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Abstract
The optimal lining and seepage analysis of unlined irrigation Juan canal with its nine variable section have been done depending on equations derived for best hydraulic section of canals which have the minimum perimeter for lining and minimum area for excavation because of its importance. The optimum values of the section variables (side slope, bottom width, flow depth, and radius) for rectangular, trapezoidal, triangular, semicircular, curved bottom have been conducted in this study. Also, a comparison between the lining of existing lined canals and the design of optimum lining according to minimum areas and perimeters was done. 

A computer program using (FORTRAN 90) language depending on relevant equations were used for obtaining results and insuring the accuracy.  The program was used to optimum lining for Juan canal and to compare between the optimum lining and existing lining for Jhash canals within Hurriya – Daghara project.
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الخلاصة

في هذا البحث تم إجراء التبطين الامثل وتحليل النضوح  لقناة أبو جوعان الاروائية الغير مبطنة بمقاطعها التسعة بالاعتماد على اشتقاق المعادلات المستخدمة للتصميم الهيدروليكي الامثل للقنوات والذي يملك المحيط الأقل للتبطين والمساحة الأقل للحفر وذلك لأهمية تلك القناة. إن القيم المثلى للمتغيرات (الميلان الجانبي, عرض القاع, عمق الجريان, ونصف القطر) للأشكال ( المستطيل, شبه المنحرف, المثلث, نصف الدائرة, و المنحني) تم دراستها في هذا البحث.  كذلك  تم إجراء مقارنة بين تصميم لقنوات منفذة وتصميم امثل لتلك القنوات   بالاعتماد على المساحة والمحيط الأقل. 

لقد تم عمل برنامج حاسبة بلغة  (FORTRAN 90 )بالاعتماد على المعادلات المشتقة للتبطين الامثل للقنوات الاروائية. وتم تطبيق عدة أمثلة محلولة باستخدام هذا البرنامج للتأكد من دقته. وتم استخدام هذا البرنامج للتبطين الامثل لقناة أبو جوعان وللمقارنة   بين التبطين الامثل لقنوات جحيش ضمن مشروع حرية – دغارة و تبطينها الموجود.  
1-Introduction
An open channel may be rigid boundary (lined) or mobile boundary (unlined) section. Unlined channels lose a substantial part of the usable water through seepage. Seepage loss results not in depleted freshwater resources but also causes water logging, salinization, and ground water contamination. Canals are lined for slowing the seepage loss. A perfect lining would prevent all the seepage loss, but canal lining deteriorates with time. Cracks in the lining may develop anywhere on the perimeter due to settlement of the subgrade, weed growth in the canal, construction defects and use of inferior quality lining materials, weathering ..etc.

There are strong arguments in favor of lining canals in alluvial soils in Iraq provided that (Jawad,1983):-

A) Funds are available for the high capital cost.

B) High standard of construction can be achieved.

2-Prediction Of Seepage Losses
The preservation of irrigation water is often of primary importance to the agriculture development of a country. The reduction or eliminate of seepage losses in irrigation canals by means of linings assures better utilization of the conveyed water and an improved economic situation, seepage losses from earthen irrigation channels depend on a number of factors and vary from (30 to 50) percent of the discharge available at the head of an irrigation system (Abu Gulul,1975). In addition, the seepage losses can be estimated about (3-8) ℓ/s per (100) m for unlined canal carrying (20-60) ℓ/s (Smout,2007).

Losses in permeable sandy soils may be as much as ten times that in tight soils and in heavy clay soils, it may be negligibly low (Abu Gulul,1975) .

2-1- Factors Affecting Seepage Rates From Canals.

Theoretical, laboratory and fieldwork has confirmed that seepage rates from canals are affected by the following factors (Abu Gulul,1975) :-
1) Intrinsic permeability of soil.

2) Length and shape of canal wetted perimeter.

3) Depth of water in the canal.

4) Location of ground water table.

5) Constructions on ground water flow, e.g. presence of wells, rivers, drains, impermeable boundaries, etc.

6) Soil suction in zone between ground water level and ground level.

7) Viscosity of water (can be neglected).

8) Salinity of water.

9) Sediment load and size distribution.

10) Age of canal.

2-2- Estimation of Seepage Losses From Canals


 There are many methods to estimate seepage losses from canals such as:-

Kostiakov A.N. Formula (empirical formula ((Abu Gulul,1975)

When the measurements are not available to estimate seepage losses from earth canals or ditches. Kostiakov A.N formula can be used:-


S=s*
[image: image40.emf]5


0


.


0


1


0


0


.


0


1


5


0


.


0


2


0


0


.


0


2


5


0


.


0


3


0


0


.


0


D


i


s


c


h


a


r


g


e


 


(


m


3


/


s


)


2


0


0


0


3


0


0


0


4


0


0


0


5


0


0


0


6


0


0


0


7


0


0


0


8


0


0


0


C


o


s


t


 


I


.


D


 


*


1


0


^


5


R


e


c


t


a


n


g


u


l


a


r


 


C


a


n


a


l


T


r


a


p


e


z


o


i


d


a


l


 


C


a


n


a


l


T


r


i


a


n


g


u


l


a


r


 


C


a


n


a


l


S


e


m


i


c


i


r


c


u


l


a


r


 


C


a


n


a


l


C


u


r


v


e


d


 


C


a


n


a


l




50.0 100.0 150.0 200.0 250.0 300.0

Discharge (m3/s)

2000

3000

4000

5000

6000

7000

8000

C

o

s

t

 

I

.

D

 

*

1

0

^

5

Rectangular Canal

Trapezoidal Canal

Triangular Canal

Semicircular Canal

Curved Canal

                                                                                                  … (1)
Where:-

S: Water losses per Km of canal length (in %).

L: Length of canal (Km).

Q: Water flow in (m3/s).

s: Water loss by seepage (% per Km), given by: 

         s = 
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  , where A1 and M are empirical constants dependent on soil permeability as shown in Table (1).

Table (1): Values of the constants A1 and M (Abu Gulul,1975).
	
	Soil permeability

	
	Low
	Medium
	High

	A1
	0.7
	1.9
	3.4

	M
	0.3
	0.4
	0.5


3-DESIGN OF MINIMUM SEEPAGE LOSS CANAL SECTIONS
Many methods are suggested for adopting the concept of minimum seepage loss in designing the canal section. The most related methods are:-

a) Sohan L.A. and Ramesh N.I. Method:- (Atmapoojya,2001)


Sohan L.A. and Ramesh N.I. suggested a simplified procedure for design of canal section using Manning equation. Figure (1) shows the variation of dimensionless seepage with b/y ratio (width /depth) and side slope. 


From Figure (1), the minimum value of Sqs (the seepage losses per unit length of canal in non-dimensional form) for a trapezoidal section occurs for m = 0.6 and b/y = 1.63. For a triangular canal section, Sqs is minimum at m = 1.241 and for rectangular canal section, Sqs is minimum at b/y = 2.51.
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Figure (1): Variation of dimensionless seepage loss with b/y ratio and side slope
b) Swamee Method.


Assuming So, ε, and υ constant for all the subsections and using a length scale λ (m) as: (Swamee,2002)
                    λ= (Q/
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The following dimensionless parameters were obtained:-
                 ε*=ε/λ                                                                                                     … (3) 

                 υ*=υλ / Q                                                                                               … (4)
Where ε is the average roughness height and υ is kinematic viscosity of water.


In addition, the scale length (L1) (m) is given by: - 
                L1=λ(ε*+8υ*)0.04                                                                                     … (5)

Table (2) below illustrate the section shape coefficients, which used in equations of the minimum seepage loss section:-
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Where superscript * indicates optimality.

4-Advantages Of Lining
Before the decision is made to line a canal, the costs and benefits of lining have to be compared. By lining the canal, the velocity of the flow can increase because of the smooth canal surface. For example, with the same canal bed slope and with the same canal size, the flow velocity in a lined canal be 1.5 to 2 times that in an unlined canal, which means that the canal cross- section in the lined canal be smaller to deliver the same discharge 

Possible benefits of lining a canal include(Karaatz,2007)-

· Water conservation. 

· No seepage of water into adjacent land or roads.

· Reduced canal dimensions, and.

· Reduced maintenance.

5-Types Of Lining
There are many types of lining for irrigation canals available to the design engineer. They can be considering in more than one category, namely (Jawad,1983) : -
1) Hard surface lining.

2) Exposed  membranes.

3) Buried membranes.

4) Earth lining.

6-Failure Of Canal Lining
When the water level was raised in the canal, the canal banks have exhibited some instability and seepage through the banks and during a thunderstorm, the canal linings over some portion have slipped away from the banks. When the water level was raised and lowered, the banks have shown some distress. In order to minimize the seepage, a secondary berm was constructed along the right bank at two locations (Thandaveswara, 2007).    
7-Optimization Method For Optimal Lining
The purpose of optimization is to find the best possible solution among the many potential solutions satisfying the chosen criteria. Designers often based their designs on the minimum cost as an objective, safety and serviceability. 


A general mathematical model of the optimization problem can represent in the following form (Al-Husseini,2004).

A certain function (Z), called the objective function, 

Z = f {Xi}     i =1, 2… n                                                                              … (9)

Which is usually the expected benefit (or the involved cost), involves (n) design variable {X}? Such function is to be maximized (or minimized) subject to certain equality or inequality constraints in their general forms: 

gi {Xi}=bi                          i=1, 2,………,n                                               …(10)

qi {Xj} ≥ bj
                   j =1, 2,………,m                                            …(11)

The constraint reflects the design and functional requirements. The vector {X} of the design variables will have optimum values when the objective function reaches its optimum value.

7-1-Objectives Functions

The objective function (Zs) of the present research for optimum lining involves the cost of lining, and cost of excavation as (ZL = C1*P*L+C2*A*L):- (ZL: total cost, C1 and C2: constants -C1=15000 I.D for major canals and = 12000 I.D for minor canals, C2 = 3000 I.D(C1: is cost of lining, C2 : is cost of excavation) (Ministry of irrigation,2008)- P: perimeter of canal, L: length of canal, A: area of canal).
The objective function above is subjected to the following constrain to avoid sedimentation (Jawad,1983)
Smin=0.00015*(Q)-0.2                                                                                 … (12)
Where:

Smin:   Minimum bed slope (m / m).

Q: Discharge of canal involving 10 % additional discharge for loss of operation (m3/s).

In addition, the program checked Froude No. (Fr = V/
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 ) where V is velocity of flow, since Froude No. is a major guide for type of flow in open channel.

8- Best Hydraulic Section For Canals
Some channel cross sections are more efficient than others are in that they provide more area for a given wetted perimeter. In general, when a channel is constructed, the excavation, and possibly the lining, must be paid for. From the Manning formula, it is shown that when the area of cross section is a minimum, the wetted perimeter is also a minimum, and so both lining and excavation approach their minimum value for the same dimensions of channel. The best hydraulic section is one that has the least wetted perimeter or its equivalent, the least area for the type of section. The Manning formula is (Streeter,1985): 

Q=
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Where Cm an empirical constant equal to 1.49 in USC and 1.0 in SI units if Q, n, and S known, equation (13) can be written as:-
A=CP2/5                                                                                                     … (14)
In which C is known. 

The program that done in this research and listed below uses the following shapes as information for design:-
a) For Rectangular canal

To find the best hydraulic section for rectangular canal P = b + 2y and A = by. Then 

             A = (P-2y)  y = CP2/5                                                                               … (15)
By elimination of b. The value of y is sought for which P is a minimum. Differentiating with respect to y gives

(
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                                          … (16) 
Setting dP/ dy = 0 gives P = 4y, or since P = b + 2 y,

B=2y                                                                                                         … (17)                                                              

b) For Trapezoidal canal 

To find the best hydraulic section for trapezoidal canal P = b + 2y
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, A = by + m y2. After eliminating b and A in these equations and eq. (14):

A=by + my2 = (P–2y
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By holding m constant and by differentiating with respect to y, ∂P / ∂y is set equal to zero; thus:

P =  4y
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Again, by holding y constant, eq. (18) is differentiated with respect to m, and ∂P / ∂m is set equal to zero, producing 
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After solving for m, gives m = 
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   , and after substituting for m in eq. (19) 

P = 2
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y,     A = 
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 y 2                                                   … (21)
For trapezoidal sections with m specified (maximum slope at which wet earth will stand) eq. (19) is used to find the best bottom – width- to depth ratio.

c) For triangular canal 

To find the best hydraulic section for triangular canal P = 2y
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          my2=CP2/5                                                                                                   … (22)

Since:  y 2 =  
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By holding y constant and by differentiating with respect to y, ∂P / ∂m is set equal to zero; thus after solving for m, gives m = 1.

In addition, since P = 2y
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Then by differentiating with respect to y, ∂P / ∂y is set equal to zero, thus 

P=2
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d) For semicircular canal 

The semicircular is the best hydraulic section of all possible open channel cross sections. Its perimeter and area for semicircular section.
e) For curved bottom canal 

Riverbeds, unlined canals and irrigation furrows all tend to acquire a curved shape. Therefore, unlined channels can be made more hydraulically stable by initially constructing them in a curved shape. 

Rigid boundary channel are designed for uniform flow and the most commonly used uniform flow is the Manning equation. Assuming a length scale L (Chahar,2007).
L2=(Qn/
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The following non-dimensional variables and equations are submitted.
y*=y/L2                                                                                                    … (29a)
P*=P/L2                                                                                                   … (29b)

T*=T/L2                                                                                                   … (29c)

A*=A/(L2)2                                                                                              … (29d)
V*=V(L2)2/Q                                                                                           … (29e)
y*=((T/y)5/3+(2)5/3)3/20/(0.736757T/y)5/8                                                    … (30)
A*=((T/y)5/3+(2)5/3)3/10/(0.736757T/y)1/4                                                   … (31)
T*=1.2104(T/y)3/8((T/y)5/3+(2)5/3)3/20                                                        … (32) 

P*=((T/y)5/3+(2)5/3)3/4/(0.736757T/y)5/8                                                    … (33)
V*=(0.736757T/y)1/4/((T/y)5/3+(2)5/3)3/10                                                    … (34)
To find the optimum solution (value of y (depth), A (area), T (top width), P (perimeter), V (velocity)), the variables from eqs. (30 to 34) find and then substituting in non –dimensional parameters from eqs. (29a to 29e) considering the optimum ratio of T/y is 2.0.(Chahar,2007).
The above equations (17-34) are used in the flowing program and then used to optimum lining for unlined Juan canal, and used for a comparison between existing lined canals and optimal lining as below.  

9- Computer Programe To Find Optimal Lining

In this research, the program was writing with "FORTRAN90" Language depending on derived equations from (12 to 34) to find the optimum hydraulic design and optimal lining for the lined canal. Many examples applied by using this program to check the accuracy of it.

The input data for this program were:
Q: Discharge of canal (m3/s)

L: Length of canal (m).

Shape: Shape factor (1 for rectangular, 2 for trapezoidal, 3 for triangular, 4 for semicircular, and 5 for curved bottom canal).

SL: Slope of bed for canal (m/m) which compare with minimum slope (Smin). 

m: The horizontal value of side slope (1 V: m H) if m specified other than optimum value of it.

Many examples applied using the program for many shapes of canal as tabulated below (Tables (4),(5),(6),(7), and (8)) considering length of canal (1000 m) and bed slope (0.0002) which performed practically in Iraq (Ministry of irrigation,2008). Appendix (A) below shows the Flowchart of this program

.

Table (4): Optimal dimensions and lining for rectangular section of canal

	Discharge(m3/s)
	Depth (m)
	Width (m)
	Area (m2)
	Perimeter (m)
	Thickness of concrete lining (mm)

	1.0
	0.94
	1.87
	1.76
	3.75
	65

	4.0
	1.58
	3.15
	4.97
	6.31
	80

	50.0
	4.07
	8.13
	33.05
	16.26
	100

	100.0
	5.27
	10.54
	55.58
	21.09
	100

	150.0
	6.14
	12.28
	75.34
	24.55
	100

	200.0
	6.84
	13.67
	93.48
	27.35
	100


Table (5): Optimal dimensions and lining for trapezoidal section of canal.

	Discharge(m3/s)
	Depth (m)
	Width (m)
	Area (m2)
	Perimeter (m)
	Thickness of concrete lining (mm)

	1.0
	0.99
	1.14
	1.70
	3.43
	65

	4.0
	1.66
	1.92
	4.80
	5.76
	80

	50.0
	4.29
	4.96
	31.88
	14.86
	100

	100.0
	5.56
	6.43
	53.62
	19.27
	100

	150.0
	6.48
	7.48
	72.68
	22.44
	100

	200.0
	7.22
	8.33
	90.18
	25.00
	100


*Notice: optimum value of m is 
[image: image28.wmf]3
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Table (6): Optimal dimensions and lining for triangular section of canal.

	Discharge(m3/s)
	Depth (m)
	Width (m)
	Area (m2)
	Perimeter (m)
	Thickness of concrete lining (mm)

	1.0
	1.33
	2.65
	1.77
	3.75
	65

	4.0
	2.23
	4.46
	4.97
	6.31
	80

	50.0
	5.75
	11.50
	33.05
	16.26
	100

	100.0
	7.46
	14.91
	55.58
	21.08
	100

	150.0
	8.68
	17.36
	75.34
	24.55
	100

	200.0
	9.67
	19.34
	93.48
	27.34
	100


Table (7): Optimal dimensions and lining for semicircular section of canal.

	Discharge(m3/s)
	Radius (m)
	Area (m2)
	Perimeter (m)
	Thickness of concrete lining (mm)

	1.0
	1.03
	1.65
	3.22
	65

	4.0
	1.73
	4.68
	5.42
	80

	50.0
	4.45
	31.11
	13.98
	100

	100.0
	5.77
	52.32
	18.13
	100

	150.0
	6.72
	70.91
	21.10
	100

	200.0
	7.49
	87.98
	23.51
	100


Table (8): Optimal dimensions and lining for curved bottom section of canal.

	Discharge(m3/s)
	Depth (m)
	Top width (m)
	Area (m2)
	Perimeter (m)
	Thickness of concrete lining (mm)

	1.0
	1.06
	2.12
	1.65
	3.21
	65

	4.0
	1.78
	3.56
	4.67
	5.40
	80

	50.0
	4.59
	9.18
	31.06
	13.92
	100

	100.0
	5.95
	11.91
	52.23
	18.05
	100

	150.0
	6.93
	13.86
	70.79
	21.01
	100

	200.0
	7.72
	15.44
	87.84
	23.41
	100



Figure (2) that done by using this program as examples shows the relationships between cost and discharge for different shapes of canal. From Figure (2), the most economical shapes of semicircular and curved bottom section can be seen. 
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Figure (2): Relationships between cost and discharge for different shapes.

10- Comparison Between Existing Lined Canals And Optimal Lining

A comparison between the lining of existing lined canals and optimal lining for these canals was done in this study. For comparison, from AL-Hurriya- Daghara project, Jhash canals (Branch and Distributary canal) were selected. The Branch canal of this project have discharge (2.60 m3/s),with trapezoidal section and bed slope (0.0002 m/m) [its depth is(1.03 m ),width (2.06 m), area(3.71 m2), perimeter(5.77 m), side slope (1:1.5),thickness of lining(80 mm)], while the optimal lining have[depth(1.42 m), width (1.64 m), area(3.47 m2), perimeter(4.91 m), side slope(1: 
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), thickness of lining (80 mm)], or the optimal lining when using side slope (1:1.5) is [depth(1.32 m), width (0.797 m), area(3.65 m2), perimeter(5.54 m), thickness of lining (80 mm)].


The Distributary  canal of this project have discharge (1.54 m3/s) with trapezoidal section and bed slope (0.0002 m/m) [its depth is(0.99 m ),width (1.99 m), area(3.499 m2), perimeter(5.61 m), side slope (1:1.5),thickness of lining(80 mm)], while the optimal lining have[depth(1.16 m), width (1.34 m), area(2.34 m2), perimeter(4.03 m), side slope(1: 
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/3), thickness of lining (80 mm)], or the optimal lining when using side slope (1:1.5) is [depth(1.08 m), width (0.655 m), area(2.46 m2), perimeter(4.55 m), thickness of lining (80 mm)].

11- Unlined Juan Canal Data

The main unlined canal which named Juan canal delivered irrigation water to (115000 Mishara) from Daghara river to Nuffar township in Al- Qadissiya governorate. This canal have nine variable sections, the first section with (3 Km) length  have high permeability and the other sections have medium permeability(Ministry of irrigation,2008). Figure(3) shows the nine sections of Juan canal and Figure(4)shows the planning of Juan canal.
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Figure(3):Nine sections of Juan Canal (Ministry of irrigation,2008).

Figure (4): Juan Canal (Ministry of irrigation,2008).

12- Optimal Lining Of Juan Canal


The seepage analysis and optimal lining for unlined main Juan canal was done in this study for the nine sections. Table (9)shows the results of  this study with optimal side slope ( 1: 
[image: image36.wmf]3

/3). Also, table (10) shows the seepage and optimum lining of Juan canal with side slope (1:1.5).

Table(9): Results of seepage analysis and optimal lining of Juan canal.
	Sectio-n No.
	Distance (From- to) (Km)
	Discharge (m3/s)
	Seepa-ge losses (m3/s)
	Optimal Depth  (m)
	Optimal Width  (m)
	Optimal Perimeter (m)
	Optimal Area   (m2)
	Thickn-ess of lining (mm)

	1
	0-3
	13.89
	1.14
	2.57
	2.97
	8.90
	11.44
	100

	2
	3-6.5
	13.59
	1.11
	2.55
	2.95
	8.83
	11.26
	100

	3
	6.5-12.5
	11.77
	3.01
	2.23
	2.58
	7.73
	8.63
	100

	4
	12.5-17.4
	7.22
	1.49
	1.90
	2.20
	6.60
	6.28
	100

	5
	17.4-21.4
	6.03
	0.93
	1.82
	2.11
	6.31
	5.75
	100

	6
	21.4-27
	5.10
	1.58
	1.59
	1.83
	5.49
	4.36
	80

	7
	27-31.75
	3.64
	0.93
	1.43
	1.66
	4.98
	3.58
	80

	8
	31.75-35
	1.25
	0.23
	0.99
	1.15
	3.45
	1.72
	65

	9
	35-38.8
	0.39
	0.16
	0.57
	0.66
	1.98
	0.56
	65


Table(10): Results of seepage analysis and optimum lining of Juan canal.

	Section No.
	Distance (From- to) (Km)
	Discharge (m3/s)
	Seepa-ge losses (m3/s)
	Optimal Depth  (m)
	Optimal Width  (m)
	Optimal Perimeter (m)
	Optimal Area   (m2)
	Thickn-ess of lining (mm)

	1
	0-3
	13.89
	1.14
	2.39
	1.45
	10.06
	12.01
	100

	2
	3-6.5
	13.59
	1.11
	2.37
	1.43
	9.98
	11.82
	100

	3
	6.5-12.5
	11.77
	3.01
	2.08
	1.26
	8.74
	9.07
	100

	4
	12.5-17.4
	7.22
	1.49
	1.77
	1.07
	7.45
	6.59
	100

	5
	17.4-21.4
	6.03
	0.93
	1.69
	1.03
	7.13
	6.04
	100

	6
	21.4-27
	5.10
	1.58
	1.47
	0.89
	6.21
	4.58
	80

	7
	27-31.75
	3.64
	0.93
	1.34
	0.81
	5.63
	3.76
	80

	8
	31.75-35
	1.25
	0.23
	0.93
	0.56
	3.90
	1.81
	65

	9
	35-38.8
	0.39
	0.16
	0.53
	0.32
	2.23
	0.59
	65
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Nomenclature

	Nomenclature
	Description
	Dimension

	S
	Water losses per Km of canal length 
	%

	L
	Length of canal 
	m

	Q
	Water flow (discharge)
	m3/s

	A1
	Empirical constant
	-

	M
	Empirical constant
	-

	So
	Bed slope of canal
	m/m

	λ
	Length scale
	-

	b*
	Optimal bed width of canal
	m

	y*
	Optimal depth of canal
	m

	ε
	Average roughness height  
	m

	υ
	Kinematics viscosity
	m2/ s

	R
	hydraulic mean radius of the barrel
	m

	ZL
	Total cost
	I.D

	Smin
	Minimum bed slope
	m/m
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