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 This research aims to find the number of farm units and the distance between each other 

with the best direction of slops in the units of irrigation for the previously executed 

irrigation project. The best plane method (B.P.M.) was chosen in this study. As we knew, 

this method does not give the correct value of slope when the collector drain canal lies at 

a higher level than the watercourse canal in irrigation units. (B.P.M.) gives the magnitude 

for the inverse direction of slope and the required inverse cross irrigation slope. 

Therefore, it is important to find a solution for this problem by using the conditions and 

limitations in determining the required slope values of cross irrigation and in the correct 

direction for irrigation slope to give the low quantity for both cuts and cut to fill ratio, to 

obtained minimizing in cost. 
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1. INTRODUCTION 

 

Planning for any project of an irrigation - drainage network 

needs initially to perform a topographical investigation to 

prepare the general plan for the network (layout) where the 

irrigation canal is located at the contour lines with high natural 

levels while the drain canals are located on contour lines with 

low levels [1]. After preparing the general plane, the process 

of designing the sections of canals drains, and installations of 

all kinds such as regulators, culvert and escapes, and the 

process of implementing the civil works for the network, then 

the final and important stage is reached, which is the process 

of reclamation of agricultural land, which includes two parts 

of process. The first part of process is leveling and grading the 

land, which aims to scale and smooth the surface of the earth 

to obtain a suitable surface for the efficient use of irrigation 

water and to get rid of excess surface water easily. As what is 

required in the graduation of the land is not to make the land 

level, but rather to graduate it with inclines or regular slopes 

towards irrigation and the perpendicular direction to irrigation 

[2].  

The grading process involves removing part of the elevated 

sites to dictate part of the low sites, and in other cases, large 

quantities and depths should be dug and then leveled. The 

process of leveling the ground usually requires moving 

quantities of soil to the number of hundreds of meters. In 

addition, finishing the flat surface is part of the leveling 

process, to reduce and limit secondary winding in the farm. 

The leveling may be preliminary, without accuracy, and for a 

part of the land that includes removing plateaus and solutions 

to fill the small depressions in the farm. In this case, there is 

no need for design planning for the staging as well as the lack 

of need to divide the farm and its relationship to the number of 

farm turnouts and the need to install surveys and design levels, 

but rather be done depending on the consideration to obtain the 

desired surface of the farm. This leveling may only be 

necessary for several sprinkler irrigation systems, but it does 

not fulfill which means the inaccurate leveling, the purpose of 

the methods of surface irrigation and the reason is that most of 

requiring a careful leveling of the land [3]. About leveling and 

grading operations that use surface irrigation methods [4], the 

land must be divided into farms, and then the surveys and 

design levels for the grading work will then be installed. As 

the second part of process is the land reclamation process, it 

includes designing and implementing farm drains, and then the 

agricultural land becomes ready for the process of leaching the 

soil and rid it of salts. 

The (BPM) method that is used to find the optimum slopes 

in the work of levelling and grading for farm lands depends on 

being the point of origin for irrigation or levelling directions 

starting from the high levels area which is the area of farm 

channel towards the area with low levels which is collector 

drain [5]. The problem with some of the implemented projects 

is that the farm channel was implemented in areas with low 

levels and the collector drain was implemented in areas of high 

levels. In this study, the modification was made to (BPM) 

method to solve the problem of the correct direction of 

irrigation and the preparation of corrective levels of farms to 

achieve the lowest cut-fill ratio to minimize the cost without 

affecting the root zone area of plants. Another problem that 

was observed in the distribution of farm outlets along the farm 

channel and their relation to the size of the farm, as well as 

those related to farm drains. Both of which are related to the 

process of levelling and grading the region. This study will 

provide solutions to these problems including the distribution 

of farm outlet and farm drains and the farm size, which 

achieves irrigation efficiency. 
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2. MATERIAL AND METHODS 
 

2.1 Study area 
 

Table 1. Values of “longitude and latitude" for study area 

 
ID E N 

1 606,303.956 3,599,149.715 

2 603,294.315 3,593,163.505 

3 601,442.228 3,591,708.294 

4 608,585.992 3,588,632.506 

5 621,272.788 3,577,083.421 

6 627,702.176 3,582,798.432 

7 625,082.796 3,585,457.500 

8 624,447.794 3,589,227.820 

9 621,828.414 3,593,593.454 

10 617,065.90 3,593,990.320 

 

 
(a) 

 
(b) 

 

Figure 1. (a) Area of case study; (b) Area of case study 

 

The study area is located in the Sheikh Saad district, located 

to the southeast of Kut city, which is 50 km away from it in 

southern Iraq. The study area lies within the limits of longitude 

and latitude shown in Table 1 along Land sat 8 track (38) path 

and (167) row (USGS). The location illustrated in Figure 1. 

This region is located in the central region of Iraq, lands for 

this region have slightly to moderate slopes. The project 

depended on the surface irrigation system to irrigate the lands. 

problems arose in the preparation of designs for the grading 

and levelling of farms, which are that the watercourse channel 

was implemented on low-level lands and the collected drain 

located in high-level lands, therefore it was taken as a study 

area in this research. 

 

2.2 Boundary of net area for leveling and grading works 

 

When designing leveling and grading inclinations, as well 

as when carrying out leveling work for half irrigation units, the 

net area for leveling and grading is initially determined, and 

it’s based on the distributor canal, watercourse, branch drain, 

and collector drain reservation  to facilitate agricultural 

operations, land maintenance and movement of agricultural 

machinery, Figure 2 [6]. 

 
Figure 2. Boundary of net area for leveling and grading 

works 

 

2.3 Locations of field drains and spacing  

 

The spacing distance between field drains is determined 

according to several methods, such as “Hooghoudts Eq. [7], 

Ernst Eq. [8] and Generalized - Throughout - Ernust Eq. [9]" 

but how far is the field drain from the distributor canal? What 

is the distance of the field drain near the branch drain from the 

branch drain? In addition, what is the distance of upstream of 

the field drain from the watercourse? These distances are 

determined according to the following limitations: 

(1) The distance between the boundary of landing on the one 

hand distributor canal and the field drain that near to the 

distributor canal should not be more than half of the design 

spacing (L for field drains), whatever the distance of the 

spacing. 

(2) Distance between the end of field drain (upstream) and 

the centerline of watercourse must be 15 m, Figure 3. 

(3) Distance between field drain and center line of branch 

drain (Le) should not exceed the designed spacing distance 

plus 30 m, and it should not be less than the designed  spacing 

distance of the field drains, Figure 3. 

(4) Field ditch should locate in the middle of the spacing 

distance for designed field drains, and the distance between the 

field ditch and collector drain must not be less than 10 m.    
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2.4 Farm boundaries 

 

The determination of boundary for one farm that is equal to 

one or more leveling units are depending on the leveling 

boundaries (reservation) [10]. As well as based on the 

distribution of field drains and their limitations, and also to the 

size of the farm unit (as shown in Figure 3). 

 

 
Figure 3. Farm boundary 

 

2.5 The optimum slopes for land leveling 

 

The efficiency of irrigation is related to the extent of 

homogeneity and uniformity of the soil surface so that it is free 

from undulation that affects the degree of water distribution 

within the irrigated area, which requires a complete leveling 

of the soil surface when choosing one of the methods of 

surface irrigation [11]. The acceptable limits for land leveling 

and gradation depend on the method of irrigation, soil type and 

the consideration of erosion and sedimentation process [12]. 

In this research, the method of basins irrigation was adopted, 

as the limits of inclination towards irrigation range between 

(0.04% - 0.15%) and the vertical inclination for irrigation 

should not be more than (0.04%).  

There are many methods by which the design level slope is 

calculated in the direction of irrigation and in the vertical 

direction of the irrigation, which is called transverse 

inclination, these methods are "the best plane method, The 

average profile method, and Average slope method" [13]. The 

most accurate method is the plane of the best-fit method, 

which depends on the least-squares method shown in the 

following equation, which represents the sum of squares of 

deviations between the natural levels and the design levels of 

the grid points.  

 

𝑆 =∑∑[𝐻𝑖,𝑗 − (𝑎 + 𝑏𝑋𝑖 + 𝑐𝑌𝑗)]

𝑛

𝑗=1

𝑚

𝑖=1

2

 (1) 

 

where,  

S = the sum of the squares of the deviations, b = the slope 

of the plane toward the X-axis, c = the slope of the plane 

toward the Y-axis, a = constant represents the height of the 

design plane at the origin point to find the best values for the 

slopes b and c that give the lowest value to the sum (S), 

conventional methods can be used in optimal solutions using 

three equations each representing the partial derivation of Eq. 

(1) concerning a and b and c with the right-side equation for 

each of these equations at zero, that is:   

 

𝜕𝑆

𝜕𝑎
= 0 ,

𝜕𝑆

𝜕𝑏
= 0 ,

𝜕𝑆

𝜕𝑐
= 0 (2) 

 

By solving the immediate linear equations in Eq. (2), the 

best values for the coefficients a, b, c are obtained that 

determine the properties of the design plane, where b is SX 

represent the slope of the optimum plane towards the X- axis 

and c is SY. The values of SX and SY resulting from solving 

the three equations are as follows: 
 

𝑆𝑋 =
∑ [(∑ 𝐻𝑗

𝑛
𝑗=1 ) ∗ 𝑖] − 𝑋𝑐 ∗ [∑ ∑ 𝐻𝑖,𝑗

𝑚
𝑖=1

𝑛
𝑗=1 ]𝑚

𝑖=1

∑ [𝑁𝑖 ∗ 𝑖
2]𝑚

𝑖=1 − [∑ ∑ 𝑁𝑖,𝑗
𝑛
𝑗=1

𝑚
𝑖=1 ] ∗ 𝑋𝑐

2
 (3) 

 

𝑆𝑌 =
∑ [(∑ 𝐻𝑖

𝑚
𝑖=1 ) ∗ 𝑗] − 𝑌𝑐 ∗ [∑ ∑ 𝐻𝑖,𝑗

𝑚
𝑖=1

𝑛
𝑗=1 ]𝑛

𝑗=1

∑ [𝑁𝑗 ∗ 𝑗
2]𝑛

𝑗=1 − [∑ ∑ 𝑁𝑖,𝑗
𝑛
𝑗=1

𝑚
𝑖=1 ] ∗ 𝑌𝑐

2
 (4) 

 


= =

n

j

m

i

jiN
1 1

,
= The total number of farm cells (meshing) 


= =

n

j

m

i

jiH
1 1

,
= The sum of all levels of farm cells (meshing) 

= The sum of the levels of column i cells in a direction 

parallel to the Y- axis

=

m

i

iH
1  


=

n

j

jH
1

= The sum of the levels of column j cells in a 

direction parallel to the X- axis. 

Ni = number of cells in column i, NJ = number of cells in 

column j, XC = distance from the center of the shape to the Y- 

axis with a horizontal interval according to the interlacing, YC 

= distance from the center of the shape on the X- axis with a 

vertical interval according to the interlacing. 
 

 

3. THE AIM OF STUDY 
 

3.1 The problem of the study  
 

Through the investigations carried out to the Sheikh Saad 

lands reclamation project, two problems were observed. The 

first problem, It was noted that some watercourses are located 

at low ground levels and the reason for this may be the age of 

the design of the general layout of the irrigation and puncture 

network that did not occur after topographical changes 

occurred in the region due to random cutting of the soil by 

some for material gain, and the other reason is the use 

Contouring map with a large period when preparing the 

general plan for the network so that it does not give a clear 

picture of the ground levels. Thus, if one of the methods used 

to find the optimum tendencies is used, it gives inclination 

opposite to the required irrigation direction in the sense that it 

gives an opposite direction to the irrigation source, and the 

need for the values of these inclinations is also negated, and if 

they use arbitrary inclinations, they give very large cut 

quantities and therefore we do not obtain the design level 

optimum. The second problem is the ill-considered 

distribution of farm turnout stations, and therefore this leads to 

an ill-considered distribution of farm units and the occurrence 

of variation in their areas so that the efficiency of immersion 

irrigation decreases and the length of the farm canal increases 

causing losses in water in addition to an increase in the cost of 

the project this is because there are more farm turnout than 

required. 
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3.2 The proposed solutions 

 

3.2.1 Number of farm turnout 

The proposed solution to the first problem is by noting the 

limits of leveling boundary, the locations of field drain, and 

the area of the farm unit, it is suggested that the division of 

farm units and the distribution of farm turnout as shown in 

Figures 4-a and 4-b, the dotted line represents the leveling 

boundary for each farm and should be away from Farm turnout 

with a distance equal to half the distance of the spacing 

between the designed field drains, while the dashed line 

represents the leveling boundary of the total area. According 

to this distribution, farm turnout stations are as shown in Table 

2, while farm boundary stations are as shown in Table 3. 

 

  
(a)                                                                                                     (b) 

 

Figure 4. (a) The proposed farm (field) outlet distribution, if the spacing distance between the farms drains is 50 m; (b) The 

proposed farm (field) outlet distribution, if the spacing distance between the farms drains is 75 m 

 

Table 2. Stations of proposed farm turnout 

 
Number of 

Farm turnout 

Distance of farm turnout from the center 

 line of distributed canal, spacing distance (50 m) 

Distance of farm turnout from the center 

 line of distributed canal, spacing distance (75 m) 

1 25 m 25 m 

2 175 m 162.5 m 

3 325 m 312.5 m 

4 475 m 462.5 m 

5 625 m 612.5 m 

 

Table 3. Stations of proposed farm boundary 

 
Number of 

Farm turnout 

Distance of farm boundary from the center line of 

distributed canal, spacing distance (50 m) 

Distance of farm boundary from the center 

 line of distributed canal, spacing distance (75 m) 

1 25 m 25 m 

2 150 m 125 m 

3 300 m 275 m 

4 450 m 425 m 

5 600 m 575  m 

3.2.2 The suggested method for choosing the optimum slopes 

(1) Water courses location, when looking at the layout for 

any implemented irrigation and drainage network, it is 

observed that there are four cases for the location of the water 

source, which is the water courses, as shown in Figure 5. The 

dark point is the point of origin and it is the meeting point of 

the watercourses canal with distributor canal. It represents the 

direction of irrigation and the point of origin has the highest 

design level in the plane of horizontal and vertical inclination. 

This point is fixed, meaning that the direction of irrigation 

cannot be changed, because the farm turnout was built 

previously. 

(2) When using the best plane method to find the optimum 

slopes for the design level, it naturally takes the natural slope 

of the land, but the problem as I have already mentioned is that 

the watercourses are located in a low-level land and the 

collector drain is in a land with high levels and therefore the 

origin point may be in one of the other three corners and this 

causes a change in the irrigation direction at point( B, C or D), 

and it is assumed that the origin point has the highest level at 

point (A) as shown in Figure 5. 

To solve this problem, subroutine programs have been 

prepared showing how to choose the optimum slopes that give 

the lowest amount of both cut and the cut-fill ratio, and below 

is an explanation of the sub-programs for choosing the optimal 

slopes and for the first case. The subprograms include the main 

subprogram and four other subprograms are A, B, C, and D. In 

the main subprogram, the true slopes of SX and SY are found 

in the best plane method, and based on the signals of these 

slopes, process for one of the four subprogram's is used to 

correct the direction of slope and find the lowest amount of cut 

possible according to the following conditions: 

(1) If SY and SX are negative then we will move to sub-

programs A, which explains later. 

(2) If the SY signal is positive and SX is negative then we 

will move to sub-programs B, which explains later. 
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(3) If the SY signal is negative and SX is positive, then we 

will move to sub-programs C, which explains later. 

(4) If the SY and SX signal is positive then we will move to 

sub-programs D, which explains later. 

 

 
 

Figure 5. The four cases of the direction of the irrigation 

source 

 

Subroutine (A) 

 

When the SX, SY signal is negative in this subprogram, the 

following processing operations are performed: 

(1) Initially, the slope value of the SX is compared with the 

slope determinants that range from 0.15% to 0.04%. If the 

slope value is greater than the highest value of the slope 

determinants, the upper limit of the slope determinants is 

chosen, and if the slope value is less than the lowest value for 

the slope determinants, a choice is made The minimum slope 

determinants, while if the slope value is a value between the 

upper and lower limit of the slope determinants, its value, 

which is found by the best plane method, is chosen because it 

is within the limit of the slope values. 

(2) Then the value of slope for SY is compared with the 

limitation of slopes in which range from 0.025% to 0.04%. If 

the slope value is greater than the highest value of the slope 

determinants, the upper limit of the slope determinants is 

chosen, and if the slope value is less than the lowest value of 

the slope determinants, the limit is chosen. The minimum 

slope determinants, while if the slope value is a value between 

the upper and lower limit of the slope determinants, then the 

value that was found is determined by the best plane method 

because it is within the limit of the slope values. 

(3) After the slope values have now been chosen, the value 

of the normal levels will be transferred according to the slopes 

adapted to the point of origin, and then find the other values of 

the design levels for the farm. 

 

Subroutine (B) 

 

When the SY signal is positive and the SX signal is negative 

in this subprogram, the following processing operations are 

performed: 

(1) Initially, the slope value of the SX is compared with the 

slope determinants that range from 0.15% to 0.04%. If the 

slope value is greater than the highest value of the slope 

determinants, the upper limit of the slope determinants is 

selected, and if the slope value is less than the lowest value for 

the slope determinants, a choice is made. The minimum slope 

determinants, while if the slope value is a value between the 

upper and lower limit of the slope determinant, its value, 

which is found by the best plane method, is chosen because it 

is within the limit of the slope values. 

(2) Here, since the SY signal is positive, the minimum slope 

limits are equal to 0.025%. 

(3) After the slope values have now been chosen, the value 

of the normal levels will be transferred according to the slopes 

adapted to the point of origin, and then find the other values of 

the design levels for the farm. 

 

Subroutine (C) 

 

When the SY signal is negative and the SX signal is positive 

in this subprogram, the following processing operations are 

performed: 

(1) The inclination value of SY is first compared to the 

inclinometer determinants that range from 0.025% to 0.04%. 

If the inclination value is greater than the highest value of the 

inclination determinants, the upper limit of the inclination 

determinants is chosen, and if the inclination value is less than 

the lowest value of the inclination determinants, the limit is 

chosen. The minimum slope determinants, while if the slope 

value is a value between the upper and lower limit of the slope 

determinants, its value, which is found by the best plane 

method, is chosen because it is within the limit of the slope 

values. 

(2) Here, since the SX signal is positive, the minimum slope 

limits are equal to 0.04%. 

(3) After the slope values have now been chosen, the value 

of the normal levels will be transferred according to the slopes 

adopted to the point of origin, and then find the other values 

of the design levels for the farm. 

 

Subroutine (D) 

 

When the SY and SX signals are positive in this subprogram, 

the following processing operations are performed: 

(1) Here, since the SY signal is positive, the minimum slope 

limits are equal to 0.025% 

(2) Here, since the SX signal is positive, the minimum slope 

limits are equal to 0.04%. 

(3) After the slope values have now been chosen, the value 

of the normal levels will be transferred according to the slopes 

adopted to the point of origin, and then find the other values 

of the design levels for the farm. 

And also, for the other cases. After applying the proposed 

method to find the optimum slopes, the process of calculating 

the depths of the cut and fill is done, and thus finding the 

volume of the cut and fill in several ways, including the 

method of addition and the method of the four points [14], 

after which the comparison process with the cut- fill ratio is 

carried out. In this research, the ratio has been adopted 

between (1.15% - 1.30%). 

If the ratio of cut to fill is less than the minimum, a process 

of lowering the level begins to reach the acceptable percentage, 

but if the ratio of cut to fill is higher than the upper limit, the 

process of raising the level to reach the acceptable percentage 

begins and thus obtaining the lowest ratio of cut to fill or the 

minimum amount of cut possible.  

Figure 4 represents half of the irrigation unit, and the 

spacing distance between the design farm drains is equal to 

(75m), knowing that all of the determinants mentioned in 

terms of the sites of farm drains and farm canal and the 

leveling limits are general for any distance between the farm 

designers regardless of their value. Note that the watercourse 
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is located at low natural levels, as shown in the field (A). Also, 

it is noticed that the normal level on the side of the watercourse 

is 6.20, and on the side of the collector drain is 6.36.  

When applying the program using the best plane method to 

find the value and direction of the optimum slope shown in 

Table 4, it was observed concerning field (A) that the slope 

signal toward the X-axis is positive in the sense that the design 

level of the field center is increasing towards the X-axis and 

also concerning the slope towards the Y-axis to have it A 

positive signal also, and this gives the highest level of leveling 

opposite to the direction of irrigation and not at the point of 

origin (A) as in Figure 5, then we use the proposed method 

determinants to find the value and direction of the optimum 

slope.  

In the field (A), since the signal is positive for both slopes, 

then we use the minimum inclinations according to the 

proposed program procedure and the change of direction of the 

inclinations, as well as the same for the field (B). Field (C) 

notes that the inclination towards the X-axis is positive, then 

its minimum is chosen, and its direction changes in the 

required direction.  

As for the inclination towards the Y-axis, the signal is 

negative and the slope value is equal to (0.00778) which is 

within the approved slope limits, it is adopted according to 

subprogram procedure (C). For field (D), the inclination 

toward the X-axis is increased, so the minimum inclination is 

chosen, while the inclination towards the Y-axis is negative, 

as can be seen in Table 4. The slope value is equal to (0.0283) 

and it is greater than the maximum approved inclinations. 

Therefore, the maximum approved inclinations are chosen 

according to the procedure of the proposed subprogram (C), 

and therefore these tendencies give the lowest amount of cut 

possible. 

On the right side of Figure 6, which is the results of the 

program, we observe the design information using the best 

plane method in terms of finding the normal levels and the 

center of the farm. The optimum tendencies are those obtained 

after using the best plane method with the determinants 

method. 

Also, finding the average value of levels after adjusting the 

height of the level to achieve the best cut-fill ratio. As for the 

lower part of the results for each farm, it is a process of 

comparing the levels of water in the watercourse with the 

average value of levels of the farm to make sure of the process 

of flooding the ground to leach the soil. 

 

Table 4. Mechanism for choosing the optimal values and direction of slope 

 
According to limitation of the proposed method Best Plane Method 

Value for each 25 m Signal Value for each 25 m Signal Slops Field 

0.01 - 0.02103 + Sx 
A 

0.00625 - 0.00488 + Sy 

0.01 - 0.02266 + Sx 
B 

0.00625 - 0.00365 + Sy 

0.01 - 0.0177 + Sx 
C 

0.00778 - 0.0078 - Sy 

0.01 - 0.03056 + Sx 
D 

0.01 - 0.03377 - Sy 

0.01 - 0.00939 + Sx 
E 

0.01 - 0.0283 - Sy 

 

 

4. RESULT AND DISSCASSION  

 

(1) For the first problem, which is farm turnout stations, we 

deduce what has been presented through the farm unit and to 

the levelling boundaries illustrated in Figure 2. With based on 

the proposed farm boundaries shown in Figure 3. And through 

the determination of the field drains as shown in the Figure 4a, 

4b. The location of the first farm turnout should be at a 

distance half the spacing distance from the levelling 

boundaries, and the second is half the distance of the spacing 

distance from the farm boundaries so that the field ditch is in 

the middle of the spacing distance, and on this basis, the field 

ditches are located and thus benefit from reducing the length 

of the field ditches. Likewise, getting rid of the problem of the 

difference in the levels of levelling between the first and 

second farms and a homogeneous and equal division as far as 

possible for the area of farms and the most important thing is 

to reduce the number of farm turnout. When taking 

investigations of a hundred and fifty irrigation units 

implemented in the Sheikh Saad project, it was noted that the 

watercourse contains six-farm turnout and that the second 

farm turnout is close to the first farm turnout and is useless and 

when comparing it with the proposed solution he notes the 

need for only five-farm turnout. Figure 7 shows the 

investigations for half of the irrigation units, out of a total of 

one hundred and fifty irrigation units, shown in Figure 7, with 

the sign (Ø). 

(2) For the second problem, which is to find the optimum 

slopes, a program has been written using the computer 

programs incorporating the best plan method in addition to the 

aforementioned proposed method and compared to the manual 

solution and the results of the program have been proven 

correct. This program is distinguished from the programs 

produced by some universities, for example, a program 

prepared by the "World Irrigation Information Network" at 

Utah State University which not considering the direction of 

irrigation, depending on the assumption that the irrigation is 

placed in high areas [15]. In the figure it shows the results after 

the data of the ground levels were entered into the designed 

program, the first number of each cell represents the ground 

level of the surface (investigations) and the second number 

represents the design level after adopting the optimal 

inclinations (slopes), while the third number in each cell 

represents the depth of cutting or filling (Noting that the 

negative sign here in this research means the depth of the cut), 

while the number marked in bold and underlined, represents 

the point of origin [16]. 
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Figure 6. Design levels for leveling and grading work for half irrigation units 
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Figure 7. Stations of farm turnout for implemented irrigation 

units 

 

 

5. CONCLUSIONS AND SUGGESTIONS 

 

(1) The distribution of farm outlets is not arbitrary, but 

rather the unit of the farm and the spacing distance between 

the farm drains and the relationship between them, this 

contributes to determining the number of farm outlets. The 

efficiency of irrigation is not by increasing the number of these 

outlets, where one farm outlet is sufficient to irrigate one farm 

unit and thus reducing the number of outlets, which leads to a 

reduction in cost.    

(2) The distribution of farm outlets according to current 

research leads to the division of farm by almost equal areas 

and this helps in the fair distribution of farm to farmers, and 

also contributes to reducing the difference in levels between 

one farm and another.   

(3) Reducing the quantities of cutting and finding the 

optimal cutting- filling ratio depends on finding the optimum 

slopes, where the finding of these slopes has been treated if the 

watercourse is in the low ground and the collecting drain in the 

high ground. In addition, reducing the amount of the cutting 

leads to avoiding damage to the soil layer in which the roots 

of the plants grow as well to reduce the cost of these projects.   

(4) When preparing designs for projects of surface irrigation 

networks, especially in Iraq, the designer must start with the 

design of farm units, levelling operations, distribution of farm 

drains first, and distribution of farm outlets according to it after 

setting an accurate contour map with a small contour period to 

avoid placing watercourse in the high ground.  

(5) Contour maps must be prepared accurately and use of 

modern surveying devices and modern programs in their 

preparation with constantly updated.  

(6) The sub-programs that have been prepared can be 

converted into ready to use programs that can be used during 

work by linking them to modern levelling machines whose 

blades work with the laser and thus the levelling of the farms 

is carried out without the use of pegs.  

(7) The levelling operations are very important, especially 

when conducting the surface drain of soil, as well as leading 

to irrigation efficiency, and therefore it must be accomplished, 

but with economic feasibility, that achieves the least amount 

of cut.  
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