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6 White. 1. 1979 Measured and

Q) Perroux, K. M., D. E. Smiles. and I. White. 1981,

1
water by wil: the constant flux boundary condition. rgoil Sci.
Soc. Am. ]. 43:659-664.

Absorption of water into il as the revult of a constant flux
condition at the moil surface is examined.

Experiments for a fine sand show that the surface water
content, movement of the wetting (ront, and the water contemt
profiles may be predicted from the s0i] water diffusivicy fupe.
tioo using the notion of the flux-concentration relation of
Philip (1973).

Reduced space and time variables X = Vxand T = V% are
introduced. Use of these variables greadly simplifies treatment
of the system and reveals that the surface water content and
the reduced position of the wetting front are uniquely defined
by T while the water content profiles at any value of T are
unique in terms of X,

_ ipproximate flux-concentration
relaticns for absorption of water by soil. Soil Sci, Soc. Am. |
13:1074-1030,

The {lux<oncentration relation of Philip (197%) is calcy-

lated wsing moisture profiles measured during absorption of
water by a fine sand when water was supplied at both con-
stant hydraulic potential and constant rate. The general be-
havier of the measured flux-concentration relations was found
to be consistent with those of the model soils calculated by
Philip. Within the accuracy of the measurements, no sigmifi-
cant time-dependence of the relation was found for the constant
flux boundary condition over a large time span. Measurements
of the time-averaged ffux-concentration relation, however, sug-
gest some significant time-dependence for shorm times Simple
approximations for the Fflux<concentration relation, based on
these observations, are suggested. These approximations enable
easily evaluated predictions to be made of the salient features
of constant rate application of water to soil, which are suffi-
ciencly accurate for most practical purposes,

Water move-
ment in uniform soiis during constant-flux infiitration, Sail
Sci, Soc. Am. ]. 45:237-240.

An analysis is presented for constant-flux infiltration of
water in s0il based on the fluxconcentratisn relztion. The analv
sis i compared with laboratory experiments on constant-fux
infiltration into columns of fine sand and silty clay loam.
It is shown that the effect of gravity is small for the early
stage and that during this stage sufficiently accurate predic-
tions of moisture profile development can be made by using
the simpler absorption analvsis of I. White, D. E. Smiles, and
K. M. Perroux.

%M

@) White. 1, D. E Smiies, and K. M. Perroux. 1979, Abso

el 1973-0577
i aﬁw:;ﬁmw;l;&%“

ion_of €fSmiles, D. E. K. M. Perroux, 5, J. Zegelin, and P. A. C. Raats,

198]. Hvdrodynamic dispersion during constant rz

te absorp-
tion of water by sojl. ¥ P

Soil Si. Soc. Am. J. 45:453—458.

An analysis of hydrodynamic di ;on accompanying con-

penion cocfficient is pore water velodty-independent. It is
shown that in this procam both the water content and the
wil water salt concentration are uniquely defined by #(X,T)
and C(X,T), where X = vx and T = p,%t are pace- and time
like coordinates, and v, is the constant surface flux of water.

Quasi-analytical methods based ou the flux-concentration re.
lation predict #(X,T) while an error-function solution, based

o0 2 macerial coordinate Q labeling parcels of warer, predicis
the salt profile.

.') Boulier, L.F., J. Touma, and M. Vauclin. 1984. Flux-concentration

relation-based solution of constant-flux inﬁl:rau'_on equation: 1. In-
filtration jnto nonuniform initial moisture profiles. Soil Sci. Soc,
Am. J. 48:245-75T.

The quasi-analytical selution of the infiltration equation based on
the fux-concentration relation for constant flux condition and ini-
tially uniform water content profile is extended here to nonuniform
moisture profiles for fluxes either smaller or greater than the sat-
urated hydraulic conductirity. In the latter case, the solution is de- -
veloped for the postponding stage. It is shown that the measured
flux-concentration relation is well-upproximated by F(6*) = #* and
that no <ignificant time dependence can be observed, The quasi-
unalytcal solution is then successfully compared with both [abors-
wary experiments performed on a sandy soil column and numerical
solution of the Richards equation for the nonpouding, preprndinz,
and postponding stages of infiltration.
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SCANNING ELECTRON MICROSCOPE OBSERVATIONS ON SOIL CRUSTS
AND THEIR FORMATION

Y. CHEN. J. TARCHITZKY, J. BROUWER, J. MORIN. anp A. BA
Department of Soul and Water Sciences. The Hebreu University, Rehovot
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ABSTRACT

Scanning electron micrographs (SEM) of crus
observations were performed on crusts formed
their formation. The crust structure was com
During the crust formation, a middle-term
stripped of the fine ones,
crust formation. the co

ts of [oessial soils are presented. SEM
by raindrop impact at varioys stages of
pared to the natural undisturbed soil, ;
stage developed at which coarse particles, '
composed the surface layer of the soil. At the final stage of the ‘
arse particles were washed away, and 2 thin seal skin, about 0.1
miilimeter thick. formed the uppermost layer of the soil, A depositional crust, which i
was formed mainly by the translocation of fine particies. was marked by the presence '
of a thin skin also about 0.1 millimeter thick, suggesting involvement of similar

secondary mechanisms of {ormation. This work illustrates the use of SEM for the study
of soil crust formation and structure.
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Smiles. D E.. I H. Knight. and K. M. Perroux. 1982,

of water by soil: the effect of a surface crust. Soil Soi.
}. 36:476- 48'

{/

Absorption
Soc. Am.

The one-dimensionai absorption of water by a uniform soil through
a relatively impermeable surface laver is analvzed using consentional
sail physics theory, The analvsis permits caiculation of the evolution
of the water potentiat on the interface hetween the soil and the crust.
the water content profiles. and the cumulative volume of water
absorbed.

In the first instance the approach is tested for situations where the
conductance of the crust is constant.

Extensiens of the analysis to cases where the conductance is time.
dependent are foreshadowed.
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Parlange. J.-Y., W.L. Hogarth, and M.B. Parlange. 1984, Optimal
analvsis of the effect of a surtace crust. Soil Sct. Soc. Am. J. 45:494-

497,

Recently, experiments have been presented for the horizontai flow
of water by soil with a surface crust ard compsred to an 2nalytical
model. It was found that the water content at the surface was con-
sistently less than predicted by about a 1% water content. Such a
small discrepancy may seem 1o be more of theoretical rather than
practical interest. In fact, due to the rapid variation of soil properties
near saturation, a very small error in water content at the surface
implies that the model is unreliable to predict the relationship be-
tween cumulative absorption and soil water content at the soil sur-
frce, especially in the early stages of infiltration. A new modet is
developed here, based on an optimal principle. The results from this
maodel are closer 10 the experimental observations, but seme dis-
crepancy remains. To eliminate the possibility of experimental error
a simple theoretical example is also considered, where an exact so-

lution exists, which illustrates in detail the accuracy of the optimal
model.
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Abstract—Theory devclopcd to describe water movement and volume change in soits may be apptied to many
industrially important particuiate fkquid suspensions. The theery s used here to predict the umportant aspects of
constant-pressure filtration where the filter membrane significantly impedes the escape of the I:qm_d:

The method requarsc mezsured hgud content-liquid petennal and hgwd “ontent--ligd dffusivity reancas of

the suspensions, and the conductance of the fiiter membrane

[Hustrative calculations for saturated bentonite slurry are presented. These caicuiations predi.c! the evoiutien of
the liquid and solid profiles in both material and physicai space. and the cumuiative volume of liquid expeiied. as a

function of time during filtration.

Experiments using bentonite at two different pressures, and with a range of values of membrane conductance.

zonfirm integral predictions of the model.
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Abstract

A method of measuring, with minimal soil disturbance, the saturated hvdraulic cenductivity and sorp-
tivity of field soil is presented and discussed. It invoives measuring the steady-state infiltration of
ponded water from two rings, of different radii, that have been lighttly pressed into the soil surface. The
method is based on Wooding's solution for steady infiitration from a shailow, circular pond. Criteria for

selecting ring radii are discussed. Results for three field soils are found to give consistent vaiues for the
conductivity and sorptivity. '
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QUASTANALYTIC AND ANALYTIC APPROACHES TO UNSATURATED FLOW: COMMENTARY
P.A.C. Raats

Instictute for Soil Fercility, PO Box 30003, 9750 RA Haren, The Nethsrlands.

Summary. Analysis of sovemsnt of water fn unsaturated soils is a basis for
water management and for understanding the environment in which soil
mechanical, chemical, and biological processes occur, This commentary
presents further exsmples of quasianalytic and analytic approaches to
unsaturated flow, Thres approaches to one—dimensional problems are
discussed in scme detail: (1) approximate methods subject to integral
conatraints, (2} methods based on transformations of nonlinear equations
to linear equations, and (3) solutions for vertical flows dominated by
gravity. Also, some further szamples of quasilinear analysis of steady
multidimensfonal flows are givan, with smphasiz on flows from shallow
eircular ponds,

ON THE ROLE OF WATER IN UNSATURATED SOILS

Spatial and tamporal distribution of soil water is the central thame of soll
physics, not only in an arid country liks Australia, but alsoe in a husid
country like The Netherlanda. Even in humid climates temporary shortages of
water occur. The planning and execution of supplemental irrigation requires
detailed analysis of movement of water in the unsaturated zone, especially
concerning capillary rise, as an alternative source of water supply to crops.
A certain degree of unsaturstion is necessary for a soil to be sufficiencly
aerated and trafficable. Poor asration may lead to impaired root grovth and
functioning and to rapid denitrification. The trends of mechanization in
agriculture have stimulated a worldwide interest in the timing of soil tillage
crop care and harvest operations.

S0il water plays a key role with regard to the dynamics of dissolvad planc
nutrients and contaminants. For transport over distances of 0.1 m or more,
convective transport with the water dominates, resulting in significant average
displacensent and dispersion. Diffusive transport of solutes can be the prime
mode of transport over distances of 0.01 m or less, as is the case for solutes
being absorbed or exuded by plant roots. Availability of nutrients for plants
is strongly influenced by ths watsr status of an unsaturated soil, primarily as
a consequence of the low valuas of the solute diffusivity at low water
contents.

The list of publications of the formsr Agricultural Physics Section of the
CSIRO Division of Plant Industry and the current CSIRO Division of
Environmental Mechanics is an amazingly rich source of information on movesent
of water in unsaturated soifl (Anonymous 1987). A large fraction of the
existing quasianalytic and amalytic approaches were originated, or stimulated,
or critically evaluatsd by J.R. Philip and his numerous past and present
co-workers. [ scknowledge the recurrent inspirstion derived from the work of
this group.
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RICHARDS' EQUATION

Richards (1931} put f{nto rigorous mathematical-physical form the concepts of
water flow in unsaturated soil due primarily to Buckingham (1907), but also
partially formulated by others sesmingly unawvare of Buckingham's work. By now,
the general flov squation is firmly sstablished by rsasoning and exparisental
evidence. Of ecourse, Richards’ theory had to be axtended to cover
complications arising from vapour transport, lack of continuity of soil air,
limited mobility of soil air, deformation of the solid phase, structurs of the
s0lid phase, and deviations from Darcy's lav associated with thermsl and
osmotic pressure gradisnts. These extsnsions in many directions have helped to
put Richards' theory in a PIoper perspactive. The modern theory of mixtures
pProvides clear guidance for rational extensions of Richards’ theory (Raats
1984by.

In the context of Richards' theory, specific soils are characterized by the
dependencies of the prassure head ¥ and hydraulic conductivity K upen the
volumetric water content #. Most quasianalytic and analytic approsches are
rastricted to classes of apscific soils. [Examples are (1) the quasilinear
analysis of steady, multidimensional flows in soils with an exponential
relationship betwsen the hydraulic conductivity and ths pressura head, and (11)
unsteady flows Iin the broad Broadbridge-White class bridging a whole range from
the Knight class to the Green-Ampt class.

All quasianalytic and analytic methods for solving Richards' aquation fnvolve
simplifications. Problems can first of all be classified in geometric
categories of vertical versus nonvertical flovs and in temporal categoriss of
steady versus nonsteady flows., Further useful simplifications may arise from
considering the relative importance of capillary and gravitational components
of the flux of the water. Thus far analytic solutions {n the pressnce of a
nonzero distributed sink A have besan obtained only for certain types of steady
flows with specific spatial discributions of ) (Raats and Varrick 1981).

Many processes of flow of water in unsaturated soils so far have besn, and
perhaps will always be, amensble only to mumerical methods. This is especially -

retantivity ecurve. Kevertheless, anyone squipped with insights derived froas
quasisnalytic and analytic approaches will be in a good position to describe
and explain the main features in results of detailed calculstions.

ONE-DINENSIONAL PROBLEMS

More than one-third of Philip's (1983) review is devoted to one—dimsnsional
probleas, In the following, I firatly comment on what Philip calls the
flux-concentration method, secondly, expand on Philip’s remarks about solutions
based on transformations of nonlinear squations to linear equations, and,
thirdly, present some results for vertical flow dominated by gravity. The last
class of flows has been an important source of inspiration for fisld studias
over the past 15 years (a.g., references given in Reats 1983).

Approximate Methods Subject to Intagral Comtraints
Several time-honoured solutions of the Richards’ squation ars of the form
z-z2(0,8), z=zx(t0), ' ' (1)

whers z {s the depth of ths soil, positive downward, and t 1s tims. Examples
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of this are (i) solutions for steady upward and dowmward flows, (i{) selutions
in the form of travelling, time-invariant waves, (111} the Boltzmann zolution
with £'/? proportionality for horizontal absorption, and (iv) Philip's series
expansion in t'/ ? for vertical infiltracion.

The first of the two functional relationships expressed in (1) is consistent
with regarding the water content # and the time t as independent variables,
while the flux F and the position z are regarded as the dependent variables.
In this context the mass balance is expressed by (Philip 1969)

dz . _9F '
s, ~m b, - )
Integration of (2) between ¢ and #, gives

a
F-Fo-gr [ z ds . (%))
‘Q

Integration of (3) with respect to time gives

t #,(t)
[ 1Fote) - Folde - [ zte.6388 (4)
[ [

where the subscript 0 denotes values at the soil surface. The integral mass
balance (4) is the constraint used i{n the "flux-concentration method” discussed
by Philip (1988). Integration of (4) with respect to space gives

) 'n
(F - F,)dz = sz 2de
5
0 &

o
(5)

- gE [ zZ(4 - #,)dz

o

The integral moment balance (5) is the constraint used in numerous papers by
Parlange and coworkers (Parlange 1980; Hornung et al. 1987). The integral
moment balance was originally introduced in proposals for determining
experimentally the hydraulie conductivity (Zaslavsky and Ravina 1965) and the
sorptivity (Youngs 1968).

The approximate methods using either (4) or (5) as integral constraints have
yielded solutions for horizontal absorption and vertical infiltration with a
given water content or flux at the soil surface and with or without a surface
crust. For constant flux, horizontal absorption and small-time wvertical
infiltration, there s the interesting feature that cthe surface flux F,
enters the solution only via the raduced position Z and time T defined by
{cf., Philip 1969, Eq. (199); White at al. 1979; Perroux st al, 1981):

Z-Fgz ., T-F2t. (6

An analogous statement iz trus for horizontal absorption and small-time,
vertical infiltration with constant potential boundary conditions via a crust
vith constant properties; in (6) the crust conductance y wust then replace the
flux F, (Ahuja and Swartzendruber 1973; Smiles ot al. 1982):
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Z=qz , T=~y%, (N

Transformations of Noanlinear Equations to Linear Equations

The approximate methods subject to integral constraints apply to any soil.
Philip (1988) also reviewed some results for particular classes of soils,
namely Green-Ampt, linear, Knight, and Broadbridge-White soils. For these
particular classes of soils, solutions covering the whole range fros very small
to very large times can be derived for certain boundary conditions. The
Creen-Ampt and linear scils do not allow proper large-time travelling waves,
but this is not too disturbing since these classes are not realistic models of
real soils anyway. )

For the Knight class, solutions for infiltration with a wide range of boundary
conditions are known. Philip showed that the special selution for infiltration
with constant potential boundary condition is suitable for filling the pgap
between the series expansion in tV2? for small/intermediste time and the
travelling, time-invariant wave for large time,

For the Broadbridge-White class the dependence of soil-water diffusivity D on
relative water content # {a given by (Broadbridge and WVhite 1988):

D = B(C)C(C ~ L){S[As(C - @) }? , (8
and the dependence of hydraulic conductivity K on # {s described by:
(K - Kp)aK «~ 83(C = 1)/(C - @) . (9)

Here @ = (8 - #,)/40, with 8, the initial scil-water content, 40 = 8; — B,
with #; the value at field saturation, S = 5(8,,4,) is the sorptivicy,
Kn = K(0,), 8K = K(8,) ~K,,, C is & single free parameter of the model, and
b(C) is & constant which depends on C., The parsaeter ¢ is constrained to the
range 1 < C < w with corresponding range 1/2 < b(C) < v/6 for the constant
b{C). As C s+ 1, the hydraulic propertias (8) and (%) approach those of a
highly nonlinear Green-Ampt-like model. At the other end of the parameter
range, as C » =, (8) and (9) approach the properties of the weakly nonlinear
Knight soil. For most soils C is confined to the range 1.01 < C < 2.,

Figure 1 shows results of calculations based on an analytical solution for
constant rate rainfall infiltration into Broadbridge-white soils. The solution
is parameterized fn terms of the dimensionless rainfall rate Ry = (R — Kp) /48K,
dimensionless time t, = t/[bS/(AK)’], #, and C. Figure 1 shows the evolution
of soil saturation profiles for both nonponding, Ry < 1, and ponding, Ry > 1,
rain and for two values of C. Figure 2 shows results for the time to incipient
ponding.

Vertical Flows Dominated by Gravity

Selutions of the form (1) also arise for purely gravitational flows satisfying

a8 dK 98

F*-oTE (1
{(Raats 1983). Equation (10} 1s a kinematic wave equation with wave speed
dK/de « x(@8). According to (10), surfaces of constant ¢ will propagate

downward at speeds dK/d? = x(#). The ratic R of the wave spesd dK/d# to the
speed K/t of & parcel of water dus to the gravitacional force is given by

& dK dénk
R=g &~ 3t - (11
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Fig. 1, Dimensionless saturation
profiles at wvarious dimensionless
times ty during constant-rate
rainfall for C = 1.02 and 1.5 with
(&) Re = 0.2, (b)Y Ry ~ 0.5, and
(c) Ry = 1.2, (Broadbridge and
Vhite 1988).

Thus, R 1s the ratio of the relative rates of change of K and of # (see Raats
1984a).

Consider the drainage of a uniform profile with a deep water table given the
initial condition

#(z,0) = ¢, , K(z,0) = K, . forz>0, (12)

where &4, and K, are the uniform inicial wster content and hydraulic
conductivity in the so0il profile. Sisson st al, (1980) observed that if one
supplements (12) with a fictitious condition

#(z,0) =6, , K(z,0) =Ky, =0, forz <0, : (13)

where #, is a fictitious, uniform water content in the region z < 0, chosen
such that the hydraulic conductivicy Kg correspordding to ¢, 1is zero, then
conditions (12) and (13) describe an inicial shock, and solving (10) subject to
these conditions describes the decay of this shock. The selution of this type
of problem {s due to Lax (1972), Values of the water content in the range
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e €= 1
(Green & Ampt)

R+ Dimensionless Ponding Time = R
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0‘0 1 1 1
11 15 2 5 10 20 S0
Dimensionless Rainfall Rate, R,

Fig. 2. Comparison of the dapsndence of ths dimensionless ponding time upon
the dimensionless rainfall rate for soils with the paramster C ranging from 1
(Creen-Ampt soil) to = (Knight s0il), and for linear soils, (Broadbridge and
White 1987).

0y < # < 8, will propagate downward from the s0il surface at speeds x(8). This
means that the depth z at which the water content will be # at time t is given
by

z{8,t) = x(®)t . (1l4)

For z > x(#)t, the water content will be fn. Note that (14) fs yet another
solution of the form (1). '

It can be shown (Raats 1983) that the average water countent above depth z is
related to the water content at depth z by

t={1-r(8)] . (15)

It is remarkable that this relationship does not involve the depth z and time ¢t
" explicitly.

Explicit expressions for.#(z,t) can be easily derived for varfous classes of
soils, for example, for the class of mildly nonlinear soils with a linear
retention curve and an exponential dependence of the hydraulic conductivity .
upen the water content. For this particular class of solls, it is possible
also to evaluate the influence of capillarity upon the drainage process {Raats
1983}.

Wooding (1975) analyzed flows inducad by a varisble rate of infilcration by the
pethod of matched asymptotic expansions. In relatively uniform regions the
distribution of the water content is ropresented asymptotically by an outer
expansion, the first term of which takes into account the effect of gravity
only and represents a kinematic wave. Higher order terms of the outer
expansion include the small effeact of capillarity. However, in regions where
the gradient of water content is large, the effacts of gravity and capillaricy
are of the same order of magnitude. VWooding shows that in such regions an
appropriate inner expansion can be found,
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QUASTLINEAR ANALYSIS OF STEADY MULTIDIMENSIONAL FLOWS

The last third of Philip (1988) dsals with quasilinear analysis of steady
flows. Within this class of flows a wide variety of problems has been solved
in the last two decades. This is not too surprising. In discussing Fourier's
linear theory of heat conduction, Truesdell (1980) wrote )

By paring the physical model to the bone, the theorist may extract from it
incredibly precise predictions sbout the most intimate detail of bodies of
the most complicated shapes. In Fourier's theory the student must pay as
the price for such detail and such precision a willingness to admit that
differences of temperature propagate at infinite speed through material
bodies and that the temperaturs within a body can be determined without
taking into account the changes which the flow of heat into it may effect
upon its size and shape.

Like Fourier's linear theory, the quasilinear analysis has its limitation: for
a given geometry of the unsaturated resgion, a change of the boundary conditions
by a constant factor changes the rate of flow but not the flew pattern. If
o = K'dK/d¥ is not constant, then the flow pattern is not subject te such
invariance,

1f a change of the boundary conditions causes a shift of the boundary between
the saturated and unsaturated regions, then the flow pattern changes even if o
in the unsaturated region iz conatant., Interest in flow in such adjeining
saturated and unsaturated regions has been stimulated by the borehole
permeameter (Philip 1985; Reynolds et al. 1985; Pullan 1988). For flow from
cavities, the saturated-unsaturated system which results from allowing for the
variation of hydrostatic pressure over the cavity surface is wore physically
realistic than the purely unsaturated system (Pullan 1988). The presence of
the saturaced tegion about & surface cavity removes the singularity in the flow
velocity that occurs at the edges of the cavity when the head is ignored.
Another effect of including the head 1s to increase the steady state flux from
the cavity. This 1is illustrated in Fig. 3 for the case of a circular
cylindrical cavicty buried at an infinite depth, where the flux from the coupled
system F. divided by the flux from tha purely unsaturated system F,, is plotted
as a function of the reduced cavity radius s. For s > 1, 1t 1s difficule to
evaluate F. accurately due to the increasing size of the saturated bulb (for
s = 1 the bulb already extends to a depth of 7.9 times the radius of the
cavity). However, these results are still sufficient to indicate the large
errors that can arise vhen the head of water is neglected.

Another problem of great practical and current interest is infiltration from a
shallow circular pond. The surface of the pond is an equipotential surface,
vhile the remainder of the soil surface is a stream surface. Weoding (1968)
derived a formal solution of the linearized flow equation subject to these
mixed boundary conditions using a Hankel transform. This solution involves an
unknown function f{p)} to be determined from the system of dual integral
equations arising from the sixed boundary conditions. Wooding uses Tranter's
method involving a series expansion of the unknown function f(p). A natural
choice for this expansion follows from the fact that st large distance from the
disc source the flow should be indistinguishable from the flow due to a point
source. The resulting system of linear algebraic equations has been
approximately inverted by an analytical/numerical method for s < 6 (Wooding
1968) and by a wholly analytic method for s < 0.15 (Weir 1987).
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Fig. 3. Increase in flux from a coupled saturated-unsaturated system F. over
that of a Purely unsaturated system F,, for the case of 4 eircular cylindrical
cavity buried at an infinite depth, (Pullan 1988),

Figure 4 ghows the total flux from a diasc source aa a function of the
dimensionless size of the disc. Ic i interesting that the total flux ig
larger than the sum of a purely capillary flux and a Purely gravitational flux
although such a simple summation is & quite satisfactory approximation for
large 5. These results suggest that the results of Scotter et al. (1982) based
on this approximation should be re—evaluatad,

In an invited lecturs at the 19th New Zealand Mathematics Colloquium, Philip
(1984) described Vooding's analysizs of 1968 ay “an  heroic piece of
mathematics®, Parhaps this assessment induced geveral Nev Zealand

mathematicians to extend Vooding's analysis (Wair 1986, 1987: Pullan 1987,
1988; Pullan and Collinsr 1987).

Pullan (1987, 1988) used the boundny slement wmethod to calculate the
transient quasilinearized infiltration with constant diffusivity from a shallow
cireular pond, Figure 5 shows the approach of the flux F to its steady value
Fo for several values of . The dimensionless time in the horizontal axis
involves only the Propsrties o and D of the soil. Therefors, the family of
curves compares the approach to steady state for ponds of different sizes on
the same so0il. A comparison of ponds of the Rama sirs on soils with different
a but the same D 14 cbtained by shifting the curves in Fig. 5 a distance
1oga?D? along the time axis. If the soils being compared are similar in the
sense of Miller and Miller (1956), than the diffusivicy D should change by the
tane factor as o (Raats 1983). The required shift is then logn*.

Finally, we nots that the quasilinear analysis of steady flows can also be
carried through for flow to sinks (Rasats 1977; Warrick and Amoozegar-Fard
1977). Such flows are of intersst in commection with flow to plant roots, and
the operation of Potous cup water samplers and suction lysimsters.
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