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Fig.3 Temporal variation of soil erosion rate on the dune of overburden
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F2 HETEEARWRE. HEZERMEXRFESHT

Table 2 ANOVA of soil erosion rates on lands the same in underlying surface and different in rainfall intensity and slope

FREBE

T Underlying surface AR & Variables B KTp
F value
) 5% Rainfall intensity 10.29 0.044
i Z /L F K Slag with more stone and less sand
i B Slope 0.113 0.759
IR Rainfall intensity 10.60 0.035
2 A /L5 K Slag with more sand and less stone
3 JE Slope 0.004 0.953
5% Rainfall intensity 15.67 0.024
# +/ADune of overbuden
Wi Slope 0.149 0.725
M3 Rainfall intensity 8.105 0.016
8l LK Disturbed soil
3 JEE Slope 3.606 0.094
5% Rainfall intensity 11.54 0.007
3 Deserted land
¥ Slope 6.289 0.034

DB IRERA S AR, YRR AR T AR
SR R B, R TR AR I BB A ] B R
A1 BRI R LRI AL, 7™ Ik Bl A8k A k34 o v i 2>
LA X 42 3 10 BEL S P o S 3, DT 66 420 3 3 ol
Ve ST RRAR, Rk R pE > TR,

35°F140° 3 + A h R4 5N 519 ~ 12.76
gm” s, 3.82~1283 gm s, MBS LMET,
132 ot 3 3 357 o A T B MG R TRT S K (2) 5 A
) T 58 25 0 T, 40° 8 {2 il 33 R & 35° 0 190,74
f5. 0.98f% . 1.38f% . 1.011%, M <2.0 mm min™'
B, 40°H 2 0E /N T35, 2RI L/ T
35°8, JEPR S SR AL, Bl R R ORI [R) B
TR BE ) Bt 22 1 K, ke TEARURS 8 BELE 5801 R 98¢
FERENY, 4 Fi9% >2.0 mm min "B} 3% EEXF42 505 B
AR 2R R TR VE A, AR TR AR Dl RE ) Bl
L

5°. 10°. 18°3% B F 4 3h 4 44 &% W e w7
Y545 ol 3 3 510 0.029 ~ 0.44 . 0.088 ~ 0.47 .
0.11~1.09 g m™ s™", F i e 79 5 J3 98 T HE K,
HEBERRFREOCA (p<0.01) , 7£3.0 mm min~
FEFRSRIE T, 10°E R FE H0.44 ¢ m™ 57", /)
F5oPW MR Ih#EF0.47 ¢ m™ 57", HAWMRSM
I3 R R NI NI 2 N w713
FEXHR i R AR B3 (p=0.094) . X T8
S, 5°. 10°. 18°H B F U W 4= ok 8 22 43 5l
470.004 ~ 0.13., 0.017 ~0.31, 0.054~0.44 g m™ s,
Y. WM RMEREFBE (£2) . M

W4T, s iRz sl SR PR i iy 1.43
i~ 6.731% .
23 FTEAEERBEFERESH
SIEFEHAR L, 3h T AR D S R R AR |8
55, (HURFERT R ECR A R T 0.434% ~ 5.734%,
PR 2 53 A T 35 e PO AR o 5 gl P 8 1) 000 5
AL, M HAR s R AR ) 2 ACA A . AR
FIF A SRHERRL R T 1A 2 b st ik . w2 A0
FRE AR FE R SR Bl AR i R gy )R 4R
HHy6.514% ~ 14.256% . 57.91F% ~ 239.154% . 43.60
T~ 180.131% . 2.271% ~ 3.064% . Mk, Fisk
XA o R 2 (R2) , [A]— R R o B AR
T, XTI HRTH R B (R] (4 4R Tk e HEHE AT 25 43 A 4
R, FEE R BRI R R R (%
3) o BB IE LIRS PR TR AR 1 22 S A
AN . (1) R 3amyy P4 22 o i A ) 2 3 2
R 25 Tk AR A SR 20 Wy R4 R P R R T
FAYATC ol P B T 5 e 2 R R, 3 b S R ) T 2 A
SR, WURLRIREGEMEZE , TERETN 25 0F T 3 b ek
OO KRR TSR I 1R S A 3
TRl RS R A, BT R HAR
KEM. (2) ARERAEN&ERTER,. 7+
R e sh LR Rk e G M E WA RS, TEH
[FIRE RN A5 AE T, 30 BE A 34 Jin mT DAt s 33 1 40 Joie S A%
Vil T AB S s, AT R R Y B
30 I AR R A B AEAE R T DR AR U AR S B
TR RELBS B2 DL HI 55 22 o ¢ il ARz 68 ), ]ORE i
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Table 3 ANOVA of soil erosion rates on lands different in underlying surfaces under the same rainfall intensity

A i L H H A
ng;ng{;mRI:l:fi‘:l}ll)mensny A FrVariables Iji:gil{eﬁ W E K Fp
T Underlying surface 9.904 0.025
. HiHzSlope 8.838 0.026
T A Underlying surface 44.34 0.002
20 B FESlope 42.82 0.003
T Underlying surface 18.21 0.013
= B Slope 3.972 0.100
T Underlying surface 8.095 0.036
i W5 J¥ Slope 8.638 0.027

S R T (FLBRE . R E B
JE) L KSGERE (MR AR WA P A B HOK Bl T
Ve SR B R R T, AR TP A £
W/ FE AR TR AT &5 B 69.33%, /b FE Ik
F45.06%, F AR NT11%, (500 206 5 Bk A
ORI, SRR R R i R
M 500 L (3) AT S bl T 7 A 4R Al 4 B A
FIARUE, By o AR ik 32 BB ) ok [ R B
AE, M3 T4 TR U A TR B R TR 3B T AR 3 1Y)
AN L, BETRE A AR X 305 T ) SRR A ) ok R i
i, W R AN TR T R, B T o 2 RRL
B8 B 207 &R AR AL, RIS AR s Bh i
TR, RS BE 5K 07 SR R ELAE S e 4
i N A S oo 1A G B AT IS BN e o £ NN )
TR ORI RN . R B R R
(i) P9 A B A FH R 1
24 FIFBERRMERERN

R IR X 3 25 A A B E A
(R ER BB A, DR O v A TN 3 - 30 A el R
AR LER, RS, IR MR
A3 R e B A TR 4 PEAS R AR L 5 ) AR TR AR
bir, SRR T . THRE T SRR
I, AR PE AL AR Al TR, SSRGS 44 32 )
YR, W UWHEIRIA USLE . RUSLEFIMMF4E, 4t
Xof A 7 I H K P 2 R B g e 0 )y T
BUS T— @ ME R 1 2 20T R T i e
RUSLE S5 I R g 00 5 JF 4218 - 42 1k
B, L5 % IR T EMAHESE. HIESE (H .
FRi s EMAE) | MIERF (EEMEK) | &

MSE (R ) A 3R S i, A
KB, Guys Y OB 1R a2 B4 E 1
e, B HIEHERS, BEWHRR, HIEH KGR
WRZREF, VA~ R [ AH BAE S 0 25 =2 ol 7
BT R AR A 4 T e B R Guy 55 Y R
H0 A A 3 e T AR Tk SRS ARE b T A Y
T=f(S, R, G, F) (9)
X HIER RS SHEEIR, TER AR, (m)
W AR N TS HO AR 2R R B BiF 5
o 2990 Guy & DR b R AR A A B, R
FH A B AL A d 5 T0T DN A2 ok 80 238 P A B 22, T -
UKL BT 16t 3 B 4 B D e FRAE A 338 U 43 A R 0 1 [
T, BE T AR FEIRRE, R 2 E
KA e ik K T+ AR A AR L 20 e
R RIFFIE S E— Mk PR EL (m s™')
WMIEHZGCSEEREW KL (m) MG (°)
TEAMF T /N AR R EE R (3 m) , B
WINERSEERE NP EO (°) 3 BRIRNEFESET
SHEFER BRI SERK I35, 4
FEKE B p, (kg m™) , KA J1n (m?s7')
EhHMEEg (m s7?) , BHREL (m) , FHE
vims') , BHiFqg (m's") , FVWERC (kgm™) ,
BWEYI 1t (Nm™) , BERIREW (Jm?s™)
BAERYPRP (ms™) , RYULHEY, (ms™) .
W, AZW bRk, DE2a 3k
& F AR A R I 367 UL R RN M B4R
B, ¥ EaRHIENE . BEWEE, P HR R
PR 22 1 25 A SR FE A 55 2% TR Ik T 42 ot 8 38 R 7l A G
IHTEE R F, BRIV UL S B A 12 FR bR AR,
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TR R G TR . Vb . AR
Y1) RTIIER BRI TR B AR R A I AR
KX F, 5 R AR TR 4 B R e (R
4) , VEWIX SRR B S 3 b e R K
P R AR 2L IITE A TR A R )
B B 2 )Rk R 2 VAN L, R o R
BEHEAT A E T, SRR - HEXREBE (R
4) , JEDI R T A B A N R S H A
M, S o 2 ol 24 1 582 0 250 ¥ O
R REIS R o PR VB 4RO,
ARBURL M 2, SERRRAR, PrimpEaeR 0, R
OE W T R T IS AR RE M 2, DN AR R
ZERAMERER,

E 65 500 45 b 1 5% 5 02 okl 23 LA A S
Bh, BFH K TR TR, 6T I L g

BERERCR, MR IR AR KR 2E, TR
BYU AR I Y R TR A PR A, AR R . 3
Y1, BRI AMENAROK IS, TR S
(VTN 27 s N s R WY ) R VB3 SR 8 1 TR
TN B AR AL ) 25 g i R R ) eR A
AL DY Govers U BIFSEIA N B A2 O ) R
P (ms™") ST RS, RE
KU T R DRI ARAR DG, PR HORE 6 A2
TUPRAE MR WK IIERE 5 P ERLAR A4
T 2R H50RT 38 2ok 5 50 = O o O IEAR B 5 AR T R R B
B g R ALK R O, SR R BR X T
SRR TGS 0 AR RN v a3 i Y v
FERG i M 2, PRI R A B B A T T o
P(ms') . BliFqg (m's") MIFWRC, (kgm™)
Rl (9) TR (10)

&, BTy A BB R S AT, R R T T=f(D,, I, dy, 0, C, q, P) (10)
F4 EHEXREZERRFEHEXSHER
Table 4 Partial correlation analysis of soil erosion rate and various factors
RiEE i
Bk F Uit . WUy W R R RWULE RRE hERAE B4
e g i Flow -
Rainfall Concentration shear Stream K Unit Kinematic Settling  Flow  Median ¥ Fractal
Slope velocity
intensity  sediment stress power  stream  viscosity velocity  rate diameter dimension
power
AHOCHE 2L
Pearson  0.54"  0.35° 0.89" 0.62" 0797 0817 0737 -0.31 020  0.657 -0.36"  -0.44"
correlation
B E AP
Significance 0.001 0.035 0.000 0.000 0.000 0.000 0.000 0.063 0.243  0.000 0.034 0.008
level

e oo FoR B EVEKETE0.01, *FR I EPEKFETE0.05 Notes: *%. Correlation is significant at the 0.01 level, *. Correlation is

significant at the 0.05 level

RIGHAI S H T, Ko, X=X (10)
PEATEAN N, BTMEHNAM L7 T, Som
C.(ML?) , I(LT"), dy (L) fEREEA &,
B 0 B B O AT sZAEAS T ANE, 4578 R
FEIpR ], BEAIHrEs R (11) B,

P

CL}:f(#’T’Di’gc) (11)
s 50
N I A
AL RREOE, J%e = cr @ 7 A= 7
R mA (12)
p=K®“A’D/0 (12)

WA FE A . 5 AR R T 1R R 3637 B R ik
IREE X (12) ST, B Rk, 4558
=t (13) .
p=10" D PATD % 0 R*=0.94, N=36 (13)
A (13 ) A5 042 b 358 55 SE I L2 40
FERMLR (p<0.01) , MXAEKE0.94,
R REAME70.94 , A= b 3 5 7 A -5 5208 AH
X AR IR ZERRMSE=0.29, 4% & T i
PEIT . MO TR REE L R I SO B AR O R R 4R o 3
BRI AT . O RE (13) S5HnT A, (2 sk
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REEUE | RER . PARRIR . FERRE
PO RIEMIR KR, 5P ERAR R 4E R L T
K, gRGR2P A AR D R 5 % A T i A
KIRFRTEE—H, FIL#ICRAR (13) i35 1
Fr it R - AR T R

3 %5 i

K FH P AN ADL R WY 50 Oy vk, 6 BRI R
) 37 4 e i AR IR AE SR U AT T 9, &
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{3 1l TR R WG RO T ROE , 1T 2 TR
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BRI S NN P A SR T 4 NIt o . & 7| e J s N s
o R R AR TR LAY 6.5 1% ~ 14.251% . 57.91
i ~239.15f% . 43.60f% ~ 180.13f% . 2.27f% ~ 3.06
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EROSION ON DUNES OF OVERBURDEN AND WASTE SLAG IN SHENFU COALFIELD
AND PREDICTION

*' LiJianming’ Huang Pengfei* Bai Yun® Shi Qianhua'

Guo Mingming' Wang Wenlong"
Kang Hongliang' Li Yanfu®
(1 State Key Laboratory of Soil Erosion and Dryland Agriculture on the Loess Plateau, Institute of Soil and Water Conservation,
Northwest A&F University, Yangling, Shaanxi 712100, China)
(2 Institute of Soil and Water Conservation, Chinese Academy of Sciences and Ministry of Water Resources, Yangling, Shaanxi
712100, China)
(3 Department of Soil and Water Conservation, Yangtze River Scientific Research Institute, Wuhan 430010, China )
(4 Key Laboratory of Soil Erosion and Control, Institute of Soil and Water Conservation in Jiangxi, Nanchang 330029, China )
(5 Yulin University, College of Life Sciences, Yulin, Shaanxi 719000, China )

(6 Nanjing Hydraulic Research Institute, Nanjing 210029, China )

Abstract During the development and construction of the Shenfu coalfield, generated were large tracts
of disturbed land, and large volumes of overburden and waste slag, which, unique in soil composition,
complex in underlying surface layer and significantly different from deserted land, have become a major
source of serious man-made soil and water loss. An artificially simulated rainfall experiment was carried out
to explore characteristics of the erosion on the huge dunes of disturbed soil, overburden and/or waste slag,
and methods to predict its occurrence, with a tract of deserted land as CK. Detailed field investigations found
that the dunes of overburden and waste slag ranged from 33° to 40° in natural angle of repose and the tracts of
disturbed soil and deserted lands ranged from 4° to 18° in slope, so in the experiment 35° and 40° were set
for dunes and 5°, 10°, and 18° for slope of land. Plots in the experiment field were laid out to be 3m x 1m,
each, and each had two sections set up for monitoring of water flow. Rainfall intensity in the experiment was
designed to vary from 1.5 ~ 3.0 mm min™', forming four levels with an interval of 0.5 mm min™' between every
two levels. Before the experiment, the rainfall intensity was calibrated repeatedly until uniformity coefficient
of the rainfalls reached 85% or higher. Soil particle compositions of the plots were determined with the pipette
method. And then fractal dimension was figured out from soil particle composition to be 2.160, 2.164,
2.256, 2.379, and 2.566, respectively, for the dune of waste slag with less sand and more stone, the dune
of waste slag with more sand and less stone, the dune of overburden, the tract of disturbed soil, and the
tract of deserted land. Bulk density, porosity and moisture content of the soils were measured with the oven-
drying method. During every rainfall, flow velocity was measured with the dye tracing method and width and
depth of the flow with a thin steel rule. For the first 3 minutes of runoff, samples of runoff and sediment were
gathered once a minute, and after that once every 3 minutes. Results show that (1) on the deserted land,
erosion rate followed the process of declining-fluctuating-leveling off with the rainfall going on; on the land of

disturbed soil, it did the process of rising-fluctuating-leveling off; on the dune of overburden 35° in slope,
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it rose to peak and then declined and gradually leveled off; on the dune, 40° in slope it fluctuated all the
time; and on the dunes of waste slag of either texture it fluctuated drastically in the earlier runoff generation
stage with occasional mud-rock flows and then leveled off about 15 min after runoff initiation. In general,
in terms of erosion fluctuation, the five types of underlying followed an order of the dune of waste slag with
less sand and more stone > the dune of waste slag with more sand and less stone > the dune of overburden >
the tract of deserted > soil, and the tract of disturbed land; (2 ) erosion rate was closely related to rainfall
intensity and underlying surface ( p<0.05) , but slope was not so much related ( p>0.05) . Complex soil
composition is the main cause, making overburden and waste slag and disturbed soil different from deserted
land. The erosion rate on the dune of slag with less sand and more stone, the dune of slag with more sand
and less stone, the dune of overburden and the tract of disturbed soil was 6.51 ~ 14.25, 57.91 ~239.15,
43.60 ~ 180.13 and 2.27 ~ 3.06 times that on the tract of deserted land, respectively under rainfalls the same
in intensity; and (3) erosion rates on the dunes of slag or overburden and the tract of disturbed soil could
be predicted using the equation of power function of median soil particle size, fractal dimension, rainfall
intensity, and slope and runoff parameters. The study demonstrates some important scientific significance to
the establishment of soil erosion models and the construction of ecological environment for mining areas.

Key words Shenfu coalfield; Dunes of overburden and slag; Disturbed soil; Deserted land; Erosion

rate
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