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Preface

This 1'%4-day workshop included 13 oral presentations (four in French) on a
wide range of scientific issues associated with the large field of karst
hydrology. Presentations included both theoretical and applied studies on
modelling karst water aquifers (flow and solute transport), analytical analyses
of tracer tests, estimation of transmission losses in arid zone rivers using
tracer techniques and assessment of groundwater vulnerability in karst areas.

Several papers dealt with regional studies of karst water systems in arid and

semiarid regions. This volume contains papers selected from those presented

at the workshop together with reports from the workshop convenors and
rapporteurs.

The workshop considered the following three topics as the main recent
problems in karst hydrology:

Modelling of flow and transport in karst aquifers. The use of standard

techniques is problematic and new approaches are required. Two papers

are presented outlining advanced ideas concerning modelling.

*  Recharge processes of karst aquifers. Recharge is of fundamental
importance but the actual processes are very complicated and not
sufficiently understood, particularly in the arid and semiarid zones. The
roles of adjacent porous aquifers and of alluvial fans are topics of
particular concern which should be investigated in the future. Although
only one paper was presented specifically on recharge processes, there was
useful discussion in the workshop.

*  The high vulnerability of karst water systems. Four papers addressed this
problem which makes it necessary to incorporate special measures of
protection into management schemes.

Aware of the fact that karstic limestone aquifers are widespread in North
Africa, the convenors originally intended to offer a regional topic for this
conference in Morocco and to attract researchers and senior employees from
governmental and regional water resources staffs of the host country and
neighbouring countries. Unfortunately, the idea of strengthening the links
between the regional karst hydrologists was not picked up broadly. Although
numerous colleagues registered initially, many were forced to cancel their
participation in the workshop due to the very restricted financial means in
their countries. However, a number of regional papers are included in these
proceedings and it is hoped that these will be of interest to those who were
unable to attend.

In contrast to the normal format for workshops during Assemblies, papers
were presented briefly and without discussion in the first half of each session.
In the second half specific open research and methodological problems,
identified by the participants or the convenors were discussed intensively
within working groups and within the plenum. In addition to the convenors,



Preface vi

L. Bouchaou (Morocco), J. Lange, A. Werner and T. Clemens (Germany)
acted as rapporteurs in the three respective sessions. This experimental format
for running a workshop was highly appreciated by the 45 participants.

Several problems and areas where our knowledge is incomplete were
identified during the workshop. The convenors would like to encourage
colleagues/readers to pick up such problems for further scientific treatment
and to contact the respective authors to discuss their work in greater detail.

The workshop was organized by the International Committee on Tracers
and co-sponsored by the International Commission on Groundwater of IAHS.

Principal Convenor
Chris Leibundgut

Institute of Hydrology, University of Freiburg, Germany

Co-Convenors

Alain Dassargues

Laboratory of Engineering Geology, Hydrogeology and Geophysical Prospecting
University of Liége, Belgium

John Gunn

Department of Geographical and Environmental Sciences

The University of Huddersfield, UK

Abdelmajid El Hebil
Direction de I’Hydraulique, Marrakech, Morocco
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Préface

Cet atelier d’un jour et demi a comporté 13 présentations orales dont quatre en
frangais, sur des sujets variés en relation avec les défis scientifiques a relever
dans le domaine trés large de ’hydrologie karstique. Les communications
présentées concernaient aussi bien des études théoriques que des cas
d’application sur la modélisation des écoulements et du transport dans les
aquiferes karstiques, I’interprétation par des méthodes analytiques d’essais de
tracages, l’estimation des pertes des rivieres en zone aride en utilisant des
traceurs et [’estimation de la vulnérabilit¢ des aquiféres dans les zones
karstiques. Quelques papiers ont également traité de problémes d’hydrologie
karstique régionale dans des zones arides et semi- arides.

Les trois thémes suivants ont été considérés comme étant d’une extréme
importance actuellement pour I’hydrologie karstique:

*  La modélisation des écoulements et du transport dans les aquiféres
karstiques. L’utilisation des techniques classiques posent souvent des
problémes et de nouvelles approches sont nécessaires. Deux publications
proposent notamment de nouvelles idées concernant la modélisation.

* Les processus de recharge des aquiféres karstiques. La recharge a une
importance capitale mais les processus réels sont trés complexes et pas
suffisamment compris. C’est particuliérement vrai en zones arides et semi-
arides. Le role des aquiferes poreux adjacents et des cOnes alluvionnaires
est un sujet d’étude trés intéressant qui devra encore étre plus investigué
dans le futur. Bien qu’un seul papier était consacré a I’étude spécifique de
la recharge, une discussion intéressante a eu lieu durant I’atelier.

*  La vulnérabilité importante voire trés importante des eaux souterraines
dans les systéemes karstiques. Quatre publications ont abordé ce sujet qui
nécessite que 1’on introduise des mesures spécifiques de protection dans les
schémas de gestion de ces ressources.

Conscient que les aquiferes calcaires karstiques sont trés largement
présents en Afrique du Nord, il était prévu dans le cadre de cette conférence
tenue au Maroc, de consacrer une séance de P’atelier a des sujets régionaux et
d’attirer de ce fait des chercheurs et des professionnels expérimentés venant
d’organisations gouvernementales, d’institutions chargées de la gestion des
eaux, etc. venant du Maroc et des pays voisins. Malheureusement, cette idée
n’a pas rencontré le succes escompté et bien qu’un nombre important de
collégues s’étaient inscrits, bien peu ont été capables de participer a la
conférence et a l’atelier pour des raisons de manque de support financier.
Néanmoins, quelques papiers traitant de problémes régionaux sont inclus dans
ces comptes-rendus et il est espéré qu’ils seront intéressants notamment pour
tous ceux qui n’ont pu venir a Rabat.

Contrairement a la forme habituelle des Ateliers durant ce genre
d’Assemblées Générales, les communications ont été organisées de telle facon
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qu’elles soient bréves et sans discussion durant la premiere partie de chaque
session. Dans la seconde partie de chaque session, la discussion était alors
ouverte sur tous les aspects de recherche et de méthodologie identifiés par les
participants ou les “convenors”. Tous ces sujets ont pu donc étre discutés
intensivement en sous-groupes et/ou en session pléniere. En plus des
“convenors”, L. Bouchaou (Maroc) et J. Lange, A. Werner et T. Clemens
(Allemagne) ont joué le role de rapporteurs dans les trois sessions. Cette facon
un peu expérimentale de tenir un réel atelier a été grandement appréciée par
les 45 participants.

Quelques problémes et régions ont pu étre identifiés permettant des
discussions trés fructueuses durant cet atelier et les “convenors” invitent les
collegues/lecteurs de s’intéresser a ces problémes pour leurs recherches
futures et de contacter les auteurs afin de discuter plus en détail de leur
contribution.

I’atelier a été organisé par le Comité International des Traceurs avec le
soutien de la Commission Internationale sur les Eaux Souterraines de I’ AISH.

“Convenor” principal
Chris Leibundgut

Institute of Hydrology, University of Freiburg, Germany

“Co-Convenors”

Alain Dassargues

Laboratory of Engineering Geology, Hydrogeology and Geophysical Prospecting
University of Liége, Belgium

John Gunn

Department of Geographical and Environmental Sciences

The University of Huddersfield, UK

Abdelmajid El Hebil
Direction de I’Hydraulique, Marrakech, Morocco
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Karst is the term used to describe the hydrological and geomorphological systems
that develop on and in rocks of greater than normal solubility in meteoric waters.
Carbonates are the commonest rocks in this group and carbonate karsts are the
subject of this volume. As the hydrology of carbonate karsts is largely beneath the
surface it is not well understood, or studied, by surface water hydrologists.
Groundwater hydrologists also find karst terrains problematic because many karst
aquifers contain a complex plumbing system which is not amenable to accurate
analysis by the conventional methods applied to granular and fissure aquifers which
use variants of the Darcy flow or diffusion equations. Indeed, a surface stream with a
roof provides a better conceptualization for water movement in some karst aquifers
although others are less heterogeneous and may be treated as fracture or double
porosity aquifers.

For many years karst was treated as a scientific oddity, outside of the
mainstream, and possibly not even subject to the “normal” laws of, hydrology,
hydrogeology and geomorphology. This was unfortunate, because it seriously limited
understanding of an extremely important resource and resulted in many
environmental problems and unwise developments. Carbonate rocks occupy some
10% of the earth’s surface but around 25% of the earth’s population are largely or
entirely dependent upon karst aquifers for their drinking water, and water for
agricultural and industrial use. The largest such area is in southern China where a
population of around 100 million people live in a bare karst area which covers some
900 000 km®. In this area about 20% of the population live below the poverty line
and 10% of the population have insufficient drinking water. In contrast to the bare
karsts, many carbonate rocks are covered by productive soils and this is one reason
for their high population. In the United States around 40% of the land to the east of
the Mississippi River is karstic and in the European Alps important cities like
Grenoble, Vienna and Innsbruck are supplied entirely by karst water. Around the
Mediterranean Sea, in Europe, the Middle East and North Africa, karst aquifers are
of fundamental importance for water supply both for human consumption and for
agriculture which often depends on irrigation water. At the regional scale, karst
water is often the only water resource.

Clearly the sustainable management of karst water resources is absolutely
essential and in order to do this it is necessary to understand, and to be able to model






