5554 % 5 6 1]
2017 4E 11 A

+ s

7l
ACTA PEDOLOGICA SINICA Nov., 2017

Vol. 54, No. 6

DOI: 10.11766/trxb201705270151

TEPARE R R 4 T F BRI A B Br #0468 e 89
WA bl

#ow Exg"

BN EER

FEH

S

(1 PEALRARBE B oK L ARFF T BT 8t b 8 I R il 5 R RO A 900 %, BRPT% 712100 )

(2 R ERF 2 B AR R R K LIRSS AT, BEPI

712100 )

(3 frbRepBE e vy A B ™ X A4 B B W 9080 %, BRVEHIAR 719000 )
(4 KITRRE K SRR, L 430010)

m =

R HEFSP N TR R T7 s, LUK B9 s s o e i, B9 71,0, 1.5 mm min™

Wee T 5 B2 2% 7 S R R A0 X o R R £ 888 8 G X O e B, O A ORI A AT IR U B A

EH . Z2REW .

(1) AN TR RS T 3 55 0 R 3 A2 i R I LE 77 06 ~ 9 min 5 #a TR E , 77 i id
(RN LRy E LB S LR &IR RV & NN EI N VT b QTR RN B 2% 5 U7 A IR T

(2) fH*H

ot = 5 L G B R A SR A S K R VD R 25 4 M M 42.91% ~ 51.21% ., 26.28% ~ 55.20% .

10.33%#197.54% ~97.95% .

41.87% ~42.26% .

7.80% 5 i8I UK IR D 8K 6 43 S

H: 51.89% ~72.72% . 22.37% ~42.92% . 21.32%HM98.41% ~99.30% . 94.90% ~91.84% .

39.50% .

(3) A0 % 370 15 it %o = B 57 7 S 1980 DR A RT DR b R A A R R A I R 5 8.98% ~ 21.51%

F10.46% ~ 1.76% 5 Fift 15 i XF fi A1 57 FBE R A 5 38 A A6 K AR I 0 280 2 A6 £ 068 B 45 i 20 31 488 55

3.91% ~ 12.28%#10.28% ~ 3.06% }.10.99%F131.70% .

(4) 3FHARBIT 77 AR A 2 ol o A RIAR I 3 B

BARMEIAR, PN U O T IR YP OGAR AR A AR B A S A D5 B W R AR
WIFTEAE SR AT N X S A T i A A K SR R A e 4R PR 24 2

XHEiA

TESES  S157.1 SCHERFR IR D

PR X IR BE I A, B KPR EZIX £
BB TR B ER Y, BRI &
KT Wl 23 IR+ M AL0.1 hm?, 29 HERGEH R Y
20 000 ~ 61 000 m®. K AL A FF R AHE B A AUBE IR
ML T, AR KRR Sl 51k
TRIZLEEE K £k, BT XA S PR I E)
GiRTi37Ne

METH X ASHE RSO 2588 TS0
SR BT IKOK A R OO R kY

PORFBEI s sl iR, iy, RIS, R, RiER

W ESIHBERBNEANEZ — FLFES TR
HBUARH S L JBEAR Y, HAAYRAN
SR, MERUNEER, SiMEirL, TRUE T2 SR,
S FRAAR 340 35 39 1T AT o PR R T R R 104 ~ 100
i 7, Zhou ™ NV WA R WIE M B
BLBK %05 T 220l (8] 4R 52 28 0T R i 9 7K
o NG TE 222 8 BT X ST b 57 i R e SR Aok )
BT RIS . Lot N TR L ik
JRR O T LRI R ik, R

* E R AR RN LW H (YS2016YFSF030019 ) FIE S HARRAF AT H (40771127 ) ¥EB) Supported by the
National Key Research and Development Program of China (No.YS2016YFSF030019 ) and the National Natural Science

Foundation of China ( No.40771127 )
T WIHMEE Corresponding author: wlwang@nwsuaf.edu.cn

fEF A B W (1993—) , B, BRPGRI R, M-L#Fsee . FEMNFH LRI HK LM E-mail: 584431911@

qq.com

Wk HT: 2017-05-27; WS AWM. 2017-07-10; Posest s R AW (www.enkinet ) @ 2017-07-25

http: //pedologica. issas. ac. cn



1358 + e

S ¢

54 4

ST T 35 B 3FH HERUA P TPV AR L KB 12
SR A AR b R . SR A O A 3
TR AR R BE R R B CH K - R
SET R FoTAE DD BT T AR A Sl e
FETRRRE, & BV Bl Hb T3 T A% 3 TR ORI B T R
BB AT B . TRAREE T I K T R
TR 2 6 75 M BUACHE 1 42 ok i Fe A K B 12 5
oo WIS DR T T ERAR . B4R [
ISR . W RAR W SR T 57 il Rk R
PRETMAL A AR XX 5 4 SR AR OK R RR
PR TERT P07 T, HEF 7 BESE T A R e e
7K - RRFRES AR KT B 3 e 28 3k v 4y PR
P, WRBCRTTIK15.84%, XIBGIZE ) FE4E R N
Laft)HE = 500 3 38 o0 B AR I /0N DX Ao, W0 A5 4
FE BT AT VDF T HE 5 it A sl 7K 0 V0 38 25 53 511 3K 60 %
F90% VA 1o DA R 5E K AER S th AE ™ IX 57 + 5 i
HERUAR K £ 30 R R L2 T b, RS X X
AL BB E T R ASIEA, HREES
Fr M B 01 7 B 5 O R A AR i A
T it X 31 TR 7K VD O R W9 8 /0 A iR

YT, A SCHE R BEAPLRE T Y VA O S A A
i (FRED) AT AR (FmET ) X5 1 5 F e A
T 5T A DA SRR Ay 35 R 3k 3 DX L 7R 3 AR A
KIS R 25 BOK D R REEAE, R X
R FE# AR X, A e XA A 7 4
Fr785 i AU R i e A Ak ot A7 2R SR AR AR —
S5 Mg T, WoIZ X @ TF & #ie s H K L
AT R PR AL R A

1B

1.1 iIG XHR

FURT AR TR FH AR B 52 =48 A2 LAk (37°20" ~
40°16' N, 108°36'~110°3' E) , fL3EPE VY By #
AT NS B SRR 22 307 T A LL P A M T R
SriuIX; BEEIRE IR KB, el
PREAH B 1 15% 5 % XA T3 4 v I DX ) XUk
KO sg A, J8 TR T R, AR
6.1 ~9.1 C, ZAEVIHYFEN = H325 ~460 mm, H
ZENTTT—9 H, WURMWIEA LA, B 55
BAEM65% ~T0%, 75K 5 H1636 ~ 2535 mm,
HARFMES, EEAE oM, aX g2
ARV LR o 3, 252, Sk, itz

PIRE 1 25, MO ZR BE AT DX P A9 AT R R VKR
(Agropyroncristatum ( Linn. ) Gaertn ) . b
( Artemisia desertorum Spreng. Syst. Veg. ) . VPHl
( Salix cheilophila ) . ¥r4c ( CaraganaKorshinskii

Kom. ) S5 5 0 v> A M9, X PN A B 2 o B AR

X, Iz AZEiGahsgm, fitizh XA SR+ e

559, EIREIK LR RN M E ALK, s E e

VR = BRI M

1.2 iR E ZAEE

AR, U E DL HE B R B R TR

HEPIER KRR ik SaREMERY

PTR G HERD T B, UKL ARk AT . B . Wb+

B A F, A M S, WORDRAR 22 5

R, SO Z, Gz, HEERM, KRk

Bz b AR T Bl R (A

2:1) | fAFEEER (LA 2) o ke

3 ~ SalXUM 5 T8 B 1) 40 1 A i RN kTR A B A

HERAR . A2 it (R A B WL 1 S A

B, 3FPHERURIEE Z LR 1E33° ~ 39°, Jir i Ll

TE90% LA L, R i /N X3 B e 5 0 35° 5 AR A
i Z2 AR AR Dl S T P LR R R R, TSR
1.0 mm min 'F11.5 mm min™", FEMJIE 424 min.

1.3 AR

AU AE BB 22 BE KRR K A AR 5T

PRARAZ i 5 B 1T, AR/ X TE T i A

FZE3Im x Im x Im PR, N E S LRSS/
X N TR AR B, /INDCTT 3 1 4 il 4R Al

A B O 1o 2 m b B B 0 G T A 5 A

T B 37 46 it SRy N A A b R A A D 2,

L ) e A 7 DX A B N TR ) T A A e

P 4 A B G (R AR o AT A KR, O LA A SR A

2920 ~ 30 emi%, M/ TG FF 4R B RS0 em /K

MR, B R SEH0.9 mx 0.2 m, SRIUEAEM

F B R T O UEAE U0 B 3 b 7 v A b T A A

B SR — B, BT AL SR TR I B 42 £

o, VIR EAR NS0 em, 30 em. fAEHIE =

JEHED, WX SRR AT, BT S YUz B A9 )

FEEIN0.5 mo B R R/NXAT IR SEEE E , R i

SCETRARE, BAB I A AR, A R ] e A

TTUKFET I MK S, 24, FFKEHLR

U BB IR H AR K HL AR R FEL L S A 25 R A i kAT

R, TR SEgTT, 2/ R B 3.0 mm A 394

AR, 7EIE b7 A s B BT e R B

http: //pedologica. issas. ac. cn



6 11 ]

WA ABVIRE R 250 F T FRiE (RT3 AN [5) 75 3 186 P DA ol bk i

1359

Rl L EBRIA K

Table 1 Particle size composition of the soil
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Fig. 1 Sketch of experimental model
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Fig. 2 Temporal variation of soil runoff rate on the earthy slope
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Fig. 3 Temporal variation of soil runoff rate on the rocky slope
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Fig. 4 Temporal variation of soil runoff rate on the slope of gangue
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Fig. 5 Variation of average runoff ratio on the slopes of slag

http: //pedologica. issas. ac. cn



1362 +

e

S ¢

54 4

W AR T bR
2.2 FIBERFEIDHFE
2.2.1 R f R B ] ) 22 Al K6 ~ 151853l
HF1.0, 1.5 mm min” FYSR T fi 5 A 5 REEAT
AFEEARTERB . FhRL | A B BT E T 3
PR 2 et 38 I i P ) ) A2 A

HY AT, 3 5 i A TE S [R] W iR 4% 18 T 3
15 iyl AR B S P SN e, ELR Bl N i 3
BB B o XF T 0w B AR (El6) L kB
PO TE R G R AEO ~ 6 miniE S RIZN, T R B
PORTIE R ARl R I P Sh A/, 1.0 mm min™
FIT.5 mm min™ B3R (R R 0% (B3 5 3K 5119521
g min 115531 g min™', IEK T 200 Bl 9 15 )it (1442
PR, RPN IR . RUETEE, A
HA R+ e 4 T AL e T AR

10000 M58 Rainfall intensity 1.0 mm min!

1000

{2/l 22 Erosion rate (g min™')

0 3 6 9 12 15 18 21 24
P2 iRt Duration of runoff (min)

10950 2 R 5 1 B i ANURL S By i = b, TR T
Rt o PR 22 B IOBURE ) J5T L DR b 5 B R T D 4R
iR P S . X T A BOREBUR (K7) , TR
1.0 mm min ' F11.5 mm min™ F 38 2514 F % 95 47 3% i
{5 b A I [ A9 728 A0 22 S 5K, R R 1 S0
Jiti By 7 T AR AR 2 S N R B R IR Y
e, 7E1.5 mm min_lmgiﬁﬂ‘, A A7 Jo 37 7 K TR A
JEAE P I ET R KRB, RN, R T e A
“hy Bt A S T AR UL 2 W R L SR A R OR R
Fy K ORE 22 1 A S0 A T RS R, R
ol AR B RGE TR, AEUA L B S R ) e 5
K, BEWITE AT B 7EAERE0 T W (2 2
S BRI o 22 S PR I 5 X AT A7 i A (1]
8) , HARihE RBEN ] A E L2 2 2 RA, X
5T SR Y R A5 B R A R

1.5 mm min™!

10 000
—=— AR Unprotected
—o— FpEL Planting grass

—a— {7 {45 Fish-scale pit

1 000

100

10r

0 3 6 9 12 15 18 21 24
P27 Duration of runoff (min)

6 i oS I A £ o i 4 i 1] 14 728

Fig. 6 Temporal variation of soil erosion rate on the earthy slope
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Fig. 7 Temporal variation of soil erosion rate on the rocky slope
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Fig. 8 Temporal variation of soil erosion rate on the slope of gangue

2.2.2 (W] A it A e VD A A E9A1.0F0
1.5 mm min” W58 T AS ) 28 B 55 78 (L6 AN [] B 4 4
Jiti S S5 42 R AR AR . B R AT, e T g
A 30 395 SF- 349 4% ol R A B4 K O 1 O AR A 5
AR X BT, 280 B R D R £ T
BHEE, 1.0RI1.5 mm min FRGR A ARE S8 0 Ffar
A0 8% T TP S 4R O R ] 2411, 4931
37.75 g min ' H14355, 107, 27.43 g min~', 2Fh#%
Jiti 7 20 W 3R A% F R BV A 25 43 ) R 3K 97.95%
98.41%M97.54% . 99.30% , X 3¢ W ik by 1%
it DD AR A A A s 0.46% ~ 1.76%, BAHE
(=R AR & 12 o TSR A1.0 mm min 'K E
1.5 mm min”"BF, AR BB IR DRI 181.64%
DI, T8 DX 8 i 4 5 57 78 A 1 o7 4 B A5
REE . S BRI 5T g A
3T 4= s R NME 22, HOR B 4 3 T AR

UL M5 Rainfall Intensity 1.0 mm min™

1000

100 |

10

12/l % Erosion rate (g min™)

7

%II
A o

Rocky slope

FrHEAR Mining slags

WA

(RN
Earthy slope

Slope of gangue

20 R T Y ST 4 4R o 3 R A i O AR R R TG
99.6% . 96.2%, Ui HIBRAT (K47 7E WA s/ T+ 1
AL s 270 FR SR A F T 2R R i A U T 5 43 ) N
42.26% . 41.98%K194.90% . 91.84% , FhE 5%t 1
VU S 25 A A0 B RS i 5 0.28% ~ 3.06% . MERF A
FERH TR E 2 . SA N IR L, Rt
K, HCAELO mm min” B3R N 2RME BRI BRI,
128 0.88 . 3.79 g min~', W A1.5 mm min™'
BF, KRB AR I 2 R 5.12 ¢ min™', AH HICAD
2RI AR I HOR AL TR 2, 2FP R il i s 70
a5 9 39.50% F17.80% , Tl B H i 1) U6k V0 % 4
A YT R 31.70%
2.3 FEMRHE KD K R XA [E B 30 FE HE A I KL
F2RIFNFBARAERBG A . FhE | M BEHTH
T, RMEHCRSRRENIA R, R AL,
370 I A3 TR AR A SR By 4P i i A5 LT, Rk

10 000
1.5 mm min™*

72 A Bitr Unprotected
Fh¥E Planting grass
471 Fish-scale pit

1000

i

Earthy slope ~ Rocky slope  Slope of gangue
FrHEAR Mining slags

P19 ATl By 47 5l 7 s A% 200 39 ) - 42 £ ol 0

Fig. 9 Variation of average erosion rate on the slopes of slag
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Table 2 Correlation between erosion rate and runoff rate on slopes of slag relative to type of the slope and protection measure taken
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U5 TR y=-169.6ln (x) +200.71
LR 3 P 0.054
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0.641 0.453
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0.003 0.668

y=5.1816x + 0.0119 y =-0.2845x + 4.7206

Fe *FR0.05KF F R EALG, ==FR0.017KF FH T FNote: * Correlation is significant at the 0.05 level (2-tailed ) . **

Correlation is significant at the 0.01 level ( 2-tailed )
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Study on Runoff and Sediment Reducing Effects of Erosion Control Measures
on Slopes of Slag Dumps with Simulated Rainfall

YANG Bo' WANG Wenlong" > *" GUO Mingming' KANG Hongliang' BAI Yun’ LI Jianming®

(1 State Key Laboratory of Soil Erosion and Dryland Farming on Loess Plateau, Institute of Soil and Water Conservation
Northwest A&F Universtiy, 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 Key Laboratory of Ecological Restoration of Mining Area in Northern Shaanxi Province; Yulin University; Yulin, Shaanxi
719000, China )

(4 Department of Soil and Water Conservation, Yangtze River Scientific Research Institute, Wuhan 430010, China )

Abstract [ Objective] The ecological and environmental problems caused by mining, especially
coal mining, have aroused worldwide concerns and attention. It is, therefore, essential to explore rapid and
effective ways to rehabilitate the ecological systems in the mining areas. [Method] Outdoor simulation of
rainfall events was conducted with rainfall intensity controlled at 1.0 mm min™' or 1.5 mm min~' on slopes,
different in texture, 1) earthy slope ( more soil than rock ) ; 2) rocky slope ( more rock than soil ) : and
3 ) slope of gangue, to evaluate effects of the erosion control measures, planting grass and digging fish-
scale pit. The two years old grass of Agropyron was formerly planted in the farmlands around the mining
and transplanted on the slopes and the fish-scale pits dug temporarily. The rainfall simulator was a trough-
type artificial simulator. When the nozzle is 3 m above the ground, the raindrops may reach the end point
speed. Plots of the artificial slopes were 3 m x 1 each in area and 35° in slope gradient. Before the start of the
experiment, rainfall was calibrated in intensity until it reached 85% or higher in uniformity coefficient. During
the rainfall events, runoff flow velocity was measured with the dye tracing method. During the first 3 minutes
of rainfall, samples of runoff and sediment were gathered every minute, and after that once every 3 minutes.
Sediment samples were oven-dried for weighing. [Result] (1) Runoff leveled off in rate in 6minutes after
the initiation of runoff on all the three types of slopes, regardless of type of control measure. The erosion rate
on the slope of gangue tended to fluctuate, while declining and the trend was more obvious than those on the

protected slopes. (2) Planting grass reduced runoff by 42.91% ~ 51.21%, 26.28% ~ 55.20% and 10.33% and
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sediment by 97.54% ~ 97.95%, 41.87% ~ 42.26% and7.80%, respectively, on earthy slopes, rocky slopes
and slopes of gangue, while digging fish-scale pits did by 51.89% ~ 72.72%, 22.37% ~42.92% and 21.32%
and by 98.41% ~99.30%, 94.90% ~ 91.84% and 39.50%, respectively. (3 ) On earthy slopes, digging fish-
scale pits was 8.98% ~21.51% and 0.46% ~ 1.76%, respectively, higher in runoff and sediment reduction
rate than planting grass, while on rocky slopesand slopes of gangue, planting grass was 3.91% ~ 12.28% and
0.28% ~ 3.06% higher and 10.99% and 31.70% higher, respectively. (4) On all the three types of slopes
without protection measures taken, linear relationships (R*=0.775, p<0.01; R* = 0.649, p<0.01;
R* =0.450, p<0.05) were found between erosion rate and runoff rate, but they were weakened or fading
out altered when the protection measures were taken. [Conclusion] All findings in this study may serve as
scientific basis in guiding ecological restoration of slopes of gangue in the mining area.

Key words Shenfu coalfield; Mining slags; Fish-scale pit; Grass planting; Runoff rate; Erosion rate
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