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Abstract: This paper is the result of geological survey engineering.

[Objectives] Groundwater resources is an important part of China's water resources, especially in arid and semi—arid areas. Thus,
water prospecting and well drilling become a critical public welfare policy to solve the drinking water problem for humans and
livestock. This study aims to summarize geophysical methods for water prospecting and propose possible pathways to improve the
efficiency and success rate of finding water, thereby guiding the future exploration and evaluation of groundwater resources.
[Methods] Based on geophysical theories, this study systematically reviews basic principles and a series of case studies related to
five geophysical methods for groundwater exploration under various hydrological and geological conditions: direct current electrical
method, electromagnetic method, radiometric method, seismic wave method, and nuclear magnetic resonance method. Then, we
compare the advantages and disadvantages of these geophysical methods for water exploration and figure out their applicable
conditions. Finally, we propose effective methods for water detection under various geological settings. [Results] This study
proposes a basic approach to prospect groundwater using geophysical techniques. Moreover, we summarize effective methods for
five typical geological environments: Karst, granite, sedimentary clastic rock, semi—consolidated red bed, and Quaternary loose
layers. The summary will provide useful guides for the geological survey of groundwater resources across the nation. [Conclusions]
Geophysical methods for water prospecting should be carefully selected based on the hydrogeological characteristics of the
exploration site. Based on our literature review, resistivity, induced polarization with multiple parameters, and seismic exploration
are effective methods for groundwater exploration, while gravity, magnetic, and radiometric methods can serve as useful
supplements. Integrated application of multiple geophysical methods can effectively improve the success rate of groundwater
prospecting. Moreover, the lateral electrical resistivity method has large potentials in future evaluation of groundwater resource.
However, we still call for continuous innovation in geophysical techniques for groundwater exploration given the needs in complex
topographical and geological conditions such as mountainous areas, urban areas, and areas with thick coverage. In this regard,
rapidly developing technologies like multi-parameter semi-airborne electromagnetic methods and ground holographic

electromagnetic methods represent new directions for future water prospecting research.

Key words: groundwater resource exploration; geological survey engineering; geophysical methods; basic ideas for water
prospecting; application cases

Highlights: The basic principles of five geophysical water exploration methods and their successful application cases in different
geological contexts were systematically reviewed; (2) The effective methods of water exploration under complex geological

conditions were summarized and analyzed.
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Fig.1 National drought distribution map of September 2022
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Fig.2 Comprehensive inversion interpretation diagram of porewater drilling for water in bedrock fissures in the granite area of

Xiaobu town (after Liu Shengbo et al., 2024)

a—High-density electrical resistivity inversion in granite areas; b—Interpretation and inference of high-density electrical resistivity in granite areas;

c—Permeability profile; 1-Gravel rock; 2—Water-bearing weathered granite layer; 3—Granite bedrock; 4-Fracture zone
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1-Sandy loam; 2-Silty sand gravel pebbles; 3—Sand gravel pebbles; 4-Granite; S—Construction drilling hole number and depth;
6—Measurement point number
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Fig.5 Transverse resistance contours (10° Q-m?) plot and well location distribution map in Huaiyuan Industrial park, Anhui
1-Isopach map of aquifer with water content; 2—Groundwater flow direction; 3—Proposed well location; 4-Existing well location;

5—Planned factory area
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Fig.7 (a) High density inversion resistivity pseudo-section, (b) interpretation section, (c) 7,, p,, TH, D curves of pre-selected wells in
Wangmen Village, Fengquan District, Xinxiang City, Henan Province (after Meng Lishan et al., 2014)
1-Quaternary unconsolidated layer; 2-Neogene marl (containing water); 3—Neogene marl (complete); 4-Neogene mudstone; 5-Ordovician limestone
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Fig.8 Electrical profiles of Wangcun village, Wuxuan county
Guangxi (after Liang Jing et al., 2016)
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Fig.9 Tllustration of Quaternary aquifers in Fuhe Town, Balinzuoqi (after Zhang Dishuo et al., 2022)
a—Aviation transient electromagnetic db/dT response curve; b-resistivity—depth profile; c—The apparent resistivity distribution measured by double
frequency IP method; d—Maxwell inversion results; e-Omprehensive geological inference results 1-Wuerji Formation loess; 2—Water-bearing sand
and gravel layer; 3—Dashizhai Formation SLATE; 4-Dashizhai Formation siltstone; 5-Monzonitic granite; 6-Location and number of sounding
points; 7-Well location and water depth
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Fig.10 Seismic mapping profile of Section A of geophysical prospecting Line 1, Mengcheng County, Anhui Province
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Table 1 Relationship between aquifer water inflow and physical property parameters (after Li Wei et al., 2022)
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Fig.12 (a) Comprehensive results of the geo-prospecting and inferred interpretation profiles, (b) Contour section of five measuring
points IP sounding (after Kang Fangping et al., 2020)
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Table 2 The advantages, disadvantages, and applicability of groundwater exploration geophysical methods
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fift b AR BV L W IIIR 2 S50k | g It iRk
o Mg (2013) 7E VG T2 Hb DX I Hb = %
UM i SRR, BUAS B3R K 3SR s Makhlouf et
al.(2024) FEAEFL VDTSR FH 1 55 30 1T VA R A b 2 45
B 253 A s 4K . ZH IR A A SR E
I, QR IR SR A5 (2019) 76 H ot b 1L S BE TR V5l IX 25
EYHREOK, BAS T RAFHIRCE .

5 WIBHHOKEARITIEAF RS e

5.1 BRI K E IR ia) &3

20 20 50 4FAX, B HL v A K 4 B - 45
JTETEIR I T H R ok A, 32884 B A 25
AMECAZEFLBRAK . 20 42 70—90 4E4L, Kk H
P B 1o 6 e e AR I 2 K, SR IR
WAk | HARA: . AMT B2 5 - BUS T R
TR () 2 45 2024) . 21 2R LIS, Rl 3%
] AR AL B T A5 AR A PR, X PR HR 7K 1) SR
150, i e EE TR L R B R AR 1, DT e 2 B r
% BRERT: L TEM i 1R )2 50 PR R SRR
MEEAR I A5 Gk

WA, W ER R K ST I B () A Ik A & 8 1
45 TSR FROK I ik VRl 25 [, B /Nas ] $RK
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R A5 ) T 7K W VR SR A R A T A, /b b
A A H T AROK K IR AR vk . B
A IPIRF KB AR IBAA AR R EDTT I RE 125
AR BERANAR B B L BRI HERAG . RS H 2
P HARE 4 TAERCRAR , A A = A )
5.2 YHREKKFER T ERE

Bl 2 N AE 206 R /KT SR AN B in, 4R
FoKF AR AE RS K R . A T HE R Rk
RT3 XA F K HE RS, Y1 PR B A AE =k
JEE 5 v s R 45 T T AR W BRI, B SR R vk
WEAWHRIL, 5. OCTEM 1. SOTEM ¥:454%
HEEE AN AR IR IR U AT B T2 N s — 4 fn =
A PRI 7 AN TG Sz JR, AT AT R 35T A T A i T 4
SRRk (0455, 2022) | i 2s HRE L (R
23 H %35 ) (Chen and Sun, 2020; 2Uik4E, 2023) DL M
225 R b 2 AR FR T (AR AEE, 2021) SR 5 A%
B, W 7R SRk Se B rp AR B R AR B . ek, )
WEZ B2 fE B A AR AR S N TR R
EAGEA (BRI T 45, 2023) A A MPHAS R Pk &

SRy B 2 W PR R K B ) 2R T K R 9
AR, LA 2 A R 5 L e s AR 1)
HIMGALE A, TFR THRALR (n) R (Th) | =2
WUE (D) | B () S5 250 F IR )2 19 5K
P, BUS T8 HRCR . 21 22 Lok, TEH
(2004) WF5Y 5 /K BD 248 1) L BH 5 K B G R, 42
H T KR R R, AR VU R A EUZ FLBRK A A
P, AP AR, RO SEDR S (2013) 5T
A THHRSAABBEREZRINRBLER. X
A (2024) 45 00 H T 2% B ik 4ok p, 11
BRI S T K, 1538 TRk, S TR R
IKEERE . T UL, B R R L K S Hb R A R
WITR A, B S AW AR R AT 280, IRk
Bk
6 4L

(1) b 7K 5% 5 2 b 1 7K VR 1) 7 22 4 Bl
Iyo MR KB IR A JE T IERIPE | 235 AN

MR A AR, JEHRAE T Rk X, 38 5 9%
AT H RSk B N PO )RR — I0OC i Y R A=

(2) PR OK B FEAS R 15 e e T2 i 41X
FRIK SCHB ISR A, Wl M R /K2R . SRS Ak~
IKRAY BT 5 H AR BT RS LA P 2 5
FAIER BB AL D7 58, I 5005 JE I A 7 b T b
Py DU T 1% SR R

G UK IEAAEAE LR I H AR T % 2
3 5K SCHE BT R B 3 M 2 AR 3 5 R
WAL BET, R ERE . B 2280k,
AMT % | ik 2 A B B TARRCR B 19 75
TEAE SR B Bk, HLA 82 1 I S04
8. AR W 2 S R0E Mt R IR TT A8
R RN T ik, E T, BT TR PRk
WA AT R b FE o Z8G B[R] D7 vk T LAAT
AR AN AN, IR AR — M B
FERIPIHRFOKTT ik, LLRR i fL RHL AT AP K
BRI T s IR R RS

(4) FA, YRR 7K 4 s — 2837 In] 2L Sl ft
R JEIEA T ARG IR AT A s A, B2 201X
FROK T SRIG A, T K DR KO BE OR K, 13 287K
G e 2 B PREAT R AY MR K B R £
PRI . A B PRI BRI R AT R
IIFHEARAL . TARRCRAR B2 A R S )AL

(5) Jg it —Had B X WL IXC | JERA i IX A 02
23 HTES Hi 3 25 11 DX 1o 4RO B3R 197 22, WIRAR
IKEARTT TG BAEZ BT K TR B A ey 4
T TS W BT, IEAE PO A B 1 2 SR A
FRL G V5 0 T 4 R PR R S5 D RO B AR AR
PR oK I IS BT 7 18]

Bogt: ROA (P EMBD) E G EE T
BOHET, RAFMCFRETRENERZTN,
RgFERFRERTEREATEE e HE
FROEXA, FEETEHTHERAME. 7
EHFRY FRMETRARZ=HET FHERFR
. SMNTEERTAKNZITIRKE. RESF
RAEGEABRMARAIEIHK. £ HFHE
REEMHANKE L., LAEHMT TEHER
RAEA., FEHFMRFRATATTRE. HE
HFHEEEREQUEE, AE. BFF. HMES
HAMBRANFHERENE. TEHRT
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