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Influence of “prevention — interception — diversion” seepage control method
on the groundwater level in the downstream area of a plain reservoir dam
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2. School of Water Conservancy and Hydroelectric Power ,Hebei Engineering University, Handan

056002, China; 3. Wuxi Houxthe Hydropower Development Co. , Lid. , Chongqing 405800, China)

Abstract; To help solve the soil salinization problem of the dam downstream area caused by reservoir
leakage in plain arid areas, we studied the buried depth of the farmland underground water level in the
downstream area of the Qiala Reservoir dam based on the unsaturated seepage theory, as well as the influ-
ence of “ prevention — interception — diversion” seepage control method on the buried depth using numeri-
cal simulation. The results showed that the change of the depth and the water collecting depth of the in-
terception ditch could affect the groundwater buried depth of the farmland in the downsiream area of the
dam. Under the combined action of “prevention — interception — diversion” , the optimal depths of the in-
terception ditches were determined to be 4.5 m, 4.5 m and 3.5 m, respectively under the three working
conditions of no seepage control measures, horizontal bedding and vertical cut-off wall. Among them, the
effect of the vertical cut-off wall combined with “interception — diversion” method performed the best,
which was 1.16 —1.30 times of no seepage control measures, and 1.15 —1.21 times of horizontal bed-
ding measures. It can be seen that the comprehensive seepage control mechanism of “prevention — inter-

ception — diversion” can effectively control the seepage flow in the downstream so as to reduce the farm-
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land underground water level, prevent the farmland soil salinization, and control the downstream ecologi-

cal environment.
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1 WREf st

TET5 T S X AT 0 X, S UK R 95
WHTE T WG A K AL, s ik £ 3 v R b et
TE“ ERBEKE” BRI , £ Mk 2E AL S U 2
AR R A i A A R, 9 KU 5
T AT K A7 LI A MR K SRR B A
T, BN R M A i X R % A B 2 R ek i Ak f B
VEMIASAZ 3 B 1 B P b T K IR ) J2vA
P R A A SR

T 5K K L 35 2R, R ) A 1) =X
T B8 1A B 9 15 5 R L, (Lt T R R A
17 LA 0 99 0 i, R % O T M L RS2 R
TR T4 2 B% , SRR Tt T 5 T 28 1, (2
BB O AR R B f BB L B s Oy i A L
2 B R E AR 2 kR 3, AGE I R S
PRAELL SIS R IR It 4t . %I 3 SRt %
KPR IR T, T 5 5 A HE 2R e ok A
B R K BT HES: , B LRSI A T A T
IS A BHD T 7KAE , DT 3 B34 RIS 4 4846
WAL

UTAESK , VP2 N A2 25 X F TGS CHEB 1Y
J7 R AR L M K A VR R TE T K B BFSE
B AT I g 2 WA T HE K YA RE A 08 R
HEPRIF AT LA R VE R Bk, 5 5 2 1300 X K
RSP A 6 5 2 1 450 0y T ) K Y9 AT
BUKHE , 250684 FU M R /K 47 BB AN  (H UK R 38
HARTEIEDR 2 X AR B IS, BT
ARt FH i 7K 2 e RS o 5 0% 4 A2 BF
5% R IRHEAK T 5T 4% FH b T KA I VE L 4R L T
TR A 22 T AR 41 HE A 9 A 1 B0 728 A T A8 1k, L
AF AL H FEA — L ; Karandish 2510 fF 55 %, #95
V7 A3 72 A T L, B 42 S ] LA T T
IRAEFNER SN 5, B2 R A OK % B By
BARFIHES RIS A 0977 v 0 S, IR Sk b 5 1300
JE MR AR A, e G4 o 78 T K G K fE LR
(EL o T 552 X P S 7K 2R 14 7K A 42 1 1) 8, 6 5 2 R
BEW) AT , 5 224 % 22 T 808 5 BUK 1A 2 5
SR, I ELZETR A8 T AR b /K2 F) 8 AR D
T iR TR o

DRI , 7 3C LA PR i 7 X S 60 S J5T K ——

PR AT X 4, DLAR IR AN 43 i B S A R
HEFERY , M ABAQUS A4 FRIGHE " HEA TR (E 2
BT WESE TR R B - # - 3 BB 8
TR XS H R K IR 52 0, 7E AR UE IR
TR e 2 R PR AT B T, B 1R 30 A R AR
+ 3wtk
2 RSB RiEe

XTAE A E AR IR T8 18 R EOE R, TR H R
BN SEI IS R A0 EZ R R BIFLER A AN
P 0 3 e RS o SO W T Y R, SR FH K
SMREHE R (faT R SWCC) AR AR AN 4 19 L R
NEFKEZRPLR,
2.1 FEEmMmtEsiREe

FEIFN 7 LB 7 FFLBR AT ) e [F pe
KM Van Genuchten "™ EH I+ AKRRAE L 72

le = ua bl I,Lw (1)
0 -6
A : +0 g <0
0, = [1 +aw(um)nu]mw r ( w ) (2)
6. (6, =0)

K au,, u, w, 53500 5L T 7 | LB AUE T AL
Bk 1, kPas 6,.0,.0, 5350 HARBIRFR & 7KK
T FPR SR EACE R A RS RS KR o, N
H#SAEEIEASCH S n, wm, 53510 S
555 5 - AIHRAE R (SWCC) RERM RS
BRI AR R EA R S E,m, 5 n, MXR
CIE %k

1

m, =1-—
n

2.2 GEREKEEEMEHXER

T AR ARSI 7 R AT LA B T 5 AR
ERRZ A R, T B DL 75 28 7% S A R
5L TR, R ST R B K& 6, 5
YA S, Z 8] 050 2R Fe e, e o 22 500 -

9.
S, =0,(1+4) =2
e n

(3)

(4)

Hr:S, oy HARMIAIEE; 6, S RIIRFRE KA e
TIEALBRLE 5 n LB
2.3 {@FENEENRm

TEARE A R e, 255 B AR A S,
XE 5 Bk BISEN ARSI RIBE S, A [ UAHE



256 KPR 5K TR

2020 4%

RV S STl R AL b, RABIEB B Rk

MRS, < 1L.OB,k, = (S.)°;
MFE S, = 1.0 ik, = 1.0,

TEVHR RS 5 225 k Fe HEARAN B B R [RME IE Sk
k =k, « kg kg I HARBAEE R
2.4 WAMESERWRAOZEMNXR

Y R AL TARBANRE, u, <O, TAARRIEFT
NERE - u, Fono BT X A TR RF
PN 0% B I ) A A A R R T 4
FAEFREEEN ., i, VAR A L SR,
T B SUWE I 2 A K 28 2% R 3 ] 19 73
RN
3 Bk
3.1 IiE#R

ALK JEE Ry MY 8 R Bl 5 P SRR R 6 T
7R % 86°36" ~86°57", 4t.4; 40°04" ~40°59" JuH N,
AL TR R L S S A N R AL B Iy . KR
ER A 1.61 x10° m*, TRMAEE TR (2) 8, /K
JE =TGSR I I, R = AR 869.0 m,
TR RN 877.3 m, K B BT /KA 875.0 m,
W5 8.3 m, MG 6.0 m, IIiFE FuFiys -k
1: 2.5, HEELIANRED R 3, LR EEH 100 m, JE X
AT A g T 5 K MR S R AR B RR
10. 6°C , oA UM st e e ik 42. 2°C 1) Z4E
MR K 5 B 28 B i 43 i 21,5, 2 680
mm , i FAFREK SR /N, AT AN 8B T H
Hi T YRR AR . TEK B Z 1, i IX (R
FH TR SRR T 3 mo AKEEKG, BT THEF
IR, K S8 A S B 4 3k 5 fh 1) B 52 LI AT
T

i 2 DX i A FR R AR HEER A i b R KA I
U /N AT PN 5P

H, =H +H, +H, (5)
K HOBEWIR R 2R, m, X R B A KAk
FEYIRR R 2R 0. 3 m!") H, A K I
FhiE B, m I Z X E 1. 65 my H, A4, m, Y
M 28U HU{E — 0.5 m!™)

P AT 20, 22 i 3 T KA I
1.55 +0.6 =2.45 m,
3.2 BN
3.2.1 TRERE NTREMRAFEGBTET,
R ARSI ) UNE O b VA OE i 3 € NI
ERFB A T 3 F 0L, 58 (1) BB

FREANH, =0.3 +

it 5 (2) = T RRK P-4 o5 b7 13 1 i, /K S 26 K
WEG7Kk 6 m 19 22 %, 00 132 m; (3) BHARE
T B R BEE T 20 mt™) A& 1 iR,

v 877.3 s 5y
8750 —do Lo NEBH
AN L

200 S,k 87 100 | |—200

1\ V769.0

(a) BB B3
KP4
8750 12 78773 wis
L2225 8690 =
H 200
%J,Lﬁ.&
7769.0 ,
(b) KP4 55 58
v 8773 -
. W815.0 Yo, L3003 %f?!’] ,
200 I\I 100 II 200
EHB
7690
() EHPIBHEIE

B 1 3FphETRAEEE EE (BAL.m)

BB (NFREOKIA) A7 U5 FE4E 100 m 4k,
REEHC1.5.2.5.3.5.4.5 m AT L. S BT 4f M
WSV HE KRR (F18) X T K AL, 05 1
WIS ~6 AR BUKERBEAE AT LA 5T

RAE TSI 1 K A7 HEIR A AR b 3 o3
SAEN BE3THE 20,40 .60 ---++-200 m b1 E 10 4
IR B R 1, G5 Py Py Py Pogo o
3.2.2 A REMGXE 3R THR, B
T SRR 25 A (B /K P-4 o 5 2 BB 98 4 09 i
B ) REAHR], B4R R E 1 (a) B

(1) S, AT HEIK KD F 5%, Eﬂt()f?Lﬁ’
fF, oKk @, = H, , £ ABAQUS/Standard H1455E
NF LK ST, R A

u, = (H -Y)y, (6)
Krreu, AFLBIKIE T kPa; H, 7K k&, m, i)
TE?kaFufr7J<hE16 m; Y Ry as [A] 53 A TR A Ak
b, my oy, RKEZEE  KN/m®  BUE R 10 kN/m’

(2)8, AARBE KB A, B 5 Ll i3
WNE, — A A R G BRI E A
BT AT 2 E X

(3)S; A A R B A A5, BT Ui A 254
FERE SOZIN P A AP TR 2O FLBR K R T w, 224 0 B]



53 Wl

F B CPRURE B - -5

Rtk et M RV U S A 2 ) 257

Al HA S, 3 AR BV Ve T S 40 X
SHEK B, R R E ABAQUS/ Model/ Keywords
HLE SGXPRAR RIS AR RSB R Bk,

(4)8, HHE 1 By 55, A IR ER AN
TR FETCTT R L, V8 20 A AN B A #3218 1 o 7K
LA AmE B R, Ekk D, = Hy, 5
FLBRAK TR N

u, = (H, -Y)y, (7)
A H, AN EK K, BB S B, m,

iz 2 B s B B e iR LR
KIETT w, R 0, ABAF(T) 76 SCIFRITTT G518 N
TeBUKEE , Bl I ] G A B E JBE ERI s f2
WItE w, R0 5, A(T) Wor.

(5) 7Kl as (FERbOES) 5 1 B BB 7
SN EIR D FEE5 A B, UG BE R MBS A0S 5
A3HTRITT
3.3 itESH

R FBK 0 A5 IR R Y MK 23 4
fEfZe, E 5k SWCC H i) 8040 545 21 X5 1, 19 1 A
FERE I JoT Wt 7 FiB i Rk, WA feith 2. A
ABAQUS Z3Afr st , 3B 1 R 200 {2 i 1135 4 % 174 4 i 2
PEHGEE A 0.01 ~ 1, K& SHOCR WK 2.3 s,

1.0 YUk e I
0.8

Sosl

50.4 F
0.2F

0 100 200 300 400 500 600 700 800 900 1000
H T W S u./ kPa

VA SYUHE T4 5 R0 LB 2 8 O BB AN
TR SRR Lo R R ST ) M 2 2 8
(72 Al e R B | g 2 P A o i A B OB 2
RS, HAREE WA FRIT A T3 s B B R 4R
UR S

0.01 0.1 1 10 100 1000
HF % Su,/ kPa

B2 tHBEREKEMERRANTLLR
4 BlaBSuEs R 5ot

4.1 #iSi9 KR X T K6 HY #500

W5 B B AGE 1 AT LB S AR SIS Y R K
AL, I B E IS VA IS K AL AT AR B E AR, 1M
TEHGE I, W5 1E 300 m 5 N XA R BUK , 0
B4 Fr7R o 35 Ik 208 AR RE i HLIA A K77 S
[ AN & A 784k, X s 00 T 1l R /KRR by B AR
BIOE H (AL, s s frs o

Lor —=— Hilfk —— i3t
0.8
“0.6f
=
& 0.4t
B
0.2F
0 -

10 10° 10°* 107 10° 10° 10* 10° 107
BE R Yk (cms™)

B3 THEMEBERRAMEERMNENLXR
®1 HERMTESH

BE| FLBR/ % BBEZRH K/ (em - s7")  BIUHLEL/ MPa HME THE/ (g em™)
Zh 4 (IiAk) 44.0 2.53x10°* 4.00 x 10* 0.35 1.93
AP (L) 28.0 6.26 x107° 2.00 x10* 0.20 2.34
TRVE L TE H BB B 5.6 7.83x107° 3.00 x 10* 0.20 2.20
+ THEK -4 55 2.3 1.01 x107® 0.85 x 10° 0.38 1.58
_________________________________________________ ﬁﬂﬂﬁ\.\;
7875.0 : WS AR b F K 8 i
et ; R H T 7K B0
B &
(a) WUE & B (b) I T #i5 W

B4 BRESEGNEMTRECHEL



258 KPR 5K TR

2020 4%

BKEEEH —-o0—15m —-25m —<35m —*¥45m

XU 53 B LAk £ B BSS/ m
30 60 90 120 150 180 210

XL 3 BE Ak f B BSS/ m
30 60 90 120 150 180 210

ML 3 BE AL () BE .S/ m
30 60 90 120 150 180 210

~N1r
-~

5
H2r

Ny

R KIEE h/m
w N — (=]
R K

B w =)

(2) P71

(b) 7K 4 5 1 1t

w

R KSR hy/m
N — (=]

() EEPI B

5 MR KGOERBEENS DR BT £k

& 5 A, LI st el, H =1.5.2.5,
3.5.4.5 m i}, Py ~ Py UL AR HETR by 23510
0.24~0.85m.0.61 ~1.72 m.0.95 ~2.11 m. 1. 12
~2.67 m, A WA T T 3G A AR K A7 2 B
BB TR KRR, BB 1R, BRI HE R /KA
ROR AT 5 S H0 KA ARB 10 R ol T %
Uk B LKA & T R WK . £ T00
TEMUS Py ZEAT AT TRE , Pogg A0 (1 4t R 7K A7
AR BRI Z AN & B, FFp T 00T #5
TUREE H RGN 1.0 m, e 28 F 7K A7 AR TR 45
HEIK 1,22 ~2.02 fi%,

ZEART FEANKE A 3, AH R [T DY, Bt B T TR
JERSE A, TOB 5 1l T ) W R TR 2 i . iR
BITRE H N 1.5 m ¥5 K 4.5 m B, TCBy Bt .
PR B KT 3 Fh T 00T AL 0 {4 5]
M5 17 2.42.2.33.2.35 m, 0] UL, fETC P B 15 1
BUF TR R, S VA SR B AR AR LS 7K
P K o
4.2 BhsRXTUEH TR AN

DB H =1.5 m R, B8N FEUK KA
SEJGRTEL 3 R T BLF , WUS R A ) AR A A
’ 6 i .

M A Ak B B B5.S/m
30 60 90 120 150 180 210

(=]

e
I
T

T KR 2/m
- (=1
N =]

—
(=2}
r

KB ek FHE - F B
Eo6 HEILRTIMEMTRAETURE
K6 o, o T3 B BB RS i d Oy it T
KPR, BN B K S PSS 5 U5 #05
TG 5 R AR RSCR e, UG /K- 22 A C

Bits T, JCRiB it K5 55 R BB E 3 Fh T
0 BRI A A 435 R 1. 23 (1. 38 .1. 49 m; R
J5i Pao b M KR By 43528 0. 85.0.95 1. 11
m,, TEIE BB KAV B 5 W (R 2 R F Al
Fp T 00, B TR 5 i R K%, Al b, Big
RO, BB 1 FE gl 23 /N 05 1 I TR BE gl vl
PAIE 24080/

4.3 “BE7{ERMIERTKIZERHF N

U5 95 1 10U 4R K A7 BRI
HRfZ B R I K, 3B K At 2 i LT 2
T KRS A BE SIS HERR , X405 R K 7 2
— BRI, YL H =4.5 m B, 54 8B RO
HEA 2 15 Bl B it R 1, DR 3BT B A FH LI 7

7 (a) FH , #RB I BUH S UG FE X A bR
IKAE A 0. 43 m, [ % T - X 3831 Bl e 28 /0N, Bl 7k
(A T AR IS R /K SRR 9 Th R JE AR 3 2%
K7 (b) R, KRB WK R S e e e
Ji , DU B R KA AL, B T =1 X 00T R K
MR AR B K, B 2AE T T AR A7 A DX (1
TKPIFEAMRZE 2. 96 m, KT 243 i “ I F KR .

AN, G5 0 BT IR vk, O 45 4 A 38 A K
B, FBIGAEARREB KN T WU R KA A%
FeanE 8 s .

B8 iR, BB H =4.5 m, P o &b (110 7K A7
HEF5AE 2. 88 m I, B FARE 5 b T KA K2, 46
m( & 8(a)) ., ARSI HEBREB W NER B IR K,
i H: P AR A3 R /KA B 22 3. 89 m, B ke i€ )R
Poo A H T /KA 2.96 m (&I 8(b)), Bt “ 7
BB RR IS B A AT
4.4 “HE' 5 'B5"BREEAXNMEH KA

=AU

I AR ER B T N BUK IR B, R R < #iB”
“SB7 R RN LR K A2, B RS T UK 4R



53 Wl

B CPBRURIE B - - 57 B U5 R R G 259

WEITUG WS ~6 AT G/ i) BURK TR BE (R A0 L,

RUHKRIARRER MR HX KRR E X
'iM5t>TK o e N
EHY B "

() BBV B 5 0 T BBV A
7 BERARRERS HEIUR T AR ZAL (6L :m)

WK 9 Fr7s o
B KRR MEERHE Rk
_§__s75.o>.k e he e N
- T 5 5 \ ’Mﬁl[ﬁé

e E—
s -
(b) T BB ABUK G T KA IR AR

I kAR E X I TR IR I Tk BrRRERX I I Rk R X 4 TR IRSHX 4 Tk frREX I
[EKE2.88m Wkm24em 1 | KRS80 i#KA2.96m
Emm——— 4@ |- T
(a) WEH#EE () WEHERBE BAFK
8 EEANRKTAIFIMEKAA MM
—o—LPiBiEE —e K THE —~EANBHE
Bk v AR K hy/m K ¥E AR KK BE hy/m
1.6 1.2 0.8 0.4 0 2.5 2.0 1.5 1.0 0.5 0
0 - T T T 1 0 F T T T T 1
£ £ o5}
w05 %
i 2.0
¥% %
1.0+
5 sl
1.5L 20t
(a) BB VEHEE H=1.5m (b) BB W E H=2.5m
Bk v A BKEBE hy/m oK A B KEE hy/m
03.5 3.0 2.5 2.0 1.5 1.0 0.5 0 04.8 . . . 0

H#F K S h/m
=

28" (©) MBHESE H=3.5m

3R KR 2 /m

4.0 3.2 2.4 1.6 0.8
0.8 |
1.6
2.4
324+

(d) BMBIHEE H=4.5m

9 3 FphE IR TOUS T KGHERBEENS A RN FRK R BT #h 4

WE9 Fros, UL H =4.5 m ], ToBi B 1
TRV 55 RN LB B 15 R V8 N BRUK R B 4.5
3.5.2.5.1.5.0.5.0. 1 m BHUG Py, kb 0y HE T 7K 37
435124 0.05.0.75.1.38.1.92.2.45 2. 67 m;0. 15,
0.87.1.46.2.01.2.51.2.71 m;0.43.1.18.1.78,
2.42.2.96 .3.15 m, A% TOLFHUR KDL by 5
BB BUKIREE h, (ARG EHIEA 3 AR L
ek by 5 by, R, BVEGE T ThBUK IR EE h, B
I, BUK BN 3R KRR by B Hor, 7KF
HH RS T by BE by, B9 AREN 22, TCR B i
HWR T B BB AR A B o W i 2R AR e R
B, T H P BRI A WS - 87 MERRCR

TR B A TR L 16 ~ 1. 304, R oK-PHfi e 1
TZPF 115 ~ 121 4%,

ST B TR TR AR, 19 R T K R R
RORALBRY] ., (025 JR R il T 22 5 2 ), 2 TR
AR, I 28 2 A R T 00T 5 B EGE T
THZRE . A 9(d) Al A, H =4.5 m i, 24K
BINBUK2FRHEL, T iR AR 5, K-F 8l
AN T Pooo AL A FKHEER by =2.71 m, JCR;E
FERHE N At R OKHEER by =2.67 mo i FAGHIAKE
Jal 2 I S e A R 5t A B 3R K e FOK TR H,
=2.45 m, XPIF 0T B3R K BEER IE 45 i KT
“IRFOKTR” o NI 8 5 S8 Bea i



260 KI5 K TR

2020 4¢

SN B WIREDOT N H =4.5 m, A H T0
B3 2 $e e R K P s T B 1 30U A A R
(a0

FEEHGBREBT H =4.5 m i, h, >3.0 m,
FOHl R R BEGOR RIS A TRIMAR R A . W
Bl9(e) &8, H =3.5 m i}, T LB B4 s
200 m Kb FOKERER by =2.72 m IV TR
KR LLF

i LA BT 5 RBTRA T,
JCR & 1Tt KA o 3 B2 B0 ol S 1 B
W 4.5.4.53.5 m,

5 & ®

ASCEET AR ANS S, DA 52 XU Ji
IKEE——ERIKE AR G, RGEWEGE T K B
B HREFNG8 6 I Ui o 2 A FH b T 7K A7 19 5%
M), 5 40T

(DEZEEPESEE  FBKAHTRER, EH
BiiB O T K-, KRB ORI, T S A
BRI, IF AT 2 G ARIUS B0 1 T
JEFIAR R HZ TR &

(2) 835 V8 R, Vi P B K TR BE B /N3 RIS
TeH ™K ALBA R, 8 RIRG T, TR
Jiti KV o BB S HE 25 0 1A 1Y SR TR )
W 4.54.53.5m,

(3) BB TE SR 36 T8, B0s A 30
BT T HUF B, T W TR 2k
i) JL, (5 A3 Y o 100 5 A L b /K ) 9 o s R LA
Fegtk . B B =B BRAVE T DUA ROk S
A FH R AR 4 AR i SR LUE, By 1R 30U5 R
HH & A - b Ak

SE -

(1] ZE50R, 2 A0, BEMSRR , 45, 5 DXP JRUK R i £h i 1k
T HOCTE I 2 o A AR e A [0 ]+ E 4, 2016, 47
(3):532 -536.

(2] Wk i, 3% 8K, F 3, 55 BEEEIR W R IE IR FOK R B
Ptk ] . WEBHEK 2741, 2016,35(11) :29 - 33.

(3] M. sV S K 2 T O b 35T 1 Tm) R0 48 [0 ] Bl K
#1,2013(4) :125 - 126.

(4] R0, SRUFIR, ZMERT P KRR L TR B HR

B[] o TR 4R ,2016,38(S1) : 1 -9.

(5] M. B HECp B ook (], b E KA, 2010
(8) .41 -42.

[6] Bk, FIEM, FHESE, 5. KR B S5 HEk
TR T A B T KSR ma [T ], Aol TR
#%,2017,33(11) :98 - 107.

(7] & 9,25 1, B AR 45 SRR A 7 5 BR AR AR 1 A
P42 ) R 2K BIF 58 5 8 [0 ], ARl T2 27 4, 2013, 29
(16) :1 -6.

[8] 2= 1, % 2, BLE4R, 55, RO 55 T HIKIE S K
LK R[T]. Rl T4 ,2015,31(2) :94 - 101.

(9] WRIEZE, % 2, B4R, 45, HEOK I KA T A 5 HE
IR ()] A= 757742,2014,34(3) :597 - 604.
[10] KARANDISH F, SIMUNEK J. Two-dimensional modeling
of nitrogen and water dynamics for various N-managed wa-
ter-saving irrigation strategies using HYDRUS[ J]. Agri-

cultural Water Management,2017,193:174 — 190.

[11] Bifgid, SPTE, fAeAE, 55, T 5 2T 5 OF UK %
XU EmL s ()], TR IXAT5Y,2016,33 (1)
74 -179.

[12] 2% B, 3k fli, ABAQUS 7E & - TR i HI [ M]. b
S KM HL i, 20092205 - 216.

[13] VAN GENUCHTEN M T. A closed-form equation for predic-
ting the hydraulic conductivity of unsaturated soil [ J]. Soil
Science Society of America Journal ,1980,44(5) :892 —898.

[14] REMR, HVES WML, 2HOKSh 2 [ M. Jbat
AR AL, 198819 - 22.

[15] sihds, M & e, AT, s ds bk BE R i Rk vk
UK ER SIS T[T ] 19K HEBE,2013(10) :35 - 37.

[16] 2= B, 52500, 5 R, - HEER 57 Tkt X Hb /K I
JERE S HK AL 7 [ )] WK 27 4, 2015, 34
(5):46 -50.

[17] EHEHT, 8PSL B, X T 07, 55 /N2 R ORAR 2R IBURE 6
AL 2 SR Z AT ] R AR 25241, 2013, 37
(4):365 -372.

[18] rhfe N RILANE P AR & B8, M S5 4K TR
PR : GB 50288 — 2018 [ S], db5t: i [ 11 ih it
1999.

[19] Eifgid, AR HRAR IR, 2. TR K UL R e
Bzt B i a5 [T 1. KA Kz T 27 4, 2014
(4) .44 -51.

[20] CHOO L P,YANFUL E K. Water flow through cover soils
using modeling and experimental methods [ J]. Journal of

Geotechnical and Geoenvironmental Engineering, ASCE,

2000,126(4) :324 -334.



