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The Impact Mechanism of Different Soil Cover Thicknesses on Soil Erosion and Nutrient Loss
in Open-pit Coal Mine Dump

XIONG Shuzhen, LU Gang', ZHANG Yanan, ZHANG Taiyu

(School of Environmental Science and Engineering, Liaoning Technical University, Fuxin, Liaoning 123000, China)

Abstract: [ Objective] The thickness of soil cover is a key factor determining the ecological restoration effectiveness of the open-pit
coal mine dump. A reasonable reclamation thickness directly affects the effects of soil erosion control, nutrient retention, and vegeta-
tion restoration. [ Method] Taking the dump of Fushun West Open-pit Mine as the research object, a platform-slope model with a
height of 50 cm, a platform width of 40 cm, and a slope of 25° was constructed. An indoor simulated rainfall test was conducted,
and the rainfall duration was 120 min. During the rainfall process, to record the development process of the rill, one section was tak-
en along its longitudinal direction at the top, middle, and bottom, respectively. The width and depth of the trench were measured with
a steel ruler, and the length of the trench was recorded simultaneously. The average values were respectively taken as the morpho-
logical characteristic parameters of the rill. The measurement time was from the beginning of the self-generated flow. Within the first
20 min, measurements were taken every 2 min, and from 20 to 120 min, measurements were taken every 6 min. Meanwhile, the run-
off and sediment yield were collected every two min using the runoff bucket. After 12 h of sedimentation, the supernatant was col-
lected, and the flow rate was measured with a graduated cylinder. The sedimentary soil was dried in an oven at 105°C to a constant
weight, and the moisture content was measured. Afterwards, the runoff volume was estimated as the sum of the water volume meas-
ured by the graduated cylinder and the soil moisture content, while the sediment yield was considered as the dry weight of silt and
sand. After determining the sediment yield, nutrient content analysis was conducted. Soil organic matter was determined by the po-
tassium dichromate external heating method, total nitrogen was determined by the Kjeldahl nitrogen analyzer method, and available
phosphorus and available potassium were determined by ICP-MS. By analyzing the obtained data, the influence mechanism of dif-
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ferent soil cover thicknesses on the sediment yield characteristics and nutrient loss process of the waste dump was revealed. [Result]
(1) Under different soil cover thicknesses, rill erosion was dominant. The process can be divided into the rill head formation stage,

the rill erosion development and evolution stage, and the stable stage. The maximum development rates were 0.65-3.0 cm-min,

1.5-16.75 cm-min*t and 0.38-1.25 cm-min, respectively. The soil cover thickness was linearly and positively correlated with the

time of the maximum sediment yield rate and the time of the maximum sediment content, with R2=0.93. That is, increasing the soil
cover thickness can effectively delay the occurrence of erosion and reduce the output of sediment. (2)Also, the rate of soil nutrient
loss decreased with the increase in soil cover thickness. Under the conditions of 10 cm, 20 cm, and 30 cm soil cover, it was
4.34%-55.11%, 4.97%-46.78%, and 2.61%-40.93%, respectively. The overall degree of nutrient loss followed available phosphorus >
total nitrogen > available potassium > organic matter. (3) The dynamics of nutrient loss and the rate of sediment yield and flow
showed a synergistic change pattern. The cumulative contribution ratios of sediment yield and flow in the first, second, and third
stages of erosion ditch development were 2.3%-3.4%, 55%-71%, and 31%-43%, respectively, and the cumulative contribution ratios
of sediment yield were 0.7%-3%, 47%-88%, and 13%-52%, respectively. Additionally, the contribution ratios of cumulative nutrient
loss were 0.61%-4.8%, 35.10%-81.48%, and 14.48%-63.98%, respectively. The second stage of furrow development was the main
stage of sediment yield and nutrient loss, but the peak loss rate was delayed with the increase of soil cover thickness. [ Conclusion]
Based on the goal of controlling soil erosion and nutrient loss, it is recommended that in the reclamation project of dumps under sim-
ilar climate-soil conditions, the soil cover thickness be set at 30 cm.

Key words: Dump; Soil cover thickness; Rill erosion; Soil erosion; Runoff and sediment yield; Nutrient loss

Pgiit, 2024 G4 EER 7RISR 47.6 {20, & ARIRTH P A L 50%, 23R E I E R REIRM . HE+
YAE NIRRT RIOATA =), BAHRYFE . S5 EAHRRLERHE, b & Hm b - H
m %, fEmREARI RN AT, GG AL G- oK B kR4 MG RER I, HitE
+ 10~30 cm FIWIEE ANIBIE R AL 33.02 mm-min L, 3517+ 40~50 cm (21.59~24.89 mm-min 1) , 4K
M, BABARMNIBEE I BT G- RGN R =Ry & n, REmdihmES. fEmE
55 1IN B 7 o5 R A AR A TR R e T RO D R A Y B B, B TSR A R B, B A
HREYE, RuAnTHTr6 2 Ak EE CRER-ER-TEERT R E, SEIRECERI I R,
S R 1.36 f5~1.93 fiF, FEIRAME R R -, FREARD &G ER
280.27~735.17 L #l1 9.36~87.48 kg2-3571,  J5 4t 5 3k — 25 e B P W0 AN BB e P = v i AR, 36 2 35 A
2 LIEFR SRR BN,

FERNIKBM A BESEFRRR, BEERHOIF e E LB )RR, BB, KRl FEx) -+ 1%
TR IE IR R L 32 B PR A 2 b R X U P g Ly b2 % s st [X OV M S5 s . Jd i H B TR 1k
R I, Wi 8 T A O o] L3 /K 7 2 1000, B e AR b AR FE D, S IR AN [A] 45RO B B I
AN PR AR S B R N EES, Hh MR R CIRE K, T 40.84%, A L5 AIA 20
I3 I FEAK 33.49%7F1 27.08%. TMAEACIE 2 E MBI KT, AREEEFR SRR RER, HER
T AT VA T AR S B 23 91K T 0.37 kg-hmr2 A10.20 kg-hm 20571, A5 4L . BUMIBE &6 G B R 205 B R AR
XPRE R FR - B A OCRRE A, dkimisgm A AR KR B8, HET, KT XK G RR T A
HRE T Rk FO0F B Y SR FE KK B g B2, Ok B ) T B G- R G R A EARE, K
NBENZS IS FECIE, (HERAN A 78 1 5 0 T 3R Bl e & = i R i sg it i sl . 78 LR ANV B H2
SN T R O R A AR R oA, e TG A BAERE R R R RE T, 1T R A a VK R SR AN R
BRARS, [Rit, #SITREmEH T8 LR - m 98 AR AR Z A R G O &, X0 R -3 5%
PFFHEE I E RASBEEREAGEER . Tk, ASCUSRImE Ry HE L3 Lo it %, JF
JE =N N TREMRE, R R I3 R R R R K NIB . PR 70 A 395 003 A KR AE
s, DAUNRIZEAE- IR A T HE LI E BRI S5

1 #REST5k

1.1 iR

B IR RT A R AR T T A PR T B A X P B SR e s R HE 3% (41950'00"N, 12351'10"E )
TIEFES N 0~20em RZE L, FEH L4 gom®, HIEFH VR RETE L, TIERRL BRI RS & 2
N 56.03%. 19.71%F1 24.26%, +3EfLMER WLE 1. A RAN XARE LIX, IR TE Al s
PRGNS E D EETUSR . REMEIKCASE, RERN 1.6 gemd. TIEAEFAEXTAEE, 72l 2
mm A1 5 mm FRifETE, BRI

3 1 TS IR ARARE



Table 1 Characteristics of soil chemical indicators

+HkA A E Bulk den- 4% Total nitro- A #lL i Organic A Xff Available phos- 3 2 %f Available po-

Soil type  sity/ (grem™®) gen/ (mgkg™) matter/ (g-kg?) phorus/ (mgkg™!) tassium/ (mg-kg?)
P . 14 688.54 40.01 14.39 147.92
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Fig. 4 Runoff generation characteristics under different soil cover thicknesses
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e RE/NG FREFRALAIZE 0.05 KPR 53 . Note: Different lowercase letters indicate significant differences between groups at the 0.05 level.
R ATTL I = A R B2 B IRS), R iaeibia®, FoimE Al B3 s e b e, )



W (0~18 min) , 10 cm 78 L JE MY B 205009 30 em [ L1 F5AT 1.3 1%, HEGRh s L RERE
YA BE 25 5 7 A M R AR AN R 3R R . PRI 4L 2 18~88 min I, AN[FI7E + )5 ARt vb B 1B 1
e Hep, 20 em B AJEEAMT, BEWEAT A 68~84 min B, FRETIES /KN EFHIT T LR R
4577, BUEIREFIRGEVERR, RN, ERBYUI IR ERE RN, EARE LIRS 5 EGRE
TR EE RS, SR T ZB BN R m . AHEEZ R, 10 om 8 LR R EEGE, HnR
JRAEFER AT KRR R, SBULHR M5 445 52 R ;11 30 om & LB EENPUK > NERE KR, 2K
BARXTE S, WO RAE I BOR ISR 1 I om R . SRT, PR O IR SE < 25 88~120 min I, 30 cm 7 +
JERER = v S SURIEE N, BTk 10 om 7 R R EUE . XM Al AR 2 EE T PO L] — 5
I, 27 RN HEEGRYIE NS REST, (LR AT REA ROs b R RANMR M 53—, FEE PR 5
8, HeLIBOURA RN IRAE I BE K S BRI N, AR SE PR E BRI, T I 7 R TR e 5
CREARK. HEEZ N, EELEHREEFRE MR, & SBG-WEEMN. £ RERILFEE
AT, BLEREDERZBIEMRRR, RECHEMARERAFR., DAV FEIREY], S EEm,
PSR NE I, 7AEZE BR AR AN SR A (R I R R AR 2R PR 2L I R AR MR
PRV AR, BEAE RN, b BN KR S B AT A AL (B 6) , 20 cm A1 30 cm
BALREFRE S E R R R BT, 10 om B LEE B TE L RE, YR, S
= AR E I Py s 22 B (Rl 10 om B LR R E S5 B R R R RN, SRR

2% bt
(R T 4 SR A AL
0000 O o hick O 2 ol cover thickness 30
% -+ JEFE Soil cover thickness 10 cm 5% Soil cover thickness 20 cm - < J& £ Soil cover thickness 30 cm
L oy= - o |- y=2.098x-1312 R2=0.93 P<0.01
2 5000 - y=0.001269 R2=0.47 P<001 2 12000 - y=2.106x-1592 R2=0.90 P<0.01 2 12000 - ¥ "
=] S 10000 3 10000
© 4000 - K 2
> > >
= = 8000 & 8000 [
S 3000 | S 2
I £ 6000 (- 2 6000 [
15 2000 - o el L
pe o 4000 - pe 4000
1000 | S 2000 = 2000 —
I 0 -
0 500 1000 1500 2000 2500 3000 3500 1000 2000 3000 4000 5000 6000 1000 2000 3000 4000 5000 6000

F=ybiit Sediment yield/g
6 UL R F
Fig. 6 Relationship of runoff and sediment yield
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