources and 
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techniques. Continued work on safety assessments of the complementary 
functions of engineered barriers and host formation properties are essential 
for the formulation of such criteria. 

The RVMC notes that potentially suitable sites for radioactive waste 
repositories have been identified in a number of countries in several types of 
host formations and geological environments. The selection of an actual host 
formation and a repository site will depend on technical as veil as non
technical factors. Among these, radiological protection and safety 
requirements are of most concern and criteria have been developed against 
which the achievable safety at a site can be measured. In principle, one 
could therefore attempt to select the "safest" site. In practice, however, it 
may not be necessary or possible to distinguish between sites or formations 
solely on the basis of such criteria. This would be the case when, for 
example, specific properties of the host medium differ between different 
sites, but their waste isolation and immobilisation capabilities nevertheless 
fully satisfy the radiological protection and safety requirements. Other 
factors would then logically have a larger influence in arriving at a decision 
on which site or formation is considered to be the most suitable or the 
"optimal", all technical and non-technical considerations being taken into 
account. 

Concluding Remarks 

Based on its review of the current R&D programmes and the results of 
the feasibility studies already available, the RVHC re-affirms its confidence 
in geological disposal for long-lived and high-level radioactive waste. 
Geological disposal is considered to be both feasible and safe in the short-
and long-term and the Committee recommends strongly that in-situ investi
gations be actively pursued to further contribute to the improvement of host-
rock and site-specific databases and models used for safety assessments and 
engineering designs, and to the timely implementation of the concept. The 
Committee also notes that the diversity of potentially suitable geological 
environments and the need to adapt and optimise repository designs to specific 
site conditions may result in apparent differences in the disposal .systems 
finally adopted in various countries without, however, basic differences in 
safety. 

[1] OECD/NEA, Technical Appraisal of the Current Situation in the Field of 
Radioactive Waste Management - A Collective Opinion by the Radioactive 
Vaste Management Committee, OECD/NEA, Paris (1985). 

(2) OECD/NEA and CEC, Geologic Disposal of Radioactive Vaste, Current 
Status of Understanding, OECD/NEA, Paris (1984). 

[3] OECD/NEA, Long-Term Radiation Protection Objectives foi Vaste Disposal, 
OECD/NEA, Paris (1984). 

(4] International Commission on Radiological Protection (IC1P), Radiation 
Protection Principles for the Disposal of Solid Radioactive Vaste, ICR 
Publication 46, Pergamon Press, Oxford (1985). 
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EXECUTIVE SUMMARY 

In recent years, in-situ research and investigations have become 
integral to the evaluation and development of the concept of deep geological 
disposal of long-lived radioactive vaste. This report provides an overview of 
the main aims and elements of in-situ research and investigation activities in 
OECD Member countries, and of initiatives taken at an international level. 
The report is not intended to provide a comparison of the various disposal 
options available. 

The objective of geological disposal is to immobilize and to isolate 
long-lived radioactive waste from che human environment for a period of time 
and in conditions such that any possible subsequent release of radionuclides 
from the repository will not result in unacceptable radiological risks. The 
emplacement of packaged waste at depths on land in sufficiently stable geolo
gical formations can help to assure that the waste will remain immobilized and 
isolated until radioactive decay has reduced radioactivity to negligible 
levels. Different types of geological media arc being investigated in OECD 
Member countries, both for their general suitability as host formations and as 
actual repository sites. These potential host formations include clay, 
crystalline rock, salt and tuff. 

Decisions on the implementation of the geological disposal concept will 
rely primarily on evaluation of concept feasibility and on the level of 
confidence in assessment of long-term safety. Such an evaluation is closely 
associated with factors that can only be considered in-situ on a host-
formation or site-specific basis. This has led several OECD Member countries 
to develop specially designed test facilities, or underground research 
laboratories, in order to accumulate a body of knowledge and data about 
geological formations being considered as host for disposal repositories. 

In-situ experiments and investigations can help increase confidence in 
a proposed method of disposal in four primary ways: a) de/elopment of site 
investigation and characterisation methods and instrumentation; b) hypothesis 
testing and model validation; c) provision of data in support of modelling 
and performance assessment; and d) evaluation of the engineering feasibility 
of repository construction, operation and closure. 

One use of in-situ studies involves the development of methods and 
instrumentation for specific site investigation and characterisation 
techniques. Detailed characterisation of any proposed site is necessary to 
develop site-specific designs and performance assessment nodeIs incorporating 
appropriate data. 

An important activity at the current time involves efforts to validate 
process and performance assessment models, ie., comparing site-specific 
observations with numerical model predictions to test the ability to predict 
specific phenomena as part of a safety assessment. Since possible variations 
in conceptual assumptions and parameter values can yield major differences in 
results, vays of reducing these uncertainties are desirable. Specifically 
designed model validation experiments can help to reduce these uncertainties, 
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and can be conducted in three main ways: a) performing laboratory-scale 
experiments; b) performing large-scale in-situ experiments; and c) studying 
natural analogues. In-situ experiments are particularly valuable in addressing 
complex effects, such as coupled phenomena, vaste form and packaging 
properties, behaviour of backfilling and sealing materials, and mining, thermal 
and radiation effects on geological media. In-situ studies can also be useful 
in testing the validity of alternative hypotheses related to the development of 
performance assessment models, thereby supporting the Model validation process. 

In-situ research and investigations are essential for providing data for 
use in support of modelling and performance assessment. Extensive field 
studies are being conducted to provide data on a variety of environmental 
parameters (eg., groundwater flov patterns, nuclide migration rates). 
Information on interactions betveen repository environments and vaste packages 
is also being obtained from in-situ studies, as a complement to the traditional 
laboratory studies. Finally, evaluation of the engineering feasibility of 
repository construction, operation and closure have been conducted, or are 
planned, at several in-situ research facilities. Such activities are designed 
to shov that specific technologies exist to implement a given disposal concept 
at a specific disposal site or in a particular host formation, and also to 
optimise the components of a disposal system. 

Considerable information is provided in Chapter 6 and in Annex II on 
in-situ research, demonstration and investigation programmes in OECD Member 
countries. It is clear from these overviews that there exists a widespread 
acceptance of the integral role played by in-situ facilities in evaluating the 
feasibility and safety of proposed disposal methods, as well as confirming the 
suitability of potential disposal sites. 
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1. An aerial photograph and schematic of AECL's 
Underground research Laboratory (URL) near Lac du 
Bonnet, Manitoba, Canada, where scientists are 
examining groundwatw and rook at depth and observing 
the effects of heat and other stresses. 

2. An aerial view of (he surface facilities and shaft at 
the A S M mine in the Federal Republic of Germ&ny, 
where basic research is being performed on the charac
teristics and behaviour of rock salt under waste disposal 

3. Surface facilities at the Gorteben site in the Federal 
Republic of German/, where an underground in-situ 
investigation of a salt doma is planned to study its 
suitability for waste disposal. 



4. The dispersion and retention of radionuclides in 
water-bearing fractures of crystaine rock have a 
marked influence on the results of repository safety 
arwjysss. Migration tests at NAGRA's Grimsel Test Site 
(GTS) in Switzerland study these phenomena. 

7. A schematic of the hydro-thermo-mechenical test 
at the Fanay-Augeres Mine in France, where scientists 
examine the interaction of thermal effects, mechanical 
effects and hydrotogtcal processes. 

5. Technicians conducJng overcoring straw tests at 
the 240-m level of the Canadan URL Geotechnical 
tests are useful for examining mechanical stabBty of the 
rock mass and the influence of excavation on repository 
ssssty anejysss. 

6. The underground research laboratory at Mol, 
Belgium, where scientists are studying the feaaibilrr; of 
geological disposal in a deep clay formation. 



8. Experiments in Room H of the Waste Isolation Pilot 
Plant (WIPP), located in S.E New Mexico, United States, 
address the response of a salt pilar under conoitions of 
high stress and temperature. 

10. Experimental arrangement for a heated block test 
at NNWSI (Novada, United States). Such tests examine 
the influence of stress and temperature on fracture 
permeability. 

9. Thermal and structural interactions in salt under 
simulated conditions of Defence High-Level Waste 
(DHLW) emplacement are studied in Room A-2 at WIPP. 

11. Experimental arrangement for conducting 3-
dlmenstonal migration experiments in crystalline rock at 
the Stripa underground research facility in Sweden. 
Development of methods and techniques for studying 
groundwater and rock/engineered barrier interactions 
as weH as verification of previously obtained laboratory 
results by ln-sr>u experiments are the general objectives 
of the international Stripa Project, in which 7 countries 
participate. 



12. Brine migration test field at the 800-ro mining level 
at the Aseo mine. Senear test fields have been developed 
for other major in-situ tests at Asse. 
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13. Schematic of the experimental design for the 
Buffer Mass Test at the Strfpa facility. Evaluation of 
methods and materials for sealing fractures or openings 
located in the vicinity of a repository is an important 
aspect of in-situ investigations. 

14. Schematic of the experimental design for the shaft 
sealing experiment in the Strips 'aciHty. 



1. INTRODUCTION 

Current philosophy in OECD Member countries on the methods and pro
cedures for the disposal of radioactive waste arising from nuclear pover 
generation is based on a substantial body of scientific research and develop
ment (R&D) vork conducted since the late 1940s. This is particularly the case 
for investigations into the disposal of high-activity, heat-generating vaste. 
It has incorporated the exploratory examination of a vide variety of options, 
through the evaluation of conceptual designs, to the adoption of preferred 
concepts and, in recent years, the devotion of considerable effort tovards 
concept implementation. The latter includes the development of procedures for 
conducting site characterisation and selection investigations, detailed design 
and feasibility studies and, perhaps of most importance, performing safety 
assessments. An integral part of each of these is the need to conduct in-situ 
studies, at either reference or actual sites, so that: 

a) the appropriate site investigation and characterisation techniques 
are available; 

b) detailed designs can be evaluated and shown to meet design 
standards; and 

c) sufficient information is available for performance assessment 
models to predict post-operational safety with confidence. 

This report presents an overview of the status of in-situ research and 
investigations relevant to the deep geological disposal of radioactive vaste, 
and provides a general outline of recent developments and progress in OECD 
Member countries. 
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Figure 1. Schematic of One Deep Geological Disposal Concept for Radioactive 
Waste 
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2. DBBP GBOLOGICAL DISPOSAL 

Although most types of radioactive vaste could be disposed of by deep 
geological disposal, more economic alternatives are available for those wastes 
possessing relatively low levels of short-lived activity. Burial on land at 
shallow depth in an engineered repository is one such alternative which is 
currently practiced in several countries. Deep geological disposal, several 
hundred metres below the surface, is considered to be an appropriate .solution 
for vaste arising from nuclear power generation, and which contains long-lived 
or heat-generating radionuclides [see Figure 1]. In order to fully explain 
the main aims of disposal of radioactive waste in deep geological formations, 
it is necessary first to outline the main features of those radioactive wastes 
requiring deep disposal. These can be broadly classified as high-level waste 
from reprocessing operations, spent fuel elements (heat-generating) and alpha-
bearing waste. As an illustration, Figure 2 presents the dominant 
radionuclides in spent fuel and in high-level waste [1]. 

2.1 Objective of Itedioactive Vaste Disposal 

The main issue with respect to the disposal of radioactive waste is hov 
to manage long-lived radionuclides in spent fuel, high-level reprocessing 
waste and other alpha-bearing waste, and the high radiotoxicity of some of 
these radionuclides. Therefore, the objective of disposal is to immobilize 
and to isolate such wastes from the human environment for a period of time and 
in conditions such that any possible subsequent release of radionuclides from 
the repository will not result in unacceptable radiological risks, even in the 
long term. 

2.2 Concept of Deep Geological Disposal 

One possible solution for achieving the above-stated objective is deep 
geological disposal. With this method, the objective of disposal can be 
achieved by designing multi-component systems, where the waste package, the 
repository and the specific characteristics of the geological system (eg., 
geology, hydrogeology) provide multiple barriers to radionuclide release and 
transport. The deep geological disposal concept has the following 
characteristics: 

a) The emplacement of vaste deep underground vithin geological 
formations of sufficient stability and possessing a sufficiently lov 
permeability can help to assure that the waste will remain 
immobilized and isolated for extremely long time-scales. 

b) The safety of deep underground geological disposal relies upon a 
multi-barrier system, with the repository potentially having a high 
degree of reliability and predictability. The long-term safety 
performance of geologic repositories can be assessed using existing 
scientific techniques and methodologies. 
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Figure 2. Dominating Radionuclide Inventory in Spent Fuel and in High-Level 
Reprocessing Waste (Assumes PVR fuel vith a burn-up of 33 GV.day/tonne, 
reprocessed after 5 years of cooling) [1] 

Figure 3. Typical Toxic Potential of Vitrified High-Level Waste from 
Reprocessing One Tonne of LVR Fuel as a Function of Time, Compared vith 
the Toxic Potential of an Equivalent Amount of a 0.17% Uranium Ore "] 
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c) Geologic disposal involves an entirely passive system of 
conternsent, with no requirement for continued human involvement to 
maintain i:s safef md, particularly, no long-term need for 
surveilla"c? and monitoring of the site. 

d) Th« t .roen on fut tre generations in terms of radiological doses and 
ri?».i can be minimal, both from the viewpoint of potential migration 
of radionuclides hrough the geosphere to the biosphere with time 
due to natural processes, and from the viewpoint of potential 
intrusion by man, the likelihood of which depends to some extent on 
the depth of the repository and the geological formation chosen to 
lies- the repository. 

In a^.Jition to the above positive characteristics of the geological 
disposal concept, there is a relative abundance of potentially suitable 
geological media and there also exists, for example through the International 
Commission on Radiological Protection (ICRP), a suitable basis for judging the 
acceptability of disposal [2, 3]. 

The radiotoxic potential of the waste is an additional important 
feature which must be taken into account vhen developing a disposal system. 
Radiotoxicity can be derived from a summation of the comparative level of 
radioactivity of each radionuclide, relative to the limit on its annual level 
of intake by ingestion recommended by the ICRP. Figure 3 provides a graphical 
representation of the radiotoxicity calculated in this way for high-level 
radioactive waste, compared with the risk potential of an equivalent amount of 
uranium ore [4]. In the case of spent fuel and high-level reprocessing waste, 
the heat output may also be important, especially where interim storage is of 
short duration. Table 1 provides data on the thermal pover of spent fuel and 
high-level waste. 

It is these two features, radiotoxicity and thermal pover, that has 
led to the concept of the disposal of heat-generating and alpha-bearing wastes 
into deep geological formations as being videly recognised as a primary method 
of disposal [eg., 4 - 9]. Several assessments have shown that such a disposal 
system, properly located and designed, would provide more than adequate 
shielding against radiation, as well as absorbing and dispersing heat and 
providing long-term waste isolation and immobilisation irrespective of human 
involvement. A deep underground location also decreases the likelihood of 
inadvertent intrusion by man. 

The deep geological disposal concept consists of a system of barriers 
to the release of radioactivity, as illustrated in Figure 4. This multi-
barrier approach relies upon three main elements: the near-field, the 
geosphere and the biosphere. The near-field constitutes an engineered 
emplacement and containment system for the waste, the geosphere comprises one 
or a sequence of geological formations selected so as to provide adequate 
isolation or containment of any radionuclides released from the waste, while 
the biosphere represents the accessible environment for man. 

21 



Table 1 

THERMAL POVER OF SPENT FUEL AND HIGH-LEVEL VASTE 
AS A FUNCTION OF TIME * 

(Watts/tHM of original fuel elements) 

Time fron Reactor Discharge (Years) Spent Fuel High-Level Vaste 

10 
100 

1 000 
10 000 
100 000 

1 000 000 

290 
284 
49. 
13. 
1. 

120 
134 
6. 
0. 
0. 

8 
6 
10 

0.3 0.102.3 

* Data illustrated are for a PVR vith a fuel burn-up of 33 GV. day/tonne and 
subsequent reprocessing after 5 years of cooling (4]. 
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3. PRBFBXRED GEOLOGICAL ENVIRONMENTS 

Different types of geological formations are being investigated in OECD 
Member countries, both for their general suitability as host media and as 
actual repository sites. The choice of geological formation depends strongly 
on availability within each country. Table 2 provides examples of the 
candidate host formations being investigated. 

Table 2 

CANDIDATE HOST FORMATIONS FOR DEEP GEOLOGICAL REPOSITORIES 

FORMATION COUNTRY 

Clay 

Crystalline 

Salt/Anhydrite 

TUff 

Belgium, France, Italy, Switzerland 
(marl), United Kingdom 

Canada, Finland, France, Japan, Sweden, 
Switzerland, United Kingdom 

Federal Republic of Germany, France, 
Netherlands, Switzerland, United Kingdom, 
United States 

Japan, United States 

3.1 Potential Host Formations 

3.1.1 Clay 

These formations range from highly consolidated shales to plastic 
clays. They are attractive as host media mainly because of their low 
hydraulic conductivity, their chemical reactivity and their plasticity. These 
attributes restrict the movement of groundwater, attenuate the migration of 
leachates and enable the host material to seal openings more readily. Another 
aspect of clays which makes them attractive as potential repository sites is 
their extensive, predictable occurrence within layered sedimentary sequences. 

3.1.2 Crystalline Rock 

Geological media being considered within this category include all 
extrusive and intrusive igneous rocks (eg., granite, basalt), and high-grade 
metamorphic rocks (eg., schist, gneiss). They are attractive as host 
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formations because of their high strength and Mechanical stability. Where 
fracturing is infrequent, they also have low hydraulic conductivities. These 
attributes tend to result in the* being considered suitable for the deepest 
disposal options. As a result, the risk of subsequent human intrusion in 
crystalline re ositories is very low. 

3.1.3 Salt 

Salt occurs either in the form of bedded salt or salt doaes (due to 
diapirisn). In either fora, it has a very low peraeability coupled with low 
strength and high theraal conductivity. These properties inply that salt 
seals openings effectively and should not retain fissuring or faulting to any 
aajor extent. It is also capable of dispersing thermal energy froa heat-
eaitting vaste aore effectively than other candidate host foraations. 

3.1.4 Other Foraations 

These include such rock as tuff and anhydrite. In general, they 
possess the saae characteristics which Bake the previously Mentioned 
foraations attractive, but in a different combination. For instance, welded 
tuff has the attribute of strength coupled with soae of the aineralogical 
aspects of clays. 

3.2 Other Considerations 

While the different rock types and foraatiens are attractive for the 
reasons stated above, each attribute aay have liaitations. For instance, 
while lack of strength aay iaply good sealing properties, it nay also result 
in unstable openings. In such a case, any repository would be relatively More 
costly to construct and operate. 

A feature which should be borne in Mind in all these descriptions is 
the inherent heterogeneity of each of these types of foraations. This 
Manifests itself differently depending on rock type, and varies froa variable 
fracture frequency in crystalline foraations to lenses of different aineralogy 
in clays. 
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4. COKCBfT FEASIMLTTT AMD SAPETT 

Decisions on the implementation of the geological disposal concept in 
OBCD Heaber countries will rely primarily on two factors. First, the 
evaluation of concept feasibility and, to a lesser extent, cost effectiveness, 
and second, on the level of confidence in assessaent of the long-tern safety 
of the concept. It is these two areas which are currently the subject of a 
major research effort in OBCD Heaber countries- Two recent HEA reports (4, 7) 
have outlined what is required to establish confidence in the ability to 
aanage high-level waste safely. The collection of supporting evidence and 
preparation of a predictive safety assessaent can help to achieve the degree 
of confidence required. 

In practice, the approach to evaluation of the safety of a deep 
underground disposal facility in a suitable geological foraation includes two 
aspects: 

a) To show that the facility can be constructed, operated and closed 
safely and at acceptable costs, using available nining and 
engineering experience. This aay involve the us* of in-situ 
experimental facilities. 

b) To prepare a convincing evaluation of the disposal systea's 
performance and long-tern safety on the basis of predictive analyses 
confirmed by a body of technical and scientific data, much of it 
derived froa laboratory or in-situ experimental work conducted at 
reference or potential disposal sites. 

It is for these reasons that predictive analyses are used as scientific 
tools to usstss the long-term behaviour of individual components of the 
systea, as veil as the long-tern behaviour of the disposal system as a whole. 
Supported by data obtained from field experiments, and scientific investig
ations in fields such as geology, hydrology, cheaistry and archeology, such 
"systea performance assessments" have the potential to provide indirect proof 
of the suitability and long-tera integrity of the repository systeas proposed 
for the ultimate containment of high-level waste. 

To establish confidence in the ability to safely dispose of high-level 
waste, it may be necessary to show that: 

a) Repository designs are feasible in engineering terms; 

b) Repository construction, operation and closure can be achieved in 
the manner envisaged in the design without compromising the 
Ionj-term integrity of the repository; 

•:) Stress fields are sufficiently understood and predictions of 
below-ground distortions can be made to allow stable structures to 
be constructed for waste eaplaceaent, and that prediction of the 
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impacts of any changes in stress fields at the repository/host 
formation interface that will occur after clorure can be estimated 
and assessed; 

d) All significant mechanisms by which radionuclides night return to 
the huaan environment can be identified arri assessed, and are 
amenable to predictive modelling; 

e) Mathematical Modelling of repository behaviour and radionuclide 
transport is feasib.'e, and the results are sufficiently reliable for 
confidence in their validity; 

f) The data needed by the models can be acquired, and are sufficiently 
reliable for their purpose; and 

g) The results of safety assessaents for the operating and post-closure 
periods are consistent with long-tern safety objectives. 

It can be seen froa this list that evaluation of feasibility is closely 
associated with factors that need to be considered in-situ on a host-
foraation or site-specific basis. These factors include: 

a) Developing methods for detailed site investigations to obtain an 
adequate understanding of the local geology and hydrology for design 
and construction purposes, and to provide data for detailed safety 
assessaents; 

b) Developing safe handling, transport and emplacement techniques 
adapted to each type of host formation and disposal concept; 

c) Developing techniques for plugging ar.d sealing boreholes, shafts and 
other excavations; and 

d) Conducting tests of hypotheses and specific aodel validation 
experiaents in order to provide a aore realistic and reliable basis 
for performance assessments, and to increase confidence in the 
predictive aodels. 

It is this need for site- or formation-specific activities that has led 
several OECD Ifcaber countries to develop specially designed test facilities, 
or underground research laboratories. 
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5. OMHtQtOOW KBSBaRCB AMD INVBSTCGATIOII FaCILRIKS 

5.1 U H of lav-Si to Studies 

In-situ experiments and investigations conducted under appropriate 
conditions can help increase confidence in a proposed aethod of disposal in 
the following ways: 

a) By providing testing facilities to develop specific site investiga
tion and characterisation techniques, as veil as experience in using 
a combination of techniques (Methods and instrumentation); 

b) By comparing site-specific observations vith numerical model 
predictions to test the ability to predict specific phenomena as 
part of a safety assessment (validation), and to test the validity 
of alternative hypotheses related to the development of performance 
assessment models; 

c) By providing data for use in support of modelling end performance 
assessments; and 

d) By evaluating the engineering feasibility of repository 
construction, operation and closure. 

In-situ studies can h-lp reduce uncertainties in parameter values used 
for performance assessments by providing site-specific data. This is impor
tant when both reference and site-specific assessments are conducted. If 
accurate and site-specific data cannot be obtained, in-situ investigations may 
also help to reduce the range of parameter values used in making probabilistic 
assessments. 

Generic studies of the geological disposal concept indicate that the 
method is potentially feasible ar»d sate, ftrthei work is necessary to make 
some of the component models more realistic. Primary reliance is placed on 
predictive mathematical models to simulate the various parts of the disposal 
system (i.e., the vault, geosphere and biosphere) in assessing the radiolo
gical consequences of disposal. Such models, in turn, have to he based on 
laboratory or in-*itu experiments in order that confidence can be placed on 
the results of the assessments. In this respect, natural analogues play an 
increasingly important role. The interaction between modelling and observa
tions is iterative in the sense that detailed process models vill be developed 
on the basis of observations conducted in the laboratory or field. Such 
models should then be validated by, first, predicting the performance of 
specific phenomena, and then comparing this vith laboratory or field observa
tions. The detailed models, where necessary, are used to develop simpler 
models which can be used in modelling complete disposal systems. In-situ 
vtudies can also be design* I to test the validity of alternative hypotheses 
related to the development of performance assessment models. 
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In addition, further effort has been devoted, where possible, to 
evaluating concept feasibility by conducting full- or reduced-scale testing of 
particular components of the disposal system. This is particularly the case 
for the vault or near-field environment, vhich is heavily dependent on 
engineering design involving civil engineering and geotechnical evaluations. 

A further aspect of concept feasibility and assessment is the 
development of techniques to conduct field investigations on both a regional 
and a small scale (ie., at the site of a disposal facility). As most 
potential sites are situated in formations of low economic interest, little 
effort has been devoted to developing methods for measuring their properties 
and extent. Where previous studies have been conducted, the data produced is 
often inappropriate or unreliable. Hence, new techniques have had to be 
developed for site characterisation and evaluation. 

A listing of several underground research laboratories is provided in 
Table 3. The number of such facilities indicates the widespread acceptance in 
OECD Member countries of the benefits of developing in-situ facilities, by 
either establishing a test facility at a reference site primarily to develop 
methodologies and to test engineering designs, or on sites that are 
potentially suitable as disposal facilities. 

5.2 In-Situ Research and Investigations 

5.2.1 Development of Site Investigation and Characterisation Methods 
and Instrumentation 

It is necessary to conduct a detailed characterisation of any proposed 
site for a deep disposal facility in order to develop site-specific designs 
and performance assessment models incorporating the appropriate data, and to 
confirm that no significant geological features remain undetected. The 
geological, hydrological, geochemical and geomechanical features exhibited by 
candidate sites that are relevant to design and safety analyses often require 
the development of specific site investigation techniques. For example, to 
retain as far as possible the integrity of potential sites, investigation 
techniques should, where possible, be non-destructive remote techniques. It is 
for this reason that, for example, seismic and radar methods are being 
specifically adapted for investigating potential disposal sites. 

5.2.2 Model Validation 

An important activity at the current time involves the validation of 
process and performance assessment models. Recent studies involving global 
performance assessments of potential disposal concepts, such as the Swedish 
KBS-3 [10] and the Swiss Project Gewahr [11], have shown that possible 
variations in conceptual assumptions and parameter values can yield major 
differences in the results. For this reason, it is necessary to seek ways of 
reducing the uncertainties arising from poor conceptual understanding of 
relevant processes, and to earch for ways to provide more accurate data. 
Recent studies [12] have determined that the best way to achieve this may be 
to conduct specifically designed model validation experiments. These can be 
conducted in three main ways: a) performing laboratory-scale experiments; b) 
performing large-scale, in-situ experiments; and c) studying natural analogues. 
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Table 3: PAST AND PRESENT IN-SITU TEST FACILITIES 

GEOLOGICAL FORMATION 

Crystalline Rock: 
Granite 

Schist 

Gabbro 

Diabase 

Basalt 

Tuff 

Evaporites: 
Salt Diapirs 

Bedded Salt 

Anhydrite 

Other Sedimentary ROCK; 
Clay 

Shale 

Mixed Marine 
Sequence 

Notes! (1) 

Sediment 

COUNTRY 

Finland 
Canada 
France 
Japan 
Spain 
Sveden 
Svitzerland 
UK 
US 

France 

Sveden 
Canada 

Japan 

US 

US 
Japan 

F.R. Germany 
F.R. Germany 
Netherlanrls 
US 

France 
Spain 
US 
US 

Svitzerland 
US 

Belgium 
France 
Italy 
Svitzerland 
UK 

US 
Japan 
Spain 

F.R. Germany 

Proposed location. (2) 

TEST FACILITIES 
AT DEPTH 

LOCATION 

Lac du Bonnet 
Fanay-Augeres Mine 
Kasama 

Stripa 
Grimsel 

Climax Mine 

NSTF Hanford 

Nevada Test Site (NTS) 

Gorleben 
Asse 

Avery Islands 

Lyons 
VIPP 

Felsenau 

Mol 

Konrad (2) 

IN-SITU STUDIES 
AT POTENTIAL SITES 

LOCATION 

Deux-Sevres (1) 

Maine-et-Loire (1) 

Yucca Mountain (1) 

Gorleben 

Ain (1) 

VIF? 

Mol 
Aisne (1) 

Konrad 

Low- and intermediate-level waste only. 
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A conceptual model, and the corresponding numerical model, is said to 
be validated when it is confirmed that the conceptual model and the computer 
code provide a sufficiently good representation of the actual processes 
occurring. Validation is conducted, therefore, by comparison of mathematical 
predictions with field observations and experimental results [13]. If this is 
not possible, for example, due to the long time-scales over vhich predictions 
must be made, then peer review procedures based on current experience and 
historical evidence need to be used. 

Several initiatives have been taken at the national and the 
international level to help co-ordinate efforts devoted to validating 
performance assessment models. Notable among these is the INTRAVAL project 
initiated by the Swedish Nuclear Pover Inspectorate (SKI). The objective of 
the INTRAVAL project is to evaluate the validity of different models aimed at 
describing the transport of radionuclides in the geosphere. 

An illustration of the approach adopted in validating performance 
assessment models is provided in Figure 5. This iterative approach involves 
the following general steps: 

a) develop a conceptual model of a specific part of the disposal 
system, e.g. the behaviour of the backfill material; 

EXAMINE 
PROPERTIES 

I 

CONCEPTUAL 
MODEL 

1 f 

NUMERICAL 
MODEL 

/ 1 

I i 

/ NO 

t 

PREDICTION 

1 t 

FIELD/LABORATORY 
VALID ATION 

YES USE MODEL 
IN SYSTEM 

ASSESSMENT | 

Figure 5. Iterative Approach to Model Validation 
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b) develop a numerical code; 

c) extract from existing literature the necessary input parameters; 

d) make predictions; 

e) compare these predictions vitii laboratory of field observations; 

f) if these agree sufficiently, consider the model to be valid and use 
it as part of the overall system performance assessment; 

g) given that agreement between model predictions and observations is a 
necessary but not complete condition of validation, other 
considerations, such as the uniqueness of agreement (i.e., could 
other models also simulate the observation?) and completeness with 
respect to relevant processes and long time-scales, must also be 
taken into account; 

h) if the predictive models are not considered to be sufficiently 
validated, they should be further improved and compared with 
laboratory or field observations until considered tc be 
satisfactorily validated. 

It is recognised that complete validation of performance assessment 
models can never be achieved due to the long time-scales involved. Rather, 
the concept of model validation should be interpreted as an iterative process, 
with the objective being to achieve reasonable assurance that the models give 
a sufficient representation of important processes and hydrogeological 
features. In-situ studies can also be useful in testing the validity of 
alternative hypotheses related to the development of the models (eg., 
processes, assumptions, boundary conditions, structure). Such studies 
therefore can further support the model validation process. 

The types of phenomena that can be treated in this way are numerous, 
although a major difficulty exists in conducting validation experiments on 
processes involving long time-scales. In-situ experiments are particularly 
valuable in addressing coupled effects, such as thermal-mechanical-chemical-
hydraulic phenomena, or the following specific areas of study: 

a) Waste form degradation; 
b) Corrosion of canister and overpacks; 
c) Behaviour of backfilling and sealing materials; 
d) Radiation effects on host media; 
e) Thermal effects on host media; 
f) Chemical and mineralogical changes/reactions; 
g) Mechanical effects; and 
h) Hydrological changes. 

Validation of specific parts of waste repository systems with natural 
or man-made analogues may be possible if differences in release, transport and 
biological uptake mechanisms can be properly taken into account and all 
necessary supporting information is available on a sufficient level of detail. 
All the field data that are available from ancient artifacts, observations of 
buried glass blocks in Canada, the Oklo natural fission reactor in Gabon, the 
thorium deposit at Morro do Ferro, Brazil, and uranium ore deposits at 
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Alligator Rivers in Australia and Cigar Lake in Canada, indicate that leaching 
rates of such Materials under natural conditions tend to be much lover 
(sometimes several orders of magnitude) than is indicated by laboratory 
Measurements I14J. A concerted effort is currently being made to use natural 
analogues for the validation of specific process models. The Natural Analogue 
Working Group established by the Commission of European Communities (CEC) has 
helped to co-ordinate research in this area [15, 16]. 

5.?.3 Data in Support of Modelling and Performance Assessment 

Substantial scientific information supporting repository models is 
available, and the amount of this information continues to grov. Host of the 
information is obtained from laboratory studies, but an increasing amount is 
being obtained from larger scale, in-situ tests, and from observations of 
natural analogues. Laboratory studies have provided much information that is 
essential to an understanding of the interactions between repository 
environments and components of the waste package. Extensive field studies 
have been conducted to provide data on a variety of environmental parameters, 
such as groundwater flow patterns and radionuclide migration rates. 

In-situ investigations at potential sites vill play an essential role 
in providing reliable data for use in performance assessment. This will 
include surface observations on a regional scale, and detailed observations at 
a proposed site using boreholes and specifically designed in-situ testing. 

5.2.4 Evaluation of Engineering Feasibility 

Evaluations of the engineering feasibility of construction, operation 
and closure of deep geological repositories have been conducted, or are 
planned, at a number of in-situ facilities. The aim of each of these 
activities is to show that specific technologies exist to implement a chosen 
disposal concept at a specific disposal site or in a particular host rock, and 
also to optimise the components of a disposal system. Examples of such 
activities include conducting actual emplacement of waste in a test site to 
demonstrate operational capabilities, observing the behaviour of backfill and 
sealing materials, and testing various excavation methods for shafts, tunnels 
and underground openings to examine the response of the rock mass to 
excavations so as to minimise rock damage and not hinder the containment 
provided by the host formation. 
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6. NATIONAL AND INTERNATIONAL IN-SITU RESEARCH 
AND INVESTIGATION PROGRAMMES 

6.1 INTRODUCTION 

The following Sections provide general overviews of in-situ research, 
demonstration and investigation programmes in OECD Member countries. It is 
clear from these overviews that there exists a widespread acceptance of the 
integral role played by in-situ facilities in evaluating the feasibility and 
safety of proposed disposal methods, as well as confirming the suitability of 
potential disposal sites. 

6.2 BELGIUM 

INSTITUTIONAL FRAMEWORK 

The Belgian research and development programme on geological disposal 
of radioactive waste was initiated in 1974. The national agency NIRAS/ONDRAF 
was established in 1982 to take responsibility for implementing the current 
and long-term policy for radioactive waste management. Since 1983, the 
multi-year national programme for research on geological disposal has been 
implemented jointly by NIRAS/ONDRAF and SCK/CEN. 

DISPOSAL CONCEPTS AND APPROACH 

The main objectives of the Belgian R&D programme are: 

a) To demonstrate the technical feasibility of geological disposal in a 
deep argillaceous formation; and 

b) To assess the safety of the concept to dispose of conditioned 
radioactive waste in such formations. 

These objectives are being pursued through an extensive in-situ 
research programme at an underground laboratory (Figure 6) constructed in clay 
(the Boom clay formation) at the site of the Belgian nuclear research 
establishment (SCK/CEN) at Mol, Belgium [1, 2, 3, 4, 5]. 

Specific in-situ investigations on corrosion behaviour of various 
structural materials and waste forms are being conducted under representative 
conditions (Figure 7). Important contributions have been made on the 
assessment of the hydrology of the clay body and the adjacent layers, the 
geotechnical aspects of constructing galleries in clay and radionuclide 
migration in clay (Pigure 8). 

Preliminary results of these investigations were very encouraging, and 
the decision was made ro extend the underground laboratory to a pilot-size 
demonstration facility. The H*"3S (High Activity Disposal Experimental Site) 
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Project is part of the CEC research programme on radioactive waste managsment 
and disposal, and is conducted in the framework of a shared-cost contract. 

Figure 6. Underground Experimental Facility, Hoi 

IH-SITU RESEARCH AND INVESTIGATIONS 

In-situ investigations and testing in the underground facility of the 
HADES Project are organised according to the following structure: 

a) In-situ research aimed at improving technology related to in-situ 
investigation and observation, and at determining various in-situ 
characteristics related to: 

i) corrosion in an argillaceous environment of various vaste 
package components (immobilisation matrices, container and 
canister materials) and structural components (concrete, cast 
iron, etc.); 

ii) geochemistry and migration of radionuclides, corrosion 

products, radiolysis products and alteration products in clay; 

iii) gee-mechanics in relation to underground structures; and 

iv) backfilling and sealing of open spaces and voids. 
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Most of this research has been conducted since 1980 in ths 
cast-iron-lined underground gallery, called the "laboratory". 

b) In-situ tests aimed at the direct demonstration of: 

i) mining capabilities and behaviour of mined structures in 
simulated near-field conditions of a repository; 

COUPON SPECIMENS 

Figure 7. In-Situ Corrorion E^eriment, Mol 

[POROUS PLATE] 

[CLAY CORE]/ 
[SOURCE (CLAY SLAB) 

Pigure 8. In-Situ Migration Test, Mol 
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ii) near-field effects of combined heating and radiation; 

iii) interactions betveen the different waste package components; 
and 

iv) backfilling and emplacement capabilities, and backfill 
behaviour. 

These tests vill be performed in the underground gallery, called the 
"test drift" (1987-1994). 

c) Eventually, post-development tests requiring the construction of a 
larger underground facility for direct, full-scale demonstration 
with real waste types. This phase vill be started after approval by 
the appropriate authorities (scheduled to be performed until 1995). 

Bilateral agreements betveen SCK/CEN and ANDRA of France incorporate 
in-situ geotechnical investigations and a full-scale test on gallery construc
tion according to the convergence/confinement principle. Presently, a bi
lateral agreement betveen SCK/CEN and PNC of Japan foresees common in-situ 
research on migration processes in the argillaceous environment. 
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6.3 CANADA 

INSTITUTIONAL FRAMEWORK 

In April 1981, the Canadian government approved a 10-year generic 
research and development programme, the Canadian Nuclear Fuel Uaste Management 
Program (CNFVMP), with the following objectives 11): 

a) To assess the environmental and safety aspects of the concept of 
isolating immobilized fuel waste by deep underground disposal in 
plutonic rock; 

I) To develop the technology for storage, transportation, 
immobilisation and disposal to the extent necessary; to provide 
data for the concept assessment; to design facilities; to specify 
operating processes and procedures; and to demonstrate that 
practical technology is available for implementation of the concept; 

c) To establish the requirements, equipment and proevdures for the 
site-characterisation and site-selection processes for the next 
phase of nuclear fuel waste management; and 

d) To develop the basis for public acceptance and support through 
scientific and regulatory review, and public information, 
interaction and participation. 

DISPOSAL CONCEPTS AND APPROACH 

Atomic Energy of Canada Limited (AECL) vas assigned responsibility for 
programme objectives (a) and (c) and for the immobilization and disposal 
aspects of objectives (b) and (d). T'.ie disposal concept being studied by AECL 
is a multiple-barrier system comprising a low-solubility vaste form, a 
corrosion-resistant container, low-permeability clay-Sased buffer and 
backfill, and a stable geosphere that separates the emplaced waste from the 
biosphere. Research and development activities are in progress in all area:; 
of the conceived disposal system to develop methods for establishing the 
radionuclide isolation capabilities of each barrier and to assess the 
performance of the entire multiple-barrier system. 

IN SITU RE5KARCH AND INVESTIGATIONS 

One focus of geoscience research is the Underground Research Laboratory 
(URL) located east of Lac du Bonnet, Manitoba, on a portion of a large 
granitic pluton, the Lac du Bonnet batholith (see Figures 9 and 10). The URL 
is a unique geotechnical research £acility because it is being constructed in 
a previously undisturbed portion of the pluton that was well characterised 
before construction began, and most of the shaft and all potential testing 
areas are below the water table. The URL provides a representative geological 
environment in which to conduct a wide variety of geoscience research and 
development programmes [2]. 
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Approximate location 
DATHOLITH 

Figure 9. Location of the Underground Research Laboratory (URL) 

Current Plans 

The general objectives of the URL programme can be summarised as: 

a) To assess airborne, surface and borehole survey techniques for 
characterisation of the subsurface geological and hydrogeoiogical environment 
in plutonic rock; 

b) To assess the changes in physical and chemical conditions in the 
rock mass and groundwater caused by excavation of the URL; and 

c) To perform experiments relevant to assessing the performance of the 
system being considered in Canada for nuclear fuel waste disposal. 

The project comprises experimental and development activities and 
generally progresses from site evaluation, through facility development and 
characterisation, to the post-development or operating-phase experiments. 
These phases have been implemented or are planned on the folloving schedule: 
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a) Site Evaluation and Monitoring 19W to 2000 

- Site Evaluation 1980 to 1984 

- Site Monitoring 198* to 2000 

•) Facilities Developnent and Characterisation 1982 to 1989 

- Surface Facilities Developnent 1962 to 198* 
- Shaft Excavation to 255 a 1904 to 1985 
- 240-Level Oevclopnent and Characterisation 1985 to 1989 
- Characterisation and Groutinc of Fracture Zone No. 2 .. 1986 to 1989 
- Shaft Excavation to 465 n 1987 to 1988 
- 440-Level Developnent and Characterisation 1988 to 1990 

c) Operating Phase Experiments 1989 to 2000 

Figure 10. URL Facility 
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Recent In-Situ Studies 

The in-silu studies a the URL tegan vith at. application of site 
evaluation Methods pri*»r to underground cons'ruction in order to assess Models 
for predicting groundwater systea respc.ise due u shaft excavation. (Sec (1) 
URL Drawdown Experiment, in Annex II]. 

During development of the URL underground access and testing areas, a 
thorough prograMMe of characterisation is bring undertaken to characterise the 
environment available for experiments, to determine 'he large-scale Material 
properties and to study the hydrogeologicsl/gebmechanical effects of 
excavation on the rock mass. The characterisation activities study the 
geological {7}, geoaechanical (8] and hydrogeological conditions surrounding 
the excavations. Instruments are being developed. Modified and tssessed in 
all programmes (3, 9|. (See (2) Excavation Effects Studier. in Annex T T ] . 

Major fracture zones are prevalent throughout the Canadian Shield and 
are the doninant grsundvater flow paths. In the URL, the hydrogeological, 
cheMical and geological characteristics of a aajor fracture zone are being 
studied. Methods of sealing these zones in a controlled Manner vith grouts 
are also being developed and tested. (See (3) Characterise and Grout a Major 
bub-horizontal Fracture Zone, in Annex II]. 

When the underground access to the IRL testing levels has been 
coapleted and the characterisation activities have provided a sufficient data 
base with which to select sites and design, larg^-scair aultidisciplinary 
experiments will be conducted. Tiese experiments are nov being planned. 
There are other concepts for experiments being considered thai ar» not being 
formally planned and which therefore are not included in Annex II. These 
include studies of the mechanical, hydraulic and cheaical migration parameters 
associated vith major zones of moderately and highly fractured rock, and study 
of full-scale simulations of part of a repository emplacement room including 
backfill. 
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*.• FEDEIAL REPUBLIC Of GERmHT 

DBTITwTIuKAL FRAMEVO** 

In the Federal Republic of Germany, research on radioactive waste 
aeaageaeat has been divided into basic and site-specific research and 
dewlopaemt- The division depends on whether a site has been pre-selected for 
a radioactive waste repository (all investigations as well as in-situ 
experiments are useful for site confirmation), or whether a site is being used 
as a research and development facility for basic research on formation 
properties and for development of investigation and disposal techniques only. 

The basic research and development programme on radioactive waste 
disposal is supported and financed by the Federal Minister for Besearch and 
Technology. For the performance of in-situ tests, the Gesellschaft fur 
Strahlen sad bmweltforschung abH (GSF), the aaio- research centre for 
environmental sciences, owned by the Federal Republic and the Federal State ol 
Bavaria, operates the Asse Salt Nine as the only underground laboratory and 
testing site in Geraany. The Asse Nine is, in principle, a'aiiable for joint 
research activities to all German institutions working in 'he field of 
geological disposal. 

Site-specific research and development work, as veil a^ the operation 
of radioactive waste repositories, is, according to the German Atomic Energy 
Act, the responsibility of the Federal Government represented by the Federal 
Minister for Environment, Nature Conservation and Reactor Safety. Gr. behalf 
of the Federal Governaent, the Physikalish-Technische Bundesanstalt (?TB) acts 
as the applicant for radioactive waste repositories and is responsible for the 
necessary site investigations. Ultimately, the PTB will be responsible for 
the operation of the repositories. The Deutsche Gesellschaft sua Bau and 
Betrieb von Endlagern abH (DBS), located in Peine (Lover Saxony), has been 
established for the construction and operation of the radioactive waste 
repositories. 

DISPOSAL CONCEPTS AM) APPROACH 

The radioactive waste disposal concept in the Federal Republic of 
Geraany is based on the use of three sites for different purposes [1|. These 
sites are Gorleben, the Asse Mine and the Konrad Hine. 

Currently, the overall development of the Gorleben site and the Konrad 
Nine are being managed by PTB. At both sites, only site-specific 
investigations aimed at data collection and proof of repository safety are 
being performed. In-situ tests related to basic research and development, 
e.g., development of investigation methodologies and disposal techniques, are 
excluded. 

Such research and development activities regarding the disposal of 
radioactive waste in salt formations are being performed in the Asse Mine. 
Since only proven technologies can be licensed for any commercial repository, 
the Asse Hine is being used particularly for conducting the necessary in-situ 
tests and full-scale demonstrations. Licensing of waste disposal operations 
in the Federal Republic of Germany is based on the preconditions that site 
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investigations have shown favourable geological conditions and that in-situ 
tests in the Asse Nine have demonstrated suitable disposal techniques. This 
includes the determination of parameters and the modelling of processes, which 
are required for the safety performance assessment of the Gorleben site. 

IK-SITU RESEARCH AND INVESTIGATIONS 

Gorleben Site 

The salt dome of Gorleben is being proved for its suitability for the 
disposal of all kinds of solid waste by in-situ investigations. Following an 
extennive drilling campaign and a hydrogeological survey, two exploratory 
shafts are being sunk. Upon completion of these shafts, a comprehensive 
underground site investigation programme will be initiated. 

The following schedule has been adopted for development of the 
respository [2]: 

a) Sinking of shafts and underground development 
and exploration Hid - 1990s 

b) Completion of safety report and delivery to 
licensing authori ty 1 year 

c) Licensing 1 year 

d) Construction of repository 4 years 

e) Start of disposal operations 2000 - 2010 

Konrad Mine 

After completion of a feasibility study involving geological, 
hydrogeological, rock mechanical and seismic research vork as well as in-situ 
tests, a site confirmation programme was initiated in 1982. This work has 
been completed in July 1986, and all licensing application documents for the 
proposed repository for non-heat-generating waste have been submitted to the 
licensing authority. A decision on licensing is expected in 1989. 

The following schedule has been adopted for development of the 
repository (3): 

a) Expected issuance of license 1989 

b) Alteration of Konrad Nine and construction of 

disposal facilities 3 years 

c) Start of disposal operations Early 1990s 

Asse Wine - Underground Test Site 
The Asse Mine is the only pilot radioactive waste repository and 

underground research facility in the Federal Republic of Germany. In this 
former salt mine, basic research vork is being performed on the charac-
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teristics and the behaviour of rock salt under conditions of disposal of 
different types of radioactive waste, particularly high-level waste. The data 
measured thusfar have been used for modelling of a high-level waste repository 
to be built in an exploited salt dome. The techniques developed along with 
the underground disposal of low- and intermediate-level waste have been 
integrated into the Gorleben disposal concept. Currently, the Asse Hine is 
being used for advanced in-situ tests on critical aspects of geological 
disposal, particularly the inter-relation of waste and rock salt and its 
consequences for the long-term safety of the repository. In addition, 
advanced technologies for waste disposal as well as for construction, 
operation, backfilling and sealing of a repository are being developed and 
demonstrated. Most of the in-situ tests are part of the R&D programme of the 
GSF. Some tests are being performed by BGR (Bundesanstalt fOr 
Geowissenschaften und Rohstoffe), DBE (Deutsche Gesellschaft zum Bau und 
Betrieb von Endlagern), KfK (Kernforschungszentrum Karlsruhe) and KfA 
(Kernforschungsanlage Julich). The GSF participates in a variety of ways in 
all of these tests. 

The in-situ tests in the Asse Mine are being financed by the Federal 
Minister for Research and Technology (BMFT). Some tests are being performed 
under contract with, and with contributions by, the CEC. In the HLV test 
disposal, ECN (Netherlands Energy Research Foundation) performs a substantial 
part of the research programme. Participation of ANDRA of France is also 
envisaged. A bilateral agreement between the BMFT and the US Department of 
Energy provides for several joint R&D projects. 
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6.5 FINLAND 

INSTITUTIONAL FRAMEWORK 

According to the basic principle concerning nuclear waste management, 
each producer of nuclear waste is responsible for the safe handling and 
management of the waste as well as for the financing of these operations. 
This responsibility includes final disposal, and hence no governmental 
disposal organisations are foreseen for waste management operations. 
Utilities are obliged to levy funds for waste management during the operation 
of the power plants. 

DISPOSAL CONCEPTS AND APPROACH 

In-situ research and investigations in Finland have been conducted at 
two sites for low- and intermediate-level waste disposal. Field investig
ations for high-level, spent nuclear fuel disposal are conducted at five sites 
I1J. 

The nuclear power plant sites at Olkiluoto and Loviisa will be the 
sites for low- and intermediate-level waste disposal. At Olkiluoto, the dry 
wastes are packed and the wet wastes are bitumenized in steel drums and will 
be disposed of in 30-m high silos at a depth of 70-100 m. In Loviisa, dry 
wastes are packed in steel drums and the wet wastes will be cast in concrete 
cubes and placed in caverns at a depth of more than 100 m. The construction 
of the repository at Olkiluoto was started in 1988, and it will be 
commissioned in 1992. Construction work at Loviisa, according to present 
plans of the utility, will be started in the 1990s. 

The site for spent-fuel disposal vill be selected by the year 2000. 
The chosen site will be further investigated and the facility designed in 
detail between 2000 and 2010, with the repository being constructed between 
2010 and 2020, and operational by 2020. Post-operational closure of the 
repository is anticipated between 2050 and 2060. 

In April 1987, five sites were selected for preliminary investigations. 
Airborne surveys were conducted at these sites during 1987. Drilling investi
gations commenced on two sites in 1987, and vill begin at two additional sites 
in 1988. Preliminary investigations will be conducted by the end of 1992. A 
few sites (2-3) will be investigated in more detail during 1993-2000 [2]. 

IN-SITU RESEARCH AND INVESTIGATIONS 

Low- and Intermediate-Level Waste 

A comprehensive drilling programme has been conducted at both the 
Olkiluoto and the Loviisa sites. In addition to core logging, a number of 
measurements have been conducted, for example, permeability tests, water 
sample analyses, temperature logs, caliper logs and inclination measurements. 
As well, geophysical borehole surveys have been conducted, including resisti
vity surveys, sonic logs and radiometric surveys. Cross-hole seismic surveys 
have been conducted between boreholes up to 200 m apart. 
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Spent Nuclear Fuel 

At the first stage (Figure 11) of the site selection work in 1983, the 
investigations started with a generic review of bedrock maps and data. Struc
tural analyses were made with the help of stereo air-photos and geophysical 
maps. In the autumn of 1983, 327 bedrock blocks, each about 100 square km in 
area, were selected for further studies concerning different geological and 
environmental factors. At the end of 1985, the site screening process result
ed in the selection of 102 possible areas for field investigations, each 
between 5 and 10 square km in area. 

t«J t9K 1992 2000 

I 

SELECTION OF AREAS FOR 
SITE INVESTIGATIONS "nltrrrriTi 

PRELIMINARY SITE INVESTIGATIONS '.tHWM^M!-.--.-:--: 

DETAILED SITE INVESTIGATIONS | | ^ = 1 

SITE SELECTION « | | ^ 

Figure 11. Time Table for the Investigations into Disposal of Spent Nuclear 
Fuel 

In the spring of 1987, five sites were chosen for preliminary investi
gations. The location of the chosen sites is presented in Figure 12. On two 
of the sites selected, Kuhmo and Hyrynsalmi, field surveys started in the 
spring of 1987. The Kuhmo area represents the oldest granite gneiss complex 
of the Archean basement, while the other area, Hyrynsalmi, represents an 
Archean granite formation. Both areas are characterised by the occurence of 
old Archean crystalline rocks. In Konginkangas and Sievi, surface investi
gations will commence in the spring of 1988, and in Eurajoki in the spring of 
1989. Airborne surveys were conducted at all five areas in the autumn of 1987. 

Field surveys start with geophysical profile measurements over a wide 
area and the surrounding fracture zones, with the VLF, VLFR, magnetic total 
and vertical component methods being used along with an electromagnetic radar 
ground survey. The measurements continue systematically along a denser and 
more regular network. 

In conjunction with geophysical studies, a detailed geological mapping 
of the outcrops is made with complementary samples taken through soil over
lying the bedrock. After these investigations, the first deep borehole 
(approx. 100 m) is drilled and additional percussion-drilled boreholes are 
made for groundwater head monitoring. 
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Figure 12. Investigation Areas and Rock Types 

After the drilling phase, the results of geophysical and hydro-
geological borehole measurements, as well as of groundwater sampling, will be 
correlated to the information on the bedrock surface. In addition, 3-4 
boreholes (each approx. 500 m) will be drilled at each area. On the basis of 
the measurements in all the boreholes, preliminary models will be constructed 
of both the hydrogeological data and the bedrock structures. 

Investigations on each area will take approximately 3 years. 
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6.6 FRANCE 

INSTITUTIONAL FRAMEWORK 

The National Agency for Radioactive Vaste Management (ANDRA) within the 
Commissariat a l'Energie Atomique (CEA) is responsible for the disposal of 
low-level vaste at shallow depth, and for the geologic disposal of high-level 
vaste and transuranic waste [1]. 

The in-situ geological programme entails: 

a) Exploration of potential sites, and identification and qualification 
of a candidate site. This is the major ANDRA programme now in 
progress. 

b) Supporting R&D, including: 

i) Testing and investigations of rock formations in order to 
identify their major safety-related characteristics and 
behaviour; 

ii) Development of reliable assessment methods and instrumen
tation. This work is conducted under the leadership of ANDRA 
and/or IPSN-DPT (Technical Protection Department of the Health 
Protection and Nuclear Safety Institute - CEA). 

DISPOSAL CONCEPTS AND APPROACH 

The ANDRA Site Qualification Programme 

1. Approach and Schedule 

Considering the broad variety of possible host rocks in France, it vas 
decided to investigate the possibility of creating an underground repository 
in different rock types: a) sedimentary rock, such as clay or salt; and b) 
hard rock, such as granite or schist. All of these rock types display 
particular advantages, and it has been shown in different countries that a 
safe repository can be constructed in each type. 

The possibility of having suitable sites in several host rocks provides 
considerable flexibility for the final choice of a French vaste disposal 
repository. The first step of the site selection process vas to compile a 
national inventory of the possible sites, based on criteria including long-
term stability characteristics and favorable hydrogeology (i.e., very lov 
permeability and good physico-chemical properties such as nuclide retention). 
This inventory vas completed at the end of 1983. About 30 areas invclving the 
four main host rocks (clay, granite, schist and salt) were identified as 
possible locations for a future repository. In some areas, a combination of 
layers of the different materials may improve the isolation ability of any 
repository. 

Among the 30 areas, a preselection has baen made of those vhir.h may 
varrant further investigation. F<eld investigations are being conducted to 

47 



confirm the choice of the preselected sites and to meet the requirenent that a 
candidate location be nominated for an Underground Site Validation Laboratory 
(USVL) by the end of 1989. The investigations depend on the type of geologic 
formation, but in all cases involve geophysical measurements from the surface 
and several deep drillings with core recovery. This field investigation phase 
started in early 1987 in four areas covering each of the different typical 
kinds of host rock (Figure 13). 

Figure 13. Investigation Sites for the USVL, France 

After a candidate site has been selected, construction of the USVL will 
start The laboratory will be the main tool to complete the site selection 
process by validating the site. With the data collected during this phase, it 
vill be possible to demonstrate the technical feasibility and the economics of 
the repository, and to prepare a preliminary safety assessment report to show 
that the consequences of the future repository for the environment are 
acceptable. 

To achieve th4s, it vill be necessary to conduct detailed investi
gations of the rock mass. In-situ experiments to confirm thermal and 
mechanical behaviour of the host rock and to evaluate and model the isolation 
capability of the system of barriers, including backfilling material and the 
different layers of the geosphere, vill be required. Construction of the USVL 
will probably occur over tvo years, and it vill be operated for tvo to three 
year?. If the programme oroceeds normally, site evaluation vill be completed 
before the end of 1996 (Figure 14). 
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Figure 14: Deep Underground Repository Sites - General Planning 

2. Current Status of the Exploration Programme 

The first half of 1987 was devoted to important work related to public 
information on each site. 

Geophysical investigations began in the second half of 1987 in the four 
departments (Figure 15). A variety of geophysical investigation techniques 
vere used: 

a) Aisne (clay) - 150 km of high-resolution seismic investigations were 
conducted, and 250 boreholes drilled. 

b) Deux-Sevres (granite) - 1500 km of airborne radiometric surveys were 
conducted. 

c) Kaine-et-Loire (schist) - in addition to 13 km of ground 
measurements, continuous magnetic, electrical resistivity and VLF 
(very low frequency) measurements were made along a 1500 km profile 
by helicopter. 

d) Ain (salt) - the western limit of the salt basin was studied by 30 
km of gravity surveys. Also, a detailed study of aquifers was 
conducted from the surface. 
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IN-SITU RESEARCH AND INVESTIGATIONS 

Granite 

Within the R&D programme of the CEA, IPSN is responsible for safety 
studies relating to the disposal of radioactive waste [2]. IPSN studies of 
radioactive waste disposal in crystalline rocks began with the first five-year 
plan of the CEC (1976-1980). At that time, IPSN had initiated an intensive 
programme of research on geologic crystalline formations. That programme 
included the inventory of the gicuiiLiv. mcissils puleutidily lavuuidble for the 
disposal of HLV, and detailed studies on geology, geophysics and hydrogeology 
and related aspects (particularly modelling). Three granitic massifs were 
studied in detail. Two, located in Brittany, were subjected to thorough 
investigations of relevant aspects of geophysics, petrography, tectonics and 
hydrogeology. A deep borehole programme (2 holes) was condi.t ted in the Auriat 
Massif, located in Limousin. 

The 1000-m borehole at Auriat was the subject of numerous investi
gations regarding petrography of granite, mode of fracturing, permeability at 
different depths, geotechrical and thermal properties, thermal flux, chemical 
composition of groundwater and detailed analysis of the fractures. Some tests 
with tracers were also conducted. 

The Departement de Protection Technique (DPT) of IPSN has also 
developed an underground research labotitory in the Fanay-Augeres uranium 
mine, Limoges, in order to improve the knowledge of the properties and 
behaviour of fractured granite. Two main programmes have been conducted or 
are underway in this facility in the framework of shared contracts with the 
CEC: a) the study of the influence of scale effects on measured values of 
permeability and dispersion coefficients; and b) a thermo-hydro-mechanical 
experiment. 

The scale-effect experiment, now completed, was conducted in a 100-m 
drift, 170 m below the ground surface, in order to determine how large-scale 
hydraulic properties can be inferred from relatively small-scale measurements. 
The suitability of the site was determined by several hydraulic tests in 
boreholes and in the drift itself. A precise description of the fracture 
network has also been obtained. 

Tr.o scale-effect experiment was conducted in ten boreholes, each 50 m 
in length, by injection tests between packers in chambers of different 
lengths. Permeability measurements at various scales, ranging from an 
individual fracture to a cubic hectometer, and regular groundwater head 
measurements were recorded, as well as the discharge rate in the drift. With 
the data collected, it has been possible to develop models of the fractured 
area, and to calibrate the area's hydraulic characteristics with the results 
of the permeability measurements. An equivalent continuous-medium 
permeability tensor has been determined which reproduces satisfactorily the 
flow (heads, discharge rate) around the drift. 
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Figure 15. Investigation Sites for the USVL 
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In order to determine hydrodynamic dispersion coefficients, tracer 
tests have been conducted by injecting, at different distances, various 
chemical tracers in several chambers isolated by packers in two boreholes, 
each SO • in length. Experimental data have been interpreted with the use of 
a transport model-

The objective of the thermo-hydro-mechanical experiment has been to 
study the influence of heat on the permeability and mechanical behaviour of 
granite. This experiment is presently underway in the Fanay-Augeres Mine, at 
a depth of 100 m. A large number of preliminary calculations vere made using 
a finite-element code in order to define the characteristics and design of the 
experiment. 

A heat source of 1 kV has been emplaced in 5 horizontal boreholes at 
3 a belov the floor of the 10 a X 10 a excavated rooms. The heating phase 
vill last 50 days and the observation phase will last 6 months. The coupled 
phenomena which vill be studied are: 

a) Opening and closing of individual existing fractures; 
b) Global hydraulic conductivity variation; 
c) Deformation of the rock mass; and 
d) Generated stress field and residual stress field after cooling. 

The following measurements vill be made: 

a) Temperature distribution in the rock; 

b) Strain distribution, using 3 extensiometers ir boreholes and 18 
extensiometers at the surface of the floor; 

c) Hydraulic pressure (aeasurement in boreholes); and 

d) Hydraulic conductivity (measurement in boreholes). 

Various coupled theimo-hydro-mprhanical models will be used, and an 
intercomparison of these models will be performed. 

Elsewhere, ANDRA has experimented with a method of detecting fracture 
70P.es by electrical resistivity ir.casyrcs-.cr.tn bctvccn bnreholes (MIMAF0 
method). This activity was conducted in the GRIMREL underground laboratory 
(Switzerland). 

Clay 

Tests and studies undertaken by ANDRA have been made on the clay at Mol 
(Belgium) since 1984. They have been conducted essentially on the in-situ 
mechanical behaviour of the clay material (at a depth of 260 m) in the 
underground laboratory of SCK/CEN at Nol |1J. 

These studies have included: 

a) Characterisation of the clay - In addition to systematic measure
ments of in-situ stresses, long-term dilatometer tests in boreholes 
began in 1987 vith the installation of two instruments, one vertical 
and the other horizontal. These tests enable the study of the 
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behaviour of a section of borehole under constant pressure. Similar 
tests on temperature will begin in 1988. 

b) Full-scale behaviour of a lined gallery - In the last part of 1987, 
a 12-m long gallery (4 m in diameter) was excavated at a depth of 
260 •. The gallery is lined with a grooved (ribbed) and instru
mented steel support wall, with sliding joints. This activity will 
provide full-scale information, during a two-year period, on 
convergence effects and for optimising the size (ie., thickness) of 
the support walls for deep openings in clay. 

This work is supported by the CEC. 

Salt 

a) Study of the effect of heat on crushed salt 11J - This study was 
designed to study the effects of heat on emplaced salt, in five 
boreholes excavated from a gallery located at a depth of 550 m in 
the Amelie mine of MDPA (Hines des Potasses d'Alsace). This 
activity began in October 1987 and will continue until 1989. 
Parameter measurements (pressure, deformation, temperature) will be 
conducted for six months following completion of the heating test. 

b) Study of irradiated salt - This study is conducted within the 
framework of ANDRA's participation in the HAV project, being 
undertaken by GSF of the Federal Republic of Germany. It consists 
of tvo complementary studies: 

i) In-situ measurements in rock at the Asse mine are being taken 
of gamma doses and dose rates in different situations of 
irradiation fields in order to establish the lavs of distri
bution and geometry of the radiation flux; 

ii) In the laboratory, experimental irradiation allows the simu
lation of the effects of radiolysis on Asse salt and, in 
particular, the study of generated radiolytic gases, which can 
then be compared to the joint effects of irradiation and 
temperature, in an in-situ environment. 

These experiments will begin in 1988, and will be undertaken with the 
co-operation of the CEA and with the participation of the CEC. 
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6.7 JAPAN 

INSTITUTIONAL FRAMEWORK 

The guideline for Japan's R&D activities on the geological disposal of 
high-level vaste was established in 1985 by the Japanese Atomic Energy 
Commission fAEC). Under the direction of a five-year R&D programme announced 
by the Science and Technology Agency (STA), the Power Reactor and Nuclear Fuel 
Development Corporation (PNC) has been given the responsibility of performing 
in-siti' experiments, while the Japan Atomic Energy Research Institute (JAERI) 
is responsible for developing regulatory criteria for safety assessment. 

DISPOSAL CONCEPTS AND APPROACH 

The overall programme of R&D for the geological disposal of high-level 
waste consists of four stages. The first stage involved is the selection of a 
favourable geological formation, and was terminated in 1985. However, this 
stage was not a designation of candidate rock types, and lithological 
suitability was also not assessed. Instead, as a result of a technical 
evaluation based on a literature assessment and general reconnaissance, it was 
concluded that sost of the geological formations, with the exception of 
volcanic areas and unconsolidated Quaternary sediments, have favourable 
characteristics. The second stage involves the selection of candidate sites 
for a repository, and will be completed by 1995. The task of this stage is to 
conduct site investigations, including geological, geophysical, hydrogeolo-
gical and hydrogeochemical studies, for a repository. The third stage is 
scheduled for the following five years and involves the demonstration of 
disposal technology at the candidate sites. The final stage of the programme, 
scheduled, at the earliest, for the year 2000, will include the verification 
of disposal techniques for the construction and operation of a repository. 

IN-SITU RESEARCH AND INVESTIGATIONS 

Preliminary in-situ experiments have been designed to improve the 
understanding of independent, small-scale and short-term phenomena in the 
near-field associated with geological disposal of HLV. Several test fields 
with different rock types (granite, gabbro, diabase, tuff) have been developed 
in galleries of metal mines and quarry chambers since 1978 [1J. The results 
of these tests have contributed substantially to development of in-situ 
investigation techniques and instrumentation, as well as site investigation 
techniques. These test fields are not considered as potential sites for a 
future repository. Therefore, in-situ experiments have been initiated at the 
second stage of the national R&D programme. The purpose of in-situ 
experiments at this stage includes: 

a) Development and validation of techniques and methodologies foi 
selection of candidate sites for a repository; 

b) Development of techniques and methodologies for site character
isation in the deep geological environment; 

c) Performance of various experiments for modelling and validation; and 
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d) Development and validation of appropriate technologies for 
construction and operation of a repository. 

The construction of an underground research laboratory is required to 
conduct the necessary in-situ experiments, to complete site investigations and 
to verify the technical feasibility and economics of a repository. Conse
quently, underground facilities will be constructed in sedimentary and 
crystalline rocks. However, in the interim until the construction of the 
facilities, in-situ experiments utilising the galleries of metal mines and 
quarry chambers are particularly important. Another contribution of in-situ 
experiments is to obtain a conceptual design and safety assessment of a 
repository, as well as to verify that the geological disposal system for HLW 
is feasible under the geological environments of sedimentary and crystalline 
rocks. Furthermore, in-situ experiments are very important for the develop
ment of appropriate methodology with regard to research and investigations on 
the process of site characterisation. Especially in Japan, the capacity and 
stability of natural barriers are very important since earthquakes and 
excavation effects may have considerable influence on rock dynamics, heat 
transfer, groundwater flow, hydrogeochemistry and basic radionuclide sorption 
in the deep geological environment. 

In 1978, JAERI initiated preliminary investigations in gabbro at the 
Akenobe Hine in central Japan (Figure 16). Following this project, a 3-year 
programme of investigations in granite was started in 1983 in the quarry at 
Kasama, Ibaraki-ken (Figure 16). Heater, migration and corrosion-resistance 
tests on engineered barrier materials were performed during the first stage of 
the national programme. At the present, a further programme for in-situ 
experiments at the second stage of the national programme is being prepared. 

In 1980, PNC initiated preliminary investigations in diabase at the 
Shimokawa Mine (Figure 16) in northern Hokkaido. Preliminary investigations 
in tuff also took place as part of a 6-year programme at the Hosokura Mine, in 
northeastern Japan (Figure 16). At the Hosokura Mine, permeability, migration 
and non-radioactive tracer tests, and corrosion tests on engineered barrier 
materials, have been conducted in rooms excavated in the gallery at a depth of 
340 m below ground surface, and 186 IT. below sea level. Seismic transmission 
measurements at several levels in the galleries at the Hosokura Mine have bee' 
made as part of a comparative study of the influence of earthquakes on the 
deep geological environment and on the ground surface. Such a technique is 
viewed as a non-destructive tool to investigate inaccessible areas of rock, a 
well as to obtain estimates of possible effects. In-situ experimental 
programmes of the second stage of the national R&D programme have been 
conducted in boreholes, in the galleries and new test rooms of the Tono 
uranium deposit at a depth of 130 m, and in adjacent areas located near the 
Chubu Works (Figures 16 and 17) of PNC. The geology of this deposit is well 
studied, with structural and basic hydrogeological investigations having been 
conducted. Research and investigations on natural U-Th-series radionuclide 
migration processes in a natural analogue study, corrosion tests on engineere 
barrier materials, hydrological investigations of groundwater using argon and 
helium gases as tracer materials, and deep borehole investigations are the 
main activities that have been conducted recentl> at the Tono site. A furthe 
programme of in-situ experiments in the 5-year R&D programme at the second 
stage of the national programme has been conducted by PNC at the Tono site, 
and possibly will include several other sites in th*i near future. 
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Prior to the construction of the underground research laboratory at 
Horonobe in northern Hokkaido (Figure 16), preliminary site evaluation 
activities, which included borehole investigations for site characterisation, 
were conducted. PNC is currently conducting a more detailed evaluation of the 
site. 

Figure 17. Arrangement of In-Situ Experiments at Tono Uranium Deposit and 
Adjacent Areas 
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6.8 SWEDEN 

INSTITUTIONAL FRAMEWORK 

In Sweden, the producer of nuclear waste his the responsibility for its 
management and disposal. The Swedish Nuclear Fuel and Waste Management 
Company (SKB), which is owned jointly by the reactor operators, handles 
practically all matters concerning nuclear waste and spent fuel outside the 
nuclear power plants. SKB conducts the research and development programme for 
handling and disposal of the waste. In accordance with the Nuclear Activities 
Act, this programme must be reviewed by the government every third year. 

The National Board for Spent Nuclear Fuel (SKN), has the task to review 
and comment to the government on the SKB programme. SKN also proposes the fee 
structure on nuclear power production that the utilities must transfer to a 
special fund stipulated to cover the costs for present and future handling and 
disposal of high-level waste, spent fuel and decommissioning waste. 

The Swedish Nuclear Power Inspectorate (SKI), is the safety authority 
for nuclear facilities according to the Nuclear Activities Act, and thus has 
licensing responsibilities for the safety aspects of repositories. The 
National Institute of Radiation Protection (SSI) supervises, in a similar 
manner, the implementation of the Radiation Protection Act. A permit to 
construct a repository must be provided by the government on recommendation 
from SKI. In practice, the three authorities co-ordinate activities to ensure 
that all aspects of final disposal are managed and assessed in a consistent 
manner. 

DISPOSAL CONCEPTS AND APPROACH 

For low- and intermediate-level waste, a final repository (SFR) has 
been constructed near the Forsmark reactor station. The SFR facility, which 
is planned to start operating in 1988, is located at a depth of 50 m in 
granitic rock under the Baltic sea, about one km from the coast line, and with 
entrance tunnels from shore. SKB plans to construct a repository in the SFR 
area for disposal of decommissioning waste about the year 2010. 

With respect to final storage of spent nuclear fuel -nd high-level 
waste, the SKB programme includes a phase in the beginning of the 1990s for 
selection of a few candidate disposal sites for detailed investigations 
(Figure 18). Site selection will take place later during the 1990s, with a 
license application planned for the year 2000 and repository operations 
scheduled to start in the year 2020. The repository is intended to be 
situated deep in crystalline bedrock. A central facility for intermediate 
storage of spent fuel (CLAB) is in operation. This facility will make it 
possible to store the spent fuel for 40 years before disposal. During this 
time, the thermal content of the spent fuel will decrease considerably. 

IN-SITU RESEARCH AND INVESTIGATIONS 

There are two major ln-situ research, demonstration and investigation 
programmes being conducted or planned in Sweden in support of research and 
investigations for the disposal of spent fuel [1]. These are the Inter-
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national Stripa Project, and the recently initiated underground research 
laboratory project, the Swedish Hard Rock Laboratory. 

1990 1995 2000 2005 2010 2015 

ACTIVITY 

Basic R&D 

Alternative system studies 

System selection 

Evaluation of sites 

Detailed site studies 

Site selection 

Optimization 

Siting application 

Underground laboratory 

Pilot-andInsitu tests 

Demonstration tests 

Technology development 

Encapsulation plant (BSAB) 

Final repository (SFL) 

Salely report 

Start of construction ISFL) 

Figure 18: Overall Time-Table For R&D up to Siting Application for Final 
Repository 

Stripa Project 

The Stripa Project is an in-situ research project jointly undertaken by 
several OECD Member countries. The Project is conducted under the auspices of 
the OECD Nuclear Energy Agency (NEA), with SKB as the co-ordinating organi
sation. The project was established in 1980 to develop techniques to 
investigate deep geological sites that are potentially suitable for the 
disposal of heat-generating radioactive waste, and also to examine particular 
engineering design phenomena associated vith enhancing the long-term safety of 
a high-level radioactive waste repository. 

The research work conducted within the project is concentrated in the 
Stripa Mine, an abandoned iron ore mine located in central Sweden. Adjacent 
to the ore excavations is a granitic intrusion which is accessible at about 
350 m belov ground surface. Several drifts have been excavated at this level 
in order for specific experiments to be conducted. 
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The Stripa Project has been divided into three phases. Phase 1 vas 
conducted from 1980 to 1985. The experiments in Phase 1 were grouped under 
the following headings: 

a) Hydrogeological and hydrogeochemical investigations; 
b) Migration in a single fracture; and 
c) Buffer mass test. 

Phase 2 began in 1983 and vas completed in 1987. Research vas conducted in 
four main areas: 

a) Hydrogeological investigations of the Stripa granite and migration 
of nuclides within single- and multiple-fracture systems; 

b) Hydrogeochemistry of groundwater at the Stripa Min«; 

c) Detection and characterisation of fracture zones in granite; and 

d) Behaviour of bentonite clay as a backfilling and sealing material 
under field conditions. 

The experience obtained from Phase 1 vas used in the development of 
Phase 2 of the Project and in the planning of Phase 3. Both Phase 2 and 3 
extend the findings of Phase 1 by continuing the broad areas of work and 
initiating new activities aimed at developing techniques and procedures for 
evaluating the performance and engineering development of potential 
radioactive waste repositories. 

Phase 3 of the Stripa Project started in September 1986 and is expected 
to continue until 1991. Research activities in this third phase will be 
conducted under tvo headings: 

a) Fracture flow and nuclide transport; and 

b) Groundwater flow-path sealing. 

The main objectives of the fracture flow and nuclide transport research 
activities are: 

a) To predict groundwater flov and nuclide transport in a specific 
unexplored volume of the Stripa granite and to make a comparison 
with data from field measurements by means of an integrated approach 
with existing site characterisation tools and methods, particularly 
those developed under Phases 1 and 2; and 

b) To continue the development of site assessment methods and 
strategies and, vhere appropriate, apply them in later stages of the 
integrated site characterisation exercise outlined above. 

Various methods previously developed are used in order to characterise 
an unexploited body of rock of the size 125 x 125 x 50 m. The integrated 
characterisation exercise is to be conducted in five steps: 

a) Preliminary characterisation of the rock; 
b) Preliminary predictions; 
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c) Detailed characterisation and preliminary validation; 
d) Detailed predictions; and 
e) Detailed evaluation. 

The first step included measurements from five subhorizonial boreholes 
intersecting the rock volume. Geological, geophysical, geohydrological and 
geochemical data were gathered from borehole cores and from borehole measure
ments and sampling. By means cf these preliminary data, a conceptual model of 
the rock volume is being constructed. Preliminary predictions of geometry and 
physical properties of the major features in the rock have been made. 

In the next step, several "detailed characterisation holes-' will be 
drilled into the rock mass, including a number of holes along the perimeter 
and the center-line of a planned validation drift. The accuracy of the 
preliminary predictions will be assessed on the basis of these detailed 
investigations. Furthermore, the final prediction of the fracture network 
within the rock volume will be assessed. The data thus developed will be used 
by researchers conducting mathematical hydraulic modelling to predict results 
from water flow and tracer migration experiments in the vicinity of, and in, 
the planned validation drift. The final step will ii.volve excavation of the 
validation drift and conducting inflov measurements and tracer experiments to 
determine the groundwater flow pattern around the dr;ft. The data thus 
obtained can then be used to evaluate the accuracy of the predictions. 

In conjunction with this integrated experiment, Phase 3 also includes 
several development tasks for improvement of site characterisation methods and 
concepts, such as: 

a) Development of high-resolution and directional radar; 
b) Improvement of techniques for high-resolution borehole seismics; 
c) Development of 3D fracture network modelling; 
d) Experiments on fracture channeling flow; and 
e) Estimation of fracture length and aperture from single fracture 

packer tests. 

The principal objectives of the groundwater flow-path sealing studies 

are: 

a) To identify, select and evaluate sealing materials possessing 
potential long-term chemical and mechanical stability; and 

b) To demonstrate, in a pilot test as veil as in a full-scale field 
test, using suitable methods and techniques, the effectiveness of 
such materials for the long-term sealing of groundwater flow-paths 
in the Stripa granite. 

The ultimate product of the Phase 3 programme vill be the availability 
of the tools and knowledge to assess a potential radioactive waste disposal 
site. Techniques to conduct non-destructive site investigations will be 
developed and fully evaluated under rigorously controlled in-situ conditions, 
as vill sealing methods designed to optimise the isolation potential of a 
repository. 
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The Finnsjon Fracture Zone Study 

One of the study sites used in the field investigation prograaae is 
Finnsjon. This site has been extensively used for testing new equipment and 
•ethods for geohydrological Measurements, and during the last few years 
particular emphasis has been placed on studies of fracture zones. These 
studies are mainly concerned with: 

a) Data of importance for retention of nuclides (eg., flow rate and 
conductive fracture frequency); 

b) Reliability of investigation Methods; and 
c) Influence of fracture zones on regional groundwater flow. 

It is important to broaden the database and to develop an improved 
investigation technique to be able to characterise the nuclide transport 
properties of large fracture zones in future safety assessments. In order to 
test and develop Methods for determination of the pertinent properties in 
fracture zones, a special project was started in 1984. The Main efforts of 
this project are conducted at Finnsjon. A subhorizontal zone has been studied 
extensively at depths ranging from 100 to 300 m. The zone, which is about 70 
m vide and has a minimum lateral extent of 500 a, has a dominating influence 
on groundwater flow. Saline groundwater of about 5000 ag/1 chlorine is found 
below the zone, whereas the vater above the zone is fresh. This indicates 
that the zone, at least in part, constitutes a hydraulic barrier against 
descending fresh water. Interference tests have established hydraulic 
connections within the zone between four boreholes at distances up to 453 m. 
An additional interference test is planned for 1988. 

Preliminary tracer tests using a nonsorbing tracer (uranine) have shown 
that it is possible to obtain quite a satisfactory break-through curve in a 
borehole 440 m away from the injection hole. First arrival occurred after 37 
days, under a gradient of about 0.004. Work on further tracer tests started 
in late 1987. These tests include three different techniques: radial flow, 
dipole flow and flow under natural gradient at distances up to 500 m. 

The Swedish Hard Rock Laboratory 

Given that research activities at Stripa will he terminated in the 
early 1990s, it has been deemed to be of very high priority to construct an 
underground research laboratory where research can be pursued at a high 
scientific level to broaden the available body of knowledge. The research 
laboratory should be sited in an environment that is geologically and 
hydrologically unaffected by previous activities. This will provide an 
opportunity for many scientific experiments of vital interest for a safety 
analysis with good precision. 

The Swedish Hard Rock Laboratory is also planned for other purposes 
than purely geoscientific studies. In preparation for the submittal of a 
repository siting application, integrated tests, pilot plants and in-situ 
tests may be necessary during the latter half of the 1990s. Such experiments 
can be conducted in this underground laboratory. The goals of the underground 
laboratory are to: 
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a) Demonstrate that the factors that control the safety of a final 
repository are understood and can be quantified or delineated; and 

b) Validate models and assumptions included in the safety analysis. 

The principal activities planned for the period 1987-2010 are: 

a) Detailed investigation of the natural barrier (i.e., the rock) in 
bedrock of a final repository character. This includes development 
of methodology, collection of data and validation of models for 
groundwater movement and radionuclide transport. 

b) Pilot in-situ tests for analysis of performance interaction between 
the repository's engineered and natural barriers. 

c) Development of appropriate methods for implementation and quality 
assurance of repository construction. 

d) Demonstration of system, technology and quality assurance. 

The pre-investigation activities will be conducted in three steps: 
a) localisation; b) site description; and c) prediction. The localisation 
step involved preparation of a regional description of the important geolo
gical properties of the bedrock. Geophysical measurements from the air and 
from the ground, in combination with geological mapping, tectonic studies and 
topographic studies, were used to identify a nunber of potentially interesting 
sites. On a few of these, a number of 100- to 150-m deep percussion-drilled 
holes were wade for pumping tests and for groundwater sampling. In addition, 
a fev deep-cored holes were made. Based on the data thus collected, a 
specific site for the laboratory was selected. The site description phase 
will include extensive measurements in deep boreholes at the selected site. 
It is planned to have anough data to be able to confirm the suitability of the 
site selected by the end of 1988. Data will be collected in order to 
facilitate a detailed site description and a numerical model of the ground
water regime. A large-scale pumping test will be conducted and the numerical 
model will be evaluated against this test. 

The construction phase is expected to start in 1990 and includes the 
excavation of a tunnel down to 400 to 500 m in depth. It has been concluded 
that a tunnel is preferable to a vt.tical shaft for various reasons (eg., the 
tunnel gives access to a much larger part of the rock; the possibility to 
excavate special drifts to study special teaturv: without disturbing the 
further construction is much better). Th . difference in costs between the 
lunnel and shaft alternatives is rather small for the depths considered. A 
shaft will also be built for ventilation and also for transport of personnel, 
but this can be constructed much easier after the tunnel is available. 
Throughout the construction phase, extensive data collection will be made in 
order to be able to check and update the predictive models. 
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6.9 SWITZERLAND 

INSTITUTIONAL FRAMEWORK 

In 1972, all producers of radioactive waste in Switzerland joined 
together to form NAGRA, the participants being the Swiss Confederation (which 
is responsible for radioactive waste arising fro* Medicine, industry and 
research) and six utilities which presently operate, or are planning to 
operate, nuclear power plants. 

In Switzerland, concepts for radioactive waste management are eabodied 
in the Federal Government Ruling on the Atomic Act. The R-21 Guideline (1980) 
of the Federal Commission for Safety in Nuclear Installation.; (KSA) and the 
Nuclear Safety Department of the Federal Office of Energy (H*K) defines 
disposal as follows: 

- A repository must be designed in such a way that it can at any time 
be sealed within a few years. After a repository has been sealed, 
it must. oc possible to dispense with safety and surveillance 
measures. 

To protect man and the environment fron the harmful effects of radio
active substances, a quantitative protection objective is defined: 

- Radionuclides which escape into the biosphere from a sealed 
repository as a result of realistically assumed processes and events 
must not at any time lead to individual doses which exceed 10 mrem 
per year. 

NAGRA is responsible for developing a deep geological repository for 
high-level waste by 2020, and an underground repository for low- and 
intermediate-level waste by around 2000. As a step in achieving these 
objectives, the results of a safety assessment project (Project Gewahr) were 
presented to federal authorities in 1985 [1, 2). 

DISPOSAL CONCEPTS AND APPROACH 

The Sviss concept for nuclear waste disposal proposed by NAGRA 
envisages the repository for low- and intermediate-level waste as a mined 
cavern system vith horizontal access (Figure 19), and the high-level waste 
repository as a series of horizontal tunnels at a depth of about 1200 m below 
the surface (Figure 20). The LLV/ILV repository must be operational by the 
end of the century, and will probably be situated in the pre-alpine area of 
Switzerland. The facility for HLV is required by the year 2020 and is planned 
to be located in crystalline bedrock, or possibly a sedimentary formation in 
northern Switzerland, assuming that participation in an international project 
does not become a feasible and preferable option- The feasibility of both 
types ot repositories in Switzerland has been demonstrated by Project GewShr 
1995 (1]. At the time of preparing this feasibility assessment, specific 
field investigations were available only for the HLV concept. They consisted 
of extensive geophysical explorations and six boreholes up to 2500 m deep. 
For the LLV/ILV repository investigations, geological and hydrogeological 
information was limited to data obtained from surface mapping and records from 
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Figure 19. Perspective Overview of 
LLV/ILV Repository 

Figure 20. Perspective Overview of 
HLV Repository 

• Nagra - C6dra - Ciira • 
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the construction of a hydro-electric power development project and a road 
tunnel. 

In-situ investigations by KAGRA are determined by the above disposal 
concepts. They have been, or will be, conducted in the steps listed below: 

t) BLV Repository: 

Regional investigation and site selection 1980 - 1990/91 

Detailed site investigations at 1 - 3 locations .. 1990/91 - 1997 

Detailed site investigation at 1 location, 
with test shaft and underground laboratory 1997 - 2010 

Repository construction and start of operations .. 2010 - 2025 

b) LLW/ILW Repository: 

Preparation of detailed investigation programmes 
and field inspections 1985 

Investigation of three sites by boreholes 
and geophysical surveys 1986 - 1988 

At least at one site, excavation of a gallery 
into the repository area, geologic and 
hydrogologic investigations and in-situ tests ... 1988 - 1990 

Application for a license for the repository 
site 1991/92 

Start of repository operations 1998 - 2000 

IN-SITU RESEARCH AND INVESTIGATIONS 

Field Program for HLW Deep Disposal Project 

The investigation area (Pigure 21) vas selected in northern Switzerland 
in a region where the top of the crystalline basement was expected at a 
maximum depth of 1500 m. The investigation area lies in a region of relative
ly low seismic activity between the two more seismically active areas around 
Basel and Schaffhausen. 

Pigure 22 depicts a geological section through the investigation area, 
from the Kaisten borehole to the Schafisheim borehole. The section is based 
on an interpretation of a seismic reflection survey. A large Permo-
Carboniferous trough which has a west-east trend through the investigation 
area was discovered below the Mesozoic sediments. 
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Figure 22. Geological Section Through the NAGRA HLW Investigation Area 
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To date, six boreholes have been drilled to depths between 1300 and 
2300 • in order to explore the geological structure, with particular eaphasis 
on detailed investigation of the crystalline basenent below the sedimentary 
cover. Investigation of water flow systems in the basement, as well as their 
hydraulic and hydrocheaical characterisation, provide the input data required 
for a hydrogeolofical Model of the area, as well as for Modelling transport 
through these formations. 

The aain aspects of the scientific investigation prograaae were: 

a) Coring over 90Z of the boreholes and detailed laboratory analysis of 
the cores. 

b) Core orientation (very successful with a sonic televiewer) and 
detailed fracture orientation statistics. 

c) Geophysical logging with practically all tools available today. For 
the granite of the Bdttstein borehole, a synthetic faciolog was 
developed which corresponds remarkably veil with the observed 
petrography. 

d) Fluid logging to detect water inflow zones. Very small inflow zones 
were detected by logging the electrical conductivity of the borehole 
fluid during pumping. Subsequent detailed geological description of 
these zones for developing the transport models. 

e) Hydraulic testing. Systematic double packer tests with intervals of 
12-25 m were conduct*-! to obtain a continuous profile of the 
hydraulic conductivity of the crystalline basement. Heat measure
ments during drilling. 

f) Sampling of groundwater of the sedimentary aquifers and flow zones 
in the crystalline basement was conducted, mostly during the 
drilling operations vhich were interrupted vhen a promising flow 
zone was observed. The crystalline sections of the boreholes were 
drilled either with de-ionized water or infloving deep groundwater. 

Field Program for LLV/ILV Disposal Project 

In-situ investigations vith a view to selection of the LLW/ILV 
repository site commenced in Spring 1987. At Oberbauenstock. (OBS) in central 
Switzerland, geophysical measurements have been conducted and test drilling as 
well as hydraulic testing have been performed from galleries associated vith a 
nearby road tunnel. The host rock at OBS is a hard (somewhat fractured) marl 
formation. The same stratum extends to another potential site, Vellenberg 
(VLB), in a neighbouring valley, for vhich permission for site investigations 
(boreholes and test tunnel) was sought in the Spring of 1987. It is hoped 
that field work at VLB can start in 1988. In-situ vork of a similar scope as 
at OBS vas conducted in September 1987 at Piz Pian Grand (PPG, gneiss). The 
commencement of field work at the fourth location, Bois de la Glaive (BdG, 
anhydrite), is still being delayed by local legal action. 
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Grimscl Test Site (GTS) 

Methods used by the oil industry were adapted for the initial regional 
investigations by way of, for example, seismic exploration and deep drilling. 
The methodology and instrumentation for future field investigations in both 
disposal projects will, however, be increasingly adapted to the specific 
requirements of site characterisation and safety analysis for the repository. 
For this, as for other experiments, NAGRA commissioned a test site in 
crystalline rock at the Grimsel Pass in central Switzerland in June 1984. The 
initial 5-year investigation programme at the Grimsel Test Site (GTS) is being 
conducted by NAGRA in partnership with two German research institutes: the 
Federal Institute for Geoscience and Natural Resources, Hannover (BGR), and 
the Research Centre for Environmental Sciences, Munich/Braunschweig (GSF). A 
second phase of investigations has recently been agreed upon. 

The main objectives of the investigations at the GTS are: 

a) To check the applicability of existing research results to the 
geological conditions in Switzerland; 

b) To conduct specific experiments based on the NAGRA repository 
concepts; 

c) To increase knowledge in the planning, implementation and 
interpretation of underground tests in various experimental fields; 
and 

d) To acquire practical experience in the development, testing and use 
of test apparatus and measurement methodology. 

The GTS consists of a tunnel system excavated with a full-face boring 
machine and left unlined except for some concrete flooring. The quality of 
the crystalline rock varies within the GTS, from very compact and practically 
dry rock,to fairly fractured rock with water inflows. Several near-vertical 
disturbed zones extend to the rock surface at 400 m to 500 m above the GTS. 
To date, over 3500 m of carefully cored and geologically mapped boreholes have 
Seen drilled in the various test areas. 

Figure 23 shows the design of the GTS. The basic goals of the 
individual scientific investigations at the GTS are outlined below: 

a) Excavation effects: Testing the rock mass surrounding man-made 
openings in crystalline rock in order to assess the influence of 
these cavities on its properties (especially hydrogeology). 

b) Geophysics: Testing and further development of non-destructive 
methods for locating hydrogeologically significant rock 
discontinuities and weaknesses from exploratory boreholes and 
underground openings, at short ranges of up to approximately 50 m, 
as well as in the far-field. 

c) Heat-induced reactions: Investigations which provide an 
understanding of heat-induced reactions in fractured crystalline 
rocks. 
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d) Hydrogeology: The acquisition of additional hydrogeological data 
which can assist in developing a general hydrogeological model, 
readily adaptable to specific field situations, in fractured 
low-permeability crystalline rock. Development of the necessary 
investigation techniques. 

e) Laboratory experiments: Complementing the in-situ tests by 
laboratory experiments which are also needed for the development of 
mathematical models. 

f) Migration: A tracer test, which is in a first phase, is foreseen, 
and would t-± accompanied by acquisition of additional chemical and 
physical data necessary for understanding the transport of nuclides 
in the tractures of crystalline rock. 

g) Neotectonics: Testing and further development of methods for 
locating neotectonically active disturbed zones. 

h) Rcck-stress measurements: Testing and further development of 
existing methods used in shallow boreholes in order to determine the 
rock stresses in deep boreholes. 
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6.10 UNITED KINGDOM 

INSTITUTIONAL FRAMEWORK 

The responsibility for the development of a national strategy for 
radioactive vaste management lies with the Secretary of State for the 
Environment, acting vith his Scottish and Welsh colleagues. Following a 
report of a Royal Commission in 1976, a number of policy objectives were 
formulated, including: 

a) Ensuring that the creation of vastes from the nuclear activity is 
minimised; 

b) Ensuring that waste management problems are adequately addressed 
before any large nuclear programme is undertaken; 

c) Ensuring that the handling and treatment of wastes is conducted with 
due regard to environmental considerations; 

d) Securing the programmed disposal of waste accumulated at nuclear 
sites; 

e) Ensuring that there is adequate research and development on methods 
of disposal; and 

f) Securing the disposal of vastes in appropriate ways at appropriate 
times and in appropriate places. 

In England, the resp">nsibility tor implementing these objectives now 
lies with Her Majesty's Inspectorate of Pollution (HMIPj, part of the UK 
Department of the Environment (UK TOE). In conjunction with the Ministry of 
Agriculture, Fisheries and Food, and in consultation with Her Majesty's 
Nuclear Installations Inspectorate (HMNII) the best practicable option is 
sought for the management of «ach type of waste, full account being taken of 
nuclear site safety and environmental considerations. The organisations which 
produce radioactive vaste have the direct responsibility for their safe 
management and must meet the cost. UK NIREX Ltd, the Nuclear Industry 
Radioactive Waste Executive, has be»n established to develop and operate new 
disposal facilities for low- and intermediate-?;vel waste. Individual 
producers of radioactive waste nndertake research related to the treatment of 
their own wastes, and UK NIREX Ltd. commissions research related to th' 
disposal facilities it wishes to develop. Whatever disposal facilities are 
developed and used, UK wIREX Ltd. will have :o show that they satisfy a range 
of criteria, including basi~ radiological safety requirements, for the 
protection of the environment. 

The national strategy in the UK outlined by the DOE involves the 
development and use of z range ^f disposal facilities and a continuing 
progr&mme of research and assessment to ensure that each type of waste is 
disposed of in the most appropriate way. 

It is Government policy that lov-level radioactive wc.ste should be 
disposed of as soon as practicable. Disposal facilities ar? available on land 
either ac landfill sites for "ery lov-level waste, or at the Drigg site where 
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controlled burial has been practised for many years. The Drigg site is used 
for lov-ievel waste produced predominantly by British Nuclear Fuels pic 
(BNFL). It is now being further developed, and waste disposal practices 
improved, so that it can continue to receive low-level waste from BNFL sites 
and other sources well into the 21st Century. 

Intermediate-level waste is presently stored, but Government policy is 
to secure the provision of a disposal facility as soon as practicable, to 
minimise additional accumulations of temporarily stored wastes and to minimise 
the need for additional storage facilities. It will be immobilised in a solid 
matrix prior to disposal. UK NIREX Ltd. is now focusing efforts on develop
ment of a deep disposal facility that will also be able to accommodate low-
level wastes. Three concepts are being considered: a) deep disposal on land; 
b) deep disposal -nder the coastal seabed accessed from land; and c) dispo
sal under the co&otal seabed accessed from an offshore facility. A public 
discussion exercise began in November 1987 with publication by NIREX of a 
document er'ttled "The Way Forward" [1J. BNFL are proposing to investigate 
the geology of .'e Sellafield site in 1988 as part of the NIREX site selection 
programme. 

The greatest amount of radioactivity occurs in a small volume of 
heat-generating radioactive waste. This is currently stored as liquid, but a 
plant is under construction at Sellafield to embed it in a glass matrix. This 
plant is expected to begin operations in 1990. The glass blocks will be 
stored for at least 50 years in an air-cooled facility. This schedule, which 
will allow the heat generation from these wastes to substantially decrease, 
does not require the development of a disposal facility in the near future, 
but research is continuing on disposal options. 

IN-SITU RESEARCH AND INVESTIGATIONS 

Since it maintains the national archive and has a long-term interest in 
improved understanding of the geological environment of the UK, the British 
Geological Survey (BGS) has been consulted on the geological disposal research 
programmes [2], primarily ihrough contracts with NIREX and the UK DOE. These 
programmes have ranged from high-level to low-level waste, from granites to 
clays, and from landfill-style facilities to deep geological repositories. 

Each p* -ramme has involved some form of in-situ research. This has 
generally con ced of drilling several boreholes, coupled with geological and 
geophysical surveying. The boreholes have been tested to determine the 
properties commonly of interest in studies associated with radioactive waste 
(i.e., hydrogeological and geochemical parameters). In earlier 
investigations, borehole tests tended to involve single boreholes, whereas, 
more recently, a cross-hole configuration has become more favoured. Another 
trend in the field investigations has been the desire to integrate testing 
with surveying, and to try to interpret more precisely the results from remote 
sensing methods. 

British in-situ research has certain characteristics. Firstly, there 
is a vide range of experience in different rock types. Secondly, studies have 
been more concerned with the broad issues of a safety case rather than the 
more specific problems of -;ite investigation. Thirdly, geochemical and 
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natural analogue studies have influenced investigations on time-scales and the 
ability to validate models. 

Recently, British in-situ research has been changing and improving to 
meet the needs of actual site investigations and site-specific safety 
assessments. Hence, the B6S is currently involved in six field-based studies: 

a) Study of methods of measuring parameters for safety assessments, at 
the Harvell research site (Cornwall); 

b) Combining hydrogeolopicel and geophysical measurements in the 
Cross-hole Programme of Phase II of the Stripa Project; 

c) Natural analogue studies, both in the UK and elsewhere; 

d) Migration of radionuclides in a shallow glacial sequence; 

e) Geochemistry research programme associated with the recently 
terminated NIREX investigations of four sites for shallow-land 
burial of lew-level waste; and 

f) Integrated site characterisation and model validation programme 
within Phase III of the Stripa Project. 

In-situ research also has been conducted by the UKAEA (Harwell) and 
other contractors, with funding from the Department of Environment, CEC and 
NIREX, on three research areas. Firstly, heat transfer measurements have been 
made over a four-year period with a 15 kW heat source in Cornish granite. The 
results, analysed in HYDROCOIN, demonstrated some small perturbation.*- of 
conduction transfer by convection [3]. Secondly, flow studies in granite have 
provided statistics for fracture occurrence, orientation and aperture (4] and 
some measurements of channeling of flow in fractures by contacts between their 
faces |5]. These data are being used in statistical modelling to predict flow 
through sheetworks of interconnected fractures. Thirdly, a further combined 
experimental and theoretical investigation of fracture flow at a shale site in 
Cornwall has recently started. Its objectives are both to obtain the 
statistics which can be measured only by individual testing of all fractures 
and vhich are required for sheetvork flow models, and to prove predictions by 
these models of pressure and flow fields through statistically representative 
numbers of fractures by inter-hole flov and tracer tests. 

Planned measurements of radionuclide diffusion through in-situ clay at 
SCK/CEN (Hoi), and of water and gas flows through sandy and silty layers ii. 
clay at a site in England, are expected to start in 1988. 
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6.11 UNITED STATES 

INSTITUTIONAL FRAMEWORK 

The Nuclear Vaste Policy Act of 1982 (NVPA) assigns the U.S. Department 
of Energy (DOE) the responsibility of locating, constructing, operating, 
closing and decommissioning a high-level nuclear vaste repository. The U.S. 
Nuclear Regulatory Commission (NFC) has the statutory responsibility for 
reviewing DOE's license application and site investigation programmes. The 
NRC is also responsible for the issuance of repository construction and 
operation licenses. NRC regulations regarding the disposal of high-level 
nuclear waste are ccntained in Part 60 of the Code of Federal Regulations (10 
CFR). 

NUCLEAR REGULATORY COMMISSION 

DISPOSAL CONCEPTS AND APPROACH - REGULATION OP CIVILIAN PROGRAMME WASTES 

The DOE is required by the NVPA and by 10 CFR Part 60 to conduct a site 
characterisation programme for the potential host formation area before 
submitting a license application for the first civilian programme radioactive 
waste repository [1]. In-situ testing is viewed as an important element of 
site characterisation, and such tests are to be performed from the exploratory 
shaft(s) and underground openings on surrounding rock and on other materials 
and components such as the waste package, engineered backfill, linings and 
seals. The conditions under which these in-situ tests are to be conducted 
should represent, as closely as possible, the realistic repository environment 
(for example, temperature and stresses). The tests performed under such 
conditions should provide data to assess the suitability of a particular site 
and a particular geologic medium to host high-level nuclear vaste, and also 
realistic input parameters for the design of a geologic repository. 

In-situ tests can only be conducted for a limited duration compared 
with the long time-span during which the repository must function ro isolate 
the waste. Analytical, experimental and numerical mociels must be used to 
make predictions far into the future. However, model:; have their own 
limitations on applicability and are sensitive to the quality of data used as 
input. Some of the uncertainties in the prediction process can be reduced by 
conducting appropriate in-situ tests on a representative volume of rock, and 
by using appropriate models to account for possible inherent spatial 
variations of physical, hydraulic and chemical properties within the rock 
formation. By comparing in-situ test data with modelling results, models can 
be validated, thereby reducing some uncertainties in the prediction process. 

NRC Technical Positions on In-Situ Testing 

The NRC staff technical positions on in-situ testing during site 
characterisation are: 

a) Before submitting a license application, DOE should perform a 
necessary and sufficient variety and amount of in-situ testing to 
support, if the facts so warrant, a staff position that the 
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requirements for issuance of a construction authorisation (10 CFR 
Part 60.31) have been met. 

b) The in-situ testing programme should be developed with two major 
objectives: (i) characterisation of the host rock and in-situ 
measurement of its properties prior to construction and waste 
emplacement; and (ii) determination of response characteristics of 
the host rock and engineered components to construction and waste 
emplacement. 

c) POE should present its site-specific and design-specific in-situ 
test plans in the Site Characterisation Plan (SCP). 

d) Before developing the in-situ test plan, DOE should develop a 
rationale for in-situ testing and present this rationale with the 
test plan in the SCP. The overall goal of the rationale should be 
to ensure that all important parameters are identified and ranked 
according to their relative importance in supporting 10 CFR Part 60 
licensing findings. 

e) For successful site characterisation, DOE should integrate the data 
from surface borehole testing and laboratory testing on small-scale 
samples with the in-situ test results. 

This technical position is general and covers in-situ testing for all 
potential repository sites and designs. It was developed and presented to the 
Department of Energy in an effort to provide on-going pre-licensing guidance. 

DEPARTMENT OF ENERGY 

DISPOSAL CONCEPTS AND APPROACH - DISPOSAL OF CIVILIAN PROGRAMME WASTES 

In December 1987, the Nuclear Vaste Policy Act was amended by Congress. 
Some of the major changes to the US DOE waste management programme include: 

a) Phase-out of all research to evaluate the suitability of crystalline 
rock as a potential repository host medium. This may require some 
adjustment of some international agreements, which is yet to be 
negotiated with the appropriate parties. 

b) Only the Yucca Mountain site (Nevada) will be characterised. 

c) The Basalt Vaste Isolation Project (Hanford, Vashington) and the 
Salt Repository Project Office (Deaf Smith County, Texas) are to be 
closed down. 

d) Provision is made for other states to volunteer a repository or 
Monitored Retrievable Storage (MRS) site. 

e) The MRS facility is authorised, but its construction is postponed 
until the construction of the repository is authorised. 
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f) An Office of Subseabed Disposal Research is created within the 
Office of Energy Research of the Department of Energy to conduct 
research, development and demonstration activities on aspects of 
subseabed disposal of high-level radioactive waste and spent fuel. 

Based on the requirements specified in the NVPA and its Amendments, the 
Department of Energy has developed a draft site characterisation plan for the 
Yucca Hountain site in Nevada [2]. As part of the site characterisation plan, 
the DOE will describe the methodology used to identify the information needed 
from the characterisation study and the tests necessary to obtain that 
information. 

The methodology used in developing the site characterisation plan was 
to first identify a common set of issues that must be resolved to demonstrate 
compliance with applicable Federal regulations and to support site selection 
and licensing. The next phase was to develop "issue resolution strategies" 
for each of the issues. Since the issues are derived from applicable Federal 
regulations, the information needed to resolve them will be the basis for 
planning of the work that needs to be done to demonstrate compliance with the 
regulatory requirements. The issue resolution strategy provides a step-wise 
procedure for identifying and planning the work needed to support resolution 
of the issues. 

As part of the issue resolution strategy, DOE utilises a process called 
"performance allocation". Performance allocation entails deciding which items 
within a geologic repository will be relied upon in resolving a particular 
issue. The function an item must perform and the processes that affect the 
performance are identified for each item. Using performance allocation, a 
testing programme can be developed which obtains the information necessary to 
evaluate whether an item will perform its pa*~ticular function as expected. 
Once the appropriate information needs are identified, DOE can identify what 
underground cests should be conducted. 

IN-SITU RESEARCH AND INVESTIGATIONS 

The in-situ tests currently being considered for site characterisation 
at the Nevada candidate site can be grouped under three broad categories: 
a) basic geologic characterisation tests; b) hydrologic characterisation 
tests; and c) near-field and thermally perturbed tests. The objective or 
rationale for performing a test is based on the performance allocation 
process. The performance allocation process identifies where or how inform
ation obtained from a site characterisation test will be used to: 

a) Develop a better understanding of physico-chemical processes 
important for waste isolation; 

b) Provide input data for design and performance assessment analyses; 
and 

c) Validate performance assessment models. 

As part of the site characterisation plan, detailed test plans and 
procedures are being written for the tests at the Yucca Hountain site. In 
addition, quality assurance procedures are required to ensure that the test 
data is accurate, reliable and traceable. Consultative drafts of test plans 

77 



vill be reviewed by the NRC and representatives of the State of Nevada in the 
first quarter of 1988. The test plan may change based on review 
recommendations or to reflect modifications in the information needs and 
strategies chosen to resolve the various issues. 

Several of the test plans and procedures are being Jeveloped based on 
experience obtained from preliminary tests performed in boreholes in the Yucca 
Mountain site, or in the underground test facility in G-tunnel. These tests 
include geophysical investigations, the estimation of in-situ stresses, an 
excavation effects test and an electric heater test. The tests are useful for 
developing and evaluating instrumentation and methods for analysing the data 
obtained, and also for obtaining estimates of the parameter ranges and 
identifying possible sources of data uncertainty. 

DEFENCE WASTE DISPOSAL PROGRAMME 

DISPOSAL CONCEPTS AND APPROACH - DEFENCE VASTES 

The experimental programme for the Vaste Isolation Pilot Plant (VIPP), 
located in New Mexico, has been developed by the Department of Energy (DOE) to 
address those technical issues that concern the safe disposal of Transur=»nic 
(TRU) Vastes and High-Level Wastes (DHLW) in underground storage rooms in 
bedded salt [3J. This programme involves technology development through 
laboratory and theoretical studies and in-situ testing conducted in 
representative waste storage room configurations for both the ambient (for 
TRU) and heated (for DHLW) conditions. 

IN-SITU RESEARCH AND INVESTIGATIONS 

Technology development studies since 1975 have been investigating 
phenomena associated with radioactive waste emplacement in a rock salt 
environment, and have produced response models and predictive techniques using 
available laboratory and theoretical data. The in-situ testing programme at 
WIPP has been developed to evaluate these models and predictive techniques 
through full-scale experiments in the actual host rock. The first portion of 
the in-situ tests (underway since 1984) are without radioactive materials and 
use electric heaters to simulate heat-generating waste where applicable. The 
second portion of the in-situ testing programme, scheduled for 1988, will 
include the use of actual radioactive wastes and other radioactive sources. 

The in-situ testing programme includes analyses and evaluations of data 
obtained from in-situ measurements that provide an understanding of the actual 
behaviour of salt surrounding full-size storage rooms while undergoing creep 
closure due to overburden stresses and thermal loadings from waste containers. 
Data analyses and evaluations also pertain to tests that are designed to 
measure TRU and DHLW container performance, materials interface interactions, 
and engineered barriers and seals performance in an actual salt environment. 
These tests are expected to provide a better understanding of the phenomena, 
provide in-situ data to validate models and theoretical studies, and demons
trate the behaviour of the salt, waste packages, and engineered barriers and 
seals in an actual undprground salt environment. The underground design of 
the in-situ tests at WIPP is illustrated in Pigure 24. 
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vTHU WHSTE STOUCC 

Figure 24. Design of the VIPP Facility 

l l M Sands National Laboratories 
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6.12 COMMISSION OF THE EUROPEAN COMMUNITIES (CEC) 

In-situ investigations, either for site characterisation or for generic 
purposes, have formed a major part of the research activities in the CEC 
programmes for a considerable period of time [1]. The activities at Auriat 
and Fanay-Augeres (France), Altnabreac and Troon (UK), Mol (Belgium), Asse and 
Konrad (FRG), as veil as several Italian sites including Pasquasia (Sicily) 
are now knovn. The investigations described below are a logical follow-up of 
this effort and are conducted within the third Community R&D programme on 
radioactive waste management and storage (1985-1989), as well as within the 
radioactive waste programme of the Joint Research Centre (JRC) of the CEC. 

Underground Pilot Facilities 

The salient feature of this programme is the participation of the CEC 
in the construction and operation of underground demonstration facilities, in 
which simulated or real waste forms will eventually, in a retrievable manner, 
be emplaced and monitored. At present, these include the HAV project in the 
Asse salt mine (GSF, FRG), the HADES project in the Boom clay at Mol (SCK/CEN, 
Belgium) and the ATLAS project in a medium to be specified in France (ANDRA, 
France). 

The co-operation includes, among other things, participation of 
scientists of other Member states in the above-mentioned projects, especially 
by means of temporary secondment of personnel, and the completion of the 
programmes with their own specific activities, according to means specified on 
a case-by-case basis. The significant participation of ECN (Netherlands) in 
the HAV project and ANDRA in the HADES project are examples of this. 

Site Characterisation and Improvement of Techniques 

The main effort at the Community level is directed towards the 
detection and characterisation of fractures in geological media. A joint 
project is being undertaken by the BGS (UK), University of Exeter (UK) and 
ISMES (Italy) for the detection of faults in clays using hydrological 
techniques, gas emanation measurements and geophysical methods. The BRGM 
(France) is pursuing the development of an electromagnetic borehole probe for 
fracture location in granite. This is complemented by the improvement of 
geochemical downhole probes (CEA-IPSN). Finally, GSF and ECN are 
investigating a new deep, dry-drilled, large-diameter exploratory borehole in 
the Asse salt mine. 

Rock Mechanics 

This item is now recognised as being of basic importance for geological 
disposal. The behaviour of the rock mass and its response when subjected to 
excavation, heat output and gamma radiation from wastes, will be a major item 
of research for all the demonstration facilities listed above. 

Additional specific research is conducted mainly at the Fanay-Augeres 
underground laboratory, where a scaled thermo-hydro-mechanical test is being 
prepared by CEA-IPSN. The long-term stability of clay, either at ambient or 
elevated temperature, is being studied at the Mol site by a co-operative 
programme involving SCK/CEN, ANDRA and its sub-contractors. 
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As regards salt, a specific effort vas made concerning the validation 
of rock mechanics computer codes via the Community project, COSA. In this 
project, the behaviour of a salt cube sampled from the Asse Mine and submitted 
to mechanical and thermal loading vas predicted by ten European computer 
modelling teams working independently under the co-ordination of a consultant 
firm from the UK. The exercise vas vieved as a useful step tovards achieving 
quality assurance of the codes. A subsequent phase will consider the 
retrospective calculation of an in-situ heating experiment in salt. 

Backfilling and Sealing 

Major contributions to the study of backfilling and sealing materials 
and technology are expected from the demonstration facilities. Supporting 
research vill be conducted as regards sealing of in-situ boreholes and 
fractures in the Fanay-Augeres mine (CEA-IPSN), the in-situ thermal testing of 
a clay-based buffer material at reduced rcale (CEA-DRDD) and the behaviour of 
large, old, backfilled rooms in the Asse salt mine (GSF). The influence of 
heat on compaction of crushed salt is also being investigated by a heating 
test in a French potash mine, and is being co-ordinated by ANDRA. Backfilling 
tests vill also be conducted concerning the deep borehole disposal concept in 
clay, as supported by ENEA anc* ISMES, to be conducted on an Italian site. 

Migration of Radionuclides in the Geosphere 

The MIRAGE II Project is continuing previous efforts on radionuclide 
migration in the geosphere and is nov concentrating on five areas: a) near-
field (ie., source term); b) modelling behaviour of actinides and fission 
products in natural aquifer systems; c) in-situ migration studies and 
techniques; d) natural analogues; and e) development of geosphere migration 
calculation tools. 

Amongst the actions undertaken in the framework of this project, the 
intercomparison exercises realised under the auspices of the COCO Club could 
be mentioned as an example. This exercise examines the role of complexes 
(humic acids) from specific sites (Fanay-Augeres, Mol, Gorleben) on radio
nuclide migration and on the characterisation and sampling of colloids from 
natural groundvater of reference sites. In-situ migration tests are being 
prepared at Drigg (BGS) and at Mol in the existing laboratory in clay 
(SCK/CEN). The boreholes at the ISPRA site are the subject of the FARM 
project by JRC-ISPRA. 

Sites such as Loch Lomond (UK) and Langenberg (France) are natural 
analogues for radionuclide migration in, respectively, sediments and hard 
rock. These activities occur within the broader scope of the CEC Natural 
Analogue Working Group, initiated in 1985 by the Commission. 

Performance Assessment of Geological Isolation Systems (PAGIS) 

The PAGIS project is nov being concluded vith the presentation of the 
results from the assessments of isolation systems for vitrified HLV in four 
geological disposal options: a) clay; b) granite; c) salt; and d) sub-seabed. 
The vork conducted in this second phase concerns the updating of data and 
models selected in phase 1, calculations of individual doses for the selected 
normal and altered scenarios, sensitivity studies and uncertainty analysis for 
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parameters and models, and calculations of collective doses and risks to 
individuals. 

Both the deterministic and stochastic approaches were examined in PAGIS 
due to their complementary nature. In the first case, the single values 
produced can be easily compared with regulatory targets, while stochastic 
calculations offer a more global picture of the uncertainty affecting the 
analyses. 

A summary report of the entire PAGIS exercise is currently being 
prepared for publication. Detailed individual reports for each of the four 
disposal options examined will also be published. 
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6.13 OECD NUCLEAR ENERGY AGENCY 

Disposal into deep geological formations has always been a priority of 
the RUMC and in 1975 it established the Jo-ordinating Group on Geological 
Disposal (CGGD) to provide advice and develop joint initiatives in this area. 
The work of the CGGD culminated in 1984 with the publication, jointly with the 
CEC, of a status report on geological disposal of radioactive waste [1]. One 
of the main conclusions of the report was that, on the basis of available 
information, disposal of either high-level waste or spent fuel vas technically 
feasible, and that future research should concentrate on improving the 
understanding of specific aspects rather than establishing the viability of 
any particular concept. It further recommended that engineering 
demonstrations of disposal be conducted to further generate public confidence 
and understanding. Such findings were to play a major role in formulating the 
future programme of the RVHC. 

The most recent review of the programme of work of the RWMC was 
conducted near the end cf 1984. As a result, it was agreed to focus on two 
areas of major importance, namely performance assessment, and in-situ research 
and investigations. It was considered extremely beneficial to have an 
exchange of views at an international level on both topics, and thus two new 
advisory groups were established to replace the CGGD. Each group provides 
advice for the RVMC, helps co-ordinate the various activities in each area and 
recommends new initiatives where appropriate. 

Advisory Group on In Situ Research and Investigations for Geological 
Disposal (ISAG) 

The In-Situ Advisory Group (ISAG) has been established to: 

a) Improve information exchange between different field projects and 
between field projects and performance assessments; 

b) Keep close contact with the Performance Assessment Advisory Group 
(PAAG) on matters of mutual interest (e.g., validation, 
uncertainties and data acquisition); 

c) Identify problems of mutual concern and seek ways that these may be 
overcome, e.g., by recommending and organising topical workshops; 

d) Identify initiatives for co-operation; and 

e) Advise the RVMC on matters of interest and concern. 

In fulfilling the terms of reference, ISAG places emphasis on improving 
information exchange among field projects located in all candidate host rock 
formations (i.e., clay, salt, granite, tuff), and also between those groups or 
organisations conducting in-situ investigations and those conducting 
performance assessments. In particular, ISAG incorporates activities 
associated vith: 

a) In-situ tests at various underground laboratories, eg. Stripa 
(Sweden), Grimsel (Switzerland), URL (Canada), Hoi (Belgium), Asse 
(Federal Republic of Germany), VIPP (United States); 
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b) Investigation of potential disposal sites, e.g., Yucca Mountain 
(United States), Konrad and Gorleben (Federal Republic of Germany); 

c) Engineering and laboratory studies in support of in-situ 
investigations; and 

d) Improving information exchange between scientists involved in 
in-situ testing and those conducting performance assessments. 

The NEA International Stripa Project 

The International Stripa Project started in 1980 on the strength of the 
results achieved under the Swedish-American Co-operative Programme which began 
in 1977. Three phases of research have been agreed: a) Phase 1 (1980-85); 
b) Phase 2 (1983-87); and c) Phase 3 (1986-91). Research is conducted in a 
former iron ore mine located in central Sweden in granite bedrock, 360-400 m 
below ground. Details of the Stripa Project are provided in Section 6.8 of 
this report. 

The International Stripa Project is one of the prime examples of 
co-operation in the area of radioactive vmste management. By combining the 
resources of several nations, it has been possible to conduct cost-effective 
field research sjch that tools a.id methodologies now exist for the characteri
sation of geologic media to gather data for safety assessments and for 
designing repository systems. Also, large-scale demonstration experiments 
have been conducted to enhance confidence in repository design concepts. 

NEA Performance Assessment Advisory Group (PAAG) 

The objective of PAAG is to provide an international forum to consider 
post-closure performance assessments fcr the safe disposal of all radioactive 
waste types, with the emphasis on the long tern, in order to help build 
confidence within the technical community in this area. 

In meeting this objective, PAAG: 

a) Exchanges information and experience to further the development of 
performance assessment methodologies, and avoid duplication of 
effort; 

b) Identifies initiatives for co-operation on the development and use 
of performance assessment methodologies, in particular in the areas 
of model development, data acquisition and regulatory requirements; 

c) Advises the RWMC on scientific and technical aspects of performance 
assessments by periodic reports to the Committee; and 

d) Assists the RWMC in the co-ordination of existing and new activities 
of NEA in the area of performance assessments, including peer 
reviews on request. 

The following technical areas are addressed by PAAG: a) Model develop
ment - including verification, validation and code development and exchange; 
b) Data acquisition - including data base development, assessment of uncertain
ty in data and co-ordination with in-situ research and laboratory studies; and 
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c) Regulatory needs - including the development of performance objectives ^nd 
criteria. PA.AG plays a major role in advirmg the RWMC on these and related 
matters. 

Expert Group or Geocheia»cal Modelling and Data (GGMD' 

The G3MD was established by the NEA in 1987 primarily to supervise the 
progress of NEA work in the field of thp'-nochemic&l and sorption data base 
(ie., TDB and ISIRS). The Group has the following terms of reference: 

a) Supervise the progress of the TDB and ISIRS, ar.d advise the NEA. 
Secretariat on technical, administrative and budgetary arrangements 
in this context, 

b) Adri.se on reviewers tor the TDB, and endorse the composition of 
review groups for different elements; 

c) Represent the interests and needs of Member countries with respect 
to, for example, the practical use of chemical thermodynamic data, 
and for geochemical data anu odes in general; 

d) Provide periodic reports to the RVMC, through PAAG; and 

e) Replace the former ISIRS Executive Committee. 

NEA International Sorption Information Retrieval System (ISIRS) 

The International Sorption Information Retrieval System (ISIRS), a data 
base for the storage and manipulation of information related to the sorption 
of radio-elements from solution onro geologic materials, was established in 
1981 with the support of 11 Member countries. During this period, data base 
management software was developed by Pacific Northwest Laboratories (PHL) in 
the United States, acting on behalf o* the Operating Agent - the US Department 
of Energy. In 1983, the Participating Countries agreed to transfer the data 
base and computer software from FfIL to the NEA data bank at Saclay, Prance, 
and recommended that the Technical Committee of ISIRS undertake an evaluation 
of the performance of the system. Subsequently, the RWMC accepted ? 
recommendation of tbr Technical Committee that i'SIRS be continued as a service 
to ititerested countries, vithin the framework of the NCA. 

The objective of IS1PS is to advance the understanding and prediction 
of the migration of radionuclides through geologic medie in support of safety 
assessments for radioactive waste disposal. Its scope covers: 

a) Development and preparation of an expanded data base for the 
continued operation of ISIRS; 

b) Testing and updating of this data base, as well as the maintenance 
and upgrading of a number of operational features; and 

c) Retrieval of data from ISIRS in response to requests from 
Participating Countries. 

The data base currently contains nearly 9000 Kd values and associated 
experimental information. A new data base, called the Sorption Data Base 
(SDB), has recently beon designed to operate on micro-computers with 
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commercially available data base software packages. Transfer of the ISIRS 
data to this new system currently is being undertaken. 

NEA Thermochemical Data Base (TDB) 

The development of an international chemical thermodynamic data base is 
a recent activity of the NEA, conducted jointly between the NEA Data Pank and 
the Division of Radiation Protection and Waste Management of NEA. 'ine 
development of this data base involves not only a compilation of all relevant 
published thermodynamic data, but also a detailed critical review and; 
finally, the selection of a recommended "best data set". The first 11 
elements to be reviewed are: uranium, neptunium, plutonium, americium, 
technetium, palladium, cesium, strontium, radium, iodine and lead. 

In addition, an interface programme is being developed which makes it 
possible to extract specific data from the thermodynamic data base and to 
convert them into a form in which they are readable by genchemical modelling 
codes, such as PHREEQE, MINEQL and EQ3/6. 

NEA Probabilistic Systems Assessment Code User Group (PSAC) 

The PSAC User Group was established by the RVMC in early 1985 to nelp 
co-ordinate the development of probabilistic assessment codes for radioactive 
waste management applications. PSAC provides an international forum for: 

a) Exchanging information and experience; 
b) Comparing and verifying codes; 
c) Peer reviews; 
d) Conducting joint code development activities; and 
e) Discussing topical technical issues. 

Those Member countries which are actively developing probabilistic 
systems assessment codes participate in the User Group. Currently, the 15 
Group members are drawn from organisations in Belgium, Canada, Federal 
Republic of Germany, Finland, Japan, Sweden, Switzerland, United Kingdom and 
United States, as well as the Joint Research Centre of the CEC. 

The main emphasis is placed on code exchange and intercomparison, as 
well a:, discussion of specific technical issues. No budget, is involvtd, 
although substantial resources are required within Participating Countries in 
order to perform computer calculations and intercomparisons. Thfs activity is 
conducted in co-operation with the NLA Data Bank. 
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A N N E X I I 
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Kisrot 

TEST I TYPE SITE/ 
PROJECT 

n m s c c F TEST OCSCRITIIOR/ 
PRESENT STATUS/ 

OPERATOR 

REFERENCES 

Corrosion 
ExperiMents 

Clay I to l , HUES Selection of Mtste 

package and structural 

Materials. 

Sanies in direct 
contact uith clay or 
with a clay envireaaent 

nitration 
taper uamts 

Clay Hoi, HADES Determination of 
various parameters 
relevant for migration 
calculations. 

Tracer-injected clay 
slabs *r* enplaced in the 
clay and e*pcriae*ts are 
Monitored by overcoring 
or direct sampling of 
interstitial fluids. 

Hydrologic 

•ecchus 
Experiments 

Clay 

Clay 

Rol, WOES Oeterarination of 
hydraulic and 
hydrologic configura
tion around wndrr-

l facil i ty. 

Geomechanical 
Ccptriaents 

Clay n»l, HMXS 

HUES Dint-by 
Test 

Cerberus 

Clay rt»l, HUES 

Clay Pbl, HUES 

Itol, HUES Ccnbined backfill-
heater test. 

Oexelopnent of 
techniques for dtter-
nrination of in-situ 
geonechanical 
characteristics and 
acquisition of data 
for model support. 

Oomtstration of 
Mining capabilities 

•1 validation. 

Cabined heat/ 
irradiation test for 
damnstration purposes. 

Individual pressure 
aeters and pieio outers, 
or arrays of such. 

Reduced-scale, pre-
coapacted clay back
f i l l emplacement and 
heating operiaent. 
Monitoring of the 
backfill and 
surrounding clay 
•ass for heat 
penetration. 

Various types: 
dilatcmeter tests. 

confininant tests, 
pressure mtasure-
Ments, reduced-scale 
•rint-by test. 

Full-scale tunnel 
construction in clay 
•ass. 
Equipped uith an 
array of pressure and 
displacentnt sensors. 

Emplacement of a 
IS K i Co source and 
M O W heat source in 
the clay mrdiu* and 
Monitoring by 
ttaperaturt sensors. 
Alio, Monitoring of 
gas releases. 

(S) 
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(i) urn 
bra ate* 
Experiaeat 

B - l ) 
Excavation 
Effects 
Stady (Sfcaft 

O a a d 2 U a ) 

( 2 2 ) 
Excavation 
Effects 
Study (boon 209 
iMtruamt Array) 

DOCK IYPE SHE/ 
PROJECT 

Granite W t lease 
Area, 

nmitaba 

Granite Undtroiowd 
• n e a n h 
laboratory. 
HaniUba 

Granite Underground 
Researcb 
laboratory. 
Hanitcba 

(ROOM 2M 

en the 240-
level) 

PUVOSCGf IESI 

Process Stodies: 
(1) validation 
-Si t* characterisation 
•rUndolon 

-Detailed yo—aatter 
systao Modelling. 

Process Steele*: 
(1) Coxpled bydraalic 
and •eebmical effects 
of vertical excavation. 
<2) large-scale 
atckenical properties. 
iKtrvaenUtioo: 
(1) CeMecftnical 
iastrweM asseseeaM 
ant devtlopant. 
(2) lljdrco» logical/ 
• m c k M i c a ) 

*Km.itl£»: 
(1) Covftled hydraulic 
and Mechanical offacts 
of horizontal 
excavation. 
(2) large-scale 
mechanical properties. 
(3) Bodel dmlopMMt 
and validation. 
fMlrMtnt t t io* : 
(1) fbjchenical instrv-

MBPn •fSvefS^MeJt* I * 

(2) Hydrogoological/ 
oeoaacheaical 
instruatnt testing. 

OESCRIPTHaV 
PftCSOT SMTttV 

erovMHt 

Tost designed. 

candactod. Modelled 

and analyaad b y 

ma.. 
Test also aodrlled 
by otters. 
Final analysis of 
• M i r * best is in 
progress. 
Validation of s i t * 
character i u t ion 
• M a o * ami eadels. 

Tests designed. 
en lacted. aadelled 
and analysed by AECI. 
Tests also Modelled, 
• M vQaS dMiySCS 

ceadected by otters. 
Itodetling and 
analysts of selected 
tests. 
Additional aedel-
ling and analysis 
daring 1941, 
•bjiBiomats in 
stress cbang* and 
bydraolic Dead 
Monitoring. 

Test designed and 
eonitored by ACCl; 
f ie ld test 
canpleted in M M . 
Test Modelled by 3 
troops prior to 
release of f ie ld 
d»U. 
Geaparison of Models 
and f ie ld data and 
crit ical analysis of 
Models is in 
progress. 
Atsessamt of 
displacement instrv-
aants and coup 13d 
stress change/hydrew-
l ic bead Monitoring 
is ccaoleted. 

KFCKMCIS 

[3. « . 5. « 

I t . 10) 

(9] (preliminary 
infonMtion only) 
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CMMR fcaatiaatd) 

m i w 

c » 
Excavation 
Effects 
stofy ( 9 » f t 
EitwsVae Ottawa 

2»Md«Sa) 

CO 
Excavation 
Effects Stody 
(4aMcvf l ) 

(3) Characterise 
and Croat a Ibjor 
SoVhoriMnUl 
Fracture Ion* 

mac nrc SITE/ 
maxcr 

Granite UMJrraroand 
Research 
laboratory. 
Raeitota 

[Shaft at 
OBttbsef 
201a. 3 M B , 

4lft>) 

GrMite Una^ ground 
wuiarta 

laboratory. 
Haaiteta 

Granite Undtrgiueed 
tenure* 
laboratory. 
Manitoba 

nmscF TEST 

Process, Stedies: 
(1) CMpled hydravlic/ 
eccbaeical effects of 
vertical excavatioo. 
(2) targe scale 
•Kbwical properties. 
(3) M e l drvelepnent 
and testing. 
ImtraatnUtian: 
(1) Develop C M B M 
nydrogeological/ 
ditplirwul 
instraaents. 

Process Studies: 
(1) Csapled bvdraalic/ 
aochanical effects of 
horizontal excavation. 
(2) large-scalo rack 
eajss properties. 
(3) Hodtl dnetopamt 
eat testing. 

"WTO?W«*: 
(1) Geological, hydro-
geological and gao-
chaatcal character
istics of • sab-
horizontal fracture 

(2) Develop and apply 
controlled groatiag 
Methods. 
(3) HMiter the 
coupled aachanical/ 
hydravlic response of 
the nee. 

OESOUFTHSV 
ncsai suns/ 

opfMuat 

Tests designed. 
coMectnd. nndelled 
•ad analysed by MO. 
and US OK. 
Tests began in 
togtst HOT ana wi l l 
coatiaee into Ht» . 
Coaaled aochanical/ 
hydraelic •eesare-
aaats mm being ande. 
Analyses wi l l be 
coapleted in 19N. 

Tests Mill be 
designed, conducted 
aodrllcdead 
analysed by Att l 
and US OK. 
Tests ir i l l begin 
ia 1949. 

Tests are being 
planned, condocted 
and analysed by 
AKl and US OK. 
Centra! geological, 
bydrooeological aad 

terisation dri l l ing 
and instrvjajntetion 
aas coapletcd in 
WW; Monitoring 
continjeos. 
Ctedwaical 
iastronantatioa 
installed in ! « • ; and 
eanitorcd daring 
shaft excavation in 
mi. 
Crovting tech
nology deaonstration 
tvStS IMVal BOTH 
contacted after* the 
access shaft pene
trated the fracture 
low. 

aEFEKTCES 

(Docuaentation is 
being prepared) 
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CMMM (continued) 

TEST ROCK TYPE SITE/ 
PROJECT 

PURPOSE OF TEST OESCRIPTIOV 

PRESEHT STATUS/ 

OPERATOR 

REFERENCES 

(3) continued A full grouting 
test is being 
planned by ACCl 
and US DOE unere 
the ventilation 
raise Hill penetrate 
the fracture a w ; 
the test »ill take 
place in I9B9. 

W Excavation 
Response 
Experiment 

Granite Underground 
Research 
laboratory. 
Manitoba 

Process Studies: 
(1) Evaluate the 
ability to predict 
mechanical and hydrau
lic response of a rock 
mass to excavation. 
(?) Determine the 
•echaniu 1 and hydrau
lic properties of the 
rock mass and their 
enabling. 

(3) Study the basic 
Mechanises governing 
fluid flow and rock 
•ass deformation. 
Instrumentation: 
(1) Develop and verify 
instrument and monitor
ing techniques for 
Mechanical and 
hydraulic response. 

The experiment is 
being planned by an 
AECt and US DDE 
planning coxmittee; 
the experiment plan 
Mill be completed in 
1969 and the exper-
intnt is expected 
to begin in 1990. 
Data is relevant to 
repository and geo-
sphere Modelling and 
repository sealing. 

(S) Heated Hock 
Experiment 

Granite underground 
Research 
laboratory, 
Manitoba 

Process Studies: 
(I) Determine the in-
situ thermal/ 
Mechanical/hydrologica! 
properties of a 
specific fracture in a 
block of rock contain
ing one or mure 
fractures under inde
pendently controlled 
stress and temperature. 
(?) Develop and verify 
analytical techniques 
for assessing the 
behaviour of fractured 
rock. 

The experiment is 
being planned by an 
A£Cl and US OOE 
planning committee; 
the experiment plan 
will be completed in 
1969 and the experi
ment is expected to 
begin in 1990. 
The experiment will 
provide an inter
mediate point for 
correlating certain 
aspects of the 
behaviour of 
laboratory specimens 
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CMMM (continued) 

IES? WWE ROCK TYPE SITE/ 

PROJECT 
PURPOSE Of TEST DESCRIPTION 

PRESENT STATUS/ 

OPERATOR 

REFERENCES 

(5) continued) (3) Obtain data for 

studying the e f fec ts 

of specimen scale on 

fracture properties. 
Instrumentation: 
(1) Further develop 
techniques and instru
ments to Monitor the 
response of a fractured 
block of rock. 

with larger in-situ 
experiments (scale 
effect studies) and 
parameters for the 
design and inter
pretation of other 
in-situ experiments. 

(f) Pressure 
Chamber Exper-

Granite Underground 
Research 
laboratory, 
Manitoba 

Process Studies: 
(1) Oetermine the 
mechanical, thermal 
and thermal/mechanical 
response of a large 
volume of fractured 
rock under controlled 
boundary conditions. 
(2) Assess the ability 
of models to simulate 
the coupled response 
of a large volume of 
rock under varying 
temperature and 
pressure conditions. 
(3) Determine the 
permeability 
characteristics of a 
large volume of rock 
under controlled 
injection conditions. 

The experiment is 
being planned by an 
Af a and US DOE 
planning ccnmrittcc; 
the experiment is 
expected to begin 
in the aid-1990's. 
This is the only 
experiment being 
planned for the URL 
that Mill influence 
such a large volume 
of the rock mass 
under controlled 
experimental 
conditions. 
This is the only 
experiment that 
Mill provide in-situ 
data for the trermal, 
mechanical and 
thermal/mechanical 
response in the 
geosphere. 

(7) Single-
Fracture 
Migration/ 
Sorption 
Experiment 

Granite Underground 
Research 
Laboratory, 
Manitoba 

Process studies: 

(1) Oetermine rates of 
migration, retardation 
and sorption, and 
matrix diffusion 
along a natural 
fracture, in-situ. 
(2) Compare f ield-
derived parameter 
values with laboratory-
derived character
istics to assess the 
effects of scale, 
sample preparation 
and ot!ier factors 

The experiment is 
being planned by an 
AfCI and US DOE 
planning committ-e; 
the experiment plan 
Mill be complete-
in 1989 and the 
experiment is 
expected to begin 
in 1990. 
The experiment wi'1 
orovide in-situ data 
an non-radioactive 
ind radioactive . 
.ransport in natur. 1 
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CAKAOA (continued) 

TEST WWE 

(8) Buffer / 
Container 

Experiments 

ROCK TYPE 

Granite 

SITE/ 
PROJECT 

Underground 

Research 

laboratory. 
Manitoba 

PURPOSE OF TEST 

Instrument and Method 

Development: 

(1) Further develop 

test procedures for in-

situ migration studies. 

(2) Assess and develop 

analytical and 

numerical modelling 

capabilities for non

radioactive and radio

active transport in 

fractures. 

Process studies: 
(1) Study under 

realistic boundary and 

operating conditions 

the behaviour of the 

buffer/container/ 

borehole cell under: 

- wet and dry rock/ 

buffer interface 

conditions 

- container/buffer 

temperatures of less 

than 100'C and up 

to 150*C 

- buffer emplaced as 

pre-compacted blocks 

and compacted i n - s i t u . 

{2) Provide a data base 

on the container /buffer 

rock system performance 

to improve, develop and 

assess models. 

Instrument and Methods 

OFSCMPTIM/ 

PRESERI STATUS/ 

OPERATOR 

fractures and M i l l 
a l low assessment and 
improvement of 
models. 

The experiment i s 

being planned by an 

ACCL and US DOE 
planning ccmnittec; 

the experiment plan 

w i l l be completed 

in 1989 and the 

experiment is 

expected t o begin 

in 1990. 

The performance of 

the conta iner /buf fer / 

borehole c e l l must 

be jnderstood and 

the modelling and 

monitoring methods 

mist be developed 

and demonstrated 

for use in 

repository design 

a.ul performance 

assessments. 

REFERENCES 

Ear ly concepts 
discussed in [ 1 1 ] 

Development: 

(1} Improve gcotechnic

al instrumentation and 

sampling methods. 

Oimonstration: 

(1) Borehole dri l l ing. 

(«•) Buffer compaction. 
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CMMM (continued) 

IES1 WWE 

(9) arrehole 
Sealing 
Experiment 

(10) Shaft 
Sealing 
Experiments 

wot TYPE SITE/ 
PROJECT 

& a n i t e Underground 
Research 
laboratory. 
Manitoba 

Granite Underground 
Research 
laboratory. 
Manitoba 

PURPOSE or TEST 

Process Studies: 
(1) Define the 
engineering properties 
and permit selection of 
cement-based materials 
for sealing boreholes 
up to l(Xki i r diameter. 

(2) Compare the 
hydraulic performance 
of different seal 
materials ana seal 
configurations. 
(3) Develop the test
ing techniques reqvir-
•-4 to do. istra.e the 
effectiveness of 
••placed seals. 
Oaaonstration: 
(1) '<***lop. test and 
demonstrate appropri
ate technology for 
I lacing cowent-bav-d 
seals in horizontal 
and vertical boreholes. 

Process Studies: 
(1) Validate mdels 
predicting the perform
ance of sealing 
materials and the 
physical interactions 
of backfills and bulk
heads with host rock. 
(2) Compare performance 
of bulkheads designed 
using different 
concepts. 
(3) Evaluate the rela
tive water flows in 
the seal, at the seal/ 
rock interface and in 

orsaupuov 
PRESENT SIr"US/ 

OPERMO* 

The experiments *n 
being pl*n,-*d by an 
Afa and US OTJE 
planning committee; 
the experiment plan 
• i l l be completed in 
19*1. and the 
eiperioent ir 
expected to begin 
after WW. 
These experiments 
• i l l assess the 
effectiveness of 
cement-based seals 
as an alternative or 
j complementary 
material to the 
clay-based borehole 
seals. 

The experiments are 
being planned by tn 
WO. and US ODE 
planning committee; 
the experiment plan 
will be completed 
in 1990. 
These experiments 
• i l l assess and 
demonstrate scaling 
and backfilling 
methods for shafts; 
these studies will 
support the reposi-
tory safety 
assessment. 

REFERENCES 

Early concepts 
discussed in ( ! ! ] 

Early concepts 
discussed in [11] 

the excavation disturb
ed rone in the 
surrounding rock. 
Instnmrnt and Methods 
Development: 
(1) Selrct appropriate 
materials and develop 
and demonstrate emplace
ment technologies for 
backfill and concnt-
based concrete 
bulkheads in shafts. 

(?) Evaluate instrumen. 
tat ion, develop asso
ciated test methods and 
demonstrate 'he ab : l i ly 
t j test shaft seals. 
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FEOERM. REPUM.IC OF CENHMT 

TEST root TYPE SHE/ 
PROJECT 

PURPOSE OF TEST OESCRtPTKM/ 
PRESENT STATUS/ 

OPERATOR 

REFERENCES 

WW T n t Oisposa? Rock Sa l t Asse Oeaonstralion of 
disposal technique 
wi th M.U sources. 
Io-sttu tests on 
thenntl and radiation 
effects oa rock salt . 

Develapaent and 
instrumentation 
of test f ield. 
GSF. in collabora
tion with ECU/ 
Petten. 

(«) 

I IU Test Oisposal Rock Salt Asse Development m 
tration of borehole 
disposal techniques, 
investigation of rock 
mechanical effects and 
the behaviour of bore
hole sealing. 

Development and 
instrumentation of 
test f ield. 

RFK 

15] 

Direct Oispos Rock Salt Asse 
of Spent It* . jt\ 

Development and testing 

of a disposal technique 

for spent fuel elements 

in M PJg waste casks. 

Investigation of 

theimo Mechanical 

effects around 

disposal drifts. 

Development of test 

field, and testing 

of backfilling. 

Joint project 

managed by KfK. and 

performed in 

collaboration with 

BRC.ME.CSf. 

[*} 

Oisposal of HW Rock Salt 
and IlM by In-Situ 
Solidification In 
vndergrovnd vaults 

Asse Omnonstralion of the 
in-situ solidification 
disposal technique for 
palletised waste. 

Development and 
testing of disposal 
tecf<niqu*. 
XfK. in collabora
tion with GSF. 
RUOQI. 

m 

Construction of 
Rine Dans in Salt 
Formations 

Rock Salt Asse Oevelopntnl and 
optimisation of mine 
dans for the sealing 
of disposal drifts and 
nine sections. 
Testing of short- and 
long-tern peraeabi I ity 
(gas and brine). 

Development and 
instrumentation of 
test f ie ld. 
Selection and test
ing of building 
Materials. 
Modelling of test 
configuration 
for construction 

m 

Hanagid by OK, in 
collaboration with 
CSf and WC. 

backfilling and 
Sealing of bore
holes, Oisposal 

and Drifts 

Rock Salt A.st Bevel upwint and 
testing of backfi l l 
ing and sealing 
techniques. 

In-situ lest-; at 
sealet-off l iw 
disposal rooms. 

( • , 10] 
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FEDERAL REPUBLIC OF GERMANY (continued) 

TEST NAME ROCK TYPE SITE/ 
PROJECT 

PURPOSE OF TEST DESCRIPTION/ 

PRESENT STATUS/ 

OPERATOR 

REFERENCES 

Disposal Borehole 
(600 n) 

Rock Salt Asse Development of a dry 
drilling technique for 
deep disposal bore
holes, including a 
surveillance method 
for gas analysis 
and geotechnical 
measurements. 

Testing of drilling 
equipment and 
planning of the 
in-situ test. 
ECN, in co-operation 
with GSF. 

[11] 

Thermo-Mechanical Rock Salt 
Test Field (THY 5) 

Asse large-scale heater 
test for investigation 
of creeping behaviour 
and the detection of 
fracturing induced 
by heat load. 

Test field develop
ment and instru
mentation in 
progress. 
BGR. 

[15. 16] 

Geochemical Tests Rock Salt 
(sylvite. 
halite) 

Ventilation Test Granitic 
(GSF) Rock 

HOPE 
(abandon
ed potash 
mine) 

Grimsel 

Geotechnical tests in 
a flooded salt mine 
for the determination 
of solution processes 
as a result of a brine 
intrusion. 

Development of 
methodologies for: 

Measurement of low 
rock-mass permeability 
in granitic and 
fractured rock. 

Flooding nearly 
completed. 
Investigation 
programme in 
progress . 
GSF, in collaboration 
with Kavernc., Bau 
und Betriebs-
gesellschaft (KBB). 

All experiments and 
tests in operation. 

[12] 

Heater Test (GSF) Granitic Srimsel 
Rock 

Measurement of rock 
stresses with and 
without heat load. 

BGR, GSF. 

[13] 

[14] 

Tiltmeter Measure- Granitic Grimsel 
(rents (GSF) Rock 

Field data collection 
on granitic rock. 

Rock Stress Granitic Grimsel 
Rock 

Modelling of ground
water flow in 
fractured rock. 

Note: 
BGR * Sundesanstalt fur Geowissenschaften und Rohstoffe, Hannover 
D8E * Deutsche Gesellschaft zum Bau und Betrieb von Endlagern, Peine 
ECN • Netherlands Energy Research Foundation, Petten 
GSF * Gesellschaft fur StraMen- und Umeltforschung rt>H Hunchen 
KFA « Kernforschungsanlage Julich 
KfK * Kernforschunjszentrum Karlsruhe GmbH 

NUKEH « Nuklaar Chonie und Metallurgie GmbH Hanau 
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FRANCE 

TEST NAME ROCK TYPE SITE/ 
PROJECT 

PURPOSE OF TEST DESCRIPTION/ 
PRESENT STATUS/ 

OPERATOR 

REFERENCES 

Hydro-Thermo-
Hechanical Test 

Granite Fanay- (!) To develop a 
Augeres methodology, 
nine, (2) To develop measure-
Tenelles ment technique?. 

(3) To perform, «t a 
reduced scale, 
study of the effect 
of the thermal load 
simultaneously on 
the mechanical and 
hydrological pro
perties of granite, 
in time and space. 

(4) To develop and 
compare coupled-
model studies of 
the interaction of 
thermal effects, 
mechanical effects 
and hydrological 
processes. 

(5) Validation of models. 

Heating source: 1 
Measurement of 
strain, stress and 
hydraulic 
conductivity 
variations of rock. 
Coupled modelling 
and intercompiri-
son of models. 
CEA (IPSN/DPT) 

kU. [3] 

Scale Effects Granite Fanay- (1) To develop a 
Augercs methodology. 
Nine (2) To develop measure' 

ment techniques. 
(3) To understand how 

the nydraulic pro
perties at large 
scale can be 
inferred from 
relatively small-
scale measurements. 

(4) To study hydro-
logical processes. 

(5) To validate rodels. 

Hydraulic injection 
test in boreholes. 
Tracer tests in 
Vire holes. 
Node!ling. 
CEA (IPSN/DPT). 

[3] 

HIHAFO TEST Granite Grimsel Test (1) To develop a method-
Site, ology. 
Switzerland (2) To compare results 

with other method
ologies (radar, 
seismic tomography). 

(3) To develop data 
processing in 
resistivity mapping. 

Resistivity mapping 
bctwon drift and bore
hole or between two 
boreholes at the same 
place where radar and 
seismic mapping have 
already been tested. 

[1] 
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FRANCE (continued) 

TEST NAME ROCK TYPE SITE/ 
PROJECT 

PURPOSE OF TEST DESCRIPTION/ 
PRESENT STATUS/ 

OPERATOR 

REFERENCES 

Crushed-Salt 
Backfilling 

Salt Alsace 
Potash Nine, 
Nine Araelie 

(1) 

(2) 

Thermo-nechan i ca1 
behaviour of crushed 
salt and rock salt. 
Mechanical inter
action between 
crushed salt and 
rock salt. 

(3) Evolution of fluids 
and trapped air in 
crushed salt pores. 

S vertical boreholes 
instrumented with 
electrical heaters 
(110* C ) , and with 
measurement systems 
for temperature, 
interstitial pressure 
and borehole closure. 

Irradiation 
Effects 

Salt HAW Project, 
Asse Nine 

(1) To develop in-situ 
dosimetry instru
mentation. 

(2) To determine laws 
of distribution and 
geometry of 
irradiation f ield. 

(3) To experiment with 
irradiation in the 
laboratory for 
radiolytic gas 
measurements. 

Measurements of 
gamma flux in 
different situations 
of the irradiation 
f ield. 
Radiolysis of salt 
samples for gas 
production and 
analysis. 

Co-operative programme 
between ANORA and GSF. 

Cast-iron lining Clay HADES (1) To design and to 
in Deep Clay Project, develop appropriate 

Hoi support for ribs 
galleries in deep 
clay using 
convergence property 
of material. 

(2) To examine if "thin 
lining" can 
decrease excavation 
costs and reduce 
risk during 
excavation. 

4-m diameter gallery 
supported by cast-iron 
lining with sliding 
joints. 
lining is instrumented 
for: 
- convergence measure
ments 

- stress measurements 
in lining 

- joint displacement. 
12.5-m gallery was 
completed in December 
1987. 

[1] 

long-Term 
Behaviour of Deep 
Clay 

Clay Experimental (1) To develop in-situ 
laboratory, techniques for geo-
rtot mechanical charac

terisation of non-
frozen clay. 

(2) long-term behaviour 
of deep clay in 
normal conditions 
and following heat
ing. 

Use of various types 
of dilatcmeters, 
convergence/conf i ne-
ment test, pressure 
measurements, reduced-
scale mine-by test. 

[1] 
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JAPAN 

TEST NWC HOCK TYPE SITE/ 
PROJECT 

PURPOSE OF TEST DESCRIPTION/ 
PRESENT STATUS/ 

OPERATOR 

REFERENCES 

Tracer Test in a Tuff Hosokura 
Single Fracture Nine, 
(Non-radioactive) Gallery 

Hydrological processes. 
Rigration processes. 
Hydraulic measurements. 

First stage of 
hydrological study. 

Corrosion Test Tuff Hosokura 
(fine. 
Gallery 

Corrosion of simulated 
borosilicate glass. 
canister and overpacks. 

Two-year study. 
Mitsubishi HeUl 
Corporation, 
contracted by PNC. 

Heating Test Tuff Hosokura 
Nine, 
Gallery 

Thermal effects. These experiments 
were cancelled by 
closure of the mine 
in November 1966. 

[3. 9] 

[3, 9] 

[10) 

Evaluation System Tuff Hosokura 
on Seismic Nine, 
Characterisation Gallery 

Comparative study of 
influence of earth
quakes at deep under
ground and surface 
locations. 
Mechanical effects. 

Two-year study. 
Co-operative 
research project 
between PNC and 
Central Research 
Institute of 
Electric Power 
Industry. 
Continues until 
1969. 

[3, 4] 

Kydrogeological Granite Tono Hydrological processes, 
and Hydrogeo- Uranium Methodology and 
chemical Deposits development of 
Investigations hydraulic measurements 

in boreholes. 

Second stage of 
hydrological study. 
Shimizu Construction 
Co.Ltd, Taisei-Kiso 
Co.Ltd, Geophysical 
Surveying ft Consult
ing Co. Ltd and Daiwa 
Consulting Co.Ltd. 
Contracted by PNC. 

[7, 8] 

Evaluation of Granite Tono 

Fracture System in Uranium 
the Deep Geologi- Deposits 
cal Environment 

Rock mechanical 
effects. 
Characterisation of 
fracture systems in 
deep borehole. 

First stage of 
evaluation of 
fracture systems in 
a deep borehole. 
PNC. 

[7, 8] 

Corrosion Test Granite Tono 
Uranium 
Deposits 

Corrosion of simulated 
borosilicate glass, 
canister and overpacks. 

Two-year study. 
PNC. 

[71 

Heating Tests on Granite Kasama 
Fractures in Granite 
Granite Quarry 

Thermal effects. 
Permeability. 
Mechanical effects. 

Migration Test in Granite Kasama 
a Vertical Granite 
Fracture Zone in Quarry 
Granite 

Hydrological process*;. 
Coupled processes. 

Full-S'ale test. 
Thermal conductivity 
in buffer mass. 

Non-sorbing tracer 
test. 

[1. 5, 6) 

Corrosion Test Granite Kasami 
Grani te 
Quarry 

Evaluation of stress. 
Corrosion cracking. 

Room Temperature at 
75*C. 
Hajama-gumi 
Construction Co.ltd., 
et a l . 
Contracted by JAERI. 
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SWEOEN 

TEST NAME ROCK TYPE SITE/ PURPOSE OF TECT DESCRIPTION/ REFERENCES 

PROJECT PRESENT STATUS/ 

OPERATOR 

Buffer Mass Test 

Cross-hole 
Investigations 

Hydrogeochenii cal 
Investigations 

Hydrogeological 
Investigations 

Migration Tests 
in Fractures 

Granite 

Granite 

Granite 

Granite 

Granite 

Stripa 

Stripa 

Stripa 

Stripa 

Stripa 

Sealing of rock. 

Rock aass 
characterisation. 

Groundwater 
characterisation. 

Groundwater migration 
ir. rock. 

Groundwater migration 
in rock. 

Phase I . I I and I I I . 

As above 

As above 

As above 

As above 

[Z. 

f l . 

[ 1 . 

[ 1 . 

[ 1 , 

7] 

2. 3. 

2. 3] 

2. 3, 

2. 3. 

4. 61 

4] 

4. 5] 

Fracture Network Granite Stripa Rock mass Phase I I and I I I . ( 1 , 3, 4, 5] 
Rodttling characterisation. 
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SWITZERLAND 

TEST HAW 

KRISTAL Deep 
Drilling Program 

oes 

PPG 

BdG 

M.B 

GTS 
. Excavation 
effects 

. Geophysics 

. Thermal effects 

. Hydrogeology 

. Migration 

. Neotectonics 

. Rock stress 

ROCK TVPE 

Crystal
line 
Basement 

Harl 

Gneiss 

SITE/ 
PROJECT 

Northern 
Swi Uer-
land 

Oberbau-
enstock 

Pii Pi an 
Grand 

Anhydrite Bois de 

narl 

Granite 

la Glaive 

wellenberg 

Grimsel 
Test Site 

PURPOSE OF TEST 

Instrumentation 
development. 
Regional site 
characterisation of 
potential HLW sites. 

Site characterisation 
of potential LIU/ILW 

• sites. 

Process studies 
(hydrogeolcgidl, 
nuclide transport, 
thermal effects). 
Instrumentation 
(hydrological, 
geophysics, rock 
stress). 
Demonstration 
(tunneling). 

DESCRIPTION/ 
PRESENT Si»,rUS/ 

OPERATOR 

Drilling and coring, 
g-"-. •hysics. 

hydraulics, 
hydrochemistry. 
6 boreholes 
drilled; 
interpretation in 
progress. 
Next drilling in 
1988. 

Geophysics, 
drilling and coring, 
hydraulics, hydro-
chemistry. 
OBS.PPG.BdG: First 
phase, 1967. 
WIB: expected start 
in 1988. 

Started in 1983. 
Some tests 
accomplished; seme 
are still 
operational. 
Programme to 1990. 

REFERENCES 

[1, 2. 3, 4. 5, 6] 

[7, 8, 9, 10] 

[11, 12. 13] 
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UNITED KINGOOH 

TEST NAM 

Drigg In-SUu 
Migration 
Experiments 

Faults in Clay 

Site Character
isation and 
Validation 

Heat Transfer 

Fracture Flow 

Fracture Flow 

Radionuclide 
Diffusion 

Water and Gas 
Flows 

ROCK TYPE SITE/ 

Glacial 
Sand 

Clay/ 
Mudrock 

Grani te 

Granite 

Granite 

Shale 

Clay 

Clay 

PROJECT 

Drigg. 
Cumbria 

Wiltshire 

Stripa 

Harwell 
Grani te 
Research 
Site. 
Cornwall 

Harwell 
Granite 
Research 
Site, 
Cornwall 

Harwell 
Shale 
Research 
Site, 
Cornwall 

Hoi, 
Belgium 

Site to be 
announced 

PURPOSE OF TEST 

Combination of 
far-field modelling 
validation and 
i nstrument/methodology 
development. 

Assessment of site 
investigation methods. 
Application to far-
field modelling of 
migration. 

To simulate site 
characterisation and 
to validate far-field 
models. 

Study heat transfer to 
predict temperature of 
HLU and thermally 
induced water flow. 

Obtain statistics on 
occurrence, orienta
tion, aperatures and 
connections of water
bearing fractures. 

Study of flow and 
channelling in 
fractures and fault 
zones. 

Measurement of radio
nuclide diffusion. 

Study of flows through 
permeable layers and 
fractures. 

DESCRIPTION/ 
PRESENT STATUS/ 

OPERATOR 

On-going. 
Tracer studies with 
radioactive tracers. 
BGS, Coughborough 
Univ., Univ. of 
Wales, Inst, of 
Science and Tech
nology, Delft Soil 
Mechanics laboratory. 

On-going (1996-1969). 
Geophysical detec
tion and hydro-
geology of faults. 
Far-Field modelling. 
BGS, ISNES (Italy) 
and Univ. of Exeter. 

On-going (1986-1991). 
Development of site 
investigation and 
characterisation 
methodologies. 
Stripa Project 
(BGS. SGAB). 

Completed; has 
yielded data for 
modelling purposes. 
Harwell. 

Completed; has 
provided data for 
modelling of water 
flow and radio
nuclide movement. 
Harwell. 

Started 1987. 
Development of 
models. 
Harwell. 

To start 1988. 
Comparison with 
laboratory data. 
Harwell. 

To Start 1988. 
Assessment of 
importance of fast-
leakage pathways. 
Harwell. 

1 

C6, 

Only 

REFERENCES 

7, 8. 9, 10. 11] 

internal progress 
reports to date. 

[6. 7, 8, 9, 10, 11) 

[3] 

[4. SJ 
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(MITEO STATES 

TEST NAIC HOOC TYPE SITE/ 
PROJECT 

PURPOSE OF TEST DESCRIPTION/ 
PRESENT STATUS/ 

OPERATOR 

REFERENCES 

A. BASIC GEOLOGIC 
CHARACTERISATION 
TESTS: 

(1) Drift-UaU Tuff Yucca Oocunent lateral 
nipping Mountain. variability/Tithologic 

Nevada continuity. 
(NNWSI) Obtain information on 

fractures for assessing 
host rock isolation and 
containment abil i ty. 

Drift moping along 
approx. lOO-m ex-
posures in several 
directions fro» ex
ploratory shaft 
fac i l i ty (ESF). 
Data to be combined 
with fracture-mapping 
to determine 3-D 
fracture network. 

(2) 

(2) Lateral Tuff NNWSI Study structural/1itho-
Coring from logic continuity within 
Drifts waste emplacement block 

beyond the drifts. 

Data will add to 
ability to extra
polate results of in-
situ tests within the 
ESF to rest of 
repository. 

[2] 

(3) Borehole iuff NNWSI Monitoring of borehole 
Condition/ stability, convergence 
Convergence and related rock 
Monitoring mechanics/engineering 

properties. 

Monitored in select
ed instrumentation 
boreholes, and demon
stration tests of 
large-dianeter hori
zontal boring machine. 

[2] 

(4) Overcore Tuff NNWSI Determine in-situ 
Stress Tests stresses, in order to 

optimise repository 
design, evaluate excava
tion stability, and 
obtain input and bound
ary condition data for 
gecmcchanical models. 

[2) 

(S) Demonstration Tuff 
Break-out Room 
Test 

NNWSI Evaluate rock-mat's' res
ponses to mining effects. 

[2] 

(6) Sequential Tuff NNWSI Validate geomechanical 
Orift-Hining models. 
Test Define limits for the 

relaxed zone. 
Improve mining 
evaluations. 
Correlate air and water 
permeability measurements 
for reference in hydro-
logical calculations. 

[2] 
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I M i r i ».-.ltS (coati 

IEST tea TYPE SITE/ 
PKMECT 

rams. or rest ocsctrrnav 
rmsoa SIAIDV 

0*0*10* 

RCFEKKXS 

(?) Cross-hole Tuff 
Seismic Test 

Obtain calibration data 
for gross rock charac
teristics Md fracture 
variability in order to 
assist extrapolation of 
structural and strat i -
graphic conditions. 

(•) Sciatic Tuff 
Surveys 

Obtain geologic data. Seismic refraction/ 
reflection studies. m 

(•) Caliper Log Tuff Evalyate formation 
d—ige and monitor 
changes in borehole 
dianeter. 

(2] 

(10) GanM-Oensity Tuff MUSI 
Log 

Identify differences in 
lithology, stratigraphy 
and mineralogy. 

Measurements of 
apparent bulk density. 

(21 

(11) Sonic log Tuff MM5I Detect changes in litho-
togy and stratigraphy. 
porosity and dynaaic 
modulus. 

[2] 

(12) Neutron- Tuff 
Epithermal 
Neutron log 

NNUSI Determine moisture con
tent and bulk porosity. [2J 

(13) Fluid Tuff 
Temperature 
log 

M K I Detect occurrence of 
perched water zones. 

(21 

(14) Electric Tuff 
Survey 

NMfSI Identify anomalies/ 
discontinuities. 

(15) Shaft Tuff 
Convergence 
Test 

NNWSI Determine horizontal 
stresses. 
Evaluate relaxation 
phenomena as they apply 
to material character
isation/shaft design. 

(21 

(21 

(16) Plate- loading Tuff NNWSI 

Test 
Assemble data base of 

deformation modulus 

measjrements. 

Determine large-scale 

deformation modulus. 

• sed for performance 

tssessment sensi t iv 

i t y analyses, and for 

extrapolat ion t o ad

jacent rock masses. 

(21 

(17) S lo t - Tuff MMSI 

Strength/ 

Flat-Jack 

Test 

Determine f i e ld -sca le 

compressive bearing 

strengths, for compar

ison to laboratory 

measurements. 

12) 
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UMICO SMKS (continued) 

ran MXX TWf S i l t / 
PMMECT 

ruWIBC OT ICST otsotiriiav 
Meson STATUS/ 

crawTa 

KFEKKXS 

( I t ) baring 
ntchiae Test 

Tuff Datoftstrate boring 
Machine technology to 
bare long aoriiental 
waste canister eaplace-
•ent holes. 

(2) 

t. wMunc 
otwwcitmsoTw 
TESTS: 

( I ) Ibtrix 
Property Test 

Tuff Ottetmiae Magnitudes/ 
variations of rock matrix 
kydrologic properties. 
Determine functional 
relations between mois-
ture content, permeabil
ity and matrix potential. 

12] 

(?) Intact- Tuff 
Fracture Test 

NRHSI Evaluate fluid float/ 
chemical transport pro
perties of single, un
disturbed fractures. 
Calibrate, test and 
validate fracture flow 

els. 

[2] 

(3) Infi ltration Tuff 
Test 

Determine the hydrologic 
conditions under which 
fracture and matrix 
flow occurs. 

(7) 

(4) tullf Tuff 
rermtability 
Test 

Determine validity of 
continuum hypothesis for 
fluid flow. 
Evaluate excavation 
effects. 

m 

(S) Radial Tuff 
borehole Test 

MUSI Detect vertical move
ment of water in the 
unsaturated rone. 
Evaluate potential for 
lateral movement of 
water. 
Evaluate excavation 
effects on hydrologic 
properties. 

Test will provide 
data on tortuosity, 
effective porosity 
and the unsaturated 

(2) 

(() Excavation Tuff WMSI Estimate effects of Test conducted on 
Effects Test shaft excavation and the Topopah Spring 

lining on Modification welded tuff unit, 
of hydrologic properties. 

(2J 
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UNITED STATES (continued) 

TEST ma nrc SITE/ 
PROJECT 

PURPOSE OF TEST DESCRIPTION/ 

PRESENT STATUS/ 

OPERATOR 

REFERENCES 

( I ) Wjtfroctanstry Tuff 
Test 

MUSI Estiaite resistance 
time of Mter . 
Evaluate chemical re. 
tions operative in o 
saturated lone. 
Evaluate recharge 
characteristics. 

Data on chemical 
composition/physical 
properties of Mater 
in pores, fractures 

MI thin the wnsatur-
ated lone. 

121 

(•) Tracer Test Tuff Determine vertical flat 
rates thiuuuh unsatur
ated n n e to Miter table. 
Oetermine extent to 
uhich nonsorbing tracers 
diffuse into nater-
filled pores of tuff. 

m 

rt) Perched- Tuff 
Hater Test 

Evaluate hydrogeology 
of Calico Kills non-
uelded unit. 
Determine realistic 
hypotheses for Mechanism 
of flow, fIon paths and 
travel tines. 

(2) 

C. ntAR-FIElO 
AND THEWmtT 
PERWRtCD-aiWE 
TESTS: 

( I ) Haste Package Tuff RhVSI Assess expected pcrform-
tnvirontnt ance of waste package 
Test subsystem. 

Obtain informtioi 
on near-field hydro-
logical, thermal and 
Mechanical conditions. 

(2) 

(2) Canister-
Scale Heater 
Test 

Tuff PJMSI As above for NNHSI. W i l l include moni

tor ing radon/radon 

daughter concentra

t ion accumulation 

as a function of 

heat load. 

(2) 

(3) Small-Scale Tuff WMSI Evaluate thermal bchav-
Heater Test iour of welded tuff. 

Monitor possible migra
tion patterns around 
heater. 
Verify laboratory field 
scaling assumptions by 
evaluating thermo-mcchan-
ical expansion parallel 
to the heater. 

[2] 
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UNITED STATES (continued) 

TEST MOCX TYPE SITE/ 
WOJECT 

PURPOSE OF TEST oEScairtioa/ 
FMESENT STATUS/ 

OHMTOR 

KFEKKES 

(4) HNted Block Tuff MUSI Validate 3-0 deforaa-
Test t ioMl aad temperature 

aodels. 
Determine ihinnikeij of 
fracture peratability on 
stress and temperature. 
Mai ler changes in aois-
tare ceateat eistrteation 
as a function of temp
erature aad positiea for 

[2 ] 

Evaluate potential of 

•JBSIB5: 

Address technical 
of —iaianwi< stability 
and rock deformation. 

C I ) HOOB Thermal 

loading Test 
Salt S.E. M a 
(Bedded) Moico; 

West* 
Isolation 
Pilot Plant 
(WPP) 

UndersteBding/dnsjastra-
tioa of behaviour of a 
f a l l - s i n d Defence High-
level Waste (OktH) star-
age rooa (structural 
stabil i ty; extent of 
heat transfer to host 
rock ana* effects on 
rooa drforaetioas). 
Validate predictive 
aodels and techniques. 

Rooas CVS u S i n ) 
represent a refer 
•ace storage rooa 
with waste canisters 
vertically eaplaced 
ia the floor. 
US OOE; Sawtia 
national laboratories 
(Sal). 

(3 ) 

(2) OHIU Overtest Salt HIPP Evaluate effects of high 
of Thermal (Bedded) heat on storage rooms. 
Effects and on the structural 

stability and waste en
capsulation potential of 
storage rooms. 
Validate predictive 
techniques for acceler
ated thermal conditions. 
Evaluate long-term 
effects of heat and room 
closure on crushed-salt 
backfil l . 

US OOE: sm. O) 

(3) Heated Pi liar Salt HIPP Evaluate response of a 
Test (Bedded) large rock miss, ind 

validate predictive 
nodels for response 
under stress and 
thermal loadings: 
- Behaviour of room and 

pi l lar as a result of 
salt creep 

11- * diameter salt 
pi l lar surrounded 
by heater blanket. 
Geometry permits 
evaluation of struct
ural f inite-el earnt 
codes by using an 
Misyajwlric 2-D 
model, 

(3) 
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t « I O SMIB (ctatiaaNt 

t o n nrc siic/ 
MOJECT 

name OF BEST Kxnnnv 
SHINS/ 

CD •adMtica? araatrtics/ US I 
fath** aaais. 

U I J —til MlTar last 
aau. «al ta aau f*aa 
atair salt aratv 

(4) CaaaadMaical Salt 
Eaalaatioa 

CaaUrato aat—iaar af 
aUfcraat arift crass-
sactiaa* aaa a — m i l l . 
« 4 aaliaat* aa* ls / 
cakt toaratict 
rvsaaasts: 
- Cffarts af raaa aaa-

*aaaaa aiaiaa. af * 
taaa 7-» ar i f t . • 
3-a « i r t iator-
sactiaa—aa iilai 
sftaaat salt pillar. 
•Mga ailVar atsiaa-
aa «a foil ia araar 

131 

atto* af 2-* arifts faitara 

iatorssctiaa aaa tot stic aaitsiaas 4 
valtaity «T asia| 2-9 

•arify 
art f t 

0 ) la-Sita 
Stiass fast 

Salt aarlfj agakvstatic 

t tavsito. 

stress a)U aita 

Ssriasaf laaa 
. artl lal ftari-

a l tyataaa** 
; af artfts ta I 

Ul 

•J to ajatoaltc 
flaW to fecilf toto 

W Clay-Stat Salt WFT Caalaatt rvtaaaat res-
Stoar Tast (Mota) aoas* tr4 stability 

characteristics of tat 
tost raoas: 
- Otttnair* (ha t f fect-

tat frtctioa coeffi-
ciaat af clay seaas 

- Ccaaar* laboratory 
«MJ ia-sfta daU 

- Cvalaato ttlcalataa 
4is»1acaaMs aloaf 
clay' 

(31 
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m m suns (c 

KSI tmm wa m sue/ wwut or mi mxmsn nv 
MOJCCI HKSBKSUUJS/ 

{ I I Jtaastic Salt NOT Cvalcatc H i t fractariaa « QBE; 9 1 . S T 
b a n i a n CoeoVN) mt avatlajajajK or pro-
••attariaa, « r *s i iw *a i la * * of * 

- ;ia:aaj of yWWiao «•) 
fractariaf 

- FaiHa* aoo» 
- WtwanU aclacity 

•r Mi t . 

t. *&m* m»mw,L*S«-. 
( I ) caaractartstkx aT 
fatootiaa rta>4 flO». 
• 4 3 ) a B t r r i « l 
otrfaraja« r«r 
ratrictiaj n « W floa 

icaiajK. 

Salt HPT Cvatart* r i a M tt» H i l l t&aaiat a m * . [3] 
characteristics. poteat- Joi lHj /parosi l j , 
*» ! in aaj t i l im aa* porajaa>ility aaria-
ajissiaatien of xasle- t»*as a i m otsUac* 
H i r a m fas, aaa froaj tar aaacd race, 
urflotac* oT UK ols- tad taflaow* oT 
tarfttd zaac. wtajnatric* day 

«aj jaa jar iU sows. 
US H I ; SPA. 

O) Plat lost 
Ratrii 

(3) oorekolo 
r 1 a ) T « t 

Salt 

(•Haul 

Salt 
( M o i d ) 

WFP 

WW 

Caataat* leaf-tcno oar-
aVi l i ly of plof, aaur ia l 
i * koit-rock coviroa-

- Interaction* m* «e»-
cMBical sUb i l i t y of 
caadidtte plat 
ar ter ia l * 

- eaplocoaeal Ucfcaiaacs 
- Pott-test laboratory 

ia*ettia*tie*s oT 
staples. 

Assesaaeat oT arterial 
type mi eopljceatnt 

f l a t eoterials 
(a/ajots, coacretes. 
S i l t ojiitarrs) 
placed to barekoles 
«M saojocted to 
*a>icftt. act and 
tftereally elected 
coaditioos. 
IB VJt, SPA. 

» 00C; SPA. 

(31 

[3] 

teefcaioae appropriate 
for alwajioa,, and nw»i-
torinf ptaa, perforaance 
in otep boreholes: 
- Setliag performance 
- Tate "lioa of plop* 

with Most rock 
- taoltcaawt tecNniqwrs/ 

procedures 
- SUbiHty/dwraailtty 

of recovered plug 
Materials. 
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UNITED STATES (continued) 

TEST NAME ROCK TYPE SITE/ 
PROJECT 

PURPOSE OF TEST DESCRIPTION/ 
PRESENT STATUS/ 

OPERATOR 

REFERENCES 

(4) Gas Testing Salt WIPP Characterisation of 
(Bedded) naturally occurring gas 

(nitrogen) entrapped in 
the host rock. 
Evaluate impact of dis
covered gas on opera
tional safety. 
Determine gas pressure, 
void volune and geometry, 
and gas composition. 

US DOE; SNL. [3] 

(5) Small-Scale Salt UIPP Evaluate emplacement 
Seal (Bedded) techniques and in-situ 
Performance performance of candidate 
Tests seal materials. 

Evaluate structural be
haviour and geochemical 
interactions of the sea) 
materials/host rock. 
Evaluate time-dependent 
and sealing effects of 
the seal/host rock 
interactions. 
Develop and validate 
predictive techniques 
and models. 

US DOE; SNl. (3] 

(6) Large-Scale Salt HIPP Evaluate and demonstrate 
Seal (Bedded) performance of a fu l l -
Performance sized seal emplaced in 
Test (Bulkhead a drift - l ike configura-
Test) tion. 

Address emplacement 
techniques, structural 
integrity and fluid 
flow restriction 
capability. 
Validate flow and 
structural models. 

Current seal design 
concept consists of: 
(1) a bentonite 
centre core; (2) a 
salt-brick and mor
tar support struc
ture; and (3) cement-
itious material on 
both ends. 
US DOE; SNL. 

[3] 

(7) Backfill Salt UTPP Evaluate and demonstrate 
Emplacement (Bedded) full-scale backfill 

emplacement techniques/ 
equipment. 
Determine achievable em
placement consolidation 
of candidate backfill 
materials for use in 
modelling and structural 
analyses. 
Oetermine structural 
interactions/fluid flow 
performance of a back
filled storage room. 

Crushed-sa1t-based 
backfill in storage 
rooms. 
US OCC; SNl. 

[3] 
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UNITED STATES (continued) 

TEST NAME ROCK TYPE SITE/ 
PROJECT 

PURPOSE Of TEST DESCRIPTION/ 
PRESENT STATUS/ 

OPERATOR 

REFERENCES 

(8) Moisture Salt 
Transport and (Bedded) 
Release Tests 

UIPP Develop predictive 
models for moisture 
transport, release and 
accumulation: 
- Characterise/model 
movement of naturally 
occurring moisture in 
the host rock. 

- Evaluate quantity, 
rates and character
istics of moisture 
release to openings as 
a function of temper
ature and time. 

Measuring moisture 
release to both 
heated and unheated 
boreholes drilled 
in test rooms. 
US DOE; SNl. 

C3] 

B c a e i a s a a c e e a M S B x c e e s a a ^ s s s s s c c s c t ^ t S t t t t t a t 

F. WASTE PACKAGE 
PERFORMANCE: 

Measurements of near-
field effects adjacent 
to waste container to 
evaluate durability and 
containment integrity 
of the waste package. 

0 ) Simulated 
OHLW iechnology 
Experiments 

Salt 
(Bedded) 

WIPP Evaluate performance and 
containment integrity of 
DHIW packages in a non
radioactive environment. 
Evaluate interactions of 
waste containers, back
fill materials and host 
rock. 

(2) Materials 
Interface Inter
actions Tests 

Salt 
(Bedded) 

Emplacement of 18 
full-size simulated 
DHIW package in 
boreholes. 
Some containers in
tentionally defected. 
US DOE; SNL. 

[3] 

WIPP Eyaluate various waste 
forms and package mater
ials as they interact in 
a relevant brine and 
thermal environment: 
- Performance of non
radioactive DHIW 
glass (OWPF) 

- Compare OWPF perform
ance to other waste 
glasses. 

Develop technical data 
base. 

US ODE; SNL. 13) 
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UNITED SIAIES (continued) 

TEST NAME ROCX TYPE SITE/ 
PROJECT 

PURPOSE OF TEST DESCRIPTION/ 
PRESENT STATUS/ 

OPERATOR 

REFERENCES 

(3) Simulated CH Salt WIPP Evaluate durability, 
and RH TRU (Bedded) corrosion behaviour and 
Technology crushing resistance of 
Experiments waste containers. 

Evaluate interactions of 
the waste containers 
with several backfill 
materials, and the mi
gration and sorption of 
non-radioactive chemical 
tracers by these backfill 
materials. 

CH: Contact-handled. 
RH: Remote-handled. 
US DOE; SNl. 

[3] 

(4) WPP Salt WIPP Evaluate near-field 
Radioactive (Bedded) radionuclide migration 
Tests (waste-form leaching 

release). 
Conduct/evaluate the 
safe handling and retrie
val of radioactive 
materials. 
Evaluate moisture-
release phenanena and 
effects of radiolysis on 
waste package materials 
and backfill. 
Verify phenomenological 
and predictive models. 
Evaluate cost effective
ness of waste package 
and backfill designs. 

To be conducted in 
early 1990s. 
US DOE; SNl. 

[3] 
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