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(Some Aspects on Hydraulic Parameters of Saturated-Unsaturated
Regional Ground-Water Flow
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-1 Empirical equations for the relation of pressure
head to volumetric moisture content

EMPIRICAL EQUATION L REFERENCE SOIL
s 5 1) - i NEBER L O
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(d) Haverkamp formulas

El-6 Comparison of empirical formulas for measuring the soil moisture characteristic curve

-2 Soil parameters : Egat, Osat, 0

Soil } 3:{({:2390]: (::;t;) esa\t er Reference
Volcanic sand Drying 8.10x107" 10,350 | 0.050 |Jensen,M.E.et al.lz)
River sand Drying 1.81x107210.342 | 0,075 Vachaud.G.78)
Sinai sand Wetting 3.33x107%10.270 {0.014 |Diner,N.
Glass beads Wetting 1.40%107%|0.282 | 0.033 | Topp,G.C. et a1.2?)
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#-3 Summary of experimental methods for hydraulic #-5 Values 7z for Irmay type formula,

conductivity [k,=S,"]
Condition Method Reference SOIL CATEGORY n REFERENCE
Steady state |Short column method Nielsen,D.R. et 21,30 Sand 3.5 | Averjanov23)
method Long column method Childs,E.C.3” glassbeads 3 Imaysz)
Unsteady state |Pressure plate out- Gardner,W.R.32) river sand 3 Kroszynskilb)
method flow metod 5T)
) One-step method Doering,E.J.Es) sand 4 Core§5/4
Boltzmann transform Bruce.R.R. et alil) Yolo light clay 9.4 | Wang )
method
Moment method Zaslavsky,D. et 51.35)
Vertical infiltration |Youngs,E.G.
method
Crust~topped columns Hillel,D. et a1.37) r T !
method i I
Sorptivity method Dirksen,c.n) ‘Er o—a Voleanic sand (dry) e ]
Instantaneous profile Watson,K.X.ag) A~ River sand (dry.}
eshed — pRepR—— ) & [ o-osinai sand (wet) ¢
Unit ient i radner,W.R. 2 I
nethog oo oraimage ! o o -e Glass beads (wet.) o9
Hot air method Arya,L.M. et a1.4l) 3 AT
> F y &
=T %
%-4 Empirical formulas for the unsaturated F“l T A
. .. o 7
hydraulic conductivity L% ~E
=
o
FUNCTION REFERENCE w
= g 45) a.
1 kr = se Irmay,S. - I
2| x =a@" Ahuia,n.n.16) N
e L
- IBrooks,R.H. P r
) » ’ o]
3 k=t W ) corey,A.Tll) X %
cr =
4| x =alp|™ ina,c.p47) .
5 k = i Gazdner,w.R.qg) “.'O N
[v]b S o

6 k_ =exp(by) Gardner,W.R.qm

7] k =aexp(bs) Hillel,p.>?)
cosh (/v ) "~1
8] x a1 [King,L.c.2%

cosh (/)" +1
k =af+b
91 k =aB?+bb+c
k =ag“+bo’+co?+do+d

Hornberger,G.M, 51)

taneous profile methods) MFE LFEE DO B W RBRETH
5EFHBEL TV Do L LIRA D, —BIc REIFIE KR
BoOPES R pF BB E B 3 % L BHTHEMETH
D, R ERE P oKRGERE O REFH:
FRGEFERACD I EOKRBRIL TR E 7% e
WWERT 5 & XA Z 3%\ T 2 TG
KERE R OB =T 55 WK GHEE Y A
WTHERPCBERRE E S HRCERT — 2 2 HERRA
EROBILEDEL D RBZMEINT D, ThHD
PO TABIZE Tk T-4 R X 5 AeBHaRER
COWTERB LTS, F-4 FO kb B KRR D
BUMTHRFE K EH (Relative hydraulic conductivity)
(kr:k/ksat) ThHbo

LT i -4 O THRBDD R\ T DDRERI DU
TR, BEET %0

a) Irmay Fo=;

Irmay #1143k Kozeny HOEHRIEEET L L
DHEBMCEI R R TH Y, KRR rmTEREA
%o

h=—F =<-——————0_‘9’ )nzsen (12)

- ksa.t 0sat"'0r

EFFECTIVE SATURATION Se

-7 Comparison of Irmay type formula for measuring
the hydraulic conductivity
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nDfE% 3.5 3 LETW5B, F-5 fRE\EWLn D
L FDOHEICDNTRTE I, BI-7 1midFR-2 Ok
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R DB DOK 50 BEO LI O W TOERERX B &
i n DEERD TS, -8 iz D n OfEI T
BHERGRI (ksar) DEEBEELARER LR T B-8 X
D n OEEEMEAZ ERE L #=3~10 T, WELTIX
I3 n=2.5~4 DELD T LV Bo nDELRED
B REE s DE T 2 o0 Rk B-8 045 X vk
DB ERKEE” D

n=0.69—1.311log(ks,) (keas @ cm/s) (15)
b) Ahuja DK

Ahuja 3F-6 @R T X 5w BRI i ov T o
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PERMEABILITY kg, (cm/s)
El-8 Relation between the value of 7z in Irmay type

formula and the saturated permeability

#-6 Source, soil type, n,a,0s,, and ke, for Ahuja
type {formula [k=a(f)™]

SOIL CATEGORY n a(cm/s) sat ksat(cm/s)
Yolo light caly®®) | 8.657 | 4.248x10% | g.45 | 7.30x10-¢
silty clayev load 7.672 3.552x107% | 0.51 | 2.03x10~"
sand”>) 3.490 | 3.750x107* | 0.41 | 1.67x10"2

ANBAFE IR GREL & AR B AR D % T Bt b e 14
Ho kX, RAROBFREE T,

k=a(O" (16)
(16) Rz (14) ROLMHEZBETH &, KORRIFET

%o
0 n
o= (o)
"\ O

a7 Rz 12 Rkt 6,=0 LEELLZ X
STHEONLATH D, Lich» T Ahuja Bl o1 (12)
ROFHIBEDRE W 2 B0 Ragab 12WERERIDE
s EAy (16) RO CHREH Rk LTlRd» TR
WIFARPE R 1R T 54,

c¢) Brooks & Corey o
JENKEEGREEREOMze ATV v ABSN B 5
X OB R E ADETIRKEDOMz b e A5 Y
VAR H D, L, k—¢ ORl—lBE e
T% LT % &, Brooks & Corey dBIfRRITZ DM
ZHNTEBRATH Do

b= ()

Z DA DIESKIADIEAI L A BB O LB FIT
\{kﬁ&ﬁ:%o

an

(18)

o=ger < {5, 1)) a
v {0 ] (20)

F-7 CHEOWRO—FIZRTHE n OfEIZELIZ L
KEEHZ e DD B o AR IKFHER M MR D £
RKRTHD (5) RERAT B &, ORI Irmay
Mo (12) Faledoe

18

Source, soil type, 7,¢.,, and k., for Brooks
& Corey type formula, [k.=(¢/¢.,)™™]

r®-7

SOIL CATEGORY n ‘bcr(cm) ksat(cm/s)

56)

Volcanic sand 8.9/-16.8 [1.08x107?

56)

glass beads 23.9/-29.0 1.03x10 72

56)

fine sand

9
13.1]-41.0 2.80x107°
5

silty loam>9) 7.5/-64.0 |4.91x10"
sandstone”®) 13.1}-42.0 |4.72x10""
sandy loam®’) 7.1{-58.7 [4.05x10~*
clay> 2.6|-30.0 |2.20x107°

-8 Source, soil type, n and a for Wind
type formula, [k=al¢|™]

SOIL CATEGORY n a{cm/s)

47)

clay 1.57 12.89x10°*

58)

fine sandy loam 4.87 |5.38x10"!

sana>?) 7.16

d) Wind Hox

BRI K GRPL & A D FE 7K B % TE 2 7 ot Bk e 3k
LT, TOBEBERMLOEBEFRDS L, ko Wind
HMoORX%E Do

k=al¢|™ (¢ :cm) @D

£-8 w3MHEORTX T 5 (21 RO REERTo
T @) Rie A9 ROLME AT a DfERHEE
4%k, Wind #lpoRz Brooks HoRiw i 52 & X
n, @D iz (18) REFBOKELHRILED,

e) Gardner Bk (FD 1)

Gardner (34K HER T %858 C O REFHEKE
Bo—BRR L LTREREREEL TV B,

_ a
=TT 22)
coC KT B AR AR O TR
$=0 I\ T E=hap=5 (23)
$=—o00 LI\ k=0 (24)

Thbo LT, 23 RE D (22 RKoffa%H
KTHERREED,

R

~ e+
@5)ERDn &b DEXELAD I ONTRDLATNS
Ry £-9 T Te TORELEMBEREHBIKE
BEnDERREL RBEARD D,

Gardner DIRZERITE-9 12/RT X 5 REIFIE KR
B TRFHE BB Uk, o] ofEsv & EiH
LR EWHIF T log|g|—loglk,| DFEHREEGRD AL
KETERNDLBARELERTHLDORXTH Bo T
T, (23) Rorbiie A9 XD ¢ HEAL, ¢>
Por WRWTEKRBREDRETHEEZD L (22) RO

(25)
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#-9 Source, soil type, n,b and k. for Gardner
type(1), [k-=b/(l¢|"+5)]

SOIL CATEGORY n b Ksat (cm/s)
common s0i14?) 2-3 ‘””’/,’
medium sand®?’ 5 |1.00x107 {5.79x10"?
fine sana®®) 3 [1.00x10% [5.79x107
river kottom sana®l) 4 2.50x107 {7.87x107"
sang®?) 4.74|1.18x10° | 9.44x10">
Rehovot s0i1®3) 5 {6.30x107 |1.33x10"2
fine sandy loam®8) 3 {2.60x10* |1.42x10™
china loam®l) 2 [L.45x10° |5.59x10%
Yolo light clay?®) 2 [4.00x102 |1.22x1073
Yolo light clay®?) 1.77|1.24x107 [1.23x10-5
[
Ver
1rw e
F [ ]
OO0 o .
0.1k
F
Mo

R R
;: :
- .
vt
—
m L
&
Z 1073
& 3 O cCrab cCreek sand
o 3
w 3 @ Touchet silt loam
>
=
o
<
ﬂle“’ o ] et
o 1 10 100

PRESSURE HEAD (|¥]cm)

[0-9 Experimental data of relative permeability
versus pressure head for Crab Creek sand
and Touchet silt loam!®

#&-10 Source, soil type, & for Gardner
type(2), [k =exp(by)]

SOIL CATEGORY b(cm™})
commom so0i1®4) 0.02-0.05
loess soilsss)'se) 0.05

b DERER IS Z Licie b, #BE Gardner oz
Brooks 50K ERMURIC B0

f) Gardner BoR (F0 2)

REATE KGRI & B ETIAREE B Bk L s 1
T, TOEHRERDSL L, ARNELNS,

kr=exp(b¢) (26)

CORITARDOEVIEHILTH B TodI 53 5 B s
THRY P22 & X b, Philip I3EIFE KSR
ELT 26) RxAVWTHRAxDEREHTCO—RTES
DHERRZ RD TN B, =10 1= (26) KOHEHAF%

AATH, (26) Ak Gardner 28 LT W5 X351 ¢
DFNCOEMETC TS5 by OELRHRE LN &
BENZ L ERTBLEND Do

g) Hillel Hlpst

Hillel 12 /P¥EF KD 52 IV IcBEE K D3RR & %
BUGE KRB R% b B i AR B KSR o T
LU TRALRIE L1,

k=aexp(b0) @D
@D R 1) KoLl a2EZBE T &, kX2 B5.
kr=exp[d'(S,~1)] (28

ks, QORIXBEEAKOUEL, THMBEKEROT
BR&tbo (13) KeBR LW Z S EBT50ERD
%o H-10 1= -2 ORAPH S LT ORI FFB KA A
(28) R DWTHEE LIcERYRTA, ZoBArd,
Se PWNIVHIETCIRBRARERKE HF D X —K
LigZ &b R-11 w2 0kl w3227

Qo [—__4
1 - D&:g;
(9 0 0 Exi;ii%’:ij
X éfghl/’/
= g
= ,,,.f/gf}/
=«
< 2
w
>
&
o.
we
y- Oo—=0  Volcanic sand(dry.)
3 a--=A  River sand  (dry.)
o O—-~-0  Sinai sand  {wet.
x4 -—8 Glass beads (wet)
"‘O o A
0.00 020 040 050 0.80 100

EFFECTIVE SATURATION Se

B1-10 Comparison of Hiller type formulas
for measuring the hydraulic conduc-
tivity

Source, soil type, a,b, 0, and kg, for
Hillel type, [k=aexp(b8)]

#F-11

)

SOTL CATEGORY sat | Xsat (ca/s)

50)

(em/s)

o

sandy loam .54x1071Y | 31, .45 [1.28x107"

.82x107% |15, .43 .77x107?

36)

slate dust

-98x10~7 21. .43 .88x1907

67)

loam .69x107'2 | 51, .36 .90x10"*
silty loam®?) .22x10715 | 42.0 | 0,55 {9.93x107°
-5

69) .43 | 8.98x10

clayey loam

.57x10°12 | 45 .46x107°

70)71)

clayey loam .43x107't | 33,

70),71)

silty loam -15x10°%3 |55, .44 .54x%10 77

L11x107'S |70, .38 [3.96x107"

sanday loam72)
.31x1072

.50x1071¢ | 55, .34

.33x1078 | 50, .52 11.63x10""

2)

a
8
1
1
3
9
8.61x10717 | 59,
1
3
1
1
2
8
8

olofuioc v iw iy o o |w |[wliew|a

0
0
0
Q
0
4]
0.37
0
0
0
[
0
0

1
1
3
9
8
2
.45 | 1.10x10""
5
3
3
1
1

silty loam7

233x20°'! 45, .32 .49x107*
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KD a,b ODEXIHME VEELLER 2 R T ®-11
Ibh, —e @D RrTe e — 2B LR L
THWBRTWAZ Edbinbe

3. #a% - TR ERBITIC KT S TafE
KR DRE

31 HBEERXCIIZEBHEERLIOUE
BUEMRITED R FI X » T, (1)RRTIERE R
SHERYEBEOWMAHRERFHEERET S LT
X B FENKBEOEENET e, Srho REE & KD B
OWTDREESLZ LIXBDTESGICR- T s L
Foin T, T TN 5 REERE KRB ZEAL
T3 L X BT RADME R BT 5o O H
W BT B RERR R X 580 - TR B IR

bz}

5 8¢ o4
f55~<k<ﬁ> 2 -+k<o>)=:0<o>—gﬁ—

Bz (29
29X % Galerkin iz X b EEELT 513K O &
Iﬁij’jﬁi%%Fﬁ Lﬁ’.‘.o

H-12 & X 57cm OfFMEEO THEL D =012 T
Bk Uiz &ie X BRI O FEJIKIED ER1EL 7 5 D g [H]
iz o D Watson OFEEBRFER & HUIEMITHERE &
P LUEREY TR T £, H-13 i i REIFmR
O e s TWizE X 90cm DLk Fific —12
cm OEDENIKELER I TCAKELFcBEIEC
Vachaud ©EBAER & BEMAN &2 HE LK TH D0
D 2 ODBIC AV e NIt o BEEME, B-11
DOHEEL EROBEHRTEL LD TH B, E-12,13

PRESSURE HEAD ¢ (cm)
—-40 =30 -20

¥ich b, LRETFEL Whisler 2322 5MITORKE LR 60 50 -10 o
LTV B HAE—RITHKER™ &, Vachaud iwk o
THEEENCBERR™ Thbo ®-12, H-11 il S
DEFER L ORERF SR T o "
T S g B ]I ) T — Y T NUMERICAL
HIREF T X 58 - ARSI #HE—RTHE
o
Bicis, (1R —kIETER Lkl & SR RR & ]
£
+%0 £
o
g
%*-12 Soil parameters ; ksat, Osat, 0» and e, -
=
o
REFERENCE so1L Ksat(em/s) |%sat | ®r | Yer(em) oy
~5
pay ,P.R. and’?)  |0s0 Flaco 1.57x1072  |0.416[0.048 [~20.0 EXPERIMENTAL
Luthin,J.N. sand o 1 (min)
Liakopoulos,A.C. ®)| pel Monte 5.00x107* |0.300]0.050 [-20.0 O 5 (min)
fine sand A 10 (min) ¥ 1R
watson, K.k. ") Botany sand  |1.83x1072 [0.350[0.045 |-39.8 + 20 (min)
Prill,R.C. et al—{z) Fresno medium |7.00x107? 0.385]0.100 [~10.0
sand (0.05)
vachaud,G. %) sand 2.22x10-* 0.352/0.163 |-10.0 2
B-12 - Experimental and numerical pressure head
v K v Kr profiles for Botany sand of Watson
0 e Watson < @ Liakoponios
0 & Vachaud A & Day & Luthin
¢ PRESSURE HEAD 4
vV ¥ Prill et al. -0 ~100 -80 ~60 -lfo( m)-zo 0
T Bl (=]
NUMERICAL
8 & - o
> >
= o
fa) o — 8
W g 5
x w
QZ: ™
o
5 B , "
4 EXPERIMENTAL ; a
& W X 250 (s) ! &
a = — -+ 1000 (s) - 2
3 A 2000 (s) :
i o 3000 (s) :
o 3900 (s)
b 8
0 01 0.2 0.3 0.4 05 ' I o

VOLUMETRIC MOISTURE CONTENT (9)
-1

Hydraulic properties of unsaturated soils

E1-13 Experimental and numerical pressure head
profiles for sand of Vachaud™
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PRESSURE HEAD ¢ (cm)
=100 -80 -80 =40 -20 0

|

NUMERICAL

(cm)

68.9 (min)

Z

[~ EXPERIMENTAL
-0 6.10 (min)
012.88 (min)
F— 419,23 (min)
+ 38.04 (min)
X 68.18 (min)
i | | 8

DEPTH

El-14 Experimental and numerical pressure head
profiles for OSO Flaco sand of Day and
Luthin™

PRESSURE HEAD v (cm)

-100 -80 -60 -40 ~20 0,
A o} o
A o a 2
NUMERICAL
2.3 (min) o o
5.7 {min 4
A ol E
11.4 {min ° L
" 57.1 (min og N
T
ol i
Bui
=)
+ jo
EXPERIMENTAL
0 5 (min) qs
O 7 (min)
A 15 (min)
+ 60 (min) 8

B1-15 Experimental and numerical pressure head
profiles for Del Monte fine sand of Liakopoulos™

L OEBRTHEShCBRBHEEXEEANTF -2 435
&, KBIROEERNT LT ERA O EFIKEOEL
BYIa V= MTEDLZ EDID,

B-14~16 wEET-12 DO RL 2T O FIHE
W EIFND SR IE A D B 2 H K U 5 & BUEMRAT &
BB LERE2RT, E-14,15 T BEKEH O
BT L ERBRICKRERENE LTS, ZOE
Ricii BBEEELBER LTV AR, S0 20o0EBOE
TKRBEOFHECT v a v 2 —2—% A\ iotcdO
BEFERMEA LTV B L 3E 2 bhb, biadkic, -
12,13 DEBRTIIERE O BRA TR X b 2 s
WEBDTHRNEDI LTS,

K-16 = 0, Offi% 0.05 & 0.1 i LEBED 29
O MEMRITFER & Prill SORBIER L 2R Lz, £
MR HOKBAE 95 RS LRI it

PRESSURE HEAD V¥  (cm)
~10 ~120 -100 -80 ~-60 -40 -20 0

(cm)

DEPTH Z

EXPERIMENTAL
L~ o 1 (h) C}\—- —
o 4 (h)- \

A 47 (h) \
+95 (h) N o

120

K-16 Experimental and numerical pressure head profiles
for Fresno medium sand of Prill et al.™

TWBAH, 6,=0.05 35%&, E-11 &oLRbEo
ESKEM —~140cm 12is % ¥ CHRI T T 50 3¢
bbb, BKAERY ricinb fETR s LRI s
b0 —7, 0,=0.1 0T E-11 X v, ¢=-—60cm
B E k=0 7o THITREEKITHET L5,
E-16 DRBEEREYEE TS L, 0,=0.05 X b 6,=0.1
DI 5 BEPTRERITERME L X —HKLTWB 2 L3
bho TOBEL Y REEMOBEKC X 5RO EKEK
FoGMe 0, OEIKRESFET L LYHET L
BB LELZLND,

3.2 BERIXOFRKOBIAADE

a) Irmay #ox

REIFFE KRB BT 5 4« DR ER O TR
EAREOBABARKERLT, ormd Irmay #o
R &kD Hillel MoKz oW THET 5,

(12) Rnd Irmay BOXOIFHILD n OEDZEAL
PEEBRNTERCEOBEMET Y A2 By
T, #DfEX 2.0, 2.5 3.0, 3.5, 4.0 D 5 B L5k
IRTC, ZEERBROPCENKEDOELD IS L
W R DFRDOREEIZE L & EBRRER &b e Ui K% (-
17~21 w—fl& UTRTo ks, ThbDBHicH
TR O D BB T E-12 OE & B-11 DK 4
HRTHhHDo ThLDHERX D nOF i X 3 T EER
DEENLZ ML DKGFERECB BRI L » T
2 DR ZIT B0, — B n DENAE B3O8
KRLBELEIRBZ E0¥bhd, HHI Y, HirmE
BEE I —H LTS nDELXRD-HERELE-13 1=
AT Fl-H-11 ORBEREY H-7 © X 51 logk,—
log Se 1w >WTHEHE LRI VRO n DE L FiE
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*-18 1wiRTo Watson X Day LR TILE-17,18 X
D nDOfEL KD S A, Lakopoulos OERTIE# D
TEMEL U T MBI RIITIE & A EEENI N, 20
FROFHEE LT, #3380 F ki 5E
TKBEOZEACDWTEL D E, B-15 X b ETIKRER
0.0 7285 —82cm FTCHEMALTED, T OHETCOHK

#&~13 Comparison of » for Irmay type formula

REFERENCE EXPERIMENTAL | NUMERICAL
RESULT (n) RESULT (n)
Day&Luthin 2.1 2.2
Liakopoulos 1.3
Watson 3.1 3
Prill 2.2 2.7
Vachaud 3.8
3 T
t |
a .
i
E —————
N |
w
-5 I i
b= NUMERICAL
w =
x
o =2.5
&Y =
=
:;‘:)’ =
ul = 4.Q
@
a |
9 |
T 1
© EXPERIMENTAL
?
0 5 i0 15 20 25
TIME  (min)

B-17 Change of pressure head at 2=1.5 cm with time
during drainage for Botany sand of Watson™

by using Irmay type formula

£
o
>
o
<
i
T
w
0
pun
i3
(92}
w
o
a
i
i ® EXPERIMENTAL
| I
o |
o 10 20 30 40 50 60 70
TIME (min)

EJ-18 Change of pressure head at z=4.5 cm with time
during drainage for OSO Flaco sand of Day
and Luthin™

iH
8
0

€8

o0

-~ ®

o

o8k

<! | l

Z //

T i

W o ° EXPER%MENTAL

T " NUMERICAL

& n=2.90

w

£g

]
o | |
o 20 40 60 80 100
TIME (h)
[€~19 Change of pressure head at z=30cm with
time during drainage for Fresno medium
sand of Prill et al.? by using Irmay type
formula
3
! T
- | [ !
€
(8]
= l
> 1

) |
28— |
w NUMERICAL

0=20~4.0
w
o | !
R |
A I
7] ® |
g ® EXPERIMENTAL
al
°

(=]

a 10 20 30 40 50 60
TIME {min)

K~20 Change of pressure head at z=7cm with time
during drainage for Del Monte fine sand of

Liakopoulos™ using Irmay type formula

i i
i
NUMERICAL

8 n=20

£ =25

< =30

SN =35

w , [OOSR ——

o] = 4. 1

3 \ -

T } | |

w e @ EXPERIMENTAL

% 1 | | !

N [ i I |

i 1 ! ;

g7 o
o
| i i

<
0 10 20 30 40 s 60 70
TIME  {(min)
K-21 Change of pressure head at 2=26.5cm with

time during infiltration for sand of Vachaud™

by using Irmay type formula
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BEEARROEMIE-11 2BBT5 LBD TR, %
HZRIET 5 FBKEROZEL S 12IF IR BB DE T
LZEELT WL, LiediaTIDZ &L b noEoE L
PERC G 2 B REBDBD THRNEE LB h b, =21
@ Vachaud OBMEERBTIZ n OFIC L 3 IB~DBE
VERERTR S F LR R BT A RS 5 T Do Lt
L, ERTIZZ OREMNE COBEBFEM IR T
WIRWDERRE —FT 5 1 DR RDBISH 5 oo

b) Hillel D

E1-22,23 . Hillel o (28) KD b DELEL
SR LR L DRERDEEHO—HI TR T B-22
Watson DERBRERIL, 0'=6.0~6.5 % F\ TN L
REREHBMNI S —FT%, Lo, H-23 ® Day &

['s)
w
I
ESl
Ch
N )
Q. ‘ NUMERICAL
< o |- ,
W \b=l.5
y ——
& .
ne \\ 3.0
e \\ 3.5
& 4.0
4.5
vl 5.0
™
! 5.5
@® EXPERIMENTAL 6.0
2 ) | ! L
10 5 10 15 20 25
TIME (min)

E1-22 Change of pressure head at z=1.5cm with
time during drainage for Botany sand of
Watson™ by using Hiller type formula

~-60

—— -

~50

NUMERICAL
b=1.5

PRESSURE HEAD ¢ (cm)
~-30

-20

® EXPERIMENTAL

o 1 o 1 I 1 L 1
0 10 20 30 40 50 60 70
TIME (min)

{1-23 Change of pressure head at z=4.5c¢m with
time during drainage for OSO Flaco sand of Day
and Luthin™ by using of Hiller type formula

DEETIX, Hillel 0GR 0=0, T k=0 /5%
R iR Licbiedic, FEpRIBIET 5 T iz Bk
HEE R i B by, QORDIKSERE (C) e e
W82 F THKTHETT A7), EREMIMchE D Xk
W—FRE SR h - T,

4. #%

- RBFRREIRN 0 BB T h B KD R & R
BB AR SRECOVTHER X DIIE STV BRRAR
ERAERELTFEE TS 2 i X AR - AU E RN
DATIT — 2 TRRCHEHE & SH TR+ 08
B OHEER R LM T A DI E L s DT
HBo LDORER, TEMBBI D THYETH S 10w,
HEETT R T B MR 5 RSB SR h o Tod, TR
BRI+ D BB b HETE T B BED — D DI FEAE B Rt
EEZDOND, COMRDEER IVBELRARLE
FThEUTFD X 52l b, ﬂ

(L) AROHEE IR A T I DIC R X DIRIBEI T
WHREREM LT, ZNEDRAFD Ogy, Or, Gor DED
TEFLRD IO TE# Uteo Hric 0, o tRIEFH i o
memwsB@ﬁ%ﬁ%EKLT,&wM%ﬂhmm
HOTEEL Y I 0 HHEETE BH LUV EERE
T Lo '

(2) REMBZBKEECH L TIRERL VBREIhT
WHBRKE T 0D - S GELT, FREROE
L, TR SN D\ TISBR Lo 0 IR,
R X VIBRERTND 2 & TEHBH, BEREID
Wk Irmay BOXA RS LS EREL—FT2 &
EER L ¥, 0 Irmay HoOROEK 2 O
HEIRE KRB D HEE T A B R R Lico

(3) FEFFBKLROBERR A HWCERER B
X BEIR  FEMBBRAEN L ER Lo FDREE, 4
LKRBEcHRTH D2, BWHEIw > TiE Irmay o
KOMBE % 2.0~4.0 T CEE I8 3 & THEh
BEYVIaVv—PMTEBHBIEERWEL Mz L, —H,
Hillel B8O & TR LD K580k L BAHR+ 5 238, HE
KERTIE, EREL DRECERBELH#ET R
BBHBH T ERBRNI, Fie, BEEMOBEK O E FIKIE
EDOLGMVEB 0, NEER AT A—xLcn o Ll
Ll

BEE AWREETT b DREE T BE 20
e fE T IR B P — BB R L O 2 5 = 4 T8
K= D. Zaslavsky HRBIc B RRET 5 & L Lin, £B
RO RERFBE TR (BLERE) 4%
MR E OB R B L2 A LTSy,

-
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