F47% H10M # L T B ¥ ik Vol47 No.10
2025 4 10 H Chinese Journal of Geotechnical Engineering Oct. 2025

DOI: 10.11779/CJGE20240444

+ T ISR 8K B2 R B BRI T 5 AT 51

EEL, mAE, B R, BEIXIM?, 2R, TER!D?
(L R LR G2 BE, YL75 Ma 210024 2. B)IPREHKBSERERAR, TE )11 750004;: 3. Wil K205 71 55l TRAF

HSLIRE, V175 Al 210024)

1 OE. BIRAKEBGEZE B, 5T L T FEIESIR B ACE M TR B, R WA RE T
BRI 2 7K P i B VA R B AU, T V27 TR IR TR R o B %, DR 1 TR I8 T R e A, AR & TRk a2
TURFIE, B2 B LT R i 222 (RIFREE L TR 2 MRl Jik; SRV, 551 1360 d
(G B K VB TR M 500, ST K P = 4 b TR, X PR K I 10 ANIEAT i R s s e L TR 2= 5%
WOBIEZRA. ERIUERW, HATNEGHE, JEHIER T W TG EKE MBS KALEAT, BhEE L TEp 2R 5%
ROBTE RBA G, THm KdaE 3 AN E, 6 L T R 2@ R, 5L TR B 78 i s He
(19 3 AN BT R . W SRR A L TR B /K B e I E P SR R 3% .

KHEIR: LM KPR SUELTERIRE: SRBERE: =4EREER BIREE: B0

FESES: TU43 XHRFRIRAD: A XEHS: 1000-4548(2025)10-2145-09

fEE®EN: HZL1970— ), B, W+, El#EdR, EENEA LEEBIS B35 R85 w5 TAE . E-mail:

X.s.cao@163.com.

Numerical simulation methods for leakage in reservoirs with geomembrane
seepage control

CAO Xueshan', SHI Qingyi', XUE Meng', LIAO Zhibin?, YUAN Junping" *, DING Guoquan'-?
(1. College of Civil and Transportation Engineering, Hohai University, Nanjing 210024, China; 2. Yinchuan China Railway Water Affair

Co., Ltd., Yinchuan 750004, China; 3. Key Laboratory of Ministry of Education for Geomechanics and Embankment Engineering, Hohai
University, Nanjing 210024, China)
Abstract: Leakage significantly impacts the operational and maintenance safety of reservoirs. The existing researches on the
leakage due to defective geomembranes remain at experimental stage, with limited exploration of numerical simulation methods
specifically focused on impermeable reservoirs with defective geomembranes. Many challenges associated with geomembrane
defective seepage were elaborated upon. Based on the characteristics of seepage through defective geomembranes, an inverse
simulation method was proposed, which uses the defective geomembrane and its contact layer as the seepage control layer,
termed the impermeable layer with defective geomembranes. Based on the monitoring data of leakage in the Xixia Reservoir
over a period of 1360 days, a three-dimensional seepage model of the impermeable reservoir with defective geomembranes was
developed. The equivalent permeability coefficients of impermeable layer with defective geomembranes were back-calcualted
and validated using data from ten operational periods of the Xixia Reservoir. The validation showed that the research method
was reasonable and revealed that with the operation of the reservoir to the dynamic high reservoir level, the equivalent
permeability coefficient of the impermeable layer with the defective geomembrane consists of three phases of decreasing,
increasing and stabilizing, which was in line with the law of infiltration and deformation of coarse-grained soil under the
geomembrane and corresponded to the three phases of the seepage pressure and the seepage pressure drop in the monitoring
points under the geomembrane. Research resulted provide technical support for the evaluation of safe operation of

geomembrane impermeable reservoirs.
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Fig. 1 Isopotential distribution of impermeable layer with
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Fig. 2 Schematic diagram of leakage characteristics of
impermeable layer with defective geomembranes
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Fig. 4 Layout of seepage monitoring sections for reservoir
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