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Flow through soil with initial gradient
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Au.'n:U.\CT. .\ KhurL re view ~r. tho phouomouon of init ial gradion t. in Irriga ticu, drelne go and coueclida ric n
problems hi made a nd lUI anal y141l1 Ilj prcecu ted to /Sho w t ha t for tho problem of hori zonto-l Bud vertical capi llary
satura tio n, uon recognitlou of Init lal gra di!'ll! would loud to serio us er ror in the cst lme tlon of ultiwa te tr 8\'"01 lengt h
and th o limo ratu un progr eee of se ture tlon line .

1. i ntroducti on and Review

Ph(, 1l0 1l10 1l~Hl of water movem en t. through dayoy
find loamy ~0I 1s it.; or CI ,m IlI O}~ OCCUTT ClJl:C in ti le field
of irrigation and d ra inage engineering . It is now
well recogni sed that for many claye y Boils ana to
certain extent sa ndy eoile, the seepngo etnrte only
when t he hydraulic gradient exceeds a certain
va lue called th e initi al or t hreshold gradient and
th e velocity gradient response for t·hi ~ t y pe of
soils can be represen ted by Egu. (J )

v= K(i - ;0)' i ~ io (1)

in which t' is th e macrosco pic flo" velocity, K is the
permeabi lity eeetliciout, i is th e hydra ulic gmdicnt,
and '0' is t he init ialur t hreshold gradient . Sccpuge
of man y nou -Newt uniau fluids, such 115 oil-water
emulsion, bentonite suspe nsion et c th rough
porous media arc also uheracterl sad hy t he init.inl
~ r.,d i ent K OVBC"J (19fi9) . For water fluw tlmmgh
clayey soils. I'olubcriuove -Koohinu (1962) stat es
that tho muguitudo or initial f.!:mdil·n t 1t1l1>)" vary
from Iii to 20 . Scutt (1963) men ti ons t his vari
ation 3 S 20 to 30 for dense clays . :Experhn enta l
results of Li (I Un:l) with Houston c1' J' (clay CO il '

ten t of 72 p~r cent with void ratio of 0 ·t'5) indi
ca te an init ia l gradient of around 50. Karadi
and Xag)' (1961) a nd Kondon (1967) concludes
that in itial or threshold gradi ent increases with
decreasing void rat io or decre asing wat er content
for fully sat urated soils. The increase in initial
gradient with the decrea se is "tater content a s
evidenced by Kerad i a nd Nagy 's experimenta l
results on clay, is n -produ cod in 'Iuble J.

The exi stence of ini tial gradient in clayey and
other fine grained soils has been ettei buted to t he

pred u tuinnnee of sur face Iorces over the grav ity
forces existing ill t hese fi ne gra ined soil and
genera lly, t hese sur fuce forct's ure atrcng enough 10
ce unteruct Q cer tain portion of the applied gradien t
ca!led initial gra dient (Miller and Low 1963). 80,
I t 18 natural to expect that lower t he porosity and
sumller the grains size higher will be th e speci fic
sur face and hence hi ~h('r will be the surface forces
resultin g: an in crease in initia l gradient .

Cousequencos or the existence of initial gradient
nre or potential inter est it' se ver-dol dieeiplines .
Gr.oUP(t water movemnt and drai nage in clayey w ile
soli wat er movement to plant roots , consolidat ion
of clu):cy SOil8 and infiltration or water into soils arc
SOllie of t he areas where tuc recognition of the role
of the initial grad ient is im porta n t . In drainage
problema, nonrecognit ion of t he role of initia l
g nul ien t, will result in inoflicient layout of druina.

During last nne decad e or 80, there is I) cons idc,
: ahl e intc~est . i J ~ ~ ol '.i ng ~ario~8 physical prob lems
in corporatmg initial gradient In t he flow relation
( ~. r.• Eqn, 1). Using unit hyd rograph tec hn ique
Ent ov (1967) has presented a u anah·tieal met hod
lor solving two dimeueiona l probleu;lIl \tit lJ init ial
gradient. GllOrghitza (1959), Polu borinovn •
Kochins (1969), " al. a ngh r au d Subeumenj...
(1972) and Arumaga m (IUi5) inves tigated tI e
effect of i!lit.ia l gr~d i ent on various ph}"'8icnl Pr~
hle!ns elf Interest In the field of d rainagc and irri
g~tlOJ1 . F lorin (1951), Rozu and K otov (1955)
Giranlt 1960), Elna ggar, Karadi and Krizek
P 9~1 ) and ~arlango (1973) studied the effect ot
In:tltal gradient O? the One dituenelona l COD80Iid .
ation of clayey SOIl. duo to vert ica l drainage.
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