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Soil reconstruction and water-salt transport mechanism of waste dump in arid
open-pit coal mine in Northwest China
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Abstract: The ecological restoration of mine dump is a major environmental problem faced by open-pit mining, and it is

an important factor restricting the construction of green open-pit coal mine. Soil reconstruction is an important step in the

ecological restoration of dumps. The northwest coal base, represented by Xinjiang, is characterized by water scarcity and

salinization.

Soil water and salt migration is a key indicator to determine the success of soil reconstruction. At present, the
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research focuses on the surface soil reconstruction to improve soil nutrients and promote plant growth. There are few stud-
ies on the functional soil reconstruction of water and salt control, and the mechanism of water and salt transportation un-
der different soil reconstruction methods is still unclear. Based on the characteristics of coal resource endowment in Xinji-
ang, from the perspective of coal circular economy, this study used coal gasification slag (CGS), a by-product of energy
and chemical industry, as a reconstruction material. Through a capillary water rising-evaporation experiment, the vertical
migration of water and salt and water supply capacity after CGS reconstruction were analyzed. The Van Genuchten model
was used to fit the soil water characteristic curve, analyzed the soil water holding capacity after CGS reconstruction, and
studied the feasibility of CGS as an aquifer reconstruction material. The red mudstone associated with coal mining was
used as the reconstruction material. Through the soil column infiltration evaporation experiment, the water and salt
changes at different soil depths after the reconstruction of red mudstone were analyzed, and the feasibility of mudstone as
the reconstruction material of aquiclude was studied. The results showed that the CGS reconstruction improved soil tex-
ture, optimized pore structure, promoted soil water and salt transport, enhanced capillary action, promoted the upward sup-
ply of water in the lower layer, and also increased salt surface accumulation. The reconstruction changed the parameters of
soil water characteristic curve, increased 6, decreased a and n, and improved soil water holding capacity. The higher the
amount of CGS added, the greater the fine slag content, the more obvious the effect. The CGS was feasible as a material
for reconstructing aquifer. The red mudstone had high clay and secondary mineral content, rich pore structure and good
physical adsorption. After reconstruction, the soil water content at 0—24 cm depth was higher than that of the control
group, and the salt reached the highest value at 20—24 cm after evaporation. The red mudstone effectively blocked the up-
ward movement of salt. Red mudstone was feasible as a material for reconstructing aquifuge. The research explores a suit-

able soil reconstruction model for the waste dump in western coal base.
Key words: soil reconstruction; water and salt transport; coal gasification slag; red mudstone; capillary water rising

W5 3 5] 2 S X A SR e B DRI, RE TR
AP ELO BT RS B AL T R T R AR
55 A PG AE e X U HEGETT, PG e X 2R T 2y
3% P e T e 2, e A e TN i e 3% 2.19
TAL t, 29 5 T I UM AEAR ¢ 5 Ak 1 39.3961). s
TEVE AL XCBE IR BE IR 454 Pl SCHEE AR . VRN R
T BE IR TR, 0 2 AR KR R A
TSR R A AL R BE TR X, R, el
FER BRI T, A= SIS, Il T A= B A
HE LI R EE RIT R ARSI 4R P L S, S —A>
B iR A HERUA, HEAR G A rh 2 HU S A2 ),
FHERREL, R R, K i
i, ERHE L7 PR A R S - S A A
SN SRR T R A R A R
A DIRER N T IR R L 25K E-BRK)Z,
Horp, )2 FRORESR, @ HAEYA K, 2RA T
R W —)z; FKIE FZOEMAF K, A KR
PRI 7K T2 B R 4 5 A AN R D R, BELIBT 7K
S8 R RER S ) R R AR, T £
T IEEZ MbRKJZ TSR XT D o S get Ak Y
TR, 8 A A, kL3 RS H S BT K
OrAE E R ZE A, MO T, HE 5 AR

AFRE, Kt s LIAR i Ag e 7 = 2%, nJal 17K
[0 YT S 1 1) N % V- B P 1 o
R HE L35 3w A 5 B oK R iE B LI = v il
X —XEA Y 3 2 A e S

T IEH A A ME S 2 — S HE 3 ] T Y R
Rl 2 T RO . ERRORHA
M B, SR R U K, REAL T A e L
R, LI AR T 6 b 2 Y 669,
AT AR T BRI 4, W ) T IX B2 5 Al
Fo kAR, e TR R
fb i (Coal gasification slag, CGS) J& /&S Ak #2 7= 4=
() 32 B @ I g T U P A 15%~ 20% 1)
CGs". CGS Rk, HRTA S A FST 5 54
v e i A TR IR A U KB AR B
B0 K a3 PRI K AR R B R VA T e 3K
1L, Z PR TE i g . B A A P RISE R &,
iR CGS B IEALFI T ATFABE N BiiE CGS AbE 4
b S St . BERE CGS =tk g, IHANMIR™Y, CGS 5L
HEAE RN £ o BFSERI] CGS HA R MK, fL
BR RS (R A, BB Rt e B A Y, fiE koK
SRR RIS HERE 2O A A K BT, SR T X B A 5
B TE CGS EIFE L2, XF CGS &7 A 1R &k



1558 # %

F #®

2024 4F55 49 4

JE I E R AR R RE

FAPPRKE HUHLIBOR , LU AL T SR D) BE e TT 3%
o BRAKEVE AT B R T Z, BA SR IER
WP B R PR 2R 072 B AA SR AT R,
AR AERE A T O UL A R
LU, FUHIRAR, A A B HERR A 5 i+
WU PSP ns B A RIS B AR,
FEE WRKZPR R SEA R BT . i3 T e LALL e A
HFRAKEARHBETE, 08 HOR R e A B ok 7
B, LA T Z R EA%, RRHILLIe A nl B4R +
5 gy SUNPRHIS T

BEXSLAEATFE RN L, 2B LAVE AL S5 KA
T Y R HEONBITER R, ik CGS B &K IZ A &
AR K)Z REAS fe K $his 7%, A 2CE KK, JF
JELUE TAE: @ ilad B4k b TR0 A+ K RRAE th
LLWTHE CGS HA & /RZ AT AT @ Jd i LAl
WEFEIe Ve N BRK IZRPRHR PTAT 1 B BT CGS 1
KR RR B KL AR e 1 D B 2K = A R
XF KB MEE o BB B BLE . ASBF ST A A T
AT PR e BT, U S B AT A A b
i MU AN PE AL+ 5 DXCHE 37 - S Ay e (1L e
et o

1 #MR5FE

1.1 iR s et

R EH R HE T3 T S L L)
Ft G 1) HEA3 A R R AR
P4 0~20 em £ )2, B GRGPE, 5% (Elec-
trical Conductivity, EC) 1, J& /b 1 . KLl EH

i AL T.) 4 GE(JR Texaco) /KM S Ak =4, %
b T T 15 S Ak Ml 7 (Coal gasification coarse slag,
CGCS) =&l 43.17 J7 t/a, B AL (Coal gasifica-
tion fine slag, CGFS) /=&t K 13.49 J7 t/a, T # W0 RL T
TOTECR, JE A R e, A A T 4 R A
AHLIGYD S A A T X +650 4%, JE AR RS
A G AREEE (J2-3sha), il FEE, BT E 4>
s R EBUH T IORHR S 1%
1.2 ZKEREIEIT
1.2.1  B4K EFA-ZE R

IR AL 8 em, 5 100 cm B9 HLIBE B, %
TR 2 E AT I, A IR P HIAE 1.8 glem’,
+ 3£ 7K (Soil water content, SWC) ¥ Hl 7 6%, &
JRFESE, 405 20 cm 1% & SL-100 BLIR AR . K55 H]
WK RSP K FE WK, R MK AROT- 5 I, 45 1k
FoK o 0 SR B v BRI R K AR R
MELK LIRS R, PR R, & A
BT 275 W £LAMT T 30 em 4b, YGRS R 8 h/d, 1t
B A bl R e 7R R R AR, N AR
FE R MUFIR & R B 4R, 2R RREE 10 d, BAIK
It RIZE R R SWC I EC &Il 2L F 3h i
W, X5 BN 1(a) . HIRAMIR ZE Kot frh
T3 HIERE AR AL, LA 20 em M [E]FEAE 3 d AT HL
B, MK 418 C1UFI Na i 74K
122 KRR ZR

V& B T REI A RS A IR T, InoK 3 ) i
AL 12~24 h 5 BT ATT L, R ] - FEE
e FoK R AR, B SR 1K T,
JF AR B - IF 4R R FERT, BUE R JIHE 105 °C Rk

F 1 REHRIEER

Table 1 Physical and chemical properties of experiment materials

F 550 %

K RE(0.05~2 mm) F9RE(0.002~0.05 mm) FRi( < 0.002 mm) pit B -em )
HEb37 81.0 17.2 1.8 9.0 3500
CGCS 90.8 9.2 0 8.3 3400
CGFS 72.9 26.6 0.4 8.9 4100
Zrles 58.4 38.9 2.6 9.4 490
*+ 80.3 18.3 1.4 9.2 653
F2 BERUESHESKELE
Table 2 CGS reconstruction aquifer treatment
AbF CK CFS1 CFS2 CFS3 CFS4 CFS5 CFS6 CFS7 CFS8 CFS9
w(CGFS) : w(CGCS) 0 1:3 1:2 1:1 1:3 1:2 1:1 1:3 1:2 1:1
w(CGS)/% 0 5 5 5 8 8 8 10 10 10
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Fig.1 Experimental schematic diagram
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Table 3 Fitted parameters of Van Genuchten model

RIGFE S 9,/(cm3 -cm” ) 95/(cm3 . cm73) a n m R?

CK 0.302 4 0.344 8 0.1279 19.291 9 0.948 2 0.997 8
CFS1 0.1383 0.3182 0.073 9 8.745 1 0.8857 0.994 3
CFS2 0.450 4 0.5203 0.057 4 3.130 1 0.680 5 0.9833
CFS3 0.1951 0.590 1 0.046 3 1.8126 0.448 3 0.990 3
CFS4 0.1959 0.4952 0.070 5 29154 0.657 0 0.994 7
CFS5 0.313 4 0.544 2 0.0579 2.594 8 0.614 6 0.998 9
CFS6 0.316 8 0.602 2 0.0353 22015 0.545 8 0.998 3
CFS7 0.1727 0.505 5 0.064 1 3.062 7 0.673 5 0.998 5
CFS8 0.249 2 0.578 9 0.050 2 2.1302 0.530 6 0.999 2

CFS9 0.234 1 0.6250 0.0311 1.844 0 0.4577 0.996 2
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