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Dam filter design and seepage safety evaluation of asphalt concrete core
wall gravel dam of Zhirui Pumped Storage Power Station
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Hydraulic Research Institute, Nanjing 210024, China)
Abstract: According to the operating conditions of frequent water level changes and large water level fluctuations during the
operation period of pumped storage power stations, aiming at the shortcomings of poor anti-permeability and erosion capability
of natural gravel materials, the first asphalt concrete core wall dam of a pumped storage power station under construction in
China, which uses gravel materials to build dams and fills directly on the riverbed cover, is taken as an examples. Based on the
shortcomings of the current filter criterion that only pays attention to the gradation relationship and ignores the influences of the
relative density on the permeability of gravel materials, a modified filter criterion of gravel materials is proposed, and it is
verified through the filter design of the core wall gravel dam body, the seepage test of dam materials in each area and the
seepage safety analysis of the dam body. The results show that in addition to the gradation characteristics, the change of the
relative density in the filter design is also crucial to the filter protection capability. Due to the poor permeability of natural sand
and gravel materials, in the process of rapid decline of reservoir water level, the pore water in the sand and gravel dam cannot
be discharged in a short period of time. The falling speed of the infiltration surface in the dam is far lower than that of the
reservoir water level, and there is a significant lag phenomenon. With the change of water level, there is a phenomenon that the
seepage gradient in the dam is greater than the allowable gradient. The filter protection design of each sub-interval of the dam is
carried out by modifying the filter criterion. It can effectively deal with the seepage stability problem of gravel materials at the

waterward side of the core dam caused by the frequent change

of reservoir water level and the large fluctuation of water level E€mBE: BEFXEARITRIBIE (2017YFC0404804)
Wis EE: 2022-02-23
*@(E/E# (E-mail: hghan@nhri.cn)

during the operation of pumped storage power stations.
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Based on their excellent mechanical properties, abundant reserves and convenience for construction, the local gravel materials

are also the good natural ones for constructing the dams of pumped storage power stations.

Key words: pumped storage station; core wall dam; gravel material; seepage flow; filter
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Fig. 1 Natural gravel materials of riverbed
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Fig. 2 Natural grain-size distribution curves of gravel
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Fig. 3 Typical section of asphalt concrete core rockfill dam in lower reservoir
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Table 1 Checking table of material filtration relationship in each zone
R B AR PELAE HEKHEN
D20 D20
HiAR S X Doo/mm HiR S X d/mm  di/mm d_ <7 d_ >4
k 20
SUERHH SER 2.8 b TR DXORL RS 55 R R 1.30 0.3 9.3 2.2
b TR DXORL RS 55 R R 1.30 0.3 21.7 5.0
T T0 DXORE/ U A 2 2 R 6.5 FUERH SER 2.80 7.1 0.9 23
TR 0.75 0.6 10.8 8.7




372 "+ T OB % M

2023 4F

*®2 RESRRIBRBER

Table 2 Results of large-scale seepage and filtration test
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Fig. 4 Envelope curves of material grading in each zone
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Fig. 5 Subdivision of finite element mesh
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Tab. 3 Variation of infiltration surface of gravel dam shell under different conditions

TH1 TH 2 TH3
A i B ek i Tyggj”ﬁgﬁf 490 B K f/m iggﬂﬁgﬁf &t KL /m Tyg;?”ggﬁf
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2 1120.33 1124.07 1119.74 1126.03 1124.00 1124.24
4 1111.67 1123.63 1116.78 1125.86 1119.00 1123.73
6 1103.00 1123.15 1115.50 1125.49 1114.00 1123.36
8 — 1115.31 1125.09 —
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Fig. 6 Curves of water-level decline process under different
conditions
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Table 4 Maximum seepage gradients of main zones under different

working conditions

RKBEE FEVFI R
R TRIE A DE
TH1 T2 T3
"t "t "t Ry R

LHWERAX 0.044  0.668  0.045 1.0 3.5
THRMERAX 0.730  0.018  0.540 1.0 3.5
HEIX 1.740  0.870 1.350 1.2 8.7
TEIX 0.220 0.170 0.140 0.2 —
W IEE 1550 1,120 1.050 0.8 6.6
WMESZIEZE 0320 0274 0140 0.8 6.6
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Table 5 Seepage gradients between layers under different working

conditions

TN RV

S IPS
RIS TR twa s

L - L E T 0,189 0.870  0.151 8.7
LIERA - PE 0.017  0.668  0.045 6.0
IR A 1T 0.044  0.624 0.039 3.5
P - R RIE 0.220 — 0.106 0.2
SRR A 1T 0.545 0.018 0480 3.5
WMEEEZ-IHEIIE 0290 0213 0.183 4.7
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Fig. 7 Infiltration slope exceeding area of mode 1
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