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Presentation

Karst is a medium which has traditionally been the subject of hydrogeological re-
search, given the abundant water resources that are stored in it. In many cases karst
is the product of climatic and hydrological evolution in carbonate areas in recent
periods of geological history. Karst contains key information on recent environmen-
tal changes. The action of water has generated a great range of karstic features that
are part of our natural heritage and some of them form major tourist attractions
(landscapes of natural parks, geosites and show caves, for example). Karst areas
often serve as landscapes or as substrates for human activity. But karst is a highly
fragile ecosystem and the exploitation of its resources or inappropriate land uses
give rise to environmental problems (water pollution, subsidence, flooding, changes
in the subterranean environment, etc.). Also civil engineering projects need special
surveillance in karst areas.

Karstic outcrops cover approximately 12% of the terrestrial land surface and
these areas have always attracted attention as a research field in which many dis-
ciplines are involved, not just geological sciences, but also physics, chemistry and
biology. Recently, socio-economic science has also been closely involved with the
karst medium, as many of these areas contain important natural resources (ground-
water, caves, karst landscapes), for which proper management makes a significant
contribution to local economies.

Karst medium has long been the object of scientific research. The results of these
investigations have been presented and discussed at numerous congresses and meet-
ings, especially in the second half of the 20th century. The threshold of the second
decade of the 21st century seems a good time to reflect on the progress made in
recent times and to set out some of the lines of research to pursue in the near future.
This book is the result of the 4th International Symposium on Karst (ISKA-2010),
held in Mélaga (Spain).

ISKA-2010is the last of the symposia on karst that have been held periodically in
Malaga since 1992. These symposia are an international forum for scientific debate
on the progress made in research into karst environments. The main objective of the
4th International Symposium on Karst (ISKA-2010) is to discuss and disseminate
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the latest trends in research into karst media on the basis of the results obtained with
different methodologies in various worldwide areas.
This book contains 80 contributions grouped into four sections:

» Karst Hydrogeology

» Karst Geomorphology

* Engineering Geology in Karst
* Research on Caves

Most contributions are on Karst Hydrogeology, more than 60%, in connection with
various topics: methods for groundwater recharge assessment, impact of climate
change on karst aquifers, coastal aquifers, floods, karst groundwater flow, protec-
tion of karst aquifers, pollution and vulnerability in karst, thermal anomalies in car-
bonate aquifers, time series analysis, hydrochemistry, dye tracer and stable isotope
applications, numerical modelling in karst, etc.

Concerning Karst Geomorphology (approximately 15% of total papers), the con-
tributions deal with karst development in gypsum, wetlands, hypogene speleogene-
sis, sinkholes, travertines, fluviokarstic canyons and karst geosites.

Engineering Geology in Karst group contains about 10% of the published pa-
pers, concerning the following topics: motorways, dams, reservoirs, quarrying and
mining, geophysical technical for mapping buried karst, karst risk assessment, and
properties of the aeration zone in karst.

Finally, Research on Caves papers constitute the remaining15% of the works, re-
lated overall with mixing corrosion and speleogenetic processes, CO, sources and
global carbon cycle in endokarst, speleothems and other deposits in caves, conden-
sation and corrosion in caves, underground atmosphere and the colour in caves.

The number of authors involved in this issue (about 250) indicates the wide vari-
ety and representation of the selected papers from four continents (Europe, America,
Asia and Africa) and over 20 countries.

The present book may be considered an update of karst hydrogeology landforms
and cavities, described by numerous specialists who have investigated various as-
pects of these topics. It is a good example of investigations on karst systems in the
last few years, and at the same time it provides an illustrative synthesis of the re-
search tasks being performed out, among others, as part of the IGCP 513 project of
the UNESCO, and IAH Karst Commission. This Project has been useful as a forum
for the exchange of results and experience accumulated by researchers over recent
years concerning karst-related issues. The result is a more integrated vision on karst,
taking into account the diversity of geological and climatic contexts in the world.
We hope this publication will be an interesting reference for all studying the karst
medium.



Acknowledgements

This book was made possible thanks to the dedicated, combined effort of the authors
and members of the Scientific Committee as reviewers. The editors of this book
offer to all of them our sincere gratitude. The members of the Scientific Committee
composed of 40 international specialists from various karst domains are listed on
following pages. They reviewed all the contributions, several times in some cases.
Only manuscripts which met the criteria and quality required for the book were
accepted.

The 4th International Symposium on Karst, Malaga 2010 has been organized by
the Centre of Hydrogeology at the University of Malaga and the Spanish Geological
Survey, in the framework of their “Advanced Hydrogeological Studies” partnership,
with the cooperation of UNESCO and the IAH Karst Commission and the Spanish
Group. We thank Nerja Cave Foundation for its continuous support of the series
International Symposia on Karst; in fact, the two first symposia were held in Nerja.
Furthermore, we must express our thanks to all the organisations that collaborated
in organising, whose logotypes are included in following pages. Without these nu-
merous collaborators, and without the support of all mentioned, it would not have
been possible to publish this updated survey on karst.

This book is a contribution to projects IGCP 513 of UNESCO, CGL2008-06158
and CGL2008-04938 of Spanish Directorate of Research, to Integrated Actions
HP2008-047 and DE2009-0060, and to PO6-RNM-02161 project and Research
Group RNM 308 of Andalusian Government. It is a publication related to the IAH
Karst Commission.

vii



Scientific Committee

Contributions published in this book have been reviewed by the following Scientific
Committee members:

Bartolomé Andreo (University of Mélaga, Spain)

Tim Atkinson (University College, London, United Kingdom)

Michel Bakalowicz (University of Montpellier 2, France)

Bozidar Biondic (Institute of Geology, Zagreb, Croatia)

Ogden Bonacci (University of Split, Croatia)

Lhoussaine Bouchaou (University of Ibn Zohr, Agadir, Morocco)

Francisco Carrasco (University of Mdlaga, Spain)

Jose Antonio Crispim (University of Lisbon, Portugal)

Yuan Daoxian (Institute of Karst Geology, Guilin, China)

Nathalie Doerfliger (BRGM, France)

Wolfgang Dreybrodt (University of Bremen, Germany)

Juan Jose Durén (Spanish Geological Survey — IGME, Spain)

Cristophe Emblanch (University of Avignon, France)

Ian Fairchild (University of Birmingham, United Kingdom)

Maria Dolores Fidelibus (Polytechnic University, Bari, Italy)

Malcolm Field (Environmental Protection Agency, Washington, USA)

Stephen Foster (International Association of Hydrogeologists, United Kingdom)

Franci Gabrovsek (Karst Institute, Postojna, Slovenia)

Nico Goldscheider (University of Neuchatel, Switzerland/Technische
Universitét, Miinchen, Germany)

Chris Groves (Western Kentucky University, USA)

John Gunn (University of Birmingham, United Kingdom)

Heinz Hotzl (University of Karlsruhe, Germany)

Pierre Yves Jeannin (SISKA, Switzerland)

Alexander Klimchouck (National Academy of Science, Ukraine)

James LaMoreaux (P.E. LaMoreaux and Associates, Inc., USA)

Petar Milanovic (Serbia)

ix



X

Scientific Committee

Jacek Motyka (University of Science and Technology, Krakow, Poland)

Jacques Mudry (University of Franche-Comté, France)
Mario Parise (National Research Council, Italy)

Antonio Pulido Bosch (University of Almeria, Spain)
Moumtaz Razack (University of Poitiers, France)

Tadej Slabe (Karst Institute, Postojna, Slovenia)

Zoran Stevanovic (University of Belgrade, Serbia)
Georgios Stournaras (University of Athens, Greece)
Kamal Targuisti (University of Tetuan, Morocco)

Luigi Tulipano (University of Rome, Italy)

Ifaki Vadillo Pérez (University of Mdlaga, Spain)
William White (Pennsylvania State University, USA)
Steve Worthington (Worthington Groundwater, Canada)
Hans Zojer (Joanneum Research Institute, Graz, Austria)
Francois Zwahlen (University of Neuchatel, Switzerland)



Organizing Committee

The 4th International Symposium on Karst was organized by researchers from the
Centre of Hydrogeology at the University of Malaga (CEHIUMA) and the Spanish
Geological Survey (IGME), in the framework of their “Advanced Hydrogeological
Studies” partnership. The Symposium was sponsored by UNESCO and TAH (Karst
Commission and Spanish Group).

Bartolomé Andreo (CEHIUMA)

Francisco Carrasco Cantos (CEHIUMA)

Juan Jose Durdn (IGME)

Pablo Jiménez Gavilan (CEHIUMA and INTECSA-INARSA)
Cristina Lifidn Baena (CEHIUMA and Nerja Cave Foundation)
Juan Antonio Lépez Geta IGME)

Carlos Martinez Navarrete (IGME)

Pedro Agustin Robledo Ardila (IGME)

Iiiaki Vadillo Pérez (CEHIUMA)

Organizing Secretariat: Ana Isabel Marin Guerrero (CEHIUMA)

Organized and sponsorship by

"““CEH“.UMA e

0 "
e o B === h/\aih
USURED | O THE LMVERSITY OF MALAGA ““[SEH Ia al
e R
; S 3 - HE L,
.},M 373 istituto Geokigico p—— )
al houcon | 0% yMinero deE spa"a

In collaboration with

=

C uevad Ne rj a

(g

LY

\:‘, ICQGA club del agua 1163
-‘/__f'\ sublerrinea ”

‘ r-\ ﬂsmm TURISICAY [3PARL

q

xi



Contents

Karst Hydrogeology

Sustainable Water Resources with Case Studies in Historic Areas
inEgyptand Syria ....... .. ... ... 3
J.W. LaMoreaux

Resources Assessment of a Small Karstic Mediterranean Aquifer
(South-Eastern, Spain) . .. ........ ... .. .. . . . 13
J.M. Andreu, P. Martinez-Santos, A. Pulido-Bosch, E. Garcia-Sanchez

Sensitivity Analysis of APLIS Method to Compute Spatial Variability of
Karst Aquifers Recharge at the National Park of Vinales (Cuba) ........ 19
H. Farfan, J.L. Corvea, 1. de Bustamante

First Outcomes from New Approach in Assessing Recharge
of Highly Karstified Terrains — Cases Examples from Montenegro . . . . . .. 25
M. Radulovic, Z. Stevanovic, M. Radulovic

Climate Change Effects on Aquifer Recharge in a Glacierised Karst
Aquifer System, Tsanfleuron-Sanetsch, Swiss Alps .................... 31
V. Gremaud, N. Goldscheider

Recharge Enhancement and Protection of a Karst Aquifer
inCentral Texas ........... ... .. . . 37
B.A. Smith, B.B. Hunt, J. Beery

Flow Potential Between Stacked Karst Aquifers in Central Texas, USA .. 43
B.A. Smith, B.B. Hunt

Access to Coastal Karst Water Resources Through a Salinity Study

During an Exceptional High-Water Event: the Case of Port-Miou
(Cassis,SEFrance)........... .. ... ... .. i 49
A. Tassy, B. Arfib, E. Gilli

Xiii



Xiv Contents

Is the Term ‘Karst Aquifer’ Misleading? ............................ 57
J. Gunn

Evidence of an Early Phreatic and Confined Karst Phase in Minervois,
Southof France.......... ... ... ... .. .. . i, 63
A. Nou, S. Pistre, V. Borrell, C. Batiot-Guilhe, M. Bakalowicz

Characteristics of Heterogeneous Shimbar Karstic Systems
inSouthwest Iran ......... ... .. .. .. ... . . . . . 69
N. Kalantari, M.R. Keshavarzi, F. Hamidzadeh, M. Sahebdel

Application of Wavelet Correlation Analysis to the Karst Spring
of Fuenmayor. San Julian de Banzo, Huesca,Spain.................... 75
D. Chinarro, J.A. Cuchi, J.L. Villarroel

Recession Curve Analysis to Constrain Rainfall-Discharge Model
Parameterisation. . .............. . ... .. 83
F. Moussu, V. Plagnes, L. Oudin, H. Bendjoudi

Time Series Analysis of Saraw Springs — SE of Sulaimaniya,
Iraqi Kurdistan Region .......... ... ... .. ... ... ... .. ... .. ... 89
S.S. Ali, Z. Stevanovic

Analysis of Spring Discharges During Droughts:
Example from Karst Systems of SouthernItaly ....................... 95
F. Fiorillo, EM. Guadagno

Use of Combined Recession Curves Analyses of Neighbouring Karstic
Springs to Reveal Karstification Degree of Groundwater

Springing Routes . ....... ... ... .. . ... ... 101
P. Malik, S. Vojtkova

Problems of Flood and Drought in a Typical Peak Cluster Depression
Karst Area(SW China) .......... ... ... . . . .. 107
F. Guo, G. Jiang

Influence of Great Flood on the Functioning of Karst Aquifer:
Example of the Fontaine de Vaucluse Karst System (SE France) ........ 115
C. Danquigny, C. Emblanch, T. Blondel, B. Garry, A. Roch, C. Sudre

Localisation of a Reactive Transport Zone in a Saturated Karstic
Conduit Deduced from Natural and Artificial Tracer Tests ............. 123
S. Binet, A. Joodi, E. Joigneaux, P. Albéric, A. Gutierrez

The Characteristics of Groundwater Flow in Karst Aquifers During
Long Lasting Low Flow Conditions, Example from SW Slovenia . . ...... 131
N. Ravbar, M. Petric, J. Kogovsek



Contents XV

Tracer Investigations of the Nature and Structure of Subsurface Voids

in Mildly Karstic Aquifers: an Example from the English Chalk ........ 137
L. Maurice, T.C. Atkinson, J.A. Barker, A.T. Williams, A. Farrant,

A. Gallagher

Transit Time Environmental Tracing from Dissolved Organic Matter
Fluorescence Properties in Karstic Aquifers. Application to Different

Flows of Fontaine de Vaucluse Experimental Basin (SE France) ......... 143
T. Blondel, C. Emblanch, Y. Dudal, C. Batiot-Guilhe, Y. Travi, S. Gaffet

Use of Dissolved Organic Carbon to Characterize Infiltration
in a Small Karst System in the French Jura Mountains (Fertans, France) . 151
J.B. Charlier, J. Mudry, C. Bertrand

Investigation of Groundwater Dynamics in a Mediterranean Karst
System by Using Multiple Hydrogeochemical Tracers ................. 157
C.C. Bicalho, C. Batiot-Guilhe, J.L. Seidel, S.Van-Exter, H. Jourde

Hydrochemical Heterogeneity in the Discharge Zone of a Karstic Aquifer 163
M. Mudarra, B. Andreo, J. Mudry

Seasonal Variations of Hydrochemistry and Carbonate Precipitation

Rate in a Travertine-Depositing Canal at Baishuitai, Yunnan, SW China:
Implications for the Formation of Biannual Laminae in Travertine

and Climatic Reconstruction. .. ........... ... .. .. .. ... .......... 169
H. Sun, Z. Liu

Interpreting Source of Lingshui Spring by Hydrogeological, Chemical
and Isotopic Methods . . ........... .. ... .. . . . 177
G. Jiang, F. Guo

Groundwater Tracing Using Stable Isotope in the Western
Mediterranean (Case of Rif Chain in the North of Morocco) ............ 183
M. Qurtobi, H. Marah, A. El Mahboul, C. Emblanch

Duality of Functioning in a Karst System Under Mediterranean Climate
Conditions, Deduced from Hydrochemical Characterization............ 189
J.A. Barbera, B. Andreo

Water Origin of the Kokkino Stefani Spring (W Greece)
Based on HydrogeochemicalData .................................. 195
K. Katsanou, G. Siavalas, N. Lambrakis

Convective Thermal Field Reconstruction by Ordinary Kriging
in Karstic Aquifers (Puglia, Italy): Geostatistical Analysis of Anisotropy 203
M.D. Fidelibus, L. Tulipano, P. D’ Amelio



XVi Contents

Identification of Thermal Anomalies in the Carbonate Aquifer of the

Lower Andarax (SE Spain) by Means of Temperature Cross-Sections . . .. 209
F. Sédnchez-Martos, A. Pulido-Bosch, L. Tulipano, M.D. Fidelibus,

L. Molina-Sanchez

Flash Floods Forecasting in a Karstic Basin Using Neural Networks:
the Case of the Lez Basin (Southof France) ... ....................... 215
L. Kong A Siou, A. Johannet, S. Pistre, V. Borrell

Hydrological Modeling of an Alpine Dolomite Karst System ............ 223
A. Hartmann, M. Kralik, F. Humer, J. Lange, M. Weiler

Fuente de Piedra Lagoon (Malaga, Spain): a Deep Karstic Flow
Discharge Point of a Regional Hydrogeological System................. 231
J. Heredia, A. Garcia de Domingo, J.M. Ruiz, L. Araguds

Numerical Modelling of Coastal Aquifer Karst Processes by Means

of Coupled Simulations of Density-Driven Flow and Reactive Solute
Transport Phenomena . .......... ... ... .. ... ... .. .. .. ... .. ... 237
AM. Sdinz, J.J. Molinero, M.W. Saaltink

Characteristic Curve of a Groundwater Reservoir. Calculation Models . . . 243
J.A. Lépez-Geta, J.A. Navarro lafiez

How to Model Realistic 3D Karst Reservoirs Using a Pseudo-Genetic
Methodology — Example of Two Case Studies......................... 251
A. Borghi, P. Renard, S. Jenni

Insights of 3D Geological Modelling in Distributed Hydrogeological
Models of Karstic Carbonate Aquifers .............................. 257
A. Fournillon, S. Viseur, B. Arfib, J. Borgomano

Hydrological Modelling of a Karst System Using non Linear Hysteretic
Conceptual Model. . ....... ... .. .. . . . 263
S. Tritz, H. Jourde, V. Guinot

Object-Oriented Modelling as a Decision-Making Tool in Agriculturally
Overexploited Karstic Aquifers .................................... 269
J.L. Molina, J. Bromley, J.L. Garcia-Ardstegui, M. Molina, J. Benavente

Toxicity and Ecotoxicity of By-Products Resulting from Degradation

of Fluorescent Tracers Used in the Karstic Chalk of Normandy (France) 275
P. Gombert, D. Granier, R. De Seze, P. Pandard, F. Gondelle, F. El Koulaly,

F.Z. Benkada, R. Toussaint

Distribution of Trace Elements in a Karst Environment .. ... ........... 281
B. Tréek, R. gajn



Contents Xvii

Scenarios of Groundwater Pollution in a Karst Watershed:
a Case Study in the Pinar del Rio ProvinceatCuba ................... 287
H. Farfan, C. Dias, M. Parise, C. Aldana

Assessment of Pollution Risk in the Western La Mancha Carbonated

Aquifer Due to Anthropogenic Degradation of the Tablas de Daimiel
National Park (Spain) ........... ... ... ... . . . .. 293
H. Aguilera, L. Moreno, A. de la Losa, M.E. Jiménez, S. Castafio

The Protection of Groundwaters Destined for Human Consumption
in Karstic Aquifers. Advances Towards Safeguard Zones .............. 299
A. Jiménez-Madrid, F. Carrasco, C. Martinez

Wellhead Protection Areas Delimitation in Karstic Aquifers.
Aplication in Guadalquivir River Basin (Spain) . . ..................... 305
A. Jiménez-Madrid, C. Martinez, J.A. Luque, J.A. Zuazo, P. Jiménez

Definition of Statutory Water-Supply Protection Zones in Mountainous
Karstic Aquifers of the Guadalquivir Basin .......................... 311
A. Jiménez-Madrid, C. Martinez, J.A. Zuazo, P. Jiménez

Delineating Source Protection Zones of Karst Springs.
The Case Study of Villanueva del Rosario Spring (Southern Spain) . ... .. 317
A.l. Marin, B. Andreo

PaPRIKa, the French Multicriteria Method for Mapping the Intrinsic
Vulnerability of Karst Water Resource and Source — Two Examples
(Pyrenees, Normandy) . ......... ...ttt 323
V. Plagnes, K. Kavouri, F. Huneau, M. Fournier, J. Jaunat, C. Pinto-Ferreira,

B. Leroy, P. Marchet, N. Dorfliger

Comparative Application of Two Methods (COP and PaPRIKa)

for Groundwater Vulnerability Mapping in the Lez Karst System
(Montpellier, South France) ............... ... ... .. ... ... ....... 329
A.L. Marin, N. Dorfliger, B. Andreo

Karst Geomorphology

Geomorphology and Structural Control in Caves:
a Research in Torca Teyera (Picos de Europa, NW Spain) .............. 337
D. Ballesteros, M. Jiménez-Sédnchez, J. Garcia-Sansegundo, S. Giralt

Tracking the Space-Time Evolution of a Karstic System
with Fast Dissolution Kinetics Developed in Gypsum Formations. . ...... 343
A. Charmoille, F. Bech, X. Daupley, P. Gombert



XViii Contents

Hypogene Speleogenetic Evidences in the Development of Cova des Pas

de Vallgornera (Mallorca Island, Western Mediterranean) ............

J.J. Fornés, A. Ginés, J. Ginés, F. Gracia, A. Merino, J. Cifre, F. Hierro

A Disappearing Wetland of Karst Origin: the Laguna de la Alberca

Ronda, MAlaga) . ......... ...ttt

J.J. Duran, A. Garcia de Domingo, L. Linares

Geomorphological Characteristics of the Karst-Related Lakes
in Gypsum in the Arcas and River Moscas Lake Complexes

(Cuenca Province). . ........ ... i

M. Martinez-Parra, A. De la Hera, E. Lopez-Pamo, M.J. Moreno,
E. Montero, E. Santofimia

Konya Karapmar Obruks (Sinkholes) of Turkey ... ..................

G. Giinay, 1. Corekcioglu, S.O. Eroskay, G. Oviil

Hydrogeology and Geomorphology of the Calar del Espino
(Betic Cordillera, Southern Spain), a Highly Interesting Scientific

and Experimental Karstic System .................................

F. Moral

Hydrochemical Variations of the Huanglong Spring-Fed Travertine-
Depositing Stream in the Huanglong Ravine, Sichuan, SW China,

a World Natural Heritage Site . ...................................

H. Wang, Z. Liu

The Role of Sculpted Forms Along Endokarstic Active Conduits
in the Development of Fluviokarstic Canyons. The Rio Puron

Cave Conduit (Spain) ......... ... ... .. .. i,

J.A. Ortega Becerril, G. Garzén Heydet, J.J. Durdn

Karst Geositesin NEItaly . . .......... ... ... ... ... .. .............

F. Cucchi, F. Finocchiaro, L. Zini

Engineering Geology in Karst

Uncovered Caves and Their Conservation During the Construction
of Motorways Over Classical Karst and Other Types of Slovenian Karst
M. Knez, T. Slabe

Understanding the Leaks in Chabrouh Dam Through Detailed

Hydrogeological Analysis of the Qana Plateau (Lebanon) .............

I. Bou Jaoude, R. Karanouh, N. Momjian, A. Chehadeh, S. Cheikh Hussein

401



Contents

Decision Support Procedure for Constructing Karst Underground

Reservoirs — a Case Study on Peruc¢ac Karst Spring (Western Serbia) . . . .

1. Jemcov, S. Milanovi¢, P.T. Milanovic

Aeration Zone in Karst — Properties and Investigations ...............

P.T. Milanovié¢

Mapping Buried Karst Features with Capacitive-Coupled Resistivity

System (CCR) and Ground Penetrating Radar (GPR) ................

C. Neukum, C. Griitzner, R. Azzam, K. Reicherter

Karst-ALEA: a Scientific Based Karst Risk Assessment

for Underground Engineering. . ............... .. ... ... ...........

M. Filipponi, P.-Y. Jeannin

The Impacts of Quarrying in the Apulian Karst (Italy) ...............

M. Parise

Influence of Karst Phenomena on Water Inflow to Zn-Pb Mines

in the Olkusz District (SPoland) ..................................

J. Motyka, M. Czop

Xix

415

423

429

435

441

449

Research on Caves

A Model of Karstification in Extended Limestone Plains

by Mixing Corrosion . ............ ... ... ..,

W. Dreybrodt, F. Gabrovsek

Isotopic (1*C) Signature of CO, Sources in the Vadose Zone

of a Mediterranean Karst (Nerja Cave Site, Southern Spain) ..........

1. Vadillo, J. Benavente, F. Carrasco, A. Soler, C. Lifian

Effect of Ventilation on Karst System Equilibrium (Altamira Cave,
N Spain): an Appraisal of Karst Contribution to the Global Carbon

CycleBalance .............. .. .. . i,

S. Sanchez-Moral, S. Cuezva, A. Fernandez-Cortés, D. Benavente,
J.C. Canaveras

Influence of Daily Visiting Regime in Tourist Cave at Different Seasons . .

J. Cuevas-Gonzalez, A. Fernandez-Cortés, M.C. Mufnoz-Cervera,
J.M. Andreu, J.C. Cafiaveras

Atmospheric Model in the Llamp Shaft. Garraf — Spain (2008-2009) .. ..

R. Cano, X. Font, P. Cocifia, A. Sanmarti

Physics of Condensation Corrosionin Caves ........................

F. Gabrovsek, W. Dreybrodt, and M. Perne

457

463

469

475

483



XX Contents

813C Values from a Stalagmite at the Nerja Cave, South Spain . ... ... ..

C. Jiménez de Cisneros, E. Caballero

Mineral-Forming Processes at Canelobre Cave (Alicante, SE Spain) . . ..

J. Cuevas-Gonzalez, A. Fernandez-Cortés, M.C. Muiioz-Cervera,
D. Benavente, M. A. Garcia del Cura, J.M. Andreu, J.C. Canaveras

Petrological Study as a Tool to Evaluate the Degradation of Speleothems

in Touristic Caves, Castaiiar de Ibor Cave, Caceres,Spain ............

R. Martin-Garcia, A. Martin-Pérez, A.M. Alonso-Zarza

Features and Origin of Red Clays in Castaiar Cave: A Touch of Colour . .

A. Martin-Pérez, R. Martin-Garcia, A.M. Alonso-Zarza, M.J. Herrero

Impact of the Expected Climate Change on the Stability of Underground

Cavitiesin France ... ....... ... ... . .

P. Gombert, A. Charmoille, D. Christophe, R. D’hotelans



Karst Hydrogeology



Sustainable Water Resources with Case Studies
in Historic Areas in Egypt and Syria

J.W. LaMoreaux

Abstract The right to water use does not imply total sovereignty by some to the
detriment of others over one of the most basic natural resources necessary to sus-
tain life. Both developed and developing countries must find a workable balance for
managing water resources. Water use decisions like those affecting Figeh Spring,
Damascus, Syria, and Kharga Oases, Egypt, are controlled both by natural parame-
ters, as well as human factors such as land use and population growth. Sustainable
Water Development (SWD) is an internationally accepted program for balancing
water use issues and goals among competing consumers.

Introduction

Hydrogeology plays a major role in all aspects of environmental planning, execution
and implementation. Without a safe sustainable water supply, life cannot exist and
hopes for prosperity are limited. Much future world demand for water will be made
up of the ground water component.

The United Nations has identified water resources as a top priority. Attention is
particularly drawn to freshwater stress, which relates water withdrawal to percent-
age of water available. Based on the current rate of use, the United Nations is not
optimistic about the global water outlook.

Sustainable Water Development

Water quantity and water quality are inextricably linked; therefore, there needs to
be rapid movement towards Sustainable Water Development (SWD) in both devel-
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oped and developing countries. To address this issue, countries need to embrace

sustainable water development. SWD is “the development of water in a manner in

which [an] adequate supply of good quality water is sustained and the watercourse

ecosystem is maintained for the uses of future generations” (Pichyakorn 2002).
SWD includes five specific elements:

(1) The right to use water

(2) The protection of water resources and prevention of water degradation
(3) The maintenance of water flow

(4) An ecosystem related approach

(5) The procedural elements to achieve sustainable development.

The right to use water involves comprehensive permitting with continuing review,
strategic counseling, crisis management, creative dispute resolution, and enhanced
relations with stakeholder and community groups. If there is the perception that
one group of users is favored above another, the task of proper water management
becomes more difficult.

Protection of water resources and prevention of water degradation includes ad-
dressing nonpoint sources of pollution on a national, regional and local basis; land
use controls; integration of water and land management; and regulation of interbasin
transfers.

Maintenance of water flow involves instream flows and environmental flows and
may require appropriate controls. An ecosystem-related approach should not be lim-
ited only to watercourse mainstream or tributaries, but it should also incorporate
terrestrial and marine environments interacting with it; promote health of the entire
ecosystem; and utilize watershed management authorities.

To move toward SWD, freshwater needs to be managed in a holistic manner,
or in other words, an ecosystem approach. Once a good scientific understanding of
the nature, quantity and quality of available water resources has been gained, then
proper planning for future water use is possible. Reliable scientific data must be
the basis for political decisions in water policy. Developing and enacting regionally

Fig. 1 Philip E. LaMoreaux
in the Kharga Oases, 1962
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appropriate regulations and water use policies are important aspects of the SWD
approach.

“Management of water resources is holistic when it is done on a catchment or
drainage basin basis. This includes both land and water resources, since land use
can have significant impacts on freshwater and related ecosystems. ... Thus water
legislation should provide for a holistic, ecosystem approach to the management of
water ...” (McCaffrey and Weber 2005).

Projects performed by P.E. LaMoreaux & Associates, Inc. (PELA) under the
guidance of the late Philip E. LaMoreaux, past-president of the IAH (Fig. 1) in
Kharga Oases in the Western Desert of Egypt (LaMoreax 1962a, 1962b, 1962c)
and on Figeh Spring in Damascus, Syria (LaMoreaux 1989, 1992), will be used to
illustrate this critical problem in the world today.

Kharga Oases in Egypt

One of the longest continuous records of human use of groundwater in the world
exists in Kharga Oases in Egypt. The present landscape has evolved over several
million years of erosion, structure and deformation of beds. Geographic position
and changes in climate over the past thousands of years have resulted in conditions
favorable for inhabitation by man.

Groundwater reserves have been studied for long term socioeconomic develop-
ment. The Nubian Sandstone forms a complex aquifer system and has been provid-
ing water to artesian wells and springs for several thousand years.

Kharga Oases are located in a topographic depression in the Western Desert of
Egypt oriented north/south parallel to the Nile Valley (Fig. 2). The climate is arid,
rainfall is sporadic and temperatures are extremely hot during the summer months.
Mean annual rainfall is less than 1 mm (LaMoreaux et al. 1985).

The Nubian Sandstone (Fig. 3) there consists of a 600 m thick sequence of coarse
clastic sediments of sandstone, sandy clay interbedded with shale, chalk and clay
beds. Wells flow at about 800 liters per minute, with water temperatures of about
37 °C. The salinity of the water is remarkably variable, both laterally and vertically
(LaMoreaux et al. 1985; El Ayouty et al. 1961).

Nearly all of the springs and wells originally in the Kharga Oases flowed (Fig. 4).
Exploitation of groundwater from deeper and deeper wells for irrigation began about
1959. Artesian outflows in the springs and shallow wells declined as more and more
closely spaced deep wells were drilled (Fig. 5). By 1975, many wells had ceased to
flow (LaMoreaux et al. 1985).

Sustainability of water resources is related to the history of hydrogeology through
the inhabitation of Kharga Oases. Caton-Thompson’s work (1952) hypothesized that
Paleolithic man migrated out of the desert plateau and open plains of Kharga as
early as 25,000 BP. During dry seasons these groups relied on the availability of
groundwater from mound springs, which are domed seeps of a rare wetland land
type, more properly called a calcareous seepage fen. They occur where colder water



6 J.W. LaMoreaux

that is rich in alkaline minerals flows out at the seepages in waves, and over time
a roughly circular mound of successive deposits of minerals and mud builds up
vertically in a rough circle around the water discharge point.

Prehistoric evidence exists of a post Pleistocene lake covering much of the
Kharga Oases depression at a level of 70 m above sea level. Existence of good soils
in these low areas allowed desert cultures to expand around them.

Evidence indicates that prehistoric man, and subsequently the Romans, used the
springs in Kharga Oases for water supply. During Pharonic times, the oases were
of little interest to Egyptian administrations until the very late Dynastic Period.
Caravan routes crossed the area from Sudan to Libya. Stone temples, fortresses,
and brick strongholds were built and remain as evidence of occupation by Persia,
Greco/Roman, Roman, Coptic and subsequently Arab peoples.

Kharga inhabitants continue to use these ancient springs and wells, supplemented
at present by groundwater from deep artesian wells penetrating the deeper Nubian
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sandstone layers. The challenge today is to manage the water resources in the area to
allow continued usage in a prudent manner. Large reserves of groundwater remain
in the Western Desert of Egypt. Reserves can be used effectively into the future
but they must be developed cautiously and ideally combined with safe water reuse
programs. Today water continues to flow at a reduced rate. Crop lands have a thin
layer of salt, diminishing the productivity of the land.
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Fig. 4 Artesian Well in the Oases of Kharga, 1995
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Fig. 5 Annual withdrawal from shallow and and deep wells and total withdrawal, Kharga area,
1960-1980

The Nubian, being a complex geologic unit, comprises a very large storage sys-
tem containing good quality water that moves through the sandstone beds very
slowly (LaMoreaux 1964; LaMoreaux et al. 1985). This slow movement in a way
comprises a safety factor. Even though these resources may have been misused in
the past and artesian heads have been reduced drastically in some local areas, much
water remains for future development. Applying the ideas of sustainable water re-
sources and utilizing state of the art technologies available today will help to better
manage this resource for future generations.
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Figeh Spring in Damascus, Syria

Figeh Spring in Syria (Fig. 6) is the third largest spring in the world, after Krasny
Kutch (Red Spring) in Bashkortostan, Russia (Gareev 2004) and Silver Springs
in Florida, USA (Wilson 1989). Figeh Spring has an average discharge of about
8.5m’/s, and the average temperature is about 14 °C. The waters are used for the
supply of the city of Damascus, Syria. The spring was developed first by the Ro-
mans. Remains of Roman baths and of aqueducts leading south toward the city of
Damascus are evidence of early development.

PELA performed hydrogeological studies in the vicinity of Figeh Spring to de-
termine groundwater flow paths, recharge, storage, and discharge and the maximum
reliable yield (LaMoreaux 1989; LaMoreaux et al. 1989). PELA’s project provided
information upon which to base pumpage to augment low-season flows from the
spring which is the major water supply for the city of Damascus.

Studies performed include detailed surface geologic mapping, aerial photograph
interpretation, well and spring inventory and a systematic water quality sampling
program. Geologic structural work included mapping jointing, faulting, and folding
and an analysis of their impact on groundwater movement.

Detailed quantitative studies were made on the large springs supplying the Dam-
ascus water supply with detailed monitoring during pumping. Pumping test results
indicated that, with proper control and managed modifications at Figeh Spring, flow
augmentation at an average annual rate of 4 m3/s is available to support the needs of
Damascus during the low flow season. The reduction in storage is replaced first by
rains and then by snowfall during the primary recharge season from November to
January.

Fig. 6 Figeh Spring, Syria:
Discharge to the Barada River,
1988
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Understanding the reservoir system from which water flows, the flow direc-
tion, and the rate of water withdrawn allows determination of the area around
Figeh Spring in which environmental restraints should be imposed on develop-
ment.

Three protection zones were identified with decreasing limitations:

(A) Total Protection
(B) Permit Restriction
(C) Permit Proper Development of light agriculture

Since PELA performed its studies in the 1980s, demands on water resources and
arable soils have grown enormously due to high population growth rates. Water
scarcity, over-extraction of groundwater and deteriorating water quality are common
occurrences and are increasing over time. Water shortages in urban areas and limited
access to clean drinking water are creating a water crisis.

In 2001, the population of the area had grown to about four million, irrigation
use was increasing, and the average pumping rate was nearly 6 m*/s. Water supplies
were turned off on a rotating basis for between 16-20 hours a day during the sum-
mer months of 2001. Syria’s Statistical Abstracts show that for the years between
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Fig. 7 Location of Figeh Springs in Syria
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1967 to 1984, average annual water flows for Figeh Spring fluctuated between a low
of 4.227 m*/s and a high of 12.9 m%/s. For the years between 1996 and 2000, average
annual water flow recorded a low of 3.9m?%/s and a high of only 6.85m%/s (Elhadj
2004).

Limited arable lands are endangered by intensification of land use and by in-
creasing contamination, degradation and desertification. Socio-economic develop-
ment of the region is limited by these factors and holds potential for even greater
conflicts at the national and international level. The Federal Ministry for Economic
Co-operation and Development, Germany (BMZ 2008), and the Arab Center for
Studies of Arid Zones and Dry Lands (ACSAD 2008) are performing work in Syria
to address these problems.

As it is difficult to estimate the results of management decisions in complex
systems characterized by natural parameters such as those affecting Figeh Spring,
as well as human factors such as land use and population growth, BMZ and
ACSAD are developing a Decision Support System (DSS) involving visualiz-
ing and discussing the status quo and possible scenarios with relevant stakehold-
ers.

The purpose of DSS is for stakeholders to be able to make joint decisions. In this
way acceptable water allocations can be established and conflict between current
water users can be reduced, which will help lead to more sustainable management
of limited water resources for current and future years.

Conclusions

Historically, sustainability of water resources has been a problem which has been
difficult to manage without today’s detailed knowledge of hydrogeological systems.
History can be used as the basis for ongoing and future studies. Well planned inves-
tigations with quality control protocol and management provide better information
upon which to base decisions.

New technologies allow more detailed investigations and the acquisition of accu-
rate and verifiable data with which to make projections and model various scenarios.
New management systems make it easier for stakeholders to be involved to mini-
mize conflict and to collectively arrive at optimal solutions. This process embraces
socio-economic development and sustainable water resources for future generations.
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Resources Assessment of a Small Karstic
Mediterranean Aquifer (South-Eastern, Spain)

J.M. Andreu, P. Martinez-Santos, A. Pulido-Bosch, and E. Garcia-Sanchez

Abstract Groundwater from small aquifer systems is frequently used for urban sup-
ply in southeastern Spain. Aquifers such as the Ventos system, located in Mediter-
ranean semiarid environments, are sensitive to climatic and anthropogenic changes.
Many of them have been severely depleted due to intensive pumping. Drawdowns in
the Ventos aquifer amount to approximately 80 m over the last three decades. Ade-
quate knowledge of groundwater resources is necessary for water planners and man-
agers to guarantee suitable abstraction. This paper presents a methodology to esti-
mate groundwater recharge in these kinds of quick-response semiarid karst aquifers.
A distributed model has been used to evaluate the fraction of rainfall that ultimately
results in aquifer recharge, as well as the correlation between the magnitude of rain-
fall events and infiltration rates. Modelling results are then compared with direct
observations of the recharge processes and discussed to evaluate the implications of
time scales.

1 Introduction

Groundwater resources contribute substantially to the supply of water in Alicante,
southeastern Spain. The use of groundwater has increased significantly during the

J.M. Andreu
Dpto. de Ciencias de la Tierra y Medio Ambiente. Universidad de Alicante (Spain),
e-mail: Andreu.Rodes@ua.es

P. Martinez-Santos
Dpto. Geodinamica, Universidad Complutense de Madrid (Spain), e-mail: pemartin@geo.ucm.es

A. Pulido-Bosch
Dpto. de Hidrogeologia y Quimica Analitica, Universidad de Almeria (Spain),
e-mail: apulido@ual.es

E. Garcia-Sanchez
Dpto. de Agroquimica y Medio Ambiente, Universidad Miguel Hernandez (Spain),
e-mail: ernesto.garcia@umbh.es

B. Andreo et al. (Eds.), Advances in Research in Karst Media 13
DOI 10.1007/978-3-642-12486-0, © Springer 2010



