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SALIENT FEATURES


1. Project: Eyela-2 Small Scale Upgrading Irrigation project

2. Location:
· Administrative:  Amhara Region, North  Wello Zone, Gidan wereda
· Geography of headwork site:
a) Northing: 1322382
b) Easting: 537892
c) Altitude: 2698 m a.s.l

3. Hydrology

a) Catchment area: 34.83 km2
b) Design peak discharge: 60.55 m3/s

c) River base flow =32.28l/sec
d) Command area:  116.75ha

e) Muja meteorological station with 17 years (1997-2014) of data record is used.
4. Head works
a. Intake structure with bed bar 

b. Design discharge =( 17, 9.5, 5.77 ) l/sec for each main canals
c. River bank retaining structures

d. Hydraulic gate

5. Infrastructures 
a. Three main canals
b. 45 field canals 
c.  45 turn outs

d. 14 foot paths
e. 1 Road Crossing Structures
f. 3 escape canals

g. 7 cross drainage structures and 6 under drainage stricture
6. Summary of project construction costs
	Eyela  IRRIGATION PROJECT

	SUMMARY OF BILLS

	Bill No.
	Description 
	 Amount (Birr)  

	1
	General Items 
	                    509,469.65 

	2
	Head work (intake body, Outlet structures) 
	                    866,164.43 

	3
	Irrigation Infrastractures (MC,FC,Flumes,Culverts..)
	               16,898,711.49 

	 Total
	     18,274,345.57 

	 VAT(15%)
	       2,741,151.84 

	Grand Total with VAT
	     21,015,497.41 

	Command Area(ha)
	              116.75 

	Per hactare Cost  with out VAT
	          156,525.44 

	Per hactare Cost  with VAT
	       180,004.26 
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1.1 INTRODUCTION

1.1 General
Development of Irrigation contributes a valuable share in the production of agricultural products which enhances food security & economic growth of a country where there are sufficient water resources for this purpose.

Different study documents have shown that our country, Ethiopia, has different water resources that can be utilized for various purposes. But only few percent of existing water resources is under utilization. 
On the other side there are a number of chronically food insecure families. This might have been due to lack of good attitude, skill & budget towards the development of irrigation projects during the previous regimes. Nowadays, the degrees of these problems are slightly in the stage of minimization by giving better attention to irrigation developments by Ethiopian government & other concerned bodies.

It is due to this initiation that Eyela-2 intake small scale upgrading irrigation project study is executed to increase the agricultural product, to be managed by farmers of the project area. This document contains study & design of Eyela-2 project. It is a small scale upgrading irrigation project. The project is located in Amhara regional state in North Wollo Zone, Gidan woreda specifically at Chibina kebele.
 At the project area, agriculture is the main pillar of the economy, which depends on the annual crops supported by traditional irrigation. For the production of annual crops, especially in the “belg” season; there is insufficient & non- uniform rainfall distribution for the production of annual crops at this project area. Therefore, the study has found out that the existence of the promise for gathering additional agricultural product by upgrading the existing traditional irrigation practice. Again, supplementing yearly crops by irrigation can be undertaken. Hence, it is possible to produce crops twice & more per year. As per this study, executing the irrigation practices during dry & wet seasons, the livelihood of population of the project can be improved due to the increase in economic growth as a result of agriculture product increment. On average Eyela-2 small scale upgrading irrigation project can give benefits for 74 households on 116.75 ha of command area. 

This design document comprises of three sections: section one- hydrology study, section two- & -three deals with head work structure & irrigation infrastructure designs respectively.  
1.2  Location & accessibility
· Location: Administratively, the project site is located in Amhara regional state, North Wello Zone, Gidan wereda and specifically at Chibina kebele. The geographic coordinate of the project  site is:    
·  Northing: 1322382 m
· Easting: 537892 m
· Altitude: 2698 m a.s.l.

· Accessibility: - The project area can be accessed after driving 19 Km from the woreda city, Gidan along Dilb or Dese to Bahir dar asphalt road; after this distance it requires walking on foot about 1.5kms in the North-East direction to get the intake site. 
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                  Figure 1 Location map
1.3   Objective of the Study
The main objective of the study is to conduct a detail study to upgrade the existing irrigation practices through designed schemes without disturbing the existing canal alignments. Moreover, the project carried out will have the following specific objectives:
· Efficient utilization of the water resources available by canal lining and modifying the slops of the existing canal systems.
· To minimize land degradation due to poor drainage system of the area.

· To promote easy & manageable irrigation operation system for the area.

· To mitigate problems of food shortage through irrigation development by increasing irrigation efficiency.

· To increase agricultural products through irrigation in dry and wet seasons.

The overall objective of Eyela-2 intake small scale upgrading irrigation development project is to make farmers to be benefited from Eyela river water resource thereby to increase crop production, and to increase productivity and income generation of the project area.
1.4  Scope of study

The study of this project mainly focuses on the water availability, design rainfall analysis, design flood determination, head work structure design, conveyance and outlet structures design, catch drain design, operation and maintenance & estimation of the cost of the project.

1.5  Methodology of the study
In the study and design procedure, Designers used the following steps.

· Specific Site identification:

· Review of the reconnaissance survey conducted by the Client 

· 50,000 scale top map and GIS information

· Local farmers interview and discussion

· Wereda and Zone Agriculture section expertise

· Previous studies and traditional practices
· On foot travel along the river channel and farm areas
· Topographic survey: 

· Surveying the headwork site and the Command area with sufficient radius, using Total station

· Flow estimation

· Physical observation on flood mark indications and local information about high flood and critical flow condition of the river

· Analyzing the recorded rain fall data and use watershed inputs for further analysis.

· Base flow estimated during the reconnaissance field visit by floating method.

· Irrigable area identification:

· Using local information

· 50,000 Topographic map, and GIS information, GPS to see elevation
1.6   Existing irrigation practices 
At the proposed area there is well organized traditional irrigation practice along the banks of Eyela River.  And of course it traces back to the regime of Emperor Haile Silasie, as per the information given by elder people. So, the farmers in the project area are very much interested for upgrading the traditional scheme to modern scheme.  
There are modern and traditional diversions on the upstream/downstream of this river using different irrigation practices but as the hydrology and Hydrogeology study and respondent farmers indicated, the river has capacity of recharging as it stretches down from the source area of the river. As a result there will not be a marked reduction or fluctuation of water flows both for the already existing and the newly proposed irrigation schemes.
Modern Irrigation: 
There was a diversion weir at about 3km u/s of the new intake axis, which was built by ORDA and it is functional since its completion even though it is in failure stage currently.  
[image: image3.png]



Figure 2: Existing Intake
SECTION I: HYDROLOGY
1. HYDROLOGY
Hydrological events such as occurrence of peak floods & low flows, which have direct or indirect impact on sustainability of the irrigation project, have to be analyzed & interpreted properly. The design and construction should be such that for optimal functioning of the irrigation scheme. Hydraulic design of Eyela-2 project’s protection structures will be based on peak flood of the suggested return period. 
1.2 Catchment Characteristics
Eyela-2 watershed is found in North Wollo Zone of Amhara Regional State, Gidan Woreda. The rate and volume of runoff, and sediment yield from the watershed have much to do with shape, size, slope and other parameters of the landscape. These indicate that there should be some important relations between basin form and hydrologic performance. If the basin and hydrologic characteristics are to be related, the basin form must also be represented by quantitative descriptors. 

Eyela River above head work covers about 34.83 km2 catchment area; and an average main stream slope of 4.6%.The main stream length is 10.25km.The flow of the main stream is towards Tekeze River. Eyela watershed is highly dissected; the land escape of the watershed is characterized by steep and very steep lands, which respectively constitutes 26.75 and 25.33 % of the watershed area. Undulating plain land forms also constitute the second significant land units, contributing 22.21 %. Flat plains located on the lower escarpments of the watershed, constitutes the smallest area of the watershed, 3.33%. 

(Source: Water shade Report of the project area, for more information refer the water shade report)
1.3 Water Resource & Base Flow Measurement
The water source for the project is the river itself which is a perennial and Un-gauged river. The river base flow is measured based on floating method on April 23/2015, during middle of “Belg” season. The results of base flows at the three Intake axes are estimated 17 l/sec, 9.5 l/sec &5.8 l/s by using floating method.
1.4 Water demand 

The proposed command area has net irrigable land of 116.75ha with duty of 0.98 l/s/ha. Based on the duty of the area, the total amount of water required is 114 l/s. The measured base flow is found to be sufficient to irrigate 32.3 ha of land the remaining command will be included during  the first irrigation period and supplementary irrigation. 
1.5 Water Balance 

At the upstream of the proposed headwork site at about 3km, there is an existing modern Intake on the Stream of Eyela River proposed to serve the farm land adjacent to the current designed command area. On the identified command area there has been well organized irrigation practice. So the main role of the project is to upgrade the existing traditional irrigation practice. 
The river is a perennial river having a nature of increasing in base flow as one goes to downstream. It has been used for traditional irrigation for more than 45yrs.Therefore, long period experience has created sustainable water use among the users of the river water. At any course of the river the base flow is totally diverted to each traditional canal but still water is available to the downstream course. The d/s traditional irrigation practices can be sufficiently addressed from the waters of the river itself. This nature continuous to the downstream because the river is highly rechargeable due to the springs at the banks of the river.
1.6 Location of Meteorological Station
Muja metrological station is preferred for this project from its proximity point of view. It is near by the project site. The rainfall record starts since 1997, 17years of records from 1997 to 2014 have been selected.
1.2  Maximum Flood Computation
Since Eyela river is ungauged, peak flood is analyzed based on statistics of daily maximum rainfall data.  The distribution of design flood flow has been estimated corresponding to the design rainfall.
2.2 Rainfall data quality test

Quality of the maximum daily rainfall data plays great role in the proper designing of the project structures, particularly in irrigation project head work &drainage structures. Quality of data may be suspected due to systematic and random errors. Errors may occur during measuring, reading, recording, transferring etc. of the data. There are various methods of error analysis depending on the purpose. Here, data variability, reliability, and symmetricity are evaluated in the following sections based on table-1.
Table 1: Muja meteorological station maximum .RF records

	S.N
	Year
	Max RF
	Descending 
	Rank
	Logarithm
	(Yo-Ym)^2
	(Yo-Ym)^3

	
	
	
	order (X)
	
	 value (Y)
	
	

	1
	1997
	25.60
	51.90
	1
	1.7152
	0.01789
	0.00239

	2
	1998
	48.30
	51.00
	2
	1.7076
	0.01592
	0.00201

	3
	1999
	41.70
	49.50
	3
	1.6946
	0.01281
	0.00145

	4
	2000
	33.30
	48.50
	4
	1.6857
	0.01089
	0.00114

	5
	2001
	42.70
	48.30
	5
	1.6839
	0.01051
	0.00108

	6
	2002
	37.00
	44.30
	6
	1.6464
	0.00422
	0.00027

	7
	2003
	51.90
	44.00
	7
	1.6435
	0.00385
	0.00024

	8
	2004
	51.00
	42.70
	8
	1.6304
	0.00240
	0.00012

	9
	2005
	49.50
	41.70
	9
	1.6201
	0.00150
	0.00006

	10
	2007
	27.80
	37.20
	10
	1.5705
	0.00012
	0.00000

	11
	2008
	27.80
	37.00
	11
	1.5682
	0.00017
	0.00000

	12
	2009
	28.00
	33.30
	12
	1.5224
	0.00348
	-0.00020

	13
	2010
	37.20
	28.30
	13
	1.4518
	0.01680
	-0.00218

	14
	2011
	48.50
	28.00
	14
	1.4472
	0.01802
	-0.00242

	15
	2012
	44.30
	27.80
	15
	1.4440
	0.01887
	-0.00259

	16
	2013
	44.00
	27.80
	16
	1.4440
	0.01887
	-0.00259

	17
	2014
	28.30
	25.60
	17
	1.4082
	0.02999
	-0.00519

	SUM
	 
	666.9
	 
	26.8839
	0.1863171
	-0.0064270

	MEAN
	 
	39.2
	 
	1.6
	0.0109598
	-0.0003781

	STANDARD DEVATION
	 
	9.27441135
	 
	0.1079112
	 
	 

	SKEWNESS COEFICIENT 
	 
	 
	 
	-0.362282
	 
	 


Where, standard deviation,[image: image5.png]


, n=number of data & µ= mean of data series
2.2.1 Checking the existence of outliers 
Outliers are data values which are quite different from the others in the data series. They exist both in extreme values i.e., lowest & largest values out of limits formulated. The causes of the outliers may be errors of measurement, recording, etc.  Since outliers have a significant effect on the results of the design rainfall computation, they have been discarded from the data set. The usual method of outlier detection was started with identifying the highest and lowest values of the data series by Grubbs & Beck outlier test.
Grubbs & Beck outliers test
Let Y=log(x)
Lowest data RL=10YL


Highest data, RH=10yH, where YL=ỳ-Kn*syn-1
YH=ỳ+Kn*Syn-1 
YL = lowest logarithmic data value

 YH = highest logarithmic data value

 ỳ= Logarithmic mean

 Syn-1= logarithmic standard deviation  
Taking the value of Kn equals to 2.309 at 10% significance level, the lowest and highest values respectively are respectively 21.490mm and 67.698 mm. There is no data out of both the higher and the lower outliers.
2.2.2 Variability of the data series
The variability of data series should not be greater than 10%. The variability for Muja meteorological station data for a given rain fall records as measured by standard error of estimate is:
σn = (σn-1/µmean*N^0.5)*100 =5.73%  < 10% is acceptable. 
2.3 Design Rain Fall Estimation 

2.3.1 Determination of design period
Selection of the design return period, also called recurrence interval, depends on economic considerations such as the cost of periodic repair or replacement of the facility and the cost of providing additional capacity to reduce the frequency of repair or replacement. Vegetated control and temporary structures are usually designed for a runoff that may be expected to occur once in 10 years while expensive permanent structures may be designed for runoffs expected only once in 50 or 100 years.

For the small–scale irrigation project, it would be recommended that the project design flood once in 100 years be used for design of storage dams, the flood once in 50 years for design of diversion weirs, intake, and the flood once in 10-20 years for design of drainage structures. However, for the case of high downstream damage potential resulting from failure of the structure it may dictate the choice of the design frequency and the flood once in 200 years should be selected. For Eyela-2  irrigation project, 50 years return period for head work structures, and 10 years for drainage structures has been recommended.
2.3.2 Methods of Design Rain Fall Estimation

As per this study document design rainfall is to mean the amount of 24 hours rainfall that is computed based on the 50 years return periods recommended. There are various methods by which the estimation of design rainfall can be computed. For this particular irrigation project, Gumble distribution function method has been used.
Gumbel Powell method; - is the most widely used method for the prediction of maximum annual rain falls and flood flows. It is applicable only to annual extreme values. For this particular case, this method is used to determine maximum rainfall for 50 years return periods.

Its formula is given by:-

    [image: image7.png]XT=p+KT*on—1



                    Where [image: image9.png]



 Yn = Reduced mean in Gumbel’s extreme value distribution for N sample size from table;

Sn= Reduced standard deviation in Gumbel’s extreme value distribution for N sample size from table;

T=Return period, for intake diversion 50 years return periods;
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   = Standard deviation of annual rain fall; and

µ = Mean of annual rain fall values.


For sample size N=17, Yn =0.518, and Sn =1.0411
YT=-(ln (ln[image: image13.png]
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The design rainfall of 50 years return period is 63.6mm. 
1.2 Estimation of flood (run-off)

The calculated design rainfall by Gumbel powell above is converted to runoff flow & its amount has to be determined at the location of irrigation head work structure. Based on SCS-CN runoff estimation method, the peak flow was determined for the natural characteristics of catchment (vegetation cover, soil type based on hydrologic characteristics) & its area, and time of concentration.
2.4 Estimating Time of Concentration

  It is the longest travel time taken by a parcel of water to reach its outlet. To calculate the time of concentration the water course is divided according to its slope .The longest water course is divided into different intervals and the time of concentration is computed using Kirpich formula.

                        [image: image19.png];)38
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Where
             [image: image21.png]


= ith water course length, km

            [image: image23.png]AH,



=elevation difference between inlet and outlet of ith water course
            [image: image25.png]


= Time of concentration for each divided stream length, hrs
            [image: image27.png]


= total time of concentration

Eyela River has maximum main stream length of 10.25 km at the headwork site. Area of the catchment that contributes runoff to the outlet (head work site) throughout the length of water course is 34.83 km2.This water course is subdivided into five parts based on the slope profile. Reaches of water courses that have nearly similar slope are considered as one reach with one out let & inlet (fig. 2).
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     Figure 3: Eyela river drainage pattern u/s of  headwork site
Then by using Kirpich formula at each segment, the time of concentration of each segment is first computed and then summation of them is taken as total time of concentration.
Table 2: Computation of time of concentration
	Elevation
	Elevation difference
	cumulative distance(km)
	partial distance(km)
	Slope
	TC  in hrs

	3580
	0
	0
	0
	0
	0.00

	3200
	380
	1.28
	1.28
	0.297
	0.13

	3080
	120
	3.88
	2.60
	0.046
	0.45

	2920
	160
	6.09
	2.21
	0.072
	0.34

	2760
	160
	7.57
	1.48
	0.108
	0.21

	2704
	56
	10.25
	2.68
	0.021
	0.63

	Sum of segments
	1.76


The total time of concentration (TC) =1.76 hrs. 

2.5 Design Rainfall Arrangement
Since the time of concentration is 1.8 hours which is less than three hours, the unit storm duration /D/ would be one sixth of 1.76 hour. The rainfall distribution profile within a day (24hrs), which is expressed in percentage, has been arranged based on the rainfall profile & increment hour curve developed by Ministry of Water Resources hydrologic design guideline.  The obtained percentage for a given hour interval has been multiplied with point design rainfall 63.6 mm.

The point rainfall obtained per unit time increment interval has been distributed over the whole catchment area 34.83km2. For this given area & each time interval, its percentage is read from a real-time curve developed, and multiplied with earlier calculated values to get nominally a real rainfall.

The increment per time interval is calculated, and then they are arranged as alternative block order 6, 4, 3,1,2,5. Since the rainfall of the next 12 hours has little effect, rainfall from12-24 hours are ignored.

Based on the above principle, the obtained result is shown below in table.
Table 3: Design rainfall arrangements
	Duration, Hr
	Design rainfall
	         Rainfall Profile
	Areal to point ratio %
	Areal rain fall mm
	Incrementalrain fall (mm)
	Descending order
	Descending order(Nr)

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	%
	mm
	
	
	
	
	

	0-0.29
	63.60
	15
	9.5
	78.3
	7.5
	7.47
	7.47
	1

	0.29-0.58
	
	25
	15.9
	75.5
	12.0
	4.53
	5.16
	2

	0.58-0.87
	
	38
	24.2
	71.0
	17.2
	5.16
	5.08
	3

	0.87-1.16
	
	46
	29.3
	71.0
	20.8
	3.61
	4.53
	4

	1.16-1.45
	
	50
	31.8
	74.5
	23.7
	2.92
	3.61
	5

	1.45-1.76
	
	58
	36.9
	78.0
	28.8
	5.08
	2.92
	6


	Rearranged
	Rearranged
	Cumulative
	Time of incremental hydrograph

	order
	incremental
	 rainfall
	Time of 
	Time to
	Time to

	 
	R.fall
	 
	  beginning
	 peak
	end

	No.
	mm
	(p)mm
	hr
	hr
	hr

	6
	2.92
	2.92
	0
	1.20
	3.21

	4
	4.53
	7.45
	0.29
	1.49
	3.50

	3
	5.08
	12.53
	0.58
	1.78
	3.79

	1
	7.47
	20.00
	0.87
	2.07
	4.08

	2
	5.16
	25.16
	1.16
	2.36
	4.37

	5
	3.61
	28.77
	1.45
	2.65
	4.66


Determination of Hydrologic Soil –Cover Complex number

Based on the water shade characteristics, the applicable runoff curve numbers is found to be 79.29 as water shade practitioner’s estimation. Taking into account the importance of the structure, it would be necessary to apply the antecedent rainfall condition III. The Calculated average curve number (CN=79.29) is for the antecedent rainfall condition II. The conversion factor of this value is 1.145. Then, when it is converted to condition III, it becomes CNIII=79.29* 1.145= 90.78. 
2.6     Estimation of Direct Runoff
The maximum potential difference between rainfall and runoff (mm) (S), starting at the time the storm begins is given by
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Therefore, the direct surface runoff, Q, in mm is,
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 Where, I=cumulative Rainfall in mm 

                                 S=potential difference between rainfall & runoff
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Therefore accounts of the direct runoff equivalent to each incremental rainfall can be tabulated as follows:
Table 4: Cumulative runoff computation
	Duration hrs
	Cumulative run off  
	Incremental run off mm
	Peak run off incremental m^3/sec
	Time of begin
	Time to peak hrs
	Time to end hrs

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	0-0.29
	0.00
	0
	0.0
	0
	1.20
	3.21

	0.29-0.58
	0.19
	0.19
	1.1
	0.29
	1.49
	3.50

	0.58-0.87
	1.64
	1.45
	8.7
	0.58
	1.78
	3.79

	0.87-1.16
	5.42
	3.78
	22.8
	0.87
	2.07
	4.08

	1.16-1.45
	8.73
	3.31
	20.0
	1.16
	2.36
	4.37

	1.45-1.76
	11.28
	2.55
	15.4
	1.45
	2.65
	4.66


2.7   Computation of Hydrograph for Each increment of Runoff

For each time interval (D) compute the time to peak (TP), base time (Tb, and the peak discharge (QP) for 1mm of runoff.

(a) The time increment, D

For the first 6 hours, setting D =0.29 hour.

(b) Calculation of TP’ Tb’ and QP
                                   Tp=D/2+0.6*Tc, where Tc=time of concentration

                                     Tp=0.29/2+0.6*1.76=1.20hours

                                   Tb=2.67* Tp=2.67*1.83=3.21 hours        
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  Where, A=area of the headwork catchment in square km

                         Tp=time to peak in hour


(c) Computation of the peak for each increment of runoff

These peaks are obtained by multiplying the peak discharge for 1mm of runoff computed in the previous step by the corresponding incremental runoff (table 5).
Table 4: Peak flow estimation
	Duration hrs
	Cumulative run off  
	Incremental run off mm
	Peak run off incremental m^3/sec
	Time of begin
	Time to peak hrs
	Time to end hrs

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	0-0.29
	0.00
	0
	0.0
	0
	1.20
	3.21

	0.29-0.58
	0.19
	0.19
	1.1
	0.29
	1.49
	3.50

	0.58-0.87
	1.64
	1.45
	8.7
	0.58
	1.78
	3.79

	0.87-1.16
	5.42
	3.78
	22.8
	0.87
	2.07
	4.08

	1.16-1.45
	8.73
	3.31
	20.0
	1.16
	2.36
	4.37

	1.45-1.76
	11.28
	2.55
	15.4
	1.45
	2.65
	4.66


The peak rate distributions for each incremental runoff have been summarized in table below. 

Table 6: Composite hydrograph preparation
	Time
	H1
	H2
	H3
	H4
	H5
	H6
	Base flow(m3/s)
	SUM

	0
	0
	 
	 
	 
	 
	 
	0.02
	0.02

	0.29
	0.00
	0.00
	 
	 
	 
	 
	0.02
	0.02

	0.58
	0.00
	0.27
	0.00
	 
	 
	 
	0.02
	0.29

	0.87
	0.00
	0.54
	1.70
	0.00
	 
	 
	0.02
	2.26

	1.16
	0.00
	0.82
	3.41
	4.43
	0.00
	 
	0.02
	8.67

	1.20
	0.00
	0.86
	3.64
	5.04
	0.54
	 
	0.02
	10.09

	1.45
	0.00
	1.09
	5.11
	8.87
	3.88
	0.00
	0.02
	18.97

	1.49
	0.00
	1.13
	5.34
	9.48
	4.42
	0.35
	0.02
	20.73

	1.78
	0.00
	0.96
	8.75
	13.95
	8.34
	2.90
	0.02
	34.92

	2.07
	0.00
	0.80
	8.75
	22.78
	12.19
	5.41
	0.02
	49.95

	2.36
	0.00
	0.64
	7.27
	22.78
	19.96
	7.94
	0.02
	58.61

	2.65
	0.00
	0.48
	5.80
	18.94
	19.96
	15.36
	0.02
	60.55

	3.21
	0.00
	0.16
	2.95
	11.53
	13.47
	15.36
	0.02
	43.49

	3.50
	0.00
	0.00
	1.48
	7.69
	10.10
	12.29
	0.02
	31.58

	3.79
	0.00
	 
	0.01
	3.85
	6.74
	9.22
	0.02
	19.84

	4.08
	0.00
	 
	 
	0.01
	3.38
	6.15
	0.02
	9.56

	4.37
	 
	 
	 
	 
	0.01
	3.08
	0.02
	3.11

	4.66
	 
	 
	 
	 
	 
	0.01
	0.02
	0.03


Hence, flood peak at the head work location is 60.55m3/s. The composite hydrograph for each excess runoff is shown below.
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Figure 4: composite hydrographs

SECTION II: HEADWORK
Head Work Structures Design
This section comprises of design of structures that deals with the provision of water from the water source point as well as protection of topographic nature of land at headwork.  The selection of structures type to be used for the water diversion & retaining works will be executed. Their proper dimensions of these structures also will be designed taking into consideration their stability, practicality & economically achievable. 

1.3 Head work site selection
 Head work site of this project was selected based on design and construction suitability of foundation nature, river bank, proximity to command area and previous traditional practices because the main objective is to upgrade the traditional practice. In addition to these guiding principles, the following points are considered; 

· nearly straight, well defined River X-section 

· Impervious and strong foundation condition

· It includes the maximum irrigable area with minimum possible diversion height.

· The site is relatively accessible.

· The site is selected in such a way that the backwater effect does not cause any damage to the adjoining areas

In selecting the appropriate site for Intakes, two main options have been discussed; Single intake at identified place and three intakes at different places.
3.2 Option-1:  Single intake at identified place
It has 17 l/s minimum base flow out of 32 l/s along the river to irrigate the proposed command. The river adds discharge as goes d/s due to high recharging capacity of the river additional off take is required to abstract the remaining base flow at each traditional ax ices.

.

3.3    Option-2: Three intakes at different places (recommended) 
It is better to upgrade the existing traditional practices by constructed three Intakes at the existing traditional ax ices so that to use the existing water balance without disturbing the previous traditional canal alignments, but increasing the canal efficiencies by lining the canals and bank protections are also considered. 
1.3 River Geo-morphology

The river bed formation and bank conditions are essential to decide the structure types on a diversion site. Accordingly, Eyela River does have the following river geomorphology.

3.4 River Bed Condition

 At the proposed headwork site the stream bed or course is well defined, nearly straight, and shows rough surface due to recent sediment accumulations and undulating appearance of bedrock outcrops. Along the intake axis, the bed is made up of two basically different geologic materials, as seen from surface observation. These are recently deposited alluvial coarse grained sediments and underling bedrock
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Figure 5: River bed formation
3.5 Right Bank condition

The right bank is characterized by relatively moderate to gentle slope, having about 2m height from stream bed. It reveals nearly vertical section within this height.  From visual observation of the natural cuts at the bank, there are two distinct geological materials forming the bank section From top  to bottom, these are:-
a. silt clay
b. cobbles and boulders
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Figure 6: Right bank of the head work site
3.6 The left bank
 At the proposed headwork axis and immediate vicinities, the left bank forms relatively steep slope topography. From surface observation, the bank is made up of one basic geological unit. The unit is basalt bedrock. For geotechnical purpose, there are two distinct layers observed at the bank. These are top gravely clay soil, and underlain massive basalt rock. This top unit has thickness of about 1m, and gravel is cemented with clay. Underlying this soil horizon is massive bedrock of basalt. This bedrock exposed on the surface at the bank foot which has 3m thickness.
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Figure 7: The left bank at head work site
The geological section of the river at the intake site shows the foundation material and the depth extent for each horizon of river formation.
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Figure 8: Geological Cross section of the river
3.7 Availability of Construction Material 

During the site investigation, natural construction materials required for the construction of the various proposed engineering structures at the headwork and within the farmland have been assessed, and possible quarry sites and borrow areas have been identified within the vicinity of the area as much as possible. The materials abundance and quality is also checked. Their existence is summarized as below;
· Stone for masonry and course aggregate is available from the river itself.
· Fine aggregate is found about 46.5 kms away from the project. (Kechin wuha river)
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Figure 9: Stone for masonry (On site)
1.4 Head Work Design 
3.8 Type of head work structure 
At the selected head work site, it is possible to irrigate the command area by gravity, through only diverting water directly without raising the level of water considering reference to the highest point of the command area. Hence, intake structure has been recommended for Eyela-2 small-scale upgrading irrigation project.

Along with intake structure other structures included are breast wall, operation slab, bed bar, trash rack & retaining structures are the main components of the head work structures.  Breast wall & operation slab have been provided to aid the operation of gate & to prevent over flow of river flood into the main canal. Similarly, trash rack is provided at the river side of intake to exclude boulders, trees & etc from entering into outlet pocket that clog the gate. To retain river bed & banks, bed bar is buried within river bed and there is extended canal retaining structure where the bank gets sinusoid. 
3.9 Design of Intake 

a) Sill Level Determination

The sill level of intake out let is based on the required amount of water availability that can be easily diverted throughout the dry season.
b) Capacity determination

The capacity of the intake outlet is the function of discharge required for the irrigation based on crop water requirements. Eyela-2 project is intended for full irrigation during driest season and for supplementary irrigation. The capacity of the main canals is determined based on the peak duty of the project i.e., 0.98 l/s/ha for 24 hr irrigation hours.

As indicated in water balance subtitle of hydrology section, the required discharge,
Full irrigation in wet season, Qreq= command area*duty=116.75*0.98= 114.42 l/s = 0.114 m3/s.

So, the canal & intake capacity has to be fixed based on the required discharge of 0.114 m3/s. The intake dimension is computed using rectangular notch formula given by:
Q = 2/3Cd*(2*g) 1/2B*H (3/2) 
Where: Q=diverted discharge= the required discharge, Qreq = 0.114m3/sec 
              Cd=Coefficient of discharge, Cd=0.62 
              B=Width of intake, 0.4 m 
              H=Height of the intake =flow depth above sill level
              g=Acceleration due to gravity 
Therefore for a width of 0.4m,
H= (Q*3/ (2*Cd*(2*g)1/2*B))2/3=0.525m.  Providing 0.05m clearance on both sides, then, 0.6m width & 0.6m height has to be provided by considering maintenance.
c) The river water way: As it is discussed under the river geology the left bank made up of basalt bedrock exposed about 3m depth. All the three off takes’ positions are on the left side of the river due to the location of the irrigable command area on the left side of the river.
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Figure 10: Design lay out of the head work
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     Figure 11: Longitudinal section of intake
3.10 Design of operation slab and Breast wall

To avoid spilling of water during HFL over intake gate, a masonry wall is provided from the gate top level up to the HFL (i.e. known as breast wall). A vertical raised gate is designed for the head regulator. This gate is to be operated over the breast wall-using spindle during opening and closing.  For the operation purposes, operation slab is also provided at the top of breast wall. The thickness of operation slab is simply judged from common sense small scale design provisions. The thickness required for the imposed load is taken at 20cm value.




For the operation slab, the minimum reinforcement area is taken as 0.15% in both directions unit width. 

Hence, area of steel per one meter width, 

                     Asteel=0.0015*W*t, where, w= width &t=thickness both in mm

                       Asteel=0.0015*1000*200   =300mm2
                       Asteel=300mm2, Provide 
[image: image47.wmf]f

 12 @ c/c 150 mm

I. Checking the appropriateness of spacing: Considering cover thickness of 50 mm, effective depth, de=t-(50+
[image: image48.wmf]f

/2) =200-(50+12/2) =144. Hence spacing of reinforcement should be less of the following values:
1) Five times the effective depth =5*144=720 mm

2) 450mm

 The spacing of bars, which is 150 mm, is less of the above listed values. Hence, it is acceptable!  

II. Checking adequacy of steel bar density: Asteel per meter length=3.14*122/4*7= 791.68 mm2
Therefore, the actual provided steel area per meter width is 791.68 mm2 > 300 mm2 Ok!

            Hence, thickness of 20cm for the operation slab is adequate. 

Therefore, provide the reinforcement bar of (12mm @150mm c/c spacing in both directions with reinforcement covers of 50mm for the operation slab.
3.11   Hydraulic Gate Design

The gate used for irrigation water control has to be water tight, with least leakage, straight, rigid, & capable of being raised or lowered by hoisting mechanism provided.

It is usually recommended to use slide gate for its simple, safe operation and less maintenance requirements. Generally the slide plate gate type consists of leaf (skin plate and seals), embedded part (sliding surface also called side guide, and sill beam, lintel, seal seats) and hoisting device.

Thickness & tensile strength determination: The gate skin has to have sufficient thickness and strength to resist hydraulic water pressure exerted by maximum highest flood. The minimum 6mm thickness of skin plate has to be considered including correction taken for corrosion. Based on this principle of designing, gate for this project is computed as follows.
Data required:

· Head of water above sill=2.12m
· Width of intake ,B=0.40m

· Height of leaf gate ,H=0.525m

  The structural steel of 300N/mm2 tensile yield strength with tension & bending moment at wet condition is selected for the gate design and installation. 

The thickness of leaf/plate is given by;[image: image50.png]


 where,[image: image52.png]N

o = bending stress in




                                         t=skin plate thickness in mm

                                         K=coefficient factor based on H/B (from table)

                                          H= longer dimension of leaf gate in mm

                                          B= shorter dimension of intake in mm

                                           P=Water pressure in N/mm2 at the gate center.

  Then, [image: image54.png]aloowable stress,o



=0.45*300N/mm2=135 N/mm2=13500 N/mm2
  Head of 3.11m water exerts pressure at the bottom of the gate,

                           Pb=10KN/M^3*3.11m=31.1KN/m2
 At the center of the gate, the pressure will be, 
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For B/H= 1.6, K=51.54 

The thickness of plate[image: image57.png]
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 QUOTE  
But the computed value is below the minimum recommended value of 6mm; hence, for safety case 6mm gate leaf thickness is adopted. 
3.12 Trash Rack

A trash rack screen is provided in front of the intake structure in order to prevent the entry of floating derbies, and logs into the off take. The trash rack has to cover the size of 0.40m*0.5m with 16mm diameter steel bar spaced at 100mm center to center horizontally and vertically.
3.13 Highest Flood Level Determination
The design flood discharge that may occur within the design period, can cause damages to the head work structures above the river bed & destabilize river bed & river banks that leads malfunctioning of the project. So, the river retaining works and some head structures have to be properly designed based on the magnitude of flood depth. 
Hence for the Eyela irrigation project computation of the flood depth is a very essential input in the designing of head work structures such as retaining wall, thickness of the gate leaf, breast wall height & scouring depth. River cross sectional area, river slope & foundation nature of the river are among the factors that affect the magnitude of the flood effect.

3.13.1 Tail water depth determination

This is a normal flow depth of flood in the river channel during the occurrence of flood discharge. It is obtained by Manning’s empirical formula taking into consideration the bed material of river, river cross sectional area & its slope. Depth of flood flow is computed as follow:
1.  Slope of river(S): It is the longitudinal slope of river at upstream & for 430.04m length. The slopes of individual distance are calculated and averaged arithmetically (table below). 
Table 5: River bed slope computation
	S.Nr
	Northing
	Easting
	Elevation
	partial distance
	Commutative distance (2D)
	Elevation difference /dh/
	Slope

	1
	1322316.37
	538073.073
	2706.06
	0
	0
	0
	0

	2
	1322314.86
	538035.504
	2703.98
	37.59
	37.60
	2.08
	0.06

	3
	1322326.95
	537998.792
	2702.37
	38.65
	76.25
	1.61
	0.04

	4
	1322334.97
	537977.537
	2701.7
	22.72
	98.97
	0.67
	0.03

	5
	1322353.53
	537953.344
	2699.5
	30.49
	129.46
	2.20
	0.07

	6
	1322358.82
	537930.237
	2699.36
	23.71
	153.16
	0.14
	0.01

	7
	1322364.45
	537917.65
	2699.32
	13.79
	166.95
	0.04
	0.05

	8
	1322379.71
	537896.938
	2698.15
	25.73
	192.68
	1.17
	0.05

	9
	1322399.6
	537875.614
	2696.81
	29.16
	221.84
	1.34
	0.05

	10
	1322438.36
	537869.878
	2693.56
	39.18
	261.02
	3.25
	0.08

	11
	1322464.91
	537853.369
	2693.35
	31.27
	292.28
	0.21
	0.01

	12
	1322493.13
	537818.825
	2691.15
	44.60
	336.89
	2.20
	0.05

	13
	1322491.22
	537787.298
	2689
	31.58
	368.47
	2.15
	0.07

	14
	1322480.2
	537766.853
	2687.68
	23.22
	391.69
	1.32
	0.06

	15
	1322473.81
	537747.505
	2686.99
	20.38
	412.07
	0.69
	0.03

	16
	1322476.81
	537729.7788
	2686.48
	17.98
	430.05
	0.51
	0.03
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Figure 12: River bed profile
The slope of the trend line has a value of 0.0458 with a degree of accuracy 99.3%.
2. Manning’s roughness coefficient (n); based on river bed material, n=0.04 is adopted.
3. Area (A) & Perimeter (P): the area & perimeter of the river at head work site is computed from the river cross section on the Auto cad software.
Then, the tail water depth is computed with 0.5m increment of depths which correspond to different discharges. 
Table 6: Tail water depth computation
	S.Nr
	Elevation (m)
	water depth  (m)
	Wetted Area  (m2)
	perimeter (m)
	Hydraulic radius /R/,m
	velocity /m/s/
	Discharge(m3/s)

	1
	2698.2
	0
	0
	0
	0
	0.000
	0

	2
	2698.7
	0.5
	6.79
	22.72
	0.30
	2.371
	16.10

	3
	2699.2
	1
	18.90
	26.43
	0.72
	4.242
	80.18

	4
	2699.7
	1.5
	36.93
	39.26
	0.94
	5.091
	187.98

	 
	Corresponding depth for design peak flow


	0.98m


By using interpolation of values in table above, the corresponding depth for design peak flow is 0.98m. It is also possible to get the tail water depth for the flood discharge from the stage discharge curve developed below.
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    Figure 13: Stage-Discharge curve
                      Hence, highest flood level = river bed level + tail water depth
                      River bed level=2697.76m

                      Tail water depth take=1.7m to be safe
Therefore, highest flood level (HFL) at head work site=2697.76+1.7+0.42=2699.88m (figure below).
1.5 River training works 

3.14 Scour depth determination at river center
The riverbed may be scoured during flood flow and large scour holes may develop progressively adjacent to the constructed head work structures, which may cause undermining of the structure.  Hence, to provide proper cutoff, it is important to determine the scour depth. This depth can be computed by Lacey formula. 
And the scour depth (R) is given by;-

Normal scour depth, R=1.35(q/f) 1/3, where R=scour depth measured below HFL
   q= discharge intensity (m3/s), & f= silt factor, [image: image63.png]=176 xVd




, d=5mm, d =mean diameter of particle size in mm[image: image65.png]‘upto possible scour depth.




R=1.35(q2/f) 1/3   = 4.35

  The mean particle size of the headwork site is calculated based on laboratory results and summarized in the table below;
Table 7: particle size distribution
	size(mm)
	%(distribution)

	4.75-20mm
	43.77

	0.425-4.75
	23.61

	0.075-0.425
	26.26

	0.075
	6.37

	D(mm)=6.097


The scour depth(R) again should be multiplied by proper scour factor which depends on the condition of reach bends. As per Lacey theory the following bend conditions have been formulated as general rule as shown in table below.

Table 8 : Scour depth factor
	Type of reach
	Mean value of scour factor

	Straight
	1.25

	Moderate bend
	1.5

	Sever bend
	1.75

	Right angled bend
	2

	Nose of Guide Banks
	2.25


Considering the condition of bend is moderate bend, the scour factor 1.5 is taken.
       Bottom level of scour depth =HFL- 1.5R
       Depth of scour below river bed= River bed level- Bottom level of scour depth. The computed values are shown in table below.
Table 9: Computed value of scour depth and level

	  S.Nr
	Parameters to be computed
	Unit 
	Lacey
	Remarks

	1
	Flood discharge (m3/s)
	60.55
	
	

	2
	Clear width of the river (L)  in m
	42.29
	
	Actual river width is considered

	3
	Discharge intensity(q)in m3/s/m
	1.43
	
	

	4
	River bed level(m)
	2698.20
	
	

	5
	Tail water depth
	2.36
	
	

	6
	HFL
	2699.88
	
	

	7
	Cutoff depth -D
	3
	
	

	8
	Bottom level of  cut off-D
	2694.20
	
	

	9
	Cutoff depth below river bed
	3.09
	
	Cutoff/bed bar bottom


The scour depth below river bed level is found out to be 3.09m. Hence, provide 3.10m depth for bed bar.
3.15 Bed bar provision
According to the above score depth descriptions there should be river bed stabilizing structure at the proposed head work position. Hence bed bar structure of 37.69 m length with 3.10 m depth below river bed, getting shallower towards the banks of the river; is provided for this purpose across the width of the river at 32.4º from the perpendicular crossing line of the two banks of the river. The bed bar has upstream inclined section to increase the stability during the worst condition. It has 0.5m top width, 2.6m bottom width and made of cyclopean concrete. This section has been designed due to the steeper nature of the river bed along the proposed intake site.
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Figure 14: Section of cyclopean concrete bed bar
3.16    Retaining Wall Design

It is provided mainly considering the design high flood level and to protect headwork appurtenances and canals. Masonry and Gabion retaining walls are selected as protection work structure. The masonry and gabion protection wall is necessary only for the left side of the river to protect the flow of water towards the command along the main canal during flooding. The masonry wall stability is checked against overturning, sliding, and tension developed within the body of the structure. The main canal is designed following the upstream toe of the gabion retaining wall for about 42.9 m length. The retaining wall also has ψ16mm reinforcement bar as ladder to access the gate operations.
The height of maximum design flood governs the height of the wall with some free board provided. 
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Figure 15- Masonry Retaining wall section
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Figure 16: Gabion protection wall section with stair case

Stability analysis of retaining wall 
For the wing walls to stable & give service for its design period, its stability has to be checked during the worst conditions.  The worst condition for this particular case is during the absence of flow in the river. The main forces acting on the walls during this condition are weight of wing wall itself, and soil pressure. Based on the following assumptions the stability analysis of wing wall has been checked as follow:
Data required: 

· Soil below two third its height is assumed to be saturated.

· Unit weight of dry soil =20KN/m^3

· Unit weight of Saturated soil =19KN/M^3

· Unit weight of masonry=23KN/m^3

· Φ=300 (for dry condition) 
· Then , [image: image70.png]{-sin®) (1-sin30)
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3
Symbols used
· H=Height of retaining wall before free board

· HT =Height of retaining wall including free board

· Fb=Free board

· B1= bottom width of the inclined part

· B2=Top width of retaining wall

· B=total bottom width
Table 10: Stability analysis 
	H
	FB
	HT
	B1
	B2
	B

	2.7
	 
	2.7
	1.7
	0.5
	2.2


Load and moment calculation
	Code
	Load
	Lever Arm, R
	Moment

	
	Vertical 
	Horizontal 
	
	Positive 
	Negative 

	W1
	25.3
	 
	1.45
	36.7
	 

	W2
	26.2
	 
	0.40
	10.5
	 

	W3
	19.6
	 
	0.85
	16.6
	 

	P water(+ve)
	 
	28.2
	0.80
	0.0
	22.6

	 
	 
	 
	 
	 
	

	SUM
	71.1
	28.2
	 
	63.8
	22.579


Factor of safety
	Over turning = (M+ve/M-ve)    >1.5
	 
	 
	Fo
	2.83
	>1.5
	OK

	Sliding = (µxFv/Fh),---µ=0.75    >1.5
	 
	 
	Fs
	1.89
	>1.50
	OK

	Tension: X= (Net Moment/Sum Fv), e=x-B/2,   e<B/6
	 
	 
	X
	0.58
	 
	 

	 
	B/6=
	0.28
	e
	0.27
	<B/6
	OK


Remark: The stability analysis of gabion has also been computed with similar approach except the unit weight for gabion is taken to be 14KN/m3.
1.6 Cost Estimation

It includes the estimation of the cost of material & activities to be accomplished.

Table 11: General item cost estimation

Bill No-1

	BILL No. 1General Items

	Item No
	Description 
	Unit
	Quantity 
	Rate Birr
	Amount Birr 

	1.1
	Allow for mobilization 
	L.S
	1
	 25,006.06 
	        25,006.06 

	1.2
	Allow for demobilization 
	L.S
	1
	 22,505.46 
	        22,505.46 

	1.3
	Allow forconsultant's camp and facilities  =4*5m2 , Living rooms & offices  for supervision key personnel, CIS and Interminally painted chipwood wall, Masonary floor cement screened and well ventilated room complet with doors and windows.
	L.S
	2
	 37,929.99 
	        75,859.98 

	
	
	
	
	
	

	
	
	
	
	
	

	 
	
	
	
	
	

	1.4
	Allow for contrator's camp and facilities  =4*5m2 , Living rooms & offices  for constraction key personnel, CIS and Interminally painted chipwood wall, Masonary floor cement screened and well ventilated room complet with doors and windows.
	No
	4
	 37,929.99 
	      151,719.96 

	
	 5*5m2, Store constructed from CIS with doors and windows, Masonary floor cenmet screened 
	No
	1
	 31,394.09 
	        31,394.09 

	
	Barded wire fence 60*20m and 1.5m high treated timber post complet with 3m wide gate and a CIS grard house (1.5*2m) 
	LS
	1
	 14,674.09 
	        14,674.09 

	1.5
	Allow for temporary access road  to site as will be selcted by wereda and kebele a administratives with the approval of site engineer
	km
	2
	 70,000.00 
	      140,000.00 

	1.6
	Dewatering of open trenches and excavations with pumps untill the head work and retaining walls are constructed (functional throught)
	ls
	1
	 23,310.00 
	        23,310.00 

	1.7
	Provide project indicator post starting from the construction time
	LS
	1
	10,000
	        10,000.00 

	1.8
	Provision of as built drawings for the project
	LS
	1
	15,000
	        15,000.00 

	Total for general Items
	 509,469.65 


Table 12: Headwork structure cost estimation

Bill No-2
	Bill No.2 Head Work ( intake ,retaining wall , Gabion & gates) 

	S. no
	Item of work
	Unit
	Quantity
	Unit Price
	Amount (ETB)

	1
	Intake 
	 
	 
	 
	 

	1.1
	Site clearing
	m2
	74.00
	       25.00 
	1,850.00

	1.2
	 Excavation of alluvial deposits
	m3
	276.38
	       98.00 
	27,085.34

	1.3
	Boulder excavation
	m3
	276.38
	     125.00 
	34,547.63

	1.4
	Back fill   with excavated river material
	m3
	153.55
	       57.28 
	8,794.65

	1.5
	Cyclopian  60%  C-20 concrete & 40% Boulder
	m3
	199.95
	  1,560.00 
	311,922.00

	         Sub total
	 
	 
	 
	384,199.61

	2
	Retaining wall
	 
	 
	 
	 

	2.1.1
	Upstream River retaining wall
	 
	 
	 
	 

	2.1.2
	Excavation in alluvial deposits
	m3
	43.54
	       98.00 
	4,266.92

	2.1.3
	Excavation of boulders
	m3
	16.79
	     125.00 
	2,099.25

	2.1.4
	Back fill   with excavated river material
	m3
	28.00
	       57.28 
	1,603.77

	2.1.5
	Masonry  (1:3 Ratio)
	m3
	24.40
	  1,450.55 
	35,390.45

	2.1.6
	Pointing both sides (1:2 Ratio)
	m2
	41.82
	       85.50 
	3,575.61

	2.1.7
	Plastering the top surface of retaining walls (1:2 Ratio)
	m2
	4.18
	     125.00 
	522.25

	2.2.1
	Downstream  river protection works (Gabion works)
	 
	 
	 
	47,458.24

	2.2.2
	Excavation in alluvial deposits
	m3
	236.14
	       98.00 
	23,141.60

	2.2.3
	Excavation of boulders
	m3
	236.14
	     125.00 
	29,517.35

	2.2.4
	Back fill   with excavated river material
	m3
	128.70
	       57.28 
	7,371.59

	2.2.5
	Construction of Gabion walls including the cost of  gabion wires
	m3
	343.58
	904.13
	310,638.74

	                 Sub total
	 
	 
	 
	465,585.76

	3
	Gates & trash rack
	 
	 
	 
	 

	3.1
	offtake canal gate installation  consist of:-
	No
	1
	  8,376.27 
	8,376.27

	 
	6mm thickness sheet metal,0.4m X0.65m
	 
	 
	 
	 

	 
	40x40x4mm angle iron,  3.2m length
	 
	 
	 
	 

	 
	12mm bar for anchorage,  1.50Kg
	 
	 
	 
	 

	 
	10mm bar for anchorage, Angle iron with the masonry wall 2.0Kg
	 
	 
	 
	 

	 
	Spindle 40mm Diameter
 treaded for the total groove height, 
	 
	 
	 
	 

	 
	 concrete slab cover C-20
	m3
	0.1
	  2,900.00 
	290.00

	                 Sub total
	 
	 
	 
	8,666.27

	4
	Operation slab and breast wall
	 
	 
	 
	 

	4.1
	 C-20 concrete for operation slab 
	m3
	0.34
	  2,900.00 
	980.20

	4.2
	C-20 concrete for brust wall
	m3
	0.26
	  2,900.00 
	754.00

	4.3
	C-20 concrete for beam above canal outlet
	m3
	0.76
	  2,900.00 
	2,204.00

	4.4
	 Ф12mm bar for breast wall
	kg
	19.18
	       80.00 
	1,534.46

	4.5
	 Ф12mm bar for operation slab
	kg
	22.32
	       80.00 
	1,785.47

	4.6
	 Ф16mm bar for ladder
	kg
	5.68
	       80.00 
	454.66

	Sub total 
	 
	 
	 
	7,712.79

	  Total
	866,164.43


1.7 Conclusion & recommendation

The head work structure of the project consists of bed bar, left bank protection works, breast wall, & gate. The designs of each of these structures with their working drawings have been executed. 
Although retaining walls, bed bar and  other appurtenances such as trash racks are designed to serve as protection structures, beneficiaries have to be aware of the need for regular monitoring of the structures particularly inlet of the headwork. The total cost for the execution of construction of head work structures is estimated to be 812,725.82ETH birr.
All head work structures should be constructed as per their design. But, when the site engineer encounters the problem modification can be made on the design with clear justifications.

SECTION III: IRRIGATION INFRASTRUCTURE
      IRRIGATION INFRASTRUCTURE DESIGN
1. TOPOGRAPHY AND SOIL CHARACTERISTICS
1.7 Topography of the command area
The gross command area is 151.78 ha out of which 116.75ha has been proposed to be net irrigation area for first irrigation season. The slope class and area proportion of the command area has been worked out by using ArcGIS 10.1 working environment and it has been found that the majority of the net command area 83.29ha of land is with in slope class of flat to gently sloping and the remaining 33.46ha under the slop class of slopping area. Even though the command area is characterized by flat to steep slopes that creates great challenge in system layout and water application systems, the farmers have long period experiences to irrigate this kind of topography by following hillside irrigation. Even they have tried to practice permanent cash crops such as coffee and ‘Gesho’ for steep slopes. Therefore, the project operation principles may not be such a great deal like other farmers who begin irrigation on new schemes. The detail slope class of the gross command area has been summarized with Table 13 and Figure 17 below;
Table 13: Slope class of gross command area
	Designation
	Slope Class
	Area (Ha)
	Coverage (%)

	
	
	
	

	Flat or almost flat
	0-3%
	47.72
	31.44

	Gently sloping
	3-8%
	35.57
	23.44

	Sloping
	8-15%
	31.85
	20.99

	Moderately steep
	15-30%
	19.75
	13.01

	Steep
	30-50%
	10.08
	6.64

	Very Steep
	>50%
	6.8
	4.48

	 
	 
	151.77
	100
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Figure 17: Slope classification of Eyela-2 SSIP project command area
1.8 Soil characteristics of the command area

While thinking of irrigation projects dealing with the soil characteristics is an evitable task.In regard to this the soil charactrstics of the command area has been studied as part of this project with separate documnts as sections of watrshed study and agronomic studies. The findings of this two studies have been well reviewd and used as input for irrigation system designs and the summarized physical and chemical soil characterstics are discussed below; 
Soil color: Soil color is useful indicator of drainage. The dominant color for this watershed is black brown color.

Soil physical properties

The major soil physical characterstics are color,texture, and depth. These are examined both in field tests and supported by laboratory analysis.

Soil color: Soil color is useful indicator of drainage. The dominant color for this watershed is black brown color.

Soil texture: Refers to the relative proportion of sand, silt and clay in a mass of soil. Texture is important in that it helps to determine the capacity of the soil to retain moisture and air as both are necessary for plant growths. Soils with greater proportion of large particles are well aerated and allow water to pass through the soil more quickly. 

Based on field observations and soil laboratory results, from soil samples collected from command area and conducted at ADSWE soil laboratory, the command area has predominantly loam textured soil.
Soil depth: It refers to the depth of the soil above a layer of hard rocks, stones or other materials, which hinders root penetration.  The soil depth classification has been determined based on the FAO soil depth catagories.
According to FAO, soil depth is categorized as follows:


Very shallow
 

   < 30 cm


Shallow

 
30 – 50 cm


Moderately deep
  
50 – 100 cm


Deep


           100 – 150 cm


Very deep

  
 > 150

The effective soil depth of the command area was measured during field working period; and it was found that more than 80% of the command area is very deep (>150cm) and the other 20 % is 100-150cm / deep/ soil. Therefor,the command area has adequate depth to grow both comercial and domestic crops on the proposed irrigation field.  

Chemical properties of soils
The chemical properties of soils can be detected by PH value, electrical conductivity, Nitrogen content, available phosphorus and the content of organic matter and organic carbon.

a) Soil reaction (pH) 

The pH values of soils of the command area ranges from 8.03 to 8.12 for pH (H2O) soil suspension test taken from the top 0-60cm soil depth. Based on the soils Lab result and pH rating the soils of the command has found at high pH levels. Generally, most crops grow satisfactorily on soils with a pH ranging from 5.5 to 8.3. Accordingly, the command area soil is reasonably suitable for most of the selected crops to be grown.
b) Electrical conductivity (ECe)

Soils of the command area has ECe values ranging from 0.401 to 0.698 dS/m, which indicates a non-saline effect on the selected crops. 

c) Total Nitrogen

As per the laboratory results, the total nitrogen values of the command area soils ranges from 0.1to 0.13% in the top 0-60cm soil depths, which indicates very low level of N in the soil profile. Thus, N source fertilizers response is very high for the command area.

d) Available phosphorus 

The soils of the command area have showed high available P variability. The available P range for the command soil is from 1.3 to 7.06 mg/kg or PPM in the top 0-60cm soil depths. Therefore, the soil lab result has indicated that soils of the command area are low to medium in available P and hence P source fertilizers response may not be more likely for this specific project.

e) Organic matter (OM) and organic carbon (OC) content  

Based on the soil lab results, soils of the command area OC content ranges from 1.21 to 1.48 % in 0-60cm soil depths, which indicates low contents of OC; whereas the OM content ranges from 2.08 to 2.55 %  in the same depths of soils, which is indicating medium contents of OM. Based on these results, the ratio of OC to OM content of project area soil is 1: 1.72 to 1: 1.728 which is in the optimum ratio.  According to FAO, the optimum ratio of OC to OM content is 1:1.7–2.

For detail soil characterstics please refer the agronomic and watershed reports of this project.
2.   IRRIGATION WATER REQUIREMENT
The aim of water requirement study is to determine the quantity of water required for the growth of a plant, which serve as the basis for the design of irrigation canals and canal structures.  The determination of irrigation water requirement therefore need the study and analysis of cropping pattern, estimation of crop water requirement, estimation of effective rainfall and estimation of irrigation efficiency.

2.1  Method of water application & Irrigation Efficiency 
The method of water application depend on command slope, soil properties, crop types, water sources, attitudes and skills including institutional and technical know-how of beneficiaries, and the running cost. Based on the soil type, slope of the command and previous irrigation experiences of the farmers furrowing surface irrigation is chosen. One should note that some areas from the command have slopes above surface irrigation recommendations. However, the farmers of the locality have excellent experiences on hillside furrow surface irrigation. Moreover they also exercise growing of permanent cash crops for steeper slopes. Hence, it is without hesitation that furrow irrigation method is selected for this scheme. 
The determination of irrigation water requirement should appropriately account for losses of water incurred during conveyance, distribution and application to the field.  These losses are expressed as a fraction of efficiencies. Since the scheme doesn’t have Secondary and Tertiary canals there is no distribution efficiency for this particular scheme.  Based on the level of the technical and management capacity of the farmers expected to be acquired through extension work, the following irrigation efficiencies have been considered for the scheme:
· Conveyance efficiency (Ec) =0.85
· Application efficiency (Ea)= 0.60
· Overall irrigation efficiency (Ep)= 0.51
2.2  Crop water requirements
Irrigation water requirement is the basis for determination of irrigation system capacity.  For Eyela-2 project the maximum duty (driest season) calculated for 24 hour daily irrigation period is found to be 0.98 l/sec/ha. The 24 irrigation hour is selected considering the following facts;

· There is long years of irrigation experiences with in the farmers of the locality.

· It enables the farmer to abstract the minimum base flow to their canals.

This is articulated from maximum net irrigation water requirement obtained in the month of March. As indicated in the hydrology part under water balance sub-section of this document, the River is a perennial river having a nature of increasing in base flow as one goes to downstream. It has been used for traditional irrigation for more than 45yrs.Therefore, long period experience has created sustainable water use among the users of the river water. At any course of the river the base flow is totally diverted to each traditional canal but still water is available to the downstream course. The d/s traditional irrigation practices can be sufficiently addressed from the waters of the river itself because the river is highly rechargeable due to the springs at the banks of the river along the downstream reach. The water application is governed by the types of crops and irrigation interval taken to be optimum for the scheme.
Irrigation Intervals
Irrigation intervals have been determined by using the following equation;
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Where; I = Irrigation interval (days)

(P.Sa) = readily available soil water (mm/m)

Etc = Crop evapotranspiration (mm/day)

D = Rooting depth (m) of plants/crops

P = depletion fraction of available water
The number and timing of irrigation vary widely for different crops. It is the function of crops, soil and climate. In this irrigation project study, it has tried to determine the irrigation schedules/intervals of the proposed crops for dry season but for the wet season irrigations farmers can release water depending on their requirements with consultations from extension experts. As estimated by the agronomic report, the minimum irrigation interval is 4days for onion and the maximum is 24days for maize crop. For more details please refer the agronomic report.
3.  DESIGN OF IRRIGATION CANALS AND STRUCTURES

3.1 General

Hydraulic & structural design of irrigation infrastructure is the basic & the main work in the study of the irrigation projects. Though, there may be difference from project to project, the most common infrastructures, especially in small scale project, are drops, division boxes, chute, flume, canal & etc. The properties of layout & topography of the project determine the use of these structure types. Great care was taken to make cost effective alignments in order to minimize the structure type to be used. 
3.2 Scheme Layout
The irrigation scheme layout has been prepared taking into consideration the existing traditional practice and the general topography of the land and the geomorphology to result in a main canal system. In addition turnouts selected based on farm land block distribution which should be supplied water with farm channels without disturbing the existing traditional system which are constructed by farmers.
3.3 Water Abstraction 

The source of water for the project is Eyela River. Water abstraction is taken through gravity system from an intake structure. 
3.4  Conveyance System

The conveyance system consists three main canals (Mc1, Mc2, Mc3) taking water from the corresponding intakes structures. All the three main canals starts from water abstraction site on the left side of the river bank and conveys water for a length of 4.604 km , 1.66 km, 2.5 km respectively and delivers water to field canals at different points through turnouts. The three main canals are designed by keeping the current water allocation experiences of farmers. The traditional practice shows that the first main canal (Gugut Sifra Melle) users release quarter of the base flow to the downstream users. Hence, this practice of the farmers is kept as it is ; since there is no proposed surface water flow barring structure on the river course. Even the proposed bed bar doesn’t inhibit the farmers to continue their traditional water proportioning principles inside the river course. Above all the river course increases flow as one goes to the downstream of the river course which enables to meet their additional water demands for the remaining two traditional canals namely Abichiw and Markos Melles.
Based on the available water resource for this project from Eyela river; It has been found to share the available water among all the farmers with in the project for dry season irrigation. This can be achieved once in four years for the first main canal (Gugut Sifra Melle) and Abichiw Melle(MC-2). After one year dry season irrigation, the water flowing to Abichiwu Melle will be totally blocked and added to Gugut sifra melle for three years and back to irrigation. 

Markos Melle can have dry season irrigation once in two years unlike the above two because its water source is mostly from the sub surface seepage and bank springs of the river flowing through the alluvial deposit. The annual dry season rotation has been approximated in Table 14 below. 
The wet/supplementary/ season irrigation has to be proportioned according to their demands corresponding to the hydraulic analysis performed earlier.   
Table 14: Annual irrigation rotation for dry season period
	Name of MC
	Name of Field canals
	Total area coverage (ha)
	First year irrigation
	2nd year irrigation
	3rd year irrigation
	4th year irrigation
	Remark

	Gugut sifra Melle
	FC-1-1 up to FC-1-28
	94.682
	17.95 ha (FC-1-1 up to FC-1-12)
	25.75ha (FC-1-13 up to FC-1-16)
	25.75ha (FC-1-17 up to FC-1-21)
	25.23ha (FC-1-22 up to FC-1-28)
	

	Abichiw Melle
	FC-2-1 up to FC-2-6
	7.80
	7.80ha (all)
	0
	0
	0
	

	Markos Melle
	FC-3-1 up to FC-3-11
	13.27
	6.635ha(FC-2-1 up to FC-2-5)
	6.635ha (FC-2-6 up to FC-2-11)
	
	
	


Note: The dry period irrigation with the available minimum base flow is limited to the above schedule but the supplementary irrigation during both in dry and wet seasons / ‘belg’and ‘meher’/should include all the proposed command area.

3.5 Hydraulic Design of the main canal 
There are three main canals running across the contour from each intake outlet to their end at the left bank of the river. The local names of the traditional main canals are Gugut Sifra Melle,Abichiw Melle and Markos Melle. The upgrading also has followed the traditional routes with similar nomenclature. Except the sliding parts of Gugut sifra melle (0+400-0+600m); which is proposed to be geo-membrane lined; the remaining lengths of the three main canals are rectangular masonry lined for the following reasons;
· There is limited water source/minimize seepage losses.

· To protect aggravation of dissections/gullies/.

· The land is sloppy and earthen canals can be easily destructed by rainy seasons and requires frequent maintenance.

· Length of the canal with plastic clay soil is recommended with foundation replacement before lining.
The canals capacity has been determined based on crop water requirements indicated above. The main canals have only field canals, no need to have additional canal systems for this particular irrigation system due to the suitability of the terrain and the scale of the project. Design of main canal dimension is under taken by using Manning’s equation. 

                            Q = 
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                Where

R = Hydraulic radius of the canal, m

A = Wetted cross sectional area of canal, m2

 P = Wetted Perimeter, m

n = Manning’s roughness coefficient

S = Bed slope of the canal
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 Figure 18: Typical sections of main canal
The abbreviated canal hydraulic parameters explained below as well as the free board and Manning’s roughness value have been discussed in detail;

BW= Canal bottom width, FSD= Full supply depth, FB= Free board, SS= Side slope

V= Velocity, QR= required discharge and QD= Designed Discharge
Free board of canals:

Freeboard (Fb) is the vertical distance between the top of the canal bank and the water surface at design discharge. It gives safety against canal overtopping because of waves in canals or accidental rising of the water level, which may be a result of closed gates. The freeboard can be calculated using the following equation as given on FAO irrigation manual Volume-1 of module 1-6;

                           F = C x h1/2   
Where: C = 0.8 for discharges of up to 0.5 m3/sec 
                = up to1.35 for discharges in excess of 80 m3/sec h = Water depth (m)
The calculated free boards range from 0.09-0.45m for the corresponding water depth of 0.01m and 0.31m respectively. But the depth of the canal will be too small for the former free boards to construct and also keeping varied total canal depth is difficult for construction purposes.

Considering these, the canal free board is fixed to give total depth of 0.5m for Gugut Sifra Melle (MC-1), 0.4m for Abichiwu (MC-2), Markos (MC-3) and 0.35m for field canals. The specific free board values are tabulated together with the hydraulic parameter table blow;
Manning’s roughness coefficient

The Manning’s roughness coefficient has been adopted from standards of books. For this specific project the Manning’s roughness coefficient has been taken from Irrigation Engineering & hydraulic structures, Ministry of Water,2005; and indicated with the Table…&.. below; 

Manning’s roughness coefficient for unlined canals
	Canal location
	Canal Type
	Condition of channel
	Value of n

	On plain terrain
	Primary
	Well maintained 
	0.025

	
	
	Poorly maintain
	0.028

	
	Secondary
	Well maintained 
	0.025

	
	
	Poorly maintain
	0.03

	
	Tertiary
	Well maintained 
	0.03

	
	
	Poorly maintain
	0.035

	On hills
	All types
	Straight and uniform
	

	
	
	Well maintained 
	0.025

	
	
	Poorly maintain
	0.035

	
	
	Stony bed sides
	0.03


Manning’s roughness coefficient for lined canals
	Nr
	Type of lining
	Value of n

	1
	Dry stone
	0.025

	2
	Dressed masonry
	0.018

	3
	Dry Brick 
	0.02

	4
	Brick
	0.017

	5
	Random Rubble
	0.02

	6
	Unreinforced concrete
	0.015

	7
	Short Crete
	0.017


Based on the above tables the Manning’s roughness equation has been decided to be 0.018 for lined canals and 0.028 for unlined canals. In addition to this the Manning’s roughness coefficient for geo-membrane section, n =0.15; taken from FAO Irrigation and Drainage design Manual, 2006.  
The hydraulic Parameters for each variable are calculated by iteration method with MS-EXCEL program for main canal as shown in table below;
Table 15: Hydraulic Parameters of Main canal (for wet season irrigation)
Main canal (MC-1) or Gugut sifra Melle
	Chainage
	Hydraulic Parameters

	
	Length (m)
	Comm. Area (ha)
	Q req (m3/s)
	m   (H:V)
	n
	s
	B (m)
	D (m)
	A(m2)
	P(m)
	R=A/P
	V(m/s)
	Qdes (m3/s)
	Fb (m)
	Total depth(m)

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	0+00-0+276.04
	276.04
	94.682
	0.093
	0:1
	0.018
	0.0476
	0.35
	0.13
	0.04
	0.6
	0.07
	2.12
	0.093
	0.37
	0.50

	0+276.04-0+400
	123.96
	94.682
	0.093
	0:1
	0.018
	0.0143
	0.35
	0.20
	0.07
	0.7
	0.09
	1.36
	0.094
	0.30
	0.50

	0+400 - 0+500
	100
	94.31
	0.092
	1:1.5
	0.018
	0.0143
	0.35
	0.12
	0.06
	0.6
	0.11
	1.49
	0.093
	0.38
	0.50

	0+500 - 0+607
	107
	94.06
	0.092
	1:1.5
	0.018
	0.0143
	0.35
	0.12
	0.06
	0.6
	0.11
	1.49
	0.093
	0.38
	0.50

	0+607-0+672.66
	65.66
	93.53
	0.092
	0:1
	0.018
	0.0143
	0.35
	0.19
	0.07
	0.7
	0.09
	1.35
	0.092
	0.31
	0.50

	0+672.66 - 0+825
	152.34
	93.53
	0.092
	0:1
	0.018
	0.0143
	0.35
	0.19
	0.07
	0.7
	0.09
	1.35
	0.092
	0.31
	0.50

	0+825 - 0+830.45
	5.45
	92.09
	0.090
	0:1
	0.018
	0.0143
	0.35
	0.19
	0.07
	0.7
	0.09
	1.35
	0.090
	0.31
	0.50

	0+830.45-0+889.74
	59.29
	92.09
	0.090
	0:1
	0.018
	0.0029
	0.40
	0.31
	0.12
	1.0
	0.12
	0.73
	0.090
	0.19
	0.50

	0+889.74-0+968.66
	59.22
	92.09
	0.090
	0:1
	0.018
	0.0100
	0.40
	0.19
	0.08
	0.8
	0.10
	1.18
	0.090
	0.31
	0.50

	0+968.66 - 1+025
	40.04
	92.09
	0.090
	0:1
	0.018
	0.0040
	0.40
	0.27
	0.11
	0.9
	0.12
	0.83
	0.090
	0.23
	0.50

	1+025-1+067.42
	42.42
	89.67
	0.088
	0:1
	0.018
	0.0040
	0.40
	0.27
	0.11
	0.9
	0.11
	0.83
	0.088
	0.23
	0.50

	1+067.42-1+146.43
	79.01
	89.67
	0.088
	0:1
	0.018
	0.0100
	0.40
	0.19
	0.08
	0.8
	0.10
	1.17
	0.088
	0.31
	0.50

	1+146.43-1+200
	53.57
	89.67
	0.088
	0:1
	0.018
	0.0014
	0.50
	0.31
	0.16
	1.1
	0.14
	0.56
	0.088
	0.19
	0.50

	1+200-1+1+350
	150
	84.46
	0.083
	0:1
	0.018
	0.0014
	0.50
	0.30
	0.15
	1.1
	0.14
	0.56
	0.083
	0.20
	0.50

	1+350 - 1+475
	125
	83.36
	0.082
	0:1
	0.018
	0.0014
	0.50
	0.30
	0.15
	1.1
	0.14
	0.55
	0.082
	0.20
	0.50

	1+475-1+581.46
	106.46
	82.91
	0.081
	0:1
	0.018
	0.0014
	0.50
	0.29
	0.15
	1.1
	0.14
	0.55
	0.081
	0.21
	0.50

	1+581.46-1+650
	68.54
	82.91
	0.081
	0:1
	0.018
	0.0100
	0.50
	0.14
	0.07
	0.8
	0.09
	1.13
	0.081
	0.36
	0.50

	1+650-1+660.52
	10.52
	82.07
	0.080
	0:1
	0.018
	0.0100
	0.50
	0.14
	0.07
	0.8
	0.09
	1.12
	0.080
	0.36
	0.50

	1+660.52-1+775
	114.48
	82.07
	0.080
	0:1
	0.018
	0.0011
	0.50
	0.32
	0.16
	1.1
	0.14
	0.50
	0.081
	0.18
	0.50

	1+775 - 1+875
	100
	80.42
	0.079
	0:1
	0.018
	0.0011
	0.50
	0.32
	0.16
	1.1
	0.14
	0.50
	0.080
	0.18
	0.50

	1+875-1+950
	75
	78.67
	0.077
	0:1
	0.018
	0.0011
	0.50
	0.31
	0.16
	1.1
	0.14
	0.50
	0.077
	0.19
	0.50

	1+950 - 2+150
	200
	76.73
	0.075
	0:1
	0.018
	0.0011
	0.50
	0.31
	0.15
	1.1
	0.14
	0.49
	0.075
	0.19
	0.50

	2+150 - 2+300
	150.00
	72.26
	0.071
	0:1
	0.018
	0.0011
	0.50
	0.29
	0.15
	1.1
	0.13
	0.49
	0.071
	0.21
	0.50

	 2+300 - 2+475 
	175.00
	67.95
	0.067
	0:1
	0.018
	0.0011
	0.50
	0.28
	0.14
	1.1
	0.13
	0.48
	0.067
	0.22
	0.50

	2+475 - 2+750
	275.00
	62.05
	0.061
	0:1
	0.018
	0.0011
	0.50
	0.26
	0.13
	1.0
	0.13
	0.47
	0.061
	0.24
	0.50

	2+750 - 2+900
	150.00
	53.6
	0.053
	0:1
	0.018
	0.0011
	0.50
	0.23
	0.12
	1.0
	0.12
	0.45
	0.053
	0.27
	0.50

	2+900 -3+050
	150.00
	46.82
	0.046
	0:1
	0.018
	0.0011
	0.50
	0.21
	0.11
	0.9
	0.11
	0.44
	0.046
	0.29
	0.50

	3+050-3+062.57
	12.57
	39.46
	0.039
	0:1
	0.018
	0.0011
	0.50
	0.19
	0.09
	0.9
	0.11
	0.42
	0.039
	0.31
	0.50

	3+062.57-3+250
	187.43
	39.46
	0.039
	0:1
	0.018
	0.0057
	0.35
	0.14
	0.05
	0.6
	0.08
	0.77
	0.039
	0.36
	0.50

	3+250-3+259.9
	9.90
	34.06
	0.033
	0:1
	0.018
	0.0057
	0.35
	0.13
	0.05
	0.6
	0.07
	0.74
	0.033
	0.37
	0.50

	3+259.9-3+375
	115.10
	34.06
	0.033
	0:1
	0.018
	0.0200
	0.35
	0.08
	0.03
	0.5
	0.06
	1.15
	0.033
	0.42
	0.50

	3+375-3+497.29
	122.29
	29.78
	0.029
	0:1
	0.018
	0.0200
	0.35
	0.08
	0.03
	0.5
	0.05
	1.10
	0.029
	0.32
	0.40

	3+497.29 - 3+500
	2.71
	29.78
	0.029
	0:1
	0.018
	0.0400
	0.35
	0.06
	0.02
	0.5
	0.04
	1.40
	0.029
	0.34
	0.40

	3+500-3+595.88
	95.88
	25.1
	0.025
	0:1
	0.018
	0.0400
	0.35
	0.05
	0.02
	0.5
	0.04
	1.32
	0.025
	0.35
	0.40

	3+595.88-3+675
	79.12
	25.1
	0.025
	0:1
	0.018
	0.0025
	0.35
	0.14
	0.05
	0.6
	0.08
	0.51
	0.025
	0.26
	0.40

	3+675-3+675.18
	0.18
	22.15
	0.022
	0:1
	0.018
	0.0025
	0.35
	0.13
	0.05
	0.6
	0.07
	0.49
	0.023
	0.27
	0.40

	3+675.18-3+773.88
	98.7
	22.15
	0.022
	0:1
	0.018
	0.0133
	0.35
	0.07
	0.03
	0.5
	0.05
	0.88
	0.022
	0.33
	0.40

	3+773.88 - 3+825
	51.12
	22.15
	0.022
	0:1
	0.018
	0.0020
	0.35
	0.14
	0.05
	0.6
	0.08
	0.45
	0.022
	0.26
	0.40

	3+825 - 4+050
	225.00
	19.3
	0.019
	0:1
	0.018
	0.0020
	0.35
	0.13
	0.04
	0.6
	0.07
	0.44
	0.019
	0.27
	0.40

	4+050 - 4+175
	125.00
	15.28
	0.015
	0:1
	0.018
	0.0020
	0.35
	0.11
	0.04
	0.6
	0.07
	0.41
	0.015
	0.29
	0.40

	4+175 - 4+300
	125.00
	12.17
	0.012
	0:1
	0.018
	0.0020
	0.35
	0.09
	0.03
	0.5
	0.06
	0.38
	0.012
	0.31
	0.40

	4+300 - 4+475
	175.00
	8.27
	0.008
	0:1
	0.018
	0.0020
	0.35
	0.07
	0.03
	0.5
	0.05
	0.34
	0.009
	0.33
	0.40

	4+475 - 4+582.71
	107.71
	4.01
	0.004
	0:1
	0.018
	0.0020
	0.35
	0.05
	0.02
	0.4
	0.04
	0.27
	0.004
	0.35
	0.40


Main canal(MC-2) or Abichiwu Melle
	Canal Name
	Chainage
	Hydraulic Parameters
	 
	 

	
	
	Length (m)
	Comm. Area (ha)
	Q req (m3/s)
	m   (H:V)
	n
	s
	B (m)
	D (m)
	A(m2)
	P(m)
	R=A/P
	V(m/s)
	Qdes (m3/s)
	Fb (m)
	Total depth(m)

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	 

 

MC

 

 

 

 

 

 

 

 

 

 

 
	0+00-0+138.42
	138.42
	8.8
	0.009
	0:1
	0.018
	0.0286
	0.35
	0.03
	0.01
	0.4
	0.03
	0.83
	0.009
	0.37
	0.40

	
	0+138.42-0+273.7
	135.28
	8.8
	0.009
	0:1
	0.018
	0.0200
	0.35
	0.03
	0.01
	0.4
	0.03
	0.74
	0.009
	0.37
	0.40

	
	0+273.7 - 0+275
	1.300
	8.8
	0.009
	0:1
	0.018
	0.0133
	0.35
	0.04
	0.01
	0.4
	0.03
	0.65
	0.009
	0.36
	0.40

	
	0+275 - 0+675
	400.00
	7.45
	0.007
	0:1
	0.018
	0.0133
	0.35
	0.04
	0.01
	0.4
	0.03
	0.61
	0.007
	0.36
	0.40

	
	0+675-0+729.34
	54.34
	5.16
	0.005
	0:1
	0.018
	0.0133
	0.35
	0.03
	0.01
	0.4
	0.02
	0.54
	0.005
	0.37
	0.40

	
	0+729.34-0+788.4
	59.06
	5.16
	0.005
	0:1
	0.018
	0.0909
	0.35
	0.02
	0.01
	0.4
	0.01
	1.01
	0.006
	0.38
	0.40

	
	0+788.4-0+827.99
	39.59
	5.16
	0.005
	0:1
	0.018
	0.0500
	0.35
	0.02
	0.01
	0.4
	0.02
	0.83
	0.006
	0.38
	0.40

	
	0+827.99-0+867.69
	39.70
	5.16
	0.005
	0:1
	0.018
	0.0040
	0.35
	0.04
	0.02
	0.4
	0.03
	0.37
	0.006
	0.36
	0.40

	
	0+867.69-1+026.46
	158.77
	5.16
	0.005
	0:1
	0.018
	0.0500
	0.35
	0.02
	0.01
	0.4
	0.02
	0.83
	0.006
	0.38
	0.40

	
	1+026.46-1+150
	123.54
	5.16
	0.005
	0:1
	0.018
	0.0133
	0.35
	0.03
	0.01
	0.4
	0.02
	0.54
	0.005
	0.37
	0.40

	
	1+150 - 1+325
	175.00
	3.81
	0.004
	0:1
	0.018
	0.0133
	0.35
	0.02
	0.01
	0.4
	0.02
	0.48
	0.004
	0.38
	0.40

	
	1+325-1+422.35
	97.35
	2.54
	0.002
	0:1
	0.018
	0.0133
	0.35
	0.02
	0.01
	0.4
	0.02
	0.42
	0.003
	0.38
	0.40

	
	1+422.35-1+500
	77.65
	2.54
	0.002
	0:1
	0.018
	0.0286
	0.35
	0.02
	0.01
	0.4
	0.01
	0.55
	0.003
	0.38
	0.40

	
	1+500 - 1+659.32
	159.32
	1.51
	0.001
	0:1
	0.018
	0.0286
	0.35
	0.01
	0.00
	0.4
	0.01
	0.47
	0.002
	0.39
	0.40


Main canal(MC-3) or Markos Melle
	Chainage
	Hydraulic Parameters
	 
	 

	
	Length (m)
	Comm. Area (ha)
	Q req (m3/s)
	m   (H:V)
	n
	s
	B (m)
	D (m)
	A(m2)
	  P (m)
	R= A/P
	V (m/s)
	Qdes (m3/s)
	Fb (m)
	Total depth (m)

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	0+00-0+266
	266
	13.27
	0.013
	0:1
	0.018
	0.008
	0.35
	0.06
	0.02
	0.5
	0.05
	0.64
	0.014
	0.34
	0.40

	0+266-0+361
	95
	13.27
	0.013
	0:1
	0.018
	0.01818
	0.35
	0.05
	0.02
	0.4
	0.04
	0.82
	0.013
	0.35
	0.40

	0+361-0+500
	139
	13.27
	0.013
	0:1
	0.018
	0.005
	0.35
	0.07
	0.03
	0.5
	0.05
	0.54
	0.014
	0.33
	0.40

	0+500-0+608
	108
	12.83
	0.013
	0:1
	0.018
	0.005
	0.35
	0.07
	0.02
	0.5
	0.05
	0.54
	0.013
	0.33
	0.40

	0+608-0+665
	57
	12.83
	0.013
	0:1
	0.018
	0.04
	0.35
	0.04
	0.01
	0.4
	0.03
	1.06
	0.013
	0.36
	0.40

	0+665-0+741
	76
	12.83
	0.013
	0:1
	0.018
	0.02
	0.35
	0.04
	0.02
	0.4
	0.03
	0.84
	0.013
	0.36
	0.40

	0+741-0+875
	134
	12.83
	0.013
	0:1
	0.018
	0.00286
	0.35
	0.08
	0.03
	0.5
	0.06
	0.44
	0.013
	0.32
	0.40

	0+875-0+912
	37
	11.34
	0.011
	0:1
	0.018
	0.00286
	0.35
	0.08
	0.03
	0.5
	0.05
	0.42
	0.011
	0.32
	0.40

	0+912-1+025
	113
	11.34
	0.011
	0:1
	0.018
	0.00067
	0.35
	0.13
	0.04
	0.6
	0.07
	0.25
	0.011
	0.27
	0.40

	1+025-1+159
	134
	8.66
	0.008
	0:1
	0.018
	0.00067
	0.35
	0.11
	0.04
	0.6
	0.07
	0.23
	0.009
	0.29
	0.40

	1+159-1+250
	91
	8.66
	0.008
	0:1
	0.018
	0.00571
	0.35
	0.05
	0.02
	0.5
	0.04
	0.49
	0.009
	0.35
	0.40

	1+250 - 1+450
	200
	7.33
	0.007
	0:1
	0.018
	0.00571
	0.35
	0.05
	0.02
	0.4
	0.04
	0.47
	0.008
	0.35
	0.40

	1+450-1+463
	13
	5.9
	0.006
	0:1
	0.018
	0.00571
	0.35
	0.04
	0.01
	0.4
	0.03
	0.44
	0.006
	0.36
	0.40

	1+463-1+501
	38
	5.9
	0.006
	0:1
	0.018
	0.02
	0.35
	0.03
	0.01
	0.4
	0.02
	0.64
	0.006
	0.37
	0.40

	1+501-1+558
	57
	5.9
	0.006
	0:1
	0.018
	0.05
	0.35
	0.02
	0.01
	0.4
	0.02
	0.86
	0.006
	0.38
	0.40

	1+558-1+672
	114
	5.9
	0.006
	0:1
	0.018
	0.01333
	0.35
	0.03
	0.01
	0.4
	0.03
	0.56
	0.006
	0.37
	0.40

	1+672-1+700
	28
	5.9
	0.006
	0:1
	0.018
	0.005
	0.35
	0.04
	0.02
	0.4
	0.04
	0.42
	0.007
	0.36
	0.40

	1+700 -1+850
	150
	5.27
	0.005
	0:1
	0.018
	0.005
	0.35
	0.04
	0.01
	0.4
	0.03
	0.41
	0.006
	0.36
	0.40

	1+850-1+919
	69
	4.25
	0.004
	0:1
	0.018
	0.005
	0.35
	0.04
	0.01
	0.4
	0.03
	0.39
	0.005
	0.36
	0.40

	1+919-1+957
	38
	4.25
	0.004
	0:1
	0.018
	0.05
	0.35
	0.02
	0.01
	0.4
	0.02
	0.76
	0.004
	0.38
	0.40

	1+957-2+000
	43
	4.25
	0.004
	0:1
	0.018
	0.008
	0.35
	0.03
	0.01
	0.4
	0.03
	0.44
	0.005
	0.37
	0.40

	2+000-2+014
	14
	2.58
	0.003
	0:1
	0.018
	0.008
	0.35
	0.02
	0.01
	0.4
	0.02
	0.37
	0.003
	0.38
	0.40

	2+014-2+052
	38
	2.58
	0.003
	0:1
	0.018
	0.100
	0.35
	0.01
	0.00
	0.4
	0.01
	0.79
	0.003
	0.39
	0.40

	2+052-2+147
	95
	2.58
	0.003
	0:1
	0.018
	0.00286
	0.35
	0.03
	0.01
	0.4
	0.03
	0.28
	0.003
	0.37
	0.40

	2+147-2+225
	78
	2.58
	0.003
	0:1
	0.018
	0.002
	0.35
	0.03
	0.01
	0.4
	0.03
	0.23
	0.003
	0.37
	0.40

	2+225-2+2+278
	53
	1.66
	0.002
	0:1
	0.018
	0.002
	0.35
	0.03
	0.01
	0.4
	0.02
	0.21
	0.002
	0.37
	0.40

	2+278-2+375
	97
	1.66
	0.002
	0:1
	0.018
	0.01333
	0.35
	0.01
	0.01
	0.4
	0.01
	0.36
	0.002
	0.39
	0.40

	2+375 - 2+500.16
	125
	0.58
	0.001
	0:1
	0.018
	0.01333
	0.35
	0.01
	0.00
	0.4
	0.01
	0.27
	0.0009
	0.39
	0.40


3.6  Field Canals

All the field canals run across the contours and hence they face relatively steeper gradient. The terrain slope is not encouraging to construct designed prismatic canal, because it will be susceptible to erosion due to natural runoff flow from the nearby plot with high velocities.

There are 45 field canals proposed emerging out from main canal because of:

· The shape of the command area is strip type.
· The reaches of field canals are short for management.

The quantities of earth works for field canals are to be covered by the farmers even if it is included in the BOQ. The exit of each field canal has protection work to protect aggravation of erosion.
Table 16: Hydraulic Parameters of field canals
	Name of Mc
	Name of field canal
	Starting chainage at MC
	Length (m)
	Area to be irrigated, ha
	Qreq (m3/s)
	OGL slope
	Side Slope
	Minimum workable dimension 
	  A(m2) 
	P (m)
	R (m)
	V (m/s)
	QD(m3/s)
	Fb (m)
	Total Depth(m)

	
	
	
	
	
	
	
	
	B(m)
	D(m)
	
	
	
	
	
	
	

	Gugut Sifra Melle
	FC-1-1
	0+400
	29
	0.372
	0.0004
	0.2500
	1.5
	0.35
	0.0040
	0.0014
	0.3644
	0.004
	0.4
	0.0006
	0.35
	0.35

	
	FC-1-2
	0+500
	29
	0.25
	0.0002
	0.2200
	1.5
	0.35
	0.0040
	0.0014
	0.3644
	0.004
	0.4
	0.0006
	0.35
	0.35

	
	FC-1-3
	0+607.22
	35
	0.53
	0.0005
	0.3600
	1.5
	0.35
	0.0030
	0.0011
	0.3608
	0.003
	0.4
	0.0005
	0.35
	0.35

	
	FC-1-4
	0+825
	83
	1.44
	0.0014
	0.2600
	1.5
	0.35
	0.0070
	0.0025
	0.3752
	0.007
	0.6
	0.0016
	0.34
	0.35

	
	FC-1-5
	1+025
	145
	2.42
	0.0024
	0.2600
	1.5
	0.35
	0.0090
	0.0033
	0.3825
	0.009
	0.8
	0.0025
	0.34
	0.35

	
	FC-1-6
	1+200
	233
	5.21
	0.0051
	0.1600
	1.5
	0.35
	0.0150
	0.0056
	0.4041
	0.014
	0.8
	0.0046
	0.34
	0.35

	
	FC-1-7
	1+350
	93
	1.1
	0.0011
	0.2040
	1.5
	0.35
	0.0080
	0.0029
	0.3788
	0.008
	0.6
	0.0018
	0.34
	0.35

	
	FC-1-8
	1+475
	34
	0.45
	0.0004
	0.2700
	1.5
	0.35
	0.0050
	0.0018
	0.3680
	0.005
	0.5
	0.0010
	0.35
	0.35

	
	FC-1-9
	1+650
	64
	0.84
	0.0008
	0.1700
	1.5
	0.35
	0.0070
	0.0025
	0.3752
	0.007
	0.5
	0.0013
	0.34
	0.35

	
	FC-1-10
	1+775
	141
	1.65
	0.0016
	0.2400
	1.5
	0.35
	0.0070
	0.0025
	0.3752
	0.007
	0.6
	0.0016
	0.34
	0.35

	
	FC-1-11
	1+875
	26
	1.75
	0.0017
	0.1600
	1.5
	0.35
	0.0100
	0.0037
	0.3861
	0.009
	0.6
	0.0023
	0.34
	0.35

	
	FC-1-12
	1+950
	285
	1.94
	0.0019
	0.1500
	1.5
	0.35
	0.0100
	0.0037
	0.3861
	0.009
	0.6
	0.0023
	0.34
	0.35

	
	FC-1-13
	2+150
	303
	4.47
	0.0044
	0.1800
	1.5
	0.35
	0.0150
	0.0056
	0.4041
	0.014
	0.9
	0.0049
	0.34
	0.35

	
	FC-1-14
	2+300
	346
	4.31
	0.0042
	0.1800
	1.5
	0.35
	0.0140
	0.0052
	0.4005
	0.013
	0.8
	0.0043
	0.34
	0.35

	
	FC-1-15
	2+475
	344
	5.9
	0.0058
	0.1770
	1.5
	0.35
	0.0170
	0.0064
	0.4113
	0.016
	0.9
	0.0060
	0.33
	0.35

	
	FC-1-16
	2+750
	505
	8.45
	0.0083
	0.1700
	1.5
	0.35
	0.0220
	0.0084
	0.4293
	0.020
	1.1
	0.0090
	0.33
	0.35

	
	FC-1-17
	2+900
	444
	6.78
	0.0066
	0.2600
	1.5
	0.35
	0.0160
	0.0060
	0.4077
	0.015
	1.1
	0.0065
	0.33
	0.35

	
	FC-1-18
	3+050
	398
	7.36
	0.0072
	0.2200
	1.5
	0.35
	0.0180
	0.0068
	0.4149
	0.016
	1.1
	0.0073
	0.33
	0.35

	
	FC-1-19
	3+250
	428
	5.4
	0.0053
	0.2900
	1.5
	0.35
	0.0140
	0.0052
	0.4005
	0.013
	1.1
	0.0055
	0.34
	0.35

	
	FC-1-20
	3+375
	278
	4.28
	0.0042
	0.2500
	1.5
	0.35
	0.0130
	0.0048
	0.3969
	0.012
	0.9
	0.0045
	0.34
	0.35

	
	FC-1-21
	3+500
	334
	4.68
	0.0046
	0.2000
	1.5
	0.35
	0.0140
	0.0052
	0.4005
	0.013
	0.9
	0.0046
	0.34
	0.35

	
	FC-1-22
	3+675
	303
	2.95
	0.0029
	0.1700
	1.5
	0.35
	0.0120
	0.0044
	0.3933
	0.011
	0.7
	0.0033
	0.34
	0.35

	
	FC-1-23
	3+825
	263
	2.85
	0.0028
	0.1700
	1.5
	0.35
	0.0120
	0.0044
	0.3933
	0.011
	0.7
	0.0033
	0.34
	0.35

	
	FC-1-24
	4+050
	259
	4.02
	0.0039
	0.1900
	1.5
	0.35
	0.0130
	0.0048
	0.3969
	0.012
	0.8
	0.0039
	0.34
	0.35

	
	FC-1-25
	4+175
	257
	3.11
	0.0030
	0.1800
	1.5
	0.35
	0.0120
	0.0044
	0.3933
	0.011
	0.8
	0.0034
	0.34
	0.35

	
	FC-1-26
	4+300
	266
	3.9
	0.0038
	0.1800
	1.5
	0.35
	0.0130
	0.0048
	0.3969
	0.012
	0.8
	0.0038
	0.34
	0.35

	
	FC-1-27
	4+475
	294
	4.26
	0.0042
	0.1600
	1.5
	0.35
	0.0140
	0.0052
	0.4005
	0.013
	0.8
	0.0041
	0.34
	0.35

	
	FC-1-28
	4+582
	276
	4.01
	0.0039
	0.1500
	1.5
	0.35
	0.0140
	0.0052
	0.4005
	0.013
	0.8
	0.0040
	0.34
	0.35

	MC-2  (Abichiw Melle)
	FC-2-1
	0+275
	102
	1.35
	0.0013
	0.0950
	1.5
	0.3000
	0.0090
	0.0028
	0.3325
	0.008
	0.5
	0.0013
	0.34
	0.35

	
	FC-2-2
	0+675
	99
	1.29
	0.0013
	0.2100
	1.5
	0.3000
	0.0090
	0.0028
	0.3325
	0.008
	0.7
	0.0019
	0.34
	0.35

	
	FC-2-3
	1+150
	81
	1.35
	0.0013
	0.2500
	1.5
	0.3000
	0.0090
	0.0028
	0.3325
	0.008
	0.7
	0.0021
	0.34
	0.35

	
	FC-2-4
	1+325
	94
	1.27
	0.0012
	0.2100
	1.5
	0.3000
	0.0090
	0.0028
	0.3325
	0.008
	0.7
	0.0019
	0.34
	0.35

	
	FC-2-5
	1+500
	53
	1.03
	0.0010
	0.4000
	1.5
	0.3000
	0.0090
	0.0028
	0.3325
	0.008
	0.9
	0.0027
	0.34
	0.35

	
	FC-2-6
	1+625
	113
	1.51
	0.0015
	0.1700
	1.5
	0.3000
	0.0090
	0.0028
	0.3325
	0.008
	0.6
	0.0017
	0.34
	0.35

	MC-3 (Markos Melle)
	FC-3-1
	0+500
	38
	0.44
	0.0004
	0.1400
	1.5
	0.3000
	0.0090
	0.0028
	0.3325
	0.008
	0.6
	0.0016
	0.34
	0.35

	
	FC-3-2
	0+875
	95
	1.49
	0.0015
	0.1100
	1.5
	0.3500
	0.0090
	0.0033
	0.3825
	0.009
	0.5
	0.0016
	0.34
	0.35

	
	FC-3-3
	1+025
	195
	2.68
	0.0026
	0.1100
	1.5
	0.3000
	0.0150
	0.0048
	0.3541
	0.014
	0.7
	0.0033
	0.34
	0.35

	
	FC-3-4
	1+250
	86
	1.33
	0.0013
	0.1600
	1.5
	0.3000
	0.0100
	0.0032
	0.3361
	0.009
	0.6
	0.0020
	0.34
	0.35

	
	FC-3-5
	1+450
	77
	1.43
	0.0014
	0.2600
	1.5
	0.3000
	0.0070
	0.0022
	0.3252
	0.007
	0.6
	0.0014
	0.34
	0.35

	
	FC-3-6
	1+700
	47
	0.63
	0.0006
	0.2200
	1.5
	0.3000
	0.0050
	0.0015
	0.3180
	0.005
	0.5
	0.0007
	0.35
	0.35

	
	FC-3-7
	1+850
	105
	1.02
	0.0010
	0.1600
	1.5
	0.5000
	0.0050
	0.0025
	0.5180
	0.005
	0.4
	0.0010
	0.35
	0.35

	
	FC-3-8
	2+000
	103
	1.67
	0.0016
	0.2400
	1.5
	0.3000
	0.0080
	0.0025
	0.3288
	0.008
	0.7
	0.0017
	0.34
	0.35

	
	FC-3-9
	2+225
	54
	0.92
	0.0009
	0.3800
	1.5
	0.3000
	0.0050
	0.0015
	0.3180
	0.005
	0.6
	0.0010
	0.35
	0.35

	
	FC-3-10
	2+375
	88
	1.08
	0.0011
	0.1800
	1.5
	0.3000
	0.0080
	0.0025
	0.3288
	0.008
	0.6
	0.0015
	0.34
	0.35

	
	FC-3-11
	2+500.16
	48
	0.58
	0.0006
	0.2700
	1.5
	0.3000
	0.0050
	0.0015
	0.3180
	0.005
	0.5
	0.0008
	0.35
	0.35


4. Drainage Systems
Generally drainage system is needed for effective drainage of upstream accumulated and distributed runoffs, and excess waters within command area. Here the three main canals are supposed to carry the upstream catchment runoff and to dispose to gullies and the river itself. Natural gullies and the river itself are used as collector drain.
4.1 Design of cross drainage structures
Surface runoff estimation is done using 24 hours rainfall data of Muja meteorological station. The rational method is applied in drainage design discharge determination and with ten years of recurrence interval. The Gumbel Powell method is used to calculate the rainfall intensity. 
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Figure 19: Typical plan and section of cross drainage structures for large drains
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Figure 20:Typical plan and section of cross drainage structures for shallow drains
4.1.1 Design rainfall Intensity and runoff Determination 
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The basic approach used to determine the drainage runoff is delineating the area which contributes water along the length of the main canal and dividing the areas according the length of the disposing gullies. Then the intensity of rainfall is taken to be 45% of the design rainfall. Finally the peak runoffs of each area are determined by using rational formula.

     

Where, Qp= Design discharge, m3/s





K = Runoff coefficient= 0.6


Pc = Mean Rainfall intensity, for a duration equal to Tc=1.76hr (cm/hr)



A = Catchment area, km2
But for the case of this project there is a main canal built previously to the upstream of this new irrigation infrastructure that catches the coming runoff from upstream catchments. In addition to this the road ditches aligned parallel to the designed main canals also minimizes the runoff created by the upstream catchment. Therefore, providing additional catch drain considering catchment runoff is uneconomical for insignificant runoff formation.
As far this project is concerned drainage will be the main concern for the areas of active land sliding and at the exits of each main canal. So, concerning this the end outlets of the main canals are designed to join the nearby gullies or to the main river it-self and their exits are also erosion protected with stone pitching.

The other one is the provision of relief drains for active land slide area along the main canal route. This is done by cutting the section of the land as canal trench with a design width and depth of trench then to be filled by river boulders to allow free movement of seepage water from the wet land and disposing it to the main river. Hence, there is no such a complicated and cost wise drainage system for this particular project.
The hydraulic parameters of the designed drainage system are presented with the following table.

Table 17: Drain hydraulic parameters
	Drainage canal Name
	slope
	Length(m)
	Qreq (cumecs)
	Maninng,n
	B(m)
	D(m)
	m
	A(m2)
	p(m)
	R(m)
	V(m/s)
	QD(cumecs)
	Canal type
	Remark

	DC-1
	0.22
	35.81
	seepage
	0.03
	1
	0.7
	1
	1.19
	1.98
	0.60
	NA
	NA
	River boulder fill for Relief channel l
	To be built by farmers

	DC-2
	0.22
	45.23
	seepage
	0.03
	0.4
	0.4
	1
	0.32
	1.13
	0.28
	NA
	NA
	River boulder fill Relief channel
	

	DC-3
	0.03
	66.82
	0.0212
	0.016
	0.35
	0.5
	1
	0.43
	1.41
	0.30
	4.86
	2.06
	Dry stone riprap
	

	DC-4
	0.04
	624.88
	0.003
	0.03
	0.5
	0.5
	1
	0.50
	1.41
	0.35
	3.33
	1.67
	Dry stone riprap
	

	DC-5
	0.004
	55.63
	0.00
	0.03
	0.5
	0.5
	1
	0.50
	1.41
	0.35
	1.09
	0.55
	 Dry stone riprap
	


Note: DC-1 …DC-5 are drainage canal one up to five; as designated on the topographic map.
5. MICELLANEOUS STRUCTURES

Other irrigation structure are structures that deal with, energy dissipating, proportionally water distribution & the conveyance of water across road crossing structure, foot paths. The types of structures which are designed for this project are turn outs, foot path crossings gully crossings and road crossing culvert.

5.1  Turnout
The proportional division of water among receiving field canals is effected by providing turnout. Turnouts for each farm block are sized based on the product of their respective command area and the peak duty of 0.98 l/s/ha. The dimensions of the structures are computed and presented on the following table.
Table 18: Turnout dimension table 
	Mc-Name
	FC-Name
	Chainage on MC
	No. of Turn outs
	Q (m^3/s)
	D=d+fb (m) 
	B (m)
	L (m)
	Lup (m)
	Ldp (m)
	Remark

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	Gugut Sifra Melle
	Fc-1-1
	0+400
	75mm HDP
	0.0004
	0.20
	0.35
	0.95
	0
	1.4
	 

	
	Fc-1-2
	0+500
	
	0.0002
	0.20
	0.35
	0.95
	0
	1.4
	 

	
	Fc-1-3
	0+607.22
	
	0.001
	0.20
	0.35
	0.95
	0
	1.4
	 

	
	Fc-1-4
	0+825
	
	0.0014
	0.20
	0.35
	0.95
	0
	1.4
	 

	
	Fc-1-5
	1+025
	
	0.002
	0.20
	0.35
	0.95
	0
	1.4
	 

	
	Fc-1-6
	1+200
	
	0.005
	0.20
	0.35
	0.95
	0
	1.4
	

	
	Fc-1-7
	1+350
	
	0.001
	0.20
	0.35
	0.95
	0
	1.4
	 

	
	Fc-1-8
	1+475
	
	0.0004
	0.20
	0.35
	0.95
	0
	1.4
	 

	
	Fc-1-9
	1+650
	
	0.001
	0.20
	0.35
	0.95
	0
	1.4
	 

	
	Fc-1-10
	1+775
	
	0.002
	0.46
	0.35
	1.73
	0
	1.66
	 

	
	Fc-1-11
	1+875
	
	0.002
	0.46
	0.35
	1.73
	0
	1.66
	 

	
	Fc-1-12
	1+950
	
	0.002
	0.45
	0.35
	1.7
	0
	1.65
	 

	
	Fc-1-13
	2+150
	1
	0.004
	0.45
	0.35
	1.7
	0
	1.65
	 

	
	Fc-1-14
	2+300
	1
	0.004
	0.45
	0.35
	1.7
	0
	1.65
	 

	
	Fc-1-15
	2+475
	1
	0.006
	0.40
	0.35
	1.55
	0
	1.6
	 

	
	Fc-1-16
	2+750
	1
	0.008
	0.40
	0.35
	1.55
	0
	1.6
	 

	
	Fc-1-17
	2+900
	1
	0.007
	0.35
	0.35
	1.4
	0
	1.55
	 

	
	Fc-1-18
	3+050
	1
	0.007
	0.35
	0.35
	1.4
	0
	1.55
	 

	
	Fc-1-19
	3+250
	1
	0.005
	0.15
	0.35
	0.8
	0
	1.35
	 

	
	Fc-1-20
	3+375
	1
	0.004
	0.10
	0.35
	0.65
	0
	1.3
	 

	
	Fc-1-21
	3+500
	1
	0.005
	0.10
	0.35
	0.65
	0
	1.3
	 

	
	Fc-1-22
	3+675
	1
	0.003
	0.10
	0.35
	0.65
	0
	1.3
	 

	
	Fc-1-23
	3+825
	1
	0.003
	0.10
	0.35
	0.65
	0
	1.3
	 

	
	Fc-1-24
	4+050
	1
	0.004
	0.10
	0.35
	0.65
	0
	1.3
	 

	
	Fc-1-25
	4+175
	1
	0.003
	0.10
	0.35
	0.65
	0
	1.3
	 

	
	Fc-1-26
	4+300
	1
	0.004
	0.10
	0.35
	0.65
	0
	1.3
	 

	
	Fc-1-27
	4+475
	1
	0.004
	0.10
	0.35
	0.65
	0
	1.3
	 

	
	Fc-1-28
	4+582
	1
	0.004
	0.10
	0.35
	0.65
	0
	1.3
	 

	Abichiw Melle
	Fc-2-1
	0+275
	75mm HDP
	0.0013
	0.04
	0.35
	0.47
	0
	1.24
	 

	
	Fc-2-2
	0+675
	
	0.0022
	0.04
	0.35
	0.47
	0
	1.24
	 

	
	Fc-2-3
	1+150
	
	0.001
	0.03
	0.35
	0.44
	0
	1.23
	 

	
	Fc-2-4
	1+325
	
	0.001
	0.03
	0.35
	0.44
	0
	1.23
	 

	
	Fc-2-5
	1+500
	
	0.001
	0.02
	0.35
	0.41
	0
	1.22
	 

	
	Fc-2-6
	1+625
	
	0.001
	0.02
	0.35
	0.41
	0
	1.22
	 

	Markos Melle
	Fc-3-1
	0+500
	75mm HDP
	0.0004
	0.07
	0.35
	0.56
	0
	1.27
	 

	
	Fc-3-2
	0+875
	
	0.0015
	0.08
	0.35
	0.59
	0
	1.28
	 

	
	Fc-3-3
	1+025
	
	0.003
	0.11
	0.35
	0.68
	0
	1.31
	 

	
	Fc-3-4
	1+250
	
	0.001
	0.07
	0.35
	0.56
	0
	1.27
	 

	
	Fc-3-5
	1+450
	
	0.001
	0.05
	0.35
	0.5
	0
	1.25
	 

	
	Fc-3-6
	1+700
	
	0.001
	0.05
	0.35
	0.5
	0
	1.25
	 

	
	Fc-3-7
	1+850
	
	0.001
	0.04
	0.35
	0.47
	0
	1.24
	 

	
	Fc-3-8
	2+000
	
	0.002
	0.03
	0.35
	0.44
	0
	1.23
	 

	
	Fc-3-9
	2+225
	
	0.001
	0.04
	0.35
	0.47
	0
	1.24
	 

	
	Fc-3-10
	2+375
	
	0.001
	0.02
	0.35
	0.41
	0
	1.22
	 

	
	Fc-3-11
	2+500.16
	
	0.001
	0.02
	0.35
	0.41
	0
	1.22
	 


5.2 Foot path
Even though there is significantly large rural roads in the command area, there are dispersed foot paths in the command area. Therefore, to access easy animal and human movement during farming season precast concrete covers are provided on main canal at different places along its length. (For more detail please refer the drawing album)
6. OPERATION AND MAINTENANCE
6.1 General
The main objective of the operation and maintenance aspect of an irrigation scheme is to facilitate the timely delivery of the required irrigation water to farms and to keep the irrigation system in an optimum operating condition.  This section therefore, discusses the main functions of the subject matter under consideration for the scheme.
6.2  Irrigation System Operation
6.2.1 Method of operation
The farmers would organize themselves and form groups (water user association-WUA) in order to handle the water management.  Rotational water distribution would be applied within the group.  The rotational distribution is then to distribute water by turn to the whole scheme according to the timely need of crop water requirement. For better and efficient water management, crop diversification should be avoided within a group.  This would reduce the complexity of water distribution system of the scheme during one irrigation season. At farmers’ level of operation, a constant flow and variable irrigation time is advisable. 

To ensure equitable distribution of water the amount of water released through field canals should be proportional to the available command area. 
· In order to minimize the water losses during conveyance and application:

· Water users association (WUA) should assign gate keeper who is responsible to control unnecessary gate opening, damage and losses through gates.

· Evekry damage on the canal system, and gates should be followed by the WUA and immediate action should be undertaken.

·  For technical failure beyond the capacity of the local community it should be informed to the Woreda Irrigation and Drainage sector and immediate action should be taken.

· Frequent supervision to the canal system is needed. Remove silt, weed, and any flow blocking objects from the canal system.
· Water application should be done by furrow rather than flooding.

· Uniform cropping season and pattern within nearby blocks is good for irrigation water management.

· Water application should be based on the proposed irrigation hour and rotation. This will reduce water application losses. 
6.2.2 Methods of Maintenance 

The maintenance tasks are categorized into two types (i.e., routine activities, and repairs). The routine maintenance activities that are carried out periodically include:
- Regular cleaning of sediments and weeds from canals and drains;

- Inspection and lubrication of gates; and

- Maintenance of cracked regulating and control structures.

Repair works include task carried out more frequently and quickly, and include those task that are generally unpredictable.  They also include emergency works.  The activities included in this category are:
- Repairing overtopped or breached canals, drains;
- Repairing jammed gates.
Regular inspection of the irrigation facilities should be carried out as part of the maintenance activities.  These tasks could be carried out immediately after the end of the main rains in September and during the rainy season.  This could concentrate on the interceptor drains and the flood protection works, and the main canal. This could be important especially if supplementary water is needed late rainy season for some crops. The inspection of other works like the water control and regulating structures could be carried out as part of routine operation activities.
7.  Cost Estimation
Cost of the infrastructure refers to the amount of Ethiopian birr paid for materials &, activities accomplished including with and without value added tax (VAT). 
Table 19-Irrigation canals and other structures cost estimation

	
	BILL NO -3 INFRASTRUCTURE
	
	
	
	
	

	S.N
	ITEM OF WORK
	UNITE
	QUANTITY
	UNITE PRICE
	AMOUNT (ETH. BIRR)
	Remark

	1
	    MAIN CANALS
	 
	 
	 
	 
	 

	1.1
	MAIN CANAL (MC-1,Gugut sifira Melle)
	 
	 
	 
	 
	 

	1.1.1
	Excavation in ordinary soil
	m3
	14462.35
	       78.05 
	1,128,854.69
	 

	1.1.2
	Back fill and compaction
	m3
	3652.70
	       57.28 
	209,217.12
	 

	1.1.3
	Masonry work (1:3 Ratio)
	m3
	3066.54
	  1,450.55 
	4,448,164.85
	 

	1.1.4
	25 mm thick internal and top surface Plastering (1:2 Ratio)
	m2
	9380.63
	115.00
	1,078,772.85
	 

	1.1.5
	Geomembran lining from 0+400 to 0+600
	m2
	400.00
	150.00
	60,000.00
	 

	1.1.6
	 Free drain Selected  material fill and compaction
	m3
	189.14
	78.05
	14,763.27
	 

	1.1.7
	Cemented stgone pitching
	m3
	84.00
	904.13
	75,946.92
	 

	1.1.8
	Excavation in ordinary soil for Gabion foundation
	m3
	49.5
	       78.05 
	3,863.71
	 

	1.1.9
	Gabion work from chainage 0+260 to 0+293
	m3
	82.50
	     904.13 
	74,590.73
	 

	1.2
	Field canals
	 
	 
	 
	 
	 

	1.2.1
	Excavation in ordinary soil for Fc-1-5& Fc-1-6,Fc-1-13 -Fc-1-28
	m3
	1738.28
	 
	 
	to be covered by farmers

	1.2.2
	Excavation in ordinary soil for Fc-1-1& Fc-1-4,Fc-1-7 -Fc-1-12
	m3
	250.82
	 
	 
	

	1.2.3
	Dry Stone pitching work for Fc-1-5& Fc-1-6,Fc-1-13 -Fc-1-28
	m3
	2744.82
	 
	 
	

	1.2.4
	75mm diameter HDP pipes for outlet works from MC to field canals  including supply and intallaition with 0.5m length at each furrow outlet
	m
	567.00
	25.00
	14175.00
	 

	Subtotal
	 
	 
	 
	7,108,349.13
	 

	2
	MAIN CANAL (MC-2,Abichiwu Melle)
	 
	 
	 
	 
	 

	2.1
	Excavation in ordinary soil
	m3
	4280.20
	       78.05 
	334,089.70
	 

	2.2
	Back fill and compaction
	m3
	1275.71
	       57.28 
	73,069.35
	 

	2.3
	Masonry work (1:3 Ratio)
	m3
	1068.71
	  1,450.55 
	1,550,219.76
	 

	2.4
	Plastering (1:2 Ratio)
	m2
	3069.74
	     115.00 
	353,020.33
	 

	2.3
	Field canals
	 
	 
	 
	 
	 

	2.3.1
	Excavation in ordinary soil for Fc-2-2 -Fc-2-5
	m3
	94.42
	 
	 
	to be covered by farmers

	2.3.2
	Excavation in ordinary soil for Fc-2-1 & Fc-2-6
	m3
	62.08
	 
	 
	

	2.3.3
	Dry stone pitching work for Fc-2-2 -Fc-2-5
	m3
	158.13
	 
	 
	

	2.3.4
	75mm diameter HDPE pipes for outlet works from MC to field canals  including supply and intallaition with 0.5m approach length 
	m
	33.00
	25.00
	825.00
	 

	2.3.5
	Excavation in alluvial deposit for Gabion foundation
	m3
	630.00
	98.00
	61,740.00
	 

	2.3.6
	Gabion work from chainage 0+00 to 0+180
	m3
	900.00
	904.13
	813,717.00
	 

	Subtotal
	 
	 
	 
	3,186,681.14
	 

	3
	MAIN CANAL (MC-3,Markos Melle)
	 
	 
	 
	 
	 

	3.1
	Excavation in ordinary soil
	m3
	4975.69
	       78.05 
	388,376.22
	 

	3.2
	Back fill and compaction
	m3
	3048.00
	       57.28 
	174,581.29
	 

	3.3
	Masonry work (1:3 Ratio)
	m3
	1566.30
	  1,450.55 
	2,272,000.09
	 

	3.4
	Plastering (1:2 Ratio)
	m2
	4625.00
	     115.00 
	531,875.00
	 

	3.5
	Excavation in alluvial deposit for Gabion foundation at chainage 0+88.50 to 0+145 and from 0+166.24 to 0+238.36
	m3
	393.635
	       98.00 
	38,576.23
	 

	 
	Gabion work from chainage 0+88.50 to 0+145 and from 0+166.24 to 0+238.36
	m3
	1031.94
	     904.13 
	933,007.91
	 

	3.6
	Field canals
	 
	 
	 
	 
	 

	3.6.1
	Excavation in ordinary soil Fc-3-3& Fc-3-8
	m3
	86.05
	 
	 
	to be covered by farmers

	3.6.2
	Excavation in ordinary soil Fc-3-1, Fc-3-2 , Fc-3-4 to Fc-3-7,Fc-3-9 to Fc-3-11
	m3
	193.24
	 
	 
	

	3.6.3
	Dry stone pitching work for Fc-3-3& Fc-3-8
	m3
	144.11
	 
	 
	

	3.6.4
	75mm diameter HDP pipes for outlet works from MC to field canals including supply and intallaition with 0.5m approach length 
	m
	65.00
	25
	1625
	 

	Subtotal
	 
	 
	 
	4,340,041.75
	 

	4
	Turn out
	 
	 
	 
	 
	 

	4.1
	Masonry work (1:3 Ratio)
	m3
	13.36
	       78.05 
	1,042.84
	 

	4.2
	 cemented Stone pitching
	m3
	42.23
	1450.55
	61,259.48
	 

	4.3
	25 mm thick internal and top surface Plastering (1:2 Ratio)
	m3
	75.70
	     125.00 
	9,462.34
	 

	4.4
	Gate of turn outs
	 
	 
	 
	 
	 

	4.4.1
	2mm thick sheet metal gate of size 0.15mx0.525m for FC-1-13 to FC-1-28
	Pcs
	16
	1,300.00
	20,800.00
	 

	 
	Stiffening angle iron (30*30*3)
	 
	 
	 
	 
	 

	 
	Angle iron for groove(40*40*4)
	 
	 
	 
	 
	 

	 
	12mm reinforcement bar for handling
	 
	 
	 
	 
	 

	4.4.2
	2mm thick sheet metal gate of size 0.4mx0.525m
	Pcs
	45
	1,300.00
	58,500.00
	 

	 
	Stiffening angle iron (30*30*3)
	 
	 
	 
	 
	 

	 
	Angle iron for groove(40*40*4)
	 
	 
	 
	 
	 

	 
	12mm reinforcement bar for handling
	 
	 
	 
	 
	 

	4.4.3
	Ditto 4.4.1 but of size 0.55m*0.525m for escape canal
	Pcs
	4
	1250
	5,000.00
	 

	 
	Ditto 4.4.1 but of size 0.40m*0.525m for escape canal
	Pcs
	2
	1200
	2,400.00
	 

	 
	Ditto 4.4.1 but of size 0.40m*0.425m for escape canal
	Pcs
	10
	1150
	11,500.00
	 

	 
	HDP pipe of 75mm diameter for turn outs (at FC-1-1 to FC-1-12,FC-2-1 to FC-2-6 and FC-3-1-to FC-3-11 with 1.5m length at each gate
	m
	43.5
	25
	1,087.50
	 

	Sub total
	 
	 
	 
	171,052.16
	 

	5
	Escape canals
	 
	 
	 
	 
	 

	5.1
	Excavation in ordinary soil
	m3
	37.2
	       78.05 
	2,903.64
	to be covered by farmers

	5.2
	Cemented stone pitching works
	m3
	5.6
	1450.55
	8,123.08
	

	Subtotal
	 
	 
	 
	11,026.72
	 

	6
	 Flumes and superpassage structures
	 
	 

	6.1
	Excavation in ordinary soil to any depth
	m3
	2391.2
	       78.05 
	186,644.44
	 

	6.2
	Masonry work (1:3 Ratio)
	m3
	428
	  1,450.55 
	620,835.40
	 

	6.3
	25 mm thick Plastering (1:2 Ratio)
	m2
	873.18
	115
	100,415.70
	 

	6.4
	C-20 concrete work
	m3
	78.98
	  2,900.00 
	229,040.55
	 

	6.5
	Reinforcement
	 
	 
	
	 
	 

	6.6
	ф16mm bar
	kg
	147.01
	80
	11,760.44
	 

	6.7
	ф14mm bar
	kg
	1558.78
	80
	124,702.35
	 

	6.8
	ф12mm bar
	kg
	365.01
	80
	29,200.40
	 

	6.9
	ф10mm bar
	kg
	483.77
	80
	38,701.60
	 

	6.10
	ф 8mm bar
	kg
	65.93
	80
	5,274.40
	 

	Subtotal
	 
	 
	 
	1,346,575.28
	 

	7
	Road crossing culvert
	 
	 
	 
	 
	 

	7.1
	Excavation in ordinary soil
	m3
	42.00
	       78.05 
	3,278.30
	 

	7.2
	ф12mm bar
	kg
	124.32
	80.00
	9,945.60
	 

	7.3
	ф10mm bar
	kg
	86.33
	80.00
	6,906.67
	 

	7.4
	C-20 concrete work
	m3
	5.60
	2900.00
	16,240.00
	 

	7.5
	Masonry work (1:3 Ratio)
	m3
	18.00
	1450.55
	26,109.90
	 

	7.6
	25 mm thick Plastering (1:2 Ratio)
	m2
	12.00
	115
	1,380.00
	 

	7.6
	10cm thick reinforced concrete pipe (0.6m diameter)
	m
	14.00
	395.00
	5,530.00
	 

	7.7
	Back fill and compaction with selected material
	m3
	29.12
	65.00
	1,892.80
	 

	8
	Foot paths
	 
	 
	 
	0.00
	 

	8.1
	C-20 concrete work
	m3
	5.60
	2900.00
	16,240.00
	 

	8.2
	ф10mm bar
	kg
	172.67
	80.00
	13,813.33
	 

	9
	Drainage canals (Catch Drains)
	 
	 
	 
	 
	 

	9.1
	Ordinary earth excavation
	m3
	305.23
	115.00
	35,101.45
	to be covered by farmers

	9.2
	Cemented stone pitching work
	m3
	412.63
	1450.55
	598,547.28
	

	Subtotal
	 
	 
	 
	734,985.32
	 

	Grand Total
	16,898,711.49
	 


8. Total cost of the project

This includes the summation of the costs listed in Bill.1 (general item), Bill.2 (head works) and Bill.3 (Infrastructures cost) including value added tax of the government (VAT).  The total cost & per hectare is shown in table below.

Table 20-Total project cost
	Eyela  IRRIGATION PROJECT

	SUMMARY OF BILLS

	Bill No.
	Description 
	 Amount (Birr)  

	1
	General Items 
	                    509,469.65 

	2
	Head work (intake body, Outlet structures) 
	                    866,164.43 

	3
	Irrigation Infrastractures (MC,FC,Flumes,Culverts..)
	               16,898,711.49 

	 Total
	     18,274,345.57 

	 VAT(15%)
	       2,741,151.84 

	Grand Total with VAT
	     21,015,497.41 

	Command Area(ha)
	              116.75 

	Per hactare Cost  with out VAT
	          156,525.44 

	Per hactare Cost  with VAT
	       180,004.26 


9.   Conclusions & Recommendations

Traditional irrigation practice has been observed during field survey from Eyela River. As it is understood from oral communication from farmers the traditional practice has been started more than 45 years ago.
 The project is proposed for both driest season and supplementary irrigation system. During the driest season 31.63ha will come under development. The remaining area of land can be irrigated during the first irrigation season and supplementary irrigation.
To fulfill or to bring the objective of the project to reality, the designs of head work structures such as bed bar, retaining wall, breast wall with operation slab, gates and infrastructure such as conveyance,  turnouts & pipe drain culvert have to be executed .

In the case of conveyance system, there are three  main canals. The canals are designed for lined trapezoidal sections for separate reaches based on discharge delivery requirements.  The working drawing is shown on L-sections. Turnouts are provided for each designated command area based on discharge requirements. 
Training on the irrigation operation, maintenance & water user association formation should be accomplished by kebele development agents with the assistance of woreda professionals.

The project costs about 17,263,573.24 Eth. birr excluding those performed by water user association participation. It costs 148,823.91 Eth. Birr/ hectare.
All structures should be constructed as per their designs. But, with satisfactory reason the site engineer can make modification.
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