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SALIENT FEATURES OF PROJECT
1. Project name: Hota Diversion Medium Scale Irrigation Project
1. Name of the stream: Hota River
1. Location of the weir site
1. E: 370442.35 m (UTM),
1. N:1381737.916m (UTM),
1. Altitude: 1755.60m amsl
1. Zone: North Gondar
1. Wereda: West Belesa
1. Hydrology
1. Design rainfall: 88.501 mm
1. Catchment area: 520.0 km2
1. Longest flow path length: 51.167 Km
1. Design flood: 567.836 m3/s
1. Design base flow: 741 l/s.

1. Diversion Weir
1. Weir type: Ogee Weir
1. Height: 5.0 m
1. Gross crest length: 33.0 m
1. Weir crest level: 1755.70m.a.s.l
1. U/S HFL: 1759.02 m.a.s.l
1. D/s HFL: 1756.43 m.a.s.l
1. Under sluice
1. Sill level: 1754.00 m.a.s.l
1. Dimension: 1.0m x1.7 m for the right sides under sluice,
1. Outlet
1. Cana Sill level: 1755.00 m.a.s.l for the right off take.
1. Opening dimension: (0.95m X 0.70m) for right side off take,
1. Discharge capacity: 0.741 m3/s for right side canal offtake,
1. Irrigation and drainage systems Infrastructure
· Command area size: 471 ha,
· Method of irrigation: surface irrigation (Furrow),
· Maximum irrigation duty 1.64 l/s/ha for 18 hr/day irrigation hours of full irrigation,
· Design discharge of the main canals: 0.741 m3/s,
· Irrigation system layout consists of two lined main canals, Lined secondary canals and earthen Tertiary canals.
· Main irrigation structures designed includes; Division boxes, turnouts, flumes and supper passage,
Project cost  

·  General Item = 1,197,139.64 Birr,
· Head Work= 6,930,704.83 Birr,
· Irrigation Infrastructure = 44,206,659.42 Birr,
· Grand Total cost with 15% VAT= 60,184,679.48 Birr,
· Cost per Hectare =     127,780 Birr,
ADSWE, Irrigation & Drainage P.O. Box: 1921 Tel: 058--218--06--38/10 23 Fax : 058--218-0550/0560	Page 9
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[bookmark: _Toc514162291]Background
In Amhara region of Ethiopia, under the prevalent rain-fed agricultural production system, the progressive degradation of the natural resource base, especially in highly vulnerable areas of the highlands coupled with climate variability have aggravated the incidence of poverty and food insecurity. The major source of growth for Ethiopia is still conceived to be the agriculture sector. Hence, this sector has to be insulated from drought shocks through enhanced utilization of the water resource potential of the country through development of small-scale irrigation. 
In line with the above, in the area of irrigation efforts have been made by the government to improve the situation in the country. Amhara Water Irrigation and Energy Bureau is playing its role in the development of small, medium and large scale irrigation projects in the region. 
Accordingly, as part of the water sector development program, the bureau has initiated the study and design of a medium scale irrigation scheme on Hota River and signed an agreement with Amhara Design & Supervision Works Enterprise (ADSWE) for the study and design of the project.
The feasibility study and design of Hota Medium Scale Irrigation Project was investigated and proposed for River Diversion by ADSWE in 2017 G.C. The feasibility study of Hota Diversion Medium Scale Irrigation Project has been established to irrigate agricultural land found in two kebeles of West Belesa woreda in North Gondar Zone.  
[bookmark: _Toc327438295][bookmark: _Toc514162292]Project Area Description
Hota Diversion Irrigation Project is found in Amhara National Regional State, N/Gondar Administrative Zone of West Belesa Woreda, at the borders of Arbaya, Asuagary Kebeles, respectively. It lies along the new URAP constructed road that radiates from Arbaya to Asuagary kebele. 
The project site can be accessed driving for 1 km on the main route from Arbaya to North direction on the new URRAP road to reach the site.
The Hota diversion project headwork site can be located with approximate of UTM-Adindan coordinate of 370442.3506m E, 1381737.9158m N and with an average altitude of 1755 m amsl.
[image: ]
[bookmark: _Toc418597249][bookmark: _Toc424028735][bookmark: _Toc490139666][bookmark: _Toc532151657]Figure: 1.1  Project Area Location Map
[bookmark: _Toc514162293]Objectives of Study
[bookmark: _Toc342914050]The project area faces variability of rainfall distribution though the overall rainfall generally suffices the rain-fed agriculture and also the command area of the project is degraded by human factor. Accordingly, the rain-fed agriculture needs mean of supplementing during rainfall distribution failures and further full irrigation is required to maximize the use of the potential land and water resources. 
Hence the objective of this project is to contribute a substantial share in the effort to reduce the risk of production decrease due to rainfall variability and increase the productivity of the resource in the project specific area. Specifically, the project is targeted for the following. 
· To make sustainable the rain-fed crop production and make extra production in the dry season possible for more than 471 ha of land through irrigation.
· There is a general consensus that irrigation investments will achieve broader food security and poverty reduction impacts and if efforts are also geared towards up-grading existing traditional farming practices with support to enhance access to input supply, output marketing and extension to facilitate access to information and innovations. 
[bookmark: _Toc342914049]These project objectives are to be realized by designing and constructing diversion structures across the Hota River and diverting the river flow.
[bookmark: _Toc514162294]Specific Objectives
Other benefits that can be expected to appear with the launching of the project are: 
· Efficiency of water use improvement; 
· Improved local nutrition/food security gains; 
·  Improved management of scarce natural resources (land and water); 
·  Resilience against drought risk; 
·  Rationale for erosion control and watershed management; 
·  Rationale for the intensification and modernization of small-holder agriculture and rural lifestyles. 
The engineering study and design enables the realization of the project by the provision of engineering structures that will allow the appropriate abstraction of the river water for delivery in to the identified irrigation fields of the study area. Hence, this engineering design is specifically targeted:
· To analyze hydrologic requirements of the project and engineering structures;
· To formulate of sound and stable structure, with necessary provisions that allow safe, easy and easy for maintenance operation in the service life of the project;
· To develop working drawings and specifications,
· To estimate of construction costs.
[bookmark: _Toc514162295]Scope of the Study
The scope of the Hota diversion irrigation projects study and design goes up to gathering hydro climatic data, hydrological analysis and estimation of the river base flow and design flood magnitude. Accordingly, it is possible to determine the appropriate size of the diversion headwork and related appurtenant structures. Besides to this, the study includes Planning and layout of proper irrigation infrastructures system and designing for their hydraulic and structural parts. After all design document preparation including working drawing, Bill of Quantities and specifications.
[bookmark: _Toc313914175][bookmark: _Toc313977382][bookmark: _Toc327438297][bookmark: _Toc514162296]Methods of Project Study
In order to achieve the study and design of Hota Diversion irrigation project we have employed the following methods of project study.
· 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
· Woreda and Zone Agriculture section expertise
· Previous studies
· On foot travel along the river canal and farm areas.
· Topographic Survey: 
· Surveying the headwork site and the Command area with sufficient radius, using Differential GPS and 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 river flow data and use watershed inputs for further analysis.
· Base flow estimated during the reconnaissance field visit by floating method.
· Irrigable command area identification:
· Using local information
· Using 50,000 Topographic map, GIS information, and GPS to see elevation
[bookmark: _Toc251113884][bookmark: _Toc251114127][bookmark: _Toc251114284][bookmark: _Toc251115483][bookmark: _Toc251227521][bookmark: _Toc251505898][bookmark: _Toc251572863][bookmark: _Toc251748544][bookmark: _Toc251750475][bookmark: _Toc251847153][bookmark: _Toc271168927][bookmark: _Toc310859866]The design report is organized in three sections. In chapter two the Hydrology study is presented and in chapter 3 and 4 the Headwork and Irrigation and Drainage Systems designs are discussed respectively. In the Section of planning and design of the irrigation system after diverting the water using the weir will be dealt. 
The following are major areas of concern in this part.
· Study and design of the irrigation method to be adopted, 
·  Study and design of the irrigation system layout and associated structures, 
·  Design of the different conveyance canals, 
·  Planning and design of the different irrigation and drainage structures, 
·  Preparation of the longitudinal profiles of the different irrigation and drainage canal,

[bookmark: _Toc514162297]HYDROLOGY
[bookmark: _Toc342914054][bookmark: _Toc514162298]Watershed Characteristics
Hota Watershed has marked topographic variation. All types of slope classes are present. The dominant slope class is gently slope (3-8%) which covers 22.12% of the total area followed by sloping class (8-15%) which is 21.64%.   The area coverage of other class is also shown in table below.
Certain physical properties of watersheds significantly affect the characteristics of the runoff and sediment yield and are of great interest in hydrologic analyses. 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 suggest 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. These parameters can be measured from maps. 
[bookmark: _Toc342913974][bookmark: _Toc532151616]     Table: 2.1Slope Classes of the watershed
	
No
	Slope


Slope Class (%)
	Area Coverage

	
	Description
	Class (%)
	Hectare (Ha)
	Proportion (%)

	1
	Flat or Almost Flat 
	0-3
	3062.4
	5.89

	2
	Gently Sloping 
	3-8
	11504
	22.12

	3
	Sloping 
	8-15
	11253
	21.64

	4
	Moderately Steep 
	15-30
	11206
	21.55

	5
	Steep 
	30-50
	8055.9
	15.49

	
	Very Steep
	>50
	6918.4
	13.3

	Total
	51999.7
	100


The watershed characteristics are analyzed and presented in Table 2.1 of the Watershed Feasibility Study Report of the same project. 
The summary of Hota watershed characteristics are pointed below: 
· Catchment Area = 520 km2
· Stream Length = 51.167Km  
· CN(II) = 81.90 These important watershed elements are abstracted from the Watershed Study Report of the same project.
[bookmark: _Toc514162299][bookmark: _Toc327438310]Hydro Metrological Data
[bookmark: _Toc514162300]Climate data
[bookmark: _Toc342914057]It is common that irrigation project designers and planners face with lack of good data on the hydrology of the stream/river system that can be the water source. Stream gauging stations are virtually non-existent in remote rural area part of Ethiopia; meteorological stations are almost rare. Likewise, Hota Diversion irrigation project has not meteorological station with in its catchment area. Moreover, there is no stream flow data record for the river near by the project site at all. The nearby metrology stations with adequate data record like Gondar,Ambagorgis and Makisegnt are selected for Thesen polygon preparation and design rainfall estimation. But stations with inadequate data record like Arbaya station are screen out.
Thessen polygon map was developed to subdivide the study watershed by the neighboring rainfall stations of Gondar,Ambagorgis and Makisegnt.  The Thesen polygon map depicts that about 33.13% and 19.90% of the upper most part of Hota watershed area is shared by the Ambagorgis and Gondar stations respectively.  while the remain 46.97% of watershed area, lower part, is segmented by the Makisegnt station. 
Rainfall data were collected from the National Meteorological Service Agency (NMSA) for the three stations (Gondar,Ambagorgis and Makisegnt) and are assessed for missing data.  
The Gondar metrological station has daily rainfall for a period from 1952 to 2016 with a record length of 65 years. Whereas;Makisegnt and Ambagorgis stations have daily rainfall data record of 30years (1987 to 2016) and 28 years (1989 to 2016) respectively.
For the analysis of the design flood magnitude we have used the three stations namely; Gondar,Ambagorgis and Makisegnt shares the study watershed area as 19.90%,33.13% and 46.97% respectively. 
Makisegnt metrological station is used for Crop water demand analysis Since its segments the lower part of study watershed area close to command area as shown in Thesen polygon map.
[bookmark: _Toc514162301]Rainfall Data
In order to compute the design flood for the Diversion structure, the daily maximum rainfall is collected from Gondar,Ambagorgis and Makisegnt metrological stations with a record of 65 years (1952 to 2016), 30years (1987 to 2016) and 28 years (1989 to 2016) respectively.
[bookmark: _Toc342914058][bookmark: _Toc514162302]River flow data
The base flow is measured twice in year by using floating method. Those are during the site identification and detail feasibility periods as 900 l/s during February 2017 and 850 l/s during 2017 respectively. Since the 850 l/s base flow is measured during the dry months of the year, this figure is adopted for design.
[bookmark: _Toc307818527][bookmark: _Toc308092500][bookmark: _Toc342914059][bookmark: _Toc514162303]River Water Resource Utilization and Balance
Hota River is the water source for the intended Hota Medium scale irrigation project. The project has been named after the name of this river. The river is Perennial River with the base flow of 850 l/s. In designing the Hota diversion irrigation project, the water balance is done by distributing the average measured base flow 850 l/s to the environmental release and downstream user’s. A minimum of 15 l/s environmental release is allocated not to cause water stress and environmental influences to the downstream ecology.  At downstream of proposed headwork site, there is one existing diversion irrigation project with 200ha command size on Hota river.  The list of water balance components are as follows:
· Total measured base flow is 850 l/s,
· Downstream Tributary (Debary River) base flow is 234 l/s,
· Downstream irrigation demand is 328 l/s,
· Environmental release is15 l/s,
· Net base flow at proposed site is 741 l/s,
· Current project water demand 773 l/s,
Hota project has total potential command area of greater than 471 ha.  The agronomy report reveals that the project has 1.64 and 1.27 l/s/ha irrigation duty for full and supplementary irrigation seasons. 
So the dry season irrigable land is 450 ha by considering 741 l/s net dry base flow. But for supplementary irrigation, the wet season base flow which is greater than 741 l/s   so it can irrigate the entire 471 ha net total potential command area. The capacity of all infrastructure presented in chapter 4 are designed based on this supplementary flow.
[bookmark: _Toc342914060][bookmark: _Toc514162304]Design Flood Frequency Analysis
Estimation of flood magnitude is an important task for the analysis and design of diversion structures to be constructed on the River. This can be done using different techniques depending on the available data. For this particular case, there is no river flow data record and hence the flood estimation is to be done using the rainfall data frequency analysis and applying SCS Curve Number method.
[bookmark: _Toc321474743][bookmark: _Toc342914061]For design adequate headwork and appurtenant structures of Hota Diversion irrigation project, more than 28 year daily maximum rainfall data record of Gondar,Ambagorgis and Makisegntstations are used for flood frequency analysis over 50 year return period.
[bookmark: _Toc532151617]Table 2.2 Summary for Maximum daily rain fall data records of Gondar,Makisegntand Ambagorgis station
	Station
	Gondar
	Makisegnt
	Ambagorgis

	
	Daily max rainfall
X, mm
	Log transfer
Y=log X
	Daily max rainfall
X, mm
	Log transfer
Y=log X
	Daily max rainfall
X, mm
	Log transfer
Y=log X

	Data size, N
	65
	65
	30
	30
	28
	28

	Mean (Xm)
	52.442
	1.703
	52.872
	1.701
	42.312
	1.602

	Standard deviation
 (Sx) or (Sy)
	14.118
	0.127
	17.012
	0.149
	14.316
	0.154

	Skewness (Cs)
	0.334
	-1.094
	0.109
	-0.361
	1.236
	-1.106

	Minimum, Xmin
	15.000
	1.180
	28.400
	1.450
	11.600
	1.060

	Maximum, Xmax
	92.600
	1.970
	83.400
	1.920
	83.700
	1.920


The complete maximum daily rainfall data table of the three stations is attached in the annex part of this document.  The data quality of each station maximum daily rainfall data record should be checked before design rainfall frequency analysis is done for each of three stations independently.
[bookmark: _Toc514162305]Data Quality Test
Data quality test is a preliminary analysis before proceeding further hydrological analysis. In general, hydrological data records may exhibit a gap which makes it less reliable. The causes can be Instrument failure, personal miss reading and other environmental factors. In this study the data quality test is conducted by checking for data variability and outlier tests for each of three stations.
The data reliability of maximum daily rainfall data record is checked by variability test. This can be determined by computing the Relative standard which is the ratio ofStandard error of mean to the mean of data series.

Standard error of mean, = 

Relative standard, 
Where; Sx-Standard deviation, Xm-mean and N-number of data point.
The values are presented in the following data adequacy test computation table.
[bookmark: _Toc532151618]Table: 2.3 Summary of data adequacy test
	Parameter description
	Gondar
	Makisegnt
	Ambagorgis
	unit

	Mean, Xm
	53.02
	52.87
	43.41
	mm

	Standard deviation, Sx
	13.31
	17.01
	12.99
	mm

	Data size, N
	65
	30
	28
	No

	Standard error of mean, 
	1.65
	3.11
	2.46
	mm

	Relative Standard error
	3.11
	5.87
	5.66
	%


The computed value of Relative standard errors 3.11%, 5.87% and 5.66% for Gondar, Makisegnt and Ambagorgis stations respectively. These all are found be less than 10 %. This indicates that the data series can be regarded as reliable and adequate for design flood frequency analysis for each of the three stations.
Similarly, the data consistency of maximum daily rainfall data records must be checked for both lower and higher outlier tests. The U.S. water resource council recommends to the adjustment to be made for outlier. Outliers are data points that depart significantly from the threshold values of the data series. The retention or deletion of these outliers can significantly affect the magnitude of statistical parameters as mean and standard deviation that are computed from the data, especially for small samples. The outliers are practiced to sort out the data that seem reliable of the trend of the parent distribution for doing further hydrological analysis.
The frequency factor based outlier mathematical equation can be written as follows.
 For lower outlier:      Yl= Ym-KTSy   and
For higher outlier:  Yh= Ym+KTSy
Where:KT-is frequency factor depends on the number of data, vSy- is the standard deviation of log transferred data,Ym- is the mean of log transferred data.
[bookmark: _Toc532151619]Table :-2.4 Summary of data outlier test for three stations
	Parameter description
	Gondar
	Makisegnt
	Ambagorgis
	unit

	 Log mean, Ym
	1.70
	1.701
	1.602
	-

	 log standard deviation, Sy
	0.13
	0.149
	0.154
	-

	No of data set, N
	65.00
	30.00
	28
	No

	Frequency factor, KT=f(N)
	2.866
	2.564
	2.535
	-

	Lower outlier, Yl= Ym- KT Sy
	1.34
	1.32
	1.21
	-

	Higher outlier, Yh= Ym+KTSy
	2.07
	2.08
	1.99
	-

	Lower boundary, antilog (Yl)
	21.75
	20.85
	16.23
	mm

	Higher boundary, antilog (Yh)
	116.91
	120.86
	98.47
	mm


As shown in the computation table, the pair of lower and higher outlier values are (21.75, 116.91) mm for Gondar,(20.85, 120.86) mm for Makisegnt and (16.23, 98.47) mm for Ambagorgis stations.
Accordingly, Each of Gondar and Ambagorgis stations data has one lower outlier and no higher outlier while the Makisegnt station has no outliers at all. 
These outlier values can be either rejected from the extreme data set or replaced by mean values of the station extreme value. So, the data set can be kept for further hydrological analysis if it is in between the lower and higher outlier boundary values.
After we adjust for lower outliers for both Gondar and Ambagorgis stations, there is no augmented outlier data observed in the data record both for lower and higher outliers in all three stations. So these daily maximum rainfall data series can be regarded as consistent and reliable enough for further hydrological analysis.
[bookmark: _Toc514162306]Frequency Analysis of Design Rain fall
In hydrological frequency analysis, the annual series of extreme values can be fitted by a certain parent probability distributions model. Among a number of parent probability distributions models Gumbel (EV-I), Normal, Lognormal, Pearson type-III and Log Pearson type-III are widely applicable in hydrological frequency analysis (Baban, 1995). 
Since Hota River is not gauged and its watershed area is segmented as 19.90% by Gondar, 46.97% by Makisegnt and 33.13% by Ambagorgis stations, the flood frequency analysis is carried out using daily maximum rainfall data series for each station independently over 50 year return period. Eventually, the design point rain fall can be determined by weighted mean of the three stations magnitude.
The design rainfall frequency analysis is computed for the commonly applicable probability distributions models including Gumbel (EV-I), Normal, Lognormal, Pearson type-III and Log Pearson type-III distribution and finally the best fit probability distribution for each of independent station will be selected.
The calculated statistical summary table of maximum daily rain fall data records of the three station is provided in the table 2.2 and it will be continuously referred in doing the design rainfall frequency analysis.


a) Gumbel (EV-I) Extreme value type I Distribution
Gumbel (1958) introduce the concept of extreme value distribution and developed a model for predicting hydrological extreme events like flood peaks and maximum rain fall. 
Using data provided in table 2.2, the design point rainfall is calculated based on Gumble extreme value type-I method as following:
[bookmark: _Toc532151620]Table: 2.5Maximum rainfall frequency analysis using Gumbel’s EVI distribution
	Station Name
	Gondar
	Makisegnt
	Ambagorgis

	Number of data, N
	65
	30
	28

	Return period, T years
	50
	50
	50

	Mean of data(mm), Xm
	53.02
	52.87
	43.41

	Standard deviation, Sx
	13.31
	17.01
	12.99

	Reduced varate, Yt=-ln(ln(T/(T-1)),
	3.902
	3.902
	3.902

	Frequency factor , KT=0.7801*(0.5772-Yt)
	2.592
	2.592
	2.592

	Peak rainfall(mm), XT=Xm+KT* Sx
	87.513
	96.971
	77.085


The Gumbel’s EVI distribution method of design rainfall frequency analysis over 50 year return period gives us 87.513,96.971and 77.085 mm peak design rainfall for Gondar, Makisegnt and Ambagorgis stations respectively.
b) Normal Distribution
Friedrich Gauss (1810) introduce the normal probability distribution for the frequency analysis of extreme values. This distribution is more preferred for symmetrical or non-skewed data sets and it can be usually used for frequency analysis of hydrological extreme events like flood peaks and maximum rain fall data series. 
[bookmark: _Toc532151621]Table 2.6 Maximum rainfall frequency analysis using Normal distribution
	Station Name
	Gondar
	Makisegnt
	Ambagorgis

	Number of data, N
	65
	30
	28

	Return period, T years
	50
	50
	50

	Mean of data(mm), Xm
	53.02
	52.87
	43.41

	Standard deviation, Sx
	13.31
	17.01
	12.99

	Skewness, Cs
	0.62
	0.11
	1.91

	Frequency factor , KT=f(T,Cs,N)
	2.054
	2.054
	2.054

	Peak rainfall (mm), XT=Xm+KT* Sx
	80.35
	87.82
	70.09


The Normal distribution method of design rainfall frequency analysis over 50 year return period gives us 80.35, 87.82 and 70.09 mm peak design rainfall for Gondar, Makisegnt and Ambagorgis stations respectively.
c) Lognormal Distribution
This distribution can be done after the normal series of data are taken out of logarithmic value and then it has the same procedure as that of any theoretical frequency analysis. The frequency factor of the lognormal distribution depends on the design return period at zero coefficient of skewness.
[bookmark: _Toc532151622]Table; 2.7  Maximum rainfall frequency analysis using Log normal distribution
	Station Name
	Gondar
	Makisegnt
	Ambagorgis

	Number of data, N
	65
	30
	28

	Return period, T years
	50
	50
	50

	Mean of data, Ym
	1.71
	1.70
	1.62

	Standard deviation, Sy
	0.11
	0.15
	0.11

	Frequency factor , KT=f(T,Cs=0)
	2.054
	2.054
	2.054

	Peak magnitude, YT=Ym+KT* Sy
	1.94
	2.01
	1.85

	Peak rainfall, XT=Antilog(YT)
	86.12
	101.48
	71.22


The Lognormal distribution method of design rainfall frequency analysis over 50 year return period gives us 86.12, 101.48 and 71.22 mm peak design rainfall for Gondar, Makisegnt and Ambagorgis stations respectively.
d) Pearson type-III Distribution
Pearson distribution is a family of gamma distribution which is suitable for right skewed data distributions. This distribution can be done by using the normal series of data. The person type-III distribution frequency factor depends on the design return period and the coefficient of skewness that data series gives.
[bookmark: _Toc532151623]Table: 2.8Maximumrainfall frequency analysis using Pearson-III distribution
	Station Name
	Gondar
	Makisegnt
	Ambagorgis

	Number of data, N
	65
	30
	28

	Return period, T years
	50
	50
	50

	Mean of data (mm), Xm
	53.02
	52.87
	43.41

	Standard deviation, Sx
	13.31
	17.01
	12.99

	Skewness, Cs
	0.62
	0.11
	1.91

	Frequency factor , KT=f(T, Cs, N)
	2.37
	2.11
	2.87

	Peak rainfall (mm), XT=Xm+KT* Sx
	84.59
	88.81
	80.73



The Pearson-III distribution method of design rainfall frequency analysis over 50 year return period gives us 84.59, 88.81 and 80.73 mm peak design rainfall for Gondar, Makisegnt and Ambagorgis stations respectively.
e) Log Pearson type-III Distribution
This distribution can be done after the normal series of data are taken out of logarithmic value and then it has the same procedure as that of any theoretical frequency analysis. The person type-III distribution frequency factor depends on the Coefficient of skewness that data series gives and design return period.
[bookmark: _Toc532151624]Table: 2.9Maximum rainfall frequency analysis using Log Pearson-III distribution
	Station Name
	Gondar
	Makisegnt
	Ambagorgis

	Number of data, N
	65
	30
	28

	Return period, T years
	50
	50
	50

	Mean of data, Ym
	1.71
	1.70
	1.62

	Standard deviation, Sy
	0.11
	0.15
	0.11

	Coefficient of skewness, Cs
	-0.21
	-0.36
	1.01

	Frequency factor , KT=f(T,Cs)
	1.94
	1.86
	2.55

	Peak magnitude, YT=Ym+KT* Sy
	1.92
	1.98
	1.91

	Peak rainfall, XT=Antilog(YT)
	83.72
	94.84
	80.93


The Log Pearson-III distribution method of design rainfall frequency analysis over 50 year return period gives us 83.72, 94.84 and 80.93 mm peak design rainfall for Gondar, Makisegnt and Ambagorgis stations respectively.
Finally, among the five probability distributions, the best fit distribution for each independent station will be selected based on goodness of fit test.
[bookmark: _Toc514162307]Goodness of Fit Test
After doing the frequency analysis of the peak rainfall using different distributions methods, we should select the best fit distribution to the maximum rainfall data series.
Among the common probability distributions Gumbel EV-I, Normal, Lognormal, Pearson type-III and Log Pearson type-III distributions the best fit distributions can be identified by applying the Probability plot and D-index test.
Probability plots are used to determine how well data fit a theoretical distribution, such as the normal, lognormal, or Pearson distributions. It is widely used by hydrologists to compare the best fit probability distribution to the given data series. Probability plots can be constructed by plotting the quantiles of sample data against quintiles of the standardized theoretical distribution on the probability paper. The probability paper simply retransforms the linear scale for quantiles of the standard distribution back into a nonlinear scale of plotting positions (D. R. Helsel, and R. M. Hirsch, 1992).

[bookmark: _Toc532151658]Figure: 2.1 Probability plot of Gondar station for different probability distributions

[bookmark: _Toc532151659]Figure: 2.2 Probability plot of Makisegnt station for different probability distributions

[bookmark: _Toc532151660]Figure: 2.3 Probability plot of Ambagorgis station for different probability distributions
In the probability plot, the less departure from a straight line implies the better the data fit the theoretical distribution. Beside to this, a distribution with minimum value of AD (Anderson-Darling) test statistics and maximum P-value can be regarded as the best fit probability distribution.
Similarly, the D-Index test can be applied to measure the goodness fit of the data series to frequency models. In our case the D-Index test is used to determine the best statistical distribution to estimate the peak rainfall. The D-index for the comparison of the fit of various distributions is summarized as follows.

Where Xi and Xi’ are the ith highest observed and computed values for the distribution respectively.
[bookmark: _Toc532151625]Table: 2.10 Summary table of D-index test of goodness of fit test for the three stations
	Station /Distribution
	Normal
	Log Normal
	Person Type III
	Log Person Type III
	Gumbel EVI

	Gondar
	0.65
	0.39
	0.83
	0.49
	2.56

	Makisegnt
	2.79
	3.05
	2.94
	2.94
	7.84

	Ambagorgis
	1.65
	1.31
	1.26
	0.89
	5.41


Based on D-index method of goodness of fit test a distribution with minimum value of D-indexcan be regarded as the best fit probability distribution.


In both probability plot and D-index test the Gondar station is best fitted by Log Normal and Log Pearson III distributions in the order of 1st and 2nd rank among the common probability distribution methods used for daily maximum rainfall frequency analysis. Similarly, Makisegnt station is best fitted by Normal and Pearson III distributions in the order of 1st and 2nd rank. But for the Ambagorgis station probability plot and D-index test results different. It is best fitted by Gumbel EVI by probability plot and Log Pearson III in case of D-index test.
However, these best fitted distributions are found to give us relatively lower design rainfall magnitude compared to the Gumbel EV-I distribution which is most commonly used in hydrology analysis.  Therefore, the Gumbel EV-I distribution is selected for the design rainfall frequency analysis of three stations because it is gives us reasonably good value.
Then, after the watershed design point rainfall can be determined as weighted mean of the three stations peak rainfall magnitude with their respective area coverage on watershed Thesen polygon map.
[bookmark: _Toc532151626]Table 2.11 summary of Hota watershed design Point Rainfall
	Station
	design RF ,mm
	Weight,%

	Gondar
	87.513
	19.90

	Makisegnt
	96.971
	46.97

	Ambagorgis
	77.085
	33.13

	Design Point rain fall
	88.501
	100.00


Therefore, the 50 year return period peak design rain fall magnitude estimated by using the weighted mean of the three stations frequency analysis result is 88.501mm.
[bookmark: _Toc250108237][bookmark: _Toc514162308]Peak Flood Discharge Analysis
The peak design flood discharge over 50 year return period can be analyzed by using the United States Soil Conservation Service (SCS) unit hydrograph method. This the more reliable method used to estimate the peak flood for ungagged rivers like Hota River. The computation is done using design rainfall or storm estimated by rainfall frequency analysis. The method accounts Curve number and watershed parameters like Area, slope of terrain, slope of stream(S), and time of concentration.  
[bookmark: _Toc283388176][bookmark: _Toc514162309][bookmark: _Toc250108238]Time of Concentration
The two important watershed hydrograph parameters are time of concentration (Tc) and time of lag (TL). Time lag (TL) is the time from center of excess rainfall to time of peak of hydrograph and it is usually 0.6 times the time of concentration (Tc).
Time of concentration (Tc)is one of most important catchment characteristics required for flood hydrograph development. It is the time elapsed for runoff to travel from the hydraulically most distant point of the catchment area to a point of interest within the catchment area. Time of concentration (Tc) magnitude is primarily determined by the catchment parameters. The time of concentration (Tc) value can be estimated by applying different empirical equations such as Kirptich, BransbyWilliam and Vente chow. 
In our case the time of concentration (Tc) of Hota watershed is estimated by using the average of the three time of concentration computed by BransbyWilliam, Vente chowand Kirptich formulas.
The time of concentration (hr) by using BransbyWilliam formula; 

=0.243*51.167*520-0.1*0.0545-0.2 = 5.56 hr
Where: L is the length of the longest watercourse (km), A is the catchment area (km2), S is the stream average slope (m/m), 
The time of concentration, Tc (hr) by using Vente chow formula; 

=0.1602*51.1670.64*0.0545-0.32 = 9.50 hr
Where: L is the length of the longest watercourse (km), A is the catchment area (km2), S is the stream average slope (m/m), 
Kirptich formula can be computed for segmented watershed and summing all the travel times for consecutive components of the drainage conveyance system. The Kirptich time of concentration, Tc(hr)formula for segmented watershed is given below:


Where: L is the length of segmented stream (km), S is the watershed slope (m/m). 





[bookmark: _Toc532151627]Table; 2.12  Summary of Tc computation by Kirptich formula
	No
	Length (km)
	Elevation (m)
	Z_Max
	Difference
	Slope (%)
	TC (Hr)

	
	
	
	
	
	Min_Slope
	Max_Slope
	Avg_Slope
	Kirptich

	1
	10.23
	2728.48
	3035.51
	307.03
	0.00
	21.89
	6.14
	1.19

	2
	10.23
	2426.23
	2728.48
	302.25
	0.00
	11.28
	2.68
	1.64

	3
	10.23
	2037.68
	2426.23
	388.55
	0.00
	8.22
	2.55
	1.68

	4
	10.23
	1854.02
	2037.68
	183.67
	0.00
	93.95
	9.36
	1.02

	5
	10.23
	1751.96
	1854.02
	102.06
	0.00
	60.68
	6.53
	1.17

	Sum
	51.17
	1751.96
	3035.51
	1283.55
	0.00
	93.95
	5.45
	6.69


As depicted in the above Kirptich Tc computation table, the time of concentration is estimated 6.69 hr for Hota watershed.
All the three methods give us different time of concentration (Tc)value with magnitude of 5.56 hr, 9.50hr and 6.69hr respectively. Generally, the Kirpich formula tends to give lower values compared with the others methods. Application of Kirpich formula for determining Tc results in too short of a time of concentration particularly when the average basin slope varies significantly from the mean canal slope as in steep topography in areas in the upper catchments. 
Therefore, the design time of concentration (Tc) can be taken as the mean of the three estimates. So the design time of concentration (Tc) for Hota watershed is estimated 7.25hr by averaging the above two methods. 
[bookmark: _Toc532151628]Table; 2.13Summary for catchment hydrograph Parameters
	Steps
	Design Parameter
	Value

	1
	 Catchment Area, A (km2)
	520

	2
	Length of main river, L (km)
	51.17

	3
	Average slope of main stream, S %
	5.45

	4
	Time of concentration, Tc (hr)
	7.25

	5
	 Duration of Rain fall excess, D (hr)
	1.0

	7
	Time to peak, Tp (hr)= 0.6Tc+0.5D 
	4.85

	8
	Time to base, Tb (hr)= 2.67Tp
	12.96

	9
	Unit discharge , q (m3/s/mm) = (0.21*A)/Tp
	22.505

	10
	Lag time, TL (hr) = 0.6Tc
	4.35

	11
	Design point rain fall (mm)
	88.501


These catchment hydrograph Parameters are important to synthesize the design flood hydrograph.
[bookmark: _Toc361378701][bookmark: _Toc390925880][bookmark: _Toc406704767][bookmark: _Toc479503009][bookmark: _Toc514162310]Curve Number (CN)
Curve number (CN) is determined based on USSCS method by watershed characterization in terms of land cover, treatment, hydrologic condition and soil group. These runoff factors or runoff curve numbers (CN), indicate the runoff potential of an area. The CN value depending on given hydrologic soil type, land use cover, terrain slope class and anticipated hydrologic condition of watershed. We read and assign CN-value from standard curve number table of Ethiopian Road Authority, Hydrology and Drainage Design manual; 2013. We have developed the weighted CN value for each land use class of given watershed.
Accordingly, the Hota watershed CN values are estimated for the two antecedent moisture conditions (AMC):
· CN II = 81.90 for AMC-II;
· CN III = 91.38 for AMC-III;
The design flood hydrograph should be computed by using CN-III (91.38) since the peak runoff usually occurs at an antecedent moisture condition III state. For detail refer watershed deport of same project.
[bookmark: _Toc361378702][bookmark: _Toc390925881][bookmark: _Toc406704768][bookmark: _Toc479503010][bookmark: _Toc343845698][bookmark: _Toc390925882][bookmark: _Toc514162311]Areal Rainfall and Rainfall Profile
Areal rainfall of watershed is needed since the point rain fall that is obtained from metrology station cannot represent the whole runoff contributing catchment area. As the area of the catchment gets larger, coincidence of all hydrological incidences become less and less. The watershed aerial rainfall can be determined by distributing the design point rainfall to the whole catchment using area reduction factor (ARF). For small watershed area (<25Km2), simple empirical formula, Area reduction factor (ARF=1-0.044*A0.275) can be used. In case of our watershed since area (520 Km2) which is much greater than 25km2, we have to read area reduction percentage from standard curve developed for Ethiopian case by Continental consultants in 2002.
Rainfall profile is the distribution of the proportion of design rainfall during every incremental time on the watershed area during the 24-hour duration. Well-developed models are needed to determine such an event for the selected basin area. But there are no sufficient modeling studies in the vicinity and we adapt the standard rainfall profile curves developed for Ethiopian case by Continental consultants in 2002. With the aid of rainfall profile versus duration curve the percentages of design rainfall distribution on the catchment area are computed for the first most intensive storm duration (Continental, CES, SSIP handbook, 1997).



[bookmark: _Toc532151629]Table 2.14  Design Rainfall Arrangement
	
Duration
	Design point Rainfall 
	Rain Fall 
Profile
	
Area to Point Rainfall Ratio
	
Areal Rainfall
	
Incremental Rainfall
	
Descending Order

	hr
	mm
	%
	mm
	%
	mm
	mm
	No

	0.0-1.0
	88.501
	33.33
	29.50
	34.200
	10.09
	10.09
	2

	1.0-2.0
	88.501
	52.31
	46.30
	53.100
	24.58
	14.50
	1

	2.0-3.0
	88.501
	62.36
	55.19
	62.100
	34.27
	9.69
	3

	3.0-4.0
	88.501
	69.38
	61.40
	66.700
	40.96
	6.68
	4

	4.0-5.0
	88.501
	73.90
	65.40
	69.700
	45.59
	4.63
	5

	5.0-6.0
	88.501
	77.35
	68.46
	72.200
	49.42
	3.84
	6


[bookmark: _Toc361378703][bookmark: _Toc390925883][bookmark: _Toc406704769][bookmark: _Toc479503011][bookmark: _Toc514162312]Direct Runoff Analysis Using SCS-CN Method
The input for direct runoff analysis using SCS-CN method are the rearranged incremental rainfall, Curve Number (CN) and watershed hydrograph parameters like time of concentration (Tc ), duration of rain fall excess (D), time to peak (Tp), time to base (Tb), lag time (TL), catchment area (A) and others.
The rearranged incremental rainfall can be determined by distributing the design point rainfall with rainfall profile and areal reduction factor as computed in table. We have selected the (CN-III) for the wet antecedent moisture condition as the worst design scenario for peak flood discharge generation. We have prepared input variables like curve number (CN-III = 90.86) and catchment area (A = 520 Km2) for direct runoff computation. The maximum potential retention, S (mm) between rainfall beginning and runoff starting of storm can be computed as follows.
 = 23.97 mm
Then the effective rain fall that is becoming direct runoff depth, Pe (mm) can be computed as:

Where, (P) is rearranged rain fall excess cumulative (mm) and (S) is potential retention (mm).
Then the peak unit discharge, qp (m3/s/mm) which created by 1mm excess runoff on the entire catchment can be computed as follows:
 = 22.505 m3/s/mm.
[bookmark: _Toc390925967]Where; (A) is catchment area in (Km2), (Tp) is time to peak in (hr), (Pe) is effective rain fall or direct runoff depth in (mm).The hyetograph of rearranged incremental rainfall is presented in the next figure.

[bookmark: _Toc532151661]                                          Figure: 2.4 hyetograph of design rainfall
[bookmark: _Toc532151630]Table: 2.15  Runoff analysis
	
Duration, 
hr
	Rearranged Incremental Rainfall
	Cumulative Rainfall, 
P, mm
	Cumulative Runoff,
Pe, mm
	Incremental runoff,
Pe, mm
	Peak Runoff, Q, m3/s
	Time of beginning, hr
	Time to peak, hr
	Time to end, hr

	0.0 - 1.0
	3.84
	3.84
	0.00
	0.00
	0.00
	0.00
	4.85
	12.96

	1.0 -2.0
	6.68
	10.52
	1.10
	1.10
	24.87
	1.00
	5.85
	13.96

	2.0 - 3.0
	10.09
	20.61
	6.29
	5.18
	116.65
	2.00
	6.85
	14.96

	3.0 - 4.0
	14.50
	35.11
	16.93
	10.64
	239.43
	3.00
	7.85
	15.96

	4.0 - 5.0
	9.69
	44.80
	25.01
	8.09
	181.97
	4.00
	8.85
	16.96

	5.0 - 6.0
	4.63
	49.42
	29.04
	4.02
	90.52
	5.00
	9.85
	17.96


[bookmark: _Toc390925968][bookmark: _Toc479080844][bookmark: _Toc532151631]Table: 2.16Synthesis of Complex Hydrograph
	Time,(hr)
	
	
	Ordinate of Hydrograph (m3/s)
	Total

	
	H1
	H2
	H3
	H4
	H5
	H6
	Q base
	Qt

	0.00
	0
	
	
	
	
	
	0.602
	0.60

	1.00
	0.00
	0.00
	
	
	
	
	0.602
	0.60

	2.00
	0.00
	5.12
	0
	
	
	
	0.602
	5.73

	3.00
	0.00
	10.25
	24.04
	0
	
	
	0.602
	34.89

	4.00
	0.00
	15.37
	48.08
	49.34
	0
	
	0.602
	113.40

	4.85
	0.00
	19.74
	68.57
	91.40
	31.96
	
	0.602
	212.27

	5.00
	0.00
	20.50
	72.12
	98.69
	37.50
	0
	0.602
	229.40

	5.85
	0.00
	24.87
	92.61
	140.74
	69.47
	15.90
	0.602
	344.18

	6.85
	0.00
	21.80
	116.65
	190.09
	106.97
	34.56
	0.602
	470.65

	7.85
	0.00
	18.73
	102.25
	239.43
	144.47
	53.21
	0.602
	558.69

	8.85
	0.00
	15.66
	87.86
	209.88
	181.97
	71.86
	0.602
	567.84

	9.85
	0.00
	12.59
	73.46
	180.33
	159.52
	90.52
	0.602
	517.03

	12.96
	0.00
	3.07
	28.79
	88.64
	89.83
	55.85
	0.602
	266.78

	13.96
	0
	0.00
	14.39
	59.09
	67.37
	44.68
	0.602
	186.14

	14.96
	
	
	0
	29.55
	44.91
	33.51
	0.602
	108.57

	15.96
	
	
	
	0
	22.46
	22.34
	0.602
	45.40

	16.96
	
	
	
	
	0
	11.17
	0.602
	11.77

	17.96
	
	
	
	
	
	0
	0.602
	0.60


The Hota watershed synthetic complex hydrograph looks like as follows.

[bookmark: _Toc532151662]Figure 2.5 Complex synthetic triangular hydrograph
The complex synthetic triangular hydrograph analysis result shows 567.84m3/s design flood discharge occurring at 8.85hrof peak time over the 50 years return period. This implies that the Hota watershed hydrological response in generating the peak flood discharge will be 1.092m3/s/km2. This value ensures that high rainfall of the area can generated moderate rate of runoff per km2 of the generating catchment.  
This design flood discharge (567.84 m3/s) is further used for analysis and design of head work and appurtenant structures like wing walls, divide wall, terminal structure, under sluice and others.
[bookmark: _Toc250108243][bookmark: _Toc342914064][bookmark: _Toc514162313]Tail Water Rating Curve Computation
The tail water rating curve or the stage discharge is important for the determination of maximum flood level before the construction of a hydraulic structure. The tail water depth is also used to compare the hydraulic jump sequent depth (Y2) for choosing efficient energy dissipating terminal structures. There is a need to determine the slope of the river at proposed diversion headwork location. 
Hence, the mean longitudinal river bed slope at the headwork site is 0.018 which determined by averaging the end area slope value (0.0203) and direct slope (0.0155)as shown in figure shown below.

[bookmark: _Toc532151663]               Figure; 2.6 Longitudinal average river bed slope
The river canal is well defined and the river bed is covered with igneous rock outcrops significantly extended to the left and right side of river banks. The Manning`s roughness coefficient is taken from standard table based on the river nature. The river reach at the proposed headwork site has straight nature and made of rock outcrops with rough surface appearance. The banks are also defined and stable rocky. Hence, a Manning`s roughness coefficient (n = 0.040) has been adopted.
The river cross-section at headwork site was surveyed over 30m chinage and the computation of tail water rating curve is done with help of Manning’s uniform flow equation is presented in Table below. 

Manning equation for flow velocity: 
Where, R – is hydraulic radius (m), n- is Manning`s roughness coefficient (n = 0.040), S-is longitudinal average river bed slope (0.018).
The river water level is taken at every 0.3m intervals points and the rating curve has been computed considering average water Surface slope as the river bed slope at the head work site. 
[bookmark: _Toc532151632]Table: 2.17 Tail water rating curve computation
	
Elevation, 
m
	
Flow depth, Y(m)
	
Weted Area, A(m2)
	
Weted perimeter, P(m)
	
Hydraulic Radius, m, R=A/P
	
Flow velocity, V(m/s)
	
Discharge, m3/s, Q=V*A

	1750.70
	0.00
	0.00
	0.00
	0.000
	0.000
	0.000

	1751.00
	0.30
	2.13
	9.56
	0.223
	1.230
	2.626

	1751.30
	0.60
	5.26
	11.48
	0.458
	1.987
	10.450

	1751.60
	0.90
	8.88
	12.97
	0.684
	2.596
	23.045

	1751.90
	1.20
	12.87
	14.35
	0.897
	3.109
	40.008

	1752.20
	1.50
	17.23
	15.74
	1.095
	3.553
	61.228

	1752.50
	1.80
	21.97
	17.12
	1.284
	3.949
	86.775

	1752.80
	2.10
	27.08
	18.50
	1.464
	4.311
	116.756

	1753.10
	2.40
	32.57
	19.88
	1.638
	4.646
	151.316

	1753.40
	2.70
	38.42
	21.26
	1.807
	4.960
	190.600

	1753.70
	3.00
	44.66
	22.65
	1.972
	5.257
	234.772

	1754.00
	3.30
	51.26
	24.06
	2.131
	5.536
	283.818

	1754.30
	3.60
	58.26
	25.47
	2.287
	5.804
	338.124

	1754.60
	3.90
	65.63
	26.89
	2.441
	6.062
	397.874

	1754.90
	4.20
	73.40
	28.37
	2.587
	6.301
	462.535

	1755.20
	4.50
	81.59
	29.87
	2.732
	6.534
	533.043

	1755.50
	4.80
	90.18
	31.37
	2.875
	6.760
	609.608

	1755.80
	5.10
	98.83
	32.83
	3.010
	6.971
	688.906

	1756.10
	5.40
	108.63
	34.52
	3.147
	7.180
	779.949

	1756.40
	5.70
	118.53
	36.16
	3.278
	7.378
	874.437

	1756.70
	6.00
	128.89
	37.81
	3.409
	7.573
	976.084










[bookmark: _Toc532151664]                               Figure: 2.7 Tail water rating curve and maximum flood level
From the above table and tail water rating curves, the tail water depth (Y3) equivalent to the peak flood discharge (567.84m3/s) is found to be 4.636 m (1755.336 m a.ms.l). The design flood discharge has a corresponding flow velocity of6.637 m/s. 
Hence, the downstream specific energy above the river bed level (1757.58m amsl) is estimated as 6.88 m by summing up the tail water depth (4.636m) and the velocity head(2.245m).
[bookmark: _Toc342914066][bookmark: _Toc514162314]
HEADWORK DESIGN
[bookmark: _Toc342914067][bookmark: _Toc514162315]Headwork Site Selection
The headwork site is situated at 1381737.916mN, 370442.35 m E UTM-Adindan projected coordinate and river bed elevation of 1750.71m above mean sea level. At this site the river course is well defined, matured with fixed width and forms nearly a U-shaped valley.
For this project a simple river weir structure has been proposed for diverting the water to the main canal. The headwork site geological surface and subsurface conditions have been investigated based on the nature of the proposed structure. At the site and surrounding area, the stream flows along moderate slope course and its bed is mainly covered with recently deposited alluvial sediments dominated with cobbles and boulders at the top and underline by slightly weathered aphenetic basalt rock. At whole portions of the stream bed, and some portion of both ends of downstream and upstream, there are outcrops of the bedrock (massive jointed basalt rock).  
On the other hand, the banks of the stream at the headwork site are made up of same geologic materials; most part of both the right and left bank is made up of the low to medium plastic clay soil with little silt at the top underlain by jointed basalt rock with variable depth. The detail geologic nature of the banks, and bed of the stream along the headwork axis and immediate vicinity are described and their potential geotechnical influence on the proposed structures also discerned or detected below, with remedial measures.
The foundation area of the headwork structure is characterized by non-uniform geologic materials of the stream bed; the sediments and bedrock. The former is loose and pervious, while the bedrock is strong and impervious. It is therefore better to incorporate a positive cut-off masonry wall at the central portion of the bed that anchored to the bedrock after intercepting more than 20 cm thickness bedrock layer. This will help for seepage barrier; uplift pressure comes through the rock joints and also stability conditions.
[image: ]
[bookmark: _Toc532151665]                        Figure: 3.1 River bed at the proposed weir site
Moreover, a summarized geological X-section at the diversion site has been prepared and presented Figure below.
[image: ]
[bookmark: _Toc490139667][bookmark: _Toc532151666]                                 Figure: 3.2  Geological cross section at Head work site
[bookmark: _Toc514162316]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, boulders and undulating appearance of bedrock outcrops. Along the weir 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 with underling bedrock. 
The river bed is almost flat and straight with both bank foots, more than half of the stream bed covered with the alluvial deposits, while both ends of the bed are slightly weathered, jointed vesicular basalt rock. The bedrock is somewhat covered with alluvial deposit is not more than 1.3 m thickness.
[bookmark: _Toc514162317]River Banks condition
At the headwork site, the Left bank is characterized by gentle slope, having about 3.5 m 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 (see fig 4.4). From top to bottom, these includes: Low Plastic Clay (CL) with some silt and massive jointed basalt bedrock. These units have variable thickness at the area. 
Similarly, the Right bank forms steep slope with 3.5m height above the bed. From surface observation, the natural cuts at the bank, there are two distinct geological materials forming the bank section (see fig 4.4). From top to bottom, these includes: Low Plastic Clay (CL) with some silt and massive jointed basalt bedrock. These units have variable thickness at the area. The top clay soil has about 1.5m, whereas the jointed basalt rock possesses 2m thickness. The underlying bedrock is observed at the bank foot and few meters downstream.
Generally, the bank formation along weir axis is moderately weathered rock unit, so that during construction the top weathered rock layer and weak materials should be removed until better rock strength units are found. Therefore, the hydraulic structure can overly on the bank with stable nature and better material strength.
[bookmark: _Toc342914072][bookmark: _Toc514162318]Sources of Natural Construction Materials
Apart from the geotechnical investigation carried out for the headwork and main canal, 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. In addition to site identification, the quality, quantity, accessibility condition and ownership of each proposed production sites have also been studied. 
Construction material investigation namely aggregates, masonry rocks and lining material has been identified. The location and brief description of the materials is presented as follows:
i. [bookmark: _Toc330202947]Masonry Rocks
Quarry site that can be used for production of rock for masonry stone and crushed coarse aggregates has been assessed during the field work session within the vicinity of the project area at economic distance for hauling. Three possible quarry sites has been identified within right side/bank of the headwork to about 200m downstream along the main canal route following a continuous ridge.  This source area is accessible for production and transportation.
ii. [bookmark: _Toc330202948]Aggregates
Aggregates are input materials which bound together by cement will form concrete. Generally, aggregates occupy 70 to 75% of concrete volume. Aggregates are classified as fine and coarse grained depending on their sizes. The size of fine aggregates shall not generally exceed 4.75mm. Aggregates of bigger size are called coarse aggregate. The type of the work to be built governs the maximum size of aggregate. For most of the common reinforced concrete works, a maximum of size of 20mm is generally suitable. 
The Fine aggregates (Sand), for the proposed project can be obtained from Hota River which is located 15m distance from headwork site. The laboratory test result ensures that the sand quality can satisfy ASTM C33 specification and it is organic constituents free. So it can be confirmed to be used as fine aggregate in the construction of concrete and as mortar ingredient for masonry works.
The Coarse aggregate materials for the construction of the project can be obtained by collecting fresh basaltic river boulders and crushing it to the desired size. Boulders deposited in the riverbed can satisfy the coarse aggregate demand of the project.
iii. Water
Water for construction purposes can be found from the project stream, HotaRiver itself. The stream is perennial throughout the year that there is some amount of flow along its course. During this field time the stream flow was more than 850 lit/sec.
[bookmark: _Toc250108252][bookmark: _Toc342914073][bookmark: _Toc514162319]Headwork Type Selection
Looking the availability of natural construction materials and considering the river features and magnitude of flood discharge, ogee type of weir is chosen with cyclopean concrete body. Because, it is hydraulically efficient to convey the peak flood discharge and to roll down possible incoming boulders using economical dimension of retaining structures.
[bookmark: _Toc342914074][bookmark: _Toc514162320]Hydraulic Design of Headwork Structure
[bookmark: _Toc250108253][bookmark: _Toc342914075][bookmark: _Toc514162321]Weir Height Determination
The following major factors have been considered in determining the weir crest level:
· Maximum command area elevation,
· Deriving head of the intake structure,
· Main canal length and slope,
· Head Losses at different structures,
· Lowest river bed level at proposed weir axis,
[bookmark: _Toc532151633]Table; 3.1 Table of weir height determination
	
	Parameters discerption
	Formula
	value 

	1
	Minimum River bed level, m amsl
	RBL
	1750.70

	2
	Water depth in the Main canal, m
	D
	0.70

	3
	length of main canal, m
	L
	1400.00

	4
	Bed slope of the main canal, m
	 So
	1/2000

	5
	Peakfield level in the command area, m amsl
	Z
	1754.00

	7
	Head loss in field (turn out), m
	ht
	0.10

	8
	Head loss across head regulator,  m
	hr
	0.15

	10
	Tt Minor losses, m
	Hm=ht+hr
	0.25

	12
	Head loss along Main Canal, m
	hf=So*L
	0.70

	
	Free board allowance, m
	Fb
	0.00

	13
	Weir Crest Level, m amsl
	WCL=Z+Hm+hf+D+Fb
	1755.70

	15
	Weir Height, m
	H= WCL-RBL
	5.00


[bookmark: _Toc514162322]Weir Dimensions
a) [bookmark: _Toc250108257]Crest Length
Adequate crest length is required to overpass the design flood discharge, 567.836 m3/s.  to do the comparison of Lacey regime width and the actual river width was done.
Lacey’s regime width, = 113.20m.
However, the actual river section width of the over flow section of the river is equal to 33m, hence this value is adopted for the designing of the weir body.
b) Bottom width
The preliminary weir dimension like bottom width can be first estimated by the Beligh’s formulaor Elementary gravity profile formula and finally the economical and the stable weir dimension can be determined after structural stability analysis results achieve required safety margin. 
Usually the Beligh’s formula and Elementary gravity profile formula can be used to estimate the preliminary weir dimension like top and bottom width of the weir body.
Input Data:
             P: Height of weir (m) = 4.5
	He: specific energy head (m)

	: Specific weight of weir body (2.3 for cyclopean concrete)


Bottom width, 8.5 m ( to satisfy structural stability).
The stable weir dimensions are adopted after it attains the minimum required safety margin of structural stability analysis in all possible loading conditions. Hence adequate dimension of 8.50mbottom width has been adopted to satisfy all structural stability requirements. 
[bookmark: _Toc514162323]Weir Hydraulics and Flood Level Determination
Water flow over the weir crest is computed by using weir formula. It is primarily important to determine the water depth over the crest (Hd) and specific energy head over the crest (He).
Weir flow equation is used to determine total head over crest level (He).
	= 4.005 m
Where: C- is discharge coefficient (2.2 for ogee weir type), L-effective length of weir (32.20) m, Q – is design discharge (567.836m3/s)
Again the total energy head is sum of water depth and velocity head over weir crest level. 

That is; 
Again, the velocity head (ha) can be computed from approach velocity.

[bookmark: _Toc410464809][bookmark: _Toc410578478][bookmark: _Toc414418758]By combining the above two equations and substituting for known values we can solve for water depth over crest and velocity head.


With help of goal seek (numerical iteration method) the water depth over crest (Hd) and velocity head (Ha) values are solved to be 3.3242m and 0.681m respectively.
Then we can take correction for discharge coefficient (Cd):
· Correction for u/s face slope, C/Cd= 1 for vertical u/s face;
· Correction for approach velocity, C/Cd= 1 for P/Hd(1.5) >1.33,
· Correction for degree of submergence, C/Cd= 1 for Hd/Y3(0.70) > 0.5,
Since all the correction factor have unit ratio, the first discharge coefficient value (Cd =2.2) is correct enough for computing weir hydraulics.
Therefore, the upstream and downstream high flood levels can be determined as follows.
· U/s HFL=river bed level + weir height +Hd= 1750.70+5.0+3.3242=1759.02m amsl.
· D/s HFL=jump height level = 1756.43m amsl, since JHC > TWC,
· Afflux = U/s HFL - D/s HFL = 1759.02–1756.43 =2.59m.
· U/s TEL= WCL +He =1755.70+4.00= 1759.70m amsl.
· D/s TEL= Tail water energy level =1757.58m amsl.
Even if the design afflux value is found greater than 1.2, the massive bed rock at headwork site can withstand all possible scouring effects. So that no need for enlarging the weir crest length in order to for reduce afflux value.
From the stage-discharge curve prepared in hydrology section, the high flood level before construction (D/s HFL) corresponding to the design flood discharge is 1755.336 m amsl. Appropriate retaining walls are provided to protect flood overtopping the banks of the river. 
[bookmark: _Toc514162324]Ogee Shape of the Weir
The Ogee profile is designed based on nappe profile equation for upstream and downstream face at control section in order to increase is discharging capacity of the weir.
[image: ]
[bookmark: _Toc532151667]             Figure :3.3Nappe profile of standard ogee weir at control section (Novak, 2007)
We have to first compute the control section weir hydraulic parameters.
· Water depth over crest, Hd= 3.3242m 
· Weir height, H =5.0m
Then detail of ogee profile can be designed by using nappe profile equation shown above.
· U/s horizontal total distance, Xc =0.282*Hd= 0.9374m,
· U/s horizontal mid distance, X1=0.175*Hd= 0.5817m,
· U/s vertical distance to edge, Yc=0.124*Hd= 0.4122m, 
· Major radius for u/s curve, R1=0.5*Hd= 1.6621m,
· Minor radius for u/s curve, R2=0.2* Hd= 0.6648m, 
· Toe curve radius, r=H/4 =1.250 m, 
· Toe curve height, Z=H/8 = 0.6250 m,
Then d/s ogee profile equation can be rewritten as; 
Y =0.1801 X1.85
However, the nappe profile can only extend to downstream direction until (Xo) which it makes tangent to the slope of downstream chute that satisfies all structural stability requirements. Hence, from the structural stability analysis the slope of the downstream face is determined (V:H=0.8623) which satisfies all required structural factor of safeties.
 So the derivative of nappe profile equation should be equated to downstream chute slope (m=0.8623). 
· ;        implies   
The solution gives us Xo= 3.0607m. and Yo = 1.427m
These 3.0607m and 1.427m dimensions are the projected horizontal and vertical length for which the ogee nappe profile extends to point of tangency. 

[bookmark: _Toc532151668]Figure: 3.4  Ogee profile of downstream face
For the details of weir profile drawing refer the headwork working drawing of the same project.
[bookmark: _Toc514162325]Hydraulic Jump Calculation
As discussed in the geologic report, the river bed and banks are basalt rock formation. Both left and right side banks are rocky, a wing walls are required at U/s and D/s sides’in order to protect bank overtopping and the possible scouring effects during peak flood flow.
The length of wing walls is determined based on the length of Jump, and it is calculated as shown below.
• Weir crest length 33.0 m
• Weir height (H) = 5.0 m
• Pre-jump depth = y1
• Post -jump depth =y2
The location of Hydraulic jump can be computed by using crump method. The basic assumption for crumps formula is it neglects small energy head loss in the chute flow.  The crump method of locating hydraulic jump can be solved by either using standard table or by equating the hydraulic jump headless to the difference of U/s TEL and D/s TEL.
· Specific discharge, q=Q/Le= 567.836m3/s/ 32.20 m = 17.635 m2/s
· Critical flow depth, Yc = (q/g)^1/3 = 3.165 m 
· HL-head loss is the difference of U/s TEL and D/s TEL
Hydraulic jump sequent depths iteration is done by neglecting small head losses in the chute:

…………..(a)

………. ……….(b)
After iterations pre jump depth (Y1) and post jump depth (Y2) are computed to be 1.526 m and 5.729m respectively. The swamee’s table is used to determine the location of jump (P-level).
· Hl/Yc=0.671,  n=f(0.671)=1.962, 
· Ef2=n*Yc= 1.962*3.165 = 6.211 m,
· P-level= D/s TEL-Ef2 = 1751.37 m amsl (0.671 m above the river bed level)
But we have sound bed rock, no need of lowering downstream floor level to P- level. Instead the D/s retaining wall heights are fixed by using post jump depth rather than tail water depth.
The pre jump Froud Number, 
The length of hydraulic jump length (L) can be calculated as follow.

21.00m.
In our case no need of designing downstream apron and energy dissipating structures since the river bed and banks geologic formation are massive basaltic rocks gorges.
Comparison of hydraulic jump height curve and tail water rating curve is presented below and the detail tabular analysis is attached in annex. The Jump height curve is formed by adding the conjugate depth of hydraulic jump, y2, to the jump location elevation of the apron can be determined.

[bookmark: _Toc532151669]                   Figure; 3.5 Comparison of Jump height curve & Tail water rating curve
The post jump curveis totally above tail water curve; this condition may possibly cause scouring effect on the week river bed materials. But in our case the massive basalt rock geologic formation of both river bed and banks can with stand such degree of scouring flow condition.
[bookmark: _Toc342914081][bookmark: _Toc514162326]Structural Design of Headwork Structure
[bookmark: _Toc342914084][bookmark: _Toc514162327][bookmark: _Toc342914082]Stability Analysis of weir
The structural stability analysis of weir is done for the high flood level and pool level loading conditions. The followings are the major forces considered in the design of the weir overflow section by which the stability analysis was based.
· Self-weight of the structure
· External water pressure
· Silt pressure
· Up lift pressure
Structural damage due to seismicity or earth quake force is considered to be negligible. The stability analysis was done for the worst and static (normal) case for expected sever different load combinations. 

Material properties:
· Cyclopean concrete unit weight (rc)=23KN/m3,
· Saturated Soil unit weight, (rs)=19KN/m3,
· Water unit weight, (rw)=9.81 KN/m3,
· Friction factor (µ)=0.75 for rocky foundation,
[bookmark: _Toc532151634]Table: 3.2 Stability analysis of weir
	Loading Condition
	Force (KN/m)
	Lever arm, m
	Moment (KN.m)

	loading types
	Vertical
	Horizontal
	about toe 
	Positive, M
	Negative, M

	Self-weight,W1
	103.36
	0.00
	8.03
	830.13
	0

	Self-weight,W2
	185.00
	0.00
	3.00
	555.24
	0

	Self-weight,W3(rectangular under ogee curve)
	251.55
	0.00
	6.03
	1517.43
	0

	Self-weight,W4 (ogee curve)
	65.19
	0.00
	6.43
	419.14
	

	Water load, Ww 
	53.19
	0.00
	7.70
	409.55
	0

	Hydrostatic Pressure , P1
	0
	166.21
	2.50
	0
	415.53

	Hydrostatic Pressure,P2
	0
	125.00
	1.67
	0
	-208.33

	Silt Load, Ps
	0
	37.46
	1.67
	0
	62.44

	Tail water hydrostatic, P3
	0
	-11.64
	0.51
	5.92
	0

	Tail water Load vertical
	19.78
	0.00
	0.86
	17.10
	0

	Uplift load force, U1
	-19.45
	0.00
	4.25
	0
	82.67

	Uplift load force, U2
	-31.88
	0.00
	5.67
	0
	180.63

	Sum for HFL condition
	626.75
	317.04
	
	3754.50
	949.60

	Sum for Pool Level condition
	573.23
	162.46
	
	3321.93
	451.40

	Loading Condition
	HFL
	Pool Level
	
	

	Summation Vertical Force, ΣFv
	626.75
	573.23
	KN
	

	Summation Horizontal Force, ΣFh
	317.04
	162.46
	KN
	

	Summation moments, ΣM+
	3754.50
	3321.93
	KN.m
	

	Summation  moments, ΣM-
	949.60
	451.40
	KN.m
	

	Lever arm of Resultant Load, X`=ΣM/ΣFv
	4.48
	5.01
	m
	

	Middle two third Rule, B/6
	1.42
	1.42
	m
	

	Eccentricity, e=X`-B/2 <B/6
	0.23
	0.76
	ok
	

	Overturning  FOS=ΣM+/ΣM-
	3.95
	7.36
	ok
	

	Sliding FOS=µΣFv/ΣFh
	1.54
	2.66
	ok
	

	Principal stress Maximum (KN/m2)
	85.46
	103.51
	
	

	Principal stress Minimum (KN/m2)
	62.01
	31.37
	
	


In both High flood level (HFL) and Normal Pool level(PL) loading condition, the safety of the weir against sliding, overturning, compression and tension stress failure were checked and the safety factor results are above the required safety margins 1.5 as shown in the table.
[bookmark: _Toc514162328]Impervious Apron and Cutoff Wall
Since, the headwork is founded on massive jointed rocky foundation condition; no need of providing apron floor at all on the downstream floor. We have provided a nominal 2.0 m reinforced concrete cutoff wall both at upstream (hell) and downstream (toe) of weir body.  This is to key and bond the weir body material to the bed rock formation and fill up irregularities to ensure no water percolating through interface joint. 
[bookmark: _Toc468922296][bookmark: _Toc514162329][bookmark: _Toc342914085]Design of Retaining Walls and Divide Walls
The High flood level (HFL) and existing topographical condition at the headwork site are the most governing parameters for fixing the retaining wall heights. 
The upstream and downstream retaining walls should be high enough with provision of adequate freeboard to protect flood overtopping to both left and right sides. So the height of a retaining wall can be determined by adding free board to the elevation difference of HFL and bank level.  Other dimensions like top and bottom width of all retaining walls at different section are determined to satisfy the required structural stability safety factor.
Divide wall is designed in order to create separation between outlet canal and natural river course. The divide wall allows safe and stable base flow to the canal outlet. Flow turbidity created by current flow impact over the weir body is reduced.
In our case we have provided one divide walls to the right bank side canal outlet. The top level of divide wall is the same as that of U/s retaining wall and it supports the operation slab and Brest wall.
The divide wall is extended 0.90 m to the U/s direction and to the toe end at D/s direction to support and safeguard under sluice and canal outlets.


In the following table presents summarized dimension of retaining walls and divide walls.
[bookmark: _Toc532151635]Table; 3.3  Summary of retaking and divide walls dimension
	Structure
	Design of walls
	Right
	Left

	
	U/s River bank level, m amsl
	1752.50
	1752.50

	
	D/s River bank level, m amsl
	1752.70
	1752.70

	
	U/s high flood level
	1759.02
	1759.02

	
	D/s high flood level
	1756.42
	1756.42

	
	Free board, m
	0.6
	0.6

	U/S Wing Wall
	Height, m
	7.10
	7.10

	
	Bottom width, m
	4.50
	4.50

	
	Top width, m
	0.60
	0.60

	D/S Wing Wall
	Height, m
	4.30
	4.20

	
	Bottom width, m
	2.80
	2.80

	
	Top width, m
	0.60
	0.60

	Divide Wall
	Height, m
	7.10
	

	
	Thickness, m
	1.20
	


[bookmark: _Toc468922340]The stability analysis of both Divide wall and retaining walls at different section is checked for the minimum factor of safety and all are found adequate and safe. The detail of stability analysis is presented in annex table.
[bookmark: _Toc514162330]Design of Under Sluice and Canal outlet
[bookmark: _Toc514162331]Under sluice
The under sluice is mainly provided here to remove silt deposition as a result of barrier structure. Hence, the sill level of the under sluice is fixed to facilitate this deposited silt to increase the efficiency of water abstracting to the main canal through the head regulator from the pocket. 
The sill level of under sluice is usually recommended to be at 0.5 to 1.0 m depth below the canal off take sill level. This relative depth is usually determined by the requirement of hydraulic head to scour the silt materials accumulation in the pocket of under sluice. In addition to the supply of water to the intake and the removal of silt, this acts to remove the boulder that comes to wards it. 
Considering this, the opening width of under sluice is designed to be 1.0 m with spindle type operating from the operation slab. 
Considering rectangular notch profile of flow of water at the under sluice, the discharge passing is computed considering the following points.
· The capacity should be at least five times the river base flow to ensure proper scouring.
· Capacity of passing about 10% to 20% of the maximum flood discharge at high floods.
· During construction, it should be able to pass the prevailing (at least base flow) discharge of the river.
But all of those methods do not give us equivalent discharge. So, the practical and average discharging capacity of under sluice is designed to convey five times base flow discharge (Q = 4.25 m3/s) by using orifice formula.
Considering depth of 1.0 m below the 0.7m depth of canal offtake level, the bed width of under sluice can be computed as follow.  
, 
Where, Cd = discharge coefficient =0.60
h= driving hydraulic head (1.2m) at center of office area.
	g = 9.81m/s2
Width (b) =  width.
Hence the size of the under sluice is 1.0m (width X height) is provided at right sides. 
[bookmark: _Toc514162332]Canal outlets
The sill level of canal off take is fixed based on the optimum route alignment and the maximum irrigated command level including minor and major hydraulic losses in the conveyance system. In this project we have one right side main canal.
Each off take canal capacity is determined for maximum command area and the corresponding design discharge. In this case the outlet capacity is fixed considering maximum discharge (0.741 m3/s) to irrigate the total potential command area. As explained in chapter four, the Hota diversion irrigation system is designed for 471 ha total maximum command area for full (dry season) irrigation. 
The design irrigation duty determined for 14 hr dry season full irrigation is 1.64 l/s/ha. Accordingly, the design discharge of canal off takes is determined to be 0.741 m3/s. The, off take sill level 1755.00m amsl is provided at the right side canal off take.
The off take canal dimensions are designated by using broad crested weir formula;
Q = Cbh3/2
Where; C = coefficient of discharge = 1.7
 b = Width of water way (m) 
h = specific energy head approximated as water depth (m),
By substituting the design discharges (4.25 m3/s) and required canal water depth (0.7m), we can solve for the size of canal off take.
Accordingly, off take size (width by height)of (0.70m X 0.95m) is provided for right side. Moreover, the gate of the off take canal is designed to be vertical sheet metal for the closure of the opening space with some extra dimensions for side groove. The grooves are to be provided on the walls using angle iron frames at the two sides of the gate openings. Trash racks of diameter 12mm with spacing of 10cm has to be provided at upstream face of the gate to prevent entry of debris to the main canal. For detail refer the detail of working drawing.
[bookmark: _Toc514162333]Breast Wall and Operation Slab
A vertical raised gate is designed for both the head regulator and under sluice. Gate slides over the breast wall by spindle during opening and closing. For easy operation of these gates, operation slab is provided. The size of the operation slab is fixed from the point of operational free movement. The size of the operation slab is shown in the drawing has thickness of 0.2m.
The thickness of the breast wall is also the same as that of the operation slab. The nominal thickness is fixed from the point of construction rather than the imposed load. The thickness required for the imposed load is less than the nominal value and treated as cantilever retaining wall. For both the operation slab and breast wall, the structural analysis summary table is annexed. The actual arrangement of angle irons, spindles, shafts and operation slab including other components is shown in the design drawings.
For each arrangement and further information, refer to the design drawing.


[bookmark: _Toc342914090][bookmark: _Toc514162334]IRRIGATION AND DRAINAGE SYSTEMS DESIGN
[bookmark: _Toc342914091][bookmark: _Toc514162335][bookmark: _Toc276914716][bookmark: _Toc283129208][bookmark: _Toc314374436][bookmark: _Toc317374135][bookmark: _Toc319850913][bookmark: _Toc321514978]Irrigable Area Description
[bookmark: _Toc406152080][bookmark: _Toc509733411][bookmark: _Toc514162336]Topography
Topography is an important factor for the planning of any irrigation project so long as it influences method of irrigation, drainage, erosion, costs of land development, mechanization, labor requirement and choice of crops.
The topographic feature of the command area ranges from gentle slope to a moderate steep slope and crossed by some big, moderate and small gullies. The dominant slope gradient class is approximated from 2 % to 8% (moderately sloping). The slope gradient indicates that the proposed command area is suitable for surface irrigation. 
[bookmark: _Toc509733412][bookmark: _Toc514162337]Climate
According to the traditional Ethiopian agro-ecological zones classification (MOA, 2001) the proposed irrigation project area is basically categorized under Woyna Dega agro-ecology which is conducive to the production of tropical and sub-tropical crops. The elevation of the command area ranges 1753-1681 meters above sea level (masl).
Climate has an important influence on the nature of the natural vegetation, the characteristics of the soil, the crops that can be grown and the type of farming that can be practiced in the region. The climate of an area is highly correlated with its vegetation and, by extension, the type of crop that can be cultivated.
The proposed project area has unimodal rainfall pattern, which extends from mid-June to Late October. The mean annual rain fall that on the project area received according to the Makisegnit, Ambagiorgis and Gondar Stations.
[bookmark: _Toc406152082][bookmark: _Toc509733413][bookmark: _Toc514162338]Soil Characteristics
[bookmark: _Toc234910179][bookmark: _Toc265362716][bookmark: _Toc265362933]As to the surface characteristics (stoniness, rock out crops, water logging and flooding) of the command area, very few stones, good drainage and no rock out crops, characterize the command area. The  command area have clay dominant soil texture soils, and deep soil characteristics, which is a workable soil depth for crop production; and have severe erosion hazards.    
[bookmark: _Toc509733414][bookmark: _Toc514162339]Irrigation/Farm Blocks
The minimum proposed size of irrigation unit is determined by fixing the manageable discharge by the local communities. Considering the farmers experience the minimum proposed size of irrigation unit is set by the capacity of field canals. Basically, depending on the topography of the Hotta command, the proposed irrigation blocks are named after the commands that can be irrigated by tertiary canals and hence the blocks are said to be tertiary blocks. The maximum area of the project is 471ha. There are ten Secondary and fifty tertiary blocks in this irrigation project. 
[bookmark: _Toc406152084][bookmark: _Toc509733415][bookmark: _Toc514162340]Irrigation Efficiency and Irrigation Duty
[bookmark: _Toc406152086]To complete the evaluation of the demand, the efficiency of the water distribution system and efficiency of application must be known. 
The gross requirement of water for irrigation system is very much dependent on the overall efficiency of the irrigation system, which in turn is dependent on several factors: Method of irrigation, type of canal (Lined and/or Unlined), method of operations (simultaneously and continuous or rotational water supply), and availability of structures (for controlling and distribution and measuring and monitoring).
Based on these factors, the project has planned to impose surface (furrow & basin) irrigation method. Based on engineering study results, concerning the canal systems, most of canals are lined. Hence, the conveyance efficiency has estimated to be 85%; and the field application efficiency has estimated to be 60% seeing that the soil texture of the command area is predominantly clay type (according to ADSWE soil Lab result). Thus, the overall/project efficiency has estimated to be 50%.
Is also the relationship between the volume of water and the area of the crop matures. Moreover, it helps in designing an efficient irrigation canal system. The area, which will be irrigated, can be calculated by knowing the total available water at the source and the overall duty for all crops required to be irrigated in different seasons of the years.
Based on this and the type of crops proposed for the project area, the design duty for Hotta irrigation project has been determined as 1.64l/s/ha for full irrigation during dry season and 1.27 l/s/ha for supplementary irrigation during wet season. For more information, agronomist report has a detail about irrigation efficiency and duty.
[bookmark: _Toc509733416][bookmark: _Toc514162341]Irrigation Methods
Among the different irrigation systems surface irrigation system will be used for the project area; and the irrigation water will be obtained from Hotta River and by constructing diversion weir and conveying the diverted water commonly through lined canals and earthen canals and then leading to field canals; and finally irrigation takes place mostly in furrows.
Among the various irrigation methods, surface irrigation method has been selected for this project. Of the surface irrigation methods furrow, border and basin irrigation methods can be used to supply irrigation water to the plants/crops. However, each method has its own advantages and disadvantages. Care should be taken into account when choosing the method, which is best, suited to the local circumstances; that is, depending on the command area slopes, soil types, types of crops, the amount of water and irrigation equipment available, etc. of the command area. 
Based on the above factors surface irrigation method has been proposed for the proposed crops in this project. The method allows applying light irrigation and can be laid out in sloping fields along the contour. Furrow irrigation method is best suited for most of the proposed and row planted crops. In general, furrow irrigation method is simple, manageable and widely practiced irrigation method. This method is suitable for row crops that cannot stand in water for long periods. The only thing required to use this method is row planting of crops. Besides, basin and border irrigation method would be used for the non-row planted crops. Rotational flow water distribution is also recommended for the project area.  
[bookmark: _Toc315263565][bookmark: _Toc406152089][bookmark: _Toc509733417][bookmark: _Toc514162342]Irrigation and Drainage System Layout
[bookmark: _Toc509733418][bookmark: _Toc514162343]Canal Layout
The irrigation scheme layout was prepared by considering the general topography of the land, the soil characteristics, minimizing crossing structure and slope of the canal. Several alternatives were considered for the conveyance and distribution system. The most promising and economical of these alternatives were recommended for more details. The irrigation system comprises four major components: the primary canal, main canal, secondary canal, tertiary canal and field canal system. 
The general layout system consists of one primary canal, two main canals, ten secondary canals, fifty tertiary canals and a number of field canals. In order to facilitate the drainage system the natural drains (gullies and Hotta River) along with catch drains has been used. The layout system covers a net command area of 471ha.
Water is conveyed through the primary canal from the diversion weir. The flow through the primary, main, and secondary canal are continuous type, and the flow through tertiary and field canals can be rotational. For easy distribution, division boxes and turnouts are provided at the head of secondary, tertiary, and filed canals respectively.
The primary canal has a length of 1970m, main canal one and main canal two has a length of 6309m and 5420m respectively. Secondary and Tertiary canals are designated as distribution system. The layout process of the distribution system has involved several steps and the parameters. Topographical, field slope and its uniformity and Sizes of the canals are determined based on the requirement in the field unit.
[bookmark: _Toc509733419][bookmark: _Toc514162344]Drainage System
The drainage system is provided for effective disposal of excess irrigation water and runoff from the irrigation field during rainy season. Field drains and catch drain collect from each field units and topo above the canals will be conveyed with drainage crossing structure and directly discharge into the natural drainage system. 
[image: ]
[bookmark: _Toc532151670]                   Figure 4.1; Hota System Layout
[bookmark: _Toc514162345]Canal Lining
a) [bookmark: _Toc406152092]Primary Canal
From the head work section of this report the canal outlet capacity is fixed considering optimum design flow of the first season to irrigate the whole command area. Therefore, Outlet capacity for the primary canal is sized based on the available command area. The command area 471ha available, the primary canal is designed with a design base flow of 925 l/s.
Geotechnical investigation of the canal route has been carried out in view of permeability, workability, seepage and instability. Accordingly, a number of traverses following the existing canal have been made to characterize the permeability nature of the soil in the area. The primary canal has studied by considering index and engineering properties of the soil, like permeability, land sliding or stability, soil strength, grain size and lined canal weight carrying capacity.
The soil horizon is pervious and easily workable, while the bottom units (clayey silt) are pervious and moderately workable. Wherever there is insufficient thickness of the top soil units the primary canal can be designed as lined.  This canal route should be protected from runoff flood comes through the hill side as the geology of the area is covered by sandy gravel deposit.
This design is made with the intension of lined the primary canal. The lined canal will save the limited water source available at the dry season. The topography is increasingly dropping the whole length of the canal and therefore the primary canal is designed with the ground surface slope with total in cut and partial cut and partial fill. Main canal sections are designed by using Manning’s equation for masonry and earthen section as shown below.


Where: -
Q=design discharge, (m3/s)
R= hydraulic radius of the canal, (m)
A=wetted cross sectional area of the canal, (m2)
P=wetted perimeter, (m)
n= manning roughness coefficient,
b) Main Canal
The soil horizon is pervious and easily workable, while the bottom units (clayey silt) are pervious and moderately workable. Wherever there is insufficient thickness of the top soil units the primary canal can be designed as lined.  This canal route should be protected from runoff flood comes through the hill side as the geology of the area is covered by sandy gravel deposit.
Considering the topography orientation the command area large in size there is two main canals take water from the main canal to tertiary canals distribute to field canals.
There is eight secondary canals and its section is proposed to be rectangular in shape which is lined all designed by using Manning’s equation. The topography of the area for main canals is pervious so the section should be rectangular and lined.


  Where: - Q=design discharge, (m3/s)
R= hydraulic radius of the canal, (m)	
A=wetted cross sectional area of the canal, (m2)
P=wetted perimeter, (m)
n= manning roughness coefficient, 
The hydraulic parameters for each variable are calculated by Iteration method with MS-EXCEL program from main canal to tertiary canals. 
[bookmark: _Toc509733421][bookmark: _Toc514162346]Design of Irrigation Canals
[bookmark: _Toc509733422][bookmark: _Toc514162347]Primary Canal
The primary canal is lined rectangular. Determine the depth of flow in the canal for design discharge using Manning’s equation. The hydraulic Parameters for each variable are calculated using iteration method with MS-EXL program.


  Where: - Q=design discharge, (m3/s)
R= hydraulic radius of the canal, (m)	
A=wetted cross sectional area of the canal, (m2)
P=wetted perimeter, (m)
n= manning roughness coefficient, 
[image: ]
[bookmark: _Toc532151671]Figure 4.2; Typical Section of lined canal
Using the above formula for different design discharge, the canal section is determined and the result is shown in Table below. The canal design slope is probably the ground slope where there is zero fill and partial cut principle to convey water easily. There are two major ground slopes as shown in the following table.
[bookmark: _Toc532151636]Table; 4.1  Primary Canal hydraulic parameter
	Chain age(m)
	Q required(m^3/s)
	B(m)
	d(m)
	FB(m)
	Total, D
	A(m^2)
	P(m)
	R(m)
	S
	n
	V(m/s)

	0+000-1+170
	0.778
	1.20
	0.65
	0.30
	0.950
	0.780
	2.500
	0.312
	0.0005
	0.018
	0.571

	1+170-1+740
	0.751
	0.70
	0.60
	0.30
	0.900
	0.420
	1.900
	0.221
	0.0100
	0.018
	2.031

	1+740-1+950
	0.492
	0.80
	0.70
	0.30
	1.000
	0.560
	2.200
	0.255
	0.0025
	0.018
	1.116


[bookmark: _Toc509733423][bookmark: _Toc514162348]Main Canal
Both main canals (MC-1 & MC-2) are lined rectangular. Determine the depth of flow in the canal for design discharge using Manning’s equation. The hydraulic Parameters for each variable is calculated using iteration method with MS-EXL program.


  Where: - Q=design discharge, (m3/s)
R= hydraulic radius of the canal, (m)	
A=wetted cross sectional area of the canal, (m2)
P=wetted perimeter, (m)
n= manning roughness coefficient, 
[image: ]
[bookmark: _Toc532151672]                      Figure 4.3; Typical Section of lined Main canal
Using the above formula for different design discharge, the canal section is determined and the result is shown in Table below. The canal design slope is probably the ground slope where there is zero fill and partial cut principle to convey water easily. There are two major ground slopes as shown in the following table.
[bookmark: _Toc532151637]Table; 4.2  MC-1 Canal hydraulic parameter
	[bookmark: OLE_LINK1]Chainage(m)
	Q required(m^3/s)
	B(m)
	D(m)
	FB(m)
	Total, D
	Z
	S
	n
	V(m/s)

	 0+000-0+630
	0.2952
	0.4
	0.4
	0.3
	0.7
	0
	0.010
	0.018
	1.450

	0+630-0+939
	0.2952
	0.5
	0.7
	0.3
	1.0
	0
	0.014
	0.018
	2.150

	0+939-1+369
	0.2952
	0.4
	0.4
	0.3
	0.7
	0
	0.013
	0.018
	1.621

	1+369-2+677
	0.2952
	0.6
	0.6
	0.3
	0.9
	0
	0.007
	0.018
	1.551

	2+677-4+637
	0.2952
	0.8
	0.7
	0.3
	1.0
	0
	0.005
	0.018
	1.578

	4+637-6+477
	0.16728
	0.8
	0.7
	0.3
	1.0
	0
	0.001
	0.018
	0.706





[bookmark: _Toc532151638]Table; 4.3  MC-2 Canal hydraulic parameter
	Chainage(m)
	Qreq(m3/s)
	B(m)
	d(m)
	FB(m)
	D
	S
	n
	V(m/s)

	0+000-0+200
	0.429
	0.60
	0.60
	0.30
	0.90
	0.010
	0.018
	1.900

	0+200-0+340
	0.429
	0.70
	0.70
	0.30
	1.00
	0.005
	0.018
	1.489

	0+340-0+470
	0.420
	0.80
	0.80
	0.30
	1.10
	0.003
	0.018
	1.230

	0+470-0+570
	0.352
	0.70
	0.70
	0.30
	1.00
	0.004
	0.018
	1.332

	0+570-1+149
	0.352
	0.70
	0.70
	0.30
	1.00
	0.002
	0.018
	0.942

	1+149-1+829
	0.352
	0.70
	0.70
	0.30
	1.00
	0.000
	0.018
	0.421

	1+829-1+929
	0.352
	0.70
	0.70
	0.30
	1.00
	0.010
	0.018
	2.106

	1+929-2+359
	0.312
	0.70
	0.70
	0.30
	1.00
	0.000
	0.018
	0.384

	2+359-2+639
	0.312
	0.70
	0.70
	0.30
	1.00
	0.003
	0.018
	1.125

	2+639-2+799
	0.157
	0.60
	0.60
	0.30
	0.90
	0.007
	0.018
	1.551

	2+799-3+079
	0.157
	0.70
	0.70
	0.30
	1.00
	0.001
	0.018
	0.471

	3+079-3+239
	0.157
	0.60
	0.60
	0.30
	0.90
	0.003
	0.018
	0.950

	3+239-3+689
	0.157
	0.60
	0.60
	0.30
	0.90
	0.009
	0.018
	1.772

	3+689-4+129
	0.137
	0.70
	0.70
	0.30
	1.00
	0.000
	0.018
	0.384

	4+129-4+479
	0.137
	0.60
	0.60
	0.30
	0.90
	0.004
	0.018
	1.202

	4+479-4+969
	0.137
	0.70
	0.70
	0.30
	1.00
	0.001
	0.018
	0.471

	4+969-5+639
	0.066
	0.70
	0.70
	0.30
	1.00
	0.002
	0.018
	0.860


[bookmark: _Toc406152093][bookmark: _Toc509733424][bookmark: _Toc514162349]Secondary Canal
There are ten secondary canals and the section is proposed to be rectangular in shape which is lined all designed by using Manning’s equation. The topography of the area for secondary canals is steep so their section should be rectangular and lined.
Considering the capacity of an irrigator to handle the discharge and the existing natural land block, the design discharge of the secondary vary when it convey water. And based on such data the minimum canal section has been determined. 
The secondary canal is rectangular which is lined and the section of the canals are determined using the manning’s formula. They are lined because slope of secondary canal are high and to minimize erosion masonry lined canal is recommended. Considering the siltation problems of canals manning’s 0.018 for masonry lined. Detail hydraulic characteristics of the secondary canal are shown in Table below. 


  Where: - Q=design discharge, (m3/s)
R= hydraulic radius of the canal, (m)	
A=wetted cross sectional area of the canal, (m2)
P=wetted perimeter, (m)
n= manning roughness coefficient, 
[image: ]
[bookmark: _Toc532151673]                      Figure 4.4; Typical Section of lined Main canal
[bookmark: _Toc532151639]Table; 4.3  Secondary Canals hydraulic parameter of MC-1
	Canal
	Area(ha)
	Chain age(m)
	Qreqd(m^3/s)
	B(m)
	D(m)
	FB(m)
	Total, D
	S

	SC-1-1-1
	30
	0+000-0+050
	0.0492
	0.3
	0.08
	0.30
	0.40
	0.056

	
	7
	0+050-0+100
	0.01148
	0.3
	0.03
	0.30
	0.30
	0.033

	
	7
	0+100-0+280
	0.01148
	0.3
	0.04
	0.30
	0.30
	0.018

	
	7
	0+100-0+280
	0.01148
	0.3
	0.05
	0.30
	0.30
	0.018

	SC-2-1-1
	22
	0+000-0+060
	0.03608
	0.3
	0.06
	0.30
	0.40
	0.077

	
	8
	0+060-0+120
	0.01312
	0.3
	0.02
	0.30
	0.30
	0.020

	
	8
	0+120-0+220
	0.01312
	0.3
	0.04
	0.30
	0.30
	0.011

	SC-3-1-1
	26
	0+000-0+040
	0.04264
	0.3
	0.21
	0.30
	0.50
	0.010

	
	18
	0+040-0+180
	0.02952
	0.3
	0.16
	0.30
	0.50
	0.008

	
	18
	0+180-0+550
	0.02952
	0.3
	0.11
	0.30
	0.40
	0.011

	SC-4-1-1
	28
	0+000-0+050
	0.04592
	0.3
	0.10
	0.30
	0.40
	0.033

	
	13
	0+050-0+180
	0.02132
	0.3
	0.06
	0.30
	0.40
	0.037

	
	13
	0+050-0+180
	0.02132
	0.3
	0.06
	0.30
	0.40
	0.037

	SC-5-1-1
	39.5
	0+000-0+010
	0.06478
	0.3
	0.11
	0.30
	0.40
	0.050

	
	32.5
	0+010-0+180
	0.0533
	0.3
	0.09
	0.30
	0.40
	0.067


[bookmark: _Toc532151640]Table; 4.5  Secondary Canals hydraulic parameter of MC-2
	Canal
	Chain age(m)
	Q required(m^3/s)
	B(m)
	d(m)
	FB(m)
	Total, D
	A(m^2)
	P(m)
	R(m)
	S
	n
	V(m/s)

	SC-1-2-1
	0+000-0+090
	0.0631
	0.400
	0.200
	0.300
	0.500
	0.08
	0.800
	0.100
	0.005
	0.018
	0.846

	
	0+090-0+420
	0.0363
	0.400
	0.200
	0.300
	0.500
	0.08
	0.800
	0.100
	0.013
	0.018
	1.338

	SC-2-2-1
	0+000-0+830
	0.155
	0.300
	0.200
	0.300
	0.500
	0.06
	0.700
	0.086
	0.010
	0.018
	1.080

	
	0+830-1+050
	0.029
	0.300
	0.200
	0.300
	0.500
	0.06
	0.700
	0.086
	0.005
	0.018
	0.764

	
	1+050-1+360
	0.029
	0.300
	0.200
	0.300
	0.500
	0.06
	0.700
	0.086
	0.013
	0.018
	1.207

	SC-4-2-1
	0+000-0+080
	0.0510
	0.300
	0.200
	0.300
	0.500
	0.06
	0.700
	0.086
	0.017
	0.018
	1.394

	
	0+080-0+490
	0.0485
	0.400
	0.200
	0.300
	0.500
	0.08
	0.800
	0.100
	0.025
	0.018
	1.892

	
	0+490-0+730
	0.0340
	0.400
	0.200
	0.300
	0.500
	0.08
	0.800
	0.100
	0.001
	0.018
	0.309

	
	0+730-0+800
	0.0340
	0.300
	0.200
	0.300
	0.500
	0.06
	0.700
	0.086
	0.007
	0.018
	0.882

	SC-3-2-1
	0.000-0+090
	0.0332
	0.300
	0.200
	0.300
	0.500
	0.06
	0.700
	0.086
	0.001
	0.018
	0.342

	
	0+090-0+250
	0.0332
	0.300
	0.200
	0.300
	0.500
	0.06
	0.700
	0.086
	0.013
	0.018
	1.207

	SC-5-2-1
	0+000-0+070
	0.0222
	0.400
	0.150
	0.300
	0.500
	0.06
	0.700
	0.086
	0.025
	0.018
	1.708

	
	0+070-0+180
	0.0222
	0.300
	0.200
	0.300
	0.500
	0.06
	0.700
	0.086
	0.029
	0.018
	1.826

	
	0+180-0+340
	0.0155
	0.300
	0.200
	0.300
	0.500
	0.06
	0.700
	0.086
	0.029
	0.018
	1.852

	
	0+340-0+420
	0.0155
	0.300
	0.200
	0.300
	0.500
	0.06
	0.700
	0.086
	0.017
	0.018
	1.394


[bookmark: _Toc406152094][bookmark: _Toc509733425][bookmark: _Toc514162350]Tertiary canals
In the layout system there are fifty tertiary canals, the designed discharge is determined by multiplying the irrigable area under the specified canal to the duty. The section of the canal is determined by using manning’s formula.


The shape of the canal cross section is trapezoidal in shape

[bookmark: _Toc532151641]Table; 4.6  Tertiary Canals hydraulic parameter of MC-1
	Canal
	Chain age(m)
	Q required(m^3/s)
	B(m)
	D(m)
	FB(m)
	Total, D
	A(m^2)
	P(m)
	R(m)
	S
	n
	V(m/s)

	TC-1-0-0-1
	0+000-0+332
	0.0262
	0.400
	0.300
	0.300
	0.600
	0.12
	1.000
	0.120
	0.001
	0.020
	0.272

	TC-2-0-0-1
	0+000-0+442
	0.0264
	0.400
	0.350
	0.300
	0.700
	0.14
	1.100
	0.127
	0.001
	0.020
	0.283

	TC-3-0-0-1
	0+000-0+458
	0.0262
	0.400
	0.300
	0.300
	0.600
	0.12
	1.000
	0.120
	0.001
	0.020
	0.272

	TC-4-0-0-1
	0+000-0+342
	0.0164
	0.400
	0.300
	0.300
	0.600
	0.21
	1.249
	0.168
	0.001
	0.020
	0.341

	TC-1-1-1-1
	0+000-0+110
	0.0180
	0.300
	0.062
	0.300
	0.400
	0.02
	0.423
	0.044
	0.010
	0.020
	0.620

	
	0+110-0+310
	0.0180
	0.300
	0.089
	0.300
	0.400
	0.03
	0.478
	0.056
	0.008
	0.020
	0.667

	TC-2-1-1-1
	0+000-0+300
	0.0197
	0.300
	0.085
	0.300
	0.400
	0.03
	0.469
	0.054
	0.007
	0.020
	0.584

	TC-3-1-1-1
	0+000-0+125
	0.0115
	0.300
	0.085
	0.300
	0.400
	0.03
	0.469
	0.054
	0.005
	0.020
	0.506

	
	0+110-0+310
	0.0115
	0.300
	0.089
	0.300
	0.400
	0.03
	0.478
	0.056
	0.007
	0.020
	0.607

	TC-1-2-1-1
	0+000-0+010
	0.0098
	0.300
	0.037
	0.300
	0.300
	0.01
	0.373
	0.029
	0.004
	0.020
	0.301

	
	0+010-0+200
	0.0098
	0.300
	0.046
	0.300
	0.300
	0.01
	0.392
	0.035
	0.007
	0.020
	0.439

	TC-2-2-1-1
	0+000-0+220
	0.0131
	0.300
	0.074
	0.300
	0.400
	0.02
	0.447
	0.049
	0.013
	0.018
	0.836

	
	0+220-0+300
	0.0148
	0.300
	0.074
	0.300
	0.400
	0.03
	0.508
	0.054
	0.003
	0.018
	0.459

	TC-3-2-1-1
	0+000-0+080
	0.0131
	0.300
	0.062
	0.300
	0.400
	0.02
	0.424
	0.044
	0.005
	0.020
	0.440

	
	0+080-0+200
	0.0131
	0.300
	0.100
	0.300
	0.400
	0.03
	0.500
	0.060
	0.002
	0.020
	0.343

	TC-1-3-1-1
	0+000-0+200
	0.0131
	0.300
	0.062
	0.300
	0.400
	0.02
	0.424
	0.044
	0.005
	0.020
	0.440

	TC-2-3-1-1
	0+000-0+150
	0.0115
	0.300
	0.058
	0.300
	0.400
	0.02
	0.416
	0.042
	0.003
	0.020
	0.348

	
	0+000-0+300
	0.0082
	0.300
	0.057
	0.300
	0.400
	0.02
	0.461
	0.044
	0.003
	0.020
	0.360

	TC-3-3-1-1
	0+000-0+150
	0.0180
	0.300
	0.085
	0.300
	0.400
	0.03
	0.469
	0.054
	0.006
	0.020
	0.533

	TC-1-4-1-1
	0+000-0+130
	0.0115
	0.300
	0.119
	0.300
	0.400
	0.04
	0.538
	0.066
	0.001
	0.020
	0.290

	
	0+130-0+220
	0.0115
	0.300
	0.062
	0.300
	0.400
	0.02
	0.424
	0.044
	0.008
	0.020
	0.556

	TC-2-4-1-1
	0+000-0+110
	0.0131
	0.300
	0.140
	0.300
	0.400
	0.04
	0.579
	0.072
	0.001
	0.020
	0.281

	
	0+110-0+270
	0.0131
	0.300
	0.072
	0.300
	0.400
	0.02
	0.444
	0.049
	0.007
	0.020
	0.544

	TC-3-4-1-1
	0+000-0+070
	0.0213
	0.300
	0.202
	0.300
	0.500
	0.06
	0.704
	0.086
	0.001
	0.020
	0.316

	
	0+070-0+300
	0.0213
	0.300
	0.088
	0.300
	0.400
	0.03
	0.476
	0.055
	0.010
	0.020
	0.727

	TC-1-5-1-1
	0+000-0+180
	0.0115
	0.300
	0.127
	0.300
	0.400
	0.04
	0.554
	0.069
	0.001
	0.020
	0.272

	TC-2-5-1-1
	0+000-0+160
	0.0205
	0.300
	0.093
	0.300
	0.400
	0.03
	0.485
	0.057
	0.008
	0.020
	0.665

	TC-3-5-1-1
	0+000-0+100
	0.0328
	0.300
	0.108
	0.300
	0.400
	0.03
	0.516
	0.063
	0.013
	0.020
	0.912

	
	0+100-0+140
	0.0328
	0.300
	0.078
	0.300
	0.400
	0.02
	0.456
	0.051
	0.033
	0.020
	1.261

	
	0+140-0+280
	0.0328
	0.300
	0.181
	0.300
	0.500
	0.05
	0.662
	0.082
	0.003
	0.020
	0.545






[bookmark: _Toc532151642]Table; 4.7  Tertiary Canals hydraulic parameter of MC-2
	Canal
	Chain age(m)
	Q required(m^3/s)
	B(m)
	D(m)
	FB(m)
	Total, D
	A(m^2)
	P(m)
	R(m)
	S
	n
	V(m/s)

	TC-1-1-2-1
	0+000-0+390
	0.0167
	0.300
	0.200
	0.300
	0.300
	0.00
	0.330
	0.014
	0.001
	0.020
	0.342

	TC-2-1-2-1
	0+000-0+160
	0.0132
	0.300
	0.168
	0.300
	0.500
	0.05
	0.636
	0.079
	0.001
	0.020
	0.278

	
	0+160-0+300
	0.0132
	0.300
	0.168
	0.300
	0.500
	0.05
	0.636
	0.079
	0.002
	0.020
	0.418

	TC-3-1-2-1
	0+000-0+270
	0.0090
	0.300
	0.150
	0.300
	0.500
	0.05
	0.600
	0.075
	0.001
	0.020
	0.336

	
	0+270-0+340
	0.0090
	0.300
	0.150
	0.300
	0.500
	0.05
	0.600
	0.075
	0.010
	0.020
	0.889

	TC-4-1-2-1
	0+000-0+260
	0.0104
	0.300
	0.150
	0.300
	0.500
	0.05
	0.600
	0.075
	0.005
	0.020
	0.629

	TC-5-1-2-1
	0+000-0+160
	0.0043
	0.300
	0.150
	0.300
	0.500
	0.05
	0.600
	0.075
	0.001
	0.020
	0.314

	TC-6-1-2-1
	0+000-0+220
	0.0126
	0.300
	0.150
	0.300
	0.500
	0.05
	0.600
	0.075
	0.008
	0.020
	0.795

	TC-1-2-2-1
	0+000-0+690
	0.0267
	0.300
	0.104
	0.300
	0.400
	0.03
	0.508
	0.061
	0.001
	0.020
	0.275

	TC-2-2-2-1
	0+000-0+400
	0.0136
	0.300
	0.175
	0.300
	0.500
	0.05
	0.650
	0.081
	0.005
	0.020
	0.661

	TC-3-2-2-1
	0+000-0+540
	0.0167
	0.300
	0.088
	0.300
	0.400
	0.03
	0.476
	0.055
	0.003
	0.020
	0.420

	TC-4-2-2-1
	0+000-0+190
	0.0153
	0.300
	0.185
	0.300
	0.500
	0.06
	0.670
	0.083
	0.010
	0.020
	0.950

	
	0+190-0+320
	0.0153
	0.300
	0.185
	0.300
	0.500
	0.06
	0.670
	0.083
	0.001
	0.020
	0.336

	TC-5-2-2-1
	0+000-0+430
	0.0215
	0.300
	0.150
	0.300
	0.500
	0.05
	0.600
	0.075
	0.002
	0.020
	0.398

	TC-6-2-2-1
	0+000-0+280
	0.0114
	0.300
	0.150
	0.300
	0.500
	0.05
	0.600
	0.075
	0.013
	0.020
	0.994

	TC-7-2-2-1
	0+000-0+320
	0.0102
	0.400
	0.200
	0.300
	0.500
	0.08
	0.800
	0.100
	0.001
	0.020
	0.278

	TC-8-2-2-1
	0+000-0+320
	0.0102
	0.400
	0.200
	0.300
	0.500
	0.08
	0.800
	0.100
	0.001
	0.020
	0.278

	TC-9-2-2-1
	0+000-0+180
	0.0060
	0.300
	0.150
	0.300
	0.500
	0.05
	0.600
	0.075
	0.008
	0.020
	0.795

	TC-1-0-2-2-1
	0+000-0+210
	0.0072
	0.400
	0.200
	0.300
	0.500
	0.08
	0.800
	0.100
	0.005
	0.020
	0.762

	TC-11-2-2-1
	0+000-0+100
	0.0069
	0.300
	0.088
	0.300
	0.400
	0.03
	0.476
	0.055
	0.018
	0.020
	0.981

	TC-12-2-2-1
	0+000-0+121
	0.0092
	0.400
	0.200
	0.300
	0.500
	0.08
	0.800
	0.100
	0.004
	0.020
	0.681

	TC-1-3-2-1
	0+000-0+060
	0.0167
	0.300
	0.150
	0.300
	0.500
	0.05
	0.600
	0.075
	0.010
	0.020
	0.889

	
	0+060-0+290
	0.0167
	0.300
	0.055
	0.300
	0.400
	0.02
	0.410
	0.040
	0.025
	0.020
	0.928

	TC-2-3-2-1
	0+000-0+300
	0.0182
	0.400
	0.200
	0.300
	0.500
	0.08
	0.800
	0.100
	0.013
	0.020
	1.244

	TC-1-4-2-1
	0+000-0+150
	0.0129
	0.300
	0.088
	0.300
	0.400
	0.03
	0.476
	0.055
	0.002
	0.020
	0.297

	TC-2-4-2-1
	0+000-0+170
	0.0087
	0.300
	0.056
	0.300
	0.400
	0.02
	0.411
	0.041
	0.007
	0.020
	0.482

	TC-3-4-2-1
	0+000-0+190
	0.0076
	0.300
	0.050
	0.300
	0.300
	0.01
	0.399
	0.037
	0.008
	0.020
	0.499

	TC-4-4-2-1
	0+000-0+130
	0.0078
	0.400
	0.200
	0.300
	0.500
	0.08
	0.800
	0.100
	0.001
	0.020
	0.341

	TC-5-4-2-1
	0+000-0+170
	0.0139
	0.300
	0.030
	0.300
	0.300
	0.01
	0.360
	0.025
	0.040
	0.020
	0.855

	TC-1-5-2-1
	0+000-0+130
	0.0036
	0.400
	0.200
	0.300
	0.500
	0.08
	0.800
	0.100
	0.001
	0.020
	0.341

	TC-2-5-2-1
	0+000-0+077
	0.0035
	0.300
	0.030
	0.300
	0.300
	0.01
	0.360
	0.025
	0.025
	0.020
	0.676

	TC-3-5-2-1
	0+000-0+110
	0.0041
	0.400
	0.150
	0.300
	0.500
	0.06
	0.700
	0.086
	0.004
	0.020
	0.615

	TC-4-5-2-1
	0+000-0+100
	0.0044
	0.300
	0.150
	0.300
	0.500
	0.05
	0.600
	0.075
	0.003
	0.020
	0.513

	TC-5-5-2-1
	0+000-0+150
	0.0034
	0.400
	0.200
	0.300
	0.500
	0.08
	0.800
	0.100
	0.001
	0.020
	0.341

	TC-6-5-2-1
	0+000-0+120
	0.0043
	0.400
	0.200
	0.300
	0.500
	0.08
	0.800
	0.100
	0.001
	0.020
	0.359

	TC-1-0-2-1
	0+000-0+000
	0.0084
	0.300
	0.180
	0.300
	0.500
	0.05
	0.660
	0.082
	0.004
	0.020
	0.584

	TC-2-0-2-1
	0+000-0+070
	0.0106
	0.300
	0.030
	0.300
	0.300
	0.01
	0.360
	0.025
	0.040
	0.020
	0.855

	
	0+070-0+410
	0.0106
	0.300
	0.088
	0.300
	0.400
	0.03
	0.476
	0.055
	0.008
	0.020
	0.664


[bookmark: _Toc509733426][bookmark: _Toc514162351]Design of Drainage Canal
Field drains are not individually designed; rather standard drainage channel sections are adopted. Larger tertiary and collector drains are individually designed, but there are few of these in the project command where most field drain feeds to tertiary drains and would be discharging directly into streams and rivers. Standard field drainage channel sections are therefore prepared for:
· For various longitudinal slopes, but such that maximum permissible velocity and /or tractive force is not exceeded;
· For accepted/recommended maximum water (i.e. full supply) levels in the drain, i.e.(i) 0.2-0.3m depth to FSL from average ground level for the Vertisols on the flat land; and (ii) 0.5-0.6m for non-Vertisols in plain (flat) areas (if any). For the natural draining terraces profile drainage is not required but it is suggested that drain design water levels are kept about 0.2-0.3m below terrace land levels for all soil types to safeguard against overtopping and terrace erosion.
Two parameters which need careful consideration for hydraulic design are the longitudinal slope and the bed width/ flow depth (b/d) ratio.
Manning’s equation is used to determine the required prism cross sectional area for the design discharge and longitudinal slope. To the extent possible the adopted longitudinal slope should give the maximum permissible flow velocity (calculated using Manning’s equation) for the design discharge. In addition to the maximum permissible flow velocity the tractive force should be considered to ensure against erosion. Therefore, longitudinal slopes will decrease going downstream as design discharge increases
The minimum slope shall be set to provide reasonable minimum velocity to prevent weed growth (0.4m/s) and transport the anticipated sediment load and maximum permissible velocity is tabulated in Table below.

[bookmark: _Toc509491203][bookmark: _Toc532151643] Table; 4.8  Permissible Velocity for various soil textures
	 Type of Soil
	Maximum Permissible velocity (m/s)

	Bare Channels 
	0.405

	Sand & Silt
	0.6

	Loam, Sandy, silt loam
	

	· Clay loam
	0.65

	· Clay
	0.7

	Vegetated channels 
	

	· Poor vegetation
	0.9

	· Fair vegetation
	1.2

	· Good vegetation
	1.5


Choice of suitable b/d ratio is important for lateral stability of the prism section. An over tight (narrow) section would be prone to development of meanders; while an over wide section will be more conducive to weed growth and take up more land. Suggested b/d ratios and prism side slopes are tabulated in Table below.
[bookmark: _Toc532151644]Table; 4.9  B/D ratios and side slopes for drainage canals
	Discharge (m3/s)
	Side Slope (1V:mH)
	Bed width/water depth

	0.03-0.10
	0.5-1.0
	1.3-2.2

	0.10-0.30
	1.5
	0.3-1.2

	0.30-1.0
	1.5
	1.2-2.5

	1.0-5.0
	1.5
	1.6-3.0

	5.0-20.0
	1.5
	3.0-5.5

	20-40
	2.0
	3.6-5.0

	40-70
	2.0
	5.0-8.3


All of the tertiary canals of this project have a dimension smaller recommended that means 0.2m depth and 0.3m width. Therefore, for design of tertiary drains this dimension is recommended. But, collector and main drains are used by the natural rivers and gullies which are found in the command area to easy disposal of excess water to the natural river.
	[image: ]
[bookmark: _Toc532151674]Figure 4.5; Typical Section of Catch drain canal
[bookmark: _Toc509733427][bookmark: _Toc514162352]Irrigation Structures
[bookmark: _Toc131539920][bookmark: _Toc131540396][bookmark: _Toc131541579][bookmark: _Toc380319581][bookmark: _Toc381007887][bookmark: _Toc391857412][bookmark: _Toc509733428][bookmark: _Toc514162353]Design of Division Boxes and Turnouts
The proportional division of water among receiver and delivery canals is effected by providing division box and turn outs. Division boxes are junction points where secondary and/or tertiary canals emerge from main canal or tertiary canals arise from secondary canals. Whereas, turnouts are junction points on canal system layout where field canals are emerge from other canals like main, secondary or tertiary. The design principle of division boxes and turn outs in this proposed canal is taken as similar. The technique of determining the division opening width is computed based on the rectangular notch intake formula as following. 
Using broad crested formula,
 Q= CL (h)3/2
Where; Q= discharge over rectangular weir/intake (opening), m3/s
C= discharge coefficient, c= 1.7
L= effective length of crest form in m
h= over flow depth, m
Assuming equal discharge coefficient & sill height for two or three dividing canals, the proportion becomes.
Q1/ Q2= Q2/ Q3 =L1/ L2 = L2/ L3
Where, Q1= is flow in canal 1
           Q2 = is flow in canal 2
           Q3 = is flow in canal 3
           L1= is effective crest length of division box/turnout sill across opening to canal 1
           L2= is effective crest length of division box/turnout sill across opening to canal 2
           L3 = is effective crest length of division box/turnout sill across opening to canal 3
           Q1= CL1 (h)3/2, 
           L1 = Q1/Ch3/2
           L2 = L1*Q2/ Q1
           L3 = L1*Q3/ Q1
The depth of (height of) the division box, 
D= d+fb
The width of the division box, 
B= b+2*m*D
Where b= base width of the incoming canal
		D= total canal depth of the incoming canal
[image: ]
[bookmark: _Toc532151675]Figure 4.6; Typical Division box plan

[bookmark: _Toc532151645]Table; 4.10  Hydraulic parameters of division box/turnout
	Canal name(MC-1)
	Chainage
	B, m
	d(m)
	D (d+fb),m
	L, m
	Wo, m
	W1, m
	W2, m
	W3, m
	Ho,m
	H1,m
	H2,m
	H3,m
	
	Hs1,m
	Hs2,m
	Hs3,m
	Lo, m
	L1, m
	L2, m
	L3, m

	PC-1-TC-1-0-0-1 & TC-2-0-0-0-1
	1+230
	1.20
	0.65
	0.95
	3.10
	0.90
	0.90
	0.30
	0.00
	0.65
	0.62
	0.14
	0.00
	
	0.03
	0.51
	0.00
	1.70
	1.70
	1.10
	0.00

	PC-1-TC-3-0-0-1 & TC-4-0-0-0-1
	1+660
	0.70
	0.60
	0.90
	2.50
	1.00
	1.00
	0.30
	0.00
	0.60
	0.57
	0.14
	0.00
	
	0.03
	0.46
	0.00
	1.80
	1.80
	1.10
	0.00

	MC-1-FC-1-0-0-1-1
	2+021
	0.80
	0.70
	1.00
	2.80
	0.80
	0.80
	0.30
	0.00
	0.70
	0.65
	0.05
	0.00
	
	0.05
	0.65
	0.00
	1.60
	1.60
	1.10
	0.00

	MC-1-FC-2-0-0-1-1
	2+531
	0.40
	0.40
	0.70
	1.80
	1.70
	1.70
	0.30
	0.00
	0.40
	0.40
	0.03
	0.00
	
	0.00
	0.37
	0.00
	2.50
	2.50
	1.10
	0.00

	MC-1-SC-1-1-1
	2+850
	0.60
	0.60
	0.90
	2.40
	1.00
	0.90
	0.30
	0.00
	0.60
	0.58
	0.21
	0.00
	
	0.02
	0.39
	0.00
	1.80
	1.70
	1.10
	0.00

	MC-1-FC-3-0-0-1-1
	3+144
	0.60
	0.60
	0.90
	2.40
	0.90
	0.90
	0.30
	0.00
	0.60
	0.57
	0.05
	0.00
	
	0.03
	0.55
	0.00
	1.70
	1.70
	1.10
	0.00

	MC-1-FC-4-0-0-1-1
	3+623
	0.60
	0.60
	0.90
	2.40
	0.90
	0.90
	0.30
	0.00
	0.60
	0.57
	0.05
	0.00
	
	0.03
	0.55
	0.00
	1.70
	1.70
	1.10
	0.00

	MC-1-SC-2-1-1
	3+740
	0.80
	0.70
	1.00
	2.80
	0.70
	0.70
	0.30
	0.00
	0.70
	0.65
	0.17
	0.00
	
	0.05
	0.53
	0.00
	1.50
	1.50
	1.10
	0.00

	MC-1-FC-5-0-0-1-1
	4+121
	0.80
	0.70
	1.00
	2.80
	0.70
	0.70
	0.30
	0.00
	0.70
	0.64
	0.06
	0.00
	
	0.06
	0.64
	0.00
	1.50
	1.50
	1.10
	0.00

	MC-1-FC-6-0-0-1-1
	4+309
	0.80
	0.70
	1.00
	2.80
	0.70
	0.70
	0.30
	0.00
	0.70
	0.64
	0.06
	0.00
	
	0.06
	0.64
	0.00
	1.50
	1.50
	1.10
	0.00

	MC-1-SC-3-1-1
	4+680
	0.80
	0.70
	1.00
	2.80
	0.70
	0.60
	0.30
	0.00
	0.70
	0.67
	0.19
	0.00
	
	0.03
	0.51
	0.00
	1.50
	1.40
	1.10
	0.00

	MC-1-FC-7-0-0-1-1
	5+309
	0.80
	0.70
	1.00
	2.80
	0.60
	0.60
	0.30
	0.00
	0.70
	0.67
	0.04
	0.00
	
	0.03
	0.66
	0.00
	1.40
	1.40
	1.10
	0.00

	MC-1-FC-8-0-0-1-1
	5+309
	0.80
	0.70
	1.00
	2.80
	0.60
	0.60
	0.30
	0.00
	0.70
	0.65
	0.11
	0.00
	
	0.05
	0.59
	0.00
	1.40
	1.40
	1.10
	0.00

	MC-1-SC-4-1-1
	5+850
	0.80
	0.70
	1.00
	2.80
	0.60
	0.50
	0.30
	0.00
	0.70
	0.70
	0.20
	0.00
	
	0.00
	0.50
	0.00
	1.40
	1.30
	1.10
	0.00

	MC-1-SC-5-1-1
	6+490
	0.60
	0.60
	0.90
	2.40
	0.70
	0.60
	0.30
	0.00
	0.60
	0.56
	0.25
	0.00
	
	0.04
	0.35
	0.00
	1.50
	1.40
	1.10
	0.00

	SC-1-1-1-TC-1-1-1-1 & TC-2-1-1-1
	0+010
	0.30
	0.08
	0.40
	1.10
	1.30
	0.30
	0.50
	0.50
	0.08
	0.08
	0.08
	0.08
	
	0.00
	0.00
	0.00
	2.10
	1.10
	1.30
	1.30

	SC-1-1-1-TC-3-1-1-1
	0+280
	0.30
	0.05
	0.30
	0.90
	0.70
	0.30
	0.70
	0.00
	0.05
	0.00
	0.05
	0.00
	
	0.05
	0.00
	0.00
	1.50
	1.10
	1.50
	0.00

	SC-2-1-1-TC-1-2-1-1 & TC-2-2-1-1
	0+020
	0.30
	0.06
	0.40
	1.10
	1.50
	0.70
	0.40
	0.50
	0.06
	0.05
	0.06
	0.06
	
	0.00
	0.00
	0.00
	2.30
	1.50
	1.20
	1.30

	SC-2-1-1-TC-3-2-1-1
	0+220
	0.30
	0.02
	0.40
	1.10
	2.60
	0.90
	0.90
	0.90
	0.02
	0.02
	0.02
	0.02
	
	0.00
	0.00
	0.00
	3.40
	1.70
	1.70
	1.70

	SC-3-1-1-TC-1-3-1-1
	0+010
	0.30
	0.21
	0.50
	1.30
	0.30
	0.30
	0.30
	0.00
	0.21
	0.15
	0.09
	0.00
	
	0.06
	0.12
	0.00
	1.10
	1.10
	1.10
	0.00

	SC-3-1-1-TC-2-3-1-1
	0+300
	0.30
	0.16
	0.50
	1.30
	0.30
	0.30
	0.30
	0.00
	0.16
	0.11
	0.08
	0.00
	
	0.05
	0.08
	0.00
	1.10
	1.10
	1.10
	0.00

	SC-3-1-1-TC-3-3-1-1
	0+550
	0.30
	0.11
	0.40
	1.10
	0.30
	0.30
	0.30
	0.00
	0.11
	0.00
	0.11
	0.00
	
	0.11
	0.00
	0.00
	1.10
	1.10
	1.10
	0.00

	SC-4-1-1-TC-1-4-1-1 & TC-2-4-1-1
	0+010
	0.30
	0.10
	0.40
	1.10
	0.90
	0.50
	0.30
	0.30
	0.10
	0.09
	0.08
	0.09
	
	0.01
	0.02
	0.01
	1.70
	1.30
	1.10
	1.10

	SC-4-1-1-TC-3-4-1-1
	0+180
	0.30
	0.06
	0.40
	1.10
	1.00
	0.00
	1.00
	0.00
	0.06
	0.00
	0.05
	0.00
	
	0.00
	0.00
	0.00
	1.80
	0.00
	1.80
	0.00

	SC-5-1-1-TC-1-5-1-1
	0+010
	0.30
	0.11
	0.40
	1.10
	1.10
	0.90
	0.30
	0.00
	0.11
	0.11
	0.08
	0.00
	
	0.00
	0.03
	0.00
	1.90
	1.70
	1.10
	0.00

	SC-5-1-1-TC-2-5-1-1 & TC-3-5-1-1
	0+180
	0.30
	0.09
	0.40
	1.10
	1.30
	0.00
	0.50
	0.80
	0.09
	0.00
	0.08
	0.08
	
	0.00
	0.00
	0.00
	2.10
	0.00
	1.30
	1.60

	Canal name(MC-2)
	
	Hs1,m
	Hs2,m
	Hs3,m
	Lo, m
	L1, m
	L2, m
	L3, m

	MC-2-FC-1-0-2-1
	0+000
	0.60
	0.60
	0.90
	2.40
	0.30
	0.60
	0.00
	0.00
	0.60
	0.56
	0.00
	0.00
	
	0.03
	0.51
	0.00
	1.70
	1.70
	1.10
	0.00

	MC2-SC1-2-1
	0+386
	0.80
	0.80
	1.10
	3.00
	0.30
	0.40
	0.00
	0.00
	0.80
	0.68
	0.00
	0.00
	
	0.03
	0.46
	0.00
	1.80
	1.80
	1.10
	0.00

	MC2-TC1-1-2-1&MC2-TC2-1-2-1
	0+002
	0.40
	0.20
	0.50
	1.40
	0.30
	0.30
	0.30
	0.30
	0.20
	0.08
	0.06
	0.13
	
	0.05
	0.65
	0.00
	1.60
	1.60
	1.10
	0.00

	MC2-TC3-1-2-1&MC2-TC4-1-2-1
	0+218
	0.40
	0.20
	0.50
	1.40
	0.30
	0.30
	0.30
	0.30
	0.20
	0.05
	0.06
	0.08
	
	0.00
	0.37
	0.00
	2.50
	2.50
	1.10
	0.00

	MC2-TC5-1-2-1&MC2-TC6-1-2-1
	0+423
	0.40
	0.20
	0.50
	1.40
	0.30
	0.30
	0.30
	0.00
	0.20
	0.03
	0.07
	0.00
	
	0.02
	0.39
	0.00
	1.80
	1.70
	1.10
	0.00

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0.03
	0.55
	0.00
	1.70
	1.70
	1.10
	0.00

	MC2-FC-4-0-2-1
	2+113
	0.70
	0.70
	1.00
	2.70
	0.30
	0.40
	0.00
	0.00
	0.70
	0.67
	0.00
	0.00
	
	0.03
	0.55
	0.00
	1.70
	1.70
	1.10
	0.00

	MC2-SC3-2-1
	2+261
	0.70
	0.70
	1.00
	2.70
	0.30
	0.40
	0.00
	0.00
	0.70
	0.64
	0.00
	0.00
	
	0.05
	0.53
	0.00
	1.50
	1.50
	1.10
	0.00

	MC2-TC1-3-2-1
	0+004
	0.30
	0.20
	0.50
	1.30
	0.30
	0.30
	0.30
	0.30
	0.20
	0.08
	0.08
	0.08
	
	0.06
	0.64
	0.00
	1.50
	1.50
	1.10
	0.00

	MC2-TC2-3-2-1
	0+250
	0.30
	0.20
	0.50
	1.30
	0.30
	0.30
	2.30
	0.00
	0.20
	0.08
	0.20
	0.00
	
	0.06
	0.64
	0.00
	1.50
	1.50
	1.10
	0.00

	MC2-FC-5-0-2-1
	2+382
	0.70
	0.70
	1.00
	2.70
	0.30
	0.40
	0.00
	0.00
	0.70
	0.63
	0.00
	0.00
	
	0.03
	0.51
	0.00
	1.50
	1.40
	1.10
	0.00

	MC2-SC2-2-1
	2+712
	0.60
	0.60
	0.90
	2.40
	0.30
	0.40
	0.00
	0.00
	0.60
	0.50
	0.00
	0.00
	
	0.03
	0.66
	0.00
	1.40
	1.40
	1.10
	0.00

	MC2-TC1-2-2-1&MC2-TC2-2-2-1
	0+003
	0.30
	0.20
	0.50
	1.30
	0.70
	0.30
	0.30
	0.60
	0.20
	0.11
	0.07
	0.18
	
	0.05
	0.59
	0.00
	1.40
	1.40
	1.10
	0.00

	MC2-TC3-2-2-1&MC2-TC4-2-2-1
	0+237
	0.30
	0.20
	0.50
	1.30
	0.60
	0.30
	0.30
	0.40
	0.20
	0.08
	0.07
	0.19
	
	0.00
	0.50
	0.00
	1.40
	1.30
	1.10
	0.00

	MC2-TC5-2-2-1&MC2-TC6-2-2-1
	0+500
	0.30
	0.20
	0.50
	1.30
	0.40
	0.30
	0.30
	0.30
	0.20
	0.09
	0.06
	0.16
	
	0.04
	0.35
	0.00
	1.50
	1.40
	1.10
	0.00

	MC2-TC7-2-2-1&MC2-TC8-2-2-1
	0+788
	0.30
	0.20
	0.50
	1.30
	0.30
	0.30
	0.30
	0.30
	0.20
	0.06
	0.06
	0.11
	
	0.00
	0.00
	0.00
	2.10
	1.10
	1.30
	1.30

	MC2-TC9-2-2-1&MC2-TC10-2-2-1
	1+134
	0.30
	0.20
	0.50
	1.30
	0.30
	0.30
	0.30
	0.30
	0.20
	0.04
	0.05
	0.08
	
	0.05
	0.00
	0.00
	1.50
	1.10
	1.50
	0.00

	MC2-TC11-2-2-1&MC2-TC12-2-2-1
	1+364
	0.30
	0.20
	0.50
	1.30
	0.30
	0.30
	0.30
	0.00
	0.20
	0.04
	0.05
	0.00
	
	0.00
	0.00
	0.00
	2.30
	1.50
	1.20
	1.30

	MC2-FC-2-0-2-1
	3+537
	0.70
	0.70
	1.00
	2.70
	0.30
	0.30
	0.00
	0.00
	0.70
	0.58
	0.00
	0.00
	
	0.00
	0.00
	0.00
	3.40
	1.70
	1.70
	1.70

	MC2-SC5-2-1
	5+165
	0.70
	0.70
	1.00
	2.70
	0.30
	0.30
	0.00
	0.00
	0.70
	0.55
	0.00
	0.00
	
	0.06
	0.12
	0.00
	1.10
	1.10
	1.10
	0.00

	MC2-TC1-5-2-1&MC2-TC2-5-2-1
	0+002
	0.40
	0.15
	0.50
	1.40
	0.30
	0.30
	0.30
	0.30
	0.15
	0.03
	0.03
	0.08
	
	0.05
	0.08
	0.00
	1.10
	1.10
	1.10
	0.00

	MC2-TC3-5-2-1&MC2-TC4-5-2-1
	0+195
	0.30
	0.20
	0.50
	1.30
	0.30
	0.30
	0.30
	0.30
	0.20
	0.03
	0.03
	0.05
	
	0.11
	0.00
	0.00
	1.10
	1.10
	1.10
	0.00

	MC2-TC5-5-2-1&MC2-TC6-5-2-1
	0+424
	0.30
	0.20
	0.50
	1.30
	0.30
	0.30
	0.30
	0.00
	0.20
	0.03
	0.03
	0.00
	
	0.01
	0.02
	0.01
	1.70
	1.30
	1.10
	1.10

	MC2-SC4-2-1
	5+655
	0.70
	0.70
	1.00
	2.70
	0.30
	0.30
	0.00
	0.00
	0.70
	0.49
	0.00
	0.00
	
	0.00
	0.00
	0.00
	1.80
	0.00
	1.80
	0.00

	MC2-TC1-4-2-1& MC2-TC2-4-2-1
	0+010
	0.30
	0.20
	0.50
	1.30
	0.30
	0.30
	0.30
	0.30
	0.20
	0.07
	0.05
	0.12
	
	0.00
	0.03
	0.00
	1.90
	1.70
	1.10
	0.00

	MC2-TC3-4-2-1
	0+361
	0.40
	0.20
	0.50
	1.40
	0.30
	0.30
	0.30
	0.30
	0.20
	0.05
	0.05
	0.09
	
	0.00
	0.00
	0.00
	2.10
	0.00
	1.30
	1.60







[bookmark: _Toc514162354]Drop structure
This structure plays in energy dissipating in such a way that it reduces the problems encounter in the canal or prevents the canal from being eroded when the specific topography of land along the canal allows the usage of this structure.
For this particular project, vertical drop structure of U.S.B R type standard is selected to convey water safely along the canals without the cause of erosion within a canal. The number & position of the drop structure are shown in table below.


Design steps:-
A. Critical hydraulic                       
1. Design discharge, Q (m3/s) and Height of drop, H(m)
2. 
Width of drop, Where; d = water depth of the canal, m
3. 
Critical depth,   Critical discharge, q = Q/bc                  
B. [bookmark: _Toc315089822]Stilling basin  
1. 
Basin width, B = 
2. 
Basin length, L = 
3. Lip height, a = dc/2, a  0.15
[bookmark: _Toc532151646]Table; 4.11  Hydraulic parameters of Vertical drop
	Canal name
	Chain age
	U/S part or Approach canal
	Drop portion
	D/S part or exit part

	
	
	D1(m)
	B1(m)
	Du/s(m)
	Lup(m)
	Bc(m)
	tw(m)
	Lw(m)
	h(m)
	a(m)
	Lb(m)
	Bb(m)
	D2(m)
	B2(m)
	Dd/s(m)
	Ldp(m)

	PC
	1+470
	0.95
	1.20
	0.30
	0.95
	0.62
	0.40
	0.30
	1.00
	0.27
	2.37
	1.52
	0.95
	1.20
	0.30
	3.68

	
	1+880
	0.90
	0.70
	0.30
	0.90
	0.65
	0.40
	0.30
	1.00
	0.26
	2.27
	1.50
	0.9
	0.70
	0.30
	3.68

	MC-1
	1+120
	0.70
	0.40
	0.30
	0.70
	0.37
	0.40
	0.30
	1.20
	0.20
	2.01
	0.98
	0.7
	0.40
	0.30
	3.00

	SC-5-1-1
	0+010
	0.40
	0.30
	0.30
	0.40
	0.30
	0.40
	0.30
	1.10
	0.15
	1.15
	0.47
	0.4
	0.30
	0.30
	3.00

	MC-2
	0+020
	0.90
	0.60
	0.30
	0.90
	0.37
	3.40
	0.30
	0.60
	0.26
	2.17
	1.17
	0.90
	0.60
	0.30
	3.00

	
	0+670
	1.00
	0.70
	0.30
	1.00
	0.30
	4.40
	0.30
	0.60
	0.26
	2.18
	1.07
	1.00
	0.70
	0.30
	3.00

	
	1+849
	0.70
	0.70
	0.30
	0.70
	0.44
	5.40
	0.30
	0.80
	0.20
	1.78
	1.07
	0.70
	0.70
	0.30
	3.00

	
	2+379
	1.00
	0.70
	0.30
	1.00
	0.30
	6.40
	0.30
	0.50
	0.24
	2.04
	1.01
	1.00
	0.70
	0.30
	3.00

	
	2+529
	1.00
	0.70
	0.30
	1.00
	0.30
	7.40
	0.30
	1.00
	0.24
	2.15
	1.01
	1.00
	0.70
	0.30
	3.00

	
	2+549
	1.00
	0.70
	0.30
	1.00
	0.30
	8.40
	0.30
	1.50
	0.24
	2.44
	1.01
	1.00
	0.70
	0.30
	3.00

	
	2+599
	1.00
	0.70
	0.30
	1.00
	0.30
	9.40
	0.30
	1.00
	0.24
	2.15
	1.01
	1.00
	0.70
	0.30
	3.00

	
	2+619
	1.00
	0.70
	0.30
	1.00
	0.30
	10.40
	0.30
	1.00
	0.24
	2.15
	1.01
	1.00
	0.70
	0.30
	3.00

	
	2+639
	0.90
	0.60
	0.30
	0.90
	0.30
	11.40
	0.30
	1.00
	0.15
	1.57
	0.73
	0.90
	0.60
	0.30
	3.00

	
	2+659
	0.90
	0.60
	0.30
	0.90
	0.30
	12.40
	0.30
	1.00
	0.15
	1.57
	0.73
	0.90
	0.60
	0.30
	3.00

	
	2+899
	1.00
	0.70
	0.30
	1.00
	0.30
	13.40
	0.30
	0.80
	0.15
	1.46
	0.73
	1.00
	0.70
	0.30
	3.00

	
	3+139
	0.90
	0.60
	0.30
	0.90
	0.30
	14.40
	0.30
	0.90
	0.15
	1.52
	0.73
	0.90
	0.60
	0.30
	3.00

	
	4+989
	1.00
	0.70
	0.30
	1.00
	0.30
	15.40
	0.30
	1.00
	0.15
	1.11
	0.48
	1.00
	0.70
	0.30
	3.00

	
	5+039
	1.00
	0.70
	0.30
	1.00
	0.30
	16.40
	0.30
	0.80
	0.15
	1.01
	0.48
	1.00
	0.70
	0.30
	3.00

	
	5+079
	1.00
	0.70
	0.30
	1.00
	0.30
	17.40
	0.30
	0.90
	0.15
	1.06
	0.48
	1.00
	0.70
	0.30
	3.00

	
	5+129
	1.00
	0.70
	0.30
	1.00
	0.30
	18.40
	0.30
	1.00
	0.15
	1.11
	0.48
	1.00
	0.70
	0.30
	3.00

	
	5+169
	1.00
	0.70
	0.30
	1.00
	0.30
	19.40
	0.30
	1.20
	0.15
	1.20
	0.48
	1.00
	0.70
	0.30
	3.00

	
	5+429
	1.00
	0.70
	0.30
	1.00
	0.30
	20.40
	0.30
	0.10
	0.15
	1.03
	0.48
	1.00
	0.70
	0.30
	3.00





[bookmark: _Toc509733430][bookmark: _Toc514162355]Drainage Crossing Structures
Super passage and flumes are most known irrigation structures that are used to convey water across depressed land and gully. In this project, four flume structures and two super passages are designed to pass water. There are four flume structures and two siphons.


[bookmark: _Toc509733431][bookmark: _Toc514162356]BILL OF QUANTITY AND COST ESTIMATION
In this basic topic three major tasks have been conducted. The 1st and the most important is the preparation of quantity take off sheet. The 2nd part of this topic shall be summarizing the takeoff sheet and preparing the bill of quantities for each work items. The last activities to be performed here is estimation of the unit rate specific to the project area. 
[bookmark: _Toc532151647]Table; 5.1  General Item and Headwork cost Estimation
	I.No
	Description
	 Unit
	Rate 
	 Quantity
	 Amount, ETH.BIRR

	1
	General Items
	
	
	
	

	1.1
	 Mobilization and Camp Activities
	 
	 
	 
	 

	1.1.1
	Allow for Mobilization  (Machineries, material, labor, etc)
	Ls
	1.00
	269,796.77
	269,796.77

	1.1.2
	Allow for Demobilization
	Ls
	1.00
	215,837.42
	215,837.42

	1.1.3
	Construction of Consultants camp and camp facilities size 3m*4m from CGIS(28Gage) for roof & wall and internally painted chip wood wall & ceilings,  with hardcore filled cement screed floor. The rooms are well ventilated equipped with windows and doors
	No
	2.00
	37,391.30
	74,782.61

	1.1.4
	Construction of contractor's camp and camp facilities size 3m*4m from CGIS(28Gage) for roof & wall and internally painted chip wood wall & ceilings,  with hardcore filled cement screed floor. The rooms are well ventilated equipped with windows and doors
	No
	5.00
	37,391.30
	186,956.52

	1.1.5
	4*5m2, cafe construction from  CGIS(28Gage)  for roof & wall and internally painted chip wood wall & ceilings,  with hardcore filled cement screed floor.   
	No
	1.00
	45,217.39
	45,217.39

	1.1.6
	4*6m2, store construction from CGIS(28Gage)  with doors and windows, Masonry floor cement screened (1 Block) 
	No
	1.00
	37,391.30
	37,391.30

	1.1.7
	3*4m2, Toilet and Shower construction from CGIS(28Gage)   with window, Masonry floor cement screened  
	No
	1.00
	32,608.70
	32,608.70

	1.1.8
	Construction of  fence with barbed wired fixed at 20cm interval to  erected eucalyptus poles  which have at least 2m height and installed at 2m interval 
	m
	160.00
	391.30
	62,608.70

	1.1.9
	2*2m2, Generator house construction from CGIS(32Gage)
	No
	1.00
	6,086.96
	6,086.96

	1.1.10
	Generator rent with Fuel for Four hour per day  
	No
	1.00
	72,000.00
	72,000.00

	1.1.11
	Construction of Access roads Clearing (Allow for temporary access road  to site ) 
	km
	1.50
	117,641.31
	176,461.97

	1.1.12
	As built drawing and site plan
	Ls
	1.00
	8,695.65
	8,695.65

	1.1.13
	Project indicator Post
	No
	2.00
	4,347.83
	8,695.65

	 
	Sub total
	 
	
	-
	1,197,139.6

	2
	Head Work structures
	
	
	-
	

	1
	Weir body & Divide Walls with Under Sluices
	
	
	-
	

	1.1
	Earth work
	 
	
	-
	

	1.1.1
	Site Clearing
	m2
	405.00
	17.39
	7,043.48

	1.1.2
	Excavation in normal soil
	m3
	243.00
	82.61
	20,073.91

	1.1.3
	Excavation in boulder soil
	m3
	101.25
	108.70
	11,005.43

	1.1.4
	Excavation in soft rock formation
	m3
	81.00
	324.38
	26,274.61

	1.1.5
	Excavation in hard rock formation
	m3
	50.63
	640.76
	32,438.37

	1.2
	Concrete & Bar works
	 
	
	-
	

	1.2.1
	Lean Concrete (C10)
	m2
	28.13
	2,457.49
	69,116.82

	1.2.2
	Cyclopean concrete(40% C,60%Graded Stone)
	m3
	912.95
	2,348.70
	2,144,244.04

	1.2.3
	Reinforced Concrete C-25 with formwork
	m3
	324.65
	3,001.23
	974,348.05

	1.2.4
	Stone Masonry work with 1:2 cement mortar
	m3
	68.16
	1,565.22
	106,685.22

	1.2.5
	Plastering with a 1:3 cement mortar
	m2
	80.00
	151.30
	12,104.35

	1.2.6
	Diam 12 mm Rebar
	Kg
	10,467.74
	44.35
	464,221.69

	1.2.7
	Diam 20 mm Rebar
	Kg
	388.58
	44.35
	17,232.78

	1.5
	Left side wing wall
	 
	
	-
	

	1.5.1
	Site Clearing
	m2
	20.25
	17.39
	352.17

	1.5.2
	Excavation in normal soil
	m3
	370.58
	82.61
	30,612.72

	1.5.3
	Excavation in boulder soil
	m3
	34.31
	108.70
	3,729.62

	1.5.4
	Excavation in soft rock formation
	m3
	68.63
	324.38
	22,260.43

	1.5.5
	Excavation in hard rock formation
	m3
	13.73
	640.76
	8,794.40

	1.5.6
	Lean Concrete (C10)
	m2
	13.73
	2,457.49
	33,729.01

	1.5.7
	C-25 with formwork for RCC cantilever wall
	m3
	222.64
	3,001.23
	668,192.98

	1.5.8
	Diam 12 mm Rebar
	kg
	2,064.89
	44.35
	91,573.43

	1.5.9
	Diam 20 mm Rebar
	kg
	2,340.08
	44.35
	103,777.39

	1.5.10
	Basaltic Stone Masonry work with 1:3 cement mortar
	m3
	202.50
	1,565.22
	316,956.52

	1.5.11
	Plastering with a 1:3 cement mortar
	m2
	90.00
	151.30
	13,617.39

	1.5.12
	Back fill excavated material and compaction
	m3
	108.00
	58.26
	6,292.17

	1.6
	Right Side wing walls
	
	
	-
	

	1.5.1
	Site Clearing
	m2
	29.25
	17.39
	508.70

	1.5.2
	Excavation in normal soil
	m3
	427.05
	82.61
	35,278.04

	1.5.3
	Excavation in boulder soil
	m3
	49.28
	108.70
	5,355.98

	1.5.4
	Excavation in soft rock formation
	m3
	98.55
	324.38
	31,967.44

	1.5.5
	Excavation in hard rock formation
	m3
	82.13
	640.76
	52,622.24

	1.5.6
	Lean Concrete (C10)
	m2
	40.95
	2,457.49
	100,634.09

	1.5.7
	C-25 with formwork for RCC cantilever wall
	m3
	283.36
	3,001.23
	850,427.42

	1.5.8
	Diam 12 mm Rebar
	kg
	2,704.02
	44.35
	119,917.59

	1.5.9
	Diam 20 mm Rebar
	kg
	3,064.39
	44.35
	135,898.96

	1.5.10
	Basaltic Stone Masonry work with 1:3 cement mortar
	m3
	225.00
	1,565.22
	352,173.91

	1.5.11
	Plastering with a 1:3 cement mortar
	m2
	100.00
	151.30
	15,130.43

	1.5.12
	Back fill selected material and compaction
	m3
	90.00
	58.26
	5,243.48

	1.7
	Gates Supply & Installation
	
	
	-
	-

	1.7.1
	Under sluice gate  as per working Drawing
	pcs
	1.00
	21,739.13
	21,739.13

	1.7.2
	Off take canal gate  as per working Drawing
	pcs
	1.00
	17,391.30
	17,391.30

	1.8
	IntakeTrash Rack diam 10mm rebars as per design drawing details
	Ls
	1.00
	1,739.13
	1,739.13

	 
	Sub total
	 
	 
	                       -   
	6,930,704.83



[bookmark: _Toc532151648]Table; 5.2  Primary canal and its related structure cost estimation
	I. No
	 Descriptions
	Unit
	 Qty 
	 Rate (Birr)  
	 Amount (Birr)  

	2.1
	 Primary Canal Earthworks
	 
	 
	 
	 

	2.1.1
	Clearing and grubbing to a maximum of 20cm
	m2
	-
	10.00
	-

	2.1.2
	Common Soil Excavation including haul to a distance not exceeding 200m.
	m3
	62,506.15
	82.61
	5,163,633.21

	2.1.3
	Filling with selected material from borrow site 5km including compaction.
	m³
	1,319.51
	80.00
	105,561.18

	
	Masonry Work
	
	
	
	

	2.1.4
	Basaltic or equivalent stone masonry Canal well bedded in cement sand mortar of 1:3 mix ratio .The thickness of masonry wall will be as indicated in the drawing. The work should be to the satisfaction of the Engineer
	m3
	     1,773.60 
	       1,565.22 
	    2,776,074.19 

	2.1.5
	25 mm thick Plastering (mortar ratio1:2)
	m2
	7,078.00
	151.30
	1,070,901.40

	2.2
	Turnout/ Division box
	 
	 
	 
	 

	 
	Concrete
	 
	 
	 
	 

	2.2.1
	Supply and cast lean concrete quality C-5 filled in to formwork and vibrated. 
	m³
	            2.91 
	       2,457.49 
	           7,141.47 

	
	Masonry Work
	
	
	
	-

	2.2.2
	Basaltic or equivalent stone masonry well bedded in cement sand mortar of 1:3 mix ratio .The thickness of masonry wall will be as indicated in the drawing. The work should be to the satisfaction of the Engineer
	m3
	            4.27 
	       1,565.22 
	           6,677.23 

	2.2.3
	Internal plastering for the masonry wall
	m2
	10.67
	151.30
	1,613.61

	2.2.4
	40cm Cemented Stone Pitching as per the engineers interest
	m3
	13.56
	840.00
	11,390.23

	 
	Gate
	 
	 
	 
	                     -   

	2.2.5
	15cm thick Precast concrete for Walk way, detail is presented in the drawing
	m2
	8.20
	680.63
	5,581.17

	2.2.6
	Spindle for vertical lift and its handling
	Pcs
	4.00
	200.00
	800.00

	2.2.7
	Angle iron for shuttering and for stiffening
	m
	5.43
	200.00
	1,086.47

	2.2.8
	Sheet metal 6mm  thick
	m2
	1.21
	1,500.00
	1,814.78

	2.3
	Drop
	 
	 
	 
	                     -   

	
	Concrete
	
	
	
	-

	2.3.1
	Supply and cast lean concrete quality C-5 filled in to formwork and vibrated.
	m3
	
1.44
	2,457.49
	3,550.15

	
	Masonry Work
	
	
	
	-

	2.3.2
	Basaltic or equivalent stone masonry retaining wall erection well bedded in cement sand mortar of 1:3 mix ratio .The thickness of masonry wall will be as indicated in the drawing. The work should be to the satisfaction of the Engineer
	m3
	
8.73
	1,565.22
	13,660.10

	2.3.3
	25 mm thick Plastering (mortar ratio1:2)
	m2
	21.82
	151.30
	3,301.09

	2.3.4
	Stone Pitching
	m2
	14.62
	840.00
	12,279.27

	TOTAL CARRIED TO BILL TOTAL SUMMARY
	    9,185,065.55 


[bookmark: _Toc532151649]Table; 5.3  Main canal and its related structure cost estimation
	I. No
	 Descriptions
	Unit
	 Qty 
	 Rate (Birr)  
	 Amount (Birr)  

	3.1
	 Main Canals Earthworks
	 
	 
	 
	 

	3.1.1
	Clearing and grubbing to a maximum of 20cm
	m2
	0.000
	10
	0.000

	3.1.2
	Common Soil Excavation including haul to a distance not exceeding 200m.
	m3
	29672.117
	65
	1928687.607

	3.1.3
	Filling with selected material from borrow site 5km including compaction.
	m³
	4787.234
	80
	382978.719

	
	 Masonry Work 
	
	 
	 
	 

	3.1.4
	 Basaltic or equivalent stone masonry Canal well bedded in cement sand mortar of 1:3 mix ratio .The thickness of masonry wall will be as indicated in the drawing. The work should be to the satisfaction of the Engineer 
	m3
	9401.670
	1145
	10764912.150

	3.1.5
	 25 mm thick Plastering (mortar ratio1:2) 
	m2
	38083.100
	85
	3237063.500

	3.2
	 Flumes  
	
	 
	 
	 

	
	 Excavation 
	
	 
	 
	 

	3.2.1
	 Excavation in loose soil in open to the lines and grades as shown in the drawing. 
	m3
	2392.000
	65
	155480.000

	3.2.2
	 ditto but soft rock 
	m3
	0.000
	 
	0.000

	3.2.3
	 Back filling with excavated material from including compaction. 
	m3
	176.975
	80
	14158.000

	
	 Concrete 
	
	 
	 
	0.000

	3.2.4
	 Providing and laying Plain cement concrete in C-10 for masonry pad 
	m³
	16.960
	1750
	29680.000

	3.2.5
	 Class C-25 reinforced mass concrete of thickness indicated on the drawing 
	m³
	1474.440
	2900
	4275875.565

	3.2.6
	 Basaltic or equivalent stone masonry Canal well bedded in cement sand mortar of 1:3 mix ratio .The thickness of masonry wall will be as indicated in the drawing. The work should be to the satisfaction of the Engineer 
	m³
	0.000
	0
	0.000

	
	 Reinforcement 
	
	 
	 
	 

	3.2.6
	Reinforcement shall be free from dirt, oil, grease, paint, retarders, etc. and any other substances which may affect the reinforcement and concrete bond. Price should include cutting, bending and placing.
	
	 
	 
	 

	
	   Ø8 
	kg
	0.000
	45
	0.000

	
	   Ø10 
	kg
	4598.238
	45
	206920.710

	
	   Ø12 
	kg
	42519.880
	45
	1913394.586

	
	   Ø14 
	kg
	1406.116
	45
	63275.229

	
	   Ø16 
	kg
	9890.858
	45
	445088.596

	
	   Ø20 
	kg
	1941.681
	45
	87375.636

	
	  Ø24 
	kg
	24652.949
	45
	1109382.711

	
	   Ø28 
	kg
	22717.950
	45
	1022307.737

	
	   Ø30 
	kg
	2361.950
	45
	106287.750

	
	  Ø32 
	kg
	3782.722
	45
	170222.495

	2.2.7
	 Basaltic or equivalent stone masonry wall bedded in cement sand mortar 1:3  
	m³
	1633.190
	45
	73493.550

	2.2.8
	 25 mm thick Plastering (mortar ratio1:2) 
	m2
	0.000
	1145
	0.000

	3.3
	 Turnout/ Division box 
	
	7759.995
	 
	 

	
	 Concrete 
	
	 
	 
	0.000

	3.3.1
	Supply and cast lean concrete quality C-5 filled in to formwork and vibrated.  
	m³
	 
	 
	0.000

	
	 Masonry Work 
	
	30.500
	1750
	53375.000

	3.3.2
	 Basaltic or equivalent stone masonry well bedded in cement sand mortar of 1:3 mix ratio .The thickness of masonry wall will be as indicated in the drawing. The work should be to the satisfaction of the Engineer 
	m3
	 
	 
	0.000

	3.3.3
	 Internal plastering for the masonry wall 
	m2
	70.700
	1145
	80951.500

	3.3.4
	 40cm Cemented Stone Pitching as per the engineers interest 
	m3
	176.800
	85
	15028.000

	
	 Gate 
	
	115.800
	353
	40869.180

	3.3.5
	 15cm thick Precast concrete for Walk way, detail is presented in the drawing 
	m2
	 
	 
	0.000

	3.3.6
	 Spindle for vertical lift and its handling  
	Pcs
	72.800
	681
	49549.864

	3.3.7
	 Angle iron for shuttering and for stiffening 
	m
	36.000
	200
	7200.000

	3.3.8
	 Sheet metal 6mm  thick 
	m2
	48.800
	200
	9760.000

	3.4
	 Drop 
	
	8.800
	1500
	13200.000

	
	 Concrete 
	
	 
	 
	0.000

	3.4.1
	 Supply and cast lean concrete quality C-5 filled in to formwork and vibrated.  
	m3
	 
	 
	0.000

	
	 Masonry Work 
	
	8.300
	1750
	14525.000

	3.4.2
	 Basaltic or equivalent stone masonry retaining wall erection well bedded in cement sand mortar of 1:3 mix ratio .The thickness of masonry wall will be as indicated in the drawing. The work should be to the satisfaction of the Engineer 
	m3
	 
	 
	0.000

	3.4.3
	 25 mm thick Plastering (mortar ratio1:2) 
	m2
	51.500
	1145.000
	58967.500

	3.4.4
	 Stone Pitching 
	m2
	128.700
	85.000
	10939.500

	 TOTAL CARRIED TO BILL TOTAL SUMMARY 
	         26,440,070.083


[bookmark: _Toc532151650]Table; 5.4   Secondary canal and its related structure cost estimation
	I. No
	 Descriptions
	Unit
	 Qty 
	 Rate (Birr)  
	 Amount (Birr)  

	4.1
	Secondary Canal
	 
	 
	 
	 

	 
	Earthworks
	 
	 
	 
	 

	4.1.1
	Common Soil Excavation in trapezoidal Canal to a any depth including haul to a distance not exceeding 200m.
	m3
	3,962.77
	82.61
	327,364.33

	4.1.2
	Filling with selected material from excavated material including compaction.
	m³
	1,529.48
	80.00
	122,358.08

	 
	Masonry Work
	 
	 
	 
	                     -   

	4.1.3
	Basaltic or equivalent stone masonry well bedded in cement sand mortar of 1:3 mix ratio .The thickness of masonry wall will be as indicated in the drawing. The work should be to the satisfaction of the Engineer
	m3
	        1,279.20 
	       1,565.22 
	   2,002,229.42 

	4.1.4
	Internal plastering for the masonry wall
	m2
	6,302.00
	151.30
	953,492.60

	4.2
	Turnout/ Division box
	 
	 
	 
	                     -   

	 
	Concrete
	 
	 
	 
	                     -   

	4.2.1
	Supply and cast lean concrete quality C-5 filled in to formwork and vibrated.
	m³
	14.75
	2,457.49
	36,240.61

	 
	Masonry Work
	 
	 
	 
	                     -   

	4.2.2
	Basaltic or equivalent stone masonry well bedded in cement sand mortar of 1:3 mix ratio .The thickness of masonry wall will be as indicated in the drawing. The work should be to the satisfaction of the Engineer
	m3
	             10.16 
	       1,565.22 
	        15,905.14 

	4.2.3
	Internal plastering for the masonry wall
	m2
	25.42
	151.30
	3,845.89

	4.2.4
	40cm Cemented Stone Pitching as per the engineers interest
	m3
	75.10
	840.00
	63,080.98

	 
	Gate
	 
	 
	 
	                     -   

	4.2.5
	15cm thick Precast concrete for Walk way, detail is presented in the drawing
	m2
	91.40
	680.63
	62,209.58

	4.2.6
	Spindle for vertical lift and its handling
	Pcs
	73.00
	200.00
	14,600.00

	4.2.7
	Angle iron for shuttering and for stiffening
	m
	40.38
	200.00
	8,075.93

	4.2.8
	Sheet metal 6mm  thick
	m2
	2.36
	1,500.00
	3,538.21

	4.3
	Drop
	 
	 
	 
	                     -   

	 
	Concrete
	 
	 
	 
	                     -   

	4.3.1
	Supply and cast lean concrete quality C-5 filled in to formwork and vibrated.
	m3
	0.25
	2,457.49
	608.63

	
	Masonry Work
	
	
	
	-

	4.3.2
	Basaltic or equivalent stone masonry retaining wall erection well bedded in cement sand mortar of 1:3 mix ratio .The thickness of masonry wall will be as indicated in the drawing. The work should be to the satisfaction of the Engineer
	m3
	1.92
	1,565.22
	3,010.32

	4.3.3
	Plastering  with 1:3 mix ,3 coats
	m2
	4.81
	151.30
	727.47

	4.3.4
	Stone Pitching
	m2
	2.49
	840.00
	2,092.16

	Total Carried to Summary
	   3,619,379.37 


[bookmark: _Toc532151651]Table; 5.5   Tertiary canal and its related structure cost estimation
	I. No
	 Descriptions
	Unit
	 Qty 
	 Rate (Birr)  
	 Amount (Birr)  

	4.1
	Tertiary Canals
	 
	 
	 
	 

	 
	Earthworks
	 
	 
	 
	 

	4.1.1
	Common Soil Excavation in trapezoidal Canal to a any depth including haul to a distance not exceeding 200m.
	m3
	      10,508.55 
	       82.61 
	     868,111.61 

	4.1.2
	Filling with selected material from excavated material including compaction.
	m³
	        3,068.94 
	       80.00 
	     245,515.05 

	Total Carried to Summary for Tertiary Canals
	 1,113,626.66 


[bookmark: _Toc532151652]Table; 5.6   Summary f cost Estimation
	I.No
	Description 
	unit
	Quantity
	 Rate 
	Amount Birr 

	 
	 
	 
	 
	 
	 

	1
	 General Items
	LS
	1.00
	     1,197,139.64 
	      1,197,139.64 

	2
	Headwork 
	LS
	1.00
	     6,930,704.83 
	      6,930,704.83 

	3
	 Irrigation Infrastructure 
	LS
	1.00
	44,206,659.42
	    44,206,659.42 

	 
	Total cost of project
	 
	 
	 
	    52,334,503.89 

	 
	VAT (15%)
	 
	 
	 
	      7,850,175.58 

	 
	Grand total cost of project
	 
	 
	 
	    60,184,679.48 

	 
	cost/ha
	 
	 
	 
	       127,780.64 



[bookmark: _Toc514162357]OPERATION AND MAINTENANCE
[bookmark: _Toc514162358]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.
[bookmark: _Toc514162359]Operation of the Head Works
 Operation at the diversion weir mainly focuses on the diversion of a controlled flow of river water, timely cleaning of floating debris in front of intake and removal of sediment deposits in front of the weir and intake structures.
[bookmark: _Toc514162360]Irrigation System Operation
The operation of the irrigation system depends mainly on the method of water delivery at farm level.  Surface irrigation method is the recommended type of water distribution and application method for Hota Scheme.
The farmers would organize themselves and form groups 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. Detail of operation and Maintenance will be worked out in the final report as separate document.
[bookmark: _Toc514162361]Maintenance Requirement
The Maintenance tasks are categorized into two types: - 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 lined canals, 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, and flood protection dykes;
- Repairing jammed gates;
- Filling holes made by wild animals; and
- Reduced free board due to walking over by people and livestock.
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 dykes, the main canal and the field drains.  The inspection of the other works like the tertiary canals and the water control and regulating structures could be carried.
[bookmark: _Toc514162362]CONCLUSION AND RECOMMANDATION
· The infrastructure of this project area is designed to irrigate about 471ha of land by taking its supply from the Hota diversion weir irrigation project. 
· The method of irrigation of the project area is furrow, surface irrigation in which the main and tertiary canals are working continuously whereas the field canals within a tertiary block are working rotational system.
· As the dominant soil type is clay soil, the main canal system is designed to be masonry and earthen tertiary canals.
· The reason why the main canal is to be lined up to the end is to avoid the siltation problem, increase conveyance efficiency, time saving to reach at the tail part and reduce Maintenance cost. 
The following recommendations are drawn:
1. For better performance and long service year of the project regular inspection and Maintenance is highly required.
2. Farmers training, how to operate and maintain the project structures as a whole and available and water resources has a paramount important.
3. The irrigation hours per day and per week should be flexible based on base flow amount of each month.
As soils of the command area are predominantly clay textured; and hence water and soil management measures should be undertaken; and optimum moisture content should be maintained to improve workability of the soil during land preparation and planting time.
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[bookmark: _Toc514162364]Annex
[bookmark: _Toc514162365]Stability Analysis of Wing Walls
Material properties:
· Cyclopean concrete unit weight (rc)=23KN/m3,
· Saturated Soil unit weight, (rs)=19KN/m3,
· Water unit weight, (rw) = 9.81 KN/m3,
· Friction factor (µ)=0.75 for rocky foundation,
[bookmark: _Toc532151653]Table 9.1 Stability Analysis for U/s Wing Walls
	Loading Condition
	Force (KN/m)
	Lever arm, m
	Moment (KN.m)

	loading types
	Vertical
	Horizontal
	About heel
	Positive, M
	Negative, M

	Self-weight,W1
	97.98
	0.00
	0.30
	29.39
	0

	Self-weight,W2
	318.44
	0.00
	3.20
	1018.99
	0

	Weight of Soil (W3) 
	220.47
	0.00
	1.79
	394.68
	0

	Lateral load of soil back fill 
	0.0
	133.66
	2.17
	0
	-289.6

	Hydrostatic Pressure, HFL
	0.0
	252.05
	2.37
	596.52
	0.00

	Hydrostatic Pressure, PL
	0.0
	-51.20
	2.87
	146.77
	0.00

	uplift load force
	-31.95
	0.00
	1.50
	0
	-47.93

	Sum for HFL condition
	604.94
	385.71
	
	2039.58
	337.52

	Sum for Pool Level condition
	604.94
	82.46
	
	1589.84
	337.52

	Loading Condition
	HFL
	PL 
	
	

	Summation Vertical Force, ΣFv
	604.94
	604.94
	KN
	

	Summation Horizontal Force, ΣFh
	385.71
	82.46
	KN
	

	Summation moments, ΣM+
	2039.58
	1589.84
	KN.m
	

	Summation  moments, ΣM-
	337.52
	337.52
	KN.m
	

	arm of Resultant Load, X`=ΣM/ΣFv
	2.81
	2.07
	m
	

	Middle two third Rule, B/6
	4.50
	4.50
	m
	

	Eccentricity, e=X`-B/2 <B/6
	0.56
	0.18
	Ok!
	

	Overturning  FOS=ΣM+/ΣM-
	6.04
	4.71
	Ok!
	

	Sliding FOS=µΣFv/ΣFh
	1.57
	5.50
	Ok!
	




[bookmark: _Toc532151654]Table 9.2 Stability Analysis for D/s Wing Walls
	Loading Condition
	Force (KN/m)
	Lever arm, m
	Moment (KN.m)

	loading types
	Vertical
	Horizontal
	About heel
	Positive, M
	Negative, M

	Self-weight,W1
	59.34
	0.00
	0.30
	17.80
	0

	Self-weight,W2
	108.54
	0.00
	2.06
	223.96
	0

	Weight of Soil (W3) 
	77.59
	0.00
	1.28
	99.36
	0

	Lateral load of soil back fill 
	0.0
	50.62
	1.33
	0
	-67.5

	Hydrostatic Pressure, HFL
	0.0
	92.45
	1.43
	132.51
	0.00

	Hydrostatic Pressure, PL
	0.0
	-84.17
	3.02
	253.83
	0.00

	uplift load force
	-12.02
	0.00
	0.93
	0
	-11.20

	Sum for HFL condition
	233.45
	143.07
	
	473.64
	78.69

	Sum for Pool Level condition
	233.45
	-33.56
	
	594.95
	78.69

	Loading Condition
	HFL
	PL 
	
	

	Summation Vertical Force, ΣFv
	233.45
	233.45
	KN
	

	Summation Horizontal Force, ΣFh
	143.07
	33.56
	KN
	

	Summation moments, ΣM+
	473.64
	594.95
	KN.m
	

	Summation  moments, ΣM-
	78.69
	78.69
	KN.m
	

	arm of Resultant Load, X`=ΣM/ΣFv
	1.69
	2.21
	m
	

	Middle two third Rule, B/6
	2.80
	2.80
	m
	

	Eccentricity, e=X`-B/2 <B/6
	0.29
	0.81
	ok
	

	Overturning  FOS=ΣM+/ΣM-
	6.02
	7.56
	ok
	

	Sliding FOS=µΣFv/ΣFh
	1.63
	5.22
	ok
	









[bookmark: _Toc514162366]Stability Analysis of Divide wall
[bookmark: _Toc532151655]Table 9.3 Stability Analysis of Divide wall
	Loading Condition
	Force (KN/m)
	Lever arm, m
	Moment (KN.m)

	loading types
	Vertical
	Horizontal
	About heel
	Positive, M
	Negative, M

	Self-weight,W1
	195.96
	0.00
	0.60
	117.58
	0

	Lateral load of soil back fill 
	0.00
	9.14
	0.57
	0
	5.2

	uplift load force
	-42.60
	
	0.60
	25.56
	

	Sum for HFL loading condition
	153.36
	9.14
	
	143.14
	5.18

	Summation Vertical Force, ΣFv
	153.36
	KN
	
	

	Summation Horizontal Force, ΣFh
	9.14
	KN
	
	

	Summation moments, ΣM+
	143.14
	KN.m
	
	

	Summation  moments, ΣM-
	5.18
	KN.m
	
	

	arm of Resultant Load, X`=ΣM/ΣFv
	0.90
	m
	
	

	Middle two third Rule, B/6
	1.20
	m
	
	

	Eccentricity, e=X`-B/2 <B/6
	0.30
	ok
	
	

	Overturning  FOS=ΣM+/ΣM-
	27.63
	ok
	
	

	Sliding FOS=µΣFv/ΣFh
	7.55
	ok
	
	















[bookmark: _Toc514162367]Stability Analysis of U/s RC Cantilever Walls
[bookmark: _Toc532151656]Table 9.4  Stability Analysis of U/s RCC Retaining wall
	Loading Condition
	Force (KN/m)
	Lever arm, m
	Moment (KN.m)

	loading types
	Vertical
	Horizontal
	About heel
	Positive, M
	Negative, M

	Self-weight,W1
	63.36
	0.00
	1.00
	63.36
	0

	Self-weight,W2
	15.84
	0.00
	0.73
	11.62
	0

	Weight of Soil (W3) 
	42.00
	0.00
	1.75
	73.50
	0

	Weight of Soil backfill (W4)
	288.42
	0.00
	2.35
	677.79
	

	Lateral load of soil back fill
	0.0
	159.47
	2.37
	0
	-377.4

	Hydrostatic Pressure, PL
	0.0
	11.25
	0.50
	5.63
	0.00

	uplift load force
	-5.63
	0.00
	1.17
	0
	-6.56

	Sum for Pool Level condition
	404.00
	159.47
	
	826.26
	383.98

	Summation Vertical Force, ΣFv
	404.00
	KN
	
	

	Summation Horizontal Force, ΣFh
	159.47
	KN
	
	

	Summation moments, ΣM+
	826.26
	KN.m
	
	

	Summation  moments, ΣM-
	383.98
	KN.m
	
	

	arm of Resultant Load, X`=ΣM/ΣFv
	1.09
	M
	
	

	Middle two third Rule, B/6
	3.50
	M
	
	

	Eccentricity, e=X`-B/2 <B/6
	0.66
	Ok
	
	

	Overturning  FOS=ΣM+/ΣM-
	2.15
	Ok
	
	

	Sliding FOS=µΣFv/ΣFh
	1.52
	Ok
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