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Fig. 1 Distribution of karst depressions in the study area
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Table 2 Decision indexes of site selection of the power station for pumped storage and engineering example

Feb7/ 51

MEF

IR

HEBRFEFE DX AR ABHEIX, SSEHERIEON A DX 15 2 el s k35 708 A5 ARk DX Ja ™)
LR PO X, FRARABE . A AR IR DX KGR A4 DX T2 Pl 45 PR g X

ETROKEE, @S, MR TR K | BRE SR b R

SV

DU B [ 5 R R BT OB RS L b3 FpE . WS L ahas ™
BRI GREHL. KA, AL R SR OGS 55) AFRELLIE ORI, 15 FREZ R )Y

M, 2 EAAME . AN E T AR 16 SRR

LR RS

32 H-E A PHESYS A1 137 b 578, el 45 K W50 A T

UK P | A Al ALK T B b s TR AR E PRI T 225, 5 BT TE T2 | R
PRB 7= A B s !

H A Hh 5

T G I . 38 KOS5 AT AU, H ST — P43 3R G e W (o 7

PLA SRRk | ARt | AR AME X A M TR FIOK SO R AR D etk bn v, 2 HR AL e St ¥ dwe

1 [28]

ZS A

FRBET, Rk Sk, A . VRTE , MR A 2 o O R R

filigi il & RE L

HEGRK 2 BE AL Y

B
Or

ZEEHK

BY

AR REHLY
TEHFIE K RE LI

Crete flI/K EREHL U

IR RN A Hh, X A ABE IR ok T, W ZE MU, B 7% 24448.5 m, I
Lb4.52, F e R

R LM, PR X R AR 2, WHE AT, R BRIk k552.5 m, FEARL 0337 m’,
PR & 103,88, T ATt

R FRIRIESR, A — S RWZ o5, WS SE 4R, (At B NI SR A, bR Rk
3256 m, FEE106.71, FEZE898 Fm™ "

R HRA AL, FEASS0 M, R A 2 MBI, A0 SR R, B Rk sk
535 m, BEfEHL6.3, T AT C dkE

A S, A R A K A, BRI RN 45°, FEZR192 )T m’, Kk #1520
m, B He3.85, KrlEvafE o I B




Bt Holl s OWHEE: AWK E R RIS E TN R R L AAR L 1165

T AL

(DTS AV e R 2 78 X DR Dl
e R M RIS, R BDE | T <18 A6 R P b g, O
REA M IR | T T AR, Ho
FBEARL | M ARPREASHE | BRI, RARIEE
B S 110 25 Vs T M s TR JBE 25 300 4 K, R/ AR — ¢
AN TR 8RR 3 b T B2 5 Wi 8 P2 03 A 1 Y,
225 TR RN L T A 1) 7 3 ) R A B s A A X
SR R I B 3 BE . SRR R A S O B L
AR KRS, K s R K 2

(2) Mo 45 o 7F T RE E U b a] AR 4 5 J2 1 I
MRS | SERERERE | J 2R AR KA 2R T R | AR
R T A TR, R () SR LR 25 )2 A 4 S )
— AT RE AL, AN [R) A0 20 0 2 2 TR A 2 S 40
e, Bl R/ R TREREEN W 2R
R, Rl R EXEKEZE. EKEREE ., XU
TARILHAR 7 TR S B & B, 2R
J2 2 d BRI 2 22 T O R L R A )
AR B 2, Rk 2 P K, W2
Fa 3 AR FHAE W 220 XA 2 e A RS A E
IR SCH ST AC AR5 2%, TR BEMERE K, AT PR X B 5 3
T, LR PEIX ., bR T G ior B 2 2 5 5 A i
KE, X TR AERREHER IR, EEBLRE
X A6 8 /K P22 FOE 22 A W 26 X T /K B 19 25 TR AR A
N EAT B XK RoKE, TG HL N K2R K
B #ME L WRAE . HEMEAS R, X B K A5 i HE
IRy L PRI, MBS A X A 2R 1) 5 i) S A
M2 AR L B2 OB AR S R = A2
TNPARAE

(3) TAREM. fKEBRE R R LT
K PE 1R B R 22 0B 8 K IEAT & |, % TR A A ™
AR EER R 22 7 I /K R 5 1K R, 75 2
Kk (H), 7K Skl s, e XK AV RERE i g, H32 1t ik
FARRRS, Ak E et b FREKKA G
o, AR B K & RE K B I BL 22 e A pr e, 5
b, 38 E FRE L (L/HD) R R PR 5 1K K B, B
e (L/H) J2 45 /K &5 BB /K R 1 PR 5 [ KR CF ) 1)
I RE B 5K 3k 22 2 W, B BB R R K R AE 4
RN R HLALR, B R AR /DN, AR TR BB |
2oV A R, L Y A A K ES RE I TR R D
W5 E 0 R G RS R AR 10 LR, A T
e 2.5 2= 3.5 2],

() FRIFEAAE o R T ¥ T 8 RE K % e ik #)
N PEARAE, BRI A5 0F . M AR A AR A
SEAE O DR PR R, 3K A R A A T
J7hE B REACER SR, 7R TR A AN TR Y
32 B E R AR AN PR A R A 24, e ik i 2R
TR FARDRAP X KGR 24 DX 387 M0 X K
AL A T 45 [ 58 el 05 0 R A 5 1k T K X, 1A
THERBLIG TR B R AN AT AT o TERAE I e e
AL HE |, B GIS i & e AR, % A SR
PLLL . AR DR X AR R 3R, 1 B PR A 2 o
DO BIFSE DCIREA T 07 e, 25 BRAS AT AT A 1B e 3, LA
PR IRAT B S A BRI A L

24 THHETFHELESR

PEM 20 G AL 5 T AR AR B (R R 08 1 7
AN Ry e Y T S PSR SR TS
(EDMBIE 250 . S48 1F . TR A1) . PRI 2 R &
(BDERBE L) o BH O, R0 R A #2E, B
PERFRE B R T, R T B A i,
K2l i A . RIS ArcGIS #2431 (1) 25 8] 43
BT, X4 PRAN IR 001 T X B 40 PEAY, 2 5
TEM PEIE S GO AT B, AR 35 L KA 45 SR 4 4 ol
S DR 8 0 8 2R R ik A S W R AR 4 G, X
BN (T) (), — (), (V). =
R R BB L PR I e, 7E PR IR R PR
PR T BRI AA BR S R 2 H
FEBRES I R TF A Xk, 5 S B S AT AT
FRTIAT, P BR i P2 AR A PRI 5, 25
FRTIR, AR LR A B RIT SR TR SR S PR T7
T AN 3 IR A A v T K S R R A ik 1Y)
PR FE bR B it

3 EMEMLIETTE

3.1 BEMESITHER

AV BT R AN A BRI AR K
BRI, BB R I 25 B AR S5 e 9 e R 45 X L ]
RS AY E 1 OC ZORE R, I, W] 2 R 45
PFHIJ5 5 (FCE Model) 7€ iU RIS BLPEVPAR o AR 4R
PR HE BRI R, DA PP R R S PPN P R AR
U=[uy, uy, ==+, u, =] BEBE, PEAS, M2k, W)=, 7K 3¢
M BT, BE LG, R R ], Ol B R SR AR



1166

AR

2023 4E

* 3 EREMBEKEREEEEINTMERRE S RirE

Table 3 Evaluation indexes and classification standards of site selection of the reservoir for pumped storage in karst depressions
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Table 6 Sequence of suitability of reservoir construction and optimization of its site selection in karst depressions by two different methods
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Table 7 Conditions of support site in karst depressions in terms of suitability of reservoir

construction and optimization of its site selection
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Evaluation system for the suitability of reservoir construction for pumped
storage and optimization of its site selection
in karst depressions

ZHANG Tao', ZUO Shuangying'’, SHEN Chunyong’, ZHENG Kexun’,
CHEN Shiwan'?, ZHANG Qing', LEILin’, WU Zonggin’
(1. Key Laboratory of Karst Georesources and Environment, Guizhou University, Ministry of Education, Guiyang, Guizhou 500025, China;
2. College of Resources and Environment Engineering, Guizhou University, Guiyang, Guizhou 550025, China;
3. Power China Guiyang Engineering Corporation Limited, Guiyang, Guizhou 550081, China )

Abstract In the planning policy on modern energy system in China's "14" Five-Year Plan", it is proposed to
accelerate the improvement of system for energy production, supply, storage and marketing, and to promote the large-
scale and high-proportion development of renewable energy, so as to achieve the goal of "carbon peaking and carbon
neutralization". Pumped storage is currently recognized as the most mature, reliable, clean and economical means of
energy storage. However, the site selection is imminent in order to construct power stations for pumped storage.
Taking Guizhou Province as an example, the current planning of site selection and the construction technology of
power stations for pumped storage are seldom studied. Karst is distributed in more than 77% of Guizhou's land area,
with the peak-cluster depression as the main geomorphological type. As a kind of natural negative terrain, the peak-
cluster depression has hardly been excavated. But its excellent surrounding sealing, and wonderful geometric and
engineering characteristics can save much investment in excavation support. Thus, the peak-cluster depression is an
ideal place for building a reservoir. Taking the karst depression as a research object, this study focuses on the practical

engineering problem of building a power station for pumped storage in the karst depression. The factors and their
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degrees affecting the suitability of reservoir construction in the depression are obviously different in different regions;
therefore, some typical factors can only be selected as the evaluation indicators. These factors involve those having an
important impact on the stability of the reservoir area, the leakage problem and the benefit of reservoir construction.

In this study, samples of karst depressions were automatically extracted, and the attribute analysis and calculation
were carried out based on DEM data and ArcGIS platform. According to the engineering practice, experts were
organized to discuss and score so as to determine the influence factors of the evaluation model. Then the evaluation
was conducted respectively in terms of terrain conditions, geological conditions, engineering conditions, environmental
conditions, etc. The model of fuzzy comprehensive evaluation and the model of partial least square path have been
constructed based on the seven key influencing factors of the decision-making of reservoir construction, including
slope, reservoir capacity, petrofabric type, fault, hydrogeology, vertical distance between the upper and lower
reservoirs and the ratio of distance to height. Taking the red line of ecological protection and the autothermal
protection area as controlling variables, 488 candidate depressions in the study area were preliminarily screened and
sorted in combination with the geological conditions of the supporting site.

The results show that vertical distance, storage capacity and distance-height ratio play key roles in site selection.
The application of GIS map overlay technology can eliminate the infeasible sites limited by environmental factors and
the candidate depressions in the eco-environmental protection area. The geological conditions of the proposed lower
reservoir and water conveyance power house were considered in the selection of the optimal candidate depressions,
which effectively avoided the subjectivity and limitations of decision makers. A total of 6 of the top 10 selected
depressions by the two models are consistent. Their good topographic conditions, suitable geological conditions,
superior engineering conditions and good consistency indicate strong applicability and high reliability of the evaluation
model. The two models are mutually matched. The depression selected is basically consistent with the quantitative
standard of the index system, which has been well verified in engineering practice. No.1 depression of Baishui pond is
the most suitable for the construction of power station for pumped storage. The research methods and results can

further promote the resource utilization of karst depressions.

Key words karst depression, site selection of power station for pumped storage, the method of fuzzy comprehensive

evaluation, the model for partial least squares path
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