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RISK ASSESSMENT OF KARST GROUNDWATER DEVELOPMENT AND
UTILIZATION IN THE SINAN SECTION OF WUJIANG RIVER BASED
ON CATASTROPHE THEORY
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Abstract: The reserve and utilization of water resources greatly affect the social development. Despite the abundant
karst groundwater resources in the Sinan section of Wujiang River, the utilization rate is low for its deep burial. Due to
sudden extreme dry weather and increasing industrial pollution, the karst groundwater resources available in the region
face severe challenges. Focusing on the problem of groundwater development and utilization risk, the study establishes
the groundwater development and utilization risk evaluation index system on the basis of catastrophe theory. According
to the regional natural background conditions, groundwater development status and socioeconomic development, the
study area is divided into 8 water resources evaluation sub-zones, and a three-level index evaluation system including
target layer, criterion layer (7 indicators) and index layer (13 indicators) is set up, with a five-grade comprehensive

evaluation method to assess the risk of groundwater development and utilization. The results show that the
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comprehensive risk values of groundwater resources development and utilization range from 0.8345 to 0.9271, in
medium-severe risk. The risk ranking of each sub-zone is as follows: IV<I,<VII<II<VI<[,<V<IIIL. The evaluation results

can provide theoretical basis for sustainable development and utilization of regional groundwater.

Key words: karst groundwater; catastrophe theory; index evaluation system; groundwater development and utilization;

Guizhou Province
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Fig. 1 Hydrogeological map of the study area

1—#l R R &R VIR - B 7K (pure carbonate karst cave-pipe water) ; 2—4ifKkERE: 775 fL- 24K (pure carbonate dissolution pore-fissure water); 3—/A

Al R E A VAT - 248K (impure carbonate karst cave-fissure water); 4—3EA 24K (bedrock fissure water); S—IAELAEZEFLER/K (loose rock pore
water); 6— I [# 5% (depression spring); 7— FFt 4R (ascending spring); 8—3H1 T /K3t 7] (direction of groundwater flow); 9—m 4} (syncline); 10— &}
(anticline); 11—Wi/Z(fault); 12—HhJZF 4k (stratigraphic boundary) ; 13—7K SCHIT 43 FE 4k K i 5 (hydrogeological boundary and number)
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Fig. 2 Zoning map of evaluation sub-zones in the study area
I—F M X 2R (boundary of sub-zone); 2—F M X A5 (number of
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Fig. 3 Risk assessment index system for groundwater development and utilization
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Table 2 Risk assessment index values for groundwater development and utilization in the study area

EfLAY LA I, I, II I\ v Vv Vi VI
C, m/d 0.23 0.18 0.17 0.15 0.23 0.17 0.12 0.1
C, m 58 47 36 50 55 22 48 51
C, m 27 29 39.5 27.3 47 225 21 19
(o / 0.2 0.18 0.19 0.1 0.18 0.08 0.19 0.17
Cs mm 1097.3 1097.3 1097.3 1097.3 1097.3 1097.3 1097.3 1097.3
Cs 10* m¥(km-a) 18.26 5.46 17.18 6.47 16.65 7.66 17.29 8.04
C, 10* m¥(km-a) 511 2.41 3.35 2.53 6.25 3.38 6.60 2.02
Ce % 25.43 24.95 18.97 36.03 16.37 48.32 20.48 20.9
Co / 2 1 2 2 2 1 1 2
Co % 20 20 20 20 20 20 20 20
Cu % 7.01 7.01 7.01 7.01 7.01 7.01 7.01 7.01
Cp % 11.9 11.9 11.9 11.9 11.9 11.9 11.9 11.9
Cs % 22 20 21 24 45 22 25 22
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XTI AR :
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AL RZ AT B1.B2.B3 B4 UM FEFR.

BI (& /K)ZHE ) C1.C2.C3 =ANEFR, T Ll
R — A, A : x2=0.816"2=0.903, Xg=

£ 3 SBIITREBRSEMTKFLZR AXEE
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Table 3 Conversion values of risk assessment indexes for

karst groundwater development and utilization

EiL T I. II ilf \Y A ! VI

C, 0141 0448 0509 0.632 0.141 0.509 0.816 0.939
C, 0132 0.382 0.632 0314 0.200 0.950 0.359 0.291
C; 0286 0.344 0647 0295 0.864 0.156 0.113 0.055
C, 0135 0.270 0.203 0.811 0.270 0.946 0.203 0.338
C; 0.500 0.500 0.500 0.500 0.500 0.500 0.500 0.500
Cs 0120 0.964 0.192 0.897 0.226 0.819 0.184 0.794
C; 0395 0891 0.719 0.869 0.185 0.712 0.121 0.963
Cs 0278 0.266 0.110 0.554 0.043 0.874 0.150 0.161
C, 0846 0.077 0846 0.846 0.846 0.077 0.077 0.846
Cy 0500 0500 0.500 0.500 0.500 0.500 0.500 0.500
Cy, 0500 0.500 0.500 0.500 0.500 0.500 0.500 0.500
Cp, 0500 0500 0.500 0.500 0.500 0.500 0.500 0.500

Cy 0127 0.063 0.095 0.190 0.857 0.127 0.222 0.127



http://www.fineprint.cn

%2 B SRS R T SR B Y VLT

B BUATR LT KT AR XS AR

243

0.359"¥=0.711, x=0.113"=0.579. X [H N C1.C2.C3i#
SEAEEAMNEI, B LAFE R A EUN TR, Xe=X=0.579.

B2OICIRAHE ) A C4 — N EbR, T S 58748,
PRIA : Xe=Xe=0.2032=0.450.

B3GR ) A C5 —/NMEFR, TSR,
PRI+ Xes=Xes=0.500%2=0.707.

BACHEIRERE) R Y C6.C7 PINMERR, 6 LA
A5 —Ab AR, BRI - x=0.1842=0.429, x,=0.121%=
0.495. X [H 2}y C6.C7 £ H AR, B LhF “ BOE-3
1B JE, Xe=(0.429+0.495)/2=0.462.

B1.B2.B3.B4 PUAF5 bRl A ik 58 28 15 — 4k 2
A : x=0.579"2=0.761, X=0.450"%=0.766, Xg:=
0.707%=0.917, Xs=0.462"°=0.857. X [*}y B1.B2.B3.B4
T AR EARNEI, B A KA U N S5, Xa=Xe:=0.761.
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A2 KZH 4T B5.B6.B7 = MEhR.

BS(FFRARBE ) A C8 —/NEFR, T B R,
R+ x=0.150"2=0.387.

Bo(HL T /K ) A CO — B4R, IR HT & 28
A5 RIIEA : Xe=0.077"2=0.277.

B7(FHACRARSL) HFANAEAE C10 — 4845, Tl 2 3T
BRABIH—E A I : X00=0.5002=0.707

B5.B6.B7 —AM4E A 2 e 2 A8 IH — 4 A 5,
A« Xe5=0.387"2=0.622, Xg=0.277"=0.657, Xg=
0.707%=0.917. X [H 4 B5.B6.B7 i& T H AR,
LA KA BN I, Xap=Xes=0.622.

I SA TR R (A3 FEIMAR R AR EO A

A3RZPE T C11.C12.C13 =AM Eh5.

C11.C12.C13 =AM fbrty e R R AE, A -
X =0.500%2=0.707, Xc1,=0.5008=0.794, Xc13=0.222%=
0.687. X [H K C11.C12.C13 #& EAMEN], Fr LA
“HCEIE” JE], X=(0.707+0.794+0.222 )/3=0.729.

4) BARIZE(A) AT

ARZEPE T A1LA2 A3 =AMEFR.

A1 A2 A3 = HERiE R H R RS T — A2,
A : x0=0.7612=0.872, Xx,=0.622"=0.854, Xn=
0.729%=0.924. X [HN A1 A2 A3 FFEHAMNEN, FiF L
Fi“WOERE” JF), x,=(0.872+0.854+0.924 )/3=0.8834.

[ EH, AT SRAS HL A A3 X PPN 8 PR 22 B R E (R ) K
ANE X}

F 4 MTFKFERAEREITFMNIERRETREY
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Table 4 Catastrophe series of risk assessment indexes and
comprehensive evaluation results for groundwater

development and utilization

LD | | I I 1% \Y VI VI
C, 0376 0669 0714 0.795 0.376 0.714 0.903 0.969
C, 0509 0.725 0.858 0.679 0.585 0.983 0.711 0.663
Cs 0.731 0.766 0.897 0.737 0.964 0.629 0579 0.484
C, 0368 0520 0450 0.900 0.520 0.973 0.450 0.581
Cs 0.707 0.707 0.707 0.707 0.707 0.707 0.707 0.707
Cs 0.347 0982 0.438 0.947 0.476 0905 0.429 0.891
C;, 0734 00962 0.89 0.954 0.570 0.893 0.495 0.987
Cg 0.528 0516 0.332 0.745 0.206 0.935 0.387 0.401
Co 0.920 0.277 0920 0.920 0.920 0.277 0.277 0.920
Cy, 0707 0.707 0.707 0.707 0.707 0.707 0.707 0.707
Cy, 0707 0.707 0.707 0.707 0.707 0.707 0.707 0.707
Cp, 0794 0.794 0.794 0.794 0.794 0.794 0.794 0.794
Cs 0597 0502 0556 0.661 0962 0597 0.687 0.597
B, 0.376 0.669 0.714 0.679 0.376 0.629 0579 0.484
B, 0.368 0.520 0.450 0.900 0.520 0.973 0.450 0.581
Bs 0.707 0.707 0.707 0.707 0.707 0.707 0.707 0.707
B, 0.540 0972 0.667 0.951 0.523 0.899 0.462 0.939
Bs 0528 0516 0.332 0.745 0.206 0.935 0.387 0.401
Bs 0.920 0.277 0920 0.920 0.920 0.277 0.277 0.920
B; 0.707 0.707 0.707 0.707 0.707 0.707 0.707 0.707
A; 0613 0804 0.766 0.824 0.613 0.793 0.761 0.696
A, 0726 0.652 0576 0.863 0.454 0.652 0.622 0.633
As 0.699 0.668 0.685 0.720 0.821 0.699 0.729 0.699
A 0.8654 0.8893 0.8725 0.9271 0.8345 0.8907 0.8834 0.8691
35 RS

MR T T G AR A 25720 1y IRV, 5 R A b o
X YTt JE R B Vs T 7K T &R R RS R A S 4%
KANHEFTRIAr, a5 53 5, H22 bR AT & XU 25
HPEM A RARIRE (] 4), g 28650, W58 X N 3t
TAKIF R A R AEAE 0.8345~0.9271 2 [a), AR JEHb
T KIS RS S 0] 43 b o WIS IX N BT
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Table 5 Grading criteria for groundwater development WO R PEM 25 A — B R 5T X 2 BRI AR
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Fig. 4 Histogram of comprehensive evaluation results for

groundwater development risk
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