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Fig. 1 Resistivity 3D imaging observation device
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Fig. 2 Theoretical model of a chloride—contaminated site: (a) to (j) represent the resistivity distribution

of the medium at different depths
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Fig. 4 Flowchart of damped least squares inversion
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(a) 3D image; (b) side view slice image

(A G FLBHRBE AR, i 5~10 Q « m, AN, XF
A Tk B K 4T T I, L FH R 0.01 ~ 1
Q - m, P RARTIRK LA (2974 100 Q - m) .
3.2 HIER&

K 1 PR %e B TR R4, L E1h 14
S (FE6), R SIS 2,00 m, I £ [A] BE A
3.00 m, A5 H T K 118. 00 m, 5% FH it 46 DL i 24
MR AR R0 FL B K0 11774 4, 50808 Jo 2 i 2
R BEL AR R e B AR LTS ( DZ/T 0072-2020) ) EisR
3.3 RWER

Xof SN AR AT R, kAR S K O iR 2
rus=6. 45% . S AR 25 F UL 7, R R S H
BHR 5%, BRI R T 50 Q - m, AR+ 2 )
H P R e, R 5 X R 50. 00~ 80. 00 m Y H (X J7
]) MR 5.00~8. 00 m UL FH BH 2R 5 4 (A BH R (.
<10 Q - m) , ZEEEBAUE N S AW AEETER , %

Yt N A TR 5 BEAR T 5 A7 r, BHL 3 DI
BEGRBE RGN 2P R 7h)  ARYEAR L PR 2 5
AP AT R G G P L i DX BRI (E 6
4.5.8,9,10, 11, 12) Bn H LW V3 & &R
1458. 55 mg/L, 5 H FHARAIL 2 5 i W & IR HLBH R
SR DAL T V5 Y TS A . BRI L PR
S AREMA A TR AT, S e
YRR A 1 TR R ROKE WS
PeWfE iz P E A,

4 ZEHRE

A ST A TS Gl B AR AL I XA R
FYIETH, JriiE 1 v BE A = 4k R BRI AL 15
PeRARE, 275, UESE 1 AR = A S
BORTERAE T SRS Y IR (AP 1A ) (Pl s 2
TR A (75 3¢ 0) Kim Yy Uil 18 45 5 1
AIARAS R B CR

FHEE T ZEB0 T AR I, H B A = 4 R R R
AT ARBCBAE R GRS B o SR i A T
Gyt A O P R HARA R A
BRI HERE ST "IN E SR ALY R ER S
TCHILT5 G5 b ] A 0 1 1) LBk ) BT ik

Brift: EH SO R P A B TR 45 3
Kb LIRS TR RN

2 % X #t / References

(The literature whose publishing year followed by a “&” is in Chinese
with English abstract; The literature whose publishing year followed by a
“#” is in Chinese without English abstract)

BRI, AR, NIRRT, ALIEZE, BRIE. 2012, HIBHAR CPTU 14k
TSR TN . TRRHBAR, 20(5) - 821~826.

AP, VPR, TIRRES, WA, 2021, 4R AR A A A B e
RUPRIRIH. HBHETFE, 67(S1) : 1~2.

et , EAF, B, A0, TR, RIS 2019, [F PSR HE
AT AR HBUR S R RS HitATi S, 26(3) : 39~47.

RV, . 2005, FAEEHBERYBAMES. Jbat. MG L, 1~
364.

RealiF. 2007 ALBGIBERERE. JUAT e Tl R, 1~205.

SRuRE, XUl 2024, ST ML T A3 18] BE YR BT PR I EOME P4 5 i
XA, HUBTIETTE, 70(3) : 1083 ~1096.

W, BT, £R, B&E, B, YN 20200 HARBTIR G
PR T L5300 B A AR HUBUETTE, 66(6) : 1609
~1618.

BEHE. 2024 BT A RBARL K TR RS M T AR IR W
EALIR, 48(1) ; 281~286.

W B, KIER, RS AR, 2024, LT AT IR AR
Syt -SRI N 7K A RS P BB AL SR AE S KU PE A . PRI
RHEBFFT, 37(11) ; 2547~2556.

O, NG, BEE, KM, E2F. 2023, FKEMTTHERY
BRI AR, iR PR IERE | 38(4) : 1799~ 1814.



6 o

it I 2026 4F

Pk, BEZE. 2020. HRHLTEIATE LNAPL 753 H3ErRi b i) iz T it
JEWFE. MRS 35(3) : 1141~1148.

ZEIEAF. 2020, BET R B A v IR A 2 A = 20 e L 3 5 38 o .
HuER PR 2E R, 35(3) : 970~975.

BiEH , S5 S0, EFE2, B 2011, ST Tolk 5 Yt . ER
BB OUR TS, IR 32(3) ; 784~794.

DEF, BEIC, HiEs:, &, 2019. MR KIFRGIRM HIAZE
XHG YT, RS, 31(2) : 35~40+59.

BEA e, BEME. 2002, FF305% 20 Ah i = 2k L BH 58 DU VR AT BR T AR
. HERYI B, 45(1) 2 131~138.

WA EME, Mk, wiE e, Mo, XN, BRH =, 25w
2024. HF M ERY R 1AL T 3 75 YL IR BE R B . 3
BiRlsE2E R, 44(4) ; 344~355.

TR, #h%r, SkSrfk, BT, 2024, i EHLUT KIS R AT ARG
PR SRR, TS PSR, 46(12) : 1834~ 1840.

ER, BR A, R, B8, e, WL 2012, BT REE
FL EL 2 0 10k i i o 2 I 0 2 Do UM IR Y. B TR
58(1): 165~174.

V. 2021, =4k A AL H R ARSI N U I B DRI g
. TRMERYBEZAA, 18(1) : 107~112.

T4, REYE. 2022. T Res3dinv F0F 19 = 4 10 2 B HL L AR AL
RO, TREHFRY A, 19(1) : 117~125.

TRVRE, EUUWL, PG, AR, BIRE, FONR. 2022 IR
23 [) FF R FH 0 B3 B = AP P8 bR I R A R —— LA Tl
. HRIEIF, 68(2) : 607~614.

ER, AR BRI, SRR, 2010. bR A = 2 d B AR G0
. HLERYEIAEERE, 25(6) : 2163~2167.

MR, SREWE, FEH, BEEM, R, 5. 2009. FRETHLERY)
PRAE TS Y s s A P A BOIR B B PRBE M A B S R 21
(3):23~27.

U HE SEHE, 2Rt EALIEL 2018, SR KIS Yk B R
RS R, PEBEER A EE, 35(6) : 814~821.

Badmus B S, Akinyemi O D, Olowofela J A, Folarin G M. 2012. 3D
electrical resistivity tomography survey for the basement of the
Abeokuta terrain of Southwestern Nigeria. Journal of the Geological
Society of India, 80(6) ; 845~854.

Cai Guojun, Zou Haifeng, Liu Songyu, Du Yanjun, Chen Si. 2012&.
Application of resistivity cptu in evaluation of contamination site for
pesticide factory. Journal of Engineering Geology, 20 (5) . 821 ~
826.

Cen Yang, Xu Xiaochen, Jiang Xiaoyi, Tan Lei. 2021#. Application of
3D high-density
embankment dam. Geological Review, 67(S1): 1~2.

resistivity method in leakage detection of

Cheng Guanghua, Wang Rui, Zhao Muhua, Su Jingwen, Yang Yang,
Zhang Xiaobo. 2019&. Present situation and developmental trend of
urban underground space development and utilization in China.
Earth Science Frontiers, 26(3) ; 39~47.

Cheng Yexun, Yang Jin. 2005#. An introduction to environmental
geophysics. Beijing: Geological Publishing House, 1~364.

Cheng Zhiping. 2007 #. Course of electrical prospecting. Beijing:
Metallurgical Industry Press, 1~205.

Liu Kai.

environment suitability evaluation methods for urban underground

space resources. Geological Review, 70(3) : 1083 ~1096.

Gao Li, Xu

2020&. New thoughts on urban geological survey

Guo Junhan, 2024&. Comparative analysis of geological

Huang Jingjun, Zhao Zengyu, Jiang Su, Yang Lei,
Shugang.
concerning natural resource management in Jiangsu Province.
Geological Review, 66(6): 1609~ 1618.

2024&.

construction in hydropower engineering using a 3D resistivity

Huang Yao. Exploring geological conditions for tunnel

method. Geophysical and Geochemical Exploration, 48( 1) 281 ~
286.

Ji Min, Yang Jie, Zhang Shiyang, Li Xiaoman, Li Qingqing. 2024&.
Characteristics and risk assessment of carbon chain components of
petroleum hydrocarbon contamination in soil and groundwater of
typical Shanghai.
Environmental Sciences, 37(11) ; 2547 ~2556.

Johnson T C, Versteeg R J, Day-Lewis I D, Major W, Lane ] W Jr.
2015. Time-lapse electrical geophysical monitoring of amendment-
based biostimulation. Groundwater, 53(6) : 920~932.

Li Guangcai, Li Pei, Jiang Chunxiang, Zhang Penghui, Wang Xingyu.

enterprise retired  sites in Research  of

2023&. Advances of the application of urban geophysical exploration
methods in China. Progress in Geophysics, 38(4): 1799~ 1814.

Li Hongli, Lu Qi. 2020&. Progress in application of ground penetrating
radar in LNAPL contaminated soil detection of LNAPL. Progress in
Geophysics, 35(3): 1141~1148.

Li Zhongping. 2020&. Application of 3-D resistivity inversion based on
Winner device of high
Geophysics, 35(3): 970~975.

Liao Xiaoyong, Chong Zhongyi, Yan Xiulan, Zhao Dan. 2011&. Urban

in the field of

Environmental Science, 32

density electricity method. Progress in

industrial contaminated sites; A new issue
environmental remediation in China.
(3): 784~794.

Liao Xiaoyong, Chong Zhongyi, Yan Xiulan, Zhao Dan. 2011. Urban

the field of
environmental remediation in China. Huanjing Kexue, 32(3): 784
~794.

Loke M H, Barker R D. 1996. Practical techniques for 3D resistivity
surveys and data inversion. Geophysical Prospecting, 44(3) : 499 ~
523.

Ma Qingshan, Jia Junyuan, Tian Fujin, Lei Ting. 2019&. Study on

industrial contaminated sites; A new issue in

impact from soil mass deformation on pollutant migration initiated by
groundwater exploitation. Coal Geology of China, 31(2): 35~40+
59.

Mwakanyamale K, Slater L, Binley A, Ntarlagiannis D. 2012. Lithologic
imaging using complex conductivity: Lessons learned from the
Hanford 300 Area. Geophysics, 77(6) : E397~E409.

Pham D N, Pham K N, Lai P H, Thi N. 2022. 3D inversion of 2D
electrical resistivity data for geotechnical analysis. Journal of Mining
and Earth Sciences, 63(6); 45~52.

Ruan Baiyao, Xiong Bin. 2002&. A finite element modeling of three-
dimensional resistivity
Chinese Journal of Geophysics, 45(1): 131~138.

Sasaki Y. 1994. 3-D resistivity inversion using the finite-element method.
Geophysics, 59(12) . 1839~ 1848.

Slater L D, Ntarlagiannis D, Day-Lewis F D, Mwakanyamale K,
Versteeg R J, Ward A, Strickland C, Johnson C D, Lane J W Jr.

2010. Use of electrical imaging and distributed temperature sensing

sounding with continuous conductivity.

methods to characterize surface water groundwater exchange
regulating uranium transport at the Hanford 300 Area, Washington.
Water Resources Research, 46(10) : 2010WR009110.

Tian Shaobing, Wang Peng, Feng Hongchuan, Shang Tongxiao, Mei
Rong, Liu Ling, Chen Yueyun, Li Xianggian. 2024&. A case
study of contaminant source tracking at chemical sites based on
geophysical data. Acta Scientiae Circumstantiae, 44 (4): 344 ~
355.

Wang Gang, Zhou Qiyou, Wu Shiyan, Ling Chengpeng, Yang Xinxing,
Lei Ming. 2012&. An in-situ experimental study of fractures
network identification within bedrock by high-density electrical
resistivity tomography. Geological Review, 58(1): 165~174.



2 A TR T R BHAR = AR AR BRI A5 SR 7

Wang Jie. 2021&. Application of three-dimensional high-density
electrical method in urban underground karst collapse area
detection. Chinese Journal of Engineering Geophysics, 18(1): 107
~112.

Wang Jun, Zhu Guowei. 2022&. Analysis of the effect of three-
dimensional high-density electrical imaging based on Res3dinv
software. Chinese Journal of Engineering Geophysics, 19(1) : 117~
125.

Wang Siying, Han Qi, Zhang Liqiu, Feng Li. 2024&. Research

progress and prospect of groundwater pollution prevention and control

Yan Shu, Lin Jian, Xue Guoqgiang, Zhou Nannan. 2010&. Three-
dimensional high resolution resistivity method for prospecting
underground caves. Progress in Geophysics, 25(6) : 2163 ~2167.

Ye Tengfei, Gong Yuling, Dong Lu, Neng Changxin, Wu Qubo, Chen
Yong. 2009&. Status and development of environmental geophysics
in the investigation of contaminated sites. The Administration and
Technique of Environmental Monitoring, 21(3) : 23~27.

Zghair M M, Al-Kubaisi M S, Karim H H. 2023. 3D resistivity imaging
investigation for engineering construction project studies at Al-

muthana Airport in Baghdad, Iraq. Iraqi Journal of Science: 5086 ~

technology in China. Environmental Pollution and Control, 46 5094.
(12): 1834~1840. Zhao Shaohua, Dong Yanhui, Li Xuelan, Wang Liheng. 2018&.
Xing Huaixue, Dou Fanfan, Ge Weiya, Hua Jian, Chang Xiaojun, Cai Establishment  of  the contamination

relationship ~ between

Xiaohu. 2022&. The research on 3D evaluation index system of concentration and electrical resistivity in shallow aquifer based on
groundwater numerical modeling. Journal of University of Chinese

Academy of Sciences, 35(6) ; 814~821.

geological suitability for urban underground space development and

utilization. Geological Review, 68(2) : 607 ~614.

Subsurface chloride pollution detection based on
3D resistivity imaging technology

WANG Hui", WANG Jianli"* |, HUANG Ming" * , SHI Zhanjie” , LIU Silong" , LIAO Xiaoqian"
1) Zhejiang Engineering Geophysical Survey and Design Institute Co. , Lid. , Hangzhou, 310005
2) School of Earth Sciences, Zhejiang University, Hangzhou, 310027
3) Zhejiang Institute of Geophysical Technology Application Co. , Lid, Hangzhou, 310005

Abstract; Industrial abandoned sites, due to the production or use of toxic and harmful raw materials, have
resulted in soil and groundwater contamination. Conventional urban geological surveys typically rely on drilling
sampling and testing analysis to determine the pollution status, which can only obtain information regarding
pollutant distribution near boreholes, thereby making it difficult to achieve rapid assessment of the entire site. The
three-dimensional (3D) resistivity imaging technique, characterized by its broad observation range, substantial data
acquisition capabilities, and high imaging resolution, enables comprehensive imaging of subsurface medium
resistivity within the observed domain. The conductivity of the soil matrix is known to increase following
contamination by inorganic pollutants such as heavy metals, chlorides, and nitrates, thereby establishing favorable
physical conditions for resistivity-based detection methods. In a case study focusing on chloride-contaminated sites,
the efficacy of the 3D resistivity imaging technique was substantiated through the development of theoretical models
and subsequent forward modeling. Field investigations conducted at a decommissioned industrial site in Hangzhou
led to the delineation of the chloride contamination source ( storage tank ), the spatial distribution of the
contaminant plume, and the identification of contaminant migration pathways based on observed low-resistivity
anomalies, thereby confirming the robust detection capabilities of the technique.

Keywords: resistivity method ; three-dimensional imaging; finite element method ; pollution site investigation ;
chloride
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