$10% 455 W H oo O A Vol.10 No.5
2023 4 10 A GEOLOGICAL SURVEY OF CHINA Oct. 2023

doi; 10.19388/j. zgdzdc. 2023.05. 14

SRk SR ZBGR , RIS, %F. 2T AHP - TOPSIS J5 i i K 8 —Jg 1 B KM R HE £ 37 1 8 S ORI
HrlT]. A E R A ,2023,10(5) ; 118 —127. (Chai C H,Qin Y Q,Wang Z M, et al. Evaluation of ecological restoration effect of
large waste dump in Xuejiawan — Longkou open — pit coal mine based on AHP — TOPSIS method[ J ]. Geological Survey of China,
2023,10(5): 118 —127.)

55T AHP - TOPSIS J5 ik B R 275 —JE H g K
BER™ KA HE 37 4 1B = BOR AN

e 2RE AME, TER, TR, BFUME, F 0L, K A
(REMHFAER Y 8 RERESRERS, T4 B 065000)

P LB e 1R B R A SR I AN 2 B e 2 — o it — i HE R B R R
B P I AESE e G m IS, DLRE RIS — e B EE KB 5 DA RME R E ARG HE - B R 5800
S EBUE s AT 2 26 9 DTG IR, 18 12 R 43 7 (analytic hierarchy process , AHP) 15 Fl {45 i I B
(technique for order preference by similarity to an ideal solution, TOPSIS) A48 HE + 34 BB E B LZE S TEM AR, 1
FEREAFIFIATER GV . PR IXCHE L 9 S R itk 7 58 0 . AR R Tt R PR 2+ + POK IR + Dlmr g
T + ZAREAR s MR MR, + YPTHE + RORR + B8 + KB + 1522 . WRFE R, 1E0 1L AR S SRR Y
BATHr b 5 E e fE PP v, BESE At S Wil AR ZSE S ROR , AT R PN AR B R RCR IR IS 4

KR BRIR; H+; £58E; 6T
hESFES; S157.2 XHERARERES: A

0 3=

Wt e [l A 2R DR e S , R R R
RS4RI, hy 1 2 B ) 22 T i A 7 22, 3t
RIEA 1 R ESREZHEHA R T+
SR IRIR M R E Y RBOIR K R
R AR KL T BERITY L4245 0 2 — RIS
)R, A A L PR R R AR A B R AR . 20 (4
11, P77 Ak B GOM TR 10 I AR B S AR 5E T
Vi, JeIa il 7 A K R0 L 1 52 BTy i 1 3%
B FREX LUK 5 MR SR B SR A R
1,20 {2t 60 4FAQ, 3 A I 11 4 31 57 B 5
SO RN, BB L A S A B S R
%, 590 “EARL R T —EIIEL T

FURI, X T A B SRR AT IR 2R A1 25

Wi BEH: 2023 -02 -27; &{THHA: 2023 -08 -25,

XEHS: 2095 -8706(2023)05 - 0118 - 10

BV RYIT VRN 7 I A JE R A (analytic
hierarchy process, AHP ) gelit=nl s == g
PN ¥ B2 2 7 N B Tv0/s i1 S
25 fi PR 5 (technique for order preference by similarity
to an ideal solution, TOPSIS) 3545, AN 3K A AHP
55 TOPSIS #4545 1) J7 26w 58 IX #1725 5 1R
AHP & —Fiag B0 T 68 R0 S AY 22 0] D 5
Tiid, Al TR A, & TR = L H bR
GRS I B0 S TOPSIS 302 4 L 1 41 19
LAV O, REFE 0 R B B 15 2., &S
RAEKTHA D S A P T SR Z M B 220, P46
B T LA RO B 1L AR B8 5 ROCR 3R AT € P AN
FE LT, IR AT P . A SCLARE
FIE— g B0 B 88 KA HE 37 S F 7 %
%,k M AHP 5 TOPSIS #H%5 4 1 254 PEAN 7 12,
AR SR AR T2 B AR 2 AR T, P A R ME 2 3

EETHE : b E SR AR TR 2T RS R BRI 5 X AR S B R S A (45 . DD20208078) ™ Wi H BE )

F—EEEN:

SEIRNE(1992—) , 53, TARIN , M 1A= 58 52 SR A B BT 745 Y A . Email: chai7@ 126. com,

BIEEEE T R (1987—) 9 WP LRI, T2 BB S S £ K E M H 7 D5 T Y TAF . Email: qyq331851187

@ 163. com,



55 4

SESRIE, S5 JLT AHP - TOPSIS J7 ik URE SIS — g H s KM R L BB R AR - 119 -

ARG HEBRACR , B A0 1 & BA 0 A4
BBEEAT I, A LSRR S %

1 A5 KL

WFFE XA T NS SRR 2 30T i MEMS IR R 0
— R HEEEN . KRR TR, T8 T IR o 1
X, KR D, T P AR A R
[ 3 000 h DAL, AP435 6.2 ~8.7 o L
M B e G SRR 2 s B AL, el B Y
[ B ARIBURE, S MR ) e B VA AR IX B )2
AEAERTER PER=BRZNRD R PR
ERAVSEMAR ., —BR ZRANRY REMEE
| ST S AN R SR LD e ALYt 1= ol
S PR BEFE DX PN S BT HE R A A=
BB T B 3 25 TR A -5 A e
SR O ARUEA T 5 AR
e E SRR N G (1) .

BEBE e
HEBUR BT EENL) () JT TR
ZEES ©) kﬁ.)ﬁf ) Sy

ExAE JZT o0—

LESE

mivak

B

KMET V23
LHILT
Y AL
WA

E1 #IRXUETEE
Fig.1 Location of the study area
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Fig.2 Engineering measures for the waste dump
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Tab.1 Comprehensive evaluation system of ecological

restoration effect of the waste dump

b2 A WENIJZ B Jehi)z C
. B I C
GV B ’ !

8 B, BB C

NDVI G,

‘ EKIRE C,

- b 2 SRR AKE C,

422 AT - :
FaFER AAME B, BALEE C

AR EE G
THEpHE Cg
BEER Cy

H: NDVIRIH— (bR R, B R g K AWM EE SR
—, YL 4N Normalized Difference Vegetation Index .,

Gl 5 AL AU S B A LA, B - A 2
R NATIRAYI K £ty gl € L VAT 3 -R i E
R 2 RIS TE XA 1L 3 52 B 7 25 21

W TR R AB SR B A AT

Uit TREB ] %

LIRS S P B A HE KA

S ML I AL R B AR AR B A

FRF A B AR B A8 IR L2 2.
®2 B/WREEER

Tab.2 Repair costs for each sector

BTN HL MX TZY JZT WM
FL#E/(5C-m™3) 850 850 8.50 8.50 8.50
AL/ (GC - mT3)  2.26 2,26 2,26 2.26  2.26
mEL/ (6 -m?)  —  12.92 — — —
Lt/ (J6 - m™Y) 12,92 — 12.92 12.92 12.92
HeAKW/ (56 + m ™) —  289.29 — — —
WA/ (O - m™Y) 1,51 1.51 1.51  1.51
EARM/(IC - m2) 0.36  0.36  0.36  0.36  0.36
YHIbEL/ (J6 - m™2)  — 2.24 - - -
FeAM OG- ¥ — — —  20.36 20.36
BEAMHE/ G- D — 2.40 — 2.40 —

T " IR B

P B AR B A IR M I A 4R 5
TR TR, FE A HCE AT LA 3, A B
W RAZTIE . AT EGETT, B T BLAE 1 A
WREHATIHE . W ARSI AI5: 2 ~3 m i
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AT Mo 110 Jo/ 8k, ihis 4 a AT3E %] 2 ~
3 m [ R, X HLIRA PR PR AR OA 27,5 STt 5
V—RTAEIA I R 2 000 S/ B, B AR m® A
2305 HAE FEA—HEAFWA RN N 2 250 T/
B BUEAE m? WAL 3.37 J6. B BRI
AR T L (2 3) o
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Tab.3 Benefit — cost ratio for each sector

L e AR A YR O Vv A VA TR 2L €Vl € g El =

HL 25.55 3.37 0.1319
MX 315.57 6.37 0.020 2
TZY 25.55 3.37 0.1318
JzT 48.31 33.87 0.701 1
WM 45.91 30.87 0.672 4

(2) [EIBRAL A o AR A RGBSy S R ) 18] Bl
bR R PR O3, X LA BB A [ A R
BA I Az (9 11 B 25 4, 32 1 InVEST G fif i 31 5968
RIS B [ BRI B T 1 SR, SR 5 PR AT 1 B
TR A5y T 2958 2 B o e il A 2
AT e R A o IS DX [ B 4 /2 4545 InVEST
Boefift Y AR R AN [] - R IR LAY | A T
Yot A A LR R AR PR [ e A4 B
GV ETRaR AW

Comed = Caoe + Gty + €t + Gy (1)

BB = Copea X SHIRMTRL x BRARIL

LHE (2)
R e Ce WBBRAE /05 C,y,. bt E RS
fit Vhm's G, HE RIS E /b5 € A3
BfiftE v/ hm’ 5 C FIRAGIE AL, U/ hm s BRATRK
Lo i A R T inal CEA RIS F
Fyiirats, h 58.72 J0/t,

ZIRR 4 R an iH A A S LU AN
BRH GRS [ Bk i, an3R S FR

x4 BLHBHAXEBMBESH
Tab.4 Carbon storage parameters for each land cover type

ii‘lﬁ%?ﬁ*ﬂ Cabnve/ Cl)e]uw/ Cs(bil/ Cdead/ Calored/
T ) D hm ) hm ) (- hm2)

i 2.33 7.3 43.72 3.8 57.15
YN 3.37 7.48  44.36 4.47  59.68
T B 3 1.66 3.41  10.93 2.00 18.00
TR HEA MR 1.31 2.42 29.90 0.35  33.98

gEFE AN 7. 14 3.09  64.29  2.00 76.52

RS BWRE B E

Tab.5 Carbon sequestration benefits for each sector

TR R/’ EREESOT SRR E R 4/ T

HL 16.00 56 070.55 3504.40
MX 19.54 38 988.27 1995.30
TZY 57.01 191 316.89 3 355.84
JZT 28.78 129 315.86 4493.25
WM 1.50 4124.78 2 749.85

(3) NDVI . #8 # # w BE 2 45 FE o (R 3E i

25 B0 A b AT ) 2 B ARG AR e XS AR Y

ﬁﬁ’lﬁlﬁ[m o H—4bHE #% $5 % ( nomralized difference

vegeattion index, NDVI) , X FR 5 AL A8 9% 15 21, &

LA 7 R S B 1 v B DL L B 8 L) A

FEE AURBIFSE R F NDVI (B A A 1 2 55

1A B R E B A B 4 (The Environment for Visu-

alizing Tmages, ENVI) £l ¥ {5 B & 4 ( Arc Geo-

eraphic Information System, ArcGIS) X} 1% BG4 4T

IYHT ISR E 3 Rk 6, FEWE AN

(NDVI - NDVI_, )

' S (NDVL -NDVI) © O
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DX 35k P 5 KA /N NDVI A

NDVIi

I (0.0.02]
[ (02.0.4]
[ ](0.4,0.6]
I (0.6,0.8]
[ 0.8.1.0

3 MRRERERE

Fig.3 Vegetation coverage of the study area

Fz6 FiHNDVI{E
Tab.6 NDVI index of each sector

LRIRETEES HL MX TZY JZT WIM
NDVI{ 0.789 061 0.275 325 0.319 656 0.199 63 0.207 662

D1 i =666.6 m*>; @1 hm? =10 000m?,
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(4) FERORAS o AR IOIRZS F2 2R ARG S R 3
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RT FEEERKRRTFNER

Tab.7 Tree, shrub and grass growth evaluation grade

, BRIEE
1|
KA 1 11 11T
ok R >2 m, (L, 2] m, R <1 m,
T4 >5 em TA[2,5] em T4 <2 em

WA EE>0.8m EBE[0.3,0.8] m EJE <0.3 m
A EHEE>1Im 0.5, 1] m EJE <0.5m

(5) fkAR YL KSR RARSI

AR EEZ A —E G AR . AP ARERAE
e B Ao i, SRR ol - P Y CHLE IR
Plsi, 4K BRI A2 A S
ezl e BB SR Y R K A
AR, R WA S TR ) o L 2 A R D 2
X AR A — R IR T

(6) F R R MIBE KA 2 —2 R B
JREBE AN R BE S AN R Y SRR AR R I
B R REANR] A ROR A B 2 AP E—RE R

(AP R Wl BB AR R+
e RE IR BB R AR . HHEA LR R
APPSR S HIRTEA A (E4) .

GEEER T )

AHURE R/ kg
- (0.119, 0.399]
I (0.399,0.679]
[ ](0.679,0.959]
[ (1238, 1.518]
I (1518, 1.798]

pH{E

- (7.445,7.609]
[ (7:609, 7.774]
[ ](7.939,8.103]
[ 8103, 8.260]
I (8260, 8.433]
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Fig.4 Organic matter distribution (left) and pH distribution (right) in the study area

(8) - pH {H. £3% pH (A 0K 50 + SR
B JEE P S J3E 4 s (11 4) , pHAEL I R /N B3 B2 T
& LRIy LA | LSRR W B LA R A R
AP KT  HESBEA B RIE S

() BIZAFBR . Bl 1B 52 AR BRI, A g 2
EIHARRERIRE . KR B LR KB
A BRAFRE L3R 8

®8 HigtrHEE

Tab.8 Values of other indicators

— peTyE mye
giﬁ A% )?%E;/:m ﬁ(zﬂ"&i;i A pH 4[5;/ a
HL 0.120 0.5 0.645 7 8.132 3
MX 0.089 0.3 0.550 1 8.316 3
TZY 0.120 0.5 0.685 1 8.115 2
JZT 0.080 0.5 0.691 8 8.115 5
WM 0.110 0.5 0.550 1 7.445 3

[32]

2.3 NNEBHE
iz [fl AHP 35 JIKTBE WA F6 b5 10 BE ZE R, 1
SETEAIAE A IR . JERE A A SRR AR
HR A o FURRAE ) 8 WA N
AW =AW (4)

2 Wo=1 (5)
e A DA RE s A, O EREFIERR s W, D5 0
AMEPR AR
TESEFR A, — R AT AL TSR ARERTE] A,
WA 3T AL , B SE A A B 45 17 00 3K A R, 5 21
M, P985 M, JF 0 RJ7, A3 80 W, BP9 W, X W,
M- B W H — A b B 15 3] W, s 15
DO SN N

M, = Haik,(i,k—l,2,... ,n) , (6)
P
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W, =M, ,(i=12,..,n) |, (7)

W—W/Z W.,(i=1,2,...,n) , (8)

Ay = —2 (AW) Ji=12,...,0n) .(9)
Krpe M, Jgnim ot Wﬁ W, W38 W, 5
MEPRIALE 5 A, A ECRFHIER ; A SRR R ;
ay A M, AR s 0 PPN TR FRE AL

o S A TR R 1) — S B, 3 B R Y
S KAFAEAR Y 7 15 ofe Al it — N P 1) — BOPEF8 i
it Cp Ko, 51 ABEHL
—FPEFEFR (random index, RT) , & L —F 1 b %
M €. =C/R, <0.1 B}
o MR UEAIE LT,

( consistency index,CI)

( consistent ratio, CR) ,

i, FA TN Ay w173 5

DIIJ%%E%‘)?*’JJ‘EXT PR
AL IR Z I TIERA E A TR R, S5 2R L
RO—K 12,
*9 HIREA-BHMEFERNERYER
Tab.9 Target layer A — B judgment matrix and weight

coefficient results

B, B, PEEY — S
B, 1 1/4 0.20 A, =2.0
B, 4 1 0.80 Cy=0<0.1 35t

F10 HENZE B, - C HEFERINERHER
Tab.10 Criteria layer B, — C judgment matrix and

weight coefficient results

¢ G RERE  —BERE
& 1 173 0.25 Ay =2.0
G 3 1 0.75  Cyx=0<0.1nf

Fx11 AENE B, -CHEEMRRNERBLER
Tab.11 Criterion layer B, — C judgment matrix and weight coefficient results
G C, G Cs & Cy G &Y — kR g
C, 1 1 5 1 5 3 4 0.260 2
C, 1 1 2 3 2 1 5 0.2233
Cs 1/5 172 1 1 3 1/3 1 0.086 2
N =7.797 1
Cq 1 1/3 1 1 3 3 2 0.167 7 Cy =0.097 7 <0.1 it
C, 1/5 172 1/3 1/3 1 1/4 1/3 0.045 4
Cq 1/3 1 3 1/3 4 1 3 0.148 8
C, 1/4 1/5 1 1/2 3 1/3 1 0.068 5

*12 HEGNERZLER
Tab.12 Finally determined weight for each indicator

Eizk) ¢ G G ¢,

Gs Cs G Gy G

e 0.05 0.15 0.208 2 0.178 6

0.054 8

0.068 9 0.134 2 0.036 3 0.119

2.4 TOPSIS # 4 Fix

5T RIS FEAR VAN b i S A AR R R AR (E 1Y
T BUAEE , T — PN ARk 5 B R (B A B/ ME
AR RS, 753t PR BRI #5000 SRS, XA PR
HRERFEAT 423 HE R, 45 PP 45 28, DT 40 W A 9
BEEBCRIIFR . AP IR

(D) FEARIE AL o B EBOE R 45 e IE 4L,
AW

1
yi:f o

(10)
ey, IHARARIE AR s« I PE R bR B

(2) briEALAb B o O PRAUESS R 1) % WL, 75 22
Xt UG RE AT AR MEA AL BE, 2250

y = — o(11)

ey FAEARRER R 5 o PRI HEAR s o
(3) I FORE R/ ME . A n DN XS
25 m DM EAR (B2 IE AL ) 4R bR AL P
WA RRE Z, Horp Z,, AR n DI X R A9 5
m MEVRE. ARME MR/ MR R SE 2
TE AL B AR e 2 5 HE 45 21 i e 0 A 8 25 21
VAW
le le e 7
ZZI ZZZ

1m

V4
Z = " (12)

Z, Z, - Z,
s Z i A T REL R
Sl ERRIE Z " M/ ME Z7 , A
Z+= (ZY’Z;’ m’) - (maX%ZII’ZZI’ "Zn,%,
max%Z,z,Zzz,...an} yoo.,max{Z, ,Z

Ims*2mos* *
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Z 1) (13) F13 TEHERHR
Z =(Z .Z; Z°,) = (minl|Z, ,Z Z. ! Tab.13 Ranking of evaluation results
- 1 952 90 ¢ sy - 11 25421 »° + nl ) o
min{Z,,Zy oo Z ol yeo . min{Z, Z, ... ik D by S BGEER
HL 0.168 0.242 0.590 1
Z,) o (14) MX 0.267 0.103 0.279 5
et 27 JFHE AN 2 M ™Yo 0216 08 047 3
s o - - —— jzr 0.253 0.153 0.377 4
(OIFEOH L SRAMERMBNMIOER ., 0 0 o css

RV (I PHAEL i A B 25 AR o AN [RD PR 0 2 5 B
KRAE Z™ Fde/MEL Z ™ 22 18] 1) fi R B 8 ) /D B
PAw IS AN VAN W

D; :Jﬁﬂlj -Z)(i=12,...,n) |,
. (15)

D; :\/iwj(zj' -Z)(i=12,...,n)
. (16)
A W, 08 ) MERACE: D iRt

fifts D7 s BRARSE
(5)135rit5 . 4G TOPSIS #3153 5 i Kbk
B D MG S, S, M T 1, W 5
Fobisr, S AN
S, = 7D"7 "
D: + D,
b S, W&, D AR, D Fix
2 HA S

0 (17)

3 HAETFNERE N
3.1 FEMER

i it TOPSIS A FHEE Fi AR G 1HE 1%
PEATERE VR FOHE T, HE P 45 5 b s 2K 530 R
HL \WIM TZY JZT MX (£ 13) . #EMRRRML(S)
PR AR 2 05 B A AR (45) AR X I AN ]
T AR K 3 HEA 55— 1 HL YRR 4845 Al
BRI Bk R s AR AR AR HEA A
T WIM PEA AR bR b A KRB R IR £ 4
pH (B Ry S U FRAR i s HER S =10 TZY PN dadrh
A AR Ry S L BRAR 5 HE4 265 70 1 JZT PEMr R
WAk a5 9% FH L IR AR 4R 7 TR o B 4 PRARL
HEA 5 1 MX PP A5 sl i 9 T bE L TR 3k 2
38 pH i 0 e sy BEAR MR, Sk EH LR AL
J 5 SOR T e % BRAR AR

3.2 ZROMW

HRIGPPA 2528 , X HER SERT A EAR 45 A e itk
it

(DHLHARA G AR FIEEE AT HE £
Dm0+ BRI + K
It + SRR BOR AR ROV TIE + FERR . %
BRER G VFI G50 0.59  HEZ 2 — . BliA Kk
Bz 285t Z4F TRE R, R R E , Bt
THUREE, H HAEV 6 F R AR AR, A%
MGBET 1 m K5 RS T —%E R P7RE 1
PRIV o 1B SRS FE A, J5E 2 JE A
WA R IR B, BROK AR R, Rl 1 e 4 A
PP F K A B PR AR WA B o AR R
R VDT IE AR R AE SRR I 25 P R REAE K
HOARST 38 I RE 7 5, 38 B B SRRl ad
NVDI A ] LI AR A VD FTIE | B AR R A o
JGHE AU, A ROIR ARG, 8 BI ft AE PF A Al B
HEAERTS, o] LIRS SE X 5 RIT R MR HE L 518
RGP

(2)WIM HRH 5o R T B o B
HEA A0, 2 O 7B s + BRI +
PR + Fr R RO B, AR T T2 2O b + 4
B+ B + 0K+ BT ARIRER SR A0
790.468  HEA 5 . TREEIE O 3PS A
TSP K B, 7 Bl L A ah AL, By Lk AT
AT DL R RIE R T 65 X g 207 00
Feri i) HE 38 a7 A AR CHE AR
BIERARERIR RE D ECR 6 LS
OKEL B AR, AR R AL B AR FEVEAY
RN, AR RS R PP AR R b el AR 18 525K
R (EARHE

(3)TZY FiARA A o AR T T 7R HE
TR, B R + KR + S
IV BRI B + FORRR . AR & A
13930 0.407 HEA S = SiaBUAMARE %M
REGK BB GARBY- G, KA — 21k, &



55 4

SOSRIE, 5. JET AHP - TOPSIS J7 ik URES S — g H B ER KM RIUHE BB R AR - 125 -

VOB BEHER BN , A TRIM AR o AP AITAE
BB i BRI B R BORIRZ

(DJZT FARAE o AL T IE AR HE
LRI, F2 A R L + PR I +
THRETE ML R T O A + AR + VDR + 2B
T o ZHBOREEAIEN 1300 0. 377, HEZ SR Y. %
M B E I R i e o, 8 D S B, LA
R FORZS AL, AT A R AR 4115 75 2

(S)MX ARG o BN TSEREBER HE L
Syra i, F2 2 P BB A + POK I + 35 R
B+ UHITD KR + P LKA AR B il +
Fifg + UATHE . RBOREE G 13900 0. 279 HF
AL PARPUAE R, 25T e il 2553
YA R AR, R o B — B, Bk
A 1, AR C B AT LA T SRR ) L 5], 39 56 A
Yy BRSO , it — R THA B SRR

4 ik

HL M e ) AR AR AR B R 9 ILAR A 36, 5
IR PR B AR 207 5 T B A AT
M o A% BORGE T4 B A g2 63 2], Tl
R, M TR0 o ARSI TR e 43 0 25 e L Tt 5 19
HW), I HAE X LE ST EAR ) o 245 [ e iE 77 44
SR AR AL, B0 T B 38

WIM A e e 5 77 F B RR AR AR 2, X 22 )2 0K
Z WA TT AT LA Rl A B et IR T IR A R
& RN 80 M e i 2 8], DRAp g 8 22 Tk
FEPR o PRGSO AL S AR E L, O 7 A
R AR A G B R A 205 Bl
NS HE £ S bk 5 B0 5 5 B0 HE - S Ak
M ), (ELR AR 2 5 I A PR, AR B 3K
Rt

A HM LT R TR, S S s B R
A o AR B B, R U A, R &
Drid B A A A RERS B B B HE

AU S R A AR — RE A SR
W 1 2 AR BRI I, 3P A PR 238
Wi gk o FFH., HE I G o 2 K sl 7K £
KGR, BRI RSN Rk . AR
P AU BB VD i A fi] B 14 TR 1, 3
FEHMHE KA S5 HE RS i o

AHP 55 TOPSIS FH&5 5 Y7514 BEMS SN2 WLt 18

HTAT I LI S 5 B A A 25 A — 5
5 #ib

(DAEBBEMRR-NERN ZZHEL
M) PR X4, AR SR A AHP 35 1 TOPSIS 74 1 e ¢
PO T3 AR 45 0, BENS L % 0Lt 3ot 4 1 34
BB ORI T B, 7T A R T I AR SR
ARV I i 52

(2) i1t TOPSIS (LS BILEA PN e 2 25 5 %t
SAHEE B E B S AT HEY : HEA
—I HL 0 HE £ 3 R A& 5 WM 1550k
0.59, FERIBAG R U FTHE + FOR R HEA 5 —
(1) WIM FiAR A G LE A TIN50 0. 468, BB
FERE R AN + MIRE + B8 + VKR + 2552 HEA
B TZY FARMA G LATEM S50k 0,407, F %2
FEREAE R R F A + SRR . 3l 2 6 HE 44 B = i B
RY AT, X H BT A8 RSB R
BRI Ry TR R P8 £+ Pk
HE + PEHEIE + RO SRR R s A B e mT DA 3
FHURARS + 0B + VDHTHE + BOKFR + B A5 + UKE +
EAUFE o T VR R A R A% HE 3 R R A
B ECRAF IR DI AR 8 25 BRI 7 4 I 11
1B X

(3) tEHE LB A HE R R R A 4L
SRR AR S 8EG , Gt R Y8 | A
MBI R PR 2T A A5 25 WU A R AR, X
PEREEASIRBE K S A B S, v oy R T
VERRGES %, (HR S A 58 R ORI R+ AT R
AEAE A Ty T, SCHP AR B A C R AR R B
A Je A BT DL ST — AN IS IR R

S 2% Lk ( References) :

(U] Tk, Bkt AR 5, 45, 8% ML i -+ 7 20 R 4 AL
AE BB RE T [ T]. £ 25% 32,2021 ,41 (14) :5764 -
5774.
Zhang L,Lu Z H,Tang S Y, et al. Slope vegetation characteristics
and community stability at different restoration years of open — pit

coal mine waste dump[ J]. Acta Ecologica Sinica,2021,41(14) .

5764 - ST74.
(2] BURAR, A T). SRAMEE S0 YT IR S i 1) SR B Hm] 45 5

RJE——Lh L VGRS R M B g 8 [T ] v/ il 8 3
SR AT 2019(8) 556 - 57,
Yan J D,Li Y. Present situation of the influence of coal mining ac-

tivities on land resources and its sustainable development: Taking



- 126 -

hoE

it i

EER 2023 4F

[11]

Dongqu coal mine of Shanxi coking coal group as an example[ ] ].
Management & Technology of SME,2019(8) :56 —57.

VRBL OT I BTCH KA AR SO IR BEOTFE[ D], Rl 42
JEFET. R ,2020.

Tang Y S. Study on Ecological Restoration and Management of
Mine Geological Disaster Area[ D]. Tangshan; North China Uni-
versity of Science and Technology,2020.
AR, AR I, 0T B4, 55 InSAR HORFNZ U SR R4S
BRI IR U [ )], i BURE 4, 2022, 41 (2) 1 187 -
196.

Dong J H,Niu R Q,Qi M R, et al. Identification of geological haz-
ards based on the combination of InSAR technology and disaster
background indicators [ J ]. Bulletin of Geological Science and
Technology ,2022,41(2) ;187 —196.

EW, PRk JEET. 8 R 5 B o A ) 22 e oy F 52
BERELT]. P EB I ,2017,26(S1) 148 - 153.

Wang Y Y,Zhao Z Q, Yuan Y. Research progress on biodiversity
response in reclamation of open coal mines [ J]. China Mining
Magazine ,2017 ,26(S1) ;148 — 153.

EGEZR , TR 25, Sk A, 25 BT SR s B i B 5 Jm 0 1l Ml 5
WA S L 2 BIGPERIGEL T A (48,2021 (5)
186 — 187.

Tan X D,Zhang Z Z,Zhang L F et al. Geological environment pro-
tection and land reclamation measures of a metal mine in Habahe
County, Xinjiang [ J ]. World Nonferrous Metals, 2021 (5):186 —
187.

ZELeAE. LR R R S AR AR i S A
JE bl R, 2014,

Li X Y. The Ecological Efficiency Analysis and Evaluation of Rev-

D] f

egetation in Iron Tailings in Tangshan[ D ]. Baoding: Hebei Agri-
cultural University,2014.

ZEME . T I AMLAE BA HE - () 37 <7 b X 9 =5 B 52 )
B[ D]. JLat  deatpfolk e, 2020.

Li P F. Influence Study of Sites on Vegetation Coverage in Dumps
and Gangue Fields Based on UAV Remote Sensing Techno-
logy[ D]. Beijing: Beijing Forestry University,2020.

KT, 15385 7R - (FF) 59 2k 45 45 5 BESX LEA V400 BF
FEI D] At bl R, 2020.

Zhang X. Study on LFA Evaluation of Ecological Restoration Mod-
els of Wuhai and Lingwu Disposal ( waste) Fields[ D]. Beijing:
Beijing Forestry University,2020.

EERRTR , X S KA DALY PP ) 3 28 2 DR I PP o i ——
VAR 2R DX g B [0 ] BB} 2 4 AR, 2022, 50 (1) 2293 -
302.

Bi Y L,Liu T. Time series analysis of multi — source data of coor-
dinated evolution of vegetation in open — pit mining area: Taking
Jungar Mining Area as an example[ J ]. Coal Science and Technol-
0gy,2022,50(1) :293 -302.

R By, ARt S S IRV RS IR IR A 5
RN S SO R T BB XA LT ] PR BOE R,
2020,39(6) ;121 —130.

Li X,Yin K L, Chen B D, et al. Evaluation of susceptibility to

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

karst collapse on both sides of the Yangtze River in Baishazhou,
Wuhan and preventive measures in the process of metro construc-
tion[ J]. Bulletin of Geological Science and Technology, 2020,
39(6) .121 - 130.

B R FETZ AT 0 IR PPN 7 i
R AEILT] . E B HE R, 2020,32(1) 148 — 153,

Zhao Y L. Study and application of analytic hierarchy process of

DLt

mine geological environment: A case study of Hainan Island[]].
Remote Sensing for Land & Resources,2020,32(1) :148 —153.
T BT R SRS, 4. JE T AHP — TOPSIS Fe {414 I
R 5 £ AR S B TR [T 1. o B 4l Al 2022,
20(3):94 -101.

Ding H H,Lai N J,Deng L. H, et al. Ecological sensitivity evalua-
tion of Minhou county based on AHP — TOPSIS optimal combina-
tion weighting [ J |. Journal of Chinese Urban Forestry, 2022,
20(3):94 -101.

Toebe M,Machado L. N, Tartaglia F L, et al. Sample size for estima-
ting mean and coefficient of variation in species of crotalarias[J].
Anais da Academia Brasileira de Ciéncias,90(2) ;1705 —1715.
Ayyoub H N,Khoo M B C,Saha S, et al. Multivariate coefficient of
variation charts with measurement errors[ J]. Computers & Indus-
trial Engineering,2020,147:106633.

Alaee N H,Mozafari A, Mirzaece M, et al. Fuzzy evaluation method
for the identification of subsidence susceptibility in an under-
ground mine ( case study in Tabas coal mine of Iran) [ J]. Natural
Hazards,2019,99(2) 797 - 806.

Xing Y H, Li S, Liao J J, et al. Suitability evaluation of rural
tourism based on AHP and fuzzy evaluation method[ J]. IOP Con-
ference Series ; Earth and Environmental Science,2019,267(3) :
032007.

Cui X L. Coal mine flood risk analysis based on fuzzy evaluation
method[ J]. Journal of Physics Conference Series,2018,1176(4) .
042095.

Cui X L. Coal mine flood risk analysis based on fuzzy evaluation
method[ J]. Journal of Physics Conference Series,2018,1176(4) .
042095.

Xia P,Ying C Y. Research on the stability evaluation method of
anchored slopes based on group decision making and matter ele-
ment analysis[ J]. Scientific Reports,2021,11(1) :16588.

Xie X F,Pu L J. Assessment of urban ecosystem health based on
matter element analysis:a case study of 13 cities in Jiangsu prov-
ince, China[ J ]. International Journal of Environmental Research
and Public Health,2017,14(8) :940.

Wang Y S, Anderson N, Torgashov E. Selection of geophysical
methods based on matter — element analysis with analytic hierarchy
process| J]. Exploration Geophysics,2021,52(6) ;669 —679.
T, BT, R R B R A VR A A IS
AN T]. TR 5544 ,2016,16(6) :360 - 365.

Ji G B,Liang L, Zhao Y. Evaluation for the ecological adaptability
of the mixed vegetation group of highway slopes[ J]. Journal of
Safety and Environment,2016,16(6) :360 —365.

B, IR B R, S5 FE TR YO T I T L B



55 4 SOURIE,SF . JLT AHP - TOPSIS Jiik I RER S — g HAREE M0 KIHE + 9 SRR - 127 -

BRI A M8 AL BOR WM S LT ] E 7, 2022, BREAEE KRR —— LA AR - B S i [T ] [ 4 B R
31(4) .80 -85. J%,2021,33(1) :183 -190.
Zhao ] Z.,Zhang 7Z. C,Li Y C,et al. Evaluation of ecological resto- Gao J H,Liu S S, Yang J Z, et al. Gray correlation evaluation of
ration and greening effect of mine high and steep rock slope based geological environment in the open — pit coal mine concentration
on analytic hierarchy process[ J]. China Mining Magazine 2022, area based on remote sensing: A case study of Zhungeer Coal-
31(4) .80 -85. field[ J ]. Remote Sensing for Land & Resources,2021,33(1) .
[25] ik, 2k, AL, 55 3 TR AR S48 R 5 B A i 183 - 190.
R XA BB ZHORIAG[T]. P EB,2022,31(4) .54 - [30] 29, =507 X, 45 B T A R G55 14 LU Kbk H i
61. B SRE B —— DA RAT L XS I X O B [T ] A=
Han L,LI Y F,Wu C Y, et al. Evaluation of ecological restoration 25241 ,2019,39(23) ;8806 — 8816.
effect in Baorixile Open — pit Mine Area based on remote sensing ec- Li X,Wu K N,Liu Y N,et al. Ecological protection and restora-
ological index[ J]. China Mining Magazine ,2022,31(4) :54 —61. tion of mountains — rivers — forests — farmlands — lakes — grass-
[26] & K. SR HE L A IR A Bl 2 3 it %o 31k Thi K 3% 2% lands based on ecosystem services: Taking Heshan section of
AURZI [ D). PERIT AR . N Sk ol K2, 2021 Southern Taihang as an example [ J ]. Acta Ecologica Sinica,
Dong F Y. Influence of Different Vegetation Restoration Measures 2019,39(23) .8806 —8816.
on Soil and Water Loss on Slope of Open — pit Mine Dump[ D ]. [31] Bl kT, OUREE, % I ESHEBEWRIGES
Hohhot ; Inner Mongolia Agricultural University,2021. AT 23 Hr——3£ F VOSviewer I CiteSpace fit) < K415 7] #1 1k
[27] ‘B RAS R KM HE 13 - e oK PERE A IR 23 2 BT WHFELT]. #2018 ,37 (12) :2144 - 2153,
32 D]. b AT R F,2021. Gao Y F,Xu Y N,Zhu Y X, et al. An analysis of the hotspot and
Gong H Y. Study on Soil Water Holding Capacity and Nutrient Im- frontier of mine eco — environment restoration based on big data
provement of Dumping Site in Open Pit Coal Mine of Heidaigou[ D]. visualization of VOSviewer and CiteSpace[ J]. Geological Bulletin
Shanghai ; East China Normal University,2021. of China,2018,37(12) ;2144 -2153.
(28] #ML. 0" KOMIF L E 518 2 S HR M EIFN [ D). B [32] Uk, BB 1 E LA PLESIE % [ EB/OL]. (2021 -
VLPE B T /2% ,2009. 04 - 19). https://data. tpdec. ac. en/en/data/8ba0a731 — 5b0b —
Yang F. Ecological Restoration and Environmental Value Evalua- 4e2f —8h95 —8b29c¢c3c0f3a/.
tion of Dump Outside Mining Area[ D ]. Ganzhou Jiangxi Univer- Dai Y J, Shangguan W. Dataset of soil properties for land surface
sity of Science and Technology,2009. modeling over China[ EB/OL]. (2021 —04 - 19). https://data. tp-
[29] wfRAe, X, A drh, 5. 56 T8 I 04 8 K 4R b X b de. ac. en/en/ data/8ba0a731 —5h0b —4e2f - 895 - 8h29cc3c0M3a/ .

Evaluation of ecological restoration effect of large waste dump in Xuejiawan —
Longkou open — pit coal mine based on AHP — TOPSIS method

CHAI Chenhui, QIN Yueqiang, WANG Zhimin, SUN Yufei, LI Pengwei, XIN Kai, ZHANG Xin
(Langfang Center for General Survey of Natural Resources, China Geological Survey, Hebei Langfang 065000, China)

Abstract; Waste dump restoration is one of the key points restricting the breakthrough progress of mine ecological
restoration. In order to further optimize the technical combination of waste dump ecological restoration, and sup-
port mine ecological restoration and green mine construction, the authors in this paper chose 5 waste dump sectors
with different restoration technologies as the study case. Nine evaluation indexes in the categories of ecological
benefit and economic benefit were selected and AHP and TOPSIS methods were used to construct a comprehensive
evaluation system and determine the final weight and conduct comprehensive evaluation. The results showed that
the optimal solution for waste dump restoration in the study area was using the engineering measures as flat soil
covering + water retaining cofferdam + slope shaping + strip seeding technology, and the vegetation measures
as willow + cladawang + grass luteus + alfalfa + ice grass + laomangmai. During the process of mine ecologi-
cal restoration effect evaluation, using the qualitative and quantitative evaluation methods could better reflect the
ecological restoration effect and provide support for the scientific evaluation of ecological restoration effect.

Keywords: open — pit working; waste dump; ecological restoration; comprehensive evaluation
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