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Tab. 1 Mine water resource utilization risk assessment index system and grade division standard
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Tab. 2 Index weights at all levels

Hbr)z HFRZEAE —GRR —GARPR I TR -7 SN ERATRMUE

G 0.294 1 0.094
G 0.2015 0.064

B 03198
Cs 0.2479 0.079
Cy 0.256 5 0.082
Cs 02070 0.089
Cs 0.172'5 0.075

4 1

B, 04311 o 0.178 8 0.077
Gy 02360 0.102
Cy 0.205 6 0.089
Cio 0365 8 0.091

Bs 0.249 1 Cn 02104 0.052
Cn 04238 0.106

HRITB LD 455 D Ik 254 SRR A5 VPR R TR, 4550 136 3.
KM 7 A5 BB A VeI MR TR 00 12 MEFRALRIE S A(C1, Co, G, .., Cro) SRS
WL SRR SIRRAELUR I & B fo fo. /) HOBAER HA, B), ISR
(1)
Ue =ac+be1iy +beoin +ccj (14
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Tab. 3 Index values, assignment points and comprehensive index values of seven mining areas
iy jjiss) FAS TV Bt TR R [
T IHRK AR C) 6.14%/49.21  16.60%/64.90  27.70%/81.55  5.26%/47.89  36.00%/94.00 5.14%/47.71 35.40%/93.10
WK It G, 65.00%/75.00  45.00%/95.00  64.30%/75.70  58.30%/81.70  55.00%/85.00  56.00%/86.00  76.00%/64.00
JHP TR EBRC 15.40%/86.20  18.00%/94.00  10.00%/70.00  2.60%/47.80 8.30%/64.90 3.30%/49.90 13.75%/81.25
HBEAKIESRCy 97.00%/49.00  98.00%/46.00  99.00%/43.00  96.00%/52.00  97.00%/49.00  97.00%/49.00  98.00%/46.00
BRI EHCs 17/45.10 13/43.90 263/64.13 64/55.60 92/56.80 760/85.30 31/49.30
AT A S A Co 550/48.25 1 150/55.75 1100/55.50  625.00/49.38  2346.00/61.73  1613.00/58.07  1217/56.09
pHAHXMELC, 0.8/52.00 0.7/50.50 0.8/52.00 0.7/50.50 1.2/58.00 1.3/59.50 0.5/47.50
AT Cy 0.012/43.60 0.022/46.60 0.010/43.00 0.037/51.10 0.033/49.90 0.038/51.40 0.021/46.30
KRR B Co 0/40.00 16.60/91.50 0/40.00 0/40.00 0/40.00 7.02/70.03 0/40.00
AbFRF A Cro 1.03/55.90 1.35/65.50 1.24/62.20 1.32/64.60 1.45/68.50 1.63/73.60 1.05/56.50
FEZRC) 35.0/47.50 18.4/72.40 28.0/58.00 22.0/67.00 16.0/76.00 10.0/85.00 34.0/49.00
WBUR Ca 1/40 1/40 1/40 1/40 1/40 1/40 1/40
w 51.69 61.22 56.30 52.69 60.65 61.31 55.50
TE: /7 WrEAE R SARPREIE, /7 EEARRIRAME.
PRI, G AR o
12 12 12 12 12
u= Z Well, = Z Wea, + Z Webei1 + Z Webeolia + Z WeCeJ (15)
c=1 c=1 c=1 c=1 c=1
P we B FERALE
S
12 12 12 12
ch‘ac = gl,Zchdh = gz,chbcziz = 83,chccj =84
c=1 c=1 c=1 c=1
M= 15) AT a5 2R
H=g1+82+83+84 (16)

ST, A0 KR BEA R LK 4.
SR B AR BE VDU 2587 DA K BEIRM XRS5 Gt A T Al o e iRl A5 4 A i B AR, — B

{E°A4 [0.5, 0.7], fEBOR, FORPPUEARBARE . A SCERBCE R = 0.7, R 1) BYSE ARtk A

v
h= f*|ng>/l,] <f<F
F=1

K P=4 A SR R I 0 S5 A 12 2 ) JRURS: 2540
HRHEE(17), g1=0.851>0.7, FrLUR G X A8 H AR FH KBS TEAGSE00 1 9%, BIMARRES . 20 R0
X g1, g2+ g3+ ga IR FE R EEF IR LR 5,

(17
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Tab. 4 Connection degree of each index of the seven mining areas

WIX C ac beii beai cd X C ac beri beai cd
Ci 1 0 0 0 Cy 0 0 0.400 0.600
G 0 0.330 0.670 0 C 0 0 1 0
C3 0 0 0.920 0.080 (&) 0.340 0.660 0 0
Cy 1 0 0 0 Cy 1 0 0 0
Cs 1 0 0 0 Cs 0.880 0.120 0 0
Cs 1 0 0 0 Cs 0.551 0.449 0 0
Tw& T A
Cy 1 0 0 0 C; 0.800 0.200 0 0
Cg 1 0 0 0 Cy 1 0 0 0
Coy 1 0 0 0 Cy 1 0 0 0
Cio 0.940 0.060 0 0 Cio 0.100 0.900 0 0
Cn 1 0 0 0 Cu 0 0.600 0.400 0
Ci2 1 0 0 0 Cp2 1 0 0 0
Ci 0.340 0.660 0 0 Cy 1 0 0 0
G 0 0 0.333 0.667 C 0 0.067 0.933 0
C3 0 0 0.400 0.600 (&) 1 0 0 0
Cy 1 0 0 0 Cy 1 0 0 0
Cs 1 0 0 0 Cs 0 0 0.800 0.200
Cs 0.950 0.050 0 0 Cs 0.796 0.204 0 0
FAY RV
Cy 1 0 0 0 Cr 0.700 0.300 0 0
Cg 1 0 0 0 Cy 1 0 0 0
Coy 0 0 0.567 0.433 Coy 0 0.998 0.002 0
Cio 0.300 0.700 0 0 Cio 0 0.740 0.260 0
Cn 0 0.840 0.160 0 Cu 0 0 1 0
Ci2 1 0 0 0 Cp2 1 0 0 0
Ci 0 0.230 0.770 0 Cy 0 0 0.460 0.540
G 0 0.620 0.380 0 C 0.400 0.600 0 0
C3 0 1 0 0 C3 0 0.250 0.750 0
Cy 1 0 0 0 Cy 1 0 0 0
Cs 0.391 0.609 0 0 Cs 1 0 0 0
Cs 0.967 0.033 0 0 Cs 0.928 0.072 0 0
BAEE P
Cy 1 0 0 0 C; 1 0 0 0
Cg 1 0 0 0 Cy 1 0 0 0
Coy 1 0 0 0 Cy 1 0 0 0
Cio 0.520 0.480 0 0 Cio 0.900 0.100 0 0
Cn 0.800 0.200 0 0 Cu 1 0 0 0
Ci2 1 0 0 0 Ci2 1 0 0 0
Ci 1 0 0 0 Cy 1 0 0 0
G 0 0.220 0.780 0 Cs 1 0 0 0
. G 1 0 0 0 . G 1 0 0 0
wIR HR
Cy 1 0 0 0 Cio 0.360 0.640 0 0
Cs 0.960 0.040 0 0 Cyy 0.200 0.800 0 0
Cs 1 0 0 0 Cn 1 0 0 0
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x5 B RXgn g2 g3 SHERRNKEIT-HFR

Tab.5 Values of g1, g2, g3, g4 and risk assessment grades of each mining area

WX /ise) A BB R AR AR Vi
& 0.851 0.587 0.652 0.833 0.596 0.576 0.774
2 0.027 0.173 0.251 0.117 0.225 0.199 0.073
g 0.116 0.112 0.097 0.050 0.122 0.207 0.102
g 0.006 0.128 0 0 0.056 0.018 0.051
h 1 2 2 1 2 2 1

3.2 THEERDT
JERITHTE RS AT 23 TR R 7 DXCA K BEIEM XU S5 5 R W35 6.

®6 B XHHKZIRFRAREIT-HER

Tab. 6 Risk assessment results of mine water resources utilization in various mining areas

XA FR g/il¥s) EX] BT HR A ARV ()75
JER Tk % ei T fix Tt el ei
XTI % ei T fix Tt el fix

PGSR TS IR B RO RS, B | RAETE | TR KR TR A vh XU s JEI I BB Al Y e IX.
Sy HR RS, T B X 3 Ak Al 8 2R O ERRURSE , (EL M AT 1245 Hh O P e DX A XU 27 5 1 KW =55.50, 5
RS A IX 8] (40, 55] $RIT o ERERIEAAME] . B —HARPR AN R 70 Hr, PRI 7 1 B PEAl 45
WHEAR—F,

XFEEA X SE PR L, TR AT DX Bl 52 18 A {EL s /DRI, ST K SR oK, i X 2eid 245
TR SR A, B HAC AR I8 A HAEERE, 07 KBRS 5 s BTk A H A BERE 7 s i ™
AR A, AR K AL B SAR I s 5 SR DX oR [, R R A /K i IE AL T — NN R E
AR, ELKBERLS. BRAT X E ML etk 55835, P 35, B IR A BB AR B Je ik, Ak 2
JE B H K AT AR AR, ZRG 2T HK BT IRR R0

gi b, MR BT A S R AR — 2, HITPASEE RS SRS DU &, WX ik BT T-07 K B
AU PG AT Y, A TSRS ik PG A R B INAT S X SE BRSOl o BRIkl T2 K
oI AT B AT SE | TR R, TR AR E RIS

4 % i

(D TES 7K BTV RS P00 BE il -, MR XU %, 9 08t 0 /KB L K B 2895F 3 A1 R G
12 DNEFR, HESL T8 HK GRS R &, M T8 K B XU A AR

(2) He I v 1 S Tl DX RS 7 8 DA DA SR, R FHJZ O 3 BT ik R X 3 M nd LA 7 KU
flic PRI EIPAS G R EEAR —2 IR L B RN, T4 | AETE | TRAR | AR B L K g oAy v XU s ik 3
EEXS J BTk P T K B BRI XURS: A By T A4

(3) KT F B GRS AL R e Fre A, LR K &, SR B/ N R 5T R S8 AT 0 T4 R OV K
WAL, B s 0 K BRI IR
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Risk assessment of mine water resource utilization based on

analytic hierarchy process and set pair analysis

WANG Hengli"-?, NI Shenhai'

(1. State Key Laboratory of Hydrology-Water Resources and Hydraulic Engineering, Nanjing Hydraulic Research Institute, Nanjing
210029, China; 2. College of Hydrology and Water Resources, Hohai University, Nanjing 210098, China)

Abstract: This study identifies risk factors associated with the utilization of mine water resources, and based on the
objective of a bilateral coordination between supply and demand, selects three primary indicators, namely water
volume, water quality, and economy (cost), and 12 secondary indicators of risk assessment to establish a risk
assessment index system for mine water use. A mine water utilization risk assessment model is constructed on the basis
of the set pair analysis (SPA) theory. Seven mining areas in the Xinghan area of the Jizhong coal base are selected as
typical cases, and the analytic hierarchy process and SPA are applied to conduct mine water utilization risk assessment.
The evaluation results of the two methods are consistent: Xingtai and Gequan have a low risk, whereas Zhangcun,
Xiandewang, Xingdong, Dongpang, and Xipang have a medium risk. The risk level is mainly affected by water quality
and volume, and is least affected by economy. The evaluation results are in line with the actual conditions of mine water
resource utilization, thus confirming the feasibility of the SPA theory for mine water utilization risk assessment. The

model can also be applied to risk assessment in other mining areas.

Key words: mine water utilization; analytic hierarchy process; set pair analysis; risk assessment; Xinghan area


http://dx.doi.org/10.3969/j.issn.1007-2284.2020.08.023
http://dx.doi.org/10.3969/j.issn.1007-2284.2020.08.023
http://dx.doi.org/10.3969/j.issn.1007-2284.2020.08.023
http://dx.doi.org/10.3969/j.issn.1007-2284.2020.08.023

