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FOREWORD 

Currently, radioactive waste management programmes in OECD coun
tries cover a wide range of activities aiming at the gradual implementation of 
disposal concepts for various types of waste. This concerns, in particular, 
the institutional and regulatory framework as well as research and develop
ment activities. In some countries, site selection and characterisation pro
grammes for high-level waste disposal are at a relatively advanced stage. 
Several countries already have repositories for low-level waste in operation. 
Among these activities, safety issues are a common concern, and, therefore, 
enjoy a high priority in international co-operative programmes. 

INTRAVAL is an international project concerned with the use of mathe
matical models for predicting the potential transport of radioactive sub
stances in the geosphere. Such models are used to help assess the long-
term safety of radioactive waste disposal systems. The INTRAVAL project 
was established to evaluate the validity of these models. Results from a set 
of selected laboratory and field experiments as well as studies of occurences 
of radioactive susbstances in nature (natural analogues) are compared in a 
systematic way with model predictions. Discrepancies between observa
tions and predictions are discussed and analysed. 

Twenty-two organisations from twelve OECD countries participate in 
INTRAVAL. The Swedish Nuclear Power Inspectorate (SKI) is the managing 
participant and the OECD/Nuclear Energy Agency, Her Majesty's Inspector
ate of Pollution (HMIP/DOE), United Kingdom, and Kemakta Consultant Co., 
participate in the Project Secretariat. This report was prepared to provide 
interested parties beyond the group of directly involved specialists with a 
general background to the INTRAVAL project and a summary of the objec
tives and achievements achievements of INTRAVAL. 
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The OECD Nuclear Energy Agency (NEA) devotes considerable effort 
to the further development of methodologies to assess the performance of 
radioactive waste disposal systems and to increase confidence in their 
application and results. The NEA provides an international forum for the 
exchange of information and experience among national experts of its 
twenty-three Member Countries and conducts joint studies of issues impor
tant for safety assessment. It sponsors international research and develop
ment activities, including on various tools used in these safety assessments. 
The NEA co-ordinates activities of its Member Countries involving in-situ 
research, site investigations and the demonstration of underground disposal 
concepts. NEA also maintains working links at the international level 
between performance assessment projects, field projects and underground 
laboratories. 

The Swedish Nuclear Power Inspectorate (SKI) is a regulatory body 
in Sweden for nuclear installations, including waste handling facilities and 
repositories. As such, the SKI has the responsibility to review applications to 
build nuclear installations and to recommend decisions on approval to the 
Government. The SKI also gives operating permits and sets requirements on 
operation according to the Nuclear Activities Act. In the area of nuclear 
waste disposal, and in particular final disposal of high-level waste and spent 
nuclear fuel, the SKI has a research programme focussed on performance 
assessment as a regulatory tool. Active participation in international co
operation is an important part of this programme. Since 1981, the SKI has 
initiated three international projects INTRACOIN, HYDROCOIN and 
INTRAVAL with emphasis on verification and validation of geosphere per
formance assessment models. 
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I 

THE DISPOSAL OF RADIOACTIVE WASTE 

Generation of electricity by nuclear reactors gives rise to radioactive 
waste which must be disposed of in a safe way. Some wastes contain only a 
low concentration of radioactive elements that decay quickly. Other wastes 
are highly radioactive and contain long-lived radioactive elements. Before 
storage or disposal, the wastes are immobilised and encapsulated. Low-
level waste with short-lived elements can be safely treated and disposed of 
in a rather simple way. Shallow ground burial is a method which is used for 
the disposal of these types of wastes. Shallow underground disposal, for 
instance in rock caverns, is also practised. 

The most advanced treatment and disposal techniques are needed for 
long-lived high-level waste. For this case the greatest part of the effort is 
directed towards development of safe methods of disposal in stable geologi
cal formations deep underground. 

Many types of geological formations show favourable characteristics 
for long-term isolation of radioactive wastes: salt, clays, shales, basalts, 
tuffs and crystalline rocks such as granite. The choice for a particular 
country depends to a large extent on the availability of formations in that 
country. All countries with a nuclear power programme are involved in 
studies to find suitable geological formations for disposal of their wastes. 
Much of the Research and Development work is accomplished through 
international co-operative projects. Timetables for site-selection and imple
mentation of the disposal systems vary between countries. Repositories for 
low- and medium-level wastes are already in operation or being constructed 
in many countries. The first repositories for the disposal of high-level wastes 
may be operational at the beginning of the next century. Meanwhile, further 
research, site-selection studies and evaluation of disposal concepts and 
proposed sites are being carried out. 
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Figures 1 and 2. Examples of concepts for the shallow disposal of low-level waste and the 
deep disposal of high-level waste. In both cases, knowledge of groundwater movements and 
modelling of potential transport of radioactive substances in the geosphere will be required to 
evaluate safety. 

7 



II 

SAFETY ASSESSMENT AND THE USE OF 
PREDICTIVE MODELLING 

The fundamental function of a disposal system is to isolate and retari 
radioactive materials so they will cause no harm to man or his environment, 
either now or in the future. This raises the problem of predicting the beha
viour of the system over long time periods. It is not necessary to predict 
future behaviour in every detail. What is needed is to understand enough to 

Figure 3. To understand the long-term safety of a waste isolation system a detailed assess
ment is needed of the performance of all its components and their interaction:;. 

8 



Figure 4. Schematic of natural and engineered barriers in a nuclear waste disposal system. 

be assured that no harmful releases will occur. To gain this level of under
standing and to describe it to responsible authorities and the public is one of 
the major tasks in any nuclear waste disposal programme. 

The basis for an analysis of the safety is a good scientific understanding 
of all parts of the system. This encompasses for instance: 

- The physical /chemical properties of the waste materials and canis
ters (the source); 
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— The chemical interactions and transport phenomena within or close 
to the repository (ihe near-field); 

— The chemical interactions and transport phenomena in the geologi
cal formation surrounding the repository (the far-field); 

— The effects of dispersion and/or reconcentration of possible 
releases to the biosphere. 

Research is performed in all these areas through experiments and 
observations in laboratories or in the field. The large amount of data 
obtained from experiments and field tests are collected in a systematic way 
and stored in data bases. Mathematical models are developed to descriho 
important processes that might occur. 

A safety assessment evaluates the future effects of the repository on 
the environment by using the most appropriate available information and 
understanding. 

Thus, safety assessments require effective use of predictive modelling 
methods and a wide range of information that describes the disposal system 
and its possible evolution. Safety assessments normally form an integral 
part of repository development programmes at an early stage. Prior to 
licensing a particular site and repository design, safety assessments are 
performed periodically to determine if further information needs to be col
lected. Safety assessments also form a crucial part of the licensing docu
mentation for disposal systems. 

Modelling is used extensively in safety assessments in many different 
ways. Models are used at different levels of detail and complexity to 
describe and understand: 

— individual processes (for instance dissolution of radioactive elements 
in groundwater or retardation by sorption on mineral phases of the 
rock); 

— subsystem performance (for instance the migration of radionuclides 
in the geosphere resulting from the overall effect of water flow, 
dispersion, diffusion, sorption, radioactive decay, etc.); and finally, 

— performance of the overall system (for instance by integrating 
waste package, near-field, geosphere and biosphere modelling). 
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The first step is to develop a conceptual model. A conceptual model 
represents one's understanding of the features and processes of interest. It 
is an abstraction of reality which need only include those relationships 
necessary to describe the system for the intended model application. Con
ceptual models are developed by expert judgement on the basis of well-
known principles of physics and chemistry and existing knowledge of beha
viour of the type of system under consideration. The relationships of a 
conceptual model are expressed quantitatively through mathematical equa
tions. A calculational model is based on the mathematical equations and is 
implemented through a computer code to enable efficient calculation capa
bility. Simplifications are almost always introduced in going from the real 
world to conceptual models, to mathematical (calculationul) models, to 
implementation in a computer code. 

channel 

Figure 5. Illustration of a conceptual 
model structure for the available 
space for flow of groundwater in a 
fracture of rock (channelling flow). 
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Figure 6. Diagrams of physical/chemical processes that can act as potential retardation 
mechanisms for the migration of radionuclides. 
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PROCESSES MODELLED IN THE GEOSPHERE 

oC; oC: afC: „ _ . oC. 

dl d2 

as, 
cV 

a) The rate of change of the concentration of radionuclide i in the flowing 
liquid phase is dependent on the following processes: 

b) Advection, which is governed by the Darcy velocity V; x is the distance 
from the near field-geosphere interface. 

c) Dispersion-Diffusion, is governed by the dispersion coefficient DL which 
is dependent on die interstitial water velocity. If the water velocity is 0, only 
diffusion of the radionuclides take place. 

dl , d2) Radioactive decay chains take into account the radioactive decay of the 
nucl tde i, and the formation of nuclide i from radioactive decay of the parent 
nuclide i-1. These terms are governed by die two decay constants \ and X-,.,. 

e) Matrix diffusion, is governed by the effective diffusivity, De, in die stagnant 
water in inicrofissures and pores in the rock matrix; a is the area of die 
surface of the rock matrix in contact with the flowing water per volume of 
flowing water and z is the distance from that surface. 

f) Interaction with solid phase. This term takes into account sorption and 
desorption phenomena on the surface of die rock in contact with die flowing 
water. S, represents die concentration of radionuclide i on die rock surface. 

Example of the mathematical formulation of a model for radionuclide transport in the 
geosphere. 
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Ill 

EXPERIMENTS AND FIELD STUDIES 
IN SUPPORT 

OF RADIOACTIVE WASTE 
MANAGEMENT PROGRAMMES 

A wide range of experiments and field studies have been performed and 
are being performed to gain further understanding of phenomena that ara 
important for evaluation of the long-term safety of radioactive waste reposi
tories. Experimental data and models are closely linked. Hypotheses and 
models based on the examination of data can identify which additional 
observations and measurements are needed to better understand the pro
cess or system being studied. 

The space and time scales important to repository safety assessments 
are ordinarily larger than the times and distances that can be investigated 
with man-made experiments. This makes it difficult to account tor all rele
vant performance assessment aspects by carrying out a few simple labora
tory experiments or field studies. Therefore, a well-planned and complemen
tary set of laboratory experiments and field studies will be needed to fully 
understand transport of radionuclides in the geosphere. 

Laboratory experiments enable physico-chemical processes and 
mechanisms to be understood under well-defined conditions. They can also 
be used to obtain data for the interpretation of field experiments and of 
natural analogues. Another advantage of laboratory experiments is that they 
can be dissembled when they are finished so that more detailed analysis can 
be performed to further test model assumptions. 
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7a) Apparatus used for small scale 
(1-3 cm) experiments with diffusion 
•n wet clay (Test Case 1a) 

7b) Installations for laboratory experi
ments in a crystalline rock block wi'h 
a single natural fracture (Test Case 9) 

Figure 7. Two of the laboratory experiments included in INTRAVAL Phase 1. 

Figure 8. Flow and tracer experiments in crystalline rock performed within the International 
Stripa Project provided the data for INTRAVAL test case 4. The picture shows the installa 
tions of plastic sheets to collect water seeping into the drift along some fractures in the rock. 
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Field experiments are nearer to the real situation in terms of scale and 
complexity than laboratory experiments. They are important for identifying 
those processes which influence geosphere radionuclide transport. Further
more, they provide insight into large scale heterogeneities and varieties of 
boundary conditions. Field migration experiments performed under well-
defined conditions appear to be the most appropriate way to study 
radionuclide transport in the geosphere and they are an essential component 
in the validation of geosphere transport models. 

Natural Analogues are potentially capable of providing important 
insights into the behaviour of radionuclides over the long time periods that 
are relevant to repository safety assessments. They can indicate which 
mechanisms are important over long time periods and they can provide 
evidence that the models actually describe the migration of radionuclides in 
real geological systems for relevant time scales. However, many of the 
present and past conditions at a natural analogue site are likely to be poorly 
known. Information obtained from natural analogues cannot provide "stand 
alone" evidence of model validity but taken together with other information 
from laboratory and field studies, they can be very valuable in establishing 
confidence in migration models. 

Fiqtire 9 Thp natural analorjup studips at an nppn pit 'iranium mine at Par: ,<-, dr Caldas Minas 
Gerais, Brazil, provided data for test case 7a concerning modelling of redox reactions and 
movement. The pictures illustrate the clearly visible difference in appearance between reduc
ing rock (gray) and oxidized rock (brown). 
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IV 

THE INTRAVAL PROJECT 

Background 

Since 1981, conceptual and mathematical models for radionuclide and 
groundwater transport in the geosphere have been evaluated through the 
international co-operation projects INTRACOIN, HYDROCOIN and now 
INTRAVAL. 

INTRACOIN, 1981-1984, dealt with code verification, model valida
tion and uncertainty analysis for radionuclide transport models. 

HYDROCOIN, 1984-1987, dealt with the verification and validation of 
codes and models for groundwater movement. 

The purpose of the INTRAVAL project is to increase the understanding 
of how various geophysical, geohydrological and geochemical phenomena of 
importance for the radionuclide transport from a repository to the biosphere 
can be described by mathematical models developed for this purpose. This 
is being done by systematically using information from laboratory and field 
experiments as well as from natural analogue studies as input to mathemati
cal models in an attempt to validate the underlying conceptual models and 
to study the model validation process. 

Seventeen test cases have so far been included in the study. The test 
cases are based on experimental programmes performed within different 
national and international projects. Several of the cases are based on inter
national experimental programmes, such as the Stripa Project, the Alligator 
Rivers Project, and the Pocos de Caldas Project. A Pilot Group has been 
appointed for each of the test cases. The responsibility of the Pilot Group is 
to compile data and propose formulations of the test cases in such a way 
that it is possible to simulate the experiments with model calculations. 
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It is an important policy of the INTRAVAL study to support interaction 
between modellers and experimentalists in order to gain reassurance that 
the experimental data are properly understood and that the experiences of 
the modellers regarding the type of data needed from the experimentalists 
are accounted for. In order to support this interaction and provide for the 
development of a strategy for the systematic application of the experiences 
and knowledge gained from the INTRAVAL test cases, a special committee, 
the Validation Overview and Integration Committee (VOIC), has been set up 
within the INTRAVAL study. 

The INTRAVAL Phase I study is now approaching completion. The 
documentation of the test cases is available. The work with the laboratory 
and field experiments is intensive and modelling results from many Project 
Teams have been presented and discussed at INTRAVAL Workshops and is 
now being documented. 

Validation Procedure 

A key question about the models used in safety assessments is: do the 
models simulate sufficiently accurately the processes or systems for which 
they have been developed? The procedure of validation seeks to answer this 
question. Validation, therefore, is concerned with providing a genuine under
standing of nature, that is, of the reality behind models. 

Validation is a process carried out by comparison of model predictions with 
independent field observations and experimental measurements. A model 
cannot be considered validated until sufficient testing has been performed to 
ensure an acceptable level of predictive accuracy. (Note that the acceptable 
level of accuracy is judgmental and will vary depending on the specific prob
lem or question to be addressed by the model). 

(IAEA-TECDOC-447 Radioactive Waste Management Glossary, 2nd edition, 
1988) 

There is no such thing as a validated model in the generic sense. 
However, one can say that "a model is validated with respect to a given 
process", or that "a model or group of models are validated with respect to 
a given site". Ranges of applicability should always be included in state
ments regarding model validation. The decision of whether a model is valid 
must not be made only by those using the model. In the end the scientific 
community must decide on the validity of models and whether they are 
correctly used in a specific application. 
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The validation of a model for transport of radionuclides involves testing 
different aspects of the conceptual model in order to answer several issues; 

- Does the model describe and include all relevant processes? 

- Is the geometrical structure of the system well described by the 
model? 

- Are the underlying assumptions valid for the physico-chemical envi
ronment (redox conditions, pH, etc.)? 

- Can appropriate experiments be adequately simulated using the 
model? 

- Does the model used to describe the experimental situation account 
for the spatial and temporal scale of the experiment? 

The INTRAVAL Validation Overview and Integration Committee (VOIC) 
has identified three major elements in the validation procedure: 

1. Understanding and Research. Without proper understanding of 
the processes and system structures involved, validation cannot be 
achieved. Thus, a thorough understanding of processes and system 
structures represents a major element of validation. 

2. Comparisons of Theory and Modelling Calculations with 
Experiments. This element is to study how well one is able to 
quantitatively predict or simulate experimental results. Discrepan
cies may be due to parameter uncertainties, statistical nature of the 
system or lack of understanding. Improving our lack of understand
ing requires further effort in item 1. It is important to be cautious 
and avoid curve fitting without proper understanding and additional 
confirmatory results. 

3. Peer Review and Public Scrutiny. This last element involves 
publishing the work in the open literature, both to receive the 
benefits of anonymous technical review and to open the model and 
its validation to public scrutiny. A study whose results are in the 
open literature, examined and used by the general scientific com
munity over long periods of time stands a better chance of receiv
ing the appropriate scrutiny and of being correct. 
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Results of Phase 1 

Phase 1 of the INTRAVAL study is comprised of seventeen test cases 
ranging from laboratory scale experiments through field experim ?nts on 
several different scales as well as natural analogue studies. The multitude of 
test cases is explained by the fact that the participants represent twelve 
different countries planning for waste disposal in different media such as 
crysta'Iine rock, clay, rock salt and unsaturated tuffaceous rocks. INTRAVAL 
also addresses a large range of spatial and temporal scales. 

Most of the progress in Phase 1 of INTRAVAL has been made in the 
area of Process Identification. It has been demonstrated that experiments at 
different scales, flow rates, tracer concentration etc., are needed in order to 
unambiguously distinguish between the effects of different dispersion phe
nomena and matrix diffusion. It has also been demonstrated that statistical 
analysis forms an important part of the Process Identification step of valida
tion. Although work remains to be done for the identification of processes 
active in specific systems, there are good prospects that Phase 1 of 
INTRAVAL will significantly increase the confidence in our ability to mathe
matically describe many of the processes believed to be of importance in 
radionuclide transport in a wide range of geological media. 

The work has resulted in a number of ideas for further experiments or 
improved designs of already performed experiments. It has been suggested 
that many of the laboratory experiments be run at different weterflow rates, 
different concentrations, and over different sample lengths, in order to be 
able to discriminate between different processes considered in the applied 
models. Thus, it can be concluded that a significant advantage can be 
gained if the modellers are given the opportunity to interact with the experi
mentalists to ensure that the data required by the models will be gathered 
satisfactorily. The modeller can provide the experimentalist with perspec
tives on the various type of data needed, e.g. for distinguishing between 
different phenomena either directly or by analysing different suggested 
experimental setups. 

The detailed results of INTRAVAL Phase 1 are now being documented 
in technical reports for each test case and in a summary report for Phase 1. 
These reports are planned for publication during 1991. 
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INT I. AVAL Phase 2 

The need for a continuation of INTRAVAL into a second phase 
(1991 -1993) was foreseen at the start of the project. Discussions have now 
been initiated w i th the participants regarding the technical content of 
Phase 2 . In Phase 2 there wi l l be more emphasis on validation efforts based 
on field studies and natural analogues. 

Cone. 

Time 

Figure 10. Illustration of Phase 1 results (Test Case 1b). The points are the experimental 
data. The curves represent model predictions of break-through of a migrating radionuclide, 
after calibration, for three conceptual models with different assumptions regarding the type of 
processes for interaction between migrating radionuclides and the rock. 
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Experience from Phase 1 indicated that the effort needed to analyse a 
field experiment is much greater than that needed for the analysis of a 
laboratory experiment. As a result, the number of test cases in Phase 2 will 
be less than in Phase 1. Only cases where there is a possibility for close 
interaction between modelling and experimental studies will be included in 
Phase 2. This will promote a focussed effort on a limited set of field 
experiments and natural analogue studies with comprehensive data bases 
able to cover relevant validation issues like scale dependency, heterogene
ity, and coupled processes. 

Figure 11. Test Case 10 of INTRAVAL Phase 1 is based upon a field experiment with 
migration of a wetting front in a superficial desert soil performed within a U.S. NRC trench 
study at Las Cruces, New Mexico, United States. The picture shows the trench before it was 
covered. 
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Figure 12. Illustration of Phase 1 results (Test Case 10). Observed and predicted relative 
bromide concentrations. 
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V 

SUMMARY REMARKS 

As demonstrated by the large number of active participants from 
throughout the world, and the great variety of laboratory and field experi
ments, natural analogue studies, and numerical experiments involved, 
INTRAVAL has developed into a major international effort studying valida
tion issues associated with geosphere transport models. 

It should be remembered that real progress in validation can only be 
achieved when the work on the individual test cases focusses or specific 
relevant issues associated with radionuclide transport experiments and 
simulation studies. Considerable progress has been achieved along those 
lines. It should also be noted that validation is a learning process. Both the 
experimental work and the modelling of specific data bases help to increase 
the general knowledge of crucial performance issues. It is also necessary to 
constantly integrate and evaluate the results in the cortext of performance 
assessment, and to develop strategies for further validation work consider
ing the needs of the various dispose! programmes. 

The active involvement of the many national and international co
operative programmes has contributed greatly to INTRAVAL's success. Sim
ilarly, the positive and collegial interaction between the experimentalists and 
modellers, as demonstrated in the numerous formal workshops and special 
meetings convened by the test case participants, has contributed to 
INTRAVAL's progress and achievements. 
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VI 

THE INTRAVAL ORGANISATION 

The organisation of the INTRAVAL study is regulated by an agreement 
which has been signed by all participating organisations (Parties). The study 
is directed by a Co-ordinating Group with one member from each Party. The 
Swedish Nuclear Inspectorate (SKI) acts as Managing Participant. The Man
aging Participant seto up a Project Secretariat in co-operation with Her 
Majesty's Inspectorate of Pollution (HMIP/DoE), U.K. and the Organisation 
for Economic Co-operation and Development/Nuclear Energy Agency 
(OECD/NEA). KEMAKTA Consultants Co. is contracted by SKI to act as 
Principal Investigator within the Project Secretariat. 

The Parties organise Project Teams for the actual project work. Each 
Party covers the costs for its participation in the study and is reponsible for 
the; funding of its Project Team or Teams, including computer cost, travelling 
expenses, etc. 

* 

Prpjact 
Item 

Projact 
Item 

Project 
TMffl 

Projtct 
Item 

26 



A Pilot Group has been appointed for each Test Case in order to secure 
the necessary information transfer from the experimental work to the Project 
Secretariat and the Project Teams. The Project Secretariat co-ordinates this 
information transfer. 

Workshops are periodically held, usually in conjunction with meetings 
of the Co-ordinating Group. During the workshops. Test Case definitions and 
achieved results are discussed as a preparation for decisions in the Co
ordinating Group. A Validation Overview and Integration Committee (VOIC) 
for the development of a strategy for the systematic application of experi
ence and knowledge gained from the various INTRAVAL test cases has been 
set up by the Co-ordinating Group. 
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APPENDIX 1 

INTRAVAL test cases 

Test Case 1a: Radionuclide migration through clay samples by diffusion and 
advection based on laboratory experiments performed at Harwell, United 
Kingdom. The transport of radioactive substances into and through samples 
of wet clay were studied in laboratory experiments over a few months. 

Test case la 

in diffusion: 

tracer tracer 

through diffusion: 

tracer 

permeation: 

tracer 

S • Q •« 7. 

1 
+mi [Jclay 

sample length 
~* 10 - 30 mm 
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Test Case 1 b: Uranium migration in crystalline bore cores based on experi
ments performed at PSI, Switzerland. Schematic diagram of the pressure 
infiltration apparatus. When the experiment was ended, the core sample 
was cut in thin (1 mm) slices which were autoradiographed to yield informa
tion on flow paths and sorption sites. 

Test case lb 

Injection of 
uranium(VI) 

synthetic 
groundwater 

diameter: 4.6 cm 
length: 0.8 - 5 cm 

concentration 
analysis time pressure 
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Test Case 2 : Radionuclide migration in single natural fissures in granite 
based on laboratory experiments performed at KTH, Sweden. The experi
ments address important phenomena such as retardation, matrix diffusion, 
channelling and fracture properties. 

Test case 2 

synthetic 
ground-water 

tracer feed 
continous or 
pulse 

cylindrical core: 
diameter 4-20 cm 
height 8-30 cm 

natural 
fracture 

continous sampling 
for tracer analysis 

trace' analysis: 
continuous tracer feed: pulsetracer feed: 

§ * 

time time 
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Test Case 3: Tracer tests in a deep basalt flow top performed at the 
Hanford reservation, Washington, USA. 

Test Case 3 

tracer 
pulse injection tracer 

analysis 
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40
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Test Case 4: Flow and tracer experiments in crystalline rock based on the 
Stripa 3D experiment performed within the International Stripa Project. The 
main purpose of this experiment was to investigate the spatial distribution of 
water flow paths in a larger block of rock. 

Test Case 4 

tracer injection holes: 25m 

plastic shaats with 
sampling tub** 

2m 

tracer injection points 
10-55 m above test site 

360 m below 
ground level 

areas where tracers 
have been found 

time time 
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Test Case 5: Tracer experiments in a fracture zone at the Finnsjon research 
area, Sweden. The aim of the test was to investigate the transport proper
ties in a highly conductive rock over distances of several hundred meters. 

Test Case 5 

Boreholes: "»? 
BFI02 HFB1 

BflOl KFItt KFKM K m Kf-OS KFI10 
-r 0 

- - 200 

__ 400 

-L 600 m 

borehole 

155- 189 m 
tracer — 
injection 

packerj 

r tracer detection 
(templing) BFW2 

jjj ^ H -^_jadjal water flow 

fracture zone 

BFW1 

a) Radially converging experiment. b) Dipole experiment. 
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Test Case 6: Synthetic data base, based on single fracture migration 
experiments in Grimsel Rock Laboratory in Switzerland. Geography of hypo
thetical test site for synthetic migration experiments. Geologic and hydro-
logic boundary conditions are defined for large-, intermediate-, and small-
scale studies. 

Test Case 6 

large scale: 

intermediate scale: 

small scale: 
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Test Case 7a and 7b: Natural analogue studies at Pocos de Caldas, Minas 
Gerais, Brazil. 

7a: Redox front and radionuclide movement in an open pit uranium mine. 
The deeper portions of the rock are strongly reducing while the upper 
portions have become oxidised by oxygen carried by infiltrating rainwater. 
The geochemicai processes involved and the locations of the redox front are 
modelled. 

7b: Morro do Ferro colloid migration studies. 

Test Case 7 ram 

\7 \7 \7 

reducing rock fracture 

dissolved uranium (VI) 
starts o migrate 

precipitated uranium 
in reducing rock 

10 m 
I 1 
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Test Case 8: Natural analogue studies at the Koongarra site in the Alligator 
Rivers area of the Northern Territory, Australia. The phenomena involved in 
leaching and transport of uranium and other elements at a natural ore body 
site are extensively studied within the International Alligator Rivers Project. 
A test case based on data for migration of uranium in the weathered zone is 
included in INTRAVAL. 

Test Case 8 

fault 

surface 

water 
transport 

uranium 
leachin 

uranium 
deposition 

base of 
weathering 

sandstone 

primary uranium 
mineralisation 

Quartz chlorite schist 

20 m 
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Test Case 9: Radionuclide migration in a block of crystalline rock based on 
laboratory experiments performed at AECL, Canada. The block contained a 
single natural fracture and the flow along this fracture was studied. 

Test Case 9 
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to fraction 
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Test Case 10: Evaluation of unsaturated flow and transport in porous 
media using an experiment with migration of a wetting front in a superficial 
desert soil performed within a U.S.NRC trench study at Las Cruces, New 
Mexico. 

Test Case 10 

Experiment 2 

Experiment 1 

5m 

•fWz + Pf* 
12 m 

, ,. Irrigated 
, area 

• neutron acces tube 6 m deep 

o neutron acces tube 1 5 m deep 

infiltration 
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Test Case 11 : Evaluation of flow and transport in unsaturated fractured 
rock using studies at the U.S.NRC Apache Leap Tuff Site near Superior, 
Arizona. The case includes both field and laboratory experiments. 

Test Case 11 

field experiments: 
borehole 

plastic sheet 

covered surface 

block experiment: 

tracer 
injection 1 

natural 
fracture 

io 20 30 m 

core experiment: 

constant temp. 5° C 

IT ft 

3.2 cm 

sealant and 
insulation 

E o 
CM 

constant temp. 70° C 
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Test Case 12: Experiments with changing near-field hydrologic conditions 
in partially saturated tuffaceous rocks performed in the G-Tunnel Under
ground Facility at the Nevada Test Site by the Nevada Nuclear Waste 
Investigation Project of the U.S.DOE. This test case deals with near-field 
effects produced by propagating transient disturbances. 

Test Case 12 

fracture 

s 
1 

bore hole 

< • » 

E 
(O 

< • > 

10m 

• temperature, pressure, and humidity sensor 

4 packer 
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Test Case 13: Experimental study of brine transport in porous media 
performed at RIVM, the Netherlands. Information on brine transport phe
nomena are important for the assessment of repositories in deep salt forma
tions as foreseen in some countries. 

Test Case 13 

3-way vafv» 

fresh 
water 

salt 
water 

elecodes for 
monitoring salt 
concentration 

contents: 
glass beads 
d » 0.40 - 0 52 mm 

time 

fresh 
water 

salt 
water 

3-way valve 

total volume - 0.007 nf 
1.25x06x0.01 m 
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Test Case 14a and 14b: Groundwater flow in the vicinity of the Gorleben 
Salt Dome, the Federal Republic of Germany. 

14a: Pumping test in highly saline groundwater. 

14b: Saline groundwater movement in an erosional channel crossing a salt 
dome. 

Test Case 14 

observation wells 
pumping 

well 
surface 

f"""j layer with low hydraulic conductivity (aquitard) 

QJ] layer with high hydraulic conductivity (aquifer) 

•100 

•200 

•300 m 
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