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Abstract:  Objective Slopes of coal mine dump are characterized by severity of soil erosion, diversity of erosion type and
complexity of erosion processes. The law of soil erosion on the slopes is different from that on slopes of original landform in
mining areas. In order to explore effects of revegetation controlling soil erosion on slopes of coal mine dumps, survey of a
dumping site was carried out in the Yongli Coal Mining of Zhungeer Banner, Inner Mongolia. ~ Method The survey, using the
quadrat survey procedure, covered a bare slope as CK, and slopes revegetated in the pattern of Salix cheilophila+ Hippophae
rhamnoides Linn. And Astragalus adsurgens Pall (SHA) or Salix heilophila and Astragalusadsurgens Pall (SA), for a different
time period of la, 3a or Sa, in an attempt to explore spatial and temporal effects of the revegetation on rill development on the
slopes.  Result Results show: (1) on all the slopes, the rills varied in the range of 4-8 cm in width and in the range of 2-4 cm in
depth in the first year, on the slopes of CK, SHA and SH did in the range of 4-8 cm, 8-12 cm and 4-8 cm in width, respectively,
and all in the range of 4-6 cm in depth in the third year, and on the slopes of CK and SHA, they did in the range of 8-12 cm in
width and in the range of 4-6 cm and 8-14 cm in depth respectively; (2) Over the five years, the rills on Slopes CK, SHA and SA
varied in the range of 7.57-11.35 cm, 7.58-13.31 ¢cm and 5.57-6.14 cm, respectively, in mean width, in the range of 3.38-6.23 cm,
4.19-10.34 cm, and 2.59-4.24 cm, respectively in mean depth, and in the range of 1.52-5.25 m'm™2, 1.42-1.68 m'm and 1.88-2.25
m-m™, respectively, in density; (3) For the first year, the rills in all the slopes increased with length of the slope in ratio of width
and depth quite sharply, but with the time going on, they showed a decreasing trend in the ratio, while they varied in an increasing
trend in rill density and rill erosion amount with length of the slope; and(4)Compared with CK, SHA and SA decreased the slope
rill erosion modulus by 25.0% and 25.86%, respectively, showing little erosion controlling effect in the first year, but they did by
61.73% and 35.31% respectively, showing significantly enhanced erosion controlling effect. Conclusion SHA and SA come to be
effective only in the third year and on. The rills on Slopes SHA and SA varied in the range of 8 -12 cm and 4-8 cm, respectively,
in width and in a range of 4-6 cm and 2-6 cm, respectively, in depth, which indicates SA is more effective in controlling
development of rills, in terms of width and depth of rills. And the rills on Slopes SHA and SA varied in the range of 1.42-1.68
m'm? and 1.88-2.25 m ‘m %, respectively, in density, which suggests that SHA is more effective in terms of number of rills per
unit area. Both of the effects become more significant with increasing distance from the top of the slope. Erosion modulus was
1.15% lower in SHA than in SA in in the first year, and then came up to 1.55 kg'm*a™" and 2.62 kg-m*-a-', respectively, in the
two, suggesting that SHA is more effective in controlling erosion. All the findings in this survey may serve as a scientific basis
and theoretical guidance for rational revegetation of mine dump slopes.

Key words: Coal mine dump slope; Rill erosion; Revegetation measures; Rill form; Revegetation age
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:: CK. SHA. SA 43l 3R/s st . WM A&+ P-4 TRESI 3 . WM A& +TDFTHEILSE Note: CK, SHA and SA represent Bare
slope, Vegetation slope with Salix cheilophila , Hippophaerhamnoides Linn. and Astragalus adsurgens Pall slope and Vegetation slope with

Salix heilophila and Astragalus adsurgens Pall slope respectively.

BT KRR HE L7 e i )y

Fig. 1 Pictures of sample slopes in dump site of the Yongli Coal Mine
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Fig. 2 Sketch of rill measurement
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Table 1 General information of the sample slopes

‘ . PRI AR MM ZH /3 Mechanical composition/%
T A FE W it I B
Recovery
Code Vegetation measure Slope/ (°) 0.02~2 mm 0.002~0.02 mm <0.002 mm
time/a
CK-la 7373 34.51 1 76.00 19.27 4.73
SHA-la VDM #6 V0 B+ UD AT RE 37.82 1 75.34 19.64 5.02
SA-la UM &+Ub4THE 35.31 1 77.10 18.62 428
CK-3a 7373 35.93 3 66.68 24.79 8.88
SHA-3a  VPMIJT#6+V0 B+ UD 4T HE 34.94 3 74.00 19.88 6.12
SA-3a UM &+IDTIE 35.72 3 62.03 30.00 7.92
CK-5a ¥k 34.51 5 71.27 18.79 9.94
SHA-5a  VPHIJT A& +V0 - UD 4T HE 35.81 5 66.06 26.13 7.81
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Fig. 3 Rill width distribution on the slope relative to revegetation
pattern
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Fig. 4 Rill depth distribution on the slope relative to revegetation
pattern
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IR RET 32.74%H1 31.94%. 5 a I SHA it i °F
PIVRTRE: CK R T 1.11 %,
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Table 2 Basic characteristics of rills on the slope relative to revegetation pattern

P& Slope measures CK-la CK-3a  CK-5a  SHA-la  SHA-3a SHA-5a SA-la  SA-3a
SE-¥74 58 Mean rill width/cm 7.57 10.91 11.35 7.58 9.26 13.31 6.14 5.57
-4 % Mean rill depth/cm 3.38 6.23 4.89 5.13 4.19 10.34 2.59 4.24

41174 % B Rill density/ (m-m™?) 1.88 1.52 5.25 1.42 1.54 1.68 2.25 1.88
FEGELEL Rill width/depth ratio 2.48 1.92 2.78 1.69 2.51 2.15 2.68 1.42
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Fig. 5 Variation of rill width-depth ratio with distance from the slope top relative to revegetation pattern
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Fig. 6 Variation of rill density with distance from the slope top relative to revegetation pattern
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Kl 7b. & 7c R, K I, CK. SHA i SA #jii
{14 240 V) A= il et B A S I3 K, K 1 a B, SHA
5 SA 15t 3B (2~9m) iR E KT CK,
CK FEBEHET 13 m Ab B 4034 12 ioh 2 3k B 5 KAE
4430 kg, SHA 5 SA K5 K474 f= i 48 CK ¢

BT 48.71%M1 41.31%, K& 3 a i, HEHTH 8 m
Ab, SA FEIEANIARE KT CK, 8 m ZJ5 SA 4
it f B )N T CK; SHA. 15 it 41 V) 432 o 2 GE 24 /)N
F CK; CK 4y im b K R & 2 LI, Kk
KA A 176.46 kg (HEHETH 15 m 4b ), SHA 5 SA
Jiti e KA R 38 CK 25 TR T 72.84% 0
52.13%. K& 5 aif, SHA #5764 I Be 4 va) =
P /N CK, HLREE K 38 i — 2 4098 4= ik
ZI Ry 22 fEBR ., R 7 d R, RE 1 alif, CK
5 SHA . SA 544 F X 408 4= i Bl 531l R 3.48 .
2.58. 2.61 kg'm>a', SHA 5 SA &Jiti 40 14 /= h s
AL 0.03 kgm>a™', K& 3altl, CK, SHA,
SA & i 40 18 f= P AL EC SR B 4.05. 1.55.0 2.62
kgm™a', SHA 5 SA #ifi%k CK 1912 5o
FRET 61.73%M1 35.31%, Hd SHA 5 it 4014 1=kt
BB FREEM R, S 5 alif, CK 5 SHA &4 T
X o7 4 R AR Ao R 19.55 kgem *at A 1.74
kgm>a', CK &M FAIARIMEECH SHA &4~
1 11.24 15 o CK 2174 =2 PivB 5 1k 2 47 B 38 Jonn it 38
K, MPKE 3 alf) SHA 548 = MABEE 1 a B
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Fig. 7 Slope rill erosion and erosion modulus relative to revegetation pattern

TR 39.92%, K2 3 a B SA $5iti 40 VA R AR KR 1
a TR 0.38%.

3 ¥ @
31 GHERESRENNES SISE

ARG IR AEBR CK 5 SHA $8 it i) HE + 3734
Pew) AR SERE AR h Ay A fE 4~12 cm, 1 a. 3 alif,
SA T ita i) 41 VA v E AR Th X AT TE 4~8 cm, HIRIE
USRI ET S A2 L S A
U35 56 FE— /N T 15 em U5 IEA—3 . BEE K
S 3G, SHA F57it KR /3 4l SE 4~
8ecm EWIAK B ZE 8~12 cm; 1M SA i3l 1/ K& 5
TR TEMR AR A 4~8 em, X ERIIBEIKE
AERRIEIN, SHA it 371 35 40 14 B B B bk 2 4 FR 38 Jon
SRR, T SA FEE B A A TE B K A A BR
KAEAHE . 1alf, CK. SHA, SA 7£ 16~25 cm
LY TCARIE 53 A 53 a I, CK .SHA . SA 1E 16~25 cm
B FEAL B 43 A SR A3 R 25.0% . 8.33%., 05 5 afif
CK 5 SHA 7£ 16~25 cm 4 SEAb () 50 A7 45 %43 31 A

25.0%. 12.50%. [A—WKEHE, SHA 5 SA 14if
TE 16~25 cm VA SEAL Y 73 A AR /N T CK, 3% R W]
TR T BRI R 4078 SE R 1) 16 em DA B R R . b
Ak, 3 aff SHA Fl SA Ji1H 16~25 cm ¥4 Be Ak A 41
AR5 A 8.33%H1 0,1 X R KK 3 a i SA
XTI 5 R B A A HIER ;. 454 CK.
SHA . SA =Fitii-F-218 %8, 1 a f SHA 111
T CK BT 0.39%, 1fif SA - T84¢ CK F
[% 18.89%; 3 a I, SHA 5 SA [ F-IH 6% CK
SRR B 15.12%H1 48.95%, i SA H i %) T V4 5
REBABHMEIER, WE 3 a J5 U BT 4y )
0 A58 07 A 2R

WIEIRIT S, CK #l SHA #5jtifE 1a, 3a, 5a
BHATR N 8~14 cm 5 M50 0. 37.50% .
87.50%7%1 29.2% . 16.7%. 12.50%; SATE1 a. 3 a
FHAE R 8~14 cm WA M43 518 8.30% .
4.17%. WK 1 a i}, SHA WFHEER CK B
51.77%, Tl SA BJ-F- X TRNE CK /0> T 23.37%;
3 a i, SHA Fl SA #5iti () F-B1A U CK 4351 F B
32.74%H1 31.94%, 5 a it SHA (J3F-IIH IR HE CK 4
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K LA, XRIFEEHIK T T YI 5 SA fitii
SHA HEHERCR T, SHA i = S mBlKE T~
Y), (HEX FEREALE 8 cm VL E4mig i r=A4w BHA
—EMHEM . XEF D EE T CE51” HAR
F, HERALL, FEAREMARPR REER”
TR KR AR R, H 72.36% AR R A 48
0~40 cm £+ J2PY, 55 e 72 PR H (eI RD 5
XY AR R AR SRR R b, I H A5 s A Ak
ORI L, R A R R IR A At ) T
O3 A AE VD AT AR O 7 B BT, A VD R R AR
TR ABERICENEN, E— e BE k1K
TR YT, AR AU AR TR B i % A 2 S T
8 cm DL LERAMIBINEH o
32 WAREREEMAZENREES I

A Y Rt R e K A N E S bR,
CK 5 SHA | SA $ifi (1Y) 40 74 S 1% L il 35 < 386 3% {4
FREE/NER, HREGERESM; X 5EE
25 P2V S A 0L K I 50 A5 H A 00 3 AN ) B VR H 2
SR RS NN WA N U S O N G o o8/, 32 K )
D KU AT g2 HE + i e AA e — o AR ARV, JLRE
BTk R 2, HARRE T WA,
B2, KSRz, KE 3 a i, SHA
FEMAVE TER LR T CK, SA 187t T 4074 T8 1R L )
/NT CK, 454 SHA 5 SA 1 i i8 SE MR R &
FRIE, UAH 3 a B SHA 52 sk 4178 FY) % 8 cm
REELAN, SA FHXT 4078 & 5 A B A cR

21 96 % Rk S ML SB T B AR AR R Y B B o
CK 4l y4) %% B 2 bR & AR BRI s K, X5 E0
BAERT BREEEPI SR AR B, RE 1 a
M5 a Y SHA FHIl40I% B CK 45l 1
22.34%F1 68.19%, i SA i (1~3 a) 4N %E
M#E CK 43 513K 19.68%F01 21.05% , 454 20 Ve 14 5
FAURFHE, AR SA it BE T - His 4% 1 40 V4 1) 5
WRE, (HESBRmaE L& mEGE,
AJAL, SHA 57t i T VP BAR R 1EH , STEEEK,
R LR AN Y1, AR R A TR A A
AL, VAR T B A 2 4 )2 A R L T KR
A TCREI S 8, AR T A A . 3 a B
SHA 5ifi T E S CK 5 hHzir, HF Nl fE
RECG e D ERRMEY, £ 1 a AR EZE
PLEMRAEK N E, 2~3 a E KN LM AE Ko 3,

AR FE—EFEE _LREIR T R I, S5
A ECE T B AN IR L, KE 1 a. S alt
SHA #5 it 4 V8 % FEAE A K /T CK, 3 a B 7E 2~
4m. 8~16 m P KM KT CK, A & /N T CK,
XA B SHA 557 (4 V0 A AR TP Bt i) 2% 42
JE X A0V B A B R
33 WARMEEEMEHNERN
RS, HE 0 A i 1= ik i B b
Kk, Bk, 7ESEBY 11~16 m 4
SHA. SA ##Jii F 4R hiE/NT CK, BE B I T
MG, BRI B, BT RE SR R A AR A 4t
FEBEAR 2R 5 VDM 5 A% B BEARVE L JS T #E T K = BE
i, FEEVRETI TR, KE 1alf, SHA. SA
IR AR B K 2.58 . 2.61 kg'm *a™', SHA #%
Jits AR PR L SA REHEI/N T 1.15%. 456 4ilia
B SR EEEE, SHA #5it— i BB ARk i
YL, AR T A RO A B AR, 1 a B AE
SHA 5 SA 54 ya %5 = B D BN T, SHA #5
it BB SR 5 SA H i SEA B I K 3 a i), SHA
5 SA #Hii CK =HBIE 55 F R 61.73%F1
35.31%, SHA #5iErymiph O R IR, #—20uEi]
T SHA 5 it g 0% B8 4 b 4% 1 4V B0t WK S a BT,
CK M T AR U= SHA 2644 1Y 11.24 £%,
Bifi % A2 AEBR B3 4, SHA H55 it 16 9 fnb A/ FF 8 ot B
o SA KN 3 a MHET 1 a RHRIMBIECTRE T
0.38%, SA it (1 {= B B Bl K 52 41 FR 38 R AR fE A
K; SHA %M TF 3 a KT 1 a BHZMBECNFET
39.92%, SHA 8 it 1) = TS 5 bifi Pk 52 AT IR 18 R A1
WIS, 00 SHA 5 7E 3 a A IR 48 5840 K A% 8
PAERT, P, ARBFo8 @ B0k SHA 15t fE HHE+ 3%

S I T AR S i
4 %5

3 AT 6T P 5l AR ZR A R AN [ R R A R
(la, 3a. 5a) FUAS[FAE S i R HE - 350 3 4000
KEREHITOIE, FLE450WT: SHA 5 SA #%
Jifi FEEEAE 3 a B EIEAER, SHA 5 SA #5474 58
R E 5N 8~12 cm 1 4~8 cm, IR
B A AE 5N 4~6 cm Al 2~6 cm, SA it
FE AW 4 V598 S8 FIA R & B 7 AR E 2% ; SHA
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e 57 %

1 SA FE it (197 24 4078 % BE 451 R 1.42~1.68 mom >
A1 1.88~2.25 m'm >, SHA it %t 4016 B (145
BRI k2 5 VO R i B T o7 O
PHACRBIA R, 1 a BF SHA #5192 h B 50 SA
MU/ 1.15%, BB ARG NS 3 a, SHA,
SA Z& AR ORE R AR I8 A phBE B gy i S 155
2.62kgm *a', SHA #tiddl it R o b o AHF 5T 45
JENT R S8 HE 330 AR B 0 B T R R 2
o RIS S
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