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Experimental Study on Solute Transport Characteristics of Filling Fracture Based on Self-potential
JIANG Chunlu'*, WANG Genqzang , ZHENG Ltugen XUKang , CHENG Hua'?

(1.School of Resource and Environmental Eng., Anhui Univ., Hefei 230601, China;
2.Anhui Province Eng. Lab. for Mine Ecological Remediation, Anhui Univ., Hefei 230601, China)

Abstract: In order to describe the solute transport process and characteristics in the filling fracture, the solute transport test model of filling frac-
ture was designed and manufactured. The solute transport tests under different flow velocity conditions were carried out. The solute transport
characteristics in the filling fracture were studied and the internal solute transport process was described in detail combining with the real-time dy-
namic monitoring data of self-potential (SP) at different measuring points. The results showed that: 1)In the range of 0.0733~0.963 0 mm/s, the
permeability coefficient of the filling fracture was 1.85 mm/s, which was close to the permeability coefficient of the filled porous medium 1.79
mm/s, and the water flow complies with Darcy’s law; 2) When the actual average flow velocity was 0.247 mm/s, 0.431 mm/s, 0.661 mm/s, the
peak solute concentration at the sampling point was 5.14 g/L, 5.50 g/L, 5.78 g/L, and the initial and peak solute arrival times were all reduced,
with the initial arrival times of 4640 s, 2640 s, and 1560 s, and the peak arrival times of 5480 s, 3360 s and 2040 s, respectively. 3) Under the
conditions of the actual flow velocity of the three kinds of water currents, the SP response showed similar characteristics during the solute trans-

port. The absolute value of the SP peak at the measuring electrode was gradually reduced from 1"to 6" along the flow direction, and the steepness

Yris HEA:2019 — 07 - 28

ES TR :EZK AR 4T H (41602310) ; hEE S R4 545 H (2017M611044 )

TE& BT 257 (1984—), B, FIFEZ, Wi+, #5877 M : K SCHL BT, B-mail: cumtclj@cumt.edu.cn

[0 4% 1 B B i8] :2020 — 06 — 24 12 : 00 : 55 [ 4% 1 i Stk : https:/kns.cnki.net/kems/detail/51.1773.TB.20200623.1152.001.html

http://jsuese.ijournals.cn http://jsuese.scu.edu.cn


http://dx.doi.org/10.15961/j.jsuese.201900752
http://dx.doi.org/10.15961/j.jsuese.201900752
mailto:cumtclj@cumt.edu.cn
http://jsuese.ijournals.cn
http://jsuese.scu.edu.cn

90 TR SHOR LERVE

gradually decreased when the peaks came out in sequence. In addition, both the solute dispersion front and the solute dispersion peak concentra-
tion point were moving at a uniform speed with the flow of water, and the corresponding average initial flow velocity of the solute dispersion front
were 0.214 mm/s, 0.396 mm/s, 0.685 mm/s, and the average flow velocity peaks corresponding to the solute dispersion peaks were 0.189 mm/s,
0.347 mm/s and 0.571 mm/s. 4) The actual average flow velocity based on the peak SP calculation was basically the same as the calculation res-
ult using the peak solute concentration, but the peak SP calculation result was closer to the actual average flow velocity (flow calculation result),
and the accuracy was increased by 1.5%; as the flow rate continued to increase, the macro-average flow velocity error calculated from the peak SP

was reduced by 9.9%. 5) The test showed that compared with the peak SP value, the macroscopic average velocity of the filling fractured flow

calculated using the initial SP value was closer to the macroscopic average velocity of the flow calculated from the flow data.

Key words: filling fracture; solute transport; self-potential; average velocity; tracer test
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Fig. 1 Schematic diagram of fissure solute transport phys-
ical model
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Tab.1 Correspondence between seepage velocity and hy-
draulic gradient
J v (mm-s ') J v/ (mms ™)
0.0417 0.0733 0.2540 0.4800
0.0833 0.1500 0.3170 0.5840
0.1210 0.2030 0.4040 0.7330
0.1580 0.2910 0.5130 0.9630
0.2080 0.3820
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Fig. 4 Relationship between seepage velocity and hydraul-
ic gradient
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Fig.5 Fracture filled solute transport breakthrough cur-
ves
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Fig. 7 Natural potential response curves during the test

VT, WK 77 1] A1 ¥~ 6" 45k Hp A% b I P S P26 %o
(BRI /]S, ELAK VR D B I D 7 88 /), S e
T AE FEIH B P s R i A v e B W B A Ol o
X T B SR AL B N U A K T Il is B i A
o, FEAE K B T VR B D , Bl %5 BT is B8 I R 3G K



5 439

LA T, A5 BT A SRR L SEICR B Ts AR IR I R T 5 93

IR B T YR EVE PR R 5, S B0 TV 2 AL o A
IO M, K 7 ] b, 1~ 6 E i A 06 (] S P26 Xof {1
RN /)N, WA R 2%

RIFK GR35 T, 27 Fn 3" B b 19 4K e (37 1 o7
£ I 8T 7 o Hh 18 AT L, it 25 7 3t ~F- X80 3 sk 14 o
P T A R ) 0 S P AR T B RD e 2L ISP A 2R
LA 28 X (RS T3 K, X 5 IR s B 28 8 th 42
FIAAA — 2 AR R, KRR s BRI 42
F, T, TN B R R R N R, R
ST W W0 5 %) T 5 B TRk 2L, s B 59 g (L 381) 2k s (1]

WA W4 5
20
720 L
> —60
£
(=9
» —100 +
— u=0.247 mm/s
_ | — u=0.431 mm/s
140 — u=0.661 mm/s
-180 . . . . . . ]
0 1000 2000 3000 4000 5000 6000
t/s
(a) 2°HAK
0t
—40
>
£
= 80t
_ L —u=0.247 mm/s
120 —u=0.431 mm/s
—u=10.661 mm/s
_160 1 1 1 ]

0 1000 2000 3000 4000 5000 6000
t/s

(b) 3L
8 FEFEIIFIE T2 F3" B iR B oA B {30 Al [z i 2%

Fig. 8 Natural potential response curves of 2% and 3* elec-
trodes under different average flow velocity

RFNWTEE s B B Y BAEH, IR

Y%L Peclet(Pe ), HfE A oY,
uXds,

= Td (3 )

o AR I e R K R 2 - 257 38, mm/s; dso

Ry T YA ST 24 Uk R A%, 35 FP dsp=0.428 mm; D,

R TP HCR B, AR YR SCHk[42], 45 AR5 A5 F

B D.=1.50x10"" m%/s.,

G (3), 7E IR H T Bl N 11545 Pe >~ 0.705~
1.890, A HIFEIZIR IR A T, MLREL S 09 83
ANBEZZWE, 2 T4 8O RAE A K TR L, {HKE
BN, UMK BV P2 5 L 1 s RS R

Pe

S 5 K Bh T SRR AT, Y S S T G R
Xt A R B8R, 7 B ) 31 3k A 0 ) B 4
HUB R #4353 B A P 1) SRR &4 e, V5 Y v
SRHCVE PSS | 7% B 70 3 2 AU 1 R B /), e 0
ST i Xok IO (AT AL 1 2R P S 260 X (B

MIELT E1 AR H Az o o7 il 2% 1 2 B 2 31 3k g
B 0 1 Bk ], 43 5310 2 ol o 7 Pl AR B G 2R, An 719
JIt 7R o B IE19 () AT 21, A ]S 35 8 3 2% 14, o2 I
)46 B 1k 0 18] 5 15 7% BE B B AT LA, ROR
BLAF, 10045 K 2 B R>0.993, 13 A ¥ B R HCAT et
A HCRAS B K IS 8, 1 T R AT e 7 )
(uyy) 7 5°40.214,0.396,0.685 mm/s ., {1 €19 (b) A] %1,
RSP 28 30 8 2% 1R T, i o vk R e i 300 3k ik i) &5
BRI B BRI TS, SR R4, AR
BI5 IR RP=0.999, V45 [ R IS (- 457 0 13 (uau) 090 10
0.189,0.347.0.571 mm/s, H1[E19(a) . (b) ]I, i
SR I 5 VS T R O 1 0 B Bt K O 3 38 St ) iz
RS, Hugg<uyy, o1 F 3 2 (EHHE, 3308 Tk
AT L Bt 5 S () A 388 T R

900 1 1,=0.6851 /, { L22:0.3961,
800 I R*=0.993. R*=0.999,
00 0.993 1,=0.214¢,
I > R =0.998.
600 |
E 9
£300F = u=0247 mm/s
S 400 F N . e u=0.431 mm/s
300 f A u=0.661 mm/s
200 | A —u=0.247 mm/s LG
—u=0.431 mm/s &S
100 —u=0.661 mm/s LML
0 1 1 1 1 )
0 1000 2 000 3000 4000
1/s
(a) IBFHE 3 5146 BIE I 8]
900 r L,=0.571t, A L,=0.347t,
800 I &2=0.999, R =0.999,
700 F L,=0.189,
600 | R*=0.999,
£ 500 t
3 | s u=0.247 mm/s
400 o u=0431 mm/s
300 + a u=0.661 mm/s
200 | —u=0.247 mm/s LS
100 LW/ —u=0.431 mm/s &G
—u=0.661 mm/s LML
0 1 1 1 1 1
0 1000 2000 3000 4000 5000

t/s
(b) B I 25 5 U AF 11 ) [R]
9 ARFEHREITBRISHEZE Z BRI

Fig. 9 Effect of different average flow velocity on the mi-
gration of solute to each electrode
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Tab.2 Comparison of measured values and calculated values of flow velocity during the test
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