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- Introduction -
Carbonate (karst) aquifers

| Hydrogeological characteristics: l

s N
Diffuse or concentrated infiltration,

from the permeable outcrops
(autogenic recharge) or from
adjacent low permeability materials
(allogenic recharge)
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Water flow may be slow (through
fissures) or quickly (by conduits )
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Good hydrogeological connection
between the exokarst features and
the groundwater drainage toward

the discharge points




- Introduction -

Carbonate (karst) aquifers
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- Introduction -

The RECHARGE of an aquifer is the amount of water entering it
during a given period of time.

The recharge coming from rainfall can be expressed as a
percentage of precipitation, this being termed the recharge rate.

AQUIFER RECHARGE

O\

Spatial distribution, has

been somewhat not always

considered (interpolation of
recharge data)

Recharge rate, is
addressed in most text
books on Hydrogeology and
in @ more specific way
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- Introduction -

The APLIS method permits:

* To estimate the mean rate of annual recharge in
carbonate aquifers, based on intrinsic variables of
aquifers

 To establish the spatial distribution of the recharge
rates on basis of the intrinsic characteristics aquifers.
This aspect is fundamental for the appropriate
management and protection of groundwater, with
respect to both its quantity and its quality

* To estimate the average annual resources

Andreo, B.; Vias, J.M.; Duran, J.J.; Jiménez, P.; L6pez Geta, J.A. y Carrasco, F (2008):
Methodology for groundwater recharge assessment in carbonate aquifers: application to
pilot sites in southern Spain. Hydrogeology Journal 16: 911-925.
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- APLIS method -
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Digital Elevation Model (DEM)
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- Methodological procedure -
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- Methodological procedure -
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Key aspect: areas of concentrated infiltration

(Case example: Malaga province, S Spain)
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Regional/local geomorphological maps (some unpublished)
Source for | factor
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Regional/local geomorphological maps (some unpublished)
Source for | factor
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Regional/local geomorphological maps (some unpublished)
Source for | factor
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- Case example: Torcal de Antequera (Malaga, Spain) -
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Methodological approach

Categorizing/rating the parameters - Overlaying layers = Running the recharge algorithm

Altitude (m) (A) Rating Slope (%) (P) Rating
<300 1 <3 10
(300-600] 2 (3-5] 9
(600-900] 3 (5-10] 8
(900-1,200] 1 (10 - 15] 7
(1,200-1,500] 5 (15 - 20] 6
(1,500-1,800] 6 (20 - 30] 5
(1,800-2,100] 7 (30 - 45] 4
(2,100-2,400] 8 (45 - 65] 3
(2,400-2,700] 9 (65 - 100] 2
>2,700 10 > 100 1
Soil (S) Rating Correction factor (F) Rating
Leptosols 10 Aquifer 1
Arenosols and xerosols 9 Other 0.1
Calcareous regosols and fluvisols 6
Euthricregosals and solonchaks 7
Cambisols 6
Euthriccambisols 5
Histosolsandluvisols 1
Chromicluvisols 3
Planosols 2
Vertisols 1

Lithology (L) Rating Infiltration landforms (I) Rating

Limestones and dolostones Abundant infiltration

e 10or9 ) 10
karstified landforms
Limestones aq(l EIDIDS[DHETS. SorT7 Moderate infiltration landforms 5
fracturated, slighted karstified
LIII‘I]E'S[DI]ES and dolostones Gorb Scarce infiltration landforms 1
fissured
Gravels and sands 4
Conglomerates 3
Plutonic and metamorphic rocks 2

Shales, silts, clays

R=[(A+P+3:L+2:1+5)/0.9]. F,

Recharge rate (% *)

Class

<20
20-40
40 - 60
60 - 80
>80

Very low
Low
Moderate
High

7 e
Very high

(*) In % of the annual mean rain
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- Case example: Torcal de Antequera -
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- Recharge maps obtained by the APLIS method -

Torcal de Antequera
Spatial distribution of the recharge rate
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- Recharge maps obtained by

APLIS method -
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- Recharge maps obtained by the APLIS method -

Recharge maps of Carbonate Groundwater Bodies in S Spain
(Andalusian Water Agency)
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- Groundwater resource assessment by APLIS method-
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Aquifer
Precipitation| Recharge | Resources
Code Name (mmiy) rate (%) (hm3ly)

060,002 SIERRA DE LAS ESTANCIAS 354 28,48 38,2
(060,007 BEDAR-ALCORNIA 353 33,09 2,3
(060,012 MEDIO-BAJO ANDARAX 230 35,95 4,5
(060,013 CAMPO DE DALIAS-SIERRA DE GADOR 379 37,48 100,6
(060,014 OESTE DE SIERRA DE GADOR 392 35,59 38,7
(060,015 DELTA DEL ADRA 333 33,99 1,8
(060,016 ALBUNOL 483 25,48 3,2
(060,017 SIERRA DE PADUL SUR 538 38,28 8,9
(060,018 LANJARON-SIERRA DE LUJAR-MEDIO GUADALFEO 542 24,12 33,7
(060,019 SIERRA DE ESCALATE 442 33,88 3,1
(060,020 CARCHUNA-CASTELL DE FERRO 507 24,23 3,2
(060,024 SIERRA ALMIJARA 631 42,88 19,0
(060,025 SIERRA GORDA-ZAFARRAYA 772 44,17 53,2
(060,028 SIERRA DE GIBALTO-ARROYO MARIN 787 34,01 2,0
(060,029 SIERRA DE ENMEDIO-LOS TAJOS 727 38,01 7,7
(060,030 SIERRA DE ARCHIDONA 589 40,08 1,8
(060,031 SIERRA DE LAS CABRAS-CAMAROLOS-SAN JORGE 673 39,25 18,8
(060,032 TORCAL DE ANTEQUERA 641 58,88 10,8
(060,033 LLANOS DE ANTEQUERA-VEGA DE ARCHIDONA 416 49,45 0,4
(060,034 FUENTE DE PIEDRA 477 47,14 1,2
(060,035 SIERRAS DE TEBA-ALMARGEN-CAMPILLOS 459 45,24 2,2
(060,036 SIERRA DEL VALLE DE ABDALAJIS 465 43,25 8,0
(060,038 SIERRA DE MIJAS 658 40,33 25,7
(060,041 SIERRA DE CANETE SUR 588 34,13 8,1
(060,043 SIERRA HIDALGA-MERINOS-BLANQUILLA 717 42,47 44,5
(060,044 SIERRA DE LIBAR 1044 37,20 22,8
(060,045 SIERRA DE JARASTEPAR 960 45,18 19,1
(060,046 SIERRA DE LAS NIEVES-PRIETA 846 55,00 77,0
(060,048 DOLOMIAS DE RONDA 810 43,80 6,5
(060,050 SIERRA DE LOS FILABRES 362 27,55 12,9
(060,051 MACAEL 404 18,54 3,9
(060,052 SIERRA DE ALMAGRO 270 23,70 2,5
(060,055 SIERRA ALHAMILLA 203 19,25 8,7
(060,061 SIERRA DE ALBUNUELAS 547 37,39 30,7
(060,062 SIERRA DE LAS GUAJARAS 592 34,98 37,7
(060,063 SIERRA ALBERQUILLAS 541 32,18 20,2
(060,064 SIERRA TEJEDA 762 38,05 19,3
(060,067 SIERRA BLANCA 786 40,19 31,9
(062,002 SIERRA DE LIBAR 1313 56,85 36,8
(062,003 SIERRA DE LIJAR 670 43,69 7,1
(062,004 SIERRA DE GRAZALEMA - PRADO DEL REY 1050 26,45 111,9
(062,006 SIERRA VALLEJA 636 41,45 1,6
[062,007 SIERRA DE LAS CABRAS 843 28,56 15,6
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- Potential use of APLIS method -
DIKTAS Project (Dinaric Karst Transboundary Aquifer).
Supported by NU, UNESCO and Governments of Balkans
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- Potential use of APLIS method -
DIKTAS Project (Dinaric Karst Transboundary Aquifer).
Supported by NU, UNESCO and Governments of Balkans
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DIKTAS Project (Dinaric Karst Transboundary Aquifer).
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- Potential use of APLIS method -

30-35% karstoutcrops — Carbonate rocks in Europe
50 % population in some couhtries Ry A
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- Potential use of APLIS method
in Europe-

Case example in Guadalquivir River Basin
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- Potential use of APLIS method in non European countries -

Hydrogeological Research in Haitises karst aquifer (Dominican
Republic). Project founded by International Atomic Energy Agency
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- Potential use of APLIS method in non European countries -
Hydrogeological Research in Haitises karst aquifer (Dominican
Republic). Project founded by International Atomic Energy Agency
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Hydrogeological Research in Haitises karst aquifer (Dominican
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Groundwater recharge in Andes region (Peru)
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Maocun Karst system Guilin (S China)
Experimental Site for IGCP 598 project of UNESCO
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Maocun Karst system Guilin (S China)
Experimental Site for IGCP 598 project of UNESCO
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Maocun Karst system Guilin (S China)
Experimental Site for IGCP 598 project of UNESCO

L N

"

%
Eegzs
R

X % shp

" (m)
=710

. []s20-710

[ 530-620

[ 440-530

350-440

[ 2s0-350

180-260
=180
&=

PSR H




Maocun Karst system Guilin (S China)
Experimental Site for IGCP 598 project of UNESCO

APLIS has been applied in different countries: Indonesia, Iran, Oman, China,

Slovenia, Greece, Peru, Cuba, Morocco.
It has been the basis of KARSLOP method for recharge assessment in karst aquifers in Montenegro
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ORGANIZATION

The 5th International Symposium on Karst will be 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.

Organizing Commitee

Bartolomé Andreo Navarro (CEHIUMA)

Luis Carcavilla Urqui (IGME)

Francisco Carrasco Cantos (CEHIUMA)

Juan José Duran Valsero (IGME)

Pablo Jiménez Gavilan (CEHIUMA)

Cristina Lifian Baena (CEHIUMA / Nerja Cave Foundation)
Sergio Martos Rosillo (IGME)

Damian Sanchez Garcia (CEHIUMA)

Ifiaki Vadillo Pérez (CEHIUMA)

Scientific Commitee

Bartolomé Andreo (University of Malaga, Spain)

Alice Aureli (UNESCO, Paris)

Ralf Benischke (Joanneum Research Institute, Graz, Austria)
Cristina C. Bicalho (University of Brasilia, Brazil)

José Benavente Herrera (University of Granada)

Ogden Bonacci (University of Split, Croatia)

Lhoussaine Bouchaou (University of Ibn Zohr, Agadir, Morocco)
Francisco Carrasco Cantos (University of Malaga, Spain)
Zhang Cheng (Karst Dynamics Laboratory, Guilin, China)

Yuan Daoxian (Institute of Karst Geology, Guilin, China)
Nathalie Doerfliger (BRGM, France)

Wolfgang Dreybrodt (University of Birmingham, United Kingdom)
Juan José Duran (IGME, Spain)

Christophe Emblanch (University of Avignon, France)

Dave Evans (MWH-Lima, Pert)

Francesco Fiorillo (University of Sannio, Italy)

Stephen Foster (International Association of Hydrogeologists, United Kingdom)
Nico Goldscheider (University of Karlsruhe, Switzerland)

Chris Groves (Western Kentucky University, USA)

Jonh Gunn (University of Birmingham, United Kingdom)

Cao Jianhua (Karst Dynamics Laboratory, Guilin, China)

Neven Kresic (AMEC, Washington, USA)

Neno Kukuric (IGRAC, The Netherlands)

James LaMoreaux (P.E. LaMoreaux and Associates, Inc., USA)
Nicolas Massei (University of Rouen, France)

Jacques Mudry (University of Franche~Comte, France)
Antonio Pulido Bosch (University of Almeria, Spain)

NataSa Ravbar (Karst Research Institute, Slovenia)

Moumtaz Razack (University of Poitiers, France)

Tadej Slabe (Karst Institute, Postojna, Slovenia)

Zoran Stevanovic (University of Belgrade, Serbia)

Ifiaki Vadillo Pérez (University of Malaga)

William White (Pennsylvania State University, USA)

Steve Worthingthon (Worthington Groundwater, Canada)
Pierre Yves Jeanin (SISKA, Switzerland)

PLACE AND DATES

The Symposium will be held in the city of Malaga (Spain) on
13 - 16 October 2014. Other dates of interest in the course of
the Symposium’s organization are:

- Deadline for receipt of abstracts: 15™ October 2013
- Notification of acceptance of abstracts: 15™ December 2013
- Deadline for receipt of completed manuscripts:  15* February 2014
- Return of reviewed manuscripts: 15™ March 2014
- Deadline for receipt of final manuscript: 15" April 2014

REGISTRATION

Registration fee:

- Before 15" February 2014: 300 euros
- After 15" February 2014:

350 euros

MoRre INFORMATION

Centre of Hydrogeology at the University of Malaga (CEHIUMA)
and the Department of Geology.

Faculty of Sciences. University of Malaga.

29071 Malaga, Spain

Phone: +34-952137207 / Fax: +34-952132000

E-mail: pgavilan@uma.es

Website: www.cehiuma.uma.es
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