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Effects of ground fissure characteristics on
soil physical properties in the dump

LI Yexin''*, LV Gang’, WANG Daohan®, WANG Shuang’, LIU Shuang’, ZHU Su*

(1. School of Architecture and Civil Engineering, Shenyang University of Technology, Shenyang, Liaoning 110870, China;
2. College of Environmental Science and Engineering, Liaoning Technical University, Fuxin, Liaoning 123000, China;
3. Tieling County Natural Resources Service Center, Tieling, Liaoning 112600, China;

4. Tieling City Natural Resources Service Center, Tieling, Liaoning 112000, China)

Abstract; Taking the south dump of the Shengli Dong No. 2 open-pit coal mine of Datang international power
generation company in Xilinhot City, Xilingol League, Inner Mongolia as the research site, the characteristics and
differences of soil mechanical composition, pore status, spatial distribution of moisture, and saturated hydraulic
conductivity with different ground fissures in the dump were studied. The results indicated that the soil texture in the
ground fissures of the dump was sandy soil, which has the characteristics of loose texture, strong air and water per-
meability, and poor water storage capacity according to the international system of soil particle composition. The soil
bulk density with the three plots was 1.22~1.45 g + em ™, and it first increased and then decreased with the in-
creasing of soil depth. The soil water content with the three plots was low and decreased with the increasing of soil
depth. Soil saturated water content, field water holding capacity, and soil available water first decreased and then
increased, and the wither coefficient first increased and then decreased, and there were significant differences be-
tween different soil layers. The saturated hydraulic conductivity of each soil layer (0~10,10~20.,20~30,30~40,
40~50.50~60 cm) with the three plots was 1.16, 1.02, 0.95, 0.71, 0.47, and 0.27 mm - min”', respectively.

There was a good power function relationship between the soil saturated hydraulic conductivity and soil depth. The
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physical properties changed with appearing of ground fissures, such as soil bulk density, pore status, and spatial

distribution of soil moisture, which in turn affected soil erosion processes, such as infiltration, surface runoff, and

runoff and sediment production in the dump.

Keywords: dump; soil moisture ; ground fissure; soil mechanical composition; soil pore status; saturated hy-

draulic conductivity
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Table 1  Statistical characteristic of ground fissures in the dump

WEBR o eiyom obfiem DM/ Fl/em  Bdem VIR RRREUG g

Morphological X R Standard Coefficient Number of
Max. Min. Median Mean Range . L P value

parameter deviation variation samples

ﬂﬁ%:z KE 3998.5 11.3 290.4 412.9 3987.2 586.70 142.07 0.000 61
Surface length

o

ﬂﬂ%m}x 40.4 4.3 17.7 18.1 36.1 7.26 40.19 0.964 61
Surface width

YR Depth 55.3 5.7 25.5 25.7 49.6 15.13 58.97 0.908 61

2 HPR5Hr

TR

DU L B i L b T UL A8 RN
LR LU 5], AR AR JBORE 35 i LU (91 45 ey 1 8
ShHey ALBE B K BE T, R Y SRR 20
WA M TR, 9 R AR K o 3R 3 $R 3t 5%

2.1

2 @& 1 AL, GF T . GF T .GFI0~60 cm +
JZ NI BRI AR > B kL > Rk, Bl + )
TREE ARG, 3 ek Rk DRtk & i 0 AR 4k
A, IR S N 69.58% ~ 78.62% , ki & =
4 10.25% ~ 17.64% , Kb & 88 6.72% ~ 14.85%,
AN R AE 2 () TG B 35 25 5% (P>0.05) , H3EAL
PR B LARD AL 1o 32 Ry B i FORS R B i I
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1.22~1.45g - em™ GFII 4 1.26~1.43 g + em™ | Bifi
B IR RG N, 7 E 2 SRS KR N
AR, Hod RAE HHBLAE 10~20 em 120 ~30 cm
)2, BERTHALA)ZE (P<0.05) . T EfLEREE
R EE LR E MIEBE LR E AR, BEIL
BB S i e 25K RE T, R 3 AT, GF 1 0~ 60
em + 2 HIEEEILHE R 29.28% ~36.70% , GF 11
4 19.88% ~39.30% ,GF I 2}y 27.91% ~37.18% ., Fifi
2RI, B FLIR B S 3 Se kN S 1R
FASAE A, Hofse/ME B TE 10~ 20 em B 20 ~ 30
em 1)2, BE/NTHALLZE (P<0.05), UM% L
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97 o AEBEFLBURE S e+ 3 0 m SBE K RE T,
K3 BT B I A B A 2 T R 28] ) o 3 0 | 7K U
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BEH 14.27% ~ 18.11% , GF 11 K 14.20% ~ 26.14% ,
GFII M 14.39% ~19.03% , K& + )2 B 39,
AE BB LB S 5wy, 5 B8 LI R ) A8 1k
A i, Hom RAE HBAE 10~20 em 3 20 ~30 cm
T2, B R THAL+Z (P<0.05) .
2.3 TEASZFESDE
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B RIERE A ik A RORAEY 4 )
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F110~20 em )2 TIEES/KERERTHM )Z (P<
0.05) ,GFI 30~40 cm 40~50 ¢m 50~60 cm Z[A]JC i
F25(P>0.05) ;GFIL 0~ 10 em + )2 HHEH KR
15, N 7.16% , i 3 KT HAl 12 (P<0.05) ;GFII 0~
10 em 2 HEFIKFE/NF 10~20 em +2,20~30
em )2 FIEEIKCR I E/NTHAL A+ 2 (P<0.05)

®2 AR HEREMTEE
Table 2 Morphological characteristics of typical ground fissures

e K/ em e/ cm B/ em JE K/ em A/ em?  KIEHE/(cm + cm™) TR/ %
Plot Length Width Depth Perimeter Area Length density Area density
GF 1 120.83 9.85+3.48a 29.00+6.08a 287.65 983.92a 0.012 9.84a
GF1II 109.90 2.86+0.84¢ 30.67+5.03a 230.65 286.47¢ 0.011 2.86¢
GFII 104.84 5.77£2.76b  28.67+15.82a 228.58 576.70b 0.010 5.76b

TE  SRAE T8 BE R EE Dy 221D s IR B AN [ 5B 2R AN IR R 8] 22 57 (2. 3% (P<0.05)

Note : The width and depth are the average of multiple measuring points; Different letters indicate significant differences between different plotas ( P<

0.05).
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Fig.1 Soil mechanical composition in the dump
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Table 3 Soil porosity characteristics in the dump

el i}%ﬁfﬁ ) _iﬁ%@ﬁ . %%ﬂ[‘f‘}‘lf}f 1F%"‘°§5‘Uﬁf§f

Plot Soil depth  Soil bulk density  Capillary Non-capillary

/cem /(g-em™)  porosity/ % porosity/ %

0~10 1.30£0.01d  36.70£042a  14.27+0.29d

10~20 1.41£0.00a  29.28+0.02d  18.11+0.01a

| 20~30 1.41+0.0la  30.42+0.90c  16.95+0.58b
oF 30~40 1.36+0.01b  33.17+0.10b  15.76+0.07¢
40~50 1.34£0.0lc ~ 32.72+0.18b  17.17%0.12b

50~60 1.34£0.0lc ~ 32.70+0.74b  17.14+0.36b

0~10 1.31+0.01b  33.41+0.66e  17.35+0.44b

10~20 1.45+0.00a  19.88+0.10f  26.14+0.06a

GFI 20~30 1.31£0.00b  34.49+0.07d  16.27+0.05¢
30~40 1.25£0.00c  36.51+022c¢  16.19+0.15¢

40~50 1.22£0.00d  38.29+0.06b  15.35+0.04d

50~60 1.23+0.01d  39.30+0.24a  14.20+0.18e

0~10 1.39£0.01b  29.55£0.20c  18.40+0.13b

10~20 1.42+0.00a  29.12+0.34c  17.97+0.22¢

GFII 20~30 143+0.0la  2791+0.11d  19.03+0.07a
30~40 1.26+0.0le  37.18+0.62a  15.07+0.43d

40~50 1.31£0.0lc  36.19+0.26b  14.39+0.18e

50~60 1.29+0.01d  36.10+0.26b  15.17+0.18d

TE Bl S bR e 22 s AR TR /ING R R OR [ — RE A 7]
JZZ A28 5 .3 (P<0.05) . Tl

Note : The datas are the mean + standard deviation. Different lower-
case letters indicate significant differences between different soil layers in

the same plot (P<0.05). The same as below.

T E KRR AR 2 ARE T
R IR R, GF 10~60 em HHI15K
4 30.19% ~37.71% , GF 11 Jy 23.16% ~ 40.65%,
GFII 4 28.59% ~37.92% ,3 FEM 4 HEih A1 & /K it
Wi 5 = J2 % 11 358 i T 2 R SN R G R AR 4
A AN )2 Z [ AE7E 22 57 (P<0.05) ; T34 Al
P KRR R R TR e R ABAL Hh I A A8 | FAUE
FEAR 28/ ME, GF T F1 GF I 4 38 10 155 7K B e /)
B HBAE 10 ~ 20 em + )2, BOE A 30. 19% F
23.16% , GF I ] HY BLAE 20 ~30 em )2, 528.59%,
P NTHAL 2 (P<0.05) ; T R4 X 0 ~ 30
em )2 N IS KBRS, M 30 em DU+
A G oK BN, X AT RE R A2 258 H BIREE R
ey, AR 4% Y ) B2 B R L B A5 4 | 5 ) - S
IKEETT, X SRS B gE 45 R A — 2 M 2R
JERT 30 em B, R RIS KRS0, FB50 )2 5
F0~10 ecm H)Z,

FH [l 7K 2 2 4 48 T BB A2 PR 47 1Y e vy 1 8
Tk R R TR R R BB KRR
GF 1 0~60 cm + 3 H [A] 477K 15k 28.08% ~35.38%,
GF I 24 21.18% ~ 38.42%, GF Il & 27. 18% ~
35.89% , Al + 2 Z AIfFAE 25 7 (P<0.05) ; i +

JEURBE R8T, B 1] 47 7K 2 2 B0 A e /N e 38 K 1
A, AR AR 5 IR A K — B

P25 REOE TR KA R R M T 25 B K
R TR KA FBREY, GF10~60 cm
FEZRBUN 3.64% ~4.50% ,GF 11 2 3.41% ~4.83%,
GFII >}y 3.79% ~4.50% , AN[F) 12 2 [RIfF £ 2 5% (P<
0.05) ; BEE T2 IR BE N, 025 R AR PSR
Je U8 I AR A R | AR A R 5 - AR RN K
I (A RE K S AR S ; 08 22 32 B0/ IME 34 HH B0 AE 30 ~
40 em + 2, GF 1  GF I . GF I 4K ¥k 4 3.64% .
3.41% .3.79% , XF USR] R S 4% (1) 1 38 5 AR
MERBOTA, KL EHES KRR TRHER
B, H RS KOR R 22 R AU 1.04~ 1.87 %, Ui
R ZEEE X A 397K 43 1T Ll A 4 R AR A {ELfRE
YR IHES

T ROKZ T3 Y RS A S
TR TR LSRG PAEY ™ &0 EER
HA Tz hE4AHLGF 10~60 em HHEf
WK A 23.58% ~31.30% ,GF 11 4716.81% ~33.59% ,
GFII A 22.68% ~32.10% , 43l (& + 48 H [] £5 /K
1) 83.97% ~ 88.57% .79.37% ~ 90.37% . 83.44% ~
89.43% , JIf i FL 4 i . 3 NEEHBARS ] 4 2 22 (8] Y
TR FOKA 225, BRI 10~20 em 5% 20 ~
30 em + 28/, B A+ 2 50K 2 1 80R
G, Bl JZURBE MBI, 3 ROK IR eI
INEBER, HARE L S 4 SR RN 55 K AN H (A
K EAR—2L,
2.4 TEEEIMSKE

T RN TR R DI K R RS TR R
N7 S [F) PR A8 2 BT T AR A K i, SO T A Bk
REFN K RE A7 /I 42 5 i b 36 448 370 2
TR AR, I 2 AT, GF 1 0~10,10 ~
20.20~30.30~40 .40~50 .50 ~60 cm 34 157K
ZAR K K 1.10,0.94 .0.87.0.90.0.73,0.42 mm -
min~', GF I1#K¥X J 1.18 .1.05.0.73.0.40 ,0.27 .0.18
mm - min~', GFII&K¥X A 1.19 1.06,1.25 .0.84 .0.40 .
0.22 mm -+ min"',3 MEHLFEE 0~ 10 em I
SACREZERTHAL L2 (P<0.05);50~60 cm +
2R Tk R, BN HAL R (P<
0.05) ; bifis + )2 VR EE R3S I, 3 A4 1l - 38 4 A &
IKFRBE B EAM K N 1.16,1.02.,0.95.0.71,0.47
0.27 mm * min™' ,:5'57}&/]\%%0 THEEMMEKERS
2R 2 R A B R R B R HAUA T e
MK, =3.997x" % (K~ LR AT G KR, x N L2
WIE R*=0.72,F=52.157,P=0.002) ,



55 4 3 N 55 - HE 3 R RGERFIE X L S P A R R 219

PEHC RIS KA (XT) HIEAE (X2) MRS WER S AT, I A oKk S8 5 b A AR R
KEE(X3) WA KR (X4) HZERE(XS) Wbk KRS EERAR(P<0.01) , 5 M E K2 8
TH(X6) MRS (XT7) Kk A (X8) 5 FHRAMIE(P<0.05) , 5HAFEPRAHOCHEA B3 (P>
TR AR 2 (YY) HEATARC 0, BARZE R LR 5, 0.05),

x4 HTHTEASDHIE

Table 4 Distribution characteristics of soil water in the dump

RIS KR/ % HEIRKER/ % I Z % T HEEHOK %

FE b +2RE/cm FIEEIKFE/ %

Plot Soil depth Soil water content Soil saurated Fi.eld water. Wither coefficient Soil available
water content holding capacity water
0~10 6.03+0.33a 37.71+£0.42a 35.38+0.41a 4.09+0.31b 31.30+£0.42a
10~20 6.36+0.01a 30.19+0.02d 28.08+0.02e 4.50+0.05a 23.58+0.02e
FI 20~30 5.09+0.72b 31.21+£0.90¢ 29.42+0.89d 3.99+0.75b 25.42+0.89d
CF 30~40 4.26+0.08¢ 34.03+0.10b 31.89+0.10b 3.64+0.15d 28.24+0.10b
40~50 4.31+0.14¢ 33.44+0.18b 31.56+0.18bc 3.83+0.24bc 27.72+0.18bc
50~ 60 4.14+0.06¢ 33.29+0.54b 30.90+0.46¢ 3.75+£0.34c¢ 27.15+0.46¢
0~10 7.16+£0.53a 36.77+0.68d 34.61+0.66d 3.83+0.57¢ 30.77+0.67d
10~20 4.71+£0.09be 23.16+0.10f 21.18+0.10f 4.37+0.12b 16.81+0.10f
GFll 20~30 4.30+0.06¢ 35.63+0.08e 33.39+0.07e 3.93+0.04¢ 29.46+0.07e
30~40 4.29+0.17¢ 37.80+0.22¢ 35.42+0.21¢ 3.41+0.19d 32.01+£0.21¢
40~50 4.68+0.05bc 40.04+0.06b 37.38+0.06b 4.38+0.05b 33.01+0.06b
50~60 5.00+0.18b 40.65+0.24a 38.42+0.24a 4.83+0.21a 33.59+0.24a
0~10 6.04+0.17b 30.39+0.20c 28.80+0.20d 4.03+0.18¢ 24.77+0.20d
10~20 7.42+0.28a 30.23+0.34¢ 28.73+0.34d 4.21+0.38ab 24.52+0.34d
I 20~30 4.89+0.09¢ 28.59+0.11d 27.18+0.11e 4.50+0.09a 22.68+0.11e
CF 30~40 5.99+0.48b 37.92+0.62a 35.89+0.61a 3.79+0.57d 32.10+0.61a
40~50 6.05+0.20b 37.19+0.26b 34.56+0.26b 4.12+0.25be 30.44+0.26b
50~ 60 6.02+0.21b 36.68+0.26b 32.95+0.25¢ 4.20+0.21ab 28.75+0.25¢
- 2'[OGFI  WGFI  OGFII i
=3 ab =3 ab
ESisp . ES 12 5 ab
23 | b| % 2510 Q b
=2 E ab ab =2
ié 10t ab b N ié 0.8} c
o = o £ 0.6
B2 abl c ¢ 28 d
sl E 0.5r b el E 041
B cd ®E ol
E 0 L L L 1 1 (/5} O L 1 L L 1
0~10 10~20 20~30 30~40 40~50 50~60 10 20 30 40 50 60
+ 2 % & Soil depth/cm + 2 % & Soil depth/cm
ARV NG FRERR R — R AN R )2 2 0] 22 5 .35 (P<0.05) .
Note ; Different lowercase letters indicate significant differences between different soil layers in the same plot ( P<0.05).
B2 S kR L RRENEIL
Fig.2  Variation of soil saturated hydraulic conductivity with soil depth in the dump
x5 TEEMSKESTEYEERIEROEXES
Table 5  Correlation analysis between soil saturated hydraulic conductivity and soil physical property indexes
Y X1 X2 X3 X4 X5 X6 X7 X8
Y 1.000 0.384 -0.688" * -0.619" " -0.584" 0.034 0.199 0.137 -0.293
X1 1.000 0.154 -0.100 -0.112 0.420 0.378 -0.348 -0.201
X2 1.000 -0.966 " * -0.960" * 0.165 0.059 0.326 -0.092
X3 1.000 0.996" * -0.188 -0.020 -0.385 0.053
X4 1.000 -0.210 0.010 -0.370 0.013
X5 1.000 -0.034 0.181 0.029
X6 1.000 -0.275 -0.777**
X7 1.000 -0.288
X8 1.000

o FORTE P<0.05 /KT N RBEMIG, = = FIRTE P<0.01 /K F REMHK,

Note: #* represents the significant correlation at P<0.05, #* #* represents the significant correlation at P<0.01.
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HE Y8 T—Fp Al ™ L TR S 1 P
B A B et A A AR Y e R T R 4
FLBRZSAE N LK I3 o AT HRAE . AH GRS R BT,
+HFEREABRMET 0.2 mm - min™ " AHY)
WA ZFHEM S EIA 30~60 kg » em™ P | Reisinger
DI SRARH F A F AR 1.40 g - em WA
AR BRIE 300 5 A5 0T F 9 4 R R A AR 1Y
WSS TE— e R b AT RS T i 25 WK A% S,
TR T J3 8 K AR o BEAR N A Y X A3
T HYDRUS B 5UE 5 LMK s B AR, thA
LSRRI HE 137 3 DA Ry 1.22~
1.45 ¢« em™ ,GF I [ 10~20 cm F120~30 cm )2,
GFII Y 10~20 em +)2 GFIT Y 10~20 e¢m 1 20 ~
30 cm HEEEAFEKRKT 1.40 g+ om™ | AN[A] A2
LA FRE B m A H 2, ] Bk 24
FRHE A A R, s R e A 5T R
RMEIRPAICMEE RN 1 4% - 3m' 345 - 3m™' 5
2+ 3m 7 4 - 3m T By RIEAREARIKON 1.37 ~
1.57.1.50~1.59 .1.48~1.60.1.48~1.56 g - cm™, H:
BB = TAIF S 45 5, R T A SU AR 4
FHE, JE TN T A A1 A b T 5 B 2
FRATL, FLBR K3k | R T BHE 137 2 /N

HEE37 3 MR 0~ 10 em )2 HIEGAKERE
WA GFI>GFII>GEF T AR S 3 A HE b 2
RETE LA, X T 4 T N, AhEE iR S
23S Sl T AR N T R A K
SR, PR A ol A AR T X 4k A
Y 3K A3 52 A ARR , XFF 10~20 em 5 20~30
em T2 H AR SO X AR, 1 X — R E 1
J PR T A5 s — 2 BT S K 3R B R TR Y 4
IR/ s — o th T 1% 2 R ARS8 R F W R,
BK AR, BRAIAR P X 1 K 3 e f . &
TRZBEIE 5 K B IR A A% Sk o e e
AR HE 57 T b R R A HEEE Y ST R ) M
RIS S ER AR, A K U H K P33 o 32 2 1 A )
B, R RS R HE N s
3l REEBEE I R A B B M AB T, BB i
WA AL . BRI, A8 1 AR SR 5% X+ S 1R Fn R K
RN B A JZ R BE 038 R/, B AR A
BN T B R RS X — K8 T K
43, Liu A5 5K P AU A ol - IR Ak RE RS
FREAL RS A A AR A B B
P S BRT R Y 42.3% ~51.1% , X AF— & R B 38

HE- 0 R AT AR

iR B 5B BE R E MR
SR, SUHRAR GO R AR a8 1 B 25 Bl
BUARBL , S Wi HE 30K 70 A8 MR AR i b i
PAREZAIK LR R R, SR, AR REE R IE AL
SR FMHELK s AL AR R A 2, £
PRREENHE L8 W 59034 DL G 3 R AR
AOVEFIMLBE i AN BT, PG, £E 4 5 OIS v,
IR AN ) L AR B SR T HE L3 1 0%
IKPIBRIRRIRR, I R 288 K F 5 LK
SIHIRFR LM 8 R0 HE 13K sris B L 5
KA HR BT IR R ARl

4 4 ik

1)3 A AR 8E 1 N AL AL LD KL 55 1o
&, RO B 4, B B B K RE
1133 DR T HERE N R, X 5 R Rt e
ISR G, H R s b+ 2 R Bk
SR IF v/ N AR AR, Hed KA BEAE 10~30 em
)=,

2)3 A AREE R 1T K R A, (H A
eI A KT BT B K 73 5 BEE =R BE RSN
TR, 25 B e dn B A i A8 A R, HA
JEZIAIFAE2E 5T 3K 0 AR B TR I e KA
Ab LA HOBME R IR B /M, X5 R R4
OO L el by AR L SRR BE 1 S A

3)3 A AR REE IR oK AR BE R TR
BN AR L, HR)Z 0~ 10 em M1 0K
RPFRTHAM AR BN GRRE R RE
HABGF IR RBOCR , 5 R R E A& oK
GUEIEIESY S €l [ TE IR TE i S FSH

& % X k.
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