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Abstract: [ Objective] Under the influence of extreme rainstorms, the slope of a dump site(a typical artificial re-plastic
landform) is prone to geological disasters such as landslides and debris flow. This has resulted in soil erosion and vegetation
restoration difficulties in the nearby mining areas. Therefore, to understand this phenomenon, this study focuses on the soil of an
open-pit coal mine as the research object. [ Method ] The soil erosion process on the slope of the dump site was studied using an
artificial simulated rainfall test. Runoff and sediment samples were collected when the slope of the dump site began to produce
runoff after rainfall. Data on the flow velocity, flow width, flow depth, runoff, sediment content, etc., were collected once every 3
min. The runoff and sediment samples were collected and the volume was measured with a graduated measuring cup. Then, the
cups were allowed to stand, and when the upper liquid was static and precipitated, the liquid was removed, and the erosion was
measured by drying method (105 “C). Furthermore, Reynolds number, runoff shear force, runoff power, and soil erosion rate were
calculated from the collected data. Based on the data analysis of different rainfall intensities (50, 75, 100 mm-h ™) and vegetation
coverage (0%, 40%, and 70%), the change characteristics of slope denudation rate with water flow generation time and the
quantitative relationship between soil denudation rate and hydrodynamic parameters were explored. [ Result ] (1) The soil erosion
rate increased with the increase of rainfall intensity, and decreased with the increase of vegetation coverage. The contribution
rates of the two factors to the soil erosion rate were 50% and 36%, respectively. (2) Under the three rainfall intensities, the total
sediment yield of 70% vegetation coverage decreased significantly by 18%-27% and 84%-87% compared with 0% (P < 0.05),
respectively. Compared with 50 mm-h ', the total sediment yield of 100 mm-h ' was significantly increased by 1 940-2 530 mL
and 66.92-386.14 g, respectively (P<0.05). (3) At 0%, 40%, and 70% vegetation coverage, soil denudation rate showed a
significant power function relationship with Reynolds number, runoff shear force, and runoff power (P < 0.01) while the
hydrodynamic parameters showed a significant linear positive correlation (P<0.01). In terms of goodness of fit, the vegetation
coverage of different hydraulic parameters was 70% > 40% > 0%. The fitting effect between soil denudation rate and runoff
power was the most significant, and the determining coefficient R> was 0.894, followed by runoff shear force. [ Conclusion ]
Rainfall intensity is the main factor affecting soil erosion rate and with an increase in rainfall intensity, the rate of soil erosion also
increases. The increase in vegetation cover led to a decrease in soil erosion rate. Under 70% vegetation coverage, the regression
relationship between runoff power and soil erosion rate was most significant, and this parameter was the best hydraulic index to
describe runoff erosion of the mine dump slope.

Key words: Open-pit coal mine; Mine ecological restoration, Open-pit coal mine dump; Soil erosion; Artificial rainfall

simulation; Hydrodynamic parameter

PR TR A R B R 28 T % 25 B4 R) Bt 3 1 17
AR BIN . Hd, fHEE5 R N T E R
HERUA, HA MR R A S50, AR
SERHIE, 2t BB SV IR SR RN — 24k
il HE 137 B e AR e v I AR, AR, A
WA, 16 SR | I R i B W 2R
Ty s % Ve M RN R A T A b T E Ul HE ok
W XA smFUZ X IR, B AT, HeE s
AW, b 1 A A ) S IOk gt LR
Wigh, YWJrES o ES i, SR EEE)E, W
S HAEEY K, Z2REE AR TH R H LR
20%~30%, dRTHE e R AER T S Bt
B, SERRERY, HHREMEMIE . R
FRE . BTN S 20 R LR AR 25 R S0, MG

FIEHEARIKE ST, R, +3EEM
I ERN, WAL Y 2 £, IR
WAL E R 172, 24455 RS 1.22 g¢.dm™
HF, 3 n] sz AR R AR ph 7o b e ph R A o
bRk, T EBEERER SR T
WA XU AE R e A e X U214 R EUR I AR
BERELDY, phplatae > A gk BT R ko
TR 27 e £ K B J12 BRI R, Ha7n T B
FEFLRE VDR AN [RIAR A 2 TR RN R N o B A R 0, AR
BYYIT) . K PRTRRNT HER ik Fe ) Lt O 2R B R AR
XHFEIRAS T B 187K I 42 b st k12
LA it R 0% 11) 553 94 R X s 2 A 4R b P T, 44
INEHOKSANB R, BRI R, AN ENIA
AR Dl AR AR H it , T A P A T T A A

http://pedologica.issas.ac.cn



54 ARIRSRAE M 28 P A T 37 0 38 b S o 3 X 0 7 =8 B ) Wi )7 1273

o LIRSS A AR TR LR A BT BT e e, R A%
PE Wk R R A R B o B ) 4R g T g
PR 2 BE S DR DK R R i BN R, AR
o B A X A SR ) e O R
i Ao AT TR HE b A R o B AN (L RE (e A 2K
5, BReARBOHAR TSR, fEm el
FURT, 9T A [ AR B B ot JEE 0 - S i R ) B i
A — BB MR FE 20, B S 5 T AR T AR
L 38 R DXCHE - 3 M i 5 R o o e A B 5
WA AN, TR ST i 2 A S A [ 7 i
X S il A G S R O BT X A AR R
M 56 I Bt K R R S R AR . SR T
AR SCUA BRI DX 5 R VU HE L3 A X R
R A AU TR A BIFTE 071, 20 B A TR A
B AR 25 F T, B R SR B2 2R
ZIERER KR, DI B s HE - S 1 4R 1
PLHR S AL PSR Al

1 bR i
1.1 HREER

5% XA T30 748 BB T VA N 558 ™ e HE
¥ (121°40712"E, 41°57'36"N), W& 1 iR, M

121°E

42°N

# 5 Gs (2024) 0568

B2 13 k. % X @ AL AT KBl EE T R ERE
foe, AFI 7.30°C, AFREERTR N 511.4 mm, H
T 78 A, i RN 70%. HEL 35 2B s
AR, BERYOT- B3y 450, MR 25 8 3~60 m,
bRy 200 m, POHE- M TR EEK,
K WA B BB 45% L) 1, 2004 4F H E 4
BRIz L R T LR R TR, ER+
HRLRTA 998.2 hm, & B4, L3R BURHEIE
B&X ik iz | P RSds L akin TR,
i B XU LG TGRS b IE s, 2 )5 Fxt
HAT% LI TAE. 2005 4258 B TAERAL,
V8 BORBUE 48, B HREEZAN 03 m, B
AP M HIRE ( Robinia pseudoacacia ). #i# ( Ulmus
pumila ), R AW IR A . L FEM ( Amorpha
fruticosa Linn ). KIEW ( Rhus typhina ). ¥7 5
( Caragana korshinskii Kom ), #RE&¥SN 17 4F . i3k
52 RFIFERBUE L4000, SRR 0.5 m, FE DI
FE RO T AR IR AT IR, M 5 R
38%. HETIAMK oAk B RIRFEIK
1.2 REEE

TR R = NN R Ry A o 4 R
17 AR e I B SX2004 FWIAT
AR AU 3% 4 R RT 95 3 R R A O K R
HZKIR . FAK . WAKEE . R R (& 2). B

AR

. Open-pit coal mine

ST

Open-pit-eoal mine dump

P T R LT PR ]

Fig. 1 Geographical location map of Haizhou open-pit coal mine

http://pedologica.issas.ac.cn



1274 + %

¥

62 %

[FIFEME S Circular nozzle

~+4.00m

ST
Collecting trough

27K 4E Feed pipe

B2 N THURER A

Fig. 2 Artificial simulation of rainfall equipment

MiiZ#H 10 4~ SPRACO [BITE ML, Mik1T(a]
FEH 0.5 m, 48K 2.5 mm, FEANEk B 2 7 B
B A O 4.0 m, A OK E X B K b AT
FHE, Z2WEE GBS ERIELE 90%LL I, i3
ZEIAE 5% e A7 IR ER VR B P sk
67 H N TSN R T 4 o T O 9 R A — R W R R
Xof 646 I it B2 g 7 s 30 % T Bl e 5 R AR R AR AL
T TG 2 A B AT 5K 2.5 mmes ™ AR HEHE 37 A D
PR Y A 37 R A A A A, IR A T
KK 1m, %03 m, 503m, HREEEHAE S E
KA, FLARHN 4 em, i K E, R R
o 3k AR v AR AR TR T
1.3 Rt

AR IS ARG B AN+ 3 PRy R, iR 350,
R A8 214 1 22 41 B2 W 9 et S S ) [ 2 T 5
I 3 MM E (50 mmeh ', 75 mmh '
100 mm-h '), FEFPIEFA 45 min, EFA BT %W
40%~ 50% 14 AT B 78 5 85 U6l I ol VD A0 25 W 3 38 50%
B, A A R 04 80 I 8 VD K 25 4 R 49.62% M
80.54%, T 70%~ 80% 4 AE ¥ 7 55 & Fylfe 7 =5 B
HE B T ¥ B K A LA VT e, 25
MR, Bt 3 MEBE G (0%, 40%.
70% ) FF IR . B R R 3 R R KB 2
(Bl 3), [fiFir 5t eE P r, BE TR

], ANWHEEL RIS K, BB R g
PRI, REAT ASH DB AL ) o S RE o 3 i A o
B 10 em R PERIEG A G, 78 )2 BRI
1~2 cm H R T AT AR, X Bt A e I8
K, PREERRE LR 10~15 em. 1 DA G, FRRIR
SERFLA I HA S PR A of 1 T A i 2R
TP IR, ARt 3 ~ER.,

K3 AR BT

Fig.3 Vegetation coverage design

B B HE RN AR B AT A 3
BRI “S” RUBORE LR 5 MR (0~50 cm ),
B HAR A 2548, B ul - BT n S0 = 5 o Bl A 7
AT, 2w AR RACA AL, AT
At 20 mm Fl 10 mm LR F, B 10~20 mm

http://pedologica.issas.ac.cn



54 ARIRSRAE M 28 P A T 37 0 38 b S o 3 X 0 7 =8 B ) Wi )7

1275

LA F/NT 10 mm FLAR A HERE AL o 77 Je I
fF A A BT, A1t 20 em, #%ME%AE 10 cm —
NLIZAPRIEA LR, B2 B, Hik
WA, HEEN 10 ecm, B8 IR
A, BHAREEIITAE (MXPRZENET 5% ).
1.4 MEIEER

4 K W I 46 I R HE A 30 3 7 O R B e
D Fa b AR AR TR Je YD FE , BERR 3 min P2 11K,
TR, WO . WK BRI RS, Wk
SR FH 2 007000 45 30 1T 2 J2 Ji R e AR I A2 T S
HEATEIE (¥R : 0.7; i 0.8), WIAIREE
SRR RO &, WSE R RV ARG, AR
B, REFE . UUE. A LW, HHMT
22 (105°C) W7 (R i o R P AR It AR o i 310
T,

(1) Wi Cv) wJ LA BRI A% U U 8 ) o
R r Rl N s BB, HOTEA RN .

(1)

<
Il
~ |«

K, v ORI, mesT s UK A B
m; ¢ AR ], so

(2) T ( Re ) JEARTFRBIE Sy FNEh A 110 L
B, ATHBOKRTEA. 2M4=500 B, K NET,
<500 WRER, HItE AN

Re=— (2)
n

Re:i (3)
Wp

L, Re MEEE v AKRRE, ms'; RAK
TR, my g AUKIESIER I R, ms?; AN
SRR AR IR, m®; wp MR, m.

(3) BRI (o) SRR RE
W R R ) A — A E R ), R
XN

T =pgRJ =rRJ (4)

A, c RSV, Pa; p MAKWEE, N
YW ENEE, gem’; g NENIEE, ms?;

R AIKIHAE, m; JRHAKIBE, mm',
(4) BIRINE (o) 27 B KER KR
R, RMOKR TSN b ae f, HATEAR N

=1V (5)

R, o RFEIIE, Nm''s'; ¢ HRFHTYII,
Pa; v AKHE, ms',

(5) LHERIPR (D) J& B B[] j Ay i FHLA
TAR TR VD B, HERARYE AR T AR5 B e
I, HAtBE AR

7S
1
|

D=— (6)

A, D N EHERHME, gemPmin'; M HKITEL
FEVbRE, g5 b WL, em; L MK, m; ¢ RHEE]
[ %, min,
1.5 HiEAE

K SPSS27.0 #ATEHE /M, origin 2024,
Coreldraw2022. AutoCAD 2022. ArcGIS9.2 #4751
FHE

2 45 R

21 TERIERMEERHEAOTANE

R TR TR 45 min ([ 4), 40%F1 70%AH 94 7 56
JE e iR BRI el KI5 N, FEekksh e
TR AR, 0% E B 75 B T IR il R % Sl
FERCH W, RIMABEMAIIAET 3 min 19 13 0h
IR, WEHGE N, 6 min J i8R s
15 min J& HBL0EAA, Bl A9 28K i 2k T RaE .
X LU REANRERR DI B, AF B 7 5 B 40%F1 70% A9 °F- 3
TR, TR 50 mm-h T, S50k
0% ERY 19.86% M1 13.33%; FFENIIRE N
75 mmeh ', 23RN 0% B T R 57.59%F11
15.83%; FERISREEJ 100 mm-h "B, 4351k 0%F
BRI 59.01%M 24.35%. MRIFERTSRE, F
43 - 1 ) ok 5 A A A Dl T ) 48 T 3 /)
(P<0.05). 0%. 40%K% T0%AH BB T, BfFER
S JEE 110 i, - s o 3 SR R S ( P<0.01 ),
YA TR 0%, FERERE R 50 mmh 'L
75 mm-h ', 100 mm-h G S A 9 ) R R KA

http://pedologica.issas.ac.cn



1276 + b1

e 62 4

3

TR 5 Vegetation coverage
—=— 0% —©—40% —&—70%

TR PR
Soil erosion rate/(g-m>-min”")
(%)
(=)
T

140F 100 mm-h!
120F

100+
80+
60+
401
20

1
24 27 30 33 36 39 42 45

IffE] Time/min

Pl 4 TR R R RE T ) et 3 B A R g e g 8 P R

Fig. 4 Changes in soil erosion rate with rainfall duration under different rainfall intensities

A4y ik 203 gm Zmin’' . 435 gm Zmin' K&
1044 gm > min'o 7EAHFIRBEAE 36 T, B 44
ob 25 B ¥4 T 5 B 1 8 o 48 K, 59K AR v A VR
5 TR HE U Bk Dl 3% 1 4 39 4R bk Bl g 20 R 4%
R

TR ER (F 1), IR, Mgs
TERE LA R RIRE B 7 R S HAE T, X
P RA W B E (P<0.01), = K HAA
PRI 28 %) e Pl 8 i) TTHR AR 53 J1h 50% . 36% . 11%
T 3%, 7 I o T i P8 7 s ol 398 0 R e 2 4
A, HEREE R I EERL
22 AREHBEZEMEREBEZGTmR&ED

T

I TH M 3 7 I B SR ol i R - K SRR Y
ELWFBL, AN 6] 7K g 545 e 7 s 8 ) 7 3 35
Ut (& S). ANFEIFEW T, A b
H0%M PRV B AR R R ST 40%A
TO%HE Bl 7 35 ((P<0.05 ). 214 [ I i J3 A A 0% 7

SEPESY A 100 mmeh T 0%, PR BRI
WK, 39N 546.69 g F1 6 080 mL., 3 Fp
FERsRBE T, AR W B 40%F0 70% Y 7 10 &
B 0% 9 W% T 78%~81%F1 84%~87%
( P<0.05), U853 EE TR 17%~26%F
18%~27% ( P<0.05), FEMI%EEEAHR], AHBLA o5
Ha, MR AYEEE AR RO, PR R AR T
o 4 i 2 R 6 B e L, 5 X A
FEHE L AR 55 X K R B s A R — 2 [H)
— R T, VD AR D A e A B AR N A Y
BTN, 224 R N R B 7 R R 50 mmeh !
FT0%H] , 7= 0 St PR B dwe /N, 43010 23.04 ¢
M2 600 mL. AREIMEHERGET, FERRESR 75
100 mm-h ' BV AL 50 mmeh ! 4351 i 2
i 13.89~120.41 g #11 66.92~386.14 g ( P<0.05),
R B S0 1 610~1670 mL 1 1 940~
2530 mL ( P<0.05 ),

http://pedologica.issas.ac.cn



54 ARIRSRAE M 28 P A T 37 0 38 b S o 3 X 0 7 =8 B ) Wi )7 1277

F1 BEREEMEREZEMIRIMRREKNFSHZ M EEEMTEHE

Table 1  Significance and contribution rate of rain intensity and vegetation coverage on soil erosion rate and hydraulic parameters based on
variance analysis
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