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Soil density (Ib/ft%)
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Yolo loamy sand
Inital porosity = 49.7 percent
Compaction pressure = 12.5 kg/cm2

—

3
oA
—5 ¢
2
R
(=%
3
K]
[
o
£
\ 1.8
@
o
; L a | ) I
0 2 4 6 32 36 40 44 48 52
Radius {cm) Porosity (percent)
(a) (b)

Chancellor, 5e) Geall oo Zaldl — sl (3 Zsldll Bplaidt =T L1 oy pamd (VY —8) JS2
. ( Schmidt and Soehne, 1962

Lol WYl G S¥ne 0 o lardll iy
de e Ol 24 B 3 kil g O

LS e Ul SN Ll jad gl Jal Ly

&l IS bl LS s S Al SVl Gy Al 2Ll = Y
Lo

coe M Bl el hrall s -y

LA BUSy bl g2l — 8

Ggledll byl Oy ¢ S gy O Gadll oo Jardl 35 gote O

U g9 e S8 (e 0SS eldlly BUH L300 (dy Loy 4 515 0,5 agdl
Gl aeslag g 3 4oldl blasdl Gas OF L L e 3300 0L 4
oday LA oy r AST O 0L e ety A QAN 3 WY s ¢ b )l
SVl Sld 05 Lkey Ll dlag o0 ST Ladll W 0,5 Like Sud

AY



sl FBAN 50 G b e oy b s LN o dady ke ¢ OMonall
Wb ol 555 o el B 331 0 80 055 BN o) el o E
Js¢ (1407 Reaves y GilDYYl S 3 e AU Logenll 343l e

LY ) o b IS DMy o1 )l ks WAL

Juall e ST ST agd Jast sl a @ add e s SIS g 0
V4% ¢ Cooper y Reaves ;o JS" > . iyt o) IS eV bas il
FRee s il 05 Lede Dme YA — VY ol VY ASTU ot agdt mis
3 FEUAYY 05w ol SO oV keas gl Ver s L e gl
o el dis Jlad b O MY ay S oeall 5 0 o) [ L4b Yo, 8
Y OMoall O - & pé o LW e Blas IS < Ay A
oYl il e b ladey 0l ¥l i S S 0 e o
LY =) JSE 3 gsed

I i . [ I ! ] ‘ I ! i I E I
0 13-38 Tire 12-in. Track -
16D
o MED) N&// A
- 10
< 8
= 10— ]
€15 ]
3 4
w
320~ 3 k 7
3 /
225 —
L
< 2
230+ -
L
a
3B Numbers = psi-isograms of egual stress ]
\_’ 1
40 |- —
| | ? | | | ! [ ! i

15 10 5 O 5 10 15 20, 15 1iC 5 0o 5 10 15
Distance from center line of ford (in.)

1! by OYY OV o sl S0 o Bllly B e CF LN Ges B (VY -8 g2
.( Reaves and Cooper, 1960 ) -kf’r-"“

& c‘v\ J.Q Lsb VE,00 =4 0,49 ’—'_J\{ \ .

AL



Bt Ol By dB cESW o e Cand O SNl g
g:.éot{k',?@'éto,a@&@h&ﬁ!;jélﬂx,g'\wul
C:" VY o A Ol

JAS el 225 QA B B g Sl SV Ayl SIS O

b7 L dn W Agl O Gy ¢ Gasll - Lab slay BN dalae OB

O ot 5o Gl ao ey 3135 Aglill OB A TU 3 oy b Joat g
LAl 35 bdey

Ll el 5
oAl slgat et —1

¢ Ll S s d il Asls Daglin gl Wb 2,0 el 55 Qa5 oS
gl 3,81 OF . gt i G Al u’-)“) YW lr.gLu o Wl olay
Opld lidy L‘_,,.,a)U\ iy d‘ BLSV ol N U KK,,\ S > sl
G LS, i el sl 06 ¢ oS
S=C+tan ¢P
Llie 055 st il Ll P ¢ 3001 55 Ji6 Co edll 3 J6S OF Co
G A0 SV L p ¢ SV faletan ¢ ¢ adl (G e
Wi DLl 431 pad o ST BV Dol Gl ey (VP8 Jsa
o sl X o OG0B (ks G Jele 0SS Lk
olaoll liby ¢ ol dgzr an Last oy (A1 ol dgar & Lo ki caley
s o (Sl SVl 5o st Ledll deglie Uy O LS ¢ ZL
5 L Jebalt 01 L(V4%+ ¢ Lambe) 48laiSy 5lly 5500 Jad L
las e 36,55 pdes By ol g (tan ¢ ) SV SUSe Lo Lol
e o SO0 UL i B 2 S0 SN gl g S |
O ot GBI O JI o lid gy o 3SSL2N BB - O ,,.vl el
59\l dum 9 LBl Aol o 1) J.. Bl agdt CF Uogas s

Ao



8 T T |/
x’
e
7
61— " No treatment ]
-~ v
3
=
B
g —
]
&
2
7]
{ C (cohesion)
|
' .
0 1 ] : I
0 2 4 6 8

Normal stress (Iib/in. 2)

Fountaines) (gaseall dgd! o sadl 3 B JE B O b Cf gy Bolae Godis (VW 1) g
(Brown and Payne,1956

25 3 e dl b cgﬁﬂlw&uzﬂ\r,,&;sauﬂuab@m,u
el 88 Al 5l OySU OF L Jad LY oS ol UL me Llae e
,ﬂ i L.méugws 13 oﬂwe b:,}o w\.«;

d)ub u:wwauxol o o SN w'}ﬂ d;hll

&LJ;L..H Gy o ¢ ‘52,’ ‘.3 SN Bk 39} ULy Ol 36 ub‘&lm
oialt 057831 eod do ez Gy B Jpm Tomgal i1 Zadell 3
B Gy BLAL L-J‘_SJ! ,_,.pMMJ{Jj.m d‘&‘ has b s O .l»-)b

Nvgs T Oy At Js o il 3sdll Gudas OF . olydly ;\l\ju..o .lu,\\ u:la..“ 1)

SO oy el SULAY iy 00 318> Sy of 4 G o8 G

It Lo o Uy Gl OUSG OF S iy 3l 39 e ba by

[CCR I ] nb_, J 0% Layek 6}5 sl FBAN e S 365 S

G (g oy WbS pdy o Vb

A



o2l 68 puks &b

szl Gl ASTy ¢ el 898 ptad Yalasizad (S (S Gl s
ot Gl WA dadly 2oy

ol Gl edll 36 e
23 1 il s
B Gy yadl i jand

oRBl jasdy edl Gede (5ulll G LI JLA....:LL& paine Hla 0L B>y
ba g8 S ¢ pall Slapd glyl Jeuly pait oo pardl Lin dny .(‘3144
o sl 1 Callyy (18— ) JSE 3 sl Ladll Gt § amdl
e ¢ pandl lgdn Jo O Gy Sl Lildly CB gyl O
bl ol U wleall adgiy s S8 Lp i dtas Gptiaall 21> Lol
G b Gt el b5 Jidl Gl Al b o dld
B bt o 21 sl Blny el 35 AV 21 25 S Gpbinal!
Sl g ol (G ks éJ Ay ¢ o Gptiall e (golall st OB D18y
G eley et G BLAN L niadl G e $U3 Sl 0,5 St BL
St Gyl o G O ¢l Sty 4 oy el r.,.J-b ddoh
sy} (3908 & by L OBU ( dnil 3 Sl e gyl o1 LY
SN G el (gran do g I Bl 585 @ ol g3 (Je L
sl 5l el e JauWD ) fo a5 Ll B padll Sy il
Wl Gllayy el it dlauly Lol Jobe Je o) Lty el 55 15 (%5
P b e iy el L el gl G G Ll 54

.‘F;f-“
JSAN ot e sley § B 398 by ¢ G SRl e e L
o oo il Jaiall OF UL Lab  Jand & 31 I3 Whard oS A ST
(Vi) S G g 1S el Lol o Gl alyy (2l (52me

AY



i |
i Normal | Vertical
! pressure ! force
Normal ! !
pressure ! |
| |
} Soil ‘
Soil Shearing | B __Shearing l Lateral Lateral
force : force | stress stress
! all d
T (]
I
Box shear ! Ring shear { Triaxial
; % conipression
(a) } (b) ! (c)

el 55 e e 31 a1 SUSH (V1) Jse

23 W el jamd o

Ll pig Eom yy2 AW LV jamis jamdl o g5t b e Glay
e Vo Lee s,y e oA Sl LAl i dd cLidms ol ol 33! cw\u\,
Ll k¥ madl a5V an @l AS) Sl pidand Ny
oandl ey 3 S e LAl Sl S W de od Gy (blhe slin
1 pig sl elegl Jis Wy elgdl o oo gb 2l slyhl yay U oS Taloy
dauly iy bl o sl Al davly Jndll s e oy 2l
ol padl g e Bl Jyb e sy elegl) Jard s ¢larall alie
JE g3 0oy As) dasly slegdl &y B3l Sl g3pee J3 Loy Ladly
el i B e G L D B Dyl B e Je s
ey ot G S5 ey ol T Jil 3 St (g0 (Re Taly 0
ol slgrl Je s Bl c.w G bl oda & (...xs‘:.ﬁlu\#_\ Ol . el
ool izl il Sl r e e el O Lot Sl
AU G adl

AA



WA G o el 3 e

Jb e3p Sy GB1 o BLA e 3 331 e Bldl kil sl of
Ob L | agd & S3b il adl 54 \,p & b = S o3l 38 °-’LL)
(J W ¢ padll (e Jo dabadlly Ll agdd Ly sho5 Salll o oadll (J
Sl gail 3 b gl pa Lot o135 ddaze il QA B 3 el 33
JS o 13 | el - Lo sl i1 A1 S35 Uaideg B g0 u)o
Sk ol At 5% e Sy Bl T A G U (v-ty
(7 'c‘o)\:—l JQ.J\ G &3 Jypa cy ot Sl > 0 AL SN
0559 Ob A Eogdomy 8 ks 0558 Dyl g Lolidl LU 2LV B> (8 w23
o 558 ey (i 5 J1s SISt Sla 0,3 Bl A1 0SS - A
LS e e Dt st e G 343 u,,t,.n GUT O 15 5,5
(M Ol a3 o el i <yl o Qb Ry
0SS Luke Cff‘«’“ & sl s - dlon o)ﬁ el 3,8 L gl
Cnkall Shal Jdo Bl plih Of LU e b e D o‘,aj s adlsg
G B s sl S um,,,u\..,&.,\sn SN Lo OS5
Al Gab )t grdly Slall agdd oot Lo LA el 35 atbar fe
W5 iy W Dslally

F_ (PL—W)(066PI+P+18)
s PI

S am PI (PL ¢ @1 dgr P @ub )l gyl w ¢ jaill 3 F, J6 oo
o e U ohdie A 5y Wy O S& Akl G OF LUV Lo S Loy
2l e Sad Gy ad b5 (ool Lgudd oy «PF =YY dalay (sl ol
p o Obaiiy oLl Bia Ladll 4gr Guls e (V41 <Greacen) L1l
oM AT A om Hay W sl we Bl od LB iy pldl
Bl o sk sl Qb Al Cn ddasdl B OF L bVl
(W sl we e Ayl

W=AlogP' +C
AA



Gl o ACHA ¢ B Gl Al 1 POl S

A = dw __ (LL-PL)
~ dlgP' T~ (PF, - PF,))
C=A+LL
(LL - W)
1 .
log P'=1+ 182 (L PL)

4331 JiF PPy y PFyy Oly S1ally By g JHFPL  LLOB &3 o SN
SU AW sgdsll

i AP O S L log P! J) 81 0ySSLogSinld Bl 5,6 LU
Laiall e P adey ¢ Lo BLAL ! Zadal 33 0555 Letie et o] sl
@MY b alze J1ogS Cnlel IS syt J2F My SV Dslall (3 Jladll
[ooreor 4 Joai igill 03 06 (PF=1 Zydl - e W A2l g ae 135
AL Lt il T



Qi | Juadd!
Al s Wl

Wld by LA 3l (spdl —

(sl B ola ol

Ve @ msly S 50 Lne &5 sl (F ol as i dnll O
Gy ol 5,80 by 0L Gl Sl L i bl Slially L1 e g
e G bty o ¢ a8 e ol Ll K6 G aute Slay ¢ )
.(V4%6 ¢ Gardner) bl gl yuid Ll ozt slgY iy
el o ¢ Ol 0 83,2 s 21 bl Jo (e e 3l 300 by
A S et 1 el e el Je sb U DU ks L AT
ol & st0 S le o (SO (V0 0) (BN G gl B3l 0SS il aday
My kg Byt Gl o Loy ot g OV o ST ot e
D el gl i il G ST e 0SS S

Sampling and Drying 4ids QS,E\ Jst—

WW3p S bl (e B2 bt gl ol LALEd Gl e o
CQ,: ITYREA ] A.wUu-.: @ gby imly (SHV dlawly) 4 A C.g,: ot
(3 S (\ © syl s Je O (8 2348 s Am) S A

9



Cagondl Lo O3 3 LA Gy L) 8 Bl (2 (Rsb) A5 L 4 b )
o ca VA ST E Jlaead 0SSl B3le L3 008 DU G U
Oy N gy WS ¢ 0, BU B bl e B dgb)

0

gmd = 1 _mg

LY Yol ol W B 3L e IS E oS

6 — emw

md 1 . emw

Om
O = T3
ot A Gl (6,) el bl e 200 Dby L dpanlly
olall pliby Jaadl LA 2356 3 (p,) 4 alN HUSY LS

ev':<-—zb_>9md

o lavw 0 Jib1 G Lopas il BESH LU o
G s B2lely i ¢ 23 Lo Lias o e L L3301 43 ! sllesI
O Gy ¢y B ey g Al 0SSy ¢ elasWE and 2 pme 0SS 6
Cadond! iy &) B ) L Cadndl JISY s pganne 3l el Y8 33
sy 1S e g Y Ly calll gl Jm . il Ll 05 0,00
Jan it g oL (V—0) S 0100 Lo Crindlie g pantall ol
0555 1 3 (3 L3l OB adey Tyl 0 e oy AuSTU5 Uc y &y geidall S
gyl 33105 (e o Shaai el s e 1L

ey o Bl Ty Wit (K 230 26 il gt 0 2401 sVl
L Lol W

Ay



50 gt Gy 8,5 G Oy (x50 A 1
SlpoW gy o ol (Al i s Sl (Je dynakd 0LV o

25 B HE N N B R S
20} -
= Montmorillonite
g 15 -
0
w
2 Kaolinite
1S
(-3
3z o .
~“Tillite
5 ~

1 | 1 1 i 1
0 100 200 300 400 500 600 700 800 900
Temperature (°C)

(VA€ « Marshal ooy . Gkt 410 Syl e Ll Golall jand o Ll g (V-0) JK2

Electrical Resistance (43l Jggﬂ daydll)y éb wﬂ! Jeosdl i& ) b —Y

«S3 i gab )l sl e ez LN e Cnae e 45l gSJ) dulall

G A e I Y158 e NSy Bl LUV SUSS Lo oy
st @ dobadl oA 85y 4300 8w G daludl el 31 oS00 dylill
de Gy (QU) Q@ub )l 5l me Liplas OV Gan O oS 200 Qb))

A



By o uJ.L.Ul “; JEUveTaRT ,\(\\t ocBouyoucos and chk) p....,é-i
.(V4¢4<Colman and Hendrix) C"’J'”

Az ) LA ub )l gyt e doledll o lakiey A1 (3 o Bald) L
iy U 0,85 OF e ddkedl QU1 L85 A bl gyt e Y (A1
QA el Jiy Lilsee all s e bl gl B 0SS Vidy dikises
O @ b Gl Ve ws e Ly e T e Jib Bid Ly &)
OB aley . (L)l s Le 2SN oda Uslasl du )l 4f DM Laied Lol O
055 ke Lol ¢ Aadll V! 0wy Jlaza¥H 5 dald) G5
Jats Ol L Jadl 3 & A0 dnb e oLl Qlteny 3 mn 3plalt 50 denzid) & A1
calsdly Hysteresis s psdl 88l 515 Ly 4 A1 4 4y & Ll Il
B3y Il Sy adl Sliall OF Lol 3 il ol (sb ) st
G U Doy ol 5105 g bl g 5205 1 (AN oo Lot
I Laled HLAE LI deuly

oty Pyt B350 G 5uiin 055 Laldl a1 anl (3l SO Jon 1
oF s PLI (8 ol (039 AN O e dazas ¢ adey ilall 361 o0
e Jor B e alldl I3 s LI oo o (g
Gyl LA a8 e SL Y Wl Ll 13 0S5 Sl gl
S5 L}.n;)«é(Plaster of Paris)pyudl 0 degiall I ¢ L36 gr o
U5 6o « (”JKH Sl S datll dei aylae Loy ¢ CUU ‘:g.y,_(il
2 eVl BLSL e ol 00 Jyle 3 ua.u,:. 3l B SN Syga I
OB ¢ Ll Obgd ALB O3 el OF s ¢ Y o itbly S s
b 5 sy e 1AL g STl LA

Ay LA gy 08 O ¢ Blpll el Jta landy Sl old i3
Lo AN dgky Ob day AL Saga B> O3 0SS dalll Ll plasd
o A Bl SLAE O L0 A @ Yo Ioliel ST Aglall Il plasad

a¢



dglall g gl el op (VAT ¢ Johnson) bl LAl e OUH
B QA Ak S Sl e dypadly Jouee JF Ll 2SS 48

Neutron Scattering (js &J! ol 2 b —¥

Shlds (i oA Bd) Sl 3 ly U Jo By e oda e

Bty dag o sl sllasY Pl ga Gl o ¢ Jib B GU gl

0l il elld sl O Sl L AU s}t gyomad] Gaally willl i
bl Ol 0 053

Pl'obew.d.‘ e

Sae o @by BAN JBIs adny Bages g bW G 0k gy
.3::1:.:“ CJ\Z,;{.U J.:‘-—A, imJJ‘ QU)}#‘

Sceller or ratemeter,_std! 4 sl — ¥

Obpr play (S e 00y Lol dayy b oo sk 44l Dol

ng pedl g 2l e . sl M gyl e Az 0SS Gy ¢ dtdadl Sy A1

2 ) padiadly el e JSU (apSle 0 — Y ) dads e 0T 6

it Llast 31) pods el o pgmams ol 0 Wi 5SS B 51 ¢ (B Jal LS HR2H

ekt — el Joo ) Shll e s Jglad las ) Sk I syl jaae L (LIS

Sk (51 Sagaom 95 Ay g §70 Lgeltinzaal Sk Hidy (& VY0 gyl jee U
) (19

¢ dsgllall LI il Caltiue anliy ¢ G0 Bl Enss dns ol Sy 2N

Sl (gl Oy apadll Bl Jdney . AT LBl e Lany a8 L,y
oo S G U8 Dt SO ae detlanall Sy o 355 Lokis
Y bl Slosluadl sue dume 3K L sW (3 Gaomg bl 1y 9SS BN 0
¢ Op ST 1 VE ¢ Cnmg sl VA OSS il Bl J12MeV o Sl Al o day
o S gl S J;gn saal S G IN + 6 zbdy ¢ CnaSyW Voo

4



ub,,\.J‘ Ob oy ¢ Ml Gkl (3. ( V4eA (Weinberg and ngner)N
(AU\}J-\)A..L;.H u\.»))\,J\c LA gy A St C.:A....«L..o LA «.LJ..Jl
Au‘*‘“ o w (probe) el dy Llowws ASEe B A1 § Whyle ald
A‘Ja..” ub)}.Jb ool Sladdl S e Ldonod ( ‘5.“)

ez oAl el Aty Llin bl Wl 0,5 Sl 1 &30 oo
Bl or N B A e Jo laslel Jor st .\,;,d;
r».-»— pﬂluu P"")‘JJ“A é.sl..&\ﬂ (iw\ﬂ OF . &acll day udl Sy A
\o,b, 13 b &0 B 3 0SS (M (595 S0 3 08 el &
. cde vries and Kiny) ST ol e Jas O 3SS L BYH O 8 u§!
3 i) #3185l Jagt il Lu,(\‘ﬂ\ ¢ Van Bavel et, al y 141\
o e Al ol (GBI Gy syt g I e ) ol bt g
05 o oy 85 Qi) el Qo) gl o Bplae T b 2 e
o =l (lane ¢ (Y404 ¢ Holmes and Jenkinson 4 \404¢ Holmes)
&0 e Jo ezl aall dw&’im B g S padl oSl
| S b
P IHRRCHRI PR NSRRI TCVR SIS [PRCATS U T P T
oty el Gy L Guall 39 Lo sl Sl 1 ol e
ool o uﬂ ucU»—b\.B—\ OlebdVl odd 50l 55 iyl e el
CLld daede 3 sy Sl 1A Uy 65 dary bt (Jadl ol dbUYy
Ol S5l plasaat oS ¢ 5o Ll 0555 Lo, el B B> Wud 54

Other methods S Gb — ¢

WS 2x3l plisat iS00 &by ) W IS G

rl.\&.:.»‘, ¢ QL\.\ Sy d; &l RS uALnaJ\ skel cyany ¢ Cui‘r.)

CIBY Jadll Gl ¢ puly S8 iz Gl 0da o L5 - ol G2
G s A Ly s L o

an



cdgdl (8 el SN

Zbﬂ\ cls Blb Jl —

SR B Lo gt ¢ Dudall @ plaa Vg5l 22 4y 330 6L O
iy LA 3l S O Gy ¢ 2l LS4 L 1 ddka JISSSY
L dgr o dlege a8 Dol Al OS5 Gy ASH il
B (3 Laga 5 AN 3y B ) B o bl was S La531 Uil
1 TPy S PR
i Gy WPMh ¢ drwly Shde pes Calid L0 AL LS Bl
0 I aaihl o ol oy L 00 ID 33l o Doyl w550l
daw;JJ-Jdbl 3 ably Wb 0,5 I dkadl dI UL zs’tﬁ)\.\e\rg
¢ Oobedl B dyusy i o DI i o A b gl
Olas Jdae ¢ 22kt gy 2l wilb Olak ol 3 Bl 0SS Sy
Slughall . 0 A1 51 Gl s G ISR 5801 o BLUY ne 2SI U
i b oo oSe Wt o 401 3 3l 4} e 200 sl Bl Bl e L
S i A5 Py SV e LA Sl B4 S o,d! e
2l Bl Al PU Jray Dol i a5 330 el (3 2l Agh ey

a1} (gt Dy 2elS3H B e Zallal) 2SN O LoDy ¢ Dole 8 g
oSty B I g (gl pr ol I € gy e 5 4 casll
BUL L pm 4 OlbMas! 3dm Lee nm 200 sl Bl alb 3 0L gl
B I Py LU Ve WO 5 %1 R SN W
el de sl Ol 1 LSLBH Wl 05 Al U Tale Bygear
ds oy B0 ele 3 JUH e (S Sl damys e iy ¢ g Rl O ¢
A Gl OF Gy Sl 5l Gar Steme iy (Eme Bl B3
Y L v p



AT e B bapas & Sy LalS Bl oz U5 OB« oty O S8 Ol
SO Bl s Se Wb ¢ ablael 05 b cdilhe cud oy Ll
Al el Al By ddlSes pilye e Gyl

) BLAL G 38 oy e Juat O oS dnend] B O
«,uuw&mu\ S il B () B A OB UA}L(M{\J«.U)
LA 2SO Bl y3 BUadl r agomgiy ) el 4 1326 ) iy . e
el S Bl (3 I N 1 Ll 085 bl Bl 5 Bl

5N Ol ( %l%( ) Bl gl I Sl Gl sy as
501 Ol sl G s 1 O by olll 5 G ol N S AL
Jle d Euadl a3 5,80l AN O3 allall e &A1 sl B alb
ey 200 W il JISEYE Caad e GRdl S WD el &A1 el 5
S S By (L S St AU gl Al e gl ol b
AU daty ooV Q! el e O wa i od 200 els o O

Ll e ol A I e e dad e U gy 5 w\*\u\»w

235 Y Yy 8t 00 41 sl Bl gl g 2 Al 0L B
(A @l ey Y A o (e

baall e xS1 Sl s bio we 05 ol celll L0 s e
ST OS5 Ly o S Bl (gyen (Go! sl ggrae 5 Js) gubd
CLL aga e L ORI AN LA o Dl g Sy )y bl gl
DL AT g Gl 0SS Y Oy el ¢ e b ST ¢ 2y 4 A1 0,85 Lee
L Bl e ORI A I

&) 4.;,.5\ el Gl OB ¢ gyt larall e STV uxu,)u\ bt oL
Ll “lomgn™ o G ety Al DU 0 ST 0,0 (ipe¥) bl Ol
LobansV i ¢ Ll bl 0l o H 0SS A Al e AU
o 05 (sl St bl Jaaall 218 0,85y WL 2SI Bl 0,5

AA



RS &Y S 3 A GslaeVt Oy Bl oF L e L Al AU
HMM«\chUboﬂojdlab»ub ¢anda e 4yl
dnd) @l Jon A5 50 O Bl e L N Qsdu,)ut Laahl e Lad

A S (bl g

P LA AU SN gt Y

Salsl 3ga ) Lol n Wl ¢ By B3ty & U0 ol 2SO Bl iy A3
Ally L1 b gu 3 B oy el G BV s OF (S
(Aslyinget. al. \ﬁ\")g_}w‘ LA el &N 350 e OF L ol
W e £aS 8dmy SO Uy Cr gl Jatd £aS7 el & 0 AU AISTY B 1T
sa2 ¢5M.\.;dJ|;\l\ o o Al e A L;,L..JL,LA; Wi o4 ‘;J!
Lt LSS g ) Wiy | (all 2ol i) 2,00 U oy gy Do oy
<l L‘j Jukl & (EgAiy Ja dauly u"l"’\j NI Ml Gkl il e
o) Oy me pn \S BUIL Babeilly (oW Sliall an ol oS ST Y
(a2 gl S s lks ¢ sl e

Jat J s S L Lk § Ol dagY 0L Slslrel Sla

LY £ LAY LIS Sl Oyl ¢ (A1 b G sl Jay Jadll Bl S s

On WS Bl Ol e we 0,5 Dl L Dylaall Uy Jall CF daglia
ylaay AL ) et b, U

Gibbs free)elazlsp il Bsbae fo Tz 35 S Y Lyl
Co Dsladl B Sl a5 aztll dslas o) JQ:J‘ «(energy
Ve B o doladl pae ol 3wl an Dl 3 oMYy 2ak2 <, S
Lol Al laad B Elflayedl Bl Sl JS& o6 Philips
o 308 Lo 080 00 el L 65 Tl e Jal I3 sl LISHH B
o T B SV o 1A e G Bl Jad G s W
GBI W aas Jeey Sl 2y 0 N « Ay LA (.L&Y\ P

a4



oo ol e et oS a0 L IS Bl 06 A Ty ¢ odd
ey ne 221

Y=y, +¥,+ ¥, +¥, + ...

il Bl Jé Vor Vo Voo ¥y Oy SO BN ¥y o6 Lo

Sl @l OVl e 45N Bty acl B ¢ Larndll S

Oly ¢ Ty Jall ity samlfl Bl JontY L BU g i Dol sgde o

Al G AN Jasy O 5 it e B G Lslece 0, Yot

G I Gl L (P G A g3 (S35 42 slii JI g gVl

AW 2ol B o 0SS bt Gy ¢l Ll et p 2801 3L
Ay S —a 0 ey I Oy Sy )

Bl § (b — Shasll) Shraztsge Sl —¥

Gl pyasll pr JUSY) ezl oda e wlll e 05 ¢ FLAV e w3
B Ll ayal 3L B jaliley a3l 5L Slablyls ey (o8 36k
& Lebay g Shasilage dl Aol Slollaally Sbulu¥t Gubd Coyal Y2
T 3ol L e JH sy & R N U 4
Salsge 4ot Edlefsen and Anderson 3 0 SVyle Oy ol VAEY
ol G o Jow (s4ly Guggenheim Y404 & (§ &lisy LSS
s Tl sl Jo Jon (SN 8431 Caoyd Dad pud Jly LS Slledlly
dpa= QI g355 &5 Sy delall 3 530 dygeay Sad ol Pl O LM
S Bl BUL Sy Slleall oda Jo Caly ¢ ST Sldaal!
U 05 ) Sl ot 35 Gy (Sl Shfapey 1S
« Katchalsky and Gurron , \41Y <deGroot 3 Y44\ ¢ Prigogine
Jyadll 3 e f& Ogr LA sle g an Elalylyga ) Slagks OF L 140
SIS el e Bkt Cag Joadll L 3y ¢ Lol



SV Oply ¢ Hlal) Wl JVI 0Pt e dnlid 3yguas DUl alyl dazes
o2 Ul Bl Lok Ol Dymy g Byall auly HLEST (ke 939 s 51 0
Ngedad ) Ladd Sy ¢y e oL Bl O Je
dQ = dU + pdv + dw

53l OGPy ¢ dU Ol ¢ ol 31 BLAL B4 Jof dQ 4 &t
Jatit Oy ¢ I Jo et dauly sdedl o) Jatlly pllacl Bocill B

Gy ol il b dl o) sas A ol G op
Gy ahosy S8y ¢ Geindl Canay |.\>- 390 Oyl L ¢ Jaladl 45U [HE 0SS
Ol | e C..U u..»-LU Nz ‘s.u q\a.v ioly b dmgYy Sodate
0SS gy T Zallalt g|}.l Lot d Lsl,y a0 e J...al;,.,.u Jul
L2V OYsW S (S)entropy Jly (K15 iy
dQ = Tds 1 .S oLt Y-
dQ < Tds 1 Kl Sllaal I

PN o Jo e GS Al el B Jio) M Latlasl oay
Hgan O LSS el de dew (e WS ) dnwlgl Slaall WL
My I A e oJL; 05 g dlly ¢ oV - c.ab,.pentropy
A1 A A Gy detl B Lgbs 05 b it Oy ¢ pllal (Jltal)
9555 plall (3 ds Sl i St bx(ds = -dg— )M 3>
U Ot &S oS L 23 5l 1 ) JoF entropy 0B adey ¢ jinall pr ST
DAY Gall 4l el

dU = TdS — Pdy

ol (S8 ol LU g5 pllall 1) B Tt Gl OF 5
LIRS PURSIEE R EL O Ly n (v s e JS BV
.(VA1Y ¢ Slaty y V404 Guggen-heim)

AT}



ou ouU ou .
dU—< as )uin ds+ < 0V_>sin dv+ < anl >svnjdn1

A e Bl (Sl O DA ol LS LU e W

lgis &5 S 8l ol S LSS HUlb 1ib Gibbs free energy

o el 3 Bl 3l Ol ¢ G 5 A1 G Blall QYL 1 Ll Je
IR CORR CRUA TR SN UK g4 [ JPEY

G
6= (-9 _
: ( oni ) T.Ponj = 4

0,55 LSOl Blall LIS da2ll O ¢ O3

. oui
oui oui dP — ( : )
dy, = < T ) . dT — ( P )T,m. oni T.Pnj

)
s

byl 2l Bl B uadl o Sl 0SS LS Bl OB ¢ ey
SbSlly daandll ¢ LA 0S5 ke Lot ¢ Ll 3,31 OLE (3 e ol
S sl ¢ AU b i LS Bl L85 Slre el W
CalA g JSI OBSU 085 L ol (§ 26 0,55y ¢ 3L eS0 3,81 e
cdabadl b sl B Ll bl Dl 2y iy ¢ Dl S 2ASy Jaadll
SN (Jaall uds) oEVH Glaug e G LS LS B N
Ul I3 sl 3l SUSH b

g8 or b Céydb‘:’)“igj)hbﬁ\»é&li)\a\! oda ok 4aS e L
Bolt and Frissel o JS" 1 L34 IV SVl darl e Loy ¢ iUl e S
Gl sle Bllay 2ol Jatdh SNl K85 (ke iy g5 Gy (V47)
Je e 055 Jalylly 5l U JasY Jly kel Sl jlasy
A oy ) gyl B o Sl aedll 0dn gl ¢ (pad! Jool Bolar
R atdl dslidl iy DLl SV ¢ olansV andin) hall it

V.Y



Bl Ty i e 31y L1 360 Oy BLaSI Bl (3 OVl
aley . (V41 ««Taylar and Slatyer) (& JV sbe S ) 4 J1 sl ug2 Lle Gl
bl By wthl Bl ¢ Ll Bl ¢ g QG Bl ends WS B

NISTO

(L dgr) oAV ol B —

L3 55 deuly (V1 5 b I ol oY1 i e e S
iy ool 57 b ol o Bls 05 031 i O ¢ ol 055 ol S
o dd ot ol s o W) (e o2 FWh iy el
Sy ¢ oVl ool LS B e Lo 6 e+ 3 e 0% Jatdl ey
coldl i dig G bl pdy Jo e Bl

g2 AV s ol s danly Had 2B L) we LA AL L3U g
G & Aoldll Ll jlatt oSs L (el gndl) Al il Ll
S ey ¢ oA R Wiyn B e O OS5 By € B s (e
il G Z oie pliyl diwb L Liw UL glloge Kl 0,50 D3U1 sy
e Jats (m) W e Lome 80 g LSUH g ¢ (ool (gl Ll
Y, =mgZ=p Vgz Q,L.udﬁ‘r'uZ{JU“L‘-*P.'&—'HJ"‘.&"’&“‘J(V)U@

by ¢ ooV QI e bl fodl a g ol B0 & £, O o
3 b gbe 04 L3 g OB ¢ AST5umy ST 2l U bl fog SUT
¢, =V, =8z

ALl OS5 L3 gz OB ¢ e iy IS 2WSUIBLI bl ey
b, =V, = Pu8Z

sl Ly LLSI Oy Bl e dazae 8 0SS L3UHL aga O LoD 1dy

.&U\Jgaa&é.ﬂqu\ Srll Jo b dazm S ¢ 30

VoY



(ladll agr) daadll B —o

o Jarall dgmd ¢ (gob) il e 1S STLN 4 ele ais 0 Lee
Lo dll dgomd ¢ gdt Bl e 31 oSTL 300 el s O0SS Lakiey ¢ Lnge
ool S Allb | (omndl S Al Conle Sl o) Jaadlly LWL 0SS
g 33 ol W oo e s OSS e 3 ol Liadl 4 Lo 0,55 83!
0SS prlandl 8l G gatdl V) I amns i ellly Qdall b glne Lk
(Y=o JKA B sy Ll sday ¢ W adll agst Liaze

“nz  Sub- \ Negative
oimospheric \\ pressure

1
H
- l pressure \ potential
- - o —— — — o ——

P — e ——— — —

Super- \ Positive
atmospheric +\ pressure
pressurs _ _ _ | \potential _ _ _

W et By CE gyl o) Lkl (Y- JK

L g e Gl Bt oW (s 8 Sz (@I gl L)l g
05 st hrall 1 4s P oSTLN LWl Jaas (1471 ¢ Ross) Lol

l//P = pgh
Y, = pdv 055G Ul b 231 Ul adey ¢ (o)

o sy S LS Bl ol fe s el G A ¢ ey
L//Ps = l’bl’x: lp”
den ade Gl By 1l by L Dl g e gllale UL

Vg



B Dyl 24 LA e pr GBS (8 S Y1 OS5 kel 300
S g el - ledt bl I3 doladl -

JS4 b (eldi 55) TN TR R v | I S 4 VE SRR
LA B iy 41 Gl dajly odd gl oday 4

SO S Bl S el A e TG el sl
Dol oy ol ot (B3 BV &30 ol o ol Gy ¢ el
A

1 1
PO—PC=AP=V<T+ R, )

1

9 AR I e T WYy g Ll & Po O S

bidll Olai B AP ¢ gl il o ol 0 @Bl LA sl Jaks

el g,‘h..Jl sy ¢ s gl el 4l Pressure deficit
Loy Azl i sl O Ry,R,

L o addl Aol Bl ¢ gl Oy ) Gl 2010 OS5 ekiey
phaw bt Jly L3 ploe Jlab i L g I Ll g Cag
u»oﬂgtwtwuﬁu o,JbJ:upM ‘s.s,,o,i.u.x,..u
ey O L (Y=0) S 3 dowige &SI oday 4301 dads o (fo o
‘”u\_.,,d\‘;woﬁﬁuc\mwu‘fmw,.w@&.m
G138y dampat) A3l ¢S Ll L2l oty e 05 S ¢ Jle U
6 0l T et (Sl ) olans¥ S5 Al OB S Wy
A o e AL Brll g Bl By Bl 0SS B al o)
Joled) Dl ki 0S5 2 ptdl ds Bl s ¢ o SNy STl a0
AV O LoE Sug of LY oSy (Sl ol s LI
clhally O 02 0SS K gattt aghly (2 atdl Glladly £l mllall 4oy
boons &0 o g d B ‘}Q\NU\, g AN agmy A
Lxa BUAN el oLl



“adsorbed” woter\
%Copzllory' \k

F{ q water
L /

H 7
LS

él: +£Par;i&:ies

AL Al dgr e congll landll dgo fadd Oglonly A0 1505
e BN ON L e el k) LU0 AU A Gy pailte g 3 O
Ladll samy ceneUlile Ll dgr 0,5y ¢ s A b )
cht‘m.ﬁ.f. JZJ-\ L_; 3._.1;'-‘.0\ Jall LJLJ ‘-,a,_b_..,:s\ L_3 J,:...J SJJ&U&.S\ oday ¢ ;'.JL.J‘
ALl Gl G..:.:Sl,'\ b ol o et e Bl 5 j5u
Gl S8 el 3¢ gt Bl O ae LWl a8l WA Sy ¢l
B N P Y 1 P
ol AV L slen brall dgr 0, dntll 2 31 3y Preumatic Potential
Calybl Ay Ll g mer
el b bl Bl 3 G2 by LIty Ol ol e
h =exp (g, /| RT) Gl & Llac S5 Ll b J6 Joladl - ey

DAL Ty el Jbud OB b Ry Ll G b )1 J6 R O S
. 2allall



$igaidh agH =1

O @by ASanbrpl patlasdl Je iy LAl sl 3 Sludll sy O
il bl lnddl jaas A ok odll OF Em ¢ Bl g ja
L2V sy i oS e Uy Ghadl L 25 Je U e 5l oda 35y
s b Ol Ll e AST UYL oW ey (1 SNl 3Ll
sl e ge M 330 Ol i oy S G e 055 Y
Bt

Vo = — MRT oW1 Dol Goday (655mY) ded! Oleom S0

L AY) SBWE AR (T [ dye) 3o # NI 3Sm i o
> AT o (Qillan Tmps . ge [ 3 gz 2, AYY )Gl 2o CJy/r(v
L AST by Akl 5

A el agh JSU et -

LI G sl Bl B sl g o et S
LS Sy ST Bl -

A bl s ly ¢l By e ) Jeniile UL 23 1 oy
EEN RN IO P o5 JSI gl aomy ) a1, ST Y1 sy
Bl X 55V fmad) X USTH =BLAL X3yl = Jadl = Eall

A sy IS Bl Jaty el OF Uy

BLAY X 9oV fomadl X AT

=(ux'c/(., =Ll X 9o,V Joadl = :
o/ W =6 [ e HENY




> Sy JQ ik —y

¢ dgd! d‘ Baine b US04l WE ¢ LadiW 5 e ol O Comy
endly S By SO Bl Basty Akl o el Oy 0l i Bla c ey
Lad susy slul g;\a,.i B o padl L L o Sy JSI Bl Bty e
Jb Bl Lo Lidy ¢ r,_d-l X hadll 0o ok Gl e f:"- o)
sy ol (sl Ll B 045 sl 0da . (Lol 3oy 914,: e
Buoy S 395 3uomy 04SS Lmslu¥l Sl OF g BSy UN T .~ [ o
dgms Sl dgdd o o) Lotie 0,50 il e g3 |.u, ¢ d-lowe
QL IS e an L.A\.U; L aer o el Jemaile b;b) Jaall
Bl X g2V Joaiond baESH BLL X G5V ol X A
- = p by JSJ Bl

] r,J.I

u,/‘... xrc“‘/r‘ =uLll x“,,ﬂ\ Jerodt X B =

Bl -

("Iutb—
(Jb kils) iy Sy ST Bl — v

S b lall 23188 e on'u,\ 58 ¢ oS Ll dais sty pundlt (St

o -l hes Jl) ¢ Ja.q..a." Lo PLII 540 t—ha)\ oF Lle o “sjl
G o e gl e 1 opY S GU Ll gl o) r 3ges LY e 0,5
Wi i Jlaza¥1 3 Ly STy ndl g 0,55 33 lall o (e VY g
@Y\a s v L.ab_) Gl L4y

BLl X 5 W Jonadl X S
05l
BLA X G2 Jaendl X AT

Y1 Jonadl X SN
=Bl =

= Uiy sy JSU Gl

A



b g o el Go N G ey o bl b G GV Jyd!
2Pl

B sl dgr Ol i gf () —0) i

agasll B XY apanll Ol | Ape Al Bl | Slaall Gl

ol Jodl [ =3 [ B8] o5 [ Gl HESI IR

B = ok [ ASI]| e [ st | A3/ sl

,'m Sl = WS/ G | AT B ] ol [ St

‘,,.J.\ [ At = Fd . gt = r>.J»\ | 5 r’-‘“ [ Bt | oz [ Gl
(o) x BTy [y = O30 / bl [ ot [ B | e | B
HesH [y = s /ﬁr,,.J.; HES[WRIA] r,,.A.t | Gl

A oy = T [ ls e =t U ot e
U gr oo VXY ,(w/u‘:')\ WO
Al e VY 1 M =

L;LAM ..\p- cl]a.a.c ;\U Yl u.o,..a..U Lol uaaLa:J\ o o adey
=y, + ¥ °"J*““~‘°J

355 S el Dl (head ol 5 L2 LAl Byp0 Jo WS S
H=Hg+Hp

il dgr H ¢ Jandll &2 a H,y ¢ il & Jof H O S
LIS

A B ) e Nl B L L ikl ag oo el

,\((.,.\~-~~)o,§;u,ww|,|w\mm:\z:;;.w,,_,%éuuu

Schofield 7! 3 pSJ! CB)\J\ oda oo Condy Lol o (e Vo)

V4



ontd I S0 G ady A GV PF #Sawl plasl (Varo)
.x.:J\MJ:E»bVJJUPFJTM.;H\OACWS»){(Q...JU!.L.:M)Ml
.ugﬂm&,r\mJM\WJ:E\*VJJUPM;JB‘.LUJFVJ
oo B2 0SS 01 S L el g o el Lk G Ll el Ol
G B Gl oda 0L o ot LU g Bl BT o 3 el
SN Sy @2 5 01 S B b JS) ¢ Badd f 28515 0,55 |
Oly ¢ S8y ST B By gl 23 Nzl dind (21 G o

Ob ¢ QI Lo H y Py Odasy gl Loty bardll ulul fo agdl

P
V= —
[)\\‘
P
P RS
P, g g

SR [ OV o W R PPN (NN WA T ol plenl ey
ey AT i e Sall ) R B wy e Yot Lt
e o Ol ey e HLL AT e 5l ipnYl A e @3S
(€ —0) S 3 i daiie ol dnac2 34
Membranes permeobfve to water
Membrane permeable l

\10 water ond solutes
4

I

Solute suction
—
Matric suction

t

R Y

(V4% ¢ Richards ¢y & I pllad GV Agdkly s sl g ¢ Jaladl el (¢-9) s



A Lgb) gl el —A

d""u Mb Gkl ks Ley A1 L & Jaladl e datll 4 A d
0,5 Loty L Lo 05 (A2Ily comadly oSTLIN W o adey ¢ by 0,55
Gy Dl LAV e Gda (g 4t OSS oll Laas OF (gl ¢ e
Sy 93k 05 T Ll ol (3 B0k la ANl Loyl G
ade Gllay £l ol Ly L elll e F1VL 51 a3V 5, S oLl baie
el O O @ e OS5 @l cdale §yyuay air entry suction
3aley b IS s ) odng Lgar 3 Lo AL b pLdl 0S5 225
el Gl D13 OV e 851 3y 4eary air entry

Sl J‘f‘ 4 J )l>- Al opedl ol gan slay ol g dol e
(L..U oda CJA; fid, u.la.U g_,au....J\ 1o bl C]a_..;y 6.Ub oJ\..gH

& ity B3l Ob el S (—P :(27);,.,;31 Lol Dslae cledealy
&5 ol e Bl wey (5l (L..‘U P C},;J dheoy OBy Condlag
Al L asll e (3 a3 &1 calin Gypmary L oUL daig U &l (L..,\\
8 by & Jb P C)h" ki (I dnadll LV Olaiy LL,,,,j. 0SS
0SS ol e 00 3 Ll el LaST LU0 Lk Olady Jadpe coudl
Blll odag . A2l 355 1 dgd DS 0,5 aley £l LI Ll 1S e s
el gl G goin Ba Je 222 OS5y Ly F 1 Dl ulas B3le 0455
g OV ady ¢ (148~ ¢ Childs)a ) &by Bl V1 eyl 300 2 )
Sl I o 301 By o A8 g By ol s 4
WL plaall gotidl JK2lly (Ll 355y olansVI 36 400 allas Laledl!
LS'”J Cwo,e kmo.f- SNoles sue ¢ ol u)&;_;_,l\ oy > Blans u)iab
358 552 St e A1 Land &1 dyby Tl Jatlasdl op T Cas

D (VAR ¢ Visser) L,s.x;,-,g'.!i SYslall ol usly ¢ a2l

—a(f—0)/6

Culgy ¢ g LA Dby cdalldl o f calll w8 VOl G
LISy Lo i gns o Dalallodd il Jaza¥1 OV . b ca g Jros Dolall

RN



wb (¥ —k0 ) C,lj:a o (..0 Ob Visser damy S ¢ Zulydl (..u
(VAV+) Oy 5Ty Gardner domy G- G . (050 = +58) On f &dy (V2 —40)
L B!
y=2ad?’ ﬂau\équg&a&‘dﬂ»

L @5 B3l aday ¢ Aill Ll A £, DU 0da b o iy
S 05508 ol Oldas (3 3utn 0555 [SJ aedl Sl 0 3202 Sl
(I i)l g ealel) Ui gy BVl

2Ry V= o ot ) A ger (o L DI Al e gl oLl 28
sy 58 Ty 50 xSy gLl ot gy Byl Lol 0 o Ll
oobansVl 5 8L b 05 48 Ad 0 Gyenall ol (30 g o0 L2
latly Gl dlauly 451 Ty SV U Tl gl 0, 1idy (hudly
Sbove ud ke gub ) se2b (147A) Gardnery s U Uidsy . 4l gl
LU U (DAl 5 eetl) G Gk or sita Jit sl gl il Jo dtgle UIE)
Al o Slab 2 o Sl Ve LB Jie @Bl LA (et el e G
5eedl Sliocll O ey Mo e POl g W 3902 Wiy L
A (¢33 o) o e S 3y ¢ DN Bty 88 By S5 A0 b
L (Gl gl sl 0555y sy 13 @b e Jle by 52 Je eyt
Lo gl ke pledlodn g8 b L B 0pSS oLl olaee ¢ BV QAN
0sSs el gl s ¢ Bl A By ¢ 2N G G5 A o A ol
s A2 35 5345 ¢ SU iy AST el #lll 2SOy ¢ WU ST
(0= 0) JSH @ iy IS QU gt 3 At Wyl Olal

WYy



Clayey soil

Suction (log scate)

S am.
o,
-
.-

Sandy/s:i.l

-,

Water confent

A gy B e LA G 5 (0 -0 YKo

Slde () bogeast « 3300 Bgb ) Sradd Slaoll K2 Jo Lt 2y 2701 by
iobs LUSH @ dales A A1 e3h LA o) OF S ¢ b ol
e toty oW 5y oy B s B> OF (g e L3S Ll o
AL G S b Loy OS5 Lawngll gLl oy i o (I ol 35
@ ¢ (s L8 Tauge plast 3130 oLl Jaas s ©a2 |S) dpull
Gl niy dopafl QA Gkl adey ¢ 00 Opy 35 Bpnnall oLl g
(V= 8) JKA 3 S AW sl Sbe ke LB b 0S5 Ly
orbanVl 55 dhauly Lalul Jagt sl clas LW spalll Sl e
o5 Bta 055 Lie ely ey 4301 G JI Bl apuy (Sl
g ¢ pandl Ly o gD i slaze 04SS9 Pl o i (3 Ol
GF Azl 3 Sile (ol pdarg slte gt nbake Spne ) My OUSSS
Oliovay ¢ AR e O 8 W g sb ) Ball Slioult MY b3y JU)
2t Al Ll plesty gLl oot &5 450 Olos Lo 5l 4 b))
sy sl rinns oo 14 o i Vs 1, ool 8881 5 iy (LY
AR Caa Sbate r iy oLl oo 1 sl (2l 90 g U3
Lol Dol dhauty dase 5SS, YooV Ol S apny O ol

“we L s A



Suction (log scaole)

Water content

L gy b e 3 ey S (V-0 2

2y
bidl g, ¢ dntll b O 3 degll 2aad (‘”:2>@,~:J\a:¢wg
A o GLON Y g 0
il S5 Sl Ll ¢ Bl Lhary doendl LWl OV Jp e §yg0ms
Lot Bl e B b 05 01 gt sl

IS okl bl e 085 Gl LU0 L4k aall Oliaall jladl
P gl LW Le gl daldl Lde Gl Al A e B cce Uy

W oo A0
C,= . orLy = dy

Oly ¢ LU el ellly gubJl (gl O3 BMe 3 dage An dinall ol
ipb b ISy el cb Al By Sbe Lo e C dad) 103
Lokl gl s

W¢



L s @bt § b Al —4

dpad S8 320 ded Uy Ll 0OV &1 &gy Al dger G B
Do by BN oda ‘_};

desorption (Jadnd! —

Ll Gpar ade o g ) A Ly ade 35 T3 detly 2y
ol i e B ) Sl ite Jotly U B ) 4 ol
L (431

Sorption : bl — Y

ool i iy iz Cuidl 300 2308 Al e el 23

e e DU Gl S Latn g Jadd Gl ada o 0 b S5
(W o) Gl Bl 3 1870585 Lol ol 395 e 4301 & ghsy Jolad
I (g2 Dloy obadl fo daze oday (sl sllael) bt Bl e e s
Al SLLAIB L et 50 gl BV B33 Slheadt ol oy 41 8
SISy (\AYe «Haines) |3 o0 Cudi 4 300 by 3 sl alll
» V41¢ philip y V41Y poulavassilis y V401 ,{1400 Miller and Miller)
Jult e ot L (1414 Topp 5 V41A Bomha 4 1431 Topp and Miller
B e 35kl (V=0) JSHI dmazpe il 3aly $ipall patlaill il
Jilll Bns Gl 520 e Juolbl SW1 05 Wy <A Dby Jol

Y

iz i S 13 05 Gy 82l plael) P b gkl JS2I -
JKA G iy €ih legn Cond (g (Brhndll SLall dacly Ut dass
(A—0)



Matric suction

Suiura?ion\'

Woter content

aindly b Bhas IS G (sl Al g e (V=) JS

{a) (b)

Tl

el
!

sl gLty oy (Caindl ¢ gadl Sy § a el o il plt s\ Jsladit U s (A—0) S
’ B & U (b

) b a0 ¢ ey 88" s S & b5 b 05Ky e DI B 0l5 26 — Y
oy 5332 4Splar ) U 51 O L uidl pdad 1 3 LSO
b A 5 oA e o Cuindl Hlee f ol 348 38
2459 4ch..3| Gyl I bl (g “3 sl 3 el ‘.3 u-m)ﬁ'”
\awly G ASSIAN SISy i SO o o Sl dn i
A 305 g W e Dl o 55 Sl B

W



b ISy B datll Ol W gl W ) o3 Gy bl Blel -y
calall gty (gl I gt 3 sl 3,8l 510 aiSly i dald
b Al b o oleet L1 sl Sl oo s Gy SVl 2a81 —
2500 Ll S 400 el e O alydt S ¢ &0 g3 Cadndly
Ll Cob Ay Condl B fo W

JSEI (320Ul L 1 jlze Wy SV i 0t 2250 2 S

sy dble R Lall Oildy L el Sl KR (L.....U dwylly (A 0)
u,i,gsjl ] ‘l;d,.u_,..fl..ll odgd ¢ Lodos slayl e | 1 ki O i
¢ ¢,=_2_u|w)r,u\,;fu|&,.,m ,:\wug..
O Com) g Qesbe Jb 3 O ot condl :fL.JJ oda L asleY)

-
b R>r Ol Gy Yb%@yfu‘oih)(%‘_—l{—)
@lM‘oWM‘M&MW‘OYJ#)W >y, c-n.lb
l‘.a.uco\.dl.hu

Jo 4 e Sy Haines jump ade il o\l adl a2 adl Ol

QA eda i § Sl By LolimBle S6 Calindl Sl O Lo ¢ 25

Al e Jl ol e fi5 oLl OY B3 Bl Condl 9 Slke o
LY g sy (N

Wsli se Cob 1§ Qdlsinay sbdly vl CpiBlze Cptie 3gmy oSKll e
uL,.,t,..L,c.,,\. O bee SWH (Bls) PU U i 4f plandl lguny po
il oM WSy B Sl Jo 7 O oS8 Gl Al O
Calad 3allll oda fl.d Lo Pz Gl Sal (3 LY O, static 6\..."
e b ¢ i Adawy ddeJ LA ey ind u.&-)b, i3l ! _.L,Jt :
Sloavs & Gl gl ol TN ‘Laf S LA G :\al
oda J.o_, e LS R W R )o." Al e dla-gdu-lt“b\{&_,h
Ueally Sygad} YW Sl | scanning Curve 4 \le slla Lhudl YU

Wy



$ by IS i)l g3V G loop BISS da fo 0SS Cindly oAl
(Y —e) S

bﬂl iub; ab wl._j—-\.

§ Bandl OV 3 hp8 o8y ¢ gy o LA G gt LS 0
de dpadl @ogpdlt b LD sl SV OIS Gy Ay S cc'uﬂl obsd
le Bgary (Lol gy LA sl agr) L300 AU Bl SN r—b) reoy
w‘gl 23 ke 8,500 Lgald gt dgdly (G ly) 4bl nzaall Gota
e JSH kb ey G 233 M Olise bl o g lEh
Logr 0t 1 amgy @i dgly Al der mex ool st o,iab
Jo o sty sl ol 31 L 301 ol B SV ailassd Tubuing
Jelaly W ulha ‘PJ!’ Wil daslsy addl Lils o s
30y o\l f"" 3 l.u,, Lq,- Ay (sl ¢ LW &owt)l ! hydraulic head gﬂ\
i P IRV I IR U [y

il Gl e Jpabl K8 231 AL JSH Akl A2l g 45 O
ol L ¢ aptadly athl s pliscad oS Jabt A2l agr oL
Uyl q,Sf.o i jdl sbe &> ¢ Joldl ue Thermocouple Psychrometer dauly
e_)b’- s Le ,,;,_,.)‘9\ debly L2t g pax J.;l,- 4\ L,L..- ..,,QJL..Jt
Bolt aqd‘ Dolos 3 Gy |5 Al Ty 0SS syl Lol LobJ < 54N
. (V4% +) Frissel
PF = 6.5 + log (2 — log R H)
05596 il agdly ui.\.,u.yc.,yufy,swy Eo
rleie OF . doall o 1 o8 RHy sll) 2g0 pazidl Bk 901 0 00 e
A g it Sl ot Slidadt § Vyita Tasly aaliiaat ey 201

VA



(Jh}&.‘{") ARl u»l:lc—\
Lo 055 @l ¢ (8 —0) JSA § dodge A2l Ll &y a0 Sl Y
o 35l sl Ol sy Shabedl Bl e piall AL L
Moy (M) Jandll bie 3 Jady eyp gilly gt IVt dadpe UDS
Rl “3 sy Jd sl (3 O

_ Opening
to fill with

y monometer

Mercur
b}

Connect- | Depth -d
ing tube

Porous U

ceramic

cup

(V4o cRichards ;p) L2l il 23Sl slie W (4 —0) JSo

Jits b call 55 Bl A (@olndll) pldl U1 asy e

oF plall I & 1 sle e ol B (339 (Sapded s 4 Juads ¥
drall o 0 Al b el ol ¢ ile By L Salpudt Sl
Gede ey ¢ gy b Jans O OS5 G slyy ¢ AN (B anady Dl i (gud!
¢ A0 Yot lda s e sl or Eone a8 G (B ($350d Condt B9
GG A gl 8 Al e 85 e STl B e 13e 04 Jaandll Ling
i Ggb ) Ozl Jyuas b ¢ B0 el Al g Sl Sag 1 (635
SV &b e G 1 sbe gf SAE S e sl Jlazedd 5b 31 dasdtyy

14



iy bl U STyt Rt O L Al e slae (325 o5 06
Ld § Ok 1 @357 W 23l bl W) (el Gl Lo
null-type Jazul Jli 01 oS& JoolWl Cal ling 231 J5 o conndl
rhaedplae e s\ O SougY 1ddy Ll gl O13 g Jlwzuls ol device
S A8 bl Ll e o O gy AU LB g i 2l
lian 55515 0, 0 Ll 8l Gulide Jotls ol ¢ Ol olll e JSO T30

(ol b e sy & by LA L e I <G,

J;,@J\,,L.Ju,,r.m.uw gwoﬂutww@yu$wu

RO I UG PR WL - | Ui 0,55 oday ¢ g Aoy o0
'(wtg;.uta,.;yu;w@)l,J\)J_-\ngwwﬁdﬂ
e ! I OB Dale Gypeary g Ay e A AN O3y (GBS SO
Jps ¢ W Comad) 85 s OF S ¢ Ol Y1 dime (3 335 Labona Sy e
L gt Jandll e S kil ol g (Gl oLV I el
A e J5 ke g 83U A Ly ¢ A Gl 83 O3 il o
IS Ol 5A) 2944 OpSS AN e land 5l 9adl ¢ el Sl Gy
d g dlyOsmometer gy ¥ Jlazal ¢ Lle w395 Wl L Coedl 3,0 Lo
Peck and o JS° J3 op (VAN4) 5% sl ahas fe 3 ad ol
39do Sle Dol Aopr 3 JGY G52 W 0dd Leall Gokadl S Rabbidge
Cllag Y b (S it 13 oS5 1 Al e Zasly L ol 3
dob o 558 ¢ Dele ygem5b A — i Gy ypastl Conudl e OB ¢ 4oy
Richard and Marsh o JS 4Bl 4y ¢ Jabt 3 &5 o0 oS1 2yb) Sbta
100 op 2V dppudtt dlll ulde Sbie 0L ZebIl QN e 8 (VATY)
Jo o 83l sl OLaS” o (AST ) Ve sl Bl O3 Ol 3y)
Sy b e Bl Oa 080 () ddand Dol 431 3yl b ey U
s 57 Sala 8y 008 ) ol Wy S 2 &y M1 EDly
ooV g Lk B )G wtdl b 0B ¢ Sliadly Al oda I 02,
Ji @ ddln Olulas o OF Sy ol Gelll J5 e DelaW Wy

Y.



§ A e BB Sy B L el e ey QA1 Ol by SV
o AVl drly Gas o dadsy oS8y ¢ Jad @) Slbes Dputmy dplye 4yad
¢ Bme G 5y AL s sy L (g sy (it Bl il Gas
‘;\m_ﬂ res Ol u“ dsis Gt e Al puglie o0 Ll plgYI JL....l.
S Y Gl ot e, LR VI RV wd;

S Vobnty, 0SS beind . & I Al hydraulic gradlent
d,...,d,,d;d Seall ke Uy sl sgand jazidl Busy LI g
35 s o dy Gadll Gy (i) JULMEY! Jden O ¢ i e 8 i

P=[(Ypsr) = dpiy) = (U540 /(d, ., —d,)

3,0 St o ddate o il Logeast Legn 05K JUIMAEYH s

U e Ll e st s SEY AW ST P ol Ol &
SIL b dl Wy S L (35H - sl 3gas 5l) sl 3pee dauly a2)l 2o
g W oL e w\él Pl e Dol e G U s ol ke
AN gy ¢ 2l g S 3pedlt oW t_u,,\ 355 L rldh 6L e 3ganll
gl o Tl By JSI L 03y Lsls 0,5 (bt sl 3 o

Dolall (3 18 390all ‘.9’"“
g _ hApe _
A il wi i S

Tl B0 Bl 0da 390 O o
LA b Ball St B —Y

AN 5 gy St 9sSTLe W LIl dgamy 401 i ghoy Cy B 3L
QU Y o P (P Al Sl by (Ve -0 JK) raall

A4



Soil sample
T ———&@Porous plate

1 _-‘\___'_ .'_ _J’ _-Free water
e A g3y dolai die atll uger el Zalodt Bovinall (V0 —0) S8
(ol VT b\ ) Sl ke al g G

Cowdl Shte 3 (VY —0) SN bl ol o Janall 5 dlauly 0,
kel ol Olibadl 3 JlwuVl Cowdl F‘J S iyl oda L LW
Ah.al_,:l,.k-d_,&luix wf:‘}pl '....a.J‘.\.ﬁo',M dyby dold Lall
Sy hra [P L slea u;.x.:—)b do-y ladg Taae 9SS ‘rl....ll_,.\.dl
9 Gty gl @A Tauly Ll ade s 04K slegl o it %y
lede gt oK (515050 Yo e 5l oty o187 S5 Ll g A g3 ol
JRH ‘},u oIl bl ol ady ) Zd aday Lalghl L oL
SV —o) S el L |87 ¢ eadl

Pressure source
S Pressure cell

: | Porous plate

Qutlet

Mercury
manometer

Lol YW bl o alll age ol Lol dmgdealt (V) —0) JKS
A Lo Bpalt Silisull sl

Wy



oes Aol byt 0SS BV eda G Lede Juatt I alll dgr 9
S Ilet gt Wiy bl ol pntly QU hydl dais oMkl
bis Jod SaY plidl ol cDle Gy L Sl Mt il Lol
LI Lardll o Jant 01 S8 el =gl sl (SS ¢ Ok Y0) o0 ST
05 (b V=) bl sl Sl CF L Dby LadE L GL V) oo
Sl WLl cade . oLl ol g ¢ 30 oty Taly 38 oyl 1
Saaldl n8 el | PE I R v S PR R 7Y ug.c,yw C:,c,i Lo o

oﬁawu\uw“;wu)) """ LUl o0 M,f\dﬂ
o Sy 20 sl gl e 555 Uiy (hlly polans¥1 3,3 il
A ey bl

e Wl 08 05 31 b 5l Sl 0 ¢ otV sl (3531
g3 G gmall (ol SV Ty B O (Sl yolansVl
0555y ¢ A Ay G Gomin ade llale L2 ¢ gt 5ol C““ L
Ji o A gy ey il (il e IO Rl Sllel Gidas
IN 51 ol 3455 Slles e Tl 05T gl b i B R e OV
%y bl Sl o 1d 35 (3 Oyl L Dyl b Olles
Al e UM Gl 85

(V) Js

0 ;.b.\.;(u 'Y uJJ!ch.,gy .Ul CLG)JJJ F.hwwj L YUY

VY o oll) (Gtamn il 3233 ¥r IV et 31 L sl ol O L

de o1zl o u,buun,r.z:ﬁsuazw‘bﬁwlso Con VI o
) G 3gee Jioh 3 285 o 2l Oy 4 2gep e

Do = oot 0, Lte T 2l e 3 Tt =1
T = oot 0, Lt 31 Eoll (Yl —0
JaE P = ol O bz BSUE Bt (3 ladN —

Yy



LAl Y 30 IO Cq.:l‘ s\l o =3
gl Jdas —
PGV S I gt Jih gr bl gl O SLY
rv~-f.~w+r.,«-(‘|)z;mw|
o = foo + oo = () P o2l

»
1‘
.L——. -_
*
Wy ll
9
(ry __..)' Jiz )
LU ol it
J 2 = LW 2ol § ladyl
SLll
v o 22Te%
. oA
b“u‘”é“rnvtw‘,Y‘c?q(on‘r\"‘ytmck.au"#‘mb
| fu\o=(...v+f.../\-(1)z,,-u|n...m

S + s + e = () B Tt

\Y¢



Ao = g N0

LAA = = U D)l (3 Y
, oy
\,AA + Y,0
Y\ = = LW Lol 1V Jans
Y
sl 408" % A»L..u idds ro IO cq-:u Ul >

r-mv-oxr,\zx O

LW Eoetdt LY ditne X B0 IVl = s B Jikee
\',HXwa/r- A=

iahs [ oo DA =
(¥) Ji

tw)b‘}!,:ﬂdr—r- Vo o Yo g ol gl AL B! cablaiae
VY LA A ALV Ol coale 131 &0 e B e Yo 1SR ST
@b Ol dmsly LA mda e “,.L.dl ‘_;,..u uL oA casl [ -~
de JWh djﬂl bl o IS Jinl (3 iy o oV dazdt Ol et Lllisy
2o\ S Sl awy g\n TR W IO (R

o il T dasdt

ru“ r“" w|3}.~5

cv'\\'ﬁ— r-\"" uJJ-‘i.’.J
e L Lot

Yo



£i!
+ 3
nen;!

(\r—oy S

Cbeadl On WU L 3 ludYS

(o VN )= e Ar = _
e te

(") Jis

o iy onll 4 0455 My oo Bail) 1 all o el O AT it

r{..uy\ o\&! c)-b-b eL&‘@ub}J UMJJ.{..MQKUMJ‘WJ(W

ck...“ d‘c..ﬁdg..“ ‘-\AULL«.LP b.)lﬂ.“ GJF@JW})M *'.)‘)"}
b

YA



oo o) 2l we A3 Bl -

s :..>..J|,|.u'|,f,.a- ",.‘twn.upwtwabwm
uuw|,u..-a

&9‘)\: Af—ﬂ",nl)wb/fu ',0 9,-4.;\1\ ¥ o513l =
r"\o'—_—.r \—-IM@:U—‘W

fw\'~~—-—f‘f—c_g..\.94ﬁ>u-!w

(1t —0) ks
T ae LU il dgo

L)l Bl 4 A3l Lot =

°n+"~"‘\nn— =
fw r,a-n —_—=
LAl B + LU el = o Lo B 2ol der
Uﬂ'f'cw'f‘.'—': )
sfv..\:;i_.a‘lhi‘.,..dl—l.x:.pl;mi:a..ﬂl ,
=0 T om LU sl lad)
Sl

(ud'l'(w\"'—)—(wO'— .

e
vl f?._ »

Yy



u~+(w Yoo - =0 L DU Lol
PP LS PN TR T
o Yor Yo+ =
B Tt gt X 2 el = gls
.i&\.«:/(v ,eeYe =v,000 X i:-L,./F.. ‘0

(%) J&

rﬁ \Y,% o a3 olfd\a L Jg..‘ﬂ “3 \‘{‘)b‘;ﬂ»{)ﬂw b 0713
‘;-L.JJ U‘ é a0 RVE S ub-)‘ \"(u /

IIIIIH

L
1 |44

Yo —o 5
N ( ) S

YA



‘3.:;‘}‘ s — N s = .\..:Jldp-
Cpo ] o8 1) (6] pu AAY) (oo V00) =
[ o2 950 ('B/r« W) (o Y1) -
(r(v'
YAIAPY — VePeco =

VAPAYY—

(0) Jta

oo Oly 30 gl o8 e © Ay el g il o plis 0713
O ¥4 (p oA B3 Ol e 131 G b g o VO Ly (15l
o L,U\ch.».\.;wl:iﬂ Sydl otib
Lol LI e sl ae —
Lol Wl die LS T2l jlie gale —Y
(v,"’no—z\n XY =)[:::«,, Yo =jl‘4~| w\.:zﬁ 355; ‘:’\f .E?-)\:
g?,,\,;.f;.“ L;ML,A Lﬂ‘ch.ub\ ua‘j.l\ Ly

(\, YY — =
AL L + i:..al.sLi BVES =2:§U.| PRI

(;o\”va—=fw\”~~ e Vo=
(V) Je

uu\gw\oprp,'\wﬂy(ywJﬂ,{gng_.uoms\
co okl Gy Al 4 3 G sl L LA gl o4

2,200 g b A/
XA QA s Ay



(....\"o =1 L& LU A

Y — =0 Lo L3 A

iU g — ViU g =L e 3 G
o L
e e s
. | (V) Jta
P3 ‘,J ch.a U"J""‘“ ) g_.:c d;‘,“ £l S gamr . QY‘ Jg...“ ‘} L{nu.‘
gy Qﬁu dgd-l Aoyl ,.s_,.uﬂ @ O SagNy Joladl b &30 s4ae yeoy
S G dndll B ek Il gy L3l Lardl

T L. i) __Reference

(V1 —0) S

o W oL A Ll 3 0L LS

dgd) @IV 0L g My O A SagY daladl wey ¢ éﬁﬂ S 3ol
bl co‘_gbj\...,-uﬂ.\d-! AN o 5 gag) it J Lylow 0,5
L) age OB aley c}\,u\c\uuw\,uusu\uwg,..s\dﬁ»
Gt (ol LI Ay

\Y.



Logaall HLL g2 Lo3U-1 aga O Uy ¢ O w2l W = & Jarall g
Loyt dazlly gS"'w‘ Syl O
\a=(u\+r~'\=gi:{3l=_l~|.l.ﬁ-
LU a4 al)l ugr + hadll 4> = ‘.;gud_.!
rﬂ\°=<‘w\°+)ﬁ¢+,&.¢= J.Qt%\
spaall M BAad) Jﬁ Sl dﬁ! dedt OF Uiy
= Skt =5 IS st = o JSU gl =1 S bl = & IS g
,f,\af,‘}isu,y
(w'\=1 L3 4y
o V= L e
- £0 =5 3l ugs
- £0 =a L3l 4
o~ Y= EWELE SRRV
adey awe Gold Wl gy @ bladl C.J-Ja.ua.“.q,-
Ao =3 Lrdl der = 2 Ll ae =5 bidl e = O il e

ot Al s oAl 86 D3kl Bl e (S sl B ag
SRR
U agr — bl agr — IS s = wtll g
el L
e le =1 —Ja,.a—r.,.\o=.?w|.\.‘,,
r«?"~—=2°—,é¢—€~\o=>4.:.ll.xe.
(w\“~—=2°—,i~o—r«\o=.»4.:.ll.xe.
F\Y—=YV—)¢—€~\0=}4.:J|AP_.
el 3 A el (grame F daily T 2l OF
)i.p=“.\..ﬁ‘.l".-
Al g — L3 g — JSU gt = T Laall g
el i

AR



Jibl (3 dedpe Atlly L3l Jardll dgay IS Agdl AL el
L Y

s 2 N ! ke
‘e Yo Ve Ve Vo Ve S s

S e e e e 4 ldle
Yy to to Yo \e 1 PR PR INVES
\Y — ¥ — ¥ — Vo - aw gl WA RRVPS

M) Jie

Taidl i 8 G+l (gt U ) JKy 2yae (§ Sy Dulonte &5

L G UKl i |y i e slll ey o 3l B Y Jomy N

b e ill bl pad 23Ul 8l Lidll dgmy S A
L GV S @ apenlt

G- Reference

R

l<__ 27cm _»,

{8.00cm)
(\Y -0y JS& o

AR



ool S Oy S A G Ot B U 0L Joam U
O LSy ¢ bt alge ) I 1 U)o dad (3 Plie 3pandl OF oy
Py eSS agdt slal Jold LUl @.J,-'g,iﬁ-,. Oy J&u KVE AIE IVH
@ el o o N a2 0SS & Laidl Ol sgaall 5 LD sganll By
1= LA A
(w'\=hgw\.\k
o il + QL e + 0 LW s = o IS gl
Ao = o N e = =
OB SN U e gian s OB <y deadl e W
B e o
OB aley oo Y8 — =5 LM L
g Al der 4y Al dgr ) L3 A = IS ugd
o Y= = e+ ot o YE - =

},;,,_r,u—=,w|g|‘sw\a¢ﬁ|«+\méﬂwwﬂﬁ

eri—=
c‘».A\='(.~~\A+(.ww+(.~urz+r«w=:\u:5u,.sd,1a

(w"i— J.‘JJ“;JL..;J\
n,\"n —_= = = A‘J,-‘ gﬂ.\;y‘
e M Jylall 3 i

Ol Gy BLLY X aght (3 bVl = uha o At 3 G0 06 LU
Yl WX — =2
f..v,\’—=r~\’2><~,\"~—=>-?

("‘A’,\—=("' YV X o, We—= a0
ot = AX DT =5

i JS3 IS ) ol OY) 1Sk

\NY



P:

o+ o ke A=

o A= (o V) + S =

L) Gl + o o O dgH il + o e agd=
> 2w

o VOAT = (o V) F (e 1) + i =
( MV + (e VYD F (e ¥ ) + o=
‘(wM,\—:

(e M (DY) F (o 1) + o =
(e °,¢)

e Y- =

o SR A
e ‘}Qt A

A‘)ﬂl SVES

.AL}Q\ VS
3 JSV g

r-u'\—=s')3ﬁ'>\.+\.k‘a-b|

¢~ VA= = o dydlhl Ag

(in—

> A3kl agr

o 81 == A3l s
oo 8Y —=y LU A

.

LU gl (K il g U
A2l g = T3 g — IS ) = lrdll e

{

wo U= s -(f'" T o) e = hardll A

- WA =0 —((w A ) =i =2
f«v Y =2 ‘—((w ¢Y ) '“JL& =3

£ = hs (oo £Y =) b =

o Vb = o —(ou YE 7))~ =y

Ve



Q) Jte

(?“' 3)?%)3“&“‘&"(“ \"' ‘é‘;’ubd)uwb‘}dr%s‘
$ip¥l A

. Opl Jga ¥
Opl dga 2 )¢ = deém&'ﬁ
oot e Ao
c’!ﬁt".f.‘.“‘d" dy 08 =k cl‘ Jse +5) "‘CJA Jye
‘)Jr‘ \;Y =d}‘ .)‘ +d‘,ﬁ ',v

Teo sk AY 1Y
SbYAA —=ddlles By YV X x

r(.‘ Yoo

\Yo



sl ! @had o gl &S )

Water movement

1 i
ITEEE]
H B

—

i
Fr
ad

o TIX
dddddddidid i 4 3
1111111 | 3 d d 4
i id 4
111111111111

iiiiiiii

fu_..:\l\g‘ig;ll\ é,‘.b"—\

o001 | B RPN | RO N[ P O [

o ¢ e LA Bml BVl G ol G5 e fuaidl o 20l ead Ja
3 Flaedt gl W oy Zaladl L3080 jalylally V) Jan fe slzuT Al
oan Je sz GO Pt slabudd dcadl b kI of L il cubYl
2y SN ¢ frictionless 0SS P ¢ JLIL AL olat
Sty il 5 gV 5l Gl el dab ¢ L B0 de | ki
28 Flodloda o (Lrdll) Lolzel 5 Lot 05y « (shear strenght), il
s Ll Sl gyl S ¢ ol bl Bl ik B sy
J Sl 5 s B3lll Dl Sl gy 81 slerY1 Juk
Laadl Plyd) 35 g BY5Y u.\L\.- & Slad¥l Clall Hlad & oA
Ol B g Ty G L) OV L B U1t o s 0,5
S &8 e 8 g5Vl statics Ol de Wusl s Slyme tads
Lo e SUA Ay L ool }\fc Q.a.l: FULI oL LM () =)
0555 JWI Gk ly Bmpinall L wie vy ¢ L 0,80 bl Oty Dl
Ou SLI g oae &y (O L SV CR I G NE N W w05 [ VSV R P WS
o Y DL e Tl 055 Ll e 06 1y ¢ Uest 0,80 Sl Tomsdeall
 Jidl Till

\XY



U
P
(L LLLELL (LLLLLLLL L LLL

S Ve / S

3 it 1 B Bl ol e Diltien i O lgte Omies O ) Pl 3 g iy () - 5
' i il

Sl o il de ) e Jladd gl el D) S fe Blis)

oday . Ll 3 SN dyglae Jo Clas OF gt 301 sy W@ 35 Gk
U Ul doiall dom o Loslize 30,85 Gl o0 dlins By ST 2uylal
Lobin 0,50 i &) ke (7,) ol a3 <huu\dgﬁ<ﬁww
LUl el dgr oy el by (% )apﬂn EP
gl ez Aol

_ du

T.\' =N ‘W

Y wutjugm 15 il LilhauVl ¥ IM Gl i
S e s 05 Bl € (Y =) JSA G nige |5 U a3
&M GVl wlandl e 2y 521 i Sale Lot 0,y (LW 3 nnn)
G G Uier £y s gl 220eal) Tk €1 iy 555700 045
ool 3 — 2L Ll 3T e Gllay 62 1A 511 I ¢ andl Lguin
ol s gl okl bl SUAVE e 340 05 LAY bWl 3
Oy Bl SV Tanly Tt 0T S En LI 25y e
L db oy yt suoze Bliau¥l Upzel 136 . 361 daglie Lawly dales
ey do Sud I Ll i Bl Bl i 0,5 SHY ki Caay
dl gsles O A5 (AP =P, — P, )0l & ¢ (APTy?) 0SS Byl
Padey Al il e (2nyL e ) e 58 G SIS Lyl
YA



>2‘iﬂ

——
SN O
St

_ A Y
5T L 2
_ ., du
o= —1 dy
ol kg
Craly paudedl Oladi gl (S I DU eda § ets WL 3LV
L}&J..A_é'c}aﬂl
du o AP Yy
dy L2
AP B y? )
u=0aty =R jludl fo GV5! domg¥ 04w 0,5 JolSI b O
*:L%(Cﬂ;_)k’b Iy
T4
_ AP 22
u(y) 4L (R" —y7)

e Gyl s JSII cdkh e dejpe 00T Aol O g Al oy
A de 0SSy =0t il ol Cas

AP R?

Umux - 4,7 L

Y4



By JSUL i 95 phie Vs Gl o o2 Ble 050 Q 2l

ol ._;__(base x height) O, Ll Ghatdl ol e ¢
ey (ij\llxs.mwi) (-\T)
Y _ APR'z
Q= 7 RUw= —g1

0L gy Sy poiseuille’s Low Jywsly 056 5! Dolac S5 Dbl oday
(ﬂ)&@ sy JS Jardlly SSUEY) o Line 0,8 Gl e s
- sV o a3l
PSS bl Ll el Lagie Lildy

2 2
G- APR® (R )VP
&L an

3 (A) O il 055 a Oy « Janddl 3 SUENH AP Ol o
Sgey Al ol Al D) Lol Sl T ity g1 Y
b a0, iy Gl otV G L 2 0L T 0,5 Lot
T Jine Wotie 3,85 I a3 Jyeir) 055 18" 0L oy W)
RUSFORTSIEY 5,4'@! Gl ¢ il G SUEY me Y Gl
(ans @ st o Yty ST 0 Al Gl 0B ¢ adey L okl Gl
o Y WA G plll b oy L1 3 S Gy o) G Sles
.@AJ: Oyl Ale e dny | Mgy

Darcy’slaw  gupls Oyl —¥

G Bl Ll Lindl CobW e i e Ble BN OF 161 Lo

S dane per Juol> (sl S Jdae O LSl K b s
sV 5 Cuad gardl il oo Sl OF L 2,3l W I Juail
Liall Ot e 36Ul Gl oda OB IS Gl Olud g O5S
0555 1Sy sloday ABlEe 0,S0Y & 1 Dlebns O 12Dy - (Jpsy Bslas Jlewisl

Ve



Toag 0,5 L ple I Gy Ul ey domiay it g (ol
Jg...‘h adey . «‘,J-» La e a3pden ub\r old u‘,& ‘?ﬂ sl dauly
e oA M e 055 plonall U1 g0l ol Ky ikt o
o dib e S Y da e dilse Pl den 055 Ldiey faddl
G ol Lo Caogr stiall pLull Doyl Bt 53036 ot 1Ay ¢ LW
N 3l pldl 3 dopdl e dib (le 0,5y o) 8 IO
¢ Pl By A Gl e bily ol B iy L33 SO
g pldly Ll ¢ pall el gl S Bt il

Caoy glsy o :,J:nr,‘_; Wikay $phe plas @ olll Gul8 and e
Syl a3 ALYl r.J-‘ sbul ¢ gl Jdas & a1 de gl BN
AV o gl ¢ SV LA dpas iy (¥ =) S g JEI gl
sl (gymn 39 ‘}a...ﬂ RURT NN TN Sl G\JL.J\ A B ‘}.4.4
S 4 e JM Vil rm\»\ oF ble u,iaQw,-nJ‘ Jdes O, I
H lelall &l @ eyl CJ.““ >lew & L.s)a S gy t JAJ S
yasll Ui oo 1Sy

Volumetric
cytindar Ho

My A,Cross-section

g0

Referanca level

Ciatlly 2BV sVt (3 Gt (r —) JSKE
\FA)



o 0SS cUaJ\ s daiall LA dsud 5 Aslzel & ) O
Oly ¢ @l gt dI i H, £l Hy ol il opd e ket lall
o LSy AH=H —Hj . 4 [ ometdl oole u O
be (gl ¢ (U Jatlally A3l &l (3 OVt Ol (3 SusY il
Gl ol Bl saomy JU bl Gt 3 SEVION . AH =0 OS5

sl 5o Ble 0SS Gy hydraulic gradient ( AH ) QW Y 0,5
L

I ;\l\r,.s‘-n\l:..:ll (‘%) _,J\ el Jdae ¢ AR
flux Ol 41 BTy Gl BUSS ke Glay Sy ¢ o) by JSUA aladll d-le
q el dauly padiy (04 A1) Gl e Sk uy M3 Jawndy density

REINERE Y Labze 0,55 0L A6 aley

- Q _ vV,
A T At L

P L) Aeeclly K LS ALVl Jian DU oda (3 Al Jolasy

q=-K ——

el Al ip ke gh) @ Oy Q}J éj\ Poladl oda

g Jo) ,"J)\’-OL}JJMMJ):J}|¢UjuaJJ|J¢M\(‘;.UI

,n.s oﬂ St Ol S L (V401 « Hubert y VAot « Darcy) Dijon &yus

LL;- umL:JY W Tt Oly B\2e e 4 AN o\,lwkob}ip)w

o . Wsen o,i:_ S0 ALYy Tt JUI a1 Sl iEieldl db e

& st DMy Lalldl Ll Ol datll O AN - ) gs,gb Ogld (ulma:.!\
D kol SYsldl

A ¢



ol 3 0S5 bl Lol I3 L Gidl O Opldl s o peady

Lasly QUM 0,0 sl il 3 Boad g 341 8,31 mn iy didaty

oYl ol 3y . (U &LV LB P Ll o dl fuols ar ol
L QY Sl deb STV AN Bl ¢yl

dH
_ _K
4= dx

Wl Gl Dok d Tl 05 Lol ¢ gols 056
SLall 0L Jame U3 3590 4 U1y Ohm’s law eyl g6 Lanias S
Fourier's law , ;. 05ly¢ (GU 4501 dgd! (31a4Y! CL,.L:;» 05595 QLS
35y 4(&;,\}\ SN ety ()l Jeosdl daas 2 ile g2 sdly)
a1 iz 085 ALY Jine o2 Bl 2 s ll) FricKs law .S3
LGSA!

@1 Opl 9 ¥

LVl G ledl Gz Lol oyl ST Jgndll 6L O ¢ gmls 050
A6 0,85 QU 0L A e S adasdl B3 0L Gandl S aludl
i o Blir dage OSN BAIBIIOl E Al Bl T OS5 ke
¢ 3Uby Ll 0 A1 05 Lk o> 056 s (1407 ¢ Hubbert) &l
(g Eon o 6t Bopmll FL Ol Sl e 35 s gl
O 55 an D3yl ) Byl 3 % b ¥ B AN b G Jrladt ol E
3 gl alae¥ SUIAEN G et slly o ) i ALl 0L H
o ST 05 QU ¢ gably o2t Jolt 3. (11478, Klute) 2Ll
oS ey ool Oply (Fliw b Ol b M oy Ly B B0y
i

\2Y



Ugoy oy de SV 55 Lada o Ll 0157131 16 0L 41 g5 52

dup

Bls Pt Re = : QL s Lot Je sty Reynolds number(Re)
A kdtd ¢ Gadl dew Juas AU O S Pl 2y X ¢ L
Crdll Gl Tlly Wy 3} b el ¢ il CobY ¢ plnal
gy o) Tt b Jb y&, YT =V o) Sbdll e OS5
IaS Aoyl &y dnsly RS LJL.A.A ey, VY Lg Al Shan e 6”
Oy A O LsluY! Y e 3,55 bl BL¥I 3 Lt W u,i; bakie
Ly ¢ ddsly By e Bl gy sl o»d,b&c.\m@m)l.u\ﬂ Cu"'d"
G5l e all Gl Syt ¢ 8 S pluldl ol 3 Aol ¢ Bl de s B0l 5
RIRVESE IR O ERS ) W AU i) gl J k] gludl 9.4&..4“
SAYI Gug L L (8 =) SIS asgle Ly (531 Bl @\ 6 i e

Flux

|

I

| -

’ | =
Darcys low I
o

|

|

)

1

|

|

!

Va“d/

Hydraulic gradient

Cddlh BB b gl 058 0K Gl Gl e ¢ gl 050 Gl (8 ~v) JSK2

QU LAY e 2ol Gl G bl ASTW AU el 096 e
SV S ¢ Bl QA 0L Wl e el ¢ Bl Ll (3 01
o J O (B Gl Jawe 01l b Gl SagY Sy Jul
oelaasVl 3 oL &4 dl L..Jo 9 +l1 O ya i3 1§ US| B RRPAN
o Y eSSy Pl Sl ellady @alaeWH Wl e &8 0SS Ly ()
Sl 8 Wl ool ad ey Sl by Calall W b et ol 055 Jilon

V£t



‘?JLUL\A’Y\ ad Tl G Slls A1 an "uful.'c Sy -
xe uu,i,, «s‘)" G .1..,1, w,.u u.s,‘}.u |,¢.o Wl o,s ut,,u
old 4....«..’ l‘J rﬁ) c\,ﬁ‘ Ce,.)\,h!l oda U,(J ¢ Mtﬁ s (0 —N J‘-‘)
YU Y 8 q;-)b Oyl (-M ol uﬂg ¢ Ladadl LUl e 08" LA

uJJ'l o0l Ghan Al

7 //

¥Y.eld Thresholé gradient
Hydeouhe gradient

Flux

“g._J,,.gl A s guls 0y il LISl Sl aght jlads & P B (0 ) S5
¥ 20

LS LU Zoedlly Janiall — 13U — ¢

yt, 05 (sl P, Jars o OS5 (F =) JSKAI aganll (3 Jo11 Sl

g ol e (fo O%hem oplly P (@bt Jiddlly P oS L) olll Jaid oo
c(-UaJ‘ o o N g ol 0SS @bt Jaadl O Gy ¢ O3
Coll U lae¥l e oSLIN W daks sy g SLee W e eds) oo S8
OB g0, O oy ¢ (£,8HP )OS Jsall 0Lk 3900 s oll) Janss
CHP, (Lilally ol Jaass elt o Jaaadll lia jlaet oS8 opt by 0

23 ssd v/ p

AL ¥-



BB Dt rs g)\.\&\llﬂ‘b PN ‘;‘\H EYOU [ T U X
H o3l 2ol bins S )Laa PP L RIPILIRP Qs:‘,..q!! Speadl Yl
o ol bl gl JVds il plisyl dasly Wpiss Ko 2ol 4 e
il A Gl sl sgee plipl danly Wpds &l B
H=H, + H, puotll per Jobs oo 5,50 S5 H 40 2l

Lo LS W el jlzel (ot @oganll G B 3 gupls 056 ety
P QU S (A e (H L Hy) gl il ot 9

. 13 Oyl
Fean RTCL
Hi=H‘p;+H9i
0=H +H
q=—K (H, +Hg,) (Hp0+Hg0)

L

BLA 5 Bke 05 G Z bl Jo eanar 3T L 23U T
Lo Lt el 0l 0 czy, x UMW SV P Layed!
L3y L dll ol WL 3 spedll S ke gl gaddl 08 (B Z= 0 (il
9ol LA 250r od it o la¥y ¢ B Dby Jarewy gt LhtE S
CL"" (e po 39S Sgur Speall e é,LJl CL..J| U daey Qb o 8
dabiza 0S5 (V) S 3 Ol O e L (1 =) S S
S Oly ¢Z (gaganll ppbl oy Ivdgs 0,8 spedll 3 G lgslish U
Ul 0054 43U Gy ¢« Y1 Rl (Lo Dvsge 0SS LW ity 4340
SOV 1Y) A pYE ae 0l3y (2= 0) @b sl dI A gzl e
A baass o,i, e Gy ol pdass il fe ba s a,s Ll il
0555 syeall T ke SLI ol dais K U idsy il L ylone un...u
Bl o 3] did Olals diog L sgaall b (31 & sloun 045 31 iy 1o
Lilally LUl dsutdl O35 ‘Sjl C.JJ Jroli ey shoy lanall &2 ¢ el
bie Sug J doldl Bl 0SS edng ¢ spaall b Lo (% e (W
.
Ven



2=4 y - ——
e S
Mydrouiic heod -
. ialiell
E -
- il B
) < -= -
3 Sl
x ——
. / —_—— =
————— S
o ed _/:_;/_
7.0 N ] 0 i o

Heod (H) Het -

Oatadt e sl 3 ypalt Dogelt dbes VI G LIS MYy D3 ¢ Bl Ol i (V) Jse

L sganll b e TuS 00y ¢ sgaall dgb o Uglaze 00V #ll) e O
) Tl il 8y Jainl] JAGH OSB3y ¢ 3genll o Ll i) il
i JS e ¢ JeVI 2 3 g s UB ¢ (ABY) sae N addl 3 Sz 1)
O e e AUl Led § @aledt AUt JIadl 0 oSl Jandll jludl
ety + (A1) Jadl Gl Bylie Il oy a3l 15 005 Llall At e el
055 LIS LI Ty ¢ Y1 WPUs] g8 g STl o, laEYE e
Gl Lottt agadll Jly 1 b 1 (2mall gV 3 Bonpe |87 20
Bt T Al g Lmgs s 00 23U g apadl 8 i ol
355 O gt SV @ o Sa A el plau O Dape 0,5y U Jaiss
Joe oot Bl e 1 Bl OF sy O oS L LU dstlly ¢ L
28 A0S Laiey ) AW (S (B9 Sag OV (K6 sl dannall L
L ol 3 ey g B 0n CE Gl A

(L340l Sw‘il J) @l Gl —o

CE sl gaie o,i: ool ot ey Lt bgas gl (V=) JSKI
u,u\ OB e Sl Gy e yom 05 Jidt plandly (Hy) &b
Lgb Ol A Sl Lo A (L) dybases M Jadidl Gl O3t e iz

eV



&H

L Soil
7

Anlly Bageall sdasYl () JinWt £ ol i (V) K2

om el 8 Ble 0SS Gy AW dmtll W) Bme gt ¢ gub> Oy
LA sgee JI (oly ) Gl S L) WU L oAUy

H =H +L JH Gt e Llaol
Hy=0+0 o Gl ke B3 Eout
—.u‘.. R . e
H=H -H,=H, +1L d‘:‘» MTJL.Q)::-Y‘
3 AH o H +L Gt oda (3 ouyls Pslae
a=-K === KC—_ :
— Hl
q=K T ¢ K

Baas W sl oy ABRYI Jibhe i)ty ¢ ABY1 U e DU n Eile Ly
OIS 13y L U Joayd! inid Qlaly Baike 0,3y LaYH Bes W) (a 28T Bp3gadll
Gl dillan 0,5G oy ¢RI BIGMYY (ly DU A6 St () ol Gos
it Yl A1 g g B s 0SS dardll adt Ol )
dety akiE oIl 0 OY M3y Dogenll s das Yl (§ Bty By dad U 43U

VLA



Y Sl 055 silly JeW) o8 Gl Bl asd £ (Y e V1Y
D U Yl (L3 agr SV

A st e A Lol
H =H, +0 e Gt e 33
H =0+1L @\5&&5.\2’\.\.‘&@“\“‘
o S .
AH=H, -H,=H, +L W ottt g MY
_ o H-L __ H 055 gos Bolad aley
Q=K . — K- -K

AH
1=K 7—

LS sl 3 Pt -3

b Ulaly Sy e 95 (Oeate Onib 4y B 2 LA 39ee 5y
o o @A Ay (V) o (2 Il i OF S8 ey (il S ol
Gl s (H) ¢ Jshl et o 230 ot oa (H) ¢ Gl 390 (V)
I Ol A6 Cull Gudl b ¢y S L) LU Dl o (H) ¢ sl
$ale O e Spiadall A
H -H

q=K, = H, -H,) T ) = K, (Hz;H;)
, 1 :

¢ Mt Lo Ly Y Gl Slery laWt AL, ¢ Ly ¢ K, K OV S
W Je & > T o
&Mww‘ww)\ﬂ‘ iylis JULM sy

L .
H=H._.q 1
2 1 Ki-
L
4g—=H, - H,
J‘icﬂﬂh&,
L L
qQq=—2—-=H ~q—2— ~-H
K, ! K, 3
q = Hl"'H'g
2 1

\¢4



ade Gllay (W DlaVu Jtan Dobll oda (§ plal
L
(Rs = Y) Ll Ul St dus O (il Zylaly

ey cimbos By JSU (Llaosdl) Wb W dolill ale Gl
AH
Rs, + Rs,
Jﬁf Rs, ¢ Rs; ¢ ‘J»'-LU\ cUaJ\,.o LW Lol uph‘\ J.‘.i AH Yl &t
LYY Db oda 0,5 LI e sl LW Gl e JST WLV Leglal
S e Ay 1 Zaglall B 2l gt 09U JolSe ks it 3 ST

q =

(G Dl G — 1 -

Sl LA ple Gllay Bl 0L A BESTO6 (Gl U S il |
olé.-‘ Jﬁ —\.A‘R:.‘) (,5”1'“ &.a‘ P 5u\>~) dﬁ”')\u Al r» oF 3_)L.F ‘;A
G o By JSI b sy a0 Sl 0SSy € a5 By JST (B!
LAY Dstalh (3 57t plad
\i L?

= = ES -1
q ~ S = LT

W § Gl B s OF oty el Slad ol slay¥l oy

Ly Al dompy Ao 0SS BN 3 gd) udl T Yaldly o
i Yz gl IS5 3 Bl cdm o By M dloge 5SS s Al fl...u
Sy uﬁcﬂ G Doy ¢ (OB S ) b.)u«obﬂ_)‘jﬂ..ﬂ 8 o SH
O Lae el Jung W Sl JuaiVl e oSYy ¢ PLIN Goud o)l Gt B SN
pda oo b O o (A) JI pladll il Jo uatin S gt
(G bgrie dalell el 0S5y U Aasly B39t O Sl
O ot JUB) Gk el Jand A o st 0555 i Ll OF oy
iy 2300 3ges U 0 81 055 ) Gl sty (@ DU o 51 0T

\o.



L SV G oS8 ¥l e oy (A=) JK StV iy
0SS (gl ally @Al udl o JI (gl ) G bl i Jins
LA poor ol I3 Gl sl s 02 (duall Dol LSl Bluad) Ll
R URUWHUE BORD RS VR S SLERE) INR G et s b
OVl b 5 Koy (V) o ST Ul 0SSy ol Ll dygnadll
Cas gy OBV Gy xS Ko s 0 sV Jeley () 2

NGB

LA SISk all Ol (A YK

Tpedly — 3520 — LW LJLay -A

B Sk ga gh ¢ I HIAEYY B 5t gy il e Sy A3 ALY
by o Bl sl O Uy ¢ (A=) S ZW Tl 51Nl il
- OY Gl skl e s BW ALY b (-8 ) o By IS g

0SS ";Jb(—és—)z;m Lol L1 O L Sltomgl 0 33,8 LW Louth sl
sl S Gy il or B2 ST Lk Jall I b B g ke
131 450 dgar ey (-0 £) P G I Ol ks 35 L PVt
O i AL Ella¥b «Jglll e Jaiedll OBty 4 Lyme U NI 0
Sy il il phtsntanl & yaamy B oy (oo 87 ) 2V I
QA BLSH ol sll Sy datll QA Gy Bl b Dele §ypem T

Bl Al e 05 LT Al oo teledl LLy¥B ¢ (dbally 3,31

(o
- ' /r . -
VO s e Sk O s CE Dy 8

—



etV ) Al QA @ TV T ) 94 e ol
cdedll Q8 @t/

Sondy soil

{a)

Flux

Cloyey soi!

Hydroulic grodient  (AH;p x)

AW Eod Jladly Gt oy Laslt BN (4= YK

053y Dl o kb D30 sy 35k dovdly dypear 5SS AU LV
BUSH Oy 8 dogu Ml Al o dmaandll 5 &l cdalldl QN 3 3pS
pldl e o Lol oS0 b LISH Zaldt fo s DLa¥6 b LW
Ul u‘,ii O 55 Gaulgll gLl 13 Lol g (& guadt N 2 Iy dlagld
Al LS bl O o2y 221 f\...u O bl WAL Gl LS U
Slyd HU1 Ly LoVl Oludll Gy L dle I O U‘J’{‘ Ll 5 Lol
ol Jo idazan (OL A O3 ‘, 510 Jyidl (§ arlsme 0SS S !
iaS i el oy S Shadl oda Ol LW 1ddy 0L 41 Sldas Oy Joy
3G bke 1) Wl haaall Eaud SIS L iy Jaalll Zoud CST1H
Gl & 3 Jbiy By 0S5 g 84S gl OB (Al o LA
VLS Sl Cadesd Gy SU3y &L 3 Y ] ‘.L.J. sl YLy
):a-“ Oly ¢a Al (3 ik g sllidiy bodie i L) AILay¥B ¢ domylyldly 434 .40
SR MG Nl diy bke g cudall GVt Dbl OAS 3 Sus

VoX



S Gy U ALY O OS¢ e Jo¥ 4 Jole e SN o Liliee
_,3"""1’ h.be ‘FJ”\.QV\I( y(.ﬂ.‘,fj Olad & Ja asll WlaVi cdele 3y4ea

Sp QI g2y eday ciall u\,,.,\gn symy danly 35k 05 Sl Gl 3l
T ———

ru‘ Ol; ﬁ’ pad \, U"U‘ c o.l....u) Whss ,_,)LS! 1 E)

u\_,“ N u.al,d\ fd ‘1\» .U.b MJ.H b)ﬂaﬂ-“ "JAA“ 5...&:“ 4
(V= 1) JSKE 3 Ay \;cut; G Wyl olelid) Of Lo

Sl Ob A AL Zeldt Blel (Ve =) JSS

e gy 51 G 51 2131 bl ol Ol o Ly B s S0
23 AlaN 0L B3 D0LaWl e 5 adey LW DU oo (3 15 L)
:,,m Slivs o Wl g &3y Wty 1 Jo Bpaths Lo Connd (o2
;W Al L v ‘5.“ LAl jatlar OF Lo (e Sl Y
i 4l fL..l ‘?"\'M Jﬁ.ﬂ, Slel W ch..U > s ¢ IS 2l
OVl Lan dy cemly JLIL BT 0SS B0 YW e B30 BLl
rosele I QU Al b S Jod! Gl

(K) & intrinsic permeability {441 455431 —\

() fluidity Bl L3580 —
43,406 ¢ (/ f,«:) g LB la¥ 8 s bakisg (K =kf) o

05.,41 Of LS "y o.\’-‘,a JL.J\ ~>)m_,( rn 0.\>}v \‘-FJ\N ~,.U Z.i.iJ-\
f=—;g—k=_ Lol co;}!chwL—AuﬁJLJl
Pg

\oy

-~
Zi )

//57"”"’



it 0SS BUS caalaeWt Pleudl b 61 e Doldl oda gds O S
Jladl by cTmglt 3 LW bl o WG O Pl 348 iy b8
okl Jardll S s 05 WIS ool il B o dlosndll

eV Ol OF ol

gy (s lly Sl G jtae 43,001 - Masl phbinzal OI87 G5

oVl 3 Cassaal AUy Yl Slidadl § W WLV JI
ol 1y oW 2ald) Plyudly ol JaS Zaldl DLl Causg) o5
O gbs L (B dib by sluby (S oW L34 plasiand
A(K) W jayy intrinsic Lokl 435001 Jro N A Slisall Ll plutinzal
Oy il ¢ PLIL OlSe & AR FSU 43,8 O LamDu sy
A JSmy planel) dewtidl JISCEMy alidt Sy 35,2 dios ddd &3l

ol by Pladl Calive ar 43000 o okt ) Lol pluaYl Yy
Wla¥i 431 S e sl 215 Juakt 30 rlins b ¢ (St gl shobl
LA ol e IS 55 i 5l atlas 1 Lhais Leds Balel SSY 42U

Joo 2k Wil OS5 (K=kE) 5 Bslally

Placsl (ol JSCA1 o 3yl ¢ ALY B3k ~4

13 0S5 Cgon e ¢ dpaldl ol 231 5081 Slanall o &30 &35 0) g

pldl JSCBY Gkl &1 i) Cymn ol 5h Bl G e ALl () B
QL ) o el oLl e i ¢ Rl ) Gt
L daglall faall Goladl f U Ziladll allall OLESTY Gpe SYle by
oda 1 gl 05 iy ¢ duabudly L300t Gy BRS SULY e 3 Jal) 0,55

Vot



Ly bVl 0 adey ¢ (3Ll Lu,w o)\.m o) (s (g5 p8 gl
Sl S IS (S il cpp g G dine B
G 4l OGS Laloon 93y 830a20 Slls 50 G Jandlh &B3Yy ¢ oyl
U PERRUR IRV IR Pl e i ST FARCAW
Jo ¢ GO e i L3 9all i BWH aleY Bbde oVsle Cy ol L84l
Sty . (el ae Jodl ey Slaanlly JEAN daa S AC; S 0
0SS (M B Ll SMaglh dm ot dawely il B! petsd SNyl
basleel 08y b 352 A CUA TEN UK TR TIPS -1 738 Q‘YAL\U 5 g
Hyld Gloczal Hla O |3 glas O S& Waegd My ¢ Ly ol il e
Parallel ¢ ;0 JS eedS ol ¢(V40Y ¢ Scheidegger)ipaldl bloi
Slwh Al o] Covyl dale 3y40) . branching serial ¢ str‘aight capillaric
AV ool 081 iy ¢ Lalizie 8 LS 0555 Galae W Laludl 13 BLg¥t Ok
S Bl Sl st Blas V1 a1 esburly Lot Byl ‘b
GBS Al a Laldl Dl Luddl jalasdl ae 2341 S g
Al o azus J(14r4 ¢ Carman) }3 o0 38} Lo (Kozeny theory)
Syl ae bii el (oiE il e dhsy ¢ (Shadl bl G
A G el B bae Ll bl 0S5 Gy LsluY
Tolwe L Lo Ll 15 du dF et o Ll e e 05 Sl
o — B e S WY Dol Lt Y opld) ol dadll
.(Kozeny— Carman)

B £
T Ca*(l -T1)

¢ Gladll J{.ﬂl Jole oot ce pLl el gﬁ)‘.ﬂc‘p..}\a‘}:f S
Sl Caai @15y G0 SN slan &Ll 0dd aamgll sVl LS Lollt f
Ll O S ga2dl Gl Jo ol by ey} J255 05 (Sl
- @9 pladly Lalll &b fog a2l

Yoo



A gy el =

B o i Ly b B0 I3 WG 0055 Gy (Ldpll) A Lal
¢ Bty LU LW S35 ¢ dusbnze 2 o Uiy ST 5 5,2y
iy gluze (g1 iSOtropY e oy g Yuolyst (§ iutmge 09SS4 06 ¢ SUIEV! avas
SWIEYE Odlastl, WLl Gl batie b L WY s () pualluast J
I g ¢ (agaadl YLVl oo Ji1 o) 451 05 Ly 4BV LVl Je)
Lilote 0S5 165 400 anisotropy s Wuatluas ¢ &glucs s ple Slley
Bior e 05 Ly LW UlaVl fume SV (3 . lguatbast (3 Dylue by
G3pi o) b L cualt Jat i o O M o8 Jo ol A o sy
$o\s g Ol . V400 ¢ Maasland and Kirkham |3 op 7o ]
ey iges 5 ¢ Lide ¢ iflive 0SS Ly I LA sl Ude 3gm atiuaidl

Y d e S ) Gl plll il Sl PD

el A 20 Ladt A~ 1)

(1470 ¢ Klute) J3 o e Cannys S5 pzdt § 230 DLVl U G0
J Wld Oy < (1470 Boersma 5 14« ¢ Talsma) 3 oo Cunps Loy
LY =) (VY =) JSKE G dsge bl

Constant level reservoir

-4
L
. - T.

80 ol agamy ) A apas Jiatly Snntll I SV LU (VY Y SRS

\Y-2



Ky, Hy ¢ vaiues of f—
hydraulic head at
times 1, t,, respectivety.

Gt o0 3g0my il 2N Spes el dartll ASU AN L5 (VYY) SO

o b oty Sy 3y daidl 3081 - $A O oSk Sluaadl eda Je
il 3l Ca)a’\ C"" oo\l el J il 2 oA Al O A Al
Qb 3G 0L A Sl dst g I N gy ¢ Jadl o
.u,c(Plezometer)J;b..M bluae &b dauly St 2 LA ol
Tyl etV 2o (318" Gyt sl (e G LAY o LS O
Al LY r sl s oy

« ol Q wu‘ S sl V’-y akd J‘L\ S’ Ul d\.‘aw J.Lo ‘,JL o

G sl (g CE B AL W)

Auger — hole method i)l <& & b =i
Piezometer method iyl blavie & b —

\ov



Gyt sl g 3 DU AL U..u —y

Double— tube method ixysill ¥ & b ~

Shallow — well pump in Permeameter ol HUW £V W5 42 b -0
, Permeameter slall 43 b — >

e LW Bl L KY il I Bl 3 QoY Gl ks Sk
25 B S Gl Wl B b G ol st L G (g
Cv Jaladl udb dy,ﬂ Gk Ol s 5akl syl 0l oy el ¢ 2l
ol 5l o olll Comany 23 L Gt ol (s no B 3 (s
B oy ¢ Byadl (3 W s ij Jdae wliy ( oA ¢l gl I
G el (Ggemn dutan OY &3y L U YLV s oS8 oW (Giame (3 !
G ol Gy G B Bjan o Lol Hladl uds Sy < OY A Jime iy
T AP I R

.,.,L\ A Ol P e ciid Pyl Blads T ) dptlly W
A..,LU Yl 8 & mjwl sin 3. okl Gl e Jadt LU e 2l
Laladl 3a 3 u.u,,t Al s @y Thad) 12 5t 31U Jps 5o b o#
Ul (Gytme Jgumy Ay QBJ\ s G b e Ol e sl Conny Sl W
ST  lans o 3oL oy ¢ ot ol (gt r Il

Al (ggime b Jid @ WU Y ol Jorns Gl (oY1 Tl

L) L‘,..wua\l.\» Bt JI oW Ol ¢ Y1 23 PRI PR
Loy B Jams Sals QJ*, Gyl nbY) B b (e B e 43 on
S syltadl iyt iy d LW DL el U Gl B g0
& WJJ‘J\ Y& :UJL.J, ‘ ok o-p).\ wb\“ Cay Wy ¢ s
bVl sl o :y-,ll dUaJ‘i C.....» Oled |87 L..b sl gyt Jar Bleln
s 28y g S oV (o) (gt o iy U0 LY L

u_,»)u <l (S Pt @)ﬂ«“ ‘}.’w CL"“‘J ey ¢ Q’-)l,..&\ u_,.dyi “3 LJU A

VoA



Ly Lo OIS alidly Jor il g1 ol (ggtme oty I3 ay JIH
J sl gy O JamN cd,-\.\ﬂ N I U 1Y MLA 5 ._,u‘,Jl LAyl
(St ‘Ij .L,.M Joas Jorems “}»LU\ ¥ & lul....p & (,S"J""“ |
A U el Sl Glast Jo o bl Ty ¢ JEIY iy UL
L BV s S ey i)

A (gtams ol (§ Ll putiniash Tonadll LY 1 oll) e 3l el L
PRI I URVI VPSS REVRRR T A8 PP 1 X Wy [ P . (3o
.w,.;w.m Py ol Grme o Bl tm,;ym.;,ﬁ»g
9! Ol e sl gd

ek ¢l B g o Ly ptsedl S das

Ll ol o)l O ) Jdee o5 o izss BLall & b W 450 ddLaY)
W Jdas ol L ol (gt F Wbty Blslan¥l Jits ol 3o <3t J
b § Logenlt U WYLVl Wl Sk bdw ¢ Lol Blglau¥I 1 1t
(A2 obin) fagetedl Hlasly aald S5 (sl Syl 06 23 Jarndll B ns

&l S Yol -1\ Y

0SS ke Gy 1l Bl 0L A Lles Caod utru,ﬁ ws; HH
i JS e dVly dgdb ¢ adey . Joadl fu,.n dib e Uslzy 1l g
S Yl aghl s e S il b OLAY L ot M b d.,
oty ¢ S Lk 09l e llay JHly LLSH il I by ¢ ol e

s (- 35 pis 3y GBI (S ¢ O A Al e iyl oda u~1~ *-45
0Pl L Calbs Juag, a5y DU Jists b Soas Jly 4301 e 1caSan
Sl Jdas OV &1 e a5 G Dolaza ¥l Bolag ae ey AN Sai
B35 0% il oo OB ¢ dmg 2t Jitme 0 1S 2l puatall oo J1 J
9SS bk Juag ol3 S8 ‘ju\ Syl ad by ﬁ oM Sl sl g
B leeVl 3 sty L (Ja OB ¢ R AT bt oL e

AL



oAl ol (3 sl e O, (gx) OB ¢ asly ol (3 0L A Eanadl dadl
‘,,.’,.JA Syl @ Oladdl Jams (golay OV C X ypnaligx 5 350 JI Jaad ¢ (x)
®) o I (0)

00 dgx
ot ox
LY el (S O ) ol SV 3 s Sy
—@g— =-V.q
ot

Q= kvVH & S O Gl O ool 056 JI adl ey

- Uslall odn Jaa Ly DU Sl R e
oda ool (4 =V.KVH ub}-l Dol Jo Juad & eVl dolae
Salws Y b o ub ub}\ Gl It Tazame 0955 S0 0L BB ¢ Dbl
ol ¢ olodt Loyl A S Y Aoyl 51 23U SOH il 5 allsy 35130

0 0 oH .‘..b-boL.él ’;mw'(ﬂ
a - ax(k ax) & ¢

iU Ty (H) Jaad)) iimd 31 gl 8olel oS 2301 Lot O) apnny

_Zf_=div[k(VHp+Vz) WS S8 (bl sl G (gl

co . cH . . )
Etzd“'k( ox ) ﬁk)(Vz:o)&\l\u\i}-\dl’.w

ieﬂ—d‘/[k<—€:}i&+l (Vz=1) Al OLH Db G @
ct iz o,

Bl il LYl ¢ ( @ 0) byl b Sl 06 il O 3
oWl aley ¢ b O O JoAsle

1.



CJ)JL oL (1»....?.1\ l_JLa.ﬁ\l\) 3.«.,21\ uj.U Z:SUJ 1.:5[.45\]\ guKs ol o
anisotropy Sliuall (5slud pute Lisy Sldl &W (3 oL
9°’H o°H

2
K +K oH
* oX? vy TR =0

&Y (ol B iy U 3 BV e U Gtll Dolee Ll 3y
Wil e b Bl 3 ¢ Dbl aglo (39 b L (559 0all o4 Lme Ul
28 2 Dl ) sty S agadd b e s it ¢ Bl O3y Ll
ol JHIOL A dane 51 ¢ pglan Jans U S gt A0 ol e ¢ 3300
IN Bpateme 0SS O gt Jarndl By Bl SV IS 3 ST ¢ (T yme
25 Oieen 18 OUsSS ) U (st LU TLaYB ¢ 2ab 3l . el
Sals e o ¢ T 3 OLA Polad ¢ st Slaladl 39>
J= (1 414 Phillips 5 V4NA < Oyl Bear) 3 0 Sl BB ailaddl
JSor il b 0l A Bl By ¢ (graally daadll Llaug¥i 3 0L 4 s
b i M I Glay gal> 0y S Dy By sl CLall 30
Sl a Al eda ol Ly et Oblaally 230 5l SBLA L e Y Ol
.(V43A < Rosenthal , Smiles) }3

3\ LA s



Ii

St haddt
Al ! ks w ! b g gl 2

..............................

=

S gyl ol Sylay Jab1 3 41 el O Bl S Glane
CE Gl Adand 1 L dntll i Oy Sl CF OS5 ke Sud L ol
652 (3 Ol Sl s LS ooy} dinnsy Buinn 0SS antll b iy
Skl jand Baall S Ll Sl ada ey Gl SN &30 Ll
OF L (Gl ides dauly 5 Wy G AU AlaVly Comadly JUI (g
8L e Gl il JI bl U all 2 0 A 57U 2ot JyU
Coyplas Gl addy ¢ (e3anl SLS ol Geasudl ddas fo Az S ¢ Sl
28 OU A sl oy L JSTLAL 0da e ey Al 2B ORI ey
el dle g eVl bl auly s Sy Lugll mslll e all
Cddadly & B LUl e 4y s Sl O3y

& U e atll b Ol Bl

Ot e 2l I 843 T O LA B W OL 2 O sl s
0585 (331) Ol At Jidmey ¢ Agdl Ol ol 3 UG sl (g lly dgdt lud!
Ukt Gy pldl Ol bt bl desly Sl s dgd! Slad] e Lskizs
O A Sus

R R S UNYE S NP PR WK G SO - I B P ]
Md 8Vl ¢ o gl (g 40 oo J1 Lomn 0K Gt e Q1 ol
ey +Ul Bl L3580 Jatlasd] Gb LA GAL 4l 0K Gl
et el 03 0S5 Ul Bl o a1 (355 ¢l Zalidly & 1 35065

\ax




Sladl o GUSy ¢ e 3 sladdl ad 0 sl Bl B e HAL Lot
Bluy ¢ LSy Ul il 6 055 @l Gl Mﬂ.}\ b 0 g
5 b3 0L U1 Zbll Cond) 35 13 O e O 2l J.; A gl
dpadl 06 ¢ BYV spanll dpbo b AN Comadl 355 05 ey L AW e
Oly L1 5IAL] Vel sy ) 32 348 s 0SSy ol B> 3 05
Ol oS8y ool 38 oles Sl gl (Raze) ol Zilaay segle 35 el

N QYIS Gl dmys o IS 0 Al (3 (e G 0L A Sus

Al Jgots Bl ¢ IMY) derr Bl e 5,080,535 3,d0 Ol LD

OV 586 ol 358 ) Bladl a8y ¢ () —V) JKE WY BUH 4 )
Cddl 3 e xS ISR 5 eda 05Ky ¢ L1 o fezie JSI OLL e 0K
A2 Ob Vgt 00 Al Jlg G odelall L1 LI ST L bt O
MY O 4 W air entery (,:5 oY =050 0SS I Viags ae Jladl
boinb ¢ LU ALV o aznn 055wl 0L Ay well b O A Gy dagll
LU YLVl 0,85 iidy dryay el sele 0)SG oL oo e 401 0SS
oan OV ) At b 401 i Loy Aol e QAL e Blas s Al
i sk e Al s Ja 2t LAV ahade e Lol by clydly Bagle el

Distance

Gl Sk Gl e Oyl 4 L o B Alally w2 der 3 Dby Sl () V) S
el

AR}



¢ adlay) 281 0SS S eSI pldl 2 Yol f5 G & WY Ll ¢ oot
ALY 3155 ) B3lel oo adey ¢ Jab Spnaall oLl § i oW 175
4l Aol Ol ¢ dlaze 33 ¢ M\Mlub A SN
IV Gy sl o Bpenen by ek Gy S5tz FBAl e b Lo
2l s C~J| Loy ¢ e Ylal b .S Slrendl Slabaws il
O A e JEYB ¢ Ol odb L 0Lkt dF Sleandl Ao e JLdt oL A
ek a3l Ly (Tl 2 ASLa W) d s AU any ot 2 Y 2l
"“.)"“"(C‘“‘““Wu‘ \..... b Joas DY Jam) Olpe s
ULV « QLU S uph&\)\ NRALF a:\.l_).\..a J\a VA i o ol g
u_,..b- Jb g3y @ ¢ ARl @ oyt 05 e S &bl 085 Ly 43U
Lo Jicty Stinsy 58 plaos U gll QU1 plins ¢ ol ey L OL A

L}Q‘ r.,.s\-l d) L \,.5

l.c) cdb- 5 Caakll OV J\.ﬂ ey sl Jos AJJJ.“ At L
T canS cL,.l\ oy ol ol S .@\,; oA G LU @
Lf)wdwt}&d@w‘Jloy”b»b.\&Myﬁc@,&ﬂ
lPL.«v‘ ‘,Ja.u 3 prall cL.JJ Ay O LU A o o Wt Ala™ QL.L.,\
l.&).b Laits¥ LU Ul Vb ey A2l 35 B35 L o> Aayn &L 3

condl B mid A pally SO Ll S QA el e ST 0SS L

oL Al Syuo fql.- ULy Soligyh r.\n.v dnde i 0SS Jad (3 a0 O
b sy ol Lidy &)\uﬂ\éww\ A 3 bl dej 82 pak g
Ul S G Ly OL AL Time 0555 ¢ Leeldl Towadhl 13 G e (3 Joft
pLll Jrad o) LU A2l 5 Lgmn By Jult G oWV o815 0 5> o) b
Joll 8831

e



bl (W) Condt 85 LIl B - Y

i Joo ¢ Al 85 OF Ub Juast O A Oly dnndan e 401 O o100 e

Ob Ay JoHh O A Gy Al G Guy ¢ (Y —V) S 3 g O A
i i Ko Dol Gypay . oS Ll S Jakd) Aol B2l 3 G5 gy
Sl ke WhcilaVly Cb e I ek Jeatt A1 2300 dyb (Je Al
4d ol3gy B 0SS 0L A Bhand U 2358 Gl NS G A Bl
g3 a2 db Je A1 35 55 me LU DLV Ola Lo L2l 3 Jlad
G 2 b sl dib eVl oy L oMl JSI (3 iedye S
Lol GoldY LS Ll dalyy @m\ﬁ_,a:‘)g.u&.w:u ¢ gl ol

EH . . - AH \

Gl s (639,80 g ¢ B ALV e Jpeaml (——) BLA U

R o ksl iaad uuw(.um(}m.; i ludY ey,

uwuu s 0555 (Y - V)J.(..J‘ spaall O o051 gt Bslall

Lot Jaad 1y (K = g2 AH dL.-) JSSLAN 23,8 Uyl ddar o5
NP-CJEYOV [ RUNF RV 3 R ¥ I

Porous plote * ax "i /Porous ptate

l_. AN RN —
f,.——.—-:—::-‘::- T \SOH—\V ey
- =i N\ \TE:‘_[— ‘1 \
- ~"i‘|
u Hz -
. ! . Constant
| i ? - T T Bie tevel
- &i reservoir
C . i
B i i v
e — - - — I
~-§«——Volumeh~i; seatnine

SR Sl G Ey LaY s ek 0L (Y -y U8

AR



A2l 55 b C¥al Al 35 bl Gl B B U TN Jud
A V) SR dusge 055 Sl e el oda 8 Dzl ¢ 2k
Yla¥i of oy W e Lsbize 0 @l 0L A Bl 3 Gl Of oy
a5y c Al 5 ladly Gl e I8 i GBI e 24U 0SS AU
idezee b 0,59 YAl 2 Loy AW YUY ¢ dnntdl G0 3L At 39 Jane
RSO R U VPSP 2

Flux (q)

Suction gradizat AH/AX

28 A G At dias o dkezald DU Dla¥) 3l ol MV e Gl B3 (Y -Y) Js
a2l

G iy R Tl 15 LA 21 35 o YlaV sl el il
o STl L (KDl Gl anctll Bl bV 01 o2y ¢ (8 —V) JS2
Goryly Ltyli il 00 Gl Aalll 8 ASUV ALV ¢ (Ksp) Akl A
3Lz oS5 Jpnill 55306 Bslan stV b pls Uogh peenaly 281 55 3L 5 po ST
SVoler Slag ¢ BN patlast el (o Bl dntll b MW Jay) ke
ds S @b(‘\\‘w‘Gardnen:)’i:z,Z

Y



Sandy sorl

Cloyey soil )

Hydroulic conductivity

Suction

(M oL CE) Ulus s 5 i A oo DU WLV BN (8 -Y) J

K = af"
K = K W%

).F) CMM' 4’-_)} (5‘ i K 4 L'»,‘j .‘U.' LJLAJY‘ ol g..-..:»-

l//‘d)‘-'-ﬂ‘)gw chaykwvs;;ly@‘m(.c(b‘a‘(u
N

( K= TKs)ux& 0SS ,;Ji,@.u;'-: P Lok A Vo ¢ anddl B e

dstall O r;)) uUl, J)\H olali 4 2est th\fl cu.Lél SNYolall aliay

A



A L B e P () LB Joi Calan Iyl S ol o5 O L
JSJ@\:J!;,;A.\F;meQ,, Cadal O 3 RS (8) Jeas by Aol
i ) Gl Dslas

oF A (@ Al G AL sl e dazs Al B8 WLl G
o AST sl gy B D06 ¢ duall atdl 35 e 05 &3 3 oy Caniond)
ides dhuly 35k o) ks ¢ QW (gl sl ULVl G 1idy 231 4 30
DU DVl e JS BN 3 LW 5dll L8y ¢l LB Dloyo JI il
097l Gardner) 1S ) (V) 0SS OV o5& (k=af™ ) s g el
14y

5Bl Wla¥l Juy s Obdbae Casbanl Spdl Lan

Gule 3ypm 0SS Gy ¢ dnthl b DU e dantld BT 3 500 23U LY

oda fo GalY aede pb 045 O A O oy 1 allly Doy ¢ 45906 48
e O A Dl g Vsl fiage e (lae e DU

il b Ol ) delalt SNlY ¥

Ay ¢ atll Ob A B @ il S8 > 056 OF G & L3
o ¢ gl g oM Ul ¢ (VAY') ¢ Richards) 3 o 0581 b pusi
o g, sechot feed A s Tomtd BSOS S O o]
P Dolaall 2L N Gudly (K = K (y): Jie)

q=—K(y)VH
sy A 398 o IS e Uy (I S Tl jladl 26 VH O OV
Lo Pslall oda 23 d1 (V40  Miller y Miller) o JS7 L1 ad | 4300
Ut Jadll ol L olly B3 atlasty Gl Ao Lkl 3 Y
odl ST ZEY Dalall sl i 50 b o8 L2f SeOleV an (3 Calsdl
Sl . (ot Ol 5l 8303 Wlee Ty dpie A2 355 b 0S5 I

14



iae 055 oMl Dbl OF o cCadandly Cb Bl e S denidld
353N Sl Liliae A2l agd B LW DV 0,5 Lk ¢ Gudadll
et By b el Qub ) gl W LA B3 fadll M 2y
e K g e pale e Al Obmys UV Calsadlidas dauly JWKWs)or K(0)
Lol Uil K8 dnntdl b Gl ulys Opli adey ¢ Aol bLNI (3 Y
' LW Bl
q=—K(0)VH

Sl e 0L A Oludt @ sl P LWl LA Bslee Lo Jpvandly
e dezs OF S 0L A Sllens ch.....“ Ob A1 e Sai ( Transient flow)
L8 el sl

——=-V.q
“ P Bl G llale g A Ly
z:’: V.[K(y)VH] 2055 Uslalls

K- Head
0555 i) Jardll Emd per ol o sile 0SS B 2l O ST
S (Z Logeall BLAL o suacdly Qldt Gy (Al 35 Dot ol Al
YW= ¥\<3+ V\? s S

a? =V.[K(y)V(Yy+2)]=V.(KVy)+ K

00 0 Or 0 0 0 0 0
Bk () ) () 2
ot 0X 0x oy ay 0z 0z 0z

VW



)

¢ (Lo LW dnadly G0V dp sy 55all Lol oo Ji6 Ol
Lo g DA L) Lal Y Sllally i g5les V2 BYTOL A g
e g vy gl Al U AL DHlas Az JLA

0
%fzv.[lmt//)w/]

P Yl ol AV B L
0 0 oy
i ax‘[K“/’) X ]

:')hi'ﬁ;?\g‘ —§

S e Cmu 28 Ob A OUd) i pdly sl S Vol Lo

3 8ty Wgadl ST 13 (g AT Lt b Sy SLas ™ 5 bl Y les
G oSl o DU sl Ob e Ol 3gdd oy b gdas izl VUL s
S g (S8 A AL e Yy G gl me i) By OV m

LU S ALl 06 e sl Bauly Y L g
UX

v dv a0

x  d0 T 0x

=

o))

ja¥a)

U dedh plan 2 %‘gf Oly &b g ludl J:f( i;) ol G
) c(0).4egll

0
oy

D

c(0) = -

o T Bad A e B k) snall Slisall (o) D 5 oday
Y el guls Og LS Bslel oSa 1k &bl

Y k(0) 6
a=-Ri0) 5=~ %) &

vy



(LB;:M\ ugc, ¢« Fick’slaw .53 (dslxe) 0yl - 3 blme Dolall odn JaJ-
L AY1 Tanally 2] ol enaay D LYY B>

oy
D 0 - - — == — -
(9) k (9) 0
OB 1y ¢ deydh B3 &dl 3V LW ALV i el Je O35 D Ob aley
sl ST e OVl 401 Db ST O, LS
q=—-K(0)VH |
g=~-D{6)VY

oo

:—D —_—
q (0) E"

. Qsab—Yl olé\ﬂ Hi ¢

St A1 Giadl Gy dmdl & bl (e ety O oS8 Ll ol U,
ot Seomy JSU ol Bty 0S5 LY Sl S ¢ (b Ny 40 b (g2
o e 8>y JQ Al r»:bg‘ Uc Z:;JJ‘ Z:SUJ ia.w.“u?- gj c(‘—-U "r.«-)
() A Ed 3 5 By SO 43

L g ) sl Cob A Sl L Jsy ¢ 3t Y1 Aslall plusal O
Gy ol OL A Bl § Dbl ezl iy <ATA1 3,31 i 0SS G
ChE el e Je ez (Gl BV Dol Lo el 30 Ole
a0 é ':K ) oy

ct ax 0x
R LU
ct X X

e U3 Sl Lle 5y pea o ) Cublas¥l 3 Wl OV g
QU S5 06 IS8 e Ll S Y dalally (abigl b b

20 220 Rt
Py =D -, 3
et "X

AN'A



do Bpatie Cod (2 DN G (P I Bes OF H bVl 4
Lo L 2 ,LEsY) sld Wiy ¢ Lyt A1 G b 0,85 N e jLesYl
sy ke g cOlb 2a e 01 0,5 bk o) Calsdl 3l 00
e 3 ey - OL A TG ¢ oy fall e oy Ol (gl 31
G o 4 ST OV G ke 0 Wy bt sl AT Olad
G Olbde e 0SS Ladkl 3 LY Dslas plasld pule (40
SVl Cb il e S 8 s Oly ¢ W ALY e st 0555 LY
il 35 b oo Gl et S Loy Ol ¢ Jodll ol § e 0
P b\ LU e old 3 Aot ayladly

00

ok
= VLKWV —2)]= -V (KW)+ ——
s QY KU Ll Dslee 187 S Sl
0 ok (9)
——=V.[D(O)VO] + ———
Gl koo

oday « (0—V) Jg.‘.ﬂ 3 Dudly By b C_)L}.:S\” SN L

POV st Doldt @ e end! S SN
D(6) = ae” 4

M Bty @ Gl a5 Ll Dot ode ol oSy
S W L sl W SLasYB ¢ (L) Cadondl Sbte 3 . bl
< philips) Sl ol ;12 plewd Eb 0,5 Ving & QU gt Olai &
Obmys 39 & 31 Jguy Lo ) ¢ W W b)) Sbe & Ll (11400
Cl0) OF o &3y LYW I Jai Ay 342 2 c_..a.lJL:.:Nli ¢ At
A o fE

Wy



Diffusivity (D) {log scale)

Votumetric water content (W)

A Gl gt e 2,L B (0 —vy g2

Boltzman Solution Sldyd -1 44 b ~o

idane 055G S Al O LU OL g L)y I LA Boles

19 pal ]
9 _ ¢ [Dm f"}
cl X cx |

Gl Jlatal Loaall Olasdl dhuly Lhsdl & Zall Dsles J o«
25 0L A Bslas Gl Jgus Sl Aol SIS 0 e Dy 13 SIVI
LA 0 OLAB L3 JLA ey | dall JSTLEL e .
: C))g.: Dolaal) Lot J&‘Jb

-

O _v. pw
R a )

CLA Ol i b gul sl Ko (kly ol 3 oL A1 IS

\We



g oot B § 2K SV K2 Jasiy S ¢ By S ) Zians)

G Jlor Uin 05 gl oshall 3Y1 spedl ¢ Boaadl spadt b3 ol

25 silly) A 3 3 G AV anle dd il ey a2l agdy (b

J2 O ally CatsSUl A O gl Byl Sl O L (Wle 5l bl 0,5

s Y S 3 0SS ol

X

JU

JSs 8 1,y ¢ dpalasl Gl Dots danly 3020 0SB (0) OF G
el WIS W Luts” oK bt dollly ¢ 6 J JSB

B 0 0 26
2 B~ OB [D‘G) aBJ

B(0) =

Wids Koy ¢ BY el g b 05 0(X,1) JSalh a8
((B)sh (3 JU- & I LalaeWt dzall skl 3,500

0, forx = 0 , t > U becomes forB=20
g for X =0 , t — 0 becomes for B —»
¢ Y400 ¢ philips y 140 ¢ Klute) Jd o Cuas (L ity Sl Ly
Aol Lt 3,30 340 0L o 3 Al JSTLAL o A1 Jeogll (2 VAoV
I bt balge 8 B\ Bl g

SLasly dadll p LW AN bl -8

Ll 5 oo 2zl Zetl) b W 3 DU lall & e Sl Of

Lol Sl 3 Ll Goladl 3 U BB OS5 a2l bl gdly
LW Al 2ads o Je Jdpaml godly 2ndll 2101 35 pady . elll OL A
oL A Bl 3 Wl e Jpuadt Kol Q,.g;uﬂgﬁq,uvb
e b QU gl SVl ¢ Gl St Gl il sl el

Wo



u.\..zsu,u.ua,,._;s,‘wa,,q.\,ﬁ_;:-o,iijawiﬁz‘;swa!@,gcw-n
G 0SS Dpually ¢ B> ATy ailed WS ST il OL M bl e !
oL (SSy &b (V Y410 <Klute) Cawy 43 . ! el B3y s
25 Bl Al it ol Gy b o Bl d DA 3y liaVly LW LY
A aulyy Ll Caite 01 2396 anadl sl B35 S Inzlly 2301 o3
i ghayy 42 szw o gy Jons oy ¢ Jardll iy b Sl G
G C._.K )iNe Of N3y (D(0),K(0)c K)o JS Je sl
b B 8 dee g Ll ¢ Sl iy gy e ¢ A OS5 (Bsbo )l
G Cagiondl gt Jamtamls U 1y 305 Cu,wo,s oday Cslady
Ll da lll eda . (g;bJ\J;.\..J\oyubij} g2l u.,)uufq
Je s @s, Jadt e 832y BU 2 U 38 Wl dodes LA oS4
gy .La-caf e Jyadl SN wl (LJ\ NP0 £ (29 Lal\ g C’J‘ ol

CJE o e

gl st @ oLVl Yla¥l pbd dexdly izl 42 0L A 43 b O

Ll s 3 23g81 e Bl bya ditme ol (e Biene 055 31 G
oda Gudii 3 dibedl LM sl ¢ G Lamdl dauly kaadll b Le
9 c:h..a.U (impedance i Al dalalt Lde sl 4) LW Laglall O,SS 42 L)
Zaglalt o b Sl (3 dhy @l LS | pttial) LA e Sy L22Y)
Kunze y 1404 ¢ Rijtema y V40A ¢ Elrick 3 Miller) o S }3 o0 0
S olasYly e & el Slldl L) Sk . (141Y ¢ and Kirkham
136 ¢ (1471¢ « Young) bl 4 28 so 30 udy 4 o0 A gb skasl]
S8 BWSK(0) 3 K(¥) aall 5 Hludd) uld) L317 dompdy Yy b 34aall O
O 3ee W o dleks g1 83)0 Bkt a0 o el SLll s e Jpead-l
A58 e Sudazan 05T Lekie izl b Ob A CF eV 3 !
O WA Slimdly Yo K6 2kt &Y 3 o) B ¢ Alaas by
LB 8 s (S I el Sl 3 ey e Gl I Al &by

A\l



@b e c«:s)\i.-.\:.;‘}&\ @ Al QLA S ady dgnall e
S daaly U4 Jase Jo saadly (V408 Young) 3 o0 S ol
¢ioda i 5 2l I Al Je lzew (VAVe < Gardner y Hillel) 13 e
ddl i 055 pasdl I il O A g Je Bl 2E b o
DlaVl lgaz) 30 el g2 Wy i1 ol Jiy ¢ ey 1A o Je
ALt o dae 3 jlasVE bl LG Bl ey L paall sl (OLASYY
cJdpb d c.di,u:“;gfbx.x&li ¢ (VAV* ¢ Gardner) J3 o0 Wi Cuspe
o oW oland Gle 3 iy ot S L1 e o0 el 8 G 3
C.\,\“\;\L‘;C:.&\pog}\mwd,&:q;, ¢ b gl b S 3
Ll

f:—g—?——@z =k (:I;
C Bl Lol et Bt 0 g e endt Gub )l gt OF S
oo ¥ 5 ety Eom B Bl a H cdatll e U ALYl K
o JA  0piB e 5 ) N A e pRall U1 Jutne oDl Blel
¢l Gl el Gt Slé e bl Al Gy L @b}l gt LS
it Juad ¢ U Tmezly ¢ st 3o o T L5 005 SN Rt Hlad s
Sl Jp 055 Wb < (1474 <Ol Black) Wl o L LLE 05
Al O et Dolally Geall udy <3 BIAST 585 OF (Se 0 Wl

oLy} oH
L= -kgl

055 GUIagY! ¢ Ala¥ly L Gaddl G bl Jime 5 6 01 2
Dol s - Se asdlagy 0 On e B (5100 b (L Ganll Lo 4

0 b _

oH
ki - K =—
L= a o

L0 8\ d VY
"Wy YA shsd e



Do k[ Lt s o sty s
a6 )LMY\ T ol My o5 f:.\a..aJ

oy
ot

cH
.

D=L

B ¢ QUI Yty Al gd Sl i e o gt (S D OB ¢ adey
A gt i Cal s dame cadsl Sust e o g;bji.lﬂ\ Sy Al
Bl g ol Al elde a rld S sl Yl Bl O 0SS
CEB\Gs Sypeas Wype p BN IS L LA e B Al BleYl e penlie
L gadll G daal) Juall bl fe st SLasYU

Mol B -V

Lot CS;.Q\OL,,,U Doy &30 8 J,,w A OL Joadl M 365 43
Vb 2kt S byl dluad G JLIV 0L 2 35 ieuly G
s e Jiey A O 8™ Soaz O L@.\ S sl i i ¢ Rnny Aol
ot el G Gl el gL 2 al S g ) Bl e Lok
ey dauly St oA Ol (Ja.u IN B 3T ¢ dale §ygeas L &
28) Wi Bper Bl Pl 22 SUSL e Lo o2 Bke Gy
o (G Jarndlly Bl SSTA wbeial e o8 len ol4) (B By (Batnn
St sy Tl e o &L DU 3 3gmge Bale sl ¢ Y AT OG
0555 ¢, et Baled Lidy . 4 Wl Jard 3 3 Ll 0,5, Lekie Soast

%=Duw — L
¢ el )m\ﬂ .d&,@ IR CN I RO U PR FUWS
)L\AIJ.,C Bl @Luwuﬂ‘gu.hmuu)u\bwu}ognAP

ot 03y ) A G o o 1 05 B APy ) s
LAl Sllacddd Sl Balldl e IS B!
\VA



s oA @ ks ) (bl b Ol il G D e

O 1+ r ko i ) g sl 01 ) T 8 5 0,55 ol
(et LA 356 VPP 5 00 YY,MY €YY, YA G daid iy | penas
L5 0S5 G 430 eld ol Jabl Oy b cd el Jaid Ll by
s O S8 L Hladh OF L SN LU o 3 OBl data
o Gt Joxdt e 0S5 S ST ¢ U SV ST (8 G, Ay
DB s 3 Mt Cany A Bmps 3 OV Sagl- Ly L Dl O
Hldag el bas a.»b,‘,'&. P Y AN sl Byl oy i 23 JL)
bas e SW s LB Wb ) B Bps i g ST b 80
@ Sad Jabh Sbaa gy L O Ve M A3 i @ g |51
S A e dols Dl 8 0SS () atll ) dars 3 il ¢ Jadd

FELgERT
g v Y. e ?/s)LJ-I
VE, Yy 04,08 YF,YA 1,94 L% Lo

Gl g el J Bl Gall e ple S8 Waldl 3 Sl 3

e Bolie 350 0SS N Iy ¢ ol 0 BN e Y IS LSl

It eV b By Sldh I JauVH 1 g JBudly ¢ ddaddl Sladall
P 0L 5 OV Lyl oSe (5oL SNt Oly ¢ LI

Bty bl Ob 2 GadY O 3 ¢ MU et LY 25 O s

B 8 A W I o Bl G o SIS il Byl
¢l LW Ll fe SLS et Jaddl e 5 b U Sl 85 Jaas 0
o 05Sa O Sk 0L A Cale g Sl S e JLIN Juab Sy
Obr g bpadl Shally Al Gyl b Sl Sdne Slles
3 SOy Caladly OSs  caallall U OF L Al Balely L
05 BULI 0L 3l Joiiy ¢l 3Ll daaus jladly a2l 55 Jl-
ol bl list 06 ¢ Uyl B QA Db g W Lol B Tl

‘WA



Ltis Lot ()1 pyadl Gl e sl 5 G Hhage 0,55 LS A 252
A Ll Bl Slays Sl 0,85

L1 It e Jaadl cUb Jlast — A
S &

00y o ST e By pn 00 (3 U ST 0 (8 (ol A N A O
axt g ladly o Ldl ladl iuls OF L (V4Ye <Bouyoucos) 8 e (i
J€ 3 L (VA€A <Oy 2l Hutchinson) (L3 o0 s 6 L300 &by |5 3
B ol ASiallp Ul Al Sl Balll syl U Sbedl JusY
(Onsager reciprocity relation) ) oLy

el 3 heddl olf1 Bpne My aledl Ay LS SLLeall daleclly
0Lz Sgd A o035 L, Xi 2t () OF By ¢ el pllad) (3 felid
bl Jludl o 3 QLN Sgis (3 ey SN I ) T e i
o b el O30 (LR JUl A1 35 LA 51ag Yy SO 0L A 5,
ey 4 Gl 3 ae B 5y Tag 05 0L A ¢ oladl Do

I, =L, X, + L)X, + .. + L X

In""n

5= L, X, + LyX, + .+ Ly X

2n" n

I, = LHIXI + LMZXZ + o+ L,X

nn n

Ji = Z Lika

T
LYl 8L S 0, ) ol el Y1 KL 5 L O S
135 01T Ob el AR 8,0 a X, (Al eVl ¢ sl Wl
o Al dyo )l g s Jslad! w 0SS ke a5 Ly BI04l ezl
S Lasdl B A o) gins oy 3y & b 224) 555 3y J3ladll
L5sdlly 0L A e

VA



dslas (V40V ¢ Philipsand Vries) (V40V ¢jliy i) pudcnl Slis)
G bl lES UG G Lalldh Sl 3 Db )1 s Caas Gy 2l
L I ol O ol

“U (—\k
VD,V )+ VD V)~ -
It (Z

@DT caallall 5 AT « it cg«zJ—\ t}g‘ﬁ)‘_dj;\ 0 ol E
[D,(lig)+ D, (vap)] g ol Jas ool e

Gob LN (A Dy cgagaddl 21 6 Z (LW LW WY s K
Lol Al oles 144y « [ D (liq) + D, (vap)] s Jole Ay
&gl 5574
c T v v, HviD v
% Ta V1 L w.rap

CrfCal fem™'C7 1 oy 401 Landl & 141 &adl 56 C, O Lo
(Cal/S =" em™5umpa AU & allll 4,04 SV 2 Cpy ¢ (p -~ [ §am)
el Cadaladl WL 3o @Il BE A e Heo (p o b/ awy C71
o SOOI A BT s e siazally T ¢ 0daenad! LYy 2ol 0,
S oA A b8 B JEY Cawr SYaldl 0dgh by WISL, (T (0
A I

-

IR 55)’- -9
OF & 6l C.‘_Sﬁ;:éj\, a5 (3 adlidee e sl e (st 31 4 La
(el AUy Dol Ol i 22 1 R 1A s b S A
Sl coadiy 2 A edy <4 Ol gl ol gl JJ21 )b ey Laiams

VAN



o e G OLI a5 Jtn) By Sbledl dauly i Lpdns o
() CARSA laNV dauly & glall BW Gume ¢ DULY S

by (Sl Sl oda Jia 235200 o) b CLB I Tdmy oo Lgnes

¢ O W sy 83yl SLIAL 2087 b3 oS ¢ WY Badaze 0,5
dols s 01 IS OF L G Il i 3 SV (Gtns Dl e S
eV il USRS ald Lo 0S5 ¢ gl o4
sl iy DU ey s Ggs 05T B sl B3 A oy
AR

dandl e slax ¥l Al gl AL 5l BN e S0 0T U b 3
Ob Al od bl lia Jlst diey ¢ 400 dyle sl LS Slleal b
il Oyl e d SudY Sl B O a3 06 atll
oline 3 ol gyl Gl (3 8ty Ay 0SS Anntll b oy 1 O ey
Gl Al ALY lrsdy 0S5 R (bl Jig @ bty SBL dile
Sl ol Zalell jolall O L dntll b Gl AU Lpuatlasy Ol IS4
sl OF & ¢« (V4V- Bresler y 1410 « Gardner) 3 jecads 5 430 3
SagY b DUVl Ol st dauly Sl 1Ko 431 dyle (3 sl
e dauly o Bl es AN
oYl 4 oY1 s (3 Wl Bl Sad bl Jal GlasY Ol
sl do S U dandy S5 O el oS SVl iy ¢ ST
gl S o B g 050 Gull (L) oliansV) adey < bl
P T R R R PORNLI IS FIR I AN PO X VI VR I CIRY
055 & s 3 o S OF S WY1 OF dad oLkl (3 31
Bl 3 05 ey Y1 S 0518 ey (Gt L8 B elybl 51 )ellt Tegle
AN Gl (oY oY ol

— -~ DO ——
qd X

VAY



Jlae D LA e Bl sy S 2l LW B 6 g O S
L0 sl (@ 5all il 58T damd ) LA Ggby i ey 0 Jazdl eV
sardll sl 86y SVl O oy X Wyltie Bl God Sl Je
A B3 6 Ol by celll G e 0SS L sl D ¢ (Hpually
Wy b Olal pe pabln LISV Jolas ¢ Laldd B 2 plne OySS el
Jde 2z D Ol Lt L L &30 R R R PR G CI T FROVE TS
& ¢« QS doladl Lo Blislly ;500 e Ol Jan (dy 513 doys
JaaaS” 0555 illy D1 op S L) LW Bl 5 OF ot Oy
obeza W Bslad o iudl b SLas¥Y Casdy L 2k SUNE ot Jalas
Opld 8,Blay LW dmylll 0 Dsles Lo gty 3,V Dol e ik o4
DWEW QU .S

oM dc
& - PO T
cc %
T = D ax?

X G LA e By IS S5 LS MO o
136 ¢ gl Sl O b ualy o5 LWl LY Dokl e (& ¢« U
SRt 3 Sl L ane 0K S OB ¢ &1 pens Wuze 401 )l OIS
L 0, Ol ot sl & b q, Ol G ¢ g Y
q = q,C
LANG el o Jiag dly oS0 gl 0, o Jian ol $5 O S
MU (g2 3l June 055 M Uik . (g, = U0 ) et dauly,

i) o e 8oy Jg
M aq, c(q,C)
ét X cX

\AY



L 5 Dbl g bl Jadly JLsYE e S Sgas 0S5 Lty
S el oS8 80t Balally

~ '1’2 )

M _p L5 o S

ct X ¢

éC &xC &(UC)
= D 5 = =

at ox* X

Mo sdinn )5 ot a5ty HLasY) ddes OF 5V Dalall e LSy
S et Jly e o Ll o1 O TR 2l B
PURvI:1) &AJ:_ﬂ ias <-L...l\ L‘Q 3.€«J..J|) s o g "J»J:f\ CL..U da.ﬁl
Serllon bl LEsYL G il Sllas 0 W OL A OB L (25U L
dazn 5,5V Aol (3 Jledll jLazVY alad 4ley < hydrodynamic dispersion
¢ Niclsen and Biggar) a1 b} - oL A ek oL A L ke
JS o g8 B LA G Salulayadl jlasVl sl JeWt Lt c(rany
.(V8ev «Day and Forsythe 4 Y401 ¢« Day)

JolB Bad 3 Aol LS ko)) dmee 05 A1 G DAL SURYI XS

G 35 O g Al SV e 5815 2 adey 1S OS5 Gy oL

J o555 W A1 3 S5 om0 21 G e 0 501555 L

& Al Sipudly ¢ (Adas b 33l ) Do 045 35 Vly (Semall) Lol BUH

S ol SV Gy (186 <Oyl Bower) J5 e s 5 AL ol

S 588 8,V Dl ST me Las (hadly obaes W dutes b O5S
caY) Ll @

oC PC 2uC)
¢

- + 2C
X X

(DL 3Gy doldl Jolan 6 4 O Co

VAL



il C}LN Jedll lae p Ol B dagll A2 L Akl e ol
G G iy BU GBU G g oY e a el 558 0,5 gl
o el SR 0 0,0 o B Y1 o came 355 e 58 8
Sladl e A31A0Y 2t CD\AH Al e ST o4 c::J\ Slrlal ald Ll
(0 g_gji\ 4 @,LU L;}:él c g.}‘waJ) ‘.f\j.: A C)‘#Y‘ LM‘ O)-b Q_S)-U."‘
C}\.ﬁ\ L_Sj-*“.' 3.\:,4»-\ :L:G}..“‘,é L_S)‘ M (.—\; Y ol J;‘ db)g.lﬁ KV L}U‘ d}lﬁﬁ
i1 g1 Jedll p S Ol e Bl b e B Gl o B
can 3 L e B A Dy oA Uai Joidll 05 5> . 231 3 N
Al Ol LBl 1B G T @oleeV Uy 05 I Sl
i = 2l e I LA L e st 08T i) Sl LYl
il Olas 0l et e (g} sle G el ) o Sy Ay L Jeddl B
LLL} CARA (S L_S‘ Lo -l L)U\ L}‘ 5)h7,13 (é_)..L;-‘ Q,..‘H ol
55 el e ISy @ el G oAV e ez il Sl Y
(Hci ¢ Richards) ﬂa..«ba Ledall dstall O C)&Aw J:.pg‘ i,o)u.a) )‘,.:\;_-‘
v

o QU I U Gl 2 g Jrazy g ole Gar OF
U1 el LSl oyl o e By By o (ol =l Ly S 3
A de Gl
2 W BN S L 5 (V461 « Brooks, Gardner) o JS b
1y ol o s 2y Sl 2l Ol Sl YT o 5l
ol J5 g llly ol Sl pLdl oo 0 (1,87) e dI Joai e 5 80
JY-Y! ilee (147) ¢ Biggar 5 Niclson) e 87 03 A3 L7 A 394

VAo



Codll O e 3 C)\.o\ll Jt Je B tidy miscible displacment
Sl @ s Jy ) a5yl e Dyl 0 Dl
Sb-ldl G I B e Ndb el LaS™ Py 2 4iS Jd 251 (S0 (llaaYly
¢ oSy dsgend! Guatl S A 3 Lokl oLl e daill b el O3
¢3S b Juudll Bar 055y Goathl 0da IMt By juill O (2l sl (lans
0SS Al dpinall pldly &30 I 8y LU olone Sl e o
I etie gt 01 G Y iy 35 OF L Al 36liS" b3 il Bhee
Hanks and 5 VA%V ¢ Bresler) J3 o0 3 &5 30 sl (ol dmy
st db SLAN &y ¢ il Dsudl 23 L) plieal ( Bresler Y444
3Olsen 0 JS"eUUSy 14%Y < Barbery V40§ ¢ Bray) J3 0 Cops SLI

.(V4TA < Kemper

(V) J&

O™ il e a1 Y1 JKEN 3 pedge (B e plade il

v W Al 0L cde 15 (e VY0 ) O o dazll ey (+V07)

,_';'_}Qé'rv' Vo iUl Dolaw IV Al el a8 damy) .U/(w M o il
055G Al Bl guls Op6 O pylall 0 456 Y

3.3'11\ 4.,......3-' Al (:ék.aﬂ‘
— L ot § gV
SLA (3
0

!
[3,]

L
=)

(Y~V) ke

Soil depth, z-cm

L
o

VAR



Pl o § (ol gimS @ il by
A3l g A age =1 daidt we LU dsutdl

e\ e =
-l
L3 g Faldl g =0 dhadl we LW 2l
e A
R

o e W asetdl — 1 e LU Esd)
o on DU 22l 4 Y

< oy Bl

(p VY2 ) —SAe

\Y
e

SV X LU ULVl X il X 4 A0 da.u -l = il LU 487
LW Lol 4
\YX ;,-u/r, T—ye X Lty X'c“" =
Y LN P
£~ _\ X VY

(JaeV g By Gl OF gu 5 06 WL BV Ol L
(Y) Jt

YUy oMol Sl GG o Juagt Sl OF L5101 e
o il ey (o Yooy oo §oahall we wtl wgr 055 Litey (SWI
o ol el iaS” U 256/ -~ Aoy LU ALV Jaae (e (V0 *0)

At gl I3 Ll By

VAV



Dol ke oAd el OF 5100y S AV dolall i s D1 oda 8

(~
&:{SH-\.x‘,-.»ﬂkw\.xk:'\x;
PV S = N (e Yo o) =
Aok dgr 4wl der = o e
(w\~~~—=(«p+((u\----):

AU Emt]]
LU Dl

o de LW Emetdl = T e L5 Zet)

_ =W Zmtll (35l

(oo Vo2 o) 18 —
44— = il e

o\

L AL VIX at X bkl = il 5mg e 85l ol 28
LW 2l lad) X

X deln [ dads
44 — x Lt /fJ—\- X dads (L6 1 X

v

(q n}/\o'\ —_— =

YAA



SAW! Juadd!
Gt ol 5L gk Jamd!

TN
SIS YY

Ty
r
Ty

bk
LA b b op AN dpts Sles e Gl pllaae i)

G o8 0SS i 5a M I O i gt B e ek 5l SUanVE S )
(G ol g LS LA o o P palall e JeVI U1 aS>
il Ol 0 a0 Aleall ada OF L&l SLdIl A Loges 85y
andl OL A ST B Sy ol Jpis Jdme i o ke Lol clogll
LI b S oLl Ealasl 345 sy A sl Je 08
G536 O5S AW &paley 00 Jailas me lghay) e (ol Alee e Slglll
SRR

oAl Llas Cay —
S B Q1 GU Db syl SV BN el Jo ol BLSI e
eSUS D 5L 1 aday alll poliansl e 431505 o0 ST L 0SS
8 ool Ghldl ol o 0Lz b Juat &5 ) el jaity (penns)
et I U Gl e Bl 0 el Jaed (VA JKUE 4 By
o ol Gl oo gl LaS e b Ga) e Wl B0 Wil IS (5,80
BLAI duas Oy ¢! Liall Lwadhe S oAl e o) IV & 00 e |5
Al odgry LY o ful sty olB ¢ GO dawn a ol eladl 16U
i op BLAYE duae 3305 dlsy ¢ ol dual 1z (s BLSYS Jdat
de G s Bl b 8L we Ll 38 Al Jume s (S« s

VA4



Rain or sprinkling intensity

e e e ragepiil g
7/ /////:/'71‘/

l/ Excess waler/ /7
//(pondling cr/ runn{n//

Ko fomm oo - =

Rate of infiltration

Final infiltrability —/

Time

oA g e S 0S5 Sl Tl B 33 S Oy b o Bl S e el dane 2list (1—A) S
A G e 35 i

Tdae Tt e 1S 9 U oLl dand LIS el 86 Rl § el o]
Sl gy ) ol b el Gl Syl pans e BLSYI
F Do grendl (Al adey Ll gy ae DLl Jrady B0V Sl
pladl el ol ar ot gomia go (slly il Jaak el 32401 JuSS
RPN

Ay Ll b Doy o cazad il o LBty 2 A1 lae da O
LA ole daw clale Bypa A0 AL LBU oday B0 sy pl o DS
Jf Sy L Bl 2,01 0,55 ke dusls ¢ padll 8801 At daispe 055
My My AN AL G ey (1 gl Skl A A 8 oty i) O
Al sl YL e

Kos ) or enndl padll g3 galy Al dam B oo D

Jo sdazae pb Anad S¥slae luamgy (V48 < Horton 5 VAYY ctiakov

= OVl Jam 3 s GV Juadl e el Olal a3l 5l GBI

b S8 Gk e Sl G sl 300k (Aol pidl oo

FUsl Gl op ol cplnall Wiy sl GBI J& G b oo ot Al e

SIS, ol s ey e G300 el bl Dt OS5 5 91 sy Ble) (el
A g AVl Olaid B Ll diae 3 OLaddl O

Va.



Gl S 1 il g (3 EYG (3l S D1 pebas (e e
e 5305 ey SV Ji el Gas B3L5 Liey ool Al G dodadl
055 0N Jus L) (1B saeeV! 3 Latay L20 AW sy b
oasdl ddad Lagedll stesWl (3 JauVl o4 0L A O Lk G i
netl) 2500 I I 1 b gl 0 gl gy s Jdae) Lt 0S5 O 58
o I Jans ) e d e LRI by e Al OsSs buke
Sl Gadll s 0B (g2l dmps oo PV b s )R Sl
el Gl By i datll 2 AlaVl dady

AN N gl ot @i Y

Oy el G5 CF il IM- ok 4 (3 Ploe 45 Ade jasi L
Sz gh SlRde 3 Joay L) Goddy clatn 00 LA pebaws O LD
QW5 Cdy QY Gls) ate by oy Lalh Wit 005 cad @iyl Gllally
ipr e dV el daas Gedl e CBAN s Wb By Cha Gl
o OF 3 gm &5 (8 adly) Il b J1 VN 0SS e G MY
g U ALY OF Lol OS5 gk )l st Olaki L bl ladYl (3
b Sl O B O oy skl gt Olal e Ll S Dl
LA 3 oy e G Jo dpadl G5 an (AW LY e Y
G Lb M Ol Gy dole gl gy (AW LN Olak s slsj HladY6
Sy Ll (2l I3 b )1 400 ke (Y=A) JK& W duill BUHH 330
s Coleman ) ;o Js" &ldsy . (V4¢¢ (Coleman , Bodman |3 .
O el Ll g 8,82V amy - b 231 ST LY L (V4 ¢ <Bodman
Lo L0000 (Bl @ ns o ol SV Gl e mtll Sl
gdaudl.

aall sl all Slbil i s JV A lly 30l 8 Lodad) & S
SN bl 3231 5 S5 A e Balall Sl Al Sl et L U gl
It B ans 5y i) G gl ) jamed iy Jaed il gy G ST Y o5

ALY



(hen (3 e Ld);;u,g}g Uty Sl Gladl O LW By ¢ !

dJA mu\dc«a)‘}aﬁy\f L‘n{f‘}}wwu J’)MY\ 47-}-)«_“}9)«5\“}\]@ oby
Jull bt C)}J‘ O L=y ¢l IMet eVt 42 oS e NIPRIRPAN
(F=A) S 8 By LU Lot NSy

trstiat moisture

Scfuration
Ponded 1urface \ Woter tontent (W) /
— T TR G T T hY
| AU, '.,l-——salu.anon 1008 =P 4 e m e — -~
! j
i
i
1 ! {
1
t . '
i !
1 ‘l/Troncmm'on rone 1
1 1 o
! ! gl
. e
[ | <t
1 {’ &1
L ME
’
DN ) 5| ! !
PR —
\ - Watting 2one — e 6 1 P \
: / ‘ __,/ ,
N .
Tt T T e T ST T *
T netnrg u.,»v__.m-—"r’ !

JU bl Lt ey ol wa;wﬁyw&p» b LA e Lad (Y-A) IS
YW dmy W) Ola e owdye St

Hydraulic head {cm)

-15¢C -1C0 -50 0 0 Deqree cf saluration {%)
10 - 10
'l _____.-—-/ :
20 20t ‘
- - !
I3 '2 .
o
- 30 30 -
a
@
o t
_ 40} ach 3 |
<
wn
SO 50 t—
s
i
60— 60 | i
i

Al e J L ¥l e Lol Genll po R Loty (2l Garll pe b} 921 (YA &
b e 5ypalally W A 3

VAY



;,Wl San! —y

bgbos ddl Leh 05 I DU 0 UL duds SV daust e O
AU oda 3 adomy) tll 8, dns B 3 AW G 0Ky Sage ot inall
V800 (Philip ) SLLUY! Laa Je sacadly 5,50 jLasWl dslas 5o da8 ui:
Nielsen 4 Y40A ¢ Gardner and Mayhugh 4 Y461 «Bruce and Klute
.(141Yy ¢ Ferguson and Gardnery 141Y ¢Ashcroftet.al. y V41Y ¢ et.al.

o0 i, 00
—ﬁr: ox [D(O) ox ]

s g1 33 sesl Ol ) Rl iy o Dol adn o oSk
G 3 day (X=0) sl Il (gt 0SS Lot (0,) AN L3000 20 0
LAY Rl (3 s oS o it ey L (68,) W b Sl e

0 =6 ,X>0 t=0

4

6 =6,.X=0 t>0
Lzl slas drenas bde Jyuad! (SED (0) LY Dls e duall Slglalt O
Y = < XT ) J Dt Boltzmann &Y,4& o £l Q;Qp\ﬂ

a5 Lol Jatmay ¢ Qg Il &0V (5928 Bad (Y ol Jume O ey Jo-1 g
ind Y Dozl BLU o b ol AN A ae DLl Ll 3955
A e el (el ) (WS Gl @b B s
HEYRY ‘:3 $olessl Ly Al b)g‘; oA &\ M s O uA}U gq._.;ﬂl
' s
D= D,exp(6 — 8,)

Sty Chel My 6, Ll b s we Jazll sVl D 0l S
il s lelly 4Bl o2 G

\ax¥ LA s s



we ol oS8 LAl ddae WIS ol o rendl el Slel O
(D) Weighted mean diffusivity jLizV! &)y Jdas =Ny

D= (5/3)[1/(6, - 6,)]" foo D(O)(G—Oi)§

6;

btie ol i Jans Jy LN 28 o 15 05 (M (V4o « Crank )
el Ul LOL A Oldes IS G2l G Jasy sl Usine LasY1 0
oy bade W S LYV BB e las ol

o0 0 20
& T ax [D“’) (3in

dé

' Dt
I =.[idt=(00—0i)\/
. Yo it

QD) ol dans B o dpasdd LIl SV e ol Il ey
ot () greanl Ll

(M\)ﬁ\j}\ ol galcu‘f._.ﬂ\ Jdasi g S

i e Kl Wb ¢ L Bl 45 B oW1 3 b (LIS 3 S5\

A 2 eVl Lbod @) b3 Qi G SV oo e 55 SNy IV
I o gl Bk By 5f oSCe slze W by 83Ul Sblze W oda i
A Opy dpll e o A QA LYY Gy bl 0SS Jly ISYI
Slal pe LS N s Sl gl Sy plydll 22l 06 adey Lo B

VAL



CA g (Elas e IMW dpd gy Dol Lolidl Wlls 6 Qb
oAl I 8ol 045 IV o OB Aplize Bypuary ¢ destl Dt OIS
| AbI A a5l e BUH A

@agedll oAl — £

St op S5 o B Ly a2 31§ Jau W2 o i O
dyb 3 olay CB M A6 adll e dms Blel o Jgtay caudlbly a2l g
Ll Lot (3 LS UM o2y ¢ J Bl g L) Jibmay Al a
i DL b Je Doguda (A1 Johs WA 2 4 Yy wtll 00 o G)
JAETISHE ¢ Sage L op olall 3 (3 A8 g S oy (S a Liag
dey (YT 3l ) (gilall o5 3 JauVl o2 ol 3572 3,8 W1 L3k g
Jins J5 bl Bt Ol Gysioly Bogiad U 3L Bl HladId) o o2l
J Jeg 33 OF s ¢(ch~J|¢£“;>,.A|‘;,,J|J;,.;;,,J§J(,. \
525 Jo gAY ) B QA 3 aode s AU Wl as JV dya)ll
st 3 oy JUI Glall oSt g6 gl addl oy b iy (Ahate
0S5 Y Ol gl Bolany cinatll LW LYl

dH d
q=—-k dz =—-k —HZ—(HP—Z)

A Loty e sy Al (H)) brddl @0l O, antll j ol (G

dy
= K
q k iz +

e e 6l (G Juaill Ty Gl ol e OF L
Bolae oo Vsl ada oy ey el Judd 2l (@=1) 0,55 201
‘ Y Bl s ezl

\LY-)



AST I 3 LS 00K atdl g It (Ll B ot (8 el Sy e
Jdan A1 L5 055 ol 2gandl 8 Gl il Jdany 25U dgar Sl e
b8y Gl el dI &) S Jg oAl I el ey . BV opeall Lol
AL A1 G il S e Wl (8 S gapenlt Lal b (§ 4l
e 555 day Sagr gy Gy LD e i O3S Il g 5120 Ly

it Oy Bl o F ST a1 Aol - aV1 &3 it (V4eV « Philip) y4b A3

{=0, z>0, 0=10,
t>0,Z:0’ 0:00

Bl Al e Lo 4 Lol

2

Z(0,1) = f‘(())ﬂ’z+f2(())t+f3(())t3’ +1i0)t2 + ..

£00) »SKlly 0 b Byl Eme ded Y Geddl W Z OV E

5 gl 4ol ._)\J\A\Job J& jg.,..o- LN Al LY e st
e gl ling /T ol e A1 e Mz 0 3 A ) 05 O
Al JawVl 2 Ledid) A O «L)U\ uw\v\.&uu&@ ct}:‘ﬂu&&il

K. .
"()’O“Z'TI’ sags S Jaan JI s &)1

49



/ “’}’{y
Z/‘%f/éf‘

/
4///
JAsa S W J)\:a\]l ;ﬁ,.-“a...éy“._:‘.\e FAEN gjﬂj,}! 3 s I L) oaF (8 -A) JQ .

u""'u ol sl Phlhps J> oy JJS Q\,Jl Je 6, Q\.&J& g.Jaij
Bl ddu el e

1(t) = ‘Z J(0)t?
n=1

=St2 4 (A, + K )t + A7 + AL +

S Oy ezl dnll 8 sl la¥l 5% st J, () Jolall OF Eon
(1) et Jdme dds fo Jat ol e Dolall o Sl Loy SVt e S

3 i
St 2+ (A, +Kj)+ TA3t2 + 2A,t + ...

ST G i @l Al aad (ol el Sk e Gy
e Jad Dolaall Zall 3yl Gl

VY



ae BV AV h ol Joa (I 29l By ST od (1 OF S
5425Y b (V44 ¢ Philipy ,U31 & i 130) RGN dedll Y1 el el
I3 Jlm JS" Jog Uaugio s} g ool 055 Ui Lol (A=K, 3,55 e
5 gy bikey ) S AV Dol #Lal (S b <l ghall et 3340
e YW Al

& 0SS (s lly (WY Bll ) d gl 4 G LW AL YIK B Lo
el LW WbV B LB gl adl OB Cf Al G

Bslee =Ml (VA4 ¢ Philip ) J3 e (Sorptivity)jlza¥l G ud
SV el

oA Slles o Wla¥ly Al s 3ty 3300 39 o Jozts DU 0dpey
3 A 5l b )3 step —function, 3ybas ﬂ\a,,.‘.: & Sl ozl 2
YU me B 50 OF ety S, ¥,) S(B,, ) 4T S8 1 pland!
(S e IS b 3ty ga_,\,.a\“ slul w.xJ-! u,)la 4 (‘g.Ul Loyl 431t
«\, Intrinsic sorptivity 31} ; ,.N\ Philip &6 Lol (LT 2 V)l oy e
wﬂb ob B~ . Ja\mU B sty domg lll lazeWY by il U1 ad
o TS o 8 e 5, (o) S bl Al ol

i;l‘;n ol dual 31l g3 Gl B Al § ety ot o Jiiy
LA DU 48 G 3 o) i ey o € () —A) D) By
O3 O L el I Al Ul b ey da Gl Juee O
Aaall 52300 3oy e BbiH b dall gl Gudd Slaend

VAA



Initiclly dry soil

infiltration rate

Initially moist soil

Time

Al T SU QA G ol B8 SW o -y JS2

A QR el (@laf oy G AR sl LI GBI (V-A) dptr

(il [ dy QU Gaslt Jum

<A gy

Va4

\ &‘J:f‘

Ye—\»
Ye—o
o—\

Vo o

il

el

i Al

FRRA]

G540l dndall



Green and Ampt’s Approach =l oy S 4 b —0

¢Green and Ampt) el S Cy 2 el Slagdl el ‘x}? G b aw
Uy B GG Ll e OV e Gl @A 0l dmy Eom (1411
Hillel and) ISVl o 3 ol Syl U G 22501 Gl ol dols
I3 bl 5l Uy dhake Slaghan g J1 oy Yy . (VAV+ < Gardner
W, 1(8) ) DS el Jailly ol dins o ok amy 4y ¢ il
Baprs Byme IV G OS5 O g oAl Wb SN ALY
o b ¢ il g ol e Gy Tl %Y A (3 AR g Gy
Al Bl Ylal Oy Lbs 3 B 0S5 IV & oy OF o &3
bl b ) o GBI A Gilis Jady (ptame 5 MV e OB aey
SLSLBY adny . e 0SSY Cue Il domyy 2301 AL %% Ol < LS
O adey Ll Gl W oS gan D15 Lglady O Folee Jas
PV AN Bl 3 550 o> 046 Gk

izd_IZK_EQ:_Hf_.
dt L,

¢ et Al T ¢ QU dddaie Mty LA AU JF B fiei O S
Hy ¢ dpll pelaw tie Jaadll 2 Jig Hoy ¢ JUs¥1 2aked 230 LLaYIK
YW G el e Bl AL ¢ IV & e Jladll Jard)) 2o
bsbos Bl Lo e ol 3oy podll Gas JUAt e YW g Jib 6!

di H AH P
P rine kffL: — k_n.Lf ¢ Jat jiall

O g b el op Jandl Tt SUST i AH, O S

iz O B Gk dib o szdly INN B PU AU ey



Gl IV o Gar s Juol (ol O it el 20
el Uos QU Tt G B O O (A0 = 6, — 6,) b))
sl eVl By IV R sy 2ped (G i) AW Gl s 6,
£ Oly joall & slos ¢ el o i b)) (gall Bsle 0,6, S ks
adey LS dald)

I=fL

S
dI dL AH AG. AH
= _r D — p_
dt A8 dt k L k 1

)
Ot { ) 0 e
iV Al f‘lu Balel iy ¢ aendl Landl c.- Ly A dim

AH ;
LdL, =k —2—dt=Dat Jde et

W e Jadll sV e o g AH, Ol

Ad
% AH ~
__f = —
! k —2—t =Dt
T AH = : ;
L, =\/2Kt —AFLZ‘/th tde el sy
I =48 J 2Dt
i —a | D
2t

DY OVl ST ABYE Sl o &Ll Loy
' 1 T :
1 = 5 (90—91-)4\/ it

‘ o~
1=fidt=(90—9i)\/3t—
0 I

A3



uéﬂwv%ﬁ@b B ¢ ;505,5\/7 LJQO,&J)\::‘-\HQ\
MJ( >U"JU gf"a""‘)&‘cmwb U""‘" d-.bu_, (\/ t )U"JU
Jt

b Green Ampt approach o @ eVl Jay 458 Al
. i

d_I_Ag EL_—K H0+Hf+Lf
dt dt L
f
—kt—*L H,-H,)I __ L, :
N s A

2135 5,V Dolall 3 ot A Lo JWI pellaall O ¢ ol 3315 OF Lo
oA oS Wl Ty Azl SN 83L5 0B adey ¢ Ly ol Uelay Ungh By

Fyy M|
Kt
L =~
’ AD + 6
I ~ Kt+ 6

*"’LMOJJw

AT.’- KVPS f" O Gy ¢ Lend Ll 0,5 Green'and Ampt 3 O
L, Lh.u BU O Bl 3 el OF Ll ey O ot Al Ju
Green and) (b +,\ —) 5 (Ul s Ve —er ) Sl e 0
il sy ol o f 23kt 3y (VAVe ¢ Hilleland Gardner 5 141\ < Ampt
wdl,d, Cla i BSS y c B\Ge e S L,L)l&,i:b.upz.p\s-
L o5 ) ke G B sl i 5220 0,55 I e

N.Y



Skl o Gl @ el -9

Hanks and) J§ oo s el o Gl Slib e 0,500 aill b 0!
MillerYallds) ¢ ol 4 Dol Ladull Sl 3 b ¢ (VAY « Bowers
coeldll Al (3 33 b PW 44 el 5y b o (141Y cand Gardner
oan il dib e §yezdi LW Mywtm(;gaﬂm%@mm
Ly &1 AlaVly Cb il 2y o8 06 ¢ b J57 e L Sl Lo e !
Lo Al U Oy L 2dd) S LS st 3 aaize Syl Sl
el O3 b Gp Al Bl Yl U 2is B O3 Gb urly
Ol3 1 dauly ade Thas 0K Lasll Jiee DUV oda (dy ¢ ¢ deslll
OB Zesll doeeddl 13 Zadall Uystsy IV dpr Jpusy iy DSl el
Ol Gl § Aol Sy U L S0l 0, OV ity aiy Al Jodas
U Sl bl Bl Yla) i3 Gl oda 0S5 adey ey Lasll il
Ladll oud 06 (i yb 570 el jazat WiBh ¢ Ladlt Jaae fe d e
G5 BlY) dab spum G Bl Dl O3 &1 3 ks OF oS UL
LAl Gl

b G el Do b3 ad Bla OS5 Leks Lol 1S AU (8 Ll
i e sl bl daly ai Gl A Jawe O ¢ Bts G OI
o M Uy ¢ Lo Zadall y Joo Wil el U1 ol gosy iy L apl Tn D13
Mo Al Al 59 OF Bale 0SS IV G (35U O S ¢ L2l Jtae
L 5l o Bl 221 Tl 15 01 G il 4 gm0l
A8 IY V! B O3y 3 edple Limy (VATY ¢ Miller and Gardner)
BV o O W Gzl Al ) et Jadll T b S Lo
T Tkl ot e B B ¢ ey . kil el 3 22
;éﬁ,w Sl O o (il (3 Sy Sl Lo W
5 4 EblI L3 Ohs Gl It O Jaas OF oy Lt oSaY
b 10e wis el 013 Ladadt (3 dntl) L ALYl spe we 0L A

AL



b 1 ial) Gea il I3 JauW1 4 o il Ol A O TS el Gas
o B3l i WL @bl oF S (V47 < Takagi) (J5 o Y- ST SN
Sl I Bl 35 ey ¢ Ll DLadall T, aza 018" gy it BN

Lol Gasd!

Lhadl dodadl 5281 OI3 QA 3 LaRl -V
1 5SS By Ldlowte Al 0,5, ek Zolst gl SVULL e DU o A
5 Vaor cEkern) daldl bl Ol Jas 0Slly pdadl e ddane 523
CE"::’“ o @23 4l (V410 ¢ Tackett and Pearson 5 Y40A « Mclntyre
aladl 523 s (V4% cHillely Cb il I Slaeadl Fu’, sl
Ly ¢ Amdl Gl o (e e by Bl Wlaly Gl dalasy Al BUS
e 05 bk g (1 —A) JSK& G301 Q1L Jpts Blel dI (s0% L 5SS

Ll L35 O 0T LA OF oby Sliale s

(b)

N

Time

Infiltration rate

bl G G el ol 15 1 = sl 0 G i G2 TS a1 =y S
dadl ddadl 323 Ol QA -

Jsel ouadl Jsdl (V4V+ < Edward and Larson) o JS - A3

Slaglall I a9 (V41Y < Hanks and Bowers) |3 o0 gyl il

el Bl Al 52l Gl LU jalasdl e Tl Le Jrasll
A3



Sl 0% o s Gy il Sadll AU L Taey IS O LSl
eia) 2l b Lol Gl Ot Gl 1 L gl Vil 3,201 I3

(q,) JuY
4 =9
dH dH
<) oxla)
o JSI LU 2wt Yl 230 e ‘): 2 KUK, 5 o

JUsY Lalaze I Y OF L It Lo s Sl u,la, iladl 5 23 b
dg> L_é_ﬂ.lf-Y‘ J; s . 3,3:...“ u‘f._.ﬂ‘ J d).p‘,” e 3do-ly 8oy U_,gl_ ‘Jy J.:f.
Jat ey Dadll 21 5301 LW agr QWS b il Gas BoL 5 ae A1
q=K pu)=K, o +Ziu-t‘z—“ e

iladl 32300 o Gl Bl e LU Y K, (4,) ¥ o
LI Eoe2JH Hy ¢ Adeadll 5 280 OF Bkl o (3 55kl (W, ) w2l ugd Jlas

H,;J\wo;wm s,“zjtw@,,dswtz vgucu\
.J.&Lb- oMZ uh...»gﬂl U’L.aﬂ AJ’\J_, Lb- w_) M‘ Q,P‘”‘S!’M
cr Al S8 ) Gl G OSA A g ae bl

1 F el sl 05 Lk g nnde bl 5,230 ol Sy b O

sing ¢y oo A G (g, A S e bl O

o.t»\; a.l>-} Jdl M}A\ Lomdl 2adal) AW sl Hladl Oay b - Slatul
Je Jot



Lo O J@Y dad st DLWl Gy Led OF Dsldt oda op B3y
Ly gty oy LSor At adoattl 5280 dade) LW ALV 4 by 8 (gylud AL
B3l Ol R, ddearll 8,230 dad e dolone 3oy JST AW Laglall gl (g9l

+y, +Z o

q=K,(y,) =K, —°

v,
R

c

q = K,(¥,)=

O all Lkl 3 Al agem Ll (AWl dams Olas SAL g

O S ¢ 32l dakll (Wla¥ly LW dldl Luld bl Jo dduadl 3231

Gl b st sled Koy Uunn 05K bl (ol an Al e B
SIS 2y dind izl el IYs leadl 5231 O 4

K = ay™"
dl Jodl (Sana o JS dtaze R Slio b Sy
_ al/("+l) B B
q R:/(n+1) - Rr/(n+T)

¥, = (aR )T — BRI/ D)

B _ 4 T oy L) 5200 CF N Tho 1 o
98 G (VA S G Ty ool oolh L 30 0 B3t
Salijci,lﬁg:l|5fzﬁi¢.¢'ww\4¢3>lij,ué,dl Jaas Ol 48
Liladll 8l a3 aylals

L5 pe b By Sl5n g2 e Jf(.i oL (V4e%) Gardner LY |5
o 8) 342 O Jadin @0 S eld BLA Ls 3 A1 Gp
(6357 B Lhee Oy (¥) 34 o6 U Al QA 3 0SS O ¢ (ST
o gF e JB Wbl L payyn o § BL5

Y



T T T L T T
30 4300

— ~ —
> -
320 \ 200 3
~ 7
E | RN 3
AT dis0 g
U -
R, (2) =

5 RN =1

2ok - ® v fi00 7
2 8r < o N
[= o 7 2
2 e ©
o sr 150 €
= A ] =
E < 2
S 3 130 &
.8 qs-RC / g
22 ™ 20 %
v (o}
15 =~

1

Crust Resistonce, R, (Days)

N 33 apaadl il et I gyt Cluadly Gl Jo dazall Chadl Agldl (g ot 2U1 (Y —A) JK2
( Hillel and Gardner, 1969) ) Lkl

ﬂ‘aw&;uu(u)u@yw|w\ 32l e JS O

8l el o 3 S o) bl 3,231 0l ol A2 gy
G by il il dune JSK2d 1205 534 Wpemy o s adlly (il S
WSt o 055 ddl didall A8l g OB ¢zl ) el g ol
W gy S Al 23l A3 ALl 2hadl 3 2dll I3 MY 05
Sl i e dbglw,ﬂc@w\ Lol Y87 3 Bl galus
Ges ¢ gl o S 8 Jeast Ul [ gl il o3 A
sy o o bVl il 3280 CF 20U Gl A e ¢ o
Hillel and) o JS Jes H, JWAl Green and Ampt b 5l
de st il @ aadl e ¢ el IMs ol S J! (Yav+ « Gardner
de Ly Bl Yoo el dies b 0S5 Gy a5l A6 Aladld 3,21
3y Sy el Wbl ¢ Lol Zadal] a2l dr Jes R ilarll 5 2 Luylis

X.v



o b (Fl B ALl ol NI T el ol
& doe @l il by il ol a8 aexr Jold rendl ol
idall & 24l daglas 350 ) & Jo (el (Al OF domy L Ll sl Jyb
O s lndl L sl bl LSl Bl O3 A G ol
o Al G s dladl 33 Al el Al Sl
dgxr 48 O Al Ladall JF Jotlll U1 OY ellsy JsYY Bk (3 ,LasY
s Ul a0 B Slially Alal) 5 280 Gl e IS ey 5 ¢ ol At
@ayendl aall LU LU IN6 5 Y1 0L el Jey 45U 06 JLAl
oy oAl o BB € (LU 220 g 0y Loty BT BLagW 3

By

I = KR2(AO) + 2K

A0t — KR

fers B b gine £3U1 06 0, e L

K
},{ ut S
J + AO + O(t)

L, = K, H K B )Li
;= A + (H, = KB )Lin | — H, )

cades | fogns “M facaa) o (t) C:M:'“ Jolas OB Lt 5240 8oL 5 ey
\_.))b_._:]l e éw}M‘ALJM‘ u.é:}.” U"J{C’ J.‘:V'- %&).»_(L,-) ob
(A =AY S G e

YA



(A}

15t

3 Uncrusted
ki)

[

2

o0

E

25

s

3

E

>

o

30r- (8)

=

N~
' 5

@

° Uncrusted

-

[~4

210

E f

= Rei

E

L Re3 | 1 N 1 -
2 4 [) 8 10 12 4

Time {hours)

o Wbl bt 323 S SVl 0 Ll J.w =1 ot Jo @S LAl st (A —A) g
Hillel and Gardner, ;2) JSH1 § Tnigr sl Zlis oy Tiadhh O O13 tae W dodandl 3,28
. (1969

e oA —A

05 e Mewb LA GBI 50 oo SN V) BT a5k e

SSIcLA Gldl paddl e Jat laaVE COTIS Ll ol et Ak
Wl Jutae o J31 dompty Ul Gands Sy 3301 21 35 B Aal 0 ST
ity Bt Jlaa¥l 0S5 Lakisy | dntll b O a1 0 AU (3 0L A Saky
g Tal oling bnschs A ) 2301 ke ey 01 plin 35 ey ST
s el BUS OS5 Loie G Al oy Wl Jad Bl 3\ ez
G azod S 06 ¢ (el LU AILaN1 0 J31) 01 Golke o Ui 3 b

X.A L0 sgsad e/ p



i) 35 da et s d dyodl O Glay U gl By S ol
bl a2 3y O Gl Aid ¢ Mg Al o Sl s Loy 2y 4o
B J1 (25 Juaall 5 0l ¢ lll BLS! dutme ) & slene 0S5 DbV itz Sy
el Slles . (A-A) JSKI § mdnle lay ¢ padll adl ) dys
Rubin and <1147+ « Youngs) J3 o Cens S L_g)l;l Sl Oy b
g5l o (V491 < Rubiny 147¢ < Rubinet. al ¢ Y41Y ¢ Steinhardt
ool SN B a5 Ky a9 Bl eda JHL 0L AF Bslal Laaall Mo
Sl ib

ol Cogdd L3158y Bl B Sl3 JUaeY) endn 1 ygeadl 8 Al —
LR 80y pedll Sl St 8 ae e gl el e gl LA - Y
i 0SSl aale iy ¢ ol a2y Canan W) e e il LAl —Y
BTN W SYOeY

Soil surface
Water content d

Soil depth

Saturation

B ps 2HL @l b o — il o el I3 bt Gt i e (4 - A) S
CEbI BB 53 L g Oy b o — o Wl

X\



O 3 ¢ Lo Jlall DU Tl ale Llarns (Wl 3V Cresdl OB ¢ ey
100 el 3 ol ol Sl ol Janall dauly ade Ll 0,55 SN Q.n
o kxdll 0, baiey ¢ G0N LiMey aSU A:JLaa.Y!,J..JUPu))aJM
b L de el e W) el Talie gl lin 0 ¢ Lk !
oAl JiE sy (b el o il 055 OF (o ol st S el
Sl o ot IS U G Sl jak o W1 Gailly ppeill 42
bl il gl slay Loy UVt B¢ Jak) O b oy Lok 4 Juest
b ot g Doy imel) a1 el 28 s 8540 £ A0
G sl salad 1 LS wlie 085 el BUST Ol 3,6 O | ol
3OV ady <t e 0, &) oWl S5 s ¢ 302l b (g
§ dpam pte Ldp o Iz 3, Rubin i OF L ol oda Jo 4
P b ol 080y ipine 0S5l Sl by Oy « geb Ml it il
WS oy &y 1 sy Oly ¢ Gpme Jiasy B oo JI Joas oW 0 25y 2
dpar podeg @y duilonze &30 0SS O ok s ¢ o bardll Oy Bazen
ua.,didb‘_;\f)utujdlch..&w|w;uw Lo idaze 5,55
S el Ley ¢ el CuL.. oot G W Gt 0S5 (all jab o !
w)lo_,.mco;b)u‘}.déa.,ﬂ&h.aﬂwob cL;UoJJ!ch..J;
fs 0555y el B 3 160 0, OF S Il B e S e
g oo il Ladl dy» g Sy da 2l LU QLY A Y S8
3z g dl e bl alll de (g,) sl BT O Sty il
Wl b Gl i e B Gadl oy 4 = KUL) 0S5 U,
C el b O Jadly el mtll b 0S5 (ol i or 05
sl e Gy bl Sad] a0 Ll e shanaly 2135 @ ddl Gl Gasy
a1 GBS Vel pazed (DY dpoomy Al Ll e ) autll Gllsl) 28101
b bl gl G domping o) Ak Ao e i S5 AU
bl Gl

AN



i Gild) ol I3 Bl O (§ sl duine e (V=) JSHI
S Al pe Loy 6,.4\ o Y st et SbEs O el laaYl
A G sl L Gy Sl ek e W1 el dY (1) )
Jdnr oo iy JSHI ity Sl jat oo gl Gl Gt 0, Rubin
dotar e L2y gl o 2,0 bt 301 3 L1 Y oS ssugl el
(V0 —A) Jg...ﬂ @ dazll Ll G g \S il ol asll

0-08r
1

0 06— 450
g 1N \
~ ™

AN 300
g 004 \\
—

E 0-02F 228 T
v -

0% 100 B0 200 250
Time, sec

Tydasdty Bt laed U adefl i padl) o oufly et Gudl Gy BRI (10-A) SRS
. (Rubin, 1966 : -5 ). laali Jaae (6 iy Gnaicdl bylasdly el L3 by (Suakall

Qah..l\ c,...}\ -4

Sy lan¥l o el U5 OS5 LW e 3 O Al el et O
Sl i o g S o (SN 21 5 e deane OOV
o ATl BT 0, b hah gl Soigt L Jgladly Obay) J oot
7 el Na¥t b5 ety dl SutY pladl el el S
g Wae JSI) Lpamm 50 Gy ¢ ¥ 0SSy B e Sl
el Ol

UA.J\” du\u uﬁ)Uﬂ.‘Y| 0\:{03\.1_) ‘Jt— dalny ?;h..“” c..-.“ dlu’- d-hu
e,...o- G o8 S cthJ|4A| Je Lal dae el 31 O J»-)\u

NAY



oluadl J-v gy b el edl OS5 deil ykl 3L 4 pdaw
&y Jaald 3305 or dAl AT a5k ¢ (W) U e YL (g1 LW
pay UWMQ{J‘CI‘“QVQQN|JJ;Q Lol 43 Lt ol c:..Jl
(ioeblas! 2zl 3 \elibine 2331 LEIL U1 eis 5y b e ) sty il
Blo B el G O DYy el O3l U Sl Jtes 8315
y Jall Ol ey &A1 G laly 2t e B e Slaesdl 308
dime U Lladll 5231 O3 b (baadll) dopoll A Ll §ypa . el
o\}-lubc‘}lﬁ‘f-bcwdmlr&cuuﬂgﬂ.ﬁh.a}qbbuu
Burwellc~J|Jlm(w)@L.J|UfJ‘u9M ol e L5 A &y Sl
c: S LM OVt Lan 3 0SS BU LU 3 (V44 ¢ and Larson)
A oastdly G m SN Al sy oA el el gl

L@ el

(V) Ji
/rl'hgﬁ‘“WbM‘,ﬂld,}dﬁ\dmaiwm
‘.L\',» Gl [addl duae OISTI31 L e Av 2281 S COlS e delun
dE e YT AT (SO 0K bke el e ool 2ol /

il
i = 10mm/hr
1=ic+.—?— i, = 3mm /hr
I = 80 mm
10mm /hr = 3mm/hr + L
- 80 mm

240 mm? /hr + b
80 mm

I

10 mm / hr

800 mm? / hr — 240 mm?®  hr = b
560mm?/hr=b
Y\Y



ST 2l O Le Jadl dime sl alatd b 2ad gl s
0}‘&‘ Z.‘blal“szh::éw“}p(bfihn ' N

L+ b
1 = ¢ ———I

560 mm? / hr
Lo o = 3 h
i 3mm /[ hr + 1600 mm 335 mm [ hr
. 560 mm? / hr
i, = 3mm/hr+ 3900 = 318 mm / hr

(Y) Js

pondl J1 ol sl iaSluiele ¢ ST W DL Solagall o
S Gl e BN Slae 6§ 8345 dpmam Oy a1 et (g4
Lakie Wlaza! oS8 8 ddas gail jliials $icba /3" Yool Ve Ou poli dutas
i 85 il e Yoo st o sl s 0l
YWy ci=10mm/hr O pylall sy bii, oo JS" Bme I b Gl JUL

qnf\:iwt
i = 10mm /hr
LA
= i, :
2

10mm /hr = 3mm /hr + M

560 mm? / hr
L= 0 _3)mm/br ~ comm

5 2
I 60 mm* [ hr - 33mm

(20—3)mm/hr

AR



phe Lo 5o 05T AR LS 4l 2S¢ )1 Jaas 5L O B
ua__;,_qﬁl.u, ¢Ambas Voo gl Lok S8 5 My LA Sl 5,05 555
Juat ol B0 oy o Yo

._.+i
1 =1 I

560 mm? / hr

i — 3mm/hr + o JAC
! mm /b — 6mm /hr

V) Jia

‘(.,.m(?,;J,Jl«hj.-b@gﬁl%&i,&\!l&ﬂlbbﬂivéqkl
A ol T Vo IS STUL Al DSTdRs Ve amy & UL
Bt e debe ANcE ) BV Al we L) e gAY

150 cm3
I SOomZ. — 3cm
I . .
S = T t = 15min x 60secmin”! = 900 sec
Jcm Jcm 1
S = (900 Sec )/ T 7308ec 01 em se¢
I = St!/?

= (01 cm Sec™* ) (60 min x 60 Sec min~!)!/?

BV &l we WSV el

I = 6cm
(01 cm Sec™! ) (4hr x 60 min hr™! x 60 Sec min~*!)!/2

It

X\o



Sl § 3 oo (ST ol

I = 12cm
‘I = (01cmSec™!)(16hr x 60 minhr™*' x 60 Sec min~! )!/2
[ = 24em Bl 1% Al e WSTA sl

gl Wkt or Gy Y1 Bolall e dpna oSe oMel Balall Bzl iy
JId Je dele Vet Ll SLA IMs el ddas 3

i = _cll_ _ S
S Ta T
0-1 cm Sec™! _ 833 x 10-*em Sec™! dslu ) JY adll Jums
2 (3600 Sec )'/? 2
delo ¢ Ble Yt A dune

N ‘ 0'1 cmsec—l B » .
LT 2 (14400 Sec)'/'2 417 x 107* cm Sec

0-1 cm Sec™! » .
YT T2(57600 Sec)l’? 2:08 x 107* cm Sec

(§)

S8 S Gl Jl Oy b o & daall S DLl O e 15
80 (100 Cs.,,t:.'ﬂ i3y adiadl b Al Ay Oly ci,?l?/ru f—yexy
g0 S W 3 padl Caen WSUIE L2 o o JS ! 'r\‘“/‘”(‘"
Lo MW Er Goe SHS) Aol L Al S Moty bsgas 4 A
a3 A ks
Uslalt 5. ,‘_',.‘:f.-:“ boges L,Ui d4es (JJS.; (PP
I = St'/? + Kt

AR



P B3l Zuadll SR W11 LAl LU

I = Olcm sec' /2'x 60 .sec'/? + 2 x 107*cm sec!  x 3600 sect

=672 cm _
I = Olcm'sec™!/2 x 120 sec'/2 4+ 2 x 10™* cmsec™ !X 14400 sec!
— 1488 cm - '
I = Olcm ses! /2 x 240sec' /2 x 10™* sec™ x 57600 sec™*
= 3552cm

Ladl ol i

. dI S .
el T
0-1¢m‘sec’”2

= T2 x 60sec- 172 +2 x 107%cmsec™! = 10-33 x 10~ %cm sec™!
_0-1“<:msec‘l 12

T~ Ta0set T 2 ¥ 10~%cmsec™! = 617 x 10~*cm sec™?

) 0-1 cmsec™1 /2 i
LT X 240 seci? +2 x 10 *cmsec™! =408 x 10~*cm sec™!

AV Al pdid MY da s 514Y U

Ly = AIB

L, = (0-45 _6(‘)'.7;50)111cm3cm_3 = 168 cm
L, = 0% _13,5? ')C:nscm_3 = 372cm
L 3552 cm

s = (05 Z003)ememS T oo

XY



LSyl by MY!,L; o de:l.: TR PN C I

i 3 O S Syl QU oy 1 B g bidbly L1 plans G 0!

Doy cdaddll sl Solbliy ul,J\u.b.L ol Olhae M mnSyY!
RPN FR-C\E o o MUV e N RRDY o S T SRR I 1| I AP0 IO (R

lybly & 01 o SHWIUals G sl @81 Sl Zaludi g Ll o5 0

Sia W Dol ged Ji5 I Sbladl dn (g (ol o e
OS5l Slaandl fo L glly el 2Ll S5 B G pldl r (g5
eledl ey ¢ Ll WS plowe WS ¢ldl dtg .Crumbs
G o pledl a el cpda gy NS plas 5 ST e il
ot o (U V=) gt el ol e oW & Al (1) St
(U A+ — §&+) s quartz sand y Brookstine and clyde J S
oda 0L iyl o L pludl 3 dutiuzdh ! g)s) o dagun | Fe—zeolite
P ey 5ISIY Jay A2V s i Ly, 005 Ayl pludl pnd Sl
O um,m o J,a /r J \,u u\ utw,; uY}..a.nl\ 4 u,iu Al

NS Dl by Y d,.x;i, il (.:..4,. N 2 o LB bi

u‘"‘ e —¢ LJYJ»AJL\J 4:5&-‘-\55

C‘)‘M W80 -l 54"‘,3 i:nlilb g cﬂ -l By ‘j 3)_,?)1‘ C)L\Uu sde Jdalw u‘.ﬁ By e

Y14



kA s ”
- § ~Brookston cla
1 ‘\ (\/ L B y
\ \,/- Fe-Zeolite
21T RNA
§ ‘o-ﬁkal__ ~ »‘_k_
® . Quartz sand1; Ty Clyde clay—" ;’x”\,\ Y
| o
|
0 | |
0 10 20 30 40 50 60 70 80

Per cent Ho0O by volume

o el e 0 ) B Gl e G B3 (1-4) JQ

Total porosity  Inter Crumb Crumb
Separate ~ atsaturation porosity porosity
_ % by volume % by volume % by volume
Quartz sand : 37.0 30.0 7.0

Clyde clay 63.5 31.5 320
Brookston clay 68.0 31.0 37.0
Fe—Zeolite 70.0 30.0 40.0

O pledd (0 2006 5 L LY e O S ol e pedl ol
Lo oWl Lo GandS U +bdW 2l o bzl sl OS5 Slaasd!
O gm May (g Jod ST SNsadl Lol ) A oA dak
O GOl o sopmgl) daall) (3 a IS ) GO b Juks 53,80 S
eldl ol G s i o ) ol 0S5 ) e Baly (Candendll)
33,4l

XX



L ega au,i. -Y

* o SIS ¢ Ol g TGN W) i o ez i slyp e
sRussel) e J5 w3 AT bt e Dolll SHWH dutay ol J.O; 5 CO,
Jeeldl p Oyl il o L1 Sla DU (V48 ¢ Appleyard
I3y oo 0 Gar o slabl oSiily LA (F st gl oy Ly 5l
i By et anly A &) ol arly RS o s By
VALY Gl (A s Gl il i) 430 Sl S Judae
',Ye u,,\ﬁ\ Syl 3By Y0, Sy
P or 055 (@b syl LAl i Ll
fot O anSl (3ly YAV G ¢ VA G

ng Oly ¢ el ;\_,M JM Ly SVl 0 401 2hea (922 OL L

Wﬂn oda iy 4@44 Sl e AT Oha ¥ =% 3908 0y ) 4
ot OF L dasl Al Bl $lIS) 1A Slhes ¢ Jgmattl ¢ 43V ¢ fuadl)
o BTSB! g L Gas pe S B slpa (30,5 CO, e JSI &
o Upedll g I Gasll e 5135 €O, & OF (Y —4) JSa

0,-Nov,, 1937j /
iy, 1938~ A

Depth (ft).
w
T

£0,-Nov., 1837 S
July, 1938—" N

\
69 d 15 ! !
0 2 \‘ 10, 12 14 16 18 20
Cbmposition of extrac}ed air (percent)

. (Boynton, Reuther, 1978 : ) &yt 1S 331 slp Sy o Goall 256 (Y —4) JS

AR



db g Juab oo 1Y 500 L-,.J}az_coz;,;;(fw VI) Sy 8y Ll
QU o 55 G 7 18,0 or BT el 5le (o YY) Goe e Wb I
Ol L 0,55 oMl KN & Sliolly L VAVA Jibt 8 7V o1 I vary

S i a3 Gl 12 Jyadl] Genll ae €O,

A3 GB e Loy ST OS5 Ganll oo gt S e SV S
557 % (e W ) Gl ke Zols dadll ey A5 Sl oy,
Ly c(wV'\ St L8 gl =130 0 520 700, A1 Yo 00 o GeneSHY
oV Loy 3l i Lo AST 74,80 — 0¥ e 0SS Ll oo YYA o
VAFA Jibl (3 74 JAArY GUE 0 25 37 Y r RS Genae ST A o
Codl Slidadl dghy 3245 ar Uagpe O G it SSLY1 Lay
4 341 g S0 a8yl U s O Slaghall gl L 2o 1 g 2NE SN Amnda]
1 gy I 1y 5 s 057 Taadl Sl sl e S5l

Gyl elen vaas —ehWI Jobs —y

LSl U DLaSTOL iy LA slr DS e Bapmgll Slagall (e
Bla 0555 5 el o gl 39l s LS iy G Vly 018
gl A Lol LA OB ad Sliglal) sda Slil e A dn
2 I Sl 0 1 Sl JB BUSTOL LoD ¢ 8LV 85§ . L3I
A3l U o 5SS SASTA (g alall QLB ¢« ZadWl ALY blisy Sl
0 eyt O gl o S gy L5 U ot B e f S0
s Jro) LUl Jalgall o w51 LSTY O A sty 51 L2V Bl 0SS
Sl sl RaST i ¢ (U b Bty Tl Dl 00 51~
A ol gl bl sle i on AU SLAL gl

YXY



mass Flow 4531 04 > — ¢
& e b — 1

LA ot 3 b eidaV) 1ok ey LU0 elpa g Lo 35 L, B4
A GOV Gy Il s Ly eV 2 ESod) oLl el e A1 BLA
Ol ot 3y A1 3 ootV Ly ddlsine 31 W dole by L3002 Syt ey
LAl e dgneall o ol ma b 3 3 ey A0 G Gy ol ey
LIt 0L (VAYY < Romell) - 731 . & i ¢ B dsls e a4l St
- \ L N )
Ll o R o B o s 0N AN e B B
o S ed B3l el 46l B Gy LA OBl Ol ¢ sl

G @yl Jole 0SS 81 Ol gl adey B3l &yl e ?‘XT - "v‘_’
AL,

(Srandly @ hardll wib —o

o l) (g U1 L) 3 83L5 1 Ol o O9U Uik L5 BBy

PO vy bl (3 IMoen SV g ¢ A0 slin o ¢ Olad
& olad (gl Ob S ¢ B A g 00 el J1 a5 OY gyt LA
oy el n e Ter O 1 33 20 olh pldl w s (ghap ) )
fs e Sy bl Bl gl (B e G (el
U o Srall Bl Slgd Bl (S Al e s 63
Gl sges et gl elibl 248 0L SN SpgBly L (VA0 « Buckingham)
G Jo dazdy oo 0,00 =Y 22 LR 085 Coger (o V1Y) G 53 3L
Lo e A Sl bt Baall G SUNEY 4l ¢ ey AUl Sl
AU e B Gy bl LU eln Oy Gl B35 Al 3 o e Al

Lkl baall 3 ot Bl LS B ol ¥ &y \_.i_

YYvy



W -

Lid o Sl 5 g AW b I Comdly Jekll 06 0L Wi ey
QA G e DU 0dd Sl LU (am (et Romell OF o2 ¢ Ll sla
OF Yipor OSY U b 0L 2 B Jo Btz Bl e ey
dn Ol il Joobns, Zegll ) BalzeWl &l oo e e )
s WE O Gy sl i ol Zeapill 2 QAN o Jeh OS5 Tl
BS0L A8 A o S8 bl Sl 36 e bl Cpladl ST
I ao slyhl O i) . AR (@alze W alydt 0 2T O4SS ey (g b sl
Be Goo I UL Ly sl Jodl  dis OF oSe (@l [ p Vo) LI
de sbl Jaas (%5 ) OB ¢ AT OL 2 (Jlo gD M3 02y Obiazi
Gl U3 shy Jadl 5o Bl pdacdl s slpdl dabs (3 s 4300 pulas
R

)&ﬁ\)\ A.’U —2

It V1 2 i b e BN elyh ad ey L 201 UL Sl
Gy shl g alobly 6 5 Ui 20 (Gl A daly (Ll G ol
i o gl AN ol SIS Ax R A 3 S sy
pldl ad slygll gut s ISt (o o AU DTSN 2l Sat byi
Iot B sl L O L Al sl dauly A )b S Y il
I B D BT R U PRV SR Ry
non Ll 4, e

St —e

4 Ty ¢ bl Jaull I3 S Ot o DS o Bple SLESYI O
A par 3 B B § 0SS S R LW 2 Bl
DR Y Sl Je Bl U JSI a5 05T Leke il b oS

-XX¢



O8I Sl U o &aS sy ot LA lga L SV L e Jgald
0555 Gl oWVl Alasy L bl sl e LSlas Lo Genn 3V u.,{l
o SV QWIS () I )b Y O S Syl 36 i e [
elr SUsSa 055 gt bl 1 Juogy ¢ 85 Jadl Lia 0157136 . 4 00 ) g

Gl gl i3V 1B &y b Sl I 2Bl 3 )

Fick’s law S Oy : |
To-lonay Jangll HL23Y1 Jalas G IagY s LW 00K ¢ 5o 0l e
P Ol I LoL N Gally UYL 8 50 & g dlly 2l cladl!
dc
dQ = DA ( i~ ) dt

e dt Cadl IMe saally (Jye ) dpWH A 26 dQ O Lo
Fow [ dye) By L G Sl () By Ll A Tl
x sl s ol L /T o) By L.«u.aD)L:.:N\ Al il gty (o
0l ra O ol c =C, +a ok sl 35S e T 005
‘}A\aﬁ M_)w| u:- M Ja...o_,“ u.a.ol..a"}ﬂ MD_)L.“Y\ JA\&A U‘
Jdasy 098I Sl JB 50 S5V B0 Y0l 05 DSy HLESVI
AL LS sl a 25T GBp Vs e o) b ST S AT eldl G jLasYl
G oz s adh ae ol sl G O, Syl 3 5,0 ST Ol oy
MY‘ o d&‘ o\l.w A

Ao n n geves malidaludl Blyll IS LY -0

PrCIEE R J,l,n,ﬂ IS5 Ll ond Sl il dlee O LB

SN Wbl SA g .‘L,,, i @ 0y Ayl 6 ezt e
shap slas J.bu OL(VA g¢ chmgham)c.;,l gl f\.«l splae I Cu
fu\ Olals M———uha.u g,i, SV Jawe O Eom e 3 Ll e e

Ve YT RV



Cj

[P

I W Last (< V88 1 yeg. Penman) .5 oo & caadl jluaic
Aaledl b ¥ I 6l jLt31 ) Sl Juen o] g5ty Taldl plua Vi
Al @l el il § foold 0laill T 0,5 L1 1 £ e e
955 50 Sl oY el Sl £ db 3L aey G Ol i

Ll e o Gl oLt I 3 2t Do) LYY Jibnag Lnnds (3 3 gile

dq D P —-P | ;
5 = T A 1 Lz ?!”m«n QIIMM

eH Gl de el B3 Wil P, Pt b p o S
oy I ey Tl apldt b a sV i Ol ¢ L il 33 Ll
Pl Bl cdtdl Sl Slagsy ) @A il ol Lzl

dg D
dt R

. F;":‘:/() Nj"’?"” 2'—”er'l'/-") L.
&= A da.ill S el &) ¢ Dy o Pex slydl jlazi Jolre O L
whs Jead oMl sl o hall st I el Jladll Jodt L, ¢l

0

D=ps _L_
LP

ey 5% el 2y s LT o bl il Lloy¥ I%s SLasYE Jues
. - . D e . e s . D ..
— 066§<_§)L~ Toc.ﬂ c.px ‘?"‘“ fia J“‘) S) Totjy Fhy M| C:.AJJ
SHWE GMBE Oy « 4 I & bl 5L sadl YUt Ol Penman Ly
Sl G B elans¥l 3 pe S AR & sl BLed g
Carborll)bisulﬁde Jlzul 301 45,50 8y SHWI LS b F LY
CID Ol by V4¢APage, Black) |3 ;. Paulding b o 3622 )
\$70.798S 4.3l o.iay Brookstan Ol r 36t Tsd 0.618S 4, L.
Brookston ¢pall Lol Of JSa1 e L, (¥ —8) S & dnsya

AR



03

T T T T I T
D
< &
S e
— * |
Q* g{“
o W
02— & & ]
< )
o Qo
9 s
3 $L 3
3 — ’ -
.% Q‘\\-.\““
z o
L * —]
0.1 $\,a‘&
S Q
o
RS)
— 3\\\&‘\% 7
0 | | 1 1 | |
0 0.1 : 0.2 0.3 0.4
Porosity, S

AN dles e LSV B3 (1 4 2

bl e TV 00 gt e oV 3k ) e Sy oVl ik ) ey
injlly pldl o ault Bae g I Oled) dnadd) Lo OS5 ol lay

Jé o0 A Zoyy Penman Dol Oy ud L LS LA LAl e
Y Gl JV Jooys (VA €4 ¢ Taylor)

gy . Jolall Gy Sl Al (g dlly Jlﬂbl&;ﬂi Glw 62 O Cs

ALY aey ‘:le pllasly HLast " ‘é.n, P IR
irls gl oy gl G St UL W B 0K bW I3k
Job ol L b 055 g2V Jolsadl C‘>O| ‘J"’L’U‘”Lﬁ“’fd“"‘
e ALY N s @l il By e 0SS pY!

AR A7



/112 Ol S ¢ LA dauly 562 |87 Juall iy Lonn Wb () S oS3V

. Penman st _DD_JAL‘H iy 0SS
0

9SS Lekze ghiee dast OS5 U G GW G brdll Sl

LNy &l ket Ly Clenod Zid) odny el uu{f,,,logp o 5
- Ll iy edy 0.668S Cils” ig Ll Ontario D, ) —r i ol Taylor
JKal (3 and Black and Page .+ JS) . Penman d:h: lf.la ! putall
J,w;v S Bl Lol 1 05 ol 0l o ol d»wr.u (¥—4) ow
G o sVl Penman dslag upl}fﬂ «.,s"‘“ o Lal Laxgly 2,8 o

D D
o)h’g( —aS+b)0>ub e Lane Oy Sloows SO uu_,(D _aS>
u\f\ Dol e s Zalldly HLeaV

— SB/Z
0

D
D
WV e STS OS5 ke 1S o Penman dstas e Uslall oda OBty

Millington 4e . pludl &)1y 25V dep (s YW Ll ol Co-

) pl) g2l Aladll 2Ll BT LSVl ATV O 0 JS0464)
e dejgll oLl e o L) eda dazaly ¢ alap (DleldVY Ll Jyby
Guall 3 ool Penman $slas LU G Sisdony 4 A

D _gn
DO

SHWL skl dulldly I]; o S ik BN Millington Uolae Clasly
dolldl i bke Sad (L..l\ &) aauly r’J-\ c_))..; MBJJ AP URVACY
Taody 360 WL Basbell Zaledl 0S5 Ly . ! st Ol b LIS
o= alia S Gy Gl odb il (8 -9 JKaiy ekt st
L300 & g 4k )b Van Bavel V40Y V40 & . Millington y Marshal
Sl sy dstt Layt oS0 LYY dumay 5ol (B Jeadll do e dezely

SYA



Jde slbl ¢ LA 3 Soag @ el ASCaly Ut Ll I S D
FHEYAL! W‘ 3,3:..-“ HPN] gé, )L::J)U Lt Juall 1as

o*P B. et °f
.
e JL3E
10 : . r :
1 | | l /’)‘A
DDy = ObGS—Penman /// 3
~=~D/Dy=S"" —Hiliington Y
08— = —D/Dy=S8" _Marsha!l /& 7
& = experimenta! resclts 4
(dry materials) /.//
V4
06— —
g
)
0.4 |- -
02— -
0 & ] |
0 02 - c4 . 0.6 08 1.0

Seil porosity

- (Papendick and Punkles 1965: ;¢ ) 41 Zals ¢ ldt Bl O lesYi G (£ -4y g2

bl ot (31 sl WLl Dy sl 0L....cX‘}J E
gl}-! iy Je daz CU B ¢« Penman dslas “’(S )Jl B 0,5 sl
o prdl ey S AST Sty L ey A Dbl e L cilin
B30 elgh ) Jarall (3 il Jitee OL slall o b . e iksmy IS 2300
st Oy ¢ %)a,.u SV Bl po Lo W DL e b nlita 005
O A atlas o udy Jardlly A1 Gl dagb Jo azas 0S5 W
393 Oly G darall iy TS 5 Oy ) o Lo iz OF et L2V
Gk ! 6,;4 S ill oS Sl US4 o Lywn 05K Bladl) 2Ll
8 L g 0S5 & ,ut oda o gl I Bl ast OF L bzl

AR



S Gl oz gkl Jalully LY s 2 Je W00 f domlandl 221
Gl s Gor 0SS Lekih wm‘.»¢¢w|u¢u>,~ﬂut
Zyne ,L251 Blet U LA S Lol Gaddl e B LS Lo 5 b

: BV G e 193 Uy

o‘t LAl Aol ol S Joy I3t JpeSI1 Ll By e g st
V155 Sl Dl ¢ A 068 (g5Ld O o L)\ 1S u\{—‘—

J_.. Aol iy bty SLEsY) deglia $ Olpadl daly W & ,J\ Ls ‘_,

G sy e Joam &' 2y Van Bavel dslas aelusy V41Y Currie

L0 —4) Sl

0 1 — |
) Curve-degree of—1)/Dp
activity //m2/day
2= 5 00625
3=10 025
. 4= 5 025
g 40 |— ’ —
=
3
= 60 -
N
80— —
100 :
15 16 17 18 19 .20 21

- Oxygen {percent)

.(Currie, 1962 ;) ;LA Galally Jol&sit oy 3%y L § SeneSHYI Ads (0 —4) I8

Ll Dyli W G T e i Ganll o’ oY J 2SI Olaill

_ a5 Slalallh 4‘_,9...53?\ iad Qe oo el olfbb_,JwMJ
@.,Mm Gl Olad e 0,55 LI Dyl Ui b of BLE dislaa 0

Y oo bbb 7Y Olaidl 5K lasny bl degldl we bl WA

" NY.



s Olat dI o) JWI bladl x&‘%- Sie fesYt Juse U
Pl DL Ol e e TV 05 DLl My 71858 JES Y
A Bl e onaSIY 555 Lo S5 06 & i) Jutes OF Gonill mdg g
parld 405 £ LPISH €l IS oy 2530 bl daylie Slin 05 Lok

aall B § i) B Tl By Jo

R & g A B —%

o Aoyl e SHY B s ot ¢ DL ey B A1 B o)
i 55 of b iy oSN Ol Slarlis e oy b
¢ Ll LSV Jlae o o001 3 Loge 0K S0 s OF Eom L S
¢ Currie s VA1Y ¢ Lemomyid! e o225 3 cpme iV 80 41,105
Jutwe dlaly i) o 31 Jo5 S S g2 S B2l OsSS J(VanY
gl A 2N plas 0 SV Sl ¢ gy &A1 slia G Dol DLW
S A FO3y S e dpm sl QU AL I Dud oy ddH!
o JS ep ALY B UNe Sud O g G SV WS 0L (g
opder 3 oSV € esd W Dol (V40A) Lemon y Wiegand
S
aR* lin R
755Gy « (oo [ ¢2) st sidk o Jo CoomeSV 555 0 Cr O L
G Lol e 20— DL DU oo e e ol B Sl
J;?-,.MY! It 20 c("(«/r&«) sy G5 DU (3 Sy
Job i (AT, () S e PR T [ 2) sy I
! Ol3 L LS Jalaw 1 Dy (o) GUI L2801 LI Bl i)
(141¢) Lemon yKristensen ;0 JS' w03t . (¥ .'(...)).'\J_J g 2421 Jb !
s ilpte 0S5 My dlall SO o 085 LA Jpm dpwitd! B O
Qi JIbY g3 ol 8 SagslasVl oL Ly L W 2V -dauly, bl

C,=C, +

R P 2D

MRS



0SS AEN Dbl G R 41, « Dy spadd Oly L 22EY) I StV
oo Aaly 48 D 2ody L alidly Qb )l (g2l Loy (e dati ol & a0
0B &ll> iy A ol ahadll Gl Lolel ) LSy el Pyl oL
LA e Cp LY el JSIE gl e ks s kel e ASUT L2
il ey (50 Ve LB 5ba3k OS5 @y el (Bl ) by
SIS O Bk by oda (14Y ¢ Currie)dyls] 8L piall
AT (e 10 OS5 Ly (e V) el D15 B L2V e 063Ky

bl sgull sl FL e L BLA o ol 2

XYY



sarbhbhl
&

"haw
. )

4434

_Illllllmllllllnm __— - — —— ]
iaj..U Zg.)u-‘ oldall —

X 4 4 iddddadadsad 144dd4d4dddddadad
444 iddasis 4 dd 444
44 ddadaddiiad 14 d 4 ddad

& il -

BA AW a1 Sladlsae (el L oS 85l LY Zegdl 541 O
A& sbes 055 ke Y D14 nadly €ty & gte By Ay Lt Byl Aoy
(oo Bely 5y OSG HW Le ) A6 Ly ¢ LS By ae gl Lol
A W Al LA e oS i dey sl U G UL debdl oS
e oF (VA8 « Ultrich 5 \AVA ¢ Lang) on JS 11 Jog 331 Sloghall
O dptdh o LS () =1 0) Dbl 8 e L300 OUSL 2201 21
4 (Ll bl Oy ¢ Lt 1 G0 DS e i1 51U Loyl 5yl A4 A
o det Loy 5yl d gy Ol Gl Oams Oy ¢ sl Lisle da el
SUSI e oa Jbally sl cppad¥E OCLe CGHISIE OF sy 1S
LA e 0L Sy ellly JL1 0L sl e 055 ¢ ol el )l
Lol BLA par ol o G B Lol SLA Ol oSy il
™ 8 Dy 83,4l O, S
CS = CIMI + CZMZ + C3M3 + .. + C‘nl\/ln(c‘al /gln (C)
WSS Xy puae Loyl 510 U1 & glans 0,85 431 SUSL 414 decdl O
VDl e el oS e By ST 2 &L dadly (o1 S
C=CX, +CX, +CX, + ..+ CX, (Cal/cm?®C)
AR



a3 & oSS Al Bl (Y - V) e

degdl 5l 4 Ol £
Bowers and Kersten Ulrich Lang
Hanks (1962) (1949) (1891)  (1878)

B L YA 04 (it Sty 510

— NV VY eag (= oy S

— — YA LY (Gl ¢ il 1SN

— — SYYE LYY ey

SYY YA A4 4 Yee 14 — bl

— — YA =Y — q

LYY — SVAY — ula

LYY — LYYY — Calaglys

— — —— LYY el 4yl

— — Hite e bddl LSl

— — LEEY  rEVY Judi

— — — Y84 LSS L)

— — —— Yoy LS LA 2kl

— — — YWY Sl o

LYY — — — ndall

5N — - - 2 A ol

—— 048 =00 — — SR

AR



Sl Gl b o JiF XXX, G0 A Gl 26 CL O S
Je oMl slyall dld dadl 2 Can €, Coy Il Jo lidly 4l 230
Yonwr 0555 Gy & gedall 33U 03ball o 0455 dkall S0 O s - JU31
lghl S8 OF oty S o (05 u,u)u,mr»w,dﬁwt,u
‘.gb S Wars K8 ¢ & gine 0SS sz’ Lb- iaree 055 Y Aol (8
C, = 046X, + 060X, + X,

LI e sy & gzt 33Ul Oalall alird o i X2 Koo X O Eo
5 A Gab ! e s 2 ) AL At OF 1S
B e lls e Ky BA G sapml) Lyl Bl B Ol

L Y
C, = PrersaiCp = Pp (1 +6,)C,
bl o B i C, el il Je Bl w1 G, S
H- P uL{‘;» Py p, Oly WS ulul Jo b)) ,_5,.& 0, &S
s AV Eeally odel Aslall 487 Say L e 4 allll
C,=p,(C,+6,C,,)

isgll Q)‘JJJ C,, Ll S0 Loyl 4 02 dacdl Jdne C JJ: oo

G gt s sl e o2 ) Bl s @i} AT DI STl D0 J) ol

Lol B Ul (Rugte bt S0 18 IS bpa V1 gl 055y Bl

Lty gte Doy JS0 phe JSU B Y ) gl 0S5 Gy B 0
Je Jeast oMl ol & Gﬂ\ oda o LA padl Ly

C,=p,(02+86 )=Cal/gm°C ’

L= %L=Cal/gm°c &M oMel SNl Jayy sy

m '..‘ .
C, = 02p, + 6, de ot 2

0

VA gr e g Bl B @ A QB &
P W 3 el & A Wl s I B Bl Zory
Q,=CV(T,-T;)=CV AT

X¥o



sl 4l Ul —¢

(S Oy gl Bl 4 s —

J5 o Baazdl Ll 3,830 2 bes ¢ Bimn B3l I3 (UM G o
o oM b (oo V) oy (Jdae Cwdd J5tly Sl3y (V444 ¢ Patten)
S i 055 ¢ il il Bl AT o o 1 03 ks gl s
J e 4 s dmy> i ..\..;\‘5);»-\!\ Ly (f Vo) ylias 4yl domys e
s ) I3 AW B S Ol oA L (V1) JSKE () o) gl
~QJIUAX0LMA~1..~4A|W‘_}J=..¢&L£JLA OST136 ¢ il e
HA G L Sl aladll il JQJ‘J.L..MW ey ¢ Ll
dull I amy 3yl 0 CSTI36 , (BLA 3 \.\»MJw) AX St
) Egln 0SS Cagos A el B 585 by S A Ol b < X e

4o
9=—KA( dx

8 =100"C. ¢=0°C.
X
¢ T~ A
£ N 3
< IS i iy ANRPAIA S Niy- Siip- NpEan | £ g e e S
A ; \\2 \\ kﬂ tAX p /
7 7 7
/ e —
vy ' \\[\~\\ //
i .
0 20 80 100

40 60
Distance from Heat Source - em.

A % LM B () V) SIS

.. . - df .
sl e BL & 08 3 ) ( i ) S @l laEY o) S

AR A



S oAl gl dmls L olyal) Lla¥l p Lo slay oddl) U1 Gl
L83yl BTG g 1 (3 5SSVl (gl 0L A ekt U
Il 3oy IV (64 (1 DL LSk O LM WbVl dele 55
B3lans o el Byl Wb L (g5l M Bdomy O ) By F S Bty 53
055 gy X i Lion 31 51 gl 0S5 g (@1 sl (0 X+ AX
G Olaidl e Jly Jall o,i:%%w;[ o= (3—3) ax ]gs i gls
& e Olaid) Juas 06 ey . oA pball oo X BLAVB3L5 ot
xe LA @ JSI LY (o O LG Y e G A XL
SAUEYH 1 Ol o e 355 A X DU 0 ly ¢ X+AXJIX o sy
el U3 B 0l ALY gy ¢ B odn s ol oy L) B
B gls 9T Oy X+AX Lo phaill

do d de
—dr=—KA[—d;("‘ T{) AX]
X ke plhl 3 il dins Dley 05 bl G s el
dy,X.u;éJ‘koy\oﬂx+AXwi)bJ-|b|w,c + AX
o VeI Uy & Ugss oo S fesd) et 875 3 i 0SS
P edl

oo ()L ($ () )]

RPN TR

dt T dx? J Wit (S S
A1 9 e ol A (il ditwe 05 80 i
055 Yy i 055 el g . 50dl Blld ol W CF ¢ Bl e

" gl Wa e damyidly Al 81 BnS” O O3Mast! Lla

A%



¢ 8 ! DU dy,yw}d\_,.@. () V) SO el 136
O Oy Jall o gy (2) (gl b 30 0,57 400 & 2 JS e 351 40
wml Lo 455 Gy Yuks 3OV Jzed) e SUH al 42 gl oA
Gd0 i a8 auly pbiy aladd) LA Lo OL SLBYI Loy Y
JN éa.nl\ o8 Bl Aoy d) W 5yl 1 S LIb L dt §paaall et o

FERWETPETI

do
ERp
X4 Bladll eyl 10 ol Sy GAY A dnd) 5 C Ol o
A & slr 055 Larkd I 551 ) 2701 LS el Va3 . (B¢l2)1 BTN
136 .(%)ggJ‘};-‘j_.i:”é(C)LJH‘M‘éQ),&»(AAX)dﬁ.ﬂ‘r»
Al Tas w81 B A3BY g LB il Ll o Dgjan B30 17

:4-1&)

2% 0 00
AK (W) AX = AC(at )AX

K 20 o
C 0 X2 oAt

Slogles K & .)lj-l eV St Gibell alyllt Boball oda JoF &

B 3 ,,J\,( )‘5)54-|)\44Y| & i .Jm ¢ C Bladll &yl At Zandl
uuvswmh}:&,u&m@.@e)wﬂ CA..MALA:M
A e ke 0SS Gy ( ) @3l (G C Bladdl &)l 2 K 4,1
Sl oo W G b we 1 r g § Sumt gdlly oL
Tase LA AV 0 L B8 ) G B) LA il 050 ¢ Byglandl
L 5 oS8 O am 3L (e 801 T JS0 Bl 4 B

NYA



diey (V= Ve JSAl) s alieS” 28 Unjloet o Dbl Byl WL
d d‘-m ey Ty T, J aiJL-w‘ d‘-m g u"' Jf‘*" 5.)‘;“ drys OF plaed
0555 Aol 3ty JSU & U 1A Jaed < Q Lpan o) e A 313 2
Sl oL Wla¥b I S a,,,_;;,%Tz_g; A Yl <_%)

Q
ke A o
(T, =T T AN, -1,
d

el &0 BSW AlaVh Olud ols 056 4ty OGE1 a OF Lo ay
 Geadly Jeo¥l Lopas

0b ¢ &3l Ally Ahall B e Oy oo Jaoy A1 O
plisly adl) LS add k] SUl fo Az Gpor D LYl
Bla¥l o LS (@l Ll S p Joladt Sy ¢ LLall 60
4l Bygea Lguld e (0.8, ool B "=V 0 XYY A1 s 518U
8 bogs Bypar gold e (2.0 .(w/s,..,“—w XA, 0y Jeaiy sl yt
Ty X0ty Ty XYL 8 & lbly sl I F‘m oday (gl H 4l
PYYE) AL Wla¥ L o dl s G It e (F 0o fine
YLV ol L3 U e Il de slidly ol 1S o g3 (v 2 vy
P (Fly A B jatlasdl Gany S 44

Galudly 430 gy -

oA < Jadly G Judedll 5 22 QA L1 LY O B

b Sy Ot Bae Gﬂzsm(v—p)dﬂyo\ (el U < et <
SUSL A Wl O oy L alA Wl e LA gy Ak B3
¢ (VAYY ¢ Simth) o3 3 M‘iwﬁ inze OS5 (bl By Oslall
Laludly old iy diheze DA Dla¥l 3 SBMsY oda 0L L)

A&



dkdt (\ﬂc NCVP.. .\nug— Adla.v&fr*

SRR FAPS EFFER =]

(Ve Xp 18 [ i) B M

Qamm.n.n. Nakshabaudi VanDuin VanDuin Nakshabaudi Qommon- Van Sehwarz 4,0t &y
and Kohnke and Kohnke

(14109 (1410) (141r) (1A1Y) (1419) (VAe) (\AV4)

v, 1Y, ++8,¢ A A «8,Y0 P Voo by e
v,o \,0 v N .,ve .,00 Ae,0 Sl e
W, +v,Y ++Y,Y +HY,0A +1,¢ Y, Ly by b
Y \,0 A OR 2% Yo SV vy Dl b
— =Y, — — —£,Ye — A4,¥ Jor o f
— YA — — g0 —_ AY,Y O 2
VY — —1,Y ©AY — +,A0 8AA
Y, — VY Y — GYe V0,0

7xv AL O.E, bR LI A U WO |
1A bl ptdl Bmptd 4l 2l +
Tove il potdl donyd & A1 2l —
Faee ol el dptd A0 Ll ++
JANR R Gompd) Gl Lt —

A\



I b GO o Ol wa Joeedd L1 D6 Lidy ¢ plizl
LY 0l ll Sale 5L 0S5 o Ukt Jly 61 Gy ea Dl el
Olais Lo 7V 3948 Ji1 O ety 50,60 414 AJLa¥I OF (14 +4) Patten
bt O S By 0y Sae 1l —g0r or GO >

\E Vo
£ om b r M & el BESIE 8305 o L 5801 e sl ST i3
slbl Jla¥ bl 11 01 L adadl F6U1 Gu @l A Dl 305 S
WA ULV e 2301 Bhudsl 26 01 slap &L Wlay V1 Oly B 0,85
=V (Y V) S G sy

12 T

11— Lt

|
-
e

i
!
|

’
/ 5
/ i
|

Bulk density

Thermal conductivity [cal/(cin) (sec) (°C) x 10‘3}

== 15
Oo— —0 1.3 -
¥ =X 1.2
— 1.1 -
0 L [ ! ! I
0 10 20 30 40 50 60 70 20 30

Fraction of pores filled with water

-(VanRooyenand Winterkorn, 1959 : ;2) (b}l gyealy 2,00 BUSG 4,131 Alla¥i b (¥ =1 0y JS&

AL A

Lo s N e



(34}
|

-5)

Thermal conductivity [(cal/(cm)/sec) (°C) x 10

I

e N B NS W

I I

0

e
//Sand (0.60)
/

—X
X

X Pea' (0.10)

X

i

.(Van Duin, 1963 : 3¢y {140 Yla¥l o ol 06 (r —1 ) 4K

0.10 0.20 030 0.40 0.50 0.60
Volume fraction of water
(a)

Ve, \Jﬁ&\i}jﬁ@ﬁw‘auﬁ‘sbbjwbwnC('sy'}.;-\ujj

K AJL@Y\ 8L Ji L_gsf (‘ o 18 —ed e Al J"‘

/

pu\ Olas O ¢ 5T gagy .ol Fﬂ/o,w =y X Ty \,
Van o Sl Jog b liay RIS AJL«:-N\ wLaawc.u 1YY, laag
of 4 Van Duin Joy (Va47Y) 4y (14e4) < Rooyen and Winterkorn
Ula¥l delas J) ol (k) e M) bl T Hlaag dalldl Olak
S O Jall A Lt & /vy dy bajlaie 5305 JIsl 45 Sy |4

LGN e (8 =y c(r =y S

AL A



10— —

o

81— _
7! \oiand (0.60)
o

/
6 ¢ -

/ '~ Sand (0.40)
A
/ LN
[ \'A.~

Thermal diffusivity (cm?/sec — x 1073)

1
4 74;’ Clay (o.ao)“‘*\\,}\:ﬁs
r
Il
2 —
SRR A e S
B A N S N |

0
0 0.0 020 0.30 040 0.50 0.60
Volume fraction of water

(6)

.(Van Duin, 1963 : :;¢) 2 01 & LeaW Je oWl 26 (£ =10 K5

Gl -0
A o Blas s 055 B ) xS a A Al 3 sl 1 o
SO Gy e dhs e AW L2210V S | slll BLSY don dbjcall
G sl WY Lol Sy L FEA1 Gy sl e et B g3
LA WLVl an ke e (50 Yo) Liyd OS5 (G U oLl §LA
G Al B (Pt JKAl (Y-8 KA e s Eo el
(et OF L pldi $ 3 oW 4 el 2l oY Tz LYl 45030 LY
CQub sl e B b el e Sud DA Ula V) Jaee § dsl;
Vi &l BUSTH ae (Y=Y e K2 BUH QA &L DlaYl 7150
OSSN, Y oY BESUE e Ll ALaYh e ) dgles uw
el B3 0S5 Loy L Ul Je L‘.(.,,/;,... Yhe o V%0 oA Gyl

AR A



CEY ctn g (Ve b V) el AL AL ¢l Tegle v
sAve VYo W i gl o8 pealy JIA) Jet -rv/bw SRNIAL
WSy el aegle Vo oLl 15 0SS Leaie I &}U.(«/s_,w At
JWI Gyb )l sl s 5,87 0,85 a4 Ll de BUSU o) 06 ¢ g
AR A el e ol g0 By 5uf G L (F 1) S
Sud a6 ¢ 5V lgudny mo uadhy o gdge SUH SN or 05,5 599
B a8 BLSN aay L s D) 2o e L el (50400 pladll dlews I
Doty 3155 AL Wl ¥1 0L S ¢ pdaedl a1 BB Ol 3 olll e
ol B BLAYY e Ll B shs 0S5 W Dol I3 O A By 3187
Gy D! ch.« sbsjl & i 3155 (W ) ALY 0L A Bl
,(r_\.)Jg_;_u WALy ST e ey slsy OV L 814 Jlal Jdad S

WVl 3 OB s cxbally & ) Al QA1 ¢ et JuJl 01 o
Lete Teltze 0080 gmall Ol LimShy ¢ O3 ol de W Cud @ias™ &, 2
QAL B A oo LA ALV § AL 515 Sbay « gyl All) e oy
GoLA e g BT e U L2V OY W3y 0 (PF) Ll s4ee o
ied Jay 8,0 (PF) Ldl spee e plisVU 45040 LYl gy ¢« 601 o
L do ey 3155 D AT DLV dy ¢ VA J (g9l PF ke ol o $als
o 5 el ey L0 36 Jde daw Jly dbly Al O\ g
5>L 5 o @A SLSY1 G 15 (14%e ¢ Nakshabandi and Kohnke)
Mg ¢ (£=V ) SISl ad el baday oSele fol I gyl gl
Lo (B Qb gt e 4,1 ALaV G oS3 eVl G b e mdnle
e € 43 01 L (1404 cPatten) pllall LA dndl 3345 e (2550
DLW & i LA ALV 408 Juaiy ¢ gub )l il 83L 5 e 58
JSHI (V40A ¢ Jackson and Kirkham) jLez¥! f& iszily ol &4
M LA JEYE QL 3 d2 by alall sVl sy (£-1 )

Yt



L e ol —

G Gk L b A A DlaW i sl B 3
S8 Yy 6l a3t e LU g kel dl i me 0S5 Lo ¢y
(BB ¥l Bl g U B g L Jak  gelibnd
oda e Q—Jﬂd“.sj‘j (VA1A Vriesand Peck y Y41 e ¢ Jackson and Taylor)
553 bl Ll O o B J1 0L B S O o ¢ Sy pradl
Gl b Sl ol pheanST puid WL ST vy e dae el e
Yla¥ ol Sep 201 I Slladl gr 6957 0L > dba OS5y ¢ a1l
AW sl g LA

2 B LR Ty plinl A T=T, ¢ty e BN 2 T, 0 Eoom
Lo dcadl Al ot cCubd el g el Bdgy ey 3oy JQ 8yl -l
(ol GVl skl o ez sy el Cub 85, ¢ el 356 ol
g g T=To 136 . 30y opaW on JSI 21 il oo S
DLV adey ¢ W gl 0 s Jast o Juad ool olsW1 i
ZENE BRURSIMIEE PN

2303 q
41 S

L Dokl e e Juad 47?1( ¢ Pl D S O s
o by i) dgldlly (el Sl o G e q L e Juaty
(!

X4o



L bl § Syt ¥

Global Pattern Julidl 3,8 -1

byl 3 Ale I8 AL dn2VH OF g5 (01 v ) S (§ Sleglali 0

byas) byl sda ¢ AWl SOl Lwetdl Bl Kl b S
i 5yl Gy SNl 8 Uphaudly el 4ot (3 BN oy L (o4
OO G slztly ol o IS 3 B0 Byl Bamys O AR 5l Doylast e
o 055 A1 Gaey ol Boghast e My (0 ) JSA A1 (o
0dd & gas 3> 345 Ulay (V40V ¢ Chang) L\ L4 0 L)l Lad

f"“

40 T T T T T T T T T T T —
35 ' Summer i
30} [} winter _
§'5 25 - — —
® N § R N §: 2
% 20} N % AN N :‘_‘
S NNNN L N N i
LBENIY N N N
5k N NG NN aNgs
YNNNY NNNN N
O Depth = 10cm 7 Depth = 30cm Depth = 12C :m
S T S T SR TN 1 AN AU AN N SN TN A S
60 40 20 0 20 40 60 40 20 O 20 40 60 40 20 0 23 40
°N °S °N °S °N ‘S

Latitude

-(Chang, 1957: 5oy il (bl 9l G oAl et b g 230 il st (0-10) JS2

e



V7T T I

Soit temperature (°C)

10— ‘o0 Surface —
&---n5cm
¢10cm

K ==X
0 Rk A T I T SO

0 2 4 6 8 10 12 14 16 18 20 22 24
Sidereal time

-(Yakuwa, 1945 : o) Lo Al QA1 G Bl By § dadl St (110 JKo

u"f'h""*"wL‘.}"((" 1Ye e Vo) Gadl e LA G —
el e e ie

C&Mwb_,mu,’-;d\&”’( b de Gadll M LAV 3L Y

eV

uuﬂdlg‘};\coujqﬁ((uh (V0) Gedl e A Bl
AL S X .—L&Jawd\.c‘i dass

et VAW ol bogast o leld slag BleY! G.,.-.L&qj\ﬂ i~ —¢
el b e oSG

o 1 3, 08 Jlom N £+ s ey SV a0 & 22l BN Bl =0
g g0 s
L,Uld‘,,ag}.'li;!bﬂ\!l.e:':\ ds ae 546 (3 4 IV 0L Chang L>Y 43

F»Awgh..)lupjdlbggr..i-c\'~uuw‘,...dl|.x.~,r..\~‘;..;4;;

3 Mele slydl .Jlf.cwr,, o Lo P\ a2l damysy ¢ B Ul bl g

byi G St LU 5l 0SS bikie Dol W IS ol Jawgy 2o A1 L)

et

LAY



Lo il Sdl -

Ol Caw (V4VY  Bouyoucos y \AAY «Wollny) L o0 Cuds gt Ll
ol bl gy LA dib dauly 5k LA 3 ) HIA Ol
¢ 6l o (V480 ¢ Yakuwa) o3l by (V=3 v ) SR ALl 202Vl
el - EYEY7) c]a..Jl e Al Gl dmys Qo el By 5 s CL.,@Jl
I A L5 dmbanl 5 045 Lok 14X OF o bl £ 1 )
ol a o il 05 Ll Bl eday ¢ pYE s o Yo Goall ke Bl H
Gt A ¢ AUEVL el oda jezudy @ikl SVl we Bl o gy
c0y GV i Ll gt &30 )1 Judly ¢ 1 ke B3 e G et
Wl Gy Lidally 2800 A Gl JSAN e LECAARA SRR
de VYV s AVe e cove e Ll gLl ad gl L)l cC?J}\ Sl
LJI

THE THERMAL REGIME OF SOILS

0 T — : ‘ '
I T Nd 1 1 1 1T Pl
|- Q: Y %
. N

= .
G520 2] o LR N
= \ ~ - . . —— |
S \\‘ \Q\ —~4 '«]
o \
30 b Vb e !
— Minimum T 0—0 Loam and clay e——e Maximum T - '
tMinimum T &——4 Peat & — Maximum T
40 }— Minimum ¥ &----0 Sand »----a Maximum T
! RS NS SRS SUNY VU NUNN U S [H R S S S
0 2 4 6 & iG 122 14 16 18 20 22 0o 2 4 6 &8 10 12

Sideraai me

L(Yakuwa, 1945 oo ) sy aitait 350000 2o GLASYI das e 230 g5 B3 (V=)o) S0

NeA



b 1 53 I glE bl ol Ul 050 Sl &yl 31 U
I3t Gl g1 sty GleW! Uyl o 5 ln D il 3511 31yl
&;b:” Jﬁ (19\....: YY;0 9 Vo (V,0 4'\,..)

33 b dmldl Sl iy a5 handl Bl ¢ atll Gy b ey Yl
sday (VX)) dslll we Sud mhand) 5yl saily cen Y Gl 2 el
PRI - N PN [P0-371 ™ I AR PPCH PP | U P N [ 31 R R
AL G Il de (Yoo VY0 c1g,0) deludl ke (oo Yr e Ne o)
Sl Oly ol + Gaadl J1 dpuagll JUIT pdd bl Bl g by ¢ 2l
a5 Lot G G ol g (il ¢ Al ) s SIS L N A1
L Q3 e (Y00 V8,00 A T,0n Vg0 e ) Bl e Gl i
pobans! oy 3y 1Y iy elandl i Bl gail fah gl 1
Vo, Z;LJ|.\:9(‘,‘ Yo oY Ve 46)&\;?‘.\:&1@'#}\)5}&\
Lo LA Gl 3 oMl S | Jd fe QU p:U (Ve CYV,0 YV,
esle du VN0 3% oo Lo I oStk o g A Ay ch..J\
g}&lﬂ;\u\(\ﬂic)Yakuwab‘Y Yo gedl e 00 e 30 SIS
< Ll ol < Ju 4.N| ALL..LJ‘ o e Sendy a2t Ol & A
Ct LgSan O odally § pand) A ekt Lu, odall < &yt
e

oA € el 00 Y W Bl s 0T Lk gl Gaall O
Lol a1 L2V S Gl eV CAY CAY (Y ee DR gl ol
BLl o i Gyl B A B Jne Ob LU gy g W A 1Y
LA e & aally Al A o JSSdels oy vy

Lol Bl Ol — o

il Lpuatlaast (§ 4l 05 Gadl g 31 A Lol il 0
by 3 BIAG (S DM G Ol o) Caall g1 Iy ¢y
eyl Ay Jais ¢ wlaze HL

N¢A



lele Juam (I Slgally JUV 51 wlie 30 g Skl el 8 U
o A ) Bedll Ol Ladl Yk 055 Lyyads” 3 14YY ¢ Smith
AR Mty (O Bl G e e r sl n Bal 387011 0,00
JeN (LA AT OIS o0 00 Gas e sl SIS iRl Sl ¢ sl
O Lk ol bl Canatio ) ole Y 3904 Siad (g L1 UV NGl
10,Y¢ e )l gaily LA B4 Dl Slage Slay Jauw o (LAl
Vo to e Ne e 3L s S e iAo c\“c\o,(..
- dagye SIS Adadll SN slay e QI de IV o 85 Ve gkl Ve
Gkl el 3 bl Jagi S0 Al 5l Latlas ¢ sl 2V
S S 1Yy

i Bl gl § oyl —

Trylodly abludl ds¥l past Zauly 0y 48 6 LA (L cuw ol
A DA Sliall i dauly o (Sl

ol e -1

A Bl e GUt ) 281 5l GL) el § el Sl O
bt bl ON ol el 06 o \41%Chudnovskii doy Co
Jar =¥ Ypbue SIS bnN G 2 B OF domyy W oy AN
Doty 18 Lol Do) SIS 00 Gl e pgl) Y J U ST By
Gehl ol o dasn sl W Gy BU O3l ST AN Bl IS T £
cd ot S A dE ol adly el Y O LS ¢l
Cogl gl Al deg ) S e G AW

L -o

Lerglly Lagdl Sobadly SLMEY o Mo g ), fUé;Jl Jde kel 00
Ow i UMl dlay (V4Y ¢ Kohnke and Werkhoven) & U1 3yl 3

Xo.



Goe L sl O Gyl L Canall Canazie 3 20y Oy AV 55V L2V
& 3 sl O s \' u.a.“.l.&o\]a.«“ uJJ\.L;WuK(J\'
« Hassan, et. al.) 413} (3} gUl Q9§ o ey 25T b,y il Canall ¢ C"J“
3,8 (m) lll ol LW Lt gyl s 3laadl 2 O G L (1AM
Sy Ut Bl 3 WY Gyl ddaidly sy L Slil) QAN e gl 824
Jortans O st 341 Gyl O o 51 IV il BsYE IS0 831 )
JUU 3 aaadl il Py 5l IM GV Bl elaz Ut Gt 8

. (V411 ¢ Chudnovskii)

Gy gl

Gl G colygl Lol A Wy B D13 Al g ) O
B B0 O Ll L Sl Sl i May 4oL WLaN) A5
YE I T [ian 00r ISR 2 Q1 G 21 Als dI ol
¢dele YE I T [imn VWA ) Tjnn SO 300 (@1 el 04 L L 2ol
kg bg> oaly Mg 4301 35l b5 Sy Aol A 2030 dadt Jias Iy Ll
et b A B g

) ol A il i3

¢ @A Ulaly 400 BUS o &y 5 dsmdandl G Bladily ey Lhes O
f Gl Q) padl o ol G JE B L BB 2 o
Aol

By A e A e K 1 0555 By A A G ) Sl gLt O

il 1241 QA af sday Bogrndll AN oo Sl 330 0,5 228 O W
e Yy pedl 85k 5 ot J.ZJ-\ 3 dniipe ks 542y OF LoV SN day g
0SS datdly Ll a2V 0L (05 Gy ¢ Aabldl el dndl 0 uSiasle

Xo\



Jaadt &5 e Jet 0555 s Lo (g1 51 i Ja i Gyl ¢3S
‘ A gl

(V) St
ol Jas ¢ padd ulad e Y0 Tme 0 b)) gt O e 131
Bl Gy 05 LW BIA ke oyl T [ 1,8 2 al l;.‘:l:fbl, oA

Q, =C, VAT
C, =02p,+Q,

Qd =(0'2pb+Qu)VAT

[G o fimer) (¥ + (pptfiam) Ceelp2 1Y) (1)1 = Bl
LCEVVEYY) (o)) (o)) (4]
(708 ) (Fe fimm 1120) =

(Y) Jta
by 552y B Vo v AN Bl s &) WW LA e sl
Gl leie " [0 1YY LA GBS XY ol bl o &30

e A el A Bl s

Q, =1(02p,+Q,) VAT

Q,

AT =
(02p,+Q,)V

XoX



3}’*" \"

- = 3)\4,;-‘ x.’.-).} ‘;J:.iﬂ‘
[ lima) (YT yHGEpE ine) (ol 1YY) (551)]
[ V) (V) (2 A*)]

(';',OM" = - =

(*) Je
O e 131 ¥ o 0 Godll ey eVo LU o Byl s CIS7ISN
Tl Bl A BaS gl st s U oo [ 0 0¥ (L Jrogd) Jelne
I b 35 Sl Dmps OF SN asly ey I o0 Gely pdandl e

p:ﬂ
= K At LT,
Qd — Ads'_ ds
L
e VP XATE X\ X 4 X o ) x‘rl:‘y/s,w e —=aadl 5 4.8
Yo—pto
T
(v 07) —p2 A*
Sjw: Yo4,Y =

(§) Je

Jrofdl Joloy oy Yoo [ £ - L BT B Gas BUS Wb e
LA gl

Xo¥



AT

Q=-K 35

AT Q
Ad K

fo(-ﬂ/5,wi~—

— = _jladYl
fx/l:t\.XA,ux?t:(../;f,,.,._‘,J Judae

(“‘ /E‘ yVeg=

A-12



yes g2l uadd!
Jhall b dBlalt jledg AW gjteat

s
z
4
r
¥
4
4
4
Lz
{4
4
4
L4
4
{4
L4
{4
4
4
r
4
{4
[4
[ 4.4
{444

111111111111111111111111111111111111111111111111111111111111111111

el aazes 055 Sl Qb I (g2l & jalmy 2aS7 Lo 3t Ayl O

LU0 AN Oolall sl As B ad G LA G s g(_,b,m Ol el
Sy ) o o Eone 25 5,5 IO BN e e pmnd Oy 51 e gl
¢ pall SlaaS ll Jpeadll (3 Coys &5 Sy oW1 OL o Sldee OF L dagll
Al ) Al Gy A o her S5 ¢ Qb)) 52 s 830l
O aws My ¢ WS Lai 05l honie Does™ s QU 31631 Adas OF oDy
< ;—Y By o Sy Y Bl e i S8 Sy s Sy sl
4 Joagt OF (SN (BEYL o) 3021 1 ond ) ad LA bl gy O
G ¢ el Dl alall pr Eme a8 BLSL 5 fBaL &
& G el ladt J1 Ut s et Lk s 4551 (2 at) 20!
U s AN e sk Sl U J;dt ol b oo
Bl 1 ol QU O3l Alee OY W3y Bl Glp pe Jab1 3 SW ol
G pladl e Ble O (M Bl baim Oy S HS e B Ol OY
d Jat U G e Bl Ll J) s B Ol Bl e 4
B8 de s 1A G Qb et OF L B odb @h‘:;‘ G g 093 1
6 g oL 2R LS A s 41 050 W6 Pl Jadkt A Aol a1
A S =20 S Sl el O el iy D o B i
bl s G el B Lol B 5l QU 0311 o JS ot I
LBl o g5 e s Gy ¢ Jab1 G Bl oW e JS0 SN Ll

Xoo



1 gl G5 § U 51 -

YT L,Ut J| Hlall U wuu J,a.“ ol Lﬂ\w@d‘ ‘..’JJ “3 Ja:-ﬁl
m\ll dslalt 93 Lfo,.d\ u:" d)\a-;
Win - Waut = AW

W 2 J& (lrpmadl) Bmpidl sl LSy Wy, J16 Aot oWl 48700 Eo
o 251 U ) 20505 ety 21 ol ) il - AW
Al LK oda 0SSy damge Jub ) (gptl (3 ad! aST0B ¢ aapadl Sl LuS
gx M el ols BLSI OV L L) e ST 3a,aill Ul 1aS7 0)55 Lois
S a0 A Wy 28 d wlte 05 45 Ao ey i &\;WAM.U&
)L\A\ de dezm g dlly LA c\a..a Ay ) LAl el e s OV o
@»11 ,J-b (4~>~1=—~ g ) (s Ol & Juatt &5 gllly il sby wﬂ'
L,\.hu.n\..aau M‘uw‘gw%&uyoz)@dfuﬁr
LR UKL PR S (P B RO A< T Wuyp\)tr.m,,mdw
uUIngquVIM\,qJMCJuwﬁAJMuyM\
Gl s o o) el Gl o lhon iy Y1 a5y S JE 30
oan Bl G Rl Lpb) A Oy dH et Bl e pery
S AW G e L1 oo Gl endhd ) DLty Joas B8 gl s LY
) Sl oo ) ik ol (gt o0 oV 2 Gl G b oo pant
oo o el L1 2308 W Sl pis (Se 1L SV am L B2l
O S B G Tl By JSU (51 gastt Gllad U 3180 O . G
s W olall e am
gain — l_osses = As

53520 alll 18" — LeaSU AW aS=ell Gyjiee (3 pnl

(P+I4+U)-~(R+D+E+T)=(AS+AV)

Yo



oF 3ly My GVt y Basldl olll ieS” (U 1 ¢ P o JS° 26 S
55 MU S ATHE D ROl Yl Jo &l Loldl G b
A o bl il 5T el GBS s st el cmbadl
ol G e A ) e G AV e
LI G ST ellly (g0

aﬁgb)au;»,dﬁ.utww.u\f;;,wuﬂu.uC...>

S5l Q9303 el Jiae O LEme L) 358 N (W Gee o»j S s

B oda B ) LW Gl e e OF 556 Akl S0 ditwe ID (351

FCTURTIPARP VR FAR SN PR I ROV YRCR K I BRI U W g W
ds

d—tz(P+I+U)—(r+d+e+tr)

P S 801 Jutany Gedll BV Balell 0 ST e,
() e

G op W eld & Gy pondl ol e bl gt 0 i s
(@A elly 3565V Jam Jlazul Gkt Wl udy 4300 o oW

G of 055 sl Al e 2SS O odel Wslll e B
Sl gyl Al el @h.m dedl o 5 e Bl 5 Lt c.n—,,...n
Sl y (eI C,M,J,._.u ) A Lk e o OF Sk g i gyt
ot i Gy el Bl 5 o G adacd ol B e Lobal Az
o Jradl G ¢ o lly Jyll ety Wl e IS0 ) AU atlasdly
daing S by 5 o e Rilen 05y (SN il oy i
Jat e M oga gl (g5t O JN\ SOA W e 4 g dmpidl,
Jde clisy cq et dxlllly Jadl e slady ade O gSM Cb}!\ dxodoy
.(Y4Y1 ¢ Van Bavel and Hillel)a, AU 4,141 ailasdly C"”‘J‘ Gyt

Yov LAY DYy



B> (o Iazne (ealSO el = 5l o lejr OSG gik) pel — el O
el pdd oSey sl el migy digby op Shab QLY sl B,
ST gL ellas e &l AL GAN 3 pandl lgdn e OLAE OF Sl
e Gt (Gl S AL G 2l e 2 Sy bt 21573 O3
AN G gl I e Al el e el
lly gl s gtlly L& 00 Ol el 52 de 2y Mozan el el = el
fel Bl e Ll Bl ol o Ble ga JabL WU Ojlg B Lol A
Jot ISY &y Bland 8558 000 il b n e £aSTO) L (g
G Aol Tme Ll s 5 Jly ol ppagl Gl 3 LgaST5 L S
ceball SO Bls U ) e acall S 0,5 Ltis BUE LI
,Jk.:J\ a3y (1)) S g gl Eg)‘\):l\ Dolee Ololbas > oS
SN 3 dsglly dalall (3 Wl 5ygn Ll jlzeVl o o (gogenll 3l ot
SV s Gl U 0S5 (Gl (Y1 Y)

Precipitation plus irrigation
(M) (Ir)

Tr onspwchon* Tronsplrahon

Deep percolotion (F) Capillary rise

() pyedl Gl G O3 (V1Y) S

XoA



%Solcr enerQy
Sn

L J.?E_ﬁ‘,\,_L_rTrcn piro ;
Fain Ev»pora' on L
‘‘‘‘‘ + 1 -
Tty ',Aom, Lon l

jrotio q ice
Nitao o

Rlvou “
Lokes

VAV ¢ Bertrand 52 ) (Rmlypidl 5500ty Tndall 3 oW 300 (Y-AY) Jse

GW O3t Dstae B Y

Gulah O B e oS3 ¢ Jab § JU 31 Bolee Slasuly o 5K
el K6 33l Dalalt Oy 2SIt o 20 Lm0 4 04 Dolall 0d (Lol
> il daB> gl plisad S sty dg Lo 4yl ST
o Bygdl oo i =l a el Al 2pdd A1 Ol Dol
Wi g el e o SH ool 5 b e el I Bl LU das
Jyikl (3 Lolsty Loyl Jyidl  Dagbns g 8k 055G dpmdandl g 2l
Lol 20udt 45 & lae de OV 2da Ol e Jag Sy 4y M
Aol oda 3

G2l 3l OF copall Juadl oo cdllall daal 381 I LS
oda Jro (3 SOV U 11 me WAL is Lk 00 (gt Sl (§ 1l
Gl adlly gl =i ol LB Gold gl Lyl gyt DU
o Aol oty Lo ST oM Gy 5 i O capadll Bl Rl
G S sVl SV el o Jhazuly £3W1 3l 5 b e Ll
STl £aST06 (g sllaal g ) BUHS bl I3k b 3,20 Bl
055 gl il e I el a8 06 aley Jiall &gl (1Sl 2
el Gally mll = el me Jole I & gl
— AS =D + Et
XoA



G WL ppddd Gilae § S G ol i & ot Ao Golad) O
G s1) laay B A1 o Bl ol a8 s iy ) Blas G SN 2100
G b ) o3 01 (R il 3 ) (S8l st O (b))
Jdas 58 UaZ OF 5S6Y el ug dodandt CF Zadal gl &) Al juatll dalata
Lo Gyb )l gedleld Lo g (SV4TA <Oy 2l Van Bavel) LU 5> slisl
5er) Je oleWl Sy e i ol O ez oSN Ll el Geall
¢Richards) &3 die JM= LW Zoell Hludt dady old) iod faptidl
e B ALY B3y 1oL Sl e G 5 SN om (V40
el 0,55 S O Ll dessaadl Gl 18T LGl g Al s
Bl b ey 508 degl o8 le cusld) OF L(VATA Oy 2l Black) cojludl
oA ol oy FUY LY OB b R SR 3 el A e
SV, Jad ‘;ou‘u@wgfy;umﬁ@;ﬂ L5 oliall
Bpzes Ol Ollan NS ) by A5500 LAl ( B5 b
Sl O3 G S sy Lo bl gl w8 ly gl — sl e JSS
g3y Byhes p DU BN W3 Les 0S5 48 Jably

JaH A Jsls -

O el AN Slomge JS2 G 5 b oo U3y PV Sy &

ot ST IS D gte s he o JVT LM Ollll O3 el Yl e
SUSU e Y gl Y ol guatdl plalVE g (IS By i
o e ks Je Bl B ehasdl S o LS Bl Ol Y
et fadVIOF L Gl ST e IM B3LaST B I (gt gtV
05 v(w 135 [ B Y olie G Jaas 2t gkl O UV ey
338 o g bl OB Y e OS5 L ABL 22V e dopes
PVl oda el Ly i ‘(pfwii‘ Poroos —Proen) Sl Yooy
WAV (gl V=) e e i 3y G epdll 35
O3 GV phaw L GAIS T v Bl B e BN el YT S o At

.



BUS A5 22Vl o 085y dadl jeai 4l Land OF Sy AlS TV v s Dy
0555 (sl Jlall O Lo ¢ 2atY ¢ Folae e 88 Lrmye bl I3y 2eboly
Sloge 0S5 8 Sl OF el Lo &3 0,5 0 Sy (lag Sole 00—
LA A eSS L2 2BV EL O B>y (V40 ¢ Sallers) b yby & xuab
OF (a0 Ul 1 0SS e VA 3902 i 28Tl dn Y oliny)
BUS Canal L8 0,5 I BBV e e Sy pands @bl OWI el
dllal Joar dially 1Sl 2at¥ el O L Lo Y s QI o
Sl b1 2esly 5,50 LISIN L2l Za2V1 O ) sl e ‘_,uaa} oY

UBRRD! S G sy K(b]obal radiation) ! ¢liVL e

T T T T T T T T T ]

o T4 = Long-wave radiation emitted by ground
G = Counterradiation
(D)= Loss of long-wave radiation
I 4+ H = Global radiation
R = Albedo
(@)= Short-wave radiation balance

800

D
o
o

400

I+H

N
o
o

Radiation [cal/(cm?) (day)]

(b)

Months

(VAve (Geiger ;¢ ) LUl "@,.L. Gal L I Lt &5 (P JSa

AR



e e AERY S e 3Le 0,5 (albedo)i s W O
0585y prlacdl dahy Byl (Ol i i s BN Liag €l Slorgll 3
1e80=10 celasdl Olbladl Z¥e=ve ¢ S YV e—o SLAl pes Wl
b3 dasVly Lol W2V e Mab .é&“ Ul 7. ot 2S5 sha it &3
O @bty dstadl @yl Sl 13 dadY Sla LSadl §padil Syl
Olmgs O3 dadl Cang g VY 2ty bl CII iy g BrSt Loy (25 W) ek
Gl dmsdl @tV sl da2W Gy Gl OF el fr oo s b
0555 Loy sl ada (Blab I OBt L3 gl Sl gll 13 Aa2WE Lo L e
oIl dndl Oldy ¢ I I oS ST Ol Al e Lhes b
- w2V Bl Jyead 38l 055 gy 2V ki G (LA Jaldl (a2l
i Jhally 8l Sl bandze domylidly Zaaldl AW Gy LUSTH SBMYI O
| Gt J3 or daetll G2V B Juas Yo e S B2 (Bl (e Gl
:JL;

Jn = Jsl— JsT+ Il'l'_ J1 T

Tyt sy ot bl Sl gt 13 da2V 355 17 Lan2W Lo JE T, 00
Tt o1 o Aol aly gl Sl 15 2r3W) 0 T b et o Sl 22
sl Slamgdl OB DSV 50 J L el e ity LSl da2YI
oF pelaedl dauly 2 plall Syl b AW Sl 83U ey (WLM S
SV O il S Ball GV Bl 0B U () e dkeldt ZaY
O3 SVl 6 0 Jeob Dl 0SS S pmaill Sl O3 1Sl

Ji=aJl Sl andY o 31 5 jeadll Sl
5,=3,(1—a)-J, L% S dausy

YL 3Lt st Gy Dl St O 22V GG Sl AT OF S

A o Sba 950 Pl e B3l 0, (NI e OF (e 23y

7 ¥e—or Sball s 3T, ddee OF Ly L padandl e LA WYY
.(\A1YTanner and Lemon)J, :»

Yy



Bl JSI O3t - ¢

day cda2Y Bl o dpasd) sdadl e Goyaally 2l 202V Ojly e
Loledl SN Bl e e LBl 0y Aol Y lael L, sty Ul
@bk bl Sl 400 @55 dI o S Bl I s Jad) S o
(3= Ol GedealtelsY (Latent heat )auls” Bl el de ez
J=LE+A+S+M

Qs B G Jolo) pdl—pudl ddes @ 6,51 Bl Jars A LE O o
el Gy Blall 33w a A (s Latent heat IU 5,4 sl Ul
Al cd 01 (g @y;30 5141 S (Sensible heat (dwyestl 3)L A1) bl ez
comiilly Gedlt G Jats Sy 6N DLkl sl JE M gpasdt slailly
AN B 5 e 0 S O (1Y) JS G dnsye DU G315 O
LA G By Bl e Blie a8 dE Sy UL Se i ol
byi ke ¢ Lol Ll DU e dabises O3y 101 3,5 U5y (V4% ¢ ¢ Tanner)
il grasdl sladl CE 401 3 Gyl 5L OF LOLWY il e 2N
IV 420 355 &l 3 Al 4Vl Glo e Wlan i 308571 ey OIS
O s U3y 3 i 0455 o Ble delu Y8 3,0 IV 35141 Oy oSO !

Solar (becm) radiation Net

Net iat .
Longwave || o4iation radiation Sensible

bog_k'_ 2 heat (air)
radiation ~r ot - .
Sky (a:ffuse) .||Reflected ? Evopsraton ‘| Evaporation
radiation i radiatign %3 Sensible

g

neat (air)
v

Surface

Surface

Surface Soil rec*

Soil heat

(a) (b) (c)
<OV Tanner: oy S0 o630 B B5l5 — 5,400 Sy~ gV Gy =i (V) JKe

Al



5 B Ll ddae Y py e Y LA B 3 Juoldl il
05 S el Jadll o dazn Liay Ll da2V1 Lo o fiV0—0 O
(V4% Tannercau A Jab @ Wlo 0505 Cnadlly poJl Jad I3 Ly
atdl Jeoldl 3 0l 0gy SN dsyl (36 0F L=, . and Pelton )
spd 3 Joa B 3l Gyl ST ades 6 o WYy dincdall oy lall 04
Oy o i 18" Lty GLI sl BUS 0,55 aee dolst inYI oo o 710
oK Lidy U3 e ol (M) 8,all B 0,6 A Gy L abl 5LV
claall $Sy &1 3 &y B OB SN Dy B O5ly Dslea 0 ULA
WV dlo me B)lis dphes O GleS G Aee 5 Gy Gl
LS A g Dl O L Angely 2l B r S EL5 ma gl
dyabl O b oL 6l o2y Gl add alll Djalr Jo daze gt 311

gl LA a5l e (LS Bl Bl dla 0,5 2oL

SH 31 Sl BlH Dl o

05 st 1 Jad) o £alST5y 1 b pdllly o), gl 5141 JUSH O
Tyl 5y 1 301 O oS L el Sladally 1 3 & all Al 334 1l
S il el QY 3 LAY G ool e sbin 0
W Aol 3 e
dT

A=Cp K g7

syl Aol ALl axldt 26 C cc'u,...é\ A Bl A Ol Lo

S K, c("(‘\, /(,_‘p) shybt B 0, L (e p o) Bl Ladll 0S5 Lke

gt A Z c(p) 3 N AL ‘w) o)‘f..U ksl Jusy 3
ot £ JJ 17 ‘((*) ooV el f

Qﬁ L_;’:)UJ‘)J—‘ Jdl JB—‘ o Wi le ety ALY 8yl 3t JUal Juaa O

bl o eall QU 3y it fans Sl Opb ol a dlin Lo

N¢



Uizl G OB ¢ Bl L1y 31 e JSO JsNI 13155 (sobes o) ey
e TS B Y gt Bl

A AT
F=Hg =7 "2

£ ¢ f IS U+ (galus(Psychometric )y adb M <ol OV S

L,u,,_ ﬁ il Bla 3 b Gyt ek gl B (gl gl A
O5Ss eis . Jakl gboyy A0 Gomps o Al §ypuay dazaly o g Sl Lde
0555 O o bl sy ol Gp Ll Bl 1 ladt 06 ¢ Sl Jadl
0555 Ly gt o OB adey Wc@u\lww,ww&&w,d (apS
0559 bkiey el Aes 3 dwlo! 3ypm Slandl B 0T bt 3k
oty ¢ ighen 0SS gt Jabt ) Zgrell Dol 21 g 06 ¢ Bl Jab
S UL 5S0SS s dews OB U 4 4>....9 (4:—_).L.»d)§a Y € A dmps
el G 3 00X e ol 055 ) i A OB > Gy A1 duadd dl
a9, by Ly el 0B ¢ il gy S L SBLIN 0S5 I BU
g Byl By Jo 550 i g Gy Aesl] Bl ae IS
MJJE.A” o e S Oy 9SS OY s - MKH a)\JJ-‘ 06 ¢ il Oslidkl ey b Sy
s (advectlon)\dhh L;)!}J-\ )L.H Semy BEYW 0 O OY £
A O\ Al el 1 ey ) L olpb o JE54 ) Gangend
e atms ol 21 oy (o J LTz chsaz gl Jakt e d1 Tl
LYl (.L.SJJJ.-‘ &“éi C'”' celaadl BESH ggl?.]\ sladdl atlas
JSO JEVl B8 gals oL O L \ge Las b Sy (W Ll iyt
39> d)b- Yl ob (V41A ¢ Tanner)oladl LululS Com sloadly 3L
gl ans u,i, S Ul Ly dnlid By St Gl Y Olib
el a1 13 Sl OF L L) e Sl L ed Llgs
DA o U5 JeE gl V1 4 L«-Fr ooy LTS 3
050 g Sudly Bl e JSI BV Gy ST G Gl
O (355 1+ =10 Moy Yk indl 31 Jbe 0,55 Loie Aol 620

A Y-



Gy bl Ol 2l DS 0,GY oy . BN it 3p 116 0SS ot Lyl
sda o Cdy (i U guasdt el 05 (J) dwilnd) ps Jyidd
O a5 5 b Jly 33)U1 AL oy OB ¢ Uy Lol
St Ao sl L A oy DU 31 e o w5 L (I 2 1A
Yol alel day ¢ AW Bnnall fo Lol S8 puustly ZulSI LA G35 0B

Jn=S+A+LE AR

_ A
b= 1k

(J,—8S)
LE=—7%

BU,-5)
(L+58)

Gl g Jad) (3 2ol SULIE old e 2alSO Bl e dpeadt S

Lagd) Blalt Ol S x5 OF ¢ Al Slbladdt 5l 401 sl BL uls

SAsSL Joadl il o Hds gy ) JS 01 (0 =11 S e

(VAo Sellers)"tw, GUt sladl ¢ 4300 Oy b Oty Caliz Bl O3l

A =

JIn

08l
e
€E 06 E,
o~
e
o b
]
A

0.4
]
2
5 L
Q
o)
? 02+t
s Ma—A
[T -

L i
00.00 04.00

i i 1 1

I 2 L ;
12.00 16.00 20.00 2400

Hour
L By ¢ g Tuagusdt S0 €zl — il el W5l Ul GnlWE (il Tl St (0 — V1) IS
.(VA%+ « Tanner 4¢)

Y

1
08.00



S @ -

S L 0,5 Sy B Ol @ aks Sk Bl Gilg Dsles O
Ll 1l 0, snndll dyibl gy OBl (g1 O L3 o Ly ol Lages
LY e S b B ol SK Al Ol Do me 0,y 3yl

S it sl J5 Ss Sall Jyihl G gl sl e b
sda Jro Oy LBV G 1A OB Lo Gl 3 allll oday ¢ Jadl e byl
(Slpengst] B 5 S (31l O LA 0B ¢ (BLH b Oy L
¢ Rosenberg) Juoldl iyl ikl 1 sy Lol 2l 5yl J Jpns
e O o (Sly I L1 ASTH o dugunstl 541 oMoz OF (1AVE
{Oasis effect)imIy)l b Lode Uy mall 2lS5)1 = 31 540 ada Yy Jad!
(Cloth- Jouill Jom 3l Lle Gl (guasd! sladdl IO (311 elhdl Dbt
S gl 31 (L Ll O e (140 ¢ Tanner) esline effect)
2 Jeold) o 545 0,85 LAY illy sl el g sl — 5l 0
601 gl el § ylidly el el e 2510555 01 (S8 Y
A0y il 1S dyitl G Lo b ey 055 Y1 LA
SO oda 3y ¢l et O e Gy Sl SIS
5 06 aley L pladVI Glo e 181 0 O (S (S Ll 4,1 4
O &l S e e el B0V Sl el — 5l
TU o dast dyidd oda S5 b ¢ 3,80y ) Al s 5 iy 8 AL
orlly Geasdl (atlast (3 P (gpasdl elball slacal danly JeVI 42 gl
sl (gpasdl dladll OIS A O S5 U Bt LU sl W i
ol 3l a1l e daS el iy 3 LS (Dbl ekt
R e sl Slizdl (OIS el plaw

Sug Ol ‘.'.S‘J ‘s):-.ﬂoﬁj‘ J)BJ L} \))..a; c'.))g-_v_ ‘1 ‘53‘,..-3\ QQ_)‘JJ-‘)L}“ ol
($lly ol 3 SUE 3 5 oy gl Bl el 5 G § 5
AU oda L plasVl Bl e oo 5 (Sl 2SI A 3 SNl Gy

A\



Loally Ll Lol pdl o gblu 3 &lUSy Lb I 42 sbUll 3 NP
147\ ¢ Slatyer and Mcllroy)d, s} >l ch A

S gl — et -V

oy Yl e Ble 0SS Sl ml =l e Sl O
25 Gl el 35 o Massly U eadlly Jioul) £ U1 SULIL Tl atloasdl
de el alls Slas o b 5,05 e o5ty Jabt p el Jame (gall e
Y Cb A By A Lt o S e deze el dtae O 'c;’““ Sliwe
(1401 « Penman)se ol |4t O Lt Lo bolel pe Ydb ¢ e
L) ool r il oy s I elll a8k alSO ezl — ol
dparll W ok e UV Wbt (8 BlZey LS o)W1 i Sy o1l
OS5 Lot U sl 5 o ¢ apll ool o (S8 Juol ol Je
e =gl s o dazn WDy L ol o6 Jols I 50zl g U
Calue e i)l — 5l Dl By ) gy Lbd 4 el
bl ¢ 4l wa B 3 oSy ¢l el — 5l (gl Lol
N g_f_:-» Sy Z0 Jel fe dpard) by (g5 sl le
T Ttdi L3 d JYe SV e el ) g,,,,u a8l — sl
o ¢ Gl C"” — A Oled Cudiaud L SVl sue L2 s
@ Al mladl e Sdl Aol SVl e s

LE = (e, ~ e )f(u) B 450 )1 dandlly Ol Dsles

(Gallall 21y Sl Jars ae, ¢ el G b B 0 0
e O LY Lidy ¢ el B clygll Sl Jars p e el Bl s ke
G sl S Loy ool Byt Loz () OF LSy . ¢, dauly SY

.CL..J!

YA



D Bl Penman o\, dhstas G g2 Y1 Dstall Ll
U
LE = 035 (e, — ¢) (0'5+ 100 ) ((‘Ji/("‘)

e (‘;;)-/(u) bl Sl D> Jans i atll il dird o S O S

oY o o 0 ¥ Pl s L Ao Juan Ty 41l G, as Jues
oSl el — el e Gld pasas Dol oda OF >3 (o [ Jo)
& o g e Sl Lk LA Bmps ¢ bl WY Lo Wls
Gl AU i G dely e Lo SLLE oda e
a8 gl = el o LA = O e fuad ¢ Jadt 3 Lald) Josloedl
b Ol Doles O Il (o Aanly b Ol Dotes plasanly Ll e
b Joolb) il ad 1 g ¢ T L0 o B B2 A0 B 8y
B el B pdey mhaudl G230 JadYy 187 (el Gl oldly LS B
L3yl LA LA Slae W) ki BY Ol & OF sl oy Slblas
ALl c.\a,..- el C_,]n.....” u.u)...\_(jl c:ﬂl — S e G Al c.,...a:J
yar) el GbU aad sadly &l Olud o @l Jaldl Ol puasaal

(A
E, (d;ﬁ u,sjk) = 09
E, (W
B, (b 8-S 2 06
EO (1\“)

il o o bl b B S e e 55 Ll ok OF LDy
(M) S Gandl Juab By (1) d

L Lol Ll B 20 ST s (ST 0N Dolas S A3

I3 o gl Ey el dgms ) G2 Lol DU sy 2 (b4

gl Bl WU BLot dF G bl ods #bf - 1471 ¢ Van Bavel

oalas o eall Jamtoy ol Bytst plinh L 2 LA Gadly Ll

ARS!



oda OL J&»ﬂi;‘,us‘_',ﬁu.iul‘.\:»bjﬁli:ig‘}qycc]n.-.un'\:?bllir.;i.m
Sy B L Ll bl Jlasly Blal) il e JS7 dar, de Laed Dol
LA G Rt Hh ¢ Bl N Glo Jo) B Sluldl e Jyak!
b £ o 83 ol pilau or Sl o dpadl 54 (Rl B3
.@))’M d,aa...U ng‘ c‘::“ —)&....:“ id J ‘},p):“ up,vj d_,«ﬂg‘ J,‘L.;
BU O3y Dol ) gl oy Dolall oda Blisl 54
J, =LE+S+A o LE=E=J ~-S-A
E = 1(u)(ef —¢,) : O JoLA! sy

A = yf(u)(T,-T,)

Aol o e A Gy el lis T, e g L

Al ke B Dy g bl il e IS Cu BN de O\ ezl

\S( & )orm )bty S ) 2 Judl @ 2l
NG ) PICEU I -

S e o
:—ea

¢
!
|
{
{TO —Ta

b‘J“"““ L-_v-_)d
A Ss e Bl ds i Gy B (Y -y e

V.



A

Lol S JSKaN ia e

(ef —¢,)
A= 0 a
(T, = T,)
(eg—ea)=e3—ea+A(To—Ta) s adey
1
(T, -T,) = - (ef —e,—e§+e,)

A=9yf(u)(T,-T,)

AR WL (T —T,) & e Ly

A = ——Z—f(u)(e’(';—ea)——%—f(u)(e";—ea)

E = f(u)(e} —¢) O U,
A =—Z——f(u)(e§—ea)—- -—Z——E D e
E =J-S—-A PO Sly dstes

_y —§— * _e)— 1
E J -8 A f(u)(er —¢) A E

i ] S~ * _
A E+E=1J -8 A f(u)(eh —e,)

R _j _§— * _
E( A +l>-—J” S A flu)leg —e,)

A(J‘"—S)+f(u)(e’:‘,—ea)
E = —1
A
— 41
Y



PGV Gl S S Bl Slodsld L dnall o oday

—?—(Jn—S)+dea

A o4
y
U‘C.?-
K = 20 I“_Jz_)
v 100
K 20 + Y,
v 5

Pz O ot B dpams apill Jall a3l — el el
Slegl oo Wl &30 IIS) o ol 0 NS Lilmg el g0 Jakd
t Qb S Dol s LI iy

(—?—)(J"—S)+f(u)(e§—ea)

NG

o — U L G S (Bl Y GloT, ¢ ikl Cuby i o
Z, sl de gyl haall Odstle,

B Ol Co cpland) Byt U J Ao W 055 gy ol 5tz JUas! e
.(V4e7 (Penman) LY Psladly i #L M dopw pe + S 1ia

U
Kv=20+ —5—2 (u)(eg —e,

A - . .
OUbs ) Ba-ge, ¢ (,_;ijla)s.b-x € > yﬁuwtﬁdtut L3
O—VY) daddl 3 Dedye 2kl 4 L) Sl ll e

Yvy



A -V d
0T olhal 1

Yo . :
Y Yo v Ve Vo Coptiians
g0y Y,ov Y,VA Y51 ¢ V¢ v, Yy ——A
Y
EV0A FLAY O Yeve W, AYLVA 4y, (g;.:,'flﬂ) e
M s
oN,Y¢ ELEY LAY YRV ay,ee YLy Oy e
(V) Jta

[ams 00 ¢ Waphida ghly uatdl 50 203G dndl Jyad ) s o eLYlast

JSS o dmldl 21 Bl LF CSlS) U Ve cilsalbedo dad ¢ T

@ bl b dilly Lugudl 3L OF e 131 .'rﬂ/ S Ve Al Ol
Sl O "fn [ 3w 1 @ Al I @b Gl oy "(,, /‘3)&.» \Y
Ll Blall 4aS” CandVI Bl o .'(.» [ 3am A S35 832 M &, 4
ConSail S o1 (ele doy () gl = ) IS el — el e
S B ol i ¢ Ja Vy0 JSU el — 5l eoly izl dugendtl 5514
Ja 5 e a3 Y AL Aol Bl LaS” st i Q9

Ll 22V Sl Sld B O3l Dolan pltszal oS
Jo= J,(I-a)-J,
PR R RN CAT S Tor [ 000 = pla2¥I Gl
. Y /S,-..-i\o =
P QU IS Blall Gl Bsles oo Lol o Sas WIS 351 40 L
CJ =LE+A+S+M
LE=J,-A-S-M

Jeol Ba ¥AQ =AY Y10 = S 5yl

vy | A AT RVIN



\,‘r'a\,ts.guz,u;)\;-!d@v‘rﬂ/sﬁaw>,4;_L,i,z:JzA.\Cl;4
O‘C,._o—;ll\&arfu

amount of evaporation= LE/L

Yf“/ 5o YAQ
(l‘ 1,V= (5"" v,NY= =J.’|.LH :L_..‘{d)‘

S dauly gl Bl Aol AL 23V JU) eyl 1 2l Ll
Ob aley (L* V;0 O padl — il Oly (g, 3
LE= E,L
Too [ 3 oA X o Ve = L LA O gl
wa / Saw EVO =
G O3ly 06 UA dozy
J,+ A=LE+S+ M
85424l Bl = l,“:ﬂ\ sl ol !
A=LE+S+M-]J,
gyo—A+1+eve = PV (g L UL Lobdl Bl LLs
.‘(; [ s Y=

(Y) Jia

[5mn ¥or (J,) gladyl gjbu LS ST I o o 81 P Y1 )

(€ sU1 ) Jars Jaany a0 O e ¥ gLyl e (T,) ehybl 8l &y d,\&,}v(w
J“fj Ll el asl G L -Pi/ Jer Yo(Up) U0 e Jinny 55 (L. A O
Y sl Bl G ey cY(w/ Sae £Y 0 L) psYI Bl O I
el G Lty o/ n Yo U e Dty 335 A 4l ki ey

Yve



oy ‘.ﬁ,‘f‘/s,., ore o oSl dugylll Slanall F I anall Juad
S Glo O oLl opalSl mall — sl LS50 Lpnl e YO 5 G
VU penr 3l & glns 0555 (S) A o3

E (a3l padl=pndl olads LY Dbl plasaad (Sa

E ==
(=)
b
ij‘ L l-!,&b c:d‘ 7\?_): L./'.‘.'f (_.SJB‘:S‘M‘ J)\:”-‘J‘.E( e:‘; — ea ) b’ g:.:’-
K, =20+ U; =f(u)te] —¢,) o alrily oY
5,5 G)‘J@flﬂ do-b s eV AU

\o
(A= VLYA(S-HY) +(Fe) =
S et 2aS”

y +3\,0¢
e Yoo [ Bpe YO =
g b e U1 1

(A—-\V,0F) (1§-+v-)+(~—z\'~)xv,\z
Wm‘éﬁ“ﬁf"“::‘{

V 4+ Y08
e [ e YOA=
W I R R

' -—w,ve)(—?”')ﬂ'—“ XYTYA

=l il i8S
g [ ne 204=

XVo



ek VA ddes O Lde 13
I ) U“"J:"‘ Loy Sjl.a oA d‘ C‘:ﬂ. ‘u‘wrr\f?‘.dug" b /rz \
05y gy P ol ST Yo [ B OA (-*‘;w \),S e
&;‘i"cﬂ‘—keﬂ‘&:-iﬁé@%‘p:ﬂ' ot N

&;\Jl{pﬁ Jg
Yod .
=dy¥ A1 3
$£,0 =
¢ -
Yol '
=L A g
1LA=
¢ -
§o4 '
=W L
V,\=
N CL‘ gA

Yva



Sl s

Adhesion A eladl
Adsorption Sl
Advection éjl ol U
Aeration Soil VR R
Aggregate ieges
Air Capacity Llgdl dnnd
Air Drying @L,Al ol
Albedo LSk
Auger &«
Bar (Lra) samy) b
Blocky Fa
Bulk Volume Jle! >
Capillary Porosity Lol dala
Capillary water S she
Capillary fringe Lk B (@ ad Olaal
Clay fraction okl
Clay Colloids okl Sly 2
Cohesion WY
Compaction o2
Consistency (L,i
Crystal structure sk S5
Darcy Law @ol> Oyl o @..,)b Usles
Diffusion S last

A%



Dry Weight Percentage

Electrical Conductivity (EC)
Enthalpy

Evapotranspiration

Flux
Flux Density
Friable

Global Radiation
Gradient

Gravimetric

Head

Hydraulic Conductivity
Hydraulic Gradient
Hydraulic Head
Hydrostatic Pressure

Hysteresis

Intrinsic Permeability

Isotropic

Laminar Flow
Latent Heat

Liquid Limit
Lower Plastic Limit

Lysimeter

AU 5 A

QA ool
gt 3yl -
=y Al
Ry

Gl s

E

B

S tb.,.ﬂ
G)JJ' ()‘-@‘

Ly 4 b

hels (il
S Ll
Sl Jlasl

Gl Lils b Loud

oS Ll dars

G daa- 43W

oatlasl (gyluce

Gt oL~
alS 5l
Yyl 2>
PG s
L

SVA



Mechanical Analysis

Moisture Tension

Net Flow
Net Radiation

Neutron Probe

Osmotic Pressure
PF

Phase

Piezometer

Plastic

Plastic limit

. Pore Space
Porosity

Pressure Membrane

Prismatic .
Radial Flow

Saturated Flow -
Sensible Heat
Solar Radiation
Shear

Sticky

Tensiometer

Thermal Radiation

xvAa

SIEL o
skt 2l

oA glo
CL-.N! dle
GAS F

SBlS ans
gc.,_)léjﬂl LA
b

St bl
R\

LIl s
fL....U?
daalis

ha gl elis

X3

Soyer
Fs Ol

i
gt 3l

o

domy

Al e
Sl el



Undisturbed Sample
Unsaturated Flow

Upper Plastic Limit

Vapor Pressure
Velocity of Approach
Voids

Water Conductivity
Wilting Point

SN s b L
G b Obr
JeV T s

Sl rs

Jo g

A ey
dy.U\ 29.-_))

A



)é\él\

Allison, L.E. 1956. Soil and Plant responses to VAMA and HPAN soil
Conditioners in the presence of high exchangable sodium, Soil
Sci. Am. Proc., 20:147—151.

Arndt, W. 1965. The nature of the mechanical impedance to seedlings by
soil surface seal. Aust. J. Soil Res., 3:45— 54,

Atterberg, A. 1911. Die Plastizitat der Tone. Int. Mitt Bodenk 1:10—43.

Atterberg, A. 1912. Die Konsistenz und Bindigkeit der Boten Int. Mitt
Bodenk., 2:148 —189.

Asling, H.G. 1963. Soil physics terminology Inter. Soc. of Soil Sic. Bull.
23,P.7.

Barber, S.A. 1962.A diffusion and mass—flow concept of soil nutrient
availability. Soil Sic. 93, 39 —49,

Baver, L.D. 1928. The relation of exchangeable cations to the physical
properties of soils. J. Am. Soc. Agron., 20:921 —941,

Baver, L.D. and R. B. Farnswoth 1940. Soil structure effects in the
growth of sugar beets. Soil Sic. Soc. Am. Proc., 5:45—48.

Bear,J., Zaslavsky, D., and Irmay, S. 1968. Physical principle of water
percolation and seepage, UNESCO, Paris.

Black, T.A., Gardner, W.R. and Thurtell, G.W. 1969. The pred diction
of evaporation, drainage and soil water storage for a bare soil.
Soil. Sci. Soc. Am. Proc., 33:655— 660.

Black, T.A., Thurtell, G.W., and Tanner, C.B. 1968. hydraulic load-
—cell lysimeter, construction, calibration, and tests. Soil Sci.
Soc. Am. Proc. 32:632—639.

Black, G.R., and Page, J.B. 1948. Direct measurement of gaseous
diffusion in soil. Soil Sci. Soc. Am. Proc , 13:37—42.

Blaney, H.F., and Criddle, W.D. 1950. Deter mining water requirements
in irrigated arcas from climatological and irrigation data. U.S.
Soil Conservat. Serv. Tech. Publ. 96.

Bodman,G.B. and Colman, E.A. 1944. Moisture and energy conditions
during downward entry of water into soils. Soil Sci. Soc. Am.
Proc. 8:116—122

Boersma, L.1965a. Field measurement of hydraulic conductivity below a
water table, In “Methods of Soil Analysis, ” pp.222 — 223.

N AN



Bolt, G.H.1956. Physico— chemical analysis of the compressibility of
pure clays. Geotechnique, 6:86— 93.

Bolt, G.H., and Frissel,M.J.1960. Thermodynamics of soil moisture.
Neth.J.Agr. Sci., 8: 57— 78.

Bomba,S.J. 1968. Hysteresis and time — scale invariance in a glass lead

medium. .D. Thesis, Univ. Wisconsin, Madison, Wisconsin.

Bouyoucos, G.J. 1913. An investigation of soil temperature and some of
the most important factors influencing it. Mich. Agr. Exp.Sta.
Tech.Bull., 17.

Bouyoucos, G.J. 1915. Effect of temperature on the movement of water

vapor and capillary moisture in soils.J.Agr.Res., 5:141 — 172.

Bouyoucos,G.J., and Mick, A.H. 1940 .An electrical resistance method
for the continuous measurement of soil moisture under field
conditions. Mich. Agr. Exp. Sta. Tech. Bull. 172.

Bower,C.A., Gardner, W.R., AndGoertzen, J.O. 1957. Dynamics of

Cation exchange in soil columns Soil Sci. Soc. Am. Proc.,
21:20— 24.

Bray, R.H. 1954, Nutrient mobility concept of soil — plant relationships.

Soil Sci., 78:9— 22.

Bresler, E. 1967. A model for tracing salt distribution in the soil profile
and estimating the efficient combinations of water quality and
quantity. Soil Sci., 104: 227 — 233.

YAX



Bresler, E.1970. Solute movement in soils. In “Irrigation in Arid zones”

pp- 109— 119. Valcani Institute of Agricultural Research.

Bresler, E., and Hank, R. J .1969. Numerical method for estimating
Simultaneous flow of water and salt in unsaturated soil. Soil
Sci. Soc. Am. proc., 33: 827 — 832.

Bruce, R.R,, and Klute, A. 1956. The measurement of soil— water
diffusivity . Soil Sci Soc. Am. Proc., 20: 458-562.

Brunauer, S., Emmett, . P.H., and Toller, E. 1938. Adsorption of gasses
in multimolecular Layers. J. AM. Chem. Soc., 60: 309 — 319.

Buckingham, E. 1904. Contribution to our know ledge of the acration of
soils. U.S. Bur. Soils. Bull. Bull. 25.

Burwell, R.E., and Larson, W.E. 1969. Infiltration as influenced by
tillage— induced random roughness and pore space. Sci Soc.
Am. Proc., 33:449 — 452,

Carman, P.C. 1939. The effect of various exchangable cations upon the
physical condition of soils. J. Agr. Sci., 29: 262-270.

Cary,J.W.1963. Onsager's relation and the non — isothermal diffusion of

water vapor.J.phys. Chem., 67:126 — 129.

Chancellor, W.J.,R.H.Schmidt, and W.H.Sohne 1962. Laboratory
measurement of soil compaction and plastic flow. Trans.Am.
Soc. Agr. Engr., 5:235— 239,

YAY



Chang,J. H. 1957. World Patterns of monthly soil temperature dis-
tribution.Ann. Assoc. Am .Geographers. 47: 241 — 249.

Childs ,E.C.1940 . The use of soil moisture charcterstics in soil
studies.Soil Sci. 50 : 239 —252.

Chudnovskii ,A.F. 1966. Transformation of radiant energy on an active
surface and its thermal balance. Fundamental of Agrophysics
for scientific Translations, Jerusalem, PP.413 — 504.

Colemdn E.A., and Bodman,G.B. 1945. Moisture and energy con-
'dition during downward entry of water into moist and layered
soils. Soil Sci. Soc. Am. Proc. 9:3—11.

Coleman,E.A., and Hendrix, T.M. 1949 . Fiberglass electrical soil
moisture instrument .Soil Sci., 67:425—438.

Crank, J.1956. “The Mathematics of diffusiom.” Oxford University
Press .,London.

Currie,J.A. 1962 .The importance of aerttion in providing the right
conditions for plant growth.J.Sci. Food Agr.,13:380— 385.

Darcy, H 1856. “Les Fontaines Publique de Lavill de Dijon”. Dalmont,
Paris.

Day, P.R., 1956 .Dispersion of a moving salt—water boundary
advancing through saturated sand. Transe.Amer. Geophys
,Union,37:595—601.

Day,P.R., and Forsythe ,W.M. 1957. Hydrodynamic dispersionof solute
in the soil moisture steam.soil Sci. Am. Proc., 21:477 —480.

do Boer , J.H.1953.“The Dynamical charactor of Adsorption” oxford
Univ.Press., London.

do Groot , S.R.1963. “Thermodynamics of Irreversible Processes”.
North —Holland,Amesterdam.

YAL



de Vries,J., and King ,K.M. 1961.Note on the Volume of influence of a
neutron surface moisture probe.Can. j. Soil . 41:253 —257.

Edlefsen, N.E.” and Anderson,A.B. 1943. Thermodynamics of soil
moisture.Hilgardia, 15:231 —298.

Edwards ,W.M, and larson ,W.E. 1970. Infiltration of water into soil as

influenced by surface seal development . Soil Sci. Soc. Am .
Proc., 34:101 —110.

Ekern, P.C. 1950. Raindrop impart as the force initiating soil erosion.
Soil Sci. Soc. Am. Proc., 15:7—10.

Ferguson,H., and Gardner, W.H.1963. Diffusion theory applied to water

flow data using gamma ray absorption. Soil Sci.Soc. Am
.Proc., 27:243 — 245,

Gardner, W. R. 1956. Calculation of capillary conducting from pressure
plate outflow data. Soil Sci. Soc. Am. Proc., 20:317—320.

Gardner, W. R. 1960a. Dynamic aspects of water availability to plants.
Soil Sci., 89:63 —73.

Gardner, W. H. 1965. Water Content. In Methods of soil Analysis, PP.
82—127. Am. Soc. Agron. Monographg.

Gardner, W. R. 1968. Availability and measurement of soil water. In
Water Deficits and Plant Growth, Vol., PP. 107—135.
Academic Press, New York.

Gardner, W.R., and Brooks, R.H. 1956. A descreptive theory of leaching.

Soil., 83:295—304.

Gardner, W. R., Hillel, D., and Benyamini, Y. 1970. Post irrigation
movement of soil water: I. Redistribution, water Resources
Res. 6 (3), 851—861; II. Simultaneous redistribution and
evaporation, water Resources Res. 6 (4), 1148 —1153.

Gardner, W. R., and Kirkham, D. 1952. Determination of soil moisture
by neutron scattering. Soil Sci. 73:391 —401.

Gardner, W. R., and Mahugh, M. S. 1958. Solutions and tests of the
diffusion equation for the movement of water in soil. Soil Sci.
Soc. Am. Proc., 22:1970—201.

Gill, W. R., and Carl, A. R. 1956. Compaction Pattern of smooth rubber
tires. Agr. Eng., 37: 677 — 680.

YAo



Gill, W. R., and Glen, E. V. 1967. Soil dynamics in tillage and traction.
USDA, Agr. Ser., Agriculture Handbook No. 316.

Greacen. E. L. 1959. Aggregate strength and soil consistence, Trans. 7th
Int. Cong. Soil Sci., Madison.

Greacen, E. L. 1960. Aggregate strength and soilconsistence, Trans. 7th.

: Int. Cong. Soil Sci., Madison.

Greacen, E. L. Farrell, D. A., and Cackroft, B. 1968. Soil resistance to
metal probes and plant roots. trans. 9th Int. Cong. Soil Sci.,
Adelaide, 1:769 —779.

Green, W. H., and Ampt, G. A. 1911. Studies on soil physics. I. Flow of
air and water through Soils. J. Agr. Sci., 4:1 —24.

Guggenheim, E. A. 1959. Thermodynamics. North—Holland. Amster-
dam,

Haines, W. B. 1930. Studies in the physical properties of soils. The
hysteresis effect in capillary properties and the modes of
moisture distribution associated therewith. J. Agr., Sci.,
20:97—116.

Handricks, S.B., Nelson ,R.A., and Alexander, L.T. 1940. Hydratipn
mechanism of the clay mineral montmorillonite saturated with
various cations. J.Am. Chem.Soc., 62:1457 —1464.

Hanks, R.J. 1960.Soil Crusting and Seedling emergence. Trans 7%
Int.Cong. Soil .,1:340 —346.

Hanks ,R.J., and Bowers , S.A. 1962. Numerical solution of mqistur_e
flow equation for infiltration into Layered soils.  Soil Sci.

Am. Proc., 26:350—534.

Hanks ,R.J.” and Thorp , F.C. 1956. Seedling emergence of wheat as
related to soil moisture content, bulk density , Oxygen
diffusion rate , and crust strength. Soil Sci. Soi Am. Proc.,20
:307-310.

Hassan , H.M, AL — Hadithi, A.K., and Mustafa, S.A. 1988 . The effect
of polyethene on surface crusting, emergence and yield of
broad beans ,Proc., Agr. Research , 5" Sci., Conf . Sci. Res
.Councill.

YAR



Hassan,H.M., Syddak , A.A., and Mustafa, S.A. 1990.Effect of Calicum
Carbonate on some physical properties under different land
use.Meso.J. Agr., Vol.22,2:

Hillel, D.1960 . Crust formation in Loessial soils. Trans. 7 Int. Soil Sci.
Cong., Madison, Wisconsin I: 330-339.

Hillel,D., and Gardner,W.R. 1970. Transient infiltratrion into crust-
—topped profiles.Soil Sci., 109: 410-416

Holmes ,J.W., and Jenkison, A.F. 1959. Techniques for using the neutron
moisture water .J. Ager. Eng. 4:100—109.

Horton,R.E. 1940. An approach toward a physical interpretationr of
infiltration — capacity .Soil S2i. Soc. Am.Proc. 5:399—-1117.

Hubbert , M.K. 1956 .Darcy’s law and the Field equations of the flow of
under ground fluids.Amer .Inst Mining Met. Petrol. Eng.
Trans., 207:222 - 239.

Hutchinsen , H,P., Dixon , I . S., and Denbigh , G.K. 1948 . The
thermoosmosis of liquids through porous materials. Discuss.
Forady Soc., 3:36—94.

Jackson,R.D., and Kirkham. D. 1958. Method of measurment of real
thermol diffusivity of moist soil. Soil Sic. Soc. Am. Proc .,
22:479—482/

Johnson , A.1.1962 . Methods of measuring Soil moisture in the field .

U.S. Dept. of Interior ,Geologicalsurvey water supply paper
1619—1624

YAV



Katchalsky, A., and Gurran, P. F. 1965. “Nonequilirum Ther-modyn-
amics in Biophysics.” Harvard Univ. Press, Cambridge,
Massachussets

Klute, A.1952.A numerical method for solving the flow equation for

water in unsaturated materials. Soil Sci., 73: 105-116.

Klute, A. 1965 a. Laboratory measurement of hydraulic conductivity of
saturated soil. In “Method of soil Analysis,” PP. 210-221. Am.
Soc. Agron. Monograph 9.

Konke, H., and Werkhoven, C. H. 1963. Soil temperature and soil
freezmg as affected by an organic mulch. Soil Sci. Am. Proc.,
27:13-17.

Kostiakov, A. N. 1932, on the dynamic of the coefficient of water-
pereolation in soils and on the necessity of studying it from
adynamic point of view for purposes of amelioration. Trans.
Com. Int. Soc. Soil Sci., 6™ Moscow Part A: 17-21.

Kristensen, K. J., and Lemon, E. R. 1964. Soil aeration and Plant-root
relation III. Physical aspects of oxygen diffusion in the liquid
phase of soil Agron. J., 56: 295-301.

SAA



Kunze, R. J. and Kirkham., D. 1962. Simplified accounting for
impedance membrane in capillary conductivity determina-
tions. Soil Sci. Soc. Am. Proc., 26: 421 —426.

Lambe, T. W. 1960. A mechanistic picture of shear strength in clay.Am.
Soc. Civil Engr., Res. Conf. On bear strenght of cohesive soils,
Colordo, PP. 555— 580

Lang, C. 1878. Uber warme Capscitat der Bodenconsiituenten. Forsch.
Gebiete Agr. Phys. 1., 109-147.

Langmuir, I. 1918. The adsorption of gases on plane surfaces of glase,

mica and platinum J.G. Am Chem. Soc., 40: 1361 — 1402,
Lemon, E. R. 1962. Soil aeration and plant root relations.I. Theorys,
Agron. J., 54: 167-170. _
Maasland, M., and Kirkham, D. 1955. Theory and measurement of

anisotropic air permeability in soil. soil sci. Soc. Am. Proc., 19:
395-400.

Mclntyre, D. S. 1958. Soil splash and the formation of surface crusts by
raindrop impart. Soil Sci. 85:261 —266.

Michaels, A.S. 1959. Physico — Chemical properties of soils: Soil —water
systems (Discussion) Proc. Am. Soc. Civil Engr., J. Soil
mechanics and Found. Div., SM2, 85: 91 —102.

Miller, E. E., and Elrick, D. E. 1958. Dynamic determination of capillary
conductivity extended for nonnegligiblemembraneimpedance.
Soil Sci.Am. Proc., 22: 483 —486.

Miller, D. E., and Gardner, W. H. 1962. Water infiltration into stratified
Soil. Soil Sci. Am. Proc., 26:115—118.

Miller, E. E., and Miller, R. D. 1955a. Theory of capillary flow: I practical
implications. Soil Sci. Soc. Am. Proc., 19:267—271.

Miller, E. E. and Miller, R. D. 1956. Physical theory for capillary flow
phenomena. J. Appl. Phys., 27:324 —332.

Millington, R. J. 1959. Gas diffusion in porous media. Soil Sci.,
130:100—102.

Mortland, M. M., and Kemper, W. D. 1965. Specific surface. In Methods

of soil Analysis;’A, PP.532— 544'Am.Soc.Agron.Monograph 9.

Morton, C.T., and Buchele, W.F. 1960 Emergence energy of plant

seedling. Agr. Engr., 41: 428 —431. X
AR L) sud Ay p



Nakshabandi, G. A., and Kohnke, H. 1965. Thermal conductivity and
diffusivity of soils as related to moisture tension and physical
properties. Agr. Met., 2:271 —279.

Nielsen, D. R., and Biggar, J. W. 1961. Miscible displacement in soils.I.
Expermental information. Soil Sci. Soc. Am. Proc., 25:1-35.

Nielsen, D. R., and Biggar, J. W. 1963. Miscible displacement: Mixing in
glass beads. Soil! Sci. Soc. Am. Proc., 27:10—13.

Olsen, S. R., and Kemper, W. D. 1968. Movement of nutrients to plant
roots. Advan. Agron., 20:91 —151.

Parker,J.J.,and Taylor,H.M.1965. Soil strength and seedling emergence
relations .I. Soil type, moisture tension, temperature and
planting depth effects . Agron. J.,57: 289 —291.

Patten,H.E. 1909 . Heat transference in soils . U.S.D.A.Bur Soils Bull. 59.

Peck, A.J., and Rabbidge, R.M. 1969. Design and performance an
osmotic teniometer for measuring capillary potential. Soil Sci.
Soc. Am. Proc., 33:196 —202.

Penman,H.L. 1940a. Gas and vaper movements in the soil. I. The
diffusion of vapors through porous soilds. J. Agr. Sci.,
30:437 — 462.

Penman, H.L. 1940b. Gas and vapor movements in the soil. II. The
diffusion of carbon dioxide through porous soilds. J.Agr.
Sci.,30:570 — 581.

Penman, H.L. 1956. Evaporation : an introductory survey Neth.J. Agr.
Sci. 4:9—29.

Philip,J.R. 1960. Absolute thermodynamic functions in soil— water
studies. Soil. Sci., 85: 278 —286.

Philip,J.R. 1964 . Similarity hypothesis for capillary hysteresis in porous
materials . J. Geophys. Res., 69: 1553 — 1562.

Philip, J. R. 1969a . Hydrostatics and hydrodynamies in swelling soils
water Resources Res., 5:1070— 1077.

XAa.



Philip,J.R., and de Vries, D. A. 1957 . Moisture movement in porous
materials under temperature gradients. Trans . Am. Geophs.
Union, 38: 222 — 228.

Platen, H. V., and Winkter , H. G. 1958. Plastizitat und thixotropie
Voufraktionerter tonmineralen. Koll. z.,158 —222

Poulovassilis,A. 1962. Hysteresis of pore water, an application of the
concept of independent domains . Soil. Sci., 93: 405— 412.

Prigogine, 1. 1961. Introduction to Thermodynamics of Irreversible
Processes, John Wiley, NewYork.

Reaves, C.A., and Cooper , A.W.1960.Stress distribution on soil under
tractor loads. Agr. Engr., 41: 20— 21.

Reaves, C. A., and Nichols, M. L. 1955. Surface soil reaction to pressure.
Agr., Engr., 36: 813 — 816.

Richards, L.A. 1931. Capillary conduction of liquids in porous mediums.
physics 1: 318 — 333.

Richards,L.A. 1953. Modulus of rupture as an index of crusting.
1of soil. Soil Sci. Soc. Am. proc., 17: 321 —-323

Richards, L.A. 1954. Diagnosis and improvement of saline and alkali
Soils. U.S.Dept .Agr. Handbook 60.

Richards, S.J. 1965. Soil suction measurements with tensiometers In
Method of siol Analysis . PP. 153 — 163. Am. Soc. Agron-
.,Monograph. 9.

Richards, S.J. and Marsh, A.W. 1961. irrigation based on soil suction
measurements. Soil Sci.Soc. Am. proc ., 25: 65—69.

Rijtema, P.E. 1959. Calculation of capillary Conductirity from Pressure

' plate outflow data with nonnegligible membrane
impedeuce — Neth.J.Agr. Sci., 7:209—215.

Romell, H.G. 1922. Luftavaxlingen i marken som ekolagisk faktor.
Medd. statens skogsfarsokso — anstalt, 19: No. 2.

Rosse, C.W., 1966. Agricultureal Physics, Pergamen press, Oxford.

Rosenberg, N.J. 1974. Microclimate: The Biological Environment.
John Wiley, New York.

AL



Rubin, J. 1966 . Theory of rainfall uptake by soils initially drier than thier
capacity and its applications. water Resource Res., 20: 739 —
749.

Rubin, J., and Steinhardt, R . 1963. soil Water relations during rain
infiltration: I.Theory. Soil Sci. Soc. Am., proc., 27: 246 —251.

Rubin, J., and Steinhardt, R. 1964. Soil water relations during rain.
infiltration: ITI. Water uptake at incipient ponding. Soil.

Sci, Soc., Am. Proc., 28: 614 — 619,

Scheidegger,A.E. 1957.“The Physics of flow Through porous Media”

Macmillan, New York.

Schofield, R.K.1935. The PF of water in soil. Trans. Intern. Cong. Soil
Sci. 3rd, 2:37— 48.

Sellers, W.D.1965. “Phsical Climatology.“Univ. of Chicago press,

Chicago, Illinois.

Skempton, A.W.1953. The Colloidal “activity* of clays. Proc. 3rd 1nt.
Conf. Soil Mech. and found. Engr., 1:57— 61.

Slatyer, R.O. 1967. “plant— water Relationships”, Academic press,

London.

Slatyer, R.Q., and Meilroyv, T.0. 1961 “Practical Microclimatology .”

CSTRO, Australia.

Smith,A.1932. Seasonal subscii iemmnerature variations., J.Agr. Res.,
44:421 — 428.

Yax



Tackett, J. L., and Pearson, R. W. 1965. Some characteristics of soil
crusts formed by simulated rainfall. Soil Sci., 99: 407 — 413.

Takagi, S. 1960. Analysis of the vertical downward ﬂow of water through
two- layered soil. Soil Sci., 90: 98 — 103.

Talsma, T. 1960. Comparison of ﬁeld methods of measuring hydrauhc
conductivity. Trans. Cong. Irrig. Drain., 4: 145— 156. ]

Tanner, C. B. 1957. Factors affecting evaporation from plants and soil. J.
Soil water Conserv. 12: 221 — 227.

Tanner, C. B. 1960. Energy balance approach to evapotranspiation from
crops. Soil Sci. Soc. Am. Proc. 24:'1— 9.

Tanner, C. B. 1968. Evaporation of water from plants and soil. In “
Water Deficit and plant Growth.” Academic Press. New York.

Tanner, C. B.,, and Lemon, E. R. 1962. Radian energy utilized in
evaporation. Agron. J. 54: 207 — 212.

Tanner, C. B., and Pelton, W. L. 1960. Potential evapotranspiration
estimates by the approximate energy balance method of
penman. J. Geophys. Res. 65: 3391 — 3413.

Taylor, S.A. 1949. Oxygen diffusion in porous media as a measure of soil
aeration. Soil Sci. Am. Proc., 14:55—61.

Taylor, S.A., and Slatyer, R.O. 1960. Water—soil—plant relations
terminology. Trans. Intern. Congr. Soil Sci., Madison, 7th,
1:394—403.

Topp, G.C. 1969. Soil water hydraulic measured in a sandy loam and

compard with the hysteresis domin model. Soil Sci. Soc. Am.
Proc., 33: 645—651.

Topp, G.C., and Miller, E.E. 1966. Hysteresis moisture characterstics
and hydraulic conductivities for glass—bead media. Soil Sci.
Am. Proc., 30:156 - 162.

Ulrich, R. 1894. Unter suchungen uber die warmecapacitate der Boden —
constituenten. Forsch. Gebiete. Agr. phys., 17:1—-31.

Van Bavel, C.H. 1951. A soil aeration theory based on diffusion. Soil Sci.,

72:33—46.
Van Bavel, C.H. 1952. Gaseoue diffusion in porous media. Soil. Sci.,
73:91—104.

Van Bavel, C.H.M. 1966. Potential evaporation: The combination
concept and its experimental verification. Water Resources
Res. 2:455—467.

Yav

Y



Van Bavel, C. H., Brust, K. J., and Stirk, G. B. 1968 b. Hydraulic
properties of a clay loam soil and the field measurement of
water uptake by roots. II. The water balance of the root Zone.
Soil Sci. Soc. Am. Proc. 23:317-321.

Van Bavel, C. H., and Hillel, D. 1976. Calculating potential and actual
evaporation from a bare soil surface by simulation of con-
current flow of water and heat. Agr. Meteorol. 17:453-476.

Van Duin, R. H. 1963. The influence of soil management on the
temperature wave near the suface. Inst. for Land and water
Mgt. Res., Wageningen, Tech. Bull, 29.

Vander Molen, W. H. 1956. Desalinization of saline soils as a column
Process. Soil Sci., 81:19-27.

Van Rooyen, M., and Winterkorn, H. F. 1959. Structural and textural
influences on thermal conductivity of soils. Highway Res., Bd.
Proc., 38:576-621.

Visser, W. C. 1966. Progress in the knowledge about the effect ‘of soil
moisture content on plant production. Inst. land water man-
agement, Wageningen, Neth. Tech. Bull. 45.

Weinberg, A. M., and Wigner, E. P. 1958. “The physical Theory of
Neutron Chain Reactors,” Univ. of Chicago Press, Chicago,
Illinois.

Wiegand, C. L., and Lemon, E. R. 1958. A Field study of some plant. soil
relations in aeration. Soil Sci. Soc. Am. Proc., 22:216-221,

Unter suchungen uber den Einflussder pflanzendecke Und der Beschat-

tung auf die physikalischen Eigenchaften des Bodens. Forsch.

Gebiete Agr. Phys., 61: 197 —256.
Yakuwa R. 1945. Uber dir Bod entemperaturen in dem verschiedenen
Bodenarten in Hokkaido Geophys. Mag. Tokyo, 14:1-12.
Youngs, E. G. 1964. An infiltration method of measuring the hydraulic

conductivity of unsaturated porous materials. Soil Sci., 97:307-
311.

— 5SSy & 3 des Jidly g o Slnllan V4AY Ll el aat
Loseadt =)l 3l olany L GLAL il aadl g el 2 el (e
EER

XA¢



Yaa. Ld Ve J'Jﬁﬁ@.’nj'm’s‘.ﬂtlaﬁY|rj‘)

Y40



Josall 4

Y45



L. . g

§

% . Dr. HESHAM M.

e

e e UL



https://t.me/agricultural_eng
https://www.facebook.com/groups/handasaziraeia/
https://handasaziraeia.blogspot.com/



