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ABSTRACT [1] termed lateral movement of soil water
absorption. [2] made a clear distinction betw
A green element formulation was developed absorption and infiltration. He referred
Jor horizontal flow as found in furrow irrigation. movement ol water without the influence of gravs
The model was tested on clay and sandy soils. An as absorption, while movement under influence o
integral equation was developed using a one- gravity as infiltration.

dimensional horizontal equation for flow through

unsaturated  soils. The integral equation  was [3] identified the three components of s
implemented by discretize the soil column into water potentials responsible for water movement
elements. The values of the soil water content and be gravitational, pressure (or-matric) and osmot

the fluxes were obtained directh Jfrom  the potentials.
Jormulation. The soil water content profiles Mathematically, it can be represented as
obtained were compared with that of vertical O =¢, + by + O, (1)

infiltration under the same condition. Where ¢, is the total potential
! 18

, 1s the pressure potential
1. INTRODUCTION

o 15 the osmotic potential.

-

. - The gradient of the soil-water potential 1s 1
rrocesses such as ground water recharge and

poiiution are mainly through vertical movement of driving - force for water movement.

soil water. However, in situations such as furrow gradients of the components are not alway
irrigation, water get to the plants roots through equally effective. For example, to have osmot
lateral movement. | potential gradient, a semi permeable membra
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wmduce hiquid flow must be present. Osmotic
“oot s important in the interaction between
roots and the soil, and vapour diffusion
ssses. The gravitational  potential  arises
the body’s position in the gravitational
Bece ficld. A force e qual to the weight of the

attracts  the body towards the earth’s

i~

“

Watnc potential (negative pressure) of soil

Wager results from the adsorptive and capillary

rces due to the soil matrix [3].

=mical infiltration into unsaturated soils occur
the influence of both matric potential and
- Wty potential  gradients. The potential
ient that predominates depends on the
“ial and boundary conditions and on the stage
the process considered [3]. For horizontal
wement of water, the gravity force is zero
© water movement is only by matric potential

mdicnt.

The objective of this paper is to develop
¢ zreen-clement numerical simulation model
can be used for lateral movement of water

“% as in situations like furrow irrigation.

The green-clement method is an integral
formulation  that implements the boundary
clement method in element by element fashion
by dividing the domain into sub domains or
clements. Green element method was first
presented by [4]. There are now flux-based

green element formulations for linear and non

linear potential flows, heat transfer, and
contaminant  transport. Some of such
formulations include; [5,6,7,8,9,10]. These

formulations have comparable accuracy over
other formulations. T he first d erivatives o f the

primary variable (fluxes) are obtained directly.

2. THEORY

The general flow equation is given as
20 = -V.[kV(y-2)] @)
ot

Where

0 is volumetric water content (cm’ cm™)
tis time (hr)

k is hydraulic conductivity (émh")

y is matric suction head (cm)

z is the gravitational head (cm)

T

o
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For vertical flow VZ is unity and zero for
horizontal flow. For horizontal tlow. equation
(2) becomes

B =0

ct X ax

where x is distance along the direction of flow

(3)

(‘\.’IH_L

X 1s the matri¢ suction gradient

Expanding the matric suction gradient

we have

oy = dy 0 (4)
ox do ox

where 00 is the wetness gradient

dy  is the reciprocal of the specific water
d6  capacity
e C(0)= do (5)
dwys
and
D = Kdy (6)
do

; . 5 TN L |
Where D 1s soil water ditfusivity (em™s )

Introducing equation (6) into equation (3) gives

0 = 0 [ D E‘Q] (7)
1 OX X
[9] developed a  green  clement

formulation for vertical flow. The formulation

IS given as.

R“O‘ s (]‘ - Viﬂi@ﬂ) (Di - Vini l{Jlkn K Unlj \+I!\.
de; = 0:i.nj=1.2 8)
d,
Where
Ry = El 1} = (-1 (9
] -1
LIJ :[Km '(Kni*LI')J ”0‘}
(KI]1+IJ) "Km

L is the domain length

K,y is the longest length of the spatial element.

Ly
Vi = ﬂ | 7,7 |+ L) (QidQn)dz: ijn=1.2
Zl LdC; (] 1)
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W here

& &5 depth (cm)

" . s highest length of spatial element = km

(12)

-~ 7 -7, (Local coordinate system whose origin

L isatZ) (13)
/s
L, - ﬂ |7, - 7|4 Ln) (Qu)dz; ijn =12 (14)
7
¥ =do
dz
e =InD-
¥=1/D
e = do
dz

Following the proc‘edure for the development of

cquation (8). the discretized form of the Richard

cquation for horizontal flow is

R0, + (Lij = Vigj &) @j+ Uiy ¥nd6=0; inj=1,2
dt (15)

The difference between equation (8) and (15) is the

term carrying the gravity i.e Vi, 'F; K,

3 MODEL IMPLEMENTATION
A difference approximation (equation 16) was
employed to solve the temporal derivative in

equation (15) i.e

doj| = tmtaat = 6™ - 0™, 0 <a<1 (16)
do 'y At

where t, is the previous time level
At= tg. - tyis the time step

o= difference weighing factor with value

varying between 0 and 1

A fully implicit scheme of a = 1.0 was adopted.
Combining equations (15) and (16) gives

[o Ry + Usg [at,™ " + (1 o) W1 0"*'] + 0t [L = Vigj ™ ]
At

‘P|(m‘!‘h“= - [“ S (1) R:] = Um;‘ I(I Ll_,nm*tk +(1 . C() \P“m_-l Olln

At
-(1-) [Lij— Vi a1 0"

0<lacs<l

inj=12

17)
To achieve the desired accuracy, convergence
tolerance was prescribed as
[X*D _x®) < g (18)
where € is a predetermined small value or
convergence tolerance. k and k+1 denote the

previous and current iteration levels respectively.
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31 Infiltration into Fine Textured Soils (Yolo
light clay)
The constitutive soil relationships for Yolo
hight are given by [11] as.
K=K, A
A+t
K. = 0.004428cm'hr, A -

(1)
12406.B~1.77
O=ail-0g + @, (20)

(i)

b, - 04950, = 0.124

a~ 730 b=dforwz-lem

Inial and boundary conditions are
0.2376em ‘et

Lt 0.2200, (21)

~ 3 -1
t=0,7=0,0, - 04950cm cm (22)
The flow domain was discretized into 40
equal linear clements of size lem. A time step of
0.001388hrs and convergence tolerance £ = 10 was

ad opt cd

Convergence was achieved within 5 jierations. The
result is compared with [9] in figure 1.

3.2 Infiltration into Coarse Textured Soils
(Sandy Soil)

The constitutive soil relationships for sandy
sotl as given by [11] are |

K=K.._A

0 a0, -0) 0 (24)

i

at o

a= LOLIIEX W7, 0, - 02878, w075 b 196

Iitial and boundary conditions are
ts Oz >0.0, O lemem

t20,7=0, 0, 0267mcm

A sl column diseretized into 20 uniform
hnear clements of size 2em was simulated using a
time step ot 0 0027 he and a cony ereence tolerance

of 10° within 4

Convergence was  achicved
iterations. The result 1s compared with {9] i figure

2.

4. DISCUSSION

The difference between the green element
formulation for vertical flow. cquation (8) and
horizontal flow, cquation (15) is the CXPIession
carrving the gravity term i Vi K. simce the
term as an addition in ¢ quation (8), i1 tiaplies that
for a particular time the amount of infiltrated w ater
m vertical low will be more than that absorbed in
the  horizontal direction for the same distance of
flow. To confirm this clain. 1hcl model  for
this  work

horizontal  {low

developed  in Wis
compared with the model for vertical flow that has
been validated. The result of the comparisns i
figures (1) and (Zi show more water mosement in

vertical dircetion than horizontal direction,
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Smee clay and sandy soils used as tests
- e oxtreme soil tvpes, it implies that the
dovcloped in this paper is suitable for furrow

won and tor all sorl types. For elay soils. Tow

e corncal and horizontal direcnions are
ables whereas there s a marked difference
= the borizontal and vertical lows m sandy
Shis implies that gravity forec is a great factor
considering flow  through sandy soils. This
e ot importance when considering materials

th dams.

CONCLUSION
the noninelusion of the gravity term in the
or horizontal Mlow attected flow  through

souls remarkably. Flow through clay soil was

o

1o alesser extent by the absence of gravity
“lus mmplies that flow through clay soils
o the horizontal or vertical direction s due
~ oosuction gradient. Gravitational gradient is
S doving foree in celay soils either in the
wal or wvertical direction. In sandy  soils,
wonal gradient predomimates in vertical flow

caprllarity predominates in horizontal flow.

The green element method is found to be
- tor modehing ficld conditions as i initially

S furrow arrigation,

0.

(]

"

0.
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