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Near-natural ecological restoration in open-pit mine area

LEI Shaogang, XIA Jianan, BIAN Zhengfu, CHENG Wei

(Engineering Research Center of Ministry of Education for Mine Ecological Restoration, China University of Mining & Technology, Xuzhou 221116,
China)
Abstract: Ecological restoration in open-pit mining areas faces some problems such as low self-sustaining capacity and
high maintenance costs, especially obvious mining traces after restoration. It is urgent to coordinate the relationship
between artificial restoration and natural restoration, upgrade and develop traditional ecological restoration models, and
promote harmonious coexistence between humans and nature in open-pit mining areas. () Based on long-term theoretical
research and practical experience, this article proposes the necessity, theoretical connotation, and technical framework of

near-natural ecological restoration in open-pit mining areas. Near-natural mining ecological restoration is a restoration
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model that refers to the local natural landforms, hydrology, soil, vegetation, landscape and their evolution laws, so that the
repaired mining patches reach a structural and functional state similar to the surrounding natural ecosystem, and integrate
with the surrounding natural landforms, water systems, and landscape. It is an upgrade to the traditional ecological restora-
tion model, approaching the ideal state of “mining without trace”. (2) Near-natural ecological restoration is an important
component of ecological design in open-pit mines, and its technical aspects mainly include learning from ecosystems, re-
shaping near-natural landforms, hydrological connection and regulation, reconstruction of active soil layers, vegetation re-
construction and diversity recombination, etc. Ecosystem learning can provide restoration objectives and parameters for
subsequent restoration processes. The reshaping of near-natural landforms is the core and foundation of near-natural ecolo-
gical restoration, including the reshaping of near-natural landforms throughout the entire life cycle of the inner dumping
site, the reshaping of near-natural landforms of the outer dumping site, and the collaborative reshaping of adjacent natural
problem landforms. The hydrological connection and regulation need to solve the optimization layout of river channels,
the connection of upstream and downstream water systems in mining areas, and the regulation of using storage to replace
runoff. The reconstruction of active soil layers in mines includes the physical structure reorganization of mining soil, the
reconstruction of microbial and nutrient cycling processes, and other related contents. Vegetation reconstruction and di-
versity recombination include near-natural plant communities and diversity configuration, as well as near-natural plant
spatial layout. (3 Practical analysis shows that the near-natural ecological restoration of open-pit mines helps to reduce soil
erosion, improve geomorphic stability, enhance the self-sustaining ability of the reconstructed ecosystem, promote seam-

less mining in open-pit mining areas, and harmonious coexistence between humans and nature.
Key words: open pit mining; mining ecology; ecological design; natural restoration; landscape reshaping
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Fig.1 Illustration of the landscape ecological problems of the in-
ner dump with insufficient ecological design (left) and erosion

caused by the plants on the slope (right)
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Fig.2 Technical framework diagram of near-natural ecological

restoration of open-pit mine
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Fig.3 Near-natural slope remodeling effect of the outer dump of an open-pit coal mine in Baorixile
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4 % iE

=

B KRB DX P S TIRIE W 2, 554 A 2R
FEHIA IRIC, SN | Rl BE AR, R 5 S 2
RIS RGRRENEZE, AAERHES . X 28 A A fig
He—J7 T ZEIT R WSk S AT 42 ], P e 8 K A
F—R—H-EFE T ZOA W SRR, Mlr iRy 2
A i JE I AR A A BT, DU T R IR 4% 5 18
Wi A AR A A B A5 55— T I, V& S ER R sh S B A,
BT AARIE SRR R Fbr ., BRI i, B
5 ML A, MO A K SO RS AR
S A RIBHE

BRI AR A BB EBXEXEGEAETBRE
PTG e, T i 8] 5 B S 25 A SRy, BEORAE I
[]_E 2% 4 A i A 4 ) A S LR, A2 ) B 2R
F =R HE-E A B AT Ry, FET X RS B R 1
2, AT AW BBV B E AR A . K
KF, TR IXIE AR A R T A
R GHITRE N, WD A S R AP R, e Al
SO ARSI HLELS, SCBLERRE X R TR,
6 NS BRI A 1 B

TE GRS SCTE BRI T, EH R R
BB St A A A B, R AR AESIBE R I A TR R
O AR SAC BT 3R S EU S N A, RGP nsR xS

S MR R G S IRHES B U7 i, LR A SR
AR BRI &, S A AR A SR AR
VAN T, JE AT S Al A A R AR X, I 1) H A
KA EERA | H TR MM T R TR B 2 X
7 i, U ZRRATY Bl AR ABAE
Al 5 A AT EUE BEERT], AN LR E, 4T
B KA AT SO R XA AR IB R K
HEZBWE, WA BUOR EORREEE R XL A
RABMBAZ, SEIEE RO IX R TOIR” , B “SEmy
R H S

2% X #k (References):

(1] 2, ABRHE, Bk, o [ 88 SR i & R B 0], M TRE,
2014, 46(10): 11-14.
TIAN Hui, CAI Qingxiang, ZHEN Xuan. Development prospects of
surface coal mining industry in China[J]. Coal Engineering, 2014,
46(10): 11-14.

2] BT, F PRk 8 R DARRR R T AR FE (], P L,
2019, 28(6): 89-93.
YANG Boyu, BAI Zhongke. Research on the low-carbon land use in
opencast coal mine area[J]. China Mining Magazine, 2019, 28(6):
89-93.

B] &t FARRFORBIEE KM AR IT R 5 L SR KA
). RO 522 TRER, 2023, 40(5): 905-915.
LI Quansheng. Key technologies for damage reduction mining and

ecological restoration of large-scale open pit coal mines in grassland



55 4 3]

WIS B R GE AR B R

2029

(4]

[3]

(6]

(7]

(8]

[

[10]

(1]

[12]

[13]

area of eastern Inner Mongolia[J]. Journal of Mining & Safety Engin-
eering, 2023, 40(5): 905-915.

Wi, RO, JAACR], 25, R 88 M R B AR LR
(7. ﬁﬁfzﬂ%&ﬂc, 2019, 47(10): 24-35.
LI Haodang, SHE Changchao, ZHOU Yongli, et al. Summary and

LY

prospect of open-pit coal mining technology in China[J]. Coal Sci-
ence and Technology, 2019, 47(10): 24-35.

ERRE, A PR, XA, i R i BUIR S i ). P
Wlk, 2014, 23(7): 83-87.

WANG Shaohui, CAI Qingxiang, LIU Fuming. Development status
and suggestions of open-cut mining technology in China[J]. China
Mining Magazine, 2014, 23(7): 83—87.

NG, M, e 1T, A& HNAMTILRREE K IG5 25 A R
I HEIR[I]. A (48 TR, 2022, 12(4): 131-139.

YUAN lJiagiao, BAI Shaojun, BI Yunxiao, et al. Research progress of
acid mine drainage treatment and resourece comprehensive utiliza-
tion at home and abroad[J]. Nonferrous Metals Engineering, 2022,
12(4): 131-139.
FR R, B, T X g B’
£ T4, 2001(9): 49-52.

BAI Zhongke, ZHAO Jingkui. Land reclamation, ecological recon-

ST SR ). B

struction and sustainable development in industrial and mining
areas[J]. Science & Technology Review, 2001(9): 49-52.
CARNEIRO BRANDAO PEREIRA T, BATISTA DOS SANTOS K,
LAUTERT-DUTRA W, et al. Acid mine drainage (AMD) treatment
by neutralization: Evaluation of physical-chemical performance and
ecotoxicological effects on zebrafish (Danio rerio) development[J].
Chemosphere, 2020, 253: 126665.
ZHOU Z, CHEN Z, PAN H, et al. Cadmium contamination in soils
and crops in four mining areas, China[J]. Journal of Geochemical Ex-
ploration, 2018, 192: 72—84.
B, A, ERLL, S SR MR TR R A AR B A
FRIGSREIINT——LAED, B, BRI R0, SR ROR,
2022, 50(5): 271-280.
ZHAO Yuguo, JI Li, DONG Jihong, et al. Analysis of index system
and state of ecological storage of typical large open-pit mines in
Eastern Inner Mongolia: Taking Baorixile, Yinmin and Shengli No. 1
open-pit coal mine as examples[J]. Coal Science and Technology,
2022, 50(5): 271-280.
By, SRHESC, SRALOF, 4 SRR R RAE Y SRR
SFIRERTFHERL]. R HURAHR, 2015, 46(8): 72-82.
HUANG Yuanfang, ZHANG Shiwen, ZHANG Liping, et al. Re-
search progress on conservation and restoration of biodiversity in
land reclamation of opencast coal mine[J]. Transactions of the
Chinese Society for Agricultural Machinery, 2015, 46(8): 72—82.
FE1 95 Bt 1 45 I O T BID A AT ik i R DR TLAR = AR AT 3 iRl e
[]. A BN [ 55 B 24 412, 2018(20): 40-52.
State Department. Circular of the State Council on printing and issu-
ing the three-year action plan for fighting to win the battle against
air pollution[J]. Gazette of the State Council of the People's Repub-
lic of China, 2018(20): 40—-52.
WIER, BN, T, A SO R T B A A BT,
i 44, 2023(11): 4-8.

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

BAI Zhengfu, LEI Shaogang, WANG Nan. The ecological restora-
tion model
civilization[J]. China Land, 2023(11): 4-8.

AL B DR I P HE 330 SR A AT 5T [D]. M
LR, 2019,

CHEN Hang. Research on near-natural landform reshaping simula-

of mines under the background of ecological

tion of inner dump of the open-pit coal mine in grassland areas [D].

Xuzhou: China University of Mining and Technology, 2019.

B, T, XA, S AR A MK DFIHE R[] 1Al R

%, 2017, 38(5): 18-22.

HE Li, BIN Jian, DENG Dongzhou, et al. Review on progress in ve-

getation close-to-nature recovery[J]. Journal of Sichuan Forestry

Science and Technology, 2017, 38(5): 18—22.

TH, AR, XHERE, S PSR R A X R R R b

R B AR TR (). AL J7 P 25, 2022(22): 132-138.

NING Lu, CUI Xiangxin, LIU Yanping, et al. Research progress on

soil ersion mechanism and contral technology of open-pit mine in

typical steppe region of Inner Mongolia[J]. Northern Horticulture,

2022(22): 132—-138.
B SR AT

11-05(07).

FGIE H AR [N]. 6 H 4, 2022—

NICOLAU J M. Trends in relief design and construction in open-
cast mining reclamation[J]. Land Degradation & Development, 2003,
14(2): 215-226.

KOPONEN P, NYGREN P, SABATIER D, et al. Tree species di-
versity and forest structure in relation to microtopography in a trop-
ical freshwater swamp forest in French Guiana[J]. Plant Ecology,
2004, 173(1): 17-32.

THOMPSON S E, KATUL G G, PORPORATO A. Role of micro-
topography in rainfall - runoff partitioning: An analysis using ideal-
ized geometry[J]. Water Resources Research, 2010, 46(7): 1-11.
WHIERY, 43, J7 78S, N\ TRt 3R oI s M HK LR e
HORWIFEHE )] 422522405, 2018, 37(2): 569-579.

YANG Yashuang, WANG Jinman, WAN Depeng. Micro-topo-
graphy modification and its effects on the conservation of soil and
water in artificiallypiled landform area: A review[J]. Chinese Journ-
al of Ecology, 2018, 37(2): 569—-579.

WORLANYO A S, JIANGFENG L. Evaluating the environmental
and economic impact of mining for post-mined land restoration and
land-use: A review[J]. Journal of Environmental Management, 2021,
279: 111623.

ACHARYA B S, KHAREL G. Acid mine drainage from coal min-
ing in the United States: An overview[J]. Journal of Hydrology,
2020, 588: 125061.

BEm, A, FIER S, SR WHE- 351 [ AR50 = B
GE——LAHT IR L B R B[], BEACRL R, 2022, 50(11):
213-221.

XIA Jianan, LI Gengsheng, BIAN Zhengfu, et al. Research on the

reshaping of the near-natural landform of the internal dump for open-
pit mine: a case study of Heishan open-pit mine, Xinjiang, China[J].
Coal Science and Technology, 2022, 50(11): 213—221.

B, ZE, NI, A AR DX TR 0 AR IO T AR A A
A0 K 52 R H[T]. AR 2R3, 2021, 40(9): 3007-3016.


https://doi.org/10.1016/j.chemosphere.2020.126665
https://doi.org/10.1016/j.gexplo.2018.06.003
https://doi.org/10.1016/j.gexplo.2018.06.003
https://doi.org/10.1016/j.gexplo.2018.06.003
https://doi.org/10.1023/B:VEGE.0000026328.98628.b8
https://doi.org/10.1016/j.jenvman.2020.111623
https://doi.org/10.1016/j.jhydrol.2020.125061

2030 # %

% 2024 4E5F 49 %

[26]

[27]

[28]

[29]

[30]

[31]

XIA Jianan, LI Heng, LEI Shaogang, et al. Simulation of vegetation
distribution on natural grassland slopes around Shengli mining area
and its application in reclamation[J]. Chinese Journal of Ecology,
2021, 40(9): 3007-3016.

wAOWL FIERE, B, 85 S8 LA B 0], BRFM,
2022,47(2): 915-921.

LEI Shaogang, BAI Zhengfu, YANG Yongjun. Discussion on the
guided restoration for mine ecosystem[J]. Journal of China Coal So-
ciety, 2022, 47(2): 915-921.

E AL, JE A, E40, 55 HIeH XA RGURE EAE]. hE L
HIRE, 2018, 32(11): 1-9.

BAI Zhongke, ZHOU Wei, WANG Jinman, et al. Rethink on eco-
system restoration and rehabilitation of mining areas[J]. China Land
Science, 2018, 32(11): 1-9.

i, HONI, | A, ST BRSO ) SR HE 23
YOI B[], BEAFR, 2019, 44(12): 3830-3838.

LI Heng, LEI Shaogang, HUANG Yunxin, et al. Reshaping slope
form of grassland coal mine dump based on natural slope model[J].
Journal of China Coal Society, 2019, 44(12): 3830—-3838.

ZE AR, SR, 2 R, AR FRIE AR R X B R HE 350 H
SRS - MBI I ¥ 0], PSR, 2019, 44(12): 3636-3643.

LI Shuzhi, GUO Xiaoli, LI Xueliang, et al. Land reshaping method
of imitating natural geomorphology for open-pit mine dump in east-
ern grassland area of China[J]. Journal of China Coal Society, 2019,
44(12): 3636—3643.

g, M, BN H AR RIS G A SR IR ——
DIRLJEG X RB[]. TR IX IR S5 4%, 2021, 35(6): 80-88.

XIA Jianan, LI Heng, LEI Shaogang. Natural slope line extraction
and application of slope near-natural shaping: Taking grassland min-
ing area as an example[J]. Journal of Arid Land Resources and En-
vironment, 2021, 35(6): 80—88.

BRI, KSR Z, DRI, S B JSURE L S SR A AR AT TR SR
[7]. B2 23R, 2019, 44(12): 3662—3669.

LEI Shaogang, ZHANG Zhouai, CHEN Hang, et al. Landscape eco-

logy restoration strategies for the coal-electricity base in steppe of

[32]

[33]

[34]

[35]

[36]

[37]

[38]

China[J]. Journal of China Coal Society, 2019, 44(12): 3662—3669.
B, AR, 2R b, A5 K SCRIE YRR EE R AR 3
SUEIBIRALL)]. BB, 2023, 48(4): 1673-1686.

XIA Jianan, LI Gensheng, LI Yuanyuan, et al. Landform reshaping
optimization of inner dump based on hydrological fusion in grass-
land open-pit coal mine[J]. Journal of China Coal Society, 2023,
48(4): 1673-1686.

HARMAN W A, UNGER S J, FORTNEY R H. A natural channel
design approach to stream restoration on reclaimed surface mine
lands[C]//2004 National Meeting of the American Society of Min-
ing and Reclamation and the 25th West Virginia Surface Mine
Drainage Task Force. Lexington, KY: ASMR, 2004: 791-810.

HEY R D. Fluvial geomorphological methodology for natural stable
channel design[J]. Journal of the American Water Resources Associ-
ation, 2006, 42(2): 357-386.

PG, F 406, A1, S50 L SR S H YR R ). 1,
2017, 49(4): 670-678.

LU Xiao, WANG Jinman, LI Bo, et al. Progresses in soil properties
and classification of mining soils[J]. Soils, 2017, 49(4): 670—678.
FGK, B, 2. FE H O CR A A YRt
TR B E IR [0]. 2R 252741, 2015, 35(20): 6626-6634.
WU Jinshui, GE Tida, HU Yajun. A review on the couping of bio-
geochemical process for key elements and microbial regulation
mechanisms in paddy rice ecosystems[J]. Acta Ecologica Sinica,
2015, 35(20): 6626—6634.

T, ARHL, EICA, 5. JRAH )2 PG 18 2 V4 i DGR A 1 e iy
FESRUNI[T]. MR, 2023, 48(7): 2850-2857.

CHENG Wei, ZHU Zhuo, WANG Wenjie, et al. Ecological effects
of humus layer reconstruction on the restoration of degraded soil in
western mining areas[J]. Journal of China Coal Society, 2023, 48(7):
2850—-2857.

GHESTEM M, CAO K, MA W, et al. A framework for identifying
plant species to be used as “ecological engineers” for fixing soil on

unstable slopes[J]. PLoS One, 2014, 9(8): 1-20.


https://doi.org/10.1111/j.1752-1688.2006.tb03843.x
https://doi.org/10.1111/j.1752-1688.2006.tb03843.x
https://doi.org/10.1111/j.1752-1688.2006.tb03843.x

	1 露天矿近自然生态修复必要性分析
	1.1 近自然生态修复的需求与发展背景
	1.2 露天矿近自然生态修复的必要性分析

	2 近自然矿山生态修复理论内涵分析
	3 露天矿区近自然生态修复技术方法
	3.1 参照自然生态系统学习
	3.2 近自然地貌重塑
	3.3 水文衔接与调控
	3.4 矿山活土层重构
	3.5 植被重建与多样性重组

	4 结　　语
	参考文献

