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Table 1 Particle composition of soil layer and floating earth layer

et} MUk 2H B Particle composition
Types #if% Particle size’mm  JJifE [ %7 Hb Mass percent/%

<0.01 9.02
o 0.01~0.1 33.86
Si;?iir >0.1~0.5 49.75
>(0.5~1 5.25

>1~2 2.12

v <0.001 9.11
Floatiliiifh layer =0.001~0.1 3324
>(.1~2 37.65
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Fig.1 Sketch of experimental model
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F 2 NAFENEZM NS L RIE AR B
B S RBUIARA, 3 NRRTRUK SIS 8US W 5R 1L
Wi S MR- E AR AR (xS) IR A& E S,
2 AT, 3o~ 120 FUEMAAIRE BN 1.17~7.65.
1.12~7.88. 1.16~7.17 F1 1.18~8.24 L/min. [&—3¥ %+
JIRTE B AR U R BE W SR KT IR R, o B R E L
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9°FN 12018 B AR IR F 40 il /2 3°3 1 0.96~1.09 fi%. 0.94~
1.16 f5A1 1.01~1.10 £, AR EEHBERE 0 E S
ANEE (P>0.05) o HE 3 A5, LIEKARESHE
AHRMEAEE (P>0.05) , (H5WR [ FIF5E-3% L H
ER (IxS) ¥IRRZEHF (P<0.01)
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Table 2  Statistics of runoff parameters of unpaved road for all experiments

FR 58 " eSS gy [EVAES FR 58 0 eSS ey (VRS
Rain inte_nsjty/ SleEF/L(O) Runoff r?te/ R EEII dwfﬁmb . Resistapce Rain inte_nsjty/ s]ﬁx}f‘/ﬁ(g) Runoff rgte/ R nEﬂl dwf&mb . Resistapce
(mm'min™) ope (L'min™") CYnOLAs mumber ;e fficient (mm'min™) ope (L'min™) Cynolds numbe coefficient
3 1.17Aa 232.38Aa 0.45Aa 3 4.29Acd 950.56Ad 0.91Ab
05 6 1.12Aa 255.14Aa 1.06Ba 20 6 4.60Acd 1299.26Bc 1.35Bab
’ 9 1.16Aa 409.13Ba 2.19Cb ' 9 4.97Acd 1484.23Bc 1.65Ba
12 1.18Aa 589.69Ca 4.47Db 12 4.41Ac 1 825.37Cc 1.91Ca
3 2.23Aab 462.98Ab 0.61Aab 3 5.75Ad 995.03Ad 0.99Ab
1.0 6 2.34Aab 693.71ABb 1.09Ba 25 6 6.26Ade 1204.62ABc 1.37ABab
’ 9 2.34Aab 682.34ABb 1.90Cab ' 9 6.22Ade 1 384.02Bbc 1.63Ba
12 2.36Aab 761.96Ba 3.90Db 12 6.33Ad 1918.32Ccd 3.72Cb
3 3.39Abc 712.84Ac 0.64Aab 3 7.65A¢ 949.89Ad 1.42Ac
15 6 3.44Abc 775.68Ab 1.14Ba 30 6 7.88A¢ 1534.59Bd 1.55Ab
: 9 3.27Abc 1063.13Bc 1.75Cab ’ 9 7.17Ae 1971.35Cc 1.72Bab
12 3.45Abc 1229.40Cb 2.21Da 12 8.24Ae 2 073.00Cd 1.90BCa

T AN FREFORE AR ER L ARRE FRZORE — WA EEREE, T,

Note: Different lowercase letters indicate significant difference among rainfall intensities under the same slope; different capital letters indicate significant difference

among slopes under the same rainfall intensity, the same as below.
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Table 3 Correlations between runoff and sediment parameters
and coupling effects of rainfall intensity and slope

A R Ezi WL R R
Variable Runoff B Reynolds Resmta‘nce Detac}gnel}t_l
rate/(L-min”) number coefficient  rate/(g'm™ " min")
I 099" 0.82" -0.09 075"
s 0.03 0.48" 0.80" 0.40
IxS 0.72" 0.95" 0.34 0.90"

T CFORREMACEE 0.05: THRREEVEAKTAE 0.01; 1 JyFER HRE
(mm/min); S AEEE); xS RAZIRABEENZHEM, T,

Note: ": Correlation is significant at the 0.05 level; *": Correlation is significant at

the 0.01 level; 7, rainfall intensity; S, slope; /xS, the interaction of rainfall

intensity and slope, the same as below.

HIEH Re REBMARMAESSE, HE2 IR, Wik
o4 0.5 mm/min. 3% 5 535l 3°.6°.9° & WY 34 1.0 mm/min
(S S o N R i w00 (= I O ol 1 1 = TN
(Re<500) , HRHKM TR BEAE WA R,
BRI ASFE AN R, X2l WK T 2R
W, WORMGER TR, AR L, Re HBEIFEA
TR (R BG R MG R [R)— 3 P T B AN [R] MY 520 Re 2 []
fEE—EZES: MmMFEIZET, 6°v 9°H 12°0E FAR I
Re 73532 393 ) 1.09~1.62 f%. 1.39~2.08 {5411 1.65~
2.54 1%, MIMMTEE R (£ 3) W, Re 5WR-HEA
HAEA (IxS) YRS E, XU T MY sE AN B LA
EFHE T RS2,

BH 71 REL RN RS2 BIBE I K/ o AN ) MY 58 2% 1
T 3HIERAWB I R BN 0.45~1.42, [N
6°. 9°HI 12°TE BRARIA /A% 3o 1.09~2.37 fi5. 1.21~
4.90 581 1.34~10.02 5. X T [F—MWik, EHRDR fBE
I RS KT WE s X TRl —3% B, 3°F0 6° LI f
I R 58 38 T B A, T 90 120 F B B £ AR I BE RN
PRI TN . MR IR, f R 53R E AL
(P<0.05) .
2.2 TRIERRIMEFE
2.2.1 R IR I RE TAHFLE

HHE 2 A%, 30~ 1200 4 5 38 i - 33 34 b o 2 Bt 7
o LI FEE 1 KM 4 R, 30k il B IR RN 0.92~
54.77 g/(m*min), [A—M AT 6°. 9°H1 12078 s 11
FIPhZ B2 1.40~3.22 fi5. 1.78~5.74 f5F1 1.96~
11.57 f%, 4/ 98>1.0 mm/min 5}, 6°. 9°F1 12078 % + 3%
FIR R E T 3° (P<0.05) . [F—3EF LG,
O 0 A S P R 2 i) 22 S AR I O, S P e
Foh R 5 R 2D ERERECR (R=0.871~0.938,
P<0.01) o 3 3 MM R R I, FIhZ 54 B AR G HE
AEE (P>0.05) , SWEAWE-IELZHEH (xS
MR EE (P<0.01) , XK+ FE R IR M2 W
SR I HARH (IxS) [FFE

Cao 25 il g 3R R KN R W98 I
B R IR 4 AT R IOE . AT FiE %+
HONR—2RM, i B braran, Wok—3 AR B (1xS)
X TE B IR hA S 2, & 3 b g Rk
EERRE (Q) KR, LIERIZRFER ZIE KM R,
TERRH R ANEE (R=0.812, P<0.01) , XiWR

It 28 AR 0 T i L 48 ) b B S S o DR A3 T R R
I E R A i L R S R R e, (R0 o AT R
MRS =FRREGEREY, RihPG =38 LW E LR
K FR: D=0.579S""°0"* (R*=0.968, P<0.01) .

[# My 3% Rainfall intensity/(mm-min™)

CdosezzZ1.0 N 1.5 2.0 [ 2.5 B 3.0

—D=6.193P%° — — D =11205P1% -+ D=19.8272%% —-—- D =27.785*"
R*=0.898, P<0.01

R*=0.871, P<0.01 R*=0.938, P<0.01 R*=0.922, P<0.01

400

#1h # Detachment rate/
(g'm2min)
— (] (98]
(=) ey [}*]
(=] S (=]

o
f=}

S

6 9
Y55 Slope/ (°)
B2 RRM@EMTLAE% LR R T
Fig.2 Variation of soil detachment rate of unpaved road under
different rainfall intensity conditions

g

[ — y=2.56x22, R=0 812,
P<0.001

E 8 8 3

3

it % Detachment rate/(g-m>min™)

=)

2 4 3 8 10
12 % Runoff rate/(L-min™')
B3 LEsEERELZAEZN XA
Fig.3 Relationship between soil detachment rate of unpaved road
and runoff rate

2.2.2 I LIEAZIREY S 4FAE

TR UR AR R R e )5 S B v AR BLE
kS, BiKs ke SRR vhamsg, = s
A ORI P41 iR B (RIS BT SR IR K B0 7 5 2 AR i B
Yty « RRINE 0. ¢ NERIFSH, o WERREE
EIUEE 4 R IERI R SR AR R IR
RIS R, 3o HRIESRARET /18 1.52~7.26 N/m?,
6°.9°F1 12°42 i B3V 7173 70 72 H: 0.64~4.0 £5.1.43~3.65
R 1.04~7.20 % 3oL FRIEMARIIE N 0.12~
1.19 W/(m’*-s), HFBEM AT, 6°. 9°R1 120 jiiE %
BRIIF R 1.005~8.59 . 2.22~5.65 %Al 1.34~
18.90 5. [R5 BT 0, k2 B BT U] 7 138 K DAZR 14
Jr R K (R*=0.516, P<0.001) , & 4a Fl& T RERIR
RN S, ETEESS R AN
2.10x10% s/m, #&5HEECONIG BT Sy, Bl R AL
R I TR BT Y J1oh 2.15 Nim?. FhR 5257 1)
VKRR E (R*=0.684, P<0.001) , K 4b Fil&
TR LA e v 28, BT E PR g — Bt
HON 099 o/W, FE5HEHCAIRFZRIAE, HELEH%
KA HER Ak I FARIR IR N 0.41 W/(m%/s).
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b. Relationship between detachment rate and stream power
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Fig.4 Relationship between soil detachment rate of unpaved road
and hydrodynamic parameters

2.3 TRUERMIAR EHHE

— M A VA AR TR T B T R R R R Y AN R i
20 cm, AMVATEIREE o EIREE B FIREE y IS E &
RIS EESH . oW, Kty
5, W HESHREREERRK, BRIRESFLEE
PR, BRI AR AR DR ROy SEE, il 5 e
Tk, PR ESRKT 20 ecm, CPEAE 1 om 4, 3°
PIE PSR IR B A, TR RE MO . B
BN, AW R YIRE IIG5E, 601 9° & 12°8 i AN AT A&
HIAHE . 6°~12°TEM AN TS SRS 4 iR, &2
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Table 4 Statistics of rill morphology parameters

e BV A BB

Rain intensity/ Slo)L:(") Breadth Complexity Split Densit%//
(mm'min™") P depth ratio degree degree/%  (m'm™)
6 3.75Ac 1.07Aa 0.20Aa 0.067Aa

0.5 9 2.50Aa 1.09Aa 0.25Aa 0.080Aa

12 2.17Aa 1.20Aa 0.49Aa 0.30Aa

6 3.49Abc 1.08Aa 0.87Aa 0.20Aab

1.0 9 2.04Aa 1.13Aa 2.07Ab 0.72Ab

12 2.02Aa 1.36Aa 1.75Aa 0.51Aab
6 3.74Ac 1.10Aa 341Ab  0.63Aabc

1.5 9 2.50Aa 1.13Aa 3.45Ab 0.75Ab
12 1.80Aa 1.32Aa 3.68Ab  0.75Aabc

6 3.33Abc 1.13Aa 3.40Ab 0.77Abc

2.0 9 2.30Aa 1.16Aa 3.73Ab 0.89Ab

12 1.94Aa 1.36Aa 5.78Bc 0.90Abc

6 2.25Aab 1.20Aa 5.03Ab 1.10Ac

2.5 9 1.93Aa 1.22Aa 3.95Ab 0.87Ab

12 2.16Aa 1.43Aa 7.71Bd 1.17Ac

6 1.97Aa 1.36Aa 6.83Ac 1.96Bd

3.0 9 2.00Aa 1.39Aa 9.33Bc 1.30Ab

12 1.99Aa 1.55Aa 10.33Be 2.01Bd

RS WHHARSSHNRMEBSWRE. KEREXEERL
HXFRE
Table 5 Correlations between rill morphological parameters and
erosion mass coupling effects of rainfall intensity and slope

2¥ IR EARE BIRE EE LEME 40eRmE
Par;meter Breadth Complexity Split Density/ Total erosion Rill erosion
depthratio  degree  degree/% (m'm™~) yield/kg yield/kg
I -0.42 0.66™ 092" 091" 0.86" 0.89"
S 069"  0.63" 0.24 0.11 0.25 0.27
IxS 0597 086" 093" 081" 0.89" 0.93"

W FEIRLE o SRIRANVAVARETEAR, 6°v 9° K% 12018 %
Y1V FEIR L2 N 1.97~3.75. 1.93~2.50 F1 1.80~2.17,
% 3.0 mm/min Fi5BZ&1: N 9O 12°B% T 4HH WKL 5 6°
BRI Ah, HATNSRAIE T, 9O 128K 4074 %8 I EL i 6°
PN 14%~41%F1 4%~52%, KRR R &0,
WK, RMAHIE, BRI, A
TUI . ARV EERMATEREE RN EE
(P>0.05) o ANFENERZLET 6°3 18 B 4HVA vE IR LL 2B —
SE 2SR, (EA R KA 90N 120/, AN [H] R 5 A B 4
HWHRIREERARE (P>0.05 . RS WX, a 5IR
FIE (P>0.05) , {H5 S A IxS M FRMENEE (P<0.01) ,
IX 3 3B 6T AR VE TR R S T A R, {ofF 9 5 %o L i
jﬁ%[ﬂ]o

YRS B RAEANVEE N B, 6°1E BEAHA
HIRE N 1.07~1.36, 9°F1 1208 [ 4074 5 2% FE 43 Il 2 6°
#) 1.01~1.04 f%F1 1.13~1.26 1%, MFEIFBELET, b
FHYEREOR, MG ER O [R]— 3 B K 4 VA 5 A%
J5 I TN S R KT K . X R AR R OK, AV
B For AR R AR, (EAS R4 R RS SR 45 1F T B T 40
WE R EERAEE (P>0.05) . HE S8, g5 1.
S FI IxS PR B E MK (P<0.01) , H'5 IS MM &8,
XU T SRR R (158 EL AR FH R 2 2 VA 9 P =
B g K 12520,

YR FRIRRE y FIGHVA 2 B & F BRI T AR AR A
VR EREE . 60, 9°F 12°43E B ANV BIZLEE ¥ A TN
0.20%~6.83%- 0.25%~9.33%F1 0.49%~10.33%, Mj5H
N 2.0 A1 2.5 mm/min I, 120808 #4074 #2455 5 2% w1
6°F1 9°, 6°~12°TH B AH74 % & 43 1A 0.067~1.960.08~
1.30. 0.30~2.01 m/m*, AHFEIPEM 21T (B 3.0 mm/min
by, JEEERAAEE LR EESR (P>0.05) 5 6°
R 12035 55 T I A4 4% FE o W e 18 DK T 386 K AR i 3R
B, y A1 &5 SHARMIE (P>0.05) , {H5 1H1IxS H%x
P2 (P<0.01) 5 31X 3R B Y i 6 20 VA B 24 B A FE 1)
BUMRBER, AT B o L S i ol i 26 24
2.4 {BiHX L RER TIRR MR

Kl Sa. 5b NANEIFERGRE AT 60 9o 12°0E %
SR DhE M, AR E M, %] E . 6018 i T3 SR i
N 0.34~22.34 kg, AHFIFEMNZAFE T, 9°R1 120083 115
MK 0.10~1.19 f5A1 0.21~3.23 5. 6°IE BAHIE 21
B M, N 0.064~7.58 kg, 9°H1 12°E % M, 73 7l &= 0.89~
3.10 51 1.47~4.29 £, B 0.5 F12.5 mm/min FY5E4F,
HARWIESMF N 9°f 120088 M, BE =T 6°; SYiEE
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i M, B SRAIE MG K. BR S ATE, MM M5 S
YIARME (P>0.05) , {HE4 IxS R EE & (P<0.01) ,
T U5 B T R A (A8 AR FH R 2 9 1R ok R N 4
VAR R R B S

AR AEHE TS 604 9O 12008 I 4 VA 4= ik 4 ) o AR
e 18.74%~46.40%. 18.0%~57.16%A1 19.02%~
56.21%.  [F]— 3k J55 36 I AV 42 ol i i o BB e R S K
SR RJE RN, WA 0.5 mm/min B &/, W
A 1.5 B¢ 2.0 mm/min B 5K 1X 52 T W SR BN,
BT A0y Rk ARG, HanaRihey b K2 Hok e
TF kL, BV LA RO T, Rk, 4
{2plE AT & EE BN s B W SRIE K, ANV R BRI
. BHKARE NET, VA NET R YIRS e, 4
VR A A XS K, MW EE>1.5 mm/min B, BT RT5E
R, HVE AR I R ik - 3 RE T R B 5R, 4RV (R AR IR
2k RE 7 G IR B = T A AR, DRI, 4ivAR b
B ol EEAAR R/ o

FHER S AT, WS- BAER (IxS) X 18 B4
AR B R 2 (P<0.01) , X2 BT M S Al
WEERROK, dNVA B BRI A FE IR . AV R B ARG K
FETAR ol i 77486 512225200 I T e 9 T Ak e o™ 2 i
Jil 7 T8 B AR . BT AR R S A TE S S
Z AR 2 6 fim. HE 6c FIE 6d Al%1, M, 541
TR EN P R 2 P S R R R B R (R*=0.96 I
0.73, P<0.01) , 54075 4+ F 2B 2 Eoc R (]
6b, R’=0.66, P<0.01) , XEFWIFEEINA KB HEHA.
R AR AR AR, SRMER A, K 6ak
B, M, 5418 SR 23R AR BB R (R™=0.35,
P=0.01) , XULEHAE K E EEBTE . TR/, 2
PELER N, SRR SRR LK, VARSI, 20K

WEBL A MO E. AR MES 4 MIATRESHZ

)RR AT A, IR

ISR T

H 5/
FE 5

Wi - Jo T i AR e ) o

a. R PUEE SR MEAR L

a. Variation of total erosion yield of unpaved road

b. BT B AR IA AR e AR A
b. Variation of rill erosion yield of unpaved road

A s

AR MRS T L REHS SRR E L mA Rk E T4

Fig.5 Variation of total erosion yield and rill erosion yield under
different rainfall intensity conditions
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Fig.6 Relationship between erosion yield and rill morphology parameters
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XIEBRAFE, NBRMERMS: (EA RN RAAE T
B BB ARERANEE (P>0.05) , X&HTHEE
IR R R, AR BT Y] 3R RE s, BETH
ONRBRE, AR P, 3R O R T AR IR R AR A
AR K AP E R, [3EN 0.5 mm/min F, 3°~9°
BRI B Z I, FEE ORI IR, SRt
TR, WRRMGAGE 7AW, S FH A AR
flifRm st R, BRMAEA N, RNt
AAE RS, ik, 20a2 SIPH AR R g KU,
3.2 TIRERIRIMSFE

DX 4 5 T8 AR ot R 1T 43 s B i BRI A
2B B2, 3o B R AR TR I 2D, AR R UIE
FH55, TERCERIR BN, BRI I8 o T R 76 4 o 1 7
(R FE LA IRIR oA E . E>30RT, I g,
BYU AR Sy 3E0R, ANVAAWIRE, TIERITRER Y
o, A FI B R 25 1E T 5 60~ 1200 B i 2 3°8 1) 1.40~
11.57 1%, 25505308 &R Cao U 7T 45 FARMLL.
3k B % IR N 0.92~324.46 g/(m” min), ARIE
EOK, 32 T AN ) % R B 4 A N AV R B RS
FHERMESR, dNGHTE AR T 27T 3 4R 7
X, EZRMAANGAN, FRREYII. BRIIEHA
Wik K, X AR TAARIRERY, SEURWINE . B
FE R I T R AR B I S B ) A R AR T Th R
435009 2.15 N/m?. 0.41 W/(m*s), Z55RE T Foltz &%)
X Vb3 TE B T AT, X R RN 4 b 2 S P
0, AHAK T Cao 25117t 3 - w5 SR FH - JSRE OB AL
XM T AR 0.5 cm BEFL, HAgEm
Bg A s, PRI T IEhUm b, R ARHT R -k
A= P Il LB D) AR IR D R B
3.3 TIRIERMAABIHEREIRIMAIR N

P 3EA 0.5~2.5 mm/min [, 474 58 I LRl 3 B 38 K
TR/, X W3 1 50 T 4l N AR R UDRE Ju, Al
VAT U R v T R RS, Rt R L, R BRS 4R
FIE . RIREMEERMEE R TWE (K5, M
IS S22 ) Ay I i o 8 - 0 9 ) B R R AT A B
Wi S 35, I T 4V i R L AN A v 5 R S U, HL
YRV B R EE RN SR FE AR T A 78, R BB T+
R RN R g A 2= S BT, e R AR AN H
HEREBK, MR EIRERN, (BT EIE R4
Bk, RE MRS, ZUERERT . Fik, JEERE A
VA AR R BRI 20VA) PR R R 30 T Al
PERERE (R MIARX K

AR HT R, 4078 B IR LS W SR OS, 4078 E)
FARE RNV % P S W A ARG, (B 5 M HAEH
(IXS) MFMEMRE, XA R B REEAZ B
MR SE T A2 N SRR B R A S R 4 BT el
AN TR W R R B A NIRRT R B R A — 140, 4
VTEAS Y 7420 T UIE R 5855, M5 0 3E 26 12 1k
WEIE . WKL, ANAR BREEME, TERERK,
o gt v S SR ) R R i R O B . I

e, FEBEAT T B A B B EE R KT S, TR
TS RAE Rt “ T T, B AR AR IR AR RIS 1 i
BRI RICY, 3 9 O AT 75 SR AR MR AR IAURFALE
Il 5 55 5) 3 Al 5 3 e v HE K 8 Wt R AR R,
TR IR BOWEE N HEK, G5 R AT X L BUE
KPR TRERE I B iE S 2 RIS MO R .

4 % #

AR ANEST (30, 6°. 9°. 12°) IEEK/NX, fE
ANEEAL RN R E 0.5+ 1.04 1.5+ 2.05 2.5+ 3.0 mm/min)
Z A RN X L FUE B AR S . AT S
FRAE B HHZ 5o md, EEES T

1) B IE RN 1.12~8.24 L/min, 5/ 0%k
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47K 3°~9°8 & 1.0 mm/min 2504 T 308 1 i 18 B AR TR
BRNER, HRNER, WiE-HEZHER (xS X
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o R FEE TR B R4 K. IR S5 5 B AR R
EWEERRHLR (R=0.968, P<0.01) , EKTIHE
A= b I S8 ) A AR 35 BN 2.15 N/m® Al
0.41 W/(m**s).

3) 3B LLAIRR N, 60~ 1208 MUK
VA IR EIRFE . BIREENAHVE % FE 2l 1.80~
3.75. 1.07~1.55. 0.20%~10.33%#01 0.067~2.01 m/m’.
I P o A BE RSO R T N O, I SERXSANVA AT R AR
Ve EN R R v T, H38 5 Y SR — 3 R AL AR
(IxS) MR (P<0.01) , VA KK B FLE & M sRA
WL FIE R .

4) 6°~12°TE BRAVAZ R DY 0.064~12.66 kg, 5L
12 B LA 18.0%~57.16%, 4H7E FEAS S 432 b B 5
B3, B h R 540 E 98 U b 508 98 E BR B R
(R*=0.35, P=0.01) , 540 LML RN E %
(R=0.66, P<0.01) , 5407AEIZ 8 R 55 5 1) 5 i 18
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Runoff, sediment yield and rill development characteristic of unpaved
road in mining area under field artificial smulated rainfall condition

Guo Mingming*, Wang Wenlong*?*, Li Jianming®, Zhu Baocai**, Shi Qianhua®, Kang Hongliang®, Li Yanfu®
(1. State Key Laboratory of Soil Erosion and Dryland Farming on the Loess Plateau, Institute of Soil and Water Conservation, Northwest
A&F University, Yangling, 712100, China; 2. Institute of Soil and Water Conservation, Chinese Academy of Sciences and Ministry of Water
Resources, Yangling, 712100, China; 3. Department of Soil and Water Conservation, Yangtze River Scientific Research Institute, Wuhan
430010, China; 4. College of Forestry, Shanxi Agricultural University, Taigu, 030801, China;

5. Nanjing Hudraulic Research Institute, Nanjing 210029)

Abstract: Serious man-made soil and water loss are common on unpaved roads in the mining area of Shenfu Coalfield. In
general, unpaved roads are frequently rolled by transport machinery and result in massive mud after rainfall. A certain
thickness of loose surface soil layer is generated after the mud is air-dried and rolled, which negatively impacts the ecological
environment. An artificially simulated rainfall experiment was carried out in this study. The law of runoff and sediment yields
and the characteristic of rill morphology development of unpaved road in mining area were studied at different rainfall
intensities and slope degrees. According to the results of field investigations, the slope of roads usually ranged from 2° to 20°
in the area and thus we set the slope of plots to 3°, 6°, 9°and 12°. Six rainfall intensities were tested, varying from 0.5 to
3.0 mm/min with an interval of 0.5 mm/min. The thickness of loose surface soil layer was set to 0.5 cm in our experiments.
Plot used in the experiment was laid out to be 3 mx1 m and two flow sections were set for the measurement of runoff and
sediment. Before each experiment, rainfall intensity was calibrated repeatedly until the rainfall uniformity coefficient reached
80% or higher. Soil particle composition was determined using Mastersizer 2000, whilst soil bulk density and moisture content
were measured using the oven-drying method. During each experiment, flow velocity was measured with the dye tracing
method. Flow width and depth were measured with a point gauge system. From 3 minutes before the runoff generation, runoff
samples were taken once a minute. Other samples were taken every 3 minutes after runoff generation. All of the experiment
was repeated twice. Results showed that: 1) Runoff rates varied from 1.12 to 8.24 L/min and had a significant linear
relationship with rainfall intensities and no correlation with slope degrees. The Reynolds number and Resistance coefficient
were 232.38-2 073.0 and 0.45-4.47, respectively. The turblence intensity of runoff increased with the increases of rainfall
intensities and slope degrees. Resistance coefficient varied significantly with slope. 2) The soil detachment rate of unpaved
road ranged from 0.92 to 324.46 g/(m*-s) and was a significant power function of rainfall intensities, slope degrees and runoff
rates. Critical shear stress and stream power activating sediment detachment of unpaved roads were found to be 2.15 N/m* and
0.41 W/(m*:s). 3) Sheet erosion was the main erosion form on unpaved roads with a slope degree of 3°. The rill formed on the
road surface when the slope degree was greater than 3°. The rill breadth depth ratio, rill complexity degree, rill split degree and
rill density were 1.80-3.75, 1.07-1.55, 0.20%-10.33% and 0.067-2.01 m/m’, respectively. Overall, the rill density increased
with rainfall intensity increased, rill breadth depth ratio decreased with slope degrees increased and rill complexity degree and
split degree were positively correlated with the interaction of rainfall intensities and slope degrees. 4) Ratios of rill soil erosion
yield to the total soil erosion yield were 18.0%-57.16%. The power function could be used to describe the relationship between
total erosion yield and rill split degree and rill density. Exponential and linear functions were found to be useful to express the
relationship between total erosion yield and rill breadth depth ratio and complexity degree. The results provide key parameters
to the implementation of engineering soil and water conservation measures on unpaved roads and are therefore meaningful for
the production safety in the mining area.

Keywords:. erosion; runoff; hydrodynamics; Shenfu mining area; road; rill; morphological characteristic



