55 43 5 6 W)
Vol. 43 No.6

KM K B Bt R

Advances in Science and Technology of Water Resources

2023 4E 11 H
Nov. 2023

DOI;10. 3880/j. issn. 1006 -7647.2023.06. 011

IR 7 B RN 5 1A A ST K AR I Db 1) g

AERHEETE R R, BB TR

(1. F Rt K FIBREBRFE BEK TK I #0F 5800 VLI8 miat 2100295 2. /KRR ARSI EK G 8 A 5080 %, VL0 B st 210029)

WE At e F AR B ER FF5REA,ATRKAZININGE T RBIN K, 26 T b
Bl =B R R T Ca® (ClFRF L E R R A M fetd AR 547, K T
HARKR S TIZETRERET EFIE L, ET Ak 37 =208 70§ K6 L2 KRR R
42 PR T AR T E SRS KRR & ERRAERS M55 B0 ) R0 RE &5 T AT
oW B #8556 AL A7 TR T n B) TAZARAG B T R WAL T SRl SR ERNEFAE, &
R KER MBI 2 R L IREY T3 RARKAFE T ICP 5 = IZIA 0 = IR 4R M 7
ik TR R R B R KR RT AR KON AR A R R

KEBIF . KINA R B A 9% RRKIE 32, ICP L5 73z, 6 R KE

hESES. . TV697.3%2 MRS A XEHS 1006 - 7647 (2023)06 - 0074 - 08

Application of combined tracer detection method in dam leakage of Shilianghe Reservoir//LIU Guoging'”, HONG
Yunfei'? , WANG Wei'?, ZHAO Hongbo'*, WU Jingxiu'*, FAN Ziwu'*( 1. Hydraulic Engineering Department, Nanjing
Hydraulic Research Institute, Nanjing 210029, China; 2. Key Laboratory of Water Governance in Taihu Lake Basin, Minisiry
of Water Resources, Nanjing 210029, China)

Abstract: Aiming at the abnormal leakage problem of the north sluice of the Shilianghe Reservoir, based on a long series of
field synchronous prototype observation tests, the temperature field around the secondary stilling basin of the north sluice
was drawn. The similarity and dissimilarity characteristics of mass concentrations of hydrochemical elements such as Ca®*
and Cl” were analyzed. The main source and leakage path of the secondary stilling basin of the north sluice were identified,
and feasible reinforcement measures such as building underground continuous cut-off wall, using high-pressure jet grouting
pile to intercept seepage, and repairing the bottom filter of the secondary stilling basin were put forward, which made the
reinforcement project be constructed accurately, blocking the leakage passage successfully and great economic benefits were
achieved. The results of the Shilianghe Reservoir dam leakage detection show that the combined tracing method of
temperature field tracing, natural water chemical tracing and ICP chemical tracing can accurately trace the source of
leakage, it can be promoted and applied in dam leakage detection.

Key words: dam leakage; temperature field tracing; natural hydrochemical tracing; ICP chemical tracing; Shilianghe
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T - _ - B/ (me/L) _ . - oH i
Ca Cl CO3 HCOj3 K Mg Na SOy
1 5 EfL 21.8 30.6 24.7 37.6 31.6 5.2 41.8 74.1 9.52
5 L 34.9 53.6 12.3 30.0 10.3 6.9 26.6 65.8 9.33
8 S AL 40.2 45.2 <1.0 92.8 12.3 8.4 27.9 67.2 7.56
11 S L 9.7 29.8 30.8 6.3 13.5 0.9 47.2 50.3 9.85
13 Sl AL 65.6 45.9 <1.0 236.0 7.3 15.8 36.0 60. 4 7.26
14 50 L 51.9 72.0 <1.0 150.0 1.2 10.8 11.9 90.7 6.55
16 S EAfL 38.0 38.3 <1.0 138.0 19.2 7.1 34.8 49.8 7.79
18 5 L 50.8 34.5 <1.0 162.0 22.6 11.3 29.5 70.0 6.86
19 S EAL 38.1 19.1 <1.0 200.0 2.9 8.8 17.6 63.4 6.47
] 59.8 37.6 <1.0 138.0 8.7 12.2 26.3 76.3 7.64
e 60.3 33.7 <1.0 138.0 8.8 12.2 25.7 77.6 7.74
—ZE M 60.1(1.0)  41.4(1.2) <1.0(1.0) 138.0(1.0) 8.7(1.0) 12.1(1.0) 25.7(1.0) 78.0(1.0) 8.23(1.1)
TYN M 61.4(1.0)  38.3(1.1) 12.3(3.0) 118.0(0.9) 8.3(1.0) 12.3(1.0) 26.4(1.0) 76.8(1.0) 8.95(1.2)
B IKFL 86.2(1.4) 72.7(2.0) <1.0(1.0) 300.0(2.2) 0.8(0.1) 19.0(1.6) 32.9(1.3) 19.7(0.3) 6.98(0.9)
KYevE 79.4(1.3) 76.4(2.1) <1.0(1.0) 257.0(1.9) 16.2(1.9) 21.1(1.7) 34.6(1.3) 58.4(0.8) 6.91(0.9)
K 7R 81.2(1.4) 75.2(2.1) <1.0(1.0) 262.0(1.9) 0.9(0.1) 21.1(1.7) 34.6(1.3) 40.5(0.5) 6.94(0.9)
3 — 74.8(1.2)  67.2(1.9) <1.0(1.0) 267.0(1.9) 1.6(0.2) 15.0(1.2) 44.5(1.7) 33.1(0.4) 7.70(1.0)
HLE— 70.9(1.2) 66.5(1.9) <1.0(1.0) 230.0(1.7) 6.3(0.7) 16.4(1.3) 36.1(1.4) 35.0(0.5) 7.72(1.0)
iy = 51.9(0.9) 81.5(2.3) <1.0(1.0) 146.0(1.1) 0.6(0.1) 14.0(1.1) 37.4(1.4) 31.2(0.4) 7.80(1.0)
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R3 KR AWAEKFERERRERERNER B ng/mL
I I
KRS VSRR 2 Sasnl 3 SabiAl KERS 1 BaEA 2 Sk 3 Sk
BPD-1 2.52 4.99 1352 BPX-1 3.49 6.06 0.49
BPD-2 2.47 4.80 2180 BPX-2 4.03 7.29 0.58
BPD-3 3.33 6.87 5249 BPX-3 4.00 7.20 0.51
BPD4 2.80 7.39 6180 BPX4 2.72 5.29 1.01
BPD-5 3.10 8.02 7821 BPX-5 3.24 5.12 0.96
BPD-6 1.73 5.28 6175 BPX-6 3.38 5.06 0.75
BPD-7 1.82 5.50 6961 BPX-7 3.44 4.88 0.47
BPD-8 2.16 5.19 7073 BPX-8 3.52 5.14 0.42
BPD-9 2.24 5.28 7418 BPX-9 2.83 5.10 1.24
BPD-10 2.21 5.08 7037 BPX-10 2.86 5.07 0.71
BPD-11 1.73 5.40 7564 BPX-11 3.07 5.59 0.66
BPD-12 1.70 5.19 7023 BPX-12 3.13 5.51 0.65
BPD-13 1.93 5.82 6828 BDX-13 4.05 5.60 0.68
BPD-14 1.97 6.16 7629 DPX-14 3.88 5.40 0.70
R4 —REA SR IR R R R R EARN 4R B g/
— I R
KRBT 1 BamA 2 SaE 3 SaEAl KRS 1| Ban SARERAL 3 kA
YJ-1 3.75 0.25 2.18 EJ-1 4.02 0.84 1.84
YJ-2 4.34 0.33 1.70 EJ-2 3.71 0.53 1.39
YJ-3 4.37 0.43 1.38 EJ-3 3.54 0.59 1.52
Yl4 5.03 0.48 4.11 E]4 3.50 0.50 1.42
YJ-5 4.16 0.25 1.25 EJ-5 4.50 0.50 1.84
YJ-6 4.34 0.23 1.21 EJ-6 4.54 0.40 1.62
Y7 4.29 0.27 1.09 EJ-7 5.19 1.06 0.87
YJ-8 3.45 0.24 0.87 EJ-8 4.31 0.32 1.38
YJ9 3.45 0.27 1.35 EJ9 4.39 0.41 1.59
YJ-10 4.84 0.50 2.02 EJ-10 4.19 0.29 1.56
YIJ-11 5.07 0.43 1.92 EJ-11 3.35 0.28 1.63
YJ-12 4.74 0.43 1.81 EJ-12 3.39 0.35 2.85
YJ-13 3.28 0.24 2.02 EJ-13 4.86 0.48 3.99
YJ-14 4.02 0.33 1.93 EJ-14 4.64 0.64 5.00
YJ-15 3.99 0.24 1.41 EJ-15 4.57 0.49 5.22
YJ-16 4.16 0.27 1.20 EJ-16 3.38 0.30 7.79
YJ-17 4.13 0.30 1.31 EJ-17 3.70 0.29 2.16
YJ-18 3.30 0.24 1.39 EJ-18 3.98 0.28 4.48
YJ-19 3.31 0.25 1.66 EJ-19 3.89 0.28 12.00
YJ-20 3.54 0.31 1.46 EJ-20 3.88 0.30 4.04
YJ-21 3.49 0.32 1.56 EJ-21 3.34 0.24 3.27
YJ-22 4.35 0.34 1.70 EJ-22 3.32 0.28 4.02
YJ-23 5.20 0.20 1.43 EJ-23 3.46 0.35 7.06
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