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Abstract

DRAINMOD is a field and watershed scale water management simulation
model that has been used to design subsurface drainage systems and characterize
drainage and water table control practices in poorly drained soils.
DRAINMOD is also used as a research tool to investigate the performance of
drainage and sub irrigation systems and their effects on water use, crop response,
land treatment of wastewater, and pollutants transport from agricultural fields.
The model is based on a water balance in the profile to quantify hydrologic
components such as infiltration, subsurface drainage, surface runoff, deep and
lateral seepage and evapotranspiration.

The objective of this research is to examine the capability of
DRAINMOD to obtain an optimal drainage systems design for Iraqi conditions
using the information of Dujailah project. This is done by obtaining the minimum
drain depth and maximum spacing that meet the criteria for water table control.
The results obtained from DRAINMOD for the drainage systems design show a
good agreement with those previously obtained for Dujailah project. Therefore
DRAINMOD is a suitable simulation model which can be used to simulate the
performance of drainage and water table control systems in Iraq.
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Introduction

Improvement of the land quality towards its production potential is a
challenging factor facing the world today in winning the war against hunger. This
would entail reclaiming the existing low productive and potentially cultivable
lands considering the socioeconomic and environmental quality constraints.

The present and potential salt affected land areas of the world amount to
about 970 million hectares of which 1.8 million hectares located in Iraq [1].
Thorne and Thorne [2] stated that 122 million hectares, over half the world’s
irrigated areas, have suffered from drainage and salinity problems. For example,
water logging and salinity problems began to be realized since 1927 in Iraq
causing thousands of hectares to be taken out of production. Incredibly large
investments in drainage of irrigated lands have been made and are being planned.
To date, 1.3 million hectares have been artificially drained globally. Country like
Iraq has an enormous need for large scale drainage undertakings. However, there
has been concern regarding the effectiveness of the installed systems in some
areas.

Most of the irrigated areas in the middle and southern Iraq have some
sort of artificial drainage systems [3]. Artificial drainage systems are designed for
the timely removal of excess water from land to reduce the risk of water damage
to crops, soils or field structures. Shallow water tables and high potential
evapotranspiration rates complicate salinity management since water may actually
move upward into the root zone, carrying with it dissolved salts. Water is then
extracted by crops and evaporated, leaving the salts behind on the soil. Shallow
water tables also contribute to salinity problem by restricting the downward
leaching of salts through the soil profile. At the same time, excessive drainage is
undesirable because it reduces soil-water available to growing plants and leaches
fertilizers and nutrients, carrying them to receiving streams where they act as
pollutants [4]. Installation of subsurface drains is about the only solution available
for this situation. Proper spacing and depth of drains maintain the water level at
optimum level.

Computer models have been used to relate drainage system
performance to design parameters such as drain spacing, depth, etc. Of the
drainage models that have been used for arid, irrigated regions include
DRAINMOD [5,6,7] and others. DRAINMOD is easier to use and computer
execution times are much lower than methods based on numerical two-
dimensional solutions to the governing flow equations. Besides, the soil property
inputs required for the Richards equation are more exact and the solutions more
sensitive to errors in those inputs than they are for DRAINMOD. DRAINMOD
has been tested and used extensively in the United States as well as several other
countries. Field applications include: design and evaluation of drainage systems
for agricultural crops, determining wetland hydrology, evaluating wetland
restoration techniques that affect wetland hydrology, design and evaluation of
drainage systems for on-site and wastewater irrigation, and more recently to
evaluate the effects of drainage and water management practices on fate and
transport of nitrogen and soil salinity [8].
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Modifications were made to DRAINMOD to provide the estimates for
soil- water flux in the unsaturated zone [9]. These modifications enabled
DRAINMOD to be linked to a model to estimate the interactions between
irrigation, drainage and salinity in arid regions [10,11]. Additional work has been
done linking DRAINMOD with other models including CREAMS [12,13,14,15]
and GLEAMS [16,17,18] for simulating erosion, nutrients and pesticide fate and
transport on poorly drained soils.

DRAINMOD-N was developed to simulate a simplified version of
nitrogen cycle using the water balance calculations of the standard DRAINMOD
model. Northcott et al. [19] studied the application of DRAINMOD-N to fields
with irregular drainage systems and determined the effective drain spacing.

In the work of He et al. [20], their results showed that DRAINMOD
could be adapted to simulate water table levels in landscapes that do not contain a
network of parallel drains.

The purpose of the research reported in this paper is to examine the
ability of DRAINMOD for optimal drainage design under Iraqi conditions. The
design system is evaluated using the information of Dujailah project.

Experimental Site

The study was conducted using the information published of 86000ha
site at Dujailah area near Kut, Iraq. The project site is located 30 km to south-east
of Kut at the right bank of the Tigris river at latitudes 32° 30’ N and longitude 47°
E.The climate is arid with long dry summer and about 138 mm of rainfall in
winter with 3389 mm/yr of evaporation. The water table is very shallow and may
reach 75 cm. This water used to come only from irrigation recharge by deep
percolation process [21].The soil is primarily medium textured (sandy clay loam
to loam) soil. Soil survey showed that the impermeable layer is at 3.5 m depth.
Although the soil of the project area was stratified and anisotropic, no significant
differences between vertical and horizontal hydraulic conductivities were
detected. The horizontal hydraulic conductivity ranges between 0.04 and 7 m/day
while the vertical hydraulic conductivity fluctuates between 0.06 and 1.52 m/day
[21].

Processes and Solution Techniques

DRAINMOD is based on water balance in the soil profile and uses
climatological records to simulate the performance of drainage and water table
control systems. The model was developed specially for shallow water table soils.
Approximate methods are used to quantify the hydrologic components: subsurface
drainage, sub irrigation, infiltration, evapotranspiration (ET) and surface runoff
[22]. Subsurface drainage is computed using the Hooghoudt equation [23,24,25]
and infiltration rates are predicted by Green and Ampt equation [26]. Complex
numerical methods are avoided by assuming drainage to equilibrium state for the
soil-water distribution above the water table. Inputs to the model include soil
properties, weather data, crop variables and site parameters. Soil property inputs
include the saturated hydraulic conductivity (by layer), the relationships between
drainage volume and water table depth, and information concerning upward flux
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from the water table. The effective root zone depth as a function of time is also
needed.

Dujailah project was studied to find the optimal drainage design. The
ground water was described to be of class C4-S4 [27]. This bad quality of the
ground water put some restriction on the depth of the drains and it was close to the
ground level near the irrigation canals. From soil investigations, the impermeable
layer was found at a depth of 3.5 m. The lateral saturated hydraulic conductivity
was obtained by auger hole tests for each discrete layer to the effective drainage
barrier [27]. Nine collector zones with different hydraulic conductivities, which
cover the range of drain spacing given in the Dujailah project report, were chosen.
The results are shown in Table (5),col.(2-4). Since many different hydraulic
conductivity classes were encountered in the field, selection of drain spacing was
made in the following way:

- in cases of encountering many hydraulic conductivity classes without

a dominant class in the collector zone, drain spacing was adopted
according to the lowest hydraulic conductivity values;

- in cases of one dominant class of hydraulic conductivity in the

collector zone, drain spacing was defined according to that class; and

- in cases of two characteristic dominant classes of hydraulic

conductivity with rather different conductivity, the collector zone
was divided into two parts and drain spacings were determined for
each part.

In this study,to solve the salinization problem and according to soil
investigation, a minimum permissible ground water depth of 1.5 m and a drain
depth of 2.3 m were used as a design criterion .The drain diameter is 15 cm.
Conventional drainage was chosen and, therefore, weir levels were taken equal to
the depth to drain. The performance of the drainage system consisting of both
surface and subsurface components is analyzed. By conducting simulations for
several combinations of surface and subsurface drainage, the best depth—spacing
combination of subsurface drains is determined.

A number of input parameters describing the subsurface drainage system
are required for each simulation. The desired drain depth is that which meets the
criteria for water table control at minimum cost. The initial water table depth was
taken equal to half the drain depth[22].

The soil-water characteristic is a measure of how tightly water is held in
the soil matrix in saturated state. It is a basic soil property, which is second in
importance to only hydraulic conductivity in modeling soil-water movement. Soil-
water characteristic values were entered as input data for the top layer of the soil
profile along with the corresponding negative pressure heads as shown in Table
(1).

Upward flux is the rate of water movement upward from the water table.
It is synonymous with the term of capillary movement. Values of upward flux
were estimated from data found in previous studies [28]. Table (2) shows volume
drained and upward flux corresponding to various water table depths. It was
assumed that the seepage is negligible. The drainage coefficient was taken
2mm/day [27].
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The Green-Ampt equation [26] was used to determine the rate of
infiltration. Two coefficients (A and B) are used in the equation. Values of A and
B coefficients are derived mathematically from the saturated vertical hydraulic
conductivity and the soil-water characteristic [22]. The coefficients A and B along
with the depth to water table are shown in Table (3).

Crop rotation was used with winter crops: wheat 50%, linseed 10%,
winter pulses 20%, broad beans 20%, and summer crops: cotton 20%, sesame
10%, groundnuts 5%, maize 5%. Net depth of irrigation was determined for each
month of the year [21] and given in Table (4).

A MAIN MENU was used to access and edit data in the DRAINMOD
input files. The MAIN MENU screen is shown in Table (5).A flowchart,showing
each of the screens accessible by the MAIN MENU, is presented in Figure (1)
[22].

Table (1) Soil water characteristics for the top layer of the soil profile.

Water content Negative pressure heads
(cm’/cm’) (cm)
0.49 0
0.488 10
0.482 20
0.475 30
0.470 40
0.41 70
0.37 100
0.31 200
0.29 330
0.26 600
0.23 1000
0.22 2000
0.18 4000

Table (2) Values of volume drained per unit area and upward
flux corresponding to various water table depths.

Water table depth (cm) | Volume drained per unit | Upward flux (cm/hr)
area (cm)

0 0 2
10 0.045 1
20 0.2 0.8
30 0.44 0.25
40 0.83 0.12
70 3.5 0.05
100 6 0.038
200 17 0.015
330 34 0
600 63 0
1000 100 0
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Table (3) Variation of the Green-Ampt equation coefficients A and B
with the depth to water table .
Water table depth A (cm*/hr) B (cm/hr)
(cm)
0 0 0
40 0.25 1.3
70 2.4 1.3
100 3.3 1.3
200 9 1.3
600 25 1.3
1000 25 1.3
Table (4) Net depth of irrigation (mm) for the crop rotation used in the
Dujailah project for each monthof the year[21].
1 2 3 4 5 6 | 7 8 9 | 10 [ 11| 12
22 | 32 | 47 | 58 | 28 16 | 12| 13
Linseed | 4 5 9 10 | 7 3 215
10 %
Winter | 11 | 12 | 12 6 2 | 717
Pulses
20%
Broad 9 7 6 6 | 8| 8
Beans
20%
Cotton 10 | 31 | 53 | 69 | 41 | 16
20 %
Sesame 1 15129 |25 10 1
10 %
Groundn 5 10 | 15| 14 | 7 1
uts 5 %
Maize 5 1 7 15|16 | 5
%
In(ave) | 46 | 56 | 69 | 90 | 92 | 99 (117 | 73 | 39 | 28 | 29 | 33

* In(ave) —total net depth of irrigation
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Table (5)The MAIN MENU for editing DRAINMOD input data.

EDIT MENU
Topic No. . .
Select Topic to Edit
0 Edit All Screens
1 General Information
2 Weather Inputs
3 Drainage Design Parameters
4 Lateral Saturated Hydraulic Conductivity
5 Soils Data
6 Trafficability Inputs
7 General Crop Inputs
EDIT MENU I
[ |
I | | I ] | I
T I | | || | |
!1}25;}3!4;!5;g-si|7
I | | . | . ] | ]
loutput | |weather| | drain | “K" | | THETA | ltraffic crop
loptions| | | | design| - 1 1 stress |
{ | | | | | I
) | I | . i Il
drain | | PET weir h naye | @trarric[ root i
mode tactors| | levels| upfluxf | 2 | | depths|
| I .
l slope Green |
[seepage | Ampt |
I | )
jg’ deep 1
|seepage|
i .
llateral|
:seepagei

Figure (1) Flowchart showing screens accessible from the MAIN MENU.
Results and Discussion
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Results and Discussion

In order to check the capability of DRAINMOD in the design of drainage
system for Dujailah project, the same nine collector zones with different hydraulic
conductivities were chosen. Table (6), col. (7) shows the results obtained from
DRAINMOD for these zones. In the Dujailah project report [27] the final drain
spacing values were rounded off to the nearest figure divisible by 15m in order to
be in agreement with irrigation plot widths. Results are shown in Table (6), col.
(5). In order to check the accuracy of these results, Alkheero [29] used the
modified Hooghoudt-Ernst equation to calculate the drain spacing. The results are
given in Table (6),col.(6). The final results of DRAINMOD were also rounded off
to the nearest figure divisible by 15m as shown in Table (6),col.(8).

Figure (2) shows the water table hydrograph during a year for the
designed collector drains. The figure shows the fluctuations of water table for the
collector zones with different drain spacings that maintain the optimum water
table depth at 1.5 m.

3
% Time (days)
H1 31 61 91 121 151 181 211 241 271 301 331 361
0 2 2 2 2 2 2 2 2 2 2 2 2
50
100

150 N\]\]\]\/\N\\
200 _hr ~ '\\
250 —_

300

Soil depth (cm)

350

Figure(2)Water table hydrograph for the collector zones in the
Dujailah project.
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Table (6) Drain spacings given in the Dujailah project report [27] and those
calculated by Alkheero [29] and obtained from DRAINMOD.

Hydraulic conductivity in Drain spacings (m)
Collector the collector zone
zone (m/day)
Dujailah | Alkheero | DRAINMOD
K K, K3 report [29]
[27]
1 2 3 4 5 6 7 8
D-3-2-5 0.75 1.5 0.15 45 78 75 45
0.75 0.25 0.15 53 48
0.75 1.5 0.31 78 75
D-4-2-2 0.75 0.75 0.31 60 64 60 60
0.75 3.0 0.31 99 99
1.5 1.5 1.0 93 90
D-3-0-6 1.5 3.0 1.0 75 110 110 75
0.75 1.5 1.0 78 75
3.0 3.0 1.0 133 125
D-3-1-10 0.75 1.5 0.15 75 78 75 75
D-2-16-0 1.5 1.5 0.15 90 93 90 90
1.5 3.0 0.15 110 110
0.75 1.5 0.12 78 75
0.25 0.25 0.12 35 33
D-3-1-9 17075 [ 025 | 0.12 45 53 43 |
0.75 0.75 0.12 64 60
0.25 0.75 0.12 48 49
0.75 1.5 1.23 78 75
0.75 0.25 1.23 53 48
D-3-1-2 0.75 0.75 1.23 60 64 60 60
3.0 3.0 1.23 133 125
1.5 3.0 1.23 110 110
D-3-0-11 1.5 1.5 0.15 105 93 90 90
3.0 3.0 0.15 133 125 120
D-2-0-24 3.0 3.0 0.52 120 133 125 120

K;.. Lateral hydraulic conductivity of layer (0.0-2.5) m
K, .. Lateral hydraulic conductivity of layer (2.5-3.5) m
K5 . Lateral hydraulic conductivity of layer (3.5 —5.0) m
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The results given in Table (6),col.(7,8) show different drain spacings
corresponding to the different hydraulic conductivity classes which were
encountered in the field. The drain spacings are approximately the same as those
given in the Dujailah project report [27] and those obtained by Alkheero [29].

For the collector zones (D-3-2-5), (D-4-2-2), (D-3-0-6) and (D-2-16-0),
the drain spacings shown in Table (6),col.(8) were adopted according to the
lowest hydraulic conductivity values since many hydraulic conductivity classes
without a dominant class were encountered in the collector zone. In the collector
zones (D-3-1-10) and (D-2-0-24) one dominant class of hydraulic conductivity
was encountered, so the drain spacing was defined according to that class. For the
collector zones (D-3-1-9) and (D-3-1-2), the lowest hydraulic conductivity values,
that give drain spacing of 33 m and 48 m respectively, were neglected because
they were not dominant, and the drain spacings were adopted according to the
next lowest hydraulic conductivity. In the collector zone (D-3-0-11) two
characteristic dominant classes of hydraulic conductivity were encountered, so the
collector zone was divided into two parts and the drain spacings were determined
for each part.

The results obtained from DRAINMOD for optimal drainage design show
good agreement with those exist in the Dujailah project. This emphasis the
capability of DRAINMOD to obtain the best drainage design under Iraqi
conditions .

DRAINMOD is indispensable for drainage design of large projects and
useful if properly applied when adequately address appropriate objectives, and
when the model include proper representation of the physical conditions of the
drainage site. Future research will be addressed to check the validity of
DRAINMOD to simulate and describe some hydrologic variables.
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