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Abstract: [Objective] Reclaimed soil in an open-air coal mine is highly infertile due to its poor physical and
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chemical characteristics. The reclamation methods usually improve soil moisture content which has important
theoretical and practical significance for the reclaimed mine soil. [Method] This experiment was conducted in the
Heidaigou open-air coal mine in the Inner Mongolia Autonomous Region, in which the following treatments were
applied; fly ash, arsenic sandstone and dump soil. A certain mass ratio gradient was set, including 13 blended
treatments denoted as L3F1, L4F1, L5F1, L1S1, L2S1, L3S1, L4S1, L5S1, L1F1S1, L2F1S1, L3F1S1, L4F1S1,
L5F1S1, in which the L, F, S represented three kinds of controlled treatments. The volumetric water content of each
compound soil under different water suctions was measured by the centrifuge method for the drawing of the water
characteristic curve using the Gardner fitting model. The specific water capacity, field water capacity, wilting
coefficient and effective water content of each treatment were also calculated. [Result] The results showed that the
Gardner model was appropriate to fit the water characteristic curves of the 13 compound soils. The addition of fly
ash increased the content of fine soil particles (i.e., clay and silt) by 24.11% to 37.19%, respectively, and improved
the water holding capacity and water supply of soil. Furthermore, the addition of arsenic sandstone improved the
water holding capacity of soil but failed to improve the water supply performance. The water holding capacity of
L1F18S1 treatment and water supply performance of L3F1 treatment was the best, which was 47.6% and 40.23%
higher than that of the dump soil, respectively. The field water holding capacity and available water content of LF
combined treatment and LFS combined treatment were enhanced with the increase of additive proportion. When the
mass ratio of soil and fly ash in the dump was 3:1 (L3F1), the maximum field water holding capacity was 18.02%.
On the other hand, the maximum available water content was 13.1% with the mass ratio of soil, fly ash and arsenic
sandstone of 1:1:1 (L1F1S1). [ Conclusion] Overall, the comprehensive utilization of fly ash and arsenic sandstone
is beneficial to improve the soil water characteristics of coal mine dump, and the soil water holding capacity and
water supply capacity is better when the clay and silt contents of the soil are within the range of 30%-35%. In this

experiment, the mass ratio of 1:1:1 is the best.

Key words: Opencast coal mine dump; Soil improvement; Gardner model; Soil-water characteristic curve; Water

availability
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Table 1 Mechanical composition of the test material

HLBRZH R
RIS R Mechanical components/% | 15 i b
Test material FkiL ki bk Soil texture
Clay Silt Sand
HE+3% 13 Dump soil (L) 41 18.3 776 b o 4358
HHEK Fly ash (F) 8.7 47.0 44.3 b L
HLRD A Arsenic sandstone (S) 11.4 14.3 74.2 fib )i 1458

1.3 WG E

F e e B B rAT A A B, BRI I I bl T HE 3 R b, 5 ) R
KEMEINY), TREMATEAEERZT R M H K. AR KR ICNF, AR A AR
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G, BRI L BIRE BER A W (W) R R A A L A E1.35 gem'3
FEN100 co® PR T) 1, RN AR FE3AN T AT o A5 v i O L IR R Hh 2R, e H3 A
KW A7, FE KW F1 83, 5, 7, 10, 30, 50, 70, 100, 300, 500, 700, 1000, 1300
kPa ¥ E R, E ASFER )R ) LISk E .
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Table 2 The composite mass proportion of each test treatment

LF 42 Treatment LF LS 4 Treatment LS LFS 4b2 Treatment LFS

L3F1 LAF1 LSF1 L1S1 L2S1 L3S1 L4S1 L5S1 LIF1S1 L2F1S1 L3F1S1 LA4FIS1 L5FIS1

Jog 2 LA
3:1 4:1 5:1 1:1 2:1 3:1 4:1 5:1 1:1:1 2:1:1 3:1:1 4:1:1 5:1:1
Proportion

W L HEE RS Fr MK S: ftWPE, FIH. Note: L: Dumpsoil, F: Flyash, S: Arsenic sandstone. The same as
below.
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FORL R BB A LD B AES InE B i A s, R LIFIS VAR EE ks & &Ik
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Fig. 1 Mechanical composition of fly ash, arsenic sandstone and dump soil
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+3§% K Soil moisture content/ (cm® em)
o o
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o

+HE/KT% 77 Soil water suction/ kPa
Kl 2 fi iy 3% S E () HE i 23 SRR () FE 35 3 SRy ROR . b E (o)A R RS E 61 133 1)
KRS AIE i 25
Fig. 2 (a) soil-water characteristic curve of arsenic sandstone and dump soil with different mix ratios;(b) soil-water
characteristic curve of fly ash and dump soil with different mix ratios;(c) soil-water characteristic curve of arsenic
sandstone, fly ash and dump soil with different mix ratios
RINANFIME BT 3K 7R R LA T R, AEAS [ o LU 7R 5 A B RGO Ak 2
H, OIR. i FE R R EIR A LA 111 (LIFISD B, HiZRi & 78R
§=0.203462%, Gardner (LA RS i, R?=0.9929; 4 ZifE 3743 (L) i, &
JiFEN: §=0.1378603%, Gardnert LA HEEE SR, R*=0.9476. [BL, Gardnerfi U HEIR
U DL AN TR AL B AT I 338 ) 7K 70 R ALE 2R

FITRIIE T HIRK DHFHEMEZ L& 75712

Table 3 The curve fitting equation of soil moisture characteristics under different treatments

32 MeasiE R? Q32 MERE R

Treatment Fitting equation Treatment Fitting equation
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F §=0.253300280 0.9750 L381 $=0.14850%2" 0.969 8
S $§=0.20706°140 0.9820 L4S1 $=0.143960273 0.961 1
L $=0.1308¢°305 0.947 6 L5S1 §=0.13936:0314 09726
L3F1 $§=0.184660353 0.992 6 L1F1S1 $§=0.20346-0284 0.992 9
L4F1 $=0.1816602% 0.993 0 L2F181 $=0.18236-0287 0.982 1
L5F1 §=0.16696-02! 0.990 0 L3F1S1 $=0.17886-0-287 0.986 9
L1S1 §=0.17350%*%3 09723 L4F18S1 §=0.16956-0-300 0.9812
L2S1 §=0.15546020 0.960 0 L5F1S1 5=0.16366-03% 0.980 2

22 AECEER TIENLLKREE

FIFHE20 K FRE 2k, AT R R A L3RR A EMAAHS L. SHAMEE Tk
g b RAE T R 8REKEE SR/, HIR4AT L, LSZH & Ab 2 (3] AME I HE /7 A L<LSS1<
L4S1<L3S1< L2S1<LI1S1<S, BaF&E b7 = LFIfiE R, AEHLSS1AHE70.13931E 4
LIS1Ab#E[0.1735; LFZH A Ab B ) A{E /7 AL<LSFI<LAF1<L3F1<F, HAfH KT A&
LB FILSZH A Ab B s LFSAH & A H M AE R S LFAH A 40 . LS &0 FEAH R, AfE
LSFIS1ALH110.16363 N ELIF1S14L#1170.2034, 13F0 &2 il 3 HH LSS 1AL B AT i /N A
0.1393, METHE 13513 (A=0.1308) #2717 6.50%, LIFISIAFERIAE & K M0.2034,
AR THE 37 L3S T 55.50%

A*B {E AT AR it IR EE IR S R K M i, A*B BN 0.0709,
AU A A*B I{EACA 0.0290, /N THELI,H3EH) A*B 14 0.042, fHkPERZE. FS A&4b
RS A3 A*B {EHEFE N:S<LIS1<L2S1<L3S1<L4S1<L5S1<L, A*B BB 75 i &
Ee g R i gk 1A ACEE LFS (8 A*B FIME H LSF1S1 4REEfY 0.0506 N4 LSF1S1
AbEE[R) 0.0578, A*B MESHLEP A . MBIKIRE LLHIA BB NLE R R, KA R
¥=0.00791x+0.04872(R*=0.982)(FLH y NALWI A« MrEK TR A RG], x NS A*B 1)
). 23 (B+1) KRB ZREKE IS IR, LF A& 08 (B+1) EHEE
WHEIRI I LB I $E e K, LFS Z1-4 A HEAN LS 214 A FE ) 1F 4740 S, Bl % m EL 431 )
Perm, HKE BRI AR RS

RARNE G R T IEE1~1 000 kPaZKW 1564 FRIHOK S . 78K 71(1~500
kPa)25fF F, LFA A A, LESZH & Ab 3 1) bl K 28 5Bl 5 78 n B g (e 38 in g 84K, (HLS4H &
b P IR B, B /K 25 B bl A i o B LA PR 3G I T sl o AS R Ab PR A LK 5 = IA
B0 2555 0 B ) 7 ) 3K IR J R R, LESAL A+ LFAL A AL FEIA 21 102508 24 1) 38K 7
N100kPa, BEHS HIEMKAE Fpeom, (EAH R 38K /R, LESALAAHEE /K25 FE K TLF
AL LSHA AFEFT S I AR (R AE B, 3k 2110255 5 Z I 0 B (17 387K 7 5 4k
W) 38— 303850 kPa, JEET HIEFVEVIHK IR AT RS, RS K S REIA E1024L
BN, LK AT BEWR S KERKE, M IR K 68 7 T e S B 1 2 AE
KT Y THOKE KT 500 kPaly, S AL HK A HIBIAR 1038 R, BHAKZE
TR, I S C I A KK o FE AR A TP DUR A RS
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% 4 FRVKRA T AR E SR WAL KA E /[ mLe(100 kPasg)!) ]

Table 4 Specific water capacity of soil mixed with different mass ratios of arsenic sandstone, fly ash and dump soil under different water suction

yogtii 37K 77 Soil water suction/(kPa)
Treatment 3 5 7 10 30 50 70 100 300 500 700 1000

F 2.32 2.20 2.13 1.35 3.31x10? 1.72x101 1.42x101 1.06x<101 8.03x107? 7.04%1072 1.02x102 8.89x10°3
S 1.09 9.12x10? 6.01x10? 5.00%10? 1.14>101 6.39%107? 4.35%10? 1.56x107 6.28%10°° 4.63%10°° 3.01x10°3 1.65x10°
L 1.49 141 1.35 8.48x101 2.02x10? 9.94x107? 6.69x1072 2.33x107? 9.00x103 6.15%<103 45510 2.01x<103
L3F1 1.75 1.69 1.63 1.32 2.99%10? 1.50%101 9.54x101 9.54x1072 9.01x10°3 6.79107 5.44%10°3 5.33%10°°
L4F1 1.83 1.72 1.60 1.04 2.54x101 1.31x101 1.02x<101 8.51x107? 5.31x107? 8.95x10°3 6.58x10"3 5.12x10°3
L5F1 1.89 1.75 1.58 1.05 2.52x101 1.30101 1.16>101 8.41x107? 5.30%107? 8.22x10°3 6.43%10°3 5.02x10°3
L1S1 1.19 1.10 1.00 6.47x101 1.69%<101 9.03x107? 5.98x1072 1.72x102 7.01x103 5.40x103 3.70x10° 1.75%103
L2S1 1.25 1.13 1.08 6.91x10? 1.75%101 9.24x107? 6.07x1072 1.75x107 7.84x10°3 5.20%10°3 3.74x10° 1.78x1073
L3S1 1.29 1.20 1.18 7.51x<101 1.86%<101 9.71x107? 6.33x1072 1.85%102 7.96x103 5.20x103 3.98x10°3 1.82x103
L4S1 1.32 1.25 1.19 7.58x101 1.87%<101 9.77x107? 6.361072 1.99x102 7.98%10°3 5.42x10°° 4.01x10° 1.85x1073
L5S1 142 1.38 1.34 1.13 1.98x101 9.99x107? 6.49x1072 2.03x1072 7.58x103 5.90x103 4.32x10°° 1.98x103
L1F1S1 1.87 181 1.76 111 2.71x10? 1.41x<101 1.21x101 9.2x107? 5.66107? 7.31x10°3 9.52x10°3 5.33%10°°
L2F1S1 1.72 1.75 1.66 1.05 2.46x101 1.32x101 1.28x101 8.2x107? 5.00x107? 6.83x103 9.11x10°3 5.23x10°3
L3F1S1 1.77 1.70 1.64 1.03 2.55x10? 1.28%101 1.25%101 7.58%1072 4.52x107? 9.03%10°3 6.59%10°3 4.86%10°°
L4F1S1 1.76 171 1.61 1.01 2.43x101 1.26%<101 1.11x<101 7.5x107? 3.89x107? 6.28%103 8.56x103 4.23x10°3
L5F1S1 1.7 1.68 1.60 1.00 2.44x101 1.25x101 1.10x101 7.20x102 3.21x1072 6.15%1073 8.23x103 4.12x1073
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2.3 FEIE S HIEMK D B

K3 R R L 3K A B L, 25 ALBE 8] 357K o 1A 280 B A7 AR R 22 5+ o 7ELFS
HEEF, ARG R, WK E B LSFISTAEE15.52% A2 LIFIS1Ab#E
117.26%, 1E& B kg iR, SH0-EE A oK & 2 HLSFISTAR B 12.13% Bt &
LIFIS1AbEE1)13.10%, T3A oK EbEAE I LE g mm b, MG RN, A .
IR E R & L) 5 T3 UK B R IEBI B R, HKERA)=2.3%+11.47(FH Ty A+
BAYOKE &, xNE IR R R E ), R?=0.9779; LFZH & 4bHEH M (Al Rf K &
AE UK & &R RILFSZH A A B, P L3F1 AL B e 3% il UK & 2157.60%, A
BT (7.17%) 3T 176.00%; fEFSALAAFE Y, HIAFKEHLSS1AF114.35%
HINZELIS1AHE16.02%, HALISTAEEZEE RECNS.51%, 138 Y RA, Bt
T CGEERB=1.98%) BT 178.28%.
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3 101 210
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Z 84 5 8
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RSB RS e ¢ o RARRAR XD
Kb Treatment

Bl 3 AN[E] AR T L 3 1) F R i (a) . 2235 R (D) HABUK & i (c) IBRUKE H(d)
Fig. 3 Field capacity (a), wilting coefficient (b), rapidly available water content (c) and delayed water content (d)

of soils mixed with fly ash, arsenic sandstone and dump soil in different proportions
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WL SRR, DA WK SHEH 3 3R A REe R H3E IR K, HLBEE I
el N, LK RRIE 20 2 B RS, SR SRR AR IR R, M E L
FIRLRD A . MR LE I N B HE 137 3 i, A AR A S RERD A . WK B s N s i
#HE, HLIFISTALERAME K FLISIA I AILIFL AL 3, ekt 17 38 chidsin 2% i & LL i)
R D S AU K R s B i 3 Rk, ELRFAKCRAR TR . M Bl 5 HE 137 1 358
TBE o XARRIATEHE 3 H I I K 38 SO T 5 S MU ZEL R, S D bl e ey &
Bic -3 g ok ik, L LIFISTARER B RL. Kk = f mi1A34.6%, HHETHEE3
TR T 54.46%, Bl RN, SRR . REAKEABIE N, [ R K
B ISIOMALOs 2 KA KA E AR KK 73021 B G5 TEC TRERb A B e fs e, ki
B AR, 3B EAMRE R, mHET AR KB ZER AT Y E, I
EEMEIE Y, WIETER 2, FrKRE 3R, IR, WA FIRRD A o 33 o 1 70 2 e e HE
3 TR KRR,

TEHE 37 3 rh AN IR IR 51 45 B L IO RD 2 R SRV A5 0 W BE S AR - Hh i Rk
T3 FIE ALK MRS, B IIELEIE, BKTERE LY, TIRLED A A R o R HE T35 I
BEKPERE . HALIFISIAREE . L3IFIAREE A *BAE 5 K 70 51 90.0539. 0.0589, AHE T-HE+3%
T PE R T 28.33% 40.23%, XU HE LY B SRR ST R LU 93 1, et
IKPERERT, HE 373 By . RIERD 25 UL 11 EL VR &5 Bt e s AR d 3t 2 | -3 o it
IKPERE, (H R S5 AU BEIRAR LR 2 o 3% 2 AR B K (PN 25038 1 HE 137 I FLBR 45 44,
ANKLAR BR B RO B AT = 8 /N LB B K bR T AR, (75 A LI R ek 1f B FL B bL
Bl TF 2, BRI AR P ROK R 3 (1~500 kPa) 25 1R T, BRHC 358 (0 B /K 2 5 BB A v n o 2 L 45
FOBE N3G K, E/K 25 i 2 10 250E 20 /) -3k W% 71 9100 kPa (HE+ 3% H3E A 10 kPa),
PO 3K R B e, HIRMUKRE SR, 1X 5 8 SR 58 B 450 — 8, HIEFLI
KA BE BB, HARIKS RN ST Pl aeHE, B33 KALBR ARG A AR A 2
7K 5y, FEIGINAR R KR s L R REHE B 2 7K 4y, AT B3 S /K EAR AR, FrbATE
IR I3 /INEF B K R R AOR, B /K S B KR ) A A F5 e e, {8 BE S 7K 0 1%
Fhmr, BEERILBE PR BHER, 4k K S, i NFLBRAE T 4 K, {H/NFLBR
1R IKIE LS RALBRRILF AR 2, BT AR KR A 4k a8 n, L HR AR Sk, HARAIR B
WA T E .

FEHE L3 IR I K | B AD 5 laE 55 B LU IR D Ry AV S 2 T LA v
TIERH EFREK R, HAR KSR s BAALAD A RE 05 o R 480 R Rk i, (B
B T HE L3 H IR RUK S &, KRB & BARE & 7 B R M Rk E, (Hl
TEMA RV RESER, 2RSSR, BAERKMKGEE, SKEKASR
SEECHS LD A A 20, KORPR T IR S R, X 38T BRI RS K=
s FEHE 37 3 P AR i K B 2 45 B L AR S . BRI A5, AT DA
B HEFKE, W LA YOKEE, LIFISIML3FIAAE A A& /KE 57N
13.10%- 13.9%, A THE:IAHIEIR S T11.7%. 18.8%, LHEHROKESERImM, FFF
PHRAAR S K 2 M7 &, VED A KSR A B K 43 S RT1,
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(1) Gardener %Y (S = a-077) REFHIAUE THERDZE . MK S HE L3 T8GR
IR 2R, RedERfRAE M IR R K o Rt o FEHE 37 e b A o R (2 3 3 I T 4
R, HrobrkL BRI E Rk 30% 4, SR R SRR E AN 3:1 1,
ST B AR RE AP R (A A 1 B A o B AR B AG1 Py 3 I i B8 v s AEHE L3 3B b R ot 2 L
BN T 50% AR N, S IR IR G Rk, HACROL T R LB in ek B, HA
e IR K RE . S RBUK S ER N . (2) fEHEI7 R h I in &S iR 2 LR R . it
Wi, R RS ORIUE S AC 3 )RR /K SCRES (oK Ve, RIS ™ X A 31X — S8/ D Rk
KL AR B B2 v AR o b 438, HEFE SR G B FH 2 LR B B s R B K L D 5 AT 358
MR, MR SR BRL R B B AT 30%~35%3 0 il Y I, 358K 245 1) 50 R SR B
AARE = F IR 1:1:1 B, R EIE AR K RE 1 tE, T Re sk B AR 4
FEIR . BERDA SR ELH, 38 R — AR .
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