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Feedback on work behavior of composite geomembrane in Wangfuzhou
hydraulic project based on measured piezometric level
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(1. College of Hydraulic & Environmental Engineering, China Three Gorges University, Yichang 443002, China; 2. College of Water
Conservancy and Hydropower Engineering, Hohai University, Nanjing 210024, China; 3. Hubei Hanjiang Wangfuzhou Hydropower Co.,
Ltd., Xiangyang 430048, China)
Abstract: The feedback analysis of anti-seepage behavior of composite geomembrane is performed based on nearly 20 years of
seepage monitoring data from Wangfuzhou hydraulic project. Firstly, the qualitative analysis of the overall seepage behavior of
the embankment earth-rock dam is carried out. Then a typical section is selected to establish the statistical model of piezometric
level for quantitative analysis. Subsequently, the orthogonal design, neural network and numerical method are combined to
invert the permeability coefficient of the composite geomembrane. Finally, the work behavior of the composite geomembrane is
analyzed comprehensively. The results show that the piezometric level only changes greatly at the initial stage of water storage
and operation, and the change is relatively stable at present. Additionally, it is found that the piezometric level and separated

—_

time-dependent components of three piezometers in the typical GY5 section decrease gradually. At the same time, the

comprehensive analysis shows that the composite geomembrane of Wangfuzhou hydraulic project still has good anti-seepage
behavior after nearly 20 years of service, and there is no obvious aging trend.
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permeability coefficient of the composite geomembrane inverted by the piezometric level is 1.11x107° cm/s. The
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Fig. 1 General layout of Wangfuzhou hydraulic project
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Table 1 Main control indexes of composite geomembrane and

geotextile
—f W
iH L g + T A
BT R ) (gm?) 200 200 200
JE E(1)/mm 0.5 0.5
RIE/(NTY) =10 =16 EIAERE i
Pidi EX {4
ST shpkNmt) =80 =128 =2x107
cm/s
R 1 10/% =60 =60 HRAE
SEAH 25 1/% =60 =60 <0.14 mm
iR /RN =03 =05
CBR THifl 58 f%/kN =20 =30 =05

FE: fE 2 kPa AU R IR "2 S em FEKFEITEL.
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Fig. 2 Typical section GY5 and layout of its piezometric pipes
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Table 2 Characteristic values of piezometric level of earth-rock

dam
# S KA B KA S/ IME B EE KA TN
o WE K o DE BEK " AR
N H/m fi/m Rl “/m  fi/m i I /m

GZ2-2 82.66 86.56 2003 80.02 83.19 2000 2.35
GZ3-1 84.12 86.22 2000 81.73 83.19 2000 2.39
GZ4-1 83.98 8597 2000 79.92 83.19 2000 4.06
GZ5-1 86.54 86.53 2007 82.03 83.19 2000 4.44
GZ6-2 86.23 86.35 2017 84.20 86.02 2018 1.85
GY2-1 82.44 86.32 2011 8&0.10 83.19 2000 1.88
GY3-1 82.47 86.32 2011 80.28 83.19 2000 1.81
GY4-2 82.46 86.35 2003 80.82 83.19 2000 1.50
GYS5-2 83.12 86.35 2003 80.85 83.19 2000 2.14
GY6-2 84.71 86.23 2000 80.27 83.19 2000 4.44
GY7-2 8550 86.47 2006 81.48 83.19 2000 3.46
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Fig. 3 Hydrograph of piezometric level of earth-rock dam
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Fig. 4 Hydrograph of piezometric level of GY5 section

HIE 4, &30 W: B GYS-7 1E 2015 “FLAF N
FALAb, HoR 5 S MBS AT A IR A
—3, BEE KBTI IUBORARNE, RIS AT ]
WA, HA DA KA AR A 32 R K AR Ak
FISZIR o MU T, 00 1 A8 KA IR K T 311
KA RIS, AT KK GY5-5. GY5-6



3 1

SO, 5. BT R LI AL K T BT AR TR R &+ TR AR S S it 567

D58 7K A B AR T4 T I GYS-1. GYS-2.
GY5-4, XFARERMES L TRYPIBICRERL. N
b2 5 B A AT AR AT B At TR 2 R A AR A FR 5
We, A0 LI PRI P B FL AR S 2 1R 55 /K A
DB BT GRS AT i AT

3 GYS BRI E B/ A EE ST

Table 3 Characteristic values of piezometric level of GY5 section

. S KA B KA /MEREARS/Mm ek
B WHE - K 4 MWE FK i %ﬁ
EH/m fI/m EFm  Ai/m Il /m

GYS5-1 83.12 86.02 2001 82.23 84.79 2000 0.88
GYS5-2 83.12 86.35 2003 80.85 83.19 2000 2.14
GY5-4 8325 86.24 2000 82.63 86.39 2006 0.49
GYS5-5 82.80 86.35 2003 82.00 85.81 2001 0.60
GY5-6 82.54 86.35 2003 81.85 86.36 2006 0.44
GYS5-7 8270 86.48 2005 81.89 86.39 2006 0.57
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Fig. 5 Measured and fitting values and time-dependent component

hydrograph of piezometric levels of GY5-1~GY5-4
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Fig. 6 Inversion process of permeability coefficient
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Table 4 Initial values of permeability coefficient of each zone in

seepage field
(i) BB RHINX

BiEF K (cm's )

ky kx
ki SHT TR 1.00x10 11 1.00x10 11
ks WUARM IR A 3.40x1072 3.40x1072
ks WIERP I+ 2.20%1073 2.20%1073
ks W anab 2 2.40%102 2.40%107?
ks WA A Z 3.40x1072 3.40x1072
ke HE 5.00x10°° 5.00x10°3

3.3 INGHARRIEMLEZIRLE
SEATEAZRITR Li(@HPET 16 MAESHAH
&, A RGER R T LR 2] 16 HIIZAEA, 1
5 Fs.
+= 5 RRINGHEAR

Table 5 Inversion training samples

ALK BiE ZHU(cm-s 1) W KA BAE/m
ki/10°1 /102 GY5-1 GY5-2 GY5-4

1 8.00 2.72 82.793 82.672 82.916

2 8.00 3.40 82.736 82.622 82.854

3 8.00 4.08 82.689 82.573 82.801

4 8.00 4.76 82.380 82.542 82.781

13 14.00 2.72 82.800 82.675 82.919

14 14.00 3.40 82.741 82.623 82.855

15 14.00 4.08 82.693 82.572 82.801

16 14.00 4.76 82.380 82.539 82.778

izl MATLAB (g T 846, Bilgere
VAL AL 5 g N B X e A R AT I 2R, &
5488 VR S E5 J A28 0 4 R (1R K FEE T8 3 T, i
KRG R 7R 2B 2 0.05 LLT, kg s 7 s
KDL - BB RBZ AR e R, [FRA T
L6 VI Gl A2 IR 2 AR PRI HERf 1, R TR LY A 1
T 4 HSHALE, EFRGEAEEHET] 4 48
IOREAR o KA IORE A o (R R KA T AR UE — 1k Ak
H S N B SR (A 2 R 2 s R v, AT DA S i A 3
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Table 6 Calculated results of test samples

RIFEABE R L S IHEIE R HL

/(cm-s'h) /(cm-s'h) ‘jﬁ‘ﬁ
B0 k102 K10 k102 R2%
10.00 3.06 9.72 3.05 278 048
10.00 425 9.63 420 3.69 1.20
10.00 4.42 9.70 433 3.04  2.09
10.00 4.59 10.20 459 190 0.05

3.4 BYRIEL

¥4 2018 4 9—10 F &S 8 /KA SR 173
&, Zr510 82.70, 82.62, 82.80 m 1y iy AH ,
22— AL B JEH N B R 07 1 e 28 ) 2 A5 7Y e RTAT
REF S i, BEELTHEBERM LA
111X 10" cm/s, SRR R A 215 Rk, 9 3.81 X102
cm/s, FHH ko AX THIGE B AEE N 1106.07%, &
BUFEER 112.00%. N T HAIE RS R A,
W SRR A T T RRAMIVAR IR A 1318 R AT
FIE RTS8 3 3 SR KA
20508 82,71, 82.59, 82.82m, H: 5SLilIAfEAH2
HBAR/IN, FHXFRZE /358 0.01%, 0.02%, 0.03%, X
VA R S R 45 SRR TR . T RBGRIBME &
T THBIE RBONERBIE R, A T Bl
T L2 TR ESFR R, — ke T KA
BIERBRIE . dhah, SCER[2, 7]RERME, S&5 -+
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AR FIES A R B . X FI . AR
A AB TR BAF, 4 L TR 5 ORISR
BT

(2) JEREX SR W BT GY'S [ 3 SCl A
SEGETHR S AT, R IR A PN 2 4 5 9

{ELIS SR/ R 3 IX DR I GY'S TS i M A&
R, Eo L TR BB RO I 5 b 5 1247 I 8] 1)
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3G I T IR AN [ 555 1 L, (45 SR 020
RBORETIRIN » T B0 B 7KL S T B A1

(3) 5T GYS WikiB M weRl, Mtk s H
HE L TIEMIUAR IR A EE /B 2908 111X
10 Ocm/s F13.81X10 2 cn/s. &+ THEEE 25
AT HIBE AR, (HEE BB RN IR 2 Hr
B UL K S M SCRR G FTCN,  ERTIIKR TREE
G TIPS TR SR BRI, R E 51,
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