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IAHRGW2006 Conference Topics (Themes) Theme 1. Heterogeneity and Upscaling. Theme 2. Coupling of Surface/Subsurface Flow. Theme 3. Chemically Active Transport Phenomena Theme 4. Coupled hydro-mechanics and density effects.



Remarks about the program of sessions ƒ ƒ ƒ



ƒ



ORAL communications comprise regular talks (20 mn and 5 mn of questions) and keynote lectures (40 mn and 5 mn discussion). POSTER communications are listed at the end of this program; they will be presented during coffee breaks every day (12-13-14 June 2006). SESSIONS are organized around the four themes of the conference, with two sessions/themes in parallel every time. For example: Theme 1 & Theme 2 in parallel sessions in the morning, then Theme 1 & Theme 3 in the afternoon. The Keynote Lectures are to be attended by all participants in the main auditorium. The names of some authors or co-authors are underlined merely to indicate the main contact of the submitted paper or the expected speaker. This indication is subject to change.



MONDAY - 12 JUNE 2006 MONDAY - 12 JUNE 8h – 8h 30 Welcome & Registration 8h 30 – 9h 15 Keynote Lecture 1 (KL1)



Probabilistic representation of heterogeneous geologic media. Représentation des milieux géologiques hétérogènes par des méthodes probabilistes Ghislain de MARSILY (Académie des Sciences & SISYPHE, Univ. Paris VI, Paris, France)



Monday morning sessions : Themes 1 & 2 9h 30 – 9h 55 (S1) Th1 (paper ID:2 & ID:95)



Flow and transport modelling and efficiency of remediation in a fractured and karstic aquifer : a case study. Claudia CHERUBINI, Concetta I. GIASI Th2 (Paper ID:3 & 104)



Coupling continental glaciations with groundwater flow models – Surface/subsurface interactions over the Canadian landscape during the Wisconsinian glaciation. LEMIEUX J.-M., SUDICKY E.A., PELTIER W.R. & L. TARASOV 1
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MONDAY (CONTINUED)



Th1 (Paper ID:18)



Stochastic modeling of groundwater flow in the saprolite of a tropical gneissic watershed. MUDDU SEKHAR, A. CHAUDHURI, S. FLEURY and M. DESCLOITRES Th2 (Paper ID:29)



Modeling of solute transport in a stream – aquifer system. Kathrin NANOU-GIANNAROU, K. SPANOUDAKI and A. I. STAMOU



10h 20 – 10h 50 Coffee break and POSTERS



Monday morning (continued)



10h 50 – 11h 15 S 3 Th1 (Paper ID:68)



A comparison of three finite volume methods for capturing irregular boundaries and heterogeneity in groundwater flow simulations. Dalila LOUDYI, Roger A. FALCONER, BINLIANG LIN Th2 (Paper ID:26)



A Depth-Continuous, Moisture Content-Discretized Interactive Infiltration Model Cary A. TALBOT, Fred L. OGDEN



11h 40 – 12h 05 S 4 Th1 (Paper ID:24)



Estimation of Flow Parameters in Heterogeneous Leaky Aquifers Nadim K COPTY, Angelos N. FINDIKAKIS, M. Savas SARIOGLU, Paolo TRINCHERO, Xavier SANCHEZ-VILA Th2 (Paper ID:28 & 105)



Use of Environmental Tracer Data for Groundwater Modeling Giorgio Amsicora ONNIS, Rolf ALTHAUS, Roland PURTSCHERT, Stephan KLUMP, Rolf KIPFER,Harrie-Jan Hendricks FRANSSEN, Fritz STAUFFER and Wolfgang KINZELBACH



12h 05 – 12h 30 S 5 Th1 (Paper ID:66)



Effect of heterogeneity and anisotropy on DNAPL migration in fractured plane SHIBANI JHA and M.S. MOHAN KUMAR Th2 (and Th4) (Paper ID:96)



The effect of near shore surface water bodies on submarine groundwater discharge Vassilios KALERIS
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MONDAY (CONTINUED)



Th1 (Paper ID:34)



Multi-Scale Characterization of an Heterogeneous Aquifer Through the Integration of Geological, Geophysical and Flow Data: A Case Study. B. BOURBIAUX, J.P. CALLOT, F. GAUMET, M. GUITON, R. LENORMAND and J.L. MARI Th2 (Paper ID:37)



Pathline-Calibrated Groundwater Flow Models of Nile Valley Aquifers, Esna, Upper Egypt Tom H. BRIKOWSKI , Abdallah FAID



12H 55– 14H LUNCH Monday afternoon: Themes 1 & 3 14h – 14h 45 Keynote Lecture 2 (KL 2) Simulating Complex Flow and Contaminant Transport Dynamics in an Integrated Surface-subsurface Modelling Framework. E.A. SUDICKY, J.M.LEMIEUX, J.P. JONES, A.E. BROOKFIELD, D. COLAUTTI, Y.-J. PARK (Department of Earth Sciences, University of Waterloo, Waterloo, Ontario, Canada N2L 3G1) and R. THERRIEN, T. GRAF (Département de Géologie et de Génie Géologique, Université Laval, Québec, Canada G1K 7P4).



14h 45 – 15h 10 S 7 Th1 (Paper ID:42)



Quantifying groundwater model prediction uncertainties at a small scale highly heterogeneous remediation site Heinz J. THEIS Th3 (Paper ID:1)



Hydraulically controlled combined vertical circulation of groundwater and alcohol Ulf MOHRLOK, Klaas HEINRICH



15h 10 – 15h 35 S 8 Th1 (Paper ID:45)



Homogeneization of smaller scale heterogeneity at Äspö (Sweden) granitic site within a model for transfers of radionuclides at large temporal scales. Christophe GRENIER, Christian LAGUERRE, Gilles BERNARD-MICHEL. Th1: Paper ID: 11 Title: Comparison of asymptotic semi-analytical solutions to solute transport in heterogeneous porous media Authors: Christophe C. FRIPPIAT and Alain E. HOLEYMAN
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MONDAY (CONTINUED)



Th1 (Paper ID:X1)



Stochastic Modelling of Unsaturated Flow and Transport: Numerical Experiments, Macroscopic Behavior and Upscaling. VEENA S. SORAGANVI, M. S. MOHAN KUMAR (Indian Institute of Sciences, Bangalore, India) and R. ABABOU (IMFT, Toulouse). Th3 (Paper ID:xxxx)



Xxxx



16h – 16h 30 Coffee break and POSTERS



Monday afternoon (continued)



16h 30 – 16h 55 S 10 Th1: (Paper ID:60 & 107)



Effects of spatial heterogeneity and upscaling methods on hydrodynamic transport coupled with geochemical reactions. Marco DE LUCIA, Vincent LAGNEAU and Chantal DE FOUQUET Th3 (Paper ID:13)



Dissolution and precipitation processes in porous media: a pore scale model C.J. VAN DUIJN, V.M. DEVIGNE, T.L. VAN NOORDEN, I.S. POP



16h 55 – 17h 20 S 11 Th1 (Paper ID:65)



Asynchronous particle tracking for contaminant migration in heterogeneous 3D media with unstructured tetrahedral mesh Minh-Phuong LAM, Regina NEBAUER, Rachid ABABOU Th3 (Paper ID:14 & 106)



Transverse effective dispersion coefficients in a chemically heterogeneous medium with flow fluctuations. Vanessa ZAVALA-SANCHEZ, Marco DENTZ and Xavier SANCHEZ-VILA



17h 20 – 17h 45 S 12 Th1 (Paper ID:77)



Random and mixed random walk / finite volume methods for solute and heat transport in heterogeneous media. Gérald DEBENEST, Jean-F. THOVERT Th3 (Paper ID:16)



Crystal dissolution and precipitation in porous media flow: variable geometry. T.L. van NOORDEN, I.S. POP and C.J. van DUIJN



19 H: COCTAIL PARTY AT THE CITY HALL (to be confirmed) 4
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TUESDAY 13 JUNE 2006 TUESDAY 13 JUNE 8h 30 – 9h 15 Keynote Lecture 3 (KL3) Multiscale Analysis of Biological Processes in Porous Media. Brian WOOD, Oregon State University, Corvallis, OR 97330 USA



Tuesday morning: Themes 1 & 2 9h 30 – 9h 55 S 13 Th1 (Paper ID: 30)



Predicting the tracer plume development in fractured porous media by applying a double continuum approach Beyer MATTHIAS; Mohrlok ULF Th2 (Paper ID:38)



Flow over and within a porous bed computed using a macroscopic formulation of a lowReynolds-number k-epsilon turbulence model. Mahmud AHSAN, Mark A. COTTON and Peter K. STANSBY



9h 55 –10h 20 S 14 Th1 (Paper ID:7)



Scale-dependence of dispersivity in upscaled transport models. Daniel FERNÀNDEZ-GARCIA, J. Jaime GÓMEZ-HERNÁNDEZ Th2 (Paper ID:46)



Why, when and how we need to apply conjunctive water management of surface and groundwater: the case of the Charente basin, France. Fabien CHRISTIN, Gilles BELAUD, Christian LEDUC, Pierre-O. MALATERRE, Patrick LE GOULVEN



10h 20 – 10h 50 Coffee break and POSTERS 10h 50 – 11h 15 S 15 Th1 (Paper ID:12)



Block-Upscaling of Transport: A comparison of ADE and mobile/immobile approach Matthias WILLMANN, Xavier SÁNCHEZ-VILA, and Jesus CARRERA Th2 (Paper ID: 93)



Groundwater flow modeling of perched Karstic aquifers and springs and its implication for determining precipitation-recharge relationship. Menachem WEISS and Haim GVIRTZMAN 5
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TUESDAY (CONTINUED)



Th1 (Paper ID:21)



Sub-gridded dual-porosity models: accurately modelling matrix-fracture transfers in fractured porous media C. FAMY, B. BOURBIAUX, P. LEMONNIER and M. QUINTARD Th2 (Paper ID:52)



Modelling Surfactant-Induced Flow and Contaminant Transport in the Vadose Zone. Scott E. MUNACHEN



12h 05 – 12h 30 S 17 Th1 (Paper ID:25)



Solute transport by a shear-thinning fluid in a channel flow: influence of the geometrical disorder Victor J. CHARRETTE, Elisa EVANGELISTA, Ricardo CHERTCOFF, Harold AURADOU, Jean-Pierre HULIN and Irene IPPOLITO Th2 (Paper ID:59)



Methodology of the hydraulic and hydrodynamic modelling of aquifers-stream interactions. Noureddine GAALOUL



12h 30 – 12h 55 S 18 Th1 (Paper ID:44 & ID:69)



Geostatistical modelling for the quantification of uncertainties on the unsaturated zone and the groundwater transfer. S. MAZUEL, C. DE FOUQUET, M. KRIMISSA, J.-P. CHILES Th1 (Paper ID: 101 & 103)



An efficient local time stepping and Discontinuous Galerkin scheme for the advective transport equation in porous media Charbel-P. EL SOUEIDY, A. YOUNES & P. ACKERER



12H 55– 14H LUNCH Tuesday afternoon: Themes 1 & 3



14h – 14h 45 Keynote Lecture 4 (KL 4)



Paper ID:90



Analytical and numerical modeling of flow and transport in highly heterogeneous three-dimensional aquifers : ergodicity, gaussianity and anomalous behaviour. Igor JANKOVIC, Dept of Civil, Struct. & Envir. Engg., SUNY State Univ of New York at Buffalo, NY, USA.



6



PRELIMINARY PROGRAM OF SESSIONS (VERSION 3) IAHR-GW2006 “GROUNDWATER IN COMPLEX ENVIRONMENTS” 12-13-14 JUNE 2006 TOULOUSE, FRANCE http://www.iahr-gw2006.cict.fr/



14h 45 – 15h 10 S 19



7



TUESDAY (CONTINUED)



Th1 (Paper ID:35 & ID:62)



A new method to invert hydraulic pumping tests for the identification of fractal characteristics and homogenization scale in fractured aquifers. Stephane BERNARD, Anne KACZMARYK, Gilles POREL, Frederick DELAY Th3 (Paper ID: 81)



Role of sorption processes in reactive transport. Philippe BEHRA



15h 10 – 15h 35 S 20 Th1 (Paper ID:20)



Understanding flow and mass transfer through an enhanced geothermal system (EGS) created into a deep fractured basement in the Rhine graben. Dominique BRUEL, Clement BAUJARD Th3 (Paper ID:31)



On Constrained Minimisation Techniques For Solving General Geochemical Reactive Transport Problems M. A. SBAI, MENJOZ A., AZAROUAL M.



15h 35 – 16h S 21 Th1 (Paper ID:49)



Permeability of porous media containing fracture networks with a power-law size distribution. V.V. MOURZENKO, I. BOGDANOV, J.-F. THOVERT, P.M. ADLER Th3 (Paper ID:47)



Scaling kinetic reactions in heterogeneous media : from laboratory – to pilot – to field scale O. ATTEIA and C. GUILLOT



16h – 16h 30 Coffee break and POSTERS 16h 30 – 16h 55 S 22 Th1 (Paper ID:70)



Impact of sedimentary structures with inclined couplets on macrodispersion in gravel aquifers. Fritz STAUFFER Th3 (Paper ID:53)



Identification of groundwater endmembers: implications for the impact of liming on groundwater. Christina WEYER, Gunnar LISCHEID, Luc AQUILINA, Anne-Catherine PIERSON-WICKMANN 7
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TUESDAY (CONTINUED)



Th1 (Paper ID:74)



Modeling of flow and solute transport in a heterogeneous aquifer, Kerbala City, Iraq N. SAMANI and A. RAOOF Th3 (Paper ID:54)



Micro-pore model for Cesium transport in sandy-clayed porous media. Sébastien CADALEN, Michel QUINTARD



17h 20 – 17h 45 S 24 Th1 (Paper ID:75)



A new approach to study solute mixing in heterogeneous porous media. Paulo HERRERA and Roger BECKIE Th3 (Paper ID:56)



Development of Simplified Scaling Relationships for the Estimation of Subsurface Biological Parameters Using Moment Analysis. Mohamed M. MOHAMED and Kirk HATFIELD



20h 00 : Dinner banquet, downtown Toulouse (Hotel d’Assézat - fondation Bemberg)
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WEDNESDAY 14 JUNE 2006 9h – 9h45 Keynote Lecture 5 (KL 5)



Paper ID:89



Ancient and modern hydrology : the common ground and a few challenging tasks. Gedeon DAGAN, Faculty of Engineering, Tel Aviv University, Tel Aviv, Israël.



Wednesday morning: Themes 2 & 4 10h-10h25 Th4 (Paper ID:39)



The flow systems and the groundwater interactions in the multi-aquifer system of the Carmel Coast region- Israel. Joseph GUTTMAN Th2 (Paper ID:61)



Atmospheric controls and soil moisture inputs for a coupled model of surface-subsurface interactions. Claudio PANICONI, M. PUTTI



10h25-10h50 Th4 (Paper ID:67)



Utilisation de l'effet barométrique pour la détermination du coefficient d'emmagasinement Frédéric LALBAT and Olivier BANTON Th2 (Paper ID:80)



Coupled modeling of the functioning of continental surfaces from local to regional scales (SEVE : Sol-Eau-Vegetation-Energie). Modélisation couplée du fonctionnement des surfaces continentales aux échelles locales à régionales (SEVE : Sol Eau Végétation Energie). Valérie BORRELL-ESTUPINA(1), Isabelle BRAUD(9,2), Gérard DEDIEU(1), Aaron BOONE(1,3), Flora BRANGER(2), Yves BRUNET(7), Isabelle CALMET(4), Nadia CARLUER(2), André CHANZY(6), Philippe CHIBAUDEL(1), Jean-Dominique CREUTIN(9), Hendrik DAVI1, Alexandre ERN(5), Florence HABETS(3), Frédéric HECHT(11), Jérôme JAFFRE(12), Philippe LAGACHERIE(10), Jean-Claude MENAUT(1), Patrice MESTAYER(4), Roger MOUSSA(10), Joël NOILHAN(3), Jérôme OGEE(7), Albert OLIOSO(6), Laurent PREVOT(10), Fabrice RODRIGUEZ(8), Marc VOLTZ(10). 1



CESBIO UMR5126 Toulouse, 2CEMAGREF Lyon, 3CNRM Toulouse, 4LMF Ecole Centrale de Nantes UMR 6598, ENPC-CERMICS Marne-la-Vallée, 6INRA-CSE Avignon, 7INRA-EPHYSE Bordeaux, 8LCPC Nantes, 9LTHE Grenoble, 10LISAH Montpellier, 11 INRIA Roquencourt, 12Laboratoire J.-L. Lions Paris (France).



5
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WEDNESDAY (CONTINUED)



11h20-11h45: Th4 (Paper ID:73)



Multiscale Multiphase Mass Transfer in Porous Media: Integrated Numerical and Experimental Studies. Souheil M. EZZEDINE, Russell L. DETWILER, Walt W. Jr. MCNAB Th2 (Paper ID:82)



Modeling coupled surface / subsurface flow interactions : implementation and comparison of three models based on Darcy, Boussinesq / Saint Venant and Boussinesq / diffusive wave, with application to the Garonne floodplain, Midi-Pyrénées, France. ABABOU R.(1), AL-BITAR A. (1), PEYRARD D.(2), QUINTARD M.(1), SANCHEZ-PEREZ J.M.(2), SAUVAGE S.(2), VERVIER P.(2), WENG P.(3). (1) Institut de Mécanique des Fluides de Toulouse ; (2) Laboratoire d’Ecologie des Hydrosystèmes (Toulouse) ; (3) Bureau des Recherche Géologiques et Minières (BRGM).



11h45-12h10: Th4 (Paper ID:83)



Thermo-Hydro-Mechanical simulation of a 3D fractured porous rock (coupled matrixfracture hydraulics). Rachid ABABOU, Israel CANAMON and Fco. Javier ELORZA Th3: Paper ID: 57 Title: An Adaptive time stepping method based on Richardson Extrapolation : Application to batch chemistry, unsaturated flow and transport modelling. Authors: B. BELFORT, J. CARRAYROU, F. LEHMANN



12h10-12h35: Th1 (Paper ID:97)



Interpretation of interference pumping tests in a fractured limestone (Poitiers - France) using fractal and dual-media approaches : Homogenization scale of hydraulic parameters. Anne KACZMARYK and Frederick DELAY Th3 (Paper ID:64)



NAPL dissolution in porous media : non-equilibrium effects due to saturation heterogeneities. C. TATHY, B. MABIALA and M. QUINTARD



12H 55– 14H: LUNCH 14h – 14h45: RESERVED FOR PROGRAMMATIC MEETINGS (IAHR, SHF, …)
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WEDNESDAY (CONTINUED)



14h 45 – 15h 10: Th1 (Paper ID:76)



Assessing model uncertainty in groundwater contamination models David DRAPER and Bruno MENDES Th4 (and Th2) (Paper ID :X3 )



Seawater intrusion modeling in heterogeneous costal aquifers with recharge and surface flow coupling via diffusive wave, Boussinesq and sharp interface equations. A.AL-BITAR and R.ABABOU (IMFT, Toulouse)



15h 10 – 15h 35 Th1 (Paper ID: 84)



A numerical global upscaling technique for building reservoir models. Mickaele LE RAVALEC-DUPIN and Ludovic RICARD Th4 (Paper ID:32)



Framework for a process-based salinisation risk assessment: solute recycling versus primary groundwater salinisation. MILNES E., PERROCHET P., RENARD P.



15h 35 – 16h Th1 (Paper ID:79)



Is there any hope for transverse dispersion ? M. DENTZ, E. ABARCA, J. CARRERA and X. SANCHEZ-VILA Th4 (Paper ID:17)



Modeling of the Groundwater Flow and Tranport of Reactive Solutes in the Salt Crust Aquifer, Salar de Atacama, Chile. CARLOS VASQUEZ G., JOSE MUÑOZ P.
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WEDNESDAY (CONTINUED)



16h 30 – 16h 55 Th1 (Paper ID:X2)



Contaminant source identification with the “RAW” scheme : particle tracking with reverse anti-diffusion walk. R. ABABOU (1), A.C. BAGTZOGLOU (2) (1) Institut de Mécanique des Fluides de Toulouse ; (2) Univ. Connecticut, Storrs, CN, USA. Th4 (Paper ID:23)



Numerical Modeling as a Tool to Investigate the Feasibility of Artificial Recharge to Prevent Possible Saltwater Intrusion into the Bangkok Coastal Aquifers System. Phatcharasak ARLAI , Manfred Koch, .Sucharit Kuntanakulwong, and Werapol Bejranonda



17h : CLOSING SESSION, and…FAREWELL.
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ALL POSTER PAPERS POSTER PAPERS ARE SCHEDULED DURING COFFE BREAKS EVERY DAY (12-13-14 JUNE 2006) P Paper ID: 5 Advantages of geostatistical simulation in hydrogeology using krigeage aproach study case (sand aquifer of Biskra, Algeria) A.H. MESSAMEH , S. TEKKOUK , A. BOUGUERNE P Paper ID: 6 Integration of recharge data from a hydrological water balance model into a 3D FE model for a crystalline basement area in the tropical river catchment of the Upper Ouémé (Benin / West Africa) Tobias EL-FAHEM, Simone GIERTZ, Barbara REICHERT & Bernd DIEKKRÜGER P Paper ID: 27 (Th1) Mixing and spreading of a solute in a non Newtonian fluid flow inside a fracture A. BOSCHAN, H. AURADOU, J.P. HULIN, I. IPPOLITO, R. CHERTCOFF P Paper ID: 88 (& ID33) (Th2) Continual estimation of surface and underground flows in river basins Valeriy KLENOV P Paper ID: 36 Investigating the effect of forest stand volume on soil surface erosion by Geographic Information System(GIS). H.R.MASKANI , A.MERAJI. P Paper ID: 41 Prediction of future water levels of the pleistocene aquifer system of Wadi El-Assiuti area, eastern desert, Egypt Hossam H. ELEWA
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POSTER PAPERS (CONTINUED) P Paper ID: 51 Shallow Groundwater Flow in Unsaturated Hillslopes and its Implications for Landslide Mobilisation Scott E. MUNACHEN P Paper ID:78 Should dispersion describe mixing or spreading ? J. CARRERA, M. DENTZ and X. SANCHEZ-VILA P Paper ID: 71 Coupling of wetlands to sea by groundwater-borne nutrient transport Joseph Sebastian PAIMPILLIL P Paper ID:86 (Late abstract) A finite volume analysis on unstructured grids of aquifers in connection with rivers and lakes A. NJIFENJOU, A.J. KINFACK P (A or P -- Late abstract) Th2 Effet d’un fossé en travers sur l’écoulement hydrodynamique d’une nappe superficielle peu profonde. Application sur le site expérimental de la Jaillière (44, France). T.H. DEBIECHE , C.V. ADAMIADE, N. CARLUER Paper ID:87 (Th2)



Estimation of spatial-temporal variability of groundwater recharge by using fully coupled SWAT-MODFLOW model. IL-MOON CHUNG, NAM-WON KIM, JEONGWOO LEE, YOO-SEUNG-WON Paper ID:9 (Th3)



Coupled Geochemical and Transport Modeling of pH-Dependent Biodegradation of Organic Contaminants in a Pyrite-Rich Aquifer M. Savas SARIOGLU and Nadim K. COPTY
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KEYNOTE LECTURE



Probabilistic representation of heterogeneous geologic media. La représentation des milieux géologiques hétérogènes par des méthodes probabilistes. Ghislain De MARSILY, Académie des Sciences, Université Paris 6, Paris, France.



ABSTRACT On peut aborder le problème de l’hétérogénéité en s’efforçant de définir une perméabilité équivalente homogène, par prise de moyenne, ou au contraire en décrivant la variation dans l’espace des propriétés des roches à partir des observations géologiques et des mesures locales. Les techniques disponibles pour une telle description sont soit continues, comme l’approche Géostatistique, soit discontinues, comme les modèles de faciès, Booléens, ou bien par Indicatrices ou Gaussiennes Seuillées, ou enfin Markoviens. Ces modèles de faciès sont mieux capables de prendre en compte la connectivité des strates géologiques, telles que les chenaux enfouis à forte perméabilité, ou au contraire les faciès fins de barrières de perméabilité, qui ont une influence importante sur les écoulement, et, plus encore, sur le transport. Les modèles génétiques récemment apparus ont la capacité de mieux incorporer dans les modèles de faciès les observations géologiques, chose courante dans l’industrie pétrolière, mais insuffisamment développée en hydrogéologie. On conclut que les travaux de recherche ultérieurs devraient s’attacher à développer les modèles de faciès, à les comparer entre eux, et à mettre au point de nouvelles méthodes d’essais in situ, comprenant les méthodes géophysiques, capables de reconnaître la géométrie et les propriétés des faciès. La constitution d’un catalogue mondial de la géométrie et des propriétés des faciès aquifères, ainsi que des méthodes de reconnaissance utilisées pour arriver à la détermination de ces systèmes, serait d’une grande importance pratique pour les applications.



FLOW AND TRANSPORT MODELLING AND EFFICIENCY OF REMEDIATION IN A FRACTURED AND KARSTIC AQUIFER: A CASE STUDY Claudia Cherubini1, Concetta I. Giasi2 1 2



PhD Student Polytechnical University of Bari [email protected] Full Professor Polytechnical University of Bari [email protected]



ABSTRACT The study of contaminants propagation in fractured and karstic aquifers shows uncertainties caused by the conditions of anisotropy of the medium and by the presence of cavities and residual products that could make fluid flow and solute transport unforeseeable. The present paper proposes the study carried out on a contaminated area located in the city centre of Bari (Italy) in which flow modeling has been implemented, starting from the use of a finite difference computer code and considering the conditions of anisotropy of the medium by means of a reconstruction of the hydraulic conductivity map. A verification of the reconstruction of the so obtained map has been effectuated through the comparison with the map of the “draining degree” coming from the RQD (Rock Quality Designation) values obtained from boreholes. Those values, that could be related to hydraulic conductivity of the rocky mass interested by a network of karstic canals and fractures by means of empiric formulas, have been utilized in order to achieve an indirect estimation of the dynamics of subterranean drainage. The choice of the indicator pollutant has taken into account not only the activities carried out in more than a century in the study area, but also the properties of the contaminant itself. The studied model has been realized by means of the computer code Modflow (GWV4), supported by the description of hydraulic conductivity obtained through interpolation. The study has afterwards considered the opportunity of remediation through Pump&Treat for a period of two years and a subsequent check of the performed contaminant demolition. The analysis of the results of flow and the application of MT3DMS, allows to confirm an evident coherence of the hydrogeological model with the hydrodynamic one, showing capture zones of flow, and therefore of the contamination. The results of a study carried out in the area, based on a very accurate geomechanical analysis of the rock fracturing degree lead to different results. The contamination does not appear circumscribed inside the area at each depth. That should be taken into consideration in setting up remediation strategies: in order to be effective, they need to be applied to specified depths. Keywords: karstic, fractured, draining, pollution, remediation.



Impact of the Wisconsinian Glaciation on Canadian Continental Groundwater Flow J.-M. Lemieux, E.A. Sudicky, University of Waterloo, Department of Earth Sciences, 200 University Avenue West, Waterloo, Ontario, Canada, N2L 3G1 W.R. Peltier, L. Tarasov University of Toronto, Department of Physics, 60 St. George Street, Toronto, Ontario, Canada, M5S 1A7 During the last glacial period (75 kyr – 10 kyr), the Canadian landscape was almost entirely covered with ice. The Laurentide ice-sheet, the largest of the three NorthAmerican ice sheets, reached a thickness of about 4 km and the force exerted by its weight on the earth’s crust was sufficient to cause a depression of the surface of about 1 km and an over-pressurization of porewater fluids. These dramatic conditions are suspected to have had a large impact on the groundwater flow system over the whole continent. Although an analysis of the evolution of groundwater flow systems during glacial periods is relevant to a number of problems, such as the long-term stability of high-level spent nuclear-fuel repositories located at depth, very few studies have been conducted to assess the impact of glaciation on deep-seated groundwater flow systems, particularly in a North-American context. A transient, highly heterogeneous three-dimensional groundwater flow model including the effect of the advective-dispersive redistribution of shield brines was constructed in order to capture the impact of the advance and retreat of the ice sheet over the Canadian landscape. The model is driven by a thermomechanical ice-sheet model of the last glacial cycle [Tarasov and Peltier, 2004] which provides the transient boundary conditions that includes the spatio-temporal distribution of the glacial ice, the elevation of the surface topography, meltwater rates, permafrost thicknesses, as well as temporal changes in sea level along the coastal margins. The evolving surface water drainage patterns and features such as proglacial lakes are also incorporated based on the hydrologic routing calculations performed by Tarasov and Peltier [2005]. The treatment of physical processes related to the influence of the ice sheet on the groundwater flow system such as hydromechanics, isostasy, subglacial melting and permafrost formation are also discussed. Simulation results show that hydraulic heads at depth below the ice sheet increase by several hundred meters and groundwater flow directions also change dramatically from what is observed today. Infiltration of subglacial meltwater also plays a key role in the increase of subsurface hydraulic heads as the meltwater is driven into the subsurface by the weight of the ice.



Stochastic modeling of groundwater flow in the saprolite of a tropical gneissic watershed M. Sekhar1,2, A. Chaudhuri1, S. Fleury2 and M. Descloitres2 1
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Abstract The groundwater flow in the granitic gneissic crystalline rocks, which are one of the abundant formations in the peninsular India is governed by a complex and irregular saprolite (i.e. weathered zone) along with the underlying deeper fractured formation. Integrating geophysical measurements in hydrogeological modeling provides a better understanding of fluid flow processes in such complex groundwater environments. The present paper discusses the probabilistic behavior of groundwater flow in the saprolite of a small experimental watershed using integration of stochastic modelling with information from various types of geophysical investigations. Investigations are made for assessing groundwater behavior at the small watershed scale (i.e. < 5 km²) at Moole Hole watershed of Nugu river basin in South India. The groundwater system is described by a highly foliated weathered zone of thickness ranging from 20 m to 35 m underlying a red and black soil system and overlying a fresh fractured gneissic rock. A 2D electrical imaging at several profiles (twelve numbers) in the watershed indicates a complex heterogeneous structure of the saprolite in the regolithprotolith substratum. The interface between the saprolite and the fresh rock is very irregular and interestingly the organization of these zones follow a near vertical structure. From such an organization, it is hypothesized that some portions of the saprolite react quickly to the recharge water and transmit the same through the lateral groundwater flow occurring within the saprolite. Figure 1 presents an electromagnetic map of the Moole Hole watershed. The electromagnetic conductivity (in mS/m) is shown using 4 classes. The first class (3-9 mS/m, shown in white color) represents the zones where the saprolite (i.e. the weathered zone) is close to the surface (< 3 m). Its thickness can be estimated using the 2D electrical imaging survey. The upper class (20-50 mS/m, shown in black color) represents the black clayey soil distribution whose surface is almost impermeable to infiltration. Below these black soils, the saprolite could be close or far to the surface. This is only known from 2D electrical imaging survey. Between those classes, i.e. between 9 and 20 mS/m, the 2D electrical imaging survey suggests that the saprolite is deeper than 10 m. Figure 2 presents an example of the 2D electrical imaging survey for the profiles 1 and 5. The resistivity classes (four in number) are shown from the knowledge of the weathering index versus resistivity relationship obtained in borewells. The first class (10-80 Ohm) corresponds to very clayey materials, almost impermeable. The second one (80-150



1



ohm.m) corresponds to loamy material, which can be categorized as poorly conductive from hydraulic point of view. The third one (150-500 ohm.m) corresponds to the saprolite, a loamy to sandy material, porous and hydraulically more conductive (in the range of 2x10-6 to 2x10-5 m/s according to magnetic resonance sounding and slug test in borewells). This saprolite could also be fractured in some parts. The last class (above 500 ohm.m) corresponds to the fractured and to fresh rock, mainly gneissic. The profiles 1 and 5 represent extreme cases: the profile 1 exhibits high variations of the saprolite depth and thickness, while the profile 5 exhibits a situation where the saprolite is deep and remains thin. From the topographic map, electromagnetic map information and using the results given by the 2D electrical imaging surveys, the 3D geometry of the saprolite is generated using a stochastic model. The hydraulic conductivity is assumed to be random field and described by the mean, standard deviation and correlation (or spectral) function. The distribution of hydraulic conductivity of the saprolite obtained using Magnetic resonance soundings and slug tests is used in the stochastic model for generating hydraulic conductivity field in the 3D weathered zone. The stochastic analysis of flow in the 3D weathered zone is performed using the Monte Carlo Simulation (MCS) method in a region of 1 km x 1 km near the outlet of the watershed using the hydraulic gradient obtained through the monitoring well network in this region. The model is used to study the behavior of flow in the saprolite and also to analyse the effect of correlation structure on the probabilistic behavior of groundwater fluxes. S
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Figure 1 Electromagnetic map of Moolehole watershed showing the depth to the saprolite and its spatial structure.
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Figure 2 The 2D electrical resistivity along profiles 1 and 5 shows the structure of the thickness of saprolite in the regolith-protolith substratum.
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MODELING OF SOLUTE TRANSPORT IN A STREAM – AQUIFER SYSTEM KATHRIN NANOU-GIANNAROU, KATHRIN SPANOUDAKI AND ANASTASIOS I. STAMOU



Laboratory of Applied Hydraulics, Department of Water Resources, Hydraulic and Maritime Engineering, School of Civil Engineering, National Technical University of Athens, Iroon Polytechniou 5, 15780 Athens, Greece email: [email protected] ABSTRACT An Integrated Surface water – Groundwater Model (ISGM) is presented, describing flow and pollution interaction between a stream and the surrounding groundwater aquifer. The hydrodynamic part of the ISGM has also been presented in [1] and [2]. In this work the integrated model is further developed to allow the simulation of solute transport in the stream, solute transport in the aquifer and solute interchange between the stream and the aquifer. The ISGM consists of (a) a 3-D surface water sub-model, FLOW-3DL [3], successfully applied in numerous modelling studies of hydrodynamics and water quality in estuarine and coastal waters and (b) a 3-D saturated groundwater flow sub-model, both based on the finite difference method and using orthogonal grids. The momentum and mass conservation equations are the governing equations for both surface and groundwater flows and the advection-diffusion equation is used as the governing equation for solute transport in the linked streamaquifer system. The newly developed groundwater sub-model of the ISGM is verified with benchmark cases and existing analytical solutions for solute transport in a steady uniform flow field assuming a homogeneous and isotropic aquifer and point or distributed sources of constant concentration or constant flux rate ([4], [5], [6], [7]). Finally, the ISGM is applied to a hypothetical stream-aquifer system showing the interaction between a confined aquifer and a partially penetrating stream for more complex flow fields where analytical solutions do not exist. Cases of both steady and non-steady flow are examined, representative of the possibilities offered by the use of integrated models. For the steady flow cases, a constant inflow to the stream is assumed and different situations of groundwater head elevations relative to stream stage combined with stream and/or groundwater contamination are addressed. For the non-steady flow cases, a tidal wave in the stream is assumed and various scenarios of solute release in the stream and the aquifer are studied. Key words: integrated modelling, stream-aquifer interaction, solute transport, surface water, groundwater
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International Ground Water Symposium on “ Ground Water Hydraulics in Complex Environments” (Heterogeneous Media, Coupled Processes, and Upscaling) June 12-14, 2006 Toulouse, France A comparison of three finite volume methods for capturing irregular boundaries and heterogeneity in groundwater flow simulations Dalila Loudyi, Roger A. Falconer, Binliang Lin Cardiff School of Engineering, Cardiff University, Cardiff, U.K.



Abstract Three finite volume methods to capture boundaries irregular geometry and heterogeneity in groundwater flow simulations have been compared in this study. The two-dimensional formulation has been considered. Three discretisations of the two-dimensional diffusion equation, governing groundwater flow and for use with structured non-orthogonal quadrilateral meshes, have been developed. The three methods rely on a cell-centred finite volume approach, but show distinct differences in the choice of: gradient approximation, head interpolations and control volume. A time implicit formulation has been used in each model. The sparse system of linear equations that result from the implicit formulation has been solved by using an iterative solver, based on the strongly implicit procedure. Five test examples have been undertaken to compare the performance of the newly developed methods against MODFLOW predictions and analytical results. The accuracy of the results obtained was found to depend on the spatial and temporal discretisations. One of the three developed methods proved its robustness, with regard to mesh non-orthogonality and skewness, and was called the GWFV method. A discussion about the performance of the new developed model has been included and the model has been shown to perform well in comparison with MODFLOW.



A Depth-Continuous, Moisture Content-Discretized Interactive Infiltration Model Cary A. Talbot Coastal & Hydraulics Laboratory US Army Engineer Research & Development Center Vicksburg, MS 39180 USA Fred L. Ogden Department of Civil and Environmental Engineering, U-37 Univ. of Connecticut 309 F.L. Castleman Building Storrs, CT 06269 USA As part of the on-going System-Wide Water Resources Program (SWWRP), research is being conducted by the US Army Engineer Research & Development Center (ERDC) in the development of coupled surface and subsurface flow interaction codes. In an effort to improve the computational efficiency and robustness of one-dimensional vadose zone flow calculations, alternatives to the Richards’ Equation (RE) are sought. This paper will describe a depth-continuous, moisture content-discretized interactive infiltration model under development at ERDC. The range of pore radii within a given soil is discretized into vertically continuous, interactive bins. The entry and vertical movement of wetting fronts in each bin are simulated by means of explicit infiltration approximations based on capillary and gravitational driving forces. Downward advancement of a wetting front within a bin can create pore-water deficits that are satisfied by capillary-driven inter-bin flow. Comparisons of model results with RE solutions and computational efficiency will be presented.
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Abstract In natural geologic systems, confining layers overlying and/or underlying an aquifer are seldom completely impermeable; instead, most of them leak to some extent. This is particularly true in multi-layer and complex geologic systems. As a result the transient drawdown due to pumping is often dependent on the pumped aquifer properties as well as the hydrologic properties of the adjacent layers. The purpose of this paper is to examine the impact of heterogeneity of leaky aquifer systems on the analysis of pumping test data. The aquifer system considered consists of two aquifers separated by an aquitard. A fully penetrating well is placed in one of the aquifers. The head in the second aquifer is assumed to be steady through the pumping test duration. The log-transmissivity of the pumped aquifer and the vertical capacitance of the aquitard are modeled as two independent multi-variate random spatial function with stationary first and second moments. Monte Carlo simulations are used to simulate the time-dependent drawdown at the extraction well and nearby observation wells for different values of the statistical parameters defining the aquifer and aquitard flow properties. The simulated drawdown data at various distances from the well are then used to estimate the flow parameters (transmissivity, storativity and aquitard conductance) using (i) the inflection-point method developed by Hantush (1956) and (ii) a curve fitting approach based on the leaky aquifer type-curves developed by Walton (1962). These estimates are compared to each other and to the actual values used in the data generation. Results from this study indicate that the estimation of the flow parameters is dependent on the distance to the pumping well, and that the spatial variability of one parameter influences the estimation of the other parameters. Moreover, the comparison between the two analysis methods is influenced by the heterogeneity of the aquifer and aquitard in different manners. The implications of these results on the interpretation of pumping tests conducted in heterogeneous leaky and non-leaky aquifer systems are discussed.



Use of Environmental Tracer Data for Groundwater Modeling Giorgio Amsicora Onnis, Harrie-Jan Hendricks Franssen, Fritz Stauffer and Wolfgang Kinzelbach Institute of Hydromechanics and Water Resources Management Swiss Federal Institute of Technology, ETH Zürich e-mail: [email protected]



Since the early ´50s, human activities such as nuclear power production, thermonuclear bomb testing and industrial processes released a range of environmental tracers into the atmosphere. The atmospheric concentrations of these tracers were measured at reference sites over the last decades. By measuring the concentrations in the groundwater and comparing the measured values with the known atmospheric growth curve (called atmospheric input function) it is possible to determine the groundwater age and gain other types of information about subsurface dynamics of water such as travel times, streamline information, ratio of fluxes, recharge rates, porosity. When considering thick unsaturated zones, the time spent by the tracer in the unsaturated zone results in a time lag – or delay - that must be considered in the calculation of the groundwater age. This effect is negligible for gaseous tracers which can diffuse to the water table in the unsaturated zone and distances to water tables of less than 10 m. But it gains in importance as deeper water tables are considered, resulting in delays which can be of 15 years or more (Cook and Solomon, 1995). The aim of the present work is to investigate the subsurface transport of the tracers 3H, 3He (as decay product of H), 85Kr and SF6 . First, we solve numerically the vertical advection-dispersion equation in the unsaturated zone (Fig. 1). Considering different tracers has the advantage of taking into account the different transport mechanisms in the subsurface. The water-bound 3H moves by advection following the seepage water, while the transport of the gas tracers like 3He, 85Kr and SF6 is advection dominated only in the few upper meters of the unsaturated zone, while afterwards they are diffusion dominated. A combination of several tracers may make their application to the flow modelling more reliable. 3
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Fig.1 85Kr (years 1950-2004) and 3H (years 1978-2004) time series for different depths of the unsaturated zone.



Crossing the unsaturated zone also results in a modification of the temporal concentration distributions of the tracers. The shape of the input function at the groundwater table may thus significantly differ from that of the atmospheric input function. Consequently, the concentration history at the bottom of the unsaturated zone must be reconstructed to give a correct input function for any meaningful transport modelling in the saturated zone. We apply our theoretical studies to the Baltenswil aquifer (Switzerland). The catchment of this reference site was selected as it has been relatively well studied in the last decade. The undulating topography of the site – a sandygravel formation formed in the Riss ice-age covered by moraine material – gives rise to a complicated unsaturated zone geometry that makes Baltenswil a challenging test site for the validation of our unsaturated/saturated zone transport model.



The flow model for the saturated zone is based on a set of 100 multiple equally likely realizations of the logtransmissivity field generated with GCOSIM3D (Gomez-Hernandez and Journel, 1993) conditional on transmissivity (T) measurements. In addition, these logT fields are also conditioned to steady-state hydraulic head measurements by the Sequential Self-Calibrated Method (Gomez-Hernandez et al., 1997), implemented in the code INVERTO (Hendricks-Franssen, 2001). For transport modeling in the saturated zone we need to provide the correct input function at the groundwater table. We thus reconstruct the concentration history at the bottom of the unsaturated zone according to the spatially variable thickness, which ranges from 0 to 50m in the domain of interest. This is then used in a second step as concentration input flux for transport modeling in the saturated zone (performed with MT3DMS (Zheng, 1990)). Accounting for tracer transport in the unsaturated zone allows, even with the simple assumption of a 1D homogeneous porous medium, the simulated concentrations at observation locations to show a fair simultaneous match with the measured concentrations for each of the considered environmental tracers (Fig. 2).



Figure 2: Modelling results vs. measured data at Baltenswil pumping station.



Sensitivity analysis shows that atmospheric input function and heterogeneity-related unsaturated zone parameters (thickness, soil water and air content, effective diffusion coefficient) are more significant to the final results than saturated zone ones (transmissivity and porosity). This prominent role is explained in terms of different residence times in the two zones, which in the aquifer under study are on average 30yrs/3yrs for the unsaturated/saturated zone respectively. The unsaturated zone regulates the subsurface dynamics as an interface between atmosphere and groundwater, with a slower dynamics compared to the movement of tracers in the saturated zone. Nonetheless transmissivity may come into play because it may change the water flux direction and thus the tracer trajectories in the saturated zone. Since different paths are related to overlying unsaturated zone soil columns of different thickness, different paths may result in a different ratio between the saturated and unsaturated zone travel times. When this ratio becomes large, such as 25% or more, saturated zone parameters like porosity may come again into play, influencing and determining the final concentration in the groundwater at the observation locations. Different transmissivity realizations would also influence the catchment areas of the different pumping stations in the domain, and give thus the possibility to include or exclude certain areas within the domain for the transport modelling.



Effect of Heterogeneity and Anisotropy on DNAPL Migration in Fractured Plane Shibani Jha1 and M.S.Mohan Kumar2 Department of Civil Engineering, Indian Institute of Science, Bangalore 560 012, India



Email : [email protected] ; [email protected] The risk for groundwater contamination by DNAPLs is high because of their high rates of production and high frequency of usages worldwide, which increases the likelihood of uncontrolled spills and releases. Fractures and joints giving rise to complex geological environments mostly dominate the heterogeneous geological media. Here lies the importance to predict, through efficient numerical simulations, the multiphase behaviour of DNAPL and water within the rough walled fracture in order to facilitate enhanced energy resource recovery (petroleum, natural gas, geothermal water and steam) and environmental protection (chemical and radiation contamination in ground water aquifers) in a complex heterogeneous subsurface environments. The accidental release of DNAPLs at the ground surface can migrate through the unconsolidated layers, and pool on the surface of a fractured clay aquitard. In such cases the DNAPL may further enter open fractures that exist in the aquitard, and it may be transferred to lower aquifer in the geological system. Such situations can create the ground water contamination problem. These geological formations are highly heterogeneous and anisotropic in nature. The complexity of the simulation increases if the multiphase fluid displacements occur in such environment. To simulate the dynamic front propagation behaviour of the various phases in such environment, efficient numerical models are required which can also simulate the effect of heterogeneity and anisotropy on DNAPL migration. For more local scale problems in which heterogeneous properties of the fractured formation have a significant influence on the multiphase flow behaviour, a proper simulation model is required. It is important to study the effect of heterogeneity at different scales on DNAPL movement in fractured environment. Heterogeneity can be visualized at various scales ranging from layered, random to correlated heterogeneity. The effect of anisotropy on DNAPL propagation will also be studied and the DNAPL plume will show the preferential arrangement of paths in different directions. The effect of gravity drainage on DNAPL movement will also be studied through variation in fracture inclination. Sensitivities of these aspects on DNAPL movement will be of significance in order to identify the prominent process. A proper simulation of the DNAPL plume, which is a prerequisite for remediation of contamination in such complex fracture formation, will be done to demonstrate the effect of correlation lengths on DNAPL plume movement. This will identify the proper grid size selection along with proper choice of correlation lengths for accurate estimation of the plume. These studies will be conducted on several small domains under various domain properties and hydraulic conditions. The model is based on numerical discretization scheme, which solves the general equations of mass conservation for each phase. To solve the equations, with proper pressure and saturation constraints and constitutive relations, in terms of pressure and saturation, the boundary conditions in terms of dependent variables or the first derivative of the dependent variables normal to the boundary has to be specified. The state of the system at time=0 has to be specified in terms of dependent variables. The non-linearity



of the problem involved is treated with Picard’s method and a sequential approach is adopted to reach the iterative solution. The fracture permeability is derived by assuming two phase fluid displacement in a fracture system represented through incompressible parallel plate flow within two dimensional small sub-regions of constant aperture in the fracture plane. The fluid phase distribution is implicitly represented at each location within the domain. Portions of the fracture are partially occupied by aqueous phase and partially by DNAPL, depending on the local capillary pressure and global accessibility condition. The aperture distribution for the fracture is generated using the geostatistical methods like the Random Field Generator, assuming that the apertures follow a Log-normally distributed, two-dimensional, spatially correlated random field. The void space of a fracture, visualized as a two-dimensional heterogeneous system, circumvent the need to specify a physical correlation length by carrying out the various simulations in a fracture plane whose correlation lengths are found to be the fractions of the domain size. Even though the aperture distribution generated yields points in certain regions of the fracture plane with extremely small apertures, actual closure at these points is not attained. The comparative study of nodal spacing and correlation length of the aperture distribution, in both x and y directions, have to be studied which will show the intensity of heterogeneity and anisotropy in the fracture and its effect on DNAPL movement. Model results will be studied using the saturation contour plots, which will show the preferential paths chosen by DNAPL. With the increase of time, it can be seen that the DNAPL has invaded those regions of the fracture field, which it was unable to invade earlier. Also it can be seen that certain regions of the fracture remain void of DNAPL at all the times. The ability for DNAPL to enter into the small opening regions of a fracture depends upon whether or not the capillary pressure at the advancing front exceeds the local entry pressure of the fracture. This ability increases as a function of the depth of penetration into the fracture since this depth determines the maximum capillary pressure that can be generated at the advancing front. These processes are to be demonstrated with respect to DNAPL introduced into a fracture initially filled with water. Under the simultaneous flow of both the phases and for the condition of capillary force dominating over viscous drag, DNAPL can flow in a fracture field only if there are continuous interconnected pathways that avoid small apertures, which would be blocked by water. This situation will arise if a long range spatial correlation among the large apertures exits. And also it can be demonstrated through numerical experiments that a longrange spatial correlation among small apertures facilitates the water phase movement in the heterogeneous field. The effect of gravity in anisotropic field will be studied by systematically varying the fracture orientation through angles of dip from horizontal through vertical. The DNAPL plume behaviour will be represented in the extreme cases of vertical and horizontal fractures. To study the effect of anisotropy on DNAPL migration in a multiphase system, various discretized representations of fracture apertures with different correlation lengths have been numerically generated in a fracture plane of various sizes and properties. The model is to be studied for these fracture fields and it will indicate that the relative permeabilities of both the phases are very much sensitive to the nature and range of spatial correlation between apertures.



The effect of near shore surface water bodies on submarine groundwater discharge by Vassilios KALERIS Department of Civil Engineering University of Patras, Greece e-mail: [email protected] ABSTRACT Submarine groundwater discharge (SGD) is investigated numerically for a coastal aquifer, in which a surface water body (SWB) is embedded. The conditions considered appear in aquifers with lagoons, flat lakes or wetlands near the coast. In such cases SGD can contain terrestrial groundwater, recirculated seawater, and water originating from surface water body as well. The estimation of these components of SGD is important for material budgets for the near shore seawater. Further, the exchange between a surface water body and the near shore groundwater influences not only the water budget of SWB but its quality too, as the groundwater discharging into SWB can contain water of marine origin. Owing to the fact that lagoons, flat lakes or wetlands in the coastal area represent a source of livelihood for local communities, may have a high recreational value and/or serve as habitats for rare species, the study of their water and material budget is important. The numerical simulations are performed using the code FAST-C(2D), developed by Holzbecher (1998). The model is based on the equation of flow in porous media of fluids with variable density and the transport equation of salinity (brine). These equations are coupled, as salinity influences density. The equations are presented in the paper in dimensionless form and the dimensionless parameters influencing the process are discussed. For selected combinations of these parameters the main features of flow are investigated. Figure 1 shows schematically the partial fluxes in the system coastal aquifer – surface water body for the conditions investigated in this study. The calculated flow patterns show that terrestrial groundwater discharges to the surface water body and not to the sea. Additionally, a part of the saltwater flux discharges in the surface water body. Submarine groundwater discharge consists of the recirculated seawater and of the surface water, which invades the aquifer at the seaward edge of the surface water
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Fig. 1: Schematic representation of the partial fluxes in the system coastal aquifer – surface water body. (SFGD=flux of terrestrial groundwater, SGD=total submarine groundwater discharge, RSGDc=flux of recirculated sea water, SWI= flux of seawater intruding the aquifer, SWIS=flux of groundwater of marine origin discharging into the surface water body, SWEX= total flux of groundwater discharging into the surface water body, SWIN=flux of surface water discharging into the sea, RSW=flux of recirculated surface water, msl=mean sea level)



body. The results show that the portion of recirculated water in SGD increases if the intrusion of sea water in the aquifer becomes stronger. This occurs (a) with decreasing ratio between the net flux in the seaward zone of the aquifer and the terrestrial groundwater flux, (b) with increasing ratio between buoyancy forces and the forces due to ambient groundwater flow, and (c) with decreasing value of the relative width and the salinity of the surface water body. The portion of groundwater of marine origin discharging into the surface water body increases under the following conditions: (a) sea water intrusion is strong, (b) the relative width of the surface water body is large and (c) the distance of the surface water body from the coast is small. The flux SWIS, which arises in the salinity transition zone seaward of the surface water body, is a mechanism for the transfer of pollutants and tracers from the aquifer into the surface water body, in addition to terrestrial groundwater. The portion of surface water in SGD, is larger (a) the weaker the sea water intrusion into the aquifer is and (b) the larger the relative width of the surface water body is. More systematic investigations concerning the effect of surface water bodies should consider that in case of near shore lakes or lagoons their length (the scale parallel to the shore) and their width do not differ so much. For such investigations, three dimensional models are required. References Holzbecher, E., 1998. Modeling Density –driven Flow in Porous Media. Springer, Berlin.



International Ground Water Symposium IAHR-GW2006 Abstract proposal Multi-Scale Characterization of an Heterogeneous Aquifer Through the Integration of Geological, Geophysical and Flow Data: A Case Study. B. Bourbiaux, J.P. Callot, F. Gaumet, M. Guiton, R. Lenormand, J.L. Mari, IFP* *Institut Français du Pétrole, 1-4 Av. de Bois Préau, F-92852 Rueil Malmaison Cedex, [email protected]



This paper gives the current status of the integrated modelling study of an experimental hydrogeological site that has been developed for several years near Poitiers city. The concerned aquifer, 20 to 130 meters in depth, consists of tight karstic carbonates of Middle Jurassic age. It lies on the borderline, named the "Poitou threshold", between the Paris and the Aquitaine sedimentary basins. Around 30 wells have been drilled on this site, according to a NW-SE-oriented five-spot regular pattern, with a well spacing of 70 meters. Most wells dispose of documented drilling records and logs of various nature, among which gamma-ray, temperature, acoustic. In addition, two wells were entirely cored. Wellbore and surface seismic was also acquired in the vicinity of selected wells. Regarding flow data, pumping tests were performed on most wells of the site with interference recording in all other wells. Vertical production profiles were also measured along several wellbores. Matrix properties and porous structure were characterised from porosity-permeability measurements on rock fragments/cuttings and from NMR. Consistent information about the aquifer heterogeneity could be drawn through the crosschecking and confrontation of these static and dynamic observations/measurements at various scales, from seismic to pore scale. Eventually, a geostatistical model was built and calibrated in terms of flow properties. This model constitutes the first support for the history matching and interpretation of the large-scale pumping and interference tests. The next step of model calibration to flow data will evaluate different techniques to gradually alter (optimize) the remaining poorly-defined input of the model while respecting its ascertained features. Main observations/results drawn from various information sources are summarized hereafter. Seismic. The acquisition of usable seismic data is particularly difficult for low-depth reservoirs underlying a thick weathered zone, such as the aquifer studied herein. Different surface seismic surveys were however attempted with different acquisition schemes. It turned out that reservoir internal markers could not be identified by reflection because of an insufficient frequency band. However, refraction signals enable to get an image of the top surface of the aquifer. This is useful in the present case as the aquifer top surface is strongly disturbed as a result of the presence of caves of karstic origin filled in by clayey surface erosion material. Offset/Vertical Seismic Profiles were also acquired in the vicinity of one well in order to identify major reservoir markers. Weathered zone obstacle was overcome thanks to buried sources. This way, aquifer bottom limit was identified as well as two reservoir markers, which were confirmed as two major drains of heterogeneous rock structure by production and acoustic logs. Sedimentary information from drilling, logs and cores. Reservoir facies, diagenetic fingerprints and fractures were characterized thanks to a thorough analysis of the cores from two wells. Several markers were identified on the basis of macro/microfaunes and granulometry or mineralogy changes. For all other non-cored wells, drilling reports and gamma-ray logs were used to detect and correlate facies changes. Particular attention was given the detection/location of fractured/dolomitic/vuggy limestone beds and to the 3D occurrence of cherty limestones, as those sedimentary and diagenetic features revealed themselves to be in relation with the distribution of major aquifer drains in space. Aquifer heterogeneity results from diagenetic fingerprints on bioclastic limestones of various textures. These fingerprints include limestone dissolution, silice dissolution/precipitation and clay filling and form a complex network comprising two apparently-



disconnected horizontal highly-conductive drains, and vertical less-conductive bodies. Diagenetic phenomena seem to have occurred along a preferential NW-SE direction corresponding to the main direction of fracturing in the site region. Structural features – Fracturing. The structural setting consists in a low-depth platform located at the threshold of two sedimentary basins, and overlying a basement subjected to successive faulting episodes in relation with remote orogenesis. Fractures affecting the aquifer formation were characterized on analogue outcrops located near the hydrogeological site, and from the observation of available cores from two wells. Outcrops enabled to identify fractures along three directions, among which the main NW-SE one associated with the regional tectonic history. Fractures are found as subvertical swarms with a high vertical extension rather than bed-controlled diffuse fractures. Fairly few fractures were observed on the cores from the two vertical wells. However, an unexpected fracture density contrast was found between those two wells, though very close from one another. This contrast was also observed regarding the occurrence of cherts. Fractures do not seem to constitute the main direct origin of flow heterogeneity, but probably controlled the development of diagenetic features strongly impacting flows. Flow data. Flow properties were characterized at various scales. Each well was pumped while measuring interference in all other wells. Such field-scale measurements constitute a very rich data base which interpretation and modelling is still under way. As a very preliminary analysis, we considered the aquifer as homogeneous and estimated an average aquifer permeability from each well pumping results. Large productivity/permeability differences, in a ratio exceeding 10, are observed between wells. Production logging was also carried in a few wells. The latter revealed the presence of two dominating producing layers located around -85 and -55m, and a minor contribution to flow from the remaining reservoir formation. These two producing levels are related to diagenetic facies, i.e. fractured, moldic and/or cherty limestones. Petrophysical measurements on cores fragments or cuttings of the reservoir matrix revealed substantial porosities, 10-25%, but very low permeabilities, less than 0.1md, due to a complex multi-porosity structure as was revealed by NMR measurements. Data integration into a geostatistical model – Preliminary interpretation of aquifer behaviour. A preliminary geostatistical model of the hydrogeological site was built on the basis of geological markers correlated between wells, and of vertical and horizontal distribution parameters of "lithotypes". Lithotypes reflect the heterogeneous nature of the aquifer but also its flow properties, in particular the location of preferential flow paths identified from drilling records and production logs. The 3D distribution of these "lithotypes" was simulated. 3D views and cross-sections enable to capture the geometry and connectivity of the main aquifer drains, that is two separated horizontal drains associated with a complex vertical network made up of diagenetic features such as cherts and argillaceous karst-filling. Perspectives. The above-described geostatistical model will be enriched from further measurements, especially logs and flow-metering. Advanced procedures to calibrate this model will be applied in order to history match flow data – especially the whole interference data base. Such calibration may concern either the flow properties directly, or the geological features/objects responsible for preferential flow. In addition to these productivity aspects, storage capabilities of the aquifer should be investigated through tracer tests, completed by further characterization of matrix properties, and simulation on the previous flow-calibrated model.



Main paper contributions: - A methodology of multi-scale static/dynamic data analysis and confrontation to capture and understand the 3D distribution of flows within fluid-bearing karstic carbonate reservoirs. - Application to a hydrogeological site: data integration into a 3D geostatistical model. - Guidelines for the interpretation and prediction of the flow behaviour of heterogenous aquifers.



Pathline-Calibrated Groundwater Flow Models of Nile Valley Aquifers, Esna, Upper Egypt Tom H. Brikowski1, Abdallah Faid2



Abstract: Strongly concentrated agriculture along the River Nile in Egypt, combined with hydrologic changes related to the construction of the Aswan High Dam in the 1970's, has led to increasing salinization and waterlogging of agricultural areas. Successful control and remediation of these problems requires accurate understanding of the shallow Quaternary aquifers within the Nile Valley. While extensive conceptual models have been developed by the Egyptian RIGW, published numerical models have yet to incorporate all features of the conceptual model. In particular, marine affinity of some shallow groundwaters within the valley (Cl- as the predominant anion) indicates significant leakage from deeper Cretaceous aquifers into the shallow Quaternary aquifers, a feature that is not present in current models. In this study, groundwater profile modeling incorporating the bedrock leakage demonstrates that its shallow appearance requires hydraulic separation of surficial from deep-recharged zones of the Quaternary aquifer. This separation occurs near the boundary between reclaimed and traditional agricultural lands, which is also the primary site of waterlogging. Apparently, excessive recharge presumed to occur beneath the reclaimed lands does not penetrate deeply, and therefore might be easily remediated with shallow drains. Profound similarities exist between the Nile Valley salinization cases and the occurrence of shallow “nuisance water” in desert southwestern U.S. cities (e.g. Las Vegas). The U.S. experience with this problem may provide useful guidance in addressing Nile Valley salinization and waterlogging issues in the future. In general, irrigation-related recharge from the reclaimed lands in the Nile Valley may have a much more localized impact on traditional lands than previously thought. Keywords: Groundwater modeling; Nile Valley; salinization; waterlogging
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Simulating Complex Flow and Contaminant Transport Dynamics in an Integrated Surface-subsurface Modelling Framework E.A. Sudicky, J.M.Lemieux, J.P. Jones, A.E. Brookfield, D. Colautti and Y.-J. Park Department of Earth Sciences, University of Waterloo Waterloo, Ontario, Canada N2L 3G1 R. Therrien, and T. Graf Département de Géologie et de Génie Géologique, Université Laval Québec, Canada G1K 7P4 Over the past several years, increasing attention has been directed towards understanding flow and contaminant transport exchange processes occurring at the interface between surface water and groundwater, particularly in the vicinity of riparian zones in riverine valleys and within the hyporheic zone. In this paper, we will examine these processes in the context of the HydroGeoSphere model, a recently-developed surface/subsurface control-volume finite element model. HydroGeoSphere is a fully-coupled 3D model that can simulate water flow and advective-dispersive solute transport over the 2D land surface and in the 3D subsurface under variably-saturated conditions. Full coupling of the surface and subsurface flow regimes is accomplished implicitly by simultaneously solving one system of non-linear discrete equations describing flow and transport in both flow regimes, as well as the water and solute exchange fluxes between continua. A number of applications of the model to catchments of various scales, ranging from the scale of an intensively-monitored rainfall-runoff-tracer experiment (~ 2000 m2) up to a regional-scale watershed of about 8000 km2, has illustrated the complexity of watershed dynamics. The model capabilities and its main features will be demonstrated here with several highresolution 3D numerical simulations to examine the impact of an upland surficial contaminant source that forms a subsurface plume that migrates vertically through the unsaturated zone and is then transported laterally below the water table where it eventually discharges along a reach of a small stream. Results show that short-duration, high-intensity water and solute exchange fluxes across the streambed interface, along with sharp concentration peaks in the stream water, can arise during individual precipitation events. The hydraulic head and concentration variations induced by shortduration rainfall variations show a muted response with increasing depth below the streambed due to the natural smoothing in the hydraulic response because of subsurface storage effects and because of dispersion and diffusion of the solute. It is also demonstrated that the solute exchange fluxes can vary markedly in the streambed, both spatially and temporally, depending on the intensity of the groundwater discharge/recharge patterns along and across the streambed. The variability and sensitivity of these near-stream processes to the temporal resolution of rainfall input and the heterogeneity of the sediments may be significant for the prediction of health risks to aquatic habitats. The simulations stress the advantage of using a process-based model such as HydroGeoSphere for the prediction of the impacts of alternative water and land use management scenarios.



Quantifying groundwater model prediction uncertainties at a small scale highly heterogeneous remediation site Heinz J. Theis German Federal Institute of Hydrology Am Mainzer Tor 1 56068 Koblenz Numerical groundwater modelling is a widely accepted tool for the evaluation of remediation measures in contaminated groundwater aquifers. Quantifying the inherent uncertainties of the model results can help to optimise the design of these measures and avoid facility oversizing due to safety supplements. In our investigations we tried to identify an appropriate method with respect to the scale of the remediation site. Furthermore the method should be suitable for practical applications, that means the incorporation of complex boundary conditions, the integration of expert knowledge and other soft data. We developed the SUFIX method which combines stochastic simulation methods with numerical models and allows to take into account the propagation of uncertainties. Starting with data preparation leading to a geostatistical analysis and the stochastic simulation, the method eventually comes to the evaluation of the model results. A Bayesian sequential updating approach allows the inverse optimisation of input data corresponding to the different stages of the modelling process. For stochastic simulation purposes different methods were used, indicator-based and Gaussian based approaches. The application of SUFIX on two practical remediation cases showed clearly the interconnection between the stochastic simulation method and the scale as well as the grade of the subsurface heterogeneity. Among the most promising methods found for simulating the subsurface heterogeneity on a small scale were the Truncated Gauss method, but an approach based on a manually conducted zonation surprisingly showed comparable results. To investigate the scale dependence of these results, a second investigation was accomplished on a larger scale. The related results showed that the ranking of methods can be substantially different to the first case (Table 1 and Table 2). Besides the choice of the suitable imaging method for generating the subsurface heterogeneity, it appeared, that another basic condition must be satisfied: the design of a sound and consistent conceptual hydrogeologic model stands above every other effort to optimise the quality of a numerical groundwater model. For the design of a conceptual model the modeller should have a good knowledge of structures with a large scale influence, which are only obtainable by interpretation of e.g. layering, buried paleochannels etc.. The testing on two field sites proved that SUFIX complies with requirements for a method that should be applicable in practice.



Table 1: Ranking of imaging methods for subsurface heterogeneity (Small scale – highly heterogeneous)



Table 2: Ranking of imaging methods for subsurface heterogeneity (Large scale homogeneous)



Hydraulically controlled combined vertical circulation of groundwater and alcohol Ulf Mohrlok, Klaas Heinrich Institute for Hydromechanics, University Karlsruhe, Kaiserstr. 12, D-76128 Karlsruhe, Germany, Tel.: +49 721 608 6517, e-mail: [email protected] Groundwater remediation by co-solvent flushing becomes more and more important, since cosolvents increase the solubility and mobility of NAPLs tremendously. Contamination sources are removed very quickly and efficiently by application of co-solvents. On the other hand the application of co-solvents is a hydraulic challenge since most of them are only poorly miscible with the groundwater or at least the mixtures have significant different physical properties than groundwater. This means that the application of co-solvents changes the flow resistance conditions, i.e. the hydraulic conductivity, generates buoyancy effects and has to deal with multi-phase flow features in case of immiscible fluids. In close cooperation with the Institute of Hydraulic Engineering and Research, University Stuttgart, a remediation technique has been developed injecting an alcohol cocktail miscible with groundwater within a vertical circulation flow field established by a groundwater circulation well (GCW) (Mohrlok et al., 2005). This technology is based on the partitioning of the alcohol cocktail into the DNAPL contamination and increasing the solubility and mobility while reducing the density. From the hydraulic perspective and for reduction of applied alcohols a technique has been developed for alcohol injection only into a part of the circulation around a GCW (Fig. 1). This circulation system is able to control hydraulically the combined circulation of groundwater and alcohol cocktail.
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Figure 1: Two-dimensional experimental set-up: injection (bottom) and extraction (top) unit with three chambers each defining an inner, central and outer circulation. The basic principle of that hydraulic control is to adapt the boundary conditions with respect to the different viscosities and densities of groundwater and alcohol cocktail in order to get a well defined circulation flow field similar to a pure groundwater circulation. Basically, the established pressure conditions has to compensate the influences of those parameter differences. Experiments on groundwater remediation of a PCE contamination source in a



two-dimensional set-up demonstrated successfully the applicability of such a hydraulic control (Fig. 1) and a very fast and efficient remediation of the PCE source. References Mohrlok, U., Heinrich, K., Greiner, Ph., Braun, J., Schnieders, J., Koschitzky, H.-P. (2005): Alcohol flushing in laboratory experiments: In-situ remediation of DNAPL contaminated groundwater. Proceedings of ConSoil 2005, 3-7 October 2005, Bordeaux, France.



Homogeneization of smaller scale heterogeneity at Äspö (Sweden) granitic site witin a model for transfers of radionuclides at large temporal scales. Christophe Grenier, Christian Laguerre, Gilles Bernard-Michel. Laboratoire des Sciences du Climat et de l’Environnement, Unité mixte CEA/CNRS. Orme des Merisiers, 91191 Gif sur Yvette Cedex. France. Corresponding author Christophe Grenier: [email protected]



We present results obtained within the Task 6 modeling project hosted by the Swedish Nuclear Fuel and Waste Management Company (SKB) Task Force on Numerical Modeling of Flow and Solute Transport in fractured granitic rock. Modeling the transport of radionuclides in natural fractured media is done to characterize and assess the performance of a potential deep geologic repository. The present task objective is to provide a bridge between models based on detailed site investigation data and calibrated against tracer experiments (month scale), and models corresponding to a hypothetical repository postclosure time scale (hundred thousands of years). Postclosure models capture the most significant features and processes of radionuclide transport, and allow for a sensitivity analysis of uncertain parameters. A 200 m semi-synthetic fractured block was built based on Äspö granitic site in situ measurements and serves as a test case for modellers. It encloses 5600 fractures (from 200 m scale to meter scale) as well as information about the complexity associated with fractures. These are basically faulted zones (several flow channels along mylonitic structures and providing infilling materials) or simpler non faulted zones (roughly a single channel with fracture coating and relatively homogeneous matrix properties). The objective is to build a predictive model for large time scales (hundred thousands of years) where the importance of diffusion into matrix zones is strong and leads to major retention effects. We work within our Cast3M code for a Mixed Hybrid Finite Element scheme. We present our approach and show that all units of the system can be included in a model where major fractures are explicitly represented and minor structures and smaller scale heterogeneity are homogenized (fracture complexity and back ground fracturation). Transport of a series of tracers is modelled within an Eulerian approach with only slight changes of the equations as compared with classical advection dispersion diffusion terms. All units of the system are included within a single formalism: complexity of fractures is taken into account in a semi analytical manner relying upon solution of orthogonal 1D diffusion in a heterogeneous medium; back ground fracturing is homogenized considering results obtained from homogenization of regular geometry (sugar box like) considering semi analytical expressions relying on 2D and 3D diffusion into regular matrix blocks. The impact of such smaller scale units on transfer properties of the global block is studied for a range of parameter values from in situ measurements. The flow conditions are uniform and low in intensity, typical of post closure time scales. We show the diverse impacts of matrix diffusion on breakthrough curves exiting the system. The more theoretical question of the impact of a second level of fracturation in the sugar box geometry is studied in the framework of triple porosity: major fracturation, secondary imbedded fracturation, matrix blocks. Results show that smaller scale fracturation leads to larger retardation of the plume but different shapes of breakthrough curves, in particular lower tailing due to smaller penetration depths. The regimes of the system and impact in the global model are studied.
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