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Abstract: [ Objective] The characteristics of runoff and sediment production on the slopes of mine dumps
with different recovery periods in alpine regions were analyzed in order to provide scientific basis for the
efficient and rational restoration of vegetation., as well as for improving the soil and water conservation
efforts, on such mine dumps. [ Methods | Seven dumps of the Delni copper mine in Machin County, Guoluo
Xizang Autonomous Prefecture, Qinghai Province, with recovery periods ranging from 2 to 15 years, were
selected as the research subjects. Runoff, sediment, and hydrodynamic characteristics of dump slopes with
different recovery periods were determined through simulated rainfall tests, and their influencing factors
were analysed. [ Results] The runoff and sediment yield of the dump slopes in the study area were relatively
complex and random. Large variations were observed in runoff and sediment yield per unit area with rainfall
duration in the different recovery years. No significant relationship was observed between the cumulative
runoff per unit area of dump slope and recovery period. The cumulative sediment per unit area and average
volume diameter of the eroded sediment decreased with increasing recovery period. A significant power
function relationship was observed between the average volume diameter of the eroded sediment and recovery
period (p <C0.05). The runoff generation period increased linearly with the recovery period (p <C0.05).
Laminar flow was the main runoff flow pattern at the dump slopes each year, and all patterns demonstrated
tranquil flow. The Reynolds number and flow shear stress of runoff showed significant exponential and linear
decreases, respectively, with an increase in the recovery period (p<C0.05). No significant relationship was
observed between the velocity and Froude number during the runoff and recovery periods. With increasing
recovery period, the erosion and sediment-carrying capacity of runoff on the dump slope decreased.
Significant positive correlations (p < 0.05) were observed between the slope gradient and cumulative
sediment per unit area, runoff velocity, and Reynolds number of the dump slope. [ Conclusion ] When applied
to artificial vegetation restoration, the anti-erosion ability of dump slopes in alpine regions showed a positive
trend with increasing recovery years. When vegetation regreening was incomplete, the impact of the slope
gradient on runoff and sediment production characteristics, including the hydrodynamic characteristics,
outweighed that of vegetation coverage.

Keywords: alpine metal mines; dump; characteristics of runoff and sediment; hydrodynamic characteristics of

runoff; soil and water conservation
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Table 1 Basic information of mine dumps with different recovery periods in Delni Copper mine
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2012 10 29.7+4.6 22 4 050.00 34°22'36"N,100°7'35"E
2009 13 31.3+4.1 33 4 070.00 34°22'38"N,100°7'46"E
2007 15 31.5 301 4 053.00 34°22'31"N,100°7'46"E
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Fig.1 Schematic diagram of simulated rainfall test
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Table 2 Classification of correlation strength during correlation analysis
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Fig.2 Characteristics of production rate per unit area for runoff and sediment of dump slopes with different recovery periods
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Table 3 Relationship between production rate per unit area of
runoff and sediment, and rainfall duration in dump
slopes with different recovery periods
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Table 4 Plant species of runoff plots in dump slopes with different recovery periods

AT HBR /a BHE J& % Fh 4 L B
2 1 1 1 T Y
3 1 2 2 T F B B0 VR b LR
5 2 2 2 TERE PO R
6 3 3 3 R 0 A BT 3 L /N
10 4 4 4 R O L 55 /N KGR CH R S e B R TR
13 5 5 5 BRI Rl B A e O B R A
15 4 4 4 TP H R B BRI RIS




6 K - PR R EHRYE

201 s Sl 2
b ¥ BRERETE
o n
g
w L5F ]
HHTH{ y?71.5131e'°'°i’
2 R’=0.536, p=0.061
Lo1of .
[ ] RREEN
0.5 L
3 6 9 12 15
5 AF BR/a
é 3.0 5 d B4Rk FHRRAE
& 257 )
ﬁ n ’\ - y=5'883x»0v936
5 15 R’=0.964, p=0.001
o
%o}
B N IEER
ﬁ 05 F u R LR, n
B - . . . .
3 6 9 12 15
R E Ff/a

3 HELBBEE RS HEREREREERNXER

Fig.3 Relationship between characteristic indexes of runoff and sediment of dump slopes and recovery period
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Fig.4 Relationship between characteristic indexes of runoff hydrodynamic of dump slopes and recovery period

M1 5 AL B 5 XA () 4 2 4 R HE £ 37 100 5 5
37 T A SRR A T S R IE ARG OE &R
S RO AR o AT AL I ) 5 A BB i A
HEETEAR G &, S AR A SCSC & . Bz T
MERG= W E SHE R B E R EEM LKA (p<

0.05) AHIC R ECH 0.871 5 5 Ml B3 o I 52 IR 674 OC
KR MU VD ¥R R B AR 5 A 7 5 RN B
Gy 5 55 O DGR T BEIE AR OGO R . i — Pl I
Gy AT AT i 3 R 2 3 1, B A7 T AR R R 1
AR RO K B (p<<0.05) (Bl 5),



54 A5 e FE DA [R) B A0k 52 4 BRAT 1Ll 3 10 397 0 7 9 A AT 7
£S5 HIGHEEESRSDFIEEREESEMN 35 WHERRANNEFESHEEBSEMNKERN

WEMEXMES TR
Table 5 Results of correlation analysis between characteristics
indexes of runoff and sediment and coverage and slope

gradient of dump slopes
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Fig.6 Relationship between runoff velocity and Reynolds number and slope gradient of dump slopes
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