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Many basic hydrogeology definitions are relative and influenced by anthropocentrism. The aquifer 
definition is an obvious example. Spatial and time scales influence the values of the main 
parameters/properties to be used for answering in a quantified way any practical question. 
For example, porosity describes the ratio between the volume of pores, cracks, and fissures and the 
total volume of a studied geological medium. This notion implies a volume averaging of the medium 
characteristics using the concept of Representative Elementary Volume (REV). Small volumes can 
contain only pores while larger volumes typically contain both pores and fissures. Porosity can be 
highly scale-dependent, and different porosity values can be measured for the same geological 
formation. Furthermore, groundwater in the pores and cracks can be partly immobile or mobile. So, 
the porosity actively involved in groundwater flow can be discussed. A ‘mobile water porosity’ can be 
defined, but this remains highly dependent on the existing pressure conditions in the geological 
medium. In unconfined conditions, the term ‘effective porosity’ corresponds usually to the drainage 
porosity corresponding also to the specific yield or the storage coefficient.  
When dealing with solute transport and remediation of contaminated sites, another ‘effective 
porosity’ is needed to describe the advection velocity of the contaminant. This ‘mobile water 
porosity’ acting in solute transport processes takes typically lower values than the ‘effective porosity’ 
of drainage (Payne, Quinnan and Potter 2008, Hadley and Newell 2014, Dassargues 2018). There 
also, scale issues must be expected as shown by field and lab tracer tests. 
Different groundwater velocities can be defined in function of the adopted ‘effective porosity’, and 
all are averaged over the entire volume of the saturated porous medium considered as the chosen 
REV. The term ‘Darcy velocity’ is to be banished herein because it induces much confusion. For the 
sake of clarity, we propose to distinguish ‘drainage effective porosity’ and ‘transport effective 
porosity’. Physically, this means that the porosity available to transmit solute concentrations is not 
automatically the same as that corresponding to mobile water for drainage. The transport effective 
porosity corresponds probably to the most mobile part of the water occupying the pores, fissures 
and fractures implying to some extent a channeling effect of the solute transport by advection. This 
channeling being described at the macroscopic scale of the considered REV with a lower value of the 
solute transport effective porosity leading (for a constant solute flux) to an increased advection 
velocity. This distinction to be made between different ‘effective porosities’ is still surprisingly not 
mentioned in most of the traditional texts on hydrogeology. However, this is confirmed by well-
known and accepted observations by hydrogeologists, especially by those dealing with aquifers 
affected by multiple porosities (Worthington 2015) but not only by them (Derouane and Dassargues 
1998, Brouyère 2001, Hoffmann et al. 2019). Examples of such observations are presented for 
illustration and discussion. 
 
References 

 Bachmat, Y. & Bear, J. 1986. Macroscopic modelling of transport phenomena in porous media, part 1: The continuum approach, Transport 
in Porous media (1) 213-240. 



 Barker, J. A. 2010. Modelling doublets and double porosity. Q. J. Eng. Geol. and Hydrogeology 43(3), 259 – 268. 

 Bear, J. & Verruijt, A. 1987. Modeling groundwater flow and pollution. Dordrecht: Reidel Publishing Company. 

 Briers, P., Dollé, F., Orban, P., Piront, L. & Brouyère, S. 2017. Etablissement des valeurs représentatives par type d’aquifère des paramètres 
hydrogéologiques intervenant dans l’Evaluation des risques pour les eaux souterraines en application du Décret du 5 décembre 2008 
relatif à la Gestion des Sols (in French). University of Liège - GEOLYS final report. SPW/DGO3, Walloon Region (Belgium). 

 Brouyère, S. 2001. Etude et modélisation du transport et du piégeage des solutés en milieu souterrain variablement saturé (Study and 
modelling of transport and retardation of solutes in variably saturated media, in French), PhD Thesis, University of Liege. 

 Brouyère, S., Dassargues, A., Therrien R. & E. Sudicky. 2000. Modelling of dual porosity media: comparisons of different techniques and 
evaluation of the impact on plume transport simulations. In: Stauffer F., Kinzelbach W. Kovar, K and Hoehn E. (eds) Proc. of the 
ModelCARE’99 Conference, Zürich, IAHS Publ. 265: 22-27. 

 Coats, K.H. & Smith, B.D. 1964. Dead-end pore volume and dispersion in porous media. Soc. Pet. Eng. J.: 73-84. 

 Carrera, J., Sánchez-Vila, X., Benet, I., Medina, A., Galarza, G. et Guimera J. 1998. On matrix diffusion: formulations, solution methods and 
qualitative effects. Hydrogeol J. 6: 178-190. 

 Dassargues A., 2018. Hydrogeology: groundwater science and engineering, 472p. Taylor & Francis CRC press, Boca Raton. 

 Dassargues A. 2020. Hydrogéologie appliquée : science et ingénierie des eaux souterraines, 512p. Dunod. Paris. 

 Dassargues A., Radu J.P. & Charlier R. 1988. Finite elements modelling of a large water table aquifer in transient conditions. Adv. Water 
Res. 11(2): 58-66. 

 Dassargues A. & Monjoie A. 1993. Chalk as an aquifer in Belgium. In: Downing, R.A., Price, M. Jones, G.P. (eds.) The hydrogeology of the 
chalk of north-west Europe. Clarendon Press, Oxford. 153-169. 

 De La Bernardie, J., Bour, O., Guihéneuf, N., Chatton, E., Longuevergne, L. & Le Borgne, T. 2019. Dipole and convergent single-well thermal 
tracer tests for characterizing the effect of flow configuration on thermal recovery. Geosciences 9(10): 440. 

 de Marsily, G. 1986. Quantitative hydrogeology: groundwater hydrology for engineers. Academic Press. 

 Foster, S.S.D. & Milton, V.A. 1974. The permeability and storage of an unconfined chalk aquifer. Hydrol. Sci. Bull. 19: 485-500. 

 Gerke, H.H. & van Genuchten, M.Th. 1993. A dual-porosity model for simulating the preferential movement of water and solutes in 
structured porous media. Water Resources Research 29(2): 305-319. 

 Hadley, P.W. & Newell. C.J. 2014. The new potential for understanding groundwater contaminant transport. Groundwater 52(2): 174-186. 

 Hakoun V., Orban Ph., Dassargues A. & Brouyère S. 2017. Factors controlling spatial and temporal patterns of multiple pesticide 
compounds in groundwater (Hesbaye chalk aquifer, Belgium). Env. Pollution 223: 185-199. 

 Hallet V. & Dassargues A. 1998. Effective porosity values used in calibrated transport simulations in a fissured and slightly karstified chalk 
aquifer. In: Herbert, M. & Kovar, K. (eds.) Groundwater Quality 1998, Tübinger Geowissenschaftliche Arbeiten (TGA), C36: 124-126. 

 Hermans, T., Wildemeersch, S., Jamin, P., Orban, P., Brouyère, S., Dassargues, A. and F. Nguyen. 2015. Quantitative temperature 
monitoring of a heat tracing experiment using cross-borehole ERT, Geothermics 53 : 14-26.  

 Hoffmann R., Goderniaux P., Jamin P., Chatton E., Labasque T., Le Borgne T. & Dassargues, A. 2020. Continuous dissolved gas tracing of 
fracture-matrix exchanges. Geophysical Research Letters 47(17) e2020GL088944. 

 Hoffmann R., Maréchal J.C., Selles A. and A. Dassargues. 2022. Heat tracing in a fractured aquifer with injection of hot and cold water. 
Groundwater 60(2): 192-209. 

 Hoffmann R., Goderniaux P., Jamin P., Orban Ph., Brouyère S. and A. Dassargues. 2021. Differentiated influence of the double porosity of 
the chalk on solute and heat transport. In The Chalk Aquifers of Northern Europe. Farrell, R. P., Massei, N., Foley, A. E., Howlett, P. R. and 
West, L. J. (eds), Geological Society, London, Special Publications, 517. 

 Huysmans, M. and A. Dassargues. 2005. Review of the use of Peclet numbers to determine the relative importance of advection and 
diffusion in low permeability environments. Hydrogeology Journal 13(5-6) : 895-904. 

 Irvine, D.J., Simmons, C.T., Werner, A.D. & Graf, T. 2015. Heat and solute tracers: how do they compare in heterogeneous aquifers? 
Groundwater 53(S1): 10-20. 

 Kidmose, J., Nilsson, B., Klem, N. K., Pedersen, P. G., Henriksen, H. J., & Sonnenborg, T.O. 2023. Can effective porosity be used to estimate 
near-well protection zones in fractured chalk? Hydrogeology Journal, 31(8), 2197-2212. 

 Klepikova, M., Wildemeersch, S., Jamin, P., Orban, Ph., Hermans, T., Nguyen, F., Brouyere, S. and A. Dassargues. 2016. Heat tracer test in 
an alluvial aquifer: field experiment and inverse modelling, Journal of Hydrology, 540 :812-823. 

 Payne, F.C., Quinnan, A. & Potter. S.T. 2008. Remediation hydraulics. Boca Raton: CRC Press/ Taylor & Francis. 

 Tamayo-Mas, E., Bianchi, M. & Mansour, M. 2018. Impact of model complexity and multi-scale data integration on the estimation of 
hydrogeological parameters in a dual-porosity aquifer. Hydrogeol. J. 26: 1917-1933. 

 Wildemeersch, S., Jamin, P., Orban, P., Hermans, T., Klepikova, M., Nguyen, F., Brouyère, S. and A. Dassargues. 2014. Coupling heat and 
chemical tracer experiments for estimating heat transfer parameters in shallow alluvial aquifers. Journal of Contaminant Hydrology 
169(0): 90–99. 

 Wood, W.W., Kraemer, T.F. & Hearn, P.P. 1990. Intergranular diffusion: an important mechanism influencing solute transport in classic 
aquifers? Science 247:1569–1572. 

 Worthington, S. R., Foley, A. E., & Soley, R. W. 2019. Transient characteristics of effective porosity and specific yield in bedrock aquifers. 
Journal of Hydrology 578: 124129. 


