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FOREWORD
The International HYDROCOIN (Hydrologie Code Intercomparison) Project was
started in May 1984. Fourteen organisations participate in the Project, with
the Swedish Nuclear Power Inspectorate (SKI) as managing participant and the
OECD Nuclear Energy Agency (NEA) taking part as a member of the Project
secretariat. HYDROCOIN is concerned with the assessment of groundwater
movements at potential nuclear waste disposal sites with the help of
mathematical models and computer codes. The Project is divided into three
levels. The objective of HYDROCOIN Level 1 is to verify the accuracy of
groundwater flow codes. HYDROCOIN Level 2 and Level 3 are concerned with
validation of hydrological models and uncertainty /sensitivity analysis, respectively.
This report, which has been prepared by the NEA Secretariat and SKI in
consultation with the co-ordinating group of the HYDROCOIN Project
summarises the background and objectives of the Project and presents the
results of the work performed up to the middle of 1987. It \s intended to
provide general information on HYDROCOIN to interested parties beyond the
group of directly involved specialists.
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I
THE DISPOSAL OF NUCLEAR WASTE
Nuclear electricity generation give rise to radioactive waste which must be
disposed of in a safe way. Some wastes have only a low concentration of
radioactive elements that decay rather 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. Dumping into the sea or shallow ground burial has been or are being
practised for the disposal of these wastes. Shallow underground disposal, for
instance in rock caverns, will also be practised in the near future.
The most advanced treatment and disposal techniques are needed for the
long-lived high-level waste. In this case the greatest part of the effort is
directed towards developing safe methods for the disposal in stable geological
formations deep underground.
Many different 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 councry
depends to a large extent on the availability of such 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 made in international co-operation.
Timetables for site-selection and implementation of the disposal systems vary
between countries. Repositories for low and medium level wastes are already
in operation or being constructed in many countries. For the disposal of
high-level wastes the first repositories are foreseen to be taken into operation
around the turn of the century. The years up till then will be used for further
research, site-selection studies and evaluation of disposal concepts and
proposed sites.
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Figures 1 and 2. Examples of concepts for shallow disposal of low-level waste and deep
disposal of high-level waste. In both cases knowledge about groundwater movements will be
needed to evaluate the safety.
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Il
THE QUESTION OF LONG-TERM SAFETY
The fundamental function of a disposal system is to contain and isolate the
radioactive materials so they cause no undue harm to man or his environment,
either now or in the future. This means that one is confronted with the problem
of predicting the behaviour of the system over long time periods. It will not be
necessary to predict the future behaviour in every detail. What is needed is to
understand enough to be assured that no harmful releases will occur. To gain
this level of understanding and to describe it to responsible authorities and the
public is one of the major tasks in any nuclear waste disposal program.
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 canisters (the
source);

Figure 3. To understand the long-term safety of a waste isolation system a detailed
assessment is needed of the performance of all its components.
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Figure 4.
system.

Schematic of natural and engineered barriers in a nuclear waste disposal

*

The chemical interactions and transport phenomena within or close to the
repository (che near-field);

*

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

*

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

In all these areas research is performed through experiments and observations
in laboratories or in the field. Mathematical models are developed to describe
important processes that might occur. The large amount of data obtained from
experiments and field tests are collected in a systematic way and stored in
data bases.
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In a safety assessment the available information is used as appropriate as
possible to assess the future effects of the repository on the environment. The
quality of such a total system performance assessment and the relevance of its
results will depend on:
•

That all important events or processes that may influence the releases
from the repository have been identified (scenarios);

•

That the mathematical models give a correct description of these
processes, at the level of detail needed for this particular purpose;

•

That the input data used is representative of the actual site conditions and
repository design, and finally;

•

That the calculations and the interpretation of results are made it. an
appropriate way.

For the geological disposal of high-level waste no country has yet reached the
stage of making a formal safety assessment for the licensing of a repository at
a specific site. Extensive formal assessments of the feasability of implementing safe disposal have been carried out in some countries e.g. the Federal
Republic of Germany, Sweden, Switzerland, and are planned in other countries
e.g. Canada.
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Ill
THE IMPORTANCE TO UNDERSTAND
GROUNDWATER MOVEMENTS
Should radionuclides be released from an underground repository of nuclear
waste, then the primary mechanism for transporting and spreading them will
be groundwater movement. Further, the durability of the near-field barriers,
like buffer materials and canisters, is dependent on the flow of water at the
depth of the repository. Thus it is very important to gain adequate

Not to scale

Figure 5. Groundwater in geological formations is formed by infiltration from rainfall and
surfacewaters into the deeper formations. The figure shows a simplified scheme of the flow
system at the Piceance and Yellow Creek drainage basins in Colorado. The arrows indicate
pathways for the water. A case based on measurements in this region was included in
HYDROCOIN, Level 2 for model validation attempts.
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understanding of groundwater movements (hydrology) at potential repository
sites. It is needed for analysing the safety and it can be used in selecting a
proper site and repository design.
Different types of geological formations may have very different hydrological
properties. As an example salt formations are normally impervious to water; in
clay formations one may find a slow homogeneous water flow; and crystalline
rocks most often show large inhomogeneties in groundwater movements.
The hydrological properties of a geological formation are studied through field
observations and field tests. Precipitation, infiltration from the surface, local
and regional geological features are basic elements of information needed. By
measurements in deep boreholes and by observations in shafts and rock
caverns further knowledge can be gained. A large experience is available from
classical hydrology as applied in investigations for water or oil resources and
for underground construction works. Further development of site investigation
techniques and measurement techniques is also made to satisfy the needs to
be able to characterise rocks at large depth with a very low flow of
groundwater. One example is the International Stripa Project where experimental research on fractured crystalline rocks is being made since 1980 under
the sponsorship of the OECD/NEA. Studies of groundwater movements is one
of the major parts of this project.
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IV
THE USE OF MODELS AND COMPUTER CODES
To take full advantage of the geological/hydrological information gathered in
the field, a mathematical modelling of groundwater movements is needed. The
modelling is based on a conceptual model of the geological formation

Figure 6. For solving the equations a mathematical method called the finite elements method
is often used. The modelled domain is devided into a network of elements and the equations are
solved by approximations within each element. The figure show a set of finite element networks
(m»*hes) at three different levels of detail. (HYDROCOIN Level 1, case 2). The finest network
will give the most accurate solution but it will also require more computer time.
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considered and on classical expressions for the balance of mass and energy for
the water flow within it. To be able to solve the resulting system of differential
equations, input data on material properties as well as initial and boundary
conditions are needed. The permeability of the rock to flowing water is an
example of a material property that is needed. The level of the water table
might be one of the boundary conditions.
In principle, by solving the equations, one can get to know the groundwater
flow and its direction at any point in the formation. In practice this is only
possible under very simplified assumptions compared to a real situation. In all
realistic cases approximations will have to be used both when establishing the
model and when solving the equations. For most practical purposes computer
code techniques are used for solving the equations. In fact, the most advanced
techniques in this field are often needed to perform the complex hydrological
modelling of potential nuclear repository sites.

Credit: SKB.
Figure 7. The figure shows drilling activities in crystalline rocks at a site in Sweden.
Measurements in drillholes of the water-flow resistance of the rock constitute an important part
of the database for modelling of groundwater movements.
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The hydrological modelling enters into several stages of a site evaluation
*

Data from field tests and field observations often have to be evaluated with
the help of and within the context of certain hydrological models.

*

Local and regional groundwater movements are modelled under varying
assumptions.

*

The influence on groundwater movements of the construction of a
repository in the formation, the heat emitted from the waste or the
withdrawal from a fresh water well close to the site is simulated using
hydrological modelling.

*

It is also an area still under rapid development. New more complex models
and approaches are developed and taken into practice as the tools for
computer calculations are developing.
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V
THE HYDROCOIN PROJECT
General aims
HYDROCOIN is an international project for studying groundwater hydrology
modelling strategies. This means that it is concerned with how to use the
modelling tools in an appropriate way. It deals with:
*

The computer codes and how accurate they are (code verification);

*

The capabilities of the hydrological models to describe field measurements
and real world hydrological situations (model validation);

*

The impact of various parameters and physical phenomena on the results
(uncertainty and sensitivity analysis).

The overall aim is to gain further understanding of and confidence in the
complex field of hydrological modelling of potential repository sites.
Approach and structure
HYDROCOIN brings together specialist in hydrological modelling from
10 countries. Together with the project Secretariat they have formulated a set
of cases for modelling and calculation. Twice a year workshops (3-4 days) are
held where results by the project teams are presented, compared and
discussed and the further work is proposed.
Decisions concerning the project are taken in the Co-ordinating Group where
each participating party is represented. The Co-ordinating Group meet directly
after the workshops. In between the workshops the project teams make their
calculations and tend the results to the project Secretariat, which compiles
and compares them for discussion at the next meeting.
Bringing together, in this way, specialists from several countries and having
them to tackle the same set of modelling cases has been found to be very
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TIME SCHEDULE
HYDROCOIN started in 1984.
Calculations will be finalised in 1987.
Level 1 finalised; report printed end 1987.
Level 2 in progress; report printed mid 1988.
Level 3 in progress; report printed late 1988.
Timeschedule and reporting.
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fruitful for the exchange of experiences and for furthering the understanding of
hydrological modelling.
HYDROCOIN was started in 1984 and it will be finished in 1987. Six
workshops have been held and one more is being planned.

The protect is conducted at three successive levels.
Level 1 (code verification). At this level the numerical accuracies of the codes
are studied. This is made by comparing results from numerical calculations by
computer codes with analytical solutions (true mathematical solutions) in such
cases where this is possible. It is also made by simply intercomparing results
from codes using different numerical methods to solve the same problem. A
secondary objective has been the exchange of ideas on methods for
cost-effective but accurate computer code calculations and techniques for the
further processing and presentation of the results.
Level 2 (model validation). At this level field or laboratory experiments are
modelled. Some of the data from the experiments are used as input for the
calculations. It is then studied how well the results from the model calculations
represent the field or laboratory observations. By such exercises a better
understanding is gained of the possibilities and limitations in using different
hydrological models to describe real situations. It will help modellers to use
their models in a cautious and prudent way and it will thus contribute to
confidence building in the area of predictive modelling for safety assessment of
nuclear waste disposal.
Level 3. At this level uncertainty and sensitivity analysis is being made. The
cases used are some of those treated already at Level 1 or 2. By studying the
impact on the results of varying the input parameter values and the
assumptions made further knowledge is gained on the relevance and accuracy
of the results provided by the models. It will also help in sorting out which
information and what data from the field are most important to know in order
to be able to make a correct modelling of the groundwater movements.
Level 1 results
The seven cases defined for Level 1 are all simplified versions of situations
encountered in the assessment of groundwater movements at potential
repository sites. Together they cover problems related to different types of
formations (crystalline rocks, salt, clay ...) and to different phenomena
(fracture flow, heat induced flow, flow induced by differences in density of the
fluid...). Two of the cases (case 1 and 4) have an exact mathematical solution
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that the computer code results can be compared to. In the other cases one has
to intercompare the results from calculations by different computer codes.
The Level 1 of HYDROCOIN was finished during 1986 and the detailed results
will be published at the end of 1987. A big effort was made by the participants
on this level and in total 23 project teams have participated using 29 computer codes. Most of the cases have been treated by more than 10 teams. The
calculated entities have been both scalers (groundwater pressure and
temperature) and vectorial properties (groundwater velocities and pathways).
In general the agreement between the calculations has been satisfactory. The
best agreement is obtained in calculating scalar units like groundwater
pressure and temperature. Also for groundwater velocity fields and pathways
there is a good agreement but to a less extent. The computer code methods to
generate the pathways has to be selected with care and the HYDROCOIN
Level 1 exercise indicate that there is a certain need to refine and improve
these methods. A test case to compare and evaluate different methods for
calculation of pathways was therefore included in the Level 3 of HYDROCOIN.

Figun 10. The figura shows tha pathways for a wafer-particle starting at a defined position.
Different codes gave différant results of groundwatar flow pathways (Level 1, case 2) if the
network of finite elements (see Figure 6) was to coarse.
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In two of the test cases (case 3 and 5) there are strong variations in material
properties and flowfields over the domain considered. This makes modelling
more difficult and there is a need for developing better methods for that kind of
problems.
Finally, it should be pointed out that all the models used in HYDROCOIN
Level 1 are based on the concept of equivalent porous media for description of
the water flow through the formations considered. For fractured media, for
instance, this concept is valid only to a certain level of detail. For the detailed
description of real fractured and fractured porous media other concepts are
under development (network models, ...).

Level 2 results
The five cases at Level 2 are directly taken from complex real world situations
or laboratory experiments. A considerable effort was needed merely to
formulate and define the cases for the modelling and validation exercise. This
was done by one pilot-group for each case.
The objective of Level 2 is model validation. It is carried out by comparison of
calculations with observations and experimental measurements.
Validation has many aspects. At least two were included and partially
addressed within Level 2 of HYDROCOIN.
•

Validation of the mathematical description of the physical processes
involved in groundwater hydrology;

•

The building of confidence that models are correctly applied in the sense
that they give relevant answers to questions raised in the safety
assessments of nuclear waste repositories.

The compilation of Level 2 results is not yet finalised but some general
observations can be made.
Comprehensive data bases sufficient for validation of complex groundwater
flow models are presently not available. There is a need for experiments
specifically designed and planned for validation purposes. However, cases
could be defined that have given much experience in how to approach model
validation and that has provided confidence in many aspects of the modelling.
Some previous expériences have been confirmed. Thus, the modelling of
high-permeability pourous media cases are well in hand. Additional efforts are
justified to validate the applicability of our characterization methods and our
ability to model in deep hydrologie systems of low permeability.
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Level 3 preliminary results
The seven cases defined for Level 3 are all, except one, extensions of cases
used at Level 1 or 2. This means that the project teams can benefit from the
basic work performed at the previous level when they do additional
calculations to study the sensitivity and uncertainty due to variations in
parameter values or interpretation of boundary conditions etc.
Potential nuclear repository sites will never be characterized in every detail.
Further, over the time periods that have to be considered, some changes in
geohydrological characteristics can take place. Therefore, it is clear that
sensitivity and unceitainty analysis in hydrological assessments will be
indispensable to obtain the full information needed in this respect for a correct
analysis of the safety. Level 3 of HYDROCOIN will promote further insight and
development in this respect.
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VI
ORGANISATION OF THE INTERNATIONAL
HYDROCOIN PROJECT
The study is directed by a Co-ordinating Group with one member from each
participating organisation (Party) setting up the study. The Swedish Nuclear
Power Inspectorate (SKI) acts as managing participant. A project Secretariat
has, according to the agreement between the HYDROCOIN Parties, been set
up by SKI in co-operation with the United Kingdom Atomic Energy
Authority/Atomic Energy Research Establishment, Harwell (UKAEA/AERE),
and with a certain economic support from the Nordic Liaison Committee for
Atomic Energy (NKA). The Organisation for Economic Co-operation and
Development/Nuclear Energy Agency (OECD/NEA) participates in the Secretariat, Kemakta Consultants Co. participates in the Secretariat as principal
investigator and the Institute for Energy Technology, Norway (IFE) participates
as Nordic representative.

*LJzL:
Figun 11.

L:

Survey of the organisation of HYDftOCOIN.
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The Parties organise project teams for the actual project vork with model
calculations. Each Party covers the costs for its participation in the study and is
responsible for its project team or teams including computer cost, travelling
expenses, etc.
At suitable time intervals depending upon the progress of the study,
workshops are arranged, normally in conjunction with meetings of the
Co-ordinating Group. During the workshops problem definitions and achieved
results are discussed as a preparation for decisions in the Co-ordinating
Group.
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Osford Bosk and Stationery Co.,
Scindia House. Ne» Delhi I Tel 331 5896/530*
17 Park S i . Calcutta 700016
Tel 240832
INDONESIA • INDONESIE
Pdii-Lipi. PO Bos 3065/JKT Jakarta
Tel 383467

JAPAN - JAPON
OECD Publications and Information Centre,
Landic Akasaka BMg. I-3-4 Akasaka.
Minato-tu, Tokyo 107
Tel 5S6 20I6

SWEDEN SUEDE
AB CE Fritws Kungl Hovbokhandel.

Boa 16)36. S 103 27 STH.
Regcringsgalan 12.
DS Stockholm
Tel (08) 2) 8900
Subscription Agency/A bonnement»
Wcnncrgrcn-William» AB,

Boa 30004. SI04 25 Stockholm.
Tel (08)54 12 00
SWITZER1 AND - SUISSE
OECD Publications and Information Centre.
4 Simrockstrasse.
5300 Bonn (Germany)
Tel (0228) 21 6045
Local Agent:
Librairie Payol.
6 rue Grenus, 1211 Geneve 11
Tel (022131 89 50
T A I W A N - FORMOSE
Good Faith Worldwide Inl'l Co.. I Id

•thnoor. No 118. Sec 2

KOREA - COREE
Kyob» Book Centre Co Ltd
P O Bo» Kwang Hwa Moon 1658,

Seoul

Mundi-Prcnsa Libras. S.A..
Casteltt 3?. Anartado 1223. Madrid 2800!
Tel 431 33 99
Librcria Bosch. Ronda UniveriHad 11.
Barcelona 7
Tel 317 53 08/317 53 58

Tel (REP) 730 78 91

LEBANON - LIBAN
Documenta Scicnltftca/Rcdico.
Edison Building. Blis» Si..
P.O.» 5641. Beirut
Tel 354429-344425
MALAYSIA • M A L A I S I E
University of Malaya Co-operative Bookshop
Ltd.
P.O.Bos 1177. Jalan Pantai Baru,
Kuala Lumpur
Tel 577701/577072
NETHERLANDS - PAYS-BAS
S'aalsuitgcvcrij
Chr Planlijnslraat. 2 Postbus 20014
2500 EA S-Gravenhage
Tel 070-789711
Voor beilellingen:
Tel 070-789880
NEW Z E A L A N D - N O U V E L L E - Z É L A N D E
Government Printing Office Bookshops:
Auckland: Retail Bookshop, 25 Rutland Street.
Mail Orders. 85 Beach Road
Private Bag C.P.O.
Hamilton: Retail: Ward Street.
Mail Orders. P.O. Bm 857
Wellington: Retail. Mulgravc Street. «Head
Office)
Cubacade World Trade Centre.
Mail Orders, Private Bag
Chrislchurch: Retail. 159 Hereford Street.
Mail Orders, Private Bag
Dunedin: Retail, Princes Street.
Mail Orders, P O Bos 1104

NORWAY • NORVÈGE
Tanutn-Karl Johan
Karl Johans gale 4 ) . Oslo I
PB 1177 Sentrum, 0107 Oslo ITel (02)42 93 10
PAKISTAN
M i r a Book Agency
65 Shahrah Q u a i d - E A a m , Uhore 3 Tel 66839
PORTUGAL
Livraria I ortugal.
Rua do Carnw 70-74. 1117 Lisbon Codes
Tel 360582/3

Chung Hsiao E. Road
Taipei

Tel 391 7396/391 7397

THAILAND - THAÏLANDE
Suksit Siam Co.. Ltd..
1715 Rama IV R d .
Samyam Bangkok 5

Tel 2511630

TURKEY TURQUIE
Kultur Yayinlari Is-Tlirk Ltd Sn
AtalUrk Bulvari No: 191/Kat 21
Kavaklidere/Ankara
Tel 25 0760
Dolmabahce Cad No: 29
aesikias/lslanbul
Tel 160 7188
UNITED KINGDOM - ROYAUME-UNI
H.M. Stationery Office.
Postal order» only:
(01)211-5656
P.O.B. 276 London SW8 5DT
Telephone orders (01) 622 3316. or
Personal caller»:
49 High Holborn. London W C I V AHB
Branches al: Belfast. Birmingham,
Bristol, Edinburgh. Manchester
U N I T E D STATES - ETATS-UNIS
OECD Publications and Inform mon Centre.
2001 L Street. N . W . Suite 700.
Washington, D C 20036 - 4095
Tel (202) 785 6323
VENEZUELA
Libreria del Este.
Avda F Miranda 52. Aptrfn 60)37.
Edifkio Galipan. Caraca» 106

Tel. 32 2301/33 2604/31.58 Î3
YUGOSLAVIA • YOUGOSLAVIE
Jugoslovcnska Knjiga. Kne7 Mihajlova 2,
P.O.». 36. Bcograd
Tel 621 992

Orders and inquiries from countries where Sale»
Agent» have not ycl been appointed should be sent
lo:
O E C D , Publication» Service, Sales anr<
Distribution Division, 2, rue Andre-Pascal, 75775
PARIS CEDEX 16.
Les command?» provenant dc pay» oil l'OCDE n'a
pa» encore designé de dépositaire peuvent être
adressées k :
OCDE, Service dei Publication» Divition de»
Vente» et Distribution. 2 rue André-Pascal 75775
PARIS CEDEX 16
707I2.O4-IM7

