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Abstract

Problem of water scarcity is becoming common in many parts of the world. Thus to overcome this problem proper
management of water and an efficient irrigation systems are needed. Irrigation with buried vertical ceramic pipe is
known as a very effective in management of irrigation water. The two- dimensional transient flow of water from a
buried vertical ceramic pipe through homogenous porous media is simulated numerically using the software
HYDRUS/2D to predict empirical formulas that describe the predicted results accurately. Different values of pipe
lengths and hydraulic conductivity were selected. In addition, different values of initial volumetric soil water content
were assumed in this simulation as initial conditions. Different values of applied head were assumed in this simulation
as a boundary conditions. In general, a good agreement was obtained when comparing the predicted results with
available measured values. The results of this research showed that greater spreading occur in vertical direction.
Increasing applied heads, initial soil water contents, pipe hydraulic conductivities, cause increasing the size of wetting
patterns. Also the results showed that the empirical formulas which can be used for expressing the wetted width and
depth in terms of applied head, initial soil water content, application time, pipe hydraulic conductivity, and pipe length,
are good and can be used as a designing equations.
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1. Introduction and semi-arid regions of the world has been used
with great success. Irrigation with buried vertical

Subsurface irrigation is one of the most ceramic pipe is analogous to drip irrigation since
methods perfectly suited for a specific amount of water leaks out from ceramic pipe and wets the
water and applied directly to the root zone, and surrounding soil along the length of the pipe.
thus reduce the losses resulting from the Several studies have been conducted on
evaporation, conveyance, and deep percolation. subsurface ceramic pipe systems. Reference [6],
Some media that are used to transport water for stated that irrigation by buried clay pot is an ideal,
irrigation under the surface, including pots, porous well-suited, and well-known for small-scale farms
clay pipes, and plastic drip lines with emitters in different parts of the world. This type of
where water leaks or penetrates into the soil, thus irrigation gives ten times better than traditional
increasing the moisture content in the soil. surface irrigation also better than systems of drip
Irrigation systems below the soil surface are irrigation.  Clay pot irrigation is efficient in
becoming increasingly public, since making better difficult conditions of limited water resources,
water use efficiency for agriculture. It significant high salinity, and limited supply of water.
in many parts of the world that have limited water Reference [5], investigated the relations between

resource. This method of irrigation in some arid the physical and hydraulic parameters in
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subsurface irrigation. They used a numerical
model for simulating infiltration through porous
pipe and studied the relations among different
parameters such spacing between laterals, depth
of installation, time of irrigation, pipe hydraulic
conductivity, and the hydraulic head that affecting
the flow process under subsurface porous pipe
irrigation. They indicated that the wetted area
was affected to the depth of installation and the
water applied volume, soils hydraulic conductivity
and an inverse relation between the depth of
installation and the lateral spacing of porous clay
pipe. Reference [8], studied and tested the porous
clay pipe in the greenhouse. They developed a
simple analytical model by using a dimensional
analysis method to simulate the wetted soil shape
under porous pipe. The statistical analysis were
used to find the accuracy of the work. They
indicated from statistical comparison that the
model can be used to describe the wetted soil
shape. Reference [3], tested a new form of
vertical installation instead of horizontal
installation of the porous clay pipe. The system
has been designed for three pipes lengths that
were (30, 45 and 60) cm and three water heads
(3, 4, and 6 m) with an operation time of 300
minutes.  They showed that maximum soil
moisture vertical expansion occurred at maximum
pressure head of 6 m that was equal to double
length of the pipe. Reference [9], conducted
experiments with 40 cm pipes lengths made of
clay soil, with hydraulic heads of (25, 50, 100 and
200 cm), and with 5 days operation time on
various soil textures. A simulation with
HYDRUS 2D/3D has been worked in different
water pressures. They showed that when increase
the applied head of the system cause increasing
the size of the wetting pattern, and the depth of
installation has a large effect on the recommended
horizontal spacing and the amount of evaporation
loss.  Reference [7], used -NPDI- Negative
Pressure Difference Irrigation as a type of
subsurface irrigation. Experimental work was
done by using six porous pipes with different
dimensions installed vertically, at a negative
pressure of -3 cm, and for four hours as a supplied
water.  Experimental results showed that the
wetting pattern of the soil is different for each
kind of porous pipes, and the maximum expansion
in a vertical and a radial direction vary with the
change in length and diameter of the pipes.

The objectives of the present study were to
predict soil water content distribution through sand
and sandy loam soils, and to evaluate an empirical
formulas for wetted width and depth as a function

165

of operating time, pipe hydraulic conductivity, pipe
length, applied head, and initial soil water content.

2. Water Flow Equation

The basic theory describe the flow of fluid in
porous media was introduced in 1907 by
Buckingham who identified that flow of water
through unsaturated soils are extremely dependent
upon water content. In 1931 Richard applied
continuity equation to law of Buckingham which

represent an extension to Darcy law. The
Richards' equation for a two- dimensional
isotropic medium is [1] and [2] :

a8 9 dh, @ dh, OK(h)

where:

6 = volumetric soil water content, L/L’,

t =time, 7, and

K (h) = soil water conductivity which depend
upon pressure head, L/T,

The solution to equation (1) requires initial and
boundary conditions. The initial conditions are
the dependent variables values which specify
inside the domain of flow while the boundary
conditions specified either the liquid flux along
the boundary, the total potential across the
boundary, or gathering of specified flux and head.
Fig. (1) shows a typical section of the flow
medium considered for present study that consists
of two types of cells with various properties. The
first type of cells are the pipe body HGFEH, while
the second type are the cells that belong the soil
outside the pipe body ABCDEFGHA.
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Fig. 1. A typical section of the flow medium
considered for present study.
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2.1. Assumptions

The assumptions of this research are: the soil is
homogeneous and isotropic, the initial water
contents of soils are distributed in regular form
through the soils, neglecting the soil surface
evaporation during application of water, the wall
of buried vertical ceramic pipe is saturated.

2.2. Initial and Boundary Conditions

The initial condition are given as:
0(x,z,0) = 0, on ABCDEFGHA
The boundary conditions are defined as:

(Z—:) = 0 no flux boundaries along AB, HG ...(3)

(a—h) = 0 no flux boundaries along AH, ED, BC

ox

(4
h(x,z,t) = h,variable heads at the pipe lines GF,
FE .(5)
h(x,d,t) =0 free drainage at bottom of the soil,
CD ...(6)
where:
d = depth of the lowest boundary at bottom of the
soil. (L)

2

3. Numerical Simulations

Soil hydraulic properties were modeled by

using the van Genuchten relationships [10]:
6s—6r

o(h) = Or + (1+|ahmym h<0
6, h=0 (7))
l 1/m\m z

K(h) = Ks st[1-@-s/™m] ..(8)
¢ = 6—206, 9

¢ 6 —19r 9

=1-- ...(10

m=1-— (10)
where
0(h) water content as a function of pressure

head, L’/ I?,
0,  residual water content, L’/ L’,
0,  saturated water content, L’/ L,
®  volumetric soil water content, L/ L°,

K(h) unsaturated hydraulic conductivity as a
function of pressure head, L/T,
Ks  saturated hydraulic conductivity of the
soil, L/T,
l pore conductivity parameter,
dimensionless,
n  pore size distribution index,
dimensionless,
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Se effective saturation, dimensionless, and
a inverse of the air entry value, L .

The van Genuchten model was fitted to the
data and the model parameters used as inputs in
HYDRUS/2D. These parameters are presented in
Table (1).

Table 1,

Soil texture and related hydraulic properties.

Soil Ks 0, o a n
texture cm/hr cmP/em’  emlem’  cm!

Sand 29.7 0.045 0.430 0.145 2.68
Sandy 440 0065 0410 0075 1.89
loam

The wetting patterns from a buried vertical
ceramic pipe were simulated by using two types
of soils (sand, and sandy loam) through soil
classification of United States Department of
Agriculture, (USDA). The initial water contents
of the soil enclose between residual and saturated
water contents which differ in each soil as shown
in Table (2).

Table 2,
Values of initial soil water content used for the
simulations in USDA classification system.

Initial volumetric soil water content,

Soil texture 0, cm’lem’

Sand
Sandy loam

0.05 0.06
0.07  0.085

0.07
0.1

0.08
0.115

0.09
0.13

Heads that applied at the soil surface differ
according to soil type which illustrated in Table

3).

Table 3,
Values of applied hydraulic heads at soil surface.

Soil texture Applied head, h, cm

Sand 50 75
Sandy loam 25 50

100
100

125
150

150
200

In each head 10 cm was added as a buried
depth of the ceramic pipe. The hydraulic
conductivities of the buried vertical ceramic pipe
varied in soils also according to soil type that
shown in Table (4).
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Table 4, R2= 1 ZmaMi=S)? 13
Values of hydraulic conductivity of the buried - >N (M - )2 ~(13)
ceramic pipe.
Soil where:
ot Pipe hydraulic conductivity, K, cm/hr M; = measured wetted dimensions obtained from

texture HYDRUS/2D, L
Sand 0.05 0.06 0.07 0.08 0.09 T . .

S; = calculated wetted dimensions by using the
Sandy .
loam 0.05 0.1 0.2 025 0.3 empirical formula, L,

1! = total number of data, and

M = mean values of measured wetted
4. Statistical Analysis dimensions obtained from HYDRUS/2D, L.

Three statistical parameters, root mean square

error (RMSE), mean absolute percentage error 5. Results and Discussion

(MAPE), and coefficient of determination (R?) 5. 1. Wetting Patterns

were used to test the discrepancy between the

results obtained from HYDRUS and the results The software HYDRUS/2D used to predict the
obtained from the empirical formulas. These soil wetting patterns under several boundary
parameters are defined as [11]. conditions. The simulations of wetting patterns

were carried out at the right side because of

a- Root mean square error (RMSE) symmetry for the wetting patterns. The ceramic
N 3 pipe located at 10 cm below the upper boundary

RMSE = /Z‘zl(M—L_SL) .(11) on the left side of the rectangular domain, 1.5 cm
N wide, and with different pipes lengths (10, 20, 30,

40, and 50 cm). Fig.2 shows simulations in sand

b-M bsolut t MAPE
ean absolute percentage error ( ) and sandy loam soils with different domain,

— 1y WM; -S)
MAPE = ﬁz M; *100 -(12) while the effects of applied head, pipe hydraulic
conductivity, and pipe length respectively in
¢- Coefficient of determination (R?) sandy loam soil are shown in Fig.3 through Fig.5.

0086 0030 0153 0957 0220 284 0388 0321 .88 0339 Q4R GaSE 0130 Q150 018 0200 AMF 0.2TH 0208 DINT 0T 0N Q.06 043

EEOEEC . BEOOOO0O00O.

Wiater Cantent - 8], Mrvel. 006, Marst. 656 TN onluel O] | MRS S0 Mot %

sand, Domain=120*180 cm, K= 0.09
em'hr. 6=0.09 cm?®/cm, F=150 cm.

sandy loam, Domain=100*150 cm,
K.=0.3 em/hr, 6=0.13 cm®/em?, h=200
cm.

Fig. 2. Simulation of wetting patterns from a ceramic pipe in sand and sandy loam soils with pipe length of 50
cm, and after 1.5 hr operating times.
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Fig. 3. Simulation of wetting patterns from a ceramic pipe in sandy loam soil with 1.0 x 1.5 m domain, pipe
length= 50 cm, pipe hydraulic conductivity= 0. 3 cm/hr, initial soil water content= 0.13 cm*/cm’, and with
different applied heads after 1.5 hr.
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Fig. 4. Simulation of wetting patterns from a ceramic pipe in sandy loam soil with 1.0 x1.5 m domain, pipe
length= 40 cm, initial soil water content= 0.13 cm*/cm’, applied head =200 cm, and with different pipe hydraulic
conductivities after 1.5 hr.
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Fig. 5. Simulation of wetting patterns from a ceramic pipe in sandy loam soil with 1.0 x1.5 m domain, initial soil
water content= 0.13cm®/cm’, pipe hydraulic conductivity=0.3 cm/hr, applied head=200 cm, and with different

pipe lengths after 1.5 hr.

5.2. The Empirical Formulas

In this section STATISTICA software version
10 was used to develop formulas to predict wetted
width and depth for each soil texture. This
program work with a multiple regression analysis.
In each type of soil numerous data were obtained
from HYDRUS/2D, about 7500 value for
maximum wetted width and 7500 value for
maximum wetted depth. The obtained data were
gathered in the STATISTICA software that were
operating time, the maximum wetted width, the
maximum  wetted depth, pipe hydraulic
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conductivities, pipe lengths, applied heads, and
initial soil water contents as an input data. Table
(5) and Table (6) show the empirical formula of
wetted width and depth, respectively.

Table 5,
Empirical formulas to predict the wetted width.

Soil

texture Wetted width, X, cm

Sand 7599 t0.471 K0.433 L0.354 h0.335 90.099

Sandy loam 6 301 t0.481 K%.Z‘)O L0.314 h0.34-1 90.137
. S
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Table 6,
Empirical formulas to predict the wetted depth.

Soil
texture Wetted depth, Z, cm

Sand 16.891 t0.396 KSO.275 L0.521 h0.208 90.108
Sandy loam _ 13.493 ¢°229 K0-126 [0470 p0123 §0.086

Verification of an empirical formulas was done
by comparing the values of measured and
calculated wetted dimensions. The relative error
used to find the discrepancy between measured
and calculated values of wetted dimensions.
Table (7) shows the comparison for pipe length of
10 cm for sand soil.

Table 7,

Comparison of calculated wetted dimensions with
measured for ceramic pipe length equals 10 cm for
sand soil.

Wetted width®, cm

Time,  Calculated Measured™ Relative

hr Error, %

0.25 6.63 7 53

0.5 9.19 10 8.1

1 12.73 11.5 10.7
Wetted depth’, cm

Time,  Calculated Measured™ Relative

hr Error, %

0.25 22.29 27 17.4

0.5 29.34 32 8.3

1 38.6 39 1

“saturated hydraulic conductivity of ceramic pipe
= 0.056 cm/hr, initial soil water content = 0.026,
and applied head = 50 cm.

“according to (Al-Merib, 2014).

The statistical comparison between wetting
pattern sizes (width and depth) obtained by using
HYDRUS/2D and those predicted by the
empirical formulas is shown in Table (8) and
Table (9).

Table 8,
Statistical analysis of the comparison between
wetting patterns width obtained by using
HYDRUS/2D and those predicted by the empirical
formulas.

. 2 Average
Soil texture RMSE,cm R RE %
Sand 0.87 0.991 3.72
Sandy loam  1.37 0.991 4.33
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Table 9,
Statistical analysis of the comparison between
wetting patterns depth obtained by using
HYDRUS/2D and those predicted by the empirical
formulas.

. 2 Average
Soil texture RMSE,cm R RE %
Sand 4.1 0.981 4.48
Sandy loam  3.59 0.972 4.51

6. Conclusions

The method of subsurface irrigation is
becoming increasingly popular especially in
developed nations.  The main aims of this
research are to predict soil water content
distribution through two types of soils (sand and
sandy loam), and to evaluate an empirical
formulas for wetted width and depth as a function
of operating time, pipe hydraulic conductivity,
pipe length, applied head, and initial soil water
content. The results showed that the wetting
patterns extend vertically much more than
horizontal direction especially in sand soil, the
wetting patterns increase as the length of ceramic
pipes increase, but few increase in horizontal
direction when compare with vertical direction.
The wetting patterns increase in both directions as
the applied heads increase. The wetting patterns
increase as the hydraulic conductivities of the pipe
increase. The initial soil water contents have few
effect on the wetting patterns, finally the empirical
formulas for wetted width and depth are good and
can be used as designed equations.

Notation

h pressure head, L

Ks saturated hydraulic conductivity of the
soil, L/T

K saturated hydraulic conductivity of the

ceramic pipe, L/T
K(h) unsaturated hydraulic conductivity as a
function of pressure head, L/T
length of ceramic pipe, L
pore conductivity parameter,
dimensionless
pore size distribution index, dimensionless
effective saturation, dimensionless
time, T
wetted width, L
wetted depth, L

~ >~

Nt



Zena Kamil Rash

Al-Khwarizmi Engineering Journal, Vol. 13, No. 4, P.P. 164- 173 (2017)

Greek letters

inverse of the air entry value, L */

S

6 volumetric soil water content, L/L°

0; initial soil water content, LY/ I’

6, residual water content, LY/ L’

0 saturated water content, L’/ L’

0(h) water content as a function of pressure

head, L°/ L’
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