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Fic. 10.11.3. Liquid coastant C for various liquids as a function of temperature.

Fia. 10.11.4. Spatial representation of the liquid plane with the existence ranges of

the different forms of bubbles.
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FiG. 10.11.5. Representation of various flow processes in the liquid plane for
C = 3-9 X 10'° (e.g. water at 20 °C). —— Rate of rise of bubbles; curve ABCD
after Peebles and Garber (1953); curve DE after Davies and Taylor (see p. 705,
footnote t).
KH Results of Van Krevelen and Hoftijzer (1950). ——A4BF Rate of rise of weight-
less sphere with { according to Fig. 10.3.1. —— Stokes law taking Hadamard cor-
rection into account. ——— Curve according to W. M. Haberman and R. K. Morton
for air bubbles in filtered and distilled water at 19°C. JK Falling film [eqns.
(7.24.6) and (7.24.9)}. GH Surface waves feqn. (10.11.6)]. For the literature refer-
ences see p. 202, footnote t.

O@@?CEP

a [ c

F10. 10.12.1. The main shapes assumed by bubbles on rising in a liquid: (a) small
spherical bubble with no internal circulation; (b) small spherical bubble with
internal circulation; (c) elliptical bubble rising along a spiral path; (d) irregular-
shaped mushroom bubbie; (¢) spherical-cap bubble, the upper boundary of which,

according to Davies and Taylor, has exactly the shape of a spherical cap.



Gravitational Instability of the Bottom Boundary Layer

The initiation of plumes must clearly begin with the formation of upwefling
regions. One approach is to investigate the gravitational instability of a
horizontal layer of Aluid lying under a denser layer of fluid. The lower layer
will then develop Rayleigh-Taylor instability. The wavelength of maximum
growth rate and the exponential time constant of growth have been theo-
retically and numerically predicted for a number of geometries and bound-
ary conditions (Rayleigh 1900, Dobrin 1941, Chandrasckhar 1955, Dands
1964, Sclig 1965, Ramberg 1963, 1967a, 1968a,b,c, 1970, Biot 1966, Biot
& Odc 1965, Berner et al. 1972, Whitchead & Luther 1975, Marsh 1979,
Whitehead et al. 1984). Demonstration experiments with putty and other
non-Newtonian fluids have been extensively photographed and compared
with geological formations by Nettleton (1934, 1943), Parker & McDowell
(1955), and Ramberg (1963, 1967b, 1970). There was no intercomparison
between the laboratory experiments and theory due to the unknown rhe-
ology of the laboratory materials.

The limit in which one layer is thin and of lower viscosity than the other
is particularly relevant in the geophysical context. Take the configuration
shown in Figure 6, in which a thin layer of density p—Ap, depth d, and
viscosity g, lies under a semi-infinite fluid of density p and viscosity u,.
Let the wavelength / of the disturbance n(x, 1) to the horizontal interface
be larger than the depth d of the thin layer, so that the lateral velocity u
in the thin layer is larger than the vertical velocity. The scaling argument
used here can be found in a number of the cited studies. The force balance
is between the lateral pressure gradient p/l and viscosity, and thus we have
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Figure 6 Definition parameters for the analysis of Rayleigh-Taylor instability of a thin
layer lying under a deep fluid.
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In the deep viscous fluid that lies overhead, the force balanbe is befween
stress due to the vertical velocity w of the interface, pressure, and buoyancy,
which gives us

w gApn .
? =tp + -7 0

Combining (1) and (2), we have
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Using continuity
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kinematics of the interface
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and the fact that the growth will be exponential (w = wee®’), we find that

o= __1L ©
waml o
md
The growth rate o is shown as a function of the normalized wavelength
I/d in Figure 7. Note that the maximum growth occurs at
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Figure 7 Growth rate as a function of wavelength for one layer undergoing Rayleigh-
Taylor instability.
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where the growth rate is

o= 0.42(‘—'%’3')(“?)"’. ®)
2 1

The central finding here is that the fastest growth length scale is pro-
portional to (u,/p,)""* (which may be a large number). Two superior (but

Figure 8 An experimental demonstration of Rayleigh-Taylor instability.







IMMUSCIR(E DEPAceHENST — Psérus MEDIA

Controlled ha prprtu 4;

Nediven — poe M, D.

spacay laativen poras, L

AW Nom « dipssiomnt— w:
{&. = lnal-wJ/Vuws } %“-‘Ca.

Ca Capillary No. = Viscows foru We = lnrtrad/lnlifaad
Cd’:clloa ﬁvﬂl
v,,
i NobetJ Rekio = V. = kﬂév'. /_‘_’_"_t 4_../‘:-_:. ?:’t

M ? | No viscoux ﬁ%
Mé& Vidons ff\na.u-vj

Netw. G ¢ B, celodas R
W bot seu Cifo lost siie 2
£ posamilis (rwfs) ‘ﬂ 2 imoluaetuat.

ok. suie “‘l‘__”__‘?& lassina- —ne Ponschin

M '3“‘;‘“ »{MM M:EAJ&&\,-—AM (b?fkt«h.



IMMISCIBLE DicRACEMEST

Nsiorvs
Y12 RDDN.

—»V, —V
& ®

(/ST

‘Oa@ Ga= V:zfz.
o
Ca = Viscovs

Carcllao |

Z u ﬁ-.&-fl-o:, ﬁ‘,‘
Aoswon of bungaey <ffeus
- Vu:;us ﬁ"m whin low vigeoscty
boid olnp) .
fQu.: o Luj\« vu’ccufﬂ ﬁ..,d‘
- antshb;t,}u 71 % viseord
“t"‘f"“'-‘ o viseosZ;

Pnu\u_ d{ b% 4/“,:.

Bo = 9 (PP | Greunry
>

£ !

—

;

4

4 « ]
Mefr,  LogW)

Figere 1. Two-di ional phase diagr:
Lenormand f: al. [1988], showing '-Imhdblem!
gimes as a function of thei ition in M, C . -
right Cambridge ?JnnMnit;'Pmmm! tedw‘ith O:mm)

CAPIL ALy Finsgaes

-

Log(M)

N
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Fig 2 Schematic representation of heavier thas water NAPL
movemenat through the saturated and unsaturased zoses.
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Figure IlL.a. Schematic of a small spill in a permeable unsaturated zone with
a resulting mound of CHC gas. Concentration decreases with distance from
spill. Grainsize shown at right.

Figare 11L.b. Larger spill than in 111.a., but still not large enough 10 exceed
the .retention capacity of the unsaturated zone; no liquid CHC reaches the

Figure XVL.a. Beads initially moist; diameter range = 0.85 - 1.23 mm. PER
then dripped in from above. The PER accumulated as a shéath around a zone
of high water content.

Figure XV1.b. Beads initially saturated with water; diameter range
= 0.49 - 0.70 mm. PER then applied fro above. When the flow of PER

was diccontinned the front nartinn nf the DER ctesam heabka Aff and halead
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Figure X.a. w_.on.-,__ro spill of 36.3 L of PER. View of spill above the
capillary fringe.

Figure X.b. Sheet-like spill of 36.3 L of PER. View of spill below the
capillary fringe. Time = ~ 10 min.

of PER. Kinematic

ity = 0.54 mm2/s.
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Wetting
liquid

Fia. 8.2.8. Coutact mngle (§) in & capillary tobe in & stationary state, in & displacement of &

nomwetting liquid by a wetting one (§,) and in a displacement of a wetting liquid by a nonwetting
one (B,).

Fie. .2.10. Typical capillary pressure — wetting fuid saturation corves illustrating bysteresis.
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TABLE 5.2 ‘Waoter-oir porition coefficients for mﬁ COMPOUnS.
Meolscular Water-Air
Compound Formula Waighi Purtition Coufivien
Aromatics
Benzens CH, Té 5.88
Taluene Crhy " 385
o=Nyleng CoHip 104 448
Ethylbenzens CaHyy 104 .80
Nenaromatics
cm c‘Hu B4 0158
1-Haxane CHy, B4 0.067
r-Haxane CiHii Bé 0.015
n-Octane CyHy 114 0.007%
Sowrce: A L Boshe Woke' Bmsowrges Ressorch 20, s 101938 Publahed VRET by Geophy
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Farr, and McWhorter ( 1990) and Lenhard and Parker (1990) developed
rwo methods to estimate the volume of recoverable LNAPL in an aquifer based on the
thickness of the LNAPL foating in a monitoring well. These methods are based on the
capillary soil propenties. One of the two methods is based on the determination of soil
properties as reponed by Brooks and Corey (1966). We will look at this method in
some detail using the derivation of Farr, Houghtalen, and McWhorer.

T as shown in Figure 5.19 is the difference between the depth 10 the water-ail
interface in the well, D2* and the depth o the oil-air interface, DY, The values of the
depth 10 the oil wble in the aquifer, 05", and the depth 10 the top of the capillary fringe.
D2, can be computed.

where

Py = the Brooks-Corey m-mwmu
P3" = the Brooks-Corey organic-water displacement pressure
&= the acceleration of gravity
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Equation 5.30 may be rewrinen as
PH
'”l-' -3 T—A—q—.—
B8 el
If any of the organic liquid exists a1 a positive pore pressure, then [ will be
greater than DY and from Equation 5.31,
T
i:u__..}' (5.32)

Sr:'u Sl CoMPow enir

If the organic liquid is all under tension in the capillary zone, then there will be
no mobile organic layer and no organic liquid will collect in the monitoring well Under
175w % these conditions, Equations 5.29, 5.30, 5.31, and 532 are not applicable. However, as

1-8u ( scon as free organic liquid appears in the aquifer, it will collect to a depth of & least

ﬁ%; i The iotal volume of nonresidual organic liquid in the vadose zone is given by

o '} .

%- 7 ¥= n{_l':.'.'n - s)ar- [0 - (5. + 8] -‘:} (5.33)
7, : it

M - where ! (Z)

(1 (2) / V, = the volume of organic liquid per uru area

\, |

. n = the porosity

Saturatus wih AARL S, = the water-saturation ratio
5, = the organic liquid saturation ratio
z = the vertical coordinate measured positively downward
5" = a value determined from Equation 5.30
07 = a value determined from Equation 5.29
g™ = the top of the zone where nonresidual oil occurs

Based on work by Lenhard and Parker (1987, 1988), the Suid-coment relations

LELATE Frunp are

F'ft"‘{-ﬂt He 5 — S5, =11- 5411(%) } + S =Py (5.34a)
T SATURATLOWTS S5+ 5 =1, PP < P (5.34b)
-4
S =(01- 5..:-(%) +8. P>FPF (5.35a)
d
L=1 P < PY (5.35b)
where

5, = the irreducible water saturation
4 = the Brooks-Corey pore-size distribution index

In addition,
PP = p gDV — (PTipg) - 2) + PT (5.36)
Fﬂ'
P'- ( — -'—L—-—I !,
o= glp, ﬁ..‘-'[ﬂt' T ]*H" (5.37)




Integration of Equation 5.33 for D§*™ > 0, using Equations 5.34, 5.35, 536, and 537,

yiekds the following. For 4 not equal 1o 1,
Yoruet oo " w[iﬂl—l)(z)-(!ﬁ)m] (5.382)
RES tDuAa 1-4 D
S For 4 equal to 1,
. V= nll = 5,1 - D1 +In T)] (5.38b)
ReesauT | e
nr Py
. SR
-1 D= -0z 02
' L
L Tol-002 v
If organic liquid above the residual saturation exists all the way 10 the land surface,
then D™ does not exist Under this condition integration of Equation 5.33 yields the
following. For i not equal 1o 1,
- e (222
NVoLusmer |IF “'"{I-s"‘}{{r-mrp.;{l—l}[‘ (.P:'
Res moke o1~ (020 ] T e
(po = po)e(1 = 1) L
s A For 4 equal to 1,
AR SEAT 1 _ b A Py ]
BSeA vmnt -5 (7= D - o+ e | G39)

A‘PPWV- wirbaag (.Cm_;(; _l} = \J'I e nl = Swg 'LHH;J@-'N}

| } 2
Ejl;f_m._!, i1 ‘f' -!-,-_- bak i_’«\-_:ﬂ b PP S I’;.-:gq_ Pwﬂgf

to la~sey 4 | s rh...,.l_-.-r_-ﬁw.q




3.1.3, Ruse ad 'F'n.!alu(_ Wntacti-Tadele

Fall ‘FF witr tablh — "Fa " Pwaﬂu# dwf.r

qutmﬁha_ Besiduad LA s rapaed belonw
ettt dable and avmilall—» Sigroleficn

Ratr of- mowamst coiballed log: o Dargyl law , krky,
¢ Densdy (deeveiyfion)
¢ Caplllardy

Resilial wvelumu cotholled E] soil  rekatan copacdy

qmw.l'- EL/m® 3
Sclhy sond 4{:9&..1 J] i

Say n=30% Im= loooL

" ﬂhwt‘" = 5 Lo
& » E .gw — 'ﬁ e

Snw, = 1+ 6% 4o 1"3%

o Pret product may be draimid by open wells ard trenchu
o Bowd puadit st be revoved Eﬂ-—i-vdu.ﬁ‘{@..ﬂ./w@
—» dissefvtrem
Nétu:  camnot- apply k-ﬁkﬂmt sucittn  preatones
due 17 sheet- Cireoitiy.




Capallury fringe

Saguraicd

PO

W s

e

Capillary innge

Maobile ol

-

Residual odf

Saturaled rong

({.1]
Residual ol
W adlosr
fone Mohile odl
[ _C:pl_il.:-r}_lr-m;u g |
Saluraied
JO
o 0 20 40 60 8O 100
Residual oil % Waler sauratior

il

FIGURE 5.22 Effect of o folling and then rising wealer table on the disiribution of mobile and residual
phoes of on LMAPL




3.8 Behansr of DNAPLS
3.9 Vl.d.nn.zm M.d.lr-.hﬁn
- ::::mmm WAl bk fdunsct perafimds
; — moL
fu.l:] chomns lame. posa (e fulale)
g ::Pi'nu: air and weachas c..f-sd'..:] o
placas wuti~ @ uf?ﬁ‘va Jo

3.9.2 Verheal povessd & satvratiad
gﬁ"l-l-

Shahe "N: Holosow's Feviws (a — v

s Aghe . porefimticn, he
5
\‘I‘h he = +206 cas® (I —'/13)
P I".P-T Eﬂﬂllﬂiﬂi
jcfu '/°‘> vy = Thomat wadis
k. R Rhow
,{; hMuqudu_.h =22 k)
E=.0%3d4 } ¢ g
S aa bhow R
© uf be s 20 cocB
: (- Frpm) r* Y
as he @
s -

- r”
'F-.nhu_: ‘1,_-: 20 cos ©

bYwu




Hu-m-w:}mih
~ Plaw at agpfe base 4 collect flm
«Fu.. mobile PNAPL
WAl ceporalt, & wmelh wie ridiundual componds.
- WJIM(PM‘%J

- DAL lewel i Rlrmediadt willin goma of—
' mobcle wete ande  DAAFL
= Darp wallt reced fodee Dant dsgh.

Verheal dishibuvhen of WAL

Accormul atro. a'-l-pu.dt A 1""‘“ :13',1. (uﬁz-% Poe .t:y.)
doln bohin —> gunin ceholls cﬁplﬂ-g F‘ﬂtﬁ‘hivﬁ

Smm]mq/f.ua;ua: low K —> ::lpm,hm&ﬂr_h?,
b D t tuoaks-

Lo, F:-I-J/ﬁcuﬁd H\J‘-E—a Tluil Pore DAARL. lasg~

Huin DUAR + tvalin




| Well Wl 100 wn:uﬂ%?u?
B A 1
; g
BN T 1
"N - ! - Capillary fringe . Water —
4 4 ;
Water table :
g g Zane of mobile water E E
3 - /g |8 and residusl DNAPL 5
_____________ ﬂ
o
£ | &
E !

- ==

and DMAPL

]
___________________ i
] |
|
Zome of mobile DNAPL |
and immeducible waler |
' :

0 20 40 o0 B OO0

Percent waler sasuration

FIGURE I.I:_ Zones of o DMNAPL and the relotionship of mobile DNAPL and nonmobile DNAPL iz the
DMAPL saturation; rekationship of mabile DNAPL thickness o thickness of DINAPL is measured in o manitoring

well

Low w High m
"{aw.._op.u-fw:i
f L. %
-i- -‘ [y J'.rul-l.‘u-
Ground water Ground water MAPL saturation (% )
- & = : ﬁ f 100 0
Water -ﬂml . ¥ : i
................ L - .:......_....
NAFL . :
v NArL e :f
i
P ' it
i i
i I
(1] X X100

Water saluration (%}

FIGURE 5.34 Eflect of high ond low permecbility [and pargsity) on the distribution of mobile DNAPL

of the botom of on aquils:; the

arrews indicote level of

injmetion of the DMAPL. Source: J. F.

¥illoume, Ground Woter Monitoring Review 5, no. 2 [1985).40=-T4. Copyright (€ 1985 Water Wl

Journal Publishing Co.




3.6.2. I-bnsmm‘. Mowesurt i Satwalid Zova

¢ Dfpiutt o echmate polental Jﬁ., st
_u.m-dnumﬂwuﬁ.ﬁ [ : i R
Clasneal ﬁnivu]
D Duate msfnbildy L ergaal inmrface.
2) A ec @ntvaltid b haﬁ.roault.&]
— h‘breap«:ttg hay awmu&n’ %u{ "
most- shallew aguifers.

vP = 26
Lo (Um=fr)r?  lo= (b of coskives

DAL phase
f."t: "ﬂwn-.f)" I"‘P:‘Fﬂvw_ vmoler’




3.9 MHowreemn  CAAR { Daspe

:;];@r-smﬁ.m
w@ﬂ'/ﬁ‘ﬂ_s‘“““?"'ﬁ"‘““f"?‘h‘mw

,-?T""" Sump ﬁ.. PAAPL ~ fample it baile

A

DAAPL —  Bolbm loadiy bailsm

LavadL Tﬂr l'l-lfaj baule .imlpuj f

u*ﬁup f u(m Larame
/o LAy

—ﬁﬂlﬂ&uﬁ'ﬁm;\;wi—#w.
—~  Parbald emdsicn molvcad ‘Z -""""‘? ’:-au!

Uﬂfﬂ.hi"rj\u.xh‘;\
Frochmed bedio ck- Samplry wmext duficatd -

p Relid DAAAL locartay
a fnfo-.:mrr.a_
O ']‘hnfl'mj wuaumfndl}i_




Chiorinased hydrocarbon spill

i o

DMAPL dissolved in
the ground waler

_ Flis of mobile DNAPL

Mohile DNAPL

FIGURE 3.20 Sioping inferfoce between o siofic loyer of DMAPL ond Aowing ground wate:.

BE R e b s e

Mobile DNAPL

FIGURE 3.27 Movement of o DHAPL infe o fraciuied bedrack ogquiter that underlies o sond and groval
agquifer.




[, UNSATURATED Fiow

o Contnminads Hraverse vaslese e f' s e ble

Reshicrdes (delidoeredr app m)

hu:-!uﬂ‘-

& Clnﬂ M{.wn.bﬁ:j
El.uhi-l.dha‘ LA mwa Mh(cf-ﬁL 5')44--__)
MM P-adur-h —~ Alvmiavin |, Stleh , gy

cadrims o
PN

(N-d' -l-r-t.nc-l\.-?l.a-l-\.#)

Kaolmdr ( ehua c.ln:]) 5-20m%/4
Mot monvt llemcts — "ua"ln- pwﬁ-u- avnen ?'WH"{J,

o b.ph..a :-‘-\Porhﬂﬂ'- (D EMMLL.'.A?II' CW co llowls

(u“um —ire ywﬁ.-au)

alhecti +ve codrou
gwof- buf,hr: o oltenvasdos
@ Elchosinhc drble lae affeck hydrioy
buedloy clagg el and seal pafiuans.
Nt salincty | —» swalling —» | comewebnly
Procest rent ey -'f fﬁ-!:‘-w‘- 53 7&-"«- vl




Pesder o~

VH.M SE . Pl

Pc. = Eui" oot qu:hr

STATIL SYSTEMS

ff__‘" —
1
: R
5 £
? Bes s o
L
o
o e 100%,
Weks Sativadiin
L.n.laiil'agﬁm?l.!'&vum

e By =By

Capillay pressise. (+4a),

4 F

« Rl (2 +rol
-red
'

Waler gobheradia
Sw, too%
I° =
R

tioo




4.1 Frow o WATEE (v THE OaSATVEAED -owE

/ Y@) = maitmi in
? 5 el gl
Vo Proait..
6 = moutms cmabst
ye = EEJ
Y Make pressume, Ao o <

vasgs flnsiiin of mmctis

/

e.

Toce P-fufu neleotbiiong (w«fiﬂod.i-) f-— PC#J -vs— &
P F{ﬁj —vi- S,

1. Biooks and Coreq (1466,
2. van Qenvchie ([19%0),




#.0.1, Breoks § Comen (196¢)

H"ﬂ"-‘-\‘"‘-'- fo Pmvs-8 o Pe-vs - Sw.

> e oot

i
B -
; il S e ~ % )(B.
27 & +(G-Gafl) > S-Ser(-%)F)
(SHS"'“) = .E >

i &

/;r
Se
Thit s an empincal nalastos P

log Se = =A logP/n)

loy S« = ~ALleg P Loy

LI-\A*A’ Commalashiony ;
F~ P=P, Than ‘-ﬁa $e = O

9-,= (rreouechile welis comitn
& = sabhiredif walir cmlot

R = L‘m“‘ﬂjw

Se = |
Pe/ Yo

-io® -jo¥

¢ Po

A

fe i

L]
i
|

|




Py temi

P, iy lem)
L]

FGURE 4.3 Copillary pressure heod ol o function of effective sahurgtion lor porous materials with
MﬂuH“-“_ﬂHﬁHuhﬁm Source: R. H. Brooks

ﬂgf.h“mmdﬂmnhﬁﬂmmﬂ
g, 1R2 (1964):41-87.

Berpare DescliBed By TWo PACAM eTeres:

D) T - BeRdua PEESEE
2) A - swoPe oF qeaeH ovel | Log Crus
1
w! F -l
ot =
S5e. 3
P‘/r.,, o™ -
Li-"'"} o 3 H-’..
o i i i
o I a T ~jp0  ~lorc
S“, ']
N Pefx,. (&m)

/
Pﬂl. dis hy e

=10 =100

Broud

o




bl 1 ven GBNUCHTEN (1990)  Bapincat.
M Gemvehdin |, Sotl Scltren Socsty ot Amanda, Toumal we(19m) 292~ 992
» WA r

Mnsfs Gl e
&= 8. + _(B.-I:? S= Sy, + (1—5“--5”
1= 2Y]" [1+(=8)™]
i G, e BRES
Oe = [] % (niit- Jq]-I [l*(."%u)~]

Parametis ! m n ol

-i® |
PR | |
&) | | |
e | --—-;—bu '-_ l y
©.6
° e e & Swy,  Su
Waktis gl Walls ¢odumiuie
net Fwaiﬁ —_—s L = I/Q'“‘)
() .
oL = Yo (2%m-y) oL %= . :




deTERMN NG PACAmTSES

-1n®

HEAws HogTueS Cownoar

BF - é.(gi + ér)

= t(o.s+0.4)=0.2

SLoPE AT &p

Pressure head, b (om)

'f"ﬂ' ﬂ-glf- - -

D IMENSIONLESS SLoPE

W, &
E‘;"E.-

'Fr: i&.‘f_. = O.7%
o.r-0_|

| = exp(-e.2p)

m =
| = o83 o O
"ﬁp "'Pt
it | =.5
i, b=
w = Y. (1"".—[) o

I"-I.ﬂ;.“
0 lll.! ﬁ:l 05 06
Water content, 8 {em’jem’} A
Er--‘: o.lo &g = .5
e fod m= O.5
4+ O,02%
e 'FF"
‘F,I:
il
Y. (U-13) oL A |




4.7 Frow oF WATEE /) THE UANSATULATED 2owE

w2l Hydralii Goducwdty
Re mffke  pormechcloty

K(Ej - MEJ }: fua Ry = relahive Fmﬂ"'d"i‘?
A

v, Mﬁ(ﬁﬁj Emplrr.r_a..”:j pada i k..- fo &

K@) = Kt 5:1:"' LV= (l-h"’")“]L Se= (6-64)

(e:-e)
Ky = Esax £1- () L) T YT
N CTS ot
Noti: h= P andde Prelatid o S¢ 0O

h ~ Pe

e
&,

U-&Jhc—fhnmmcimm#’mmfﬁ,




Ideally, the relative conductivity, moisture content, and water capacity
curves are determined directly by performing a series of tests on the soils
involved in the study. However, in many cases they can be approximated using
a set of measured or approximated constants and a set of empirical relationships.
For example, one option for generating the curves is to use the van Genuchten
functions (van Genuchten, 1980). The van Genuchten relationships are:

K, =621-(1-0)' |

and

8, =1 forh20

Se= 8, =[1+(a)*[" forn<o

where:

8, =6,+6,(0,-0,)

1

bl
and

9, =

=20 =

9, =

9, =

By =

o =

moisture content (dimensionless)

effective moisture content (dimensionless)
saturation moisture content (dimeasionless)
residual moisture content (dimensionless)
soil-specific exponents (dimensionless)
soil-specific coefficient

CoMPARISON wmH FETTER Tﬁﬂimaq_hf

Se = ©¢ -(Gu*ﬁr)

(8 - er)
Y= ™
B= n
Frae paramelens

Table 5.1 lists a set of samrated and residual moisture contents and the van
Genuchten a and 3 terms for a variety of common soil types. When applying
the @ term, care should be taken to convert it to the proper units.

Table 5.1
Soil Parameters ____ :
Type Saturated Remicuai atom] )
__Conwen | )
Contant, 6,
| Clay™ 0.38 0.068 o008 1 100
Gy Loam 041 0,05 0.019 -
| Loam __0.43 0.078 0.036 158
| Loam Sand 041 0.057 0.124 228
ED 046 5,004 0106 (-
St Loam 045 _0.087 0.020 141
"Siny Gy 036 0.070 o00s | 100
Sity Ciay Loam 043 0.089 0,010 123
Sand 043 D146 268
- 036 .10 o027 123
E'HI:I w 1.48
.41 0.085 __0.075 188
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