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A Study on the Groundwater Flow in Fractured-Porous Media
by Flow Resistance Theory
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Abstract

On the basis of flow resistance theory the conceptual model and related mathematical
descriptions is proposed for resistance modeling of groundwater flow in CPMl(continuum
porous medium), DFN(discrete fracture network) and fractured-porous medium. The proposed
model is developed on the basis of finite volume method assuming steady-state, constant
density groundwater flow. The basic approach of the method is to evaluate inter-block flow
resistance values for a staggered grid arrangement, ie. fluxes are stored at cell walls and
scalars at cell centers. The balance of forces, ie. the Darcy law, is utilized for each control
volume centered around the point where the velocity component is stored. The transmissivity
(or permeability) at the interface is assumed to be the harmonic average of neighboring
blocks. Flow resistance theory was utilized to relate the fluxes between the grid blocks with
residual pressures. The flow within porous medium is described by three dimensional
equations and that within an individual fracture is described by a two dimensional equivalent
of the flow equations for a porous medium. Newly proposed models would contribute to
develop flow simulation techniques with various matrix characteristics.
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Fig. 1 Flow resistance in CPM
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Fig. 3 Flow resistance in non-intersecting block of DFN
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(a) original grid block (b) change of coordinate (c) equivalent description

Fig. 4 Steps in the derivation of the flow resistance in non-intersecting block of DFN
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Fig. 5 Potential complications in simulation of combined CPM and DFN
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Fig. 6 Steps in the derivation of the interface resistance of combined CPM and DFN
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Fig. 7 The geometry of the interface resistance in combined CPM and DFN

e £ 3ol dete 223 $5ATE 2280 oy 2

1 1, = 1 . .
p (EA”’"z‘Ay) 1| 34
R= ' Wzl——'f' '77171 1 (24)
-
9 “hii
k= * ;l—'ln ag i a f,w,-jAy'Az' (25)

4 ZnEH

(1) Mary P. Anderson and William W. Woessner, Applied groundwater modeling, Simulation of
flow and advective transport, Academic Press. Inc., San Diego, p.381,1992.

(2) Brian Berkowitz, Characterizing flow and transport in fractured geological media : A
review, Advances in water resources, Vol. 25, pp.861, 2002.

(3) Sahimi M., Flow and tranport in porous media and fractured rock ; from classical methods
to modern approaches, Weinheim, Germany:VCH, 1995.

(4) Lee CH and Farmer I, Fluid flow in discontinuous rocks, Chapman & Hall, London, 1993.

(5) Ji-Woong Han, Yong-Soo Hwang, Chul-Hyung Kang, Algorithm for constructing fracture
network using discrete fracture model, Proceedings of Korean Radioactive Waste Society,
2004.

(6) B. Swift, C. P. Jackson, S. Joyce and D. Holton, The MDPSA Multi-dimensional PSA
Code, Serco Report, SA/ENV-(0737, 2004.

(7) Frank P. Incropera and David P. Dewitt, Fundamentals of Heat and Mass Transfer, 5th
ed.,, John Wiley & Sons, New York, 2002.

- 238 -



