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TET P 1) 480 X L2 3 A 7 5 A e 53 T 19 0003 484 T 4 R R0 AR S, DT JC ¥ TRT B 06 ok 3 ) 1) Oy R R I AT SR
fitt

BEXT DL B ASMERT , A SCHE S —FhaE A 09 5 Y 7 s, B3 T Picard Al Newton—Raphson 55
By FE AR L, IR BB A S K O RS HEAT T R A R . 2T R AT R T
FUBIE I, S #E S b B Richards J5 s @M DI 0R) . Sy SEIA SOy e, SR Lo AR
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Richards J7 & (138 JH &k L0 -
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DL B SR ff UECVE Ay 3 38 A ok X EE AR SC O VR A B HYDRUS-1D R 8 i 3 H AR . frfs +
Bk s LB is B S LE 1.
4.1 NB-HEAGRTE I AS SO R SR A K R S R A ROk BB TR R, SRR ML Abeele 1
A -HEK I AT HUE R UE . 35 R W —4E -4 B A2 R 300 em, & JE N 600 cm, I
Bandelier K Il &EJ A (WL 1(L3E#1)) o B EIEH L (1) RUEAKk (b, = 0) b3 54780 8 T
SAERY L HETR S, WA S R (2, 0)=—-729.7 em, BERIEFK 5 d; (2) % E S A9 1 AE R 4T
100 d /) A fHEACGIG I, i FEs R, WO, WIRAE N Az, 0)=0, FiF R (0h/ez),, =0,
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DRUS-1D R AF 3K it 5 A5 44 409 U, A SCBERLUK i Jr #E35 9510, THR AT 2919 % . 43 H T3k
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F 1 EHOKRIZ S RIEBUEE S8

+8  6/(em’-em™)  O/(em’em™)  alem’ n k/(em+d™)  p/(grem™) DJ(em*~h)  Djem  k/(cm’-g) n
#11" 0 0.3308 0.01433 1.506 25.0

#2120 0.633 0.844 1.167 0 1.687 1.615
#3° 0.448 1.320 0.696 0 0.850 1.000
#41 0.045 0.430 0.145 2.680 712.8 1.610 0.036 800 0.85 1.0
#51 0.0286 0.3658 0.028 2.239 541.0 1.60 0.036 700 0.85 1.0
#6 0.106 0.4686 0.0104 1.3954 13.1 1.45 0.056 50 1.00 1.0

= - AU — Z: M A - e UL
0 0

200 - 200+

400 - f"—_——_——_/} 400+
4d

% Jem
VR /em

t=5d
600 - 600
Oil ()I.2 0.I3 0.2 0.3
K/ (em’/em®) kg /(em’/em?)
(a) AB W BB (b) HEZK B BE L4

P2 kot ) i B I ) 72 1k

S A K A (UL IET 2a) , A A8 R K L T 5 1 SR AR A R v HL BB E o i K B Bk it 2% 1
BORRA, R A SO Y Ko 2 BEASERY A 0 G WL IN MK, 45 30 181 2(b) It 78 1 338 35 7K i 51 ) 1 Bl ) i) 1 72
At o AR SRR TR SR Al B K U e B ARG B v O R o B A R S R R0, L RMSE(9, 1) <
0.002 cm’cm ™,

42 HBEF (M) FERE NEIUEA SO RNE B B AT ER Z, A2 IR (a) Selim AE L 1
W B 36 A1 (b) Lai & Jurinak 2Pk W HHRSS ™ 8 208, HEATROE FURAS TR RZ BHL. XS
Bl 1 (g2 M#3) . LLHYDRUS-1D B4R 84 % B A% ( A 2= 0.025 em, At = 0.1 h)AE g 2 I fig
1 (a) 2R 1 0.271 em/h £3 7€ 18 5 B 1 F1 CaCL i K (5 mmol/L) 19 10.75 em AT, 7ERL L) 4R 1 358.05
INBEIN TR 14.26 45 FLBR AR B B MgCL 75 Ik #h (5 mol/L) , B J5 MK &2 1 AT 36 ¥R 3 Y CaCl 1 T
SR FH Al £ 1 W A R OB 0L B B 1SS e ik AR, AR RS2 600 /N o IR (b) SR 2.64 em/h B2
i 9 CaCl i WK (125 mmol/L) £ 25 em 1 4E, FERI IR A9 3.9 /N, 8] I3 A £ 4% 62.5 mmol/L i)
MgCL, A1 CaCl, iR 0, B J5 6 & 10 A J5UUG R BE 1 CaCl, W W o R FH 4 W R o 50 006 8 1 110 38 ff ik
P, BRI FELE 30 he WANEE B 7 28 B i 00 (Y RO B AL T s SR Ry o v B i R (R R
@D%—Mtj=%W,Tmﬁﬁ§ﬁﬁﬁmmﬁ:@n%—MCj=00Eiﬁﬁﬁﬁﬁ%%?m

Z top

top

FERGI, F3 30 anE 3 R, A SCRERY 3 BT is A B TS 45 RS, RMSE(c, t) <0.005 mmol/L.

43 B EMEIE AR AN S % Miller ZLIUFL G, BRI S KR AL U Il A, R B R
T A R 1000 em, HIEESEOILER 1(#2) . BIIG & REoK RARAS , WK AL T A F IR (RI A (2,
0) =2-1000 cm) . FEHLFR O ~ 10 cm BLTRAL , FEFEIY S50 A0 0y ey W B2 4853 20 o/L, B3R ER 407 S fE
H0.5 g/l BB AR A, R R LAEK KA, =0 em PEATIHREE, FEWEK T 0.5 /Ly T3 A K sk
hy, = 10 cm, HuNKERSFUREE N 2 o/L, R ERWRER L BREFFLE 260 min, FEIF T B SEILE 1 118+

4, BHITE L =80 min, 160 min. 260 min &b B 51, XF HE & B B RAE (A z=0.25 em) BY HY -
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WK L Az=1.0cm N, HYDRUS-1D % {4 W 7 23K ff 77 F2 10499 &k, SR i &R 2 H
0.234 %; 1A SCRIT SR A 5 FERECR 8270, FiitiR 228 7.25%10° %, 154 T 21 %Lk E AT A,
FEAC T 99.97% M i w25 . MR IR @ Mo B, A SCBEAIREIE I 38 K I () 25 4, R iy % 5 1) I
¥ o AIER B K TSR, A SCRIR R KBRS K2 HYDRUS-1D #0E 1 1.20 ~ 1.44 4%, fie/Nif ]
AR R 5 107~ 10°R5, DT B 5849 48 158 A S5 1 A B e 2 R IOAR T, AR SO AR e B K IR
PRI
44 TEZEMHRBPDLSEED AR E KRS gt B AR g M, 5 Bl T
B R S I R R A B SR L 4B 5 3 T 0% Richards J5 B 09 5 v 1 4 PRk T vk ME R TS AR R+
8 % AR ¥y J5 S5 1T AL (4 5 T D U s TR, BEF AR Richards 7 FEAEEA, B4 HYDRUS #1
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=
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M, XA R A A o RO, TR AR B R AR UL A B 3 N T b B Richards U5 FE 1Y
BUEBR (W HYDRUS, SWAP 2 ) H BUAL KR B2 (9 BB AR 5 o JCH S e T, A4 9ok 23 A
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Numerical modeling of soil water flow and solute transport based

on Richards’ Equation switching

ZENG Jicai, ZHA Yuanyuan, YANG Jinzhong
(State Key Laboratory of Water Resources and Hydropower Engineering Science, Wuhan University, Wuhan 430072, China)

Abstract: The high non-linearity in the hydraulic retention curve introduces potential numerical instability
and mass balance error in the traditional unsaturated—saturated flow models, which subsequently increases
the difficulty for solute transport simulation. This paper proposed a generalized equation switching scheme,
which implicitly solves different governing equations at adjacent vertices. The proposed method is applicable
to all kinds of iterative solvers and fully considers the priorities in different forms of Richards’ Equation.
We successfully implemented the method into a one-dimensional unsaturated—saturated flow and solute trans-
port model. A series of soil column experiments as well as numerical tests are conducted to validate the
proposed model. Regarding the difficulties in simulating (1) the salt leaching process within a dry-sandy
soil column, and (2) the salt accumulation in layered soils under rapidly drying-wetting atmospheric bound-
ary, the proposed model shows significant improvement in numerical accuracy and computational cost com-
pared with the conventional HYDRUS-1D model. The developed method is promising for the application to
large—scale simulation of flow and solute transport.

Keywords: Richards’ Equation; equation switching; unsaturated-saturated flow; solute transport; numerical

modeling
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