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Fig. 1 Hydrogeological sketch of the study area
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Table 1 Development characteristics of main karst spring or underground river outlets in the study area
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Fig. 3 Typical surface karst morphology in the upper reservoir area
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Fig. 4 Distribution of main depressions, sinkholes, karst springs and karst pipelines in the upper reservoir area and its surrounding area
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Table2 Development characteristics of karst depression in the

upper reservoir area and its surrounding area

HH O EHRE SRR KAih SR

%5 FfE/m AR J5'1A] KHR
L1 551 I % ITEWIA]
L2 552 T4 ?ESNW -
L3 578 1% ITEWIA]
L12 414 % ITEW i)
L4 585 1% IINWIH]
L5 528 14 FESNI] dv#
L10 537 T4 ILSNIH]
L6 553 I %% I SN
L7 482 1% ILSNIH]
L8 558 1% I SN
L9 548 I % TSN
L1l 453 T4 ILSWIi] E
L13 338 % PLSWi]
L14 290 |3 ILSWI]
L15 302 %% HLSWIH]
L16 272 % IEEW]i]

FICA, HEHL IS 7K | 3 o i i | 3 1) P AE KRR
R KNI GE & 5, 1R K SRAGANA IS 18] 7 03T 25
X AR, 7E T RHMZ R I A HE 8 3, I b
PR B O S 95 KR B XS R, 40 L1, L3, L13 K&

L16 453 Hiy (1) Kl 7 1) B A 55 4t T4 38 R B 5 1)
— 3, K1, K2, K12, K39 45 /KR 76 - L 1 % 32
LR BB S LA SN T T A A R
2.3 EBEWIREE

Mo R R G A SR AMEHESY X, I B2 L
HE KRR AR R A HE I 5 G R 1) R TR,
SEBR TAE AP LAIZ AR S e 5 1 R koK 5 [l AT &
AR A A, S OCTHEATE L . R L YR K L I
FARTIE A 182V M SRY A 7T 17 9 98 e AR 4k
5 0L, I B IE ) 25 20 7 R T 2R G AR HE Y KA
Lityo

X R R i B R R B — R
TR SKOCKATK ), hy—Ab i ™[ 0, 47 FARFK I
L16 A PE O L RAL (] 5), 3 1 & AR 165 m, {1
) 273°, N A B EGE AR VE MK E, 96 1.5~4m, &
2~3m, AfWWEERT sm. HRAT TELEKE
HREASA. MiH s A2, i st | W
WA KB o T O R 2 MR R A, SR
1 2~5 cm, 2N 70%, B R AU, 4y e
22, Weis B B T eI, I AAERE . WO ERE D
A FLA, A BOKIA, BB AL, s 20~
200Ls,

FH 1T VAT S 1 SKO [] AR R 45 DB W, AR &



704 A

2023 4F

®3 ERREBMEEKEBERFE—R

Table 3 Development characteristics of sinkholes in the upper reservoir area and its surrounding area
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Fig. 5 Cross section of the Dongzhushui underground river system
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Fig. 6 Tracer concentration curve
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Fig. 7 Layout of boreholes and geophysical exploration in the upper reservoir area
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Table 4 Statistics of boreholes in karst caves in the upper reservoir area

(DAL L= LS /m L% /m AL DR EE /m TR I = A/ m

YZK27 604.87 60.7 6.9~7.9 596.97

9.4~15.5 590.51

1R 18.0~23.5 582.51
YZK29 606.01 81.8

29.7~34.5 571.51

43.8~46.0 560.01

YZK21 586.46 60.3 8.6~10.0 576.46

4.4-7.0 557.67

N 7.6~9.2 555.47

2413

YZK22 564.67 50.8 10.4~13.5 551.17

15.2~18.8 545.87

21.1-27.4 537.27

5.0~7.8 613.74

YZK17 621.54 60.4 10.0~11.9 609.64

16.4~17.6 603.94

. 3.7~5.0 604.76

16.0~21.1 588.66

YZKI18 609.76 50.2 30.4~31.0 578.76

32.3~33.3 576.46

34.8~37.3 572.46

Vi 4 YZK20 575.04 402 3.4-80 267.04

16.0~22.6 552.44
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Comprehensive analysis and evaluation of the multi-information on the
underground river system in construction of a pumped-storage
hydropower station in Hubei

CAO Jianwen'”, YANG Haiyang’, WANG Zhe"?, ZHAO Liangjie'’,
LIN Yushan'?, LUAN Song"’, LI Lujuan"’
(1. Institute of Karst Geology, CAGS/Key Laboratory of Karst Dynamics, MNR & GZAR/ International Research Center on Karst under the Auspices of
UNESCO, Guilin, Guangxi 541004, China; 2. Pingguo Guangxi, Karst Ecosystem, National Observation and Research Station, Pingguo, Guangxi
531406, Chinaa; 3. Zhongnan Engineering Corporation Limited, Changsha, Hunan 410014, China )

Abstract  China is steadfast in promoting green and low-carbon energy transformation. Playing a pivotal role in the
power industry, hydropower is at the forefront of energy transformation. Developing hydropower has always been an
important strategic policy for China's energy and electricity industry. The southwest area, a main karst distribution
region, is mostly concentrated with water energy resources in China. With the rapid development of water conservancy
and hydropower construction, reservoir engineering in karst areas is often constructed. The characteristics of karst
development are hydrogeological conditions that must be identified in the construction of hydropower projects in karst
areas. What’s more solving the problem of karst leakage is the key to the success of engineering construction. A
pumped-storage power station in Hubei Province is prone to serious karst leakage because its upper reservoir is located
in the karst depression and the boundaries, where conditions of the groundwater system are not clear. Taking the upper
reservoir of the power station as a research object, this study integrates different technical methods such as regional
structural analysis, identification of geomorphic causes, tracing of underground rivers and micro-dynamic automation
monitoring to extract multi-information for effective identification of the underground river system in the engineering
area and to conduct a comprehensive analysis of the impact mechanism of karst development on the engineering.
Firstly, geological structures control the formation and movement of groundwater, as well as the direction and
pattern of karst development. On the one hand, under the transformation of neotectonic movements, karst development
in the study area has typical characteristics of vertical zoning, with surface karst zones, vertical karst development
zones, and horizontal runoff zones developed from top to bottom. On the other hand, the secondary tension fractures at
the turning point of the anticline provide space for groundwater to migrate in depth, and the wide and gentle
distribution of strata at the sampe place increases the catchment area of groundwater. These two actions jointly provide
conditions for the development of karst pipelines along the axis of the anticline. Secondly, the regional terrain and

topography can roughly reflect the movement trend and direction of groundwater. Especially, the form, quantity, and
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scale of karst negative landforms are important bases for characterizing the development of underground Kkarst.
Through ground investigation and tracing, the distribution characteristics of underground karst pipelines can be
basically obtained. Finally, the boundary and structural characteristics of the underground river system can be further
clarified through high-precision tracing experiments, drilling, and verification of geophysical exploration.

The analysis results indicate, (1) There are no aquitards or water blocking structures around the upper reservoir.
The vertical and secondary fractures with tensile properties in the axis of the Ziliangping anticline control the basic
pattern of the groundwater system, and the secondary cracks generated in the axis of the anticline play a dominant role
in karst development. (2) The upper reservoir is located in the supply area of the Dongzhushui underground river
system, and the permeability rate of the rock mass is controlled by the strength of karst development, the degree of
structural development, the integrity of the rock mass, and the degree of weathering and unloading of the rock mass.
There are significant differences in different parts, with a high risk of leakage. (3) The karst pipeline in a structure of
the single-pipe shape is not subject to the development of large-scale karst ponds. The north-south karst pipeline is not
developed, and there is a risk of pipeline leakage towards the southwest side of the upper reservoir. (4) The reservoir
area has undergone at least three stages of denudation, and the current stage of dissolution is still ongoing. The
development and evolution of deep karst can lead to deformation in the overlying strata. After the engineering water
storage, it is necessary to prevent potential uneven settlement and karst collapse. By comprehensively analyzing and
evaluating multi-information of the underground river system, people can accurately identify the boundary and
structural characteristics of the karst water system in the reservoir area, providing a scientific basis for the project

construction of the reservoir area as well as reference for the site selection of reservoir in other karst areas.

Key words Kkarst, leakage in the reservoir area, underground river system, identification, multi-information
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