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Abstract
Dynamic of soil water’s Zero Flux Plane (ZFP) in loess irrigation area has important influence on crop
growth status and water ecological stability, and study on its movement is of great significance to the ra-
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tional utilization of groundwater and water ecological governance and stable restoration in irrigated
area. Taking Baojixia irrigation area as the research area, based on the borehole data, and setting irriga-
tion water and rainfall infiltration as the water supply conditions, using the Hydrus, this paper discusses
the seepage movement characteristics of water in loess and the position changing of soil moisture ZFP,
and constructs a model of water infiltration and soil moisture’s ZFP position in multi-layer soils. Sugges-
tions are put forward to maintain the stability of soil moisture content (downward shift limit of ZFP).
Main conclusions are as follows: 1) Most of the divergent ZFP under artificial irrigation occur between
20~30 cm from the soil surface, and most of the divergent ZFP under natural precipitation appear be-
tween 10~20 cm from the soil surface, 2) The absence of the lower mesopleistic loess layer under natural
precipitation increases the thickness of the divergent ZFP and change more drastically. Under artificial
irrigation conditions, the substructure has little influence on the ZFP, and 3) The reasonable allocation of
water supply period has a greater impact on maintaining the stability of soil moisture content (down-
ward shift limit of the ZFP). This study can provide a solid theoretical basis for the determination of
groundwater movement parameters, the forecast of the water demand of crops, and the research of
groundwater agricultural pollution in loess irrigation area.
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1. 5|15

B X E B EOR R 2 BB A K 3 0 R a2, A i 38K T A e AR K SR K A R FR R[] [2], T
T P IR VR I T 45K o) 0l R R 4E R RO D RESL A D B AR 2 — o (HIE 50 SRR, AR ARAL N TR ME
JR s ¥ e D X I AR E X P 8K Ay ARk H BRI ZY , 3 3 X K o shAS T 7L R Rt B A v 3] [4].
H 238 A LK o I A8 5K BT AT, R R A3 D S5 T7 T R AR 2 B FU R, i B IX L 8K
BRI AE T R ERFHKIE[S]. (HE—D R E R 7t T AR KGR B HE R Z B IR 28 UK 55 /KO M
i, WELE /K Zl s ARG O, IR AR A R R R R T X Sh A IO R HE[6], JUH 2 it
KB IREX, DRI SEAR LR 7380 o A FAUE 7%, AR/ 5 IR D0 3R A3 Bl S B IR A IR FUL &5 SR vl A
AR, Hydrus sl i — 28 H L 7 [ 7] [8].

FXGURIE XA T BRI S U, AL KRR TR X, FEEREZ) 600 mm Aiti, FHEKEL
1100 mm. FEX S HEBE R 1.943 x 10° hm?. 4% AR RI TREAR S, 40 N8R _E R T P9 R HESR, 35_E 9 th
T EIERELX, 5N HESRAR T VT B X . 3 R X A KR R TR TR R A R, A
1.241 x 10° hm?, 5N #E X BB TIHEE R 4 H iR 51K, #EBmA 7.020 x 10° hm®, &5t 50 £4EiatT, X
A FTER TR AN E . B AR EEREAS R, KB e R B o R X A il AR . HEX R EAEYI DA &
Ko ANEEL SRS R[], AR . RPN I, X R R X A IR B AL
LGttt R B EA BB SR . I IX 5 - HoK 53 0 fE (8 SR o 2

2. MRFG*

Hydrus2D &3 T 0K ie B M E R A BRI, BEA BB AL S 3L J A AR ROR IR 33 oK 7 A A
ENEs A, Wi B H R ARG B E, B RGUEE N R, SRRSRAFX LTI FER R RG4S
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IR B At b . Hydrus2D 17K 7 is B3 3E T- Richards EZ (i iy J7 12, 7 REfiid 17K 7075 3
(RIS B S 3K AR L ] G &R o 7E Hydrus2D 1, Richards 75 24 B Uiy —HA R ZE 5 I fE, KgJE T
R P RIK SR KB LUK RS I BL[10].

ASCAEH] Hydrus2D AT /K - IS B AN, Gl Z 400 IcCE, W BRI N 2 2 3 KRB B, R
PR T AR SR BEAT A T3 T DX MR 5 73, B BATTAG 7K SR 0 25 A AL F 2% A1 Sl 5 sRAR K e 1 7 R 55 U7 FE 4
AWREA, BRI FTE BCE RN R AR AR, SR T XS LA SRR E . RIS KESEE
¥, PRitr 2 23 ko NB A 3K 7 Z il A B AR, BEAT BB AL

3. EREMIME
31 EREE

IS AT R E B Z 454, AR5 3] Hydrus2D Water Flow #5ibufa 2 2 2 45 7 38 -+ N ISR (15 5 )
I 10 m (1 AE), HER AR E N THREBE R R AR BERRAS, TR IS HORE W% 2.

N T HREBR ALK SR A 1 i P2 T8 3 A VB IX T KR A /N 22 TR E K 0 B RE R AT B0, AR SO B IRHE R 5 301
N 60 m/ET, MEMEHIN 30 K, RERERE 8 /N, MEMETEFT 0.03749 cmih. T AR A SRS A2 T TSR N R AR
WK, ALV E RARPE R 55 N 0.0458 cmih,  BENT DRl 4 /i, RS TRIBEAS 1] 8 /N . 4 Bk TG R 2=
BE XTI A20R 54008 1200 mm, ~FIEERZAK L)Y 3.3 mm, LRGSR % )y 0.02083 cm/h.
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Figure 1. Distribution of formation drilling in Baojixia irrigation area

1. EBBEX MR E

HRAOREL: TR AR, R ENE bR, PR BEEA S A, 5E
BRI . BB TGRSR AR LA R LRIz,
3.2. WERGHSTHT

ML WA SOOI L BL T, R P A R B AL: 84 S HHTLGRIY)., 86 S HTL(IE R
93 BHEALGILAL) (1 1). WL MHrRIL, ERSWeHst LK MRS 1 BT F R A7 LISk oh 3

gi bR L, PG R L U MR BRI AL RP . ORGSR R AV IR R IHE ], ME AL
R R AR, SERIE 1, BHEKISHIE 2.
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Table 1. Formation structure and thickness of each layer

* 1 WEEHSEEEER

Bl ERHG L g B RS T L
84 1.96 6.32 172
86 2.48 7.52
93 1.93 6.78 1.29

Table 2. Hydraulic parameters of loess layer in the upper Baojixia irrigation area

® 2. EIGRR BEXELMEKNEH

gt LR *ﬁf%’fﬁﬁfc% | B35 2 K mid
b i kit K EH
TG T AR <0.05% 8 57~61  19~34 Hh7K£24 0.044~0.032
RIS R 5%~10% 8~13 54~72  20-~36 9.8x10%~2.2x 1072 44x10°3~25x1072
7K &E4 0.019~0.922
EEHG L 10% 10~12  59~64  20~29 k224 0.019~0.922
4. RBIENT

RGBT IR AR, ARAE 84 5. 86 5\ 93 SALALBIRL, 70 A BIE N THEB AR IR P R RS P AL 7 2%
P, ST 6 AMEAL,

4.1. Water Flow &8 EIE R

4,11, R RE
Water Flow #5783 %2 F Tk L3 K s e fe . 1iZB R BT Richards 3 A 52

a6 6{(.f6h+KHS @
ot ox 5
0 RS KB (em®lem®); h I 717k k(em): K MRS K 4 (cmid); K Mok KA IS | A5
BAEj 7 BRI, PEIETH S(d Y TR RIRoK[11].
LS REH, Water Flow B0 388143 — R 5 S H A BT, @il K% Richards 75 Bk IA -3
HIK>IEFEERE, R IREE . FLERE . R4S &R 15 .

4.1.2. BRI

Water Flow f7 (R 4G 2N FRIE, Koriak2BE . B m. HIELEE. BiE
o LR TERE . FEAEVE . RS SHS I A S AR . K RSN, KRBREARIE. HIEP K
T 5K RRE L, F# L Darcy @fE[12]. HIEEE J7 52 th R PR R ik S AUK - A G 5K Fa 18] B AR B
VER A=A . RHOK M BB Z R, THE 2 BRAR I FLRR R W e, AT 2R K 23 18 RS %

4.2. RBSHHTHEMME

42.1. as¥ieE
6 MK 100 cm, P 1000 cm, A5 45 K9 14 B T WA a7 B T U AT (%) — 43R 5his 74 1 3 B

4.2.2. IKRBBHRE
6 MR “ FEEFE(Main Processes)” X IEHEFIEH WaterFlow(ZKim)fEe; 78 “Hf[al{5 S (Time In-
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formation)” WHEHER . BRLELER A8 0 h, BHLLE R AN 72 h (ZK), HIERE K 0.002 h, /N[
A 0.001 h, FREHAZEK 1h, ATASHS [A)0 FE0R B N 72,

RIRFEFR ALK SR 3 A, “Hgi 45 B (Output Information)” 2% B AR A 4T 10 AN E) KA
— AN, A VRN AR B S O 360 (R4 45 R TR TE] R A 0.2 hyo HrTARE (Rl S H0E BN PN R
J&% 0.0458 cm/h, 7&K 5 0.02083 cm/h. [EFE 8 h FERT— IR, BRXFER IR 4 h, FERNES 28878

N LHEEBAIKEAT 34, [FFEIZAT 10 AP — AR, S PRAnEaE S0 2 80y 108 (B4
H 25 B[R] (] R 9 0.667 h). R ARK (Al R 2 H0 B . #EREIRE N 0.03749 cm/h, 7&K 3828 0.02083 cm/h,
R 8 ho

6 MERL I AR vE (Iteration Criteria):  van Genuchten-Mualem 7K 7JBE5Y , AN je i J5 %

WRIEE 2 (&R ZHORLG, 4 P Ah 2 I 2 T AR AT L3S 50l . 7EIX B ER O N, M T3y 2
ZH.

6 MY ) X IR B LAl x (K<) 77 A1 EL 11 A5 AL, z () 7 A1 HL 1001 AN £

4.2.3. MRFHFLARFHORE
6 /MY (¥R 46 e J17K k38 A Hydrus 2K AFERIAY 0~100 om fH. THAF A RAILT, R F R ENE H
HoKB g, A FHEGE TR Y A E . BN T E RIS
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Figure 2. Infiltration rate of borehole 93 soil column under natural precipitation
after 12.20 h

& 2. RIRBEFT 93 S44FLL4E 12.20 h NBIRZEE

Figure 3. Vector diagram of the velocity of the No. 93 drilled soil column
under natural precipitation after 12.20 h
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4.3 HEVEST

AW E PR, BRI RS KACKE BESKER. NBERE, EERER.
AL a5 2R S i S . K 20 1 3 73RO RAREE TR 93 5L 1A 12.20 h ()= 50 cm )BT
R

5. {RPGE R

£ Hydrus ", 4558 BE R B A Sk B P K 2EAS s R B WSk O e, TR 8 i P T 2 I i R e
5 3N JE B 37 1 (KR R DX I A A2 L1, AN TR 7 [ A2 3 [13] [14].

R E MR, ZEIORE T HBLIK > Fl E iy HHOK S &IOS, ORI iR . 5
ZAHXS 3K 4 i e OB /ML HH R 7K 2 2 e R i PRI S R R . AR TR RN, A AN BT
FERERT LA L, NIRRT, WA B R 25 B I R R Sk T
TR BTk L, N O] F i & [15].

WS 72 h {6 MEALE B EENAEIR, i F Tl B IR A AL, K Excel etk , JFAR
P REBR LT (R A B B e . K40 B 5, 1E 6. B 70 E 8 [E 9 il NIRRT 84 S AL LA i@ w1
AL 86 Sl AL FE B I AT 93 SAGAL A AL T R A B DL RIRFE T 26T 84 SR FLEAEE
AT K 86 5 Rl AL AT ZE B 0 A R 93 5 Bl L A 0 B A 1A
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Figure 4. Distribution map of zero-flux surface of No. 84 bored soil column under artificial
irrigation
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B K, FrEk 16 /NN AR AR IRAERE IR 34 om Ak AEVEBRIRS T, AR il s o i Bt HE AWK,
WSO Z2 B AN T N A, W RAEEREHIER 17 om &b PIAPSRIY ) 3 & T AAE K TT 06—/ T 2%

ik 5, 86 SHGAL AR A @R IR A SORE T I, HEEEALN B RERAN T, HEZZ
WAR R, FRE: 16 AN T AR IRAEFEHISR 34 om Ab. BERDIRE T, AKEBURFEE I LI HIE AR K,
WSO B AN T B, BRPRABAERRLER 17 om &b PIRPSRAY Tl & IR HATTIG — PN TR . 5A
THEBLT 84 S ahfL A 2l & A AHIE -

il 6, 93 THGAL AR FE R MR ACRAE NI, HBEE 2K R RSE AT N2, B REZ M
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Figure 5. Distribution of zero-flux plane of No. 86 bored soil column under artificial irrigation
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Figure 6. Distribution of zero-flux plane of No. 93 bored soil column under artificial irrigation
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Figure 7. Distribution of zero-flux plane of No. 84 bored soil column under natural precipitation
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52. RAMMFHTRIERTETFEEEHSHHHE

RIRFETIZAF T 5 84 54l L A (1 5 B 2 B /6 28 AR TN (M BL(1A] 7), HLBE A IS 18] AR SE AN B T 72
TR EAE AR TR 3 /N T AR, F54E 8 /NN R R IRAEFEHIER 20 cm &b FERERTIRE T, AHUY
FEEMFE AR, WSO FEREMPGE T, WARMEAEIER 7 om Ab. 758 & i 7L B RIT 4R/ A
Hk.

86 T Bl fL AL A U 0 B AR R ORGSR IL(K 8), HLREAE 2R R AR SE AN T A%, (R 2 3
R FEAWTHI R, FFEE 8 /NI R IRTEFE ISR 30 cm &b, 7ERRVIRA R, KRHMZ @ #1H/EELKHA -
Bihiass, WS Z@ERmIE N, WIRMEEEE 7 om kb PR SR Z0E &I E K IF 6 1 /N P9
o MK 8 TIF IR IR B 25 11 T 2 S50 AR Ao 2 2200 e T AR A S K

Ko, 93 SAE L AR AR M E MR SORE T I, HREZRN RIR R AN T, THEEE
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FEAR R, WSUR R @B POE T, HARMREAEEER 9 om 4. PIFhRALR 2 & T TE BLR TGN Y 78
Ko HIRIRFER T 84 Sb LA AT IE B I AL (AR .

5 0 10 20
el HTIEﬂ/h
K
-5
-10
-15
-20
-25
0 CAPHTREE
iz AR TREE

Figure 8. Distribution of zero-flux plane of No. 86 bored soil column under natural precipitation
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Figure 9. Distribution of zero-flux plane of 93 borehole soil column under natural precipitation
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1) 7EN TREB ALK S T R B S id 1 2 H IR FE R L3R 1H 20~30 cm [, L]&A&ifx_iﬁﬁtﬂfﬂfﬂﬁ
- $E5R T 10~20 om (R T R SRR MY S 1R T A HRAY i & 1 22 HH ILVE PR - 4385R T 10~20 om 2 JR], USSR i
Tt ke, AR RE 3R T 5~7 om &b

2) X EBEEMEKRMENERRZE FEEE 15~30 cm &b, SRBEHSEETHZFIRREN, 7155
THEE KRR, (EVAEKSZR . RRRDRTE RN MR BB CE A K, KR A2 nl i
AP LR A, KRB EEEMNDERY, F86~12 MFWELE, (EURARZE 5K SE
BEAR, TENTEBREN.

3) XF AR K A N RIE R A R N THEBE AR T R B 20 ot S S 2R i 1S 8 A
ﬁﬁﬁtﬁwﬂﬂuﬁmﬁgm tH 86 SRk FL A (19 )2 35 ) BB 4 TR M ikt 2 45 M 6 SR SR B T 2% R B

TR, TR LR A PR (S5 R I TR T iy 2 45 #4 Xt 2 i T PR 2R AR RE I AN K
4) PRI B A B FO T 4E R LK & B R (BB E T FRRIR) G BRI .

E&WmE
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