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Detailed index

TOPIC 1: Methods and models in karst hydrogeology

ORAL PRESENTATIONS

A Bayesian Multi-Model Framework for lumped parameter model structure selection and
parameter estimation in karst hydrology. Vianney Sivelle, Yohann Cousquer, Chloé Ollivier, Naomi
Mazzilli, Herve Jourde.

A rainfall-input model based on Artificial Neural Network (ANN) and cross-correlation analyses
for karst spring discharge simulation. Francesco Maria De Filippi, Stefania Franchini, Giuseppe
Sappa, Flavia Ferranti.

Analysis and modeling of the complex recharge-discharge relationship of the Caposele karst
spring (southern Apennine). Guido Leone, Francesco Fiorillo, Libera Esposito, Michele Ginolfi,
Gerardo Ventafridda, Herve Jourde.

Application of time series analysis in complex karst aquifers: a case study of the Javorniki karst
aquifer (SW Slovenia). Blaz Kogovsek, Igor Jemcov, Metka Petric.

Assessment of groundwater-river interactions in the carbonate formations of the northeastern
Aquitaine Basin (France). Olivier Cabaret, Jerome Barriere.

Changes in snow dynamics as a proxy for groundwater recharge in Euro-Mediterranean karst
mountains. Suleyman Selim Calli, Juraj Parajka, Zhao Chen, Claudia Notarnicola, Kiibra Ozdemir Calli,
Andreas Hartmann.

Characterization and classification of karstic groundwater resources. Vincent Bailly-Comte,
Bernard Ladouche, Jean-Baptiste Charlier, Vivien Hakoun, Claudine Lamotte, Yannick Manche, Jean
Christophe Marechal.

Characterizing groundwater springs in the Italian Alps: an integrated geological, geophysical,
and hydrogeological approach. Alice Lucchelli, Alessandro Signora, Francesco Dauti, Stefano Galli,
Matteo Gisolo, Gianluca Fiandaca, Daniele Pedretti.

Climate Change and spatio-temporal variability of the freshwater-saltwater interface in endokarst
lakes of coastal aquifers in Mallorca, Balearic Islands, Spain. Rebeca Alvarez-Alonso, Pedro
Robledo Ardila, Silvia Martinez Pérez, Juan José Duran Valsero, Raquel Morales Garcia.

Combination of stochastic and analytical modelling methods for the prediction of climate change
impact on spring discharge. Attila Kovacs.

Combining hydrogeological, geophysical and geochemical approaches to investigate the role of
weathered zones on karst water resources. Lise Durand, Cédric Champollion, Jérémie Aubineau,
Gregory Ballas, Erwan Le Ber, Bernard Ladouche, Sylvain Pasquet, Philippe Vernant, Jean-Baptiste
Charlier.

Comparison of process-based models to machine learning techniques in the simulation of flow
in complex karst systems: application on semi-arid case studies in Lebanon. Joanna Doummar,
Melissa Rizkallah, Sara Najem.

Coupling PEST and LUKARS 2.0: merits and limits of automatic parameter optimization.
Beatrice Richieri, Daniel Bittner, Vianney Sivelle, Andreas Hartmann, David Labat, Gabriele Chiogna.

Defining of karstification depth beneath dam sites using special investigations methods (the
Visegrad dam example, Bosnia & Herzegovina). Sasa Milanovi¢, Ljiliana Vasic, Branislav Petrovic,
Veljko Marinovi¢, Petar Vojnovic.
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Design in seasonal karst springs for sustainable water management in semi-arid karst region.
Mehmet Celik, Sileyman Selim Calli, Meltem Celik.

Development and application of the hybrid modelling approach by combining process-based and
machine-learning models for karst groundwater systems. Cenk Sezen, Andreas Hartmann, Zhao
Chen.

Establishment of a holistic hydrological monitoring network in a karst critical zone. Natasa
Ravbar, Mitja Ferlan, Metka Petri¢, David Stefanié, Blaz Kogovsek, Erika Kozamernik, Janez Mulec,
Lado Kutnar, Cyril Mayaud, Daniel Zlindra, Sara Skok, Janez Kermavnar, Saso Maringek, Ursa Vilhar.

First results to simulate flow through a statistical karst and fault network using an original karsts
statistical model. Floriane Laurent-Comesse, André Fourno, Herve Jourde, Olivier Ricois, Frederick
Delay.

Flash flood and vigilance forecasting of a complex, anthropogenic karst hydrosystem using
neural networks. Application to the Las coastal river at Toulon (South-East France). Julien Yise
Peniel Adounkpe, Romane Berthelin, Valentin Wendling, Guillaume Artigue, Alain Dezetter, Séverin
Pistre, Octavian Dobricean, Kalil Traore, Bruno Arfib, Anne Johannet.

Flow, transport and karstification model of the Buda Thermal Karst, Hungary - theoretical and
practical consequences. Judit Madl-Szényi, Brigitta Czauner, Anita Eréss, Mark Szijarto, Adam Téth,
Timea Trasy-Havril, Attila Galsa, Petra Kovacs-Bodor.

Geological risk analysis of geothermal developments in a karstic environment. Abel Markd,
Tamara Tothi, Imre Szilagyi, Judit Madl-Szbényi.

Groundwater resources diminishing in mountain areas: only climate change or also a “hidden”
consumer? An example from Central Apennines (Italy). Francesco Lampa, Marco Materazzi, Steffen
Birk.

Hydrogeological and physico-chemical signatures to characterize flood flows in a Mediterranean
urban karst aquifer (Fontaine de Nimes spring, France). Jean-Baptiste Charlier, Vincent Bailly-
Comte, Vivien Hakoun, Bernard Ladouche, Jean-Christophe Maréchal.

Hydrogeological characterization of Timau Devonian Karst Aquifer (NE ltaly). Daniele Karlicek,
Chiara Calligaris, Maurizio Ponton, Luca Zini.

Hydrogeological framework of minor aquifers in Central Italy (Alto Sangro area) and
potentialities' assessment for drinking purposes. Alessia Di Giovanni, Diego Di Curzio, Sergio Rusi.

Hydrogeological karst behavior in a conglomerate aquifer in Veneto Region (NE Italy). Davide
Cappellari, Roberto Tonucci, Leonardo Piccinini, Nico Dalla Libera, Paolo Fabbri.

Impact of more than thirty years of intense exploitation on groundwater flow system and
chemistry of a carbonate karst aquifer in a semi-arid region. The case study of Sierra de
Humilladero (Malaga province, S Spain). Pedro Marin-Troya, Juan Antonio Barbera, Bartolomé
Andreo.

Impact of soil coverings and land cover types on groundwater recharge of karst aquifers of
southern ltaly. Delia Cusano, Daniele Lepore, Vincenzo Allocca, Pantaleone De Vita.

Interdisciplinary characterization of karst aquifer of the island of Vis (Croatia). Matko Patekar,
Marco Pola, Stasa Borovi¢, Josip Terzi¢, Maja Briski, Ivan Kosovic, Silvia Mittempergher, Alessio Lucca,
Luigi Riccardo Berio.

38

39

40

41

43

45

47

48

49

51

53

55

57

59

61



eurokarst ROME

10-14 June

Interpretation of cumulative frequency distribution curves of groundwater levels can bring
information about the hydrodynamic properties of a karstified aquifer. Romane Berthelin, Manon
Erguy, Paul Bareix, Sébastien Morilhat, Guillaume Artigue, Julien Trincal, Anne Johannet, Séverin
Pistre.

Karstic conduit dimensions: analysis and simulation. Pauline Collon, Yves Frantz, Pierre Boymond,
Philippe Renard, Sophie Viseur.

Long term discharge analysis to improve knowledge about the behavior of karst spring under
climate change - Praondé spring, Civate (LC). Nicolas Rinaldi, Laura Longoni, Monica Papini,
Francesco Ronchetti, Raffaele Rossi Ronca.

Performance and intercomparison of two hydrogeological models (semi-physical and neural
networks) to forecast groundwater floods of a fractured karst aquifer. Case study of the
Cadarache site of the French Alternative Energies and Atomic Energy center (southeast France).
Manon Erguy, Sébastien Morilhat, Guillaume Artigue, Julien Trincal, Anne Johannet, Séverin Pistre.

Possible effect of deep CO2 degassing in the formation and development of karst systems.
Roberto Gambini, Giovani Chiodini, Piero Festa, Carlo Cardellini, Andrea Benassi, Isabella Serena Liso,
Mauro Tieri.

Post-Devonian fault and fracture systems and their impact on karst and groundwater flow in the
Carboniferous limestones of Ireland. John Paul Moore.

Project MIKAS (Most Important Karst Aquifers’ Springs) - achievements since EUROKARST 2022.
Zoran Stevanovic, Augusto Auler, Avihu Burg, John Gunn, Seifu Kebede, Neven Kresic, Peter Malik,
Junbing Pu, Benjamin Tobin.

Regional-scale groundwater modeling, focusing on boundary inflow and impact assessment of
managed aquifer recharge in karst systems. Marcus Genzel, Thomas Reimann, Joanna Doummar,
Philippe Renard, Steffen Birk, Alireza Kavousi, Max Gustav Rudolph, Andreas Hartmann.

Simulation of the polyphasic karst system of the Barrois limestones with a discrete karst network
simulation method. Augustin Gouy, Pauline Collon, Vincent Bailly-Comte, Christophe Antoine, Philippe
Landrein.

Stream-centric methods for determining groundwater contributions and sources in karst
mountain watersheds. Bethany Neilson, Devon Hill, Hyrum Tennant, Dennis Newell, Tianfang Xu,
Soeheye Choi, Jim McNamara, Nate Ashmead.

Strike-slip faults system and related karst networks: new insights from the comparison between
deep buried karst in central Tarim Basin (NW China) and the Fontaine-de-Vaucluse karst system
(SE France). Delong Ma, Wenqi Zhang, Benbiao Song, Jean-Louis Lesueur, Charles Danquigny, Gérard
Massonnat, Shuxin Pan, Yongqiang Qu, Hongbin Wang, Zhanfeng Qiao, Ya Deng, Yuning Wang,
Yixuan Zhao.

Temperature variations of karst springs. Claudio Pastore, Pierre-Yves Jeannin, Marc Luetscher, Amir
Sedaghatkish, Frédéric Doumenc.

Terzaghi's effective stress principle and hydrological deformation of karst aquifers detected by
GNSS measurements. Guido Leone, Libera Esposito, Michele Ginolfi, Francesco Fiorillo.

The application of future climate scenarios to assess long-term effects of climate change on the
discharge of the Caposele karst spring, Southern Italy. Tommaso Casati, Maria Filippini, Antonio
Navarra, Alessandro Gargini.

The effect of the degassing process at Ferrarelle's karst hydrogeological system. Emilio Cuoco,
Vittorio Paolucci, Rosario Avino, Antonio Carandente, Carmine Minopoli, Francesco Rufino, Alessandro
Santi, Elisa Sacchi, Dario Tedesco, Stefano Caliro.
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The freshwater origin of a brackish submarine spring inferred from a long-term stable isotope
survey: the Port-Miou karstic spring (SE France). Alexandre Zappelli, Bruno Arfib, Christine Vallet-
Coulomb, Thibaut Garin.

The hydrodynamic response of the Sibillini Mts. carbonate hydrostructure before and after the
Mw 6.5 Norcia earthquake (Central Italy): hints from numerical models. Enrica Zullo, Matteo Albano,
Michele Saroli, Marco Moro, Gabriel Testa, Nicola Bonora, Marco Petitta, Thomas Reimann, Carlo
Doglioni.

The role of groundwater-surface water relations in disturbing lake ecosystems: the case of the
Rémoray Lake Natural Reserve (Jura, France). Maeva Claveau, Sophie Denimal, Joshua Ducasse,
Francgois Degiorgi, Catherine Bertrand.

Tracer dispersion in karst conduits: study of spatially heterogeneous breakthrough curves by
multi-point dye tracing and 3D Computational Fluid Dynamics (CFD) simulations. Romain Deleu,
Mohammed Aliouache, Herve Jourde, Amaél Poulain, Gaétan Rochez, Sandra Soares-Frazao, Guy Van
Rentergem, Vincent Hallet

Transitory hydrodynamic state as a tool for inferring geometric constraints on groundwater flow
in karst aquifers. José Francisco Martin-Rodriguez, Matias Mudarra, Andreo Navarro Bartolomé.

Trends in long-term hydrogeological data from European karst aquifers. Markus Giese, Yvan
Caballero, Andreas Hartmann, Jean-Baptiste Charlier.

Understanding climate and anthropic drivers of discharge decline of a large karstic spring
feeding a NATURA2000 ecosystem. Cristina Di Salvo, Claudio Alimonti, Daniel T. Feinstein, Randall
J. Hunt, Pamela Teoli, Elisabetta Preziosi.

Updating of traditional groundwater budget and recharge assessment by using the APLIS
method at the karst Scirca spring (Central Italy). Davide Fronzi, Costanza Cambi, Fabio Massimo
Fiorucci, Isabella Serena Liso, Alex Manucci, Massimiliano Mazzocca, Francesco Mirabella, Mario
Parise, Alberto Tazioli, Daniela Valigi.

POSTERS

A corrosion-centric analysis of the chemical characteristics of low-saturated drips in Moravian
Karst. Pavel Pracny, Barbora Daniela Filova, Veronika Synkova.

A hydrogeological observatory in southern Italy: The Foce experimental karst basin. Paola
Petrone, Pasquale Allocca, Silvio Coda, Delia Cusano, Pantaleone De Vita, Daniele Lepore, Vincenzo
Allocca.

Advancing groundwater recharge assessment in karst aquifers by coupling remote sensing and
field hydrological monitoring. D. Lepore, C. Conrad, Vincenzo Allocca, Delia Cusano, Johannes Léw,
L. El-hokayem, P. De Vita.

Applying graph theory on cave surveys to represent and characterize karst networks. Celia Trunz,
Tanguy Racine, Julien Straubhaar, Pauline Collon, Jérémie Chappuis, Philippe Renard.

Barite precipitation in a coastal karstic aquifer. Fernando Sola, Angela Vallejos.

Detection and quantification of fluorescent tracers using activated carbon detectors in
groundwater. Philippe Meus, Fabien Renou, Liz Hidalgo, Dave Evans.

Diurnal fluctuations of physico- chemical parameters in a cave stream of Grotta del Vento, Apuan
Alps, Italy. Leonardo Piccini, Alessia Nannoni, Mario Verole-Bozzello.

Establishment of an International Communication Network for the Practice of Karst Groundwater
Tracing: Proficiency Testing of Fluorescent Tracers Analysis. Philippe Meus, Jérémy Flament,
Vincent Bailly-Comte, Juan Antonio Barbera, Christelle Batiot-Guilhe, Lee Anne Bledsoe, Lionel
Brabant, Dave Evans, Liz Hidalgo, Marc Luetscher, Daniel Matthews, Paulo Pessoa, Metka Petric,
Natasa Ravbar, Fabien Renou, Autumn Singer, Benjamin Tobin.
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Experimental setup for scaling the dynamic of infiltration processes in karst aquifers. Alejandro
Carrasco Martin, Matias Mudarra Martinez, Andreas Hartmann, Bartolomé Andreo Navarro.

Fluorescent dye tracing: Regulations and best practices in Europa - an overview. Sofie De Volder.

How Karst Geology Changes Expected Streamflow Regimes in Western Snowmelt Driven
Watersheds. Hyrum Tennant, Bethany Neilson, Devon Hill, D. Newell, James Evans, T. Xu, Seohye
Choi, N. Ashmead, James McNamara.

How to discriminate between local and regional flows for the management of karst groundwater
resources? Use of 52H vs 5180 applied to the Huveaune watershed and the hydrogeological
catchment of the Port-Miou spring, south-east France). Bruno Arfib, Thibaut Garin, Bernard
Ladouche, Julio Goncalves, Benoit Dewandel, Thierry Lamarque.

Hydrologic and Hydrodynamic characterisation via flow duration curves of the karstic outlet of
Ain Zerga, Tebessa, North East of Algeria. Bilel Djoulah, Mohammed Laid Hemila.

Identification and quantification of karst/river exchanges through physical and chemical
characterization. L. Noguera, Pierre Anschutz, S. Bujan, Alain Denis, R. Lastennet, F. Naessens,
Margot Persac, N. Peyraube, David Vienne.

Investigation of groundwater-seismicity relationship in a karst aquifer: preliminary results from
a new monitoring site in Southern Spain (Maro Spring, Andalusia). Francesca Gori, Marino
Domenico Barberio, Maurizio Barbieri, Adriana Damato, Cristina Lifian Baena, Lucia Ojeda, Ifiaki
Vadillo, Marco Petitta.

Karst Modelling Challenge: what is coming next? P.-Y. Jeannin, Alireza Kavousi, Thomas Reimann,
Jean-Baptiste Charlier, Eulogio Pardo-Iguzquiza, Anne Johannet, Martin Liithi, Laurence Gill, Andreas
Wunsch, Thomas Woehling.

Karstic zones influencing the development and dewatering of an underground mine. Tereza Filpi,
Edmar De Araujo, Gustavo Athayde.

Key technologies and scheme formulation for karst spring area restoration in Beijing, China.
Li Binghua, Duan Guangyao, Zhou Na, Yang Moyuan, Dou Peng.

Landslide susceptibility of fault zones in a karstified carbonate aquifer: the Grigna massif in
northern ltaly. Vincenzo Francani, Paola Gattinoni, Laura Longoni, Monica Papini.

Mixing processes in a karst aquifer drained through large springs, the Hermon Mountain. Avi
Burg, Israel Gev.

Some considerations on the upgraded hydrogeological map of Albania, through an example from
a karst area. Romeo Eftimi, Isabella Serena Liso, Mario Parise.

Structure and Functioning of Eocene Non-functional Karsts in the Montpellier Region. Example
of the St Gély du Fesc-Matelles Synclinal. Enola Fabre, Fatima Abdelfadel, Emma Blache, Séverin
Pistre.

Study on the origin of Fuentes de Marbella hot spring, Southeast of Spain. Angela Vallgjos,
Fernando Sola.
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TOPIC 2 Vulnerability and protection of karst groundwater

ORAL PRESENTATIONS

A comparative analysis of microbial metabolic activities in karst and volcanic-alluvial aquifers:
insights from a field study. Alessandro Valle, Stefano Amalfitano, Marco Melita, Stefano Ghergo,
Elisabetta Preziosi.

Drilling and cutting-based vulnerability assessment of karst aquifers: an innovative method for
practicality in karst protection. Kamal Taheri, Nima Fathi, Jamal Karimi.

Effects of global and climate change on the movement of the freshwater-seawater interface in
the Serres de Llevant range and the Marina de Llevant karst aquifers in Mallorca Island, Spain.
Diana Puigserver, Jordi Giménez, Francesc Gracia, José M? Carmona, Aina Torrandell, Alberto Millan,
Joan Fornos.

Estimating atmospheric CO2 uptake by carbonate rock weathering in the Mediterranean humid
continental karst basin. Fen Huang, Zhao Chen, Andreas Hartmann.

Evaluation of nitrate behavior, transport and storage in 5 karst watersheds of Wallonia (South
Belgium). Amaél Poulain, Félix De Selys, Jérémy Flament, Benoit Lavigne, Laura Balzani, Georges
Michel.

Exploring climatic change scenarios and aquifer recharge in southern Italy. Daniele Lepore, Silvio
Coda, Delia Cusano, Vincenzo Allocca, Eduardo Bucchignani, Myriam Montesarchio, Pantaleone De
Vita.

Formation mechanism and countermeasures of urban karst collapse. Jiang Xiaozhen, Ma Xiao,
Dai Jianling, Lei Mingtang.

Geoconservation state and antropic impact evaluation of the Lagunas de Ruidera river-lake
karstic system (Central Spain). Raquel Morales Garcia, Juan José Duran Valsero, Pedro A. Robledo
Ardila, Sergio Raul Duran Laforet.

Groundwater quality evaluation and source analysis in typical karst areas. Shi Yu.

Hydrologic confinement between two karst hydrogeologic units in Central Texas, USA. Brian
Smith, Jeff Watson, Justin Camp, Brian Hunt.

Italian karst springs in the MIKAS Project. Francesco Fiorillo, Mario Parise, Marco Petitta, Zoran
Stevanovic.

Karst springs in Brezovské Karpaty Mts. (Slovakia): differences in sensitivity to drought impact.
Peter Malik.

Managing groundwater resources in a karstic environment - Approaches for addressing
groundwater vulnerability and public water supply in the outskirts of London, UK. /lias Karapanos,
Ellie Powers.

Response to pumping of wells in carbonate and karst aquifers and effect on the assessment of
sustainable well yield: some examples from southern Italy. Chiara Sbarbati, Matteo Paoletti,
Vincenzo Piscopo.

Snow cover contribution on groundwater recharge in the Gran Sasso carbonate aquifer (Central
Italy) during the period 2019-2022. Valeria Lorenzi, Marino Domenico Barberio, Mauro Manetta,
Giacomo Medici, Chiara Sbarbati, Marco Petitta

Springs in platform and orogenic karst - A comparative analysis of Floridan (USA) and Dinaric
aquifers (former Yugoslavia). Zoran Stevanovic, Neven Kresic
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POSTERS

Case Study: Assessing Vulnerability and Remediation Strategies in Karst using the DPSIR - Bolje
Sestre. Momcilo Blagojevic.

Determining the spring protection zone:a case study, Sarcheshmeh Spring, Mahallat, Iran.
Hossein Karimi Vardanjani, Leila Hosseini Shafiei.

Dynamics of Microbial Biofilms in Response to Contamination in Karstic Systems: A Case Study
in the Bauges Massif (French Alps). Lina Fabre, Yves Perrette, Clementine Francois, Florian
Mermillod-Blondin.

Element of a pluri-disciplinary project on karstic reservoir characterization: groundwater
modelling of the Dévoluy Massif, France. Nathan Rispal, Philippe Audra, Pierre Henry, Ludovic
Mocochain, Bruno Arfib, Alexandre Zappelli, Benoit Viguier, Hélene Miche, Christine Vallet-Coulomb.

Exploration for Submarine Springs using an AUV. Todd Kincaid.

Field evaluation of carbon injection method for in-situ biological denitrification in Karst
groundwater using geochemical and metataxonomic analyses. Jaeyoung Choi.

Geological constraints at the origin of karst springs in the Ischitella-Vico territory (Gargano
Promontory, Apulia, Italy). Michele Morsilli, Isabella Serena Liso, Mario Parise.

Hydrochemical and hydrodynamic regime of the thermometallic karst springs of Voskina,
Agiasma and Kyllini in Greece. N. Kazakis, V. Stavropoulou, M.-M. Ntona, E. Nanou,
M. Papailiopoulou, D. Lampropoulou, E. Zagana.

Hydrochemical study of the impact of urban activities in the surroundings of the city of Merida
(Yucatan, Mexico). Flor Arcega-Cabrera, Marta Llamas-Dios, Ismael Oceguera-Vargas, Elizabeth
Lamas-Cosio, IAaki Vadillo-Pérez.

Hydrogeological and geophysical characteristics of main groundwater barriers of the Vis island's
karst aquifer (Croatia). Josip Terzi¢, Ivan Kosovi¢, BoZzo Padovan, Stasa Borovi¢, Matko Patekar,
Marco Pola, Tomislav Novosel.

Microfiber pollution in surface and subterranean aquatic environments: investigations in the
Classical Karst Region. V. Balestra, M. Galbiati, S. Lapadula, B. Barzaghi, Raoul Manenti, Gentile
Francesco Ficetola, R. Bellopede.

Multi-proxy approach in the Ouysse Karst System - geochemical and hydrodynamical studies.
David Viennet, Guillaume Lorette, David Labat, Matthieu Fournier, Mathieu Sebilo, Margot Persac,
Pierre Crancon.

Preliminary Assessment of Saline Intrusion Using Hydro-chemical Indicators in the Karst Aquifer
System of Benghazi Plain, NE, Libya. Mostafa F. Mostafa, Isabella Serena Liso, Mario Parise, Hassan
Z. El Shaafi.

Resource Vulnerability Assessment of the Karst Aquifers in the Friuli Venezia Giulia Region (NE
Italy) using the COP Method. Tullio Quaia, Chiara Calligaris, Luca Zini.

Sustainability and resilience in dual alluvial-karst aquifers: Building a groundwater mental model
based on desirable future in Western Iran. Kamal Taheri, Tomas M. Missimer, Nima Fathi.

The influence of multi-year drought periods on the flow regime of the saturated zone of the Karst
springs of the Dir of Beni Mellal in Morocco. Abdelghani Qadem, Sébastien Lebaut.

The Real-Time Monitoring Technology of Karst Groundwater and its Application in the Prevention
of Induced Karst Collapse. Qingqing Lei, Ma Xiao.

Turbidity correction applied to in-situ monitoring of natural fluorescence. Lucile Justy, Vincent
Bailly-Comte, Pascal Brunet, Aurélien Domeau, Christelle Batiot-Guilhe.

Understanding mass transfer mechanism between karst conduit and matrix: A critical review of
mass exchange in karst water resources. Kiibra Ozdemir Calli, Andreas Hartmann
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TOPIC 3 Karst geomorphology and landscape

ORAL PRESENTATIONS

A karstic cave with an exceptional geological value: Cueva de las Estegamitas (Malaga, Southern
Spain). Juan José Duran Valsero, Sergio Duran, Raquel Morales, Ifiaki Vadillo, Lucia Ojeda, José
Enrique Sanchez Pérez.

Earth's critical zone and karst critical zone: structure, characteristic and lower boundary. Junbing
Pu.

Evolution of the karst network from surface to subsurface within fault zone. Aurélie Boura,
Véronique Leonardi, Catherine Homberg, Nicolas Loget, Cousquer Yohann.

Expressing karst hydrogeology through choral music - the conception and realization of
Inception Horizon. Laurence Gill, Norah Walsh, Fergus McAuliffe.

GIS-based morphometric study to genetically characterize dolines in the SE sector of the
Classical Karst Region (NE Italy). Pietro Rai, Alice Busetti, Chiara Calligaris, Luca Zini.

On the risk of desertification in karstlands. Umberto Samuele D'Ettorre, Isabella Serena Liso, Mario
Parise.

Sinkhole's setback distances: the methodological approach applied to the evaporitic
environment. Chiara Calligaris, Alice Busetti, Luca Zini, Chiara Piano.

Speleogenetic reconstitution of a karst combining underground and surface geomorphology -
implication for hydrology (Verneau, French Jura). Margot Vivier, J.-B. Charlier, Pauline Collon,
Eglantine Husson, Stéphane Jaillet.

Study of the influence of surface hydrological features in the recharge processes of karst
aquifers in southern Italy. Michele Ginolfi, Guido Leone, Vittorio Catani, Mauro Pagnozzi, Giovanni
Testa, Libera Esposito, Francesco Fiorillo.

Surface water - groundwater interaction induced by geomorphology: The Sant Josep karstic
system (La Vall d'Uixo, Castellon, Eastern Spain). Sergio Raul Duran Laforet, Pedro Robledo Ardila,
Raquel Morales, Lucia Ojeda, Juan José Duran Valsero.

The myth of triple porosity karst aquifers in ancient carbonates. Augusto Auler.

The RETURN project's approach to sinkholes, the most typical geological hazard in karst
terrains. Vincenzo Allocca, Matteo Berti, Domenico Calcaterra, Diego Di Martire, Riccardo Fanti, Mario
Floris, Giovanni Forte, Isabella Lapietra, Isabella S. Liso, P. Lollino, Antonio Santo, Rita Tufano,
Francesca Bozzano, Salvatore Martino, Mario Parise

POSTERS

Complementary use of hydrodynamic and hydrochemical tools to infer groundwater-surface
water interactions in rivers located in alpine karst environments. The Segura and Zumeta rivers
(Jaén province, SE Spain). Juan José Rovira Medina, Beatriz De la Torre Martinez, Matias Mudarra,
Bartolomé Andreo.
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A Bayesian Multi-Model Framework for lumped
parameter model structure selection and parameter
estimation in karst hydrology.

Vianney Sivelle*T’2| Yohann Cousquer?, Chloé Ollivier?, Naomi Mazzilli®, and Herve
Jourde?

'Research Institute for Geo-hydrological Protection [Perugia] — Italy
2Hydrosciencos Montpellier — Institut de Recherche pour le Développement, Institut National des
Sciences de 1'Univers, Centre National de la Recherche Scientifique, Université de Montpellier — France
3Environnement Méditerranéen et Modélisation des Agro-Hydrosystemes — Avignon Université, Institut
National de Recherche pour I’Agriculture, I’Alimentation et I’'Environnement — France

Abstract

Lumped parameter modelling in karst hydrology has been widely developed in the last
decades. Model conceptualization often leads to one unique model structure and skips the
assessment of potential model structure equifinality. Some studies consider various model
structures to account for this source of uncertainties in hydrological predictions but still
do not assess the equifinality between various model structures. This issue is particularly
important for karst hydrology, where hydrological systems are highly heterogeneous and in-
formation about the structure is difficult to obtain. In this work, we developed a Bayesian
Multi-Model Framework (BMMF) allowing us to estimate a model structure probability dis-
tribution associated with their model parameters. Such an approach constitutes a significant
step forward compared with classical calibration allowing (i) to provide a robust hydrological
predictor considering both structural and parametric uncertainties, and (ii) to avoid epis-
temic error due to model structure selection, which is generally influenced by the subjective
conceptualization of the karst hydrological system by the modeler. The methodology is il-
lustrated with a Bayesian inference procedure among a large set of lumped parameter model
structures considered for the simulation of discharge at Fontaine de Vaucluse karst spring
(southern France).

Keywords: Lumped parameter modeling, Bayesian, Uncertainties
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A rainfall-input model based on Artificial Neural
Network (ANN) and cross-correlation analyses for
karst spring discharge simulation.

Francesco Maria De Filippi*t!, Stefania Franchini', Giuseppe Sappa!, and Flavia
Ferranti!

Sapienza University of Rome (DICEA) — Italy

Abstract

Due to climate change and increasingly frequent drought events occurring in the Mediter-
ranean area, sustainable management of groundwater resources based on reliable simulations
and previsions of karst spring discharges is required. In many cases, the limited information
on spring discharge patterns is a big issue for spring discharge forecasting, as well as the
understanding of karst hydrological processes. In order to plan sustainable water resource
exploitation, the groundwater availability needs to be assessed by monitoring the spring
discharge along the hydrological year. When continuous spring flow measurements cannot
be carried out at the required time scale or there is a lack of data in long-time discharge
series, spring discharge estimation is necessary. Several research studies proposed methods
based on relationships between spring discharges and rainfall data as input. The aim of
this paper is to discuss the factors that control karst spring discharge patterns, according to
rainfall inputs at different time scales. A model based on Artificial Neural Network (ANN)
data training and cross-correlation analyses has been developed to estimate the discharge of
some karst springs in Umbria Region (Central Italy). Modelled discharges have been com-
pared with measured ones, obtaining good results in terms of RMSE. The duration of the
period considered for input data is quite important for the results, being the lag time from
input to output strictly related to the aquifer storage properties, and can be estimated by
cross-correlation analysis.

Keywords: karst spring, groundwater, discharge modelling, water management
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Analysis and modeling of the complex
recharge-discharge relationship of the Caposele karst
spring (southern Apennine)

Guido Leone!, Francesco Fiorillo!, Libera Esposito*!, Michele Ginolfi', Gerardo
Ventafridda?, and Herve Jourde®

1Univcrsity of Sannio — Italy
2Acquedotto Pugliese, Bari — Italy
3Université de Montpellier — Université de Montpellier — France

Abstract

Karst aquifers represent a major source of groundwater and provides drinking water to
population in many regions of the World. Although several factors control the recharge-
discharge processes within karst aquifers, precipitation and temperature are the primary
drivers for groundwater storage and spring discharge variability. In particular, recharge-
discharge processes occur and evolve over different time scales and strongly depends on the
climate regime and its variability. Understanding the response of karst aquifers to the hydro-
logical input is of great relevance for a better assessment of groundwater resource variability
in response to climatic or anthropogenic factors and requires specific numerical modelling
approaches. Due to the complexity of karst hydro-systems and the lack of distributed in-
formation, physically based modelling of karst aquifers may result challenging. For these
reasons, and also because the only available data often consist in discharge time series at
spring, lumped parameter models are usually considered of rainfall discharge modelling. The
Cervialto karst system was investigated because of the absence of any anthropogenic distur-
bance and its peculiar hydrological and hydraulic behavior in response to the meteorological
input. Unlike typical karst aquifers, this karst system shows a strongly smoothed and de-
layed response to the meteorological input. The KarstMod modelling platform was applied
to simulate discharge of the Caposele karst spring (Cervialto massif, southern Italy) on a
daily scale and to better characterize recharge-discharge processes within this complex karst
system. Due to the articulated topography and spatial climate variability of the spring catch-
ment, specific approaches were applied to estimate the meteorological signal depending on
rainfall, snowfall, snow accumulation/melting, and evapotranspiration. Successively, several
model structures were tested, and model parameters were calibrated based on the daily dis-
charge time series of the Caposele spring. The calibrated model provided good performance
and successfully simulated the smooth behavior of the Caposele spring on a daily scale,
characterized by the complete absence of discharge peaks following intense rainstorms. In
addition, the model replicates the long memory effect of the aquifer and the flat hydrograph
shape observed in drought years. Nevertheless, the analysis highlighted a general difficulty
in calibrating models able to replicate both discharge peak amplitude and timing, which is
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probably due to the peculiar hydrological and hydraulic behavior of the Cervialto massif. In-
deed, the surface features of the massif, characterized by a pyroclastic soil covering the karst
slopes and filling karst depressions, and the absence of a well-developed and interconnected
conduit network, probably delays the infiltration within the karst aquifers and thus partly
explains the smoothed and dampened observed hydrological response the Caposele spring,
rarely observed in regions of karst terrains. The calibrated model provides a powerful tool
that might be consider in the future to investigate in detail the response of the Caposele
spring to climate variability and change.

Keywords: karst spring, recharge, discharge modeling, lumped parameter model
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Application of time series analysis in complex karst

aquifers: a case study of the Javorniki karst aquifer
(SW Slovenia)

Blaz Kogovsek*!, Igor Jemcov?, and Metka Petri¢!

'Karst Research Institute ZRC SAZU — Slovenia
2Univcrsity of Belgrade, Faculty of mining and geology — Serbia

Abstract

Karst aquifers have a very heterogeneous structure and complex hydrodynamics through
conduits, fractures and the matrix, therefore the characteristics of groundwater flow and
solute transport differ from those in intergranular and fissured aquifers. To understand how
they work, appropriately adapted hydrogeological research techniques and analyses are re-
quired.

The advanced application of time series analysis was performed for the Javorniki karst
aquifer, which is known for its complex hydrodynamics and mixing of water from differ-
ent sources of recharge. The aquifer covers an area of almost 800 km2 and is recharged by
both an allogenic and an autogenic component, which can vary depending on the hydrolog-
ical conditions. The water is then discharged out of two main springs, one of which is an
important source of drinking water.

A monitoring network was set up around the aquifer. A classical approach with high tem-
poral data resolution was extended to a spatial domain with simultaneous monitoring of
precipitation and water flow in springs, ponors and water-active caves. The main objectives
were to define and compare the flow characteristics and storage capacity of selected springs
and to determine the influence of different types of recharge (autogenic versus allogenic).
The time series of recharge were analysed as input functions in the correlation and spectral
analysis. The results undoubtedly show differences in the water transfer through the system,
in the storage capacity and in the recharge characteristics. However, they also show the
limitations of using cross-correlation functions to differentiate between the influence of auto-
genic and allogenic recharge. Due to their mutual influence, the interpretation of results in
complex karst systems can be ambiguous. To investigate the separate influence of allogenic
and autogenic recharge on springs, a partial cross-correlation analysis was also introduced.
The results confirmed that this approach provides additional insights into the functioning of
binary karst aquifers.

Keywords: karst aquifer, autogenic and allogenic recharge, time series analysis, partial cross corre-
lation, Slovenia
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Assessment of groundwater-river interactions in the

carbonate formations of the northeastern Aquitaine
Basin (France)

Olivier Cabaret*! and Jerome Barrieref

'Bureau de Recherches Géologiques et Minieres (BRGM) — Bureau de Recherches Géologiques et
Miniéres, Bureau de Recherches Géologiques et Minieres (BRGM) — France

Abstract

Interactions between groundwater and rivers play a key role in the functioning of hy-

drosystems. Identifying and quantifying these exchanges is therefore crucial to ensure water
resources management (low-water support, flood events, etc.), as well as maintaining biodi-
versity.
In the north-east of the Aquitaine Basin (South-West of France), the carbonate aquifers of
the Jurassic and Cretaceous periods constitute strategic reservoirs that meet the majority
of the region’s water needs (drinking water, irrigation, industry, etc.). These aquifers, which
are also affected by karstification, are closely linked to surface environments, including rivers,
and thus help to maintain the associated ecosystems and activities, particularly during peri-
ods of low water. In addition, these aquifers, located in edge zones of the sedimentary basin,
benefit from surface runoff from the bedrock at the head of the basin, which recharges the
karsts, as well as from formations further downstream or at depth. Analysis of groundwater-
river exchanges is therefore essential in this region.

The Eaux-SCARS regional project (https://sigesaqi.brgm.fr/-Projet-Eaux-SCARS-.html),
aiming to understand the hydrogeological functioning of the CArbonate aquifers of the north
Aquitain Basin, integrates several actions to assess the nature of exchanges. Investigations
focused mainly on 5 rivers structuring the territory, with average interannual flows ranging
from 7 m3/s for the smallest systems to 190 m3/s for the largest.

The first action is a series of field campaigns involving piezometric measurements (2 cam-
paigns, each involving more than 200 borehole measurements and 56 stream levelling) and
sampling of rivers and groundwater (6 campaigns involving nearly 1,800 analyses of ma-
jor ions, dissolved elements and isotopes), aimed to better understand how groundwater is
recharged by rivers losses at regional scale. The second action consists of continuous flow,
temperature and conductivity monitoring along certain stretches of the hydrographic network
(14 stations along 4 rivers), in order to identify infiltrating or draining sections according
to hydrological conditions. Serial gauging campaigns complete this monitoring. In this way,
changes in low-water flows on more than 80 stretches were assessed. A last action was to
test the relevance of the thermal approach to highlight groundwater contributions to river
flow. The principle of the thermal approach is based on the temperature contrast that can
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exist between surface water, corresponding to river water, and groundwater. This approach,
tested in winter over 4 km long, made it possible to clearly identify groundwater discharges
into the river and groundwater remaining in the form of concentrated inputs.

These various actions, some of which are still underway, will lead, among other things, to
the production of piezometric maps, the evolution of flows by section and the estimation of
the contribution of groundwater or rainwater to river flow. These combined results make it
possible to evaluate the modalities of groundwater-river interactions by sector. It helps as
well to better define the areas at stake in terms of groundwater recharge or surface water
support, for quantitative management, in line with the region’s water needs, particularly for
drinking water and irrigation.

Keywords: groundwater, river interactions
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Changes in snow dynamics as a proxy for
groundwater recharge in Euro-Mediterranean karst
mountains

Suleyman Selim Calli*!, Juraj Parajka?, Zhao Chen?®, Claudia Notarnicola*, Kiibra
Ozdemir Calli®, and Andreas Hartmann?

1Goological Engineering Department, Ankara University — Turkey
2Institute of Hydrology and Water Resources Management, Vienna University of Technology — Austria
3Institute of Groundwater Management, Dresden University of Technology — Germany
4EURAC Research -Institute for Earth Observation, Bolzano — Italy

Abstract

Mountain regions are the water towers of the world and supply substantial water use
and ecosystems in the subjacent lowlands. As a significant amount of water can be stored
in mountains as snow, the hydrological regime in mountain catchments could be drasti-
cally altered by changing climate conditions. There might be long-lasting droughts due to
the absence of snowmelt in spring or summer, and unexpected floods because of the sud-
den snowmelt events. Considering the fast recharge, drainage, and discharge dynamics of
the karst aquifers, mountain karst regions would become the pioneers of these hydrological
regime changes, particularly in the Euro-Mediterranean region which is one of the poten-
tial hotspots of climate change. There are very important mountainous karst aquifers in
the Euro-Mediterranean region recharging by the Atlas Mountains, Pyrenees, Central Alps,
Apennines, Dinarides, Carpathians, Taurids, and Zagros Mountain series, as well as by many
other individual mountains. Recent studies showed that most of these mountain ranges are
experiencing a decline in snow cover at various stages. In the present study, we focused
on the investigation of snow cover changes and their impact on groundwater recharge in
the Euro-Mediterranean karst mountains, using the daily snow cover maps obtained from
MODIS satellites. Due to the decreasing precipitation and increasing air temperature, the
snowline elevation is shifted to higher altitudes, and the fractional snow-covered area is de-
creased; furthermore, the increase in the air temperature and the decline in the snow cover
boosted the evapotranspiration from soil and shallow part of karst systems. To verify the
investigation results, we estimated groundwater recharge rates for the karst aquifers in the
Hochschwab and Mieming Mountains of Austria by using the VarKarst-Snow model.

Keywords: Mountainous karst, Snow cover, MODIS, Climate change, Hydrological model
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Characterization and classification of karstic
groundwater resources

Vincent Bailly-Comte*!, Bernard Ladouche!, Jean-Baptiste Charlier!, Vivien Hakoun',
Claudine Lamotte!, Yannick Manche?, and Jean Christophe Marechal!
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Montpellier — France
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Abstract

Karst aquifers are often described as complex, highly heterogeneous hydrosystems. Ground-

water flow is difficult to describe in the karstified geological reservoir, both spatially and
temporally, but most (if not all) of the groundwater flow naturally converges on a limited
number of outlets. Consequently, the hydrological and physico-chemical responses of karst
springs provide a comprehensive understanding of the functioning of the karst system, which
is the basis of the systemic approach.
Accordingly, numerous graphical, statistical or signal processing methods have been pro-
posed to describe the rainfall/discharge relationship and get some indicators derived from
the analysis of karst spring hydrographs. These indicators have been used to classify the
hydrological functioning of karst systems whatever the climatic context since the work of
Mangin (1975), but how can these classifications be modified to account for the availability
of karst groundwater resources?

The XLKarst tool (Bailly-Comte et al., 2023) is used to apply these methods to a database of
3-year daily precipitation and flow time series collected during the hydrogeological study of
the karst groundwater resources of the Causse Méjean by the Cevennes national Park (PnC)
and the French Geological survey (BRGM report RP-70327-FR). Six distinct karsts systems
draining the same karst plateau have been monitored to get their discharge evolution in re-
sponse to relatively homogeneous recharge events on the karst plateau. This enables a direct
comparison of the results in terms of karstic functioning, avoiding biases due to different
climatic contexts. This presentation will first describe the functionalities of the XLkarst tool
as applied to the Causse Méjean dataset. In addition to classical hydrological time-series
analysis, a new approach for karst spring recession analysis will be presented based on the
continuous baseflow separation of Duncan (2019). The results will be used (i) to discuss
the strength and weakness of classifications of the hydrological functioning of karst systems
based on recession curve analysis and base flow separation methods, and (ii) to propose an
alternative that highlights the availability of the karst groundwater resources.

Bailly-Comte, V., Ladouche, B., Charlier, J.B., Hakoun, V., Maréchal, J.C., 2023. XLKarst,
an Excel tool for time series analysis, spring recession curve analysis and classification of karst
aquifers. Hydrogeology Journal 31, 2401-2415. https://doi.org/10.1007 /s10040-023-02710-w
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Duncan, H.P., 2019. Baseflow separation — A practical approach. Journal of Hydrology
575, 308-313. https://doi.org/10.1016/j.jhydrol.2019.05.040

Mangin, A., 1975. Contribution & I‘étude hydrodynamique des aquiferes karstiques, PhD the-
sis, Université de Dijon, Dijon, France, 1975. https://hal.archives-ouvertes.fr/tel-01575806
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Characterizing groundwater springs in the Italian
Alps: an integrated geological, geophysical, and
hydrogeological approach

Alice Lucchelli*!, Alessandro Signora', Francesco Dauti', Stefano Galli', Matteo
Gisolo?, Gianluca Fiandaca!, and Daniele Pedretti!

Wniversita degli Studi di Milano = University of Milan — Italy
2a2a Ciclo Idrico — Italy

Abstract

Spring water is one of the major sources of drinking water for local communities through-

out the Italian Alps and in mountain areas worldwide. As water demand and pressure on
groundwater resources increase in the context of a fast-changing climate, there is a growing
commitment to assess groundwater availability and develop sustainable water supply strate-
gies.
The proper management of groundwater resources requires the characterization of the aquifer
systems. In this regard, karst terrains pose unique challenges due to their complex and hetero-
geneous nature. This study focuses on the assessment of an aquifer system in a karst-fissured
mountain environment, by employing an integrated approach based on three pillars: geol-
ogy, geophysics, and hydrogeology. The study area, located in the Brescia Prealps (northern
Italy), is characterized by a Lower-Middle Triassic succession with a fold-and-thrust archi-
tecture, typical of the Southern Alps domain.

The geological pillar is based on a 3D geological model developed using both bibliographic
data and field observations. This model serves as the foundation for understanding the spa-
tial distribution of geological formations and the major tectonic lineaments.

The geophysical pillar is built on both ground-based geophysics (classic electrical tomog-
raphy, ERT, and innovative transient EM methods, TEM) and on densely spaced airborne
electromagnetics (AEM).

The hydrogeological pillar consists of groundwater chemical analysis and stable isotope anal-
ysis of Oxygen, Hydrogen, and Carbon.

Geophysical surveys play a key role in capturing the subsurface heterogeneity and identifying
preferential flow paths within the rock volumes. The integration and mutual calibration of
geophysical data with the 3D geological model allows for the refinement and validation of the
model parameters, ensuring a more realistic representation of the aquifer system. This itera-
tive process of mutual calibration enhances the precision of the model and provides valuable
insights into the hydrogeological characteristics of the investigated system. Hydrogeology,
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and particularly the isotope analysis, helped to identify the recharge areas of the aquifer
system.

The results reveal the existence of 4 rock volumes with similar electrical behavior, within
which heterogeneities in resistivity distribution are recognized. In addition, the integration
of 3D geological modeling and geophysical surveys provides a comprehensive and accurate
representation of subsurface structures.

In conclusion, this research offers practical insights into the sustainable management of
groundwater springs in complex geological settings and is the first step in the development
of a numerical flow model, which is essential for the assessment of groundwater availability
as a function of climate change scenarios.

Keywords: Karst fissured aquifer, 3D geological modeling, Electrical resistivity tomography, Air-
borne electromagnetics
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Climate Change and spatio-temporal variability of
the freshwater-saltwater interface in endokarst lakes
of coastal aquifers in Mallorca, Balearic Islands,
Spain

Rebeca Alvarez-Alonso*'12, Pedro Robledo Ardilal, Silvia Martinez Pérez?, Juan José
Duran Valsero!, and Raquel Morales Garcial

Hnstituto Geolégico y Minero de Espana — Spain
2Universidad de Alcald = University of Alcala — Spain

Abstract

The mixing zone between fresh and saltwater in coastal karstic aquifers is perhaps the
most interesting hydrogeological zone to study the impact of Climate Change on groundwa-
ter. Historically, the interface has been understood as a relatively homogeneous and static
zone, with three distinct parts: a) freshwater in the upper part, b) brackish water in the in-
termediate margin, and c¢) saltwater in the lower zone. However, this classic interface model,
based on a moderate advancement or retreat of the interface according to precipitation pat-
terns, cannot be applied to the actual evolution of the interface in the majority of coastal
karstic aquifers in the Mediterranean. The study of the interface in endokarstic lakes of four
groundwater aquifers on the island of Mallorca has revealed that the interface is composed
only of two zones: a) a brackish water zone (with a conductivity exceeding 7500 uS/cm
and 2100 mg/L of chlorides), and b) a saltwater zone below the former (53000 S/cm and
36000 mg/L of chlorides). However, the thickness of the brackish zone varies significantly
among the endokarstic lakes, with some having a brackish zone up to 10 m deep and others
only 1 m deep. This hydrogeological model of the interface in all cases shows a variation
towards the interior, where chloride concentration and conductivity decrease, with a very
gradual geometry from the coastal area. The freshwater zone is only observed at the head of
the aquifer, far from the sea (more than 2 km). The notable physicochemical differences in
the interface between the coastal endokarstic lakes of Mallorca, despite their proximity, are
mainly attributed to local anthropogenic causes, masking the effects of Climate Change on
the advancement or retreat of the interface. There is also observed variation in the thickness
of the brackish zone among aquifers, indicating both high hydrogeological compartmentaliza-
tion and variable anthropogenic pressure depending on the specific location of the analyzed
areas. For example, Es Coll Cave in Porto Colom, located beneath an urbanization, exhibits
very high chloride concentrations (above 17500 mg/L), in contrast to Genovesa Cave, very
close but with 2100 mg/L. However, Es Dolg Cave and Es Coloms Cave, located in a natural
area without anthropogenic pressure, show moderate chloride concentrations with the same
distance from the coast as the previous examples, and in the latter case, even freshwater
in vertical hydrochemical stratification. Therefore, a common variable in most aquifers is
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human pressure, summarized in two factors: groundwater pumping and discharges of un-
treated water. In this context, it is important to highlight a crucial difference in the vertical
variability of the interface: in the coastal aquifers of eastern Mallorca, the interface begins
in the brackish zone, with no presence of a freshwater zone. These findings contribute to a
better understanding of the dynamics of the interface in coastal aquifers and have significant
implications for the sustainable management of water resources in the context of Climate
Change.

Keywords: brackish zone, climate change, coastal karst aquifers, groundwater
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Combination of stochastic and analytical modelling
methods for the prediction of climate change impact
on spring discharge

Attila Kovacs*!

nstitute of Environmental Management, University of Miskole, H-3515 Miskolc-Egyetemvaros, 3515
Miskole, Hungary — Hungary

Abstract

A novel modelling approach has been developed for the prediction of spring discharge

time series based on regional climate model projections. This approach integrates the ad-
vantages of traditional stochastic methods such as regression analysis with physics-based
analytical baseflow models.
During the stochastic modelling of karstic spring discharge, hydrograph peaks usually show
a reasonable correlation with daily rainfall data, but spring baseflow has insufficient corre-
lation with rainfall. This is a direct consequence of the physical functioning and the dual
hydraulic behaviour of karst. While hydrograph peaks (flood) originate from direct recharge
into the aquifer, baseflow originates from the release of water infiltrated into and stored in
the low permeability matrix blocks. Baseflow is temporally delayed compared to rainfall and
discharge peaks. For this reason, it is not possible to adequately describe these two different
physical processes with one regression function. While flood discharge peaks can be approx-
imated through the application of regression functions between rainfall and peak discharge,
the description of baseflow requires the application of physics-based analytical functions.

A novel combined stochastic-analytical method was developed for the characterization of
spring hydrographs based on measured daily rainfall data.

The combined modelling method involved the establishment of regression functions between
rainfall and discharge peaks, and the simulation of flood discharge based on future rainfall
time series predicted by regional climate models.

Composite exponential formulae (Forkasiewitz and Paloc 1967) were applied for describing
baseflow, where fitting parameters were calibrated based on historical rainfall and discharge
data.

A combined stochastic-analytical modelling of discharge hydrographs was undertaken on
various karstic springs located at the Durmitor National Park in Montenegro, and at the
Aggtelek National Park in Hungary.

Regression functions between rainfall and discharge were established using historical data.
Baseflow recession was described using a multi-component exponential model, where param-
eter fitting was performed on Master Recession Curves. Rainfall time series from Regional

*Speaker

sciencesconf.org:eurokarst2024:516284



eurokarst ROME

10-14 June

Climate Model scenarios were applied to predict future discharge time series.

The applied method is suitable for simulating the temporal distribution and magnitude
of discharge peaks and for the simulation of baseflow recession. The applied model scenarios
predicted the probability and magnitude of discharge which were represented through Flow
Duration Curves.

Keywords: Spring hydrograph, stochastic model, analytical model, climate change
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Combining hydrogeological, geophysical and
geochemical approaches to investigate the role of
weathered zones on karst water resources
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Abstract

The objective of this work is to revisit the conceptual model of karst aquifers account-
ing for weathered zones, using multidisciplinary and multi-scale approaches (hydrogeology,
geophysics and geochemistry). We hypothesise that the weathered zone plays a key role on
water transfers and storage.The study site is the karst aquifer of the Durzon spring, located
in South of France, under a Mediterranean climate. The recharge area is about 110 km? and
is mainly composed of dolomitic rocks characterized by large weathered areas. The recharge
occurs by diffuse infiltration, leading to an inertial response of the spring. First, to acquire
the spatial information of weathered zones, we used a geochemical method at the rock sample
scale with porosity calculations, XRF, XRD and SEM analysis. At the local scale (hundreds
of meters), we used geophysical methods with electrical resistivity tomography and seismic
refraction tomography. These methods were performed to describe and identify the geom-
etry of the weathered and the un-weathered zones. Second, to characterize the evolution
of the water body over time, we used geophysical monitoring (gravity) and hydrogeological
survey (piezometry in 3 boreholes and discharge in 4 cavities and at the outlet). Third, to
make a link between all water bodies characterized by the different time series (piezometric,
discharge, and gravity time series), we applied a black-box modeling approach using Tempo
software (© BRGM) .Regarding spatial characterization, our results show that dolomite
alteration corridors are present over the first hundred meters of the unsaturated zone. In
these zones, the samples have a porosity of up to 50% and can therefore contain more water
than in the un-weathered rock. Regarding temporal analysis of rainfall and discharge signals,
correlation analysis evidence contrasted contributions of fast (piston effect) and slow flow
according to sites and scales. Regarding temporal analysis, results show that gravity and
piezometry signals in the unsaturated zone have the same pattern, linked to the seasonal

*Speaker
fCorresponding author: lise.durand@umontpellier.fr

sciencesconf.org:eurokarst2024:511354



eurokarst ROME

10-14 June

recharge. Globally, this study illustrates that an interdisciplinary approach provides infor-
mations on different hydrogeological compartments, that are necessary to build a valuable
conceptual model. As a conclusion, it shows that weathered rocks in the unsaturated zone
of karst aquifers can play a key role in their overall hydrogeological functioning.

Keywords: hydrogeological, geophysical, geochemical, weathered zones
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Comparison of process-based models to machine
learning techniques in the simulation of flow in
complex karst systems: Application on semi-arid case
studies in Lebanon
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Abstract

Flow and recharge in karst groundwater resources are often challenging to simulate due

to the complexity of dual flow and infiltration processes. Therefore, predicting spring re-
sponses relies heavily on climatic input and an understanding of infiltration processes within
the unsaturated zone, epikarst, and flow.
In this proposed work, we aim to integrate various approaches, including process-based,
statistical, and machine learning techniques, to simulate flow in monitored karst systems.
High-resolution spring and climatic time series have been collected since 2014 (with lim-
ited data since 2011) from two karst catchment areas within the Nahr el Kalb water basin
(Qachqouch and Assal Springs) in a semi-arid snow governed region in Lebanon. Building on
insights from the process-based approach, our plan is to explore machine learning algorithms
to uncover nontrivial interdependencies between monitored parameters and dependencies on
listed co-variates and control parameters.

The input data were inputted into Convolution Neural Networks (CNN) and Long Short-
Term Memory (LSTM) approaches, with hyperparameter tuning and appropriate filters, to
compare their precision in reproducing output data and assess their improvements over the
process-based approach. Preliminary models aim to replicate discharge at the spring from
different input signals, including low-cost monitoring parameters such as electrical conduc-
tivity, temperature, and turbidity time series.

Optimizing the performance of these models presents the challenge of finding the best hyper-
parameters, along with structuring and selecting the appropriate input data. Preliminary
trials were conducted to simulate next-day spring discharge using LSTM architecture. For El
Qachqouch and El Assal springs, a simple LSTM model employing the previous three values
of discharge with few layers showed NSE (Nash Sutcliffe coefficient) scores of 0.84 and 0.9,
respectively. Further experiments with varying input sizes and more complex architectures
are being conducted (different activation functions etc.).

In an attempt to model rainfall-runoff using a CNN, previous precipitation values and a
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simple CNN architecture were employed to predict the next-day discharge value for the El
Qachqouch data, resulting in an NSE score of 0.4. Subsequent adjustments will focus on
refining both input parameters and the architecture to achieve improved predictive perfor-
mance.

The results were compared to the discharge output of a semi-distributed linear reservoir
calibrated numerical model for the complex catchment of El Qachqouch spring, and to an
integrated distributed equivalent porous media calibrated model for El Assal spring system.

Keywords: Long short term memory, karst, process based model, machine learning, hydrodynamic
systems.
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Coupling PEST and LuKARS 2.0: Merits and limits
of automatic parameter optimization
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Abstract

Hydrological models are fundamental tools to investigate the system functioning and
therefore support sustainable management of karst water resources. Due to limited knowl-
edge about the subsurface, karst hydrological models need to be calibrated, most commonly
against discharge time series observed at the karst spring. However, the calibration proce-
dure, if not automatized, can be tedious and time consuming. PEST (Parameter ESTimation
(Doherty, 2010)) is a model-independent parameter estimation and uncertainty quantifica-
tion tool which is widely used for optimizing parameters in hydrological models. PEST
provides a versatile iterative calibration process which can be applied to various hydrological
models regardless their structure and complexity by directly interacting with the models’
input and output files.

In this study, we couple PEST with the semi-distributed conceptual model LuKARS 2.0
based on the original Land use change modeling in KARSt systems (Bittner et al., 2018),
which lumps the catchment into hydrotopes with individual hydrological properties. Each
hydrotope is characterized by a specific response time and contributes both to the slow in-
filtration Qis (m3/s) into the matrix and to the fast flow through the conduit Qhyd (m3/s).
LuKARS 2.0 allows a flexible conceptualization of karst systems by accounting for the water
contributions draining from the main geological areas (hydrotopes) in the watershed. In
addition, a transfer between matrix and conduit QMC (m3/s) was implemented in the lower
compartment of the model following the approach proposed in KarstMod (Mazzilli et al.,
2023; Sivelle et al., 2023) as function of the discharge coefficient £kMC (mm/h), exponent
aMC (-) and water levels in the matrix M and conduit C' (mm). The calibration of model
parameters is based on hourly discharge time series. As a benchmark, we consider synthetic
scenarios to exclude potential errors in the model structure and input data. The optimiza-
tion procedure was then tested with real data at the Baget karst system (Pyrenees, southern
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France) characterized by the coexistence of karst and non-karst areas.

Our investigation shows that the PEST algorithm effectively identified optimal parame-
ters for the LuKKARS 2.0 hydrological model using artificial data. In the application to the
real case study, we show that the optimal solution obtained based on spring discharge ob-
servations may not be consistent with hydro-chemical observations. Time series at hourly
resolution of the contributions of HCO3- and SO42- to the total electrical conductivity, de-
rived by Richieri et al. (2023), contribute to the description of the internal dynamics of
the Baget system, i.e., the response of water contributions from different geological areas
in the catchment to different flow conditions. Our fundings show that the PEST optimized
parameters well represent the discharge at the spring but not the variability of the internal
fluxes, i.e., water contributions from the karst and non-karst area.

Bittner et al. (2018). https://doi.org/10.1016/j.jhydrol.2018.10.017
Doherty (2010). https://pesthomepage.org/documentation
Mazzilli et al. (2023). https://hal.science/hal-01832693v2

Richieri et al. (2023). https://doi.org/10.1002/hyp.14929
Sivelle et al. (2023). https://doi.org/10.5194/hess-2023-17
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Defining of karstification depth beneath dam sites
using special investigations methods (the Visegrad
dam example, Bosnia & Herzegovina)

Sasa Milanovi¢*t!, Ljiljana Vasi¢!, Branislav Petrovié*!, Veljko Marinovié*!, and Petar
Vojnoviés!

!The Centre of Karst Hydrogeology — Serbia

Abstract

In respect of risk factors in dam and reservoir construction in karst, particular atten-
tion must be paid to reservoir water tightness. An appropriate project concept, prior to
exploration, can significantly reduce the risks or minimize them to acceptable levels, while
the reductions of exploration work can increase them. Some of the inadequately explored
reservoirs constructed in karst have never been fully filled up with water or losses of water in-
creased significantly over time (as in the case of the Visegrad dam). Already in the first years
of the exploitation of the Visegrad dam, the occurrence of submerged down streams springs
was observed. The number of springs varied during the period of exploitation; occasionally
some smaller springs merged into a larger one; the change of the location of the springs also
occurred as well as the frequent appearance of muddled water on the surface that indicates
that washing out of caverns is still in progress. The measurements of water quantities that
appear in the springs downstream from the dam revealed that the quantity had increased
from the 1.4 m3/s (in the year 1990) to 13.92 m3/s (in the year 2008), and even 14.68 m3/s
(in the year 2009). Since it was established that this is a highly undesirable phenomenon,
and that the increase of water losses can lead to a variety of damages, it has been decided
that it is necessary to perform a certain number of special-purpose investigations. One of top
priority investigation was defining karstification depth and development beneath dam site
aiming to facilitate the dam’s continued use and develop rehabilitation strategies related to
seepage. One of the main parts of karstification research was drilling of 16 boreholes. This
paper summarizes results of tracer tests, deep underwater investigations, borehole videoen-
doscopy, core logging, geophysical logging etc. which led to conclusions related to the spatial
analysis and speleogenesis of karst features under the dam sites.

Keywords: karstification depth, reservoir and dam in karst, water losses, rehabilitation strategies
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Design in seasonal karst springs for sustainable water
management in semi-arid karst regions
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Abstract

Karst springs have always been very important water resources for many Mediterranean
civilizations throughout history. There is a vast amount of hydraulic structures such as
irrigation canals, qanats, cisterns, cave pools, and aqueducts in the karstic regions of the
Anatolian peninsula. From the historical to the modern era, the scale of these engineering
projects has increased by the increase in population and water demand. Both increasing
water demand and decreasing water quantity will result in an increase in the pressure upon
karst groundwater particularly in the semi-arid climate regions. In this respect, seasonal
karst springs are in a very crucial position that drains the karst aquifers in wet seasons -
when water demand is relatively lower- and dry in the dry seasons -when water is needed,
especially for agricultural irrigation. To find an efficient management solution to this prob-
lem, we conducted hydrodynamic, hydrochemical, and speleological investigations on the
possibility of building a cave dam with all its advantages and drawbacks in the Central Tau-
rus Karst region. According to our observations, there is no evidence of cave fauna and flora
in Giivercindeligi Cave, and our calculations showed that building a dam has the potential
to store approximately 4 million m3 of water in and surroundings of the cave and conduit
system. By doing this, we aim to increase the backwater level up to 60 m above the discharge
elevation of the seasonal Pinarbasi karst springs and have the flexibility for the residents to
consume the stored water for domestic use, animal livestock, and agricultural irrigation in
dry periods.

Keywords: Karst hydrogeology, Cave dam, Sustainable water management, Drought
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Development and application of the hybrid modelling
approach by combining process-based and
machine-learning models for karst groundwater
systems
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Abstract

Karst aquifers are important for freshwater supply but difficult to manage, due to highly
variable water levels and spring discharge rates. In the past, different modelling approaches
such as process-based lumped models, physics-based distributed models and data-driven
(e.g., machine learning) models have been implemented for karst systems to simulate their
highly variable drainage and discharge behaviour. However, all these approaches have draw-
backs or advantages in terms of observational data requirements, model parameterisation
and model evaluation process. In addition, adequate prediction of the discharge behaviour
of karst aquifers under extreme flow conditions is becoming increasingly important as ex-
treme events such as droughts and floods become more frequent but remains technically
challenging and requires further research and development. In the current study, we have
explored the potential of integrating two different modelling approaches for more accurate
and robust modelling results. Such a hybrid modelling approach by combining process-based
and machine learning models requires a special architectural design in terms of internal in-
formation flow between the models. In this study, we would like to present a first conceptual
development of possible hybrid model structures and demonstrate the application of a newly
developed hybrid model for a large and well-studied karst catchment in Slovenia, with a focus
on the simulation of discharges under extreme flow conditions.
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Establishment of a holistic hydrological monitoring
network in a karst critical zone

Natasa Ravbar*t!, Mitja Ferlan , Metka Petri¢ , David Stefanic , Blaz Kogovsek , Erika
Kozamernik , Janez Mulec , Lado Kutnar , Cyril Mayaud , Daniel Zlindra , Sara Skok ,
Janez Kermavnar , Saso Marinsek , and Ursa Vilhar
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Abstract

Studies that evaluate the role and significance of environmental changes in karst aquifers,
including precipitation, evapotranspiration and infiltration regimes, affected by changes in
soil and vegetation cover, are important for understanding hydrological relationships to
groundwater recharge. They are essential due to the important role of karst water resources
for freshwater supply and the conservation of the rich and unique biodiversity of the subter-
ranean aquatic ecosystem. However, the special characteristics of water flow in karst areas
make it difficult to understand groundwater recharge. This is all the more true as measuring
and sampling systems in karst areas are challenging and require special development and
adaptation. This work presents the monitoring network of groundwater recharge and mass
transport through the vertical profile of the karst aquifer, i.e. the karst critical zone, which
comprises the atmosphere — vegetation — soil — unsaturated — saturated aquifer zones. In
the Postojna-Planina Karst area in SW Slovenia, we have established a total of 21 detailed
observation sites on the surface and in the underground. At the surface sites, we carried
out a detailed inventory of vegetation types and soil properties. Using specially designed
equipment, we have established continuous monitoring of open field precipitation, through-
fall, air and soil temperature and soil moisture, as well as monitoring of flow and level of
cave seepage, sinking streams, underground streams and springs, water temperature and
electrical conductivity. During precipitation events, we observed the transfer of soluble and
insoluble contaminants through the karst aquifer more closely. We provide insights into the
strengths, weaknesses, limitations and opportunities of the established monitoring network.
The experience gained represents a new contribution to the field of karst hydrology and a
globally unique approach to a topic of great interest.

Keywords: karst aquifer, measuring and sampling, groundwater recharge, mass transport
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First results to simulate flow through a statistical
karst and fault network using an original karsts
statistical model
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Abstract

Water resource management poses a substantial societal challenge, exacerbated by the

continuous effects of climate change. Karst aquifers represent substantial reserves of freshwa-
ter in various regions of the world and a non negligeable part of the European soil; however,
their exploitation is constrained by their complex behavior. A comprehensive understanding
of flow in karstic aquifer requires the establishment of models, but the modelling of karstic
system is one of the biggest challenges in geosciences. Characterizing and modeling this
type of aquifer requires the study of three interacting levels of heterogeneity: matrix, faults
and fractures, and karst conduits. Conventional single or double-medium approaches, based
on homogenization and a Darcy-type flow model, fall short in considering the triple media
aspect and assume a Darcy-type flow in the karst conduits. However, the dimensions of these
conduits can induce inertial flows that must be considered.
The main difficulty is to build a statistical model to characterize the karst impact on flow dy-
namics. The method proposed by Verscheure et al. (2012) characterizes the fault network and
models the sub-seismic faults while maintaining geological consistency with seismic faults.
Stochastic karst networks are derived from these faults network. This approach captures the
spatial fault organization thanks to a fractal dimension.

The aim of the presentation is firstly to present the statistical model for the generation
of karst networks. Secondly, the flow model based on an embedded model depicting the
entire karst will be discussed. At this step, flow resolution is still determined using Darcy
flow model tailored to karst conduits but will be improved in the future.

Finally, first results based on this distributed model are compared to a lumped model on val-
idation cases. However, this approach highlights the importance of using multi-disciplinary
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approaches in the process of modeling flow in karst systems.

VERSCHEURE, M., FOURNO, A. & CHILES, J.-P. Joint Inversion of Fracture Model Prop-
erties for CO 2 Storage Monitoring or Oil Recovery History Matching. Oil & Gas Science
and Technology — Revue d'TFP Energies Nouvelles 67, 221-235. ISSN : 1294-4475 (2012).

Keywords: Karst, Conduit network, Stochastic simulation, Geological modelling, Faults and frac-

tures modelling, Distributed modelling
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Flash flood and vigilance forecasting of a complex,
anthropogenic karst hydrosystem using neural
networks. Application to the Las coastal river at
Toulon (South-East France)
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Abstract

Karst aquifers are complex, difficult to observe and poorly understood. Modeling and

forecasting hydrodynamic variables to help manage floods and low-water periods are im-
portant operational issues, for which there are currently no satisfactory solutions. Indeed,
physical hydrodynamic modeling methods require extensive in situ measurements to op-
timize the models, and make it difficult to take into account multi-scale phenomena and
non-stationarity. Machine learning models, on the other hand, can learn a relationship link-
ing input and output variables, which are not necessarily the state variables of the physical
relationship. For example, groundwater level can be used as well as discharge. In previous
work, it has also been shown that multilayer feedforward perceptron-type models can take
non-stationarity into account (Taver, 2015). In the present work, we therefore propose to
use machine learning methods to simulate and predict the behavior of a karst hydrosystem
during flood events.
The study site is the Las River at the Lagoubran station in Toulon (180,000 inhabitants,
south-east France). The site is particularly complex and difficult to observe. It therefore
enables us to assess the potential of statistical models to represent the flow in a measurement
environment that would make it very difficult to adopt any other approach. The Las river
is 8 km long, starting at several springs: the Dardennes springs and the intermittent Ragas
spring, and discharging in the Mediterranean Sea. Its catchment area is estimated at 70
km?. Spring’s water comes from the Siou Blanc karstified limestone plateau. These springs
flow into a dam dedicated to the storage and abstraction of drinking water. Dam’s overflow
returns to the river, which partly infiltrates again. Downstream, the Las River receives the
Saint Antoine spring’s water, part of which comes from Las River infiltration itself. The Las
River also collects urban runoff from about a 12km? subcatchment.

The difficulties of the study are as follows: an approximately defined karst bassin area,
fast-moving urban water inflows, loss of the Las River, which joins it downstream via the
Saint Antoine spring, perturbation of flows by the presence of the dam and abstractions for
drinking water. The Las, with flows of up to 40 to 80 m3.s-1, crosses Toulon, partly under-
ground, and thus causes overflows that are more significant as the urbanization of the city
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of Toulon increases. Flood forecasting therefore represents a major operational challenge.
The work consists in an in-depth correlative analysis of the various variables available at
different time steps (from 15 min to 1 day), between September 2012 and October 2017, a
spectral analysis, and the creation of neural network-based models to simulate and forecast
floods at the Lagoubran station, but also to create a classification model to determine vigi-
lance levels. It has been shown that the latter approach enables a longer forecasting horizon
to be achieved.

Keywords: water management, Water, Groundwater, Neural network, Forecasting, Flood, Runoff,
Urban stream, Karst spring, Bay of Toulon
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Flow, transport and karstification model of the Buda
Thermal Karst, Hungary — theoretical and practical
consequences

Judit Madl-Szényi*!, Brigitta Czauner , Anita Erdss , Mark Szijarté , Adam Téth ,
Timea Trasy-Havril , Attila Galsa , and Petra Kovacs-Bodor

'ELTE E6tvos Lorénd University, Budapest, Institute of Geography and Earth Sciences, Department of
Geology, Jozsef and Erzsébet Téth Hydrogeology Chair — Hungary

Abstract

The regional groundwater flow concept can apply to basin-and-range areas, mainly con-
fined and adjoining unconfined carbonate regions. In this approach, we handle aquifers
and aquitards forming half-basins as a groundwater system, supposing hydraulic continuity
(Téth 1995, Madl-Szonyi 2017; M4dl-Szonyi et al. 2022). Owing to long-term research ac-
tivity in the natural laboratory of the Buda Thermal Karst (BTK), a new conceptual model
was established to explain comprehensively different processes like groundwater flow, heat
transport, and hypogenic karstification. We applied research methods to create a concep-
tual model, including spring and hydraulic data analysis, numerical flow and heat transport
simulations. In the presentation, we characterize regional groundwater flow in the BTK
by the driving forces, recharge and discharge areas and different flow systems based on re-
gional scale hydraulic data analysis (Madl-Szonyi et al. 2019; Czauner et al. 2022). We
determined various flow components of meteoric and basinal fluids based on chemical and
isotopic data (Erdss et al. 2013). Numerical simulations displayed the system’s geological
evolution, influencing the dominance of different driving forces, flow systems and compo-
nents (Havril et al. 2016). Based on a comprehensive interpretation of measured data, we
could set up a 2D numerical flow and heat transport model to characterize different orders of
flow systems. In addition, we could simulate advective heat transport and buoyancy-driven
flow (Szijarté et al. 2021). By collecting literature data and observations from well-logs,
we could fit different karstification processes in the distinct parts of the system. The new
conceptual model is applicable not only for the Buda-Thermal Karst but also for similar
basin-and-range areas as it has demonstrated for Hungarian (Madl-Szonyi et al. 2022) and
further regions of the world (Wang et al. 2016; Andreo et al. 2016; Pérez-Quezadas et al.
2017; Yang és mtsi. 2019; Sracek et al. 2019). Based on the comprehensive understanding
of the processes, we could reveal biogeochemical precipitates around thermal springs, and
we could determine the origin of its high 226Ra content from the basinal fluids, responsible
for the elevated 222Rn content of thermal springs (Eross et al. 2013, Kovdcs-Bodor et al.
2019). In the confined half-basin, we have identified an interface resulting from the vertical
superposition of flow systems, which is a "mixing zone” for fluids of different salinities and
a potential hypogene karstification zone (Madl-Szonyi and Téth 2015; Mylorie and Mylorie
2007; Sanz et al. 2011). In the Buda thermal karst, the known vertical channel systems are
attributed to the upward and downward flow of water in convection cells, as demonstrated
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by numerical modelling, a process that has been of decreasing importance on the geological
timescale since the late Miocene (Havril et al. 2016; Szijart6 et al. 2021). The results provide
background for the enhanced utilization of thermal water for spas and geothermal purposes.
The research is funded by the National Multidisciplinary Laboratory for Climate Change,
RRF-2.3.1-21-2022-00014 project.

Keywords: regional groundwater flow, numerical, karstification, thermal, Buda Thermal Karst
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Geological risk analysis of geothermal developments
in a karstic environment

Abel Mark6*!, Tamara Téthi!, Imre Szildgyi?, and Judit Madl-Szényi!

'ELTE E6tvos Lorénd University, Budapest, Institute of Geography and Earth Sciences, Department of
Geology, Jozsef and Erzsébet Téth Hydrogeology Chair — Hungary
2Ministry for Energy, Hungary — Hungary

Abstract

Paleo-karst systems are often focus of geothermal utilization, thanks to their favourable
flow pathway network. However, their complicated geological setup is associated with sig-
nificant heterogeneity in permeability distribution resulting in exploration uncertainty. In
this research we develop a novel methodology to analyse and quantify the geological risk of
geothermal developments. The new approach is adapted from the petroleum industry and
follows the risk assessment scheme of petroleum play analysis. The methodology is first tested
in a study area located in north-east Budapest, Hungary. Here neogenic siliciclastic sediments
cover Triassic carbonates which serve as thermal water reservoir. In this region, historically
outstanding thermal wells and projects have been drilled and developed, however, several un-
successful attempts also occurred due to geological uncertainty, lack of knowledge and proper
pre-analysis. To estimate whether a future geothermal system is able to provide sufficient
capacity, in this study probability of success is assessed by evaluating potential geological
risk factors which can hinder the geothermal production and reinjection. The multicriteria
analysis is done by combining and evaluating datasets on aquifer quality, temperature and
flow conditions using among others lithological data, cavity, temperature-elevation as well
as pressure-elevation profiles. The outcomes of the research help in decision-making while
preparing new geothermal developments. This research was supported and financed through
the KDP-2021 Cooperative Doctoral Programme of the Ministry of Culture and Innovation
of Hungary from the source of the National Research, Development and Innovation Fund,
grant number: KDP 2021 _ELTE_C 1789026. The research was funded by the National
Multidisciplinary Laboratory for Climate Change, RRF-2.3.1-21-2022-00014 project.

Keywords: paleo, karst, geothermal, geological risk, thermal water, uncertainty
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GROUNDWATER RESOURCES DIMINISHING IN
MOUNTAIN AREAS: ONLY CLIMATE CHANGE
OR ALSO A "HIDDEN” CONSUMER? AN
EXAMPLE FROM CENTRAL APENNINES
(ITALY)

Francesco Lampa*t!, Marco Materazzi!, and Steffen Birk?

Universita degli Studi di Camerino = University of Camerino — Italy
2Karl-Franzens-Universitit Graz — Austria

Abstract

In recent years, the evaluation of water resources is acquiring ever greater importance
mainly due to the world population growth, especially in areas like the Mediterranean region
where rainfall has shown a generally negative trend, also characterized by shorter and even
more intense events. Furthermore, the ever-increasing demand for high-quality drinking wa-
ter highlights the importance of correct monitoring and careful management of the resource.
The area of the Sibillini Mountains National Park, located in the central Apennines (central
Ttaly), proves to be particularly suitable for a quantitative study of the water resource due
to the excellent water quality widely exploited for drinkable uses.

This sector of the Apennine ridge is characterized by suspended aquifers, even of large
dimensions, and by a deep basal aquifer hosted within fractured and karstified micritic lime-
stones.

The monitoring, in some cases for decades, of the discharges emerging from some important
spring systems and of some river reaches that drain the waters circulating within the basal
aquifer has highlighted a constant and progressive decrease in stored water resources. This
phenomenon, as mentioned, is certainly linked to the rainfall trend recorded in recent decades
which, especially concerning the time of residence of the snowfalls on the ground, has shown
a marked decrease. However, the role played by the strong increase in forest cover along
the recharge areas within the carbonate ridge over the last 50-60 years is underestimated.
The lower infiltration linked to the consumption of trees, especially in the summer season,
combined with the amount of precipitation lost through interception or evapotranspiration
phenomena, has been shown to reach values in places higher than 25-30%.

Keywords: hydrogeological budget climate change karst aquifers vegetation cover evapotranspira-
tion

*Speaker
fCorresponding author: francesco.lampa@unicam.it

sciencesconf.org:eurokarst2024:511630



eurokarst ROME

10-14 June

Hydrogeological and physico-chemical signatures to
characterize flood flows in a Mediterranean urban
karst aquifer (Fontaine de Nimes spring, France)

Jean-Baptiste Charlier*'!, Vincent Bailly-Comte!, Vivien Hakoun', Bernard Ladouche!,
and Jean-Christophe Maréchal®

IBRGM, Univ. Montpellier, Montpellier, France — G-eau, UMR 183, INRAE, CIRAD, IRD,
AgroParisTech, Institut Agro, BRGM, Montpellier — France

Abstract

Hydrological signatures are metrics that quantify different aspects of global hydrological
behaviour (e.g. magnitude, extremes, timing of flow condition). In the case of karst aquifers,
the high degree of variability of their hydrogeological response makes it difficult to generalise
a single hydrogeological signature for a given site. Adding physico-chemical variables to
hydrological signatures provides thus new opportunities to better understand the variability
of their responses to rainfall events. The goal of this paper is to provide a methodology
for characterizing water origin and transfer in karst aquifers at the flood-event timescale,
by using an analysis of various high-frequency physico-chemical signatures that describes
transfer of dissolved and suspended particulate matters. We computed descriptors of the
physico-chemical time series, including discharge (Q), electrical conductivity (EC), turbidity,
and natural fluorescence (NF) of water. The study site is the Fontaine de Nimes karst
observatory (southern France), which is located in an urban and Mediterranean environment.
On the basis of 27 major flood-events, we propose a flood typology based on hydrological
conditions. We characterized pre-event and event water using EC changes as they reveal
water residence time in karst. EC dilution depends linearly on peak flow (-100 xS/cm for 46
m3/s), suggesting that a mixing process by surface waters controls most of the hydrochemical
response. Turbidity peak amplitude (0-150 NTU) depends on both peak of first derivative
of Qand flood type. NF peaks are found to be inversely proportional to initial discharge
rates, except for summer events. A quantification of the contributions of 3 compartments
(surface waters, unsaturated zone, and saturated zone) to spring discharge was performed
on each flood-events using an End-member mixing analysis performed using EC and NF
signals. Results showed that the saturated zone is the main contributor for all flood events,
but that contributions of the 3 compartments (60-80% for unsaturated zone; 5-20% for
surface waters; and < 5% for unsaturated zone) vary according to flood typology. We
propose also a framework to identify the origin of water turbidity by means of informations
on various signatures: pre-event and event water contributions (EC), intensity of sediment
mobilisation (peak of first derivative of discharge), unsaturated zone contribution (natural
fluorescence peak). The main results show that flood events with the highest turbidity
peaks (> 120 NTU) mobilise pre-event and event waters equally, and are characterized
by relatively "young” age water during high water levels period. Flood events with lower
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turbidity are characterized by pre-event waters of more or less older age according to the
season. Overall, this work highlights the benefit of combining physico-chemical signatures in
addition to hydrogeological ones to better characterize processes in complex aquiferss.

Keywords: Flood typology, unsaturated zone, urban area, physico chemical signatures, water origin
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Hydrogeological Characterization of Timau Devonian
Karst Aquifer (NE Italy)

Daniele Karlicek!, Chiara Calligaris', Maurizio Ponton , and Luca Zini**
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Abstract

In the north-western sector of the Friuli Venezia Giulia Region, on the border between

Italy and Austria, there is one of the most important karst springs in the Alps, the Fontanon
of Timau. It has a discharge ranging between 250 and 5000 1/s and due to its high flow rate,
it is exploited both for drinking and hydropower purposes.
The area is characterized by the presence of a complex Paleozoic sequence of low permeability
units as claystone, siltstone, sandstone, followed by a thick succession of permeable karsti-
fied limestone closed on the top by a turbiditic succession, almost impermeable. The steep
and impervious area is characterized by the presence of several caves with a predominant
vertical development allowing a quick infiltration of the effective precipitations. In order
to understand the hydrogeology and to define the recharge area of the Fontanon di Timau
a research project, partially funded by the Geological Survey of the Friuli Venezia Giulia
Region was realised. During the 5-years project, detailed geological, hydrogeological surveys
and geochemical monitoring of precipitations, springs and surface waters were carried out.
Temperature, Electrical Conductivity, major ions (anions and cations) and trace elements as
well as the environmental isotopes (d180, d2H), tritium (H3) and radionuclides (Rn) were
analysed in different hydrogeological conditions. Adjoining, temperature, water level and
electrical conductivity of specific water points were acquired in continuous by using CTD
probes.

From the data analyses of the in continuous monitoring, emerge that the spring is char-
acterized by rapid increase of its discharge coupled with a decrease of the electrical conduc-
tivity, behavior attributable to a highly effective drainage, typical of a mature karst system.
Isotopes and trace element results highlight that the spring is recharged not only by the
surrounding areas of Pal Piccolo and Creta di Timau watersheds, as previously thought.
Most part of the recharge comes from the massifs of Mount Coglians and Creta di Collinetta
westerly of the But River. A third contribute is due to the waters which infiltrate in Austrian
territory, beyond the superficial watershed. The connection between the western sector of
Mount Coglians-Creta di Collinetta and the Fontanon di Timau were also verified by dye
tests using uranine and tinopal.

Forthermore the Fontanon di Timau, in the area are present some other springs charac-
terized by definitive lower flow rates. They are all recharged only by neighboring basins
limited to the Italian side.

The obtained results are of considerable importance in the conscious management of the
cross-border resource and its protection.
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Hydrogeological framework of minor aquifers in
Central Italy (Alto Sangro area) and potentialities’
assessment for drinking purposes

Alessia Di Giovanni*!, Diego Di Curzio?, and Sergio Rusi!
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2Delft University of Technology — Netherlands

Abstract

Drinking-water supply in high altitude villages in central Apennines is ensured by springs

with a limited and seasonal discharge. These allow villages self-sufficiency with some sum-
mer deficit in water availability because they can not take advantage from lower elevations’
springs which are used for coastal areas supply.
In the Alto Sangro area, that includes the south-eastern portion of the Abruzzo region’s
mountain area and the north-western part of Molise region, many springs located at altitude
higher than 1000 m are tapped for drinking purpose. However, their use is still limited be-
cause of the managing companies’ exploitation and distribution strategies; in fact, investing
in springs or well fields with major potentials is preferred, even if a more energetically de-
manding for water distribution is required.

In this work, features, potential and residual capabilities of these aquifers have been high-
lighted and described. The structural set-up is peculiar: tectonic relationships between
formations occur mainly through faults and low angle thrusts, which put in contact terrige-
nous lithologies with different permeability (i.e. Gamberale-Pizzoferrato formation), within
the so-called ” coltre molisana”, with the terrigenous - carbonatic succession of the central
Apennines and the Sicilidi calcareous-clayey formation.

The complex stratigraphic and tectonic relations between these formations allow ground-
water to emerge as springs (discharge between 1 1/s and 2 1/s), which are mainly classified
as "for permeability limit” (Civita, 1973). The coltre molisana’s calcarenites or the Apen-
nines limestone formations usually represent the calcareous hydrogeological complex, while
the aquiclude correspond to the clayey complex of the Sicilidi or the coltre molisana’s clay.
Sometimes, the coarse slope deposits serve as aquifers, too: they come from carbonate de-
posits located at higher altitude, and lie over impervious complex.

The first results about groundwater potentialities of these high-altitude springs, have been
obtained through infiltration coefficient and it shows recharge volumes of about 100 Mm3,
over a 615 Km2-wide area; this can be coupled with numerical modeling, using MODFLOW
with Model Muse interface, for a more accurate quantification.

- Civita M. 1973. Schematizzazione idrogeologica delle sorgenti normali e delle relative opere
di captazione. Memorie e Note Ist. Geol. Applic. Napoli, 12, pp 1-34.
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HYDROGEOLOGICAL KARST BEHAVIOR IN A
CONGLOMERATE AQUIFER IN VENETO
REGION (NE ITALY)
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Paolo Fabbrit
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Abstract

The Montello anticline is a morphotectonic feature of the east piedmont of the South
Alpine Chain in northern Italy, approximately 40 km northwest of Venice, Italy. This
whaleback-shaped hill is mainly composed by Mio-Pliocene calcareous conglomerates. Due to
its particular tectonic evolution, the Montello might be divided in two different sectors char-
acterized by different karst rates. The eastern sector is the most interesting as it shows an old
and well-developed karst system. In such an area three karst springs known as ”Casselon”,
?Tavaran Lungo” and ”Forame” were monitored from 2019 to 2022 using multi-parameter
sensors, measuring water level, temperature, and electrical conductivity at hourly intervals.
Analyses were conducted in the R environment using Flow Duration Curves (FDC) to assess
the degree of karstic development, autocorrelation functions (ACF) to measure the ”mem-
ory” effect of springs, and cross-correlation functions to analyze the relationships and time
delays among monitored parameters. Additionally, rainfall data was compared with water
levels to estimate travel times. Subsequently, a rough classification of springs (replacement,
piston, homogenization) was defined using the correlation coefficient within the VESPA in-
dex. The VESPA index also facilitates the classification of spring vulnerability.

In particular, the ”"Casselon” spring exhibits a highly karstic behavior, with a decorrela-
tion at a lag of 300 hours (equivalent to 12.5 days), and a cross-correlation function (CCF)
between water levels and electrical conductivity (EC), suggesting a replacement behavior.
The CCF between rainfall and water levels indicates the spring’s response to recharge within
3- 4 hours. The springs vulnerability assessment suggests a very high vulnerability level.

The "Forame” spring, on the other hand, shows a decorrelation at a lag of 600 hours (equiva-
lent to 25 days), which is more delayed than ”Casselon”. The CCF between water levels and
EC displays a replacement behavior, with a spring response to recharge within 3-4 hours.
The vulnerability assessment indicates very high vulnerability level.

Lastly, the " Tavaran Lungo” spring demonstrates a less pronounced karstic behavior com-
pared to the previous two springs, with a decorrelation occurring at a lag of 1000 hours
(equivalent to 40 days). The CCF between water levels and EC shows a replacement behav-
ior and the CCF between rainfall and water levels indicates a spring response to recharge
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within 3 hours. The correlation coefficients reveal a weak replacement behavior, while the
correlation factor suggests replacement and piston behavior, respectively. The vulnerability
assessment results indicate a high vulnerability level, albeit with lower values compared to
the ”Casselon” and ”Forame” springs.

Keywords: Springs, Conglomerate Aquifer, Flow Duration Curves, Autocorrelation functions, Cross
correlation function, VESPA index
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Impact of more than thirty years of intense
exploitation on groundwater flow system and
chemistry of a carbonate karst aquifer in a semi-arid
region. The case study of Sierra de Humilladero
(Malaga province, S Spain)
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Abstract

In water-stressed areas such in S Spain, non-continuous outcrops of carbonate rocks hold
limited groundwater volumes of good quality that very often constitute the only source of
water for urban supply. Population growth and extensive agriculture during the last decades
are the major threats over groundwater. Aquifer overexploitation, related to uncontrolled
pumping, results in most cases in the substantial modification of the groundwater flow dis-
tribution, leading to water quality impairment and associated aquatic ecosystems degrada-
tion. In the present research, the small carbonate massif of Sierra de Humilladero (Malaga
province, S Spain) has been selected to quantitatively address the impact of intensive pump-
ing during more than thirty years on the groundwater flow scheme and chemical status of
the aquifer system. From a geological standpoint, the permeable formation is constituted
by an isolated block of Jurassic limestones and dolostones lying over a clays and evaporites
formation from the Triassic basement and is mainly surrounded by Miocene sandstones and
alluvial deposits of Quaternary age. To achieve the main research goal, a compilation of
historical data (piezometric levels and chemical composition of groundwater) from public
databases and technical reports, as well as collection of new hydrogeological data from sev-
eral field surveys have been conducted. After an exploratory analysis, a spatial-temporal
piezometric study together with a tentative End Member Mixing Analysis (EMMA) were
performed to quantify and timely assess the input source contribution from surrounding
aquifer formations to statistically support the hypothesis launched by precedent authors.
Results show that intensive groundwater exploitation has provoked a sustained lowering of
piezometric levels (3-4m/year), up to 93 meters since 1998, along with a dramatical ground-
water impairment, promoted by hydraulic gradient inversion effect with surrounding perme-
able/karstifiable geological formations (Miocene and Triassic formations). It is also observed
that the original calcium-bicarbonate chemical type of karst groundwater turned to sodium-
sulphate-chloride facies while maintaining relatively high NO3- concentrations, showing two
marked hydrogeochemical trends. After iterative performance of statistical-based mixing
analysis, a three-component mixing modelling framework (representing distinctive chemical
signature of Jurassic, Miocene and Triassic groundwater) was proposed using six conserva-
tive/reactive chemical compounds. Comparing piezometric data and computed end-member
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mixing fractions, three stages in groundwater quality evolution have been differentiated:
stage 1 (1992-2010), characterised by the influence of the chemical signature of Miocene
waters (1-9% mixing ratio) in sampled karst groundwater, coinciding with the period of
maximum rate of piezometric lowering (> 5 meters/year); stage 2 (2011-2016), denoted by
the progressive mixing with evaporite groundwater from Triassic substratum (up to 20% in
2016) at depth (380-360 m a.s.l.), as the overexplotation effect on piezometric levels kept
decreasing but was less intense than in stage 1, and; stage 3 (2018-today), in which pumping
rate was reduced and chemical types are not clearly defined (random mixing fractions). De-
spite the limitations of the available data and statistical methods applied, understanding not
only the groundwater imbalance but also the major mechanisms causing loss of groundwater
quality is of undoubtable relevance to suitably protect and manage water resources under
increasing water quotation demand and climate change future scenarios.

Keywords: Aquifer overexploitation, karst groundwater, flow and hydrochemical changes, aquifer
management, S Spain
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Impact of soil coverings and land cover types on
groundwater recharge in Karst Aquifers of Southern
Italy
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Abstract

Karst aquifers are the most prevalent and relevant aquifer types in the Mediterranean
areas and are fundamental for providing groundwater resources to the region. From a global
perspective, karst aquifers supply about 10-20% of the world’s population with drinking
water, despite being vulnerable to droughts and pollution scenarios. In southern Italy, par-
ticularly in the Campania region, karst aquifers are the main source of drinking water, sup-
plying the principal regional aqueduct systems. These aquifers are characterized by unusual
surficial geological conditions due to the widespread occurrence of a soil mantle, mainly of
ash-fall pyroclastic origin, and the development of related land cover types. This partic-
ular condition plays a significant role in hydrology, although its control over groundwater
recharge has been oversimplified and underestimated. Therefore, advancing the assessment
of groundwater recharge in these aquifers is a major scientific challenge in order to estimate
groundwater availability, especially in the perspective of the impacts of climate change. Here,
we present a methodology based on field and laboratory characterizations, as well as mod-
eling approaches, to enhance our understanding of groundwater recharge processes. At this
scope, the Soprano-Vesole-Chianello Mts. karst aquifer (Campania region, southern Italy)
was selected due to its geomorphological settings and variability of soil cover and vegetation
types, which were recognized as typical of Mediterranean karst aquifers. A comprehensive
characterization of the soil mantle was developed, considering different land cover classes,
measurements and stochastic spatial modeling of soil thickness. The unsaturated hydraulic
properties of undisturbed soil samples were analyzed by laboratory tests resulting in the de-
termination of Soil Water Retention Curves (SWRCs). Moreover, a field monitoring of soil
water content was carried out by multi-profile soil moisture sensors, allowing the assessment
of the hydrological response of the soil covering and of the regime of groundwater recharge
process as well. Among the principal outcomes, for each land cover class, changes were
observed in the values of the depth at which the evapotranspiration effect is extended and
in the Available Soil Water Depth (ASWD). Based on a consistent spatial modeling of soil
thickness and soil hydrologic properties, the Soil Water Balance code (SWB 1.2) was applied
to evaluate the spatial and temporal variability of the groundwater recharge in the karst
aquifer. As a principal outcome, groundwater recharge rates were found to be dependent on
land cover class and soil thickness as well, showing lower values for wooded areas and higher
for denudated ones, respectively due to the higher and lower evapotranspiration rates. The
presented methodology allows the advance of the knowledge on hydrological processes con-
trolling groundwater recharge in karst aquifers, thus strengthening the basis for the improved
of water resources planning.
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Interdisciplinary characterization of karst aquifer of
the island of Vis (Croatia)
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Abstract

Vis is a small and remote island in the eastern Adriatic Sea and is mostly composed of
karstified carbonate rocks. The island belongs to the Dinaric karst region and it exhibits
peculiar geological and hydrogeological settings resulting in the autonomous water supply
from island karst aquifer. The main water supply site, the Korita well field, is in the central
part of the island, where it is protected from seawater intrusions by two low permeable hy-
drogeological barriers: (i) the volcanic-sedimentary-evaporite complex (i.e., diapir structure)
from the W, and (ii) the karstified rock mass infilled by clay sediments below the poljes
from the S. The current pumping capacity (maximum of 42 1/s) meets the demand most
of the time. However, intensive summer tourism and climate change exert high stress on
groundwater resources during the dry season. Consequently, in the last decade, occasional
reductions for consumers occurred. Over the last two decades, systematic and interdisci-
plinary research was undertaken to protect this excellent karst aquifer and to provide a basis
for the sustainable utilization in the face of changing climate. In particular, detailed aquifer
and catchment characterization was performed by combining hydrogeological (pumping test,
tracer test, periodical and continuous monitoring of GW level, electrical conductivity and
temperature), hydrochemical (ion and isotope compositions of the groundwater), geophysical
(electrical resistivity tomography and magnetotellurics), structural (geometrical attributes
of faults and fractures), and hydrological (water balance calculations and climate modeling)
methods, including the socio-economic analyses (projection of future water demand). Thus
far, the results evidenced that the island’s groundwater resources exhibit long-term stability
in terms of quality and quantity despite the high variance in the precipitation (sole source
of recharge), indicating relatively large groundwater reserves with a good resilience towards
seasonal peak pumping rates and periodical droughts. However, rising anthropic pressure
in terms of increasing water demand, coupled with the projected climate change and po-
tential seawater intrusion could aggravate the quality and quantity of island’s groundwater
resources. Hence, the main purpose of the ongoing and future research is to provide a com-
posite solution for achieving sustainable water supply by combining approaches based on (i)
new perspective zones and new water supply wells, (ii) early warning system for seawater
intrusion, (iii) increase of pumping rates at the Korita well field, (iv) revitalization of rain-
water harvesting systems for agricultural irrigation, (v) managed aquifer recharge, and/or
(vi) small desalination plant.
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Interpretation of cumulative frequency distribution

curves of groundwater levels can bring information

about the hydrodynamic properties of a karstified
aquifer

Romane Berthelin*'!, Manon Erguy’?, Paul Bareix?, Sébastien Morilhat?, Guillaume
Artigue!, Julien Trincal?, Anne Johannet!, and Séverin Pistre?

1HSM, Univ Montpellier, IMT Mines Ales, CNRS, IRD, Ales, France — IMT Mines Ales — France
2CEA, DES, IRESNE, Nuclear Technology Department, Cadarache, F-13108, Saint Paul les Durance,
France — Centre de recherche du Commissariat & ’Energie Atomique - CEA Cadarache (Saint
Paul-lez-Durance, France) — France
3HSM, Univ. Montpellier, CNRS, IRD, Montpellier, France — Hydrosciences Montpellier (HSM),
Université Montpellier, CNRS, IRD - France

Abstract

Using statistical methods, Erguy et al. 2023 developed new approaches to gain knowl-

edge about the hydrodynamic behaviour of karst aquifers using water level measurements
in boreholes. They thus provide a table interpretation of cumulative frequency distribution
curves of groundwater levels on the scale of the rainfall event, to extract the hydrodynamic
properties of the aquifer.
They used data from the Cadarache site of the French Alternative Energies and Atomic
Energy Commission (CEA) in south-eastern France, which is subject to rapid groundwater
floods. The site is particularly well-instrumented, with 115 boreholes equipped to measure
high-time frequency water levels for up to 15 years.

Using water levels’ cumulative frequency curves, and thanks to the density of instrumented
piezometers on this site, they could make clustering of boreholes behaviours. Four principal
configurations were exemplified when the borehole crosses the heterogeneities of the aquifer.
For example, depending on the water levels’ cumulative frequency curves breaking slope,
differences between the permeability of two zones in a borehole can be highlighted. Water
losses to a very transmissive section or the presence of a very low permeability zone can
also be determined. Their results were in concordance with the geological structure of the
reservoir and observations from some cores.

The method presented is simple and can be applied to bring valuable information about
the geological structure of the aquifer. However, it is valid only at the borehole location and

it was not tested at other study sites.

To explore the potential of the analysis grid on other aquifers, we simulated hypothetical
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heterogeneous aquifers using a computer program for simulating groundwater flow in porous
media. The four configurations were tested: (a) the borehole crosses a non-permeable layer
above a permeable layer; (b) the borehole crosses a very transmissive zone above an in-
termediate permeable zone; (c) the borehole crosses a more permeable layer above a less
permeable layer; (d) the borehole ends in a very low permeable layer trapping water which
need an important rainfall event to connect the borehole to the rest of the aquifer. Applied
to karst, the low-permeability zones can correspond to massive non-fractured limestone, the
intermediate permeability layers to fractured and more or less connected zones, and finally,
the highly transmissive zones may be associated with the presence of conduits or epikarst.

An increasing water level was applied in each borehole and the water levels’ cumulative
frequency curves were computed. The results obtained with the model were compared to
Erguy et al. 2023 interpretation table to check if the method would be valid at other loca-
tions than the site where it was developed. The implemented method can not be applied to
discharge hydrographs.

Erguy, M., Morilhat, S., Artigue, G. et al. A new simple statistical method for the un-
supervised clustering of the hydrodynamic behavior at different boreholes: analysis of the
obtained clusters in relation to geological knowledge. Environ Earth Sci 82, 451 (2023).
https://doi.org/10.1007 /s12665-023-11066-z

Keywords: Groundwater levels, Cumulative frequency curves, Hydrodynamic properties, Modeling

64



eurokarst ROME

10-14 June

Karstic conduit dimensions : Analysis and simulation
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Abstract

Karstic environments are characterized by large networks of conduits that strongly impact

the groundwater flows. Often, when considering explicitly the karstic drains in flow mod-
elling or forecasting, the conduit dimensions are assumed to be constant on karst branches
or even on the whole network. All speleologists witness, however, the large variations of
conduit dimensions and shapes, even in a single conduit.
In this work, we first present the results of a statistical analysis of the karstic dimensions
that we have done on a set of 49 natural karstic networks. To do so, the karstic networks
are converted into a mathematical graph with properties describing the conduit geometry:
the equivalent radius and the width-height ratio. The median value for the network set is
1.22 m for the median equivalent radius (minimal median values around 0.5 m and maximal
median values around 4.8 m), and 1.00 for the median width-height ratio (minimal median
values around 0.2 and maximal median values around 2.1). The results do not allow us
to identify any generic statistical law, nor hierarchical organization of the conduits. The
development of an original 1D-curvilinear variogram permits, however, to characterize the
spatial variability of these properties. When the networks have enough nodes to permit
a robust analysis (> 100), a curvilinear spatial correlation is observed for small distances,
that can generally be modelled with an exponential variogram. For both studied properties,
variogram ranges vary from 50 to 500 m (median around 150 m) and show a nugget effect
partly due to the sampling process (average spacing between two points of around 7.5 m). A
study distinguishing the network branches demonstrates that the variability is smaller inside
a branch than between different branches.

Second, we present two methods to stochastically simulate karstic conduit dimensions. The
first one is based on the Sequential Gaussian Simulation method. It is declined at two scales:
the total network scale and the conduit scale. The second approach we have tested is based
on multiple-point statistics (MPS). The originality of both SGS- and MPS-based methods is
to be developed and applied outside the classical frame of a 2D or 3D variable with spatial
coordinates. Karstic systems are, indeed, represented as graphs and distances between points
are curvilinear ones. The MPS method is based on the Direct Sampling algorithm (DS) and
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is adapted to the underlying graph structure.

The application of the proposed methods on natural networks demonstrates their capacity to
simulate geologically-realistic karstic conduit dimensions, which could now be used to better
assess the uncertainties in underground flow simulations. From a larger point of view, this
work paves the way to property simulation on graph structures.

Keywords: karstic networks, simulation, conduit size, geometry, statistics, analysis
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Abstract

Climate change can significantly impact on water resource, in terms of quality and quan-
tity. In a changing world the climate can intensify the vulnerability of hydrogeological
systems such as karst aquifers. The combination of long dry summers with the change in
the trend of precipitation (characterized by few but very intense events) is expected to in-
fluence the storage of water that could intensely decrease with important consequences on
potable water in mountain area. Also, quality of water may change: water turbidity and
water pollutant can increase. The aim of this work is to better understand the behavior
of a karst spring (Praonde) located in the province of Lecco, in the town of Civate. The
purpose is to identify possible models of spring behavior for a better management of water
resource. In the beginning, precipitation and temperature data, extrapolated from ARPA
Lombardia, were analyzed to identify a specific climate trend in this area. Then, thanks to
the collaboration with Lario Reti Holding S.p.A, discharge data of the spring were analyzed.
Since November 2023 discharge data were paired with electro conductivity and temperature
of the spring, thanks to the installation of a multiparameter probe. Since January 2024, an
automatic sampler has been installed to collect a sample of water every day (24 days) to
obtain a continuous isotopic series of oxygen and deuterium. To describe the behavior of the
spring, several parameters were detected. These parameters provide us information on how
aquifer in being drained and the level of vulnerability of the spring. The most important
parameter detected is the depletion coefficient v (Maillet, 1905). The outcome of this anal-
ysis is important for predicting possible behavior of the spring in different extreme climatic
conditions. The hope is that this work will help in the future for better water management to
make up for the increasingly frequent drought periods that affect several areas of the world.

Keywords: Vulnerability, karst, Hydrograph, Climate change
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Abstract

Floods are a hazard capable of causing major damages, hence forecasting them consti-
tutes an important area of research. Floods related to surface water are well known and
closely monitored, but the study of groundwater, which can partially or entirely contribute
to floods, especially in karstic environments, is less developed. The Cadarache site of the
French Alternative Energies and Atomic Energy center is prone to these groundwater floods.
Following significant rainfall episodes, the level of the fractured karst aquifer can rise locally
by more than 30 meters leading to overflow, artesianism and pressure on underground struc-
tures.

This paper aims to conduct a comparative analysis between two distinct forecasting models
within the scope of this particular case study: i. pre-existing semi-physical reservoir model
and ii. artificial neural networks model.

The performance of these two types of daily models with a 24-hour forecast horizon is com-
pared and discussed in consideration of their operational use on the site. Both models use
daily databases. The first model aims to reconstitute the groundwater levels based on me-
teorological data (rainfall, temperature), piezometric data (initial level, minimum level) and
the calculation of various parameters (ETP, ETR, infiltration, storage) by calibrating vari-
ous measurable and non-measurable parameters. This pre-existing model is currently used
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at the Cadarache site for forecasting karst floods. The second model is an artificial neural
network model of the multilayer perceptron type using rainfall, temperature and piezometric
data for forecasting groundwater levels.

These two models were compared on past measured meteorological data. The hydrogeo-
logical year 2019-2020 was chosen for comparison as it contains the flood episode of October-
November 2019. This episode stands out as one of the most important recorded events on
the site. It contains several successive rain events, the most significant being the first one in
October with 185 mm in four days and the second in November with 100 mm in three days.
Different quality criteria used for flood forecasting are compared (persistency criterion, SPPD
...), as well as the number of false positives/negatives of each model for exceeding a criti-
cal water level for crisis management. Comparing the overall performances of each of the
models using, for example the Nash-Sutcliffe model efficiency coefficient, the neural network
model appears to be more efficient than the semi-physical model with respective coefficients
exceeding 0.8 for the former and of 0.6 for the latter. In particular, the neural network model
provides a much better simulation of the aquifer recession phase. However, the physically
based model has the advantage of not requiring previous levels measured directly prior to
forecasting. This serves as a considerable benefit in cases where the automatic sensors in-
stalled in the piezometer are no longer functioning. Thus, from an operational point of view,
these two models are complementary.

Keywords: Karst, Neural Network, Artificial Intelligence, Model, Flood, Forecasting, Groundwater
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Abstract

Recent studies have shown the existence of two large structures of deep CO2 degassing
in central Italy
(Chiodini et al., 2004). In this contribution, the investigation and some preliminary results
on the possible
impact of such degassing on the development of karst systems in these areas are presented.
Authors
propose the term Deep Carbon Enhanced Karst System (DCEKS) to identify an extensive
karst system
where the contribution of CO2 of deep origin may have enhanced its development. The
action of H2S on
carbonate rocks also generates impressive karst system; such caves are well known and de-
scribed in the
literature, but according to our interpretation, the morphologies generated by H2S are dif-
ferent from those of
DCEKS. In order to understand the possible effect of deep CO2 , the typical morphologies
developed in the
caves of the Lepini Mts., one of the areas presenting deep CO2 high degassing rate, have
been analyzed. In
the vadose zone, two different types of morphologies have been identified: the first is shaped
by infiltrating
water and the second by flowing water. Examples of these two different types of cave mor-
phologies can be
found in the initial sector of the ”Abisso Consolini” and at the "Ouso di Pozzo Comune”
caves.
The first type of caves develops in areas with a very limited or non-existent superficial
drainage where the
water rapidly infiltrates into the ground; the caves are therefore characterized by chimney-
like vertical
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morphologies with height around fifty metres or more. Such type of morphologies corre-
sponds to the ”inverse

erosion” theory, proposed by Maucci in 1975.

Regarding the second type, flowing water shapes the rocks with typical meandering struc-
tures interrupted by

vertical pits of lower depth (few tens of metres). These caves are constantly interested by
flow of water,

except during periods of prolonged drought.

In this contribution, authors suggest that the extensive development of chimney-like features
in the Lepini

Mts. may have been enhanced by deep CO2.

The development of caves in the phreatic zone is generally difficult to study due to the pres-
ence of flooded

passages. The ”Inghiottitoio del Merro” in the Cornicolani area is a vertical pit, first ex-
plored by speleodivers

and then by underwater ROVs down to 450 m (around 300 m b.s.l.). In line with what has
been proposed by

Baiocchi et al. (2018), the morphologies in the cave can also be explained by the effect of
deep origin CO2

creating a DCEKS in the phreatic zone. Although our investigation is still in progress and
at a preliminary

stage, it suggests the possible key role of deep-origin CO2 in the speleogenetic process.

Keywords: Hypogenic Cave, CO2 Degassing
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Post-Devonian fault and fracture systems and their
impact on karst and groundwater flow in the
Carboniferous limestones of Ireland.
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Abstract

It is not often high quality rock exposure is available over a wide area so that consistent
models for the impacts of different faults and fracture systems on karst and groundwater flow
can be defined. Within the Lower Carboniferous limestone and shale sequences of Ireland,
this is the case. Quantitative analysis of high quality, quarry, mine and outcrop exposure was
assessed over much of the Irish midlands in order to assess structural controls on groundwater
flow. It was found that the conditions affecting the rocks during and post deformation have
a fundamental impact on how the different faults and fractures impact groundwater flow to-
day. For instance, due to their formation or post-formation lithostatic (burial) and tectonic
loading, Lower Carboniferous normal faults and Variscan veins and faults are intrinsically
sealed to groundwater flow. Later uplift of the same rocks has meant the formation of later
structures that are intrinsically open, with the main ones identified as Cenozoic strike-slip
faults and stress release joints.

A natural outcome of this analysis is the characterisation of the impact of the different faults
and fractures on the location and geometries of surface and subsurface karst. For instance,
apertures of intrinsically open fractures are more likely to be affected by solutional enhance-
ment along their entire plane while intrinsically sealed fractures are more likely to be less
persistently karstified, with fractures remaining partly sealed. In the mines, particularly
Navan mine, the impersistent karst on some of the Lower Carboniferous normal faults has
been characterised as resulting from where the NE oriented faults have been intercepted
by later intrinsically conductive NW oriented Cenozoic strike-slip faults. This process of is
considered to have been important for the formation of isolated depressions along regional
scale Lower Carboniferous normal faults in central Ireland as identified on a gravity anomaly
map of Ireland.

Variscan veins are also intrinsically sealed, it can appear however that karst is intimately lo-
calised along the fracture plane. Analysis of many Variscan veins from quarry exposure finds
that micrometre to millimetre scale apertures occur along most veins, particularly larger ones
(> 1m height). The discrete and persistent nature of this aperture along the veins suggests
that it must have involved conductive fracturing. There is a good possibility therefore that
the inception of caves along Variscan veins in the classic karst region of the Burren in the
western part of Ireland can only have occurred due to the involvement of conductive frac-
turing. Steep Variscan veins in limestone rocks uplifted towards today’s surface are likely
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to have first allowed surface water along the veins when affected by conductive fractures.
Further evidence of the role of conductive fracturing in localising karst is the ubiquitous
grikes along veins and stress release joints on the exposed limestone surface of the Burren.
The most likely explanation for the inception of this dissolution is that surface water has
exploited the conductive fractures that have intercepted the bedrock surface, whereupon the
surface water is conveyed below the surface.

Keywords: Faults, fractures, groundwater flow, karstified apertures, pathways, subsurface
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Abstract

The aim of the MIKAS (Most Important Karst Aquifer’s Springs) project is to create
the first complete list of the most important karst springs at the global, but also at the
national level. The project was launched at the annual meeting of the Karst Commission
(KC) of the International Association of Hydrogeologists (IAH) in June 2022, during the last
EUROKARST conference held in Malaga. The MIKAS project’s Advisory Board consists of
one representative from each continent who work together with three rotating chairs of the
KC, and the project team leader - the first author of this abstract. All of them are members
of the KC, which is one of the most active IAH groups, with a tradition longer than 50 years.
The UNESCO-IHP provides project monitoring and will sponsor some of the activities.
Why karst springs should be prioritized in creation of global catalogue of springs? Karst
covers more than 15% of the continental ice-free land, while karst aquifers supply potable
water to approximately 9.2% of the world’s population, i.e. some 700 million people in 150
countries. The springs emerging from karst aquifers are globally the largest — some are
even discharging entire underground rivers. They are also supplying potable water to many
large cities with several million inhabitants, such as Rome, Vienna, Naples, San Antonio and
Damascus. They are significant because they provide precious high quality water, sustain
ecosystems, and maintain the baseflow of many of the world’s rivers. The intakes of springs
are the most common tapping structures in karst environments, because channelling gravity
springs and diverting water even over long distances is much easier than drilling numerous
wells in hard, dominantly carbonate rocks.
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Since the beginning of the project, the Advisory Board (AB) completed the Guidelines which
include selection criteria for the two established groups, MIKAS (the list of globally impor-
tant springs) and NIKAS (nationally important springs), as well as the Spring’s Survey Form.

The selection criteria are the following: historic, aesthetic, economic, scientific and eco-
logical. The MIKAS and NIKAS lists should be created based on these common criteria,
but should also be adapted to local conditions, recognising the specific circumstances of each
country. Something that is important in one country does not have to be important in oth-
ers.

As of December 2023, the MIKAS project involves 103 national experts who have agreed
to voluntarily work on the project. Their expertise has so far helped evaluate more than
100 springs in 22 countries, and at the end of the process these experts will have covered 99
countries from all the continents. Some countries and regions such as Central Asia or the
Caribbean are still lacking experts, but we expect the promotion of the project’s achieve-
ments to increase the number of "karst countries” and complete the list of experts. More
information about the project, including the Guidelines, the Survey Form with required data
and the list of engaged experts, can be found at: https://karst.iah.org/projects.

Keywords: karst springs global national MIKAS
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Abstract

Water scarcity is a significant problem in many parts of the world. To address this issue,
Managed Aquifer Recharge (MAR) strategies are crucial in mitigating the adverse impacts
of overexploited groundwater resources and enhancing groundwater availability. In regions
with water scarcity, like Lebanon, there’s a growing need to employ existing MAR techniques
for storing water or increasing subsurface flow from upland karst systems into nearby alluvial
aquifers. However, implementing MAR in karst systems is particularly challenging due to
their extreme hydraulic anisotropy, heterogeneity, and high runoff dynamics.

Distributed numerical groundwater models that incorporate discrete-continuum approaches,
such as MODFLOW-CFP, coupled with stochastic generation of karst conduit networks
and idealized model setups, enable the quantification of alluvial karst interactions and the
comparison of MAR scenarios. A script-based framework was developed entirely built on
open-source tools, offering a scalable, automated, and generalizable workflow for a multi-
model approach. It includes automatic calibration via parameter estimation software PEST,
comprehensive preprocessing and postprocessing. The framework integrates various Python
packages, specifically FloPy, CFPy, pyKasso, and provides a linkage to geographic infor-
mation systems (GIS), to systematically create a multi-model concept that considers di-
verse karst conduit network realizations within MODFLOW-CFP models. This enables the
quantification of boundary inflow and facilitates MAR assessment. Postprocessing routines
provide insights into error analysis, local and global water budgets, network probability, pa-
rameter uncertainty and sensitivity.

In a first idealized scenario, focusing on a regional-scale karst-alluvial multi-model for the
Nabaa El Berdaouni spring in Lebanon, the established modeling framework was evaluated
for a real system. The model effectively replicates observed data (monthly spring discharge).
However, it suggests limited suitability for different injection and infiltration scenarios at
a potential MAR location within the region. The results also emphasize the importance
of critically assessing and acknowledging uncertainties in model outcomes, primarily due to
limited initial data.
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Abstract

The Barrois region corresponds to a Tithonian-age limestone plateau located to the east of
the Paris Basin, and constituting the most karstified area in the basin. This limestone is pri-
marily exposed, except to the north of the plateau, where it is found under a semi-permeable
Lower Cretaceous-age discordant cover where karstification is currently active. Karstification
likely began during a phase of emersion of the summit of the carbonate reservoir (Jaillet,
2000) and has continued to the present day in various forms (ghost-rock karstification, hy-
pogenic alteration, crypto-alteration, and epigenic alteration under cover) depending on the
regional base level drop and the exposure of the Tithonian limestones through erosion of the
Cretaceous cover.

In the past, an attempt to model this network was made in the context of surface pollution
issues (Jaquet, 2004). Although this modeling was applied across the entire plateau, it was
limited by a 2D modeling of the phreatic network along different horizons compartmental-
izing the Barrois limestones, a purely epigenic karstification mechanism, and coarse drain
resolution.

With the goal of better understanding the geometry of the karst network in the Barrois
region to enhance the protection of the associated water resource, we propose to use the
KarstNSim method (Gouy et al., 2023) to stochastically simulate various plausible 3D net-
work skeletons within the Barrois limestones. This method allows constraining the network’s
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morphology based on simple input parameters but also enables the replication of polygenic
karsts through sequential simulations where each iteration influences subsequent ones.

Keywords: simulation, network, skeleton, stochasticity, polyphasic
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Stream-centric methods for determining groundwater
contributions and sources in karst mountain
watersheds

Bethany Neilson*!, Devon Hill', Hyrum Tennant!, Dennis Newell?, Tianfang Xu?,
Soeheye Choi®, Jim Mcnamara?, and Nate Ashmead*

1Utah State University, Civil and Environmental Engineering, Utah Water Research Laboratory —
United States
2Utah State University, Geosciences — United States
3 Arizona State University [Tempe] — United States
4Boise State University — United States

Abstract

Climate change influences on mountain hydrology are uncertain, but likely to be mediated
through changes in subsurface hydrologic residence times and flowpaths. The heterogeneity
of karst aquifers add complexity in assessing the resiliency of these water sources to pertur-
bation, suggesting a clear need to quantify contributions from and losses to these aquifers.
Here we develop a stream centric method that combines mass and flow balances to quantify
net and gross gains and losses at different spatial scales for varied flow conditions. We ex-
tend these methods to differentiate between karst conduit and matrix contributions from the
aquifer and to determine variability in springs and distributed groundwater contributions. In
the Logan River watershed in Northern Utah we found significant amounts of the river water
repeatedly gained and then lost through a 35 km study reach. The direction and amount of
water exchanged varied over space, time, and discharge. Further, we established that springs
and distributed groundwater inflow were similar and primarily from karst conduit sources.
Streamflow was dominated by discharge of karst conduit groundwater after runoff with in-
creasing, yet still small, fractions of matrix water later in the summer. These findings were
combined with geologic information, prior subsurface dye tracing, and chemical sampling to
provide additional lines of evidence that repeated groundwater exchanges are likely occurring
and river flows are highly dependent on karst aquifer recharge and discharge. Given the large
population dependent on karst aquifers throughout the world, there is a continued need to
develop simple methods, like those presented here, for determining the resiliency of karst
groundwater resources.

Keywords: groundwater, surface water interactions
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Strike-slip faults system and related karst networks:
New insights from the comparison between deep
buried karst in central Tarim Basin (NW China) and
the Fontaine-de-Vaucluse karst system (SE France)
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'Research Institute of Petroleum Exploration and Development-Northwest, PetroChina, Lanzhou
730020, China — China
2Key Laboratory of Reservoir Description, PetroChina, Lanzhou 730020, China — China
3PetroChina Research Institute of Petroleum Exploration and Development, Beijing 100083, China
China
4T0talEncrgies, Centre Scientifique Technique Jean Féger, Avenue Larribau, 64018 Pau, France
TotalEnergies, Centre Scientifique Technique Jean Féger, Avenue Larribau, 64018 Pau, France — France
5PetroChina Hangzhou Research Institute of Geology, Hangzhou 310023, China — China

Abstract

The Tarim Basin, with an area extent of approximately 560,000km2, is the largest intra-
continental craton basin in China. It experienced a complicated poly-phase tectonic evolu-
tion from the Precambrian to Cenozoic. The tectonostratigraphic sequences of the central
Tarim Basin are divided into several successions, separated by the regional unconformi-
ties. Hydrocarbon exploration in the central Tarim Basin, at the depth more than 6500m,
have demonstrated that subsurface strike-slip faults exert essential influences on Ordovician
karst-type carbonate reservoir distribution. Using high-quality 3D seismic data, geometric
and kinematic characteristics of strike-slip faults consisting of both conjugate fault arrays
and subparallel fault arrays in the central Tarim Basin are depicted with displacements in
the order of hundreds of meters. However, due to the restriction of seismic resolution and the
lack of sufficient drilling punctual samples, the relationship between lithology, distribution
of strike-slip fault damage zones, and karst-type carbonate reservoir qualities is still highly
uncertain.

Conversely, in the Fontaine-de-Vaucluse watershed (SE France), well-documented karst net-
works and strike-slip faults are directly accessible, raising the question of their genesis. This
karst system is located in the north of the Provence fold-and-thrust belt, which forms the
eastern limit of the Pyrenean orogenic system in southeastern France. Thanks to outcrops
and karstic conduits exploration, complex geometries of the karsts system are highlighted
sometimes or often with interactions with faults or faults corridor.

So, both the Vaucluse and central Tarim carbonate platforms have similar strike-slip faults
and karst features, which comparative study can provide new insights to the understanding
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of the strike-slip fault controlled karst genesis.

Many structural features amongst which horizontal or sub-horizontal lineations on the faults/fractures
surfaces are found both on outcrops and in cored wells to prove strike-slip faults affecting
the Urgonian carbonate platform. Strike-slip faults and horizontal movements are also in-
terpreted from the 3D seismic data from the Tarim Basin.

Also, in some outstanding outcrops close to Orgon, in the south-west of the Fontaine-de-
Vaucluse catchment area, progradation of the Urgonian carbonate platform highlight the
relations between lithology and distribution of fractures corridors and fault damage zones.
These observations are completed using cored boreholes in the area by the analysis of the
relation between lithology, faults and fracture densities, and karst occurrences. On the other
hand, specific seismic attributes are used in 3D interpretation to characterize the damage
zones.

The interest of such different means to characterize the relations of faults and karsts systems
in these two carbonate platforms is the opportunity to interpret similar structural and dia-
genetic features from small-scale with core and thin-sections to basin-scale with 3D seismic
interpretation. The objective is to define rules which could be applied at both scales and
improve the understanding of the fluid movements and storage in this peculiar geological
contexts.

Keywords: Tarim basin, Fontaine, de, Vaucluse, Strike, slip fault, Fault damage zone, Carbonate
Karst
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Temperature variations of karst springs
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Abstract

In most karst springs, water temperature is quite stable along the year, with a value
close to the mean average temperature of the atmospheric air in the vicinity of the spring.
However, some variations are observed, usually related to flood events, with an amplitude in
the order of +-10C. A few authors (e.g. Luhmann et al., 2011, Luo et al., 2023) attempted
to define categories of springs’ thermographs and to provide conceptual interpretations.
The key question behind these variations is related to the thermal length or characteristic
length of a water inrush into a karst system. The thermal length is the distance necessary
for an input signal to reach equilibrium with the surrounding medium (e.g. Covington et
al., 2012). For example, anyone can easily understand that a stream with a temperature of
180C swallowing into a ponor in a region with an average temperature of 100C may need
several hundreds or even thousands of meters along its underground pathway to cool down
to _7100C and reach thermal equilibrium with the surrounding rock. It is also quite clear
that rainwater infiltrating into the ground through soil and epikarst will equilibrate within
a few meters, possibly a few tens of meters.

Besides the heat transported directly by water, at least three other processes are poten-
tially controlling the water temperature of karst springs: 1) heat convection by air-flow
through the karst massif, 2) heat conduction from ground surface or 3) heat conduction from
the Earth depth.

Thermographs are thus controlled by one or several of these processes depending on con-
ditions. An outlook on the range of possible situations is presented based on the existing
literature and on preliminary numerical modelling, which couples these processes.

Case studies from various hydrogeological settings will be presented to illustrate the main
parameters controlling spring temperature variations.

The understanding of all heat fluxes controlling underground temperature in karst regions
is relevant not only for hydrogeology, but also for paleoclimatic reconstruction, geothermal

exploitation and habitats (critical zone).

Covington, M.D., Luhmann, A.J., Wicks, C.M., Saar, M.O., 2012. Process length scales
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and longitudinal damping in karst conduits. Journal of Geophysical Research: Earth Surface
117, hitps://doi.org/10.1029/2011JF002212

Luhmann, A.J., Covington, M.D., Peters, A.J., Alexander, S.C., Anger, C.T., Green, J.A.,
Runkel, A.C., Jr, E.C.A., 2011. Classification of thermal patterns at karst springs and cave
streams. Groundwater 49, 324-335.

Luo, M., Wan, L., Liao, C., Jakada, H., Zhou, H., 2023. Geographic and transport controls of

temperature response in karst springs. Journal of Hydrology 623, 129850. https://doi.org/10.1016/j.5hydrol.2023.1%

Keywords: Karst springs, water temperature, heat exchanges, thermal length, numerical modelling
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TERZAGHI’S EFFECTIVE STRESS PRINCIPLE
AND HYDROLOGICAL DEFORMATION OF
KARST AQUIFERS DETECTED BY GNSS
MEASUREMENTS
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Abstract

Analyses of GNSS (Global Navigation Satellite Systems) data acquired by stations lo-
cated in karst areas of the Apennine chain (Italy) have revealed a strong correlation be-
tween changes in water table levels and ground displacements in the horizontal plane. Many
previous studies have applied a specific modelling approach to explain such a phenomenon,
assuming that hydraulic head fluctuations due to aquifer recharge/discharge processes would
cause the widening/closing of water-filled fractures subjected to continuous water pressure
variations. These models, however, focuses exclusively on the effect of the variable hydraulic
head in fractures, neglecting the role of the pore water pressure. In particular, a karst aquifer
is triple porosity medium in which groundwater fills fractures, large voids and conduits, and
pores and fissures of the rock matrix as well. Generally, wide water table oscillation char-
acterizes karst aquifers of the Apennine. The low- and high-stand phases of the water table
are associated with changes in the saturated zone thickness up to tens of meters, which lead
to pore water pressure variations up to thousands of KPa at depth. The pore water pressure
change affects primarily the saturated and epiphreatic zones and, thus, it modifies the state
of stress of a wide rock volume. This study focuses on the hydrological deformational mecha-
nism of karst massifs and provides the equations relating karst massif deformation to changes
in the groundwater levels. A new physical explanation of this hydrological phenomenon was
proposed by combining Terzaghi’s effective stress principle with classical linear elasticity. In
particular, Skempton’s formulation of the effective stress was considered, which represents a
generalization of Terzaghi’s theory. The study highlights that the water pressure variation
associated with the water table rising and lowering is the primary driver of the observed hy-
drological deformation. The proposed equations were derived assuming both unconstrained
and constrained conditions of the karst aquifer. In the first case, the karst aquifer is free
to expand laterally, and the hydrological strain depends on the overall elastic properties of
the karst rock mass and the coefficient of earth pressure at-rest, K0. In the second case, an
elastic aquitard laterally constrains the karst aquifer, and the strain induced by the change
in pore water pressure also depends on the elastic properties and dimensions of the aquitard.
The resulting strain is thus a fraction of the unconstrained hydrological strain. The karst
aquifer hydrological deformation can be compared to the thermal expansion of solids, whose
magnitude depends on the physical and geometric characteristics of the materials and the
temperature increase. Similarly, the hydrological deformation is caused by a change in the
pore water pressure, affecting the whole karst aquifer saturated zone. The ground displace-
ments measured by GNSS stations at the surface depend on their location, as they are the
result of the deformation accumulated across the aquifer.
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The application of future climate scenarios to assess
long-term effects of climate change on the discharge
of the Caposele karst spring, Southern Italy
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Abstract

Global warming affects atmospheric and oceanic energy budgets, modifying the Earth’s

water cycle with consequent changes to precipitation pattern. The impacts of possible emis-
sions scenarios on surface water have been widely investigated but the effects on groundwater
discharge are still uncertain at a global and local scale. In order to assess future spring flow
scenarios, the most critical step is to quantify the recharge-discharge connection.
The main aim of this research is to predict the long-term effects of climate change on the
discharge of Caposele spring, an important spring primarily fed by Cervialto Massif, lo-
cated in the karst system of Picentini Mountains, in the Southern Apennines (Italy). The
Caposele spring, locally known with name of Sanita spring (422 m ASL), is unique for its
exceptionally long series of discharge values, available for the timespan 1920-2023. The in-
vestigated spring, discharging out from limestone formations, is managed by the public water
supply authority ”Pugliese Aqueduct”. Apennines stretch along the Italian peninsula in a
Northwest-Southeast direction, crossing the Mediterranean area that represents a critical
zone for climate change due to a decrease of recharge and increase of frequency and severity
of droughts since the last two-three decades. Statistical tools have been applied to analyse
both the time series of recharge-related parameters in the spring catchment, and the spring
discharge time series.

The CMCC-CM global model was utilized, adopting its future climate scenarios projected
over the Cervialto Massif. A multivariate statistical analysis was conducted to identify the
correlation factors between historical spring’s flow and historical meteorological parameters
collected within the spring’s catchment. Subsequently, these factors were applied to the
previously chosen future climate scenarios. This process allowed for the estimation of future
discharge of the Caposele karst spring.

The preliminary results have indicated that by 2040-2070 the average annual discharge of
the Caposele spring could decrease by 8% or even 15% (depending on the selected climate
scenarios) compared to that of the past few decades. The future water shortage in the
Caposele spring would have an even more significant impact in a hydrogeological context
already marked by water crisis: nowadays, the spring’s discharge is much lower than that
recorded in the 1920s or 1930s. By individually studying the time series of meteorological
data, it becomes evident that the primary cause of the Caposele’s discharge reduction is the
dramatic rise in temperature observed in the spring’s catchment (3.65 oC over 100 years of
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monitoring). The rising temperature has a negative impact on both liquid and solid pre-
cipitation. In fact, this leads to an increase in evapotranspiration, reducing the amount of
rainfall that can infiltrate the aquifer and causing a double effect of shorter permanence of
snow to the ground and a strong reduction of total snowfall over the Picentini Mountains.

Keywords: Karst spring, Groundwater discharge, Climate change, Discharge prediction, Regional

climate model
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The effect of the degassing process at Ferrarelle’s
karst hydrogeological system.
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Abstract

Here we investigate the effect of the degassing process on Total Dissolved Inorganic Car-

bon (TDIC) isotopic composition (613CTDIC) in groundwater from the karst aquifer of
Ferrarelle’s hydrogeological system (HFS, Riardo plain, Southern Italy). HFS is charac-
terized by the presence of CO2 supersaturated groundwater, whose partial pressure in the
karst aquifer reaches at least 5 bar. Previous investigations indicate that water-degassing
processes cause a readjustment of the isotopic composition of the carbon species due to frac-
tionation. Consequently, the 613CTDIC of the water sampled at surface may be different
than the original composition in the aquifer. The Ferrarelle wells field and the plant-setup
for CO2 extraction represent a perfect test-site for experimental investigation on §13CTDIC
evolution. This process has been investigated by sampling water and gas discharges at bell-
shape gas separators, where also the discharge rate of water and the gaseous component
(CO2> 99%) are measured. The sampling has been carried out before (HW) and after (UB)
the separator. In order to evaluate the potential water degassing effects on d13C throughout
the sampling, the water solution has been collected both in the traditional 250 mL PE bot-
tle and in a pre-evacuated glass flask equipped with a stopcock, where reactants for TDIC
precipitation where previously added. Moreover, a dry gas sample has been also collected
from the separator for §13CCO2 analysis.
The carbon isotopic composition of TDIC shows a §13CTDIC difference of -~ 3%0 between
the two different sampling methods. Sample UB after CO2 loss shows a more positive
§13CTDIC value with respect to the HW glass flask sample. Applying an isotopic mass
balance, considering the measured gas (fCO2) and water discharge (fW) rates, the analysed
013CCO2 composition and the analysed §13CTDIC(w) in water, we compute the §13CTDIC
composition of groundwater before degassing according to:

513CTDIC= ( (fW) x §13CTDIC(w) x TDIC + (fCO2) x §13CCO2 ) / ((fW) x TDIC
+(fCO2))

Results are consistent with a d13CTDIC value of about +1%o0 vs. PDB, the same value
obtained on the HW glass flask. In addition, the carbon isotope input from CaCO3 disso-
lution does not bias the total carbon isotopic composition, being the §13CCaCO3 1% in
the Cretaceous limestone of HF'S system, i.e. the same composition of the endogenous CO2.
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Moreover, the flux of free CO2 measured at the bell-separator discharge is comparable with
the theoretical degassed CO2 flux, computed by bringing back to equilibrium with respect to
calcite the oversaturated water collected after the bell-separator. Consequently, also using
the theoretical pre-degassed carbon composition it is possible to compute a d13CTDIC with
a similar value of about +1%o.

Summing up, CO2 oversaturated groundwater might undergo degassing, inducing fast and
significant §13CTDIC re-equilibration, before or during the sampling. Special care must be
taken when dealing with TDIC in these systems, because degassing processes can give biased
results. If applicable, the methods of sampling via pre-evacuated glass flask could represent
a reliable solution, otherwise a theoretical approach in reconstructing the composition of
pre-degassed carbon speciation might be applied to obtain the original non-degassed TDIC
composition.

Keywords: CO2 degassing, Karst aquifers, analytical tecniques, TDIC
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The freshwater origin of a brackish submarine spring
inferred from a long-term stable isotope survey: the
Port-Miou karstic spring (SE France)
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Abstract

Coastal karst aquifers represent crucial water resources which are high vulnerable to

sea-level rise, climate variability and anthropogenic influences. Understanding their vulner-
ability requires to identify their recharge area, aquifer characteristics and the mechanisms
of seawater intrusion. The aim of this study is to define the origin of freshwater that feed
a regional submarine karst spring, and give insight into the salinization mechanism. To this
purpose, we propose an original approach based on a combined salinity and stable isotopes
mass balances.
The submarine Port-Miou spring (S-E of France), represents a major regional discharge. Its
situation is representative of the typical feature of Mediterranean coastal karsts developed
at great depth below the current sea level. The catchment area has been evaluated around
400 km?, from the sea up to 1148 m of elevation. It is located close to the Marseille city,
where the freshwater demand is very high for drinking, irrigation and industrial supply. This
submarine brackish spring discharges through a karst conduit explored by cave-divers, down
to 237 meter deep below the sea level, 2 km inland from the seashore. This study is based
on a long-term monitoring (over 10 years) of spring water water level (or discharge) salinity,
and water isotopic composition (6180 and §2H). This survey is complemented by a database
of regional groundwater and precipitation isotope compositions. At the Port-Miou spring
site, the discharge may exceed 35 m3/s during flood events, but the salinity never falls under
2 p.s.u., making it continuously brackish.

First, a two-endmember mixing equation based on springwater salinity allows the source
to be partitionned between continental freshwater and seawater. Second, the isotopic com-
position of the freshwater endmember is calculated using the seawater isotopic composition
and mixing fraction. We discuss the time variations of the reconstructed freshwater isotopes
composition with regards to the composition of regional aquifers and precipitation. During
long summer recessions, the fresh isotopic signature moves toward a constant mean interan-
nual value. It suggests the existence of a base flow, with an additional contribution of fast
infiltration water during flood events characterized by more variable isotopic compositions.

Keywords: costal karst, costal spring, stable water isotopic data, long term survey, mixing equation
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The hydrodynamic response of the Sibillini Mts.
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Abstract

Apennine carbonate hydrostructures host important aquifers, leading to the storage of
extensive amounts of groundwater and representing an important water resource for the Ital-
ian peninsula. The hydraulic properties of aquifers vary based on lithological heterogeneity,
fracturing, and karst conduit development. Accordingly, the groundwater flow is further
controlled by tectonic and structural elements.

During the 2016 Central Italy seismic sequence, the Mw 6.5 Norcia earthquake caused sig-
nificant, long-lasting hydrogeological changes in the Sibillini Mts. carbonate hydrostructure.
The seismic event, originating from the rupture of different segments of the Vettore-Bove
normal fault system, resulted in important ground deformation with surface faulting. The
mechanism of ”aquifer fault rupture” (Mastrorillo et al., 2020) has been invoked to explain
the sustained discharge changes observed at springs and along the main drainage systems,
suggesting a shift of the groundwater divide following the Vettore fault rupture. In this work,
we aim to characterize the Sibillini hydrostructure and assess the hydrodynamic response to
the coseismic dislocation of the Vettore fault by means of numerical approaches.

Following the concept of parsimony, we constructed a straightforward model representing
the earthquake-related hydrodynamic changes of the Sibillini carbonate hydrostructure. We
idealized the model as a simplified hydraulic system consisting of three volumes separated by
faults (Vettore and Norcia faults). Given the regional-scale extent of the model, we assumed
the Sibillini carbonate aquifer as an equivalent continuous and homogeneous medium, with
an average permeability for the entire area. We implemented faults in the model (Vettore
and Norcia faults) as horizontal flow barriers with different permeabilities than those of the
aquifer. First, we simulate the groundwater flow before and after the Norcia earthquake.
Then, we performed an automatic calibration of the model using observed spring discharge
and hydraulic head data as target function. The modeling allowed us to define the hydraulic
parameters characterizing the hydrogeological system at a regional scale. Groundwater mod-
eling results are compared with the crustal volumetric changes obtained from the simulation
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of the Vettore fault rupture through a geomechanical numerical model. The comparison
will contribute to enhancing the groundwater model by evaluating and refining permeability
variations within the system, especially in post-seismic conditions.

Keywords: numerical modeling, groundwater, carbonate hydrostructure, Norcia earthquake
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The role of groundwater-surface water relations in
disturbing lake ecosystems: the case of the Rémoray
Lake Natural Reserve (Jura, France)
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Abstract

The Lac de Remoray National Natural Reserve was created in 1980. Its purpose is
to conserve biodiversity and maintain the state of the natural environment. A wealth of
biological diversity is found in the wetlands around Lac de Remoray. The trophic and
acidity gradients result in a high mesological diversity and, consequently, a large number
of remarkable or protected species. Conservation management is now implemented using
three tools: no intervention, extensive grazing, and late mowing. Despite this management
approach, the lake’s water quality has deteriorated in recent years. One of the findings is that
the proliferation of decomposers is suffocating Lake Remoray. This is linked to the excess of
organic matter and nitrogen from the agricultural land in the catchment area. Studies have
been carried out to identify the origin of these transfers. These have focused on the main
tributaries of the lake, without taking into account the geological context of the area and the
contribution of groundwater to the contamination. From a more general point of view, there
is currently no definition of the hydro-geological basin of Lake Remoray. However, the lake is
in a karstic context, which implies that there are numerous underground circulation systems,
which allow the communication of sometimes distant hydrographic networks. Knowledge of
the hydrogeological boundaries should allow other, more distant sources of pollution to be
taken into account. This study aims to assess the potential for groundwater transfer from a
small catchment located to the west of the catchment and separated from it by a regional
fault (the Mouthe Fault). The Mouthe Fault is considered to be a barrier to water transfer.
To propose a new delimitation of the hydrogeological basin of Lake Remoray, this work
proposes a multidisciplinary approach to the characterization of flows. For this purpose, all
water bodies (surface water and groundwater) have been mapped and then characterized
through hydrological balances at two scales: topographic basin and hydrogeological basin.
These balances indicate the presence of inputs from outside the topographic basin as well
as exchanges between the different systems. This is consistent with the karst context of
the study area. The hydrological behavior of the lake’s two main tributaries (the Drésine
and the Lhaut) also varies according to the hydrological regime, as shown by the flowmeter
study carried out at high and low water levels. Similarly, the study of geological structures
is an indication of the fact that certain connections are only possible during periods of high
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water. Finally, the characterization of the physicochemical signatures of the groundwater has
revealed three characteristic signatures of the Cretaceous and Jurassic aquifers. The Jurassic
signature influences the Cretaceous signature. Finally, a joint study of the flow rates, the
structural arrangements (geology), and the physico-chemical characteristics of these waters
has identified a contribution coming from the closed basin to the west of the Mouthe fault.
This link will be subject to verification using artificial tracing.

Keywords: quality of water surface, contaminent, groundwater, surface water links, multidisci-
plinary approach
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Tracer dispersion in karst conduits: study of spatially
heterogeneous breakthrough curves by multi-point
dye tracing and 3D Computational Fluid Dynamics

(CFD) simulations

Romain Deleu*!, Mohammed Aliouache?, Herve Jourde?, Amaél Poulain®, Gaétan
Rochez!, Sandra Soares-Frazao*, Guy Van Rentergem?®, and Vincent Hallet!
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3Traqua Belgium
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Abstract

Dye tracing techniques are extensively used in karst systems. It is either used as a qual-
itative approach, such as establishing connections between losing streams and resurgences,
or in a more quantitative way, by estimating travel times, maximum and modal velocities,
conduits dimensions, longitudinal dispersion, retardation effects, etc. However, studies sug-
gest that tracer breakthrough curves (BTCs) can be significantly heterogeneous across a
karst conduit transversal section, and thus allowing for misinterpretation of some critical
parameters. This paper attempts to quantify BTC variations across a karst river profile and
explain them by various hydrodynamic features. The goal would be to highlight the risk
of misinterpretation of tracer tests results in case of an inadequate placement of the fluo-
rometer for which the BTC could be non-representative of the main hydrodynamic behavior
of the underground river. The methodology used is composed of two main approaches: (i)
field tracer tests campaigns using transversal multi-point configuration, implying the use of
multiple fluorometers (up to 15) placed across a river section; (ii) solute transport models,
specifically implying the use of 3D Computational Fluid Dynamics (CFD). The results from
multiple profiles in different caves are presented, for which both observed and simulated
BTCs are shown. The observed heterogeneities can be significant and various. The CFD
models give consistent results with the field observations and can be used to visualize in 3D
the hydrodynamic behaviors responsible for these heterogeneities. The discussions include
the significant effects of a reverse flow zone (due to an Eddy current); the mixing length,
after which the lateral dispersion is supposed enough to imply a satisfactory distribution of
solute across the section; the effects of an upstream convergence of two tracer clouds; the
link with the velocity profile; etc. The conclusions indicate that significant heterogeneities
can be observed across a karst river profile, and thus that the position of the fluorometer
can induce a significant misinterpretation of tracer tests results.
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Transitory hydrodynamic state as a tool for inferring
geometric constraints on groundwater flow in karst
aquifers

Martin-Rodriguez José Francisco*!, Matias Mudarra*!, and Andreo Navarro Bartolomé!

!Universidad de Mslaga [Malaga] = University of Malaga [Mdlaga] — Spain

Abstract

A comprehensive understanding of recharge mechanisms, flow movement, and the hy-
drogeological functioning are needed to properly manage water resources from carbonate
aquifers, particularly for human consumption. Karstification implies the appearance of ele-
ments that favor flow dynamics (conduits and preferential flow paths), but also others that
hamper groundwater flows or increase tortuosity of a specific drainage route (siphonage
structures, thresholds, among others). In addition, recharge events characteristics (rainfall
intensity, total amount, etc.) can also affect to the hydrodynamic regime of the system.

In this research, a quantitative analysis of the transitory hydrodynamic state, by jointly mon-
itoring the inflow —recharge- and outflow —discharge- volumes, has been applied for detecting
geometrical constraints affecting groundwater flows within a binary karst aquifer located
southern Spain (Sierra de Ubrique, Céddiz province). Daily data set concerning the global
system recharge and discharge, collected during five hydrological years (2013/14 — 2017/18),
was used in this work. A significant fraction of the recharge takes place through swallowholes
(concentrated recharge) that collect runoff water from small basins of impervious materials.
Discharge occurs through two permanent outlets (Cornicabra, 349 m a.s.l., and Algarrobal,
317 m a.s.l.), in addition to an overflow spring (Garciago, 422 m a.s.l.). With 26 km2 ap-
proximately this aquifer is the main source of water for approximately 16000 inhabitants of
Ubrique city.

The results show that the hydrodynamic response of the main springs is driven by the rela-
tionship between the accumulated recharge and the total discharge of the system. The value
of the daily difference (in hm®) between cumulative data series (recharge and discharge),
defines the aquifer transient water volume stored into the aquifer. Thus, each recharge
episode triggers a hydrodynamic response in the Cornicabra, with no response in the other
springs. It is necessary a transient stored volume into the aquifer of approximately 3.2 hm3
to trigger changes in Algarrobal and Garciago springs. These volumes would be related to
the existence of geometric thresholds that determine the hydrodynamic response in the Al-
garrobal and Garciago outlets. In addition, the analysis of the slopes defined by the linear
relationships between the hydrodynamic state and the discharged flows provide additional
information on the karstification development in the aquifer sectors drained by each spring.
However, it is often difficult to establish properly the hydrodynamic state of the aquifer due
to 1) the uncertainty related to the recharge estimation approaches (commonly empirical
methods), both temporal and spatial distributions, and 2) the hydrometric monitoring inac-
curacies found in the outlets. Sensitivity analysis of the equations for estimating potential

*Speaker

sciencesconf.org:eurokarst2024:516139



10-14 June

eurokarst ROME

evapotranspiration (the main parameter driving the recharge rate) and the continuous mon-
itoring of the drainage can further enhance the calculations representativeness.

Continuous monitoring of recharge and recharge parameters is shown to be a useful method-
ology for inferring the presence of geometric constraints to discharge flowing and can be a
reliable tool which can support the management of water quality impacts related to high
water events.

Keywords: Recharge, Discharge, Threshold, Hydrodinamic response
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Trends in long-term hydrogeological data from
European karst aquifers
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Abstract

The impact of global change on water resources is mostly associated with changes in
hydrological extremes, whereas the future evolution of groundwater recharge is currently
highly uncertain. Due to short response times of karst systems, they might be used to get a
better understanding of the impact of climate change on groundwater resources. This work
aims at depicting a continental overview of changes in groundwater resources in karst areas
over the past decades, based on more than 50 springs spatially distributed over Europe. One
of the expected results is to illustrate in what way local information may help to understand
regional changes. Observational data (Air temperature, Precipitations, Spring discharge)
from karst areas were analysed for two different periods. The first period focuses on European
springs with the longest available time series (-740 years) and the second one covers the last
two decades. For discharge, changes were analysed using a combination of Mann-Kendall
test for monthly spring discharge and annual extremes, expressed by different quantiles.
Trends are also computed on monthly precipitation and temperature to identify changes in
the input signal. In order to reveal the impact of groundwater dynamics on observed trends,
two specific indices related to storativity (baseflow index) and inertia (memory effect) were
calculated for the two periods. Over the last 40 years, results showed that as expected air
temperature increases at all recharge area of European springs, but trends in precipitation
are almost absent except only small areas. Only roughly 25% of the analysed springs exhibit
significant changes in discharge. Negative vs. Positive changes in discharge trends reflect a
South-North separation. Analysing trends in observational hydroclimatic and hydrological
variables over the last 20 years provide a continental insight into these changes covering
a wide range of hydraulic properties, climates, and topographies. Differences in discharge
distribution are analysed as a direct consequence of structural differences of the systems, here
considered by using the two indices related to the storativity and inertia. In combination,
these indices were able to i) highlight structural differences and ii) characterize karst systems
accordingly. From our results, outlooks on the key processes controlling changes and patterns
are discussed.

Keywords: Climate change, trend, global scale, groundwater resource, recharge
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Understanding climate and anthropic drivers of
discharge decline of a large karstic spring feeding a
NATURA2000 ecosystem

Cristina Di Salvo*!, Claudio Alimonti , Daniel T. Feinstein , Randall J. Hunt , Pamela
Teoli , and Elisabetta Preziosif

LCNR- Institute of Environmental Geology and Geoengineering — Italy

Abstract

The Ninfa Spring (Central Italy) supports a unique ecosystem, recognized as a NATURA2000

site and currently managed by the Fondazione Roffredo Caetani (https://frcaetani.it/). The
site is visited by hundreds of thousands of visitors a year from all over the world and its
economic importance is significant for the local communities.
The complex nature of the Lepini Mountains aquifer system, feeding several springs at the
foot of the carbonate ridge, has been extensively documented in recent studies. The role of
spring flow in sustaining local ecosystems and as a source of irrigation water in the foothill
plain is well known, and the observed discharge decline jeopardizes the survival of environ-
mental and economic activities.

In this contribution, we present an ongoing project, focused on the conceptual modelling
of groundwater flow in the North-Western side of the carbonate structure of the Lepini
Mountains feeding the Ninfa Spring. This research aims to construct a conceptual model of
the Ninfa Spring translated into a preliminary transient flow model designed for hypothesis
testing. Specifically, we aim to verify the relative importance of the groundwater withdrawals
from the carbonate aquifer both upgradient and downgradient of the spring, and the decreas-
ing recharge due to climate change, on the spring discharge which is now appreciably lower
than in the past. This understanding is essential for any future efforts to protect the spring
ecosystem and to properly address the monitoring activities. The mechanism of interaction
between the aquifers and the ecosystem will be investigated as well as the time response of
the spring system to long-term changes in infiltration rates, considering the relevant thickness
of both the unsaturated and saturated zones in the Lepini Mountains. A special source of
uncertainty is associated with this structure, hosting a flow system characterized by double
porosity, with both a diffuse fracture network and developed karst conduits as evidenced by
previous studies. How far this double regime affects the system’s recharge and discharge will
be investigated.

In a program of step-wise modelling, further data analysis and numerical modelling phases
are designed to reduce the uncertainty associated with a quantitative assessment of the
drivers influencing Ninfa Spring discharge depletion.
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Updating of traditional groundwater budget and
recharge assessment by using the APLIS method at
the karst Scirca spring (Central Italy)
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Abstract

Springs fed by carbonate and karst aquifers represent one of the most important sources of
drinkable water in Central Italy and many areas of Europe, and there is a general recognition
that their recharge-discharge equilibrium is at risk due to withdrawal increases and global
climate change effects, especially in the Mediterranean area. Knowledge of the processes
influencing springs discharge, and particularly the aquifer recharge distribution, is therefore
of primary importance. Many studies deal with determining aquifers recharge by using con-
ventional empirical methods starting, for example, from air temperature and precipitation
data. However, these methods usually do not consider the peculiar hydrogeological features
of the carbonate karst aquifers, which are characterised by heterogeneities (i.e., lithological
boundaries and/or faults) and well-developed surface karst landforms, thus influencing the
infiltration patterns. Furthermore, the conventional empirical techniques for determining the
aquifer recharge are often challenging to apply, especially in mountainous regions where the
necessary thermo-pluviometric information is scarce, and the calculation of the recharge spa-
tial distribution is difficult. The APLIS method, which is gaining popularity as a substitute
for traditional techniques to assess carbonate aquifer recharge and distribution, offers esti-
mates at multiple scales, ranging from recharge areas of local springs up to the regional ones.
Indeed, such a method allows to estimate the mean annual recharge in carbonate aquifers as
a percentage of precipitation, based on altitude, slope, lithology, infiltration landform, and
soil type.

Our research aims to estimate the recharge feeding the Scirca spring (Central Italy), which
is of strategic importance for the water supply of about 50’000 people in the Umbria Region.
The spring emerges on the western slope of the Cucco Mt. anticline, which is part of the
Umbria-Marche Apennines chain. The core of the anticline is marked by the presence of
a karst system among the most developed in Central Italy. The APLIS method was used
to evaluate the aquifer recharge distribution along two observation periods: the first one

*Speaker
fCorresponding author: d.fronzi@staff.univpm.it

sciencesconf.org:eurokarst2024:515191

103



eurokarst ROME

10-14 June

(Period 1) ranges from 1959 to 2001. Previous studies for the evaluation of the water budget
at an annual scale were conducted for this period, by means of traditional methods (i.e.,
Turc). The mean annual infiltration over the spring recharge area was evaluated in about
1000 mm/year. Results obtained by using the APLIS method on this period were compared
with those determined by traditional methods and allowed to make it evident that the vari-
able more influencing the recharge is the elevation.

The water budget was therefore estimated on a monthly scale, by using the Thornhwaite-
Mather method, for a second period (Period 2), running from January 2010 to December
2022. Results were again compared with those obtained by using the APLIS method. The
recharge amounts estimated by the two methods, in terms of percentage of rainfall, are com-
parable (about 60%). The use of the APLIS method made evident the need to redefine the
recharge area based on a detailed geo-structural survey.

Keywords: recharge assessment, water budget, karst aquifers, Central Italy
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A corrosion-centric analysis of the chemical
characteristics of low-saturated drips in Moravian
Karst

Pavel Pracny*'!, Barbora Daniela Filova!, and Veronika Synkova!
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Brno, Czech Republic — Czech Republic

Abstract

Moravian Karst, the largest karst region in the Czech Republic, is built primarily from De-

vonian limestones and contains several cave systems with substantial speleothem formations.
In search for causes of observed speleothem corrosion and destruction, low— or non-saturated
drip/seepage water sources are often suspected causes. The presented study compares three
such drips with distinctive properties.
Electrical conductivity (EC) and pH were measured on-site using multimeters (WTW or
Greisinger). The saturation index with respect to calcite (Slcalcite) and CO2 partial pres-
sure equivalent to carbonates in water (PCO2(W)) and the hypothetical PCO2 under which
the water would be in equilibrium with calcite (PCO2(H)) are calculated via PHREEQC
from carbonate alkalinity (acidimetric titration) and major ion concentrations (ICP-MS).
All drips were sampled once or twice per month for at least 15 months.

The most aggressive water source (SI = -0.21+0.16), although with no observed corrosion
features, is the seasonal drip M in Zemni Pyramids Dome in Amatérskda Cave (Pracny et al.
2022) situated at a chimney opening ca 10 m above the floor. It shows significant seasonality
(minima in winter, even becoming inactive; maxima in summer), relatively higher conduc-
tivity (403+49.6 pS/cm, seasonality as SI), and lower pH (7.45+0.22). The water shows a
higher content of CO2 (logPCO2(w) = —2.3740.29) than cave air and PCO2(H), suggesting
limited water-limestone contact. The drip properties are most likely caused by rapid water
transport from the surface into the cave.

The drip TC1 is a permanent drip in Tunelovd Chodba in Punkva Caves. It is close to equi-
librium with slight oversaturation (0.1440.11), no seasonality, and low conductivity (297422
uS/cm). It drips from a chimney edge with no visible corrosion features. The pH is rela-
tively high (7.95+0.15), corresponding to the PCO2(W) and PCO2(H) being close to PCO2
in the cave atmosphere, indicating degassed water, which precipitated calcite. Therefore,
prior calcite precipitation is the most probable cause of its properties (Pracny et al. 2016).

The last presented seepage water is BS1, a permanent shower drip along the cave wall in
Prsavy Chimney (By¢i Skéla Cave), notable for its wall-corrosion features. The drip shows
high discharge and seasonal variability in pH (7.7040.46) and saturation (0.0540.42), with
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minima in summer and maxima in winter. Conductivity shows reversed seasonality and
low values (286420 pS/cm). The seasonality, low carbonate saturation and overall miner-
alization suggest an unusual water flow path — the primary reservoir might be situated in a
paleo-sinkhole filled with relatively non-reactive Mesozoic sandy sediments. An abandoned
sand pit above the cave might represent an infiltration zone, from which the higher summer
soil CO2 is flushed into the dripwater’s primary reservoir, leading to seasonally increased
aggressivity.

A detailed long-term study shows the variability of low-saturated drips in properties and
probable genesis. While some might result from a rapid influx of unsaturated water (drip
M), others might form via seasonal effects due to unusual geological situations (drip BS1).
Finally, some low-saturated waters might even result from calcite precipitation (drip TC1).

Keywords: dripwater, speleothem corrosion, Moravian Karst, hydrogeochemistry, supersaturation
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A hydrogeological observatory in southern Italy: The
Foce experimental karst basin

Paola Petrone*'!, Pasquale Alloccal, Silvio Coda!, Delia Cusano', Pantaleone De Vital,
Daniele Lepore!, and Vincenzo Alloccal

1Dipartinlento di Scienze della Terra, dellAmbiente e delle Risorse — ITtaly

Abstract

Estimating groundwater recharge requires direct measurements, field data, monitoring,

and modeling of all the variables of hydrologic cycle. Although field hydrogeological research
and groundwater studies of karst aquifers in southern Italy has a long tradition starting from
the 1960s, there is a lack of examples of equipped karst basins as natural hydrogeological
observatories for continuous multiparametric field measurements in space and time of all hy-
drological variables of the water balance, such as precipitation, air temperature, infiltration,
surface runoff, evapotranspiration, piezometric levels, and spring discharge.
In this study we present the Foce hydrogeological observatory (southern Italy), designed
and implemented for the real-time estimation and modeling of the hydrological balance and
groundwater recharge processes, as well as calibration of inflows-outflows models at the basin
scale.

The Foce experimental karst basin, extended about 0,90 km2, is characterized by hydro-
geological and environmental conditions typical of karst aquifers of the southern Apennine,
i.e. steep carbonate slopes, fractured and karsified, covered with few meters thick by fall
pyroclastic deposits and forest coppice. The experimental basin is located in the southern
sector of Avella Mts. (Campania region), and locally hosts a vital groundwater resource for
drinking water supply for about 1,500.000 inhabitants.

We provide an overview of the main physical and hydrological characteristics of the ex-
perimental karst basin and describing the installed instrumentation for the continuous mon-
itoring of the following hydrological variables: i) precipitation and air temperature, by two
weather stations located inside and outside the forest; ii) soil water content up to depth
1,20 m, by two multilevel probes; iii) water percolation and actual evapotranspiration, by a
natural multilevel lysimeter with datalogger; iv) surface runoff, by a Venturi flume channel
and radar sensor with datalogger; v) piezometric levels and spring discharges, by two levels
and velocity sensors with datalogger.

Finally, we present the first results of multiparametric hydrogeological monitoring, charac-
terization, and modelling to help advance the understanding real-time of non-linear recharge
processes within karst basins with state-of-the-art modelling and monitoring tools, useful to
implement adaptation strategies to climate change and a sustainable management of ground-
water resources.
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Advancing groundwater recharge assessment in karst
aquifers by coupling remote sensing and field
hydrological monitoring
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Léw , Leonard El-Hokayem , and Pantaleone De Vita*!
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Abstract

Remote sensing is recognized as the key approach for regional data collection, particularly

concerning land surfaces and hydrological features like soil moisture and evapotranspiration.
Satellite-derived data is invaluable in evaluating groundwater recharge, particularly crucial
for the economic and social welfare which is closely tied to the availability of groundwater
in the karst aquifers of southern Italy.
This research tends to expand traditional hydrogeological methods for estimating ground-
water recharge in karst aquifers by integrating field monitoring and remote sensing data to
understand the hydrological role of soil coverings. It was focused on the Mts. Soprano-Vesole-
Chianello aquifer in Campania (southern Italy) which was considered ad a representative case
study.

The research utilized Copernicus Global Land Services Soil Water Index (SWI) and Moder-
ate Resolution Imaging Spectroradiometer (MODIS) Evapotranspiration products to evalu-
ate soil water content and evapotranspiration patterns. Moreover, time series gathered by
a monitoring network of 5 soil moisture probes since 2021 were examined. SWIlkm offers
daily soil water content at 1 km resolution, while MOD16A2 provides 8-day evapotranspira-
tion estimates at 0.5 km resolution, using Penman-Monteith equation and MODIS data like
vegetation dynamics, albedo, and land cover.

Both products encountered data gaps in mountainous areas of the karst aquifers due to
algorithms considering factors like topography and cloud cover during product generation.

The key finding was the derivation of SWI values and the computation of a weighted mean
(SWIw) based on 8-SWI values, factored by the quality factor. SWIw consistently displayed
an approximate -20% difference from daily average field monitoring values. Despite this dis-
crepancy, SWIw showcased an annual trend aligning closely (corr. > 0.68) with soil moisture
probes measurements and effectively responded to rainfall events.

Additionally, MODIS ET data exhibited the evapotranspiration pattern, offering a tem-
poral resolution difficult to attain without local meteorological data. To address the data
gaps in the karst aquifer’s mountainous regions, spatial interpolation of SWIw and MODIS
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ET was performed using various geostatistical techniques.

The findings suggest that SWIlkm and MODIS16A2 enable soil moisture and evapotran-
spiration estimation for karst aquifers. Despite data gaps posing limitations, both datasets
were proved valuable for advancing hydrological assessments of karst aquifer soil coverings
and estimating groundwater recharge.

Keywords: remote sensing, surface soil moisture, evapotranspiration, karst aquifer, southern Italy
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Applying graph theory on cave surveys to represent
and characterize karst networks
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Abstract

Predicting karst aquifer responses to rain events or pollution is challenging due to the
heterogenous and hidden nature of karst systems. At large scale, water flow simulations in-
side karst networks require a comprehensive knowledge of the geometry and connectedness of
underground conduit systems. This knowledge is currently limited by our ability to explore
and map caves, ignoring for example inaccessible cave networks. Since not all karst networks
can be explored, we propose to use existing cave survey data to infer hidden karst network
geometry. As part of a larger project aiming to test water flow laws in karst networks, we
collect, clean, and process cave survey data from cavers to gather statistical information and
simulate realistic karst networks based on external factors.

We use a simplified representation of karst networks to characterize them: graphs. In this
mathematical representation, the conduits and their intersections are represented by nodes
and links. To analyze the geometry and topology of these networks, we collect topometric
cave data collected by cavers while they survey cave networks to help them draw the maps.

Up to now, we have collected open source and proprietary survey data for caves in Switzer-
land, Slovenia, and Patagonia, with the longer term objective to create a database of cave
networks from around the world, spanning coastal, lowland and alpine settings.

Those cave surveys are graph representations of cave networks and are made of survey
stations (nodes) and survey legs (links). The coordinates of the station surveys are calcu-
lated based on measurements of distance, vertical angle, and azimuth from one station to
the other. As compared to previous work in this field, we incorporate additional geometric,
geologic, and hydrogeologic properties to the nodes and links, based on cavers’ observations.
We then perform statistical analyses using Karstnet and Networkx python packages. This
allows us to investigate whether the statistical distributions of conduit size, shape, length,
and tortuosity, as well as their topological organization are evolving either within a single
system (over the different phases of karstification) or among different systems.

Keywords: karst networks, graph
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Barite precipitation in a coastal karstic aquifer
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Abstract

The mixture of continental freshwater and marine saltwater in coastal aquifers, with
very different properties, undergoes a wide variety of biogeochemical processes. A common
process is the precipitation of some metallic mineral phases along the redox potential gradient
between the oxic freshwater and the usually anoxic saline water. The relationship of these
processes with microbial activity has been proposed by several authors but has not still been
properly explored. Nevertheless, most of these studies cope with granular aquifers, but little
is known about what happens in coastal karstic aquifers. In this work, two dolomitic rock
cores that cut the freshwater, interface and saltwater zone in the Palmer aquifer (SE Spain)
have been analyzed in order to recognize metallic precipitates on the discontinuity surfaces
in a dolomitic matrix. In one of these cores, this surface is covered by Mn oxides coinciding
with the strip of seawater, while Fe oxides are precipitated in the other core at the level of the
interface. Both recovery cores come from piezometers close to the coastline with a position
of the interface close to sea level. However, the thickness of the interface is notably greater
in the piezometer that presents Fe oxides. Chemical analyses of these mineral precipitates
indicate that, in addition to these two metals, there are high concentrations of Pb, Zn and Ba.
Observation by means of a scanning electron microscope (SEM) shows that these precipitates
have bacterial-type structures, so they would have precipitated through the intervention of
microorganisms. Euhedral barite crystals are observed in one of the cores, together with Fe
oxides. This barite would have been formed from Ba ions present in Fe oxides that would have
been transformed into BaSO4 by sulfation processes with groundwater. If these precipitates
come into contact with a reducing aqueous medium rich in sulfide ions, the precipitation
of metal sulfides such as sphalerite or galena could occur, giving rise to Mississippi Valley-
Type (MVT) deposits. This work was funded by the projects PID2019-108832GB-100 of
the Spanish Government and UAL-FEDER2020-RNM-B1953, being also part of the general
research lines promoted by the CEIMAR Campus of International Excellence.

Keywords: Dolomitic aquifer, barite crystal, MVT deposits, SE Spain
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Detection and quantification of fluorescent tracers
using activated carbon detectors in groundwater
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Abstract

The activated carbon method is a quite old method which has been proved to be of
a high practical and analytical potential. Factors of amplification as high as several hun-
dredths have been observed in many cases. It is commonly used for groundwater tracing
involving fluorescent dyes but it is always lacking a thorough scientific understanding and
controlling, especially regarding its dependence on field conditions and extraction efficiency.
The adjunction of spectral techniques to the method also led to a "false feeling of reliability
and even sometimes blind application”, without considering inherent uncertainties. Doubt
and confusion often remain associated with charcoal results particularly if used alone. Due
to their smart deployment, more convenient and inconspicuous than any other, charcoal de-
tectors are unfortunately too often used without any validation by water sample analyses or
high frequency data from field fluorometers. A lack of reproducibility due to the indirect,
and complicate, processes of adsorption and extraction of the tracers is well recognized by
experienced users, and it becomes a serious limitation when dealing with too few samples
and targeting an answer such as ”yes or no” while searching for hydraulic connections. In
particular, the presence of an ambient fluorescence background due to organics, not only in
karst waters, is always challenging and the use of blank samples is critical. The present study
grasped the problem from both sides, implementing laboratory and field experimentation.
Laboratory adsorption batch tests, mainly using fluorescein, were conducted inside a 1 m?3
tank, with controlled recirculation and agitation of water, as well as a continuous monitoring
of concentration with a fluorometer and frequent water analyses. Several critical parameters
such as concentration, flow velocity, background, pH, salinity, turbidity, type of tracer, and
extraction procedures were tested through a serie of experiments quantifying adsorption and
related kinetics on a daily, weekly and monthly scale between April 2021 and July 2023. Field
experiments using variable test conditions started a few years ago, confronting systemati-
cally charcoal detectors with grab samples analyses and fluorometer data. Specifically known
karst systems were chosen for that purpose in the Devonian limestones of South Belgium, as
well as data from different case studies, in Belgium as well and in mining environments of
the Peruvian Andes. All attempts made until now did not demonstrate a brilliant future for
the detection of tracers other than fluorescein and eosin. The work highlights some of the
determinants and uncertainties of the activated charcoal method and it hopefully opens the
way to a wiser and more methodological application on the field, as well as in the laboratory.
It should also give to the practitioner, whether hydrogeologist, speleologist or researcher,
better responses on why, where, when, or how to use this technique, and especially which
place this method definitely takes among others in terms of reliability of the achievement of
tracing goals.
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Diurnal fluctuations of physico- chemical parameters
in a cave stream of Grotta del Vento, Apuan Alps,
Italy

Leonardo Piccini*!, Alessia Nannoni!, and Mario Verole-Bozzello?

chpartment of Earth Science, Universita degli Studi di Firenze — Italy
2Grotta del Vento S.R.L. — Italy

Abstract

Cave monitoring offers the possibility to directly investigate the groundwater dynamics

either in the vadose zone or in the phreatic one of a karst system. Furthermore, high fre-
quency and high precision monitoring allow recognizing small-scale phenomena which are
usually neglected.
The Grotta del Vento cave is one of the most famous show caves in Italy. It is in the south-
eastern sector of the Apuan Alps karst area (NW Tuscany, Italy). It is mostly a vadose cave
subject to impressive water table rises during major floods. A probe measuring water level
(Lw), temperature (Tw), and electrical conductivity (ECw) every 15 minutes was installed
in a small stream flowing in the lower part of the cave from June 2014 to December 2016.
During the monitoried period, water level fluctuated in a range of 20-25 c¢cm, which corre-
sponds to a flow rate changing from about 0.3 to 40 L/s. Tw varied from 10.52 to 11.69 oC.
ECw varied in the ranges of 189-288 nS/cm.

Despite being a mainly vadose creek, it showed an unexpected ”piston” behaviour. In fact,
ECw and Tw increased during rainfall-related water level rises. This behaviour indicates
that at least a part of the recharge of this stream comes from a saturated aquifer character-
ized by a long residence time of groundwater.

Apart from the occasional rises due to precipitations, during persistent low flow conditions,
Lw showed a cyclical fluctuation of 1-1.5 centimetres with a regular period of 24 hours. A
similar fluctuation was showed also by the ECw and Tw. In non-disturbed periods, ECw
and Tw were affected by a regular fluctuation of about 2-3 S /cm and 0.03-0.04 oC, respec-
tively. Despite the low amplitude of these fluctuations, this surprising observation implies
that the cave stream feeding is regulated by a periodical phenomenon which determines a
"micro-piston” effect at a daily scale. Such a behavior could be related to daily pressure
atmospheric changes. In other words, we can suppose that atmospheric pressure controls the
release of water from a perched saturated aquifer. This perched aquifer can be identified in a
layer of carbonate tectonic breccias, about 100 m thick, which overlies the dolomitic marble
where this cave is formed.

Keywords: karst hydrology, vadose flow, groundwater monitoring, percolation
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Establishment of an International Communication
Network for the Practice of Karst Groundwater
Tracing: Proficiency Testing of Fluorescent Tracers
Analysis

Philippe Meus*'12, Jérémy Flament®, Vincent Bailly-Comte?, Juan Antonio Barbera?®,
Christelle Batiot-Guilhe®, Lee Anne Bledsoe”, Lionel Brabant , Dave Evans®, Liz
Hidalgo®, Marc Luetscher®, Daniel Matthews'?, Paulo Pessoa!!, Metka Petric'?, Natasa
Ravbar!?, Fabien Renou®, Autumn Singer!3, and Benjamin Tobin'4
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Abstract

Groundwater tracing with fluorescent compounds is a common technique among hydro-
geologists, who need well experienced laboratories to insure the reliability of their results.An
international group on tracers in hydrology was established under the auspices of the Karst
Commission of the IAH during the Eurokarst conference in Malaga in 2022. The impor-
tance of fluorescent dye tracing practices was identified as a priority. A proficiency testing
exercise was the first action of the group. It was started in September 2022, involving 11
international laboratories from Belgium, Brazil, France, Peru, Slovenia, Spain, Switzerland,
United Kingdom and United States of America (Kentucky). Proficiency testing is a com-
mon practice in environmental analytical chemistry for assessing the value of a reference
material, evaluating the accuracy of a given method, or the ability of the participants in the
particular method of analysis. Its relevance depends on how far the conditions of realization
are close to the real conditions and goals routinely faced by the laboratories. This testing
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is a first step towards a better standardization among practitioners, as well as a didactic
exercise to help laboratories in their own evaluation or simply initiation. The specificity of
tracer test analyses resides in the fact that one single analysis done on one single sample
has little meaning, if not considered as part of the identification of a whole breakthrough of
the injected tracer over time. Dye tracing, perhaps more than many other techniques, is a
craft in which direct experience in the field and laboratory are an especially central part of
learning. The accuracy of the analysis itself is usually not a main issue, except for pushing
the limit of detection in order to reliably answer the question of the occurrence or not of
hydraulic connection. A second reason why fluorescent dye tracing techniques need more
intercomparisons is that nowadays laboratory analyses are often wedded to other techniques
like active charcoal detectors or the new field fluorometer sensor technologies. Definitely,
tracer test results depend on a high number of indissociable factors making proficiency very
hard to evaluate. The present proficiency test was restricted to laboratory practices and
included water samples of uranine, sulforhodamine G and amino G acid (2 concentration
levels each, low and high, 2 replicates for each concentration), taken from same solutions
prepared with a unique set of raw powders, and sent in opaque polypropylene containers.
The same approach was carried out with undried samples of charcoal taken from a batch
immerged during 8 days in identical ambient concentrations of uranine (3 concentration lev-
els, 2 replicates). All freedom was left to the participants for analyzing the samples (use
of reference material, method of analyses, calibration procedures, pre-treatments, delay...)
but all conditions of analyses were carefully registered. The results of the analyses them-
selves have not been yet processed and are not likely to lead to any, for instance, statistical
Z-score, but lessons were learned which emphasize the benefit of pursuing the international
communication on this topic and the next steps will surely consist of more focused testing.

Keywords: fluorometric analyses, tracer tests, proficiency tests
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EXPERIMENTAL SETUP FOR SCALING THE
DYNAMIC OF INFILTRATION PROCESSES IN
KARST AQUIFERS

Alejandro Carrasco Martin*!, Matfas Mudarra Martinez!, Andreas Hartmann?, and
Bartolomé Andreo Navarro!

Centre of Hydrogeology of the University of Malaga — Spain
2Institute of Groundwater Management, University of Dresden — Germany

Abstract

Advancing the knowledge of infiltration processes in karst aquifers is crucial for a better
evaluation of water resources as an adaptation to climate change. Nevertheless, quantitative
information on factors related to the variability of effective recharge is still a poorly explored
domain in hydrological sciences, as most authors have focused on indirect methods for global
recharge estimation. This work introduces a new experimental setup deployed in Sierra de
Segura, a karst region in southern Spain, to achieve a better understanding of the dynamics
of infiltration processes and subsurface flows at different -temporal and spatial- scales.
Three automatic weather stations (WS), suited to mountain climate conditions, and four
lysimetric plots (LP) were installed in selected sites with different characteristics regarding
altitude, soil thickness, type of vegetation, etc., but also with a specific role in flow processes
controlled by spatial scale. Each LP (400m2) contains an average of 45 single probes, verti-
cally arranged in clusters of three (at 5, 10cm depth and soil-rock transition -average depth
25cm-), in randomly chosen profiles. Datasets from plots (soil-moisture and temperature
with 15-minute step) were combined with hourly hydrodynamic and hydrothermal responses
acquired at an epikarst and several karst springs. From the smallest to the largest scale
processes, the experimental set-ups and some preliminary results are:

- WS+LP at 1910m a.s.l. (poorly developed soil, sparse shrub vegetation), 200m from an
epikarstic spring (1870m a.s.l.). 6 to 7-hour delayed responses (maximum soil drainage time)
were observed in the epikarst spring after soil-moisture peaks, depending on the rainfall in-
tensity and quantity, but also linked to snowmelt processes, which contribute to understand
the shallowest soil heterogeneity and the partitioning of rainfall-snowmelt/evaporation into
infiltration.

- WS+LP (1645m a.s.l.), 1km from the main spring (1320m a.s.l.), draining an isolated
carbonate aquifer with barely 6km2 of recharge area. Hydrodynamic response shows a di-
rect relationship with previous soil-moisture conditions (effective recharge threshold -ERT-),
but inverse with the temperature (seasonality/evapotranspiration) during recharge events.
These results will help to precise soil water budget components and evaluate ERT.

- LP at 1340m a.s.l. (medium-poor developed soil, woody vegetation) over the same aquifer
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(60km2) as the first LP + several boreholes + two equipped outlets (at 1144 and 1090m
a.s.l.), with a significant influence of the unsaturated zone (UZ) and the saturated zone
(SZ). Springs respond after 4-9 hours or 14-18 hours after moisture peaks, according to
the influence of the UZ and the SZ in the functioning of the outlets, respectively. Define
the transference of the input signal through the vertically distributed compartments of the
aquifer (soil-epikarst, UZ and SZ).

- WS+LP (1700m a.s.l.) at the centre of an approximately 200km2 endorheic area + four
monitored karst springs (between 5 and 12km from LP). To study recharge processes with a
regional perspective (larger scale), with 40-60% of estimated recharge rate, and where duality
in recharge mechanisms (diffuse and concentrate) occurs.

From all these results, numerical modelling tools will be developed for a reliable prediction
of water resources in carbonate aquifers under different climate change scenarios.

Keywords: Lysimetric plot, effective infiltration, scale effects, karst, climate change
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Fluorescent dye tracing : Regulations and best
practices in Europa - an overview

Sofie De Volder*!

1'I‘raqua — Belgium

Abstract

Fluorescent dye tracing is a valuable methodology commonly used by hydrogeologists to
characterise karstic systems. The methodology has an advantage over other tracing tech-
niques using isotopes, salt, or other microbiological or physico-chemical tracers present in
the environment because of it’s ease of use, specificity, relatively lower cost and less need
of extensive lab analysis of water samples. An in-situ fluorometer, an automatic sampler,
or active carbon bags followed up by a run through a lab spectrofluorometer can provide
sufficient information. However, artificial fluorescent dye tracers need to be injected in the
environment and can be liable to interpretation of the EU Water Legislation which stipu-
lates that no ’artificial’ substances should be added to natural water bodies. It is up to the
EU member states to translate the EU Water Legislation into their national legislation, but
fluorescent dye tracer tests are seldomly mentioned so regulations are very unclear. This
leaves it up to scientists, public institutions, private companies, and local government bodies
to determine if and how fluorescent tracer tests can be conducted.

Information on regulations, permit requirements, and best practices in the different EU
member states, or the lack thereof, is already available, but the information is scattered or
in need of an update. The goal of this research is to update and summarise the available
information on fluorescent dye tracer tests on the topics of regulations, ecotoxicology of flu-
orescent tracers, and best practices. This way the research can serve as a valuable source of
information to share and improve fluorescent dye tracer methodologies and serve as an in-
formation brochure for governmental bodies who might be less familiar and adverse towards
this methodology as a result of a lack of knowledge on the methodology.

The method that will be used to conduct this research is a combination of legislative research,
literature research on ecotoxicology studies of fluorescent tracers, contact with hydrogeology
experts in EU member states, contact with research institutes specialised in fluorescent dye
tracing tests.
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How Karst Geology Changes Expected Streamflow
Regimes in Western Snowmelt Driven Watersheds

Hyrum Tennant*!, Bethany Neilson!, Devon Hill!, Dennis Newell?, James Evans?,
Tianfang Xu®, Seohye Choi®, Nathaniel Ashmead?, and James Mcnamara*

1Utah State University, Civil and Environmental Engineering, Utah Water Research Laboratory —
United States
2Utah State University — United States
3 Arizona State University [Tempe] — United States
4Boise State University — United States

Abstract

Analysis of paired precipitation (SNOTEL) and streamflow gaging data in the western
United States shows that snow-dominated mountainous regions with karst geology store large
fractions of annual snowmelt during spring runoff. These carbonate aquifers exhibit a spec-
trum of flow paths between karst conduits, sinkholes feeding cave systems that transmit water
readily to spring outlets, to karst matrix, comprising fractured carbonates that store water
in variably connected smaller fractures and voids. A well-connected karst aquifer will dis-
charge a large portion of its accumulated precipitation to rivers and streams via springs and
instream groundwater flow paths on an annual scale, while poorly connected karst aquifers
will build up storage volume over multiple years and exhibit an above average streamflow
response for extended periods when some critical aquifer volume is reached. We compare
the groundwater storage regimes of western karst watersheds to their non-karst neighbors.
In the Logan River watershed in Northern Utah, we further examine the spatial and tem-
poral importance of in-stream karst groundwater contributions to streamflow using various
approaches. In western watersheds where paired flow and precipitation data are available,
analysis of normalized flow and cumulative precipitation in karst watersheds shows spring
runoff volumes which are moderated due to karst aquifer recharge while baseflows are am-
plified due to karst aquifer discharge, while in non-karst watersheds, increased precipitation
primarily affects spring runoff volumes. Over longer timescales, karst watersheds show the
potential filling and draining of large amounts of karst aquifer storage, whereas in non-karst
watersheds streamflow changes in response to changing precipitation. Detailed analysis of
the Logan River shows significant groundwater contributions to streamflow in addition to
karst springs, but these distributed inflow contributions vary with space and time. Commu-
nities in many western watersheds are dependent on snow dominated karst watersheds for
their water supply. This analysis using widely available hydrologic data can provide insight
into the recharge and storage processes of these watersheds, improve our ability to assess
current flow regimes, predict the impacts of climate change on water availability, and help
to manage water supplies.

Keywords: Karst, western United States, streamflow regimes
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How to discriminate between local and regional flows
for the management of karst groundwater resources?
Use of 02H vs 0180 applied to the Huveaune
watershed and the hydrogeological catchment of the
Port-Miou spring, south-east France)

Bruno Arfib*t2, Thibaut Garin', Bernard Ladouche®*, Julio Goncalves', Benoit
Dewandel®*, and Thierry Lamarque®
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Abstract

The management of surface and groundwater resources requires to define river water-
shed and groundwater recharge zones. Rainfall that infiltrates the recharge zone becomes
groundwater, which can feed a local or regional flow. Regional flows represent a generally
larger body of groundwater, which may be totally disconnected from the local river, thus
becoming a resource of major interest. In Mediterranean karst aquifers, this type of regional
flow is common, firstly because the geological structures are favorable (thick carbonates,
structural discontinuities that connect superimposed or juxtaposed aquifers), and secondly
because karst networks have been able to develop at depth towards paleo-outlets, for example
in karsts linked to the Messinian event that drained the Mediterranean Sea.

When withdrawing groundwater with boreholes, it is therefore important to know what type
of water the well intercepts. The challenge is to propose a method that can differentiate
regional from local water flows. This is a major challenge, as we are often dealing with
the same types of rock, which are therefore likely to give a similar geochemical signature
as regard to major ions. Among the vast array of existing geochemical tracers, some are
complex or expensive to analyze, such as strontium isotopes or water sulfate isotopes. So,
although they are an interesting source of information on water-rock interaction processes,
they are not systematically used. On the contrary, water isotopes (d2H and d180) have the
advantage of being easy to sample, and relatively easy to analyze. These isotopes are known
to be good markers of recharge altitudes, or of mixing between water masses, or of the origin
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of water in relation to rainfall.

In this study, we present a groundwater characterization approach based on the d2H versus
d180 plot, applied to the case study of the Huveaune watershed and the Port-Miou hydrogeo-
logical catchment area in south-eastern France, covering a vast area of around 500 km?. Over
a two-year period, 23 water sampling points (river, spring, borehole) were monitored for a
total of 97 analyses, under a variety of hydrological conditions (low-water, flood, base-water,
high-water). Water groups characteristic of local and regional groundwaters were thus estab-
lished. Water recharged in the highest altitudes (between 500 and 1150 m above sea level)
is characterized by a depleted isotopic signature, enabling it to be identified when collected
by boreholes in the plains close to sea level. Four water groups were thus characterized.
The graphical tool enables water managers to locate the water withdrawn in new boreholes,
so as to easily assess the water mass intercepted by the borehole. We show that long-term
monitoring of water isotopes in drinking water could help improve water management.

Keywords: stable isotope, geochemical tracer, drinking water supply, regional flow, d2H vs d180

124



10-14 June

eurokarst ROME

Hydrologic and Hydrodynamic characterisation via
flow duration curves of the karstic outlet of Ain
Zerga, Tebessa, North East of Algeria

Bilel Djoulah*!? and Mohammed Laid Hemila*t?

Scientific and Technical Research Center on Arid Regions CRSTRA — Algeria
21, Department of Earth Sciences and the Universe, Larbi Tebessi University, 12002 Tebessa — Algeria

Abstract

This study set out to investigate the hydrodynamic of the karstic outlet of Ain Zerga, and
to characterize its infiltration zone, based on flow duration curves (Mangin et al 1984). Thus
the probability graphs of cumulative frequencies of flows in function of flow classes, presents
a variety of discontinuous slopes reflecting a variation in the flow regime, are attributed to
hydrological and hydrodynamic interpretation. Consequently, the own flow duration curve
models of the karstic outlet of Ain Zerga, has revealed that the hydraulic inertia in short
term, and long term is characterized by momentary storage, as well as to the functioning of
overflow.Coversely to wet periods, reserves are constituted under slow infiltration condition,
due to dephasing of infiltration as a result of snow melting, which forms auxiliary drainage
systems that supply the karstic system during periods of drought

Keywords: Flow duration, karstic outlet, Ain Zerga, Dyr syncline, Algeria
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Identification and quantification of karst /river
exchanges through physical and chemical
characterization.
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Abstract

Most karstic systems are connected to rivers, and their respective hydrodynamics and

hydrochemistry are often linked. This study is focused on the Célé River, which originates
from the crystalline bedrock of the Massif Central and subsequently crosses the karstic lime-
stone plateau of the Causses du Quercy in its terminal part before flowing into the Lot River.
Approximately fifteen main karst springs feed the Célé in this segment. The geochemical
fingerprint of the Célé and the karst springs differs. Therefore, the study aims to quan-
tify hydrochemical markers and identify efficient methodologies to characterize and quantify
karst-river interactions both spatially and temporally.
To achieve this, a spatial approach has been tested, involving measuring changes in physic-
ochemical parameters (pH, turbidity, conductivity, temperature, and dissolved 02) at a
tighter time step, using a probe mounted on a canoe along the karstic portion of the basin
to spatially define the interactions between the karst and the river and optimize the use of
identified markers.

During the first canoe campaign, we monitored the conductivity of the Célé as a primary
indicator of exchanges between the river and karst, which increased from 175 pS/cm to 301
1S/cm between the upstream and downstream sections of the karstic area. The conductiv-
ity profile shows areas of significant increases at the spring locations and zones of variable
growth rates depending on mixing processes. The results were segmented into different sec-
tions based on significant moving average changes or slope changes in the trend line. This
helped distinguish fourteen sections where conductivity varied significantly: regularly in-
creasing most of the time and decreasing in some sections, indicating areas of mixing with
non-karstic origin.

This methodology has allowed us to identify new springs and determine sections of the basin
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where karst contributions are more significant. We have also observed increases in conduc-
tivity in the form of plateaus or linear increases. This would indicate punctual contributions
and more diffuse karstic inputs.

Keywords: Hydrogeology, Karst, river interaction, Conductivity, Quercy, Hydrochemistry, Canoe
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Investigation of groundwater-seismicity relationship
in a karst aquifer: preliminary results from a new
monitoring site in Southern Spain (Maro Spring,

Andalusia)
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Abstract

Hydrogeological and hydrogeochemical studies focusing on the relationship between ground-
water and seismic activity are growing over the years. Based on the promising results achieved
in seismogenic areas, hydrogeochemical networks have been set up or are in progress in many
countries worldwide to identify responses induced by earthquakes and to develop hydrogeo-
chemical models associated with various geo-tectonic contexts. With the aim of deepen-
ing our understanding within a karst system, a scientific international collaboration started
between the Department of Earth Sciences of Sapienza University of Rome and the De-
partment of Ecology and Geology of the University of Malaga. To perform hydrogeological
and hydrogeochemical monitoring related to seismicity, we selected Maro spring, which is
the main discharge point of the Sierra Almijara carbonate aquifer located at Nerja in the
Andalusia region (southern Spain), one of the Spanish regions characterized by the highest
seismicity. Since December 2021, monthly sampling surveys have been ongoing to mea-
sure on-site chemical-physical parameters (Electrical Conductivity and Temperature) and
to collect groundwater samples for hydrogeochemical analyses, including the determination
of major ions, trace and rare earth elements, and isotopic composition (62H and §180).
Additionally, a radon probe was installed in June 2022 to continuously detect the concen-
tration of dissolved gas in groundwater. This long-term monitoring allowed us (i) to realize
a comprehensive hydrogeochemical characterization of Maro spring and (ii) to build time
series over the years of the parameters (e.g., major ions, trace elements, radon activity)
potentially influenced by seismic activity. The Piper diagram shows that groundwater of
Maro spring has a Ca-SO4 facies. Notably, its total mineralization exceeds typical expec-
tations for carbonate environments. In fact, its high content of sulphate ions is ascribed to
the dissolution of Mesozoic gypsum hosted in the carbonate formation. On the other hand,
the analysis of hydrogeological, hydrogeochemical, and gas-geochemical time series revealed
some significant changes in hydrogeochemical features through the comparison with rainfall
data collected by the nearby rain gauge station and seismic data recorded by the Instituto
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Geogréfico Nacional. Preliminary results shed light particularly on the well-developed karstic
condition that characterizes the spring, which responds quickly to rainfall with increasing
radon concentration and fast dilution of hydrogeochemical content. Coupling discrete and
continuous monitoring enables the identification of trends and periodicities, or ”anomalous”
signals. Hence, this approach facilitates a better understanding and differentiation between
potential seismic responses (e.g., statistically significant changes of the measured parameters,
recognized as the results of the interaction with seismic events) and "karstic” signals (e.g.,
variations associated with rainfall events). Furthermore, periodic hydrogeochemical screen-
ing of Maro waters contributes to assessing the quality of groundwater resources, enhancing
drinking water safety, and addressing emerging contaminant problems.

Keywords: hydrogeochemistry, earthquakes, karst, monitoring, hydrosensitivity, seismicity
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Karst Modelling Challenge: what is coming next?

Pierre-Yves Jeannin*t!, Alireza Kavousi , Thomas Reimann? | Jean-Baptiste Charlier®
Eulogio Pardo-Igizquiza¥ , Anne Johannet! , Martin Liithi** , Laurence Gillif | Andreas
Wunsch* | and Thomas Woehling

ISwiss Institute of Speleology and Karst Studies [La Chaux-de-Fonds| — Switzerland

Abstract

The karst modelling challenge (KMC) was proposed to compare the various approaches

developed worldwide for simulating groundwater flow in karst environments. The Purpose in
STEP 1 was to simulate the precipitation-discharge process (Jeannin et al., 2021). For this
exercise, fifteen groups applied different modelling approaches to the same data set (from
Milandre Karst Laboratory). Data were limited to atmospheric inputs i.e. precipitation,
temperature, potential evapotranspiration, and spring discharge for output. A first result
was the definition of common criteria for the model comparison. A second result was that
the models applied were all reasonably able to reflect the karst system hydrology. The third
result was that there are clearly two main families of approaches, both being valid for simu-
lating discharge rate variations at a karst spring from meteorological data.
1) Data-driven models, which are mostly not based on the physics of flow. They include
reservoir models as well as mathematical concepts within the range of artificial intelligence
(AI). Their fitting parameters have no physical interpretation and they can hardly provide
information about processes taking place undergound, such as the spatial distribution of
heads and flow velocity. To improve their models, researchers suggested considering more
detailed input data (e.g. more rain-gauges), a longer duration for model-training, or indirect
data (e.g. time series of physico-chemical parameters).

2) Physically-based models include physical descriptions of the sub-systems traversed by
groundwater all over the 3D volume of the karst massif. Their fitting parameters are physical
and are supposed to provide information about the internal flow dynamics (e.g., hydraulic
heads and flow characteristics). To improve their models, researchers suggested using head
and flow data form boreholes and caves, and also to improve the physical description of their
models.

For STEP 2, focused on flow processes, we will form two groups having their own approaches
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and developments. In this step we expect to improve the simulation of spring discharge of
Milandre and possibly to expand it to other karst springs. We will also simulate heads and
flow velocities in the Milandre system, and simulate the effect of changes in climate and
land-use.

Along STEP 2 we expect to better identify the limits of each approach and we might try to
merge aspects of data-driven models with more physics based ones into a combined frame-
work.

Such improvements will probably be necessary for starting STEP 3 in which we will deal
with solute and heat transport.

All along the process, discussions and surveys are intended to identify a widespread range
of likely purposes for model applications, including the identification of strengths and limi-
tations of various model approaches depending on the intended model application. Finally,
the findings and experiences will be merged in a combined framework of model types for the
characterization of karst hydrogeological systems.

Any group of research interested in participating in this challenge is welcome. A meet-
ing of KMC will be organized during the week in Roma.

Reference:

Jeannin, P.-Y. et al., 2021. Karst modelling challenge 1: Results of hydrological modelling.
Journal of Hydrology 600, 126508. https://doi.org/10.1016/j.jhydrol.2021.126508

Keywords: Flow, modelling, flow systems, comparison
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Karstic zones influencing the development and
dewatering of an underground mine

Tereza Filpi*''?, Edmar De Araujo*!, and Gustavo Athayde?

INexa resources — Brazil
2Federal University of Parand — Brazil

Abstract

Karst terrain is known worldwide for its anisotropy and heterogeneity. These regions
account for 15% of the unfrozen terrain on our planet, and some mines of great economic
value are located in these systems. This is the case of the Vazante and Extremo Norte
underground mines of the Nexa Resources company, located in the town of Vazante, Minas
Gerais State, Brazil, which exploits zinc and lead minerals in the region. The mineraliza-
tion is trapped in dolomites of Serra do Pogo Verde Formation and is extracted through
underground galleries where is necessary to lower the level of the aquifer. In this way, the
intensity and evolution of the karst zones present in the system have direct influence over the
stability of the mine developments and in the dewatering process of the mines. This work is
focused on the Extremo Norte underground mine, to understand and characterize the zones
of greatest karstification currently present in the area, by on site geological and structural
surveys,hydrogeological and geochemical investigations and direct investigations as borehole
drilling. The characterization and identification of these regions makes it possible to identify
areas that are potentially more susceptible to creating larger water and mud inflows into
the mine. These zones with more intense karstification have open fractures that allow water
and mud to flow mainly in the SW-NE direction, and currently they are restricted to being
explored when located above the water level to avoid hydrogeological and geomechanical
issues. In order to prevent these issues, the dewatering is made in a controlled way draining
the aquifer through drain holes or directly on fractures. The water flows by gravity to under-
ground reservoirs and from there it is pumped to surface. The actual geological model based
on the data available gives a good safety margin to prevent geological and hydrogeological
problems, however the heterogeneity of this kind of terrain makes these limits not always
accurate. It can also be seen that some regions are connected to each other, demonstrated
by variations on measured water flow rates, pressures and in suspended solids during nearby
developments. Further detailed studies are still needed to better understand the dynamics
of these regions and how to explore them more safely.

Keywords: underground mine, dewatering, Brazil, karst, hydrogeology
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Key technologies and scheme formulation for karst
spring area restoration in Beijing, China

Li Binghua*f!, Duan Guangyao', Zhou Na!, Yang Moyuan?, and Dou Peng?

1Beijing Water Science Technology Institute — China
2Beijing Water Science Technology Institute — China

Abstract

Increasing the groundwater reserves can not only improve the ecological and environ-
mental quality, but also promote the revival of spring in karst areas. As for two dry karst
springs called Yuquan spring and Baifu spring in Beijing China, there are some key questions
need to be identified for their revival , which include the spring domain, the recharge and
discharge of groundwater in this area, the relationship between karst water and quaternary
groundwater, and the efficient path of karst spring system recovery. Here we use ground-
water monitoring well construction technology, geophysical exploration technology, isotopic
trace technology, hydrochemical analysis and numerical groundwater simulationmethod to
determine the geological structure, stratigraphic lithology, and groundwater age . Mean-
while the groundwater diameter in Yuquan spring and Baifu spring area were analyzed, and
the karst water and quaternary groundwater recovery scheme are discussed.In addition,The
recovery time and the total storage groundwater for the two spring are determined. The
results show that the karst water system of Yuquan spring has mainly three recharge ar-
eas, which are Junzhuang-Wenquan, Yongding River along Shijingshan,and Lujiatan along
Babaoshan fault.The Baifuquan karst water system mainly consists of two recharge areas,
which are the Taoyukou karst outcropping area in the northeast mountain and the Ming
Tombs karst outcropping area in the northwest mountain in Changping district. According
to the simulation and prediction of FEFFLOW, the total groundwater storage in Yuquan
area before Yuquan Spring dried is 3.684 billion cubic meters, and it will flow out in 2050
under one optimized recovery scheme for karst water and quaternary groundwater. The total
groundwater storage in the Baifu area before Baifu Spring dried is 1.3 billion cubic meters,
and it will flow out by the end of 2034 under an optimized recovery scheme for karst water
and quaternary groundwater. The results can effectively support groundwater reserves and
restore the karst spring system for Beijing.

Keywords: karst, geophysical exploration technology, isotopic trace, numerical groundwater simu-
lation, restoration
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Landslide susceptibility of fault zones in a karstified
carbonate aquifer: the Grigna massif in northern
Italy

Vincenzo Francani', Paola Gattinoni*'!, Laura Longoni!, and Monica Papini®

chpt. Civil and Environmental Engeneering - Politecnico di Milano — Italy

Abstract

In a changing world, climate change, characterized by an increase in heavy rainfall and
alterations in precipitation patterns, plays a crucial role in exacerbating karstic phenomena.
This significantly influences slope stability and increases susceptibility to landslides. There-
fore, a detailed understanding of the geological model capable of identifying groundwater
circulation is of paramount importance. With this aim, the present paper evaluates the
susceptibility to slope instability as a consequence of fault zones hydrogeology in karstified
carbonate aquifers located in the Grigna Massif (northern Italy), where large landslides often
occur close to Fiumelatte Spring (the most important karstic spring in Lombardy), endan-
gering a large area between Bellano and Lecco. The hydrogeological setting of the study area
(about 100 km2 wide) is mainly controlled by its tectonic setting, which, in turn, controls
both karst evolution as well as slope morphodynamics. In more detail, the study focuses
on rock fall events occurred in recent years (the very last event was in 2023), affecting the
carbonate ridge above Lario Lake near Varenna (Lecco District). The research aims to iden-
tify the main factors controlling the preparedness of this karsts area for slope instabilities,
with specific reference to geological, hydrogeological and tectonic structures affecting slope
dynamic. Based on tectonic and morphologic evidences, the study area is crossed by several
joint sets, among which the most relevant one in karsts evolution and slope stability belongs
to a set of subvertical faults known as Lecco Faults, having strike parallel to the Lake and
causing a significant decrease in mechanical strength. The conceptual model of the ground-
water flow has been developed following these steps: 1) data collection and filed surveys on
karst and fault zones; 2) assessment of groundwater flow rate and pressure, and their effects
on slope stability; 3) study of the correlation between slope instabilities and groundwater
flow conditions. Results allowed a quantitative assessment of water flow and pressure at the
catchment scale, enanching the development of a coupled (discrete flow and slope stability)
model at the slope scale. The flow modelling results were compared to the landslide map
of the study area in order to highlight landslide susceptibility related to groundwater condi-
tions. This comparison showed that the N-S trending system of faults, creates a very peculiar
groundwater flow pattern within the karsts massif, where fault zones convey groundwater
flow toward the fault core, triggering local instabilities. As demonstrated by the slope scale
model, high water flow rates and pressure (e.g., after heavy rainfall or during the spring
season) can trigger block instabilities along the steep slopes of the carbonate ridge above
the Lake. As a result, a landslide susceptibility map was drawn, in order to optimise the
operational monitoring system, and therefore to further improve the conceptual model of the
groundwater flow affecting slope dynamic.
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Mixing processes in a karstic aquifer drained through
large springs; southwest Mount Hermon, Israel

Avi Burg*! and Israel Gev?

1Geological Survey of Israel — Israel
2Israel Water Authority — Israel

Abstract

Three springs located at the southwestern end of Mt. Hermon, are the main source of
water for the Jordan River. The Dan, Banias, and Officer’s springs (255 + 39 MCM/Y,
69 + 19 MCM/Y, 23.6 £ 2.4 MCM/Y, respectively) show annual hydrographs typical of a
developed karst aquifer, i.e. increase and decrease in discharge according to wet and dry pe-
riods. The current study aims to present a conceptual hydrochemical model for the aquifer,
based on its water composition, which will help in a better understanding of the regional
hydrological system.

The Jurassic aquifer, built mainly of highly karstified limestone, is exposed in most parts of
Mt. Hermon anticline (2,814 m) and dips sharply to the southeast where it becomes confined
under younger rocks.

The three springs display a low and almost constant chloride concentration of 5-16 mg/L,
and together with the young 14C and tritium ages confirm the rapid infiltration into the
karstic landscape, which is poor in soil cover. However, SO4 concentrations, and to a lesser
extent the Mg and Ca in the Banias and Officer’s springs, show seasonal fluctuations in-
versely related to the discharge. SO4 concentrations reach 130 mg/L, with a d34S signal
of 19-21%o, attributed to marine gypsum dissolution. On the other hand, the d34S of the
SO4-low Dan spring is -2.4%o, which agrees with current rainfall values (-"5%0¢) combined
with some oxidation of sulfide ore deposits (pyrite, galena; -5.5%0), which are common in
the Jurassic rocks. While the Dan spring is the outlet of the well-washed Jurassic limestone
aquifer without substantial gypsum remnants, the Banias and Officer’s springs drain two
groundwater systems that mix in varying proportions. One system is a rapid flow through
the Jurassic limestone (quickflow component of the recession curve of the spring hydrograph),
which is more pronounced in the wet period, while the second system is a slower compo-
nent, that prevails mostly in the dry season and flows through the deeper upper Triassic
layers (baseflow component of the recession curve). This stratigraphic layer contains marine
gypsum, dolomites, and volcanic rocks, which serve as the source of the high SO4, Mg, and
Ca concentrations and the high d34S isotopic value. A long fault, along which a river chan-
nel has deepened, separates the Dan spring sub-basin from that of the Banias and Officer’s
springs.

The seasonal fluctuations in the SO4 concentration serve as clear evidence of mixing in vary-
ing proportions of two chemical endmembers: a fresh endmember represented by the Dan
spring that flows through the Jurassic limestone, and a saline endmember representing flow
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through the Upper Triassic section. The saline endmember was identified in a deep well
(1,431 m) drilled south of Mt. Hermon into the Jurassic limestone. The SO4 concentration
in this well is 650 mg/L and stable. The well findings corroborate the existence of a deep and
extensive karst aquifer characterized by low Cl and high SO4 content, which is hydrologically
connected to Mt. Hermon. This aquifer is currently utilized for irrigation.

Keywords: Karst springs, spring hydrograph, geochemical processes, geochemical mixing, sulfur
isotopes
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Some considerations on the upgraded hydrogeological
map of Albania, through an example from a karst
area

Romeo Eftimi!, Isabella Serena Liso*'2, and Mario Parise?
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2Univorsity Aldo Moro, Dept. of Earth and Environmental Sciences, Bari, Italy — Italy

Abstract

Hydrogeological maps are precious tools for comprehending the hydrodynamics of aquifers,
and essential elements for a proper management plan of groundwater resources. This is es-
pecially true in karst settings, where water is scarce or totally absent at the surface. In such
territories, underground freshwater often represents the only available, high-quality, resource
for locals. After many years of surveys and scientific research, the hydrogeological map of
Albania was originally published in 1985 by Eftimi and co-Authors, summarizing the hydro-
geological features of all geological formations throughout the whole country. Since then,
additional research activities have been performed on the Albanian hydrogeology, including
karst aquifers, and a deep knowledge about the national water bodies has been reached. This
forced to integrate and upgrade the 1985 hydrogeological map, beginning by adjusting the
geological classification based on permeability and transmissivity values. In this contribu-
tion, we will focus on a sample area to illustrate the changes occurring in the upgraded map,
with specific reference to karst areas. It focuses on one of the most significant karst massif of
central Albania, Mali Me Gropa, aimed at presenting the main changes with respect to the
original hydrogeological map of Albania, and the advancements reached in the knowledge of
the groundwater systems. Actually, during the last decades, and with an impressive increase
in the last 10 years, many intensive caving explorations have highlighted the importance of
several Albanian karst systems that reach water table, allowing direct monitoring of the un-
derground resources. Including such data in the upgrade of the hydrogeological map results
therefore essential. The karst map symbols will be standardized, following the indications
coming from the mapping commissions of the International Union of Speleology. In addi-
tion, the limits of some superficial karst areas will be modified in function of specific features
such as the degree of karstification, which, in turn, affects the infiltration rate. Further,
karst springs will be classified in function of the discharge values and the salinity degree.
Integration of specific karst features within the map will allow to reach a more detailed com-
prehension of the functioning of karst aquifers, since it is chacaterized by high anisotropy of
the rock masses, requiring specific adaptation in investigating techniques. Therefore, collec-
tion of data derived from the combination of accurate multidisciplinary surveys (geological,
hydrogeological, structural, geomorphological), including those derived from speleological
explorations, is essential for the whole comprehension of karst system and for the correct
management of karst freshwater resources.
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Structure and Functioning of Eocene Non-functional
Karsts in the Montpellier Region. Example of the St
Gély du Fesc-Matelles Synclinal.

Enola Fabre!', Fatima Abdelfadel*2, Emma Blache!, and Séverin Pistref?
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France

Abstract

In the Montpellier region, above the Jurassic aquifers, including the Lez aquifer, there
are Eocene synclines containing a series of ”Lutetian” palustrine limestones with a thickness
of up to 300m. These aquifers remain little studied and exploited, even though they could
represent an interesting complementary resource, particularly during the summer months.
They are isolated from the underlying Jurassic karst by impermeable formations (Valanginian
marls and lower-Lutetian layers) and often filled with (semi)impervious materials. Thus,
their recharge is provided from infiltration on well-developed outcropping areas and from
losses at the intersection of watercourses with the syncline slopes. Among these synclines,
the carbonate syncline of St Gély du Fesc-Matelles corresponds to the filling of a roll-over
half-graben with oligocene filling composed of clays and conglomerates. The combination
of structural, hydrochemical, and hydrodynamic approaches through piezometry and flow
measurement of watercourses has allowed an understanding of the aquifer’s functioning.
It exhibits karstic features but without an organized drainage network. Thus, observable
cavities are not connected to drains, and pumping tests show similar behavior as a porous
area. The cavity walls reveal remarkable ghosting features, probably associated with the
locally chalky facies of the carbonate levels. This 40 km2 aquifer is mostly captive, with a
general flow along the synclinal axis from Northeast to Southwest, drained by the Mosson
River. The recharge, estimated at 3.5 Mma3, is provided mainly from infiltration but a part
(10%) originates from downstream losses of urbanized areas. The facies is represented by
calcic bicarbonate, and major elements don’t show contamination. However, the presence
of trace elements indicates low-level and local contamination associated to anthropogenic
activities. The study of this aquifer revealed that the projects considering the exploitation
of the ”Lutetian” karsts in the Montpellier region for water supply, especially in establishing
protection perimeters (PPR and PPPE), should take into account its particular structure in
the context of rapid urban expansion.

Keywords: Nonfunctional karst, Eocene, Synclinal, Hydrodynamics, Hydrochemistry
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Study on the origin of Fuentes de Marbella hot
spring, Southeast of Spain

Angela Vallejos*! and Fernando Solal

1Department of Biology and Geology. University of Almeria — Spain

Abstract

The Fuentes de Marbella is the main spring in the province of Almerfa (SE Spain) with
an average flow of 500 L/s. It is a thermal spring that has been linked by several authors
to the Turén-Penarrodada carbonate massif, located west of Sierra de Gador. Between both
carbonate massifs flows the Adra River, in whose bed the Fuentes de Marbella discharge,
a few kilometers south of the Beninar reservoir. This reservoir suffers losses due to water
infiltration that end up flowing into the Fuentes de Marbella, thus further complicating the
hydrological model of the area. The Turén-Penarrodada massif has an area of only 25 km2.
This reduced infiltration area makes it unfeasible to consider it as the only feeding area
for the spring. The analysis of major and minor ions in the water has allowed us to carry
out its hydrochemical characterization. The water has a calcium sulphate facies. From the
isotopic analysis of the oxygen-18 and deuterium content, it has been possible to determine
the elevation of the recharge area of this spring, which would be located between 1300-1600
m a.s.l. This height is much higher than those of the Turén-Penarrodada massif, so it would
be necessary to consider another recharge area. The only relief that meets these conditions
would be the western end of Sierra de Gddor, located 11 km from the Fuentes de Marbella.
The thermal character of these waters together with very low values in carbon-14 would
support the possibility that waters infiltrated in Sierra de Gador would have circulated in
depth under a thick sequence of metapelites. This groundwater would eventually emerge
in the first carbonate reliefs cut by the Adra River, originating the Fuentes de Marbella.
A new geological cartography including a structural interpretation carried out in this area
support this hypothesis against the previously established hydrogeological model. This work
was funded by the projects PID2019-108832GB-100 of the Spanish Government and UAL-
FEDER2020-RNM-B1953, being also part of the general research lines promoted by the
CEIMAR Campus of International Excellence.

Keywords: Springs with distant recharge, Beninar dam, thermal spring, Sierra de Gador
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A comparative analysis of microbial metabolic
activities in karst and volcanic-alluvial aquifers:
insights from a field study

Alessandro Valle*12, Stefano Amalfitano , Marco Melita , Stefano Ghergo , and
Elisabetta Preziosi*f?

1Universita degli Studi di Roma ”La Sapienza” = Sapienza University [Rome] — Italy
2CNR Water Research Institute — ITtaly

Abstract

The growing significance of understanding groundwater resources from diverse scientific

perspectives reflects the intricate interplay between geological, chemical, and biological fac-
tors. Integrating these perspectives is essential for developing comprehensive strategies that
ensure the sustainable use and management of this vital resource.
This study was intended for a comparative analysis of groundwater samples from two distinct
areas in Central Italy by collecting samples from karst and volcanic-alluvial aquifers, at three
large springs in the carbonatic reliefs of the Southern Umbrian Apennine and four springs in
the volcanic-alluvial formations outcropping in the Caffarella Park within the city of Rome.
Lithological settings and the chemical concentrations of major, minor, and trace elements
were combined with microbial cell abundance (total cell counts and fecal contamination) and
the community-level physiological profiles (Biolog Ecoplates assay).

The chemical parameters indicated that most samples in both types of aquifers belong to
the calcium bicarbonate facies, except for the karstic spring of Stifone, which belongs to
the chloride-sulfate alkaline earth facies. The occurrence of E. coli and the high microbial
load levels (> 105 cells/ml) in some samples from Caffarella, indicated non-compliance with
quality standards for direct utilization. The microbial communities from Caffarella showed
a higher metabolic potential and a well-developed capacity for breaking down carbohydrates
and polymers, thus emphasizing a robust capacity for processing organic compounds. In
contrast, the microbial communities in the karstic Umbrian springs, excluding Stifone, fol-
low more conventional degradation patterns. Despite their activity, the communities hosted
by karst aquifers exhibit lower mean values in comparison to their counterparts in Caffarella
Park. This discrepancy in degradation efficiency implies variations in the microbial metabolic
dynamics between the karst and the volcano-sedimentary ecosystems.
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Drilling and Cutting-based Vulnerability Assessment
of Karst Aquifers: An Innovative Method for
Practicality in Karst Protection
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Abstract

In the last two decades, several methods have been proposed to evaluate the vulnera-
bility assessment of karst aquifers. While these methods have proven to be useful, there
are still many uncertainties regarding the true nature of the subsurface karst, making the
practical application of these methods doubtful. The most significant issue in the evalua-
tion of aquifers is the impact of the karst aquifer system on the obtained vulnerability map.
Factors such as climate, type of lithology, fractures, tectonics, and vegetation can be eval-
uated simultaneously to address the intrinsic vulnerability of karst. However, all types of
flow systems, particularly epikarst, can have a significant impact on the behavior of poten-
tial pollution and their penetration into the aquifer. In this study, a new method has been
proposed to evaluate karstic aquifers in the western part of Kermanshah province (Western
Iran) by incorporating two additional factors: the type of drilling cuttings for water wells
in karstic aquifers and the flow system in the nearest discharge of karstic waters with hy-
drograph analysis. The results of 30 drilled wells and 50 karst springs were used to evaluate
the vulnerability of the area. The outcomes of this study showed that vulnerable areas in
sinkhole zones in high karst plateaus, Asmari, Bisotun, Shahbazan formations, and Imam
Hassan limestone member can be local but severe. In contrast, vulnerable areas in Teleh
Zang formation and exposed karst are wider but milder. The results of this study indicate
that the vulnerability of karst aquifers is correlated with the flow system within the karst.
Pollution susceptibility is high in conduit flows with open surface passages like sinkholes,
shafts, and caves with entrances exposed to the open space. Conversely, the contamination
risk in the internal conduit system of the aquifer is lower compared to the diffuse system.
Thus, the presence of fractures and joints, along with the type of flow, can serve as a sig-
nificant indicator of vulnerability. Detecting signs like fall drilling rods, failure of cuttings
to rise, or changes in drilling pressure may suggest the development of solutional spaces in
the aquifer. In the absence of a well-designed protection system, the well itself can become
a conduit for pollution transfer, increasing the risk of contamination. These findings suggest
that the proposed method can provide more accurate and practical results for evaluating the
vulnerability of karstic aquifers, taking into account the specific characteristics of the area.
In addition, the results of this research can be used as a map of the practicability of drilling
in karst formations for use by local managers and decision-makers in the water sector. Areas
with high vulnerability can have more productive drilling conditions than areas with less
vulnerability.
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Effects of Global and Climate Change on the
Movement of the Freshwater-Seawater Interface in
the Serres de Llevant range and the Marina de
Llevant Karst Aquifers in Mallorca Island, Spain
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Abstract

Karst aquifers are globally vital freshwater sources, presenting a critical challenge for sus-
tainable water resource management. In the context of Mediterranean coastal karst aquifers,
characterized by a double-flow model (and even triple), their dynamic nature renders them
highly responsive to chemical variations and groundwater level fluctuations. This sensitivity
is particularly pronounced in coastal regions where aquifers exhibit an extensive subsurface
conduit network linked to the rock matrix, facilitating groundwater discharge to the sea.
Consequently, these aquifers are susceptible to seawater intrusion, with rapid responses to
rainfall and pumping, making them highly sensitive to short-term weather variations and
long-term climate change. The Mediterranean region, grappling with water scarcity and
stress, faces the compounding impact of climate change-induced warming trends and re-
duced rainfall, exacerbating water availability issues. Additionally, rising water demands
from agriculture, urban development, and the growing tourism industry further intensify
water stress. Focusing on Mallorca Island in the western Mediterranean Sea, our study
aimed to analyze the environmental implications of global and climate change on seawater
intrusion in Mediterranean coastal karst aquifers, with a specific emphasis on the role of the
double-flow pattern. Employing various methodologies, including hydrochemical techniques
and multi-isotopic analysis, we investigated isotopes such as 2H and 180 in water molecules,
87Sr/86Sr ratio, Sr concentration in water and rock, B concentrations, 611B in water, 15N
and 6180 of nitrate in groundwater, and §34S and §180 of sulfate in both groundwater and
gypsum Keuper facies materials. Our most significant results include the following: 1. Ni-
trate in groundwater or Freshwater-Seawater Interface iginates from agricultural and urban
sources. 2. Reducing conditions linked to denitrification processes may occur in zones of sea-
water intrusion penetration. 3. Sulfate isotopic composition indicates hydraulic connections
in the lower hydrogeological complex of the Serres de Llevant, linking Jurassic dolostones
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and limestones to underlying Triassic materials. 4. Partial mixing of freshwater with brack-
ish water near the freshwater-seawater interface or salt-water domes can lead to significant
problems, particularly in agriculture, contributing to soil sodification. 5. The rebound effect,
characterized by aquifer recontamination due to molecular back-diffusion after the cessation
of extractions and marine intrusion retreat, provides insights into the impact of climate and
global change on Mediterranean karst aquifers. To conclude, our study underscores the vul-
nerability of Mediterranean coastal karst aquifers to the complex interplay of global and
climate change, emphasizing the need for sustainable water resource management strategies
in the face of evolving environmental conditions.

Keywords: seawater intrusion in karst aquifers, double, flow, recycled evaporated waters, isotopic
composition of mixing waters, §11B composition, 37Sr/86 53 Sr isotope ratio, nitrate contamination
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Estimating atmospheric CO2 uptake by carbonate
rock weathering in the Mediterranean Humid
continental karst basin

Fen Huang*!2, Zhao Chen!, and Andreas Hartmann'
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2Koy Laboratory of Karst Dynamics, MNR GZAR, Institute of Karst Geology, CAGS 541004, Guilin,
China — China

Abstract

Carbonate rock weathering is a known sink of atmospheric CO2 (IPCC ARS5), while
studied well in China, a few studies look at it in Europe. As an example, the 551 weir
long-term observation site in the Zobelboden region of Austria, where the climate is humid
continental and the dominant geology is a Norian dolomite (Hauptdolomit), was analyzed
for CO2 uptake by carbonate rock weathering from 2000-2019. The results show that the
watershed cations are dominated by Ca2+ and Mg2+, and the anions are dominated by
HCO3-. The concentration ranges of the three ions were 33.00-52.96 mg L-1, 18.00-29.50 mg
L-1 and 166.43-263.83 mg L-1, respectively. The concentrations of Ca2+ and Mg2+ were
relatively stable over the past 19 years, while HCO3- showed a fluctuating growth trend,
with the highest increase of 7% in the annual average value. According to the equation for
carbonate weathering, the amount of CO2 uptake through this process is equal to half the
product of the runoff and the HCO3-.The annual average value of CO2 uptake was calculated
to be 0.081-0.261 t C ha-la-1, and the value was controlled by the runoff, reaching the
maximum value in 2009. Compared with the humid, hot and rainy subtropical monsoon
dolomite watershed in southwestern China, where the HCO3- concentration (250.1-353.8
mg L-1) is usually higher, the amount of CO2 uptake by weathering of carbonate rocks is
very similar (0.131 vs 0.137 t C ha-la-1) at the same period. Higher Zobelboden regional
rainfall and snow recharge to the basin and lower evaporation probably are the reasons why
this site has higher carbon sink. Zobelboden Date from Environment Agency Austria(EAA)
https://deims.org/8edad9e9-1f4e-4f3e-b58e-e0bb25dc32a6

Keywords: Carbonate rock weatheringAtmospheric CO2 uptakeMediterraneanSouthwestern China
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Evaluation of nitrate behavior, transport and storage
in 5 karst aquifers of Wallonia (South Belgium)
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Abstract

The Epukarst project, financed by the Société Publique de Gestion de I'Eau (Wallonia)
between 2020 and 2023, aimed at assessing the nitrogen behavior in the different compart-
ments of karstified limestone aquifers with an experimental and participative approach.
Five karst watersheds with penetrable caves and major karst springs were studied in south of
Belgium. The objective was to sample variable compartments in order to evaluate nitrogen
concentrations (nitrates, nitrites and ammonium), but also transport and storage in each
karst compartment : swallets, unsaturated zone (drip-points, gours), underground rivers and
karst springs.

To carry out field sampling, local cavers teams were involved. Measurement tools and
techniques were selected and tested with interlaboratory tests in order to validate analy-
sis methods. Each team was equipped and formed to carry out a 3-years long sampling task
on the field.

The results from 3 years of measurement over 5 karst systems demonstrate similar behavior
between the same compartments in each of the watersheds. Nitrogen concentrations at the
swallets are often significantly lower than the karst system spring, however those points are
often see as high risk points in terms of aquifer vulnerability. The sampling in the unsatu-
rated zone showed significantly higher nitrate contents compared to the mean value at the
outlet. This illustrates the importance of the unsaturated zone in the transfer and storage
of nitrate inside karst aquifers. Vadose zone is the main contributor to the nitrogen’s karst
aquifer concentration. Systematically, the nitrogen flux from the karst aquifer degrades the
water quality of the receptive water body.

Based on the methodological approach and in order to benefit from those lessons in a more
applied objective, the Epukarst project will further focus on 5 karst basins that are used
for drinkable water distribution. Those basins have problematic qualitative status regarding
nitrogen. During 2024-2027, the projet will apply a high temporal resolution measurement

*Speaker

sciencesconf.org:eurokarst2024:508646

149



10-14 June

eurokarst ROME

of nitrogen at the karst outlets, while keeping the focus on variable compartments behavior
across the karst aquifer. In addition, dedicated measurements into agricultural lands at the
surface will be used to inform about the nitrate input with a more refined approach. The aim
is to be able to evaluate more precisely the correlation between agro-environmental actions
and the response of the karst aquifer outlet. The quick reaction of karst aquifer and the
knowledge about its quantitative behavior allow to precise the effect of the actions, their ef-
ficiency at short time scale and to objectify their implementation towards local stakeholders
and decision-makers.

Keywords: nitrogen, nitrates, unsaturated zone, field sampling, agriculture
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Exploring Climatic Change Scenarios and Aquifer
Recharge in southern Italy

Daniele Lepore*T!, Silvio Coda!, Delia Cusano!, Vincenzo Allocca!, Eduardo
Bucchignani®, Myriam Montesarchio?, and Pantaleone De Vita!
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Abstract

Climate change will impact groundwater availability by altering the hydrological cycle.
Therefore, assessing groundwater recharge from changing precipitation and air temperature
is becoming fundamental for shaping effective policies of groundwater management in the
next decades. Reliable predictions of the available groundwater resources are crucial, espe-
cially in regions like southern Italy, which are heavily reliant on groundwater for societal
and economic needs. This study aims to assess impacts of future climatic change scenarios
on groundwater recharge from Regional Climate Models (RCMs) data over the principal 40
karst aquifers of southern Italy. According to the purpose of this research, we used both the
time series of precipitation (P) and air temperature (T) of a 15 RCMs ensemble for the his-
torical period (1950-2005) and scenarios projections (2006-2100). The RCMs ensemble was
bias-corrected by the statistical comparison with the observed time series collected in the
historical period (1950-2005) by the high-density meteorological network (311 rain gauges
and 155 air temperature stations), managed by the National Hydrographic Service. Annual
hydrological balances were computed for both the historical period and the IPCC Repre-
sentative Concentration Pathways (RCP4.5 and RCP8.5) scenarios based on mean annual
values of evapotranspiration (ETR), estimated by Turc equation, and effective precipitation
(P-ETR). Data used derived from the RCMs of the EURO-CORDEX project with a spatial
resolution of 0.110 (=712 km) covering both the historical period and future climate scenarios
until 2100. The assessment of future impacts on groundwater recharge was carried out by
the estimation of the Annual Groundwater Recharge Coefficient (AGRCRCM), which cor-
respond to the ratio between groundwater recharge and effective precipitation (P — ETR)
derived from RCMs. At this scope, four representative karst aquifers were selected bases on
the availability of consistent measurements of spring outflows. The values obtained, whose
spatial resolution depends on that of the RCMs, were then employed to develop an empirical
model for assessing the AGRCRCM and mean annual groundwater recharge scenarios in
the other 40 regional principal karst aquifers. Lastly, the analysis of groundwater recharge
was carried out for both RCPs scenarios for three consecutive 30-years periods: 2011-2040
(short term), 2041-2070 (medium term), and 2071-2100 (long term). As a first outcome, the
AGRCRCM was estimated ranging between 59% and 93%. The mean annual groundwater
recharge for the historical period was determined through these characterizations and subse-
quently validated by comparing it with existing measurements of groundwater outflow. The
climate model projections, in comparison to the mean value of the historical period (1950-
2005), show a gradual decrease in groundwater recharge across the region in the short term
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(2011-2040), medium term (2041-2070), and long term (2071-2100). The most substantial
decline, exceeding 40%, is observed for the RCP 8.5 scenario for the long term period (2071
2100), instead, a decrease of 15% for the RCP 4.5 scenario. These findings contribute to a
more comprehensive understanding of the prospective groundwater hydrological patterns of
karst aquifers of southern Italy allowing to increase the awareness of the effects of climate
change on the availability of groundwater resources.

Keywords: Climate Change, Groundwater Resource Assessment, Karst Aquifer Recharge, Regional
Climate Models, Southern Italy
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Formation Mechanism and Countermeasures of
Urban Karst Collapse

Jiang Xiaozhen*!, Ma Xiao', Dai Jianling', and Lei Mingtang!!
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Abstract

Karst collapse, usually called as sinkhole, is a major geological hazard in karst cities.
In China, with a karst area of 3.61 million square kilometers, and among 287 cities at
Prefecture-level, 66 have serious karst collapse problems. There are over 3900 documented
karst collapses across the country, mainly distributed in southwestern, southern, and central
regions. Due to its concealment and suddenness, the occurrence of karst collapse is often
difficult to prevent, posing a great threat to residents’ lives and property, as well as the
safety of urban infrastructure. It has become the main geological environment problem
faced by urban construction and development in karst areas. This article mainly introduces
the following main achievements made by the author’s research team in recent years with
the support of the China Geological Survey in the survey of urban karst collapse. Firstly,
the survey results show that the majority (80%) of urban karst collapse in China is related
to engineering activities, and foundation pit engineering, pile foundation engineering, and
subway tunnel construction are the main engineering factors that induce karst collapse;
Secondly, the monitoring results indicate that the significant decrease or severe fluctuation
of water and gas pressure in the karst conduit system caused by the pumping and impact
of karst groundwater during construction is the main mechanism inducing karst collapse;
The third is to propose a technical approach to effectively reduce and prevent urban karst
collapse problems through high-precision monitoring of karst water and gas pressure to guide
the optimization of engineering construction plans and processes.

Keywords: karst collapse, sinkhole, geohazard
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Geoconservation state and antropic impact
evaluation of the Lagunas de Ruidera river-lake
karstic system (Central Spain)
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Abstract

The Lagunas de Ruidera river-lake karstic system, located in the SE sector of the Iberian
Peninsula, consists of a set of 15 stepped lakes, along a river valley that strikes NO-SE
over the Campo de Montiel carbonatic aquifer. The natural travertine barriers -created by
carbonate precipitation processes- associated to the lakes act as dams and are composed
of different generations of travertines related to warm stages of the Upper Pleistocene
Holocene. Environmental changes and the historic human activity in the region, have no-
tably modified the natural hydrological functioning of the system, with several processes and
impacts the deteriorate and destroy these vulnerable geological formations. In this work, a
study of the current geoconservation state of the lakes is presented. The objective of the
work is to stablish a gradual restauration process of the lakes, with the purpose of returning
this Protected Natural Site to a morphological and functional state as close as possible as the
original. These actions are based on the adaptation to the global change, compatible with
the socioeconomical activity in the region. A two-stage plan has been developed: Firstly,
the current functioning of the system has been studied, in its altered state, and secondly, the
anthropic impacts that affect the lakes have been identified and studied. The study of the
current functioning of the system includes a hydrological and hydrogeological in-depth anal-
ysis, and the impact study includes the use of drones for the morphometric determination
of the lakes and barriers. A zonation map of the geoconservation state has been developed,
with 5 levels of impact. The results of the study evidence important degradations in the
travertine barriers.

Keywords: groundwater, karst hydrogeology, travertines, Protected Natural Areas, Quaternary

*Speaker
fCorresponding author: r.moralesQigme.es

sciencesconf.org:eurokarst2024:516089

154



eurokarst ROME

10-14 June

Groundwater quality evaluation and source analysis
in typical karst areas

Shi Yu*!
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Abstract

Na+, Cl-, SO42-, NO3-, NH3-N, Fe, F-, COD, Cu, Mn, Zn, Hg, and Pb were monitored
in groundwater in Guilin City from 2017-2019. The study aimed to analyze their spatial
and temporal distribution and sources. The findings indicate an overall improvement in
water quality in Guilin during the period 2017-2019. Temporal changes reveal a general
enhancement, with pollution being more pronounced in the western region compared to
the east. The implementation of policies in 2017, such as centralized disposal of pollutants
and improved industrial wastewater management, significantly improved water quality in
the industrial area of the East District. The East District, known for its high degree of
karst development, good hydraulic conductivity, and strong dilution and self-purification
abilities, exhibits better water quality due to the difficulty of pollutants accumulating in
the groundwater. The evaluation of groundwater quality in Guilin City from 2017 to 2019
revealed an increase in the diversity of pollutants over time. In 2017, only NO3- reached a
strong level of pollution according to the single-factor pollution index. In 2018, NO3-, COD,
and Mn were identified as pollutants, and in 2019, NO3-, COD, Mn, Hg, and Pb were found
to be the main pollutants. The single-factor pollution evaluation indicated that NO3—, Mn,
and Pb showed more severe pollution in 2019. Higher concentrations of NO3- in agricultural
and residential areas may be attributed to the use of agricultural nitrogen fertilizers and
infiltration of domestic sewage. Sampling points with higher Mn concentrations were found
near the water system, possibly due to the discharge of Mn-containing wastewater. Pb was
mainly distributed in sampling points located in populated areas. The correlation analysis
reveals that NO3- primarily originates from agricultural sources, while Pb is mainly emitted
from vehicle exhaust, domestic waste, and agricultural sources. Mn, on the other hand,
can be traced back to geological sources, as well as industrial and domestic wastewater.
Consequently, it is imperative to analyze and mitigate the levels of NO3-, Mn, and Pb in
groundwater to safeguard the well-being of the local population.

Keywords: groundwater quality evaluationsource analysisheavy metals, karst groundwater
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Hydrologic Confinement Between Two Karst
Hydrogeologic Units in Central Texas, USA
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Abstract

Studies have recently demonstrated the amount of vertical hydrologic confinement be-
tween two karst hydrogeologic units in the Cretaceous Trinity geologic units of central Texas.
The hydrogeologic units being studied are the Lower Glen Rose and the underlying Cow
Creek which are part of the Middle Trinity Aquifer. Within the study area, the Lower
Glen Rose Limestone receives recharge through numerous fractures, sinkholes, and caves.
Most of the recharge to the Cow Creek comes from lateral flow within the Cow Creek Lime-
stone which is the principal hydrogeologic unit of the Middle Trinity Aquifer. Overlying the
Cow Creek Limestone is the Hensel Formation which, in the study area, consists mostly of
dolomite and serves as a confining unit. Confinement by the Hensel is reduced where vertical
fractures cut through the Hensel. One example of this is at Jacob’s Well Spring where a
significant cave has developed along a fracture that provides a connection between the Cow
Creek Limestone and the Lower Glen Rose Limestone. Jacob’s Well Spring is a significant
conduit/cave system that drains the Cow Creek Limestone over much of the study area.
Two multilevel wells were installed upgradient of Jacob’s Well Spring and cross gradient to
the conduit/cave system. One of these wells (JWNA) is a dual completion well with an
open-hole completion within the Cow Creek Limestone and a piezometer installed in the
Lower Glen Rose Limestone. Pressure transducers were placed in each of the two zones to
provide continuous measurements of water levels. The second well (Coleman’s Canyon) is a
multiport monitor well that was completed with a total depth of 165 m and 10 monitoring
zones. Water-level elevations are measured in each zone every two to three months.

Differences in water levels between the Lower Glen Rose and the Cow Creek indicate that
there is hydrologic separation between these two units and that the Hensel Formation pro-
vides that separation. As measured in the multiport well, water-level differences between
the two units over the period of record average about 0.7 m. As measured in the dual com-
pletion well, water-level differences average about 1.8 m. Over time, water levels change in
both units but water levels in the Lower Glen Rose are consistently higher than those in the
Cow Creek. At Jacob’s Well Spring, about 0.7 km south of the JWNA dual completion well,
heads are reversed with greater heads in the Cow Creek which allows for flow of groundwater
upward through the Hensel where it discharges from the Lower Glen Rose at the surface.
This is most likely due to the lower elevation of the entrance to the Jacob’s Well Spring cave
and the southeasterly dip of the beds.

During periods of drought, pumping from public water-supply wells is causing cessation of
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flow from Jacob’s Well Spring. A detailed understanding of the aquifers and the hydrologic
relationship between these aquifers is needed to be able to determine the sustainable yield
of the aquifers which are under stress because of rapid growth in the area.

Keywords: karst, drought, sustainability, confined aquifer, multilevel monitoring
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Italian karst springs in the MIKAS Project
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Abstract

Within the framework of the Most Important Karst Aquifer Springs (MIKAS project,

leader Zoran Stevanovic), the hydrogeological features of the main karst springs of Italy are
here described.
Along the Alps and Apennines many karst aquifers feed springs, both in the high-elevated
zones and along the valleys. The latter generally constitute basal karst springs and drain
wide portion of the saturated zone of carbonate aquifers, bounded by main faults, impervious
terrains or alluvial deposits.

Even though the most well-known Italian karst is located in the Friuli region, eastern Alps
-known, in the ”Classical Karst”, huge karst springs with relevant economic and historic im-
portance are also located in the central-southern Apennines. These springs are controlled by
the Mediterranean climate, and characterized by long, dry and hot summers, which induces a
typical recession in the spring hydrograph, after the recharge period of winter-spring seasons.

Thanks to huge water reserves, these karst springs guarantee high discharge also during
droughts. These aspects have had great importance in the historical and economic develop-
ment of many regions of Italy, as well as for its civilizations, as in the whole Mediterranean
area as well. Some karst springs have annual mean discharge higher than 15 m3/s (Timavo,
Peschiera, Gari, Montoro-Stifone), other exceed 4 m3/s (Le Capore, Caposele, Aqua Marcia,
Tirino, Capovolturno, Grassano, Capo Pescara, Posta Fibreno), and many other exceed 1
m3/s. They generally are characterized by a high base flow component, whereas the quick
flow component appears to be dependent upon local hydrogeological factors, as karstification
degrees and tectonic setting. Chemical-physical characteristics are strictly function of the
hydrologic dynamics of the aquifers. Along coastline karst areas, brackish springs are mainly
present in Apulia, Campania and Sicily.

The most powerful karst springs were easily tapped, and gravity channels allowed water
to be supplied to high concentrations of people. Ancient Rome and its empire are the most
significant examples, and still today millions of people are supplied by karst springs in the
Latium, Abruzzo, Molise, Campania, Apulia, and Basilicata regions. In addition to those
supplying Rome, the Apulian and the Serino aqueducts, more than 100 years old, are the
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most remarkable. The first has allowed to supply a semi-arid area, and constitutes one of the
largest hydraulic systems in Europe without any pumping (energy free) for long distance.
The second supplies the urban area of Naples, and was also a famous ancient aqueduct dur-
ing the Roman empire.

Summing up, Italy is characterized by diffuse and powerful karst springs, holding a strong
relevance from many points of view, including, but not limited to, economy, history and
ecology.

Keywords: Karst spring, Mikas project, Italy
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Karst springs in Brezovské Karpaty Mts. (Slovakia):
differences in sensitivity to drought impact

Peter Malik*!
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Abstract

During the summer period of 2022, the territory of the Central Europe overcame one of
the driest periods without precipitation in the history of relevant records. The demand for
water resources and legitimate concerns about their sustainable use initiated a study eval-
uating the quantitative durability of karst springs, which in Slovakia represent more than
50% of the resources feeding the water supply network. Brezovské Karpaty Mts. (West
Slovakian Carpathians) with outcropping masses of Triassic limestones and dolomites and
26 karst springs were selected as a study area. An inevitable base of such an assessment is
existence of regular monitored network of springs’ discharge, which — in this case was carried
out in surprisingly detailed observations since 2005 by regional water company Bratislavska
Vodarenskd, as well as by Slovak Hydrometeorological Institute in several cases, but in
longer time span. The key instrument for evaluating the quantitative sensitivity / resis-
tance of springs to long-lasting drought was the compilation of springs’ recession curves
from existing time series of yields and their description by relevant equations that take into
account the presence of several flow components (”subregimes”). Techniques for separat-
ing the falling sections of hydrographs as well as the selection of relevant equations can
vary — in our case, HydroOffice software product and the application of hybrid genetic al-
gorithms which is provided here were used to construct a typical master recession curve for
each individual spring. Exponential equations were chosen to describe slow flow (laminar)
components, sets of linear equations were chosen to describe quick flow (turbulent) outflow
components. The final form of the equations describing the recessional process of springs’
discharge was calculated by iteration to the maximum observed yield value as exponential
equations do not have an analytical solution and compiled master recession curves may not
necessarily include the absolute maximum discharge documented in the entire observation
period. Theoretical drop in springs’ discharges from their recorded maxima, assuming zero
recharge in their infiltration areas (a long-lasting period without precipitation, or at least
without effective/non-evaporated precipitation) was calculated only then, by substitution of
time from 1 day to 30 years in equations. The observed average discharge values Q-AVG for
the entire set of evaluated springs was (theoretically) reached after recession lasting approx-
imately 1 year from the observed maxima Q-MAX. Threshold of 0.1 Q-AVG (10% of the
average discharge) was reached for the whole set after 7.3 years from the absolute maximum
QMAX., or 6.3 years from the time when QAVG was reached. We consider the value of
0.1 Q-AVG to be a limiting threshold for the emergency state / absolute threat due to lack
of groundwater resources, as well as the period of 6 years of lacking recharge to be crucial
in the case of Triassic carbonate aquifer of the Brezovské Karpaty Mts. However, several
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springs here have reached zero discharge (or the limit of 0.01 1/s for laminar runoff compo-
nents) already within one year, one of them even after 90 days, what is usual phenomenon
for karstified aquifers.

Keywords: sensitivity, drought, recession curves, outflow duration, Triassic carbonates, West
Carpathians
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Managing groundwater resources in a karstic
environment — Approaches for addressing
groundwater vulnerability and public water supply in
the outskirts of London, UK

Ilias Karapanos*! and Ellie Powers!
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Abstract

The Chalk is a biogenic limestone and an important aquifer for the Southeast of the

UK, as it provides baseflow in ecologically sensitive Chalk streams and supports significant
groundwater abstractions for public water supply purposes. The dominant flow in the Chalk
occurs in the fracture and fissure network, developed especially along the river valleys with
enhanced transmissivity. However, near the contact between the Paleogene deposits and the
Chalk, where slightly acidic runoff from the low permeability Clays enters the Chalk outcrop
area, there is typically enhanced karstification. This results in the development of sinkholes
and depressions at surface, hence affecting the geomorphology and changing the course of
intermittent rivers, whilst rapid flowpaths both in the unsaturated and the saturated zone,
are also known to occur. This study investigates the impact of karst development on public
water supply boreholes located in Chalk groundwater catchments, that are seasonally dom-
inated by surface water runoff.
A case study in the outskirts of London, UK is used to identify the recharge mechanisms,
using water level measurements in observation boreholes installed at different depths in
the Chalk aquifer. Water quality parameters are also monitored and used as indicators of
recharge and abstraction impacts. Results show that there is dual piezometry in the Chalk
and changes in abstraction highlight the importance of an adit system present in the deeper
Chalk layers, that acts as a horizontal drain to the lower layers of the Chalk, with limited
contribution from the upper layers. This is due to the presence of aquitard units, causing
the upper aquifer to act as leaky. However, due to the karstic nature of the Chalk in the
wider area, following high intensity rainfall events, the deeper Chalk units respond first to
rainfall /recharge, as indicated by the rise in the deeper groundwater level, while the upper
layers do follow the same pattern delayed by approximately 24 hours. This indicates the
presence of sinkholes that cause by-pass recharge, while water quality parameters such as
turbidity, indicate similar responses in the pumping boreholes.

A second case study in the same catchment shows the impact of sinkholes on the raw ground-
water quality at nearby abstraction boreholes, following rainfall/runoff events. This deterio-
ration is even more prevalent in the winter months following the application of salt/grit in the
nearby motorway network. The accumulation of salt during cold and dry periods, combined
with the subsequent high intensity rainfall/runoff events, cause high salinity runoff water to
enter the river network and drain into the sinkholes. This in turn can increase the salinity of
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groundwater, impacting on the treatment works and causing outages at nearby public water
supply boreholes.

This study demonstrates that enhanced conceptual understanding of the hydrological pro-
cesses in a river catchment can provide suitable ways of monitoring and managing the climatic
effects in a vulnerable karstic groundwater system.

Keywords: Chalk stream, By, pass Recharge, Sinkholes, Turbidity, Salinity
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Response to pumping of wells in carbonate and karst
aquifers and effect on the assessment of sustainable
well yield: some examples from southern Italy

Chiara Sbarbati*t!, Matteo Paoletti', and Vincenzo Piscopo’

1Universita degli studi della Tuscia [Viterbo] — Italy

Abstract

Carbonate and karst aquifers are of great importance for human water supply, for sup-
porting aquatic habitats and for providing ecosystem services. Optimize the groundwater
withdrawals from these aquifers is therefore essential to obtain maximum flow rate for hu-
man purposes and at the same time to limit the negative effects on the environment. In
particular, when the abstraction of groundwater occurs through wells, the problem of defin-
ing the sustainable yield arises, i.e., the pumping of groundwater in a manner that can be
maintained for an indefinite time without causing unacceptable environmental, economic
and social consequences. This is therefore a complex issue, but clearly the definition of the
sustainable well yield must necessarily be based on the aquifer response to pumping. This
study accounts some pumping tests carried out in carbonate and karst aquifers of southern
Italy to derive indications for defining the sustainable yield of wells. The four examined cases
concern Mesozoic-Cenozoic platform and transition-pelagic carbonate rocks characterized by
different degree of fracturing and karstification. The pumping tests were performed on about
30 wells, measuring the drawdown in the pumping well and often also in observation wells,
with a duration lasting from several hours to few days. The drawdown data versus time
were analyzed through semi-log plots, while the smoothed time series were represented on
bi-log plots together with the first derivative of the drawdown. The trends of drawdown-
time and its derivative were compared with theoretical curves identifying the flow dimension.
This qualitative diagnosis allowed to select the most consistent conceptual models for the
measured data according with the geological and hydrogeological settings of the test site.
Subsequently, the aquifer parameters were determined both by commercial software and
analytical techniques. The results show that the response to pumping of the investigated
aquifers is very variable both among the different sites and within the same site. Despite
the considerable potential in groundwater yield at the scale of the system, locally the hy-
draulic parameters and the well yield are very different due to aquifer heterogeneity, linked
to connectivity of fracture and conduit network, and local hydrostratigraphy. To assess
the operational pumping flow rate of a well in this hydrogeological environment, the study
shows that is fundamental, in addition to the determination of the hydraulic parameters of
the aquifer, to examine the trend of the drawdown over time which is often more complex
than the available theoretical models. The sequential analysis of the drawdown over time
thus becomes necessary to extrapolate a prediction of the long-term response to pumping
of a well. The obtained prediction can be then updated based on the monitoring of the
drawdown in the well and in the aquifer during the first operational phase of the well.
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Snow cover contribution on groundwater recharge in
the Gran Sasso carbonate aquifer (Central Italy)
during the period 2019-2022

Valeria Lorenzi*!, Marino Domenico Barberio?, Mauro Manetta', Giacomo Medici',
Chiara Sbarbati®, and Marco Petitta!
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Abstract

The contribution of the snowpack to the aquifer recharge is relevant to be assessed in order
to evaluate groundwater availability in mountainous karst regions. Despite its relevance,
direct measurement and modeling of snowpack effects on aquifer recharge remain challenging
due to the limitations of monitoring. Considering a previous study on the Gran Sasso ridge
aquifer (1), to validate and quantify the coverage and persistence of the snowpack over time
through an objective method, Sentinel-2 satellite images over the period 2019-2022 have
been analysed. It has been revealed that Campo Imperatore, the endorheic basin acting
as a preferential recharge area of the aquifer, plays an important role, both for hosting the
snow coverage and consequently for the infiltration and recharge of springs due to snow
melting. The extension of snow coverage out of this plain has a minor influence on recharge,
highlighting that the main drivers for infiltration rate are fractured networks and karstic
forms more than snow coverage on carbonate outcrops. Indeed, recharge from snow melting
in 2019-20, when the snow coverage did not exceed the plain boundaries, has been quantified
in about 15% of the total aquifer recharge, confirming what has been previously assessed.
Conversely, in both winter semesters of 2021 and 2022, the snow coverage frequently exceeded
the basin limits, but the recalculated recharge shows how the infiltration from snow melting
located out of Campo Imperatore is very limited, leading to an updated evaluation of snow
recharge lower than the one previously assessed (up to -60%). The groundwater stable
isotopes have been used to confirm the significant role of Campo Imperatore in the aquifer
recharge. Specifically, the assessment of Computed Isotope Recharge Elevation (CIRE) based
on the values and oscillations of the 6O isotope recorded at the main springs, confirmed
a recharge directly coming from the Campo Imperatore plain. Indeed, the springs located
on the northern slope of the Gran Sasso ridge show similar and steady values of §180
(average -10.5%0) and are characterised by a CIRE ranging from 1600 m asl to 1900 m
asl, clearly corresponding to recharge coming from the same elevations of Campo Imperatore
endorheic basin. These main findings confirm the high infiltration rate of Campo Imperatore
plain and the direct influence of snow contribution to aquifer recharge, whose distribution
is correlated with altitude and karst landscape occurrence. In future scenarios influenced
by climate change effects, the accurate knowledge of recharge due to snow cover, both in
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terms of preferential infiltration areas and extension, is a primary goal for ensuring a reliable
renewable water resource evaluation. (1) Lorenzi et al. (2022) J. Hydrol. Reg. Stud
41:101090

Keywords: Recharge assessment, Karst aquifers, Central Italy, Snow cover, Isotope elevation

167



eurokarst ROME

10-14 June

Springs in platform and orogenic karst — A
comparative analysis of Floridan (USA) and Dinaric
aquifers (former Yugoslavia)

Zoran Stevanovic*! and Neven Kresic*?

1University of Belgrade — Serbia
2Karst Waters Institute — United States

Abstract

Working on an international project MIKAS (”Most Important Karst Aquifers’ Springs”
in the world) launched by Karst Commission (KC) of the International Association of Hy-
drogeologists (IAH) the authors found it interesting to compare two of the globally most
productive karst aquifers — Floridan aquifer of the United States and Dinaric karst aquifer
of former Yugoslavia. Although both aquifers have similar extent, contain large number of
first-magnitude springs, and have some similarities in recharge and discharge regimes, there
also are notable differences, the result of their different origin.

Floridan aquifer underlies an area of about 250,000 km2 in southern Alabama, southeast-
ern Georgia, southern South Carolina, and all of Florida. Roughly 20% of the aquifer’s
extent is unconfined where it is exposed at the land surface, and similar percentage is cov-
ered by permeable thin soil or unconsolidated recent deposits which allow active recharge.
Similarly, former Yugoslavia (nowadays states of Slovenia, Croatia, Bosnia & Herzegovina,
Serbia, Montenegro, and North Macedonia) extends over 255,000 km2, where Dinaric karst
and much smaller outcrops of Alpine and Carpathian karst cover nearly 40% of the territory.

The Floridan limestone karst is of platform type, and although well fractured with massive
networks of large cavities it was not subject to intensive orogenic movements, compression
and folding, as was the case with the Dinaric karst. While depth to groundwater in Florida
is quite shallow, usually up to a few tens of meters, in parts of the Dinaric karst the depth
of permanently saturated zone can be more than 1000 meters in mountain ranges.

Both aquifer systems are characterized by dominant recharge from precipitation and lo-
cally by percolation of water from sinking streams. Annual average rainfall is quite similar,
in the range of 1200-2000 mm, but more effective recharge is taking place in Florida due to
shallower water table and flat terrains. The springs’ discharge monitoring in both regions is
far from perfect. Apart from lack of data for some important springs, this analysis uncovered
various inconsistencies in literature data, including erroneous classification of the magnitude
of some well-known springs.

Florida has quite a few first-magnitude springs (average flow larger than 100 ft3/s or 2.83
m3/s), with different literature sources naming anywhere between 11 and 33 such springs.
In Dinaric karst of former Yugoslavia there are 19 first-magnitude springs, with the annual
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variation of their discharge rates much larger than of the Florida springs.

The Floridan aquifer system provides potable water for numerous small and several large
cities, including Jacksonville, Tallahassee, Orlando, and St. Petersburg to name a few. Most
of the extracted groundwater is utilized for irrigation, public supply, and industry. Some
estimates are that average pumping of the Floridan Aquifer via countless extraction wells
is 175 m3/s. This is the main factor contributing to the alarming ongoing reduction of
springs’ discharge. In contrast, Dinaric karst aquifer system is less exposed to intensive ex-
traction, even though three capital cities (Sarajevo, Podgorica, Skopje) and all towns along
the Adriatic Coast depend on potable water supply from the karst aquifer.

Keywords: Karst spring, Floridan aquifer, Dinaric karst, Aquifer protection
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Case Study: Assessing Vulnerability and
Remediation Strategies in Karst using the DPSIR -
”Bolje Sestre” Spring, Montenegro

Momcilo Blagojevic*t!

1I\Iontenegrin Electric Enterprise AD Niksic (EPCG) — Montenegro

Abstract

The sublacustrine spring ”Bolje Sestre” (one of many within the Malo Blato (Small
Mud)), managed by the Regional Water Work Utility, is positioned on the edge of Skadar
Lake. It is a primary water source for the Montenegrin Coast and facilitates the growth of
tourism in Montenegro.

Located approximately 30 kilometers from Podgorica in the Zeta-Skadar Valley, Skadar Lake
is the largest freshwater area in Southeastern Europe. It spans 370 square kilometers and
encompasses various spatial units, including Malo Blato (Small Mud).

Karst springs on the eastern edge of the Malo Blato, especially the source of Bolje Ses-
tre, may receive water through underground connections from other watersheds, including
the alluvial sediments of the Moraca and Cijevna rivers in the Grbavci Plain.

In contrast to the coastal aquifers, facing challenges posed by over-abstraction and salt-
water intrusion, the Karstic Spring Bolje Sestre boasts exceptional water quality, obviating
the need for extensive treatment. However, a concerning trend emerges, revealing a signifi-
cant reduction in its discharge.

Unfortunately, since 2010, dredging activities extracting gravel and sand from the Moraca
River bed have impacted Bolje Sestre spring discharge, underscoring the direct link between
anthropogenic activities in the Moraca River and the depletion of this primary water source.

Malo Blato emerges as a potential supplementary water source. However, utilizing this
resource necessitates water treatment, incurring additional costs. A logical question arises
regarding whether the Regional Water Utility should bear these costs, particularly if gravel
excavation is identified as the primary cause of the reduced discharge.

The enforcement of Integrated Ecosystem Management involving decision-makers, along-
side the proposal of remediation measures (implementation of the Sanitary Protection Zones
with the sediment management and groundwater monitoring protocols and program), will
form the foundation for Bolje Sestre spring protection and its continued sustainable use.

DPSIR (Driving forces, Pressures, States, Impacts, and Responses) based Programme of
Measures (PoM) proposed for the Bolje Sestre Spring and Malo Blato watershed is essential
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in ensuring sustainable water management, protecting water quality, and mitigating poten-
tial environmental impacts. DPSIR involves a multidisciplinary approach that will provide a
comprehensive understanding of the dynamics within the karst system of Bolje Sestre, aiding
in developing effective conservation and management strategies.

Keywords: Groundwater protection, karst, ecosystem management, monitoring, DPSIR
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Determining the spring protection zone:a case study,
Sarcheshmeh Spring, Mahallat, Iran

Hossein Karimi Vardanjani*i! and Leila Hosseini Shafiei*}?
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2departnlent of environment, Iran — Iran

Abstract

Determining the spring protection zone:a case study, Sarcheshmeh Spring,
Mahallat, Iran
Leila Hosseini Shafiei, Hossein Karimi Vardanjani

Introduction

Almost the entire economy, agriculture and drinking of Mahallat city is based on the Sarchesh-
meh karst spring. So, it is very important to identify the protection zone of this spring and
protect it quantitatively and qualitatively.

A: Physicochemical variations

The electrical conductivity variations in the spring water during the year were small (be-
tween 390 and 435 micromhos/cm). which indicates the high extent and volume of the aquifer
and/or fractured rocks and the diffuse flow in the aquifer. The coefficient of variation of the
spring discharge during the measurement period is 8.08%, which indicates a slight variation
of the spring discharge, while the coefficient of variation of the electrical conductivity of the
spring is 2.8%.

B: Inverse modeling (PHREEQC)

According to the inverse modeling, it can be said that after entering the limestone, rain-
water dissolves 0.0575 mmol/kg of dolomite mineral, 0.0256 mmol/kg of gypsum mineral,
and 0.004 mmol/kg of Sylvite mineral, and 1.01 mmol/kg sodium bicarbonate mineral is
produced.

C: Hydrograph

The monthly rainfall and flow data shows that during the period, the graph had a downward
trend.
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D: Time series

The correlogram (discharge versus rainfall) was drawn using SPSS 16.0 software. According
to this diagram, the highest correlation value is 5, therefore, the lag time of spring response
to rainfall is estimated to be 4-6 months.

E: Isotope studies

Spring samples was sampled for the analysis of oxygen-18 and deuterium isotopes. The
comparison of the results with the local meteoric water line (LMWL) shows that the type of
recharge in low elevations is diffuse, and in higher elevations point recharge is dominant.

Determining the protection zone of the spring

In order to determine the protection zone of the spring, the average discharge of the spring
(105 L/s), the average rainfall of the area (313 mm/y), the average recharge elevation (about
2000 meters) and the infiltration rate (35%) were obtained and the area It was estimated
that it can provide water for the spring (about 30.2 km2). Then, by using this number
and examining the geological evidence of the area, including the border of limestone with
impermeable formations and faults in the area, the boundaries of the catchment zone of the
spring were determined. In this case, the area considered for the water catchment area of the
spring will be about 27.6 square kilometers, which will have a suitable match with the area
obtained from the water balance of the spring. In other words, any kind of water withdrawal
in the form of drilling a well in this area will have an effect on the Sarcheshmeh Spring
discharge. On the other hand, digging in this area, for example tunneling, can also have
a destructive effect on the outflow of water or changing the dominant flow paths. In addi-
tion, in the specified area, the construction of any polluting industries, wastewater disposal
through absorption wells, garbage accumulation and similar cases should be prevented.

Keywords: protection zone, Isotope, physicochemical variations, Inverse modeling, Time series
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Dynamics of Microbial Biofilms in Response to
Contamination in Karstic Systems: A Case Study in
the Bauges Massif (French Alps)

Lina Fabre*!2, Yves Perrette?, Clementine Francois!, and Florian Mermillod-Blondin®

L aboratoire d’Ecologie des Hydrosystemes Naturels et Anthropisés — Université Claude Bernard Lyon
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National de la Recherche Scientifique — France

Abstract

Our study aimed to quantify the response of microbial communities to hydrological
regimes and associated contaminations in a karstic system in the Alps (Bauges massif).
It was expected to observe changes in the structure of communities within the karstic system
based on seasonal variations associated with the hydrological cycle and human activities in
the catchment (touristic activities in winter and agriculture activities in summer). Artificial
substrates (clay beads) have been incubated at three stations in the Bauges massif: one
station receiving water from an agricultural area, another station contaminated with hydro-
carbons and one control station with low contamination. These artificial substrates have
been collected every 2 months over a hydrological year (18 months). Microbiological param-
eters (biomass and activities) were measured on incubated clay beads and were compared
among stations to assess the influence of contaminations, and within stations to evaluate
seasonal changes in microbial compartment during a hydrological cycle. In parallel, water
samples were collected to characterize seasonal changes in physico-chemistry (concentrations
of nitrate, ammonium, phosphate, and dissolved organic carbon). The whole dataset al-
lowed to assess the links between hydrology, physico-chemistry, and microbiology in karstic
systems. Our results showed differences in the development of microbial biofilms depending
on nutrient concentrations measured in stations. In the most contaminated stations, tempo-
ral variations in biomass and activity were observed, which may be linked to the influence
of hydrology on microbial dynamics in karsts.

Keywords: Karstic System, Bauges Massif, Microbial biofilm, Contamination, Hydrology, Biomon-
itoring, Water quality
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Element of a pluri-disciplinary project on karstic
reservoir characterization : groundwater modelling of
the Dévoluy Massif, France.
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Abstract

Dévoluy is a mountain range located in the southern French Alps. It is the last foreland

chain before the outer crystalline Pelvoux massif. The carbonate rocks that constitute it
form a reservoir of several hundred meters thick, folded and fractured by Alpine orogeny
during the Cenozoic. This reservoir, exposed to erosion, was then intensively karstified, cre-
ating a network of interconnected karstic conduits leading to a unique outlet: the Gillardes
spring. This is one of the most important karstic resurgences in south-eastern France, with
a peak discharge that can reach 40m3/s and an average of 5m3/s.
Due to its position in the Southern Alps, a geographical area subject to increasing water
stress in the context of climate change, the Dévoluy massif presents a major challenge in
understanding and preserving the local groundwater reserves. It is located in an area where
anthropic needs a represented by two main activities : agriculture and tourism with ski re-
sort. It is essential to better constrain the underground water resources to protect it from
potential pollution and to use it in a sustainable way.

The aim of this study is to provide an overall analysis of the evolution of the karstic reservoir,
from its formation to its current state, by analysing each of its components. This section of
the study focuses on modelling the dynamic of the karstic reservoir.

The data used are the discharge measured at the outlet and the weather conditions: temper-
ature and precipitation from various stations located in and around the massif. The impact
of snow is also taken into account, as the case study is located in a mountainous area.

The model enables us to understand how the different compartments of the reservoir can
affect the flow at the outlet and is a way of better understanding the structure of the karstic
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reservoir: is there one or more compartments, how do they interact with each other, what is
the response of the aquifer to precipitations.

This model can then be used to predict future flow in different scenarios based on climate
change projections. These scenarios make it possible to test hypotheses on changes in pre-
cipitation and temperature in order to assess the impact of these changes on the behaviour
of the reservoir.
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Exploration for Submarine Springs using an AUV

Todd Kincaid*!

lGeoHydros, LLC — United States

Abstract

Submarine groundwater discharge (SGD) is a significant mechanism for contaminant

transport from terrestrial to marine and estuarine environments. Nutrient and contaminant
loads carried by groundwater contribute to the eutrophication and contamination of marine
and nearshore waters and, unlike contributions from surface water flows, are often unrecog-
nized and rarely quantified. Even in karst aquifers where SGD is from discrete spring vents
(submarine springs), little is known in most coastal groundwater basins about the location
or magnitude of SGD.
Submarine springs have become targets for groundwater explorationist trying to identify as
vet untapped sources of freshwater to supply ever growing coastal populations. Even where
it will not be developed explicitly though, the identification and quantification of SGD from
submarine springs is needed to develop reliable models of groundwater flow and impacts to
groundwater resources in coastal karstic groundwater basins. In that regard, understanding
the spatial distribution of SGD is as important as quantifying total terrestrial spring flows.
In the summer of 2021, we used an automated underwater vehicle (AUV) equipped with
water chemistry sensors (CTD, pH, DO, and turbidity) and high-resolution side scan and
multibeam scanners to identify submarine springs in the Adriatic Sea off the coast of Croa-
tia. The AUV allowed us to survey areas as large as 100,000 m2 along transects spaced
between 10 and 20 meters apart and at less than three meters from the bottom. The on-
board multibeam and side-scan sensors allowed us to identify and characterize the locations
of the spring vents, which we subsequently confirmed and photographed using SCUBA. Vent
depths ranged from approximately 10 to 30 meters below mean sea level. Runs at shallower
depths over the same area produced data from which we’ve developed 3D models of param-
eter distributions within the water column above and around the spring vents. Results from
our work in Croatia demonstrate the viability of our methods, which we plan to replicate to
find and characterize submarine springs in the Mediterranean and Black Seas.

Keywords: Submarine Springs, Submarine Groundwater Discharge, SGD, Karst, AUV, Bathymet-
ric Survey
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Field evaluation of carbon injection method for
in-situ biological denitrification in Karst groundwater
using geochemical and metataxonomic analyses

Jaeyoung Choi*!

Korea Institute Science Technology — South Korea

Abstract

This study focuses on the bioremediation of nitrate-contaminated karst groundwater,
which has become a significant environmental problem due to the increasing usage of fertil-
izers and sewage disposal. This study aimed to evaluate biological denitrification through
carbon source injection in a pilot-scale treatment system. This research provides fundamen-
tal information for decision-makers in groundwater quality protection and management and
could utilize these assessment guidelines to inform their decisions. The nitrate reduction ef-
ficiencies of biological denitrification by injection of carbon source in a pilot-scale treatment
system setup were investigated at a groundwater contamination site.The study site for field
experiments was located in Pyeongchang (Gangwon-do, Korea) in an area with agricultural
activity. The geological composition of the site consists predominantly of biotite granite.
The characterization of the field site and determination of groundwater quality, groundwa-
ter level, and hydraulic conductivity were performed. The field-optimized carbon injection
source was determined using the results from batch tests. Nitrate-contaminated groundwa-
ter was obtained from the Pyeongchang study site. The batch test results indicated that
sodium acetate showed the highest microbial growth in Pyeongchang groundwater. The cal-
culation of acetate injection dose and ratio (Dacetate = 87.8 g) was calculated by applying
a C/N ratio of 2.1:1, which was followed by a previous study.The field test was conducted
using acetate as a carbon source for 22 days to assess the nitrate reduction efficiencies of
in-situ treatment. Geochemical parameters and microbial community analysis using next-
generation sequencing were performed before and after carbon source injection. After 12 h
of reaction time, nitrate concentration decreased from 31.6 to 4.2 mg-N/L at PC-2, and then
remained stable at 3.9 mg-N/L. The nitrate reduction rate when acetate was injected was
29.0 mg-N/L/day. Aquabacterium commune, pseudomonas brassicacearum, dechloromonas
denitrificans, and Massilia FAOSwere dominant species after acetate injection. The pre-
dictive metabolic pathway analysis returned a total of 374 metabolic pathways, and among
them, 246 metabolic pathways had a pvalue less than 0.05, and 67 of them less than 0.0001.
Among the differentially observed 246 metabolic pathways, 8 pathways having direct refer-
ence to denitrification and acetate utilization were selectively discerned and plotted (Fig.
4), focusing on the denitrification pathways rather than the acetate utilization pathways.
Two nitrate reduction pathways of ‘DENITRIFICATION-PWY’ (nitrate reduction) and
‘PWY490-3" (assimilatory nitrate reduction to ammonium) were predicted. Low temper-
atures are favored by denitrifying bacteria while high temperatures are favored by bacteria
that possess DNRA pathway, which involves the uptake of NO3 — |, its reduction to NH3,
and its incorporation into bacteria. Predictive metabolic pathway analysis indicated that
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nitrate reduction metabolisms during injection of acetate were denitrification and assimila-
tory nitrate reduction to ammonium. The evaluated hazard quotient of nitrate-contaminated
groundwater significantly decreased after acetate injection (non-carcinogenic risk decreased
from 1.176 to 0.134 for children). This research could provide fundamental information for
decision-makers in nitrate-contaminated karst groundwater quality protection and manage-
ment. This research could also be used as an assessment guideline for decision-makers in
groundwater quality protection and management in active denitrification involving denitri-
fying microorganisms.

Keywords: Nitrate, Denitrification, Field evaluation, Microbial community, Human risk assessment,
karst groundwater
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Geological constraints at the origin of karst springs
in the Ischitella-Vico territory (Gargano Promontory,
Apulia, Italy)
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Abstract

In contrast to the main aquifers in Apulia Region of SE Italy, comprehensive data on mi-
nor aquifers (covering approximately 21 km2) in the northern region of the Gargano Promon-
tory remain limited. Spanning the municipalities of Ischitella, Vico del Gargano, and Rodi
Garganico, this area features a unique geological and stratigraphic configuration, giving rise
to a suspended unconfined aquifer situated at altitudes ranging from 400 to 35 meters above
sea level (asl) and, consequently, completely isolated from any contact with seawater.
These geological characters stem from the superposition of permeable rock layers over an
impermeable unit, deposited during the Cretaceous period (Aptian p.p. to Santonian p.p.)
within a deep-water context. The permeable rocks, specifically the Monte S. Angelo Lime-
stones (MSA) and Monte Acuto Limestones (ACU), exhibit fracturing and are interested by
karstification processes. These stratigraphic units, predominantly deposited as gravity flows
in a base-of-slope setting (comprising breccia and calciturbidites intercalated with pelagic
intervals), covers unconformably the basinal pelagic limestones of the Marne a Fucoidi For-
mation (FUC). Notably, the MSA, characterized by numerous caves, occasional sinkholes,
and some dolines, are particularly susceptible to karstification with respect to the above
ACU, that present a main permeability due to fractures.

Structurally, the stratigraphic units form a gentle monocline dipping toward the northwest,
featuring small-amplitude folds. Subsequent emersion and erosion phases along the primary
valleys have created favourable conditions for the emergence of 26 natural springs along
the boundary between the permeable and impermeable units. Discharge from these springs
varies, ranging from less than 11/s to 34 1/s for the largest (Canneto spring).

In the present contribution we will present a description (based upon detailed geological
mapping at a scale of 1:5,000 and geological cross-sections) of the stratigraphic, lithological,
and structural features of the Ischitella-Vico aquifer, aimed at performing a classification of
the springs based upon the geological setting of each single water emergence. Namely, flow
type and pressure in the aquifer body will be taken into account, together with the barrier
position and typology. Most of the springs seems to outflow as hanging springs due to pres-
ence of perched aquifers, or as overflowing springs related to contact among stratigraphic
unit with different type and/or degree of permeability. Eventually, the main chemo-physical
parameters of the springs will be presented in order to define the hydrogeological characters
of the area, as a first step in the definition of the karst hydrogeology of this interesting sector
of the Gargano Promontory.
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Hydrochemical and hydrodynamic regime of the
thermometallic karst springs of Voskina, Agiasma
and Kyllini in Greece

Nerantzis Kazakis*t!, Vasiliki Stavropoulou , Maria-Margarita Ntona , Eleana Nanou ,

Maria Papailiopoulou , Dimitra Lampropoulou , and Eleni Zagana

1Univcrsity of Patras, Department of Geology, Laboratory of Hydrogeology — Greece

Abstract

Karst aquifers constitute one of the main sources of fresh water in Greece. Usually,
karst aquifer discharges from a spring. In some cases, the karst aquifer water is mixed with
deeper geothermal fluids discharging thermometallic water. In Greece, many karst springs are
influenced by geothermal fluids. The deep geothermal fluids flow towards fault zones, mixed
with fresh groundwater from the upper karst aquifers and form thermometallic karst springs.
The hydrodynamic of such springs is variable and dependent from the precipitation patterns
influencing the quality of spring water. Within this study we focus on three thermometallic
karst springs in Greece aiming to determine the discharge mechanism of the springs. The
springs of Voskina, Agiasma are located in North Greece, while the Kyllini spring is located in
South Greece. In all sites, the climatological, hydrogeological, and hydrogeochemical factors
were analysed. Additionally, in the springs in North Greece the following field measurements
were obtained for three years twice per month: a) spring discharge, b) temperature, c)
pH, and d) electric conductivity. The results reveal that the maximum recorded discharge
of Voskina was 19 m3/h and for Agiasma was 1 m3/h. The mean water temperature of
Voskina and Agiasma was 21 C and 20 C, respectively. In addition, the mean value of the
electrical conductivity of water in Agiasma spring is over 2300 pS/cm, while the pH of the
water is characterized as acidic (pH < 7). The Kyllini’s spring, the maximum discharge is
approximately 40 m3/h, while the pH ranges from 7 to 7.55. The average temperature of
water is 260C and the electrical conductivity is 4400 S/cm. Obviously, the spring discharge
consists of mixed water between geothermal fluids and fresh karst groundwater. From a
geological point of view the springs are characterized as fault springs. This research is the
first step for the modeling of all springs and contributes to the integrated management of
water resources and the protection of groundwater reserves.

Keywords: thermometallic, Greece, fault spring, discharge mechanism
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Hydrochemical study of the impact of urban
activities in the surroundings of the city of Mérida
(Yucatan, México)

Flor Arcega—Cabrera*l, Marta Llamas-Dios*2, Ismael Oceguera-Vargas!, Elizabeth
Lamas-Cosio', and Ifiaki Vadillo-Pérez?
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Abstract

The city of Merida is in the northwest of the Yucatan peninsula, a region of karstic nature
of almost
pure carbonate rocks and evaporites, without rivers or streams, slight topographic elevation,
and the
characteristic and touristic cenotes (collapsed dolines intersecting the water table). Popula-
tion in
Merida has increased from 777,615 in 2010 to 921,771 in 2020. There is no main sewerage
system
and most wastewater is disposed via septic tanks. As the aquifer is highly permeable and
the soil
cover is thin to non-existent, the vulnerability to contamination is high. Accordingly, a
groundwater
monitoring campaign was carried out in July 2023 to research on the aquifer water quality
in the city
and surrounding areas. 28 groundwater samples were collected from wells. Hydrochemical
results
show an affection on the water quality: Nitrate concentration range was 0.8-76.4 mg/L with
a mean
value of 24.6 mg/L. Total organic carbon concentration range was 0.5-34 mg/L with a mean
value of
3.2 mg/L. High conductivity, chloride and bromide values reveal the presence of brackish
waters in
some monitored wells, even a hundred kilometers away from the coast, which indicates, along
with an
observed inverse cation exchange process, a saline intrusion potentially promoted by intense
pumping. Besides, the presence of emerging contaminants potentially deriving from wastew-
ater
from Merida including antibiotics and other pharmaceuticals, drugs of abuse (e.g., cocaine),
fragrances, insect

*Speaker
fCorresponding author: vadillo@uma.es

sciencesconf.org:eurokarst2024:516122

184



eurokarst ROME

10-14 June

repellents, UV filters, among others is investigated, and their origin is elucidated using hy-
drochemical

and isotopic tools (6180, §2H of the water molecule and 013C of dissolved inorganic carbon).
This

research provides key data to emphasize the urgent need for wastewater treatment in this
karstic area.

Keywords: Groundwater pollution, hydrochemistry, isotopes, emerging contaminants
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Hydrogeological and geophysical characteristics of
main groundwater barriers of the Vis island’s karst
aquifer (Croatia)

Josip Terzi¢*!, Ivan Kosovié¢!, Bozo Padovan?, Stasa Boroviét!, Matko Patekar!, Marco
Pola'!, and Tomislav Novosel!
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Abstract

The island of Vis is situated in Dalmatia, Croatia. For decades, since the 1950s, its water
supply has originated from the island’s karst aquifer, which is mainly composed of karstified
Cretaceous limestones and dolomites. In 1954, the water supply started with the Pizdica
spring, with an extraction site built for military purposes in case of nuclear war. During the
1960s, 70s, and 80s, the extraction site Korita, composed of (today) five drilled wells was
constructed. The island is represented as an anticline, but the main geological feature is
the diapir structure in its western part (Komiza town). Compared to carbonate rocks, the
volcanic-sedimentary-evaporite complex of the diapir is practically impervious and a barrier
to the groundwater flow preventing underground seawater intrusion into the aquifer from
its western side. In the south of the aquifer, there are karst poljes. The carbonate rock
mass under the poljes is infilled with fine-grained material, which significantly decreases
their permeability, forming a groundwater barrier. These geological circumstances are the
main reason for the existence of Vis island aquifers and the sustainability of groundwater
exploitation during some 70 years of pumping for public water supply. The water supply
system uses approximately 40 L/s at maximum, and the main problem is the fact that at the
end of summer, when the tourist season is still at its peak, there is practically no precipitation
and infiltration. In the last few years, geophysical research has been done with the purpose
of mapping these two hydrogeological barriers. The research was performed by electrical
resistivity tomography (ERT) applying Wenner-Schlumberger array. The main profile was
done in Plisko polje, the biggest karst polje on the island, at the exact position of the landing
field of the former airport, constructed by the English army during World War II. The profile
length was 1,240 m resulting in 200 m of interpretative depth. Interpretation has proven
that the underground is almost impervious to the groundwater flow and that the Quaternary
material of polje is several tens of meters thick. A few shorter ERT profiles were done in
the poljes area and at the boundary of the volcanic-sedimentary-evaporite complex with the
carbonates. The study is still ongoing, and in this way, the hydrogeological features of these
barriers will be recognized and interpreted in much more detail than before.

Keywords: island karst aquifer, geophysical research, electrical resistivity tomography, hydrogeo-
logical barriers, Croatia
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Microfiber pollution in surface and subterranean
aquatic environments: investigations in the Classical
Karst Region

Valentina Balestra*Th2, Matteo Galbiati®, Stefano Lapadula®, Benedetta Barzaghi®,
Raoul Manenti®, Gentile Francesco Ficetola®, and Rossana Bellopede!
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Abstract

Anthropogenic (natural, man-made cellulosic and synthetic) microfiber pollution in karst
and subterranean areas is still poorly studied. The Classical Karst Region is a rocky lime-
stone plateau stretching from the NE Italy and the SW Slovenia, rich in protected habitats
and species, including different stygobionts, such as the Proteus anguinus. To preserve these
ecological heritages, different European, national and local laws are present. However, reg-
ulations often do not take account of the ecological connections between different habitats.
In this preliminary study we collected and investigated several water and submerged sed-
iment samples in surface (springs) and subterranean (caves) aquatic environments of the
Italian sector of the Classical Karst Region.

Water and submerged sediment samples were analysed according to the methods described
in Balestra et al. (2023) and Balestra & Bellopede (2023). All samples were pre-treated
through the application of 30% HO for organic matter removal. Detected microfibres (5-
0.1 mm) were counted and characterized by size and color via visual identification under a
microscope, with and without UV light, exploiting fluorescence given by additives added in
many materials. Spectroscopic analyses were carried out on different microfibres to deter-
mine materials typology.

Anthropogenic microfibres were found in all examined water and submered sediment sam-
ples with high amounts, especially in sediments, highlighting a possibile accumulation of
pollutants over time. Only 10-15% of microfibres were syntetics; most of the analysed fibres
were cotton. Most microfibres were smaller than 1 mm and abundances increased with the
decrease of the considered size. Most of the microfibres were fluorescent under UV light
(> 80%) and have especially blue fluorescence. Fluorescent microfibres were mainly trans-
parent, and non-fluorescent ones were especially black, blue and grey.

Anthropogenic microfibres could threat ecosystems and contaminate water resources. Vulner-
able and stygobitic species hosted in these habitats could consume or assimilate microfibers,
therefore, potentially negative consequences for subterranean water safety at all the lev-
els, such as ecological functionality, biodiversity distribution, ecosystem services and human
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health should be investigated too.

Our results show the presence of anthropogenic microfibres in all examined aquatic habitats,
improving knowledge in micro pollutants water contamination, and providing essential infor-
mation for future research. Analyses on a greater number of aquatic surface and subterranean
habitats should be done to better understand this kind of problem. Microfibre pollution
monitoring in karst areas must become a priority for habitat conservation, species protection
and water resources management, improving analyses on a larger number of aquatic surface
and subterranean environments, and taking into account the ecological connections between
different habitats.

Keywords: microplastics, microfibers, karst aquatic environments, caves, springs
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multi-proxy approach in the Ouysse Karst System -
geochemical and hydrodynamical studies
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Abstract

At the edge of sedimentary basin, both autogenic and allogenic recharge can feed karst
systems. In these cases, outlet spring water origins can be difficult to assess which leads to
issues in water resource management. To better understand these origins and the variations
in the hydrodynamic and geochemistry of the outlets of a large and complex karst aquifer,
this study propose a multi-proxy approach.

The approach combines origin and groundwater flow path identification by : (i) geochemistry
analysis with major ions and water and nitrate isotopes, (ii) understanding hydrodynamic
connections by waterlevel crosscorrelation analysis, and (iii) assessment of respective contri-
butions of the different origins (autogenic and allogenic) in outlet springs by a mixing model
based on the combined geochemical and hydrodynamic analyses.

This method is applied on the Ouysse karst system. It is a large watershed (650km?) located
in Western France and is exploited for its drinking water resource. The upstream part of
the karst aquifer is fed by three main water origins: (i) diffuse infiltration on the karstic
limestone bedrock; (ii) sinking streams coming from igneous-metamorphic rocks runoff; (iii)
sinking streams fed by highly mineralized evaporite spring. This study shows how this wa-
tershed feeds the different outlets with the various origins during different hydrodynamics
conditions.
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Preliminary Assessment of Saline Intrusion Using
Hydro-chemical Indicators in the Karst Aquifer
System of Benghazi Plain, NE, Libya.
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Abstract

Karst aquifers are becoming more significant as a fundamental source of water supply
over time. Especially in countries as Libya, with a Mediterranean and semi-arid climate in
the north and a hyper-arid climate in the south, groundwater is the only source of water
supply. Being entirely a karst region, north-eastern Libya is home to karst landforms and
groundwater aquifers. Since the state is strongly interested in reaching detailed information
about petroleum systems and the advantages of oil explorations, the majority of studies con-
centration the fields of sedimentology and stratigraphy. On the other hand, this contribution
deals with concerning karst hydrogeology and geomorphology, aim using hydro-chemical indi-
cators to evaluate the current status of coastal karstic aquifers in the Benghazi Plain in terms
of saline intrusion. Correlation between hydro-chemical parameters such as EC with Cl-,
ratio (Cl-/HCO3-) versus Cl-, Chadha diagram, Gibbs plot, hydrochemical facies evolution
(HFE) diagram, and mixing rate (Rmix) equation generated from the analysis of sixteen wa-
ter samples were used to evaluate the conditions of seawater intrusion process in the target
area. Chloride (Cl-) is considered a conservative tracer in this study to assess the mixing
rate (Rmix). The correlation between major ions shows a strong effect on saline intrusion in
a vast part of the study area, where the water samples class falls between mixing and saline.
The HFE diagram shows that four locations in the Benghazi plain are totally impacted by
the seawater intrusion, whereas the remaining sites are classified as freshwater with notice-
able seawater effects. These results are in agreement with the Gibbs boomerang and Chadha
diagram for delineating water sources and facies, respectively. Both these plots show a clear
seawater effect in the water samples, except at three locations that are dominated by rock ion
exchange with water. The mixing rates in the samples range from low to very high values.
This study suggests to carry out more extensive studies using hydro-geochemical models to
study the concentration of salts in the upcoming periods while finding alternate methods to
raise the rate of fresh water, such as rain harvesting and artificial recharge with wells and
dams. The recommendations are based on the values of TDS, correlations among ions, the
previously mentioned plots, and the salt mixing rates.

Keywords: Seawater intrusion, Hydrochemistry, Karst Hydrogeology, Benghazi Plain, Libya.
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Resource Vulnerability Assessment of the Karst
Aquifers in the Friuli Venezia Giulia Region (NE
Italy) using the COP Method
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Abstract

Large springs supplied by carbonate reservoirs exhibiting varying degrees of karstification
are particularly abundant throughout Italy. In Friuli Venezia Giulia, a significant portion of
the water supply relies on groundwater derived from karst aquifers, which are widely present
in this territory (28% over an area of 7,924 km2). These aquifers undergo replenishment
through abundant rainfall, which in the pre-Alpine belt reaches the highest European value of
3300 mm/year. Nonetheless, until now, these high-quality water resources have consistently
been underutilised, with a prevalent preference for exploiting the water coming from the
numerous wells located in the Friulian alluvial plain. However, the gradual qualitative and
quantitative depletion of lowland resources, attributed to overexploitation and widespread
pollution stemming from escalating anthropic pressure, is currently prompting a heightened
focus on the water reserves contained within mountain karst aquifers. These aquifers, owing
to both their superior quality and substantial quantities, potentially constitute an indis-
pensable resource for future drinking water supply. Unfortunately, due to the concentrated
recharge of water and its rapid infiltration, the high permeability of aquifer systems, the swift
transport in karst conduits over large distances, and the limited self-purification capacity of
the water, such aquifers are particularly susceptible to contamination and, consequently,
must be vigilantly monitored. In pursuit of this objective, and in accordance with specific
regional laws, the Geological Survey of Friuli Venezia Giulia initiated a collaboration with
the University of Trieste since 2017. The goal was to carry out a multi-year project for
developing scientific methods in support of institutional activities, particularly in reference
to karst areas and regional karstic aquifers. Within the framework of this agreement, 128
karst aquifers were mapped. 16 of these were studied in detail, and their intrinsic vulner-
ability was assessed by using a GIS-based protocol known as the COP method. Presently,
an additional 8 aquifers are undergoing study. Intrinsic vulnerability hinges on the geologi-
cal, hydrological, and hydrogeological characteristics of the aquifer, without delving into the
specific nature of the pollutant. The vulnerability assessment considers the layers overlying
the aquifer (O factor), the concentration of flow (C factor), and the precipitation regime (P
factor). Numerical scores are assigned to each factor and combined to establish an index
of groundwater vulnerability, ranging from 1 (‘Extreme’) to 6 (‘Very low’). The acquifers
investigated show very high vulnerability values, with 87% of their area falling in the 3 upper
classes: "High’ (36%), ‘Very high’ (38%), and "Extreme’ (12%). The greatest vulnerability is
found in karstified limestones affected by the highest rainfall and lacking of soil and vegeta-
tion cover, and in the areas at the lowest altitudes close to the springs, where the unsaturated
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zone is less thick and the protection drops, as well as in the areas of maximum concentration
of flow, where water sinks into the subsoil through sinkholes, karst furrows, caves, and swal-
low holes. The resource vulnerability maps obtained can be effectively utilised to pinpoint
regions within these areas that are more susceptible to pollution risks, thereby necessitating
thorough monitoring and protection measures.

Keywords: vulnerability assessment, karst aquifers, Friuli Venezia Giulia, COP method
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Sustainability and resilience in dual alluvial-karst
aquifers: Building a groundwater mental model
based on desirable future in Western Iran
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Abstract

In today’s world, mental models are crucial in advancing sustainable development and
resource resilience, particularly for managing depletable and non-renewable extractive re-
sources such as groundwater. Presenting desirable mental models, especially for groundwater
management, is a critical social framework for understanding, participating in basic actions,
and supporting stakeholders in implementing decision-makers and regional managers’ com-
piled programs. The complexities of vital resources can both deter people from realistic
visualization of these resources and motivate a sense of excitement and greater understand-
ing to preserve them. In Western Iran, covered karst aquifers are a significant source of
drinking water supply and maintaining the balance of the ecosystem in karst wetlands and
springs, but they lack protection or promotion programs for resilience against deep drilling
penetrating karst aquifers and unlawful groundwater exploitation. In the western regions of
Kermanshah province specifically where there is no public image of karst waters, the mental
model of the underground is still the sea. However, in this area, the mixing of karst and
alluvial waters has occurred through the deepening of agricultural wells. This suggests that
the local people still perceive the underground as a vast body of water similar to an ocean
or sea (the mental model), but they are also aware that there are different types or sources
of underground water (the thinking of underground water veins). This dual understanding
may have developed due to the presence of both karst and alluvial aquifers in the region. In
contrast, in the northern plains of Hamadan province, the mental model of the underground
is also the sea, but the existence of large caves and sinkholes has reinforced this perception
for local people. The discovery of large underground spaces filled with water has further
solidified their belief that underground spaces are vast bodies of water similar to oceans or
seas (the mental model). This strong mental model may have contributed to an increase
in exploitation despite fears of being swallowed (the fear of being swallowed has not been
able to influence the decrease in water exploitation). However, there is potential for promo-
tion or protection programs from karst resources to further influence local attitudes towards
karst resources (the model can accept promotion or protection programs). The depletion of
groundwater levels, coupled with population growth and agricultural dependence, has led to
unsustainability in groundwater, causing extreme events such as sinkhole events, land sub-
sidence, degradation of groundwater quality, water scarcity, and social tensions. To address
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this issue, a groundwater mental model has been developed in this article by presenting con-
ceptual models of the status of several karst-alluvial aquifers in Western Iran. This model
aims to raise awareness of the importance of karst groundwater protection promote public
cooperation to envision a desirable future and suggest basic steps to achieve sustainability or
at least distance from unsustainability, expressed through various climatic, socio-economic,
and environmental indicators.

Keywords: Mental model, karst, groundwater, sustainability
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The influence of multi-year drought periods on the
flow regime of the saturated zone of the Karst
springs of the Dir of Beni Mellal in Morocco
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Abstract

The Beni Mellal Atlas, a southern extension of the folded Middle Atlas, extending 100 km
in a NE-SO direction, is one of the best watered areas in northern Africa. These precipitations
feed the piedmonts inscribed in the powerful carbonate formations (limestones and dolomites)
of the Lower Lias, an aquifer supplying numerous springs. These sources contribute to the
irrigation of the Tadla plain, the 1st irrigated area of Morocco.

The current drought experienced by this sector of Morocco, like almost the entire country,
has a considerable impact on the flow of springs since some of them are recording their lowest
flow since they were measured, around 50 for some, while Morocco already experienced a
lasting drought in the early 1980s.

The subject of this communication is the study of the impact of recent climatic drought on
the karst sources of the Dir of Béni Mellal and more particularly on the fraction of the most
regular flows of the karst system corresponding to the emptying of the saturated zone. The
study is based on monthly data produced for 50 years from around twenty sources. More
precisely, it will be necessary to evaluate the modifications implied by periods of lasting
drought in the flow regime of the flooded zone, as well as on the speeds of drying up and
replenishment of this part of the karst aquifer.

Keywords: Drought, karst spring, saturated zone, recession, Morocco.
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The Real-Time Monitoring Technology of Karst
Groundwater and its Application in the Prevention
of Induced Karst Collapse
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Abstract

Since 2020, there have been four karst collapse incidents in Longgang District, Shenzhen,
China, causing subsidence and cracking of residential buildings and streets, affecting the
safety of residents and vehicles. This article mainly introduces the achievements of emer-
gency exploration.
1.This area is a covered karst area, with the upper 5-11 meters of the Quaternary soil layer
being a silty clay layer, and the lower 1.2-17 meters being a gravel layer. The underlying
strata are the limestone of the Lower Carboniferous Shitanzi Formation, which was formed
355 million years ago. The bedrock surface fluctuates greatly, and karst caves and fractures
are developed. As confined aquifer, the depth of karst water piezometric level is about 5-8
meters; Usually considered as a high-risk area for karst collapse.

2. There are 3 construction sites within a radius of 1 kilometer from the collapse, including
one TBM construction for subway tunnels and two excavation of deep foundation pits for
skyscrapers. The collapse is likely induced by these engineering activities.

3.In order to confirm the triggering factors of collapse, 7 boreholes were selected as mon-
itoring holes, and piezometers and dataloggers were installed to monitor changes in karst
groundwater level, with a monitoring frequency of 12 times per hour. All monitoring data is
automatically transmitted and can be directly browsed through the APP. The results indi-
cate that there is a close relationship between changes in karst water level and engineering
construction, which has become direct evidence of karst collapse induced by engineering con-
struction.

4. It can be seen that the risk of induced collapse can be reduced by monitoring and guiding
construction optimization methods. When the monitoring shows abnormal changes in the
karst water level, such as a sudden drop, the construction party should be notified immedi-
ately to stop work and optimize the construction process until the monitoring results return
to normal. This work continued until the completion of construction, and no new karst col-
lapse occurred. This indicates that karst groundwater monitoring technology can be applied
to prevent induced karst collapse.

Keywords: karst collapse, sinkhole, geohazard, karst water management
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Abstract

Karst aquifers are vulnerable to contamination due to rapid transfer of infiltrated water.

These aquifers are however often recognized as strategic water resources for drinking water,
particularly in Mediterranean climatic conditions. In this context, the implementation of
monitoring strategies to anticipate as early as possible the transfer of contaminants through
the infiltration zone requires a well understanding of their hydrological functioning. Natural
organic matter (NOM) has been the subject of numerous studies based on the fluorescence
properties of organic compounds, revealing the value of monitoring this proxy as a tracer
of karstic flow dynamics through the infiltration zone. According to wavelength, humic-like
NOM is an indicator of rapid infiltration dynamics, while proteic-like compounds can in
some cases reveal anthropogenic contaminant fluxes. Changes in NOM signals can be very
rapid in karst systems, particularly during flood event. Thus, as part of the ANR-funded
PEPR Onewater K3 project, this study aims to propose and test different protocols for high-
frequency optical monitoring of karst spring or well outflows that could be used to set up an
early warning system for water contamination (Frank et al., 2018), specifically designed for
karst groundwater.
First results obtained with GGUN fluorometers (Albillia Sarl) show the importance of cor-
recting fluorescence monitoring for spurious signals due to water turbidity. The aim of this
study is to describe the correction method developed by Schnegg (2002), and to test it using
standard turbidity solutions. Limitations and improvements to this method are presented, in
particular by comparing it with a conventional regression method. These methods are also
applied with fluorescence time-series from two monitored karstic springs in southern France:
the Lez spring and Fontaine de Nimes (SNO KARST network observatories), to produce a
natural fluorescence time series.

Frank S., Goeppert N., Goldscheider N. (2018). Fluorescence-based multi-parameter ap-
proach to characterize dynamics of organic carbon, faecal bacteria and particles at alpine
karst springs, Science of The Total Environment, 615.

Schnegg P.A. (2002). An inexpensive field fluorometer for hydrogeological tracer tests with
three tracers and turbidity measurement. Articles of the Geomagnetism Group, University
of Neuchatel.
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Understanding mass transfer mechanism between
karst conduit and matrix: A critical review and
meta-analysis

Kiibra Ozdemir Calli*!! and Andreas Hartmann®

nstitute of Groundwater Management, Technische Universitat Dresden — Germany

Abstract

Due to the multiscale heterogeneity - referring to the spatial variations of the aquifer’s
physical and chemical characteristics at varying scales -, contaminant transport behavior
in karst aquifers is described by the different anomalous characteristics such as power-law
tailing, high skewness, and multiple peaks in tracer breakthrough curve (BTC). While these
anomalies are mainly controlled by the preferential flow paths (i.e., karst conduit, fractures),
the rate-limited mass transfer between the karst conduit and neighboring carbonate matrix
is one of the critical processes in shaping the long-term transport behavior of the contam-
inant plume. The mass transfer mechanism between the karst conduit and matrix is often
described by a single (first-order) mass transfer coefficient. Nonetheless, the experimental
identification and/or proper characterization of this parameter at the domain of interest
is rather difficult, and it might not even be possible. For that reason, the mass exchange
between karst conduit and overlapping matrix is mostly inferred from the dual domain trans-
port modelling approaches via a set of model calibration. Therefore, the model parameters
are likely to be nonunique and mostly uncertain. In this study, to enhance our understanding
about the anomalous transport in karst aquifers due to the mass exchange (mostly resulting
in the power law tailing in BTC), we critically review the current state of knowledge in the
modelling of dual domain transport characteristics in karst aquifers considering the descrip-
tion of the mass exchange coefficient. To do so, we performed a systematic literature review
and meta-analysis by applying a guideline called ”Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA-M)”. Through a meta-analysis of the selected
published scientific papers, we synthesize the accumulated knowledge on the mass exchange
mechanism between the karst conduit and overlapping carbonate matrix. Our analysis based
on the meta-analysis reveals that the mass exchange coefficient is strongly dependent on the
(mean) flow velocity along the karst conduit, whereas establishing a statistical relationship
between the mass exchange and conduit flow velocity is rather complicated, likely due to the
uniqueness of the (mass transfer) parameters for different karst systems. From this point of
view, we address the uncertainties in providing model results for the dual-domain transport
and mass transfer mechanism between the karst conduit and matrix, as well as the scien-
tific challenges we must face for the description of the transport processes in karst water
resources.

Keywords: Karst, contaminant transport, mass transfer, review, meta analysis
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A karstic cave with an exceptional geological value:
Cueva de las Estegamitas (Malaga, Southern Spain)

Judn José Durdn Valsero*f!, Sergio Durdn?, Raquel Morales!, Ifiaki Vadillo?, Lucia

Ojeda?, and José Enrique Sédnchez Pérez?

nstituto Geoldgico y Minero de Espana-CSIC — Spain
2Universidad de Malaga — Spain
3Grupo de Exploraciones Subterraneas de la Sociedad Excursionista de Mélaga — Spain

Abstract

Cueva de las Estegamitas (Stegamites Cave) is a karstic cave accidentally discovered in
the spring of 2021, by the mining works of a limestone quarry near Malaga (Southern Spain).
The cave has a length of approximately 1400 meters, with a maze-like layout. The geomor-
phological characteristics of the cave, with erosive morphologies linked to a hypogenic origin,
and its position, near the Mediterranean coasline, with an elevation of 80 m a.s.l., link the
origin to the freshwater-saltwater interface, during a period of high sea level in the Pleis-
tocene. The cave is developed in the Jurassic limestones of Maldguide Complex (internal zone
of Betic Range), in a limestone massif that constitutes a small coastal carbonatic aquifer,
with a piezometric level near the sea level. The average environmental characteristics of the
cave include a temperature of 210C, a relative humidity of 91%, a CO2 concentration of 810
ppm, and a 222Rn activity of 1308 Bq/m3. The conservation of the cave is exceptionally
good, with the only exception for a few of mineral looting (calcite and aragonite crystals and
speleothems), that took place in the initial stages of the discovery. The geologic values of
the cave are focused on the exceptional conservation state, the cleanliness of the erosive mor-
phologies that characterize the speleogenesis, the great variety and quantity of speleothems
(including numerous eccentrics, butterflies, coraloids and others), and specially the presence
of a very numerous set of stegamites in all their evolutionary stages, ranging from small
fractures in the floor of the cave, from which the stegamites emerge, to some samples with
a height of nearly 2 meters. This circumstance has allowed the proposal of an origin and
an evolutionary sequence for this particular and rare type of speleothems, initially linked to
the presence of a detritic floor covered by a calcitic layer. Later, the fracture of this layer,
probably caused by the expansion of the clay minerals existing in the detritic sediments and
the presence of water, allowed the migration of small amounts of water through the fractures,
upward, using capillary forces and forming the stegamites, with processes of precipitation.
Stegamites are characterized by this origin and by their shape, similar to a crescent, or the
crest of a stegosaurus, hence their name. Stegamites are considered a very particular type
of speleothem, extremely rare and described in few caves in the world in scientific literature.
The Stegamites Cave presents some geological characteristics that stand out, and make this
cave deserve the highest levels of protection. The fact that is in an active mining site must
not be an impediment for the compatibility of the mining activity in the area, and the con-
servation of the cave. Good practices of the European mining sector, their compromise with
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the environment and the natural heritage must prevail, versus the certain loss of the cave,
its content, and the knowledge that the cave could provide.

Keywords: geoheritage, coastal caves, mining, speleothems, stegamites
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Earth’s critical zone and karst critical zone:
structure, characteristic and lower boundary

Junbing Pu*f!

IKarst Research Team, Chongging Key Laboratory of Carbon cycle and Carbon regulation of Mountain
Ecosystem, School of Geography and Tourism, Chongqing Normal University, Chongqing 401331, China
— China

Abstract

Critical zone science has become one of the important research areas in surface-Earth
system science, representing a future new idea and developing trend in Earth system science.
The karst critical zone, a unique type, covers approximately 15.2% of the global ice-free
continental land, which is a typical case and represents of the Earth’s critical zone. However,
there is still a lack of a unified understanding of the scientific connotation of karst criti-
cal zone (KCZ), and a lack of related discussions on the structure, characteristics, and lower
boundary of the KCZ at present. Based on reviewing the history of the scientific development
of the Earth’s critical zone and summarizing its main characteristics, this study sorts out the
background and development processes of the concept and summarizes the characteristics
of the KCZ. The lower boundary of the KCZ, which is still controversial, is analyzed and
discussed, and the further development direction of the KCZ is also analyzed. These results
showed that the KCZ is a unique type of Earth’s critical zone shaped by material circulation
and energy flow at the interface of lithosphere, hydrosphere, atmosphere, biosphere as well
as pedosphere in soluble rock area. The spatial span of the KCZ ranges from the vegetation
canopy to the lower boundary of the karst aquifer in the soluble rock area, including the
vegetation layer, soil layer, epikarst, vadose zone, and saturated zone, which are sensitive to
environmental changes and have surface and subsurface double geological structure, special
geochemical processes characterized by coupling cycles of carbon, water, and calcium. By
comparison, the KCZ has the eight following characteristics: active involvement of carbonate
rock in the material cycle, sensitive response to external environmental changes, multilayers
hydrogeological structures, strong horizontal spatial heterogeneity, large underground space
network, large-span biota structure, unique ecohydrological processes with carbonate rock-
water-vegetation interaction as well as varying lateral boundary controlled by subsurface
divide change. The lower boundary of the KCZ is the depth at which the groundwater
recharged by precipitation has no influence on the dissolution of carbonate minerals (cal-
cite, dolomite, etc.) and also has no ability to further dissolve carbonate minerals (calcite,
dolomite, etc.) in a certain range below the surface. According to the development trend
of the disciplines and national strategic demands, further attention should be paid to the
following four directions: the structure, formation, and evolution mechanisms of different
types of the KCZ, the ecological service function, and regional sustainable development in
degraded karst ecological zones, the impacts of engineering activities on the structure, at-
tributes, and evolution process of the KCZ, and the coupling process between climate change
and the change of structure, function and attributes of the KCZ.
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Evolution of the karst network from surface to
subsurface within fault zone

Aurélie Boura*!, Véronique Leonardif!, Catherine Homberg?, Nicolas Loget?, and
Cousquer Yohann'
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Sciences de 1'Univers, Centre National de la Recherche Scientifique — France

Abstract

Karstic aquifers are highly reactive and heterogeneous hydrosystems, characterized by
a strong interaction between surface water and groundwater. In the Mediterranean area,
rapid recharge occurs in active losses located along temporary rivers, enabling a swift flow
to infiltrate deep into the groundwater reservoir. However, this recharge can also occur more
diffusely, with rain flowing over rock outcrops. These features make karst aquifers vulner-
able to climate change: diffuse recharge appears to decrease with increasing temperatures,
while rapid recharge is favored by the intensification of extreme events, particularly presents
in the mediterranean area. The karst structures, often developed on tectonic features, en-
hance these concentrated rapid recharge areas, providing crucial replenishment for societal
and agricultural needs. Improving our understanding of these concentrated recharge zones
is important for preserving the present water quality at these vulnerable points and to char-
acterizing the future quantitative flow of this recharge.
The existence of losses associated with the karst network near fault zones sparks interest
in understanding of the relationship between these fault zones and the karstification pro-
cess. This study focuses on exploring the connections between fault zone architecture and
karstification in proximity. It entails a comprehensive morphological and geological descrip-
tion of these elements, emphasizing the geomorphological characterization within these loss
zones. This approach enhances anticipation, exploration, and comprehension of surface-
to-underground transfer dynamics. Our research employs a multi-scale approach to char-
acterize surface geological structures, involving high-resolution structural mapping through
LIDAR-equipped drones and numerical analysis of fault zone fracturing using aerial or-
thophotographs. Geological investigations, field observations, and tectonic analyses in karstic
cavities, further explore the link between surface features and subsurface structures.

The comparison between subterranean and surface dual photogrammetry represents a novel
approach, providing insights into the development of karstification from the surface to depth.
It helps establish the spatial evolution of active loss zones, bridging the understanding be-
tween surface and subsurface dynamics in karst evolution.
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This study concentrates on the Lez spring catchment area, supplying water to Montpellier
in southern France. This region constitutes a complex karstic system intersected by major
faults significantly influencing the reservoir’s structure. Multiple loss zones along these faults
contribute to aquifer dynamics, particularly evident along the Corconne-Matelles fault, indi-
cating rapid transfers facilitated by the karstic network at specific karstic loss points within
the fault zone.

Our research establishes connections between observed tectonic and karstic surface struc-
tures, emphasizing the critical role of fault zones in shaping the surrounding karstic network.
It highlights specific fracture families’ significant influence on fracture dissolution, applying
substantial structural control over the karstic network. Furthermore, it identifies diverse
fracture families and their distinct roles in the development of karstification, impacting the
water transfer dynamics within this environment. Examining the morphology of these loss
zones within karstic aquifers at fault locations aids in identifying analogous areas, facilitating
the creation of a map outlining vulnerable zones within the aquifer system and aiming to
establish mechanisms to promote recharge at these points.
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Expressing karst hydrogeology through choral music
- the conception and realization of Inception Horizon

Laurence Gill*!, Norah Walsh , and Fergus Mcauliffe?

1Trinity College Dublin — Ireland
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Abstract

Inception Horizon is a choral piece of music that was created as a unique collaboration
between scientists / engineers and artists to increase public perception and understanding
about the fascinating subterranean karst network beneath the ground, as well as providing
a stimulating artistic experience. More specifically the work was composed to bring the
listener on the journey of water through a karst network, from the time when rain droplets
first enter the ground, via percolation through the vadose zone before joining conduit flow
brings it to its final re-emergence at a spring. The work, composed for 6 choral parts,
expresses constrained laminar flow before moving into more free turbulent flow with the
growth in volume and the convergence of the network en route. It also captures the stillness
of the open cave at more stagnant points and culminates in the water’s rebirth in the form
of a spring at a lower level. The rhythms and pacing follow the journey of the water and the
natural flow of the text which has been taken from the karst lexicon and several passages from
academic texts. The work was first performed as part of a wider creative public engagement
experience on karst in 2020 in Trinity College Dublin which took the audience on a journey
deep underground, following the flow of water through song, sculpture, visual projections
and spoken word. The film was then made based upon the music, which was a finalist at
the UNESCO Earth Futures Festival 2022, ranked third in the Peoples Popular Choice. The
choir then travelled to Slovenia in September 2022 to perform the choral work at Zupanova
jama (cave) in collaboration with the Slovenian Karst Research Institute. This paper charts
the journey of this piece of music from its initial conception through to the performance in
the classic karst of Slovenia.

Keywords: karst hydrology, choral, music, public engagement
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GIS-based morphometric study to genetically
characterize dolines in the SE sector of the Classical
Karst Region (NE Italy)

Pietro Rai*f!, Alice Busetti!, Chiara Calligaris', and Luca Zini®

1Dipartimcnto di Matematica, Informatica e Geoscienze (MiGe) — Universita degli Studi di Trieste —
Italy

Abstract

Starting from October 2022, in collaboration with ISPRA (Italian Institute for Environ-
mental Protection and Research) and the Geological Survey of the Friuli Venezia Giulia Re-
gion, activities have been launched for the creation of the Sheet 110-131 " Trieste-Caresana”
of the Italian Geomorphological Map as part of the CARG project. The territory to be
mapped includes a section of the Italian part of the Classical Karst Region, the one limited
by the village of Aurisina (NW) and the Rosandra Valley (SE). The Karst area is globally
renowned for its pronounced expression of the karst processes and the wide variety of land-
forms. For these reasons it has represented the cradle of karst studies since the end of the
17th century.

In the Classical Karst area, dolines are probably the most distinctive landforms, being
widespread and characterized by significant variety in shapes and sizes. One of the main
challenges related to characterization of dolines in a mature karst context is the difficulty in
determining their genetic process with a defined, large-scale applicable criterion. The disso-
lution process can, over time, conceal markers that allow to clearly distinguish on the field a
doline formed by the collapse of a cavity from one generated by the solution of bedrock. A
morphometric approach is proposed to classify dolines in an intensely karstified area on the
basis of the predominant genetic process (collapse or solution), using slope steepness as the
main parameter.

The carrying out of the remote sensing and field surveying activities, as part of CARG
project, has facilitated the collection of a substantial amount of new data on epigean land-
forms. Specifically, a new high-resolution (0.5 meters) Digital Elevation Model has enabled a
more accurate delineation of these features for morphometric analyses. All karst depressions
and their bottoms were digitized through remote sensing starting from the homogenization
of existing data and with the support of field surveys. A total of more than 7,000 dolines
have been identified in a total surface area of 115 km2.

Information regarding the edges and bottoms of the dolines have been processed using the
GIS zonal statistics tool. The areas related to the slopes of the dolines have been extrapo-
lated and then parameterized according to their steepness. This methodology has allowed
for the formulation of a preliminary genetic model for dolines in the study area.

To validate this model, a sample of dolines with clearly defined genesis has been selected.
Geophysical investigations, as well as a borehole, have been planned to verify the GIS-based
procedure. The geological context has been also considered, paying particular attention to
the dip of the strata.
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On the risk of desertification in karstlands

Umberto Samuele D’ettorre*!, Isabella Serena Liso!, and Mario Parise!

IEarth and Environmental Sciences Department, University Aldo Moro, Bari — Italy

Abstract

Nowadays, desertification is a serious environmental problem in terms of economic losses
and social issues, and represents a major risk especially in drylands, that are characterized
by negative water balance and scarce presence of soils. A considerable percentage of the
global karst areas is found in drylands. Karst environments are characterized by peculiar
hydrology and hydrogeology, with a high physical anisotropy due to presence of fractures and
large conduits within the rock masses, as well as a direct relationship between surface and
subsurface environments. For these reasons, karst results particularly sensitive to a variety
of anthropogenic actions that may have severe impacts on the pristine environment, making
very complex, highly time consuming and expensive the restoration practices. In karst,
desertification is one of the main threats and represents the result of climate change effects
and of unsustainable anthropogenic activities over the years, which are causing the gradual
loss of karst natural resources such as soil, vegetation, and groundwater. Karst desertification
is due to four main factors, all mostly or in part related to human activity: deforestation,
improper land uses, groundwater overexploitation and climate changes.The work provides an
interesting overview of the processes potentially leading to a risk of desertification in karst
environments. An overall description of karst settings is provided, aimed at pointing out the
fragility of such an environment and the importance of the natural resources therein contained
(first and foremost, groundwater). Then, considerations about how, and at what intensity,
desertification processes act in karst areas will be presented. Eventually, in the conclusion
some open perspective for future research will be listed, also providing indication for the best
monitoring methods to apply in karst areas at risk of desertification and emphasizing the
importance and the need to preserve these fragile environments, characterized by peculiar
features and precious freshwater resources.

Keywords: Karst, Desertification, Land degradation, Human impacts, Climate change
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SINKHOLE’S SETBACK DISTANCES: THE
METHODOLOGICAL APPROACH APPLIED TO
THE EVAPORITIC ENVIRONMENT

Chiara Calligaris*!, Alice Busetti', Luca Zini', and Chiara Piano?
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Abstract

Sinkhole hazard has been definitely a highly underrated type of disaster all over the world
and not less in Italy even if the occurrence of these phenomena can cause serious damages
to infrastructures, economic activities, and human health. Nowadays it is more common to
read on the newspapers or to see on tv news about the occurrence of this type of phenomena
in urban environment than in natural context as for example in Naples or Rome, where
the cities have been built over the ruins of ancient civilisations. This doesn’t mean that
natural sinkholes do not occur, but that the phenomena affecting urbanized areas are more
newsworthy due to the damages they can cause.

One example is given by the sinkholes affecting the municipalities of Enemonzo and Ovaro
(NE TItaly), where, since 1960s, human-made structures are dealing with collapses and on-
going suffosions. Surely having a dynamic database collecting the information regarding these
types of phenomena is fundamental in all the territorial planning activities, but also having
setback distances which could help in understanding the evolution of these phenomena is
important. Extensive survey campaigns during the last 10 years, made it possible to identify
1435 sinkholes and characterize them from a morphometric point of view.

In light of the above-mentioned thoughts, a new methodological approach is here proposed to
those natural phenomena linked to the presence of the evaporites in the subsoil. The latter
lithology is characterised by a fast dissolution rate with a consequent rapid occurrence and
evolution of the former sinkhole features. What is done for the evaporites, is not applicable
to the carbonates, which present much more conservative morphologies. This implies more
site-specific analysis and the application of an automatic approach is not recommended. The
method for defining the setback distances in evaporitic environments, is based primarly on
the collected data characterising every single phenomenon such as type, state of activity and
involved material. Starting from geotechnical data, a trigonometric formula whose factors are
the minor and major axes, the depth and the equilibrium angle allows to calculate a buffer
around each feature in order to outline a safeguard area. Once the setback distances are
defined in terms of geometry, a specific hazard is assigned following what initially proposed
by the national P.A.I. Project (Piano di Assetto Idrogeologico — Hydrogeological Asset Plan)
realised for the landslide phenomena.

Keywords: sinkhole, risk assessment, evaporites, karst
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Speleogenetic reconstitution of a karst combining
underground and surface geomorphology -
implication for hydrology (Verneau, French Jura)
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Abstract

The aim of our work is to propose a speleogenetic reconstitution of a karst network, com-

bining two complementary morphological approaches from underground and surface data, in
order to relate the speleogenesis model with the hydrogeological one. The study site is the
underground karst network of Verneau (French Jura), which has the particularity of being
almost completely penetrable and topographically recognized. The hydrosystem is charac-
terized by 5 sinkholes draining the marly outcrops of the recharge area. First, the geometry
of the underground network (orientation and organization of conduits) is characterized us-
ing the open-source software Karstnet. Second, a chronology of the network development
is assessed by calculating the erosion time required to shape the surface forms of the marly
sinkholes watersheds, identifying the erosion levels and estimating the eroded volumes using
DTM data. Finally, the spatial variability of the water level dynamics along the conduit
network is characterized using a comparative approach of the hydrological response recorded
at 6 stations.
The quantitative approach of the geometrical characterization of the underground network
allows us to divide the Verneau into two downstream and upstream compartments with
significantly different properties on conduit orientation and network organization. On the
surface, we traced the erosion levels of each losing stream, then quantified the erosion time
required to form the surface shapes. The information gathered is convergent, enabling us to
propose a coherent model of speleogenesis of the Verneau underground network through the
phases in which the surface network was captured during the Quaternary.
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The study of water level variations at different sites along the network showed that there is
a spatial variability of the hydrological response, consistent with the morphological down-
stream/upstream compartmentalization identified in the speleogenesis model. Moreover, the
comparative analysis enables us to date the compartments relatively well, to deduce the
structural history of the Verneau network, and to relate it to its current hydrology.

This work represents an initial approach to the development and structuration of karst
aquifers in the Jura Mountains.

Keywords: Karst, geomorphology, hydrogeology, speleogenesis, French Jura
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Study of the influence of surface hydrological
features in the recharge processes of karst aquifers in
southern Italy

Michele Ginolfi*!, Guido Leone!, Vittorio Catani , Mauro Pagnozzi , Giovanni Testa |
Libera Esposito!, and Francesco Fiorillo!
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Abstract

Karst environments are peculiar settings characterized by small- to large-scale morpholog-

ical features that typify karst terrains, such as ponors, shafts, dolines, poljes, caves, endorheic
basins, etc. These landforms create a deep interaction between groundwater circulation and
surface hydrology as they control meteoric water runoff /infiltration, the transferring of water
into underground, and thus groundwater recharge.
In this framework, mapping karst landforms, understanding their formation mechanism and
hydrological role, combined with the analysis of geological and geomorphological data, are of
crucial importance to characterize a karst system. In particular, this information represents
the starting point for many investigations, including hydrological modelling of surface runoff
and groundwater recharge, delineation of protection zones for wells and springs, simulation
of point source contamination, and artificial test planning. This contribute presents the
results of a study concerning the mapping of hydrological karst features of the Matese and
Alburni massifs (southern Apennine chain), whose relevance is due to the presence of large
basal springs supplying millions of people. An accurate GIS-based procedure was applied
for a hydrological analysis of high-resolution Digital Elevation Models (DEMs). This anal-
ysis is the primary method used in map making for the identification of dolines and poljes,
first, and of small- and large-scale endorheic areas, then. In detail, the mapping procedure
started from automatic identification of the closed depressions of the DEM surface. In this
phase, the location and depth of both false and true depressions were determined. Then, a
statistical-based method was used to calibrate a threshold depth with the aim of reducing the
number of false depressions. All depressions shallower than 0.55 m were therefore filtered off
and a verification of the remaining depressions was carried out by visual inspection of various
informative layers (DEM-derived contour maps, hillshade, Google Earth images, and IGM
topographic maps). The perimeter of the (true) karst depressions was mapped according to
the outermost closed contour method. Endorheic areas, representing the catchment of one
or more dolines, were then automatically delineated using a built-in ArcGIS tool, based on
information derived from dolines mapping.

Other karst features, including ponors, caves, and karst springs were also mapped based on
surveys of Campanian Speleological Federation and on data from the literature. In addition,
for Matese karst massif, hydroelectric facilities of the main endorheic areas were mapped.
Cartographic data were integrated with information derived from the morphometric analysis

*Speaker

sciencesconf.org:eurokarst2024:513717

215



2024

euroékarst ROME

10-14 June

of karst features, climate analysis, and hydrological modelling of aquifer recharge processes.

Tracer tests, only for Alburni karst massif, allowed to derive a schematic hydrogeological
model which illustrates the connections between infiltration areas of superficial water and
basal springs.

This study provides new insight into the hydrological karst features of Matese and Alburni
carbonate reliefs controlling the infiltration and, thus, groundwater recharge of extreme in-
terest for water resources management and protection.

Keywords: endorheic area, ponor, doline, karst spring, Matese massif, Alburni massif
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Surface water - groundwater interaction induced by
geomorphology: The Sant Josep karstic system (La
Vall d’Uixé, Castellén, Eastern Spain)

Sergio Raiil Durdn Laforet*f!, Pedro Robledo Ardila?, Raquel Morales?, Lucia Ojedal,
and Judn José Durdn Valsero?

'Universidad de Malaga [Mélaga] = University of Malaga [Malaga] — Spain
2Instituto Geoldgico y Minero de Espaiia (IGME-CSIC) — Spain

Abstract

The Sant Josep cave, with an approximate length of 3000 meters, is the main cave of a
karstic system excavated in Triassic dolostones in the western part of the Sierra del Espadéan
Natural Park. The cave entry is an important spring (with an average flow of 100-200 L/s),
located in La Vall d'Uixd, Castellén (Eastern Spain). Along the cave, an underground river
flows, with the last 750 meters before the spring controlled by a dam. This is used for the
regulation of the swelling and to visit the cave with small boats with approximately 250.000
visitors yearly. The cave is located near the Belcaire River, in the southeastern area of the
Iberic Range, close to its coastal end in the Plana de Castellén. The Belcaire River and
the cave are connected, both directly, via small shafts or ”avencs”, in the riverbed, and
indirectly, detected by artificial tracers. In the Belcaire valley, there is an average rainfall of
520 mm/year, which occurs in small episodes followed by long periods of draughts, leading
to important surface runoff during the rain events, accentuated by the lack of well-developed
soil and high grades in the slopes of the valley. These shafts structures are crucial during the
rainfall events, as they act as injection points to the karstic aquifer. The geological structure
is a series of parallel folds and faults that strike roughly NW-SE and NE-SW. These structures
affect mostly the Triassic dolostones Muschelkalk, or L’Oronet Formation, where the cave is
located. One of the syncline folds conditions the layout and the geomorphology of the cave,
with a main meandering gallery and smaller, secondary galleries, located slightly higher, and
currently dry, without the presence of the underground river, except during high swellings.
This work compiles the geomorphological characterization of the cave and a conceptual model
of the karstic system. A set of geomorphological sections has been developed, that represent
the processes that take place inside of the cave and the isotopic dating of speleothems.
These sections have been used as tools to characterize the interactions between the surface
and the underground water. The study of the stable water isotopes (6180 and 62H), and
the hydrochemical study of a swelling that took place during a rainfall episode of 60 mm
that affected the underground river and the spring, are represented in a simple model. The
conceptual model presents the hydrochemical evolution in a theoretical flow line along the
karstic aquifer, and the sedimentary formations of the Plana de Castellén aquifer, until the
water reaches the Mediterranean Sea. Lastly, the intermediate position of the underground
river as a main conduit between the surface and the aquifer has been stablished, intercepting
this flow line, and acting as a "tunnel” in the vadose zone of the karstic aquifer.
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THE MYTH OF TRIPLE POROSITY KARST
AQUIFERS IN ANCIENT CARBONATES

Augusto Auler*!?

ICarste Ciencia e Meio Ambiente — Brazil
’Instituto do Carste — Brazil

Abstract

Among the properties of karst aquifers, it is well established that their triple porosity
(comprising matrix, fracture and conduit components), is one of the most characteristic, be-
ing a key feature that controls flow and storage of groundwater and differentiates karst from
other bedrock aquifers. This paradigm is widely accepted, usually without considering the
vast variations related to depositional (syngenetic), tectonic, and the later evolution history
of carbonates. This concept probably arises from the dominance of karst hydrogeology stud-
ies in the Northern Hemisphere, where the triple porosity concept was formulated and has
been widely applied. However, at a global scale the relative importance of each component
varies widely, from recent carbonates (such as in the Caribbean) presenting high primary
porosity to, at an opposite end, very low matrix porosity in old (e.g. Proterozoic), recrystal-
lized carbonates, common in the ancient cratonic basins in South America and Africa. In the
latter, primary porosity has normally been obliterated due to recrystallization, burial and
exhumation episodes, and various high temperature and pressure episodes. Interconnected
pores tend to be rare and these carbonates display limited storage capacity, behaving mostly
as a dual porosity system, with flow and storage mostly concentrated in fractures and con-
duits. Furthermore, the same post-depositional events that decrease matrix porosity may
also lead to the sealing of joints, further limiting the validity of the triple porosity assump-
tion. This study addresses the main differences related to flow behavior in karst aquifers
that do not display significant primary porosity and how these affect the interpretation of
flow regimes. It further aims to highlight how they differ when compared to ”classical” triple
porosity karst aquifers. Recognizing the range and the relative importance of each porosity
type is important for fully understanding the heterogeneous nature of karst aquifers. The
low porosity extreme may be common in deep carbonate sequences hosting oil reservoirs,
being critical in keeping the sealing capacity of such units. Moreover, it could also prove to
be crucial when considering the potential of using depleted carbonate reservoirs as carbon
storage facilities.

Keywords: karst aquifers, triple porosity, ancient carbonates
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The RETURN project’s approach to sinkholes, the
most typical geological hazard in karst terrains

Vincenzo Alloccal, Matteo Berti?, Domenico Calcaterral, Diego Di Martire!, Riccardo
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Piernicola Lollino®, Antonio Santo', Rita Tufano!, Francesca Bozzano®, Salvatore
Martino®, and Mario Parise*”
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Abstract

The RETURN (multi-Risk sciEnce for resilienT commUnities undeR a changiNg climate)
project is managed by a Foundation funded by the European Union Next-GenerationEU.
Within the framework of the project, started on December 2022, and that will last three
years, the Spoke2 ”Ground Instabilities” deals with processes of instabilities including land-
slides, sinkholes, subsidence and liquefaction. In this abstract we present some preliminary
outcomes of the activities so far carried out as concerns sinkholes, the most typical geological
hazard in karst. Even though RETURN also takes into account sinkholes of anthropogenic
origin, developing in many Italian towns in consequence of the extensive presence of artificial
cavities, in this contribution we focus on natural sinkholes, due to the theme of the Eurokarst
congress.

In Italy, natural sinkholes of different origin are widespread in all those areas characterized
by outcrops of soluble rocks, both as carbonates and evaporites. Following the project’s
framework, sinkholes are being analyzed in terms of the predisposing factors as well as of
preparatory and triggering processes. The distinction among them is made on a tempo-
ral basis: predisposing factors are considered invariable at the observation scale, while the
preparatory factors show trends or periodic variations in the same time interval. As a con-
sequence, a trigger is considered as a process which acts over a very short and well-defined
time. Further, sinkholes are distinguished also on the basis of their kinematics: according to
the internationally accepted sinkhole classification by Gutierrez et al. (2014), collapse sink-
holes are included in the category of rapid processes, whilst solution, sagging and suffosion
sinkholes belong to the slow-processes category. The activities carried out in the first year
of RETURN project brought us to collect a number of learning cases dealing with sinkholes
in Italy, and to deduce rationales of process to be considered as tools for operative chains in
view of the implementation of a scenario producer to be designed through an IT-technology.
The outputs expected in the simulated scenarios are quantitative values attributed to ground
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instability effects (among which the sinkholes) in a multi-hazard perspective, with the final
goal to derive mitigation strategies for multi-hazard.

Reference:

Gutierrez F., Parise M., De Waele J., Jourde H., 2014, A review on natural and human-

induced geohazards and impacts in karst. Earth Science Reviews, 138, 61-88, doi: 10.1016/j.earscirev.2014.08.002.
This study was carried out within the RETURN Extended Partnership and received funding

from the European Union Next-GenerationEU (National Recovery and Resilience Plan
NRRP, Mission 4, Component 2, Investment 1.3 — D.D. 1243 2/8/2022, PE0000005)

Keywords: sinkholes, hazard, vulnerability
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Complementary use of hydrodynamic and
hydrochemical tools to infer groundwater-surface
water interactions in rivers located in alpine karst

environments. The Segura and Zumeta rivers (Jaén
province, SE Spain)

Juan José Rovira Medina*!, Beatriz De La Torre Martinez?, Matias Mudarra', and
Bartolomé Andreo!

Universidad de Maélaga — Spain
2Universidad de Malaga — Spain

Abstract

Knowledge of surface water / groundwater interactions in high mountain karst regions is
crucial for enhancing the protection and management of water resources. This is particularly
relevant when dealing with mountainous areas located in the Mediterranean region, such as
Sierra de Segura (SE Spain), one of the largest carbonate outcrops (3000 km2) in the Iberian
Peninsula. This region acts as headwater of rivers flowing eastward (Mediterranean Sea) and
westward (Atlantic Ocean) over Cretaceous-Tertiary limestones and dolostones. However,
information on the surface water-groundwater interactions in rivers and streams found in
the area is still limited, as well as their role in the functioning of the carbonate aquifers.
This research shows the preliminary results obtained from hydrological (flow-rate) and hy-
drochemical records (electrical conductivity -EC-, temperature, major ions, total organic
carbon -TOC-, dissolved gases -O2 and 222Rn-) measured along two of the main rivers in
the area (Segura and Zumeta). 218 discharge and physico-chemical parameter measurements
were carried out during the hydrological year 2022/23 in 23 points spread along 20 km of
each river.

In general, a progressive increase of flow-rate is observed in Segura and Zumeta rivers, from
240 to 1915 1/s and 11 to 784 1/s, respectively. Water chemistry evolves from calcium-
bicarbonate facies to calcium-magnesium bicarbonate along the Segura and Zumeta valleys.
In this sense, the carbonate substratum and the different incision degrees in the fluvial net-
work (deeper in the Segura River) result in a distinct chemical behaviour for each river,
particularly near the gaining river stretches (up to 3 in Segura and 2 in Zumeta). Moreover,
stream-path evolutions of flow and physico-chemical parameters show a certain relationship
in both rivers, with three stretches in Segura and one in Zumeta where values of temper-
ature, EC, and dissolved oxygen (02) strongly decrease due to groundwater inputs to the
riverbeds. Increases in 222Rn activity (up to 700 Bq/m3) also occur simultaneously in the
same areas. However, rises in water mineralisation, Cl-, (from 2.6 to 6.1 mg/l), and radon
activity were found in one stretch in Zumeta River with low O2 concentration (6.2 mg/1),
indicative of groundwater discharges with higher residence times into the aquifer and from
slightly drier recharge areas (soil evapo-concentration). In this last stretch, groundwater is
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diffusely discharged to riverbed throughout alluvial sediments, causing more inertial varia-
tions in flow-rate than in other locations with higher O2 concentrations.

Hydrodynamic tools combined with the spatial distribution of physical-chemical parameters,
including dissolved gases have allowed us to understand the different dynamics of surface wa-
ter / groundwater interactions in the studied rivers. Thus, hydrological evolution of Zumeta
River is related to the inertial behaviour and the higher residence times of groundwater.
In the Segura valley, the higher incision rate, the carbonate rocks, and the karstic gaining
river stretches result in active fluvial dynamics with strong hydrochemical changes. In this
sense, geomorphological / hydrodynamic setting, groundwater-rock interaction, recharge, or
a different combination of these processes are responsible for the location of gaining river
stretches but also for the different hydrochemical evolution in both rivers.

Keywords: Karst, geomorphology, surface, groundwater, interaction, aquifer
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Estimating gypsum dissolution rates and comparing
with limestone formations of Iran: case studies of
Gachsaran gypsum formation in Maroon basin of

Zagros and Kalat limestone formation in Kopet-Dag

Hamide Gholamheidari* , Mozhgan Entezarif!, and Karimi Haji

1Mojga‘n Entezary — Iran
2haji karimi — Iran

Abstract

Evaporite formations are the main beds for the formation of karst forms. The Ma-
roon plain is located in the simply folded Zagros belt in the provinces of Khuzestan and
Kohgiluyeh-and-Boyer-Ahmad. The Kalat mountain basin in the Kopet-Dag zone is also
the bed for the formation of limestone sinkholes due to the presence of carbonate limestone
formations. This study aimed to determine the dissolution rate of gypsum by estimating the
dissolution rates of cations and anions dissolved in the samples taken from rainwater and
runoff flowing on the Gachsaran formation. An attempt also made to reveal the differences
and similarities in this area in terms of dissolution rate of limestone formations. For this
purpose, the rainwater samples and several samples from different parts of runoff collected
at different times in a 6.2 hectares sub-basin in the Maroon plain after eight hours of runoff
monitoring. The amount of salts from the dissolution of gypsum and other ions in runoff
revealed an average of 6.6 tons of gypsum rock per year removed as solution. Moreover, it
takes 71 years to form a sinkhole with a volume of 376.4 m3. The dissolution rate of gyp-
sum per 100 years is 23 cm, while in another study; The limestone area studied by Rezaei
Arefi et al. (2019) is the Kalat mountain with an area of 168.37 square kilometers is located
145 km north of Mashhad in Khorasan Razavi province, used the data such as the mea-
surement of surface runoff of the basin, the results of continuous measurement of electrical
conductivity and temperature of surface water. In this study, several methods such as Corbel
equation, Sweeting equation, Xiong model and laboratory methods including measurement
of limestone in sediment by calcimetric method, ICP method, water hardness and density
of basin rock method, measurement of CO2 content in rock, and weighing test method were
used. the dissolution rate of limestone estimated to be 0.236 cm per 100 years. Thus, the
dissolution rate of gypsum calculated to be almost 100 times the dissolution rate of limestone.

Keywords: Sinkhole, Iran, Gachsaran formation, gypsum karst, calcareous karst, Maroon plain,
Kalat mountain, Kopet, Dag formation.
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Karren on Miocene Carbonate Sandstones in
Tourrettes-sur-Loup (Provence, France)
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Abstract

We have conducted thorough karstological research in the Provence area (France), more
specifically, in the village of Tourrettes-sur-Loup in order to shed light on the karren karst
rock relief, which tells us a great deal about its formation and development. In the field, we
described the morphology of the rock in detail and took several rock samples for microscopic
examinations.

Karren have developed on Miocene carbonate sandstones deposited on limestone folds. The
shape of karren is mostly dictated by the rock, in addition to their development process. It
is the first description of the development of karren formed on this type of rock. A thorough
examination of the karren rock relief and of the rock on which they were created explains how
they have formed and developed. The special features of karren formation on this unique
rock within an otherwise typical development model are broadening our understanding of
the formation of the rocky karst surface.

The characteristics of the ”plastically” deposited sloping, uniquely composed and predomi-
nantly uncracked beds of Miocene carbonate sandstones, which have a major impact on the
formation of karren, are intertwined with the typical rock relief development model, which
reveals a transition from subsoil formation to denuded rock exposed to rain. Rock denuda-
tion is gradual and the water often flows onto the bare rock from the soil covers. The bare,
sloping peaks reveal the characteristic formation of a slightly inclined and relatively smooth
rock. Such surfaces are initially shaped by sheet flow; steps are a characteristic trace of that.
As the surface is being dissected, the water begins to merge into streams and channels are
formed. Along these channels, the rock is becoming increasingly dissected. That indicates
the initial stage of the formation. The composition of the rock that is splitting, especially
under the moss, does not enable the development of the smallest rock forms, such as rain
flutes, whereas its splitting causes the development of rounded peaks.

Keywords: karren, lithology, rock relief, France

*Speaker
fCorresponding author: knezQzrc-sazu.si

sciencesconf.org:eurokarst2024:508738

226



eurokarst ROME

10-14 June

Leveraging high-resolution in-cave LiDAR products
for the detailed geomorphological mapping of cave
passages
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LCentre for Hydrogeology and Geothermics, University of Neuchatel — Switzerland

Abstract

In karst landscapes, the dissolution of limestone occurs across many scales and the ma-

jority of flow is conducted through the conduit network. Within the frame of current flow
and transport models estimating head losses and flow along a conduit requires estimating
two main parameters: hydraulic diameter and roughness. The first can be roughly estimated
from the topometric data of traditional cave surveys, while the second is usually sampled
from a range of plausible values. Therefore, applications that deal with the actual mecha-
nism of flow and transport need a realistic representation of the conduits across micro- to
meso-scale, and an understanding of the local speleogenesis.
However, a fundamental challenge in modelling flow and transport in karst is the repre-
sentation of the complex three-dimensional geometry of conduit systems, which is further
complicated by the diachronous nature of the functioning of cave levels. This representation
can be achieved by collecting field data by mapping the cave passages of interest in detail
which, in turn, help tune stochastic simulations of passage geometries. Strategies to address
the former requires surveying the cave passages and analysing their geometry and spatial or-
ganisation, carrying out detailed geomorphological mapping, and evaluating the lithological
as well as structural setting in which the cave developed.

In this, the increasing use of LiDAR technologies allows the precise mapping of real cave
passages wherever they are known and accessible, and bridges many scales of observation.

Using a combination of traditional cave survey techniques and a handheld mobile LiDAR
scanner, we acquire and georeference dense point clouds from several caves across the Swiss
Jura and the French Alps. We compute high-resolution meshes of key passages to perform
the calculation of geometric indicators from mesh. We leverage the high resolution data
together with field observations to build a detailed speleogenetic interpretation of the cave
passages. We also present the results from structural and geomorphological analyses span-
ning the micro-scale (by identifying and classifying e.g. scallops, phreatic pockets, potholes)
to the meso-scale such as along-conduit geometric attributes like section area, solidity or cir-
cularity. We highlight the value of generating new morphometric indicators adapted to the
complexity of cave datasets to calculate equivalent hydraulic radii, or along passage rough-
ness, both of which can be used to inform cave-network scale models of flow and transport.
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Middle-Upper Pleistocene paleoclimate evolution
from travertine records of the Guardal River
headwaters (NE Granada province).
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Concepcién Jimenes De Cisneros
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Abstract

The petrological and geochemical characterization of the travertine deposits associated
with the headwaters of the Guardal river, located in the NE of the province of Granada,
has been carried out. From this characterization, the paleoenvironmental and paleoclimatic
implications of the presence of these carbonates in this context are discussed.

The samples have been studied by optical and electron microscopy and analyzed chemically
and mineralogically by X-ray fluorescence and X-ray diffraction. Carbon and oxygen isotopic
analysis and chronological dating by U/Th have also been carried out.

The mineralogy is mainly carbonate. The other mineral phases present correspond to sili-
cates and exceptionally minority amounts of iron oxides and oxyhydroxides, which in general
come from the erosion of the existing materials in the area. Geochemical analyses indicate
that the calcite may contain some magnesium.

The §180 values of between -7 and -9 %o (V-PDB), are compatible with an origin of the
travertines from meteoric waters. Values of 613C of -7 to -10 %o (V-PDB) are indicative
of a CO2 provenance from atmospheric origin and edaphic contribution. In general, these
are similar values to those described in other travertines from similar geological and climatic
contexts.

Dating by the U/Th method allows us to differentiate four generations of travertines, the
oldest between 120,000 and 140,000 years that can be assigned to MIS 5e, another generation
between 80,000 years (MIS 5a), another stage between 30,000 years (MIS 3) and the last
younger one that would correspond between 20,000 years and 18,000 years (MIS 2).

Calculations of paleotemperatures from isotopic 6180 values of travertine and 6180 of
present-day waters yield values similar to those described for present-day waters in the
headwaters of the Guardal river.

The facies, crystalline morphologies, mineralogical and geochemical compositions, as well as
carbon, oxygen isotopic signals suggest that these deposits were formed from waters with
temperatures between 10-15°C, supersaturated in CaCO3 and with Mg, Fe, Na, Cl and Si
contents.
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POSSIBLE EXISTENCE OF HYPOGENE KARST
IN CROATIA
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Abstract

In the past twenty years, a lot of research has been focused on karst areas whose gen-
esis is linked to so-called hypogene karst. Croatia is no exception. Thus far, there are no
published papers on the occurrence of hypogene karst in Croatia. However, there are evi-
dence of simultaneous acts of fresh water and salt water during speleogenesis, which could
be linked to possible existence of hypogene karst in Croatia. Factors that are required for
the formation of hypogene karst can be different and over time the knowledge about them
is expanding. Some authors define hypogene caves as cavities created by aggressive action
of water underground, but without the influence of CO2 from the soil or some other source
of acidity from the terrain surface. The mentioned geochemical definition later expanded
into so-called hypogeological definition. Majority of published papers suggest that hypogene
karst is a significant component of fluid-induced lithogenesis and plays an important role in
the development of porosity and permeability in many sedimentary and some metamorphic
rocks. Comparing certain areas around the world with karst in Croatia, it can be concluded
that there is a possibility of hypogene karst appearing in Croatia.

Comparing the occurrences of hypogene karst in Austria with the area of Hrvatsko Zagorje
and Banovina, it is possible to see similarities. Deep faults with mineral and thermal waters
and a higher percentage of CO2 could have played a major role in creation of hypogene karst.
This could be linked with the occurrence of suffusion in Banovina region, Ravna Gora and
Strahinjcica.

A large number of hypogene caves in the world ware found next to springs in which the
water rises from the depth along deep faults. Such examples can be found in several springs
deeper than 200 meters in Croatia. Due to morphology of the cave channels, there is a pos-
sibility of hypogene karst existence in the interior of Una river spring in Lika, where divers
reached the depth of 248 meters.

A certain number of hypogenic caves in Europe developed along the contact between Pa-
leozoic and Mesozoic rocks due to aggressive water. Such speleological objects might exist
in Croatia on the northwestern slopes of Mount Velebit and in Gorski Kotar (Licanka river
spring, Fuzine).
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The literature mentions a considerable occurrences of hypogene karst at the mixing points
of fresh, sulfur and salt (sea) water. The coastal part of Croatian karst abounds with under-
water fresh water springs or vruljas. Some well-known vruljas under Biokovo and Omiska
Dinara massifs are over 160 meters deep. Furthermore, there is a large number of deep and
long vruljas under the Velebit massif. There are indicators that some of them were formed
by hypogene speleogenesis such as sulphur caves near Dubrovnik.

We can conclude that recent research in some well-known caves in selected areas of Croatia
can expand knowledge about the occurrence of hypogene karst.

Keywords: Hypogene, karst, speleology, Croatia, Speleogenesis
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Environmental monitoring of Cueva Larga (Sierra de
los Filabres, Almeria) as support for the
interpretation of paleoclimatic records from
speleothems

Elvira Ruiz-Caballero*!!, Fernando Gazquez , Angel Fernandez-Cortés , and Jose Maria
Calaforra

1Departmeut of Biology and Geology. University of Almeria — Spain

Abstract

Secondary carbonates from caves (e.g., stalagmites) are valuable for reconstructing past
climate conditions. Environmental monitoring of the underground atmosphere is necessary
to understand the present microclimatic dynamics and facilities the interpretation of geo-
chemical records obtained from stalagmites. This study is focused on the environmental
monitoring of Cueva Larga cave that is located at 1850 m a.s.] in the Sierra de los Fi-
labres mountain range (Almerfa, southeast Spain). The current climate in the cave setting
is semiarid (approximately 170 mm/year recorded over the last 10 years) and mean daily air
temperature ranges from -8 °C to 23 °C in the cold season (June - September) and from 14
°C to 32 °C in the warm season (November - May). Both the external environment of the
cavity (precipitation, temperature, relative humidity, barometric pressure and wind) and its
internal atmosphere (temperature, relative humidity, drip rate, atmospheric pressure, carbon
dioxide and radon contents) have been monitored for more than a year. Additionally, drip
waters and current calcite precipitates deposited on artificial glasses are periodically sampled
for isotopic analysis (013C and §180). The cave air temperature is relatively constant (11.7
°C on average), while relative humidity ranges from 25 to 100%. The cavity is well-ventilated,
as the recorded values of carbon dioxide and radon are relatively low (482 ppm and 189 Bq
m-3, respectively). We also found that drip rates are mainly influenced by rainfall amount
and variations in external barometric pressure. The drip rates exhibit a negative correlation
with barometric pressure, except during periods when cumulative rainfall exceeds 30 mm/h.
Under these circumstances, the drip flow increases over fourfold compared to its baseline.
The results of this study will contribute to a better understanding of the cavity’s response
to external environmental changes and how the climatic signal is transferred to the chemical
composition of its stalagmites.

Keywords: microclimatic dynamics, cave ventilation, drip rates, stalagmites
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Groundwater water level and block movement
monitoring in the Han-sur-Lesse cave (Belgium) :
tools to improve visitor access and security
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Abstract

Located in the Famenne-Ardenne UNESCO Global Geopark, the Han-sur-Lesse cave is
a major attraction of Wallonia with a frequentation of about 300 000 tourists per year. The
cave is a double shallow-hole — resurgence system developed in the Givetian limestones with
a development of 10.7 km galleries. The river Lesse sinks in the ” Gouffre de Belvaux ” that
is the main swallow hole of this karst with a maximum capacity of 25 m®/s. At this flowrate,
the cave is flooded and some sections become inaccessible for the touristic activities. During
floods, upstream some narrow sections or sumps, water level can rise up to 10 meters creat-
ing unusual hydraulic pressure that could destabilised screes on which touristic footpaths are
constructed. To quantify these processes, water level probes were installed and topographic
nails were fixed on different cave roofs or walls and blocks.
Thirteen water level probes were installed inside the cave : nine along the underground
Lesse River, one the river at the main swallow hole and one at the resurgence, and two
are connected with the Givetian aquifer. All of them were levelled with a precision of one
centimetre. Results allow to have a better understanding of the underground flow dynamics
and of the relationship between the underground Lesse River and the aquifer. Established
correlation between river discharge and the groundwater level inside the cave will allow a
better management of the touristic activities.

An instrumentation was also implemented to quantitatively assess possible block movements
in the cave. Measurements are monthly conducted with portable devices at fixed stations
located in the cave at specific locations : strata, rock blocks, paths, ... The first method con-
sists of measuring variations in slope, using a precision clinometer. The device can measure
slopes between 0 and 900 with an accuracy of around 5 arcsec (angular deviation of 0.02
mm/m). The second method consists of measuring variations in length between two points
using a Disto-Leica with the aim to be able to quickly carry out movement checks (1 mm)
in many places in the cave. Rigid supports, specially designed for this device, are sealed at
locations to be checked and allow to aim the same point. If the support is ”stable”, then the
targeted point is considered as unstable, otherwise, it is the opposite.

During this long-term monitoring, every change of parameters (water levels, tilts, distances,
...) must be interpreted in terms of potential modifications of the karst system requiring
detailed investigations.
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the Frasassi karst system (Central Italy)
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Abstract

The Frasassi karst system, also named the Fiume-Vento karstic complex, represents the
most important Sulfuric Acid Speleogenetic (SAS) system in Central Italy, characterised
by hypogenic caves affected by an active flow of sulfidic water draining toward the Sentino
Stream gorge. Groundwater circulation (GW) occurs in submerged karst conduits, and the
water table can be reached in some lakes in the inner part of the karst system. Hydro-
geochemical campaigns during the 2001, 2007 and 2020-2021 periods allowed the identifi-
cation of two distinct water types: Ca-Mg-HCO3 water and Na-Cl-SO4 water. Freshwater
(Ca-Mg-HCO3 water) characterises the shallow part of the underground lakes and is fed by
percolating water and/or water draining from the stream towards the karst system (stream-
aquifer interaction). Stratification and dilution phenomena between freshwater and sulfidic
water occur in many lakes. The accumulation of freshwater in some inner lakes is responsible
for siphoning phenomena that produce the rise of saltier waters towards neighbouring lakes.
Remain open if freshwater input producing the siphoning is driven mainly by percolating
water or stream-aquifer interactions. The geochemical analyses strengthen the hypothesis
that stream-aquifer interactions do not propagate to the inner parts of the karst system
but are detected in its outermost parts. The system’s outflow (sulfidic springs) interacts
with the Sentino stream water (SW) in the northern-eastern part of the karst system, which
experienced important flooding, the latest of which occurred in November 2013 and Septem-
ber 2022. The last flooding caused damages and disruption in many municipalities of the
central-north Apennines ridge. It produced vertical and lateral changes in the streambed
with massive accumulation of alluvial deposits. During the flood, a huge increase in the
stream water level (more than 4 m) was monitored, producing SW ingress to inland lakes
as documented by residues of vegetation found within some of the karst caves. More than a
year after the flood, some sulfidic springs along the Sentino Gorge are no longer visible since
alluvial sediments occluded the karst conduits that drained the water towards the stream.
A recent survey highlighted a new sulfidic spring emerging downstream of those mapped in
the past, indicating that a change in the groundwater path feeding the springs occurred.
No studies have updated the GW-SW interactions in the karst complex after the flood. In
this framework, the research presents a new hydrogeochemical campaign on some inland
lakes’ waters to understand better GW-SW interaction. The main objective of the work is
to document the effect of extreme meteorological conditions on the hydrodynamic response

*Speaker

sciencesconf.org:eurokarst2024:515680

237



eurokarst ROME

10-14 June

of a structurally complex karst aquifer. The study’s results can improve understanding
GW circulation and dilution phenomena in other karst systems characterised by SAS-type
speleogenesis.

Keywords: Frasassi karst system, GW and SW interactions, karst hydrodynamic, hydrogeochemical
monitoring
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Karst system conceptual models based on the aquifer
recharge
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Abstract

The aquifer recharge heavily affects both the hydrodynamic and the main water chemical-

physical parameters. The recharge of the aquifer is mainly linked to primary and/or sec-
ondary inputs: the primary inputs are by rain or snow melt, directly recharging the aquifer,
whereas the secondary inputs are the surface runoff waters continuously recharging the
aquifer. Taking into account the recharge of the system, four different basic conceptual mod-
els can be distinguished: systems with primary inputs prevailing, systems with primary and
secondary inputs, systems with secondary inputs prevailing, systems with prevailing inputs
by racking (Vigna 2023). Monitoring with multiparameter probes (continuous acquisition of
water levels/flow rates, temperature and electrical conductivity of spring waters) allows to
highlight the different recharge models.
Systems with primary inputs prevailing (e.g. Fuse system, Ligurian Alps, Piedmont, Italy)
are characterized by a diffuse water infiltration, homogeneously distributed into the entire
hydrostructure. The aquifer recharge occurs only during precipitation or snow melt periods.
Therefore, water spring flow rate, mineralisation and temperature are linked only to the
groundwater circulation (karstification and/or prevailing fracturing).

Systems with primary and secondary inputs (e.g. Borello system and Bossea system, Ligurian
Alps, Piedmont, Italy) are recharged by precipitations directly affecting the aquifer, and by
surface watercourses continuous inputs, which flow on the poorly permeable rocks confining
carbonate rocks through in sub-riverbed sinkholes. In this systems, water temperature and
mineralization may undergo temporary and marked variations after the two inputs mixing.

Systems with secondary inputs prevailing (e.g. Mondini system and Bandito system, Ligurian
Alps, Piedmont, Italy) are usually located near valleys in which important watercourses flow
on carbonate rocks. When these watercourses intercept the carbonate aquifer, progressive
water losses in sub-riverbed occur. In dry seasons, these losses can be total or partial. The
so-called ”hydrogeological tunnels” belong to this kind of systems too. The water flow rate
and chemism are heavily conditioned by the hydrodynamic and qualitative characteristics
of the surface waters, being the primary inputs negligible. The spring water temperature
generally shows important fluctuations, closely related to the seasonal climate variations.

Systems with prevailing inputs by racking (e.g. Rio Martino system, Cottian Alps, Pied-
mont, Italy) are usually karst aquifers covered by extensive porous aquifers (debris, morainic
or alluvial deposits), which are mainly fed by the aquifer in the surface area. The spring
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water flow rate, mineralisation and temperature are affected by the hydrodynamics of the
porous aquifer, which generally have more constant values over time (due to a relatively
low permeability due to the presence of a fine matrix) and, consequently, more contained
fluctuations of different parameters than those typical of the karst aquifers.

In this work, several case studies of springs fed by the different aquifer systems are reported.

Keywords: karst systems, aquifers, water, karst, monitoring
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sensors for an effective conservation strategy

Bruno Lartiges*!, Francois Bourges?, Alexandre Honiat?, Salaheddine Skali Lami?, Remi
Losno®, Loic Drigo®, Thierry Fayard”, Pascal Gisquet®, and Jérome Briot?

L Geosciences Environment Toulouse — University of Toulouse 3 (Paul Sabatier) — France
2Géologie Environnement Conseil — Géologie Environnement Conseil — France
3Geosciences Environement Toulouse — University of Toulouse 3 (Paul Sabatier) — France
4LEMTA -~ University of Lorraine (LEMTA) — France
SIPGP - University Paris-Cite — France
6Geosciences Environment Toulouse — University of Toulouse 3 (Paul Sabatier) — France
"Geosciences Environment Toulouse — CNES — France

Abstract

Over the past few years, the environmental monitoring of shallow decorated caves (less
than 40 m deep) has revealed a general increase of underground temperatures that can
locally reach 1.30C per decade. The disparity in heating between deeper parts and shallower
parts of caves may trigger significant changes in the internal aerology. Prehistoric paintings
and engravings are generally situated at a rock/thin water-film/atmosphere interface that
should remain as constant as possible to limit the deterioration of rock art heritage. Indeed,
according to the moisture content of cave air and the relative temperatures of cave wall and
humid air, any change in cave aerology may either grow by condensation or dry up the thin
liquid film that covers the cave paintings. When the thin water film evaporates, a carbonate
precipitate is deposited on the wall that impairs the readability of paintings. When the water
film thickens, the painting pigments may be re-suspended in water and the cave painting may
be washed out in the extreme case. The previous conservation strategy that has relied on
a stable underground microclimate cannot be sustained any longer. To address the current
climatic changes that are observed in prehistoric caves, new observational techniques are
being developed by our team: (a) to assess the slow air motions in cave galleries, a flag
sensor made from a mylar sheet stiffened by balsa sticks which deflection is followed by a
position sensor (1s measuring step interval), was set-up to detect air velocities as low as 1
cm/s after calibration. (b) The thickness of the thin water-film in the 25-200 pm range can
be measured on-site using a confocal optical sensor (Micro-Epsilon) at a 100 Hz measuring
rate; from our experience on 6 prehistoric caves, the dynamics of the water-film is controlled
by surface tension effects on cave walls, and by the dripping rate on speleothems. (c¢) Piche
evaporimeters are used in caves to monitor the evaporation rate in cave air; an automated
version was developed from a capacitive measurement carried out by a printed circuit in the
graduated glass tube; data are stored on a SD card which enables the increase of survey
frequency while decreasing the number of field missions. (d) Laser optical particle counters
were used with a 15 min time interval to detect air directly incoming from outside, aerosols
from speleothem dripping, and local contamination due to the motion of people around. (e)
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Finally, to reduce the carbon footprint of field missions, an IoT solution was developed to
remotely control the correct functioning of measuring devices and to transfer part of the data
to the lab. A local LoRa/ESP32 network is used to export the data from the devices inside
the cave to a gateway placed at the cave entrance. This gateway then sends the data to the
lab via the Iridium satellite constellation. All the caves (Esparros, Pech Merle, Gargas) in
the study have been monitored for various climatic parameters (air/wall temperature, CO2
concentration, relative humidity...) with a 15-minute time-step since the mid-nineties/early
2000s.

Keywords: Cave monitoring, climate change, slow air motion, thin water, film, particle counting,
IoT solution
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Abstract

Radon is a radioactive trace gas that is originated from uranium decay and released
into the atmosphere from rocks and soils. It tends to accumulate in confined environments,
representing the largest source of exposure to ionizing radiation for humans. Inhalation of
radon and its progeny can cause DNA damage in the lungs, as the emitted alpha particles
interact with biological tissues, increasing the risk of cancer with prolonged indoor exposure.
Like in many other countries, radon concentration is also regulated in Italian indoor work-
places, underground and ground floor spaces, with a maximum national reference level of
300 Bg/mc (200 Bq/mc for dwellings built after 2024) (Law 101/2020). Although carbonate
rocks do not release radon, caves are considered as indoor environments with significant con-
centrations of radon-222, especially in locations with poor ventilation. Because karst rocks
are permeable geological features, this geogenic gas can migrate to the surface via fractures
and cavities. According to a recent study, approximately 25,000 people are employed di-
rectly as managers and guides in the global business of show caves, which attracts more than
70 million people every year. However, this number does not include researchers studying
subterranean ecosystems, who spend an unquantified amount of time underground. Tourist
caves, as occupational exposure sites, require appropriate radiological protective measures for
cave workers, as well as monitoring programs for the evaluation of the subsurface fluctuation
of radon-222 levels. This approach was adopted at the Su Mannau Cave (Sardinia), a large
karst system (more than 8 km long) formed in Cambrian carbonate rocks, with a 300 m long
tourism stretch that attracts over 15,000 tourists each year (the cave is closed to the public
from November to March for micrometeorological recovery). Radon-222 measurements were
carried out using passive nuclear track detectors (CR-39) to determine the radon concentra-
tion in the short area of the cave accessible to the public. Six dosimeters were placed along
the cave paths, in selected areas where guides spend most of their time during explanations.
Radon monitoring was carried out during an observation period between February 2019 and
May 2020, with four exposure intervals selected according to the expected seasonal patterns.
The results show that radon concentration in Su Mannau Cave ranges from 300 Bq/mc to
3,500 Bq/mc, with an average of about 1,350 Bq/mc. Higher radon-222 levels were recorded
in the deepest part of the cave. Additionally, seasonal changes in Rn activity have been
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observed with higher concentrations in the summer and lower concentrations in the winter.
Although a previous regional survey classified the karst area where Su Mannau Cave is lo-
cated as having a low probability of exceeding the national reference level (RAS, 2022), this
research highlights a discrepancy between generalized studies and the actual Rn exposure
risk for cave workers, emphasizing the importance to implement radon monitoring programs
in show caves.

Keywords: cave monitoring, cave management, ionizing radiation, Su Mannau Cave
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Abstract

The submerged and partially submerged marine caves are protected in the framework

of the EU Habitats Directive because they are peculiar environments from a geological and
geomorphological point of view, but also as biodiversity hotspots. However, while the hard-
bottom communities are relatively well-studied, only recently their sediments’ chemical and
physical characteristics, associated with their microfaunal content (benthic foraminifera),
have been focused on. A project started in 2013 aimed at characterizing the Mediterranean
marine caves concerning these aspects, with results applicable in protecting and conserving
these environments and studying large-scale environmental changes. In this context, the
sediments of the Ficarella cave were analyzed to identify different ecozones inside the cave
and verify the supply of organic matter and microplastics.
The cave, which is located on the eastern side of the San Vito Lo Capo peninsula (North-
western Sicily), is constituted by the dolostones, limestones, and dolomitic limestones of the
Panormide domain (Upper Triassic - Lower Cretaceous), densely affected by normal faults,
mainly with NW-SE direction. Coastal gravity and karst landforms, such as dolines, canyons,
and caves, testify to the interaction between Quaternary tectonics and climate changes.

Divers surveyed the cave to reference the sampling station in the environment and define
the cave morphology. The cave is characterized by a wide entrance about 23 m below sea
level, and sandy sediments are on the bottom of the cave. In the internal parts, the cave
changes morphology, there are numerous fallen blocks, and the water depth decreases up to
an emerged part in the innermost sector, where there is evidence of freshwater input.

Along the existing mainline were positioned, starting from the entrance, 10 sampling stations
at 10 m distance each, but only on 5 stations was possible sampling because of the presence
of rocky outcrops in the others. Divers manually collected distinct aliquots of surface (0-2
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cm) sediment for the analysis of grain size, organic geochemistry, microplastics, and benthic
foraminifera (rose Bengal stained), while water parameters (temperature, salinity, and dis-
solved oxygen) were recorded using a multiparametric probe.

Analyses of abiotic parameters and microplastic contents in sediments and organisms are
still in progress, while preliminary results of the quantitative analyses of foraminiferal as-
semblages are available. Benthic foraminifera were found in the whole cave, with exceptional
diversity (107 and 39 species in the dead and living assemblage, respectively), and a clear
gradient with the distance from the entrance was recognized in the species distribution. The
increase of typical species of Mediterranean marine caves was evident, while typically, ma-
rine species of hard and vegetated bottoms sharply decreased in the innermost cave. The
presence of symbiont-bearing taxa up to the middle of the cave pointed to the presence of
enough light for photosynthesis.

This study represents a further step in studying the cave ecozones and their application to
studies related to the environmental changes occurring rapidly in the Mediterranean basin.

Keywords: marine caves, benthic foraminifera, ecological indicators, marine sediments
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Abstract

The Saint-André-de-Cruzieres karst is developed in a 40 km? syncline structure of Juras-
sic limestones over Triassic marls. It is located in Ardeéche (south France), in a mediterranean
climate area characterized by a long summer drought (May to September) and heavy rains
in autumn. Two types of waters recharge the karst system: losing stream draining sandstone
watersheds and direct precipitations. The system presents a permanent spring and several
intermittent Vauclusian springs. The spring’s hydrological response times to precipitation
are short (hour to tens of hours). The karst water is mostly unexploited, with only two
small drinking water boreholes. With climate change and increasing touristic pressure on
water resources, this karst aquifer would become an interesting reservoir of water during
the summer. Nevertheless, its use is limited by the poor knowledge on its hydrogeological
functioning and its exposure to domestic and agricultural contaminations.

The karst system includes over 38 km of explored caves in different branches. Upstream on
the west, the karst branches present a fossil network which is equipped for tourism (La Co-
caliere, 120,000 visitors per year) above an active network with permanent streams. During
low flow, these streams disappear in narrow and unknown conduits and their water reaches
the permanent spring at the east of the system. During floods, hydrological connections are
different and karst water flows out through several intermittent Vauclusian springs, at the
north, the south and the east of the system. On the east, the karstic network is permanently
saturated and can be explored only up to -80m. The hydrological connections between the
branches during high flows and the origin of the water of the different springs are unknown.
This lack of knowledge limits water management strategies, becoming critical with increasing
pressures.

To improve this knowledge, we deployed a network of sensors in 2023 to measure pres-
sure, temperature, and electric conductivity: 23 Sensus-ULTRA (Reefnet) and 4 CTD-Diver
(SDEC) sensors. Measurements were done with a 5-minute time step in stations located in
the different branches of the karstic system. In addition, times series exists at the permanent
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spring and a rain gauges network covers the area. During the 2023 autumn, three rainfall
events presenting intensities exceeding 50mm in 6h activated the upper branch on the sys-
tem. For each event we determined which branches of the karst were active and the relative
timing of the flood in each location. This work allowed us to propose a conceptual model of
the hydrological functioning of the karstic system. We will present the monitoring strategy
and the functioning regimes observed for different water levels and precipitation intensities.

Keywords: monitoring network, mediterranean climate, hydrology, groundwater, water manage-
ment
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Abstract

Identification and understanding of pre-failure events are crucial for mitigating risks asso-

ciated with massive rock-mass failures. Large-scale processes, such as rock mass spreading or
sliding, can be influenced by changes in local stress conditions caused by periodic hydraulic
or seismic events. These changes can lead to rapid acceleration or impulse on slow viscous
deformations, potentially resulting in rock failure or collapses. Recognizing a transitional
from slow-to-fast strain rate is crucial as it may indicate more intense deformational evolu-
tion or a widespread failure.
To address such a geohazard, an integrated approach which combines geotechnical and geo-
physical monitoring is fruitful as it helps to study the temporal progression of slope move-
ments and assess signals that may precede instability or indicate ongoing acceleration. In
complex geological settings, such as karstic pervasively fractured rock masses with hydraulic
circulation, understanding future variations in hydraulic stressors is essential.

This study focuses on the Peschiera Springs slope, which hosts the drainage plant of the
Rome aqueduct, as it exemplifies collaborative efforts between researchers and local compa-
nies to mitigate geological risks and manage infrastructure effectively. The Peschiera slope,
located in Central Italy almost 80 km from Rome, is characterized by a monoclinal N-dipping
structure dissected by major fault lines and minor joint sets. Hypogeous karst processes con-
tribute to generating sinkholes and collapse dolines.

The slope experiences a gravitational deformation process involving rock lateral spread-
ing, leading to various landforms like sinkholes and scarps. The study reports on almost a
decade of monitoring using a dedicated system that evolved in technology and resolution.
This monitoring system continuously collects data to characterize the deformation process.

Over the last decades, the deformations related to mass rock creep and favoured by the
karstic process, requested restoration design of the plant consisting of prompted consolida-
tion interventions and extraordinary maintenance of the main Drainage Collector Tunnel
(DCT). Moreover, a redundant geotechnical monitoring system was installed during tunnel
restoration, featuring sensors like MEMS arrays, borehole extensometers, wire extensome-
ters, load cells, and triaxial crack meters.
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The study’s recent outcomes showcase the kinematics of the deformation process, assess
the mechanical response of the consolidated DCT, and identify areas of interest with local-
ized deformations. Ongoing geophysical monitoring aims to detect signals of microseismic
events generated by underground instabilities.

Results from multitemporal LIDAR acquisitions reveal morphological changes on the slope’s
surface, aiding in sinkhole inventory and identifying deforming sectors. Continuous mon-
itoring with radial MEMS arrays confirms a stationary trend of creep deformation. The
distribution of horizontal and vertical displacements suggests a downward back-tilting of the
slope block, influencing the internal part of the DCT.

Nanoseismic monitoring records far-field teleseismic earthquakes and local microseismic events,
characterizing different event typologies. Some microseismic crises show precursors tens of
minutes before significant collapses. These data, integrated with accelerometric measure-
ments, support risk mitigation strategies, aiding in the computation of control indices for
alert levels and warning systems adopted by the aqueduct owner. Overall, the study empha-
sizes the importance of comprehensive monitoring for understanding and mitigating geolog-
ical risks which threaten such a relevant infrastructure.
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The role of cave monitoring in the pathway towards
the sustainable energy transition
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Abstract

The "Low carbon and Clean Industries” research priority of the European Green Deal
refers to the carbon cycle and, more generally, to a more efficient carbon management to
achieve zero net emissions by 2050. Among the numerous solutions tested to move away from
traditional waste economy to the circular carbon economy (CCE) includes carbon dioxide
(CO2) capture and storage (CCS). In terms of perspectives, carbon storage in deep geological
reservoirs constitutes a technique with high potential for mitigating the effect of greenhouse
gases (GHGs) in the environment. There are two broad categories of risks potentially as-
sociated with the leakage of CO2 from geological storage sites: (1) those deriving from the
effectiveness of the reservoir boundary conditions necessary for the CO2 containment and
(2) those related to health and safety of the environment. The latter are caused by: (a) the
increase in CO2 concentrations in the surface environment due to the gas migration from
the subsurface into the atmosphere, (b) the chemical effects of dissolved CO2 on geological
formations, and (c) the consequences that derive from the displacement of the fluids by the
injected CO2. Therefore, the escape of CO2 from a storage site into the atmosphere or
into the overlying aquifers must be avoided through the analyses of the advection/diffusion
processes of CO2 from the subsoil.

The study of natural analogues, such as cave systems, offers a valuable opportunity to inves-
tigate the dynamic of this trace gas within the karst critical zone, its preferential migration
pathways and the long-term impacts associated with its potential loss from geological stor-
age. The challenges that cave monitoring could address are: (1) the study of the carbon cycle
in the Earth Critical Zone as a potential natural carbon sink or source, (2) the improvement
of knowledge of CO2 migration mechanisms underground and their link with endogenous
dynamics (seismicity), and (3) the strengthening of monitoring techniques of CO2 storage
sites in order to promote CCS as a reliable solution to contribute to the mitigation of the
effects of GHGs on global changes.

This study explores cave monitoring techniques for modelling carbon flux at the geosphere-
atmosphere interface based on data provided by a continuous measurement system optimized
for recording underground anomalous high level of carbon dioxide concentrations installed
in a natural analogues in NW Sardinia (Italy), a karst area that hosts one of the Italian
monitoring points of the ICOS infrastructure and where the carbon budget and its dynamic
has not been sufficiently addressed by the global carbon cycle models.

Keywords: karst critical zone, carbon dioxide, cave micrometeorology
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The WoKaS-Iso Database: Workflow for a Global
Compilation of d180 and d2H Records in Cave Drip

2Institute for Environmental Research, Australian Nuclear Science and Technology Organisation, Lucas
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Water and Karst Springs for Enhanced
Understanding of Karst Systems

Yining Zang*!, Pauline Treble?, and Andreas Hartmann'

Unstitute for Groundwater Management, TU Dresden, 01069, Germany — Germany

Heights, NSW, Australia — Australia

Abstract

For analysing karst hydrogeological systems, karst springs and cave drip observations
emerge as indispensable components. The stable isotope records from them can improve
understanding of vadose and groundwater systems, supporting modelling. However, the lim-
itations arising from the constrained accessibility and high costs of time series measurements
of stable isotopes in karst aquifers have hindered progress in karst research and impeded the
accurate understanding of karst processes in comparative or large-scale studies. Therefore,
there is a pressing need to compile these valuable data from existing studies on a global
scale. In this study, we present the workflow to compile the WoKaS-Iso database, an ex-
tensive collection of time series data for d 180 and d2H isotopes in karst springs and cave
drip water from diverse sources, encompassing publications, theses, reports, online archives,
and collaborative initiatives worldwide. The database incorporates data sourced from 194
springs and 79 caves, comprising 290 time series for springs and 596 time series for cave drip
water. These datasets provide coverage across significant karst regions globally, spanning
China, the USA, Europe, the Middle East, and Australia. Within datasets, 81% for springs
and 67% for cave drip water exhibit resolutions less than monthly intervals. In addition, by
integrating isotopic records with associated environmental parameters, including spring dis-
charge, drip rate, precipitation, and rainwater isotopes, the database offers a comprehensive
perspective on hydrological behaviours in karst aquifers and enhance the ability of advancing
hydrogeological modelling. The WoKaS-Iso database not only deepens the understanding of
the complex systems but also promotes sustainable water resource management as well as
the potential to foster collaborative research. This initiative also fits the goals of the next
phase of the upcoming SISAL (Speleothem Isotope Synthesis and Analysis) project. The
SISAL working group aims to create a detailed collection of speleothem isotope records to
aid climate reconstruction and model evaluation, providing a robust framework that can be
readily applied and adopted for the development of a specialized karst database.
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Transfer of meteorological signals through an
autogenic recharge karst system: the Corchia Cave
(Apuan Alps, Central Italy)

Alessia Nannoni*'! and Leonardo Piccini
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Abstract

Karst systems heterogeneity causes the modification of the recharge (i.e., precipitation) in
terms of physico-chemical properties, from infiltration through the vadose zone first, and then
the phreatic zone. Consequently, the water discharged by karst springs shows properties that
depend on the aquifer architecture and flow dynamics. To unravel how vadose and phreatic
flow dynamics modify recharge, two monitoring stations of water level (Lw), temperature
(Tw), and electrical conductivity (ECw) were installed in the Corchia cave system (Apuan
Alps, Italy). One station was placed along the Vidal vadose stream (V), whereas the other
one was installed at the Fontanacce di Cardoso spring (C), which is the sole source of the
Corchia system (about 3 km SE from the deepest explored cave passage). The monitoring
lasted for two years and the responses of the two flows to recharge (rainstorms, snowmelting)
were compared. Tw varied from 6.86 to 7.87 oC at the Vidal stream station (V), whereas
it ranged between 9.54 and 12.99 oC at the Cardoso spring (C). ECw varied in the ranges
of 117-234 and 130-268 puS/cm at V and C, respectively. Both V and C showed dilution as
prevalent response to infiltration, however small-scale piston episodes occurred in the Vidal
stream (V) during storm hydrograph rising limbs. Overall, V physico-chemical properties
showed the contribution of multiple vadose tributaries, whereas C exhibited trends that are
caused by a phreatic zone that quickly transfers infiltrating water to the source with poor
homogenization. The quick transfer of water through the phreatic zone was revealed also
by the storm hydrograph lag analysis. A mean lag (dts) of 2.31 h was observed between
the precipitation onset and the Lw increase for V, whereas dts had a mean value of 4.5 h
for C. The lag between the precipitation peak and the Lw peak showed mean values of 4.2
and 8.2 h for V and C, respectively. The lags of the onset of Tw variation between V and
C varied from — 0.25 h to 33 h, with a mean value of 8.3 h. The Tw peaks observed at
C occurred between 1.5 and 64 h (mean = 17.2 h) after Vidal Tw peaks. The lags of the
onset of ECw variation between V and C varied from 1.25 h to 19.25 h with a mean value
of 7.1 h. ECw peaks at C happened between -1.25 and 24.8 h (mean = 10.6 h) after the
ECw peaks of V. This study demonstrated that autogenic recharge is transferred quickly
through the about 1000 m-thick vadose zone to the phreatic zone and finally to the outflow.
This fast transfer allows only a weak modification of the infiltrating water physico-chemical
properties which can be clearly recognized at the karst spring. Just a few studies dealt
with the simultaneous monitoring of vadose and phreatic flows and their physico-chemical
properties. The Corchia Cave represents an ideal test site among alpine karst systems due
its well-constrained hydrogeological structure and more than 30 years of investigation.
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An integrated monitoring system in the karst system
of Monte Cucco Cave and the Scirca spring (Central
Italy)

Massimiliano Mazzocca*t!, Eugenia Franzoni', Mauro Barbieri!, Costanza Cambi?,

Isabella Serena Liso? , Alex Manucci® , Mario Parise?, Giacomo Schird?, Francesco
Spinelli', Daniela Valigi?, and Andrea Vitali*
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32, Dipartimento di Scienze della Terra e Geoambientali. Universita degli Studi di Bari Aldo Moro —
Italy
4Umbra Acque S.p.A. — Italy

Abstract

The Monte Cucco Cave is the deepest and longest karst cave in the Umbria-Marche Apen-

nines. Its passages, surveyed for more than 30 km, provide an extraordinary opportunity
to observe the water path from the infiltration zone to the water table, which feeds numer-
ous springs also exploited for drinking water purposes. The Scirca spring is the main one,
supplying an average annual discharge of more than 200 1/s. At the cave bottom, at the ter-
minal siphon of Franco pit, 917m below the surface, speleologists have measured fluctuations
of phreatic level as high as 100m, depending on both season and cumulated rainfalls. The
project aims to extend the monitoring of this karst aquifer, to increase the knowledge on the
groundwater circulation dynamics, and to allow to develop reliable hydrodynamic models for
water resource management. A monitoring system was implemented, including a weather
station at the main cave entrance and an infrastructure located at the cave bottom. This
monitoring system will integrate the existing network, which includes a weather station near
the Scirca spring and a monitoring system acquiring its discharge data. Both infrastructures
will synchronize data acquisition with identical time scans.
The infrastructure, which will gather data on groundwater levels, temperature, and conduc-
tivity, has been designed to gather data for at least 8 years. Its remote position at the bottom
of the cave does not allow direct data download from outside, so a storage system will be
located within the cave, and speleologists will reach it on a six-monthly basis to download
the data.

The project aims to promote productive collaboration between sectors which usually in-
teract only marginally, making easier the transfer of knowledge between water managers
and speleologists who, with a scientific exploration approach, have gathered a unique and
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invaluable wealth of information about the cave system.

Furthermore, the collected data will be shared with several institutions involved in water
resource management, optimization, and study (Umbra Acque S.p.A. , Regional Agency for
the Environmental Protection ARPA, Earth and Environmental Sciences Department at the
University of Bari Aldo Moro, Physics and Geology Department at the University of Perugia,
National Research Council CNR) for analysis and interpretation under an Open Data license
(https://www.dati.gov.it /content/italian-open-data-license-v20).

Keywords: cave, monitoring, Monte Cucco, Spring, Karst, idrology, Scirca
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Hydroclimatic study of a coastal karst for
archaeological conservation: the case of the Cosquer
cave (SE France)
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Abstract

The conservation of paleolithic wall paintings and engravings in decorated caves is depen-

dent on the air and water flows in the karstic network and through the host rock. Usual main
dangers linked to hydroclimatic conditions are due to calcite precipitation or rock alteration,
drying out of the walls and disintegration, biological colonization, groundwater flow. In a
coastal karst in which the cave is connected to the sea, the seawater represents an extra cause
of danger. First the seawater level fluctuations can flood the decorated wall, by daily tidal
variations, storm events or long-term rising with climate change. Second, the temperature of
the intruded seawater can also be a source of heat in the cave with rapid variations in relation
with the oceanographic and atmospheric conditions, that modifies the internal airflows.
We present the case study of the Paleolithic decorated ”Cosquer cave” (SE France), located
in a partially drowned coastal karst linked to the sea. Pools cover nearly half of the cave’s
surface and are filled with seawater continuously renewed. The goal of this study is first to
show how hydroclimatic data are used to explain the pools water level variations, and the
airflows through the rock surrounding the cave and inside the cave. Then, the results are
associated with different risk factors for the conservation of the wall art.

Hydroclimatic monitoring has been carried out since 2014 and enhanced in 2023 with extra
air temperature probes. Data shows that cave air pressure is nearly always higher than the
atmospheric pressure, consequently pools water level is below the sea level. The air in the
cave is confined by the low permeability host rock and seawater filling the submarine karst
network. However, from fall to spring seasons, outside air flows in the cave through shallow
submarine karstic conduits during pressurization events. During summer air pressure slowly
decreases as air flows out the cave through the host rock. Air and water temperatures vary
seasonally, but can also drop occasionally under windy conditions. Temperature gradients
measured at several elevations demonstrate strong convection phenomena in the cave.

We deduce the following conservation lessons: The pressurization mechanism temporarily
preserves arts close to pool’s water level. The summer rise of the water level is a threat for
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the art close to the pools, but as it is reproductible from year to year we elaborated a tool to
predict the maximal water level at the end of summer. The possibility of a dramatic increase
in the rock’s permeability caused by conduit openings in the massif is also a concern, as it
would stop the cave’s overpressure. Last but not least, temperatures are used to determine
the hydroclimatic conditions most likely to cause condensation or evaporation on the walls.
All these results should alert cave managers to conservation risks and assist them in defining
appropriate conservation strategies.

This study is an example of interdisciplinary work bringing together physics, challenges of
archaeological conservation and assistance to managers of the Cosquer cave, that could also
benefit to managers of other sites.

Keywords: Cosquer cave, decorated cave, conservation, management, convection, condensation,
coastal karst, temperature
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Identifying CO2 sources in caves during short-term
ventilation events using peak detection analysis
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Abstract

Short-term ventilation in caves, characterized by the temporary and swift exchange of air
between the cave’s internal atmosphere and the external environment, is a critical aspect of
cave studies. Understanding these short-term events allows us to comprehend the dynamic
relationship between the external atmosphere, the cave, and the vadose zone, impacting
cave ecosystems and the preservation conditions of geological formations, particularly deli-
cate structures like speleothems. Continuous monitoring of environmental parameters, such
as temperature, humidity, wind, and trace gases (i.e., CO2, 222Rn, CH4), is essential for
achieving this understanding.

CO2 holds particular significance within cave ecosystems as it plays a direct role in essential
karst processes like the dissolution and precipitation of carbonate minerals. In this context,
the cave atmosphere comprises various sources of CO2, including its production in the soil
and vadose zone through root respiration and organic matter decomposition, which then
advects or diffuses into the cave environment. CO2 may originate from the exhalations of
visitors in show caves and from atmospheric CO2 entering caves due to ventilation processes.
The contribution of different CO2 sources to the cave atmosphere can be quantified through
the isotopic C signature of the cave air; and cave air composition varies throughout the year,
on a seasonal, diurnal, and hourly scale. Characterizing hourly variations presents a difficulty
given the complexities involved in capturing and analyzing rapidly changing environmental
conditions, potential fluctuations in human activity, and limitations in data resolution at
such fine temporal scales. In this regard, the sheer volume of generated data can also pose
challenges in terms of handling and analysis.

In this study, we investigate short-term events, ranging from hourly to several days, us-
ing CO2 and stable carbon isotope of CO2 data obtained by a CRDS (Cavity Ring-Down
Spectroscopy) CO2 and CH4 carbon isotope analyzer installed within Nerja Cave (Malaga,
Spain), providing readings every two seconds. The cave air is sequentially pumped during
one hour in four different halls of the cave: two situated in the tourist sector and two in
the non-tourist sector. We employ peak detection analysis to identify and characterize sig-
nificant peaks in the dataset throughout an annual cycle, including winter, summer and the
most complex transitional ventilation regimes: autumn and spring. These peaks may signify
important events, such as sudden changes in temperature or spikes in CO2 concentration
from different sources, often with similar isotopic compositions (i.e., vadose CO2 and human

*Speaker
fCorresponding author: luciaor@uma.es

sciencesconf.org:eurokarst2024:515789

260



10-14 June

eurokarst ROME

breath). Following peak detection analysis, specific events are subsetted, and CO2 sources
are attributed to these events. Although the isotopic differences between sources can be sub-
tle, integrating peak detection and the source attribution method provides a comprehensive
understanding of the short-term dynamics of CO2 in caves, offering insights into the intricate
interplay between natural processes and human influences in these delicate ecosystems.

Keywords: CO2, isotopes, peak detection, source attribution, short term events, ventilation
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Spatio-temporal variability of Carbon dioxide in the
Sant Josep Cave, la Vall d’Uixé, Castellén, Spain

Pedro Robledo Ar,dila*“, Sergio Durdn?, Juan José Durdn', Raquel Morales Garcial,
Rebeca Alvarez Alonso'?, Ifiaki Vadillo-Pérez* , and Lucia Ojeda’

Hnstituto Geoldgico y Minero de Espana — Spain
2Universidad de Mslaga [Malaga] = University of Malaga [Mdlaga] — Spain
3Universidad de Alcald = University of Alcalda — Spain

Abstract

Caves are a stable geological system but they are easily influenced by changes in their en-
vironmental characteristics. Carbon dioxide (CO2) concentration plays an important role in
karst processes, influencing both the deposition and dissolution of carbonates. Furthermore,
CO2 is a key microclimatic parameter that reflects variations within cave environments.
Spatial and temporal variations of CO2 concentrations could be attributed to various fac-
tors, with visitors having a particularly significant impact in show caves. In the Sant Josep
Cave, a significant notable spatial and temporal variation in CO2 concentration between
summer and winter has been observed in 2022-2023. Temporally, maximum values were
observed between June and September (with peaks of 9000 ppmv CO2 in the Dry Gallery
and Last Pier) and minimum values between November and February (with peaks of 1500v
ppmv CO2 in the Dry Gallery and Last Pier). However, the spatial distribution of CO2 in
the cave is highly variable. A positive gradient of CO2 concentration was observed during
the summer from the entrance of the cave to the end of the tourist sector (15 ppmv/m).
Starting from the non-tourist area, the gradient reverses to -10 ppm/m until it stabilizes
at 4500 ppmv. In winter, the general model of spatial distribution is similar, although the
gradient is reduced to 2 ppmv/m from entrance of the cave and reverses to -7 ppmv/m from
the initial sector of the non-visitable area. The spatial model of CO2 concentration shows
three well-differentiated areas; A) Entrance to Siphons sector, B) Final Siphons sectors-Dry
Gallery to Last Pier and C) non-visitable area. The temporal variation in CO2 concentration
seems to be influenced; on one hand, by low ventilation in summer that prevents the effective
movement of gases between the atmosphere of the Earth and the cave atmosphere. On the
other hand, the greater number of visitors increases CO2 concentration in the cave. It is
possible that microbial and plant activity play an important role in the increase of CO2. The
ventilation of the cave could be influenced by seasonal temperature differences and changes
in atmospheric pressure, with notable ventilation in winter and inefficient during summer.
These factors could be modulated by the geometry of the cave passages, which determines
the spatial distribution model of CO2 concentration in the Sant Josep Cave. In this sense, it
is possible for a sealing effect to occur in the galleries developed between two siphoned zones
(Final Siphons Sector and Non-visitable Zone). This phenomenon explains the occurrence
of extreme CO2 values and the reversed gradient from the end of the tourist zone. they are
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Global estimation of drainage characteristics in karst
landscapes
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Abstract

Hydrological modelling constitutes an important tool in the field of karst water resource
management. However, the modelling of karst systems often poses a challenge due to their
strong subsurface hydraulic heterogeneity and the lack of large-scale karst catchment data
availability. Spring hydrograph recession analysis is a method commonly used to derive
information regarding the hydraulic dynamics of karst systems; particularly the slow and
quick flow recession parameters are valuable for the parameterization of karst hydrological
models. Regionalization procedures allow the projection of karst spring hydrograph reces-
sion parameters from gauged to ungauged karst catchments. So far, large-scale hydrological
models barely consider the complexity of karst processes which result in unreliable estima-
tions within karst regions. To fill this gap of global parameter regionalization in karstic
landscapes, we took advantage of a newly developed automated karst recession analysis tool
and the availability of large climatic and physiographic datasets. With the application of
a regression-based regionalization model, this study estimates global slow and quick flow
parameters from climatic and physiographic predictors in karstic landscapes. By focusing
on the ratio of quick and slow flow parameters, that we define as Karstification Index (KI),
we were able to globally identify regions with higher and lower degrees of karstification. Our
analysis shows that different metrics derived from drainage density are the most powerful
predictors of KI, especially in combination with selected climate metrics. With that, we ob-
tain high agreement (R? > 0.8) of predicted and observed KI across European karst systems.
To the best of our knowledge, this study is the first to estimate slow and quick flow recession
parameters in karst landscapes across such large scales. The global estimation of KI will
improve the global karst water resource management by improving the parameterization and
consideration of karst processes in large-scale hydrological models. Ultimately, our research
contributes to a more accurate representation of karst aquifers on a global scale.

Keywords: karst hydrological model, machine learning, random forest, regionalization, parameter-
ization, karstification, modelling
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MONITORING OF HYDROGEOCHEMISTRY

AND HYDROLOGICAL ISOTOPES IN KARST

SPRINGS OF TEZBENT PLATEAU, TEBESSA
REGION, NORTHEAST OF ALGERIA

Iklass Hamaili*!, Chemseddine Fehdi*' , and Baali Fethi*

ITebessa University, Department of Earth Sciiences — Algeria

Abstract

Karst springs of the Tezbent plateau were studied to get more insight into the hydrogeo-

logic, and hydrodynamic behavior of this karstic system. Four springs were studied in terms
of hydrogeochemical constituents as well as §180 and §2H during September 2021 to June
2022. Tezbent mountain range, northeast of Algeria, drains carbonate aquifers through some
important karst springs.
The physical and chemical characteristics of water samples were studied in order to assess
the origin of groundwater and determine the factors driving the geochemical composition.
The ionic speciation and mineral dissolution/precipitation was calculated.The main factors
controlling the groundwater composition and its seasonal variations are the geology, because
of the presence of carbonate formations, the elevation and the rate of karst development.
Carbonate chemistry is diagnostic of the effect of karst development. Interaction between
groundwater and surrounding host rocks are believed to be the main process responsible for
the observed chemical characteristics of groundwater in the study area. The §180, § 2H
of the groundwater samples show that the groundwater recharge is of meteoric origin and
suggest the absence of the evaporation effect on the isotopic composition.

Keywords: karst springs, hydrochemistry, isotopes, Tezbent, Algeria
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New insights on epigene karst landforms recognition
and classification in Central Apennines (Abruzzi,
Central Italy)
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Abstract

The Central Apennines are among the significant areas in the panorama of the karst

landscape of peninsular Italy and the Abruzzi region is poorly studied in the framework of
karst geomorphology, especially for epigene karst in a modern approach based on GIS tech-
niques and remote sensing data. Existing data, in the form of archives, databases and maps,
cover only restricted portions of the region and are limited only to specific areas analysed
with high detail or to specific topics (mainly hypogene karst, speleological inventories, etc).
Moreover, the lack of quantitative data based on morphometric analyses and temporal con-
straints does not allow to make considerations on the actual karst distribution and on the
landscape evolution.
The Abruzzi region is covered by carbonate karst terrains for about 40 % of the total sur-
face, which consist of N-S to NW-SE Jurassic and Cretaceous limestone ridges with elevation
ranging from 1000 to over 2900 m a.s.l. These terrains have been classified as carbonate karst
morpho-units (CKMU) which are separated by valleys set on Miocene pelitic-arenaceous ter-
rains and by tectonic/tectonic-karstic plains filled by Quaternary continental deposits, both
bounded by SW and NE dipping normal faults active from late Pliocene-early Pleistocene
to present.

The carbonate karst morpho-units have been characterized through morphometric parame-
ters (elevation, slope, surface curvature, hypsometry, local relief, topographic position index,
terrain roughness index), surface hydrography (hydrographic basins and endorheic areas)
and carbonate rocks lithofacies (carbonate platform, slope, basin and related transition fa-
cies) using a regional 10 m resolution DEM, 1:50.000 to 1:25.000 scale topographic maps and
existing geological maps (1:100.000 to 1:50.000 scale).

Within each CKMU, the main types of epigene karst areas were mapped through visual
recognition and manual mapping based on the inspection of: 10-to-1-meter DEM; multi-
scale topographic maps (1:25.000 to 1:5.000 scale); multitemporal and multiscale satellite
imagery and aerial photographs; existing geomorphological maps and datasets. These karst
areas were classified by morphometric parameters, surface hydrography and carbonate rocks
lithofacies allowing a spatial and statistical analysis of the data and the definition of the
most representative parameters. Through these parameters other potential karst areas were
identified.

Finally, individual epigene karst landforms were mapped integrating: i) a semi-automatic
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detection and mapping of closed karst depressions by means of multiband satellite imagery
analysis (e.g. VNIR bands, iron oxide index, normalized difference vegetation index and
other vegetation indexes) and DEM related methods (i.e. delineation based on the outermost
closed contour line, watershed-based doline delineation and filled-DTM based delineation);
ii) geomorphological mapping of other karst landforms (e.g. gorges, dry valleys, non-closed
depressions, karst mounds) by means of remote detection and field surveys.

This analysis led to: i) an updated and digital map of CKMU and karst areas of the entire
Abruzzi region at 1:100.000 scale; ii) the classification of each CKMU and main karst areas
through morphometric, hydrographic and lithological parameters; iii) a new integrated map-
ping of epigene karst landforms (semi-automatic detection and geomorphological mapping)
of the Abruzzi region.

Keywords: Central Italy, Abruzzi, karst morphounits, epigean karst landforms, morphometric anal-
ysis, remote and field mapping
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and the ecology of cave-dwelling crustacean isopods
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Abstract

Subterranean environments and caves host a wide variety of highly adapted endemic
species that are vulnerable to disturbances and environmental changes but are poorly un-
derstood, especially for the conditions, past and current, that affect their distribution. Do
the current ecological conditions weigh on the distribution of subterranean organisms, or
do the palaeogeographic history have far greater importance? The aim of this study is to
identify the factors related to habitat suitability and occurrence of freshwater cave-dwelling
isopods of the genus Monolistra. This genus lives in the karst areas of the south-eastern Di-
narides, through Italy into south-eastern Switzerland, where they inhabit different typologies
of groundwater habitats and can represent a significant fraction of the total biomass. For
a broad scale analysis, we retrieved occurrences of different Monolistra species in Italy for
the period 1934-2023, by personal observations and review of academic and grey literature.
We performed an a priori choice of environmental variables, selecting the most biologically
meaningful for the studied taxon. Species distribution models were built using Maxent to
establish relationships between environmental variables and species occurrences. We adopted
a spatial cross-validation approach to select the set of environmental variables providing the
highest power of predicting distribution outside the calibration range. In order to consider
palacogeographic factors, maps of shorelines during Early (20 Ma), Middle (10 Ma), and Late
(8 Ma) Miocene and maps of ice extent during the Last Glacial Maximum were retrieved.
For a microhabitat analysis, we performed extensive and repeated surveys in the western-
most populations of the Italian and Switz ranges of this genus. Occupancy models, within a
Bayesian framework, were used to estimate the relationships between environmental covari-
ates, detection probability and occupancy in the surveyed caves. The presence of carbonate
rocks strongly drove the habitat suitability, which had as well a positive relationship with
vegetation and temperature, and a negative relationship with climatic instability; habitat
suitability resulted generally high in all the carbonate Prealps. Detection probability was
influenced by hour and date, with higher probabilities in the morning and early summer.
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The plots that were permanent, connected to a larger part of the aquifer and without light
from outside had a higher probability to be occupied. The fact the detection probability was
influenced by microclimatic conditions suggests sensitivity to small variations in the gener-
ally constant cave climate. Our results show that current ecological conditions strongly affect
freshwater cave-dwelling isopods, both at a broad scale and at the microhabitat scale, with
their distribution shaped by current conditions and by palacogeographic history, including
survival in glacial refugia. The study of endemic species in caves is of great significance: with
climate change modifying Earth’s ecosystems, these unique organisms face new challenges,
and investigating their responses to environmental shifts provides crucial insights into the
adaptations of these species and tools for their conservation. Moreover, they could represent
good proxy for the assessment of the impacts of climate change on the whole karst ecosystem
and a biological indicator for the conservation of this environment.

Keywords: biogeography, detection probability, species distribution models, palaeogeography
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Stable isotope properties of the dripwaters in the
caves of the Moravian Karst (Czech Republic)

Veronika Synkova*! and Pavel Pracny!

lDepartment of Geological Sciences, Faculty of Science, Masaryk University, Kotlaiska 267/2, 611 37,
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Abstract

The study in the Amatérskd Cave (Moravian Karst) in the Czech Republic from Au-

gust 2020 to January 2023 focused on isotopic analyses of cave and precipitation waters to
understand the evolution of the hydrological season. Six sampling sites were chosen — five
dripwaters (E, K, M, N, and R) and a pool (J), and a total of 127 samples were collected.
In addition, rainfall precipitation was sampled (23 samples) in a garden in a nearby village
Olomucany, as the isotopic composition of precipitation was essential for assessing the evo-
lution of cave waters.
Precipitation data revealed a mean composition of 6180 = -8.94+3.8 and éD = —62.6+30.6
after averaging monthly data. In addition, precipitation showed a slightly higher mean com-
position and a significantly broader range of values than cave waters, aligning with groundwa-
ter development mechanisms that homogenize and attenuate isotopic signals during passage
through geological formations. A local meteoric water line for Olomucany (O-LMWL) 6D =
7.84%5180 + 7.67 was constructed based on precipitation data, deviating slightly from the
global meteoric water line (GMWL).

Three groups of cave drip waters were identified based on isotopic composition, suggest-
ing similar or related water sources.

The first group (drip E) deviated significantly from O-LMWL, being the heaviest. The
second group (drips N and R) aligned with O-LMWL, with drip N showing higher variabil-
ity. The last group (drips K and M) exhibited slight isotopic differences, laying on the local
meteoric water line. Pool J, located in the cave corridor between drips K and M, displayed
higher variability, partially deviating above O-LMWL and overlapping with the third group.
Seasonal differences in isotopic composition provided insight into the water residence time.
The drips K, N, and pool J exhibited seasonality. The drip K samples showed the lightest
isotopic composition samples in spring and the heaviest at the end of summer. The drip
N had the lightest samples in winter and heaviest in August. The pool J showed the most
significant isotopic range, with lighter samples in winter and heaviest in spring 2022, suggest-
ing influences like pool water level variations, contributions from other sources (similar to
group 2) during wetter periods, and fractionation caused by evaporation of lighter molecules
into the cave atmosphere. In addition, the collected isotopic dataset was compared with
previous studies in Moravian Karst, revealing broader insights into the isotopic evolution of
cave waters, their connection to external precipitation, water sources, and the local karst
hydrology.
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Degradation phenomena in karstic groundwater
resources of central Greece
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Abstract

In Thessaly, central Greece, the existence of wide carbonate aquifers favours the under-
ground storage of huge amounts of water resources. The social and economic development of
the last century caused the increase of productive activities requiring progressively greater
amounts of water. As both direct and indirect consequences, the quality and quantity of
the natural water reservoirs is increasingly suffering a general degradation. During the last
years, the climatic changes, occurring at the global scale and particularly within the Mediter-
ranean realm, are responsible for the decrease of the mean annual precipitations and their
concentration during the hydrological year. Moreover, a general increase of the temperatures
further contributed to quantitatively waning the groundwater resources. It is obvious that
the combined causes, both climatic and anthropogenic, have strongly contributed to the im-
poverishment of the hydrodynamic equilibrium of the underground water resources.

In the eastern Thessaly plain, the alluvial aquifer systems are mainly feeded by the sur-
rounding karstic massifs. The overexploitation of the last few decades has caused a decrease
of the piezometric level exceeding 80 m, but especially the anthropogenic activities have
largely exceeded the capacity of the aquifers to regenerate themselves. This in turn has
caused strong consequences for the natural ecosystems. Beyond the progressive drying up
and/or reduction of the karst springs discharge, typical environmental problems which have
been induced include the frequent formation of ground fissures and localized land subsidence
generating extensive damage to buildings and infrastructures. In order to restore the water
balance and to reverse the environmental degradation, an artificial reservoir was restored in
correspondence of the former Karla lake.

In this framework, the present research is an attempt to separate and quantify the role played
by the climatic changes and by the human activities on the hydrogeological equilibrium of
two major karstic aquifers discharged through two major springs, the Yperia Krini and Mati
Tirnavou (discharge about 2.6 m3/s) both in Eastern Thessaly and well known since An-
tiquity. In particular the statistical elaboration of the precipitation time series integrated
with geological, stratigraphic, hydrogeological data and demographic data allowed to define:
a) the hydrogeological model and the principal hydrodynamic parameters of the examined
karstic systems; b) the hydrodynamic behaviour of each carbonate system in different feed-
ing conditions; c) the relationships between the active recharge of the springs versus the
precipitation trend; and finally, d) the influence of the human activities in the quantitative
degradation of the carbonate systems.
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Hydrogeological characterization of the San Giovanni
spring (Castelluccio Inferiore, Basilicata region)
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Abstract

The main aim of this study is to identify strategic groundwater resources belonging to the
hydrostructure of the northern sector of Lauria Mountains; in particular, the groundwater
of the La Spina - Zaccana Mounts limestone-dolomite aquifer, to allocate for drinking water
supply during water emergency conditions. The aquifer under study lies in the north-eastern
portion of the Lauria Mountains hydrostructure, between 1652 m (La Spina Mount) and 506
m a.s.l. (San Giovanni spring), and is drained from the San Giovanni spring front; minor
springs are scattered at the edges of the hydrostructure and characterized by limited shallow
groundwater flow path.

The in situ geological and hydrogeological surveys, still in progress, make evident that the
limestone-dolomite lithologies are characterized by intensely fractured steep slopes, locally
affected by karst morphologies, particularly present along the Zaccana Mount northern and
southern slopes and in the spring emergencies area, characterized by high permeability. The
dolomitic limestones show very fissured and karstified features, interstratal karst cavities are
also frequently present mainly in the western portion of the San Giovanni spring.

The investigations carried out highlight that the aquifer geometry, the groundwater circula-
tion and the groundwater emergencies are closely connected to the geostructural and karst
arrangement. The structural elements present in the hydrostructure, such as faults, tec-
tonic contacts, rock fissuring and fracturing and karst evidences, define deep groundwater
flow, determining specific hydrodynamic characteristics of the spring. The Castelluccio Fault
constitutes the morphostructural southern limit of the hydrostructure and represents the su-
perimposed permeability threshold of the San Giovanni spring front.

The groundwater flow, predominantly in the NW-SE direction, feeds the several emergencies
of the San Giovanni located along a steep slope between 480 m and 504 m a.s.l., with the
discharge rate of around 550 1/s, of which only around 150 1/s are used for drinking purposes.
The remaining rate is not captured and could be utilized as strategic groundwater resources.

Keywords: Hydrogeology, hydrostructure, San Giovanni spring
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Main characteristics of largest karst springs of
Albania

Romeo Eftimi*!
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Abstract

The total surface of Albania reaches 28,748 km2 and the population 3.2 million. In Al-
bania karst rocks cover about 6750 km2 consisting 25 independent karst massifs (regions).
Among them, the 23 consisting of carbonate rocks cover a total surface of 6500 km2 , while
two regions with a total surface of 260 km2 , consist of gypsum. High-elevation carbonate
mountains facilitate the formation of high hydraulic gradients, often creating welldeveloped
conduits ending in low-elevation large springs. In the hydrogeological map of Albania scale
1:200.000, published in 1985 are shown about 2000 karst springs varying greatly in produc-
tivity. Among them 110 karst springs have been mapped with an average discharge higher
than 100 1/s, and with 17 of them showing discharges higher than 1000 1/s. The average
discharge of the Blue Eye, the largest spring of Albania is 18.4 m3 /s. Regarding their qual-
ity, most of karst spring of Albania are fresh (drinkable), some of them issuing from the two
gypsum regions are salty, some springs located in the south Albanian karst coastal line are
salty and some important springs are thermal and used in balneology. The presentation will
be focused on the description of some among the most important springs as regard their dis-
charge, aesthetic and economic values, as well as the origin. Some springs issue from syphons
at depths ranging from some tens of meters to more than 100 m; some are transboundary
springs. There are also springs which in high percentages are recharged by the surface water
(lake and rivers), or formed from seepage of groundwaters of other aquifers (intergranular).
Some big karst springs are used for urban water supply, for the production of electricity, as
well as for irrigation. Some big karst springs with very particular aesthetic values, like Blue
Eye Spring, serves as touristic attraction For their investigation and estimation different
methods ate used, allowing their quantitative and qualitative estimation; based upon our
experience, as shown also for basin wide investigation, the most productive methods are the
environmental chemistry and the use of isotope. Some of the most important karst springs
of Albania are also included in the project MIKAS of the IAH Karst Commission.
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Thomas Zakaluk*!, Jorge Jédar', Fernando Gazquez-Sanchez>3, Antonio
Gonzdlez-Ramén!, Blas Ramos-Rodriguez?, Miguel Rodriguez-Rodriguez®, Luis Javier
Lambéan', José Marfa Martin Civantos?, and Sergio Martos-Rosillo!

Hnstituto Geolégico y Minero de Espaiia (IGME-CSIC) — Spain
2Department of Biology and Geology, Universidad de Almeria — Spain
3 Andalusian Centre for the Monitoring and Assessment of Global Change (CAESCG), Universidad de
Almerfa — Spain
4MEMOLab, Laboratorio de Arqueologia Biocultural, Universidad de Granada — Spain
5Dcpartment’. of Physical, Chemical and Natural Systems,Pablo de Olavide University, 41013 Seville,
Spain — Spain

Abstract

Artificial groundwater recharge is a core strategy of adaptation to water scarcity in the

Sierra Nevada mountain range in Southern Spain since at least the Islamic period (VIII-XV
centuries). The practice is based upon the so-called ”acequias de careo”, which are chan-
nels that are used to divert water from headwater streams during peak flow periods, usually
spring snowmelt, to infiltrate it along the steep slopes of the mountain range. By that, the
local communities enhance groundwater discharge from the sloping aquifers of the area and
extend it over longer time periods, which is crucial for meeting higher water demands along
the hot and dry summer months. Proof for its effectiveness is not only the survival of this
ancient practice, but also its astonishing expansion with more than 700 km of careo channels
all over the Sierra Nevada.
In recent years, considerable scientific effort has been made to better understand the effects of
acequias de careo on the regulation of water resources in slope aquifers of the Sierra Nevada,
especially in weathered and fractured low-conductivity schists of the Nevado-Fildbride Com-
plex, which cover the entire mountain range. However, only little work has been done on
careo channels that infiltrate water close to or directly into the carbonates of the Alpujarride
Complex, which surround Sierra Nevada at its fringes forming important local and regional
aquifer bodies.

Here we add new insights by comparing spring response in the schistous and karstic en-
vironment connected to careo aquifer recharge. For this purpose we are studying the Yegen
careo channel, which is an inter-basin channel that is used to transport water along 6 km
all year round, from the Mecina river basin in the Central Alpujarras to the neighbouring
community of Yegen. The transferred water either serves directly to irrigate crops on the
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slopes above the village of Yegen or to recharge the aquifer at the final stretch of the channel
(ca. 1600 m a.s.l.) during winter and spring, when irrigation demands are lowest.

In this study, streamflow and physical-chemical data were collected during one hydrolog-
ical year (2022/23) in the Yegen channel and from two springs, one of which is emerging
from schistous materials (1375 m a.s.l.) and the other from metamorphic limestones (1067
m a.s.l.). Furthermore, we compare major ion and water-stable isotope content of spring and
careo channel waters to unravel the role of the Yegen channel to sustain water availability
from both springs, which are, in fact, the only potable water supply to around 364 inhabi-
tants of Yegen (INE, 2022).

Our preliminary results confirm the connection between careo recharge and karstic spring
discharge, which behaves differently from spring discharge in schists. Moreover, written evi-
dence on this inter-basin water share in the XVI century (Libros de Apeo y Repartimiento,
1572) is highlighting the importance of the Yegen channel. In this sense, traditional water
management practices, like the nature-based solution presented here, have proven to work
for centuries and may offer inspiration for future adaptation measures in times of climate
change.

Keywords: managed aquifer recharge, inter basin water transfer, traditional ecological knowledge,
semi arid mountains, acequias de careo, water sowing and harvesting
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