IHBE L ZE

Evidence in Engineering Science and Practice

BRI

DOI: 10.63221/eesp.v2i02.7-14

b3=¢

o FlA =R ERYIEE 5k, FOAN AR R
MBS L

MEZIHERERNIER, BRkREd
RIB IR

WS 54 Ak Ao W, RS TETE A K B R
B %4 .

“IEAEE BRAH:
1339275030@qq.com

5] F: Quanling Li et al., 2026. IStudy
on Qualitative Evaluation of Dam Seepage
Based on Synergy of Multiple Non-
Destructive Testing Methods. Evidence in
Engineering Science and Practice, 2 (02),
7-14.

BB e, 2026. 2R TEHE
73200 5] B KIS S PE RN I 7. 1
RIS 5528, 2 (02), 7-14.

PR AL BT
ik 202645 H 20 H
Bir 202645 A 24 H
%% 20264 5 H 26 H
KR 2026 46 A 3 H
&R

AARARZENESHY.

RRAX:

FERRUARTHREE (FIRHEESR
4.0 EFRFIEML) FRRER. EEINA
EmB RSN RIHRRREE RIERIR
. #TI5I A& DOI{E R,

FE%E, 2026

Q Evidence

25 P JCHR A 75 5 1 IR (K R B AL e MDA BT 5

FEEW ', AR Y, BEE

U R KRR RS Ly, mERH 473200

PRI KA, FBIH 450001

P BRI R BERAGRAT, R 473000

" EBRBR LK EREEHERAT, M 473200

WE SRR AR TIDET R MR X I 2, o SR EL R /5 v
o TR B U R IR AP 7E 2 MRS PRIVR FE 5 4 W o LA 55 D B, Tk e
T i 5L K0 P A P T A T o T 08 SRR ) T S b 5 e T
PE, ASCHEH— MA@ AR (HDR) ML (GPR) 5%l
Bi (MASW) 9% 773 W R B R R f . 27 EE AT i, s MR B S
L3730 AL (0 RN, % 2 o b R A K R T ik 7
SRR E B 2 00T 44T e A S B PO R PR 38, 33k A7 P
FOMOR T BRI, Bt S o WA, MO T 3 e R A P R
477 BLIB  S AR BIR R o AR Bk 25 A /K P800y T 7 S0 T
B R FTIOIE, 6 R M T R 3 FE SR R B AT G 7 o R U
AR, RIETAA . SRS R I vk BRI P e 3
59, R X WA R AL A A, A TE R IR KK I
Fes TR TRISE R et e B VR R, TS BT, WG
AR B, BFSeR], ZHRERYIE T i & AU R T 26— R i £ b,
BRI T BB TS A, kR TR 2 4Ky 5 R A
LT R, THRIOHAR R, B A TR R R

KRB B A WERWIBTNE, mE R, HREE, vk ERem b

Study on Qualitative Evaluation of Dam Seepage Based on Synergy
of Multiple Non-Destructive Testing Methods

Quanling Li ', Fengming Zhou ** and Xinqi Zhao *'
! Fangcheng Water Conservancy Development Service Center, Nanyang 473200

2 Zhengzhou University , Zhengzhou 450000
3 Nanyang Yuzi Investment Development Group Co., Ltd. , Nanyang 473000

4Nanyang Yuzi Hanshan Reservoir Construction Management Co., Ltd., Nanyang 473200

Abstract Seepage safety is a critical controlling factor for the operational stability of
hydraulic engineering. Single geophysical detection methods often suffer from
inherent limitations of physical mechanisms, such as strong non-uniqueness and the
trade-off between detection depth and resolution, making it impossible to
comprehensively and accurately identify hidden seepage hazards inside dam bodies.
To improve the reliability and comprehensiveness of seepage hazard detection, this
paper proposes a multi-method collaborative detection technical approach integrating
High-Density Resistivity (HDR), Ground Penetrating Radar (GPR) and Multichannel
Analysis of Surface Waves (MASW).Based on the complementarity of the response
characteristics of electromagnetic, electrical and elastic multi-physical fields, this
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method gives full play to the technical advantages of HDR in sensitivity to medium-deep
water content, GPR in high-precision shallow structural detection, and MASW in reflecting
soil compactness. Through an ordered and progressive workflow of data acquisition,
independent inversion, superposition comparison and comprehensive inference, a full-range
seepage anomaly identification system covering shallow to medium-deep depths is
constructed.Field application verification was carried out taking the upper reservoir dam of
Tai'an Pumped Storage Power Station as the engineering case. The results show that no
anomalies such as event discontinuity or chaotic reflected waves were found within the
GPR detection range, indicating no structural defects such as cavities or collapses in the
shallow layer. The HDR results reveal that the overall resistivity of the dam body is
uniform; the local high-resistivity zones are judged to be caused by soil property variation
or gravel distribution, and no low-resistivity anomaly zones with seepage risks exist. The
MASW detection results reflect that the soil wave velocity increases with depth, the soil
compactness is good, and no obvious low-velocity loose zones are observed.The study
demonstrates that the integration of multiple geophysical methods not only effectively
overcomes the non-uniqueness of single techniques and significantly improves the
reliability and comprehensiveness of hazard identification, but also provides an efficient
and non-destructive technical solution for the safety inspection and risk assessment of
hydraulic engineering, which has important engineering application value and broad
promotion prospects.

Keywords: seepage safety; geophysical methods; high-density resistivity (HDR); ground
penetrating radar (GPR); pumped storage power station
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