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Surface water flux dependent stability of flow in initially dry soil

Hiroyuki CHO! and Mitsuhiro INOUE?2

Abstract: In initially dry coarse soil, it is noted that a
uniform and nonponding surface water flux causes an un-
stable wetting front when the flux rate (go) is less than
the saturated hydraulic conductivity (K;). To investigate
the relationship between g¢ and the pressure gradient with
time (dh/dr) in the wetting layer under the condition of
unstable water flow, we carried out one-dimensional infil-
tration experiments by applying non-ponding water fluxes
to the surface of soil packed homogeneously in an acrylic
tube. We filled the tube with four different soils; sand,
volcanic clay soil, loam and silt and installed microten-
siometers to measure pressures in these materials. The re-
sults showed that (1) negative pressure head gradients with
space (dh/dz) and time(dh/dr) appeared clearly only for
sand and Eq. (1) derived by Cho et al. (2005) agreed well
to the pressure measurement with time, (2) the dh/dt was
provided as a quadric function of gg shown as Eq. (4) and
fitted well the experimental data for sand . From this equa-
tion, it was found that the smaller gg becomes, the closer
dh/dt approaches 0 and the flow becomes more stable.
This trend could explain the experimental results of Yao
and Hendrickx (1996).

Key Words :unstable flow, wetting front instability, non-
ponding infiltration, induction zone, dynamic water entry
suction
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TEEE AR L 7o TR L, RG2S %
19 &, BEHMIAZELLRT L, 74 =%
EOBPFGL AT SR TREMESH 2 5 2 L3RS
T3 (Yao and Hendrickx, 1996). Z ® X 9 7 IRk
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5 KB AT DI T AP435k & (Annaka and
Hanayama, 2005; Geiger and Durnford, 2000). it4E, f#
HrELZ, Richards ZI2xf L, EEATHOFIRIZH T BT
oA EEEICG 25T EI2XY), EBRTHELONLS X
) S R OKGTAi DI 2 A BAISED AT LT
VDA, EROIKTHEEIMFROBEBOL THRIL S 1L 5 H1
Tk 5> & FE ) O B4R % A 72 Richards 3, T, Ei#IZ
WICREAT A Z EAEEH &N T % (van Dujin et al.,
2004; Nieber et al., 2005; DiCarlo et al., 2008). 2% 1),
Shiozawa and Fujimaki (2004) > Annaka and Hanayama
(2005) SHRIEL TV B L 912, KEAEITEL 72D
EHERTE OB T, WL NVICBT B L2 DREY v
PTTHEINTWE LEZ LN, ZOMBITH KB
3, HEHNTH 5 05UIIEFICEH LW b s,
BAEMICIE, #FE, KBAEZ A OLmIZS 2720,
FNERFEDOKRDEEMMEERLT A LI2L), TR
TLANIFEREDO KRS - B AOBBIIHRI L T&72
L (Shiozawa and Fujimaki, 2004), 2 RTTWIZdH, 74
VW — DS & EBL S 4T\ 5 (Nieber, 1996). 21
S OO BETHS M- TEI 1, (1) D
KRG EEDHRRE K55 (residual water content) LLF 1258 \»
T, REORZELDPAE % 5 HEIZH 5 (Nieber et
al., 2005). (2) KEBAHIL, HMEHICBITLHKT7 T v
JADREZN L o TEALT HEBMIZH S, (3) #5K 7
T v 7 ANRKREVERERHIEIEET AEINCH B,
& % CTd 5. Geiger and Durnford (2000) (2R s %
£ %, BEFONTVS 1 RICTOERIL, BHLY
BIHIZ 2 RIT B VI 3 RITWM R 7 4 ¥ 0 — DT E
LaWwEHe, BELIA T4y H—ORFEIY NS H
BROEELZRHWCTITONLTEY, MWERTH X EW
BH7 I v 7 A EBEREME LT, BERIHGH TOK
BAEZHER L 200 EE T CREZMHESE S 2
ENTE A, ZOB, KoBEOEHES A OREMZEILIE
Shiozawa snd Fujimaki (2004) %*> DiCarlo (2004) T5-z.
LTV A K HIZ, REFHE LTI IR
mERE, 0D, LA TLIES SMUT721,
HWET AR SN BHEKRBEE D NS RT Ty s
ZNZHFHE L 72 AR oK G2 1T EL T 5. BER# ok
TLTYH, BEATHEESORMIZE VKRS ED S AR
MOKGEIZED L TORGHAIEE CIRERE, &
R & ICET T 5.
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WREICBITARE T 7 v 7 AVWEFETHHITH0Hh
D5, R 5 I AT TR E A HER 28
RIS, REAROBEEH TV o 7z ARFNIZED W
%, KoEFHD L, 205N BRIL, &
B, RITONRE - TEZ, 2L, EEHOBERSEME
THAEFRET 7 v 7 AR L, BINGKBATELH
2RI EEI BRI KGRI N IREE L b R
% Z 3T X, DiCarlo (2004) i%, /K45 ® overshoot & &
IEF VTV,

INHD 1 RILW R RE DAL EEIZE T 50581272
WL, fEk, 2RTH 5 \WIE 3 RIEMBRFERIZBNT, 7
HORNLE TR BEATROAZENLERFZETH 72, D
0, AEERRNENL, KPHAN—FRZ R BT Z
FomnTldnc, 74 vy F—micRE 35 L9 %2M
MOSEE L7z R R L, BATRYICIE, Philip (1975)
AR L7 E 9T, BREICG 2 b EGLAN A & 3
FETHMNTHY, TOBEREML L THEHOHGE
(GENAH N2> THEADE L o T b)) DBILESEM
Tholz. DL LFEMEMlTREL LT, ¥—7%
M T, ZRORTHO L VFHIBIIBIT 5 EAr6 D
—RRZRE (U8R, 1981), & 5 WIREZRO KGO
BLiF (Wang et al., 2003; Jury et al., 2003) Z25% 2 51,
L O SN TE 7z, ZhIZx L, Hillel &, &
JRIUIBNWT, K2 OMFEKEDS DR, BET
T 7 ADEIMERBE LD b vwE ) BEIEALE
IbL7 4 U H—RDFEFEERE 25 2 & %R L7z (Hillel,
1987; Hillel and Baker, 1988). k& & LTI, fEk2 56
AwohTEd2 B (LB ML, TR I) &
KETREIZE S, 2 RILH B\ IE 3 RICOFEEHS
Thh, FMEKRELY QNS REFRBE7 7y 7 X
DOfFG & BB ofll 112 & b 323 & ¥ 72 (Baker and Hillel,
1990; Cho and de Rooij, 1999; de Rooij and Cho, 1999; de
Rooijj et al., 2001; Cho and de Rooij, 2002).

Cho et al. (2005) 1%, HELICBL, #HE@IZBVWT,
FUFEKRELE D BN SHREH 7T v 7 A3 55
HTT2RICHREREZIT, 74 YT —R"PEET S
T TORBEHEBNOEORHBZEILzHL»IZL, &
EHOAL ENE LR EATR O AN Z DV TR 5%
LxAiTo7. A, IEFITHEREL T D TETKEAL
DRMRPEBS 27— AT, BE7 7 v 7 AP RHEK
BRELD /NS WGE, $abbliRRTORKT 7 v
JAPHME N TR B 5EM4TClE, EHGEREARICED,
REBHICA CBEP B ET &M 20ET 5. £
72, KRAEOHRIZE Y, BEHEFHETHICHFET 5
BRI EE DR GE, ARFHENEL B DT eI
BTHZDORELREBRRBICE D BET 2720, FELF
WZALA R, RIS T 4 =R E NS, OF
0, REOAZEML, FRICREHO AL e '
bzo3 &z b. F72, Choetal (2005) i, 7 1~
=AM S N5 £ THIEE D 5 FEE T 5 R EE N
DT 53 A5 ORI % 2546122\ T, Green-Ampt 972
KA MGE L, BEATHIZBT 2 KEATE, HEE

BT BIKT Ty 7 AeBRGEMHEE L TH X, BTN
WA G- 272, ZOfRIE, Geiger and Durnford (2000)
DEBFRERLE ) FTLHEELTWBIEDY T4 <, Annaka
and Hanayama (2007) 255 R L C\W5b X912, 74 ¥ —
TNEDIE N 34 b WA T & 7.

W, SREEICHME L7 S B B, KT T v 7 A
DR E S EREFMOLE L DBBRIZOWTIE, 74
YA =B L CERI B MEES SN TB Y, g0 < K
; go \ZHIRMMORBAK T 7 v 7 A, K \SEFEKRBRK, ©
FUHTIIBNT, qoEMT5EEETLET AV H—D
Bl , ®mEHICIE7 1 v H—RTOmEIC L )%
T LR EAEARIRT 5 2 eavRrahsz. 7, Mk
TORBEPNEL LBIIERET L7 4 T —DFITK
E{ o7 (K, 1995;1996).

LaL, K77y 7 20D ERBEHROLEND
IZB¥ A FEFEM 2 WFgEI3 55052 7% <, Yao and Hedrickx
(1996) 12ftFE SN 5. o, EE30cm & 1m i
CEIZFEO S NICOWT, RICEHKZITV, fBK
TT9IAPRITBIZON, T4 v —DFEDIEF
D, BREMISLENLL TV Z ERRLL.

ek, BRI OZENICE T A EBRI R AREEL, £
ARG EDEDENIONVWTEIREINTEAL, T
W ZMEES SN OEEBRREZIEHT LI L2 HME L
T&7. o T, ¥K7Tv 7 ADKE S LEHEFHO
ZEALICE T 2 a2 HHIE, F2 I hTw
BLIIFR B

KL TIE, REHEICEHEBSL T2 [HK7
7 v 7 ADWAN &0 RE A Z EAL S A 125

T, FEBRIHEEL, BISIIT B I L ERAL
2. 5

Cho et al. (2005) I&, @, #ZE:L7-TIEIZB VT, JE
WKGEMT CHIERIMISRAKRET R ) BHG, 74 27—
WA T S ETOM, MERP?S FHIZHZEL TWL
mEE (GEMME (induction zone)) (2T 2 REH SO
A & ATz, F 2T, RERTHR TR 2 KB ALY
745 %, Green-Ampt Bl E % IKE L, =HEEIH
SHFERT TORBBEBICOVWT, ¥ Ly —Hl L ERRE
HIE Y, BRNOENGA%ZEE U TONTE 2 7.

h(z,1) = —2L (qo —1>r+<1—lg° >z+hwe (1)

Gwe - Gini Kwe we

22T, hXRERLLoRERNOTET), z 3hFER
NHDOHERSTFHEIE, g 3 TERmICS 2 57K
57T 9 7R, O ERBERICBITLKIE, Oy &
TIEANDOMIIKG =, Kye (SRR BT 2 EAKBEL
Thb. hye FKEALET, KoOVHESH T EMBRICE
ATELENTH DY, LB REAETIIRE A
BRDLZEIRENTBY, TZTE) hye SEIZE
THb. ()RX2O5D5 L)AL ERRNOENT,
qo < Kye Tl&, {WHBEAD EDRIZBNTY, iEED



i o B SR EANOFORICHE ) REDOAZEIZET B0 55

T micro tube pump
=1
AN

,

-

—

‘ —L e | micro
‘ '1—]—_['_ tensiometer
T ] [ ——
[J==5[" pressure transducer

. porous

data logger airoutlet +& .- material
__-hvion filter

Fig. 1 1 RICHOKIZ M FERERE O S,

Experimental set-up.
JEEHREL B LI, EIEMISEST S, T

72 DMEDPKEL Y, B 2D ICONTHEZHEMT
%, &L, Philip (1975) 25 L 72 AN ZEMED M % %
LTWa, F72, MiEDHERE, LR TH - 7295,
2RIGETIVEBCTHEIEEINS., F/madBLzL I,
Annaka and Hanayama (2007) |2 & - T L7225 D
FTHRVZLTWAEZ EARENz, — iz, (1) R
AL % 5, qo < Kwe DEMET T, ho(t)(= h(0,1))
B hy (BRBRAL) ICHET 2 F CTOHPAICIRES NS,
LaL, 2RI EOBETHIE, ho(t) 75 hy 12FI5E
T LR E CIREREAIET L LRI, T4 v —wAS
B, BEBNTIE T 4 v H =TI KEH D
MNDEE LR, BHEORENIETE . £-T, (1)
KRB L s, 72, RELZHN, g0 > Kye D
Bitr, ho(t) 3L, 0o <.

()R VEEBNICBYA2ENHERZ, XX TEHZ

b5Nhb. 5

h [ 4

Z-(-)
RS AL ENT 2LESEE LT, #ENYR
(WM 2> TENPEAD) OB, 230, @R
X0 gy <Kye WEZHNDL. ZO5ME, D)RXLNE
SENAERRNIBWT, EHORBB D ZE, EH
DR ZALITEEBAD EDHIZBWTL —ETHAHZ
LRGN D.

dh 90 < 90 )
_—=— —-1)<0 3
Jt 6we - eini Kwe ( )

U, REAHONLENDOVLESEMEE LT, 1k
D HIRSNT 5 ZEM 2t AL O & [FEES, F
B ZEIORD MR T 2 LElH L L EEKRL T
BY, EJIORMAROKE S RERIFRO AL EO
TREEE 2 D185 2 L 2RT.

ZZT, REfETiE, Q) RIcBWT, KEMARICx
Lo D52 ROMMBRIZR>TWAEZ EIZEABL, kAT

E

oh 1 2 1 Kye
E - (ewe_eini)Kwe <q0_2Kwe> 71 (ewe_eini)
4)
@HRLY, EHORMYBISRREEZRTDIE, g O
KESHDV Kye DD ORESNIHDHLEETHY, 20
EED go BARELTHAS L TORBLROMEIL D
L, 0122 <. W2 SEENHR OB &M, (2)
KLY 0<go<Kye THY, HK, gg=0120<I
oh, BENARIEKEL 24720, NEEHIEENT
LEEZOLNTW, UL, BikGEI/NSLCRD,
M E I OREDI/NS 7D T LI L o TRNAPE
FTHIEDNEZONL., ZORET Q) RZTTIE
KT ZEeNTERV, 2F), @) X TEREINLIERME
MOKE S, MNOARLEREE L) IEMEICRT I LR
TEBHLFZA. INE, BREFHRIALENT 50LE
FMTh b, 2) X bHo N HETHBLO RSN,
0<qo<Kye l2BWT, )R THZOLNLEMNZE
TEHRDMEE, g0 < Kye 1920 T% < go=0 125D
IZONTh 01EDL 720, BEHITZEL L Tw L
EVWHZETHALH, FTT, KIFFETIE, MEEL T
WA RIS L, #EMICE 257 T v 7 A0HEZEA
SHE XL, D)DK T LD, 2046, Rieb
777 ZOMHEIFL 4) XKbWLT 2D%, IZ20WT
MEE 2479 BT, 4 oM Icov Tk EE %
TV, SRR E T o2 L JlE L7z,

3. RBREE S JUEBRAE

EEEEOMEY Fig. 1 1IRY. I3, MRtgEzE
F2cm, £230cm, EE 1mmD7 7 1) VEIIL T
FHIBEIH L EOWRBECTTEL Y12k D &
HNZEEDEE L 7.

Bokid~A 2705 2—7F7 (BVK MS/CAS-6,
ISMATEC ##4) 24 L T, k80 s E ka5 %
ZELT, go=1.05x10"2cms™ ' ~1.59x 10 9cms~!
DHIFANTHEREICHAG L2, EE, #hEHrH 1
cm, 3cm, Scm DESICHEBE L, BE Imm, ES1
cm DY A 705 vt A—% (Cho and de Rooij, 2002
WCEEMZFR#R) 2@ LCHEN NI Y AT 2 —H (HTV-
OP5N, Hi-Techs #:#) 2k > THlEL, F—yaH—
(CR23X, F ¥ N )LtH8) (cfdgk L7z, fitsktie L C
SIS RS (Sand), JUHRSAAH R AR SR RS THRIL L
727 1K 7+ (Andisol), FEEEFRINH THRNS Nz~
1 (Loam), = [E# & CERI L 728 L (Silt) & v
7z, EEMREEEIE, KR LI L, 1.56 gem ™3 (Sand),
0.80 g cm 3 (Andisol), 1.45 gcm™> (Loam), 1.42 gcm ™3
(Silt) & L7z.

BOKERRENIC, KA L, SHLE AR E, U8
ARRE ARG EDREZIT- 72 (hEF 5, 1995). #fitat1
VZxf9 B FEERSAME % Table 1 127”7,
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Table 1 HUKFEERIZ BT B &K FBROFEERSM:.
Properties of soils tested in the infiltration experiments and water
fluxes supplied by the micro tube pump.

Run Soil go (em s7!) Ks(em s7h) 6y go/Ks
1 Sand 227x1073  2.28x1072 040 0.100
2 Sand 459%x1073  2.28x1072 040 0.201
3 Sand 6.96x1073  228x10~2 040 0.305
4  Sand 9.08x1073  2.28x1072 0.40 0.398
5  Sand 1.05x1072  2.28x1072 040 0461
6 Sand 1231072 228x1072 040 0.539
7  Sand 1.56x1072  2.28x1072 040 0.684
8  Sand 1.87x1072  2.28x1072 040 0.820
9  Sand 206x1072  228x1072 040 0.904
10  Sand 223x1072  228x1072 040 0978
11 Andisol 1.59x1075  2.64x1073  0.71 0.006
12 Andisol 8.53x1075  2.64x1073 071 0.032
13 Andisol 5.57x107%  2.64x1073 071 0.211
14 Loam 1.59x1075  4.48x10~* 042 0.035
15 Loam 259%x1075  4.48x107* 042 0.058
16 Loam 8.53x107°  4.48x107% 0.42 0.190
17 Loam 1.49%x10~%  4.48x10~* 042 0.333
18  Silt 2.59x1075  2.10x107* 045 0.123
19 Silt 7.25%107>  2.10x10~* 045 0.345

20  Silt 8.53x107°  2.10x107% 0.45 0.406
21  Silt 149%x10~*  2.10x10~* 045 0.710
-25
e |
3 |
o} -20 B
m L
9] I
~
° I
— -
? -15 | ;
[72] L
B .
a v
i qo/ Ks =0.100
_10 1 1 1 1 1 1 1
0O 5 10 15 20 25 30 35 40

Time (min)

Fig. 2 Runl (Sand) (2B} % [EJ) ORERBIWZ Lo FEfifE &,
D) RCELHEDOFHHEMER (z=1cm, 1 =58 min 2BV T
hye = —13.65 cm % ffiH).

Pressure head measurement with time by two sensors in the soil
layer for Tottori Dune Sand (Run1) and pressure head trends cal-
culated using the Eq. (1).

4. BREILVER

Fig. 2~6 12, WICEALTHIE 7T v 7 ADKRESEE
A TH 72 10 EOEBROHN, SOD7r —AZ20nT,
HERRASDES z=1cm & 5Scm 2B 5 F S ORER
17 ZEAb DI ERE R %R T, 10 HHEOFEER T, Fig. 6
WK d, 77 v 7 AR KEL T — A Runl0 &
DZENT, HEZADENARABI S 7z, Runl0 T
&, BICBWT, z=1cm TEOENLEIBE N
7278, ZRRAM R WENAERICIZES S, et LN

v ez 5. FEWICAOENAESER S 7zl
FENZOWT, (1) RCBWTHEIEICB T 2O
ME% hywe & L, Kye =Ks, Oye=0;, Opi=0 BNV,
BONZEEMEZF CKIRYT. IrS5bhrb L)1,
(D) KUTBWT go DIEAFE R > TV T HEMEBIZDONT
BIEFICEILCBE>TVLZENHRTE L, ZOERT
M7z BEES EfS1E, Geiger and Durnford (2000) 437 -
7PEERLEY, 2mm ThAL o7 UANEHRT L D%
BEZL, ZOFFEFHAVTED, BROKREBIEVWOTIE
Lt ERZAL. (EoT, EEORY T, FFEHICHE
L2 TIZBWT, BRI D L) RIENZLB AL
TWwhEnz b,

Burb79y 7 AL, (1) XAELTIUE, 4k,
@ ROV T BB THTEL. 22T, Fig. 2~6
WZBWT () ROFIHEET 72T, WIS L TRL

-25 — 1 L L |
- [ Sand 1
E : (Runb) ]
BT qo/ K s = 0.461 ]
N
o
2 -15 |
8 I
o

I --- Eq.(1)

-10 PR | | R |

0 5 10 15
Time (min)

Fig. 3 Run5 (Sand) 2B 2 FES ORI A ZEAL O F I &,
(D) RICLB2ETOFEHEFE (z=1cm,t=3.5min 2B T
hye = —13.45cm % f# ).

Pressure head measurement with time by two sensors in the soil
layer for Tottori Dune Sand (Run5) and pressure head trends cal-
culated using the Eq. (1).

25T

|

8 L

5 -20 F

® I

() I

: L

o |

2-15 | -

3 [ .«r"/ ]

o} qo/ Ks = 0.820 -
_10 I 1 1 1 ]

0 1 2 3 4 5 6 7 8 9

Time (min)

Fig. 4 Run 8 (Sand) (2B} % E O ZELOERIfE &,
M RICLAPETOFERHE (z=5cm, t =3.5min I2B VT
hwe = —12.55 cm & 1£1).

Pressure head measurement with time by two sensors in the soil
layer for Tottori Dune Sand (Run8) and pressure head trends cal-
culated using the Eq.(1).
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-25 | T T T T T T T
. Sand ]
£ (Run9) — z=1cm j
= —-z=5cm ]
S 20 i z -
©
() -
< I
o I
2-15 + I
8 | —
| qo/ K< = 0.904 |

_10 1 1 1 1 1 1 1

1 2 3 4 5 6 7 8 9
Time (min)

Fig. 5 Run 9 (Sand) 12351} % F 1 O RAYZL 0 F Ml & |
(D) R EBETOGFIERER (z=5cm, t =4 min 1BV
hwe = —12.50 cm ZfdiH).

Pressure head measurement with time by two sensors in the soil
layer for Tottori Dune Sand (Run9) and suction head trends cal-
culated using the Eq.(1).

-25 T

’é\ I

3 -

_0-207

©

q_) L

= |

g_.) |

§-15j

9_.) L J
o [ qo/ Ks = 0.978 |
00T 2 3 4 5 6 7 8

Time (min)

Fig. 6 Run 10 (Sand) (2B F % &) 0K A2 L O £ HIfE
L, DR BIENOFME#ER (z=1cm, =29 min IZB
W hye = —12.95 cm & AfH).

Pressure head measurement with time by two sensors in the soil
layer for Tottori Dune Sand (Runl0) and suction head trends
calculated using the Eq.(1).

% qo \ZBIT 5 10 EHOERMEIIG L, EHED dh/dz
DfEEH L O, qo Ik L7E Y ML, Fig. 71OR7. X
M OEMIL, Kye =K, =0.0228cms™!, Oy = 6, = 0.4,
Gini =0 LVC?I“%: L7 (4) ,:Lt@'ﬁgfzf);e) 95 =04 1%
) A ERTH L OETH L DT, EBIZLZA/N
BnWZ AR ENSE., F2T, FRKIZIE, 6, =0.35,
0.30 DFEOFEMEE 71 v b LAz, FEllEIE, 5o
WUV 575 6 = 0.40 ~ 0.35 OHFIPATIZITEHEH &
HELTWAIZLPbRb. o, fiif77 v 7 ADMH
A STV S 2gE, RORBAEIZ/NS %)
BRMIZ0IEDE, MhidLEitlLTw b e#
Z5N5. ZiuX, Yaoand Hedrickx (1996) 255 1ZD W
T 2 EBIIBWT, K7 T v 7 20DV,
TAYH—DOFRENRL Y, —EREERHN
ETBHREFMLETH Y, BEFHOLENIST 25—

0""1""1""1""1"<
- Sand ]
f;-ammr (Kyo =0.0228 cms™) .
§ -0.010F :
= L 0.40

3 -0.015F ;
IS - 0.3 ]
-0.020 Oye - Oini = 0.30 ©:observed 4

i —:Eq.(4) ]

~ MM B B B
0.025 0.005 0.010 0.015 0.020

go(cms™)

Fig. 7 Sand 10 [[OFEER TR S 724 go 1T 51T DR
MABOEL, 4) RUIZBWT Kye = Ks &M L725EOF
S & DR

The comparison between calculated pressure gradient vs. gg by
the Eq. (4) using a fixed Ky, for sand and obserbed (@) from
the Run 1 to 10.

-50 T | — T
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— F | — z= ]
» : Run12 ]
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ho] -40 i ]
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Qo r \
= [ \ -5 -1
[0} b , go=8.53x 10" cms
>.30 E T,
7] [ T
o :
o}
-20 A T SR
0 500 1000

Time (min)

Fig. 8 Run 12 (Andisol) (2351F % £ DR ZEAL D S HIME.
Pressure head measurement with time by two sensors in the soil
layer for the Andisol (Runl12).

DO LFHE L TERLIENTE D,

K2, LA OLIZOoWT, Z0X ) BB
BLONEV) HIZOWT, 72K+ (Andisol), <
+ (Loam), &1 (Silt) # Tt 72, FEOEEROR;
BizonT, #RO—Fl% Fig. 8~ 10 II/RT. TN &
D, zOuRzEIzowTi, ELEINL, EREKRE
TIDFEDSO &) PRAEIX e\ 728, BIC b 2 &3 <,
BRI MERIZE L oz, T2, v EIIOonT
&, ZERMIZIE, DI 2B ENOSEHRIE L.
L L, BRRIEICIE, 225012 % 5 & 2 A T TIEEIH &
N7eh, Bz vIHiEREIEON P72 ELIC
FoTE, EIFREBMICHEFEML, e Lzmhs
S,

FEARMZ, (1) XD T 2RiIRE & LT, ZEEFEA
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o—- . 1 . P 1
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Estimated relationships between pressure gradients and gg values
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