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Abstract: Objective The study of the groundwater seepage process in saturated soil media is of great importance in many fields,
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and the differences in the pore-scale structure of soil media have a significant effect on the properties of groundwater seepage.
Soil grains cementation degree is one of the basic properties of soil media, but there are few studies on the effect of pore-scale
structure differences of soil media with different cementation degrees on the properties of the groundwater seepage process.

Method In this paper, related research is carried out based on pore-scale simulation. Soil media with different cementation
degrees are constructed based on the global rearrangement algorithm, and the finite element software package is adopted to
simulate the flow fields.  Result The results showed that as the percentage of cemented soil particles Pc increased from 0 to
60.20%, the variation function of the flow field increased by 70.15% (from 1.233 to 2.098). Namely, the spatial heterogeneity of
the flow velocity was significantly increased with increasing cementation degree. In addition, the probability density distribution
of the flow velocity along the main groundwater flow direction and perpendicular to the main flow direction were increasingly
divergent. The area where the flow velocity was close to the mean velocity decreased, and the stagnant regions and the
preferential flow areas extend significantly at the same time. When Pc increased from 0 to 60.20%, the proportion of stagnant
regions in the groundwater rose 23 times (from 2.06% to 48.31%), while the proportion of dominant flow areas increased nearly 9
times (from 0.27% to 2.41%). Also, when the average velocity of fluid was different, the above change trends of the seepage
characteristics with rising cementation degrees remained the same.  Conclusion These findings indicate that the cementation
degree of soil particles has a significant effect on the characteristics of the groundwater flow field in saturated soil media. Besides,
this paper found that the pore-scale structure differences of soil media with different cementation degrees are the internal reason
for the above changes in groundwater seepage process characteristics. The dead-end pore structure formed by cementation, the
irregular boundary of the cementation group, and the areas with poor connectivity upstream but connected to the flow area
downstream often lead to the appearance of stagnant flow regions. With the increase of the stagnant regions, the fluid flows into
the well-connected pores and flows rapidly along these pores. As a result, the dominant flow areas also increased with the rising
cementation degree and even formed continuous dominant seepage channels. Under the influence of the simultaneous increase of

stagnant regions and the dominant flow areas, the spatial heterogeneity of velocity was significantly enhanced.

Key words: Groundwater seepage characteristic; Soil grains; Cementation degree; Pore-scale structure; Numerical simulation
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£ Pa, u=0 /R NTRE LA, B FHFEE AR NDLA, PM25 Pk FREEBHEE. FH. Note: the white parts and color
parts indicate soil grains and pore areas, respectively. PM40, PM35, PM30, and PM25 represent the porous media with porosity of 0.40,
0.35, 0.30, and 0.25, respectively. x, y represent the spatial coordinates along the main seepage direction of groundwater and perpendicular
to the main seepage direction, respectively. The color code indicates the fluid velocity, the average velocity of the fluid is 1m-d™'. The
boundary conditions in other media are the same as those marked in PM40. p refers to the pressure at the boundary, Pa; dp refers to the
pressure difference between the left and right boundaries, Pa; u=0 indicates that the internal fluid-solid boundary and the upper and lower

boundaries are set as non-flowing boundaries, the arrows in PM25 indicate the dominant flow channels. The same as below.

K1 ANTRIBEES B f) 3 22 AL o B L DX S 3 A1

Fig. 1 The soil porous media with different cementation degrees and velocity distribution in pore areas
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Table 1 The properties of porous media

+ A Ry n Fave/Mm Pc/%
PM40 0.40 1.098 0.00
PM35 0.35 1.148 30.59
PM30 0.30 1.173 48.38
PM25 0.25 1.203 60.20

Heon, FLBREE; rae, “FIRIAR; Po, BESREKNURE 5
%, Note: n, Porosity; r.., Average grain diameter; Pc, The
y geg

percentage of cementation grains. (DSoil medium.

BAR il N OK K R EERIERT T, i A m Aty
Wsh. R A RBRCE NS KB, A
LB IR R E i B B O AN B
WE 1 s, Wil AEN R Kk 2260
R K G A B HARE . A SCEEAAY T
FE N 01 md! . 1md!', 10md’ f=F T
K HAD T, A B AR AR TR SR AN 2 IR .
BRSS9 0 h 1omed R EL A5 21 A 37 33 s ]
g3 .

SRy S FR A3 BT M KU A5 (] 43 A AR M Y AR
b, ARSCTE T H T KR o KHIE T K 2R
7. TN K EE R sy LAY s R
U, uy RS RE CVyL CV, o OV, AR RKM
RE W py AR 1 Brbksm , AR

v _ oy _ \/'[Vp(u—uwe)z de/Vp (3)

C
T e [, ude/V,,
P

A, u TR, md s uae, oy 230N R
MR EZE , B3 med ' Ve BRI
i FLBR DR TR, S0 m?, B R4S R
Ve W/, ELALBR DR Ve 55 181 OR8] f 3 [ S
AT AN AL J3E Y 5 4

N RE T FEAN R S o PP O A ) 22 5, AR
08 2 R I M 18 B 2 X (= RS A B R
TP A5 L L L PO ABE 25 8 2 2017 PR

m(h.1)
M

(4)

P(ll’lz):

A, L L R S AR T ) 3 2
BHE, = <l p (L, L) . m (L, L) 4%
Shy Je ¥ AL {5 AR IV T 1) 3 3P 2 (R B9 LU R AL T
(1, LIX A BYHEA B A% s 8, M FLBR A ] Hh it
Gt UL

2 R 58

21 WEZTEIEHRHEER

A SCE S H R KB s AR R, AT e 45
JEE 1) 1 RN A 4 A J5 rp R K 9B T R AT 4 B A
58 SFHHHE K 1 m-d ! BFAYHL R KB TS, SR 0
Bl 1R, WEITATE Y, SRS AR, sk
23 [ A3 A REAE 25 5 3 o AN - B AOORL 58 4 AN e 45
FIA BT PM40 h, OR[N B AL A 25 54055, T
S Al AT A A —, TR N - BRI
DXl i B RS 5 B 3 O, T S () A RS
J P SR T B i, R AL A N T Y A ) X
IR TP Y O 1 XSl I R 3 22 L AN T 4 R
KEYA BT PM25 S 5z K T 2 0 3 i) DXl
EW L, HMEERIER T HSN RS S,

AEFRE CV,. CV, . CV, ISR 3
7~, XF PM40, PM35, PM30, PM25 UFfifJi,
TR SRR CV, 40 1.233,1.478,1.921,2.098,
M PM40 F| PM25, Fifi 5 i 45 AR FURL G EL iy 0
B2 60.20%, CV, KT 70.15% iX B 25 1]
FEF T W 5. O, CV, . OV SRR
PM40 F| PM25, x. y JiIn] i 43 6 1928 S R £l o7
IR T 1.98 4% ( M 1.172 3 8.237 ) 1 2.24 %5 ( JA
1.985 %] 4.446) . X EKUIBEE BA IR, W T
KFEZER W . T EH T T K F R sy )
Tt T e A () AR 2 B M 1t A
22 MEMEZFESTER

R 1IN [ I o 1 3 8 [ = I DA [ I W
S L B3R B o A R R G A R A& 2 i
VNS o 1| E2 | I € LY AN B ST S S0 LY A S I D
B b X6 B AR AR DX /N DX B A 3R
25

5 LR W a5 R — 30, I ITOR R 45 A X
ANT7 ) b B A R B Ay A B A S . FE PM40

http://pedologica.issas.ac.cn



24 PEEANAE AT S48 B B 7 0 L AL B RUBE S5 R 00 R 78 TR P A 52 ) 403
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Table 2 The pressure difference between the left and right
boundaries of the seepage model

A B tpe/ (m-d") dp/Pa
PM40 0.1 0.017
1 0.17

10 1.7
PM35 0.1 0.047
1 0.47

10 4.7

PM30 0.1 0.27
1 2.72

10 27.2

PM25 0.1 3.85
1 38.5

10 385

o dave, IV ; dp, AHALIETR . Note: uae, Average
velocity ; dp, The pressure difference between leftand right

boundaries.(D Soil medium.

R3I RERRERERLY

Table 3 The variation coefficient of fluid velocity

B i cv, CV,, Cv,,
PM40 1.233 1.379 1.985
PM35 1.478 1.827 2.157
PM30 1.921 2.029 3472
PM25 2.098 2.737 4.446

s CVay CVy. CVu RRHL P K w BRI R K E
BN IT ) T TN K FER S AR e, uy
728 5+ R Note: CV,, CV,,
coefficients of the groundwater velocity u and velocity vector along
the main flow direction of groundwater and perpendicular to the
main flow direction of groundwater uy, uy. DSoil medium.

CVuy refer to the variation
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Fig.2 Probability density distribution function of velocity component |uy|/ux. ave( a. decimal coordinate plot, b. semilog plot )and along the main

groundwater flow direction and velocity component |uy|/uty..vd ¢. decimal coordinate plot,d. semilog plot )perpendicular to the main groundwater

flow direction
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Table 4 The ratio of the preferential flow regions, the stagnant flow
regions, and the region where the flow velocity is equal to the
average flow velocity

A" Pepear /% Pepre/% PCyag/%
PM40 6.59 0.27 2.06
PM35 5.18 0.82 5.46
PM30 3.61 1.54 24.04
PM25 2.44 2.41 4831

H: Pepeaks Peprers PCytag TR ZR [ux| Attxsave=1 MK IE . PEHA
WX ARSI IX B9 E 040 Note: Pepeas PCprers and Peg,, represent
the percentages of |uy|/uy,.ve=1 area, the preferential flow region,

and the stagnant flow region, respectively. D Soil medium.
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