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Numerical study on fingered flow and solute transport in unsaturated zone

Masahiko SAITO! and Kei NAKAGAWA?

Abstract: It has been found that irregular infiltration is
often observed at the wetting front in soil under unsatu-
rated conditions. This concept is known as fingered flow.
Macroscopic dispersion occurs in the solute transport pro-
cess due to the heterogeneity of the flow field. In the
conventional convective-dispersion analysis, macroscopic
dispersivity has been known to be an important parame-
ter when reproducing this phenomenon. However, quan-
titative evaluation of the macroscopic dispersivity in the
vadose zone is still problematic, because the dispersivity
depends on the infiltration conditions. In this study, the nu-
merical simulations of infiltration and solute transport pro-
cesses are performed in the artificial heterogeneous field of
hydraulic conductivity. The heterogeneous field are gener-
ated using the stochastic fractal model. Then, the quantita-
tive evaluation of macroscopic dispersivity under fingered
flow conditions and its characteristics are discussed. The
results of this study show that the difference in averaged
permeability between upper and lower formations affects
the shape of the infiltration profile, or finger shape. The
macroscopic dispersivity of the media seems to depend on
this finger shape. Also, a large infiltration surplus inhibits
the generation of fingered flow.

Key Words : fingered flow, macroscopic dispersivity,
stochastic fractal model, numerical simulation
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Analysis domain and boundary conditions.
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Relationship between dielectric permittivity, €, measured
Distribution of saturated hydraulic conductivity.
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Table 1 fi#trr— A,
Conditions of analysis.

1

kg x 102 cm s~ ko x102cms™! 7 mmhr
Case( - 20 10
Casel-1~7 0.2,04,0.8,1.6,3.2,6.4,12.8 20 10
Case2-1 ~ 2 0.2 2.0,5.0 10
Case3-1 ~2 0.8 2.0,5.0 10
Case4-1 ~2 0.8 20 20, 50

100 ——  k=0.05Cm/s
- k=0.2 cm/s
&
(&
O
>
1 | |
0.0 0.5 1.0
Sw
Fig. 3 K ReiEdh# oo B,
Examples of water retention curves.
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DX, PMEMLE L THKESEL 2D, 2120,
TREICE N T, v < —0.5m 2B\ CHIRAEN
WMo Lz enb, TN EORBKEDIKTILE
EIZIFAE TS VWEEZBND Z &, BLXOKENED
TEMEEZHRT LD, y>-05m & L. DXL,
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Casel-713 064 5L L72bDTHDN, T AT
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Fig. 4 52— 7 NG OF G RO —B6;
(a) Case0, (b) Casel-1, (c) Casel-6, (d) Casel-7,
(e) Case2-1.

Distribution of Darcy flux vector.

Fig. 5 ESTROFHEMFEO—H; (a) Case,

Distributions of concentration.
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Result of curve fitting.
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Results of identification of pore velocity.
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Fig. 8 fafifE/34i; (a) Casel-4, (b) Casel-7.
Distribution of Saturation.
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Casel-1 75 Casel-7 IR EH DB AKYED BB 573,
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5. 12721, Casel-1 ~ Casel-3 IZ DWW TITREREIL
Aonzv. Zhd, BEmICOWTCE#ERmIC—ED
RBWRE r 52, O r<kg RO THICRETIRE
RETHY, BEHRMICEHIT 5 T TOr— A TER
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DEAFNFENAR T DD, Casel-4 [ZBWTIE, REFH O
RN K E <, Casel-1 ~ Casel-3 ICOWTIZEHIT
FAFLRFBICUT S 72D, T OERSy OBIBRFTHRICIT K & 72
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Results of identification of macroscopic dispersivity.
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Relationship between kg, and ai
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Fig. 11  Sky, & a’L DB,
Relationship between Sy, and ai.

TT5. 2ok, MREESKE SFHMESnzbo L
Ez bbb, [FEEOHH T Case2 3L Case3 1, &b
I TFRBE OB KD /NS W2, SERAICAE L KX
<720, MBRFGE LK FHMT STV 5. Cased 12O

X, rERESLTWNADY, Frv—iimb K& <,

FHITRTTY B RELL STV D,

Fig. 9 1%, EMRMASEE of ORE‘EREZRLIZHO
Tdh 5. Casel-1 75 Casel-6 TIZFRBERDOFH KM K
L B1FLE g bRELR->TEHY, Casel-6 TIEHK
03m &72> T3, —F Casel-7 Tix—#5 L T Casel
2TV ME LS fcaofb\Zo ORI, AR T 4 T —
WAFET 2HEITE, TS E>Tap b RE < FHE
ShTkh, E*ﬁé’] THE L 7 4 RO TR E B
WBHR L TWB Z LAy 5. Fig. 1013, Case0 B LW
Casel IZ2WT, RKEHOAFNE KR kg & ERNS
BEDOBRERLIELDOTH DD, kg 75 0.002 ~ 0.064
(cms™!) OHPATIE, af 1T kg OXEAEICK L TR
ERANCHEMT 223, TR ETIHET LTS, i
1%, Fig. 5 IR LIEBESAOBROENEELST DL
DTHD.

Case2 35 LU Case3 IZ8BW T, WG —5ITE
Wiz, T 0.02 m T, BB BUI/NE .
Fig. 11 1%, R2NT O Swa & BRI B af OB
FRAERT. TZ TS FUTOLIICHEEL TS,

Swa = — (18)

THEY, AT ofmER 0.2 (T Y — 7 Il
fEL, 03 LV R&E< DL a FREMETFTLHZL,
72, 04 DL ETIIERNOBEIIMO ThE< 25T
&Zﬁ?bﬁ\

S HITIRFEBRE r 22 L S 72 Cased TiX, r HRX
<725l ik ap [ Fhs<72>Tw%. Fig. 1213, 2R
BE r LIS DSAEDS% LU Casel-3 & Cased-1, 4-2 12O
T, r&a OBRERLELOTHS. iU, Fig 13
VR L D ICIRBERE D/ NS WX EFAR A 7 0 —i
DFAEL, N> TEHRS ﬁﬁﬁ?ﬁk% < P = AL
TWAZ Enbnd. iz, fafE, BHERENDND
L, %ﬁﬁﬁﬁ@%@?ﬁ’ﬂf&%bb‘fﬁ’ﬁu{x BRI O LB A
MSTF2ENRNHDEBEZLND.
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