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Table 1 Basic information of the experimental plots
) T4 %, Material composition
Wk fibkr AR WS p A (i
INK G5 35 Slope  JEFE Thickness af DH PR R )
>2 mm Sand content Silt and clay content Bulk density
Plot /° /m o
Rock fragment 2~0.075 mm <0.075 mm /(grem™)
content/% /% 1%
1 25 0.60 75.40 22.45 2.15 1.23
2 30 0.60 75.40 22.45 2.15 1.24
3 35 0.60 75.40 22.45 2.15 1.23
4 40 0.60 75.40 22.45 2.15 1.24
FLBR4FAE Pore characteristics )
e o R NI
INX S BEE Slope  JEJ¥ Thickness LR = - Cohesive Internal
FLBE Infiltration rate o
Plot /° /m Total porosity . strength friction
Capillary porosity /(mm-min~")
/% /(kPa) angle /°
1%
1 25 0.60 53.24 13.93 1.26 7.30 28.90
2 30 0.60 51.64 13.25 1.33 11.65 30.79
3 35 0.60 53.46 13.45 1.60 14.64 29.13
4 40 0.60 52.96 13.05 1.31 9.69 29.88

K% Water supply
#KH
Storage water tank

Stablized water pump, y
Flow meter and volve * S

B0/ X

Experimental p

A

Overflow chute
LAl Pooling groove

A2 AR Runoff bucket

a. JEK R B R e

a. Layout of the field scouring experiment

b. Rl R

b. Scouring process
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Schematic of the field scouring experiment apparatus and its scouring process on engineering waste piles
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Table 2 Characteristics of rill erosion process on slopes of the piles different in slope gradient
i BT K L FEBRTBOK L R R KR 7 8] 2098 H B 1)
Slope Designed flow Actual flow Antecedent soil The time The time of rill

o discharge discharge moisture producing runoff occurred
/(L-min™") /(L-min™") 1% /s /s
25 10 10.0 20.00 2558 97
15 15.1 22.11 364 72
20 20.5 20.08 87 57
25 25.3 12.52 136 35
30 30.1 17.29 100 17
30 10 10.4 10.38 1218 82
15 15.4 18.99 280 49
20 20.0 16.79 115 31
25 25.1 11.98 116 23
30 30.4 17.30 116 12
35 10 10.5 18.40 914 44
15 15.1 18.31 94 25
20 20.5 19.90 87 17
25 25.0 14.91 93 14
30 30.0 19.41 95 8
40 10 10.0 10.17 805 15
15 15.0 15.89 82 10
20 20.1 22.68 88 7
25 25.5 22.64 76 5
30 30.0 18.30 96 4

e IR [RIHE A% 0 0 IS 3B TR BT 5 A4 VA S B EST [R) R 3 1A LR B EH ) 40 Y8 A B[] Note: Runoff initiation time is the time

when runoff is observed for the first time on the slope; and rill appearing time is the time when rills appear for the first time on the

slope
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Fig.2 Variation of sediment yield on the slope of the pile relative to feature of the pile
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Table 3 Variation coefficient of runoff and sediment yields and contribution of gravity to the total sediment yield on the slopes of the piles

7R Runoff yield rate VP& Sediment concentration F=Ub K Sediment yield rate
Ji K HIIEH
W ikt TR R R TR U 5 R A 5 FAL 7Y BTk
slope Flow Mean runoff ~ Variation Mean sediment Variation FMean Variation ~ Contribution
/° rate yield rate coefficient concentration coefficient sediment yicld coefficient of gravity
/L'min™)  /(L-min™") 1% J(kg-L™ 1% rate 1% 1%
/(kg-min™")
25 10.0 1.49 21.31 0.05 1.60 0.09 4.34 34.38
15.1 2.77 13.74 0.08 2.93 0.21 10.35 53.45
20.5 9.36 73.28 0.29 29.31 3.15 448.90 81.45
25.3 11.45 76.17 0.41 13.20 5.18 305.30 64.80
30.1 13.21 122.47 0.22 28.17 3.82 817.20 95.92
30 10.4 0.87 14.51 0.02 0.88 0.02 1.75 17.41
15.4 2.49 20.40 0.12 6.53 0.35 26.10 24.24
20.0 7.66 50.36 0.38 22.02 3.32 305.10 93.40
25.1 9.81 54.24 0.30 24.84 3.37 430.80 84.88
30.4 17.17 202.63 0.32 33.35 7.10 1021.02 81.18
35 10.5 0.36 7.77 0.09 5.27 0.04 2.87 20.84
15.1 3.57 55.57 0.37 34.36 1.45 215.40 94.81
20.5 5.90 127.51 0.27 48.12 2.49 612.70 93.50
25.0 8.96 109.02 0.30 31.45 3.47 613.60 96.90
30.0 12.67 221.24 0.34 26.92 5.23 871.30 53.64
40 10.0 0.22 9.19 0.10 15.99 0.04 19.44 80.90
15.0 2.48 47.01 0.27 27.88 0.90 199.00 94.90
20.1 6.69 22.07 0.48 39.26 3.31 311.70 95.80
25.5 13.01 374.25 0.48 15.99 7.33 966.80 48.52
30.0 13.30 81.17 0.34 27.63 5.15 487.80 99.60

TE e TR U0 SRS 0 A0 78 T sl 7 v S M 1 S b A L 12 Note: Contribution of gravity refers to ratio of

the sediment yield on rill banks due to gravity to the total sediment yield of the soil erosion on the slope f20]

601 60 -
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Fig. 3 Relationship of variation coefficient of the sediment concentration in runoff with discharged flow rate and slope gradient
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Table 4 Characteristics of rill development in the engineering accumulation slopes

. ﬁmﬁ% (i A8 FEVETE TR %ﬁ@ﬁ %k@ﬁ %ﬁ%% %%?ﬂ%ﬁ TR
Slope Discharged Number of Average  Average Maximal Maximal  Maximal rill Average rill Rill width-
o flow | ills rill width  rill depth rill width rill depth length densit}zf depth
/(L-min™") /em /em /em /em /em /(m-m™)
25 10.0 3 10.11 2.17 37 4 10 1.35 4.36
15.1 6 11.72 3.83 20 7 10 1.77 3.06
20.5 4 10.08 3.46 20 6 10 2.07 2.92
25.3 5 19.73 4.67 32 12 10 2.88 4.23
30.1 5 12.60 4.53 20 8 10 1.84 2.78
30 10.4 4 10.12 3.69 20 6 10 1.68 2.82
15.4 6 11.72 4.04 26 6 10 2.42 2.90
20.0 4 10.67 3.75 20 9 10 1.79 2.84
25.1 6 12.72 4.94 20 10 10 2.52 2.57
30.4 5 14.80 6.50 28 15 10 2.34 2.28
35 10.5 6 7.89 2.50 14 7 10 1.90 3.16
15.1 4 16.58 4.13 29 7 10 1.74 4.02
20.5 5 8.87 3.37 16 8 10 2.39 2.63
25.0 5 13.13 4.53 21 12 10 2.75 2.90
30.0 7 11.42 5.38 28 13 10 3.00 2.12
40 10.0 4 9.33 3.17 15 5 10 1.86 2.95
15.0 5 8.73 3.60 20 13 10 1.59 2.43
20.1 4 11.58 4.83 23 13 10 1.95 2.40
25.5 5 17.33 6.73 30 16 10 1.93 2.57
30.0 5 16.67 6.33 40 17 10 2.16 2.63
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[ Objective ] Gravity is an important factor affecting development of runoff sediment and

rills on slopes. Large piles of soil, rock and slag generated as waste and formed during the processes of coal
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mine construction are liable to have inductive geological disasters such as collapse, landslides and debris
flow, occur under the action of water and gravity, causing serious impact or even damage to surrounding
water resources, land resources, vegetation resources, hydrological cycle and ecological environment
quality. [ Method ] A few of such piles in a coal mining site of a karst zone were selected as object of the
study. Field scouring experiments were conducted on slopes different in condition with varying flow to
explore how erosion occurs and proceeds, and how gravity affects development of runoff and sediment
and morphology of the rills formed. Field investigations found that the piles in the coal-mining areas of
Chongqing varied in slope in the range between 25.5° and 38° . To objectively reflect characteristics of
erosions on such piles different in stacking condition, the experiments were carried out on slopes different
in gradient, i.e. 25° 30° 35° and 40° , and had five flow rates, i.e. 10, 15, 20, 25 and 30 L min™
designed according to the characteristics of the per-unit width discharge caused by local rainstorms relative
to duration and frequency and each round of the scouring experiment lasted 60 min. [ Result ] Results
show:(1) The erosion on the slopes of the piles could be divided into two phases, sheet erosion (within
the initial 3 min after runoff started) and rill erosion which could be further divided into three stages, i.e.
rill expansion (3 ~ 24 min after runoff started), rill transition (24 ~ 30 min after runoff started) and rill
stabilization (30 min after runoff started); the time of rill appearance on the slope was negatively related to
the discharge flow rate and the slope; rills appeared the fastest in 4s and the slowest in 97 s, and the latter
appeared about 24 times later than the former. (2) Gravity was an important factor affecting runoff-sediment
yield and its fluctuations on the slopes of the piles. During slope erosion, runoff rate varied in the range
between 7.77% and 374.25% in variation coefficient, while sediment yield did in the range of 1.75% ~
1021%. Gravity could explain more than 17.41% or even up to 99.60% of the total sediment yield during
slope erosion. It was tentatively concluded that gravity started to act on development of rills, when runoff
and slope reached their respective critical value of 20 L-min™ and 35° . And (3) Runoff mainly caused
rills to develop in depth, while gravity mainly did in width. The two leading functions were quite similar
in degree of their effects on development of rills. Gravity turned short, shallow and narrow rills on slopes
of loose deposit into long, deep and wide ones, which ranged between 7.89 and 19.73 cm in width between
2.17 and 7.73 cm in depth, between 2.12 and 4.36, in width/depth ratio and between 1.35 ~ 3.00 m-m~ in
groove density. Mean depth and width of the rills increased with increasing flow rate and with increasing
slope gradient, too. Under the same runoff conditions, the sediment yield increased with increasing density
of the rills. However, density of the rills first increased and then decreased with increasing flow and slope
gradient. [ Conclusion ] All the findings in this experiment are of important scientific significance to
understanding correctly how runoff and sediment occurs and their influencing factors, to establishing models
to predict soil erosion on slopes of the mine-engineering waste piles, and to elucidating . scientifically the
roles of gravity in inducing collapse and landslide and maintaining slope stability of mine-engineering waste
piles.

Key words Rill evolution; Gravity; Water-sediment relationship; Engineering waste piles; Mining

project
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