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Abstract: The ecological restoration process of mining areas are facing the problem of multi-objective,
fuzzy and uncertain water resources allocation. With the water resources allocation system of the mining are-
a as the research object, a multi-objective uncertain chance-constrained programming( MUCC) model was
constructed to optimize the allocation of water resources in mining areas. Based on the water allocation
principle of ecological priority, the conventional goal of minimizing pollutant emissions is replaced by mini-
mizing carbon emissions, with the consideration of minimizing carbon emissions, maximizing the economic
benefits of the system and minimizing water shortage, a multi-objective model for the coordinated develop-
ment of ecological eco-environment, social economy and water resources in mining areas is established for
the integrated allocation of groundwater, surface water, mine water and reclaimed water. The uncertainties
in the actual situation are represented by interval parameters, and the model is solved by genetic algorithm
(GA), so as to obtain a reasonable water allocation scheme. The model was then applied to the study of

Yangchangwan mining area, Ningxia. The results show that this model can well coordinate the targets of e-
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conomic development and water conservation of the mining area, and the allocation scheme can ensure that

the water demand of each water-using sector is 100% satisfied, whereas the optimized scheme with pollu-

tant emission as the target can only cause regional water shortage. The system can bring a net carbon
(CO,) absorption of 533.7 =702.4 t, an expected economic benefit of 1623.0 x 10° —1637.4 x 10’ yuan,

and a regional water supply surplus of 435 x 10’ =497 x 10’ m’. The research results can provide a theoret-

ical support for the quick realization of green mines in Yangchangwan mining area, and also some guidance

for the water resources allocation and programming in coal mining areas in other arid regions.

Key words: multi-objective uncertain chance-constrained programming( MUCC) ; genetic algorithm( GA) ;

water resources allocation in mining area; carbon emission; ecological restoration of mining area
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PR 7K IR AR A BE AR 7 ( single objective — econom-
ic benefit, SO - EB) FlLAGR /K & fie /M 322 H AR
MK % IR A AR it B AR A (single objective — water
shortage, SO —WS) , ¥ 3 MEGHYH H AR 5
AR K A 19 22 H AR A 5 2 PR B (MUCC -
GA) LA R AT L, B5 R a0k 6 .
F6 4 FKREMIERRALERITLE

s SRR R TR Rk
FERIE Y
T/t $5/10* ot /10" m’
SO - CE -1749.97 128.35 28. 88
SO - EB -534.85 168. 60 -45.55
SO - WS -396. 88 156.23 -48.27
MUCC - GA -534.48 163.73 -49.69

M2 6 1T LI H, SO — CE A5 7Y 3= 22 M kit HE
RS/ NI AR E %, BT LA A 45 SR ik v HE i
O ERD AR AR T A0 a5 A 4 Fic B A R v B fIK
(), HAFAE X IR KA 2L (15 150 5 SO — EB FERILL 22
Vet HbR , AR S AT 3 T e 4 0k 2s
B H: XK & 4B /NF SO - WS 1 MUCC - GA
B SO — WS A58 = 22 M A5 K BIR B s A2 4% X IR 75
KA &, BT 1 AR Bk 5 SO - CE il
SO — EB B AH Fb oA e 20, (H H B v HE il it 2 4 Fh
BEAYrpd 5 1Y s MUCC - GA R ER5 2% 1 T 3K
P SR SRR BT A5 45 e DR TR 5 i 7K S 28 5
RS TR, XA K B A i di e, I PR B A ik
VEHERC R BRI, SO — CE BRI A Ak 7 & ik
BT 4 v Bl me DdHE | o R R A Y SR 5 SO - EB
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BRI A 7 G838 F T 0 280 kR BAT e i SR Y 1
35S0 - WS BRI B LA 75 58 38 F T 1 ZEARIE X3
7o A HEK A1 5, 0 24 [ B Bk 2k R HERL S
KR E RIS, MUCC - GA BT IR AL 4 R 2 —
M R YIS 7 5

5 & ®

FIFH 3884 31 SR i 1 2 B AR AL 25 2 R Rl
(MUCC - GA) BERI BB 6% [ B 22 90 858 B 1 £ HAn
P A SCR LR FH T 255 AR IR 18 XK SRR
AR BT, 7R A RAA 3 ISR e v, L e T 3RS
)AL, 5 FLAth ] A Y EL AT B B R 3 . AR ST A &G
J0 R T8 K BRAL B 75 R XA K 2958, #f ) T 248
Tl s FAE SR8 25 G e, Rl 2R R T e il
HERL RS HAR W XK B8 U5 I B b i 3 M, mT AR
Skl R 2 VS A IX K R E R B A e SR AR
P, AT LA B K A R [0 R B XA BR 15 7K T AR
B

(1) 382 3778 5 XK e IRAR A & 1) 52 61 F
FEHRH,MUCC — GA BRI W X K 9% I8 A1 £k e i [7)
A R AR IE IV, RS L S oK i, n] AR
AR E AR, AR A RGP,

(2)MUCC - GA #AI5 Hh () SE 5 T B X K BE A
PeALHC B 7 2 H, Tolk FH K 2 2 ik 5] 100% , H.
FEA S AR, R Bk vl R BEE Tl ™
(G I R 0 Tl F5 /K B 3K . X K iy Ak
PR & R UE 78 A2 Tl FH K By B filh

(3) e B AR REE T 8™ X A s HE Y BRI
A7 X, MUCC - GA #ERIA HF LAYS Y HE ik
oA EARAOATY | AE AR IE 28 BF R 25 A 32 45 2% 1 i 42
T, A5 T R A R, 0 R TR R T
H AR A KGR A BE & B v 5k

(4) s H K BE DR AR AR I 7 8 F 4 1A
e S PR B A 16 T KR S IR B K il R X Tk,
SRR R R FEAS FH KT SR 4 T R, BE T DL
XAEAIREE, RS IR & b R e R, il 3T
1 DX B LA AR R0 b X g A 0 A R LA 2
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