550 IS T2 * T8 R 20 205 2

Eco-Environmental Chinese Journal of Vol. 17, No.2 Feb. 2023
Knowledge Web Environmental Engineering
@ http://www.cjee.ac.cn E-mail: cjee@rcees.ac.cn S (010) 62941074

g XEEH: #BXTR
. DOI 10.12030/j.cjee.202208159 W&l 4325 X53  SCHRARIRAS A

RUZIR, B G, VB, 5. BB IEWTE AR 8 N2 BT B AR AR AE [J]. BREE T AR 4R, 2023, 17(2): 682-691. [LIU Jiaxu,
PAN lJianwei, SUN Xu, et al. Resistivity of phosphogypsum leachate under different leakag-e migration modes[J]. Chinese Journal of
Environmental Engineering, 2023, 17(2): 682-691.]

B BB IE AL WS Tmia AT i P AR A
FFAL
3R, B, A, B R

Lot R 2% IR 5358 TR B, BiFH 5500255 2. 504 K 2% MR g ik IR S IR B F M E A LR E,
5500255 3. 5t N4 H BT A TF & R 111 HUBTRBA, 5t FH 550008

FH

bai

OE Al R B AR E W B 3708 DR S R R B AT S SR T A e BEL R R ke 3K
150 A PERRAE, BEJR B XTRIZ BB e . WA B 8 28 e 2 RSB T R A [R] i BES U8 s B I
HRLUSIR, AR T KT 2 A IR SC S o 4RI B IR S TG Y v BH R B 5 R TR0 R o L2 26 i
e, HARWKE X WAL 2 7ERIZ A AB SR, SR EE T mE%, JFZ 20 M RS
IS, MASIE RN B g AT R 8O s 85 IACE RS, i Bl e FEL R 22 S RE S IX 70 A ] 5 7K R
TGRS ARG Y X5 i A8 By — i LA B BH Ak —— o 6 B LI (BRT) X 5N 48 Sl A1 7 3 37 R A7 5
T, 5 30 A AR BEL A B 55 3 37 (7 B AP AR B XN DG 2R , SR T AR SC SR A5 R o v PEL R T T M B R M
BB WAE 3R K T A8 T N A8 T i e R 75 e 0 A

REIE BEOTEBIEW; RHRE; RVERRE; B YO R

Wl M BRAE M B OGS RE T &R, AR S RBUKMKE ERAeEREY, S AR R
W, AW S5um e muisaoe, o, gk T =R 8 A Y 2 w2 K s 1™ AR s Tl
FER Y, wEa B R AR E AL S . TR B = A B I s R
A B EEER; (FTHEPE FL P05, Cr. Pb 5%) ATBEFR/KIKIE T 5, 5 4R DX i1 4 4 KRR,
18 0 B HES7 15 T 15 e e R A 24 IR, s AUB SR BTG Yy, f7 L 4 IR 1 75 e e B R
Bl o PRIk e e e B 19 07 =X M 4 M 3 2 DR R TS ek B, B T e 0 B DAUE AT T X 9 B OG-
WAL T 7 Ml AT AR 2 i R 1Y) i BRI

H A B2 BRI TS G Wi 75 A R K W ik | R BRI R L BORE AR BTEE  H BHAREE AR T,
X TR AR I ek | BORE AR A, U RE OV S 37 04 T e W 2 ) s Qe AR R, EDUL I Bk =
B HOME LA E I A ST BB RN o 7n B EAOn] E PRI BB e J7 AL, TRk XL #92 idE
E PTG, B S S E M RE B, BT B IR S A BT H e i 25 S, H BH ARk
A LA R, oAb R TS e 3 b 0 F LR A L R TITHE IU2 Dh A2s R) A3 A 0 HATE A AR TR
s BHEE: 2022-08-31; FAHHA: 2022-12-29

EEWH: StMARHETHRIE BT E ([2020]11Y173) ; St 048 8 )= o 5 BT 9% 4 W B B (B H 9 R4 (2020114 5); ER B R
B RS FERL LTI E (42004122)

T—EE: XFMWH (1998—) , B, Wi LHF5E 4, 806599389@qq.com; BRIEBISIEE : & &I4F (1988—), HB, L+, Bl#H#Z,

jwpan@gzu.edu.cn


mailto:806599389@qq.com
mailto:jwpan@gzu.edu.cn

55 2 1] RIFNEE . B FRE IR WAL A RS iz BT B B AR A Rk 683

T W AIRESE, 41 BALBARINI 25U 76 ) 24 5 i S 37, JT Ji& 1 1y %5 J 1L % (Electrical Resistivity
Tomography, ERT) Waill 5255, Jfa i HURE S0 A XF Le A5 th . AEAb SR SO R IS O T, ERT 455140
X EERG #E . CATERINA 55U Xt T 46 i 5% 48 &2 4 b 647 3 4R A9 ERT Waill 5258, 45 Hh %y i il
FHF AR W0 75 Y P13 o % 1 B A1 15 B ERT W IS R PN I3 32 4% S T o0 A ad AR, 45 21 R H
BH % J5z 38 [R5 0T LA S e J5 3 32 5 G 5 i RS I 0L o B SE A5 0 X 814k 3 4 I 5 4 - f R 3R 2R 1 7 1
5%, A5 L B A (E 5 B AL B A i ) AR AR AT ) — B0k, A oAb B R AT, V54 B A rBH R
AW . 23R AR A MR S ERT A 2 R0 A 55 AU rp 5 9E K A M (DNAPL) V5 44 iz F5 40
HEFTHEIN, B SR iE G DX Sk R 5 F B 3 S A RV A, WESE T HL B R A MERf I . HELENE 460
FES PR IF R T ERT Wa Dl , 4k sy [R5 375 AT S e 17 b BEL 3 Bl 92 T 1o 1) 1) 728 Ak i 72
H B U8 X S P T W) 5 B A o LA 98 43 00 A TS e ) e MR R A . B L V5 Y3
i W 45 T HEAT R A GBI, AR T N R RR 2 G W 1) e BH AR R e vk Y W A4 1 T R
A IS T HLBH R AR T Y A S & R N o

SRMT, BRI B Xof Fi, B 258 5 78 W A 1 ME 318 U W 0 3R SR S AR XA /D, R iR 25 6 R 2 I
HBRSABREEZABREWNRAMS . £ ITERL X, RSz, A+t
FEESH L2, BIERW S IR FRIRE A2 S EEE, IFEYE s R 5 g
FOK, R RS I Y U e, AR SN I ST TR AR R R SRR R D B S G R
HEAT HL B A, i A R i R 0 e B R AR A LA . 2T, X I R bl DX E DL A 2 s e X
KRR I B IR R )Z 5B 0 . N IE 2 05008 e Py BBSR00E I S2 56, 38 2 43 B i BH 2% 51 17 e V)
A, BEEBIERAERNRBRER T @SB, JFXRE AR S8 40 T AR KB R E. &
2, PN SZ5, SO0 U A BH 83 76 W A1 8 ME 3792 T W) 1) 1o FH 28008 o
1 MRS T
1.1 XFIE

FL B 8 02— DU K M 22 S O Sy, A B (GRS DU o R A T e M RO B (L,
I 43 BT R BHL R AR A AR I b T A SR AR 0 5 vA T AE s Y A v, A% G e BH R i R R
FHAI 5 =X, AR B TR BB 2 DX ey X DB R AT i 0 6 5 S i R SR B R AR RS, Il
T L2 A I DA R 8 U DX, R AR AR RO S AR, R TAERCR, mEE
B3 (ERT) 2 A K AR EF, MHAS T4 7 X DU Al (451, ERT eSS Rl A i )L+ 2 A AR
W, 38 3k — R B AT AR DX R P A 2k P RRAE R, B e R R AR B Y R B DR D T R R
R E W RMIRZE, 728 % ST 3 2P JE 0k, RS b R 1 S5 R AR O A ik 52
B, BEALSLES K S B 3 R ERT S8 . 530 46044~ ERT HLBH A =X (D) P PR,

AU

p=K=— (1)

A p MR, Qm; KHEE R, m, 5 AB M MN Z [ EA &, HMARTE AR
2); AU NHM MN ZEPHEE, V; T HEM AB ZERHEIRK, A,
2
K== 1 1 1 @)

_ _+_
AM AN BM BN

1.2 KR

S B A B IR A N B A SN A AR R B B A HEDS (107°327227, 26°38'45") KBt I
BB A B (106°49749.257,27°15'23.09") , A /KE A 52 H KA b T 88k o Al
VORI 2 R, LR AL AR M AL R FR B U S T SN R 2R R



684 ok L B ¥ W EEAVE S

LG 37 (106°39 ", 30.11 ", 26°26 ", 38.31 "), #z1 TRITHEERIESH
BAERE 1~3m, BREG 3 mm 7%, #88 (+ Table 1 Basic physical parameters of experimental

soil samples

IRPEAE R WA LRI R R e R T

TSCEGEUAR ) e IR AR SR, AR 1.
1.3 LWRE

W U RS ek i st g R 209 029 MS6gem  27goem? L9
Z I REW A AL (WDID-4, T K 7 i B i HoR
WFFE ) 52 B H BRI A, e R o) OB e i Ay e BELSR e 1, e B S AR L (a) TR o AR
PLB BT EIARIZMAB SR, B WE 1 (b) Fis i aSB e, 2685 %M 200 emx100 cmx100 cm
(385 B AR AL B 38 A, PN BEA 50 em JR L0236 + LIPS e X+ 2450, B IR IR, T B FE 5]
O, 8 RE R AR Y 7.5 L A BUKF AT B IR EA . IEEB IR N B A SRS R W
Blwmiad e, witE 1 (o) FrarEiE B R, 3250 55k £ = ST RSE 2000emx70 emx60 cm 13T
8y 2 LA S 5 3 3 30 R sl ny ot B YR 2 SR v AR, 2 B A% 3 em . K 150 em [ PVC B LA R
T, I 65~85 em i Wi Z HEAN LA T 5 e s, 2R BN ZRGE ok O E 15 em AL,
A g 9 i 1 BB I TR AT N . RS 56 R T AR P R LR i R 48 (WGMD-4, E K
I 5 s H AR 5E ) 56 AR BH B R4, PR 4 B A 0 A G Tk 28 R A 2E R R B 8, B J] i
10 cm, B33 30 AR, AHABHLHL R 5 om, B9 R 5 Jy A 1E £ Wenner 26 &

CHAR

Lkl ]
S P e R 7T

(a) DUR SRR (b) MBI SE R (c) BB B IR
1 BN REENSSERE
Fig. 1 - Electrical and physical simulation experimental apparatus
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Fig. 2 Change curve of electrical resistivity of phosphogypsum leachate and polluted soil with porosity
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Fig. 3 Resistivity profile of phosphogypsum leachate under point-leakage situation
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Fig. 4 3D Resistivity slice of phosphogypsum leachate under point leakage situation
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Fig. 5 Resistivity profile of karst water in point leakage experiment
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phosphogypsum leachate under point leakage situation
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Fig. 7 Resistivity profile of phosphogypsum leachate under pipeline leakage situation
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Fig. 8 3D Resistivity slice of phosphogypsum leachate under pipeline leakage situation
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Fig. 9 Resistivity profile of karst water under pipeline leakage situation
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Resistivity of phosphogypsum leachate under different leakag-e migration
modes
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Abstract In order to evaluate the effectiveness of resistivity method in monitoring the migration process of
leachate in phosphogypsum yard, a self-made resistivity -quadrupole device was used to test the electrical
characteristics of leachate-contaminated soil. Then, physical simulation experiments of leachate migration
monitoring in different periods were carried out for two models: single point leakage of soil surface and multi-
point leakage of karst pipeline, and karst water was added for blank control experiment. The results showed that
the resistivity of leachate and its contaminated soil decreased with the increase of leachate concentration, and the
change was more intense in the low concentration range. In the process of surface single point infiltration, the
leachate mainly migrated horizontally and gradually formed a funnel-shaped leakage pattern, while the leachate
migrated in a peripheral diffusion mode under. the pipeline leakage mode. After adding karst water, the polluted
area and unpolluted area under the same water content could be distinguished by resistivity difference. Finally, a
common resistivity method, electrical resistivity tomography (ERT) was used to measure a phosphogypsum yard
in Guizhou Province. The range of low resistivity body obtained had a good correspondence with the location of
the yard, which verified the above experimental results. The study showed that the resistivity method can be
used to monitor the leakage process and pollution distribution of leachate in phosphogypsum yard.

Keywords _phosphogypsum leachate; electrical resistivity method; electrical property characteristics; leakage

diffusion model


http://dx.doi.org/10.1139/t2012-080
http://dx.doi.org/10.3975/cagsb.2014.02.19
http://dx.doi.org/10.1139/t2012-080
http://dx.doi.org/10.3975/cagsb.2014.02.19
http://dx.doi.org/10.1139/t2012-080
http://dx.doi.org/10.1139/t2012-080
http://dx.doi.org/10.3975/cagsb.2014.02.19
http://dx.doi.org/10.3975/cagsb.2014.02.19

	1 材料与方法
	1.1 实验原理
	1.2 实验材料
	1.3 实验装置
	1.4 实验过程

	2 结果与讨论
	2.1 磷石膏渗滤液及其污染土体电性特征分析
	2.2 点渗漏模式下渗滤液运移过程分析
	2.3 管道渗漏模式下渗滤液运移过程分析
	2.4 堆场电阻率实测分析

	3 结论
	参考文献

