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Abstract 

Groundwater flow in saturated geological porous media is described step by step. The representative 

elementary volume (REV) concept allows to consider the support scale of each parameter and variable. 

The effective drainable porosity (specific yield) is distinguished from the total porosity. The Bernoulli 

potential equation is adapted for porous media and groundwater motion is described by Darcy’s law. 

This law is applied in different contexts of geological heterogeneity and equivalent values for hydraulic 

conductivity are calculated. Expressing the conservation of groundwater mass, the groundwater flow 

equations in steady-state and transient conditions are derived in 2D and 3D, for confined and 

unconfined conditions. The transmissivity is defined by integrating hydraulic conductivity over a layer 

thickness when the Dupuit assumption of 2D horizontal groundwater flow can be accepted. Similarly, 

a storage coefficient is found by integrating the specific storage coefficient. In unconfined conditions, 

the storage coefficient can be represented by the specific yield or effective drainable porosity. 

 

References 
- Bachmat, Y. and J. Bear. 1986. Macroscopic modelling of transport phenomena in porous media, part 1 : The continuum approach 

Transport in Porous media (1) 213-240. 
- Bear, J. 2007. Hydraulics of groundwater. New-York : Dover 
- Bear, J. and Y. Bachmat. 1990. Introduction to modeling phenomena of transport in porous media. Dordrecht : Kluwer. 
- Bear, J. and A.H.D. Cheng. 2010. Modeling groundwater flow and contaminant transport. Springer. 
- Bear, J. and A. Verruijt. 1987. Modeling groundwater flow and pollution. Dordrecht: Reidel Publishing Company. 
- Bernoulli, D. 1738. Hydrodynamica. Sumptibus Johannis Reinholdi Dulseckeri. 
- Burger, A., Recordon, E., Bovet, D., Cotton, L. and B. Saugy. 1985. Thermique des nappes souterraines (in French). Lausanne : Presses 

polytechniques romandes. 
- Biot, M.A. 1941. General theory of three-dimensional consolidation. J. of Applied Physics 12:155-164. 
- Calembert, L., Monjoie, A., Polo-Chiapolini, C. and C. Schroeder. 1981. Géologie de l’ingénieur et mécanique des roches (1st part) (in 

French). Annales des Travaux Publics de Belgique. 6 (543-571). 
- Carabin, G. and A. Dassargues. 1999. Modeling groundwater with ocean and river interaction, Water Resources Research, 35(8): 2347-

2358. 
- Carter, M. and S.P. Bentley. 1991. Correlations of Soil Properties, London: Pentech Press. 
- Castany, G. 1963. Traité pratique des eaux souterraines (in French). Paris, Bruxelles, Montréal : Dunod. 
- Chapuis, R.P. 2007. Guide des essais de pompage et leurs interprétations (in French). Québec : Bibliothèques et archives nationales du 

Québec. 
- Chen, T., Clauser, Ch., Marquart, G., Willbrand, K. and D. Mottaghy. 2015. A new upscaling method for fractured porous media. Adv. in 

Water Resources 80: 60-68. 
- Dagan, G. 1989. Flow and transport in porous formations. Heidelberg Berlin New York: Springer-Verlag. 
- Darcy, H. 1856. Les fontaines publiques de la ville de Dijon (in French). Paris: Dalmont. 
- Dassargues, A. and A. Monjoie. 1993. Chalk as an aquifer in Belgium. In Hydrogeology of the Chalk of North-West Europe, ed. R.A. 

Downing, M. Price and G.P. Jones, 153-169. Oxford: Oxford University Press. 
- Dassargues A., 2018. Hydrogeology: groundwater science and engineering, 472p. Taylor & Francis CRC press.  
- Delleur, J.W. 1999. The handbook of groundwater engineering. Boca Raton: CRC Press. 
- de Marsily, G. 1986. Quantitative hydrogeology : groundwater hydrology for engineers. San Diego: Academic Press. 
- Denis, A., Panet, M. and C. Tourenq. 1978. L’identification des roches par l’indice de continuité (in French). Proc. of the 4th Int. Cong. of 

the Int . Soc. of Rock Mechanics. 2 (95-98). Montreux.  
- Desbarats, A., Logan, C., Hinton, M. and D. Sharpe. 2002. On the kriging of water table elevations using collateral information from a 

digital elevation model, Journal of Hydrology 255 : 25-38. 

mailto:Richard.Hoffmann@uliege.be


 

- Dupuit, J. 1863. Estudes théoriques et pratiques sur le mouvement des eaux dans les canaux découverts et à travers les terrains 
perméables (in French) (2nd Ed.). Paris :Dunod.Porosités 

- Durlofsky, L.J. 1991. Numerical calculations of equivalent grid block permeability tensors for heterogeneous porous media. Water 
Resources Research. 27(5): 699-708. 

- Eckis, R. 1934. Geology and ground-water storage capacity of valley fill, South Coastal Basin Investigation: California Dept. Public Works, 
Div. Water Resources Bull. 45, 273 p. 

- Fasbender, D., Peeters, L., Bogaert, P. and A. Dassargues. 2008. Bayesian data fusion applied to water table spatial mapping, Water 
Resources Research 44 : W12422. 

- Fetter, C.W. 2001. Applied hydrogeology (4th edition). Upper saddle River (NJ): Pearson Education Limited 
- Fitts, Ch. R. 2002. Groundwater science. London: Academic Press. 
- Freeze, R.A. and J.A. Cherry. 1979. Groundwater, Englewood Cliffs (NJ): Prentice Hall 
- Freeze, R.A. and P.A. Witherspoon. 1967. Theoretical analysis of regional groundwater flow: 2. Effect of water-table configuration and 

subsurface permeability variation. Water Resources Research 3(2): 623-634. 
- Hadley, P.W. and Ch. Newell. 2014. The new potential for understanding groundwater contaminant transport. Groundwater. 52(2): 174-

186. 
- Hoeksema, R., Clapp, R., Thomas, A., Hunley, A., Farrow, N. and K. Dearstone. 1989. Cokriging model for estimation of water table 

elevation, Water Resources Research 25 : 429-438. 
- Liu, H.H. 2014. Non-Darcian flow in low-permeability media: key issues related to geological disposal of high-level nuclear waste in shale 

formations. Hydrogeology Journal 22: 1525–1534 
- Jacquin, C. 1965. Interactions entre l’argile et les fluides. Ecoulement à travers les argiles compactes. Etude bibliographique (in French). 

Rev. Inst. Fr. Pet. 20(10): 1475-1501. 
- Maini, T. and G. Hocking. 1977. An examination of the feasibility of hydrologic isolation of an high level waste repository in crystalline 

rocks. Invited paper Geologic Disposal of High Radioactive Waste Session, Ann. Meet Geol. Soc. Am. Seattle, Washington. 
- Maréchal, J.C. and P. Perrochet. 2003. New analytical solution for the study of hydraulic interaction between Alpine tunnels and 

groundwater. Bulletin de la Société Géologique de France 174(5): 441–448. 
- Molz, F. 2015. Advection, dispersion and confusion. Groundwater, published online, DOI: 10.1111/gwat.12338 
- Payne, F.C., Quinnan, A. and S.T. Potter. 2008. Remediation hydraulics. Boca Raton: CRC Press/ Taylor & Francis. 
- Pickup, G.E., Ringrose, P.S., Jensen, J.L. and K.S. Sorbie. 1994. Permeability tensors for sedimentary structures. Math. Geology. 26(2): 227-

250.  
- Rausch, R., Schäfer, W., Therrien, R. and Ch. Wagner. 2002. Solute transport modelling: an introduction to models and solution strategies. 

Berlin-Stuttgart: Gebr.Borntraeger Science Publishers. 
- Renard, Ph. and G. de Marsily. 1997. Calculating equivalent permeability: a review. Adv. Water Resources. 20: 253-278. 
- Ringrose, Ph. and M. Bentley. 2015. Reservoir model design: a practitioner’s guide. Dordrecht: Springer  
- Tóth, J. 1962. A theory of groundwater motion in small drainage basins in Central Alberta. J. Geophys. Res. 67: 4375-4387. 
- Singhal, B.B.S. and R.P. Gupta. 2010. Applied hydrogeology of fractured rocks (2nd edition). Dordrecht: Springer Science & Business Media. 
- Terzaghi, K. 1943. Theoretical soil mechanics, London: Chapman and Hall. 
- Tóth, J. 1963. A theoretical analysis of groundwater flow in small drainage basins. J. Geophys. Res. 68: 4795-4812. 
- Tourenq, C. 1978. Les essais de granulats en France. R.I.L.E.M. Int. Colloquium on granular materials. Budapest. 367-377. 
- Verruijt, A. 1982. Theory of groundwater flow, 2nd edition. London: MacMillan. 
- Wagner, J.F. and Th. Egloffstein. 1990. Advective and /or diffusive transport of heavy metals in clay liners. In Proc. of the 6th Int. IAEG 

Congress, ed. D. G. Price. 1483-1490. 
- Yang, J.W. Feng, Z.H., Luo, X.R. and Y.R. Chen. 2010. Numerically quantifying the relative importance of topography and buoyancy in 

driving groundwater flow. Sci China Earth Sci. 53:64-71. 
 


