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EXCUTIVE SUMMERY 
Introduction: Development  of  Irrigation  contributes  valuable  share  in  the  production  of  agricultural  products which enhances the  removal of  food security problem  &  leads  the  economic  growth of  a country where there are sufficient water resources for this purpose. This document contains the study & design of shashatyeⅡ weir small scale irrigation project
Community: - The project irrigates 17.6ha command area and about 42 households will be expected to be a beneficiary with considering 0.476 ha of land per a household. Community participation in planning, implementation and management is believed to ensure sustainable operation of development project. The community contribution estimated to cover about 10% of the project cost.
Location: - Amhara region, west gojam zone, dembecha Woreda, Yemehel Kebele.GPS coordination at: - Northing =1167883, Easting= 330109& Elevation= 2042 Hydrology:- As the catchment area (watershed) is (2.88km2) which is obtained by adding out let reading from watershed DEM. Estimation of peak discharge is done by rational method, since (watershed) is (2.88km2)less than 5 km2& time of concentration is less than one hour. 
· watershed area:2.88km2 
· Peak Discharge: 14.84m3 /s 
·  Base flow: 26.4L/s 
· Command Area: 17.6 ha including supplementary irrigation.
 Geological condition & Head work: - After finding different alternatives for diversion structures at different sections of the river no another option exists at downstream of the traditional axis, based on different criteria the diversion site is selected at upstream of the traditional site. This is done to get a good river cross section, geological formation of the river cross section at the weir axis, to modify the traditional irrigation & to get sufficient head for the command area with economic structures with acceptable water balance. As it can be seen from geological physical observation, the riverbed is in some extent clay sand and silt.
· Weir Crest length: 10m 
· Weir height=2.0m 
Topography:-Topography is an important factor for the planning of any irrigation project as it influences method of irrigation, drainage, erosion, mechanization, and cost of land development, labor requirement and choice of crop. In the command area two types of topographic characteristics 
The soil depth in the dominantly cultivated land is around 50-150 cm and in moderately cultivated land 50-100 cm. Generally stoniness in cultivated land use is15 -30%. 
The Watershed has marked topographic variation. The dominant slope class is 3.5-10 % which covers 73.3% of the total area followed by 0-3.5% which is 24.3% flat and almost flat.  Slopping and moderately steep topography accounts 2.43 percent of the total area. 
have been identified. Nearly 24.3%of the command area lies on flat or almost flat (0-3.5% slope) and 3.5-10% gently sloping (>10% slope).On top of these slope gradients, the command area has suitability for surface irrigation. 
· Canal Outlet Canal Gate size: 0.55m*0.4m including free board 
· Canal Capacity: 21.28L/se by neglecting 20 percent for downstream users. 
· Canal related structure (Irrigation Infrastructure) 
· Main Canal : one 
· Canal Section: Rectangular masonry 
· lined Length : 750m at right side 
· Foot path: 2
· Super passage:2
· Turnout 8 
Project cost: - The cost of each item of work is to be worked out based on current market condition, and then adding all the cost items will give the total cost of the project. 
Grand total project estimated cost =5181322.35birr 
Specification of the Work: - Generally, the implication of work guided and construction materials recommended by based on project contract document and project site engineer.
 SHASHATYE Ⅱ SMALLSCALE IRRIGATION DESIGN DOCUMENT
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[bookmark: _Toc26996166][bookmark: _Toc48972627]SECTION- I INTRODUCTION
General 
Irrigation has considered as an engine for agricultural growth all over the world. In Ethiopia, irrigation has to be considered not only as engine for agricultural development but also as a crucial factor for the overall economic growth. About 85% of the total populations directly depend on agriculture for their livelihood. It is known that Ethiopian government is running to alleviate the impact of recurrent draught in the whole country. This can be achieved by working together with the community, local and international NGOs and the government organizations to use all the available resources efficiently and bring significant change. This project is part of the development work carried out by dembecha woreda Irrigation and Water harvesting Engineering group is done the study and design work. The project area has good farmland and the farmers have tried to use traditional irrigation, but they failed to succeed due to lack of both technical and financial capacity. The design and study of shashatyeⅡ irrigation project under modern irrigation scheme will enable the farmers to use the available water and land resources efficiently and get themselves food secured. Designers have identified the weir site location by choosing sites depending on their geographical location. After a good discussion, decide on the best of them. ShashatyeⅡ irrigation project will enable the farmers of the project area to positive economic change and improve their life standard by producing different crops and a good grassing grass for their live stokes using advanced irrigation. Hence based on the potential of the river and the practice of the farmers shashatyeⅡ diversion weir irrigation project is studied and designed in modern irrigation system to increase the crop production season in to two and to increase the yield through the intervention of agricultural inputs, so as to change the existing living conditions of the inhabitants and to improve the socio –economic conditions. 
Location and Accessibility 
The project area is located in west gojam zone dembecha Woreda, yemehel Kebele. The specific location of the project site is called sholit. It can be accessed by 7 km along asphalted road that runs from Bahir Dar to Addis Ababa and 5 km gravel road to yemehel Kebele. To reach to the specific site, shashatyeⅡ Diversion Small-Scale Irrigation Project 8km driving along dry weather road and walking for about 1.5 km is required. During dry season, access to the specific site is possible by vehicle
[image: ]
[bookmark: _GoBack]Figure 1Location of shashatiyeⅡwatershed area

	

Objective of the study 
General objective of the study 
The main objective of the study is preparation of detail design document for diversion weir at ShashatyeⅡ River, so that traditional diversion system can be improved in to modern diversion system, and more area can be developed under irrigation. 
[bookmark: _Toc170920083] Specific Objective of the Study 
The main specific objective of the project is improved to:- 
·  increase amount of irrigation water 
· increase irrigated command area 
·  safe guard food scarcity 
·  reduce the loss of water in entering canal 
·  sustain the interest of the users 
Scope of the study 
Since this study focuses on the preparation of ShashatiyII small scale irrigation project the scope included:
· Catchments features pertinent to the analysis and simulation of hydrologic data 
· Any other climatic features of importance and indicate the effects on the irrigation scheme 
· Rainfall (length of records, monthly distribution, etc.) data collection and analysis. 
· The project design flood estimation 
· The availability of lean flow and its dependability for irrigating the proposed land 
· the consultant is expected to propose a suitable type of structure/to use the water 
· Detail design of structure and its appurtenant hydraulics and structural design should be stated.
· The irrigation design shall ensure reliability, equity and flexibility of water delivery to farmers. It will aim at reducing conflicts among water users and will lead to lower operation and maintenance costs. 
· Updating the existing, if available, computation of the actual evapo-transpiration, crop water requirement, irrigation demand/duty using the existing and recent agronomic, climatologic and soil data using more appropriate methodologies 
· Establish flood protection measures for the command area and canal structures and design the respective drainage system accordingly, 
· Planning and layout of the irrigation system, which include irrigation canals, drainage channels, inspection roads and alignments, canal spacing, canal length, location of structures, and water profiles along canal and drains at specified reaches, which is most economical easily manageable and aligned with topographic feature and geological investigation. 
· Determination and estimation of water application conveyance and other losses and irrigation efficiencies and consideration of those parameters in design steps. 
· Preparation of working drawings, bill of quantities & cost estimation
Methodology 
In the study and design procedure, Designers used the following steps. 
 Site identification: 
· GIS information 
· Local farmers interview and discussion 
·  kebele Agriculture section expertise 
·  Previous studies 
·  On foot travel along the river channel and farm areas. 
 Topographic survey: 
· Surveying the head work area with sufficient radius to u/s and d/s reaches, using Leveling 
 Flow estimation 
· Physical observation on flood mark indications and local information about high flood and base flow condition of the river 
· Measurements by using flaut method.
· Irrigable area identification: 
o Using local information 
o Site observation  and GIS information 
o GPS to see elevation difference. 
·  Canal system identification and layout: 
· Conceptualization of the project approach and to seek alternatives system components such as traditional canals, land availability and water distribution system 
· Preparation of field layout based on the topographic map of the project area & previous experience of the farmers. 
·  Preparation of design criteria for the irrigation scheme 
·  Selection of appropriate hydraulic, conveyance, distribution, drainage and control structures 
[bookmark: _Toc170920086] Geology and River morphology 
shashatye ⅡRiver flows through a gently sloping topographic set up. The land form in the upstream and the downstream of the proposed weir site is almost on its stable condition. The river is characterized by curved (meander) section almost for the entire length. 
River bed condition 
At the headwork site the streambed possesses gentle slope. Presently the right side of the bed is covered by semi weatherd to weather rock, alluvial deposit. Those sample shows semi poorly graded gravel underline by bed rock, which is fresh rock with wide joints having shallow depth. The joints are mainly the result of initial physical weathering that there is thin layer or zone of the rock fragments at many portion of the bed. The rock is weak and fresh to faintly weathered. 
River Bank condition 
[bookmark: _Toc341361126][bookmark: _Toc26996167][bookmark: _Toc48972628]For both right and left river bank condition there is considerable consolidated deposit. The bank is so no stable that there is observed landslide or significant erosion. The top part of the right and left banks is covered by meadow to pasture grasses and some large to small plants. The soil layer is not uniform and is erodible easily.

Previous practices 
There was traditional irrigation practiced in this area. The irrigated area before construction is 7ha. As such, the canal upgrading is done with masonry lining for a length of 750m to irrigate 17.6 ha of land with the support of Capital budget in order to increase water use efficiency and sustain the livelihood of the farmers. 
Generally, total lands of 20ha were covered by irrigated crops after construction of a project. Farmers of the project site have a strong demand on the transformation shashatye ⅡRiver to modern irrigation scheme


















SECTION-II: HYDROLOGY 
[bookmark: _Toc57357694][bookmark: _Toc170920092] HYDROLOGICAL ANALYSIS 
Hydrology, which treats all faces of the earth water, is subject of great importance for people and their environment. Practical applications of hydrology are found in such tasks as the design and operation of hydraulic structures. The role of hydrology is to help analyzing the problems involved in these tasks and to provide guidance for the planning and management of water resources. 
Different attributes of hydraulic structures are directly dependent on the peak flood magnitude adopted in the design process and the stream flow records or daily rain fall data available at the project site. Hence, daily maximum rain fall data near the site are the major data required to plan and design the diversion irrigation structure. 
In the design of a project it is vital to collect or to obtain relevant data. For realistic and accurate design, it is essential that the collected data should be continuous, consistent, reliable and adequate. Hydrological data are historical in nature which is collected much before actual design. This is the reason why we are not required to collect data at this time of design. Planning and design of irrigation structures requires adequate hydrologic information of the specific project area. There are 39 years of rain fall data at finoteselam methodological station. 
Meteorological data Availability 
For any water resource project, the chronologically arranged hydro metrological data has to be reasonable for the right analysis for different designs. The data may be obtained from past records at the proposed site or may be synthesized from other similar catchments, by different approach. It is obvious that a historical record is more reliable than the synthetic one as the latter may involve several assumptions, which may deviate much from practical situation. For our particular design we have used a 39years of rain fall data from finoteselam methodological station.
MAXIMUM FLOOD COMPUTATION 
The River is not gauged. The design flood is calculated by using Rational and SCS unit hydrograph methods. Thus, it is preferred to base the flood analysis on rainfall data, which are better both in quantity and quality of data. In the hydrologic analysis for drainage structures, it must be recognized that there are many variable factors that affect floods. Some of the factors that need be recognized and considered on an individual site by site basis are; rainfall amount and storm distribution; catchment area, shape and orientation; ground cover; type of soil; slopes of terrain and stream(S); antecedent moisture condition; Storage potential (over bank, ponds, wetlands, reservoirs, channel, etc.)
Catchment characteristics 
Watershed characteristics 
In any small scale modern irrigation system, most of the headwork component structures are to be designed considering the magnitude of flood produced by tewenty five/25/ years return period design rainfall. Once the rainfall is determined the next step knows about the characteristics of the watershed area. Hence, in case of shashatyeⅡ Diversion Irrigation Project such parameters are discussed as follows. The catchment has an area of 2.88Km2; main stream path length of 1.447Km, maximum elevation 2080m, minimum elevation 2040m and average main stream bed slope of 0.013. The geographical location of the project at River center is 330109 Easting, 1167883 Northing and at about 2042m of average elevation.
[image: ]
Figure 2Location of shashatiyeⅡ watershed area
Design Flood Estimation
To safely estimate the magnitude of maximum design discharge (peak flow) we can use different methods. As the catchment area (watershed) is small (2.88km2) estimation of peak discharge is done by rational formula (Q =cf* CIA/3.6)

Catchments Morphology
	No
	Parameters
	Symbols
	     Unit
	Formula
	Result

	1
	Area
	A
	       Km2
	Measured
	2.88

	2
	Main stream length
	Lm
	       Km
	Measured
	1.447

	3
	Run off coefficient
	C
	unit less
	Calculated
	0.1885

	4
	Rain fall intensity
	I
	    mm/hr
	 From IDF curve
	98

	5
	 Frequency factor
	Cf
	Unit less
	Given
	1.2



Time of concentration, Tc 
It is defined as the time taken by a particle to travel from the hydraulically remote point of the watershed to the outlet point. The determination of this parameter makes perhaps the most important factor in the design of abstraction structures. There is a number of methods proposed to determine Tc values. The most popular method is Kirpich‟s formula shown below: 


Where, Tc= time of concentration (hr)  
` L- length of the main water caurse(m)
S-slope of the  main water caurse river(m/m)

	No
	Designation /Formula/
	Symbol
	Unit
	Value

	1
	Area of the catchment measured from 1:250,000 topographic map of aerial photo
	A
	Km2
	             2.88 

	2
	Length of main water course b/n H1&H2
	L1
	m
	         635.25 

	
	Length of main water course b/n H2&H3
	L2
	m
	         361.75 

	
	Length of main water course b/n H3&H4
	L3
	m
	         450.00 

	
	Total length
	L
	m
	   1,447.00 

	3
	Level of head of main water course
	H1
	m
	      2,080.00 

	
	Level of head of main water course
	H2
	m
	      2,070.00 

	
	Level of head of main water course
	H3
	m
	      2,060.00 

	
	Level of head of main water course
	H4
	m
	      2,040.00 

	4
	Slope of main water course S1=[H1-H2]/L1
	S1
	m
	0.016

	
	Slope of main water course S2=[H2-H3]/L2
	S2
	m
	0.028

	
	Slope of main water course S3=[H1-H2]/L2
	S3
	m
	0.044

	
	Average Slope of main water course S=(S1+S2+S3+S4)/4
	S
	m/m
	0.029

	5
	Time of Concentration, TC1=1/3000(L1/(S1)1/2 )0.77
	TC1
	hr
	0.24

	 
	Time of Concentration, TC2=1/3000(L2/(S2)1/2 )0.77
	TC2
	hr
	0.12

	 
	Time of Concentration, TC3=1/3000(L3/(S3)1/2 )0.77
	TC3
	hr
	0.12

	 
	Time of Concentration, TC=TC1+Tc2+TC3+TC4
	TC
	hr
	0.48



TC= 0.48 hr. = 28.8 min, then the value of rain falls intensity (I) from IDF curve for 50-year return period is 82 mm/hr.
After this we must determine the wetted coefficient (C) by considering different land use type. Based on land use land cover the watershed area is divided below the following table. From GIS data we get the following slope verses area.
Slope_classification (%)
	No
	Slope classification (%)
	Slope Area (Km^2)
	Slope Area (Ha)

	1
	0-3.5
	0.706183
	70.618

	2
	3.5-10
	2.110881
	211.088

	3
	10-25
	0.07271
	7.27


Total area in Hectare=288
[image: ]
Figure 3Slope classification of the watershed area
[image: ]

	No
	Land cover distribution
	Land cover area(Km^2)
	 land cover area(Ha)

	1
	Cultivated land
	2.24318
	224.318

	2
	Forest land
	0.009781
	0.978

	3
	Grass land
	0.630
	63.0


Table 1Soil classification of the watershed area
	NUMBER
	Soil type
	Land cover area(Km^2)
	land cover area(Ha)

	1
	Clay to silt loam
	2.88
	288



Therefore; C = 
C= (224.18*.2+0.1*0.978+0.15*63)/288.322
                      = 0.1885,
Cf =1.2 …………from the table.
Thus, Design=
=1.2*0.1885*82*2.88/3.6
= 14.84mᶾ/S
Average river bed slope determination
Average river bed slope of ShashatiyeⅡ River is estimated by using best fit line method. The water level of the river is taken at different points along the river channel around the head work site. Surveying work done for 80m length with 10m interval. And then, average water surface slope is considered as the river bed slope. 


Table 2Average river bed slope determination
	chainage
	elevation

	0
	2037.177

	    10
	2036.94

	20
	2036.25

	30
	2036.24

	40
	2036.155

	50
	2035.079

	60
	2035.072

	70
	2034.69

	80
	2034.996



      




 S1=2037.177-2036.155/40, S1=0.002075
S2=2036.155-2034.996/40, S2=0.027625    
Average Slope, (S1+S2)/2=0.013

Figure 4 river slope
River slope

River Cross Sectional Data
The river cross sectional data is taken across the river below the table
Table 3River Cross Sectional Data
	Change
	elevation

	0
	2039.957

	1
	2037.798

	2
	2037.151

	3
	2036.59

	4
	2036.159

	5
	2036.146

	6
	2036.495

	7
	2036.739

	8
	2037.036

	9
	2037.546

	10
	2040.021








Figure 5 river cross-section

River Discharge computations at different stage of flow
· Manning’s Roughness coefficient
The Manning’s roughness coefficient is taken from standard table based on the river nature. The river banks are defined and relatively smooth. Manning’s roughness coefficient (n = 0.035) is adopted
· Discharge of the river
    Input data
Manning's roughness coefficient, n =0.035
Average river bed slope, S = 0.01
[image: ],  	Where, R = Hydraulic radius = (Area/Perimeter) 
[image: ]
From the above Figure the area can be calculated by using the river cross sections. That means the height starts from the bed and increased by 0.5m each elevation.  Then drawn the graph of the river cross section data and calculate the total area by counting each grid area. The wetted perimeter also calculated from concatenated river profile using AutoCAD.River bed is 2036.1m








Table 4 tail water determination within calculated discharge

	Stage, H (m)
	Manning's Roughness, n
	Water Area, A (m2)
	Wetted perimeter, P(m)
	Hydraulic Radius, R (m)
	Longitudinal Slope, S (m/m)
	Velocity, V (m/s)
	Discharge, Q (m3/s)

	2036.10
	0.035
	0
	0
	0.00 
	         0.0130 
	0.00 
	0.00 

	2036.60
	0.035
	1.13
	7.61
	            0.15 
	         0.0130 
	        0.91 
	                  1.03 

	2037.10
	0.035
	3.65
	13.31
	            0.27 
	         0.0130 
	        1.37 
	                  5.01 

	2037.60
	0.035
	7.38
	17.17
	            0.43 
	         0.0130 
	        1.86 
	                13.69 

	2037.64
	0.035
	7.74
	17.32
	0.446
	         0.0130 
	        1.91 
	14.84

	2038.10
	0.035
	11.64
	18.90
	            0.62 
	         0.0130 
	        2.36 
	                27.45 

	2038.6
	0.035
	16.18
	20.62
	0.78
	         0.0130 
	        2.77 
	                44.84 













Figure 6 tail water depth computation
[image: ]
Stage verses discharge graph
Then, the value of y Tail water depth for peak discharge 2037.64-2036.1 =1.54m
From the above stage discharge table, the maximum flood level corresponding to the computed design peak discharge is computed by iteration and the result is 2037.64 m asl (1.54m from the river bed) and it is considered as the high flood level i.e. expected at the weir axis before construction of the weir. Hence, U/S HFL = 2037.64masl


SECTION- III: ENGINEERING GEOLOGY
Location and accessibility
shashatyeⅡ river diversion irrigation project is located in Amhara Region, west Gojamzone,in Dembecha woreda,yemehel Kebele.The site located along main asphaltic road from Bahirdar to AddisAbaba in the south direction of dembecha town by traveling 5 km of gravel road. The site of the proposed headwork structure is located an elevation of 2042.
[bookmark: _Toc170920104] Approach and methodology
For this project, the geological investigation was conducted at the feasibility stage that every surface and subsurface geological data necessary for the design of the diversion headwork structure has been collected. To perform the investigations, the following methodologies and approaches were used:
Surface examination of natural rock outcrops and river cut sides found at and near to the river and the project site. Travelling both up and downstream from traditional diversion site to select best headwork site. Subsurface borings using manually test pits , for investigation of the thickness and geological engineering character of overburden soils or strata and its inclination. In addition, the depth of the bed rock also estimated.
Materials and soft wares used
In general,the materials utilized in feasibility study depends on the types of the projects that is small projects need simple and easy materials but it consumes time whereas huge projects require modern instruments with high speed. The materials or tools which were used during the study are listed as follows: -
· Surveying tools to take reading data.
· Car to transport.
· GPS to take elevation.
· Meters, color, axes, pen and notebooks were used in the field work.
Agro-climate and vegetation cover
Climate is one of the main important factors considered for surface and ground water investigation, vegetation cover, soil type distribution, degree of rock weathering and so on. The following table shows classification of Ethiopia climatic zones based on altitude and temperature.
Table 5Temperature/Altitude relationship of Ethiopian climate(EMPDA,1984).
	Temperature zone

	Local name
	Altitude(mas)
	Mean annual
Temperature(co)

	Desert
	Bereha
	Below 500
	30-40

	Tropical
	Kola
	500-1500
	20-30

	Sub-tropical
	Woinadega
	1500-2300
	15-20

	Temperate
	Dega
	2300-3300
	10-15

	Alpine
	Wurch(kur)
	3300 and above
	10 and less


The head work site is located at an elevation of 2042 m.a.s.l, so that the above table -1 the climate zone is sub-tropical which is woinadega in locally. As we observed in the field, some of the command area is moderately covered by highly sized vegetation.
Geology
Regional geology
The Cenozoic Ethiopia continental flood basalt province is located at the junction of three rifts: the two-oceanic rift, Red sea and Gulf of Aden, the East African continental rift. The Cenozoic volcanic province can be divided into two main series. These are (і) trap (plateau) series and (іі) Rift series (Zanettin,1992). The flood basalts, forming the Ethiopian plateau, erupted apparently in short time interval (<5Ma) with the greatest eruption rates during 31 to 28Ma(Pik   et  al.,1998).In the north-western Ethiopian plateau, the flood basalt is further sub divided into three main magma types, distinguished by their contrasting geochemical signatures Low-Ti basalts(LT-type) located in the north-western part of the plateau and High-Ti basalts(HT1 and HT2-type) located in the eastern part of the plateau (Pik et   al.,1998,1999).Traditionally, this Oligocene volcanism comprises three major formations, a diachronous: from bottom to the top, Ashengie(an ascribedEocene age remains disputed), Aiba(32-25Ma) that lie on the top of the ashengie separated by an angular unconformity,Alaji(32-15Ma) the ignimbriticunit.Pik  et  al   1988; after thorough field investigation and high tech laboratory analysis of petro logical characteristics has suggested that this chrono-stratigraphiccal sub division is made only based on a few sections from eastern and southern parts of the plateau, this stratigraphy is not valid for the whole north-western plateau. On the north-western Ethiopian plateau, these Oligocene basalts are overlain by less voluminous Miocene lavas, erupted from large central vent volcanoes. Such large igneous province consists of thick flood basalt piles, extruded over large area. The Tertiary flood basalt pile in north-western Ethiopia average 1000m to 1500m in thickness(Minucci,1938b;Jepsen and Atheearn,1961,as in J.Chorowicz et al.1998).This plume related uplift caused deep seated faults within the Ethiopia lithosphere, leading to the initiation of Afar depression at around of 24Ma(Capaldi  et  al.,1987;Beyene and Abdesalama,2005) and the main Ethiopian Rift (MER), was followed by shield-volcano—building episodes(central volcano) started around 26 to 22Ma, which gave rise the development of, for enstance, choke and Guguftu volcanoes in the north-western Ethiopia plateau around 23Ma(Kieffer et al.,2004).Accordingly, North-Western Ethiopian plateau is shaped by the presence of this shied volcanoes and it dictates the flow behaviors of the hydrologic system of the area. As reported by Pi et al.,1998 the southern part of the north west central Ethiopian plateau, the lava pile is much thinner (about 500m) and is represented by the basaltic Blue Nile formation (Merla et al.,1979; Berhe et al.,1987).  In view of the structural studies in the north-western Ethiopia plateau Gani,et al.,2009;have reported such result summarized as follows: ‘’Terriasic-Cretacious  NE-SW directed extension structures are formed in relation to the Mesozoic rifting of the Gondwana .This has formed for several rift controlled valleys in the plateau, as the Blue Nile river Basin is one example. This was followed by late Miocene NW-SE directed extension related to the main Ethiopian Rift that resulted in NE trending faults. This structure acrosses the lower volcanic rocks and the upper part of the Mesozoic sediments. Further,quaternary E-W and NNE-SSW directed extensions related to combined effects of the the MER, Afar plate and the Red Sea. These quaternary stressed regimes resulted in the development of N, ESE and NW tending extensional structures within the Blue Nile Basins.
Table 6 Outline of Geological History of the Afro-Arabian Region
	Era

	Period or Epoch
	Event

	
	Quaternary

	Recent
	Largest uplift during

Lower and Middle Pleistocene

	
	Tertiary
	Pleistocene
0.6MY

	

	
	
	Pliocene
10MY

	Major rifting episode in mid Miocene,
Producing the East African Rift.

-Formation of Trap series basalts and associated
Uplift between Miocene and Paleocene.


	
	
	Miocene
25MY
	

	
	
	Oligocene
35MY
	

	
	
	Eocene
55MY
	

	
	
	Paleocene
65MY
	

	Mesozoic

	Cretaceous
135MY

	Marine regression in late
Cretaceous, Eros ional
surface developed
Deposition of Triassic to
Cretaceous sedimentary
Rocks.
Marine transgression
In late Triassic
Folded metamorphic and
Igneous basement rocks,
Eroded to
Pen plain by
Late Triassic.


	
	Jurassic
180MY

	

	
	Triassic
230MY
	

	Paleozoic


	600 MY
	

	Precambrian


	
	



Local Geology
The study area of the project site and the surrounding has been in-situ deposited soil outcrops and underlain by slightly to highly loam soil type. The rock type is spheroidal wethered rock which consists the studing region. Outcrops of the rock exposures are observed mainly along the stream course of head work site and "at surrounding area". However, along the gentle farm lands, both the right and left abutment has been covered by overburden soils of silt loam nature and its color is reddish. From the rock outcrops, weathering of rocks at different degree as the result various types of in-situ and transported soil of the area were formed.
At the project headwork site, the stream bed is covered by weathered rock type. The right and left river bank are overlain by silty-loam soils.
Geomorphology, Mass movement and Erosion
Generally, in this region the Cenozoic volcanic activities and later sedimentary processes have been considered the main responsible geological phenomena for the existing land form of the project area and the region. The ShashatyeⅡ River is dominated by gentle to moderately sloping, wide land is having few isolated hills, and ridges associated with drainage lines of major streams. Most part of the headwork, main canal routes and   portion of the command area soils are the result of exactly in-place weathering mainly physical weathering and some are transported materials. At the surrounding project site, the water flows on gentle to moderately slope area to the river course. Both banks are stable due to the nature of soils and no any indication of sliding behavior but vulnerable to erosion particularly at and near the headwork site, and also    both at left and Right River bank due to the presence of ridges.
Hydrogeology
Hydrogeological study can be affected by a lot of factors such as catchments area, the slope of the area, geology and geological structure, climate and vegetation coverage and so on. As we discussed in the previous section in local geology, the exiting geology and geomorphology of the project areas are characterized by discontinuity /fractured/ basaltic rock overlain by thick red soil which is in-situ and transported silt and clay soils and gentle to steep slope landform. The present of vegetation indicates the existence of ground water. The area is partially covered by different vegetation along the river head. Those are good condition for the infiltration, percolation, base flows and consequent storage as ground water of significant amount of the precipitation in the weak zone. Close observation and estimation of the discharge of the stream at the project area and the surrounding areas both up-and down streams indicates that the recharge of the ground water to the stream flow is important. The ground water which stored within weathered and jointed part of the bedrock are overlain by red fine-grained soils at many places of the right and left river abutment.
Engineering Geology
Foundation Investigation at Head work site.
At the proposed head work site, both surface and subsurface geological and geological engineering investigations were conducted, and geologic and geological engineering characters of the different soil types and rocks are identified. The surface geological engineering investigation consists of visual examination and pre-forming identification tests(field tests) such as dry strength of naturally exposed soil and rock types at both bank and river bed. The distribution of the surface material has been indicated with refers to the headwork axis and parts of the river bank and bed. The subsurface geological engineering investigation on the other hand, utilizes exploratory holes such as test pit. The main purposed of the test pit is to know the subsurface geological condition of soil and rock along the proposed weir axis with depth and which are found at the different areas of the project site such as in the gulley along the main canal route. Based on the findings from both surface engineering geological investigations, the three portion of the river at the headwork site are described below in detail.
A. Right bank
This side of the river has moderately slope from the river bed to the top surface away from the river sideway. The bank is less stable since it consists of weathered rocks. It has been composed of thick silt clay soil having red color on the top and highly weathered rock encountered when extending the exposed outcrops. This weathered rock indicates that less resistance for deformation. The foundation of the proposed structure does not may need extra excavation. Because, there is exposed rock on both banks and "river center
B. Stream bed
At the headwork site, the river bed has semi gentle slope. The river bed in the downstream and upstream is covered by weathered volcanic rock/massive rock. There is no overburden material on the stream bed.
C. Left bank
The left bank has moderately slope gust like the right bank of the river bed from field observation. The traditional canal and the proposed command area found in both banks which two. To generalize the geological condition of the head work, geological engineering cross-section is established by combining and interpreting surface and sub Surface data.

Main canal route investigation
The field investigation comprises surface investigation methods using natural exposure examinations along the traditional and proposed canal route. The main objectives of the investigation are to organized and outline the geological and engineering properties of different soils and rocks encountered along the canal routes on the surface and subsurface. The most important aim of the geological investigation is to establish the soils and rock profile that is the layers of soil and rock exist in the foundation, their respective thickness, orientation and relationship to each other, their engineering properties, the ground water conditions and stable source of natural construction material in the vicinity of the site. These geological materials were examined from seepage or permeability, stability and workability point of view within estimated maximum depth of the canal within subsurface that is engineering properties of the soil and rock. The main canal is proposed at the left river bank. The topography of main canal route area is characterized by sloppy at certain distance from the proposed weir axis, otherwise it is gentle slope. The main canal mostly runs on red color silt-clay soil. There are no workability problems in the two proposed canals. There is the need of slight cut near the head work site due to presence of cliff on the canal side.
Natural Construction Material Investigations
During this field work, required natural construction material with good quality and quantity and its distance from the proposed weir site have been assessed.
Quarry site for constructions
Assessing the quarry sites for the production of construction materials that are used for different purpose like masonry work, crushed aggregate was explored at the time of field work. The criteria to select the masonry stone are resistance to (weathering and external natural force), its durability that withstand to any natural affection and easy to shape in a required size. Based on the above criteria there is quarry site nearby the project. This quarry site area is common farm land area.The type of rock is a fresh fine grained  and non vesicular basaltic rock. The quarry site has ownership, the accessible for car even if it is farm land.
Fine aggregate (sand)Source Area
To identified and proposed source area for sand, exploration was conducted. So best sand is exist near by the project site. The total distance from the project area to the sand source is around 25 km to the targeted area and accessible to the project site. From visual observation, the sand has white color and good quality as grains are dominated by medium to fine sand grains. The amount of sand is enough for the project.
Back fill Area
Around the head work site in all directions,as observed the best quality back fill material along the newly proposed main canal route alignment.  Since this material is sufficient along the main canals route, the back-fill material that used to fill is selected from the excavation cut of the main canal in the next construction time. To check the quality of the back-fill material near the main canal, test pit was performed near the headwork and simple field tests were conducted to identify the soil and its suitability for back fill.
Water
The ShashatyeⅡ River is perennial /flow throughout the year/ with enough discharge so that water for construction activities and other uses can be found from the river itself during the construction time.









Section-Iv: HEAD WORK STRUCTURE DESIGN
           4 Head work site selection
After finding different alternatives for weirs and diversion structures at different sections of the River no another option exists at downstream side of the traditional axis, based on different criteria the diversion site is selected at upstream of the traditional site.
The general factors and the particular local situations need to be considered in selecting a headwork site. The following
factors were taken in to consideration in selecting the headwork site:
The river water flow quantity at defined section
The crest length of the barrier structure
The height of the barrier structure
Stable Protection work at both upstream and downstream including both left and right side
The maximum command area level
The geological formation of the river cross section at the weir axis.
[bookmark: _Toc170920121] 4.1 Weir type selection
looking the availability of natural construction materials and considering the river features and the height of the weir, a weir that can be easy for construction with economical section is considered. The height of the weir that needs to be constructed to command the higher elevated command area is 2.0m. Therefore, a weir type that can dissipate the energy of water falling from this height need to have better energy dissipation efficiency. In this respect a  masonry broad crusted type of weir with RC C-20 with capping 20cm is recommended.
4.2Construction Materials
There are enough amounts of boulder and gravel near to the surrounding for construction material. Thus, for the construction of shashatyeⅡ irrigation project, construction material is available along and at some distance far from the project. The location and brief description of the materials is presented as follows:
4.3Masonry Rocks
The main selection criteria for masonry stone is its durability to withstand weathering action and workability to shape in required size. Based on these criteria afresh and hard aphanitic basaltic rock source was selected.
The source area is located some distance to the project site and around to the river. The jointed nature of fresh and hard aphanite basalt out crops makes the rocks easy to shape in required size. Which is columnar in nature with blocky in size to get arequired size.
The quantity is enough for the whole requirement of the project related to stone such as the production of coarse aggregate.
4.3Aggregate
Aggregates are inlet materials which when 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 exceed 4.75mm. Aggregates of bigger size are called coarse aggregate. The maximum size of aggregate is governed by the type of the work to be built. For most of the common reinforced concrete works, a maximum of size of 20mm is generally suitable.
4.4Fine aggregates
Fine aggregates, sand for the proposed project can‟t be obtained at the proximity of the project site. Sand for fine aggregate requirement is selected on Birr river course in b/n Dembecha and jabi woreda. The distance of transportation is about 25km from the project site. From visual observation, the sand has black color and good quality as grains are dominated by medium to fine sand grains. Which means the sand sample contains all sizes of sand size particles. The amount of the sand is enough for the project.
Coarse aggregates
Gravel /coarse/ aggregate can be secured from the riverbed in the downstream direction of the river and nearest to the weir site. It is found in mixed with boulders & cobbles due to the reworking action of the river individual particles are rounded & in most cases they are genetically basaltic.
The other source for coarse aggregate requirement is crushing masonry stone in a required gravel size. The masonry stone source is also enough for coarse aggregate Production.
Water
Water is one of the inputs in the construction of different civil works. Hence for the proposed project it is recommended to use water from the river itself.
4.5Hydraulic design of the headwork structure

4.5.1Weir Height Determination
The height of the weir required to irrigate the maximum possible irrigable area is fixed based on the
factors illustrated in the table below. It consists of head losses;main canal length to irrigate the maximum elevated area in the command area and required head to drive the full supply level in the main canal. The full analysis is shown in Table
Table 7Weir Height Determination
	WEIR HEIGHT DETERMINATION

	REQUIRED DATA
	VALUE
	UNIT
	REMARK

	Minimum river bed level
	2036.10
	m
	 

	 Average river bed level
	2036.10
	 
	 

	Water depth in the Main canal, D
	0.20
	m
	From MCD

	length of main canal from the head regulator to the 1st off-take
	205
	m
	Surveying

	Bed slope of the main canal, So
	0.001
	m/m
	From MCD

	Peak irrigable land level in the command area
	2037.45
	m
	Surveying

	Tail water level from rating curve for QD, TWD
	2037.64
	m
	Flood Mark

	Design discharge from previous QD =
	14.840
	m3/s
	From Hyd

	Head loss across head regulator =
	0.100
	m
	Assumed

	Head loss at the Turn out =
	0.050
	m
	Assumed

	Operational head losses
	0.100
	m
	Assumed

	OUT PUT
	 
	 
	 

	Head loss along Right side MC, hf
	0.21
	 
	 

	Therefore, Weir Crest Level (WCL)
	2038.11
	m
	 

	Bottom intake level = Max. command level + HL along MC
	2037.66
	m
	 

	Weir Height  
	2.00
	m
	 

	Available driving head 
	0.15
	m
	

	Minimum driving head Main Canal full supply discharge
	0.2
	m
	 

	Thus, tell water depth (TWD) in meter
	1.54
	m
	 



The weir height is determined based on the maximum command area elevation which is required to irrigate the maximum possible irrigable area.
By collecting elevation data using leveling of the river head work x-section and existing traditional canal profile of irrigable land are shown in the above table.
1. Maximum (optimum) command area elevation on the main canal =2037.45maslFrom surveying elevation data.
1. River bed level at the weir cross-section =2036.1masl
Expected head loss along the irrigation canal = proposed canal route Canal length * slope
1. = 205 * (1/1000) = 0.205 m
1. Head loss expected at the head regulator = 0.1 m 
1. Head loss the turnout = 0.05m
1. Water depth =0.2 m
1. Operational headwork losses =0.1
1. Weir crest level = Maximum (optimum) command area elevation +main canal length*slope + head regulator loss+ turnout loss + Water depth + Operational headwork losses
Weir crest level = 2037.45+0.205+0.1+0.05+0.2+0.1
	2038.11 =masl	
Maximum weir height = Weir crest level - River bed level at the weir cross-section     
   = 2038.11m -2036.1m = 2.0m then the weir height is = 2.0 m
Weir crest length
The over flow over the weir would be affected by the shape of the weir because of coefficient of flow discharge is affected by type of weir and its shape
From Lacey’s formula
P = 0.5*4.75*Q0.5 =0.5*4.75*14.840.5 =9.2 m
So that the actual site conditions during filed observation the average width of the river channel could take as the crest length of the weir.  (i.e. 10.0mforshashatiye Ⅱriver).
Discharge over the crest section
The over flow over the weir would be affected by the shape of the weir because of coefficient of flow discharge is affected by type of weir and its shape.
Qd = Cd* L*He (3/2) from this for broad crest Cd =1.705
He = (Qd/Cd*L) (2/3) = (14.84/ (1.705*10))2/3 = 0.91m
Top and bottom width
Input Data: -
H: Height of weir (m) = 2.0m
He: specific energy head (over flow depth + approaching velocity head (m))
[image: ]: Specific weight of weir body (2.3 for masonry)
According to the Bligh’s formula, top and bottom width of the weir body is determined as follows: 
Top width, b = 
Ha=           ……………………Vo=Qo/A
Ha=Q^2/(2gl^2(h+hd) ^2. 	
He=Hd+Ha………………………. from thise we calculate Hd by itration below
Table 8Top and bottom width
	weir height (h)
	2.0
	 
	
	
	
	

	Lacey's crest length 
	10.0
	 
	
	
	
	

	Actual crest length
	10
	 
	p for concrete
	2.3
	

	Specific energy (He)
	0.91
	 
	p for reinforced
	2.4
	

	top width
	1.0
	 
	Q
	14.84
	
	

	bottom width
	2.3
	 
	L
	10
	
	

	DSHFL (Tail water crest elevation)
	2038.40
	 
	q
	1.484
	
	

	Ha
	0.05
	 
	
	
	
	

	DSTEL
	2039.75
	 
	
	
	
	

	USTEL
	2039.75
	 
	
	
	
	

	Hd
	0.9
	
	By goal seek Excel iteration
	
	



b = b =  = 0.9/ (2.3-1)0.5 =1.0m:  take 1m which is stable in the analysis
Bottom width, B =  = (2+0.9)/ (2.3-1)0.5 =2.54m but take 2.5m for feasible structural stability and economic aspect.
      Where, H: Height of weir (m) 
 He: specific energy head (over flow depth + approaching velocity head (m))
ρ: specific weight of weir body (2.3KN/m3 for masonry)
Provide 1.0m and 2.5m top and bottom width respectively, which will be tested for adequacy during stability analysis.
4.5.2Upstream and Downstream HFL Determination
From the stage –discharge curve prepared (Section I, in Hydrology Part) the high flood level before construction (i.e. D/s HFL) corresponding to the design flood is 2037.64m a.sl
	U/s HFL = U/s bed level +weir height+Hd
	2039.01
	m

	U/s TEL = U/s HFL +approach velocity head
	2039.0
	m

	D/s HFL =River bed +Tail water depth
	2037.64
	m

	D/s TEL=D/sHFL+V2/2g,
	2037.72
	m

	Afflux= U/s HFL – D/s HFL
	1.3
	m



Length of hydraulic jump Computation
· Weir crest length L=10m 
· Weir height z=2.0m 
· Pre-jump depth (y1) =?
· Post – jump depth (y2) =?
· Tail water depth = y3=1.54m
Then by applying the general well-known Bernoulli equation for horizontal surfaces between points 0 and 1 the conjugate water depths y1 and y2 can be determined as follows: 



The conjugate depths y1 and y2 of the jump on the horizontal apron d/s of the weir are determined by adopting the following equation.

           Then H + He +  = y1+, but H0.91m
                 q = Q/L = 14.48/10 = 1.448m3/s/m
                      Ha = but q= 1.448 m3/s/m
                       Ha= (1.448m3/s/m)2/2*9.81*y12 =0.12/y12
2.0+0.91 = y1+ 0.12/y12
          2.91   = y1+ 0.12 / y12by using Excel iteration y1 =0.19 m
V1 =q / y1= (1.448m3/s/m)/0.19=7.62m/s
Fr1= v1 / (gy1)0.5= 5.5
Y2=y1 / 2((1+8Fr2)0.5-1)
Y2= (0.19/2) *((1+8*5.582)0.5-1) = 1.45 m
V2 = q/y2 = (1.448 m3 /s/m) / 1.45 m = 1.0m/s
Fr2 = v2/ (gy2)0.5= 1/4.04 =0.26 sub critical flow
Dissipated energy due to jump, E = = (1.45-0.19)2 / (4*1.45*0.19)= 1.58/1.1=1.43
The length of jump = (5-9) (y2 – y1) = 5.5(1.45 -0.19) = 6.5then take 7m due to alluvial or easily detachable natural river bed.
4.5.3Weir Stability Analysis
The designed section has to be safe against sliding, overturning and development of tension crack and to check whether the structure is designed safely against these forces or not. The stability of the weir is analyzed for the worst condition that is the case of pond level. 
The loads are: -
· Hydrostatic pressure, Ph
· Self -weight of the over flow weir, W
· Silt pressure, Ps
· Up lift pressure, Pu
Considering the critical case for the design analysis of the weir adopt the following unit weight values.
[image: ]	[image: ]
Angele of repose ϕ = 300
[image: ]	   ɤ sat =18 KN / M3
 ɤ submerged = γ sat- γw = 18-9.81=8.19 KN / 

                                                   Force analysis of weir


	
	
	
	
	
	
	

	
	
	 



	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 

	 
	
	 



	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 










Table 9 Stability analysis of the weir
	Stability analysis for weir
	 

	Name of forces
	Symbol
	Description
	Forces (KN)
	Lever arm
	Moments (KN-m)

	
	
	
	Vertical (+)
	Horizontal (-)
	
	(+)
	(-)

	1.Vertical forces  
	 
	 
	 
	 
	 
	 

	1.1 down ward 
	 
	 
	 
	 
	 
	 

	Weight of weir
	W1
	 
	46.11
	 
	2.00
	92.23
	 

	 
	W2
	 
	34.59
	 
	1.00
	34.59
	 

	Subtotal of (1)
	 
	80.70
	0.00
	 
	126.82
	0.00

	1.2 Upward forces 
	 
	
	 
	 
	 
	 

	uplift
	Pu1 
	 
	-10.000
	0
	1.53
	 
	15.33

	
	 
	 
	 
	0.000
	0.00
	 
	0.00

	Subtotal
	Σpu
	 
	-10.000
	0.000
	 
	0.000
	0.000

	Summation ΣV & ΣM
	70.701
	0.000
	 
	126.816
	0.000

	2. Horizontal force
	 
	 
	 
	 
	 
	 

	2.1 u/s water pressure
	 
	 
	 
	 
	 
	 

	 
	Ph1
	 
	 
	20.100
	0.67
	 
	13.43

	2.2 u/s silt pressure
	 
	 
	 
	 
	 
	 

	 
	Ps
	 
	 
	8.040
	0.67
	 
	5.37

	 Summation ΣH & ΣM
	0.000
	28.140
	 
	0.000
	18.807

	Total
	70.701
	28.140
	 
	126.816
	34.140









	
	1. Sliding



	
	 
	 
	 
	 
	 
	 

	[image: ] 
	1.63
	ok!
	Resultant force R =
	76.10
	KN
	 

	 
	 
	 
	 
	 
	 
	 
	 

	2. Over-turning
	 
	 
	Max. Allowable BC of fine sand.KN/m2
	100
	 
	 

	
	[image: ] 



	
3.71
	ok!
	Min. Allowable BC of fine sand.KN/m3
	75
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 

	3. Tension
	Bottom Width, B
	2.50 
	 
	B/6 
	0.417
	 
	 

	[image: ]
	 



	åM=åM+ - åM-
	 
	 
	 
	92.7
	 
	 

	 
	Arm of Resultant force from toe, X i.e. centroidal distance=åM/åFv=
	1.31
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 

	 
	Eccentricity, e =
	0.061
	ok!
	
	 
	 

	
	4. Vertical stress Pmax/min
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	Pmax =
	32.4
	ok!
	 
	 
	 
	 

	 
	Pmin =
	24.15
	ok!
	 
	 
	 
	 



[bookmark: _Toc170920129]         4.5.4  Scour depth calculation

Regime velocity (Va = q/Rs)
During the field observation the actual water way is greater than the Lacys Regem width use
 Rs = 0.475(Q /f)1/3 , based on gological report during filed observation the major type of soil is medium silt, size of particle 0.10 From JICA manual and 
.  Silt factor=f=1.76*(d50)^0.50     we take the value of f is ;1
q =   Q/L=14.48/10= 1.448 m3/s/m, 
Rs= 0.475( Q/f)1/3 = 0.475*(14.48/1)1/3 =1.16m
The scour depth may be multipilied by a factor of safety of 1.25 and 1.5 for upstrem and downstream cut off depth respetivly. 
· scour depth = 1.25Rs = 1.25*1.15= 1.45m Take 3m but the depth depends on the geological condition of the foundation.
·  Lowst upstream cut off level = U/S HFL- 1.25 RS…
	Cut off Depth Calculation (LACY THEORY)
	
	

	U/s cut off
	
	
	

	Q=
	
	14.48
	m3/sec

	q= 
	
	1.45
	m3/s/m

	Silt factor=f=1.76*(d50)^0.50
	 
	

	Take d50=1 for Silt sand 
	1
	

	R=0.475*(Q/f) ^(1/3)
	
	1.16
	

	The u/s cut off Depth=1.25*R
	
	1.45 take 
	2.5m

	Hence bottom level of u/s cut off=U/S HFL-145=
	2039.51
	

	 
	D
	-3.12
	but

	           D/s Cut off
	
	 
	

	D/S Cutt off =1.5*R
	
	1.74
	

	Bottom level of the D/s cut off=D/S HFL-1.74
	2036.37
	

	 
	
	 
	

	 
	D
	
	take 3.4


Stilling Basin
As we have seen from the geologic report, since the river bed is covered by sandy loam and fracture out crop on the downstream part and there a is need of constructing downstream erosion and seepage protection structure (apron) due to jointed system of downstream side.
From the above hydraulic jump computation table cistern (jump length) for peak discharges 35.4m3/s would be calculated.  The design length D/s apron /stilling basin should be determined.
4.5.5 Length of U/s and D/s improves floor determination
Length of D/S impervious floor (Ld): - According to Bligh's
[image: ]

	[image: ]	=6.91=7m
	=
Where, C = Bligh's creep constant = 7 for most design (b/n 5 and 9).
             HL = seepage head = weir height

· Length of U/S impervious floor (Lu): -
[image: ]

By using Bligh’s formula Total creep length (LR) = c*HL
LR=CHL………7*2.0=14m
HL……………weir hight
Where, d1 and d2 are the US and DS sheet piles (cut-off) respectively
LU=14-(7+2.5+2*2.5+2*3.4) =    -7.3 m this indicates there is no necessary of U/S apron but for
Safety of the structure we use 1m

[bookmark: _Toc170920132] Calculation of floor thickness
Thickness of the floor is determined using the following formula: -
[image: ]
Where: - h = residual head for static or dynamic case (different from weir height
G = Specific gravity of material of weir body, 2.3KN/m3 for masonry wall.
Residual head can be calculated [image: ]

Actual creep length (LR) 
    LR = 2d1+2d2+LD+B+LU
=2*2.5+2*3+7+2.3+1=21.3m
  hR1= h - = 2.0 –  [2.0((2*2.5) +2.5+1)) / 21.3] =1.2 m at the heel
t1= 4/3(1.2 / (2.3-1)) = 1.23 m
                      hR2 =2.0- [2.0*(2*2.5+2.5+1+7) / 21.3] =0.56 m at the toe
                       t2=4/3[0.56 / (2.3-1)] = 0.57 m
                       hR3=2.0 – [2.0*(2*2.5+2.5+1+7+3) / 21.3] = 0.28 m at the end of D/s cut off
                  t3=4/3(0.28/ (2.5-1)) =0.287 m
4.6 Design of Retaining walls
The general consideration in design of retaining walls is that the masonry section of the retaining wall must have enough self-weight to resist the thrust due to earth pressure and water pressure for its rear without overturning, sliding, tension and compressive stress developed within the body of the structure. 
[bookmark: _Toc170920134] 4.6.1Wall Height Fixation
The existing topographic condition at the weir axis and HFL are considered to be most parameters to fix the wall height. The HFL after construction of the weir U/S HFL= 2039.71masl
U/S wall height= U/S HFL- River bed level + Free board. Adapt 0.4 free boards for retaining the river bank on the U/s.
U/S wall height= (2039.7-2036.1) = 3.6 m then use 4.0m wall height and top width=0.5m
D/s wing wall height = D/s HFL - foundation level + free board
                        =2038.4m asl– 2036.1m a.s.l. + 0.3m
=2.6 m 
 Provide 2.4 m wall heights at D/S

Table 10 Stability Analysis of U/s wing wall
	Required Data

	Weir height 
	2.00
	M

	The head over the weir = h 
	0.9
	m.

	Sequent depth Y2
	1.54
	m.

	U/s river bed   =
	2036.10
	M

	Depth of depression
	0.00
	M

	D/S High flood level   (D/S HFL)
	2037.64
	M

	U/S High flood level   (U/S HFL)
	2039.01
	M



	Stability Analysis of U/s wing wall

	
	

	Top width, b
	b
	0.50 
	m.
	

	Bottom width
	B 
	1.8
	m.
	

	Height of wall
	H
	4
	m.
	

	Foundation Thickness
	D
	0.50
	m.
	

	Ym of Masonry
	γm
	23
	KN/m3
	

	Ys of silt (Fill)
	γs
	17
	KN/m3
	

	Yco of Concrete
	γc
	24
	KN/m3
	

	Angle of Repose
	 
	f
	30
	Deg.
	

	 Ka=(1-sinf)/(1+sinf)
	Ka
	0.34
	 
	



	 
	
	 
	 
	 
	 
	 

	 
	
	2040.10



	0.40 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 

	1.5
	 
	 
	 
	 
	 
	 

	 
	4
	 
	 
	 (
Ps1
W1
W2
Ps2
) 
	 
	 

	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 

	 
	D
	 
	 
	0.50
	 
	 

	 
	bt
	1.8
	 
	Bh
	 
	 

	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 



	Bering capacity of Foundation material gravel material
	200
	KN/m2
	Coeff. Of friction, η
	0.65
	 

	Item Description
	Forces(KN.m)
	Lever arm
	Moment about toe (KN.m)

	
	Vertical
	 
	Horizontal
	 
	
	

	
	+ve
	-ve
	+ve
	-ve
	(m.)
	Resisting
	Overturning

	1. Vertical force
	 
	 
	 
	 
	 
	 
	 

	Self weight(W1)
	36.80
	 
	 
	 
	0.2
	7.36
	 

	 Self Weight(W2) 
	64.40
	 
	 
	 
	0.87
	55.81
	 

	 Silt preasure(Ps2) 
	47.60
	 
	 
	 
	1.33
	63.47
	 

	2. Horizontal force
	 
	 
	 
	 
	 
	 
	 

	Active preasure (Ps1)
	 
	 
	 
	16.18
	1.33
	 
	21.58

	TOTAL
	148.80
	0.00
	0.00
	16.18
	 
	126.64
	21.58



	[image: ]
	Overturning Factor of Safty , Fo



	 
	5.87
	Safe
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	[image: ]
	Sliding, Fs



	 
	5.98
	Safe
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	Tension 
	ΣM = Mr+Mo
	105.06
	 
	 
	 

	[image: ]
	 



	 
	 
	 
	e 
	0.19
	Safe!
	 
	 

	 
	 
	 
	 
	L/6
	0.30
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	Vertical Stress
	P = SV/B(1+6e/B)
	 
	 
	 

	Max compression stress at the toe
	=
	Pmax
	136.11
	 Safe
	 
	 

	Tension develop at the heel
	=
	P 
	29.22
	 Safe
	 
	 



                  
[bookmark: _Toc57357448] Table 11D/S RETANING WALL
	Free board
	0.30
	0.30

	The height of wall is
	2.40
	2.40 

	Top width
	0.40
	 

	Bottom width
	1.40
	 

	The top level of U/s retaining wall is
	2038.50
	 

	Side Slope, H:V
	0.417
	22.64



	Stability Analysis of D/s wing wall

	
	

	Top width, b
	b
	0.3 
	m.
	

	Bottom width
	B 
	1.5 
	m.
	

	Height of wall
	H
	2.4
	m.
	

	FoundatioN Thickness
	D
	0.30
	m.
	

	Ym of Masonry
	γm
	23
	KN/m3
	

	Ys of silt (Fill)
	γs
	17
	KN/m3
	

	Yco of Concrete
	γc
	24
	KN/m3
	

	Angle of Repose
	 
	f
	30
	Deg.
	

	Ka=(1-sinf)/(1+sinf)
	Ka
	0.34
	 
	



[image: ]

	Bering capacity of Foundation material gravel material
	200
	KN/m2
	Coeff. Of friction, η
	0.65
	 

	Item Description
	Forces(KN.m)
	Lever arm
	Moment about toe (KN.m)

	
	Vertical
	 
	Horizontal
	 
	
	

	
	+ve
	-ve
	+ve
	-ve
	(m.)
	Resisting
	Overturning

	1. Vertical force
	 
	 
	 
	 
	 
	 
	 

	Self weight(W1)
	16.56
	 
	 
	 
	0.15
	2.48
	 

	 Self Weight(W2) 
	33.12
	 
	 
	 
	0.70
	23.18
	 

	 Silt preasure(Ps2) 
	24.48
	 
	 
	 
	1.10
	26.93
	 

	2. Horizontal force
	 
	 
	 
	 
	 
	 
	 

	Active preasure (Ps1)
	 
	 
	 
	8.3232
	0.80
	 
	6.66

	TOTAL
	74.16
	0.00
	0.00
	8.32
	 
	52.60
	6.66

	 
	 
	 
	 
	 
	 
	 
	 
	 

	Overturning Factor of Safty , Fo
	[image: ]
	 



	7.90
	Safe
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	Sliding, Fs
	[image: ]
	 



	5.79
	Safe
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	Tension 
	ΣM = Mr+Mo
	45.94
	 
	 
	 

	
	 


[image: ]
	 
	 
	 
	e 
	0.13
	Safe!
	 
	 

	 
	 
	 
	 
	L/6
	0.25
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	Vertical Stress
	P = SV/B(1+6e/B)
	 
	 
	 

	Max compression stress at the toe
	=
	Pmax
	59.13
	 Safe
	 
	 

	Tension develop at  the heel
	=
	P 
	23.27
	 Safe
	 
	 



NB:-As you give comment on factor of safty (FoS) of U/S and D/S retaining walls are to much You said that try to minimize the dimension to be economical; due to  this we see your comment detail and also again measure actual embankment on site due to this to  the given dimensions are recommended to retain the weak embankment. Even if we minimize the dimension of the retaining wall the weak embankment collapse easily. 

[bookmark: _Toc170920136]  4.7 under sluice design
The under sluice is mainly provided here to remove silt deposition at 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 this sluice is fixed to be 0.35 m higher than the minimum bed level. Hence the sill level of the under sluice 2036.1+0.6=2036.7 Even if the position of the under sluice is on concave side that is on scouring side, there might be boulders that may come into the pocket of the under sluice due to the barrier structure. Hence 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 size of the gate is 1.45m*1.05m with manually operating type operating from . Considering rectangular notch profile of flow of water at the under sluice, the discharge passing is computed using the following formula.
· The capacity should be at least five times the canal discharge 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 the practical application of those values is not sound so the discharging capacity of under sluice is determined by using spillway overflow formula for maximum flood condition. 
i.e., Q = 1.7*1*2.11
Where, Cd = Discharge coefficient =1.7
L=Length of opening
H =height of opening

The critical case in the case of under sluice is during non-flow condition. The high flood condition is expected during summer. In this condition, water is not required for irrigation. If water is not required for irrigation, the under sluice should be fully opened.

4.7.1Gate for the under sluice	
The gate for under sluice is to be vertical sheet metal of size 1.05m x 1.45m for the closure of the opening space providing some extra dimensions for the groove insertion (2*5mm). Gross area of sheet metal for the gate will be 1.45m x 1.05m (allowing 5mm insertion for Grooves). The grooves are to be provided on the walls using angle iron frames at the two sides of the gate opening. The gate (metal sheets) is provided with stiffening angle irons.
Density iron sheet=7850kg/m3 hence, weight =density*mass =7850kg/m3*1.65*1*0.004= 51kg which means easily removable and operated.
 (
Figure 
7
Gate for under sluice
)Gate dimension:
During no flows condition

SECTION-V: IRRIGATION AND DRAINAGE SYSTEMS INFRASTRUCTURE 
1. THE PHYSICAL FEATURES OF THE PROJECT
5.1  Agro ecology
As per the hydrological analysis and on the basis of the traditional Ethiopian Agro-Ecological Zones (MOA,2001), the UGDWIP area is basically classified as Moist Woina Dega (Sub-moist cool) agro-ecological zone, indicating better moisture condition in the area in wet seasons. There is no be grain season in the project area. Despite the fact that the Meher rains are considered adequate, there is no table variation inters of onset, distribution and withdrawal from  year to year affecting crop production in general and crop productivity in particular.
[bookmark: _Toc170920141] Length of growing period (LGP) 
Length of Growing Period (LGP) is a part of a year during which the moisture supply from precipitation (P) and soil water storage (S) and the temperature are adequate for crop growth and development. Generally the LGP is determined as the period extending from the time when rain fall [RF] is equal or greater than half the Potential Evapo transpiration (PET) at the beginning of the rainy season 
Length of Growing Period in and around the project area is depicted as follows, full irrigation is proposed starting from october (dry period). 
[bookmark: _Toc170920142][bookmark: _Toc238012334][bookmark: _Toc247297315][bookmark: _Toc135290569] Climate 
Climate is the important factor determining the success or failure of agriculture. It influences agricultural operations from sowing of a crop to the harvest and particularly rain fed agriculture depends on the mercy of the weather. The crops are to be sown at the optimum period for maximum yield. In dry lands, the time of receipt of rainfall decides the sowing date. The study of climate helps to minimize the crop losses due to excess rainfall, cold/heat etc. It helps in forecasting pests and diseases, choice of crops, irrigation, and other intercultural operations through short, medium, and long-range forecasts. It helps to identify places with same climatic conditions (Agro climatic zones). This will enable to adopt suitable crop production practices based on the local climatic conditions. It also helps in the introduction of new crops and varieties, which are more productive than the native crops, and varieties. 
In this study, finoteselam meteorological Station is the nearest station from which the climatic data were inferred. The highest rainfall records occur during July and August.  As the information obtained   from metrological station, the amount of rainfall does not have impact on rain fed agriculture. However, late on set and early cessation of the rains have impact on crop yields. 
Irrigation development would be necessary for the provision of water during the dry cropping season as well as during the early and late rainfall seasons. A summary of the average monthly rainfall, minimum temperature and maximum temperature at fnoteselam station is presented in the table as follows. 
Table 12.1 Meteorological Data for Crop Water Requirement Computation
[image: ]
[bookmark: _Toc170920143] Location 
The proposed Small-scale  irrigation project is located in Amhara region, West Gojjam Zone, Dembecha woreda, yemehel kebele. It lies between geographic coordinates of 1167883 N and 330120E. The altitude of the project area is  2042m.a.s.l at the head work site.

[bookmark: _Toc170920144] Topography
[bookmark: _Toc26043340] Topographically the command site is found in the hillsides to the right of the river. The topographic characteristic of the command area is predominantly undulating land having a slope of 3.5-10%.  

[bookmark: _Toc26053811][bookmark: _Toc54880217] (
        
Location of head work
 site
)[image: ] 
[bookmark: _Toc54881337][bookmark: _Toc170937147][bookmark: _Toc54880218] Figure 8shashatyeⅡ head work site
[bookmark: _Toc170920145] Soil
The soil study report indicates that the major soils of the project area are freely drained Chromic Humic Nitisols and Chromic Luvisols having colours of dark brown to brown and have little or no mottling. The texture of the soil ranges from loam to clay loam. Generally, soils identified in the study area are moderately deep to deep.  Thus, effective depth of the soil would not be a limiting factor and the soils are suitable with regard to depth of the soil profile. The major soils in the study areas are Humic Nitisols and Chromic Luvisols (i.e.chromic Humic Nitisols and Chromic Luvisols, which are well to moderately drained type. Thus, Soil drainage  of the soil would not be a limiting factor. 
[bookmark: _Toc170920146] THE PRESENT STATE OF LAND USE and FARMING SYSTEM 
The proposed command area of shashatyeⅡ small-scale irrigation development project is a cultivated land in its land use type. The proposed command area is totally cultivated by rain fed agriculture during the main rainy season and the major crops produced in the command area are teff , wheat,  maize, pepper ,onion, tomato, cabbage, potato,  sugarcane, banana, coffee and sorghum. These crops are produced for both food and sale to generate cash income for the people of the area.
The farming system practiced in and around the project, area is mixed farming (both crops and animal production). Even though mixed farming is practiced, crop production occupies the largest share of the means of livelihood of the people. The people of the area are sedentary mixed peasants.
[bookmark: _Toc170920147] EXISTING AGRICULTURE
Mixed farming is the existing agriculture in around the project area of which, crop production is widely practiced by most of the farmers.
[bookmark: _Toc170920148] Existing Crop Production 
 Under rain fed system
Both rain fed agriculture and traditional irrigation are practiced on the proposed command area in rainy season and dry season, respectively. As already mentioned above, the crops produced by rain fed agriculture are teff, wheat, maize and sorghum.

 Existing Irrigation Practices 
Irrigated agriculture has been practiced in the woreda. The main irrigated crops are maize and vegetables.
There is also a practice of traditional irrigation on the proposed command area for a long period of time. The crops grown by traditional irrigation at the time of field observation are tomato, cabbage, potato, coffee. Most of the farmers produce only once in a year using traditional irrigation on the proposed command area. 
The estimated area under traditional irrigation on the proposed command area is about 18ha in Yemehel peasant association. The cropping calendar practiced in the proposed command area for traditional irrigation is from the mid of the month october up to the end of May. Hence, there is a good practice and interest of traditional irrigation in around the project area. 
But there are some problems observed on the practice of traditional irrigation. These are method of irrigation (flooding) and method of planting (not row planting) which need interventions of the woreda experts and development agents. For irrigation water saving, to improve aeration of the root zone and ease of management, furrow irrigation and row planting are preferable.   
SHASHATYE Ⅱ SMALLSCALE IRRIGATION DESIGN DOCUMENT

The cropping calendar practiced in the area for irrigated agriculture is described on the table below. 
Dembecha agriculture office SSI main processe phon-0587730399Page 1
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Table 13 Existing cropping calendar for traditional irrigation in and around the project area 
	
Types of crops
	
Time of seed bed preparation
	
Sowing
	
Time of weeding
	
Time of harvesting

	
	Ploughing
	Freq.
	
	 Weeding 
	Freq.
	

	Pepper (green)
	Beg .Oct –Mid Nov
	2-4
	Mid Nov-End Dec
	Dec -Feb
	3-4
	Mid Mar –End May

	Onion
	Beg .Oct –Mid Nov
	2-4
	Mid Nov-End Dec
	Dec -Feb
	3-4
	Mid Mar –End May

	Beet root
	Beg .Oct –Mid Nov
	2-4
	Mid Nov-End Dec
	Dec –Feb 
	3-4
	Mid Mar –End May

	Carrot
	Beg .Oct –Mid Nov
	2-4
	Mid Nov-End Dec
	Dec -Feb
	3-4
	Mid Mar –End May

	Cabbage
	Beg .Oct –Mid Nov
	2-4
	Mid Nov-End Dec
	Dec -Feb
	3-4
	Mid Mar –End May

	Tomato
	Beg .Oct –Mid Nov
	2-4
	Mid Nov-End Dec
	Dec -Feb
	3-4
	Mid Mar –End May

	Maize
	Beg .Oct –Mid Nov
	2-4
	Mid Nov-End Dec
	Dec -Feb
	3-4
	Mid Mar –End May

	Potato
	Beg .Oct –Mid Nov
	2-4
	Mid Nov-End Dec
	Dec -Feb
	3-4
	Mid Mar –End May


Source:  Yemehel  Kebele  centre

 Existing Cropping Pattern and Intensity
The existing cropping intensity on the proposed command area under traditional irrigation is twice for both traditional irrigation and rain fed agriculture on dry season and main rainy season, respectively.
Rain fed crop production is under taken in the kebele using different technologies like local seeds without fertilizers, local seeds with fertilizers, and improved seeds with fertilizers. 
[bookmark: _Toc54881124][bookmark: _Toc57357451] Table 14 Existing cropping pattern & production/rain fed/ in the Kebele
	Crop
	Yemehel

	
	Area in Ha.
	productivity (Qt per hectare)

	Maize
	759
	40

	Sewer gam
	-
	-

	wheat
	318
	46

	poteato
	15
	100

	pepper
	10
	10

	Haricot bean
	150
	13

	millet
	132
	32

	Total
	1409.5
	




Table 15 Existing cropping pattern & productivity/Dry season/ in the Kebele

	Crops
	Area in Ha.
	productivity
	production

	pepper
	10
	10
	100

	poteto
	15
	100
	1500

	tematem
	2
	160
	320

	onion
	4
	120
	480

	Cabbage
	6
	140
	1040

	muze
	0.5
	250
	125

	mango
	2.2
	80
	176

	papaya
	
	
	

	avocado
	4.09
	120
	490.8

	Zeyetuna
	1.8
	150
	198

	total
	45.59
	1090
	4804.8


Source: Development Agent office, april, 2012



                              
 Existing cropping calendar
Cropping calendar is a schedule at which different activities of crop production like seedbed preparation, sowing, weeding, and harvesting are performed.
Seed bed Preparation 
Proper seedbed preparation is one of the most important cultural practices. It influences the level of crop yields as it promotes proper seed germination, better root development, and uniform crop establishment.  Moreover, good seedbed preparation also plays a significant role in minimizing the development and severity of pests including weeds, insects, and diseases. 
Oxen are the only animals used for plouhging in and around the project area. Most of the farmers own a pair of oxen. The frequency of ploughing, however, depends on the soil type and the type of crop grown. According to the kebele centre, two to six ploughings are commonly practiced for most the crops produced in the area. Ploughing commences at the beginning of March and continuous up to the end of August.   
 Planting/sowing 		
Planting period is governed by seedbed preparation and the availability of sufficient soil moisture.  The commonly practiced sowing times in the area are from beginning May up to end ofAugust for the major crops produced in the area by rain fed agriculture.
 Weeding
 Weeds are plants growing where they are not wanted. Weeds cause low crop productivity by competing with the required crops for light, moisture, nutrients and space. Weeding is performed in the area from July to end of September and the frequency is mostly two to three times.  Hand weeding and chemical control are used in the area to control weeds.
 Harvesting 
Harvesting is performed depending on the physiological maturity crops. In the area,   harvesting begins mid  October  and extends up to end of December for the crops produced by rain fed agriculture. Usually, threshing follows immediately after harvesting for most crops.
Table 16Existing-cropping calendar for Existing Major crops produced by rain fed agriculture in and around the project area 
	
Types of crops
	Operational calendar

	
	Time of seed bed preparation
	Sowing
	Time of weeding
	Time of harvesting

	
	Ploughing
	Freq.
	
	Weeding 
	Freq.
	

	Teff
	Beg. Apr – Jun e 25
	2-4
	June 25-July 10
	August-September 
	2-3
	Nov- Dec

	Wheat
	Beg. May - Jun e 25
	2-4
	June 20-July 10
	August-September
	1-2
	Nov- Dec

	Barley
	Beg. May - Jun e 25
	2-4
	June 20-July 10
	August-September
	1-2
	Nov- Dec

	Sorghum
	Beg. Apr-End Apr
	2
	Beg. May -End May
	July – August 
	1-2
	Mid Dec-End Dec

	Maize
	Beg. Apr-End Apr
	2-3
	Beg. May –Mid June 
	June 25-August
	2-3
	Oct -Nov

	F/bean
	Beg. May – Mid Jun e 
	2
	Jun e 25-July 10
	July – August 
	1
	Beg. Nov-End Nov

	F/pea
	Beg. May – Mid Jun e 
	2
	Jun e 25-July 10
	July – August 
	1
	Beg. Nov-End Nov

	Vetch
	Beg. June – Mid Jun e 
	2
	August 10- Mid Sep 
	Sep
	1
	Beg. Jan– Mid Jan

	Lentil
	Beg. May – Mid Jun e 
	2
	Jun e 25-July 10
	Jul 
	1
	Oct 20-Mid Nov

	Linseed
	Beg. May – Jun e 20 
	2
	July 25-Aug 10
	Aug
	1
	Nov

	Haricot bean
	Beg. May – Mid Jun e 
	2
	Jun e 20-June 30
	Jul
	1
	Oct 20-Mid Nov

	Onion
	Beg. May – Jun e 20 
	2-3
	Jun e 25-July 5
	July-August  
	2-4
	Sep 20-Mid Aug

	Pepper
	Beg. June –End Jun e 
	2-3
	Beg. Jul –Mid Jul
	Mid Jul –Mid Aug
	2-3
	Beg. Oct –End Oct

	Garlic
	Beg. May – Mid Jun e 
	2-3
	Jun e 20-June 30
	Jul
	2-3
	Mid Oct -Mid Nov

	Tomato
	Beg. June –End Jun e 
	2-3
	Beg. Jul –Mid Jul
	Mid Jul-End Aug
	2-3
	Beg. Oct -Mid Nov


Source:  Yemehel Kebele centre

 Potential and Actual Average Yield
The actual average yield is the yield obtained in and around the project area under the management of farmers at present conditions, where as the potential average yield is the potential of the improved varieties that can give an optimum yield under good agronomic practices such as well prepared seed bed, use of improved seeds, use of recommended rate of fertilizers and control of pests and diseases.
Table 17Yield projection of the proposed crops 
	crop type
	Yield Qt/Ha
	 
	 
	 

	
	year 1
	year 2
	year 3
	year 4
	year 5-25
	 

	rainfed
	 
	 

	teff
	15
	17
	22
	23
	25
	 

	small millet
	32
	35
	37
	40
	45
	 

	maize
	40
	42
	44
	47
	50
	 

	wheat
	35
	36
	40
	42
	45
	 

	haricot bean
	17
	17
	18
	20
	22
	 

	 
	dry season

	pepper
	10
	12
	13
	14
	15
	 

	potato
	100
	110
	115
	120
	130
	 

	tomato
	160
	162
	163
	164
	170
	 

	onion
	120
	123
	125
	127
	130
	 

	cabbage
	140
	143
	143
	145
	148
	 

	banana
	250
	255
	257
	258
	260
	 

	avocado
	120
	122
	124
	128
	129
	 

	mango
	80
	82
	84
	88
	90
	 

	zeytuna
	110
	112
	115
	119
	120
	 

	
	source agronomy report
	
	



Existing Agricultural Inputs and supporting services
Irrigation water management needs to be strictly combined with improved agronomic practices for increased yields of irrigated crops. Maximum benefit of using improved crop production technologies such as high yielding varieties, optimum fertilizer use, establishing multiple cropping systems, improved cultural practices, and appropriate plant protection measures can only be achieved when adequate supply of water is assured. On the other hand, optimum benefit from irrigation can be achieved only when the required inputs are available on time and applied properly in a more integrated manner with other technologies.
Agricultural inputs and supporting services play a significant role in yield increment per unit of land and thereby improve the living standard of the people engaged in farming. The agricultural inputs used by the farmers in and around the proposed project area are fertilizers (DAP and Urea), 
Herbicides such as U-46, 2, 4-D are used for the control of different weeds. Bylathon and Mancozeb are the chemicals used in the woreda to control diseases. Bylathon is used  to control Yellow Rust on Wheat, where as  Mancozeb is used  to control Chocolate spot, bean rusts on Bean, Early blight, late blight on Potato and tomato and Downy mildew on Cabbage and Apple.
Crop production constraints in and around the project area
The major crop production constraints in and around the project area are early offset of rain during flowering of crops, diseases, pests and weeds. They cause low crop productivity by affecting the growth of the crops. 
 Diseases
 Diseases are any things that hamper or disturb the physiological process of green plants. Some of the crop diseases that cause low crop productivity in and around the project area are yellow rust, brown rust, chocolate spot, early blight, late blight, powdery mildew, Tomato mosaic viruses, Downy mildew, Apple scab, Anthracnose, and coffee berry disease (CBD). In addition to the reduction of yield, diseases reduce the quality of products and reduce its physiological beautifulness.
 Pests
The major insect pests which cause yield reduction in and around the project area are Aphids, Cotton Boll worm, cut worm, Grasshoppers, Barley shoot fly, Teff shoot fly, African boll worm, Weevils, Armyworm, African bollworm and Rats. Different pesticides are used to control these insect pests. Diaznone is used to control Aphids, Cotton Boll worm, cut worm, Grasshoppers, Barley shoot fly, and Teff shoot fly, and sumithione are used to control African boll worm, Aluminum phosphate is used to control Weevils, Malathione and sumtihione are used to control Army worm, Funthrothione and sumithione are used to control African bollworm and Zinc phosphate is used to control   Rats.
 Weeds
 Weeds are plants growing where they are not wanted. Weeds cause low crop productivity by competing with the required crops for light, moisture, nutrients and space. Hand weeding and chemical control are used in the area to control weeds.
Live Stock Production
Live stock production is one of the means of livelihood of the people of the area next to crop production. The domestic animals found in Yemehel peasant association, in which the proposed project is found are cattle, sheep, Goats, equines and chickens. The people rear animals to get oxen for farming, cows for milk and milk products, sheep and goats for sale, equines to get pack animals for transportation of crop products from the field to house and market places nearest to the project area. Chickens are produced mainly for market. 
The source of feed for the animals of the area are grasses on grazing land and crop residue especially straws of teff, wheat,maize,dagusa. Besides, vetch, sesbania, alfalfa, and tree Lucerne are the animal fodders under expansion on farmers’ field to improve the feeding of the animals. In the dry season, free grazing is not a common practice in the area. People of the area keep or tie their animals both in rainy and dry seasons.
The predominant animal diseases in and around the project area are PPR (pest petite ruminant disease), sheep and Goat pox, Black leg, Bovine pasteurollosis, internal and external parasites and rabies. 
There are animal health protection clinics in the woreda and kebele. 
Table 18 Total livestock population of the kebele
	S.No.
	Type
	number

	1
	Oxen
	1036

	2
	Cows
	987

	3
	Bulls
	625

	4
	Heifers
	463

	5
	Calves
	450

	6
	Sheep
	894

	7
	Goats
	87

	8
	Donkey
	368

	9
	Horse
	-

	10
	Mules
	2

	12
	Hens
	10,074

	13
	Beehives
	235

	Total
	
	12,9567


                         Source: Development Agent Office, april, 2012


FUTURE PROPOSED AGRICULTURE UNDER IRRIGATION SYSTEM
Selection of crops:              		                                                                                                                                                  The selection of potential crops during the feasibility study of the project has given due emphasis to the following conditions.
· Climatic conditions and adaptation of the crops to the growing conditions of the project area;
· The soil condition of the project area;
· Experience and interests of the farmers to grow;
· The length of the growing periods of the various crops;
· Yield potentials and market  potentials of the crops;
· Crop rotation and crop diversification requirements.  
Based on these conditions of the project area, the following crops are proposed for the project. These are tomato, cabbage, potato,  mango, banana, onion, pepper and maize. These crops are the ones, which are adaptable to the given agro-climatic condition of the command area of the project. The command area has an altitude of 2038 m.a.s.l. at the head work site and 2042 m.a.s.l. at the command area. The range of altitude required for the proposed crops are 700-2000, 500-3000, 1200-2100, 1600-2400  m. a.s.l. for onion, cabbage, pepper and maize, respectively. Thus, the elevation of the command area is in the range of the given agro-climatic condition for the proposed crops for the project.
 Proposed Cropping Pattern
Cropping pattern is the yearly sequence of crops grown and the spatial arrangement of them and fallows in a given area. It is formulated with a view to obtain maximum crop production under a given situation. 
One cropping pattern, for full irrigation irrigation is proposed for the project to be adopted by the farmers in the project area.
It is also necessary to give due consideration with regard to cultivation of different crops in order to avoid growing crops of the same species repeatedly on the same land. This helps to avoid the building up of serious soil borne pests and diseases like root knot nematodes and wilt diseases. Thus, the crops should be grown in rotation. 
 Proposed Cropping Pattern and Intensity
The overall objective of the project is to maximize the utilization of the land and water given that the water source is not a limiting factor and that all the beneficiaries are capable of implementing the proposed program in terms of supplying the labor and other inputs required.
It is desirable for the cropping intensity to approach 200% i.e. all the irrigable land is to be double cropped over one cropping calendar year.  

Proposed Agricultural Inputs and Supporting Services
In crop husbandry, agricultural inputs play a significant role in boosting up the yield of crops per unit area. Besides the inputs, appropriate use of agronomic practices also has a great effect in crop production. Therefore, these important factors should be integrated, which could be achieved through giving strong extension services for the farmers. Strong extension services should be given to the farmers by the development agents on the use of inputs, agronomic practices, water land, etc accordingly as proposed on the project. Thus, training the farmers timely based on the time of operations is very essential.
Since irrigated agriculture requires more inputs and power (labor intensive), continuous follow up by the development agents is needed to work with the farmers by initiating them timely.
The major inputs recommended for the proposed crops are improved seeds, fertilizers, and chemicals for the control of pests and diseases. The types and rates of inputs are shown on the table below.
Table 19 Seed rate, fertilizer rate and Planting distance for the proposed 

	 
	wet season

	 
	NPS/KG/HA
	UREA
	PESTICDEEL/HA
	Seeding rate
	man days
	Oxen days

	teff
	87
	10
	2
	15
	94
	50

	small millet
	100
	100
	2
	25
	135
	54

	maize
	200
	200
	2
	30
	124
	40

	wheat
	200
	200
	2
	200
	135
	54

	haricot bean
	150
	 
	1
	150
	64
	26

	 
	dry season

	pepper
	200
	200
	2
	0.5
	180
	30

	potato
	150
	100
	0
	2000
	160
	26

	tomato
	 
	 
	1
	6
	160
	30

	onion
	150
	100
	1.5
	4
	180
	30

	cabbage
	150
	100
	2
	0.45
	160
	30

	banana
	 
	 
	 
	 
	 
	 

	avocado
	 
	 
	 
	 
	 
	 

	mango
	 
	 
	 
	 
	 
	 

	zeytuna
	 
	 
	 
	 
	 
	 

	
	source agronomy report
	
	




Proposed Crops and Cropping Calendar
Cropping calendar is the time in which the agricultural activities are performed sequentially starting from land preparation until harvesting time. Different crops need different cropping calendar based up on the climatic factors they need and their length of growing period. The right and an optimum cropping calendar are needed to get an optimum yield. Thus, the following cropping calendar has been prepared for the proposed crops on the project.
Table 20 Proposed cropping pattern 
	crop patern
	Implementation year(cover%)
	 
	 
	 
	 
	 

	
	1st year
	2nd year
	3rd year
	4th year
	5th-25 year

	
	%
	ha
	%
	ha
	%
	ha
	%
	ha
	%
	ha

	Wet season

	teff
	4.5
	64
	4.5
	64
	4.5
	64
	4.5
	64
	4.5
	64

	small millet
	9.2
	132
	9.2
	132
	9.2
	132
	9.2
	132
	9.2
	132

	maize
	53.3
	759
	53.3
	759
	53.3
	759
	53.3
	759
	53.3
	759

	wheat
	22.3
	318
	22.3
	318
	22.3
	318
	22.3
	318
	22.3
	318

	haricot bean
	10.54
	150
	10.54
	150
	10.54
	150
	10.54
	150
	10.54
	150

	dry season

	pepper
	21.93
	10
	21.93
	10
	21.93
	10
	21.93
	10
	21.93
	10

	potato
	32.90
	15
	32.90
	15
	32.90
	15
	32.90
	15
	32.90
	15

	tomato
	4.3
	2
	4.3
	2
	4.3
	2
	4.3
	2
	4.3
	2

	onion
	8.7
	4
	8.7
	4
	8.7
	4
	8.7
	4
	8.7
	4

	cabbage
	13.1
	6
	13.1
	6
	13.1
	6
	13.1
	6
	13.1
	6

	banana
	1
	0.5
	1
	0.5
	1
	0.5
	1
	0.5
	1
	0.5

	avocado
	8.9
	4.09
	8.9
	4.09
	8.9
	4.09
	8.9
	4.09
	8.9
	4.09

	mango
	4.8
	2.2
	4.8
	2.2
	4.8
	2.2
	4.8
	2.2
	4.8
	2.2

	zeytuna
	3.9
	1.8
	3.9
	1.8
	3.9
	1.8
	3.9
	1.8
	3.9
	1.8

	
	
	source; Agronomy report
	
	
	
	
	






Table 21 Cropping calendar for the proposed crops
I. First phase
	
No
	
Types of
crops
	
Operational calendar

	
	
	
Tillage
	
Date of sowing 
or 
planting
	
weeding
	
Harvesting

	
	
	Season of
ploughing
	Freq
	
	Start of weeding
	Freq
	

	1
	Onion
	Mid Oct  
	2-4
	Nov 10th
	Beg Dec 
	3-4
	Mar 3rd

	2
	Cabbage
	Mid Oct  
	2-4
	Nov 5th
	Beg Dec 
	3-4
	Apr 3rd

	3
	Pepper
	Mid Oct  
	2-4
	Nov 1st
	Beg Dec 
	3-4
	Mar 5th

	4
	Maize
	Mid Oct  
	2-4
	Nov 1st 
	Beg Dec 
	3-4
	Mar 5th


II. Second Phase
	
No
	
Types of crops
	
Operational calendar

	
	
	
Tillage
	
Date of sowing or planting
	
Weeding
	
Harvesting

	
	
	Season of ploughing
	Freq
	
	Start weeding
	Freq
	

	
	Onion
	Beg. May  
	3
	Jun e 7
	July-August  
	4
	Mid Oct 

	2
	Cabbage
	Beg May
	3
	May 15
	July
	4
	Mid  Oct

	3
	Pepper
	Beg. June 
	3
	Jun 12 
	Mid Jul 
	3
	Mid. Oct 

	4
	Maize
	Beg. Apr
	3
	Beg. May 
	June 25
	3
	End Oct

	5
	Sorghum 
	Beg. Apr
	2
	Beg. May 
	July – August 
	2
	Mid Dec

	6
	Wheat 
	Beg. Apr 
	4
	June 25
	August
	3
	Oct



SECTION THREE SOIL FEASIBILITY STUDY
Description of the command soil The command area has smooth and level landform with gentle slope to somewhat sloppy (1-1.5%) situation in some pocket areas. Some dead water ways and gullies with short lengths and shallow depths are also observed in their naturally well conserved condition. The soil in the proposed command area has some sufficient depth, for most of agricultural crops grown by irrigation. It is more of alluvial nature, with a deep horizons dominated by brown to black color and high content of Sandy clay. It has medium water holding capacity and fair to medium infiltration rate especially in some pocket lands within the command area. Some cereals and horticultural crops (Maize, potato and others) are well grown by rain-fed and irrigated agriculture. Still these crops are seen widely cultivated in the field during the assessment of the command area. Maize cultivated in the field during the assessment of the command area. No rock outcrops are observed in the command area. In overall conditions, the command land & its nearby surroundings are seen extensively utilized for annual crop production and livestock open grazing and conventional tillage practices exercised by the community
[bookmark: _Toc170920151] Description of the study area 
ShashatyeⅡ small scale irrigation project area is situated at Geographical of 0330109 E and 1167833N in Dembecha woreda. The main source of irrigation in the project area is shashatye Ⅱstream. The project site is located at about 45 kms away from west gojam zone and 7 km from Dembecha towns. The upper reaches of the catchment area is Grazing & cultivating land with even slope, while the command area has gentle slope. The proposed command area has an altitude of 2042 masl.
Methodology used for the study 
A field survey has been made for its basic physical investigation using a “Transect-Walk” along the command longitudinal and cross-sectional directions to observe the existing soil physical features, such as color, slope, depth, texture, drainage status, and the likes. Discussion among the Team crew members and an interview with the farmers about agricultural development possibilities and its past cropping history of the project area has been conducted. Materials such as GPS and other small hand tools like, (Shovel, Hoe, Hand Meter, Plastic Bags, etc.), have been used in the assessment period. Soil survey works were performed in three phases. Summary of activities performed at each phase is as follows:
Pre-field Work 
Previous pre-feasibility study documents relevant to the project area were thoroughly reviewed and tentative field visit has been carried out. Before the actual field survey the necessary survey formats such as Field soil survey guidelines, standard description sheets for profile pits, have been duplicated during this stage.
Field Work 
Survey approaches followed standard soil survey procedures and classified according to the FAO “guidelines for soil description” (2006) and “world Reference base for Soil Resources” (2006). The system is used because it provides detail information on soil qualities and soil characteristcs for the assessment of land performance when used for specific purpose. Soil profile pits were dug to 0.8m depths at representative sites, following transect lines. Soil samples were taken from each significant natural horizon’s, for full physical and chemical determination. Moreover, some internal characteristics such as soil depth and texture were further evalauted. During profile pit analysis more information was recorded (i.e., from each horizon stractural development and form, consistence, porosity, roots, etc.). All field observation points (profile pits) had been plotted in the digitized soil map units, and observations within similar soil unit were used to characterize the mapping unit. 
Post-field Work 
Some of the major activities carried out were: detail scrutiny of field, laboratory and supporting documents; interpretation of obtained data, establishment of land suitability analysis and diagnostic criteria, preparation of soil and land suitability management units, etc
Results of Physical Analyses 
The detail soil profiles & quantities of samples for different depths are shown in the following table. 
Soil samples with their different horizon depths 
		S/n
Codes
	Pit 

	Sample quantity
	Profile depth (cm)      

	 1
	P1
	3 0 - 45
	The sample depth is taken 

	
	
	45-112
	as under the assumption of the

	
	
	112-155
	longest effective root of the crop to 

	             
	
	20-40
	be developed during the

	
	
	
	implementation period.

	2
	p2
	20-40
	Soil Profile Description 

	
	
	
	           In the soil profile description, 

	
	
	
	basic physical soil properties are examined



	



Soil Profile Description In the soil profile description, basic physical soil properties are examined. Areas where the soil pits are taken, basic properties like color, depth, structure, slope, texture and the like are analyzed. 
Physical Properties
 Physical properties of a soil largely determine the manner in which it can be used. Properties like the water holding capacity, permeability to water, aeration, plasticity and nutrient supplying ability are influenced by the size, proportion, arrangements and mineral composition of the soil particles. 
Based on the basic physical characteristics of the command soil, the irrigable land falls under Suitability (S1) and Suitability (S2) which is suitable for irrigation development with certain amendments. However, as physical observation made during the field assessment some of the command land falls in slope ranges Less than 3% and requires certain conservation measures for sustainable irrigation utilization. Contour farming, strip cropping, stone mulching/bund, use of permanent crops on the upper slopes, and the likes could be some of the conservation measures to be taken during irrigated crops production.
6.4 IRRIGATION INFRUSTRUCTURE DESIGN
 6.4.1 Irrigation Water Requirements
The existing irrigation system lays over traditional earthen main canal & field canal managed by users. The community farmers prefer to use the existing traditional irrigation system which is mainly characterized by:
Highly seeping &scouring traditional check dam constructed from stone and mud to divert the River flow, which requires periodic maintenance every irrigated months& year.
The water distribution system is controlled by breaching the side of main canal at specified known
distant & position to deliver water to farm plot & filling the breached soil buck to cloth again.
The specific place of the river diversion is exactly at the junction of the natural drainage water and
the river flow this results washing out of the check dam due to an expected flood which comes
through the natural drain.
The traditional irrigation canal passes through a deep cut which requires periodic silt removal.
Considering the above listed problems in to an account this project is proposed to initiate.
Lined main canal 0.75km length in right sides
Turn out 4 in numbers in both left sides
Super passage 2 &foot path 2 in number in both left &right sides
[bookmark: _Toc170920159]       6.4.2crop water requirement
The calculation of crop water requirement is a very important aspect for planning of any irrigation
project. Several methods and procedures are available for this. The Food and Agricultural Organization (FAO) of the United Nations has also made available several publications on this subject and other issues related with this. As recommended in FAO Publications there are steps (procedures) which areinvolved in the calculation of the crop water requirement.
6.4.3Irrigation efficiency
To complete the evaluation of the demand, the efficiency of the water distribution system and 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). On the basis of these factors, the project has planned to impose surface irrigation method (using furrows). Hence, the conveyance efficiency has estimated to be 90%, canal efficiency 85%, and field application efficiency 60%. As a result of these the overall irrigation efficiency has estimated to be 49%
6.4.4Irrigation duty
Irrigation duty is the volume of water required per hectare for the full flange of the crops. 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. The proposed cropping pattern of Guguri diversion irrigation project has showed a maximum net irrigation water requirement (NIWR) in the month of March with the amount of 4.4 mm/day for 18 working hours (for overall proposed crops).
However, for the designing of the irrigation water application and the flows in the entire canal systems,from the overall proposed crops the one that has maximum NIWR was used for irrigation duty calculation. Accordingly, maize has showed the maximum NIWR (i.e. 3.9 mm/day); and hence takenfor the irrigation project duty calculation as indicated here below:
For shashatye Ⅱdiversion irrigation project, it has estimated that the overall/project efficiency for the selected surface irrigation method has estimated to be (60/100*90/100*85/100) which is 45.9
rounded to 50%. For the designing of the project, the GIWR is given as follows:
The GIWR, 7.96 mm/day, represents the daily quantity of water that is required to be applied. This
water quantity is also used for the determination of the canal discharge in consideration of the time of flow and is defined as the duty, expressed as l/s/ha. The duty is calculated by:
Duty (D) = GIWR × 1000 × 10 / (t × 60×60)
Irrigation duty
Irrigation duty is the volume of water required per hectare for the full flanged stage of the crops. 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.
The proposed cropping pattern of shashatyeⅡ diversion irrigation project has showed a maximum net irrigation water requirement (NIWR) in the month of March with the amount of 3.9 mm/day for 18 working hours (for overall proposed crops).
However, for the designing of the irrigation water application and the flows in the entire canal systems, from the overall proposed crops the one that has maximum NIWR was used for irrigation duty calculation. Accordingly, teff, wheat, fava bean, maize, paper, onion, tomato, cabbage and potato, avocado, mango, sugarcane banana, leman, coffee has showed the maximum NIWR (i.e. 3.9 mm/day); and hence taken for the irrigation project duty calculation as indicated here below:
Hence, the overall/project efficiency for the selected surface irrigation method has been estimated to be 49% (95/100*85/100*60/100) =0.49 which is 49%.
For the designing of the project, the GIWR is given as follows:
                             GIWR = 3.9/0.49 = 7.96 [mm/day]
The GIWR, 7.96 mm/day, represents the daily quantity of water that is required to be applied. This water quantity is also used for the determination of the canal discharge in consideration of the time of flow and is defined as the duty, expressed in l/s/ha. 
The duty is calculated by:
Duty (D) = GIWR × 1000 × 10 / (t × 60×60)
 Where; Duty – the duty [l/s/ha]
           GIWR – Gross Irrigation Requirement [mm/day]
         t – Daily irrigation or flow hours [hrs.]
The duty for the GIWR of 7.96 mm/day and 18 hours of daily irrigation time (t = 18), is supported to be used with furrow irrigation method. Hence, Duty for 18 working hours, as the site is near to farmers’ village and local farmers have experiences in irrigation, is computed as follows:  
D = (7.96x 1000 x 10) / (18 x 3600) = 1.2 l/s so Duty for 18 working hours is 1.2 l/sec/ha
The base flow of ShashatyeⅡ River is 26.4 l/s, in addition to the base flow 20% is left for d/s users at
night and the rest 80% of water is used near to the head work in the dry season. So that there will not be water conflict between upstream and downstream water users.
Maximum duty value = 1.2l/se/ha
Irrigation hour, = 18hrs
The base flow=26.4l/s
Command area=17.6ha including supplementary irrigation
Irrigable Command Area with and without project
Irrigable Command area based on available base flow= 26.4 l/sec, from this =26.4L/sec/1.2l/sec/ha is 22 ha from this 17.6ha base flow and but in traditional system this 24.6 l/s flow is irrigated.

Irrigation methods
Among the various irrigation methods, surface irrigation method has been selected.  Of the surface irrigation methods furrow, and ring (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 when choosing the method which is best suited to the local circumstances, i.e., depending on slopes, soil types, selected crop types, amount of water available, etc. of the command area.
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. Rotational flow water distribution is also recommended for the project area.  
Irrigation and drainage system layout
The irrigation system layout for the project is prepared taking the following points into consideration besides other factors. 
· A primary concern in the layout of the system is that it serves the purpose of conveying and distributing water to the command area. 
· The excavation and earth fill volumes not be excessive, otherwise the construction costs can be tremendous. 
· The selection of longitudinal bed slope is made taking into account the existing slopes of the terrain, so as to minimize deviations in canal routing.
· Curves in canals should not be too sharp. 
The proposed irrigation system layout comprises one Main, Canals as shown on the layout Drawings. The main canal runs for most of its length parallel to the contours and several changes of direction are necessary to follow the topography. The main canal is masonry lined for a length of 750m from the weir outlet. It is lined so as to make maintenance easy since this part of the canal may be subjected to flooding during high flood flows along the main canal reach.
Conveyance System
The irrigation water will be obtained from Shashatye River by constructing diversion weir and conveying the water through earthen and lined canals (MC) and then leading to field canals; and finally, irrigation takes place mostly in furrows.
The conveyance system consists of One Main Canal to irrigate total command area of 20 ha. The main canal starts from the Water abstraction site on the right side convey water for a length of 750m 
Design of the canal system
Main Canal
The canal capacity was determined based on crop water requirements prepared for the proposed cropping pattern.  The maximum design capacity of the main canal adopted for 20 ha is 24 l/sec based on a duty of 1.2 l/sec/ha for 18 hours daily irrigation cycle with 49% efficiency.  For the first main canals 0.75km length, it is masonry lined and rectangular in shape. 
The main canals are designed for a discharge of 24 l/s considering 18 hours of irrigation operation season in most periods and depending on the site-specific condition, appropriate canal longitudinal slope is provided. The soil condition of the canals route is along thin soil depth overlay coarse aggregates. To avoid all such challenges, two main canals are masonry lined for the following factors:
· To avoid regular maintenance of the canal and difficulty to keep the original slope of the canal during maintenance period
· To save the reach time at the tail part and to avoid social conflicts
· To protect the head users from easy bank breaching during low flow periods and nighttime
· As the construction materials of natural rock quarry site and sand are available in the vicinity area.
To increase the conveyance efficiency of the flowing water through this canal and minimize the water shortage.

Design of canal 
The total main canal length is 750 m and it is aligned by the contour. Hence, to approximate to the standards different approaches are used such as using different slope for by dividing canal reaches with topographical arrangement.but from the factor of diferent soil propertiy there is diferent loss so we linend 750m.The head regulator (off-take) is a structure at the head of a canal taking off water from a reservoir behind a weir. 
· regulate supply in the canal
· control the entry of silt in the canal and
· shut out river flood
Canal outlet level
The sill level of this head regulator is fixed from different angle observations. This level is fixed based on the optimum route alignment and the maximum irrigated command area level including minor and major losses criteria. Based on this condition;
Intake level =max command area +elevation head loss along the canal
= 2037.45masl+0.205=2037.66	
· Maximum command area
From the above data:-
· Base flow – 26.4 l/s from this 20% for downstream allowance 21.28l/s for irrigation of the command area. 
· Duty of crop 18 hour irrigation time per day is 1.2 l/s/ha- from agronomy report
Max command area = Base flow /duty of crop
                           = 21.28 l/s] / [1.2 l/s/ha]
= 17.6ha
Canal Outlet capacity
The minimum command area is determined by the minimum flow of the river. But the canal capacity should be determined for maximum command area and the corresponding discharge. In this case the outlet capacity is fixed considering maximum duty and command area.
  Outlet capacity = Duty x command area x correction factor 
                          Q =1.2 lt/s/ha*17.6 ha*1.5
      =21.28 l/s =0.02128 m3/sec 
        Where, Q is a maximum duty for 18 hr irrigation command area of 17.6ha
[bookmark: _Toc170920171] Canal Outlet size
The opening size is fixed using orfice formula.
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Where: Q = diverted discharge, 0.02128 m3 /s
Cd = Coefficient of discharge, 0.6
h = Height of the intake
g = Acceleration due to gravity 9.81
                   H= 0.2m
Flow depth = 0.2m
Total depth, h = 0.5 m including 0.3 m free board 
Therefore provide intake opening dimension 0.5 m x 0.35 m width and height. 
⇒ Adopt water way length = 0.35m 
Hydraulic and Structural Design of Irrigation Structures
General
	
The total command area is 20ha.The canal water would start irrigating the irrigable area at 205m.The main canal is aligned from the weir intake and runs on the left side for750meters to reach the entire irrigable area by a single main canal. The nature of topography of the main canal alignment is along contour line. The main canal is lined because the soil is unstable soil and we recommended it. 
Scheme Layout

The irrigation scheme layout is prepared taking into consideration the general topography of the land geological study and the soil characteristics. Several alternatives were considered for the conveyance and distribution system. The most promising and economical of these alternatives is taken and aliened on the surveying by using levelling.

Main canal Design		
The main canal hydraulic parameters are calculated by using Manning’s formula
[image: ]Where= Design discharge, (m3/s)
    n = Manning’s roughness coefficient
S= Design bed slope (m/m)
R=Hydraulic radius=A/P
A=Cross sectional area of flow=BD
Data inputs
Q = design flow (m3/sec)
B/d ratio=correction factor for adjusting the computed b/d ratio with standards.
S – Design bed slope (m/m), varied bed slopes are used depending on the topography.
m- Design side slope (m/m)
b – Design = bed width (m)
Hydraulic parameters and designed section of the canal is shown be












Table 22 Design of Main canal based on Manning's Equation
	Masonry lined
	 
	 
	 
	 
	 
	 

	Given
	Q 
	 
	 
	0.2112
	m3/s
	 

	 
	b/d 
	 
	 
	1.55
	 
	 

	 
	m 
	 
	 
	0
	 
	 

	 
	n 
	 
	 
	0.018
	 
	 

	 
	So 
	 
	 
	0.001
	m/m
	 

	 
	 
	 
	 
	 
	 
	 

	Assume
	d 
	 
	 
	0.20
	m
	 

	 
	b 
	 
	 
	0.31
	m
	 

	 
	 
	 
	 
	 
	 
	 

	Calculate
	A = bd + md2
	0.062
	m2
	 

	 
	P= b +2d(1+m2)1/2
	0.710
	m
	 

	 
	R = A/P
	0.087
	m
	 

	 
	 
	 
	 
	 

	 
	V = 1/n*R2/3So1/2
	0.346
	m/s 
	 

	 
	Q d= AV
	0.021
	m3/s
	 

	 
	 
	 
	 
	 
	 
	 

	Summary of design Parameters
	 
	 
	 

	Required Discharge
	Qr
	0.2112
	m3/s
	 
	 
	 

	Side slope 
	Ss
	0
	 
	 
	 
	 

	Bed slope 
	So
	0.001
	 
	 
	 
	 

	Depth of flow 
	d
	0.20
	m
	 
	 
	 

	Bottom width 
	b
	0.31
	m
	 
	 
	 

	Free Board
	F
	0.30
	m
	 
	 
	 

	Depth of Canal 
	D
	0.50
	m
	 
	 
	 

	Length of MC upto 1st offtake
	750
	m
	 
	 
	 



Figure 9 Canal profile

	chanage
	OGL
	CBL
	FSL
	FB
	CUT
	FILL
	REMARK
	D
	S
	d

	0
	2037.316
	2037.116
	2037.316
	2037.616
	0.2
	 
	 
	0.5
	0.001
	0.2

	3
	2037.631
	2037.113
	2037.313
	2037.613
	0.518
	 
	 
	0.5
	0.001
	0.2

	6
	2037.423
	2037.11
	2037.31
	2037.61
	0.313
	 
	 
	0.5
	0.001
	0.2

	9
	2037.259
	2037.107
	2037.307
	2037.607
	0.152
	 
	 
	0.5
	0.001
	0.2

	12
	2037.475
	2037.104
	2037.304
	2037.604
	0.371
	 
	 
	0.5
	0.001
	0.2

	20
	2037.543
	2037.096
	2037.296
	2037.596
	0.447
	 
	 
	0.5
	0.001
	0.2

	25
	2037.575
	2037.091
	2037.291
	2037.591
	0.484
	 
	 
	0.5
	0.001
	0.2

	30
	2037.623
	2037.086
	2037.286
	2037.586
	0.537
	 
	 
	0.5
	0.001
	0.2

	40
	2037.548
	2037.076
	2037.276
	2037.576
	0.472
	 
	 
	0.5
	0.001
	0.2

	45
	2037.618
	2037.071
	2037.271
	2037.571
	0.547
	 
	 
	0.5
	0.001
	0.2

	55
	2037.628
	2037.061
	2037.261
	2037.561
	0.567
	 
	 
	0.5
	0.001
	0.2

	65
	2037.622
	2037.051
	2037.251
	2037.551
	0.5712
	 
	 
	0.5
	0.001
	0.2

	75
	2037.497
	2037.041
	2037.241
	2037.541
	0.456
	 
	 
	0.5
	0.001
	0.2

	85
	2037.543
	2037.031
	2037.231
	2037.531
	0.512
	 
	 
	0.5
	0.001
	0.2

	95
	2037.598
	2037.021
	2037.221
	2037.521
	0.577
	 
	 
	0.5
	0.001
	0.2

	105
	2037.573
	2037.011
	2037.211
	2037.511
	0.562
	 
	 
	0.5
	0.001
	0.2

	115
	2037.541
	2037.001
	2037.201
	2037.501
	0.54
	 
	 
	0.5
	0.001
	0.2

	125
	2037.499
	2036.991
	2037.191
	2037.491
	0.508
	 
	 
	0.5
	0.001
	0.2

	135
	2037.501
	2036.981
	2037.181
	2037.481
	0.52
	 
	 
	0.5
	0.001
	0.2

	140
	2037.488
	2036.976
	2037.176
	2037.476
	0.512
	 
	 
	0.5
	0.001
	0.2

	160
	2037.478
	2036.956
	2037.156
	2037.456
	0.522
	 
	 
	0.5
	0.001
	0.2

	180
	2037.483
	2036.936
	2037.136
	2037.436
	0.547
	 
	 
	0.5
	0.001
	0.2

	200
	2037.46
	2036.916
	2037.116
	2037.416
	0.544
	 
	 
	0.5
	0.001
	0.2

	205
	2037.45
	2036.911
	2037.111
	2037.411
	0.539
	 
	 
	0.5
	0.001
	0.2

	220
	2037.423
	2036.896
	2037.096
	2037.396
	0.527
	 
	 
	0.5
	0.001
	0.2

	240
	2037.368
	2036.876
	2037.076
	2037.376
	0.492
	 
	 
	0.5
	0.001
	0.2

	260
	2037.32
	2036.856
	2037.056
	2037.356
	0.464
	 
	 
	0.5
	0.001
	0.2

	280
	2037.056
	2036.836
	2037.036
	2037.336
	0.22
	 
	Foot path
	0.5
	0.001
	0.2

	300
	2037.11
	2036.816
	2037.016
	2037.316
	0.294
	 
	 
	0.5
	0.001
	0.2

	320
	2037.215
	2036.796
	2036.996
	2037.296
	0.419
	 
	 
	0.5
	0.001
	0.2

	340
	2037.32
	2036.776
	2036.976
	2037.276
	0.544
	 
	 
	0.5
	0.001
	0.2

	360
	2036.982
	2036.756
	2036.956
	2037.256
	0.226
	 
	 
	0.5
	0.001
	0.2

	380
	2036.78
	2036.736
	2036.936
	2037.236
	0.044
	 
	 
	0.5
	0.001
	0.2

	400
	2036.761
	2036.716
	2036.916
	2037.216
	0.045
	 
	Foot path
	0.5
	0.001
	0.2

	420
	2036.756
	2036.696
	2036.896
	2037.196
	0.06
	 
	 
	0.5
	0.001
	0.2

	440
	2036.66
	2036.676
	2036.876
	2037.176
	-0.016
	 
	 
	0.5
	0.001
	0.2

	460
	2036.909
	2036.656
	2036.856
	2037.156
	0.253
	 
	 
	0.5
	0.001
	0.2

	480
	2036.879
	2036.636
	2036.836
	2037.136
	0.243
	 
	 
	0.5
	0.001
	0.2

	500
	2036.879
	2036.616
	2036.816
	2037.116
	0.263
	 
	 
	0.5
	0.001
	0.2

	520
	2036.435
	2036.596
	2036.796
	2037.096
	-0.161
	 
	Foot path
	0.5
	0.001
	0.2

	540
	2036.763
	2036.576
	2036.776
	2037.076
	0.187
	 
	 
	0.5
	0.001
	0.2

	560
	2036.675
	2036.556
	2036.756
	2037.056
	0.119
	 
	 
	0.5
	0.001
	0.2

	580
	2036.537
	2036.536
	2036.736
	2037.036
	0.001
	 
	 
	0.5
	0.001
	0.2

	600
	2036.416
	2036.516
	2036.716
	2037.016
	-0.1
	 
	Footpath
	0.5
	0.001
	0.2

	620
	2036.329
	2036.496
	2036.696
	2036.996
	-0.167
	 
	 
	0.5
	0.001
	0.2

	640
	2036.342
	2036.476
	2036.676
	2036.976
	-0.134
	 
	 
	0.5
	0.001
	0.2

	660
	2036.435
	2036.456
	2036.656
	2036.956
	-0.021
	 
	 
	0.5
	0.001
	0.2

	680
	2036.5
	2036.436
	2036.636
	2036.936
	0.064
	 
	 
	0.5
	0.001
	0.2

	700
	2036.4
	2036.416
	2036.616
	2036.916
	-0.016
	 
	 
	0.5
	0.001
	0.2

	720
	2036.3
	2036.396
	2036.596
	2036.896
	-0.096
	 
	 
	0.5
	0.001
	0.2

	740
	2036.23
	2036.376
	2036.576
	2036.876
	-0.146
	 
	 
	0.5
	0.001
	0.2

	750
	2036.34
	2036.366
	2036.566
	2036.866
	-0.026
	 
	 
	0.5
	0.001
	0.2





.









Drainage Canal alignment
Considering drain within the irrigated command area, excess irrigation supply is simply drain to the natural stream. The requirement of collector drain is not required, as the irrigation filled canals are directed and drained towards the river. 
Design of Canal and Canal Related Structures
General
When irrigation scheme is designed, a different irrigation structure directly as part of irrigation canals or irrigation drainage designs are substantial. These irrigation structures include also related irrigation structures that facilitate irrigation operation and maintenance. All these structures are highly dependent according to the scale of irrigation schemes as well as the ownership of the scheme. 
Having this into account, the most common irrigation structures at this scheme is division turnout between main canal  and field canals, supper passage to pass flood over the main canal.  All these structures are designed to be economical and sustainable.
Turnout
Turnouts are designed with rectangular notch weir formula with the same principle as that of the division boxes.  Field canals on the same tertiary block will receive the full design discharge of the tertiary canal for irrigation hours proportional to their hectare as possible as to manage effectively and efficiently. The location of the field canal layout is located on the base map. Turnouts are provided at the ridge of the field unit to irrigate on one sides of the field as far as possible. If there is any problem during construction to fit this position, it is possible to shift either to the right or to the left, which is suitable.  The spacing of the turnout point is varied because of the actual ground site condition.
During actual operation of the scheme, the operation of the field canal shown at the remark shall be properly applied.
Design of Cross-structure
As the main canal is long and passes though villages, it was assumed that cattle and foot cross structures are required at reasonable distance. Here only four Cross-structures have been selected and designed for people and cattle crossing. The pedestrian crossing structure location shall be at the interesting position of the villages and possible to change position during construction period according to the dwellers interest. The total proposed number of foot paths is two along the right main canal. The estimated distance is 280m , 400m ,520 and 600mfor the 1st offtake.

SECTION VII-BILL OF QUANTITY, SPECIFICATION AND COST ESTIMATION
The main objective of economic analysis in irrigation project is to provide an economic basis for deciding whether or not to implement a project. And, secondly to examine select development alternative in an economic respect to determine which is the most attractive. An economic analysis is based on the benefits and costs from the point of view of the society as a whole.
COST ESTIMATION
The economic analysis of the project studies is dependent on orderly and accurate cost estimation. The type of study,whether a reconnaissance study, a feasibility study or a final design study, but the precision approach is selected, for this project cost estimation are made with a feasibility study. The total cost of the project is estimated depending on;the dimension, the take-off sheet, the bill of quantities and their corresponding unit rates. The table below shows the bill of quantities and cost of irrigation project. It includes the following: Weir body; downstream and upstream cut off/pile; Retaining walls; under sluice, off take, and turn out gates; Infrastructure/canal.
 Unit rate determination/Specification
The unit rate cost is estimated based on daily out and considering the material cost, the labor cost, the equipment cost,and adding the indirect cost. The unit rate cost includes: Soil excavation, weathered rock excavation, Backfill &compaction, Masonry work, Concrete works; Concrete(C-20), and Reinforcement, Plastering, formworks. All are determined and attached in the Excel sheets.
 Bill of quantity analysis
The cost of each item of work is to be worked out, and then adding all the cost items will give the total cost of the project.Therefore, bill of quantity includes general item cost, head work cost and irrigation infrastructure cost.





	REGION                                                         AMHARA
	 
	 
	 
	 

	ZONE                                                              W/GOJJAM
	 
	 

	WEREDA                                                            DEMBECHA
	 

	KEBELE                                                             
	 YEMEHEL
	 
	 
	 
	 

	STRUCTURE TYPE                                          BROAD CRESTED WEIR
	 
	 

	SITE NAME                                                    SHASHATYE Ⅱ
	 
	 

	COMMAND AREA                                         17 Hactar
	 
	 

	USER                                                                M=35 F=7 TOTAL 42
	 
	 

	LOCATION
	X=330109
	 
	 
	 
	 

	 
	Y=1167882
	 
	 
	 
	 

	 
	Z=2042
	 
	 
	 
	 

	
	BOQ  and specification for Shashatye Ⅱ
	

	Item No.
	Description
	Unit
	Quantity
	Rate 
	Total

	 
	A. sub structure
	 
	 
	 
	 

	1
	 Mobilization of machinery
	LS
	1
	10000
	10000

	1.1
	Demobilization of machinery
	LS
	1
	10000
	10000

	1.2
	dewatering and temporary diversion
	LS
	1
	20000
	20000

	 
	Sub Total
	 
	 
	 
	40000

	2
	 Retaining wall and wing
	 
	 
	 
	 

	2.1
	 U/S Retaining wall and wings(Left Side) 
	 
	 
	 
	 

	2.1.1
	Site clearing up to 20cm depth
	m2
	16.32
	56.70
	925.344

	2.1.2
	ordinary soil excavation
	m3
	22.85
	442.97
	10120.95

	2.1.3
	 zigba Formwork(4mX0.25m) for concrete placement 
	m2
	4.20
	800.00
	3360

	2.1.4
	mass concrete with ratioC-20 (1:2:3) 02-aggregate
	m3
	3.00
	14266.00
	42798

	2.1.5
	masonry work  with ratio1:3(65% dressed stone and 35% mortar) 
	m3
	20.00
	9036.62
	180732.4125

	2.1.6
	plastering of walls with ratio(1:2)
	m2
	25.00
	819.65
	20491.125

	2.1.7
	Backfill and Compaction 
	m3
	20.00
	425.25
	8505

	2.1.8
	Gabion works (stainless steel wire having 2.5mm thickness 1m*1m*1m shall be in the specification)
	m3
	40.00
	10000
	400000

	 
	Sub Total
	 
	 
	 
	666932.8315

	2.2
	 U/S Retaining wall and wings(right Side) 
	 
	 
	 
	 

	2.2.1
	Site clearing up to 20cm depth
	m2
	10.4
	56.70
	589.68

	2.2.2
	ordinary soil excavation
	m3
	15.60
	442.97
	6910.3125

	2.2.3
	mass concrete with ratioC-20 (1:2:3) 02-aggregate
	m3
	1.50
	14266.00
	21399

	2.2.4
	masonry work  with ratio1:3(65% dressed stone and 35% mortar) 
	m3
	20.00
	9036.62
	180732.4125

	2.2.5
	plastering of walls with ratio(1:2)
	m2
	22.50
	819.65
	18442.0125

	2.2.6
	Backfill and Compaction 
	m3
	60.00
	425.25
	25515

	 
	Sub Total
	 
	 
	 
	253588.4175

	2.3
	 D/S Retaining wall (Right Side) 
	 
	 
	 
	 

	2.3.1
	masonry work  with ratio1:3(65% dressed stone and 35% mortar) 
	m3
	3.48
	9036.62
	31447.43978

	2.3.2
	mass concrete with ratioC-20 (1:2:3) 02-aggregate
	m3
	1.50
	14266.00
	21399

	2.3.3
	plastering of walls with ratio(1:2)
	m2
	19.25
	819.65
	15778.16625

	2.3.4
	backfill and compaction
	m3
	46.80
	425.25
	19901.7

	 
	Sub Total
	 
	 
	 
	88526.30603

	2.4
	 Under sluice gate 6mm thickness sheet metal for 1.05*1.25m  double frame  Angled iron (40mm*3mm)  and installing
	ls
	1
	20000
	20000

	2.5
	 Installing  off take Canal  gate of 4mm thickness 0.45m*0.55m with 40mm*3mm double framed  and handling
	ls
	1
	10000
	10000

	2.6
	 wielding mash wire for floating material excluder with space3cm
	kg
	40
	650
	26000

	 
	Subtotal
	 
	 
	 
	56000

	3
	Canal work
	 
	 
	 
	 

	3.1
	canal support work
	 
	 
	 
	 

	3.1.1
	 bulk Excavation
	m3
	1.20
	425.25
	510.3

	3.1.2
	Masonry work  with ratio1:3(65% dressed stone and 35% mortar) 
	m3
	1.58
	9036.62
	14232.67748

	3.1.3
	plastering(1:2)
	m2
	38.00
	819.65
	31146.51

	3.1.4
	backfill and compaction
	m3
	30.24
	425.25
	12859.56

	
	Sub Total
	 
	 
	 
	58749.0475

	3.2
	New Canal work
	 
	 
	 
	 

	3.2.1
	Site clearing of brushes , shrubs and trees
	m2
	594.00
	56.70
	33679.8

	3.2.2
	 bulk Excavation
	m3
	594.00
	442.97
	263123.4375

	3.2.3
	hard core
	m3
	75.60
	474.00
	35834.4

	3.2.4
	mass concrete(1:2:3)
	m3
	37.80
	14266.00
	539254.8

	3.2.5
	Masonry work  with ratio1:3(65% dressed stone and 35% mortar) 
	m3
	100.80
	9036.62
	910891.359

	3.2.6
	plastering(1:2)
	m2
	540.00
	819.65
	442608.3

	3.2.7
	backfill and compaction
	m3
	151.20
	425.25
	64297.8

	 
	Subtotal
	 
	 
	 
	2289689.897

	4
	Downstream apron for super passage
	 
	 
	 
	 

	4.1
	Masonry work(1:3)
	m3
	38.40
	9036.62
	347006.232

	4.2
	mass concrete(1:2:3)
	m3
	4.80
	14266.00
	68476.8

	
	Subtotal
	
	
	
	415483.032

	5
	Super passage (4 times)
	 
	 
	 
	 

	5.1
	 bulk Excavation
	m3
	10.80
	442.97
	4784.0625

	5.2
	Masonry work(1:3)
	m3
	9.60
	9036.62
	86751.558

	5.3
	Reinforced concrete(1:2:3) with 20cm spacing
	m3
	9.60
	14266.00
	136953.6

	5.4
	Plastering(1:2)
	m2
	43.20
	819.65
	35408.664

	5.5
	 Iron bar  Di12mm with black wires 
	kg
	462.4
	450
	208080

	 
	Subtotal
	 
	 
	 
	471977.8845

	6
	turnouts(8)
	 
	 
	 
	 

	6.1
	 bulk Excavation
	m3
	4.50
	442.97
	1993.359375

	6.2
	Masonry work(1:3)
	m3
	2.94
	9036.62
	26567.66464

	6.3
	mass concrete(1:2:3)
	m3
	0.21
	14266.00
	2995.86

	6.3
	Plastering(1:2)
	m2
	1.7
	819.65
	1393.3965

	6.5
	 Installing Canal  gate of 3mm thickness 0.36m*0.45m with 40mm*2mm double framed  and handling
	Ls
	16
	8000
	128000

	 
	PVC pipe with diam 75mm 
	m
	12
	300
	3600

	 
	Subtotal
	 
	 
	 
	164550.2805

	 
	TOTAL
	 
	 
	 
	4505497.696

	 
	VAT (15%)
	 
	 
	 
	675824.6544

	 
	Grand total
	 
	 
	 
	5181322.35








7 Financial analysis
7.1INTRODUCTION
Financial and economic analysis was undertaken in order to assess the viability of the investment proposed for the shashatyeⅡ small scale diversion irrigation development Project. The project main components includes, namely:construction of diversion weir, irrigation infrastructure(primary canals) and drainage, O&M and cost recovery,support services for crop and livestock production and project management.
Financial analysis was undertaken to determine the likely impact of project interventions on the net farm income of smallholders. The analysis also provides an indication of the capacity of smallholders to meet future operation and maintenance (O&M) costs and the extent to which the financial benefits are sufficiently attractive to encourage the full participation of farmers in irrigation development.
The principal objective of an economic analysis is to establish whether the proposed investments are justified for the economy as a whole. On the basis of the project‟s economic costs and benefits, the following indicators of economic viability are usually determined: 
(i) economic internal rate of return (EIRR),
 (ii) net present value (NPV), and 
(iii)benefit: cost ratio (BCR).
7.2.1 Applied Methodology
The financial and economic assessment of the project is based on a comparison between agricultural net benefit flows (defined as the difference between the value of production and its cost for each crop selected in the proposed crop basket) and the cost of developing the irrigation system, post-harvest facilities and other infrastructure. The assessment was made by deriving prices, with data based on information received from the various project disciplines, as well as from compiled documents and data obtained from officials and farmers.
 7.2.2 Inputs and Out Puts
An engineer provided data on weir and irrigation infrastructure. The agronomist provided basic data such as land use,yield projections and cropping patterns. Inputs parameters were also developed from the unit requirement of seed rates, fertilizers, pesticides, labor days & oxen required for one hectare of land. The average yields of crops grown and total crop production in the “without” and “with” the project.
7.2.3 Farm Budget
Farm budget was developed from farm models by giving the inflows and outflows monetary values. In order to know the gross and net benefit of the “with” and “without” project conditions and thereby estimate gross, net and incremental net benefit, farm budget was prepared per hectare basis first and transformed to the whole area of the proposed project.
7.2.4Comparison Between “With” And “Without” Project
Prices in financial and economic analysis for both cost and benefit streams are those, which are actually received and spent by the project at the farm site commonly called “farm-get” prices .These prices were collected in and around the project area during the time of baseline survey. Constant prices are used in estimating both financial & economic costs/ benefits of the project.
In economic analysis, because of the fact that the market is distorted including by such factors as tariffs, taxes and subsidies,and quantitative restrictions, “standard conversion factor” prices are used. Thus, the financial values are converted in to economic values using appropriate standard conversion factors.
7.2.4 Prices of Inputs and Outputs
Prices in the financial analysis for both cost and benefit streams are those, which are actually received and spent by the project at the farm site commonly called “farm-get” prices .These prices were collected in and around the project area during the time of baseline survey.
7.2.5Project Period
The project life is taken to be 25 years, which is determined by the technical life of the major capital items of the proposed project.
7.2.6 Opportunity Cost of Capital
The opportunity cost of capital for financial and economic analysis is taken to be 8.5 % and 10.23% respectively,which is the value of money given for debt service by the financial institutions (Development Bank of Ethiopia) for public investment projects and the latter is taken based on information given in the National Economic Parameter published by ministry of Finance and Economic Development in 2008. The environmentalist also provides environment impact assessment costs.
7.2.7PROJECT BENEFITS
The main project interventions comprise the construction of irrigation infrastructure, Operation and Maintenance cost of the irrigation development project, adoption of irrigated cropping systems, livestock development. The benefits of these interventions are expected to be increased cropping intensity, higher crop yields, improved farm incomes and enhanced livelihoods for smallholders.
It is estimated that improved irrigation infrastructure will benefit a net irrigated area of 17.6hectares within the shashatyeⅡ diversion small scale irrigation development project area with double cropping season.
7.2.8 Crop Production
following the construction of irrigation infrastructures, as well as the provision agricultural support services, the cropping intensity is expected to rise to 200%. There will also be greater emphasis given to the production of Wheat and Maize in wet season. Onion, cabbage, Tomato and Barley would be produced in dry season.
	Crop
	 Cropped 
	Yield
	Prodn
	
	 Cropped 
	Yield
	Prodn

	 
	 Area (ha) 
	 
	 
	
	 Area (ha) 
	            1 
	            2 
	3
	            1 
	            2 
	            3 

	Wet Season

	Maize
	    759.00 
	     40.00 
	30360
	
	    759.00 
	     40.00 
	     42.00 
	     44.00 
	30360.0
	31878.0
	33,396

	wheat
	    318.00 
	     46.00 
	14628
	
	    318.00 
	35
	36
	40
	11130.0
	11448.0
	12,720

	Teff
	     64.00 
	     15.00 
	960
	
	     64.00 
	     15.00 
	     15.00 
	     16.00 
	960.0
	960.0
	1,024

	small millet
	    132.00 
	     32.00 
	4224
	
	    132.00 
	32
	35
	37
	4224.0
	4620.0
	4,884

	haricot bean
	    150.00 
	     25.00 
	3750
	
	    150.00 
	17
	17
	18
	2550.0
	2550.0
	2,700

	dry season

	pepper
	     10.00 
	     12.00 
	         120.00 
	
	     10.00 
	10
	12
	13
	100.0
	120.0
	130.0

	potato
	     15.00 
	    110.00 
	      1,650.00 
	
	     15.00 
	100
	110
	115
	1500.0
	1650.0
	1725.0

	tomato
	     10.00 
	    162.00 
	      1,620.00 
	
	     10.00 
	160
	162
	163
	1600.0
	1620.0
	1630.0

	onion
	    100.00 
	    123.00 
	    12,300.00 
	
	    100.00 
	120
	123
	125
	12000.0
	12300.0
	12500.0

	cabbage
	    100.00 
	    143.00 
	    14,300.00 
	
	    100.00 
	140
	143
	143
	14000.0
	14300.0
	14300.0

	banana
	     15.00 
	    255.00 
	      3,825.00 
	
	     15.00 
	250
	255
	257
	3750.0
	3825.0
	3855.0

	avocado
	     10.00 
	    122.00 
	      1,220.00 
	
	     10.00 
	120
	122
	124
	1200.0
	1220.0
	1240.0

	mango
	     20.00 
	     82.00 
	      1,640.00 
	
	     20.00 
	80
	82
	84
	1600.0
	1640.0
	1680.0

	zeytuna
	     25.00 
	    112.00 
	      2,800.00 
	
	     25.00 
	110
	112
	115
	2750.0
	2800.0
	2875.0

	Total
	 
	 
	 39475
	 
	 
	 
	 
	 
	 
	 
	 39935



With regard to volume of production in shashatyeⅡ diversion irrigation Project in 17.6 ha of cultivated land in two seasons, it is anticipated that the present production of different crops excluding stalks and byproducts of crops as shown in the above table would rise from 39,475 to 39,935 quintals/year due to this intervention. Consequently the present gross income from crop production including income from crop product would rise from 17,862217 To
54,443,808 ETB /year at full development stage. The anticipated increase in the level of production for the various crops is 163,817,147.5/year incremental. This increase in overall crop production within the project area will lead to a substantial improvement in net farm
incomes of smallholders. It should be also noted that there will be an increase in income and employment opportunities resulting from an expansion of processing, transport and marketing of crops and ropy-products.
7.2.9 Investment Costs
Investment costs for the intended small scale irrigation project includes, for study and design, construction of headwork and, irrigation infrastructures, environmental costs management& construction supervision costs as shown below in the table

	Item No
	Activity Description
	Estimated life
	Qty/rate
	Estimated cost
	Est. rate of O&M cost
	Total annual O&M Cost 

	
	
	
	
	Total Cost
	Local
	Foreign
	
	

	1
	Study and Design
	30
	0
	               10,000.00 
	                     10,000.00 
	          -   
	               -   
	                           -   

	2
	General Items
	30
	0
	            120,000.00 
	                  120,000.00 
	          -   
	               -   
	                           -   

	3
	Head Work
	30
	0
	1,271,406.00
	              1,271,406.00 
	          -   
	5%
	          63,570.30 

	4
	Irrigation Infrastructure
	30
	0
	1691018
	              1,691,018.00 
	          -   
	5%
	          84,550.90 

	5
	Motorcycles
	10
	1
	               30,000.00 
	                     30,000.00 
	          -   
	5%
	            1,500.00 

	 
	Sub Total
	0
	0
	     3,122,424.00 
	           3,122,424.00 
	          -   
	 
	    149,621.20 

	 
	Management & Construction Supervision
	%
	10%
	            312,242.40 
	                  312,242.40 
	          -   
	 
	 

	 
	EIA
	20
	0%
	24000
	 
	 
	 
	 

	 
	Sub Total
	0
	0
	        3,458,666.40 
	           3,434,666.40 
	          -   
	 
	 

	 
	Physical Contingency
	%
	10%
	            345,866.64 
	                  343,466.64 
	          -   
	 
	 

	 
	VAT
	%
	15%
	            518,799.96 
	                  518,799.96 
	          -   
	 
	 

	 
	Total
	0
	0
	        4,323,333.00 
	              4,296,933.00 
	          -   
	 
	 



	
7.2.10 Operation and Maintenance Cost
Irrigation project expected to wear and tear out and maintenance required ensuring sustainable operation of the system. This includes replacement cost for purchase and changing major irrigation equipment. Operation cost is the other cost intended for operation and running project as stipulated in project plan and this cost includes farmers and experts/staffs training as capacity building and other running cost. Training cost is assumed for the first two years as capacity building. Maintenance cost in most project analysis assumes 2% of investment cost and this project considered 2%of investment cost of irrigation infrastructure as maintenance cost.
[bookmark: _Hlk57510498][bookmark: _Hlk57510573]7.2.11Farm Budget Analysis and Cost Recovery
Farm budget analysis was undertaken to determine the impact of the project interventions on farm income and the extent to which farmers would be willing to participate in, and benefit from, project activities. A farm budget was prepared based on crop budget on a hectare of land and transformed to the whole farm basis. This farm budget was based on the crop budgets and cropping patterns derived from information on crop areas, crop yields, input use,labor/machinery requirements, farm tools and input/output prices collected from various sources.the farm budget were calculated and then applied to the respective financial crop gross margins in order to derive the likely net returns to farmers in the “Without” and “With” project situations.
In the “With” project situation, the annual expenditure required for operation and maintenance of the irrigation system was estimated at ETB    29,924.24 ha. This includes: Operating & maintenance costs of the weir, irrigation infrastructure, environmental mitigation costs, operating costs of farming systems(farm tools, inputs,) of the project.
The incremental net farm income was then calculated and these estimates provided an indication of the financial viability of project interventions from the farmers‟ perspective.
Results found from the above table, it is evident that there are likely to be significant increases in net farm income.Comparing the existing and the project situations, net farm income is expected to increase from ETB   3,409,685.97 to    66,916,364.71 ETB /year. This increase is important because many rural households will depend upon the production from these irrigation plots for their food security as well as their household cash income.





	Farm Type
	Net Farm Income/year (ETB)
	

	Without Project
	With out Project
	With Project

	Excluding O&M Fees 
	Including
O&M Fees
	

	Whole Farm (17.6ha) 
	1,029,406 
	
	3,296,130,622


	
On the basis of the farm budget analysis, the farmers‟ capacity to meet annual O&M was then determined. With respect to capital cost recovery, the farmers could recover a proportion of capital costs required for the proposed irrigation structure works by charging an annual levy over a period of 50 years. The proportion of capital cost that could be realistically recovered from farmers (based on ability to pay), and the annual level which would need to be charged, will be determined when the capital investment required for the infrastructure is made available.
7.2.12 Discounted Measure of the Project/expense for seed fertilizer
Financial net present value (FNPV), financial internal rate of return (FIRR), and B/C ratio as well as economic net present value (ENPV), economic internal rate of return (EIRR) are used to determine the financial and economic viability of the proposed project, respectively. The FNPV/ENPV measures the attractiveness of a project and the decision criteria is to accept all projects where FNPV/ ENPV are positive when discounted at the opportunity cost of capital. The FNPV/ ENPV earns back all the capital and operating costs expended upon it and pay a given percent for the use of the money in the meantime. The selection criteria are to accept all projects with FIRR/EIRR greater than the opportunity cost of capital. Benefit –Cost ratio (B/C ratio) is defined as the ratio of the present worth of benefits to the present worth of costs. The selection criteria in financial and economic B/C ratio are accepting all projects where the B/C ratio is one or more discounted at the opportunity cost of capital.
By discounting the benefits (B) and costs (C) individually the criterion becomes that the discounted benefits should exceed the discounted costs.
Mathematically;
NPV=
Where; B t =Benefit at year t 
Ct = Cost at year t 
r, Discount rate
And as stated above in order to accept the project the following conditions must be fulfilled.
B> NPV=B-C>0
The other investment criterion is that the IRR should be greater than the discount rate i.e. R>r Symbolically, it may be represented as follows.
V=∑ Where the interest rate R for which the net present value of the project is zero.
For the project to be accepted „positive NPV‟ and „IRR greater than the discount rate‟ and „discounted benefits greater than discounted costs‟ are equivalent and for a single project the following relationship holds true
When NPV>0 then R>r and B=C
When NPV =0 then R=r and B=C
When NPV<0 then R<r and B<C C
[bookmark: _Hlk57510277]7.3 Financial and economic Viability Analysis
7.3.1 Financial Analysis
Financial analysis was undertaken to determine the likely impact of project interventions on the net farm income of smallholders. The analysis also provides an indication of the capacity of smallholders to meet future operation and maintenance (O&M) costs and the extent to which the financial benefits are sufficiently attractive to encourage the full participation of farmers in irrigation development.
7.3.2Financial Analysis Results
The financial analysis was carried out after developing all the available assumptions, parameters, including guidelines. The magnitude of the returns will also reflect the extent of incentive for the farmers.
The financial analysis results are presented Using NPV criteria, the project earns a Net Present Value of ETB    94,881,968.77 that is, since the NPV is positive, the project recommended for implementation. As the result shown in the table, using the IRR criteria, the project earns 473.90% more than the opportunity cost of capital, indicating the viability of the project. Based on the B/C ratio criterion, the project is viable and attractive to implement because for every 1 Birr invested the farmers will earn additional  3.02 Birr.
Summary of Financial Viability Results
	parameter‟s 
	unit 
	Result 
	Feasibility

	ENPV 
	ETB 
	        94,881,968.77 

	Accepted

	EIRR 
	Percent 
	473.90%

	Accepted

	EBCR 
	ratio 
	                           3.02 

	Accepted


[bookmark: _Hlk57510362]Looking the overall performance of the project based on the simultaneous use of the selection criteria of discounted measures of project worth, the project is highly worth implementing. Since Benefit/cost ratio is greater than 1 the project is economically feasible, which is 3.02.

8 CONCLUSION & RECOMMENDATION
8.1 Conclusion
shashatyeⅡ diversion irrigation project is located in Amharic region, west gojam zone dembecha Wereda, yemehel Kebele. The command area is near to the head work site and the diversion irrigation project is planned to irrigate approximately17.6 ha including first and second phase of irrigation.
The Head work is made of masonry work including weir body, apron with the thickness of 20cm capping in concrete.
The total project cost estimation including VAT has been   5181322.35 birr.
Generally, the design and implementation of shashatyeⅡ small scale irrigation project will enhance the living standards of the beneficiaries by increasing their productivity as the hole.


8.2Recommendation
The following recommendations are drawn in the study
Access road (earth work) is left for the beneficiaries. Therefore costs due to these works are not considered in the bill of quantities.
During construction, water diversion system (Coffer dam) has to be done by side to side of the river bank. Since the head work bank is not suitable to divert the water until the structure have been complete, construct the head work either left side or right side and under sluice outlet up to the head regulator with surrounding retaining walls. Then, divert the water to the under sluice channel and construct the remaining weir body. As much as possible don‟t try to work in rainy seasons as there is excess run off to the river.
The farmers/users should be covered 10% of the project cost; however the users will not actively participate during the construction time.so, you should facilitate the farmers to participate actively to recover10% of the project cost
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Table 8: Recommended Runoff Coefficient C for rural catchment

Factor Description ‘Runoff coefficient
3.5% Flat 0.05
3.5% - 10% Soft to moderate 0.1
Cs | Average slope of catchment | 10% - 23% Rolling 015
o - 02
> Mountainous 025
Well drained soil e.g_ sand and gravel 0.05
Fair dramed soil e g sand and gravel with | 0.1
Cp | Pemmestily ofsoi Poorly drained soil e.g.silt 015
Tmpervious soil g clay, organic siltsand | 0.25
Water logged black cotton soil 05
Rock 04
Dense forestthick bush 0.05
Sparse forest/dense grass. 01
o Grassland/scrub 0.15
Cultivation 02
Space grassland 025
Barren 03

C=Cs+CprCv
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