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Abstract; To improve the seepage monitoring level of pumped storage reservoirs, a discrimination
method was proposed for seepage caused by geomembrane aperture damage, based on a seepage-sensing
structure and the concept of an equivalent seepage aperture . First, the temperature rise difference between
dry and wet conditions was acquired through active heating, and a logarithmic linear fit was performed after
normalizing the temperature rise difference with respect to the seepage velocity. Then, a linear fit was
established between the seepage velocity and the equivalent seepage aperture. The seepage condition was

inferred based on field calibration tests combined with the characteristics of distributed temperature sensing
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(DTS) curve. Finally, laboratory tests were conducted for validation. The results show that the goodness-

of-fit (R?) between differential temperature and the equivalent seepage aperture exceeds 0. 96, and the

relative error of seepage velocity is below 5%. 86% of the residuals between experimental and simulated

temperature rise values fall within +£1°C , and the relative error of seepage velocity also remains below 5%,

demonstrating the reliability of the simulations.
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numerical simulation

0 3| &

K E REAK X0 0, 1 R H ) R is Tk
AT AR BRI 9 AF O T B AR, HAT, &
[ & 2 OB B flK & R sl B e R
SRS PR R Z MR, SR, K 3 AR K
B AN 23 52 7K e A B 1) B K BE ) 513 474K
AT e RO SRR IR e A U
HOR K PR A 3 22 4 v BE R RS E 1 | R 3
BRI R L BOK GEIR R T Rp 2  H7 AE fa 3 Rt
Fivt e 9 R E AL AME S5 T ) REUZ B P K 25 g
IK A A A TRV RE R 3R G0 AT R K JR R Ok

SR, A58 0035 T M0 7 v, g et &
BEUURIE KRN GE AR AERS AR A ] 4R A AN E R
S s 2 At i LA IR K 2R A B R Ak 4
T FASHERYZEOR  BEE B BOR PR Wik 2L B2 T
Y6 A 4% B A R ( Distributed Temperature Sensor,
DTS) (1432 T s 00 328 7 )8 0 9 19 #K4 5i . BEKELE
AL SE T B A TEBA TR DTS KB
S W B SE A ; GHAFOORT 257 i G DTS &
GESTEL T LI EE AR I8 A S T 5 TE AR U 1
TR WAL KOG AR & AR LR A 1
o T8 S A B PR B R AR K S i AR
Tl FHESED SE T AL S R B 42 R R e g
TRTHE AT S5 mFAnt ] ¢ 5 28 09I In FURIEAE £,
T IEL G 18 000 5 S5 3 AN [] - BT 19 45 7K 32 0H
JIANG Chen %51 48 Hy— b FH TR 35 - 300 i 3t 47 400
B0 e D A T 7 B 0 OBt — b A i BT
A7 NI AL RS B 51 1) 9 U B I D7 8, 3@ A
B N P, AL N S S 2k i AR D AT
T AZMEAKT; 2R 5E 1 % 998 T ik
By, ENOGET IR AR E S 8 i T OC R A S0 E
TR HDGET B B R AT

+ TG S8 TR B /K B i i B2
PRIER, B AE P0l T RAE AR 7= A8l it T
KooK Pz 5 45 5 TR S b TRk B 7 A i BE L 2%

seepage-sensing structure ;

seepage identification ;

1 RT3 ) TR B 30% = FLAE N 1,
2.3 mm BIFLIA, HBUREAR 5% A9 2 LN 5,10 mm
(LI s NOSKO 4517 1) H I 3 A A 7%
PR AT, S B T Xt T 300 Az A 400 T st s 1Y
PRI gt e 1 3 0ok 8 P R AT S 45 4
e T RAE AN [7) P ke o 1 AR FEE ARt B RSk
WAL R BRREA ORI T B K Sk B 1 B0 T R A 08 e
AR AL

L LA, AW M AFE LU T AR Ot 5
IK A S5 5 BT 58 041 Jey BR T A A, X
SR ShAS B TG DAY E HI PR sk = BUIR ) s @7
FOLBE BRI B IR T AR B A T Y
M J37 AN SRV 19 R A 8 73 25 1, BRI 1 2 S B R 40
RO QR T TR B B, (A IR T S
M EOR R, 52 LR TR R G R s, 2 i
BFFEAE = TR NBREE 5 | K 998 it 5 R 5 73]
BUE T AR A

BT, EH PO T 2R MIMP BRI
B A b TEA R LA B e th 5 T ik T
2T T, FIEEROBWALAR d, 1L T REFLAR
RGBSR 7 12 , 168 i R (B AU 2 N e 6
BB S5 IR E 5 B T B D7 vk B Al AT, U
XK E BEK A8 U D AR R 48 =

1 ETF DTS 2%00ERmFIANGE

1.1 ETF DTS Byifig/RE

MEZALAN BTN ER e & THEET, SGEF M2 £ i
Z I L R DIV R Nk T, M2
Ji KRBT AR PHLTARAR TS B 2%, AT 2
FROLAMEZAN L Z B G R BT EH 8B
TLAK A FO i FNE K 5 OGEF Z [ i A 5 TR
MBI RN, 20 B 5 58 2 T AE L
A 25 S R 22 S T DA g A = IR DG
LHARILAE DTS R4 L, X i B2 00 OB 2F Jor b 3R 5%
T RE T TR B R YA BT SR B A W]
TR 22 S i RS e LB AL, SR, 2



24

G SRS T RS A5 M Y 1 TR R0OS LR R B T ik - 147 -

Z AL B R A BT IR 5 AT A G B YR 2% S
DAARSIE o B i oxE AR, H . PRI, 75 28 32 5
IHSCER Fr b i) Jr i PR, DA s PR T B 5 8
IR 2E 5 X PO EFR DK s, H E 322 it
B DRI IR LM BOGER i ib 1 Jmy R R
1.2 FBIRSEN

Pt — MR R BGB S5 ISR LN A
MW AR HROL L Sin L B e W L,
FZ AL Ak A S e A A 2O, S5 R
A 1 FR , 2040 7 R F B KRB A T, X
PRI T 42 RO 48 9 45 M 131, AR &
PR LR BB IR FHZD A AWK R AR b
PEE T LT 15 U

Heif

R
‘ EZ R Zi
e
ﬂum%éﬁ

B1 RiE4E

Fig.1 Seepage-Sensing structure
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Fig.2 Dry-wet differential temperature curve
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Fig.3 Features of DTS seepage curves
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Fig. 4 Flowchart of seepage identification for geomembrane aperture failure
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Fig.5 Mesh convergence analysis
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Fig.7 Dry-wet differential temperature curve

for single-hole seepage
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Table 4 Evaluation indicators of temperature rise

curves under concentrated and dispersed porous seepage
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Table 6 Error analysis of seepage velocity under

different working conditions
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Fig. 11 Residual analysis plot of temperature rise data
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