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Whole—process evaluation of seepage field at the site of a pumped

storage power station
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Abstract: Pumped storage power stations are characterized by high hydraulic heads, great burial depths, and
frequent reservoir water level fluctuations. The seepage field at the site undergoes pronounced variations
throughout the whole process of cavern excavation, water-filling tests, and long-term operation. Revealing its
evolution pattern is of great significance for the optimization of seepage control design and safety management.
Taking the Wuyue pumped storage power station as a case study, a whole-process seepage analysis was

conducted using a transient seepage method, based on groundwater level observations from exploration-stage
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boreholes, tunnel inflow measurements during construction, and piezometric pressure and seepage discharge
monitoring data during the water-filling test. The analysis framework covered the computation of the initial
seepage field, calibration of the seepage field during the construction and water-filling stages, and prediction of
the seepage field during the operation stage, systematically revealing a staged evolution pattern of the seepage
field characterized by “drawdown - transient equilibrium - rebound - re-equilibrium.” The numerical results
indicate that excavation of the underground powerhouse cavern group and the implementation of the drainage
system caused a significant decline in groundwater levels, forming a depression cone with a radius of
approximately 750 m around the powerhouse area, with a maximum groundwater level decrease of 243.6 m.
Seepage discharges from the caverns initially increased and then gradually decreased, reaching a new transient
equilibrium approximately 1 - 1.5 years after the completion of excavation. During the water-filling test and
operation stages, groundwater levels in the powerhouse area generally rebounded, the drawdown cone area
shrank by about 41%, and seepage discharges from the caverns increased rapidly after impoundment and
gradually stabilized within 8 - 10 months of operation. The seepage control and drainage system in the
powerhouse area performed effectively, maintaining seepage pressures in the surrounding rock at a low level and
exhibiting limited sensitivity to water-filling and operational processes. The seepage field response to upper
reservoir water level fluctuations shows pronounced lagging and filtering effects, with variations in groundwater
levels and seepage discharges being significantly delayed and smaller in magnitude than the bireservoir water
level changes. The findings are of great significance for seepage analysis and seepage safety evaluation of
pumped storage power station projects.

Key words: pumped storage power station; transient seepage flow; whole-process analysis; numerical

simulation; seepage safety
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Fig.1 Layout and geological cross-section of the Wuyue pumped storage power station
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Table 1 Hydraulic parameters of rock masses and dam materials at the site

FR KR RS X W2 % R BURE Kemes ™) LIKEES, itk # S(m ™)
R R Z IS 5.00X10* 0.110 7.26X10°°
AL A 6.00X10° 0.050 2.07x10°°
. 55 AL A 3.00<10°° 0.030 1.01x10°
i o3 A B 2 Ak 1.00X10°° 0.015 5.73X10°7
Wi = F, 2.00X 10" 0.100 5.00X107°
Wi 2 1, 2.00X 10" 0.100 5.00X107°
REE A 1.00x10°° 0.003 3.00<10°7
[P 45 Y 3 1.00X10° 0.005 5.00<10°7
B ¥ e 5.00X10°° 0.005 5.00X 1077
uEs TR BE T AR 1.00x 107 0.001 1.00x 107
HZEKX 5.00X 107 0.150 3.00X10*
i PEX 1.00X 102 0.160 3.00X10*
A X 1.00x 10 0.130 3.00<10*
2 TEZETHNERSHIE
Table 2 Hydraulic parameters of fracture zones
E—— =k HAEEAR - GkIES, k% S (m )
K,/(cmes™") K| /(emes™") i
1 N45°E, NW _/62° 4.00x10°° 1.40X10°° 0.085 3.11x10°°
2 N35°E, NW_71° 4.90x10°° 1.60x10°" 0.085 3.11x10 ¢
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Fig. 3 Construction procedure of the project
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