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Abstract: The ecologically fragile mining area in the west is an important coal production base in China, and the current

scale and intensity of coal mining has far exceeded its environmental carrying capacity, which is very likely to cause irre-
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versible damage to the ecological environment. The restoration of surface ecology in the post-coal mining stage will be the
most prominent environmental problem facing the region, while water resources play a fundamental role in this process,
and the contradiction between "water-environment" is prominent. Mining-affected water resources refers to the water re-
sources transferred, pooled and effectively stored due to mining activities, which are artificial aquifers, and play a pivotal
role in the surface ecological restoration from the point of view of the regional water cycle. On the basis of summarizing
the existing research results, the calculation methods of the total amount of mining-affected water resources and the stor-
age capacity of mining space were proposed, the relationship between them and the influencing factors such as overbur-
den structure, hydrogeology, coal mining and the stability of water storage space were elaborated, and the evaluation sys-
tem of the potential of mining-affected water resources, which contains 15 parameters in three aspects, was established.
The regional water cycle pattern and the ecological damage process under the influence of mining were analyzed, the cal-
culation method of the total amount of mining-affected water resources required to maintain ecological balance was ex-
plored, the concepts of the optimal, reasonable and minimum ecological water demand in the region were defined, the in-
dicators for evaluating the effect of surface ecological environment restoration were proposed, and the mine planning and
design ideas and technical system based on the whole cycle of coal mining were constructed. Taking a mine in an ecolo-
gically fragile mining area in the west as an example, the state of water balance/overbalance under the regional water cycle
was described, and the effect of surface ecological restoration was assessed and predicted. The results shows that even in
dry years, the current volume of mining-affected water resources can provide reliable and sufficient water resources for the
surface ecosystem, and the ecological restoration level is Class II. The surface ecosystem of 1.53—2.26 times the area of
the goaf can be restored at the level of Class I in both common and abundant years, and the functional integrity of the eco-
system can be maintained over a larger area, with the ratio coefficient of up to 9.03 in an abundant year. The volume of
mining-affected water resources increases step by step with the increase of coal mining area, and under the premise of
meeting the regional ecological water demand, it is the next key research direction to store it as a strategic reserve re-
source for a long period of time and use it for national defense, people's livelihood and industry in due time. Water is the
most critical influencing factor in the process of changing regional ecological environment elements, and the protection
and utilization of mining-affected water resources have important strategic values for both safe and efficient coal mining

and ecological environment restoration.
Key words: regional water cycle; mining-affected water resources; ecological restoration; water quantity forecast
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Fig.2 Technical system for the exploitation of mining-affected water resources
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and the volume of water in each component
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Table 1 Indicators and classification criteria for evaluating the water potential of mining-affected water resources
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Table 2 Combined weights for evaluating the water potential of mining-affected water resources
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Table 3 Calibration factors for the calculation of the
water potential evaluation system for mining-affected

water resources
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Fig.4 Simplification of the movement of mining-affected water

resources in seepage areas
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Fig.5 Changing law of mining-affected water resources in mines
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Table 4 Values of empirical parameters for estimating the

height of the collapse zone

) LI SH
Fayi PR E/MPa
€l %)
W i > 40 2.1 16
R 20~40 47 19
LY €EE] <20 6.2 32

x5 ZEHEKREITERE
Table 5 Calculation of water storage coefficients for

fracture zones

WAk EUE W
LBE K. = 0.006 7138 1Ri
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JRATE SN T A SR (4 BR 7 2k 5 BB i we 77, i
TR RS XA PR A 2
24 4ABFTKEITE

SRR T IR SO R H LA, BB, Hh st
SRR S AR S R, H b i 2448 S f B0
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Fig.6  Geographic extent of the Chahasu coal mining
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Fig.7 Typical vegetation characteristics in the Chahasu coal mine
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Table 6 Basic characteristics of overburden aquifers

w2 JEEEE /m WAEAL - s m™h BEZRE/(m - d7h)
U R (QIAHUZ WK B K2 0~46.32 — —
FEER TGS K ) B A AL . K &k 2 156.57~221.45 0.001 31~0.006 17 0.000 517~0.002 540
% R G HE NI WE SR 35.63~79.61 0.002 35~0.003 44 0.003 25~0.006 02

®7T BERELRT RKFEENITMIEHRRE

Table 7 Values of indicators for evaluating the potential of mining-affected water resources in the Chahasu coal mine

HED 2 E(EN Bty Ay A, Ay
R A R C, 1.40 3.00 2.68
BA AR R 50 EC, 15 4 7
KX EEMERB, 0.317 K2 S HB AR C, 1.0 0.3 0.5
BAR L 2Bk A, 80 100 95
W2 SR A C s 70 100 85
AR & K2R Co 20 80 57.62
HAREKZKALC, 15 75 60
KK SCHL T B, 0.215 FOKEB BT Cy 1x107° 1x1072 3x107°
Hb % 50 T K& MECy 60 100 80
Rk i 528 RBRFEC) 0.20 10.00 0.25
FRIEIZIZEC, 1.50 10.00 5.25
TERMEZ A C 60 0 1
WEIZTF R S4B, 0.468 FERMEZZEC 5 1 4 2
TEIRIFRIEAC 4 5 50 24
HZIFRTTAC 5 70 100 90
a+b
o =Ny (20) £9 EHAABSEIAHLER
=, i B IE B8 o AL B R KR, m; Table 9 Calculation results of total mining-affected
b WBEHCHE ) R, m. nater resourees
gty LRSI (6), 38 (7) i@ Bl ke TS 1 wm Rym Q0T 0J0TM-ah
%ﬂ%ﬁ]ﬁ%ﬁ;é\ﬂ, @Uﬁﬁ U\ﬁ/ﬁ%fﬁ(ﬁ%%@}ﬂ‘ 31301 1.06  739.35 957.52 61.86 74.23
BLER . BRSBTS T 8. £ 9, BIF 31303 1.10 1309.00 1527.17 103.77 124.52
ZRCEUE T L 10, SR BNk G 8 A — ] SR A 31305  1.12 143472 1652.89  113.00 135.60
AU 8 . 31307 1.12 1577.52 1795.69 123.49 148.19
i & 8 AN 8 mI 4, Bl & 45 = T K AR a3 hn, 31309 113 172325 194142 134.19 161.03
AP IE G R, SR 3 /K 5% 5 T (e P 4 31311 113 1827.78 204594 14186 170.23
BRI 2 ok XMk R 2= 3. 2= 31315 T 31313 114 193287 2151.04  149.58 179.50
PR T 9] R 58 58, R 87K BE R A 249k 187.73 07 m’s 31315 114 202635 224452 15644 187.73
TR R MGG, LB R SRR S RN
=8 KRTERBHETH J,0 WEAKEXESH F®10 BERHEUETTE
Table 8 Key parameters of the sandstone aquifer of the Table 10 Methodology of taking the value of the
Middle Jurassic Zhiluo Formation (J,2) correction factor
Kim - Y Hy/m M, /m 7 bla 0 0.2 0.4 0.6 0.8

0.004 29 333.09 54.27 1.20 n 1.00 1.12 1.14 1.16 1.18
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Fig.10 Distribution of vegetation types in chahasu coal mine
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Table 11 Area and percentage of vegetation types in the Chahasu coal mine

39°17'30"4k

~~d

>

109°57'30" %%

e ZERLN: i TR HEA M LS i) AR bagiih
B X T EVkm? 20.20 1.60 1.86 16.79 0.39 12.48
JR K T Y km 2.29 0 0 0.86 0 0.46
JigiE sl P-4 I LRSI [SL N oAby EINEF:i
B X i BYkm? 0.38 138.76 71.47 41.05 0.17 0.27
Je A km? 0 6.77 5.83 1.04 0 0
FEHEETY L FH b bEES SRR IR
B X T Ekm? 3.07 1.62 1.94 0.17
Jo B Bk 0.99 0 0 0.03

T WX AR A XL N AR TR, R AR RS B AR X N AR R OSSR R MRk N A S, 5% ~20% 1K
B EEHL, 20%~50% N BRI, 50%~100% A =78 5% 5 R,
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Table 12 Simplification of vegetation types in

Chahasu coal mine

kel AMH b BEAMOR 5
" DX T km? 20.20 0.39 1.86 251.28
SR ¥R A /km? 2.29 0 0 13.63

X 5 /% 6.47 0.13 0.59 80.49
JR R ik /% 12.54 0 0 74.66

®13 FEEHEBESEKREGRESTEKE
Table 13 Ecological water demand quota and ecological

water demand of different vegetation types

BB ESFRERm - m?)  ESEKE
EEpIS: 0.342 39.15
BibkH 0.330 0

A 0.315 0

HHh 0.336 68.70
Bt 107.85

R 14 AREERERM TRAIERRER RE
Table 14 Groundwater table depth and vegetation

coefficient for different vegetation types

EEiE S H R 7K m EEY
EEpS: 2.5 1.45
TS 4.0 1.00

A 3.5 1.29

Hijh 4.0 1.00

R15 AEEREBEKERERESEKE
Table 15 Diving evapotranspiration and ecological water

demand of different vegetation types

ik el K Bm® AT TTm?
EEWiN: 0.16 53.19
B 0.01 0.00
TEAM 0.04 0.00
T 0.01 16.79
=it 0.22 69.98

SRR FH KRB, SR shK B I AR 25 FH K L BT 0.4, )
AF 5 DX 38 AT FH T 2R AR 4 K 2 1 7K B U B D
142.59 J7 m’, 16 K T% X 4k = B A 9% 69.98 J7 m’ ()
AT KBS, IR T KT TR, o 4
FEIEIR TR 5 ISR ORAP DR I & S g Bt 2 A2k
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K Bl K GER ) ORA 55 1 R AR R R AR X T
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e HIEAE 28 K KT KB T 25T R IX 0,
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Sl I IEH K o QNETSCITR, A SO AR
T K R IE B AR X Sk AR L A K HLAf A
BRG RS R R MK G IR L, ALHE R AR L T K,
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TR R AR IR B AR, A S T IX
BT TR KRR B O, RS ITEM 8 IR,
RILLG AT K Wy IAnifE, #HOK &/ 50% 5
200% 43l 7 XK Fe AR A A TT K& W AR = AR
T IR Wonaes SR AR T F 42 548 52 10 7K 08 U5 R
O, SAERTKE W R ARSI IE R L
B AT~V Wk 16, H, T g FEmMpEK
PR EYIREERGIN . AR R G SRR R, TR
MR R AR RE RS . A S RS AR
BERAS; MR FAE A K Z ] AR VR R e 4
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Table 16 Environmental evaluation indicators

for surface ecology
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Table 17 Analysis of the effect of ecological evaluation in the study area of the Chahasu coal mine

Ay BB ER % 4% Mk
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BRI R XL 226 451 9.03
# 18 EREBRTHEXREBESENEMSE
Table 18 Basic parameters for ecological evaluation in the study area of the Chahasu coal mine
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Fig.11 Mine planning and design ideas and technical system based on the whole cycle of coal mining
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