&l TR R
Transactions of the CSAE

Vol.27 No.4
Apr. 2011

F2THE FaAW
72 20114E 44

TIER SR RIS B B TE BN IAIE B AR AN G R 1% 53 #R
BOFY KRS xlsm

(1. KV TRZFKFIERE, Kb 410114; 2. KPRIESKKEGRMEEESLRE, Kib 410114,
3.l KER R S TR, M 510275 4. EEFHCIHATEAIE K L=, {170 94720)

W OE: BRI AN R - GE R Qe R BT IR S R R ER TR TITRE T 2 M toR R Se, 70d0) R
TN AN — R BT 5 T BRI A 5 Gt X N 10 395 K R A O B0 A1, SR AR 3877 W3R 22 23 #r o
W TP BB G I A RO 2 s seAh, T U T ST TR NS (R, ANBK A 5
BIEEKERD TE ST BRI 45 5K ONBURED WS ST 5 TERHIE S B A I U . BERAGI0 70#r 45
RBIRTEENR IR LK NVBIRFL . NS5 Gt X A 385 7K AR AN T L 7317 B FOUDN R P2 S22 i) S g T Bl Y g
BEUTHNREE ;35 S B B (Rl B2 2 TR SE e s AR A 2 Ao UBME N HT 4 R o, P A B KR
FIEWIR G FAAFN, NBRESESNRIAE TR LS E () BB REAE p MBS AHTRS St i
IERHESEL () BT (RIRBIARBI SRR, NSRRGSR R ESE () MBI EEREE N5

PR (R 38 DR L ST 5 7K R K T T/ o

X8R o, BREHS, LB, KR, FTHABER, B, RETIRRL, AN

doi: 10.3969/j.issn.1002-6819.2011.04.0013
FESES: S152.7 XERFRERS: A

XE4RS: 1002-6819(2011)-04-0072-09

B OF OKCE el DBEAEREHRENRGEERDAGRES ] RUTEFR, 2011, 274): 72—

80.

Sheng Feng, Zhang Renduo, Liu Huihal, et al. Modeling preferential flow in unsaturated soil using active region model and its
sensitivity analysis [J]. Transactions of the CSAE, 2011, 27(4): 72— 80. (in Chinese with English abstract)

0 31 &

YHE Bty b ASESUURT 000 7K 9832 30 R oA i 1) 340 50 e
P DA PRI B B2 v 3t sl Al 2 AT 1 1) N 2 AR A R A
X T AR MY Y R ¥ s B R R B R b S
s M HAT Ak, BT AR R M A A A A1
T A AR AR R B 1 (3 (mobile-immobile
region model, MIM) 123 {75 R fifik - /KB 3 MW s
P BB k. ES R b, IR R K
FLBSAH L RIAE T, R AE ) — 0 B s sl ALK
FUBRIRIE B SL RIAFAE N, AN 77200 9 T4 ik 2k
sl (i Richard 5 FURSLERS), S2br/Kitiss)
Bl ke 2 PR sh AR R G T 8OKs 240
5 RS K S A2 T RS R A () DGR B k). H2
XTI AN BE T SR T AR 2R g rp R AR B A — 2 )
TR AR TR, R AN BE T AR A R e
PR FRPR U, 7 B iR A0 X R il 8 ) FF 9 LA
S A L A A AR A M A e 1
SR Ui A S ARRL TR AEA R RUE |

Weks HiH: 2010-08-29 {517 HH: 2010-11-15

FEETH: FRAREEREEZIITH (No. 50528910, No. 50609019); i
MAHE TS EFEESRIINE (10B006); # MR KT TREWIM A
R R AR

e faf: B F (1981—), i, WimkEMA, JHl, 4, FEMGEE
MR LHOKEN ) SR BT IR . Kb KB R R]
[5t, 410114. Email: shengf.china@gmail.com

P T R Ge i IE ZR kR, iy HLnT BA N AN ROBE il
SRFTEIN 55 A0 R PR o T 4 ok (R R AT 9 AN B X0 00 214
SEMTR B AIE RS 1 F R B W B 0 AR Liu 250
it H S EORE AR 2 it DL e A HH SR A R 385 I 4 SR
IE, IERTE T X RPN Py BA 1) 5 AR 5 i PR I H ok
T TERRIEAE — 8 0 B (ZEH B FRE, FFEfEIEE
fitlh 4 T R AR A 3 KIS B S Bl I AR Y
(active region model, ARM) B, & 5)yifi d7 455 740 3 1o 455 744
SR RARIZ B 53 T 4302 18] B DG B AR T AT T/
R _ERAKIBEIME () FE®. i, AT+
A I BRI K B 3 e Ay e, AR AT 1 8
RIS BRI S 5 4 TR S A WINIE 2, )
5 Bl S A R R T AR 5 s Bl 1R AT R S5 ) ik
T B — DS . A ST IR SR F V& Bl U S 50 B R — 5
PR RTINS S 38 5 K R A TR FE I 40 A, 3l
If AR X 44 7 fR % % (relative root mean square error,
RRMSE) El:#rok s BEVEAME s i M AR 100 41t S i
JRIAT R, 38 i AR S BT S Bl i A A R AL
MR (ONBIREE) WS GHBIRIAEEL 5
TEHRFIES AL, ) A BURAE o

1 EARIEiS

1.1 FEERIEREH 2
TE BN AR 3 KIS B RN s B 1 o g A
qi@%jﬂ



5 4 3] RS LIRS SN S A BB AU A A 73

—54}K4@£+g]ﬁxm9—@§%+mwzo (D

0z oz ot
—i( anDa%jJr 6( fqaca) 4 6( anca) n 6( fpbsa)
” G a a2
of

_(Qici + S )E"_ frawca's =0

A, A EAASR (R EOBIED » oms fObiEEh
Bl Ka Cem/s) A1 hy Cem) 735l il sl X (v A
IR G M LIRSS t AL, s 6. A0 6 735
WA AT i X A I T3S K, em¥em®; ray
G ST N - AGHFE (IE) MAh e (50D 19
K, Us; D W RIY -0 R AL emPls; go (BRI
[r) A7 TR PR D s s X z 5 1) b i KR
BRI GES 1 D), emi/s; e il ¢ CRAT AR T3
WP TR 23 99 A Bl DORAN TS Bl 7 (X
firde LUK P IR E, glem®s s, Rl s AR T
B AR IR ) 23 ) D s B i XA AN B X
B P TR R )KL ol po A LHEARUSRE, glem®;
Cas J BN X 350 Py KPS T0 b R B, ofem®
fo Ka A1 g 730530 H B R 23 U E -

e
f:(MJH (3)
es_gr
. #
1|/(6,-6 %1 "
h,=—|| 22— -1 4
o\ 0s-6,

X,y TGS S R E S 5L 05 A1 0, 73530k 1
I TR AR RS K SRR A A BLS K R, emlem®; «
(cm™ . n. Fl m=1-Un ¥4 van Genuchten 37K 434
BT Y B R Ko o IR IRUK % S,
cm/s.
1.2 ZIEEREE A2

THRERR LK IS B AN TS B R g fE ]

EFVE

0 oh 00
——| K| =2 +1||+ f —2—fr,, =0 (6)

62{ a[ oz j} o

_i( anDa%j"' G(fqaca)+ f a(Qaca)

0z oz ot
(D

+f§Q§§Q—ﬂwg5:O

A b, Za R a3 Bt A R AR T B
DSRANBEIN 224 (R f oM HHO Z0F FIEEG1. DI,
B A RS DO BIAE T e (D0 30
WAL E. WS, sl R B
PR T ANWTAZAL I s A BB v, i 37 e i

FE
1.3 SRS

BURFE ) SR ARSI AR 2R 5 R R 2L 1) A2 A
AU AR SAHIF ST AN ] [ W N8 K A - S0 46 5 K R
SATF T NBIRBEN IR S TR RES 2L () A1k
PR RBUER P55 e FLAR A ARFAE

Wy Ty Ay N, IR NBIRE 5 A Dy
D, Cem) , MIABEREXE SR 73 TERFE S 5L
(p) AR BURE (D) ATRIRN:

o - (P2-Dy)/Dy ®
(72_)/1)/7/1

D WEATRERT 0 e/ T 05 KT O BRRS4L
y WRTRNBRE (D) MK, RZWFRSEH y K
SHRNBHRE (D) /. [SD| K, Forilsh i
S TERFESEL (p) AR/ BRI 5 R NBVR E (DD
RABRIAZN, BABIERE (D) WG shit s 8R4k
SR (p) HABUK
1.4 EXMEAFRIREFAMNT R R
1.4.1 AR # ARk £

FHXFIA 7 AL 2 (RRMSE) WO i - S5 A5 R R 0 F
G5 SRR T S0 425 SR 0 O 25 2 P R PP A A5 28 1 A 2 vk
HAtEA LT

(2300
RRMSE =1+ (9
XO

K, Xey AASE RS | DRI Xo WAR RIS i
AW s X o AR P PR

XY AR 2 (RRMSE) ok, R W R R 0L 1
D025 2R A 2 S 4 R, A R PO ASE AU TN R R AT
e,
1.4.2 /B ZFZEE

TS A 5 2 5502 sk Aty 522 o M {1 P 8 R
AW

n

ij—ife
vV, =412 = (10

s Vo J AR OB A IR 5 R B X N A RS

ANWEIAEL; Py AR 2 | AN AE X AR, ZR =1;

i=1
X AR R IRCT 0, X =) XR.
i=1
ISR 7 2R 800V, R 3 W) e L U1 A £ 5 FEORE
Eﬂi%m]o
2 RWIITFIRBEHRE

2.1 FERERRZIT
L35 o Y € 1% Bk 6 SR 2RO PR ik 6 2



74

Ak TREAAR

2011 4

B A lapir) , et v st mE
LP7R) ZAE RITREPIAS GR%: 1 AR 2) ABKEE)
2340 mm, B RS CRTAHER S #05 1.0 mX 1.0 m
(RS R Ge O R ERR R RT3 R P e [ 2
PIANIETT TEHE, W8 TR, 7E W HE FE =50 40 mm,
I 20 gL BEEIAEH,  [RIIN AEAMIEHE AL A AE
KK R EEAR SR Ak o O JE S 36 2 T AH B 52, Pt
B DX sl ) f) R I AE 2.0 m DAL RRRUE BV 8 R B
Jeis HBIKABE SRR IR X A i, 12 h J5iB 2012
AP CAnk 1afs) , HliEEEE 1~5 em. [ HTE

B, WETER R 50 o/L) FIRSRREE (WKJE 20 g/L)
PIRA . KIMES WG AR T, TEMHRR I
AE T N B RIS T, T 7 5 SR S N AR 2R AN
s B KRIEs X . BOsesE, A SEH
Yot b, TEAHJE, RSO X ARG X A AN LR 5
ANFI 3 A TR -85 7K ST 1R BE AT s R N (1)
TIEE AR AR R IS B AR s AR e 45 0
UHIRIAEIR S PTAEA 0o F TS0 (0 S N IS 1 /D S R A}
PR R VR B, R SRAE 2061 e 36 2 358, T
FKZLLUT 0.5 cm AR 380 R RFEFE A

#1 REXEHEMYEERSH
Tablel Soil physical and hydraulic properties
L VR TRRA/% R LB TR I S
7 Jem 550 4 250 um <2um (g-cm™®) 1% /(cm-s?)
0~10 29.4 492 214 1.38 388 34X 10"
. >10~20 282 494 224 1.40 402 1.2X10*
Ak >20~50 313 46.2 25 1.44 406 11X 10*
>50~100 321 448 231 145 444 11X 10*
0~10 100 0 0 1.45 40.2 6.44x10™
Bl >10~20 100 0 0 1.46 404 4.24x10"
>20~50 100 0 0 1.48 39.2 3.76x10*
>50~100 100 0 0 1.50 389 3.76x10"
SE A OR BRI AR RS - CHE B S 80 oA (R0 o MUAHSS, 7ERF BRI R 0.

RLP) A TAT, JOTENMRE Gl 3 Ak
B4 o fELEERXEL (B0 40mX3.0m) W, lidH
WEHER ST (UNE 1b s ) KRRIE N 4 glb seia gt
FUFI CIVR A LA 0.015 mmV/s 1) 5i 5 35 ) W 7 31 1 g
T CSEMRE RIS 90.2%) , WHIPIHF£E 1] 40 min
IR ANIB K& 36 mm) o Oy 17 A il 2 [ AH 5%
Wi, PRI X IR ] BRI E 2.0 m BL B RRIsE A
Bla, HPIKMERIMEER RS X B2 G, Bk o)
Ao BT UA T AE DR D T 42 A AR F i

BOREIN € TR UR S KA. 240 5, 5 x J7 R824
W, HImEE 10 ecm (il 1b fizs) o JBRTE E
7 17 4 T AT I sk e s 20 P S s R K s Bl

ShHE
—

A HE
A

AR

GefnEL

a @A RIS R R e

10. 20. 30. 40. 50. 60. 80 Fll 100 cm kb4 /K ] Ky
50 cm BRI e 35 K AN CIMEE I o0 A Clnn& b By
) o BRAh, R e R I B Xk (A
R T8 FE R FE e iiimiE, Wl 1b Brs) $%/K°Ff
PR 5 om AN 1585 K EA CIIR LR 4
Ao ARG X P11 133 K 00 A R T30 4A K R
oy MHRIE 25, ClURIGaHR B v A 00 B THC T
FEN 2 NBHT G HHE S KR CIIREE A 2 4k, A
{7 &y X=0. 150 A1 300 cm b+ & 5354 0~10, >10~
20. >20~50 F1>50~100 cm AbHL AL 5E 38K 73 R AE
M ik 2 s .

400 ¢m

F RN
/50 cm /
Z

R RS

i —
__‘______.__‘__‘__'___J_./ 1 14 {1 11
i S

b, bk AR e R

BH1 #1 (a) L (b) £HTHEETIZRIERT
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Fig.4 Predicted distributions of soil water content after infiltration for the plots conducted in loam (a) and sand (b) using theARM and MIM
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Modeling preferential flow in unsaturated soil using active region model
and its senditivity analysis

Sheng Feng'?, Zhang Renduo?, Liu Huihai®
(1. School of Hydraulic Engineering, Changsha University of Science and Technology, Changsha 410114, China; 2. Hunan Provincial
Key Laboratory of Water and Sediment Science and Water Hazard Prevention, Changsha University of Science and Technology,
Changsha 410114, China; 3. School of Environmental Science and Engineering, Zhongshan University, Guangzhou 510275, China;
4. Earth Sciences Division, Lawrence Berkeley National Laboratory, Berkeley, CA 94720, USA)

Abstract: A total of 4 dye infiltration experiments, using iodine-starch staining method and Brilliant Blue dye staining
method, were conducted in loam and sand with various initial and boundary conditions. The measured soil water
content and solute concentration distributions resulted from preferential flow were ssimulated and predicted using active
region model (ARM) and mobile-immobile region model (MIM), and were evaluated and compared using the relative
root mean sguare error (RRM SE) analysis. Furthermore, sensitivity analysis was conducted to study the impacts of ARM
parameter (y) on the predictions using ARM with various infiltration conditions. The model evaluation and comparison
revealed that, ARM produced more accurate infiltration depth, and soil water content and solute concentration
distributions predictions; the ARM captured the macroscopic behavior of preferential flow and transport.  Sensitivity
analysis reveaed that, the predicted infiltration depth usng ARM was more sensitive to ARM parameter (y) when the
ARM parameter (y) was higher; while the predicted infiltration depth using ARM was less sensitive to the ARM
parameter (y) under higher infiltration amount and higher initial soil water content conditions.

Key words:. fractal, solute transport, soils, preferential flow, active region model, mobile-immobile region model, dye
infiltration experiment, sensitivity analysis



