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An analysis of infiltration in initial g radient soils
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ABSTRACT. Flow th rough loam y and clay soils sta rts o nly when the hydraulic gradients exceeds a ce.rtain value
called initi al gradient, thus g.iv!,,!S rise t~ non-Darcian flow. An ~nalYhCal solution of the pr o blem of lr~ fil ~ rat!on
. t homogeneou s so il with initial gra dient has been presented , which sha ll beQUite. useful In the area of Irrigation
anddra inage. T he effect of init ial gradient on the ad vance of wetung front , the I .n~lt ra l l?~ rate and accumula ted depth
of infiltra tion has bccnclearly brought out, and it IS found that the non -recogmuon of initial gradient In SOlJ~ lead.. to
11'lc overestimationof thesevalues.

where V is th e macroscopi c seepage vclocitv:
K is the permeability ,co~ffici c: n ~;. i. is th e ~l yd:
raulic gra d ient a nd 'u I S the ini tial g radie nt.
K ova cs ( 1967) reports the {'xis!cncc ~f init,ial
gra dient in case. of flow o~ non-~e\\'toman fluid s
such as bentonite suspensions , 011 wa te r ernul­
sions et c through porollS media, I n expe rt­
mcnts conduc ted hy Li (1963) with Houston
clay (clav conten t of 72 per cen t and void ratio
of 0.85): he found th e init ia l grad ient arou nd
50, In case. of flow of \.....a ter th rou gh cla yey
soils Polluhrinova.Kochi na . ( 1962) found th a t
th e magnitude of ini tia l gra die n ts may vary frol\l

i , Introducti on

I n numb er of di~cipli ne" . and part icularly in
th e field of Irr igat ion , drainage , and \\':Ht"rshed
studies, knowled ge of h~w th e , mfihra l,lOn 3!1d
acc umu lated dept h of In fil trat ion var ies \"'I,th
time is imp ort a nt. III case ~f \,vatc rsl~cd. Shl~ ICS
it i desir able to know the va n ano n of Infiltra tion
~ith time in order to predict r~infal!~, unoff I'C~
lations. T he knowledge of ,rd a tlo n,shlp bctw,l'cn
the accumu latcd depth of Illfilt~',l~ lun and lime
is of great consl"q llenc~ in determining how mu ch
variation in inundation tlm~ ~an, be all~)\\'cd
within a cert ain field so th at u -nganon efficiency
ca n be mai ntained above a prescribed value,

In the practi cal situations aos,in /{ in th e ,a ho ve
mentioned areas, onc is ofte n tnt~rt'stcd .a n the
flow through loamy a nd cla yey sods, It , IS now
wel l recognized that for ma~y claY,ey sods and
to some exte nt sandy a nd s,lhy soli,s, the 110'\0'
sta r ts only whe n th e hydraul,lc. .gradient exceed s
a certai n va lue called the initial or th reshold
gradient ; and the velocity grad ient respomc ,enr
the suc h soils ca n be represented by the following
equatio n

v = "(i - in)' ( I )

15 to 20. For dense clays Scott (1963) quotes
the va lues of init ial gradient to lie be tween
20 a nd 30. In expe riments cond ucted by Roza
(ville Kezdi 1974) mea sured va lues of initial
gra d ient ran ged from 0 . 2 to 0 . 5 for silts a nd 12
to 18 for clays . K aradi and Nagy (1961) and
Kond on ( 1967) have reported that the ini tial
grad ien t increases wit h the decrease in void
ratio or wa ter content for fully satura ted soils.
111e experimental da ta showing the variation
of in itial gradient wit h wat er conten t is shown
in Table I.

I nitial gradient a lso depends upon on such
factors as the mineral composition an d a bsorp ­
tion complex of the soil, temperature etc,

Pred omin ance of surface forces ove r the
gravity forces in the case of clay ey a nd ot her
fine grained soils is said to be the ca use of exis­
ten ce of initia l gradient ; th ese forces being
stro ng enough to counter balance a cer ta in
por tion of the a pplied hydraul ic gra dient ca lled
the initial gradient. It is known tha t hig her
th e specific surface, the high er shall be the surfa ce
forces. As such, it is natural to expect increase
in th e magnitude of in itial gradient with th e
decrea se in the grain size and porosity,

The consequences of existence of initial g ra­
di e nt a re of great int erest in several areas suc h
as suitable spacing of tren ches or tile drains;
soil water mov ement to plant root s, and co nsoli­
da tion of clayey soils, infiltrati on of water into
the soil et c etc. Recognising the existence of initial
gradien t many researchers in th e last few years
ha ve investigated various physica l prohl ems of
practi cal intere st . Polu bra nova-Kochina (1969),
Valsa ngkar and Subra man ya (1972) an d Aruma .
gan (1975) stud ied the effect of initial gradient
on various physical probcms of interest in the area
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