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R R K JE AR EE B L, b E
K (b)) BB R S5ASKE E AR =3k T 1k
ANBRE. R R REREER L (0~20 cm) .
Ot (320~60 ecm) MR, KEAOTBRAT
t 75 48 18 0 T 5% 0 B BRI BT I SR B UL RE
(36°28'52"N, 116°28'03"E) , ZM A 10 a AR & AE
Yo BMPEVR BT L AR A S T SR B O A B G
TIE (36°29'40"N, 116°28'54"E) , {85 K B il [f Hs
1.89 km. REEIZFIN 3 FAREMEI TG, SdiEE.
BERE. i 2 mm 0, SRNREIISE & . SRR
F{¢ (time domain reflectometry, TDR) JEFR L. L1
AT IR AR R RS K2, 43108 0.067. 0.083.
0.024 cm’/cm’s SR IR E £+ ORISR
REDHIN 135, 143, 1.5 glom’®s R & Al 4
IR RURLZE R, A S FEA I, RiA2 AR <<0.002, >0.002~
0.05, >0.05~2 mm PJYERE, HARLAr R4
SN 20.43%. 70.16% 9.42%, L5 A Ak %,
O AT 5 IR AR 305 3N 62.54%. 33.16% 4.3%,
J ARG s BRIV VD T o AR E 5 AR 3.8%-

18.28%- 77.92%, GRS 1. B LK
& 0.0002~0.01 mm HJFLBR, MAEEESLBTE>0.01 mm
FIALBREY, FEARIR L O R VR B LI
FE 53 318 30.25% 24.82% 5% 13.61%, FEEEFLIRE 57
N 17.52%- 12.57%5% 31%.
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TELFR LT 60 cm, 2 EMYEY miHE B - 5E R
JEEJZ AR B YR VD R b, B R TR XA EY) (U
F-TK) WA ARE, B B A Edg 50
(T1) . 55 (T2) . 60 (T3) . 65 (T4) . 70 (T5)
cm b, BEAE BLEFARYZE LRSS (20 cm B
OTE, SRS R REE .
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Fig.1 Schematic of soil profile for different treatments
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HoRAERS (EMS0) e 35 33850 T 25 7K 6 [ B[] £
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BT AR Z R GER, EEIEAC, b7k YR v
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BRI TR T, NBFRIR K. BRI, +
B KEAEIIE M, IR A WEN, 7E 1 000 min
KA, ANRAGENBERZGETRE, 1R 1 Fir.
F A0 1000 min J5 (AR NS AT A7 5540 5 735
Uit REREEEIEMWI L LA R LB AR E NB R CANB
g e RRABEMNSIERL) HZER. CK2 ik
ENBFRRE, & CK1 (0.288 cnvh) 1 1.18 fi%. T2,
R IEEHR CK2 MRENBRA THE, BIIKT
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Fig.3 Infiltration rate against time in different treatments
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Table 1  Statistics of infiltration characteristic of different
treatments
kSRt DERELIRD ) 4 ey

Rt A JRICTEINEE e
Mean infiltration rate : .
. Mean infiltration
of sediment layer

above clay rate of clay

FepE Ry
puse Distance of ~ Stable
Treatment clay interlayer infiltration

from soil  rate/(cmh™) . interlayer/

surface/cm 1?26;1;11}-/::;/ (cmh™)

CK1 7 0.288b — —

CK2 40 0.342a — —
Tl 50 0.314ab 0.327¢ 0.312¢
T2 55 0.241c 0.280d 0.258e
T3 60 0.306b 0.328¢c 0.305d
T4 65 0.327ab 0.353b 0.323b
T5 70 0.337ab 0.361a 0.340a

E: FSIFEARMAAAEREZER (P<0.05) .

Note: Different letter in same column indicates significant difference (P<<0.05).
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Z B B VD JZ WP NIB R ot I 2 TN
BERINE | . AESHERDZTFHNBER.:
T5>T4>T3 (& T1) >T2 (P<0.05) . {BIEEIFEANL
TRE BT FKER, NBREE-DEN, AFELE
HOERBRFHNBR: T5>T4>TI>TI>T2 (P<
0.05) . T2 7ELEREFMIL EMFREDZE NS
R NEAK, 53108 0.280 A1 0. 258 cm/h.

gi b, ARG 920 B IS R AE, b5k
EME COERELETRPZEER) MG, misir
SRR NS, MR L R R R
955 em (T2) B, EESCRRE. Hd, #RRD TG
+ 9 E B A 60 cm (T3) B (K E NS R R R
FER B @A K. JNBIKS NIRYEHEN S|
JRHES O LR ER, NBERZETLLELE. A,
EE R R 2 e i W w9 =t 1 K U 1 K 7] 071 = o e 6 7
JE R SR Z RO, O3 E AR T R i
TR ZEM S R T BR/KZE, BT RETE ST AR T Rl B 7K
7 o SRIG R Ul B A B 0 LR R RN 55 em
(T2) B, BSMHEE, TSI ZRERRm, E5
T A T K OB AN 38 58, 0 52 J2 A is SR ¥ B 2
T -
2.2 REMENWNRBNEEREN

EMANBERE —EMNREBEN, BARA LR EK
B, ENBYIM, KBEER, BRNBESINER,
T1~T5 BRNBEBEN R AR E S CK1 —3, B2
L, ARG, RRANBERHEN LR
LR R, RN, WK 4 R, YANBEREFEE “W
— 7 By, ERABEIMERREEE X
W, ABILAR NIRRT R TS, N5
HBE BRI RO ERE (TI~T5) MEBRAEE
SrEIN 1712 19.24. 20.58. 20.88 [ 2222 cm, FAJLLEH
R ZEA G B, NBEIEIE L RZERPRRNE
BN BT NS0 R TR I A B0 A R i N 4 B
2 BEX AN Z 1) RN B B NS I FE 25 R A
FFKE. CK2 ZBABEMNN 37.02 cm, t CK1
(48.01 cm) ik 22.89% . MABTTIHE NB L5 CK2 1
Ji A 5 100 min, Eb CK1 (6 960 min) 1. #iHH24 CK2
FEBLERT 37.02 em B, B HBUKS 1B, AFT L
Bk IR EE. IR EF IO RS, Wi
H(T1~TS) WEAFEE FiE T CK2 KB %.
ANBIRIE LR, TI~T5 B ERNBED AN 39.57.
41.85.42.69.41.16.40.96 cm, % CK2 7 5l#E 5 T 6.89%-
15.32%-. 11.18%. 13.04%. 10.64%, H:*" T3 %} CK2 #¥F
IKE SRR K

gi b, EWEPHROLTERE, BBENIEELS
HEMRWE R SERA “ BNy 7 s mm A A
FkE, Hrb T3 BdcE 8 w3 . EERZIR 15
SRR LIET S, AEARREERRE AR, EH
JeFE AN IS I E MBI, wb e 4, 2

FERD o BB K Rk, T e+, RAER - h
BE KRR RiETE e M, NBEE LN
FEUAN K Ze 2 UIAE OG0 SR D [ DRI B S
2] 80%, MT7EIR )G SR 1 HA sl i i fLER 2
ARG~ I KWK/ fe B K iz sl iE 5E, oA
JKIAUHEE (2 HRERE, AT AE — 2 RERE LR 1 K70
A&, AR d T T RFLBR A AE TR 17K 70 (i
RN TR IRY R A b R RZ IS, LR H
BN F LI G, HRANSIEERE N, £
IKUREIS PRI R, AR EEE 7K SRS -

50
g
=}
o
E
.2
EE 30
< g —=—CKl1
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Bk E 20 1
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Fig.4 Cumulative infiltration against time in different treatments
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ANTF] A EE Y Vi e HE O B RS BB (R AR AE O &R, ] S
Fias. CKI1 FE NS RERE A P i B ot sf 1) ) 228 K g 320 3 4
HE, RN 1 IR EREL . AR, CK2 NIB I
30t R B B I (8] ARG R AR PR A ULARAE, 23R
TRV Tt e N I SRS R s2 R, R B AE 840 min
R -V R, BRI, MBI
BENBERBIN N 5 100 min, {8 CK1 S
72.27%, TEMFEEBRZMT, HTHEFRD RIEZRAE
15, LHOK HBANB RNERMNE, Kk
MKFLBR P, B IR Eg i “+-3b” FijE &
I “HRIm” BeE UL TR ML, KH&S “ b
TRV R A R R T R K A R KR, A L
BEAR, RIEDIKHRE,

MK S FRTLLE 1, EFEERYDERRE O E
Je, TI1~TS MR ERE R R i i fe b 3 B 2 TR %
1, fHA3EK LRI EIE R AR CK2 5918 B4
TEE RN E . EANBIY TI~T5 BB HIREEAME,
FERMBT 0~40 cm L, JEE K A EHES— 2.
flf 1z B 2R EEHBAE 1 020 min PLUE, T1~T5 1)
WiEEeE g “ b7 S, BNEMRYEE,
THBEMIE R R A AT s, Hodb T3, T4, TS i f s
RKET Tl T2, M T3~T5 ZEAFEZREEER, T1
M T2 Z GRS ES . BT RZNMCEARR, &
T “yb-47 FEHEN O I Z M TR TR H A,
HNO L RZ G, T1I~TS5 MR RIE R 3 R IH T A,
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H T2 iR sl R k. 25, Oh3ZMEER Pk
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18, X5EHEMEHIMARLE R BT EmEyD
FEt I Z AL B AN, W RS S AL 1 T R
JEARR, g EE AR, Hrb, T2 Wi
e 8, ISR AR, BAANBLRE
HIR I N 8 040 min J& CK1 [ 1.16 %, FEELLRE
PREERISE N0, W e (1) I8 78 18 LB 1S K

120
100
=}
L2
) g 80
K&
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M2 60 —e—CK2
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Fig.5 Wetting front against time in different treatments

g b, n] DUHEN BT YR Vb 2 B e LR A B A
1E 1 MNIGFHE, ARG AR, O I 2 K
YEF ke FEINTIAL T IR VR, K REEPEREE,
PSR (6—9 H) BKE 5 EFERHRKER 75%0L E.
P =X A el b S| 75 (= 11 O SE Y N5 2 8 6 1 PO 8 o =
49 32 3 B RS T S0 e A T 3 T A AR, R S PR R
RAFKMHET, NB&ig, SEMhERR, Hik, 446
W DCIRGL, e b Z 0 L RZEE LR 60 cm
(T3) , PR ) Tl P B e 5 30 Je A R 33835 T A4
AO(CKD) , %H A AE A G THE R A .
2.4 REMEWNEMANEZESDEAEZEXANZMN

MANFALEE NGB E R, BRNE R [ 508 B
FEES Z, Z (M B RIEAT 400, 15 Z RIEE L e R
R (R*>0.995) . W#HRARWEN I=aZtb AT 8RERY,
MXSHG T8 2. 280 a BUNELRER, W{E A
B A BE R BT R AR &, IR R WA [R] Ab BE 1 35
FIHEIIFEKAE ST XFTEEER 3 Wi a (EAT AR EL, CK1
B PR BT KRR, T CK2 BT K&/,
Ut B CK1 B ARBKIIFIKEE 77, M CK2 IRFKRE 18 % .
EEAE R ERRE L ERE G, WinT B2 g
IREKAES), TE NEB/KEERA AR E R NFIKEE I LART,
O 2R TR KR4S R BIRAER . TI~TS
) a {5 CK2 43 3R 17 9.22%+11.73%+12.65%-+8.68%-
9.98%, MAFIFEE Lo 7 CK2 MEFKRR, KA T3 a

TEFE R B R, Ul W T3 Wi B e ik Ao b 28 P i 7K
JKEEL CKI1 B HEGE. K, 7ESCPri 78 Bad e
ALK BTN Vb SR R 0 o R 2 A7 B A ) AR R A
# 60 cm, BERSARERE “ BTV FlHMRENET
CEte el wee 31 N T]=0F £ G 8

F2 ARAEERNEE () MTHEHEHES (Z) BI%

HEEYASH
Table 2 Linear regression parameters of cumulative infiltration
(/) with wetting front (Zp) in different treatments

A ZME Linear fitting [=aZ+b
Treatments a b R

CK1 0.4019 0.114 8 0.9852

CK2 03146 1.989 8 0.999 6
T1 0.343 6 0.454 6 0.995 4
T2 0.3515 0.3499 0.997 5
T3 0.354 4 0.7150 0.996 9
T4 0.3419 1.1297 0.996 8
T5 0.346 0 1.2059 0.996 5

2.5 EKREMNEMFESKEREN

HERES EMS0 EHKMMERS EC-5 HBRE
CK1, CK2 & T1~T5 2 3850 TH 2 7K 26 B B[] 122 4k
0L, WIE 6 . W ECETV20045 5] — ik 223 T 75 7K
R, RSB 45 ) B T A K R T, EAS B )
AMNBFEEHK A . BEE TR IR R HEE,
CK1 fEBENNBEFEF 6 MERER BTl A i) 13385 TH & K
R LA — B, % )2 B IS K A A SR
I TR e R R . SR CK2 338 T 5 /K 23 H
B9 )2, 60 em DL N BETRVEYDJE (T35 5 1 &K %A
0.32 cm’/em’, XN 60 cm L I 0.63 1.

WXL T1~T5 5 CK1, CK2 #1257k R BE N [H]
AT LR L, BRI REE RO L2 G,
e 2 |2 35T A 25 M K o NS R s I 44,
LE K RERE L 2 5w L BA A ES: (5
M, MWE 6 haT LA H, T1~TS5 MEEihs (45 cm 4
PREL SO 3 2 BT ISR D ZE M &K ED 1158
TAFREERE R, HESE T CK2 bR RigEdm
TR G 7K EZ AR RIRZS 1B T8 B
FEHTOLRZENGE, SRS EFHMRDEFHZ
R i&E R T BRI KRS, HET R s T YR 2 B
& KZE, X5 Aubertin ZEHIWF LB H—ST. HEF
SEN T1~T5 35850 25 7K 30 A2 A8 (I ) A — 3,
YRR 1000 min /£47, XEERZRHT 45cm UL 12
HEF— 2. HBEE O LR ZRBE RIS, 45 cm PRETHEE
VeVD 25 K & N IRTF 232 i T~ R R s [R] 52 300 128 47 3
ik 4r 54 11704 2050, 2 130+ 2 980+ 3 770 min,
UL, e R FT R YRR, R
MOFUIRZS, AR AR S RS2 i [l O = 2 2 47 B 1
TR, MRHEK . FAh, N A A AR S KR
HIRLdE , RIEASFRJZALE T1~T5 [ 45 cm ALFZREH
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Fig.6 Soil profile water content against time in different treatments
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Influence of clay interlayer position on infiltration of reclaimed soil filled
with Yellow River sediment

Wang Xiaotong®, Hu Zhengi®*, Lai Xiaojun®, Liang Yusheng®
(1. Institute of Land Reclamation and Ecological Restoration, China University of Mining and Technology (Beijing), Beijing 100083, China;
2. School of Environment Science and Spatial Informatics, China University of Mining and Technology, Xuzhou 221000, China)

Abstract: Coal is the primary energy source in china, large-scale coal mining causes serious ecological and environmental
problems in China. For restoring farmland in such areas, reclaiming subsided land with Yellow River sediment is an effective
reclamation technology. In this study, we investigated the influence of interlayer positions on soil water infiltration process of
reclaimed soil filled with Yellow River sediment. The laboratory experiments of infiltration were conducted in the soil
columns of 120 cm with 2 control treatments (CK1, CK2) and 5 interlayer treatments (T 1-T5). CK1 consisted of 20-cm topsoil
overlying subsoil, representing native undisturbed farmland. CK2 represented conventional reconstructed soil profile consisted
of 20-cm topsoil and 40-cm subsoil overlying sediment and 60 cm Yellow River sediment on the bottom. Treatments T1-T5
represented reconstruct multi-layered soil profiles consisted of 20-cm topsoil, 20-cm subsoil and different combinations of
sediment and 20-cm thick subsoil interlayer located at different position between the Yellow River sediment layer. In
treatments of T1-T5, subsoil interlayer was filled into the column at the 50, 55, 60, 65, 70 cm away from the soil surface,
respectively. The soil texture of subsoil was clay. Thus, the subsoil interlayer was also the clay interlayer. By the laboratory
infiltration experiments, the influence of interlayer position on water infiltration was analyzed, and the subsoil interlayer
position of the reclaimed soil filled with Yellow River sediment was optimized. Calculated index included infiltration rate,
cumulative infiltration, depth to the wetting front, and water content volume distribution of the reclaimed soils. Finally, the
filtration was fitted by Kostiakov model. The results showed that subsoil clay interlayer was more effective in inhibiting water
leakage and improving the water-holding capacity of conventional reconstructed soil profile. The infiltration rate increased and
then decreased with the increasing depth of subsoil interlayers with the same thickness. The position of the subsoil interlayer at
55 cm below the soil surface was a threshold where the infiltration rate was the lowest, the migration speed of the wetting front
was the slowest, and the water resistance effect was the strongest. However, considering the heavy rainfall in the study area,
surface runoff was easy to form. When the position of interlayer was 60 cm below the soil surface, the water infiltration
characteristic was closer to that of undamaged farmland, and it was the optimal position of interlayer for land reclamation with
Yellow River sediments. Moreover, the Kostiakov model could fit the infiltration process well for the reclaimed soil with clay
interlayer in the Yellow River sediment layer (R* was higher than 0.99 and relative root mean square error was not higher than
0.07). This study has important practical significance for extension of interlayer soil profile reclamations with Yellow River
sediment.

Keywords: sediments; infiltration; reclamation; Yellow River; soil reconstruction; clay interlayer



