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Fig. 2 Diagram of the boreholes and the profiles of the study area

(3) & FLHE KR 88« 4% = 9% £ 71 (P,=0.3 MPa,
P,=0.6 MPa, P,=1 MPa) 1.~y Bt (P,-P,-P;-P,-P)) ¥ 17
FEAKIRES . ek 5 Bolli K BE 5 m, H31 205 B,
FR A KT, AT & B Lo R B ik & 454
LA A, SR8 TP I XA IR E K P g . X
T KA 90 e Je ik ik 2, M JE vk E R AT 1
3 I0 BE, AR A 5 a7 7K B

2 EBRKREDTEHE

2.1 HMRE RIS

WFFE DX 3 m] DL A Ik e G | AN | ML
EVR ML WENBRER (G 0 R I A2, AR
WEABREMREE R T, W T AR L A,
TREXNAET 3 A (A 3),

22 MTEHRABIFE

MR X T AR IEAS FE AR WL %
Yo, W (B o Ho, S BT E R 21 0.1~
2.0 cm, BB B HAAAT, FEE RS K B s
CAEIEE
221 BEHR

B LR B, BIESE XA I B A 7, I T
B P SR BRI T SR Brty PR B . I e 2R

3 HIRRMFEDEM
Fig. 3 Surface karst depressions in the study area

FH A3 H AR 3 T B T KL R T, T 2B K
T HL o 2L AR R IR B R, 2 FUE, TR
FEUF L BRSEE . XNAT 34t
BB e kK E — 4, 77 IR NE75°~87°NW £ 55°~
66°, ZL B B — KR, 98 B 0.1~0.5 om, ZE | 5~
15m, Al BE 0.2~0.4 m; (R & & — 4, /7 Ik NE35°~
50°NW £.50°~60°, 24 [ °F- B 5l ig 2 (K, 24 B 58 B
0.1~0.5 cm, %5 1 5 BT sl % 8 AL I, 4E K 5~20 m,
[#E 0.3~0.5m; 1 48 & & — 41, /7 Ik NW291°~
356°SW £ 15°~35°, G & 0.1~0.2 cm, LI A JE . B+
FIYEES 5 A, SEfH S 10~15 m, [H]#5>0.3 m,

VS b SR R T R W A M R R R
FIEAE SEBRRERS PR Y TR o VA TR 2 RS A L
K BEHORANEE, 2 WL . 455 AN A s



VTR R T R SEINES K R X R BT B KRR ST 73
222 &R a4k 1. MCI-1, T2 X)W ARK, 1A

W 5 FW zZK106. ZK107. ZK110, ZK112,
ZK113, ZK114, ZK116, ZK117 % 8 NoifL & B %
W, B 44740340 14, 74, 54,
24 34, it 324y . AN AL B EE T A 0.2~
6.8 m N5, 4 =432 IR JCIE T, Har P sein ek
ErIUAY HE LR (E 4),

(DIKF53A1: AR T3 3% SFEZ 5, BEoE

A — B L E, I AL B TR AR S T
AW SR, ZX LD W . & B S+
1E2-2°, 3-3°, 5-5 =AHIMH, %48 3 8L
T, Kooy 90k 14 4> 8 MR 1T A,

(2) 2 50 A - R IR BB AE LT 10~
60 m Z 0] . 7E I X [H) R A 21 A, o5 SV TR £
65.6%, S YL RY [ 1 MR AL 53 o e Ak, AL TR o

13507 660 . 1350 13507 1660 - ZKI17 ] 350
6L 10 [54 6000
1300{ 56 122K74.15 ZK109 ZK108 t 1300 13001 76 ZK116 l% - 1300
100.00 1261.30 1260.68 - lgg
1250 4 ZK111 v 11250
g 12504 1250 ¢ = sy 120306 7 £
ey m = 1200 fim. E 211200 B
ME 1 900 L1200 IE Iz s’ Iz
1150 {731 L1150
1150 - - 1150 1100 1711 L1100
1100 : : : : —L1100 1050 ————— 1050
0 100 200 300 400 500 0 100 200 300 400 500
2 /m S /m
13507 1660 33 #liE - 1350 13507 1970 s i 1350
I% [70
5 ZK106 ZK117 76
1 300 1 1300 1 300 1 7K 101 zk10s  + 1300
ZK112 1274.01 1270.37 584 26272
1250 g g 1250, 10 1250 g
I BN ANC T 2
L1200 "E T 1200 i il L1200 E
i i
.
L1150 1150 - i 7 L1150
44
1100 : : : : —1L 1100 1100 : : : : : —L1100
0 100 200 300 400 500 0 100 200 300 400 500 600
5 /m S /m
—5° 37 _ _ —6 ¥ -
1350 7 goe 55" ik 1350 1350 567 il 1350
I% ZK101 11%%;6%0 K106 ZK105
1300 ZK110 127584 [ 1 300 1300 z 1262.72 1 300
1274.15 ZK112 o0 | FT\1260.68 ity ’
£ 1250 ’ 1250 g g 1250 1250 g
1500 L1200 "E T2 1 200 - i11200 E
1150 L1150 1150 A L1150
1100 1100 1100 1100

4L i

0 100 200 300 400 500 600 700 800

S /m

4 SHERFERES

Fig. 4 Distribution of karst caves for each drilling profile

0 100 200 300 400 500 600 700 800

S /m

Bk ks B icns ERBURE T #tkign



74 AR

2025 4E

fi 2 SRR, DA ZK107 F1 ZK113 Feoh 284, AL
W EIER 7 A HTRTAL A L iR A
AT R, VR e T A I 2 v i A 5, AR
BRI T £ E 2 A T

(3) AR A RHIE: AR 5 2 R & & 22
SR (K 4) . KGR ICE hEs TR R B, TR
K214, 5 R TN 65.6%; FRer (i K & ik
HEW LA, KA RFER LT . RN,
VI &8 A3 A 5 A T R — 2
23 HAREBES

FAEHL N AW FRAE AV 5 BT B e 1T
W TR AR LT SR EERR, Ln
Vo S5 R L T IR B B S T A R AL R Z L,
T 368 1) [t 23 Sy 38 5 T B A L 5 A LBV Z L
AR, FR AR B B (TR A E AR KT 10 mm
FTR PR FL B B ) TR B s iR (8 1) o

THA R BB 5E X R0 > 10% I FLECH
34, BB RN 47.1%, AR Ok TS T2
Ho R ERE )Y, LR A LA TR R IR R, 5T X
YA BB SRR EE . MFRIX T XA
wigl— P ELER, IXHENBRE, AR EE R
R | PN A B R RRAE

3 FHFFEKEENH

3.1 shIlBMEEKES

HR 8 Bl 8 R K U5, 75 2085 FL A S m FLELY
FIRHRBRRIE KR, SHEUEWRE L, HIHEH
BRI AR MR LT RKE S OKEZITE, 15
S5 5 m B S B ALIF- 2EBRA (8] 5) .

FEZK IR B MR SR, B LA B K g 7E 14~
9830 Lu Z [a] 45 fk, 22 il K. S HSCE!", A 1kE
K BE AT R 43 M 55 35 K (0<g<10 Lu) . H 5535 K
(10<g<100 Lu) . 3% /K (100<g<1 000 Lu) . 7% %
JK(g=>1000Lu), R FXF L, ¥ 37 KR LI Bk
N, WAL A AR KRR A AN & 5. Ml el SR 3%
W, BF9 DX T 585 8 7K IR, AR K MR h 45 — 1o
ﬁﬂ(, EM@(HT

ZK101, ZK108, ZK110, ZK111, ZK112, ZK114,
ZK116 %5 7 NG LA R IB K RAE 19.3~99.2 Lu, H1k
#wK R4 Hoph, ZK101, ZK108., ZK111, ZK112,

ZK116 #5851 ZK112 Fl ZK116 % &
LT R 2.38% F 1.93%, 1 L %53 5
K 61.12% 1 3.32%, /N & F Vs 1 16 il FL 2 75 4 B %
BITE 20% DA b AT E LA IR & & B s, U
ZK114 Fyfe, IRBIREUR B 5, AR N 12.76%,
FIRABR RN 45.19%, HIk Ry ZK110, J& Ak
B, LA REN 7.42%, HEHBUR N 15.60%. FEi5
IKPE AR BGAL T, A kB R BARERAR, LSS &

ZK107 H 3 K HAE 100.7~211.2 Lu Z 1], Ak
BV, HRRANE T, RAERA 11.47%, H
FABR K 22.60%

ZK102, ZK103, ZK106, ZK113, ZK117 % 54~
B FLB K RAE 2 430~9 830 Lu 2], &hFL& I Bs I
H K ZK105 35 /K FRAE 66~4 070 Lu Z [8], 76 2 B
KA GEAR 3K 6l LA R B K P AR, H,
ZK102, ZK103, ZK105 A5 AT, WHAKE., &
W SLBRR 51 5 R 20.90% ., 9.32% 1 11.88%. 934 3
ML, ZKIB T R B ik B, AR R
13.58%, H: ¥k & ZK117 F1 ZK106, 43 5 J 7.17% Fi
5.18%. FER IR SR AZ K AL FL A, Vs & B R E R
i, ih & —sm R B A E.
32 BEBEKMEESERLBTHIEHEEXR

TG X A R K PERE S AV K B M EC R
KB, XK RRE e(q) B A R R LM
#(E 6), BP

lglg)=A-Ry+B (1

o Ry AR R; A AR R BB RR I
M) R 5 W 5 B WU T R e SRR . T B8
TR PLA LR, RABRTERE . AR E FES, 7
BRI S A R B K PRI SR . A I,
7% X A3 K PR BB 2 5 18 & B RRAIE | 25 TR o B e
JE | SRR SRR

321 BEABRENTW

R DX 8 7 i B R S WAL TR B K PR RE A 56
SEN R o BEE AR R, A B K R 2 1
REGLIEEHAIIR . MR, AR kT 84
BEALAR, 5 A B K PERE 48 A I T SR SR 2R
(6 LA, 4 A SRR SRz K o B TR S I
RE, B EBGR A 156, IR A KR



£

544 % bii

T AR IR E A KR X

TR TR SOE K MRS

75

[Ze i R Bk ik |
[ 043% | 3616% [ 1% |
20% 40% 60% 80% 100%

0%

N

K101

R /m |

777

////
W/// 20
// ///////,7/////////////
7

,//%
_’/////////////////////%//
7////4

V77
V777777
// 77722272 2

\ \

2
%/////////////////.////////////
/

,q/Lu
10*

10“ 10' 102 10°

[t mm amoR] Bkt |
[a18% | 1419 [ wew |

ZKIO()O% 2.0‘71 4.0% 6.0% 8.0% 1?0%

3

-
=
K

R

,q/Lu
10

T
10? 10°

T
10!

L
10°

[detrg ]t Ek it |

| 124% | 3026% | 1% |
20%

0‘7r 40% 60% 80% 100%

,q/Lu

T
10* 10

T
10!

L
10° 10°

B A
[ro3% | 3329 | 1% |

K1160% 2.0% 40% 6.0% 8.0% l(.)O%

N

W /m |

10 A

[20

30 A

e ]

40 1

e

50

,q/Lu
10*

60
10/ 10

0 10! 10?

W T m TR R E X R B K PR RE B

BUE M 3.39,

(B ] A amor] Ak |
[T036% | 2096% | #isi |

[Ze g fam R Bk ik |
[Ton2% | 923% | # |

[dett e At mk i |
[207% | 1186% | wi |

Zkiop 0% 20% 40% 60% 80% 100% g,y 0% 20% 40% 0% 80% 100% gy 05 0% 20% 40% 60% 80% 100%
| ] -
| 10 i . = " = 10
% 7 3 i %
*\ 20 I | = ; =,
. : .
30 * 1
, ! b 0
40 . ;
. . 40
50 L] 1
! ' i 50
60 . i
. J 60
70 i i
b i 70 +
L I % — : 4/l
e 10t 10t 100 10 0 1010 0 100 10 100 10
[etim [zt Bt | [t R sl m k1 | [ 2t Bk |
[1182% | 260% | 3 | [037% | 2446% | 1% | [[727% | 15.60% | 1% |
Zxioy % 20% 40% 60% 80% 100% g0 0% 20% 40% 60% 80% 100%  gyypg 0% 20% 40% 60% 80% 100%
g £ £
2 10 = 10 P 10 4
K020 53 | 20
20 4
30 30
40 30 40 77
50 40 50
60 50 60
70 % 70
80 77, ¢ 60
. 80
90 70 90
17 : : : ¢/l 780 1 : : : g/l 7100 4 : : : 4/Lu
0100 100 100 10 0100 10 10010 0 100 100 100 10°
[t [ simer] Bt | [estim R aipma | JE k1 | [t st Bk |
[[238% | 61129 | d% | [1358% [ 33.96% | msi | [1276% [ 45.19% [ #% |
K2 0% 20% 40% 60% 0% 100% gy 3 0% 20% 40% 60% 80% 100% gy O% 20% dom
£ : £ 1 g
= 10 : = . S 10
. 10 n i ///
7///////////////////7// v . /
30 77 ZZ . 30
///////////////////////////////////////// wi 72277777/ !
40 V77, /////////////////// " 40
, = 40 7777 b
50 7 57,/ o : 50 o -
o _ s0 7 : 6 7
m%%%%: %% . 70
N @ Y i %
U/ % 77 2 //////////// 2/ /%//////////////4
wi % % i
0 2777
100 1 = = - ¢/Lu 80 | ; ; ; ,g/Lu 100 ¢ ; ; ; L q/Lu
10 1 1 10 0 100 100 10 10¢ 0 100 100 100 10°
[etim e famaimer] st |
[ 717% | 2633% | w |
zkuy 0% 20% 40% 60% 0% 100%
£
I
20 i
i
30 4 /
1
40 4 1
.
50 1
.
7 : : : q/Lu
0100 100 10010
5 ShPLEAAMRERE
Fig. 5 Karst fissures of boreholes and their Lugeon values
GRS L LA 322 BARITEREGYR

WP DX A e B AR AT Rl 0 S B8 B



76 I

2025 4E

51 HERE hERE WA
Y - Ak
Po- - -~ -l mm T T -
= 3
fr TR K
'20 2 | | A o i ____________ | | . ioi
| LR lg/q=A-R,+B 2% /K
0

0 2 4 6 8 10 12 14
AT/ %
Bl 6 ZEAEEMBTEHBKRERLKER
Fig. 6 Correlation between linear karstification rate and log-

mean permeability

e =25, 256 6, # IR TE AR BEXTE K PERB I 52
M) ST A3 R PR 0 A e 3 A IR, 5 rp A5~ i
K, HEB R 1.58; BRBERE . AR AR, EARGRIEK,
HWELB N 3.46, TERWEIE(ZK105, ZK106, ZK117) |
MEE(ZK102, ZK103) A A, fLEE 5K I 75U 4 4% %5 4
RE, KRB EK, 2858 10~100 mm A%, AR
TR R sk T R 5448 ke B g T BOH R AL AR KB K i 2

FHHFAE W 7 v

IITINR, iE K AR i S 2R IR I s, EES
JEAE T, SR B A SRS AR AT O . R L, TR
LB I BRTIC TR, 35 7K 3 A e T8 IR it 8 5
FEIE (AN ZK111), 375 7K 320 B g RAI

323

4 HipSEY

(DIFFEXCA T AT F R T , Btk o
AR BT, 8 LB R, A TR
LI SER (I FEpeniis & W AN R T S En/
WA AT o

() BFFE XA A KR RE 32 AV K AR AE L A
SERE R B S BURR AR S [R5 R, P 238 7K AR L
(Logoq) HE AR R B LRMEH, BN, A
VLSS AT O s 0 R SR g AR IR, i DL P A —
SEAUAE M.

() WFFE X A7 AR SR K iR, T BB 8 2R IH R

S 30k
(1] @ PRAE. RIS a ik 0], P ERE: HEREL 2, 2017, 47(4):

(21

[31]
[4]

[5]

(6]

[71]

(8]

(9]

[10]

412-420.

MENG Qingren. Origin of the Qinling mountains[J]. Scientia
Sinica Terrae, 2017, 47(4): 412-420.

R, B BRI R A 20 A T B (7] P A,
1983, 2(2): 147-150.

LI Datong, LUO Yan. Measurement of carbonate rocks distribu-
tion area in China[J]. Carsologica Sinica, 1983, 2(2): 147-150.
THSFk. BRRAIR IR (1] K AR AR, 1981(8): 19-25.
FIH, FER, BT AR R & R BUA R R R
5RE A ], IR FIK R 2240 (A ARHEM),
2018, 39(3): 88-92.

DU Pengzhao, LEI Chunrong, GAO Ping. Research on control-
ling factors and development rules of karst in carbonate rocks of
Dongzhuang reservoir[J]. Journal of North China University of
Water Resources and Electric Power (Natural Science Edition),
2018, 39(3): 88-92.

BIR3C, AR, SRR, A, B, AR RS T K
PRI WL SN AR D], AR, 2022, 41(2):
287-297.

DUAN Qiaowen, YU Fuyu, ZHANG Tianbai, HE Wei, DUAN
Chunlin. Karst leakage and its sealing at Wanzi reservoir in
Luoping county on the plateau of eastern Yunnan[J]. Carsolog-
ica Sinica, 2022, 41(2): 287-297.

FRER, ARBLL, /M, ZHIEN, B8R, AR B R AR R T
FHIE X2 TR 5. LA LK g 9] [T AR 274,
2021, 41(3): 518-524.

DAI Zhihong, ZHU Yinhong, LU Peng, LI Zhengshun, ZHAO
Xirong. Development characteristics and leakage of atypical con-
cealed karst: Taking Daxueshan reservoir as an example[J].
Journal of Guilin University of Technology, 2021, 41(3): 518-524.
XKz, BB, SUBEE, BOK R, WHEAR, X6, SOl K
VSV T K SCHb B A R 5 A B RN ] P A
2022, 41(1): 88-99.

LIU Tianyun, LU Ruiheng, HU Shungiang, ZHAO Yongbin,
PAN Xiaodong, LIU Wei. Hydrogeological conditions of karst
leakage and identification of pipeline location in Xiaohewei
reservoir, Wenshan [J]. Carsologica Sinica, 2022, 41(1): 88-99.
FHAUR, 2Rk, R AL IR I K B K PR T o i B
RELLT]. TPEETE, 2003, 22(4): 22-26.

DU Yuchao, LI Zhaolin, TANG Jiansheng. Analysis on the leak-
age mechanism and the treatment method for Shuijinwo reser-
voir in Xintian county, Hunan Province[J]. Carsologica Sinica,
2003, 22(4): 22-26.

JRUFF-, SR RE, XFRLL, B H G, Bk, BREE. 3 Er LT
AW, P EFE, 2018, 27(Suppl.2): 317-319.

LU Haiping, ZHANG Fawang, ZHAO Chunhong, XIA Riyuan,
LIANG Yongping, CHEN Hongfeng. Difference between south-
ern karst and northern karst besides scientific issues that need
attention [J]. China Mining Magazine, 2018,27(Suppl.2): 317-319.
#H M, A, NI, SR/, BRI, S, e DeF-, SRk
ZRU B T I R B 4 ) SR ERBE2 (0], Hu Bk 22, 2022,


https://doi.org/10.1360/N072016-00422
https://doi.org/10.1360/N072016-00422
https://doi.org/10.1360/N072016-00422
https://doi.org/10.1360/N072016-00422
https://doi.org/10.1360/N072016-00422

Faats WM T AR FRUR L R s KR DAV R R S B K PRI 77

47(10): 3834-3836. (15]  EFAL, PRI, TKens, VLT AR, o 85 B i PR AR A A RN T i B
(1) F3E, AL, B, S, 55 5Hh. 208 b AR A i R L] 5 B S5 3R, 2011, 39(5): 72-75.
FERN (], L2448, 2020, 38(2): 180-189. WANG Xigian, SUN Mingguo, ZHANG Hao, JJANG Yule.
MENG Qing, BAI Hongying, ZHAO Ting, GUO Shaozhuang, Application of high-density electrical technique in karst detec-
QI Guizeng. Topographic characteristic of climate change in the tion[J]. Coal Geology & Exploration, 2011, 39(5): 72-75.
Qinling mountains, China[J]. Mountain Research, 2020, 38(2): [16] 5%, ZRIESC, FEEA. HUF TR AN A 7 TR ) PR R 5%
180-189. (1], SbERYT B, 2008, 87(1): 280-283.
[12]  faIZE, X0, Beif4e, XIE M, Mbn i, sl RO, BRIRE WANG Liang, LI Zhengwen, WANG Xuben. A study of geolog-
X bR 2 [ AR 7 v 5 DA ICHT 461 L] 7K ST ical radar to cavern detection and physical analogue[J]. Progress
T HEHJT, 2020, 47(6): 47-56. in Geophysics, 2008, 87(1): 280-283.
HE Jun, LIU Lei, LI Qinghua, LIU Dachan, CHEN Biaodian, (171 %%, ¥ R0 EAE, TR SR an 2 K — 1k
ZHANG Ao, ZHAO Yongbo. Techniques for detecting under- ZEA IR [T]. BB TR 244R, 2018, 35(6): 1-6.
ground space in hidden karst region: Taking Wuhan as an exam- FENG Tao, JIANG Liangwen, CAO Huaping, WANG Dong.
ple[J].Hydrogeology & Engineering Geology, 2020, 47(6): 47-56. Research on the integrated survey technical system of "space-air-
(131 xish, bRitioe, BRGEEE, B0k, SARms. IRYIE 25 0 & B AL ground" in complex karst area of high speed railway [J]. Journal
Gt orbr 3], A 717, 2022, 43(7): 1899-1912. of Railway Engineering Society, 2018, 35(6): 1-6.
LIU Dong, LIN Peiyuan, CHEN Xianying, HUANG Sheng, MA (18]  FEZAEIEJR). NB/T 10075-2018 7K Hy, T FEAVA T RL b B IESM
Baosong. Statistical analysis of karst spatial distribution in Shen- &[SI,
zhen[J]. Rock and Soil Mechanics, 2022, 43(7): 1899-1912. National Energy Administration. NB/T 10075-2018 Specifica-
[14] B2, BOK/E, TRIGEE, XIHESE, T 7. BhFL A ML AR 7 sl tion for karst engineering geological investigation of hydropower
M Ak A S g v B I (0] SRR S TR, 2018, 32(1): projects[S].
134-136. (191 #aomk, AT, BRI E N AL IS BORE R K 2K 43
PENG Yao, FAN Yongsheng, XU Lianze, LIU Jigiang, DONG (I, fE22 4, 2018, 49(6): 187-194.
Yanping. Application of borehole TV imaging in the karst sur- YANG Zhibin, DONG Shuning. Influence factors analysis of
vey of Wuhan metro[J]. Resources Environment & Engineering, quantitative evaluation of single borehole grouting effect by
2018, 32(1): 134-136. water pressure test[J]. Safety in Coal Mines, 2018, 49(6): 187-194.

Study on karst development characteristics and water permeability of a pumped-
storage upper reservoir in the Qinling Mountains, Southern Shaanxi

DING Yu', GAN Weiqi', FENG Lei’, YAN Yingjun’, MA Feipeng’

(1. Key Laboratory of Geological Hazards on Three Gorges Reservoir Area (China Three Gorges University), Ministry of Education, Yichang, Hubei
443002, China; 2. Powerchina Northwest Engineering Corporation Limited, Xi'an, Shaanxi 710065, China )

Abstract China has a vast territory, with significant differences of internal and external forces such as lithology,
geological structure, and climate in different regions, resulting in distinct regional characteristics in karst development.
The Qinling Mountains is the north—south demarcation line in China, with complex topography, geological structure,
and widespread distribution of soluble rocks. Consequently, karst in this region is an unavoidable problem in the
construction of various projects. The development of karst may lead to reservoir leakage, posing a constraining
influence on the construction of pumped-storage power station reservoirs. However, the current research on the
characteristics of karst development at specific engineering sites in the Qinling area is relatively limited, and there is
not much research on the impact of karst development characteristics on the permeability of the rock body in the
reservoir areas. To provide a valuable supplement and reference for the study of karst development in the Qinling area,
and to establish a reliable foundation for the design of pumped-storage reservoirs, leakage prevention and control, and
risk assessment, this study takes limestone of a pumped-storage reservoir located in the Qinling Mountains of southern
Shaanxi Province as the research object. Utilizing drilling, borehole TV imaging and in-situ pressure water tests, this
study comprehensively evaluates the water permeability performance of the rock body. By integrating the

characteristics of karst development, the research summarizes and analyzes the distribution patterns of limestone karst
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development in the study area. The permeability of the rock body is evaluated in conjunction with karst development
characteristics, leading to the following conclusions:

The linear karstification rate of three boreholes in the study area is greater than 10%, with an encounter rate of
47.1%. This indicates a strong degree of karst development. Using the contour line of 3% Kkarstification rate as the
boundary, the study area is divided into two karst zones: Zone I and Zone II which includes Zone II-1 and Zone II-2.
The karst in Zone I is strongly to moderately developed, with a relatively high concentration of caves in the borehole
area. In contrast, the karst in Zone II is weakly developed, and caves are seldom found in the borehole area. The depth
of the karst caves is predominantly distributed between 10 m and 60 m underground, representing a typically shallow-
buried karst system. The karst caves are distributed in a moniliform shape, with ZK107 and ZK113 being the most
prominent, where seven caves are vertically distributed in a single borehole area. The gray oolitic limestone caves are
the most developed, followed by brownish-red fine-crystalline limestone caves, while argillaceous limestone caves are
not developed. The development of karst caves is consistent with the solubility pattern of limestone. In addition, the
karst fissures are generally developed in all borehole areas, and can be categorized into two types: joint-solution
fissures and solution fissure zones. These fissures are commonly filled with mud, calcium and calcite.

Comprehensive analysis shows that the permeability performance of the rock body in the study area is jointly
influenced by the karst development characteristics, the integrity of the rock body, and the filling characteristics. The
logarithm of the average permeability (Ig10q) exhibits a linear relationship with the linear karstification rate, which is
expressed by the equation: 1g(q)=A-Rlk+B, where Rlk denotes the linear karstification rate, and A and B are constants.
The ratio coefficient A indicates the influence of karst development on the permeability of the rock body, with a
calculated value equal to 3.39. Overall, the rock bodies in the study area demonstrate a pattern whereby the increase of
karst development correlates with greater permeability of the rock body. A comparison shows that in moderately
permeable rock bodies, karst development is primarily weak. In contrast, in strongly and very strongly permeable rock
bodies, karst development is predominantly strong to moderate. The permeability of the rock body exhibits a clear
linear trend, correlating with an increase in the linear karstification rate. Constant B reflects the effect of the integrity
degree of the rock body on the permeability performance. Specifically, relatively intact rock bodies exhibit moderate to
strong permeability (Constant B=1.58), while fractured and broken rock bodies indicate extremely strong permeability
(Constant B=3.46). In addition, the filling characteristics of protogenesis fissures and karst caves can cause fluctuations
in permeability. When the protogenesis fissures and karst caves are not filled, permeability tends to be high; however,

when they are densely filled, the permeability will significantly decrease.

Key words pumped-storage upper reservior, karst cave, karst fissure, water permeability, the Qinling Mountains
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