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Impacts of Non-Darcian Flow in the Fracture on Flow Field and Solute Plumes

in a Fracture-A quifer System

Li Yiming, Wen Zhang”

School of Environmental Studies, China University of Geosciences, Wuhan 430074, China

Abstract: In this study, a mathematical model with the intersection angle between the flow direction and the x axial direction of
45degree was developed to investigate the effect of non-Darcy parameter n on flow field and solute migration when flow is oblique
crossing the fracture. The Comsol Multiphysics software was used to do such numerical simulation. The simulation area was
assumed to be square with a horizontal fracture embedded in the middle. The flow in the fracture was assumed to be non-Darcian
and can be described by the Izbash equation. A constant solute source has been assigned in the upper matrix. The results indicate
the following phenomena as the power index in the Izbash equation(n) increases: (1) the fracture flow velocity increases, and the
flow line at the matrix-fracture interfaces gradually deviates from the classical fraction law; (2) the flow direction in fracture
gradually turns to the direction in the matrix;(3) the width of solute plume increases, while the symmetry of solute plume reduces;
(4) the peak solute concentration in the horizontal section diminishes, and the solute concentration on the right sight of the model
increases; (5) the effect of back dispersion caused by fracture on solute plume becomes stronger, which results in more solutes in the
fracture migrated to the upper matrix. Overall, the non-Darcy flow fracture has a significant impact on the flow field and solute
distribution.
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Table 2 Comparison between numerical results of Comsol Multiphysics and analytical solutions of Robinson and Werner(2017)

WRIZIEAEAL S D, (m)

W FE VA Cn (mol/m®)

Zhtem) Robinson and Werner (2017) Comsol Multiphysics Robinson and Werner (2017) Comsol Multiphysics
0.25 0.000 95 0.000 95 0.112 88 0.111 44
0.50 0.002 20 0.002 33 0.104 17 0.103 30
1.00 0.040 90 0.041 00 0.028 36 0.028 38
2.00 0.102 86 0.103 00 0.016 46 0.016 46
F3 AEABRTHBERIBHER.
Table 3 Characteristics of flow field in the fracture
n TR 1.0 1.1 1.2 1.3 1.4
V(m/s) 1.44X10°¢ 1.00X10°° 2.90X107° 6.98X10°° 1.46X1071 2.74X 1071
Vi(m/s) 1.02X10°° 9.95X10°°¢ 2.88X10°° 6.93X107° 1.45X107* 2.71X107*
V(m/s) 1.02X10°° 9.95X10°7 3.20X10°6 8.40X10°° 1.90X10° 3.84X10°°
tand 1.00 10.00 9.00 8.25 7.62 7.07
o) 45.0 84.2 83.7 83.0 82.3 81.9
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n T2 1.0 1.1 1.2 1.3 1.4
Chmex(mol/m?) 0.089 5 0.023 6 0.015 25 0.009 0 0.005 24 0.003 18
Dy(m) 0.010 0 0.1100 0.100 00 0.092 5 0.086 20 0.080 70
D.(m) 0.0100 0.050 0 0.060 00 0.070 0 0.078 50 0.086 00
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Fig.7 Solute distributions at the upper boundary of the frac-

ture for different n values

1A 1 728 b 38 B 1Y) 224 B2 0 3 100 e 28 2 o b i 2 e
T 00 3 A P A2 s L R 7 S O TR BO(E I BB |
B FEAE AT LA B o (3G O, b Sk
JE BT W TR A AR W 22
Gy RABRAT I S L ) BB RS HE AT BB KRR
JOT I A6 W R BE JRE A 3E E TR ) BE R RS 1 B R B PR
pI R QS 3
2011) % back - dispersion (Sebben and Werner,
2016). 3 n=1.0 i} [a 5 H A F X b 3 2 o 385 It o0
A B 5 e A DA Ry e/ L AR B T n=1.0 I (1 45 51,
Bl (L A BT, e R U O AR ) AR Al B R O
1SR B X b B2 v i JBT 3 A1 1Y) 52 el 328 V14 54
243 HETHRKRES T K AR n HUE AT 24 PR
S R B S A N R LU B o fE S,
BB ST HE W AR Cy 1 JB T80/ 0N V8 50 B B8 E W
W HE N, U T 2P X6 BR R A R AR X TR
R (B2 folf B I TR 3G O, 77 A R A XA VR TR
BT e FE WA Y S . KO ) i R 4G R 5 oM
B JE A O B AT LB B R W WL ) Y
P FRPE AR

A RNA TC R LA TR BO{E B R 30 5 0 (B
Comas W LA AL D, F R LA Dy E . 7]

: upstream - dispersion (Konikow,

8 NI n UM 2R BT 300 Sk B o A
Fig.8 Solute distributions at the bottom boundary of the frac-

ture for different n values

VL B n (B, 2EBrh i B SE 2 1y 1) 45 iz
Bl Conu B WA . Dy, D43 5 5 1 5 U AH 56 FlIE
1 7% . Robinson and Werner (2017) ; Sebben and
Werner (2016) 43 %1l 38 43 ZC(E F1A# BT 09 5 2k W] 1
FE S BRI R 35V U B, SRR T 3 v B W A A B
D 23 /NT AL A Dy, W3R 4 h ] LUF AR SCTE
Mo /NT = DFERAE (A T 1.3~1.4) i i 15 19 25
A — A B Y2 KT — kR Do KT
Dy, 33X — RCH R PR i T 2B I S {E
B4 14 0 T AR O, i BT AR SRR i Bk B it L4 2
JUHE L RASFBOREBESGE .
3 45t

A3z H Comsol Multiphysics 22 4 #3715 B4
P58 T i T 4R T A S T R E B S
B DX 5l P 9 A5 R AR 3K PG I B AR 38 T S8 0 6 X
it S B T 2P o3 A 5 Bt A IR IS T R A 0 GO
FEIL U R RRAE

(1) LB It 8 2 0 ¥ 14 R 52 1E A oG, ST Ak i
TR AT 5 8 i 5 1) AT E A

(2) 4B 7K ik 1Y B2 Ik A B2 0 3B W08/ N B i
[v1) 32 ¥ fi 1] 66 2 192 B T [



700 i BR B 27

http://www.earth-science.net

45 %

(3) 24 B B S v I 3P Bk P 8 BRI
Ii) FsF 9% Jo0 3P0 5 38 3% 98 386 K

(4) ¥ o BT 7E 35 3 46 BRI 1) 3 B
T L A ) X s v B U] s T

(5) 71 5K HIC1E FH B4 i B8 3% 34 38 ik, filf 743 2 il o
EUE AR Ny s A M o X G = K73
ThE

7L,

References

Basak, P.,
Seepage Problems. Journal of the Irrigation and Drain-
age Division, 103(4): 459—473.

Bear,J., Tsang,C.F., Marsily,G.D.,1993. Flow and Contami-
nant Transport in Fractured Rock. Journal of the Ameri-
can Mosquito Control Association, 23(3): 330—400.

Berkowitz, B., Miller, C , Parlange, M.B., et al., 2002.

Characterizing Flow and Transport in Fractured Geologi-

1977. Non - Darcy Flow and Its Implications to

cal Media: A Review. Advances in Water Resources, 25
(8/9/10/11/12): 861—884. https://doi. org/10.1016/
s0309-1708(02)00042-8

Cheng,H.D., Chai,J.R., Li, Y.M., 2007. Brief Overview on
Solute Transport in Fractured Rock Masses. Water Re-
sources and Power, (03): 33— 37 (in Chinese with Eng-
lish abstract).

Gao, Y., Ye,X., Xia,Q., 2016. Numerical Simulation of Sin-
gle Fracture Seepage Flow Based on the Equivalent Con-
tinuous Medium Model. Goundwater, 38(5): 40—43(in
Chinese).

Kessler, J. H., Hunt, J. R., 1994. Dissolved and Colloidal
Contaminant Transport in a Partially Clogged Fracture.
Water Resources Research, 30(4): 1195—1206. https://
doi.org/10.1029/93wr03555

Konikow, L. F., 2011. The Secret to Successful Solute -
Transport Modeling. Ground Water, 49(2): 144—159.
https://doi.org/10.1111/§.1745-6584.2010.00764.x

Long,J. C.S., Remer,J. S., Wilson,C. R., etal., 1982. Po-
rous Media Equivalents for Networks of Discontinuous

18(3): 645—658.
https://doi.org/10.1029/wr018i003p00645

Odling,N. E., Roden,J. E.,
Fractured Rocks with Significant Matrix Permeability,

Fractures. Water Resources Research,

1997. Contaminant Transport in

Using Natural Fracture Geometries. Journal of Contami-
nant Hydrology, 27(3/4): 263—283. https://doi. org/
10.1016/s0169-7722(96)00096-4

Qian,J.Z., Wang,J.Q., Ge,X.G., et al., 2002. Advances in

Research for Numerical Simulation of Contaminant

Transport and Flow in North China Type Fracture -
Karst Media. Advance in Water Science, (4): 409—412
(in Chinese with English abstract).

Qin,R.G., Cao,G.Z., Wu,Y.Q., 2014. Review of the Study
of Groundwater Flow and Solute Transport in Heteroge-
neous Aquifer. Advances in Earth Science, 29(1): 30—
41(in Chinese with English abstract).

Robinson, N. 1., Werner, A. D., 2017. On Concentrated Sol-
ute Sources in Faulted Aquifers. Advances in Water Re-
sources, 104: 255—270. https://doi. org/10.1016/]. ad-
vwatres.2017.04.008

Sebben, M. L., Werner, A. D., 2016. On the Effects of Pref-
erential or Barrier Flow Features on Solute Plumes in
Permeable Porous Media. Advances in Water Resourc-
es, 98: 32—46.

Sebben, M. L., Werner, A. D., Graf, T., 2015. Seawater In-
trusion in Fractured Coastal Aquifers: A Preliminary Nu-
merical Investigation Using a Fractured Henry Problem.
Advances in Water Resources, 85: 93— 108.

Song, X.C., Xu, W.Y., 2004. A Study on Conceptual Mod-
els of Fluid Flow in Fractured Rock. Rock and Soil Me-
chanics, (2): 226— 232 (in Chinese with English abstract).

Tsang, C., 2000. Modeling Groundwater Flow and Mass
Transport in Heterogeneous Media: Issues and Challeng-
es. Earth Science, 25(5): 443—453 (in Chinese with
English abstract).

Vujevi¢, K., Graf, T.,

Fracture Network Geometry on Free Convective Flow

Simmons, C. T., etal., 2014. Impact of

Patterns. Advances in Water Resources, 71:65—80.

Xu, Y., Xue, X.S., Liu, Y.Q., et al., 2014. A Coupled
Dracy-Brinkman-NS Simulation Model of Well Bore Ef-
fect of an Monitor Well. Earth Science, 39(09): 1349—
1356 (in Chinese with English abstract).

Bt o 325 % STk

TRV S, SEZERE | AW, 2007, 2B A R T
L KH AR IR, (3): 33—37.

by 20 ]

w L, MR, BTG5, 2016, 3 AR Rk S A AR R Y B 2
B ARG . R K, 38(5): 40—43.

BRFEH, EHEAL, HBOk, 4, 2003, & E AL 5 BB A oK
Wi S TE Y s B BUE A LRE 98 HE e L KB, (4):
409—412.

EHogE WM R, 2014 SEM R SKET B SIS
iz B W oE k. HhERE 2R 29(1): 30—41.
R, R T, 2004, 24P (R B MR SRAIF 5T . A+

J1%#,(2): 226—232.

B, dERE L, X E o, 45, 2014. i’é,Tﬂﬂ)uﬁ"##ﬁxﬁl £

Z A BUERE L. HhERE ): 1349—1356.



