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SALIENT FEATURES OF THE PROJECT

	Project name
	Robe Welteyi  SSI project

	Region/Zone/District
	Oromia/Arsi/Lemu & Bilbilo

	P.A/Village
	Welteyi Nega (Robe Gerjeda)

	Location coordinates
	70 10’ N latitude and 390 26’ E longitudes

	Average altitude in the command
	2300m.a.s.l

	Mean annual rain fall
	1265mm (Asasa)

	Net irrigable area
	50ha

	Water source
	Wabe Shebele River 

	Base flow/Peak flow
	100 lit/sec / 345 m3/sec

	Water shed basin/ Area
	Wabe /   km2

	Beneficiary households/ Total Population
	100/600

	Water duty/Unit flow
	2 l/s/ha, 3.8 l/s 

	Proposed crops In dry season
	-Carrot, Beet root, Garlic, kale, Potato,  Cabbage

	Major activities
	-Camping              
-Pump house
-pipe, pump, motor maintenance &transformer installation                          
-Irrigation structures :
-Guide Wall               –Suction pool
-Approach Cana l      –Delivery Pool
-Irrigation canals

	Length of main pipe line
	1200m

	No/ length of main canal/Q
	1 / 900m/100 l/s   

	No/ length of secondary canal
	1/940m

	No/ length of tertiary canal
	15/150-200m

	Flow/control in the system
	Continuous/Rotational

	Pump & Accessories
	WHP=65hp
Actual BHP=160hp=120kw
WHP=65hp
Total pressure head=62m
Suction pipe size=11” Steel pipe
Delivery pipe size=10” UPVC PN16

	Total irrigation structures
	-Drops (25) & Turnout (15)

	Total project cost
	8,146,139.10 ETB

	Cost per ha
	162,923.00 ETB

	IRR/BCR/NPV
	89%/1.74/9,733,399.09 ETB
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[bookmark: _Toc463550434]Executive Summary
R

obe Welteyi Small Scale Pump Irrigation Project is proposed based on community need assessment. The communities in the project area do have rain fall shortage. The project is located in Lemu and Bilbilo district of Arsi Zone. 

The beneficiaries of this proposed scheme are members of Walteyi Nega peasant Association (Kebele). 

The main project activities include pump and Electric Motor installation. It requires constructing of permanent simple intake guide wall, approach canal excavation, suction pool excavation, installation of deliver pipe line, construction of main canal & other irrigation facilities. About 50ha of land is considered to be under the project part. The source of water for irrigation is Wabe Shebele River which is one of the tributaries Wabe basins. 

The project costs about 8,146,139.10EBirr in which the benefiting families contribute (315,295.00E Birr) 3.87% of total project cost either in terms of provision of free labor, cash or in kind (supply of local construction material).

Assuming the project life to be about 20 years, it was tried to determine the profitability of the project using discounted measures of project worth. Accordingly the FNPV of the project is about Birr 9,733,399.09 the FIRR of the project was determined to be about 89% & the FCBR is about 1.74.

Based on these discounted measures of project worthiness the project can be recommended for implementation.






[bookmark: _Toc463550435] INTRODUCTION

The regional state of Oromia has give high priority to Irrigation development in the drought prone areas of the region, so as to achieve self-sufficiency in food and means of income generating for the peasants by this to eradicate poverty. 

Robe Welteyi Small-scale pump irrigation project is located latitude 070 10' N and longitude 390 26' E in Arsi Zone  Lemu & Bilbilo district at the d/s of the Melka Wakena Hydro electric power Dam. The area is medium high land, with erratic rainfall distribution. The need for irrigation at that area is unquestionable and is a key element to increase agricultural production over the area.

The Arsi zone Water, Mineral and Energy office has conducted a detail study in Robe Welteyi Small Scale Pump Irrigation project.

In this document the following disciplines are dealt so as to evaluate the feasibility of the project, Community, Agronomy, Soil, Watershed management, Environmental Impact Assessment, Topography survey, Geology, Hydrology, Socio-Economic study and Financial analysis. 
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1. [bookmark: _Toc226440551][bookmark: _Toc463550436]SOCIO – ECONOMY

1. Introduction

[bookmark: _Toc463550437]1.1. Back ground of the project Study
Lemmu & Bilbillo woreda with an area of 1200.02 Km2 or 120,002 hectares located in Oromia Region, Arsi Zone with shares boundary lines of Four intervention woredas, i.e., Digelu & Tijo woreda in the North, Gedeb Asasa in the South, Shirka in the East and Munessa woreda in the West, undulating plane, high mountains like, Galema, Honkolo and Kakka relatively down and up hills characterizes the district.

The ecological division of the project area is sub tropical. The average altitude of the area is 2300 m. a. s .l. The rainfall pattern is bi-modal and almost all parts of the area receive low to high rainfall during the main rainy season called summer. The main rainy season begins in June and prolonged to September.  The short rainy season under normal condition, starts in February and extends to April. The annual rainfall is 1265 mm. Annual mean temperature ranges from 7.5 - 21.6 co. 

Significant target population Welteyi Negeya depends on subsistence agriculture and animal husbandry which is significant source of income for their livelihood.  Crop production is the major agricultural activity and almost all is rain fed. The major crops produced are cereals followed by oil seeds and pulses in terms of their importance.  Wabe River which is used for Melka Wakena hydro electric power plant is the proposed River for modern irrigation. There are promising command areas which found along the river side. However, there is no perennial rivers in the area except Wabe River which is used for Melka Wakena hydro electric power plant, due to these problems no irrigation potential in the PA level and Only small area of land that is 3 hectares cultivated by irrigation to produce different vegetables dominantly by Onion, potato, Tomato and Chillies from different springs outside of project area.
The main problems of agriculture in this area is, the traditional farming system that relies on rain fed agricultural production which are currently being used to prove erratic rain fall distribution to bring the production to level that could full fill the house hold food requirements and the technological backwardness coupled with the dependency on rain fall agriculture mainly production of food crops which has made the life of farmers venerable. So, Modern irrigation system in the area is a must since there is enough extra water out flow from Robe Welteyi hydro electric power plant.

[bookmark: _Toc463550438]1.2. Objectives of the Project Study

[bookmark: _Toc463550439]1.2.1 General objectives
The project is aimed at contributing in strategy of securing food at Regional level and house hold food self-sufficiency specifically in the project area.   In doing so dependency on rain fed crop production would be reduced to some extent.  In general year round production system by minimizing dependency on rainfall pattern is the main objective of Robe Welteyi small scale irrigation project. About 100 households together with their families could directly benefit from this project.  About 50 hectares of land is estimated to be targeted for crop production mainly better income generating crops, which can minimize sale of grains at low price during the harvesting time. 

[bookmark: _Toc463550440]1.2.2 Specific objectives  
The following can be also specific objectives as a result of the detail study of this project and the implementation of this project:-
· To describe the existing socio-economic condition of the community in the area.
· To assess the main economic basis of the area.
· To identify major development potentials, problems and constraints of the target groups.
· To improve the dietary habit and nutritional status of the targeted groups.
· To avail fresh fruits and vegetables at affordable   prices in the local market.
· To increase the cash earning capacity of the participants and their purchasing power.
· Provision of employment opportunities for the increasing number of unemployed and under employed rural labour. 
· To see the viability of the project area & finally, to recommend possible intervention measures.

[bookmark: _Toc463550441]1.3. Approach & Methodology of Study
The methodologies which were used during the detail study were PRA approach, both primary and secondary data information for this specific project, which includes:-
· Field observation.
· Carry out personal interview using unstructured questionnaires.
· Collecting secondary data from different offices.
· Review of available relevant document.
· Market survey regarding supply and demand for crops in the nearby markets.
· Discussions with farmers and development agents.
· Briefings to woreda agricultural and water resource offices on the objectives of the project. 
1.4. [bookmark: _Toc463550442]Administrative Structure or Location of the project

Robe Welteyi irrigation project is found in Oromia Regional State, Arsi Zone, Lemmu and Bilbillo district, Welteyi Negeya PA of which at 56km from Bokoji town and 112km from Assela Zonal town. Geographically, the project site is found at latitude of 7010’N, longitude of 39026’E and the average elevation at the site is 2300 m.a.s.l.

Lemmu & Bilbillo district has an area of 1200.2 km2 which is located in Central Oromia Region, Arsi Zone with shares boundary lines of four intervention districts i.e. Digelu & Tijo woreda in the North, Gedeb Asasa in the South, Shirka in the East and Munessa Woreda in the West, Undulating plane, high mountains like Galema, Honkolo and Kakka relatively down and up hills characterizes the district.







[bookmark: _Toc463550443]2. Socio-Economic Profile of the project area

[bookmark: _Toc463550444]2.1. Head work & command area Location

The head work of this Robe Welteyi project is found at Melka Wakana Hydro electric power plant near Robe small local town at specific site called Alentu. The system proposed is pump irrigation from Wabe River. All the proposed command areas are found in Welteyi Negeya   peasant Association. The total proposed command areas are about 50 hectares with the total of 100 beneficiaries HH.

[bookmark: _Toc463550445]2.2. Project Beneficiaries
   According to the data collected from Welteyi Negeya PA, the total populations of the project area PA are approximately 5,000, from which 2,400 are males and 2,600 are females. The beneficiary households of the intended irrigation project are 100farmers. 

[bookmark: _Toc463550446]2.3. The Population Distribution of the project area

The community in the project area is not living in group as that of urban. But as elsewhere rural communities, they are living in clustered pattern within and outside of the command area. In the case of Robe Welteyi irrigation project the majority of the communities live outside of the command area. The population growth rate is very fast as other part of the country. There are no migrations of the communities from the project area since there are no bad drought and disasters.

[bookmark: _Toc463550447]2.3.1 Demographic composition 

   According to the data collected from Welteyi Negeya PA, the total populations of the project area PA are 5,000, from which 2,400 are males and 2,600 are females. The beneficiary households of the intended irrigation project are 100farmers. 








Table 1- Shows the beneficiary HHS age and sex composition 
	Age group
	Sex composition

	
	Male
	Female
	Total

	0-5 years
	-
	-
	-

	6-15 years
	-
	-
	-

	16 -59 years
	70
	20
	90

	> 60 years
	10
	-
	10

	Total
	80
	20
	100


Source: -  Welteyi Negeya PA Office

[bookmark: _Toc463550448]2.4. The households’ characteristics in the project area
The majorities of the population living in the Peasant Association area are ethnically Oromo’s and speak “A fan Oromo” and certain amounts of other nationalities also live there.  But they are very few   in number as compared to Oromo people.

The dwellers of the project area culturally about 90 % of the beneficiaries are followers of Muslim religion and about 9 % are the followers of Orthodox religion and the rest 1% are the followers of the other religion. Regarding the feeding habits, they use the major staple crops in the area, especially Wheat and Barley.  The two staple crops are the most crucial crops for making cultural food called “Injera”.

The average family size per/HH in the project area is 7 (seven). Most of households’ labors in the project area are active labor forces which are supported by family labor.







[bookmark: _Toc463550449]3. Resource ownership of the project area beneficiaries

[bookmark: _Toc463550450]3.1. Land access & existing management

[bookmark: _Toc463550451] 3.1.1. Land use

Out of the total area, the cultivated lands of the project area (PA) represent about 68 %.  The average land holding size per house hold is about 2 hectares. But since land is not properly distributed, actual land holding size ranges from 0 to 7 hectares per house hold.  The detail land use pattern of the woreda and the project area shows on the following table,

Table- 2 Land use pattern
	No
	Land use pattern 
	Woreda
	PA
	Remark

	
	
	Lemmu & Bilbilo
	Welteyi Negeya
	

	
	
	Ha
	%
	Ha
	%
	

	1
	Cultivated land 
	18400
	15
	5331
	68
	

	2
	Grazing land
	9672
	8
	1500
	19
	

	3
	Forest land
	4787.17
	4
	50
	1
	

	4
	Potential land 
	69622
	58
	-
	-
	

	5
	Others
	17521
	15
	920
	12
	

	
	Total
	120002.17
	100
	7801
	100
	


Source: - Woreda Agric. Office and PA Office.

[bookmark: _Toc463550452]3.1.2. Land tenure
The existing land policy in the country favors tenure security for the peasantry.  But, others opponents oppose this idea saying that there should be owner ship right.  According to the government land should not subject at sale and long term mortgaging, because this condition can aggravate the loose of land by poor farmers and accumulation of land by few rural urban migration can be an out come together with other Social problems.  The land tenure system in the project is similar to that of in the other part of the nation.  No land redistribution has been exercised since the 1975 rural land reform.  Actually a lots of land transfer has been made in the area.  A father has to share his holding for his elder son who has no other job opportunities.



The beneficiary aware about the Oromia rural land policy, which is recently proclaimed also, asserts that there is no need of redistribution except that of irrigation land.  A family is expected to have not more than 0.5 hectares of irrigable land.

[bookmark: _Toc463550453]3.2. Housing of Beneficiaries in the project area

Most of the housing systems of the beneficiaries around the project area are Iron roofed houses which have electric supplies & however, some beneficiary households have grass roofed houses with the absence of modern sewerage systems.

[bookmark: _Toc463550454]3.3. Economic Base and Occupation in the project area

Significant target population, Robe welteyi irrigation beneficiaries depend on subsistence agriculture and animal husbandry which is significant source of income for their livelihood.  Crop production is the major agricultural activity and almost all is rain fed. The major crops produced are cereals followed by oil seeds and pulses in terms of their importance

The main problem is, the traditional farming system that relies on rain fed agricultural production which are currently being used to bring the production to levels that could full fill the house hold food requirements and the technological backwardness coupled with the dependency on rain fall agriculture mainly production of food crops  that has made the life of farmers venerable. Despite based up on the bottom out let flow of hydro  electric power plant Dam of the water resource the farmers are requesting Modern irrigation in the area. For the reason adopting modern irrigation system is a must 

[bookmark: _Toc463550455]3.3.1. Crop production
Oxen ploughing are the common tillage practice in the project area. The cereal crops produced in the area are Wheat & Barely respectively. Next to cereal crops, the area is known for its oil seed production. These are Lin seed and Rapeseed.  As to the pulse crop, Haricot bean and field pea are produced. The production period is dominantly “Meher” season. Even though some Cereals and vegetable crops like Barely, Teff, Potato, cabbage, Chillies, Maize and carrot are produced at small scale in ‘’Belg’’ season, all the production activities undertaken in the project area are dominantly rain fed. Wheat and Barley is the major cereal crop that is being produced by the farmers of the area as a stable food and cash crop. But due to moisture stress during flowering fruit setting stage, rust and lack of pesticides and improved seed are contributing for low yield reduction.

Table -3 Existing cropping pattern on rain fed
	No
	Crop type
	Woreda
	PA
	Project area

	
	
	Lemmu &Bilbillo
	Welteyi Negeya
	Welteyi Negeya

	
	
	Area ha
	Yield Qt/ha
	%
	Area ha
	Yield Qt/ha
	%
	Area ha
	Yield Qt/ha
	%

	I
	Rain fed

	1
	Wheat
	22869
	18
	37
	3408
	20
	67
	-
	-
	-

	2
	Barely
	22234
	23
	36
	735
	18
	14
	-
	-
	-

	3
	 H/ Bean
	2400
	14.5
	4
	30
	10
	0.6
	-
	-
	-

	4
	Field pea
	1652
	12
	3
	18
	10
	0.4
	-
	-
	-

	5
	Linseed
	531
	12
	1
	850
	6
	17
	-
	-
	-

	6
	Rapeseed
	9479
	14
	15
	20
	7
	0.4
	-
	-
	-

	7
	Teff
	2500
	10
	4
	50
	8
	0.6
	-
	-
	-

	8
	Maize
	251
	35
	0.4
	-
	-
	-
	-
	-
	-

	9
	Oat
	16
	16
	0.03
	-
	-
	-
	-
	-
	-

	II
	Vegetables
	

	10
	Potato
	436.9
	87
	0.7
	0.5
	270
	17
	     -
	      -
	 -    

	11
	Head Cabbage
	18.7
	120
	0.03
	-
	-
	-
	-
	-
	-

	12
	Beet Root
	16
	110
	0.03
	0.5
	150
	17
	-
	-
	-

	13
	Carrot
	20.8
	70
	0.03
	-
	-
	-
	-
	-
	-

	14
	Kale
	39.5
	70
	0.06
	0.5
	120
	17
	-
	-
	-

	15
	Shallot
	28
	110
	0.04
	-
	-
	-
	-
	-
	-

	16
	Onion
	12
	120
	0.02
	1.0
	180
	32
	-
	-
	-

	17
	Garlic
	30
	30
	0.05
	0.5
	25
	17
	-
	-
	-

	
	Total
	62533.9
	51.3
	100
	5114
	69
	100
	-
	-
	-


Source: - Woreda Agric. Office & PA DA Office.

According to the households survey the yield of production and productivity of crops were very low.  The following reasons are the major constraints and problems identified with regard to low crop production:-
· As a result of increase in population, there is a shortage of farm land.
· Lack of traction animals.
· Crops pests, diseases and wildlife problems.
· Low inputs usage due to its higher prices or weak economic conditions of farmers to purchases inputs at prevailing market price.
· The use of traditional way of farming tools style under existing farming practices.

[bookmark: _Toc463550456] 3.3.2 Crop Diseases

Crop diseases and pests found in the project area are Rust, shoot fly, cut worm, Aphids and other soil born diseases.  Bermuda grass, wild oats and broad leaf weeds also contribute for yield reduction.
[bookmark: _Toc463550457]3.3.3. Livestock production
Since, the significant target area being on semi arid or dry sub tropical the population of the area, experiences livestock raring as main economic activity next to crop production. In such an economy livestock provides as traction power for agricultural activities and also used as a means of transportation and even as an asset to be drawn in case of emergency.  Moreover, livestock can be used as source of food for the family. Due to all the above mentioned reasons; farmers are too much interesting to have large number of livestock especially on district level even though grazing area is a limited factor.

The average livestock holding is 4 heads per house hold in the district.  Although the number of livestock population is very high, the productivity of this economic sub-sector is very low.  Most of the cattle heads are indigenous breeds. Decrease in the size of grazing land, inadequate feed supply, undeveloped veterinary clinic, poor market facilities, prevalence of diseases like Anthrax and Blackleg rarely, Internal and External parasites, especially thick on shouts, equines and bovines are the major controlling factors in livestock production. To alleviate the above mentioned problems, the livestock extension services available to the community should be encouraged strongly. The feed source of livestock in the area is crop residues, cut & carry, grazing pasture and industrial bi-products especially for fattening programme. The grazing arrangement among farmers is free grazing. The livestock populations of the PA and in the district are shown in the table below.



Table-4 Livestock population

	No
	Type
	District
	PA
	Remark

	
	
	Quantity/No
	%
	Quantity/No
	%
	

	1
	Bovine/cattle’s
	286,518
	34
	17601
	49
	

	2
	Shouts/sheep & Goat
	366,265
	43
	8053
	23
	

	3
	Equines/Horse Donkey
	123348
	15
	3912
	11
	

	4
	Poultry
	70244
	8
	6129
	17
	

	
	Total
	846735
	100
	35695
	100
	



3.3.3.1 Animal Health post
There is one animal health post in the proposed project area.  There are three types of animal health posts in the district. The three types of animal health posts in the district have different capacities.

3.3.3.2 Grazing land 
There is no area of land that is used as communal grazing land. From the visual observation, the proposed project will not have negative impact on the live stock production system in the area because almost all the irrigable land was used as a crop producing area, not as grazing land.  The proposed irrigation project will rather help in alleviating the feed shortage by using the by -products of irrigated crops during the dry seasons. In general, during personal interview animal husbandry was suffering from various problems.  Some of these problems are:- 

· Feed shortage because almost all of the land area is under tillage.
· Livestock diseases, such as: - Anthrax, Blackleg etc... 
· Lack of awareness, i.e. peasants is interested in the number of livestock not in the productivity per head (productivity in quality).




[bookmark: _Toc463550458]3.3.4. Off farm income & none farm income

In addition to crop production and livestock husbandry the project area communities’ use off farm activities & none farm incomes like, pity trade in the project area.

[bookmark: _Toc463550459]3.4. Farm Equipment & Transportation Services

The beneficiary households around the project area use modern farming equipments and traditional farming equipments like hand tools for ploughing their farm lands and with the help of oxen. Some farmers do not use modern farming system in spite of their weak economy.

Even though, the road from Bokoji to Robe is accessible through Robe Welteyi command area, most of farmers around the project area use horse, mule & donkey for transportation purpose rather than four wheel vehicles from Robe local town to Bokoji 56km away from the project area.





















[bookmark: _Toc463550460]4. Social Services in the project area

[bookmark: _Toc463550461]4.1. Health services

There is a health service, i.e. Health clinic at Welteyi Negeya PA particularly in Robe small local town and more ever, different health services are found at Meraro, & Bokoji town 37 & 56km away from the project site respectively. For further treatment the beneficiary communities are referred to Asella Hospital, which is located about 112Km away from the project site. According to information gathered from the community during study the project site is exposed to certain diseases such as:-
· Respiratory diseases
· Bronco – pneumonia
· Water born intestinal disease (parasite) 
· Wounds
· Diarrhea
· Gastritis and 
· Common –cold

Table- 5 Health situations of the district and PA
	
No
	
Categories
	District
	PA

	
	
	Quantity
	Beneficiary
	Quantity
	Beneficiary

	1
	Health center
	1
	38000
	1
	1000

	2
	Health station
	3
	60000
	1
	10000

	3
	Health post
	10
	65000
	1
	15000


 Source: - L/Bilbilo District health office

Therefore, the implementation of this Robe Welteyi small scale irrigation project will be expected to support the community in the area economically for income generating.  So that, the rural community in the area will in a position to reduce certain health problems.



[bookmark: _Toc463550462]4.2. Water Supply services 

Some of the communities in the proposed project area are forced to drink clean potable water from Wabe River, particularly communities which live in Robe small town.  So the communities around the proposed project area have no great problem access to potable water. This will make the community free from water borne parasites and other related diseases. In addition, there are different types of water schemes constructed within the district that supplies potable water for some community out of the proposed project peasant association. These different types of water schemes are: hand pump, spring protected and Bore holes. 

However, some farmers who are far apart from Robe local town are in shortage potable water supply. Hence, the water service giving body should give attention to the potable water for rural community in the project area in order to reduce water borne diseases.

Table -6 shows the details of the water situation in the district and PA
	
No.
	
Category of scheme 
	District
	PA

	
	
	Quantity
	Beneficiary
	Quantity
	Beneficiary

	1
	Hand pump
	2
	3000
	-
	-

	2
	Spring protected
	10
	30000
	-
	-

	3
	Bore holes
	1
	5000
	-
	-

	4
	Dam
	1
	6500
	-
	-


Source: - L/Bilbillo District WMEO office

[bookmark: _Toc463550463]4.3. Education services

There is one junior elementary school Robe Gerjeda (1-8) and one high school Kersa Woshentu (9-10) in the project site peasant association at Robe small town.

According to information that was taken from concerned body during study a good attention towards education of the proposed project area children are seen.  That means the participation of school aged children is considerably more.  However, there are some factors which affect the participation of children to school, such as:-  

· Traditional and cultural influences specially female children.
· Low income of  their families and 
· Lack of awareness of some families about the benefit of education, especially female students.
From secondary data gathered from woreda education office, out of the school aged children more than 85% has been attending their education in the district. 

Table-7 shows total number of schools in the district and PA
	
No
	
Types of school
	Number of schools

	
	
	District
	PA

	1
	Elementary school (1-4)
	10
	-

	2
	Junior Elementary school (1-8)
	18
	1

	3
	High school (9 -12)
	1
	1

	
	Total
	29
	2


Source: - L/Bilbilo Education Office

[bookmark: _Toc463550464]4.4. Road Accessibility

The project site is accessible at a distance of 56 km from Bokoji town which is the capital town of the district towards South-east direction. The project is found on the main gravel road from Bokoji to Robe small town.  There are about three potential markets near the project area, namely:- Asella, 112km away from the project site, Bokoji,56 km away from the project site, and Sagure 87km away from the project site. In addition to these potential markets there are small local markets near the project area, such as: - Meraro, Sirba, and Bobisa. The communities around the project site should go to Bokoji woreda town 56Km away from the command area on their foot, pack animals and four wheel vehicles for marketing as well as to get better social service facilities.

[bookmark: _Toc463550465]4.5. Electricity and Telephone Services in the project area

There are electricity and telephone services in the project area and in the PA at all. So, most of farmers in project area can use mobile phone since there is mobile service in the project area.



[bookmark: _Toc463550466]5. Institutional assessment & project implementation arrangement in the project area

[bookmark: _Toc463550467]5.1. Irrigation Experience

No Intensive irrigation practices are going on along the tributaries of Wabe River. However, there are small farm plots under taken by the springs found on Welteyi Negeya PA. The totals of 12 households are cultivating about 3 hectares of land. The major vegetable crops produced under traditional irrigation and rain fed in the PA is Potato, kale, Onion, Chillies, and Tomato. The demand of Onion and potato create a good opportunities for farmers to earn good income for his family consumption and other external expenses.

Table -8 Existing cropping pattern on Irrigation 
	No
	Crop type
	Woreda ( Lemmu & Bilbillo)
	PA (welteyi Negeya)
	Project (welteyi Negeya)

	
	
	Area ha
	Yield Qt/ha
	%
	Area ha
	Yield Qt/ha
	%
	Area ha
	Yield Qt/ha
	%

	1
	Potato
	 436.9
	87
	73
	0.5
	270
	17
	-
	-
	-

	2
	Kale
	18.7
	120
	3
	0.5
	150
	17
	-
	-
	-

	3
	B/Root
	16
	110
	3
	0.5
	150
	17
	-
	-
	-

	4
	Carrot
	20.8
	70
	3
	-
	-
	-
	-
	-
	-

	5
	Kale
	39.5
	70
	7
	
	
	
	-
	-
	-

	6
	Shallot
	28
	110
	5
	-
	-
	-
	
	
	

	7
	Onion
	12
	120
	2
	1
	180
	32
	-
	-
	-

	8
	Garlic
	30
	30
	5
	0.5
	25
	17
	-
	-
	-

	
	Total
	601.9
	89.6
	100
	3
	69
	100
	-
	-
	-


Source: - Woreda Agriculture Office & PA D Office.

[bookmark: _Toc463550468]5.2. The peasant Association

All persons in the project area are a member of the PA basically, the PA leader functions to the society mainly dealing on various social, economical, political and other development operations. Development agent assigned from the district Agriculture and Rural Development office is also available at near project site. 

[bookmark: _Toc463550469]5.3. Water users Association

The water Users Association is responsible for overall administrative matter in the PA, i.e. Handle administration aspects including border conflicts, inheritance conflicts etc and implement all government regulations at grass root level. The Water User Association is mandated to the regulation of the water use, mobilization of the community to maintain irrigation system and other activities.  Finally, the water users association with 7 (seven) committee members were established for this project to implement the mentioned activities.

[bookmark: _Toc463550470]5.4. Organization & Management

For the successful achievement of this project objective, government will provide technical assistance and funding budget during its implementation.  It also needs follow-up and evaluating with zonal departments for its completion. In addition technical training to beneficiary farmers in irrigated agriculture will be given by the concerned bodies.
The zonal office with the government also should give due attention in organizing and strengthening water users association (WUA) in all aspects. 

[bookmark: _Toc463550471]5.5 Agricultural Services and Agricultural input Marketing in the project area

There are about three development assistants (DA) working in the project area with three different fields of specializations in diploma level. Farmer training centre (FTC) exists in PA with demonstration plots of land. Therefore, it is predicted that there is no problem of Agricultural extension service for the beneficiaries in the future for modern irrigation.
The agricultural extension services and technologies available to the community are input supply such as chemical fertilizer (DAP and Urea), improved seeds and herbicides from Galema farmers union, MOA for extension package programme and from retailers.  But farmers are not capable of using the proper amount as the cost of inputs is higher. Due to shortage of improved seed most of the farm land dominantly covered by local seeds which contributes for low productivity of yields. So within a five years irrigation development implementation programme the irrigation extension component is expected to play a major role in bringing a sustainable change in production. Encouraging seed multiplication programme on farmers field with the collaboration of different nongovernmental organization strengthen the capacity of farmers union, training of farmers and agricultural development staff, integrated pest management, a strong extension service with an internally well organized supervision system are some of the suggested solutions just to improve the practical and theoretical know how of improved agricultural technologies.
Marketing of agricultural inputs practiced so far in the project was, such as: - fertilizer, improved seed and certain chemicals.  These inputs supplied through agricultural office of the district based on the farmers' interest.
In order to use effectively such inputs in simplest way without any problems, certain measures have to be adjusted:-
Credit facilities have to be arranged & organized. Some of the credits organizations which give credit facilities are:- 
· Oromia Cooperative Bank  
· Local Micro Finance Organization 
· Small Scale Micro Enterprises
· District Cooperative Office
· NGO & other concerned bodies

[bookmark: _Toc463550472]5.6 Cooperative & Marketing Organizations

Marketing service for the proposed project product is very essential factor to be seriously considered in the study of irrigation development.  The project area is accessible at a distance of 56km from Bokoji, the capital town of the district and 112 km away from Asella zonal town, 46 km away from Meraro neighbor town.  In the long run, for reliable market, the established union organization can take their product to the marketable area, so that the community will benefit from every direction.

The most dominant transports facilities used for supply farm product to market are; four wheel vehicles, horse and donkey in the area.

There are three potential markets are found around the proposed project area.  These possible potential markets are the following:-


· Meraro: - At a distance of 46 km from the project site.
· Bokoji: - At a distance of 56km from the project site.
· Asella town: -   At a distance of 112Km from the project site.
Even though, there is no well organized cooperative in the project area, there is well organized traditional institution called “Idir” through which beneficiaries help each other by giving simple credit services. However, they can get credit service from Oromia credit & saving Association of Lemmu & Bilbillo branch and other credit providing institutions. 
More ever, Galema farmers union provides inputs and credit service for the farmers around the project area.

[bookmark: _Toc463550473]5.7. Gender /Women’s involvement in the project

Women involvements in the project are low & need more awareness creation by concerned body. However, some of the women are organized themselves in small scale micro enterprise in the peasant Association. So, supporting the women to involve in modern irrigation project is the main focus area of our government & the concerned body should take this mandate.

[bookmark: _Toc463550474]5.8. Labor supply and Demand  

From our observation and assessment of community interest and also their attitudinal change towards irrigation development, we will expect that the targeted group's beneficiary community will cover most of the unskilled labor requirement during the implementation.  In addition to beneficiary participation it is also possible to get labor for implementation from the near town such as, Robe, Meraro and Bokoji town.








[bookmark: _Toc463550475]6. Project Benefits & Impacts

[bookmark: _Toc463550476]6.1. Project Benefits

One of the major objectives of the small scale irrigation project is to secure the food requirement at least to certain extent and it can alleviate poverty reduction by contributing food self- sufficiency for the community in the area. The project introduces the way to improve food security and self sufficiency with making awareness to the community by expanding new agricultural production system through application of irrigation extending, which helps the community to produce vegetables. So that the nutritional values and income generation of the community is raised. 

The project will create a temporarily job opportunity for seasonal employment during its implementation i.e. there can be an opportunity to live in a casual basis. This contributes to increase additional financial source during the idle labor (slack) time. In addition, it helps the beneficiary reducing depending on rain-fed crop production. 
 Finally, the major benefits of this proposed project are:
· [bookmark: _Toc271636817][bookmark: _Toc208043002][bookmark: _Toc207288416]Food self sufficiency.
· Introduce new agriculture production system.
· Helps the community to produce vegetables which are economical as well as nutritionally important.
· Employment opportunity during the idle time.

[bookmark: _Toc463550477]6.2. Project Impacts

According to the assessment collected from PA & different offices and from practical observation during the detail study the implementation of this project has no any impact on the community around the project.





[bookmark: _Toc463550478]7. Opportunities, Constraints & Negative Impacts of the project

[bookmark: _Toc463550479]7.1. Opportunities & Constraints of the project

The project area is endowed with good land and water resources potential. The Wabe River, which is the most favorable River in the project area, is flowing near the project site. However, with this potential resource, the area is still suffering from serious food shortage and agricultural development remains at its low level because of the various constraints. 
Some of them are the following:- 
· High populations pressure so that lack of land for tilling and grazing. 
· Low level of input use in fear of high price.
· Traditional way of farming style and farming tools. 

[bookmark: _Toc463550480]8. Socio-Economic Interventions

Technological way of intervention, which includes for instances watershed development to protect erosion at headwork area. It can be intervened by local and traditional way and technological supports, which includes agricultural extension services, introduction of traditional irrigation, and local measure of crop pest control with cultural method, animal feeding and breeding etc.
In general, some of the points which needs government and concerned body interventions are:
· Strengthening women involvement in small scale irrigation activities. 
·  Construction of Cattle traps for beneficiary animals to provide them with enough water.
·  Supply of Selected seed, fertilizers and chemicals by concerned bodies to the beneficiary at the project site.
· Involvement of the nearby Hydro Electric Power Plant in supporting the beneficiaries in the development of social services for the project area communities.




[bookmark: _Toc463550481]9. Conclusions and Recommendations 

The Robe Welteyi small-scale project will bring something substantial socio-economic benefits to community of the area especially to the beneficiary of irrigation scheme. The main expected benefits to the local population are increased crop yields with improved irrigation system.

This will result in increased crop production. This means it facilitates in the area of diet improvement. In addition this will create job opportunity for the local people. These improvements in income positively affect their living standard to fulfill their basic human necessities.

Therefore, the implementation of this project creates proven economic condition for the beneficiaries of the project area and hence the project is feasible from the socio-economic point of view. 


















[bookmark: _Toc463550482]2. COMMUNITY PARTICIPATION

2. Introduction

[bookmark: _Toc463550483]2.1. Back ground of the project Study
Communities’ participation in irrigation development project has a great role in the development of the project. It is believed that community has both the right and the responsibility to be involved in the identification; planning, implementation, Monitoring and evaluation of the irrigation development project which either positively or negatively affect their livelihood of the communities. Moreover, identifying communities participation and willingness in different phases of project study particularly feasibility study is very essential. Therefore, assessing the community participation for Robe Welteyi irrigation project is the main concern of this section.

[bookmark: _Toc463550484]2.2. Objective of community participation

The community participation has emerged as one of the central objectives in Robe Welteyi small-Scale irrigation project for the following objectives.
· To identifying community willingness and participation in implementation and operation stage.
· To mobilize local resources, organize and creativity of people for the project activity.
· To provide legitimacy to the project activity.
· To promote commitment on the part of the people in its implementation.
· To assure sustainability of the project.
· To create sense of ownership.
· To raise awareness among the community the causes of their problems and the potential and means they have at disposal to tackle the problems. 
· To develop empowering among the community so that it gives to access to relevant information and opportunity to influence decision.


[bookmark: _Toc463550485]2.3. Methodologies 
The following methodologies were used in the identification of communities need or communities’ participations during the detail study of this project are:-
· PRA techniques.
· Making decision with local administrator. 
· Discussion with PA leader.
· Interviewing individual beneficiary.
· Calling general meeting of the beneficiaries & all the concerned bodies.
· Discussion with district irrigation experts. 
· Discussion with model farmers within the command area.
· Discussion with site development agents (DAs).
[bookmark: _Toc463550486]2.4 Community awareness creation
Awareness creation regarding changes in environment, resource, climatic condition, population pressure, benefit and the need for irrigation project were discussed as agenda. Different issues were raised and discussed by the participants. The participants of the meeting gave different issues about:-
· Their interest
· Irrigation benefits.
· Area of participation
· Land reallocation
[bookmark: _Toc463550487]2.4.1The beneficiaries Interest

The idea of the proposed irrigation project is emerged from the beneficiaries around the project area. Because of the awareness of the communities around the proposed project area are very high. The discussion was made by study crew during detail study with the command area beneficiaries and they were very interested to have this "a golden chance".
They would like to thank the government bodies to have this chance with the name of all beneficiaries, which means they have high interest towards this irrigation project.
[bookmark: _Toc463550488]2.4.2. Irrigation Benefits
During the discussion, the following points were forwarded as irrigation benefits:
· To generate income.
· To improve their livelihood.
· To minimize dependency on rainfall.
· To increase farm intensity.

[bookmark: _Toc463550489]2.4.3. Community Interest and Area of participation
The community has agreed on the following points during the meeting:-
· To give necessary information and fully motivated during implementation. 
· In Collection of local materials.
· Labor contribution during construction.
· In water management.
· In scheme management. 
· Cost sharing (10% of the total project cost).

[bookmark: _Toc463550490]2.4.4 Land Reallocation
The community has agreed to redistribute or to reallocate the farmland according to government policy. Land issue was hot issue during the meeting. Way of land reallocation was discussed. Finally it was reached to exchange farmland to their relatives or friends i.e.
· The beneficiary communities are committed to redistribute the command area irrigation land among each other according to rural land proclamation No. 130/1999E.C.
· Acquisition of land and rights, land reallocation if one farmer has got more than 0.5 ha within command area.

[bookmark: _Toc463550491]2.5 The beneficiary of the project

The total area which is going to be developed 50 ha, 100 house hold are the users or beneficiaries of which 20 female headed families & 80 are male headed house hold. The following table explains the details one. 




Table 1- Shows the beneficiary HHS age and sex composition 
	Age group
	Sex composition

	
	Male
	Female
	Total

	0-5 years
	-
	-
	-

	6-15 years
	-
	-
	-

	6 -59 years
	70
	20
	90

	> 60 years
	10
	-
	10

	Total
	80
	20
	100


Source: -  Welteyi Negeya PA office

[bookmark: _Toc463550492]2.6. The Water Users Association (WUA)
The water users Association is responsible for overall administrative issues in the PA that is to handle administration aspects including border conflict, inheritance conflicts, etc and implement all government regulation at grass root level. The water users association is mandated to the regulation of water use, mobilization of the community to maintain their irrigation structures and other activities which need community participation. The WUA of this proposed project established 7(seven) executive committees of which one is Woman to strengthen gender participation.

[bookmark: _Toc463550493]2.7. Conclusion and Recommendation
The overall altitudes of the beneficiaries in contributing necessary inputs during the implementation of this project are promising.  Moreover, it is expected that the implementation of this SSIP will show a bright future to a community around the project area by income generating. 
Therefore, it is advisable to implement this proposed project for the beneficiaries by the government or concerned body. Hence, the project is feasible from community point of view
Notation 
All the necessary beneficiaries' agreement like:-
· The community petition.
· Confirmation letter from PA & District are attached to annex of this document.                                                                  
[bookmark: _Toc463550494]3. AGRONOMY 

[bookmark: _Toc463550495]3.1 General

Lemuna Bilbilo woreda with an area of 1200 Km2 or 120,002 hectares located in Oromia region Arsi Zone shares boundary lines of Four intervention woredas.Digeluna Tijo woreda in the North,Gedeb Asasa in the South,Shirka in the East and Munessa woreda in the West.  Undulating plane, high mountains like Galema, Hunqolo and Kakka relatively down and up hills characterizes the district.

Significant target population what we called Welteyi Nega depends on subsistence agriculture and animal husbandry which is significant source of income for their livelihood.  Crop production is the major agricultural activity and almost all is rain fed. The major crops produced are cereals followed by oil seeds and pulses in terms of their importance. Except Wabe river which is used for Melka Wakena hydro power plant and it’s promising command area found along the river side, there is no perennial rivers in the area, due to these problem no irrigation potential in the PA level. Only small area of land that is 3 hectares cultivated by irrigation to date with different vegetables dominantly by Onion, potato, Tomato and Chillies from different springs outside of project area.

The main problem is, the traditional farming system that relies on rain fed agricultural production which are currently being used have proven to be erratic to bring the production to levels that could full fill the house hold food requirements, The technological backwardness coupled with the dependency on rain fall agriculture mainly production of food crops has made the life of farmers venerable. Despite based up on the bottom out let flow of hydro power plant Dam of the water resource the farmers are requesting Modern irrigation in the area. For the reason that if feasible adopts irrigation system is a must 

[bookmark: _Toc463550496]3.2 Agro ecology 

The ecological division of the project area is semi arid “dry Woina Dega”.The average altitudes of the area is 2300 meters above sea level. The rainfall pattern is bi-modal and almost all parts of the area receive low to high rainfall during the main rainy season “Kiremt” with short wet period. The main rainy season begins in June and prolonged to September which the short rainy season”, under normal condition, starts in February and extends to April.

Months from October to February is known by long dry season in which traditional irrigation will be practiced. May also known by dry month; due to these case crops suffer from shortage of soil moisture unless it is supplemented with irrigation

The annual rainfall is 1265 mm. Annual mean temperature ranges between 7.5 degree centigrade to 21.6 degree centigrade. The growing season ranges from 90 to 140 days.
. 
[bookmark: _Toc463550497]3.3 Methodology 

The main methodologies adopted for conducting detail agronomic study of Robe Welteyi small scale irrigation project are as follows:- 
· Proper field observation of the command area 
· Discussions with farmers and development agents
· Review of available relevant literature (documents) 
· Briefings to woreda agricultural  and water resource offices on the objectives of the project 
· Data gathered from agricultural and rural development and Irrigation process team. 

[bookmark: _Toc463550498]3.4 Objective of the study 

· To determine the crop management system 
· To determine the crop water requirement and design supply 
· To determine the proposed irrigation agriculture 
· To show the existing farming system and land use pattern

[bookmark: _Toc463550499]3.5 Land use programme

Out of the total area, the cultivated lands of the project area (PA) represent about 68 %.  The average land holding size per house hold is about 2 hectares. But since land is not properly distributed, actual land holding size ranges from 0 to 7 hectares per house hold.  The detail land use pattern of the woreda and the project area shows on the following table,






Table 1 Land use programme

	No
	Land use pattern 
	Woreda
	PA
	Remark

	
	
	Lemu & Bilbilo
	Welteyi Nega
	

	
	
	Ha
	%
	Ha
	%
	

	1
	Cultivated land 
	18400
	15
	5331
	68
	2

	2
	Grazing land
	9672
	8
	1500
	19
	0.63

	3
	Forest land
	4787.17
	4
	50
	1
	0.02

	4
	Potential land 
	69622
	58
	-
	-
	

	5
	Others
	17521
	15
	920
	12
	0.38

	
	Total
	120002.17
	100
	7801
	100
	


Source: - Woreda Agric. Office and DA.


[bookmark: _Toc463550500]3.6.   Crop production 

Ox ploughing is the common tillage practice in the project area. The cereal crops produced in the area are Wheat & Barely respectively. Next to cereal crops, the area is known for its oil seed production. These are Lin seed and Rapeseed.  As to the pulse crop, Haricot bean and field pea are produced. The production period is dominantly “meher” season, Even though some Cereals and vegetable crops like Barely, teff, Potato, cabbage, Chillies, Maize and carrot are produced at small scale in belg season, all the production activities undertaken in the project area are dominantly rain fed. Wheat and Barley are the major cereal crop that is being produced by the farmers of the area as a stable food and cash crop. But due to moisture stress during flowering fruit setting stage, rust and lack of pesticides and improved seed are contributing for low yield reduction.

Concerning maintenance of soil fertility, there are two methods being exercised in the area.  That is traditional and modern method.  The common traditional methods used to maintain soil fertility are manure and fallowing. While using chemical fertilizer and crop rotation are among the modern methods practiced. Cereals with pulses and oil seed crop are the only three main group of crops used for crop rotation but the cycle is not always kept. The good demand of wheat creates monocropping in the area. As to agricultural inputs utilization, the most essential agricultural inputs utilized in the area is fertilizer, followed by pesticides and improved seed variety. That means, chemical fertilizer is considered as a basic factor to improve land productivity and to substitute the degraded natural fertility of soil in the area. Hence, the farmers have a strong demand to utilize chemical fertilizer than any type of inputs. The source of agricultural inputs is Galema farmers union, private trades, Extension package and retailers.  But the farmers are not capable of using the proper amount, as the cost of inputs is higher, shortage of improved seeds also another main constraint of crop production in the area.  Important crop diseases and pests found in the project area are Rust, shoot fly, cut worm, Aphids and other soil born diseases.  Bermuda grass, wild oats and broad leaf weeds also contribute for yield reduction.


Table 2.  Existing cropping pattern on rainfed.

	No
	Crop type
	Woreda
	PA
	Project area

	
	
	Lemu & Bilbillo
	Welteyi Nega
	Welteyi Nega

	
	
	Area ha
	Yield Qt/ha
	%
	Area ha
	Yield Qt/ha
	%
	Area ha
	Yield Qt/ha
	%

	I
	Rain fed

	1
	Wheat
	22869
	18
	37
	3408
	20
	67
	-
	-
	-

	2
	Barely
	22234
	23
	36
	735
	18
	14
	-
	-
	-

	3
	Horse & Haricot B
	2400
	14.5
	4
	30
	10
	0.6
	-
	-
	-

	4
	Field pea
	1652
	12
	3
	18
	10
	0.4
	-
	-
	-

	5
	Linseed
	531
	12
	1
	850
	6
	17
	-
	-
	-

	6
	Rapeseed
	9479
	14
	15
	20
	7
	0.4
	-
	-
	-

	7
	Teff
	2500
	10
	4
	50
	8
	0.6
	-
	-
	-

	8
	Maize
	251
	35
	0.4
	-
	-
	-
	-
	-
	-

	9
	Oat
	16
	16
	0.03
	-
	-
	-
	-
	-
	-

	II
	Vegetables
	
	
	
	5111
	11.3
	100
	
	
	

	10
	Potato
	436.9
	87
	0.7
	0.5
	270
	17
	     -
	      -
	     -

	11
	Head Cabbage
	18.7
	120
	0.03
	-
	-
	-
	-
	-
	-

	12
	Beet Root
	16
	110
	0.03
	0.5
	150
	17
	-
	-
	-

	13
	Carrot
	20.8
	70
	0.03
	-
	-
	-
	-
	-
	-

	14
	Kale
	39.5
	70
	0.06
	0.5
	120
	17
	-
	-
	-

	15
	Shallot
	28
	110
	0.04
	-
	-
	-
	-
	-
	-

	16
	Onion
	12
	120
	0.02
	1.0
	180
	32
	-
	-
	-

	17
	Garlic
	30
	30
	0.05
	0.5
	25
	17
	-
	-
	-

	
	Total
	62533.9
	51.3
	100
	5114
	69
	100
	-
	-
	-


Source: - Woreda Agric. Office & DA.

[bookmark: _Toc463550501]3.7 Existing situation of irrigation practices

No Intensive irrigation practices going on along the tributaries of Wabe River unless the small farm plots under taken by the springs found on Weltyi Nega PA. A total of 12 house hold is cultivating about 3 hectare of land. The major vegetable crops produced under traditional irrigation and rain fed in the PA is Potato, kale, Onion, Chillies, and Tomato. The demand of Onion and potato create a good opportunities for farmers to earn good income for his family consumption and other external expenses.




Table 3 Existing cropping pattern on Irrigation 
	No
	Crop type
	Woreda (Lemu & Bilbilo)
	PA (welteyi Nega)
	Project  (Welteyi Nega)

	
	
	Area ha
	Yield Qt/ha
	%
	Area ha
	Yield Qt/ha
	%
	Area ha
	Yield Qt/ha
	%

	1
	Potato
	 436.9
	87
	73
	0.5
	270
	17
	-
	-
	-

	2
	Kale
	18.7
	120
	3
	0.5
	150
	17
	-
	-
	-

	3
	Beet Root
	16
	110
	3
	0.5
	150
	17
	-
	-
	-

	4
	Carrot
	20.8
	70
	3
	-
	-
	-
	-
	-
	-

	5
	Kale
	39.5
	70
	7
	
	
	
	-
	-
	-

	6
	Shallot
	28
	110
	5
	-
	-
	-
	
	
	

	7
	Onion
	12
	120
	2
	1
	180
	32
	-
	-
	-

	8
	Garlic
	30
	30
	5
	0.5
	25
	17
	-
	-
	-

	
	Total
	601.9
	89.6
	100
	3
	69
	100
	-
	-
	-


 
Source: - Woreda Agri.office & DA.

[bookmark: _Toc463550502]3.8 Existing cropping calendar of the area 

According to the agro-climate character of the project area, the only time irrigation starts is from end of October and ends in March.  So in the proposed project area a chance of growing crops three times per year is impossible for the reason that the rainy period and cropping calendar for summer crops for 6 months starting from June up to half of November. Cropping intensity and production potential are in general higher for crops under irrigation than for crops under dry land farming.  This calls for a balanced cropping programme, rotation possibilities and strict plant protection measures.
A cropping pattern has to be proposed in the design phase in that crop grown in wet season will get supplementary irrigation while crops grown in the dry season will be under full irrigation.

Table 4 Existing cropping calendar for major crops 
	No
	Crop type
	Land preparation 
	Planting date
	Weeding date
	Harvesting date

	I
	Rain fed

	1
	Wheat
	April - May
	June - July
	Aug. – Sept.
	Nov. – Dec

	2
	Barely
	April – May
	June - July
	Aug. – Sept
	Nov.-Dec. 

	3
	Horse Bean
	April - May
	June 1st -30th
	Aug.- Sept
	Nov. - Dec.

	4
	Field pea
	April– May
	June 1st – 30th 
	July - Aug. 
	Nov. – Dec.

	5
	Lin seed
	April.1st-30 
	 May-June 
	Aug.- Sept
	Dec.1st-30th

	6
	Rapeseed
	April – May
	June 1st – 30th 
	-
	Dec.- Jan.

	7
	Teff
	Feb. – June
	July 15th – Aug. 
	Mid. Aug. – Sep
	Dec. – Jan.

	8
	Maize
	Feb. – March
	April 1st – 30th
	June – July
	Nov. – Dec

	II
	Irrigation
	
	
	
	

	1
	Potato
	Oct. 20th – Nov. 15th
	Nov. 15th – 30th 
	Dec. – Jan
	March – April

	2
	Tomato
	Oct. 20th – Nov. 30th
	Dec. 5th – 30th
	Jan- Feb.
	March – April

	3
	Kale
	Oct. 20th – Nov. 15th
	Nov. 15th – 30th 
	Dec. – Jan.
	March - April

	4
	Chillies
	Oct. 20th – Nov. 15th
	Nov. 15th – 30th 
	Dec. – Jan.
	March - April

	5
	Onion
	Oct. 20th – Nov. 30th
	Dec. 5th – 30th 
	Jan. – Feb.
	March - April


Source: - Woreda Agric. Office, DA and Interviewed farmers.


[bookmark: _Toc463550503]3.9 Livestock production 

The significant target area being on semi arid “Dry Woina Dega” the population of the area, experiences livestock raring as main economic activity next to crop production. In such an economy (mixed farming) livestock provides traction power for agricultural activities and also used as a means of transportation and even as an asset to be drawn in case of emergency.  Moreover, livestock can be used as source of food for the family. Due to all the above mentioned reasons; farmers are too much interesting to have large number of livestock especially on district level even though grazing area is a limited factor.

The average livestock holding is 4 heads per house hold.  Although the number of livestock population is very high, the productivity of this economic sub-sector is very low.  Most of the cattle heads are indigenous breeds. Decrease in the size of grazing land, inadequate feed supply, undeveloped veterinary clinic, poor market facilities, prevalence of diseases like Anthrax and Blackleg rarely, Internal and External parasites, especially thick on shouts, equines and bovines are the major controlling factors in livestock production. To alleviate the above mentioned problems, the livestock extension services available to the community should be encouraged strongly. On the other hand high temperature of the area affecting oxen severely during ploughing. And also algae affected healthy of cattle’s and quality of water. 

The feed source of livestock in the area is crop residues, cut & carry, grazing pasture and industrial bi-products especially for fattening programme. The grazing arrangement among farmers is free grazing. The livestock population of the PA and the woreda shown on the table below.

Table 5 Livestock population
	No
	Type
	Woreda
	PA
	Average livestock holding per HH heads/PA 

	
	
	Quantity/No
	%
	Quantity/No
	%
	

	1
	Bovine/cattle’s
	286,518
	34
	17601
	49
	7.4

	2
	Shouts/sheep & Goat
	366,265
	43
	8053
	23
	3.4

	3
	Equines/Horse Donkey
	123348
	15
	3912
	11
	1.6

	4
	Poultry
	70244
	8
	6129
	17
	2.6

	
	Total
	846735
	100
	35695
	100
	3.75



Beehive/on woreda level)                     PA Level
Traditional - 217 (- %)                                     -
Modern      -174 (o.6%)                                   -
Transional -213 (- %)                                      -  
Source: - Woreda Agric. Office & DA


[bookmark: _Toc463550504]3.10 Proposed cropping patterns

A cropping pattern is proposed to grow in wet season and in dry season under full irrigation.  The objectives of selected crops are to increase food demand, to resist the incoming flood and providing source of income by reducing the shortage of rainfall by using irrigation technology.

The cropping pattern has to be proposed taking in to consideration the following factors:-
· Area adaptability of the crop or agro climatic base 
· Productivity of the crop and soil fertility of the area and crop rotation 
· Subsistence and income generating possibilities 
· Marketing possibilities and demand of crops
· Farmers preference, experience and tradition (food habit)

The proposed or selected crops are classified in to three groups. The vegetable group include Potato,Onion,cabbage(gurage),Chillies,Maize,Carrot,Beet root,Tomato,While the cereals group includes Wheat and Barley which is used to beneficiaries for income and house hold food security. Under fruits group like Avocado and Sugar cane is used for wind break and high economic demand for the community. The proposed crops and its calendar are in the following table.

Table 6:- Proposed cropping pattern & calendar for dry season crops.

	No
	Selected crops
	Area Coverage
	Base period
(Days)
	Planting (sowing) date
	Harvesting date

	
	
	(ha)
	%
	
	
	

	1
	Onion
	30
	30
	120
	10 November.
	10 March

	2
	Potato
	20
	20
	120
	10 November
	10 March

	3
	Tomato
	15
	15
	120
	10 November
	10 March

	4
	Chillies
	20
	20
	120
	10 November
	10 March

	5
	Garlic
	10
	10
	140
	10  November
	30 February

	6
	H/cabbage
	5
	5
	110
	10 November
	30 March

	
	Total
	100
	100
	
	
	
















Table 7:- Proposed cropping pattern & calendar for wet season crops
	No
	Selected crop
	Area coverage
	Base period (days)
	Planting (solving) date
	Harvesting date

	
	
	ha
	%
	
	
	

	1
	Wheat
	40
	40
	122
	10 June 
	12 October

	2
	Barely
	15
	15
	95
	15 June
	20 September

	3
	Linseed
	15
	15
	160
	10 June
	10 November

	4
	Horse Bean
	10
	10
	140
	10 June
	30 October

	5
	Field Pea
	6
	6
	140
	10 June
	30 October

	6
	Lentle
	3
	3
	140
	10 June
	30 October

	7
	Chick Pea
	3
	3
	123
	7 June
	10 October

	8
	Fenugreek
	5
	5
	123
	7 June
	10 October

	9
	Blackcumine
	3
	3
	165
	10 June
	25 November

	
	Total
	100
	100
	
	
	




3.11 [bookmark: _Toc463550505]Crop management of proposed crops.

Agronomic measures like appropriate variety selection, proper spacing, input utilization, crop protection, weeding, cultivation, mulching, intercropping and proper time of planting and also Intensive water management and irrigation methods are some of the activities considered under crop management of proposed crops in the project area.

Table 8.  Diseases and pests management 
	No
	Selected crops
	Susceptible disease
	Preventing/Controlling mechanisms
	Susceptible pests
	Preventing/Controlling mechanism

	1
	Potato
	Blight
	· Use resistant varieties.
· Use clean seed
· Crop rotation
· M.Ridomil 2 Kg/ha
	· Aphids 
· Potato tuber moth
	· Clean storage 
· Use chemical

	2
	Garlic
	Leaf rust
	· Use Disease free seed.
· Treat the 100 Kg. bulb with  200 gm Benomel 15%
	· Trips
	· Field sanitation 
· Use endosulfan with 2-2.5Lit/ha. With 200 lt. of water

	3
	Onion
	· Downy mildew
· Purple blotch
	· Crop rotation
· Field sanitation
· Ridomi gold 3-3.5
Lt/ha with 1000 Lt water 
· Use clean seed 
· Treat 100 Kg Onion bulb with 300 Lt Berets special
	· Onion trips 
· Cut woman
	· Field sanitation
· Crop rotation 
· Use endosulfan
2-2.5 Lt/ha with 200 Lt of water



Appropriate crop rotational possibilities of proposed crops in the project areas are vegetables on cereals and pulse crops.


[bookmark: _Toc463550506]3.12 Irrigated crop management

Crops have their own performance and physiological development in the cultivation system. Some details are provided in the following table.

Table 9 Irrigable crop management (soil Requirement)

	No
	Crop
	Sensitivity to salinity
	PH ranges 
	Soil conditions

	1
	Potato
	Moderately sensitive
	6.8
	Medium texture soil, well drained soil

	2
	Onion 
	Sensitive
	6-7
	Medium texture soil, well drained soil

	3
	H/Cabbage 
	Moderately sensitive
	6-7
	Heavier loam soil

	4
	Tomato
	Moderately
	5-7.5
	Light silt loam ,well drained soil

	5
	Chilies
	Moderately
	6-7
	Light silt Loam


	6
	Garlic
	Sensitive
	6-7
	Medium texture soil, well drained soil




	No
	Crop type
	Fertilizer rate Kg/ha
	Seed rate Kg/ha
	Spacing /Cm
	Recommended improved variety
	Irrigation method
	Furrow length (mts)

	
	
	DAP
	Urea
	
	b/n rows
	b/n plants
	
	
	

	1
	Potato
	195
	165
	1800
	75
	30
	Holand, Tolcha,
Jalanne,Gojam
	Furrow
	Max. 15

	2
	Garlic
	200
	150
	800
	30
	15
	Tsedey (G-423
Bishoftu (W-014)
	
Furrow
	
Max. 15

	3
	Onion
	200
	150
	1300
	30
	15
	Melkam,bombe red, Red Creole, Adama red,
	
Furrow
	
Max. 15

	4
	H/ cabbage
	150
	150
	0.4
	60
	45
	Copenhagen market 
Early durum head
	
Furrow
	
Max. 15

	5
	Chillies
	150
	140
	0.6
	80
	40
	Mareko fana,Baco local,Alaba
	
Furrow
	
Max. 15

	6
	Tomato
	200
	100
	0.5
	70
	30
	Roma VF,Melkam,
Marglove
	
Furrow
	
Max. 15


Table 10.  Improved crop management practices for proposed crops








Table 11 Recommended Agricultural inputs for proposed crops/ha
	No
	Crop type
	Chemicals (Lt/Kg/ha)
	Fertilizer (Kg)ha
	Manure

	
	
	Pesticide
	Herbicide
	DAP
	Urea
	

	
	
	1- 3 Years     
	4 – 5 Years
	1 _ 3 Years
	4 – 5 Years
	1 – 3 Years
	4 – 5 Years
	1 – 3 Year
	4 – 5 Year
	4 – 5 Yrs

	1
	Potato
	2.0
	2.0
	2.0
	2.0
	195
	195
	165
	165
	Ditto

	2
	Garlic
	2.5
	2.5
	2.0
	2.0
	200
	200
	150
	150
	Ditto

	3
	Onion
	2.5
	2.5
	2.0
	2.0
	200
	200
	150
	150
	Ditto

	4
	H/cabbage
	-
	-
	-
	-
	150
	150
	150
	150
	Ditto

	5
	Chillies
	2.0
	2.0
	2.0
	2.0
	150
	150
	140
	140
	Ditto

	6
	Tomato
	2.0
	2.0
	2.0
	2.0
	200
	200
	100
	100
	Ditto




Table 12.  Labour Requirement for proposed irrigation crops
	No
	Proposed crops
	Activities
	Unit
	Frequency
	Quantity
	Remark

	1
	Potato
	Pre-planting
 Planting
Irrigation 
Cultivation 
Fertilizing 
Crop protection 
Harvesting 
Transportation
	OD
OD
MD
MD
MD
MD
MD
MD
	4
1
8
2
2
1
1
1
	4
4
4
14
4
20
22
22
	

	2
	Garlic
	Pre-planting
 Planting
Irrigation 
Cultivation 
Fertilizing 
Crop protection 
Harvesting 
Transportation
	OD
OD
MD
MD
MD
MD
MD
MD
	4
1
4
2
2
1
1
1
	4
4
4
14
4
2
20
20
	

	3
	Onion
	Pre-planting
 Planting
Irrigation 
Cultivation 
Fertilizing 
Crop protection 
Harvesting 
Transportation
	OD
OD
MD
MD
MD
MD
MD
MD
	4
1
4
2
2
1
1
1
	4
4
4
14
4
2
20
20
	

	4
	Head cabbage
	Pre-planting
 Planting
Irrigation 
Cultivation 
Fertilizing 
Crop protection 
Harvesting 
Transportation
	OD
OD
MD
MD
MD
MD
MD
MD
	4
1
4
4
4
4
4
1
	4
4
15
20
2
2
15
20
	

	5
	Tomato
	Pre-planting
 Planting
Irrigation 
Cultivation 
Fertilizing 
Crop protection 
Harvesting 
Transportation
	OD
OD
MD
MD
MD
MD
MD
MD
	4
4
7
5
3
5
3
4
	16
16
21
20
12
20
9
16
	

	6
	Chillies
	Pre-planting
 Planting
Irrigation 
Cultivation 
Fertilizing 
Crop protection 
Harvesting 
Transportation
	OD
OD
MD
MD
MD
MD
MD
MD
	4
1
8
2
2
2
1
1
	16
4
32
28
8
44
22
22

	




 Table 13 Farm tools required / ha 
	Type of tools
	Unit
	Quantity/ha
	Remark

	Shovel
Hoe
Rake
Water can
Wheel barrow
Sickle
Knapsack sprayer
	No
No
No
No
No
No
No
	4
4
1
1
1
4
1
	










[bookmark: _Toc463550507]3.13 Yield potential 

The land proposed for irrigation for the first year is 50 hectare. How ever since the land is irrigated twice a year, the actual land utilized for 100 hectare by 400 beneficiaries. So based on improved crop management practices that will be applied on proposed irrigated crops, the following estimated average yield will be expected from one hectare of land for the next consecutive five production years.

Table 14:- Estimated production target of the project-yield Qt/ha            
	No
	Crop type
	1st year
	2nd year
	3rd year
	4th year
	5th year

	1
	Potato
	180
	200
	225
	250
	300

	2
	Garlic
	60
	80
	115
	125
	130

	3
	Onion
	125
	130
	135
	140
	150

	4
	Head cabbage
	80
	110
	130
	180
	220

	5
	Tomato
	150
	200
	220
	250
	300

	6
	Chillies
	20
	23
	25
	28
	30





[bookmark: _Toc463550508]3.14 Extension and credit services    

The agricultural extension services and technologies available to the community are input supply such as chemical fertilizer (DAP and Urea), improved seeds and herbicides from Galema farmers union, MOA for extension package programme and from retailers.  But farmers are not capable of using the proper amount as the cost of inputs is higher. Due to shortage of improved seed most of the farm land dominantly covered by local seeds which contributes for low productivity of yields. So within a five years irrigation development implementation programme the irrigation extension component is expected to play a major role in bringing a sustainable change in production. Encouraging seed multiplication programme on farmers field with the collaboration of FAO, IAR, MOA, strengthen the capacity of farmers union, training of farmers and agricultural development stuff, Integrated pest management, a strong extension service with an internally well organized supervision system are some of the suggested solutions just to improve the practical and theoretical know how of improved agricultural technologies

[bookmark: _Toc463550509]3.15 Crop water requirement  

The relevant metrological data required for crop water requirement is taken from Asasa climate station which is far about 46 Km from the project site and 118 Km from Asella.The crop water requirement was computed on monthly basis. The modified penman method was adopted.  The general climatological and crop data for computer program are listed below.

Table 15 Climatic data computer retrieve /Asasa station)   
	No
	Items
	Months

	
	
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D
	Year

	1
	Max. T0 (0C)
	20.9
	21.6
	21.2
	20.2
	20.7
	20.8
	19.5
	19.1
	19.3
	18.7
	19.2
	20.2
	20.1

	2
	Min.T0 (0C)
	6.2
	7.2
	8.0
	8.9
	9.0
	8.1
	8.4
	8.1
	8.1
	7.5
	5.9
	5.0
	7.5

	3
	R.H. (%)
	73
	79
	82
	86
	83
	83
	90
	91
	89
	87
	86
	80
	84

	4
	Wind speed (km/day
	130
	130
	130
	130
	121
	138
	130
	130
	130
	121
	130
	130
	129

	5
	Sunshine (9 hrs)
	7.9
	6.7
	6.2
	5.9
	6.4
	6.2
	5.1
	5.4
	5.8
	5.6
	6.8
	8.4
	6.4

	6
	Solar radiation (MJ/m2/day
	19.4
	18.8
	19.0
	18.5
	18.9
	18.1
	16.6
	17.5
	18.2
	17.3
	18.0
	19.7
	18.3

	7
	Eto (mm/day)
	3.3
	3.4
	3.4
	3.2
	3.3
	3.3
	2.9
	3.0
	3.1
	2.9
	3.0
	3.2
	1155


Source: Climatic data compiled by FAO Agro Met Unit  



Table 16: Kc valve for dry season (complementary Irrigation)

	No
	Crop 
	GP  (days)
	Area (ha)
	Ja
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov 
	Dec

	1
	Potato
	120
	20
	1.18
	0.57
	
	
	
	
	
	
	
	
	0.45
	0.75

	2
	Garlic
	150
	10
	0.90
	0.60
	
	
	
	
	
	
	
	
	0.45
	0.70

	3
	Cabbage
	110
	5
	0.85
	0.55
	
	
	
	
	
	
	
	
	0.45
	0.70

	4
	Pepper
	120
	20
	0.90
	0.60
	
	
	
	
	
	
	
	
	0.45
	0.70

	5
	Onion
	120
	30
	0.97
	0.68
	
	
	
	
	
	
	
	
	0.45
	0.75

	6
	Tomato
	120
	15
	0.90
	0.60
	
	
	
	
	
	
	
	
	0.45
	0.75




[bookmark: _Toc463550510]3.16 Effective Rainfall

The Rainfall data for the project area is taken from Asasa Meteorology station. According to the data obtained from the station the mean annual rainfall for the area is 1265 mm per annum, which will meet part of the crop water requirement. Out of this rainfall, portion of the rainfall can enter and be stored in root zone of the crop. This part of the rainfall, which is effectively used by the crop plant. And also considered in crop water requirement calculations.
 According to the data collected, the total mean annual rainfall for the area is 1265 mm. The effective rainfall is computed from the following simple formula (method).
Pe = 0.8p – 25 if P> 75 mm/month
Pe = 0.6p – 10 if p< 75 mm/month

 Where Pe = effective rainfall (mm/month)
            P = Rain fall (mm/month)
 Table 17; Effective Rain fall      
	Month
	Jan.
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec
	Year

	P(mm)
	46
	87
	135
	155
	101
	95
	157
	165
	144
	103
	54
	23
	1265

	PE(mm)
	17.6
	44.6
	83
	99
	55.8
	51
	100.6
	107
	90.2
	57.4
	22.2
	3.8
	732.2




[bookmark: _Toc463550511]3.17 Irrigation efficiency

The project efficiency is the ration between the water made directly available to the crops that released at the head works.  It determined by the canal system skill of beneficiaries, climate and soil condition.  Based on these factors the project efficiency or peak irrigation requirement is determined as follows.

 Table 18; Irrigation efficiency
	Efficiencies
	Range
	Remark

	Conveyance (EC)
	0.75
	

	Field canal & Distribution (ED)
	0.75
	

	Field application (Ea)
	0.70
	

	Project efficiencies (EP)
	0.40
	0.70x0.75x0.75 = 0.40








· Irrigation days per weeks = 7 
· Irrigation hours per days  =10    
    

	%
	crop
	J
	F
	M
	A
	M
	J
	J

	A
	S
	O

	N


	D



	10
	Onion

	

	
	
	
	
	
	
	
	
	
	
	

	10
	Potato
	

	
	
	
	
	
	
	
	
	
	
	
	

	10
	Chilies

	
	
	
	
	
	
	
	
	
	
	
	


	10
	Tomato
	
	
	
	
	
	
	
	
	
	
	
	

	5
	Garlic
	
	
	
	
	
	
	
	
	
	
	
	


	5
	H/Cabbage
	
	
	
	
	
	
	
	
	
	
	
	

	Mean Monthly  T(oC )
	13.55
	14.4
	14.6
	14.55
	14.85
	14.45
	13.95
	13.6
	13.7
	13.1
	12.55
	12.6

	Mean Monthly p (mm)
	46
	87
	135
	155
	101
	95
	157
	165
	144
	103
	54
	23

	ETo (mm/day)
	3.3
	3.4
	3.2
	3.4
	3.3
	3.3
	2.9
	3.0
	3.1
	2.9
	3.0
	3.2


Table19; cropping pattern and cropping calendar diagrame, CA-100ha, C.intensity-200%
Table 20; Crop Water Requirement/ Design Supply
	
	
	Operation
	Unit
	Dry season Irrigation

	Project:
	Welteyi Nega
	Crop: Onion
	
	
	

	
	
	
	
	
	Months

	Zone:
	Arsii
	District:L/Bilbilo
	
	
	

	
	
	
	
	
	

	S/N
	Designat
	Symbol
	
	
	Nov.
	Dec.
	Jan.
	Feb.

	 
	 
	 
	 
	 
	
	
	
	

	1
	ETO
	ETO
	Penman
	mm/month
	90
	96
	99
	102 

	2
	Crop factor
	Kc
	Table 21
	 
	0.45
	0.75
	0.97
	0.68

	3
	Crop Evap. 
	ETcrop
	1x2
	mm/month
	40.5
	72
	96.03
	 69.36

	4
	Rain fall
	P
	Station
	mm/month
	54
	23
	46
	87

	5
	Effe. Rainfall
	Pe
	0.8p-25/0.6p-10
	mm/month
	-
	-
	-
	-

	6
	TNI Req’t
	INT
	3 minus 5
	mm/month
	40.5
	72
	96.03
	69.36

	7
	Project eff
	EP
	Calc overall eff
	 
	0.45
	0.45
	0.45
	 0.45

	8
	TGI Req’t
	Lt
	6/7
	mm/month
	90
	160
	213.4
	 154.13

	9
	sup req/ha
	Qt
	8/259.2
	L/s
	0.35
	0.62
	0.82
	 0.59

	10
	Irri area 
	A
	Crop pattern
	Ha
	30
	30
	30
	30

	11
	 supp Reqt
	Q
	9x10
	L/s
	10.5
	18.6
	24.6
	17.84

	12
	Hr app/d
	Hr
	Given
	Hour
	12.0
	12.0
	12.0
	 12.0

	13
	sup req’t
	Q/d
	(11)*(24/(12)
	L/s
	21
	37.2
	49.2
	35.68

	14
	sup req’t
	Q/d
	(13)*(24/(12)/A
	L/s/ha
	0.70
	1.24
	1.64
	1.19

	15
	Des. supp
	q
	Max (15)/A
	L/s/ha
	 
	
	                        1.64           
	 















Water Requirement/ Design Supply
	
	

	Project:
	Welteyi Nega
	                           Crop :POTATO
	 Dry season irrigation

	Zone:
	Arsii
	
	District;L/Bilbilo  
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	S/N
	Designat
	Symbol
	Operation
	Unit
	Months


	 
	 
	 
	 
	 
	Nov.
	Dec.
	Jan.
	Feb.

	1
	ETO
	ETO
	Penman
	mm/month
	90
	96
	99
	102

	2
	Crop factor
	Kc
	Fig1 & Table21
	 
	0.45
	0.75
	1.18
	0.57

	3
	Crop Evap.transp.
	ETcrop
	1x2
	mm/month
	40.5
	72
	116.82
	58.14

	4
	Rain fall
	P
	Meteoro Data
	mm/month
	54
	23
	46
	87

	5
	Effective Rainfall
	Pe
	0.8p-25/0.6p-10
	mm/month
	-
	-
	-
	-

	6
	TNI Req’t
	INT
	3 minus 6
	mm/month
	40.5
	72
	116.82
	58.14

	7
	Project eff
	EP
	Calc overall eff
	 
	0.45
	0.45
	0.45
	 0.45

	8
	TGI Req’t
	Lt
	6/7
	mm/month
	90
	160
	259.6
	129.2

	9
	sup req/ha
	Qt
	8/259.2
	L/s
	0.35
	0.62
	1.00
	0.50

	10
	Irri area 
	A
	Crop pattern
	Ha
	20
	20
	20
	20

	11
	 supp Reqt
	Q
	9x10
	L/s
	7.64
	13.58
	20.00
	 10.97

	12
	Hr app/d
	Hr
	Given
	Hour
	12.0
	12.0
	12.0
	 12.0

	13
	sup req’t
	Q/d
	(11)*(24/(12)
	L/s
	15.28
	27.16
	40.00
	 21.93

	14
	sup req’t
	Q/d
	(12)*(24/(13)/A
	L/s/ha
	0.69
	1.23
	2.00
	1.00

	15
	Des. supp
	q
	Max (15)/A
	L/s/ha
	                             2.00
 














Water Requirement/ Design Supply
	

	Project:
	Welteyi Nega
	
Crop –H/Cabbage
	Dry Season Irrigation

	Zone:
	Arsii
	District-:L/Bilbilo
	

	
	
	
	
	
	

	S/N
	Designat
	Symbol
	Operation
	Unit
	Months

	 
	 
	 
	 
	 
	Nov.
	Dec.
	Jan.
	Feb.

	1
	ETO
	ETO
	Penman
	mm/month
	90
	96
	99
	102

	2
	Crop factor
	Kc
	Fig1 & Table21
	 
	0.45
	0.70
	0.85
	0.55

	3
	Crop Evap.trans.
	ETcrop
	1x2
	mm/month
	40.5
	67.2
	84.15
	56.1

	4
	Rain fall
	P
	Meteoro Data
	mm/month
	54
	23
	46
	87

	5
	Effective Rainfall
	Pe
	0.8p-25/0.6p-10
	mm/month
	-
	-
	-
	-

	6
	TNI Req’t
	INT
	3 minus 5
	mm/month
	40.5
	67.2
	84.15
	56.1

	7
	Project eff
	EP
	Calc overall eff
	 
	0.45
	0.45
	0.45
	0.45

	8
	TGI Req’t
	Lt
	6/7
	mm/month
	90
	149.33
	187
	124.67


	9
	sup req/ha
	Qt
	8/259.2
	L/s
	0.35
	0.58
	0.72
	0.48

	10
	Irri area 
	A
	Crop pattern
	Ha
	5
	5
	5
	5

	11
	 supp Reqt
	Q
	9x10
	L/s
	1.74
	2.90
	3.6
	2.4

	12
	Hr app/d
	Hr
	Given
	Hour
	12.0
	12.0
	12.0
	12.0

	13
	sup req’t
	Q/d
	(11)*(24/(12)
	L/s
	3.47
	5.8
	7.2
	4.8

	14
	sup req’t
	Q/d
	(11)*(24/(12)/A
	L/s/ha
	0.69
	1.16
	1.44
	0.96

	15
	Des. supp
	q
	Max (15)/A
	L/s/ha
	            1.44




    








Crop Water Requirement/ Design Supply
	Project: Welteyi Nega                                 Crop- Tomato
	Dry Season Irrigation

	Zone-    Arsi                                                             
	 District-L/Bilbilo
	
	
	
	
	

	S/N
	Designation
	Symbol
	Operation
	Unit
	Months

	 
	 
	 
	 
	 
	Nov.
	Dec.
	Janu.
	Febr.

	1
	ETO
	ETO
	Penman
	mm/month
	90
	96
	99
	102

	2
	Crop factor
	Kc
	Table21
	 
	0.45
	0.75
	0.90
	0.60

	3
	Crop Evap.trans.
	ETcrop
	1x2
	mm/month
	40.5
	72
	89.1
	61.2

	4
	Rain fall
	P
	Meteoro Data
	mm/month
	54
	23
	46
	87

	5
	Effective Rainfall
	Pe
	0.8p-25/0.6p-10
	mm/month
	-
	-
	-
	-

	6
	TNI Req’t
	INT
	3 minus 5
	mm/month
	40.5
	72
	89.1
	61.2

	7
	Project eff
	EP
	Calc overall eff
	 
	0.45
	0.45
	0.45
	0.45

	8
	TGI Req’t
	Lt
	6/7
	mm/month
	90
	160
	198
	136

	9
	sup req/ha
	Qt
	8/259.2
	L/s
	0.35
	0.62
	0.76
	0.52

	10
	Irri area 
	A
	Crop pattern
	Ha
	15
	15
	15
	15

	11
	 supp Reqt
	Q
	9x10
	L/s
	5.25
	9.30
	11.40
	7.80

	12
	Hr app/d
	Hr
	Given
	Hour
	12.0
	12.0
	12.0
	12.0

	13
	sup req’t
	Q/d
	(11)*(24/(12)
	L/s
	10.50
	18.60
	22.80
	15.60

	14
	sup req’t
	Q/d
	(11)*(24/(12)/A
	L/s/ha
	0.70
	1.24
	1.52
	1.04

	15
	Des. supp
	q
	Max (15)/A
	L/s/ha
	 
	 
	 1.52
	 














Crop Water Requirement/ Design Supply
	
	

	Project
	Welteyi Nega
	Crop      
	Chilies
	            Dry season Irrigation

	Zone:
	Arsii
	District;   
	L/Bilbilo
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	S/N
	Designation
	Symbol
	Operation
	Unit
	Months


	 
	 
	 
	 
	 
	Nov.
	Dec.
	Jan.
	Feb.

	1
	ETO
	ETO
	Penman
	mm/month
	90
	96
	99
	102

	2
	Crop factor
	Kc
	Fig1 & Table21
	 
	0.45
	0.70
	0.90
	0.60

	3
	Crop Evap. transp
	ETcrop
	1x2
	mm/month
	40.5
	67.2
	89.1
	61.2

	4
	Rain fall
	P
	Meteoro Data
	mm/month
	54
	23
	46
	87

	5
	Effective Rainfall
	Pe
	0.8p-25/0.6p-10
	mm/month
	-
	-
	-
	-

	6
	TNI Req’t
	INT.
	3 minus 5
	mm/month
	40.5
	67.2
	89.1
	61.2

	7
	Project eff
	EP
	Calc overall eff
	 
	0.45
	0.45
	0.45
	0.45

	8
	TGI Req’t
	Lt
	6/7
	mm/month
	90
	149.33
	198
	136

	9
	sup req/ha
	Qt
	8/259.2
	L/s
	0.35
	0.58
	0.76
	0.52

	10
	Irri area 
	A
	Crop pattern
	Ha
	20
	20
	20
	20

	11
	 supp Reqt
	Q
	9x10
	L/s
	7.0
	11.60
	15.2
	10.4

	12
	Hr app/d
	Hr
	Given
	Hour
	12.0
	12.0
	12.0
	12.0

	13
	sup req’t
	Q/d
	(11)*(24/(12)
	L/s
	14.0
	23.2
	30.4
	20.80

	14
	sup req’t
	Q/d
	(11)*(24/(12)/A
	L/s/ha
	0.70
	1.16
	1.52
	1.04

	15
	Des. supp
	q
	Max (15)/A
	L/s/ha
	                               1.52














Crop Water Requirement/ Design Supply
	
	

	Project
	Welteyi Nega
	Crop      
	Garlic
	            Dry season Irrigation

	Zone:
	Arsii
	District;   
	L/Bilbilo
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	S/N
	Designation
	Symbol
	Operation
	Unit
	Months
 

	 
	 
	 
	 
	 
	Nov.
	Dec.
	Jan.
	Feb.

	1
	ETO
	ETO
	Penman
	mm/month
	90
	96
	99
	102

	2
	Crop factor
	Kc
	Fig1 & Table21
	 
	0.45
	0.70
	0.90
	0.60

	3
	Crop Evap. transp
	ETcrop
	1x2
	mm/month
	40.5
	67.2
	89.1
	61.2

	4
	Rain fall
	P
	Meteoro Data
	mm/month
	54
	23
	46
	87

	5
	Effective Rainfall
	Pe
	0.8p-25/0.6p-10
	mm/month
	-
	-
	-
	-

	6
	TNI Req’t
	INT.
	3 minus 5
	mm/month
	40.5
	67.2
	89.1
	61.2

	7
	Project eff
	EP
	Calc overall eff
	 
	0.45
	0.45
	0.45
	0.45

	8
	TGI Req’t
	Lt
	6/7
	mm/month
	90
	149.33
	198
	136

	9
	sup req/ha
	Qt
	8/259.2
	L/s
	0.35
	0.58
	0.76
	0.52

	10
	Irri area 
	A
	Crop pattern
	Ha
	10
	10
	10
	10

	11
	 supp Reqt
	Q
	9x10
	L/s
	3.5
	5.8
	7.6
	5.2

	12
	Hr app/d
	Hr
	Given
	Hour
	12.0
	12.0
	12.0
	12.0

	13
	sup req’t
	Q/d
	(11)*(24/(12)
	L/s
	7
	11.6
	15.2
	10.4

	14
	sup req’t
	Q/d
	(11)*(24/(12)/A
	L/s/ha
	0.70
	1.16
	1.52
	1.04

	15
	Des. supp
	q
	Max (15)/A
	L/s/ha
	                               1.52














Summary of Water Requirement/ Design Supply
	Crop
	ha
	Operation
	Unit
	Months
	Indiv Duty (l/s/ha)

	
	
	
	
	Jan.
	Feb
	Mar.
	Apr
	May
	Jun
	Jul.
	Aug
	Sep.
	Oct.
	Nov.
	Dec
	

	Potato
	20
	[12]
	l/s
	2.0
	1.00
	
	
	
	
	
	
	
	
	0.69
	1.23
	2.00

	Onion
	30
	[12]
	l/s
	1.64
	1.19
	
	
	
	
	
	
	
	
	0.70
	1.24
	1.64

	Cabbage 
	5
	[12]
	l/s
	1.44
	0.96
	
	
	
	
	
	
	
	
	0.69
	1.16
	1.44

	Tomato
	15
	[12]
	l/s
	1.52
	1.04
	
	
	
	
	
	
	
	
	0.70
	1.24
	1.52

	Chillies
	20
	[12]
	l/s
	1.52
	1.05
	
	
	
	
	
	
	
	
	0.70
	1.16
	1.52

	Garlic
	10
	(12)
	l/s
	1.52
	1.05
	
	
	
	
	
	
	
	
	0.70
	1.16
	1.52

	Hr app/d
	Hr
	Given
	Hrs
	12
	12
	
	
	
	
	
	
	
	
	12
	12
	

	
	q
	(Max(1)*24/(2)/A)
	L/s/ha
	2.0
	
	
	
	
	
	
	
	
	
	
	
	



[bookmark: _Toc463550512]3.18 Project water Requirement (water duty)

Monthly irrigation water requirement of the scheme calculated using mean monthly data of Robe Welteyi SSIP calculated irrigation water requirement (water duty) is the bases for system capacity determination.
Therefore the maximum individual water duty calculated for potato intended for the month of January from the mentioned data is 2.0 l/s/ha, while the maximum design supply is 100 lt/s
Recommended irrigation Method for proposed vegetable crops and other row planting is Furrow irrigation 

[bookmark: _Toc463550513]3.18.1 Depth of irrigation Application and irrigation interval
As per the definition of FAO irrigation and drainage paper No.24 depth of irrigation application (d) is equal to readily available soil water (p.sa) over the root zone (D). An application (Ea) should be added to account for the uneven application over the field and thus:

 
Where   d= depth of application mm/m
	P=Fraction of available soil water 
 	Sa=Available soil water in mm/m soil depth 
	D= rooting depth of crop in m
            Ea= application efficiency factor in fraction.

[bookmark: _Toc463550514]  3.18.2 Irrigation intervals 

Normally the irrigation interval given for irrigation season 
In the following formula



Where I = irrigation interval in days 
           ETcrop = Maximum crop water requirement in mm/day

  Dry and wet season irrigation interval and Depth of application
	S/no
	Crop type 
	D/m
	P
	Sa mm/m
	Psa/m
	Ea
	Max Etcrop mm/day
	 Calculated 
Irrigation Interval/day
	Corresponding 
Irrigation 
Interval/day
	irrigation depth mm/m

	 1
	Potato
	0.6
	0.25
	140
	35
	0.7
	3.50
	6
	6
	30

	 2
	Cabbage
	0.5
	0.5
	140
	70
	0.7
	2.80
	12.5
	12
	50

	 3
	Shallot
	0.5
	0.25
	140
	35
	0.7
	3.20
	5.47
	5
	25

	 4
	Tomato
	0.5
	0.25
	140
	35
	0.7
	2.97
	5.89
	5
	25

	 5
	Chilies
	0.7
	0.4
	140
	56
	0.7
	2.97
	13.19
	13
	56

	6
	Garlic
	0.40
	0.65
	140
	91
	0.7
	2.97
	12.25
	12
	52




[bookmark: _Toc463550515]3.19 Conclusion

The project is seen as feasible when we look in to the beneficiaries attempt and the crop water requirement demand which can be satisfied by the existing Discharge as can be observed during field visit and also constructing the project will further enhance the water management practice and thus add to area of irrigable land.








[bookmark: _Toc463550516]4 WATERSHED MANAGEMENT 

[bookmark: _Toc463550517]4.1 Executive summary

Here, Geographical location, climate, soil nature, forest, siltation, land use, catchments condition, major constraints and mitigate measure of the project area are stated.

[bookmark: _Toc463550518]4.2 Methodology

Transact walks, direct field observation of sub-catchments, local stories, portraits and case studies, using 1:50,000 topographic maps, traditional practices and beliefs are the methodology used to carry out the watershed management study of Robe Welteyi SSIP.

[bookmark: _Toc463550519]4.3 Objectives of the study

·  To protect irrigation commands from run of accumulation 
· To reduces silting up of irrigation structures 
· To protect moderate floods
· To provides biomass for economic use

[bookmark: _Toc463550520]4.4 Watershed Description

[bookmark: _Toc463550521]4.4.1 Geographic location

The project site is located in a latitude of 7018’North and longitude of 39’24 East Assela, 56 Km distance from Assela and 60 Km far from the nearby district town of Bokoji. It has an average altitude of 2300 m.a.s.l. 

[bookmark: _Toc463550522]4.4.2 Climate and topography

Sub Humid high land with un even distribution of rain fall with some un predictable occurrences is the climatic character of the area and also plain land in the farm area and rolling land formation with steep slopes along the river course is the topographic feature of the area.  According to the climatic character of the area, the farmers are too much interesting to use irrigation Just to add the agricultural productivity of land.



[bookmark: _Toc463550523]4.4.3 Soil Nature

The Soil type is predominantly Black clay loam. There is rarely topsoil wash due to wind and water erosion in the command area and downstream flooding as observed from site and has been informed from the farmers. Due to Robe Welteyi Hydro power plant Dam, the upstream of the watershed area is protected hence there is no upcoming flood, which exposes the soil to erosion Even though the soil is sensitive to erosion.

[bookmark: _Toc463550524]4.4.4 Catchments condition

Due to Robe Welteyi Hydro Power Plant Dam and the protection work taken by the project the upstream of the catchments currently found at good condition. However due to deforestation and expansion of agriculture the proposed command area of the pump Irrigation project is severely affected. No soil and water conservation activity practised in the area
The willingness of the community to participate in regular soil and water conservation activities is too little.

[bookmark: _Toc463550525]4.4.5 Drainage

According to the topographic nature of the area, great attention should be given to the drainage of runoff coming from the upper hill sides of Hunkolo along the river side of the command area. Thus to drain the flood coming, drainage ditch with appropriate size should be designed along the main canal especially starting from upper of headwork to the head of the command area.
The farmers shall also give proper attention to erosion of the land and must prepare water ways and cut of drains along the contour which finally drains to the main drainage canals or should follows the access road from the upper side of area.

[bookmark: _Toc463550526]4.4.6 Forest
The area upstream and downstream of the diversion point all along the side walls of the river course has un protected forest with various vegetation types with low density and scattered trees in the farm land and homesteads. Neem, Kobo, Truman tree and equalaptus are the major trees observed in the area. There is forest nursery which is established by Ketar development project in the surrounding. Human settlement and expansion of agriculture have contributed for the declining of farm frees.


[bookmark: _Toc463550527]4.4.7. Land use
The land use of the project area is not systematically arranged the farmer’s irrigable land holding at this time at the project level is 100 ha.  But in the future according to the topographic nature of the area the irrigable land potential available in the area is too much. The total land use programme of the district and the PA’s listed in the table below.

Table 1 Land use programme
	No
	Land use pattern 
	Woreda
	PA
	Remark

	
	
	Lemuna Bilbilo
	Welteyi Nega
	

	
	
	Ha
	%
	Ha
	%
	

	1
	Cultivated land 
	18400
	15
	5331
	68
	2.00

	2
	Grazing land
	9672
	8
	1500
	19
	1.0

	3
	Forest land
	4787.17
	4
	50
	1
	0.02

	4
	Potential land 
	69622
	58
	-
	-
	-

	5
	Others
	17521
	15
	920
	12
	0.4

	
	Total
	120002.17
	100
	7801
	100
	0.91


Source: - District Agric office and DA’s


[bookmark: _Toc463550528]4.4.8. Economic Aspect
Agriculture is the dominant sector in Welteyi Nega PA and it provides the livelihood for more than 95% of the population. Majority of the farmer’s predominantly practicing subsistence farm with an average holding size of around 2.0 hectare.  In addition to crop production, livestock production is another source of income.

The overall production earns from all sectors cannot much with consumption of house hold.  The other problem that affects the productivity of the area, population mainly depends on rain fed agriculture which rains once per annum. However the PA has potential irrigable lands. But due to lack of money, experience and shortage of water on the bottom out let of the Dam no the trend of traditional irrigation in the project area.

Regarding livestock production, low productivity of the sub-sector due to poor management system, inferiority of breeds, inadequate feed supply, shortage of grazing land, poor market facilities, un developed veterinary clinic, prevalence of disease like Anthrax, Blackleg, internal and external parasites like thick and high temperature of the area contributing for yield declining of livestock production. To alleviate the above mentioned constraints strong livestock extension services should be available to the community. The livestock population of the PA and the district listed on the table below.

Table 2 Livestock population

	No
	Type
	Woreda
	PA
	Average livestock holding per HH heads/PA 

	
	
	Quantity/No
	%
	Quantity/No
	%
	

	1
	Bovine/cattle’s
	286,518
	34
	17601
	49
	7.4

	2
	Shouts/sheep & Goat
	366,265
	43
	8053
	23
	3.4

	3
	Equines/Horse Donkey
	123348
	15
	3912
	11
	1.6

	4
	Poultry
	70244
	8
	6129
	17
	2.6

	
	Total
	846735
	100
	35695
	100
	3.75



 Source: - Woreda Agric. office and DA


[bookmark: _Toc463550529]4.4.9. Major Watershed problems of the area

The major watershed problems that will accelerates the existing watershed management in the area are slight to severe sheet erosion due to water and wind ,deforestation for the expansion of agriculture, over grazing, lack of improved cultural practice, shortage of grazing land and lack of awareness on soil and water conservation activities.

[bookmark: _Toc463550530]4.4.10. Suggested solutions

According to the topographic nature of the area the following conservation measures are proposed on cultivated land of the command area
	`
A)  Contour cropping: - Is the most efficient agronomic measures for reducing 
      The runoff and sheet erosion
B) Strip cropping:- To prevailing the wind erosion, wind strip cropping based on soil types, cropping system, topography and types of erosion hazard of the project area is recommended
C) Mulching: - Cover the top soil surface for conserving the soil moisture, reducing the runoff and control soil erosion, checking weed growth, protecting from cold climate, improving soil moisture and to modifying the micro-environment of the soil for good germination and better growth of seedlings, mulch tillage is a good option.
D) Soil management practices:  Like tillage practices, application of manures, fertilizers, crop rotation, inter cropping, improved varieties and fallowing are some of the practices that will help to maintain soil infiltration rate at high level.
E) Grass strips:-  band of grass laid out on cultivated land along the contour is recommendable
F) Other physical conservation measures like check dams, water ways, cut of drains, soil or stone bunds, and fanyajuu and drainage improvement for erosion control are proposed.

Grass land improvement, introduction of improved livestock feeds, expansion of agro forestry, enriching different tree species, establishment of different nursery site and encouraging tree planting programme, better water management, provision of clean water, improved cultural practices and improved seeds and strong extension supports are a must.

Following are activities conducted in the project area during the implementation time of the project by joint effort of both BARDO and organized selected and interested farmers group of the area. 

Table 3 Quantity of Physical soil & water conservation Activities
	No
	Type of Activities
	Unit
	Amount
	Remarks

	1
	Graded contour soil bund construction
	km
	2
	

	2
	Check dam construction
	km
	2
	

	3
	Cut off drain construction
	km
	2
	

	4
	Artificial Water way construction
	km
	0.5
	

	5

	Training of farmers on 
Conservation of soil and water
	No
	20
	

	6

	Production & distribution of 
different seedlings
	No
	300,000
	


 

Table 4 Cost break downs 0f Physical soil & water Conservation Activities
	No
	Activities
	Work norm
	Unit
	Quantity
	Total labor
	Cost
	Remark

	1
	Graded contour soil bund construction
	250pds/km
	km
	2
	500
	12500
	

	2
	Maintenance
	25pds/km
	km
	1
	25
	625
	

	3
	planting
	20pds/km
	km
	2
	40
	1000
	

	4
	Cut of drain construction
	400pds/km
	km
	2
	800
	20000
	

	5
	Maintenance
	86pds/km
	km
	1
	86
	2150
	

	6
	Check dam construction
	100pds/km
	km
	2
	200
	5000
	

	7
	Maintenance
	100pds/km
	km
	1
	100
	2500
	

	8
	Maintenance
	250pds/km
	km
	1
	250
	6250
	

	9
	Artificial Water way construction
	133pds/km
	km
	2
	266
	6650
	

	10
	Maintenance
	133pds/km
	km
	1
	133
	3325
	

	11
	Grass strip establishment
	16pd/km
	km
	2
	32
	800
	

	12
	Alley cropping
	80pd/ha
	ha
	2.0
	160
	4000
	

	13
	Grass seed multiplication center
	
	
	
	
	
	

	13.1
	Running
	700pd/ha/yr
	No
	1.0
	700
	17500
	

	14
	New nursery site 
	
	ha
	0.5
	
	100,000
	

	15
	Conservation forestry
	
	
	
	
	0
	

	15.1
	Seed collection/purchase
	100pd/kg
	kg
	75
	25
	1875
	

	15.2
	Seedling production
	10pd/1000pt
	0
	1200
	12
	300
	

	15.3
	Pitting and re-pitting
	50pd/100pt
	0
	1200
	600
	15,000
	

	15.4
	Micro basin construction
	5pd/100bs
	0
	1100
	55
	1375
	

	15.5
	Seedling planting
	6pd/1000pt
	0
	1200
	7.2
	180
	

	15.6
	Weeding and cultivation
	Day’s work
	0
	1200
	120
	3000
	

	15.7
	Re-planting
	6pd/100pt
	0
	360
	21.6
	540
	

	16
	Training
	
	
	
	
	0
	

	
	Staff training
	500 B/train
	No
	8
	
	4000
	

	
	Community group leaders
	250 Birr/farmer
	No
	20
	
	5000
	

	17
	Purchase of materials and equipment
	Is
	
	
	
	50,000
	

	18
	Office equipment
	
	
	
	
	10,000
	

	
	Grand Total
	
	
	
	
	273,570
	



**ThecurrentunitratecostisBirr25.00only.

[bookmark: _Toc463550531]4.4.11 Conclusion and recommendation

If the above mentioned mitigate measures practically changed no doubt to sustain the agricultural development in the project site.


























[bookmark: _Toc463550532]5. SOIL 

[bookmark: _Toc463550533]5.1 General

Robe Welteyi small scale pump irrigation project is found in South East Arsi Zone, Lemuna Bilbillo district, Welteyi Nega “PA” of oromia regional state at 116 Km distance from Assela and 60 Km far from the nearby woreda town of Bokoji with an average altitude of 2300 m.a.s.l. gentle slope lands, undulating plane and medium to deep soil are the main features of the project area.  The basic physical characteristics of the soil such as Depth of the soil are sufficient for most agriculture crops.  Colour of the soil is 50 % Black, 40 % Brown and 10 % white greyish.  Infiltration rate is medium to low. Water holding capacity is slight to moderate, drainage status is medium to low, and textural class is clay loam. Generally the productivity of the soil in and around most part of the project area is at medium level and also suitable for different crops.  DAP (Nitrogen, phosphorous and potassium) is mostly supplied to the farm land which shows the type of nutrients the soil needs utmost.

[bookmark: _Toc463550534]5.2 Methodology


To understand the soil condition of the command area discussion was made with farmers, DA’s and crew members. And also Field assessment, transect walk and soil pit for physical observation only.
  
[bookmark: _Toc463550535]5.3 Objectives of the study 


· To evaluate the physical property of the soil
· To determine the fertilizer ratio required for proposed crops
· To determine the suitability of soil for crop production

[bookmark: _Toc463550536]5.4 Physical properties of the soils


Those physical properties that influence soil fertility of the project area are soil depth, soil texture, soil structure, soil colour. Bulk density, Porosity, Infiltration, Permeability and Available water capacity (Available moisture AM). 
 



[bookmark: _Toc463550537]5.4.1 Soil depth

Soil depth is an important criterion in selecting land for irrigation because it affects water storage capacity. The soil found in the project area has sufficient depth for different agricultural crops. Its average depth is 143cms. It is ideal in well drained friable soils.

Table 1 Soil pit allocation and observed samples

	Pit codes
	Sample No.
	Profile Depth (cm)
	Textural class
	Remarks

	Pit 1
	1/1
1/2
1/3
	0-30
30-78
78-200
	Clay Loam
Clay Loam
clay
	Head of command

	Pit 2
	2/1
2/2
2/3
	0-30
30-60
60-148
	Clay  Loam
Clay Loam
Clay 
	Middle of command

	Pit 3
	3/1
3/2
3/3
	0-15
15-55
55-80
	Clay Loam
Clay Loam
Clay
	Bottom of command




Table 2 Soil profile description
	Physical observation
	Observed Result of Soil profile

	
	Pit 1
	Pit 2
	Pit 3

	Pit position
	Head of command
	Middle of command
	Bottom of command

	Land form
	Gentle slope
	Gentle slope
	Level land

	Land use
	Annual field (Wheat)
	Annual field (Wheat )
	Annual field (Wheat )

	Slope range
	Flat (5 %)
	Gentle (1.5 %)
	Flat (1%)

	Effective soil depth
	Deep
	Deep
	Deep

	Structure type
	Massive
	Massive
	Massive

	Stoniness
	None (<15%)
	None (<15%)
	None (<15%)

	Flooding
	Moderate
	None
	None

	Erosion grade
	Moderate
	None
	None

	Water logging status
	None
	Moderate
	Moderate

	Drainage class
	Moderately well
	medium
	medium

	Permeability
	Moderate
	poor
	poor

	Consistence 
	sticky
	Sticky
	sticky

	Parent material
	Airuvium
	Fluvial
	Fluvial



[bookmark: _Toc463550538]5.4.2 Soil texture 

Soil texture is an important characteristic which affects the infiltration and retention of water, soil aeration, and the adsorption of nutrients, microbial activity, tillage and irrigation.
According to the physical finger hand parcel testing of the soil the textural class of the Soil of the project area is sandy clay which is suitable for different crops with high amount of DAP fertilizer application.
 The nature of the fine (heavy) textured soils have mainly small particles in between which there are small pores and low to medium infiltration rate.

[bookmark: _Toc463550539]5.4.3 Soil structure 

Based on the shape and arrangement of the aggregates, Massive type of soil structure is observed in the project area which is Small porous than crub peds which have low infiltration rate than granular types. so to increase its infiltration and percolation, to keep run-off and erosion at a minimum level, to decrease detachability and transportability of soil by wind or water and to obtain maximum yields under given climate and plant nutrition, add organic matter, using mulching, cultivation at proper moisture with proper implements, deep ploughing and chiselling to break hard pans, proper water management practices are a must.

[bookmark: _Toc463550540]5.4.4 Soil colour

The soil colour at the head, middle and bottom of the command area is Black and it comprises 100 %.generally it has sufficient depth for different agricultural crops. An average depth of the soil is 143cms. This type of soil colour is indicative of water logged situation. So it need proper water management practices e.g. irrigation and drainage.

[bookmark: _Toc463550541]5.4.5 Bulk Density
It refers to mass per unit of total volume of dry soil. The volume includes both solids and pores. Bulk density increases with compactness and decreases with looseness. The project soil is sandy clay loam and compact. For the reason that compact soils have lower water holding capacity, poor aeration and restricted root growth. The average values of Bulk density of clay loam soils taken as 1.50 g/cm3.The specific weight of minerals soils or solid materials between 2.60-2.70 gm/cm3.

[bookmark: _Toc463550542]5.4.6 Porosity
The percentage of total volume not occupied by solids is referred as porosity. The range is 30-60 %.The sizes of soil pores of the command area is Medium pores 0.01-0.06 mm diameter for movement of water. Porosity in coarse textured soils does not vary too much. However the total pore space of clay soil is 49 %


[bookmark: _Toc463550543]5.4.7 Infiltration

It refers to entry of water in to the soil; the rate at which water enters the soil is termed as infiltration rate. An infiltration rate of 15 mm/hour means that a water layer of 15 mm on the surface of the soil will take one hour to infiltrate. The infiltration rate of a soil depends on soil texture, soil moisture content and soil structure. How ever since the soil tenure of the project area is clay loam, the infiltration rate of the command area is medium and that is 35 mm/hour.

[bookmark: _Toc463550544]5.4.8 Permeability
The property of the soil to transmit water down through it, i.e. readiness with which soil allows down ward movement of water through it is termed as permeability. Considering soil moisture movement, permeability is the hydraulic conductivity of saturated soil. Permeability of soil is determined mainly by size and continuity of the pores. A soil having Moderate soil permeability rates due to Sandy clay loam texture is moderate percolation and desirable. If the permeability is very rapid then the water is lost through deep percolation and is not stored in soil root zone. The permeability rates of clay loam soil are between 50-16 mm/hr. permeability of a soil is used to determine the need for subsurface drainage. 

[bookmark: _Toc463550545]5.4.9 Available water capacity (Available moisture AM)
Available water capacity is defined as the volume of water retained between field capacity and permanent wilting point. However, all available water is not accessible to plants due to imperfect drainage, hydraulic conductivity of soil, rooting depths, root concentrations at different depths and stage of plant growth. So, 50-75 % of available water is considered readily available water (RAM) is considered 0.66 of total available water. The field capacity, wilting point, available water, Ratio; AM/RAM, and readily available water of clay loam soil is 360, 170, 190, 0.55,105 mm/mt respectively.

[bookmark: _Toc463550546]5.5 Chemical properties of the soils 

The chemical analysis of a soil not yet done. So anyone who wants to know the chemical analysis result of the project area can proceed further.  

[bookmark: _Toc463550547]5.6. Recommendation and conclusion
Based on the physical property and nature of the soil, the most important plant nutrients such as organic matter, total nitrogen, available phosphorus and available potassium will be estimated as medium, so by using additional inorganic fertilizers (DAP & urea), plant residues, incorporated manure and organic wastes and crop rotation with pulses and vegetables, sustainable agricultural crop production is possible. Since the soil is clay loam, using proper irrigation practices and drainage management is important .The soil of the command has good texture, structure, water holding capacity, workability and good fertility status due to this reason crop production & irrigation development is possible.


























[bookmark: _Toc286935568][bookmark: _Toc287922988][bookmark: _Toc287927779][bookmark: _Toc287965148][bookmark: _Toc287965768][bookmark: _Toc287966207][bookmark: _Toc287967547]
6 [bookmark: _Toc463550548]ENVIRONMENTAL IMPACT ASSESSMENT
6.1 [bookmark: _Toc287922989][bookmark: _Toc287927780][bookmark: _Toc287965149][bookmark: _Toc287965769][bookmark: _Toc287966208][bookmark: _Toc287967548][bookmark: _Toc463550549]Introduction 
 Environmental Impacts Assessment (EIA) has become a burning issue and it includes all living and non-living things as well as the physical chemical process, the socio economic facts and the interaction b/n living and non-living things in an ecosystem.
The study of any rural development project should consider all the necessary disciplines to be studied for the intended integrated development to be under taken. This is because if a change happens on one component of the natural resource or the environment, the change will affect directly or indirectly the rest components of the environment.

For example, if deforestation happens on a forest component of an environmental it will influence the pedologic, geologic, climatic, social and economic factors of that environment. Therefore, the studies of any project development its construction and operation should include all fields to be assessed.

One of the disciplines to be studied for any rural development project is the environmental impact assessment. Because, any project should be environmentally feasible for its construction and operation takes place. It is based on these; the environmental impact assessment of this project was carried out for the sustained and productive irrigation development.

The study has thus focused on the positive and negative impacts that would occur due to the implementation of the project in the area. These include disease, salinization, and deforestation, impacts on flora and fauna in the area and those on the living condition of the community description of the proposed irrigation project

[bookmark: _Toc109836133][bookmark: _Toc463550550]6.2 Description of the existing Environment

The basic objective of the environmental impact assessment of the anticipated project is to see the environmental situation in the area that would enable to decide whether Robe Welteyi pump  irrigation project is environmentally feasible or not.
The Robe Welteyi pump irrigation project is located in Arsi zone, Lemu -Bilbilo district specifically in Waltai Nega (Robe Gerjeda) peasant association. 
Due to its location, the temperature and rainfall duration are experienced Tropical Humid weather condition. The project area is also characterized by Tropical Humid.

The topographic feature of the area is river valley and dissected plateau forms. On the other hand, the command area is situated at the area with gentle slope. Downstream of the proposed project site the topography of the Wabe River is gorge and difficult for the community to use the water and the only users are wild life live near the bank of the river. For the downstream users and to keep the ecology of the river bank in addition to the springs the water used for the hydroelectric power return back to the river after 9km travelling in the canal. 

As far as wild and aquatic animals concerned, in the area, there are some of wild animals, which are locally called Xadee, Jaldessa, Jeedalaa and Werabessa. Also these different animals and birds use the trees mainly along the river course as shelter.
The root cause of environmental degradation in the project area is drought due to climatic change. 
6.3 [bookmark: _Toc286935569][bookmark: _Toc287922990][bookmark: _Toc287927781][bookmark: _Toc287965150][bookmark: _Toc287965770][bookmark: _Toc287966209][bookmark: _Toc287967549][bookmark: _Toc463550551]Project Impacts
6.3.1 [bookmark: _Toc287922991][bookmark: _Toc287927782][bookmark: _Toc287965151][bookmark: _Toc287965771][bookmark: _Toc287966210][bookmark: _Toc287967550][bookmark: _Toc463550552]Positive Impacts
-Improvement of health through eating vegetables, fruits etc.
-The food self-sufficiency of the environment will increase
-Increment in productivity of animal husbandry through using residues as animals feed.
-Income generation 
-Creation of job opportunities
-Decrease in deforestation activities
-Increase the humidity of the environment during dry season
6.3.2 [bookmark: _Toc287922992][bookmark: _Toc287927783][bookmark: _Toc287965152][bookmark: _Toc287965772][bookmark: _Toc287966211][bookmark: _Toc287967551][bookmark: _Toc463550553]Negative Impacts
-The mismanagement of the irrigation water such as excess water application can cause water logging and drainage problems that can rise the ground water table causing salinity or acidity.
-The use of agro-chemicals like nitrogen, phosphorus and potassium fertilizations and spray of pesticide would cause pollution of the environment. The pollutants from the agro-chemicals would pollute the ground water.
-Since the project is in semi-arid (dry woyna dega) agro-ecological zone, poor water management and drainage system may lead to the breeding of malaria.
6.4 [bookmark: _Toc286935570][bookmark: _Toc287922993][bookmark: _Toc287927784][bookmark: _Toc287965153][bookmark: _Toc287965773][bookmark: _Toc287966212][bookmark: _Toc287967552][bookmark: _Toc463550554]Conclusion and Recommendation

-Appropriate drainage work and using organic manure instead of agro-chemicals would mitigate the impact of salinization.
-Clearing canals to avoid water ponding so as to discourage mosquitoes breeding shall mitigate the impact of malaria aggravation.
-Well designed system and strong bondage of extension services generally avoid risks of the negative impact stated highly encouraged the positive impact of the area.
The beneficiaries of the irrigation project should be well trained on how to use the irrigation water safely and the water management expert should closely supervise the overall irrigation scheme system to avoid the mismanagement of the water that can cause acidity or salinity of the soils and malaria infestation.

Therefore all these indicates that there can be practical if some of the mitigation measures will be realistic accordingly and hence the project is feasible from the environmental point of view.







[bookmark: _Toc208271274]


7. [bookmark: _Toc463550555]GEOLOGY AND GEO- TECHNIQUES
[bookmark: _Toc208271275]
7.1 [bookmark: _Toc463550556]Objective and Methodology

Objectives 
The basic objective of the geology and geotechnical study of the project is to provide data that enable to decide the engineering geological feasibility. This achieved through providing qualitative and quantitative engineering geological information that are related to the stability, workability, water tightness and bearing capacity of the various foundation materials encountered in the irrigation system of Robe Welteyi irrigation scheme.

More-Over, the target is to forecast risks and provide possible mitigation measures that will have to be considered in the detail design and in the implementation of the scheme. Further, it is aimed to assess the exact location of quality, quantity and proximity of naturally occurring construction materials that are conforming to the magnitude and type of structures to be constructed.

 Methodologies
The methodologies adopted to meet the above objective include, gathering secondary data from topographic geological maps, acquiring primary data from visual observation on rock exposures, out crops and examining the existing traditional canal..

7.2 [bookmark: _Toc208271276][bookmark: _Toc324505913][bookmark: _Toc463550557]Engineering Geology
 
The regional geology of the project and the surrounding area is related to the old volcano latchstring old basalt and ignimbrites (welded tuffs) especially upper side of the pump site on the river bank and bed. 

Geology of pump seat and suction pool is made up of strong basaltic base rock (over laying base rock). The pump seat shall thus be constructed of concrete material so as to absorb shock to be induced by the pump operation.

The geomorphologic setting, workability stability and water tightness of the proposed pump site & main canal route are among the major areas of engineering geological focus relating to the scheme under consideration.

[bookmark: _Toc324505914][bookmark: _Toc463550558]7.2.1 The Pump site

Stability and un- stability of the underlying bedrock or soil profile much affects the type and shape of the engineering structure proposed to be constructed at some places. In construction of pump house sanction pool and Main canals, soil profile and nature of the river banks should be studied so that its stability can be known, based on this as well as degree a  strong basaltic rock weathering of rock found at the river banks is studied for Robe Welteyi irrigation project. Observing the out crops of the bed rock, degree of weathering, nature of fractures and joints, the reasonable the stability of banks for the suction pool &guide wall pump house concrete construction to induce the shock and near to touch command.

The bed rock out crops at guide wall and sanction pool good and tuff bed rock deposition. This rock and soil cover is horizontally and longitudinally bedded. It has good bed rock bearing capacity for the structure if the upper soil cover part will be excavated 

[bookmark: _Toc324505915][bookmark: _Toc463550559]7.2.2 Main canal geology

The Main canal route study has been done based on visual observation and information from the existing situation. Accordingly the main canal has high seepage problem from intake to the command that can be easily seen at upper most main canal and at different drainage and road crossing areas. The reason is the rout covered by thin clay soil. This is under laid by fractured limestone (gray). All these route layers are porous and pervious, So that to be economical for our pump water lining of the Main canal or to use pipe is a must to reduce water loss due to seepage.

[bookmark: _Toc208271277]




[bookmark: _Toc324505916][bookmark: _Toc463550560]7.3 Construction Materials

Naturally occurring construction materials such as rock for masonry work and sand have been assessed in and around the scheme area at accessible site and at possible economical distances.

Masonry and concrete works
Dense, hard, watertight and workable basaltic rock is available in the surrounding area at about 10km from pump site concrete aggregate   and sand is also available from the surrounding 10km radius from the site. The sand is dense, pure, well graded non- coated quartz dominant and sufficient in quantity related to the scheme magnitude. Finally the concrete aggregate can be crushed in to the required size from basaltic rock manually.
[bookmark: _Toc208271278][bookmark: _Toc324505917]
7.4 [bookmark: _Toc463550561]Conclusion and Recommendation

Engineering properties of the materials found at the pump site are studied and found to have under laying bed rock and very promising in engineering value or bearing capacity, And also not that much excavation since the bed rock is very near to the surface so that it should be no need excavation but shaving during construction at the foundation up to 0.20 depth. On the main canal route, to minimize water loss through seepage canal has to be piped or lined on the upper part and at different drainage and road crosses. 
[bookmark: _Toc208271279]

[bookmark: _Toc463550562]8. HYDROLOGY
 
[bookmark: _Toc324505919][bookmark: _Toc463550563]8.1   Catchments characteristics
 
The proposed site for pump is situated at coordinate latitude of 7.10’N and longitude of 39026’ E and elevation of 2295.5m. 

The catchments area of this site very small it is situated just at the bottom of Melka Wkena dam .The discharge planed to be taken is the leakage under the dam. It is written in there project report that:-
“3.3m3/s was handled in to the d/s pool. This is the case to the minimum one recorded in chosen run off series. The obligatory release is discharged before the 1st unit start i.e on Dec.31 of the first year of filling. Putting units 2, 3 & 4 in to service is scheduled respectively”.
· Area=81.4km2
· Maximum water level 2520.7
· Minimum water level 2508
· Bottom out let 30m3/s
· Spillway       530m3
               Melka Wakena project detail report final publication volume-1 summary report page-54
· But practically the existing base flow discharge is not  3.3m3/s  as written obligatory release  described in the project detail report, but it is  very small to written  so we calculate stream base flow discharge for our design application in addition to some small spring from surrounding. 
Stream characteristics 
The stream is perennial and constant flow the same discharge is released from the dam bottom out let and some small stream drains to our pump sanctions. 
[bookmark: _Toc208271281][bookmark: _Toc324505920]





[bookmark: _Toc463550564]8.2 Hydrological element

The base flow
The base flow of the stream has to be taken in the dry season of the year, but this flow has not been taken, presently December 14/2007 the stream has a minimum flow of 100l/s and as the traditional water users information the stream will not reduce its flow from the existing discharge since the dam bottom out let discharge is 163l/s , out of this we left 63l/s  for d/s aquatics and the rest 100l/s is taken for our Design purpose. Even though the land, depending on the duty of the area (2l/s/ha) this stream has the capacity to irrigate about 50 ha of land.   

 Base flow calculation 
    Stream-1
Length = 10m,    W1 =2.5m, W2=3.8m, W3 =5.2m, W4=2.5   Wav=3.5m
T1 = 18.Sec		at- x-section 1	
T2 = 19.54sc		d1 = 0.1		 
T3 = 18.42sec 	            d2 = 0.18		 
T4 = 20 sec 		d3 = 0.12		 
T5 = 18.07 sec 	d4 = 0.12		
Tave=19sec                  dav1= 0.12  		 					
A=W*d =3.5*0.12=0.42      V=L/Tave =10/19=0.19m/s    
Q1=A*V   =0.19*0.42=0.0798m3/s
Actual Q1=0.0798*0.8=0.0638m3/s
    









Stream-2
               L=8m
W1=2.4                 D1=0.07m                     T1=15.33
W2=3.8                  d2=0.08m                    T2=15.17
W3= 2                     d3=0.06m                     T3=15
W4=1.8                   d4=0.09m                    T4=16
Wave=2.25            dave=0.072	        Tave= 15.4
A=W*d     A=2.25*0.072=0.162m2           V=L/Tave    V=8/15.4   =0.519m/s      
Q2= A*V Q=0.162*0.519=0.084m3/s=84lt/s
Actual Q2=0.084*0.8=0.0672m3/s
QT=Q1+Q2=0.0638m3/s +0.0672m3/s= 0.0.131m3/s=131lt/sec


  8.3 Recommendation
To apply different hydrological analysis is not much necessary because our lean flow calculated above and peak discharge is the same since the hall water from upstream catchment area of  81.4km2 occupied by  Melka Wakena dam. The only discharge for our design is the bottom out let which is the same in dry and wet season.

Downstream of the proposed project site the topography of the Wabe River is gorge and difficult for the community to use the water and the only users are wild life live near the bank of the river. For the downstream users and to keep the ecology of the river bank in addition to the springs the water used for the hydroelectric power return back to the river after 9km travelling in the canal. 

To be safe it is better to take the base flow of 100l/s. even though the land, depending on the duty of the area (2l/s/ha) this stream has the capacity to irrigate about 50 ha of land.   







[bookmark: _Toc463550565]9. IRRIGATION AND DRAINAGE SYSTEM DEVELOPMENT
[bookmark: _Toc463550566]9.1 Objective 
· To evaluate compatibility of pump and recommend the right one
· To determine the capacity of pump needed
· To determine the capacity of water
· To know the command area
· Increase the income of the beneficiaries
· Provides animal feeds from bi-products   

[bookmark: _Toc463550567]9.2 Methodology
 In order to attain the above objectives; the following methodologies are adopted:
· Visual observation of the site topographic maps
· Field level survey
· Gathering local information from elders are used
· To assess some of engineering and hydrological parameter    necessary for design phase
· Agronomic, geologic and socio economical bases of the community have also paramount important in generally settling of idea for engineering feasibility.
· Surveying for determination of pump compatibility 
· Surveying main canal profile
· Calculating the amount of water which we got at the d/s of the dam which is required for irrigation
· Beneficiaries are consulted
· Site survey and investigating each farm land Using level   instrument, total station GPS, Meter, guidelines manuals and other reference    materials such as previous detail study document.





[bookmark: _Toc463550568]9.3 Irrigation System lay out

 The anticipated irrigable area is more than 500 ha which can be irrigated by pumping, but due to the deficiency of irrigation water for the time we have taken to irrigate about 50 ha. The texture of the soil in the command area is sandy silt. It is planned that tertiary canals run across the direction of the contour, while furrows run parallel to the contour. The command area is divided into 20 tertiary units with average size of 2.5ha. The type of irrigation is surface irrigation and method of supply is furrows. The water is supplied to the furrow from tertiary canal by a simple field off-take which feeds the furrows. The overall area is irrigated using 20 tertiary canals and 80 field canals running across and along the contour respectively.

[bookmark: _Toc463550569]9.3.1 System of supply
The system of supply is lift and gravity pump’s of 160HP are to be installed to deliver the required flow where additional similar stand by pump provided in case of break downs.  The water is conveyed to the suction pool simply by gravity and lifted to 1200m length by pressure pipe and here after the farm canal net work will be applied by gravity.

[bookmark: _Toc463550570]9.3.2 Source of irrigation water
The major source of water in the project area is the d/s flow of the Melka Wakena Hydro Electric Power Dam of the Wabe Shebele River. The maximum and minimum base flow is 200lt/sec and 100lt/sec respectively.
[bookmark: _Toc463550571]9.3.3 Command area
A gross area of 500ha of land was surveyed out of which 50ha net irrigable area was considered for details. Please refer to the lay out plan attached to annex.

[bookmark: _Toc463550572]9.4 Surveying work
The major activity in carrying out this project study was ground survey work which consisted of the following:
· Longitudinal profile survey along main canal line delivery pool to end of canal
· Topographic survey of gross area covering500ha
· Profile survey of the pressure line and approaching
· Longitudinal section of the existing ground along the proposed canal alignment is plotted on suitable scale of 1:200

[bookmark: _Toc463550573]9.4.1 Geology of the pump site
As it was mentioned in the engineering geology of pump seat and suction pool is made up of strong basaltic base rock (over laying base rock). The pump seat shall thus be constructed of concrete material so as to absorb shock to be induced by the pump operation.

[bookmark: _Toc463550574]9.4.2 Pump site selection and location
The pump site is situated approximately 2km from Robe Gerjeda town and 1.5km d/s of the Melka Wakena Hydro electric power dam. The site is found to be favorable for pump site construction considering:
· Flood mark level=2295m
· Pump center line=2296.5m
· Minimum water level=2294m
· Approach canal bed level=2293.5m
· River bed level=2293m
· Elevation of pump seat OGL=2296m
· Elevation of design suction pool =2293m
· Elevation of delivery pool OGL=2330m
· Suitable topography in relation to delivery pool and command area (short pressure line)
· Minimum suction head
· Relatively stabilized banks of the river
· Easily accessible
· Its distance from hydro electric power line is 579m

[bookmark: _Toc463550575]9.5 Total supply discharge and water budget
The capacity of the pump is determined from the duty of the proposed cropping pattern and cropping calendar.
Proposed command area=50ha
Duty=2 lt/sec/ha for 12hour irrigation
Therefore, the total irrigation requirement for 12hours irrigation application is determined as 100lt/sec. To make the project easy to be managed for different cropping schedule, one pump is proposed to supply the design discharge. Therefore the design supply of the suction pipe and / or in the pump is fixed to be 100lt/sec.

Input Data from Agronomy report
Command area (A) =50 ha 
Crop evapo-tranpiration (ETC) =4mm/day
Soil type= sandy clay
Average root depth of the crops=0.5m
Available soil moisture (Sa) =140mm/m
Available moisture in the root zone=0.50*140=70mm
Average depletion rate (P) =0.4
RAM/AM=0.70
RAM=70%*70=49mm ≃ 50mm
Depth of irrigation application (d) 
d=RAM with no efficiency considered=50mm
d=RAM/ℰ=50/0.70=71mm with application efficiency.
d=RAM/ℰ=50/0.40=125mm with overall efficiency.
Irrigation interval, I=RAM/ETC=50/4=12.5days says 12days
Daily working hour (t) =12hrs/day
Required discharge in M.C,
 Qo= =49lt/sec
Using ℰa=70%   ℰc=75%    ℰd=75%    ℰo=40%
Q=49/0.40=122lt/sec thus 100lt/sec is relatively ok!
Duty= 2lt/sec/ha
Q q*a2*50=100lt/sec
Therefore for the sake of design 100lt/sec are adopted

[bookmark: _Toc463550576]9.5.1Irrigation schedule
Flexible schedule is considered (recommended), i.e. it is controlled, though there is often a need for compromise between the water user association and the farmers.
Scenario:
-continuous flow in MC, SC and TC
-rotated flow in FC
-12hr/day irrigation
Sample: Tertiary unit
Area=2.5ha
Irrigation depth=112mm
Irrigation time=12hr
Stream size (l/s) =
Schedule type
Maximum flow rate limited by physical size of system turn out capacity but causing only moderate to negligible problems in farm operations. The applied rate controlled by farmer and may be varied as desired.

[bookmark: _Toc463550577]9.5.2 Proposed water distribution method
In this project from practical point of view rotational irrigation is provided (recommended). The means of irrigation supplies rotated between delivery points with canals and running at full discharge.
Length of delivery pipe = 1188m.
Different amount of water rotates between secondary canals as listed below:
SC1-1 and SC1-2, q=x l/s
SC2-1 and SC2-2, q=y l/s
Net irrigable command, A=50ha
Intensity of cropping=100%
Interval=7days
Rotational period=8days
Irrigation time, ti=12hrs
Rotational area=50ha/12day=4.16ha/day

[bookmark: _Toc463550578]9.5.3 Unit irrigation flow
The supply requirements at the field level are determined by the depth and interval of irrigation i.e. Qt=
Total supply discharge and water budget
As per agronomic report water duty is equal to 2.0l/s/ha. Thus,
Q=duty * Area= 2.0*50=100 l/s

[bookmark: _Toc463550579]9.6 Design of Guide wall
To take water by approach canal to the suction pool there is a guide wall of about 20m length and 1m height across the river.  1m



1m

	
D/s River bed

0.5m

1.5m


                 Fig Guide Wall X-Section

[bookmark: _Toc463550580]9.7 Design of approach canal
To take the water from the river to the suction pool approach canal of rectangular shape of lined canal about 20m length is excavated on hard rock.
Discharge=100l/s

Type=rectangular lined canal
Manning roughness, n=0.014
Soil=sandy silt & rocky
Economical lined Rectangular section criteria;
B = 2y			B = bed width of canal
R = y/2			y = water depth
R = Hydraulic radius 
Q= 100 l/s   B=2y and thus B=0.50    y=0.25   F=0.20    D=0.45m    V=0.8m/s    n=0.014   s=0.002
A=B*y=0.5*0.25=0.125m2
P=2y+B=2*0.25+0.5=1.0m
R=A/P=0.125m
Thus let s=0.2%
V=Q/A      ⇒V=0.1/0.125=0.8≤0.42m/s ok! 
20m*0.002= 0.04m level difference


[bookmark: _Toc463550581]9.8 Design of suction pool
The water is taken from the river to the suction pool by the approach canal and the water is collected within the suction pool of top width 3m by 3m and depth 2m and taken by pump.
Therefore, the bed level of the suction pool is 2293m.
   3m

OGL

1:0.5

2m



  1m

 
       Fig. Suction pool X- Section



[bookmark: _Toc463550582]9.9 Design of the Delivery pool

The delivery pool is situated on elevated point to take the water from delivery pool by gravity. At the outlet of the delivery pipe the water is jetted and expressed in projectile motion.


Ymax= (Vo*sin)2/2g and L=Vo2sin/g
Y






Ymax



	X

      L


Where L=distance of throw (m)
          Vo=initial velocity in delivery pipe (m/s)

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]            =the angle of throw in degree
             g= gravitational acceleration (m/s2)

L is maximum when  =450 and hence, L=Vo2 Sin(2*450)/9.81
L=32 Sin(2*450)/9.81=0.92m, but use L=2m
Ymax=(Vosin450)2/2*9.81
 Ymax=(3sin45)2/19.62=0.23m, but use Ymax=1.5m
Therefore, use a delivery pool of 1.5m wide, 2m long and 1.5m high. The sill height provided is 0.4m, in which the main canal outlet level is 2329.4. The bed level of the delivery pool is2329.The delivery pipe outlet is2330.2.The top level of the pool wall is 2330.7mas.

[bookmark: _Toc463550583]9.10 Design of Pump and other appurtenant structures
Two pumps were considered each discharging 100l/s out of which one is stand-by thus woks alternately. 
Table 9:1 Daily operation Schedule of pumps  
	Operation & non-operation hour
	PUMP
	Operation of pumps (Hrs/day)

	Day-1
	Pump1
	Pump2
	Pump1
	Pump2

	6:00am to 10:00am
	v
	
	4
	0

	10:00am to 2:00pm
	
	v
	0
	4

	2:00pm to 6:00pm
	v
	
	4
	0

	Sub Total
	2 times/day
	Once/day
	8hrs/day
	4hrs/day

	Day-2
	
	
	
	

	6:00am to 10:00am
	
	v
	0
	4

	10:00am to 2:00pm
	v
	
	4
	0

	2:00pm to 6:00pm
	
	v
	0
	4

	Sub Total
	Once/day
	2 times/day
	4hrs/day
	8hrs/day



Note: -stands for operational and -for non-operational; the stand by pump will also work just like other pump but alternatively; this table is designed for operation hours of only 12 hr/day (i.e one pump works twice a day and the other once thus total of 4*3=12hr/day).

[bookmark: _Toc463550584]9.10.1 Diameter of suction pipe 

ds=    Vs was considered to be 2m/s

ds=
ds=0.252m = 9.93”
ds=9.93 inches for safety use 11 inches

[bookmark: _Toc463550585]9.10.2 Diameter of delivery pipe
Let Vd be slightly greater than Vs i.e. 2.2m/s

dd=

.dd==0.24m=9.47”   
dd=0.24m=9.47inches, but for safety take 10 inches pipe.
Note: The length of pipe in suction is 6m and 1180m in delivery line.
Suction Side: The end of suction pipe should have a trash and silt excluder to avoid pump damage.  On the suction side, joints should be avoided to minimize loss. It is better to use steel pipe for the suction side. 
Discharge Side: We use UPVC (PN 16) pipes on this side, for they do not rust easily. On the discharge side the pump flange is joined to a steel pipe by a suitable fitting. Next to this a sluice valve is installed to serve the purpose of total disconnection of the pump set and the discharge pipe line when needed. The detail of the pump set and accessories is found in the Bill of Quantities. 

[bookmark: _Toc463550586]9.10.3 Pumping head
-Actual suction lift head =Has=3.5m
-Actual delivery lift head =Had=28m
-Suction velocity head = Vs2/2g=22/19.62=0.20m
-Delivery velocity head =Vd2/2g= 2.22/19.62=0.25m
-Friction loss in the suction pipe (rubber hose)

Hfs=FLV2/2gd=1/=1.14+2log (d)/k
d=diameter of pipe (m)
k=effective roughness size
  = 0.03*10-3 for rubber hose

1/=1.14+2log (0.252)/0.00003


1/=8.9   ⇒=0.111   ⇒f=0.012



Friction loss in delivery pipe (steel pipe)

Hfd=	d= 11 inches=0.28m
                                            K=0.05×10-3

=1.14 +2log (d/k)

=1.14 +2log (0.28/0.00005)

=8.66    ⇒f=0.0133

Hfd=
Hfd=12.11m   say 13m
Taking  of water at 20oc =1×10-6m2/s (viscosity)
        of water at 20oc = 1000kg/m3 (density)
           d=0.279m

           Re =
         Re    The flow is turbulent
9.10.3.1 Head loss on fittings of suction pipe:-
a) Foot valve with strainer, k=1.8
h=kv2/2g =1.8*22/19.62=0.4m
b) Loss @ elbow (say 2 elbows) 90o    k=0.9
      h=kv2/2g =2*0.9*22/19.62=0.4m
c) Entry loss (assuming bell mouth)    k=0.45
h=kv2/2g =0.45*22/19.62=0.01m

    9.10.3.2 Head loss on fittings of delivery pipe:-
    a) Check values (2 in No)    k=1.00
 h=kv2/2g =2*1*2.22/19.62=0.50m
b) Loss @ elbow (say 2 elbows) 90o    k=0.9
      h=kv2/2g =2*0.9*2.22/19.62=0.45m
c) Confluence loss of 10” pipes  k=1.5 merge at angle noto
      h=kv2/2g =1.5*2.22/19.62=0.40m
d) Loss at gate valves
      h=kv2/2g =0.5*2 2/19.62=0.01m (fully open)
Hence, total lift head of the pump =48.17m
Adding 0.50m Residual head at exit
Total lift head will be 49m
[image: ]
      Fig. Suction Pool, Pumping level & Delivery Pool

[bookmark: _Toc463550587]9.11 Power Required
Water Horse Power (Theoretical Hp)
WHP =P [W] =γQH
Where: - Q=unit pump discharge (m3/s)
              H=total lift head (m)
              γ=unit weight of water=9.81KN/m3 =9810N/m3
              P [W] =9810*0.10*49
              P [W] =48069W =48.069KW
              1hp =746W
              P[hp] =65hp
Shaft horse power
Assuming 70% pump efficiency

S.H.P ==92.86hp
Break horse power (for shaft coupling)


B.H.P=                    =motor efficiency =90%


B.H.P=
       B.H.P=103.2hp say 105hp
 Thus this B.H.P =95hp is the actual horse power required to be supplied by the engine (diesel) or electric motor for driving the pump. The pump and motor shall be an integral unit. Otherwise; during order and purchase of motor, de-rating of B.H.P is necessary.

De-rating 1% for each 100m above sea level ⇒shall be de-ratted
De-rating 1% for each 5oc above 15oc   ⇒2% shall be de-ratted.
De-rate 20% for continuous load operation   ⇒since only 8hr operations take 10%
Total de-ratted factor =0.34

Actual BHP =

Actual BHP= say 160hp
 Actual BHP=160*0.746Kw=120Kw
The pump house is about 579m from hydroelectric power line running to Robe Gerjeda town and it needs about eleven poles with 50m interval.

[bookmark: _Toc463550588]9.12The net positive suction head (NPSH)

Any operable center fugal pumping system has hydraulic head on the suction side of the pump net positive suction head (NPSH) for a satisfactory operation.
Therefore, for pumps operating properly, the suction head along with the other accompanying losses should be less than the theoretical atmospheric pressure of the pumping site altitude.
Generally, (hs+hf+es+s.f)<ha
Where:  hs=static suction head=Zpump-Z minimum water level
                 =2296.5-2294=2.5m
              hf= frictional head loses in the suction pipe=0.14m
              es= vapor pressure at 250c=0.32m
               s.f=safety margin =0.6m
And  hs+hf+es+s.f=2.5+0.14+0.32+0.6=3.56m
But ha is atmospheric head which is given by
ha=10.33-site elevation/300)*0.6
ha=10.33-(2320/300)*0.6=5.69m
Therefore, since operational head loss in the section line is less than the atmospheric pressure, i.e. 3.56m<5.69m is ok!
Finally the NPSH=5.69-3.56=2.13m which is greater than safety factor say 2, and it is safe.

[bookmark: _Toc463550589]9.13 Operating Cost
Power consumption of electric motor operating hours=12hr/d
Operating time =4months/year (November to February)
Annual operating time=12hr/d*4month/year*30d/month
                                    =1,440hr/year
Annual kwhr=120kw*1,440hr
Annual kwhr=172,800kwhr
Cost per kwh =0.4Birr (by EEPC price)
Annual operating cost =172,800*0.4=69,120Birr

[bookmark: _Toc463550590]9.14 Pressure on delivery pipe
Total lift head of water=49m
Assumed water hammer =13m
Total head of water =62m
Thus assuming uniform distribution of water pressure in the pipe,
Pressure =9.81KN/m3 *62m=608.22KN/m2
                                            =6.082bar   say 6.1 bar
 
[bookmark: _Toc463550591]9.15 Summary of pumping unit
· Number of pumps=2 i.e. 1 working and 1 stand by
· Head =62m (Total lift head)
· Discharge =100l/s each
· Actual B.H.P =160hp pump with Hydro electric power
· 11” and 10” diameter suction and delivery pipe respectively.
· Efficiency -pump 70%
                              -motor 90%
· Suction head -3.5m (overall) high speed radial flow with specific speed of 1600RPM
· Type of motor -4stroke, Air cooled diesel engine.
· Type of pump -centrifugal pump, Horizontal shaft connection

[bookmark: _Toc463550592]9.16 Pump and Motor dimension
a) Pump (ROVETTI POMPE-Italy) –SN-200 was considered for dimension analysis.
Width -460mm, base screw @ 370mm width span
Length -550mm, base screw @ 230mm length span
Depth -575mm, horizontal shaft connection with motor

b) Motor (LOMBRDINI –diesel) was considered for dimension analysis.
Width -680mm, base screw @ 350mm width span
Length -1093mm, base screw @ 449mm length span
Depth -772mm, horizontal shaft coupling with pump
           Coupling shaft space of 264mm
c) Driving water pump coupled with Electric motor

[bookmark: _Toc463550593]9.17 Pump and motor seat
The foundation of the pump seat is hard basaltic rock, therefore no need of construction of the foundation with R.C.C we can use only lean concrete.
Let the weight of the pump and generator be 10KN and assume the seat dimension be 0.8m wide, 1.7m long and 0.30m deep concrete.
Then check for the safety factor, i.e. pu/pa>3.
And Pa=pump and motor weight plus self weight of concrete
            =10KN+(0.8m*1.7m*0.3m*24KN/m3)
            =19.792KN use 20KN
But Pa per m2=20KN/(0.8*1.7)=14.7KN/m2
For simple rectangular pump foundation,


Pu=Sq*Po*Nq+Sc*C*NC+S**B*N
And Sq=Sc=1+2Bsin450=1+2*0.8sin45=2.13

Surcharge, Po=10% of =0.1*24KN/m2=2.4KN/m2

s=22.4KN/m3 and B=0.8m

S=1-0.3(2B)/L=(1-0.3*2*0.8)/1.7=0.31
Nq=173.24, NC=172.24, N=267.23 and C=200
Hence Pu=2.13*2.4*173.24+2.13*200*172.24+0.31*22.4*0.8*267.23
               = 885.603+73374.24+1484.516=75744KN/m2


In which Pu/Pa>3 75744/14.7>3 5152>>>3
Therefore the assumed dimension of the concrete seat 0.8m by 1.7m by 0.3m is safe.
Width =minimum of 370mm + 400mm outer space say 800mm pump width span 
Length =minimum of 370mm +449+221+264+400mm =1704mm
            Say 1700mm    or 1093+460=1553m so take 1700mm
370mm = pump width span
449mm =motor width span 
221mm =projection from engine
264mm =coupling space
400mm =outer space

[bookmark: _Toc463550594]9.18 Pump house
Length
Two pumps to be cast side by side.
Clear space between each pump =800mm
Outer space 1200mm*2 =2400mm
Width of seat =2*800=1600mm
Total width =4800mm clear space
Width
Outer clear space (suction side) 1000mm.
Space for inspection 2000mm
Pump and motor length 460 +1093 =1553mm or seat length =1700mm
Thus total width of pump house =4700mm  
Thus the pump house shall have clear space of 4800mm * 4700mm and well ventilated all round.


[image: ]
Fig. Water source, Approach canal, Suction pool, Pump & pump house & Delivery pool


[bookmark: _Toc463550595]9.19 Design of Canals Alignment

[bookmark: _Toc463550596]9.19.1 Design of Main canal

Design of Rectangular Lined Main canal (0+000 to 0+820)
Irrigable Area: A= 50ha considering full time irrigation
Water duty, q= 0.002m3/s/ha (source: agronomy report)
Q=A*q=50ha*0.0026m3/s/ha
Q= 0.01 m3/s = 100 l/s
Economical lined Rectangular section criteria;
B = 2y			B = bed width of canal
R = y/2			y = water depth
R = Hydraulic radius 
Q= 100 l/s   B=2y and thus B=0.50    y=0.25   F=0.20    D=0.45m    V=0.8m/s    n=0.014   s=0.002
A=B*y=0.5*0.25=0.125m2
P=2y+B=2*0.25+0.5=1.0m
R=A/P=0.125m

b

  fb
  d
D


[bookmark: _Toc463550597]9.19.2 Design of Secondary canal
Irrigable Area A= 50ha
Water duty, q= 0.002m3/s/ha (source: Agronomy report) 
Q= A*q= 50*0.002=0.1m3/s = 100 l/s
Flow velocity: (0.25< 0.94m/s)
Slope=0.002 	
General formula Adopted is Manning's.
Q = A/n R 3/2 s ½ 		          n = 0.014 for lined canal
Economical Trapezoidal Lined canal section criteria: 
B = 0.6y for canal inner side slope = m=1
R = y/2
y=0.20     B=0.30	V=0.75	 F=0.20	D=0.40    w=0.50m
A = (ym+B)*y= (0.2*1+0.3)*0.2=0.10m2
P=2y (m2+1)1/2+B=2*0.2(12+1)1/2 +0.3=0.87m
R=A/P=0.116m	
b
df
1.2*df
Berm
T= 2mD+b
D
1.2*df
berm
fb
d


 

The canal bed slope, I= (nxV/R2/3)2
For n= 0.014 & V = 0.75m/s, R= 0.116m, I= 0.002
Using free board, Fb= 0.2m, 
The total embankment depth, D= d+ Fb= 0.4m
The top width, T= b+2mD= 1.1m


[bookmark: _Toc316092924][bookmark: _Toc463550598][bookmark: _Toc32568791]9.19.3 Alignment of Tertiary canals

Since the secondary canal is running across the contour on the ridge the tertiary canals aligned almost at along the contours to the right and left side of the secondary  canal on the command slope 0.1% to 0.15% using turn outs.  On the average, tertiary canal irrigates 3ha of land with average capacity of 25 l/s.
Note that in aligning the MC, SC and TC sharp curves and sharp bends are avoided using smooth curves.

[bookmark: _Toc316092925][bookmark: _Toc463550599]9.19.4 Alignment of the feeder canals

Many feeder canals are aligned down with the average slope of 0.05% to 0.1%. Average length of the field canals is 100m to command 1ha. The furrow direction is along the contour of the land.
Since the velocities (0.4m/s) and the discharge (5 l/s) of the field canals are too small; erosion hazard is minimized under proper water management.

Summary of supply canals 
	Canals
	Q(m3/sec)
	V(m/s)
	B(m)
	Y(m)
	FB(m)
	D(m)
	S
	m
	n

	Main canal 
	0.1
	0.8
	0.5
	0.25
	0.25
	0.5
	0.002
	
	0.014

	Secondary canal
	0.1
	0.44
	0.3
	0.2
	0.2
	0.4
	0.002
	1
	0.014

	Tertiary Canal
	0.025
	0.3
	0.2
	0.2
	0.3
	0.4
	0.001
	1
	0.025



[bookmark: _Toc316092933]
[bookmark: _Toc463550600]9.20 Design of hydraulic structure

[bookmark: _Toc463550601]9.20.1 Design of Drop 
There are about 25 drops on secondary canal (13drops with 0.6m drop height & 12drops with 0.8m drop height).
Input Parameters:
Discharge Q	upstream water depth h1, upstream water velocity v1
Downstream water depth h2, downstream water velocity v2 and drop height z
Drop width = bc=0.734 Q/(h1)1.5 
Unit discharge=q=Q/bc    
Critical depth = hc =(q2/g)1/3
Stilling basin:
Basin width, B=18.46(Q)½/(Q+9.91)
Basin length = L= [2.5+1.1(hc/z)+(hc/z)3](z*hc)0.5
Lip height a =hc/2
Dimensions that are not convenient during construction were changed reasonably.

	Drop on Canal
	Drop ht
	Drop width
	Basin width
	Basin length
	Lip ht
	US Transition

	SC
	0.6m
	0.45
	0.6
	0.9
	0.1
	1.5

	SC
	0.8m
	0.45
	0.6
	1.012
	0.1
	1.5




N.B: If there is turn out at the u/s of drop we will use 2m u/s transition




Upstream




0.6 or 0.8m
Downstream

	                   


	      



1.0


                    Fig. Hydraulic Parameters of drop structure (USBR Type)

[bookmark: _Toc316092934][bookmark: _Toc463550602]9.19.2 Design of Turn out
[bookmark: _Toc315981671]Since the secondary canal has a series of drops at different places and to be economical we should have to use turn out at the same point with drops at the upstream of drop. There are about 9 turn outs of which 6 are at the same point and 3 at different place.
Sample Calculation 
Qd = 0.015m3/sec
Cd = 0.62 (assuming the flow will be free flow)
D = 0.15 (depth of flow)
Considering the depth above center of the pipe Ho is taken as 0.01m
Using free flow formula



Qd = Cd A 


0.015= 0.62Ax
A = d2 /4 = 0.055
d = 0.264m
d = 30cm 
[bookmark: _Toc18897851][bookmark: _Toc18898583][bookmark: _Toc20884364][bookmark: _Toc24349108][bookmark: _Toc32569815][bookmark: _Toc32570336][bookmark: _Toc32570434][bookmark: _Toc32665735][bookmark: _Toc32666487][bookmark: _Toc35070027][bookmark: _Toc62455491][bookmark: _Toc73287026][bookmark: _Toc109836191]Since all turn outs are from the Secondary canal and the same discharge we use a diameter of 0.3m pipe for all turn outs. 

[bookmark: _Toc463550603]10. FINANCIAL ANALYSIS 

[bookmark: _Toc463550604]10.1. Introduction 

This project contains the financial analysis of Robe Welteyi Small scale irrigation project. When this project is implemented the cash income and dietary position of beneficiary farms will be significantly improved by producing more than one times per a year. The Suitable crops to be grown under irrigation are proposed by the agronomic study.
Relevant information, for this analysis was mainly obtained from socio-economic survey, Agronomic study and engineering cost estimate. 
The following assumptions and guidelines were used:- 

[bookmark: _Toc463550605]10.2. Assumptions 

[bookmark: _Toc463550606]10.2.1. Field visit and data collection 

Field visit was made to the project site where the proposed interventions are to be implemented. Assumptions and parameters are thus based on the result of observations and discussions carried out among the beneficiary farmers and key informants in the area.

[bookmark: _Toc463550607]10.2.2. Inputs and out puts 

The engineer provided data on headwork and irrigation infrastructure.  The agronomist also provided basic data such as, land development and yield productivity.  In put parameters were also developed from the unit requirement of seed rates, fertilizers, pesticides, labor days and oxen days required for one hectare of land.

[bookmark: _Toc463550608]10.2.3. Average yields

· The average yields of crops grown and total crop production in the "without" and "with" the project period is shown.
· Input use such as fertilizers & chemicals was included “without project” condition & “with project case”
· Optimum output level is attained after five year with the project case & it remains constant throughout the life of the project from fifth year on wards.
· Production grows constantly “without project” situation period.

[bookmark: _Toc463550609]10.2.4. The proposed irrigation area  

The proposed irrigation area is 50 hectares.  The numbers of beneficiaries will be 100 and the average irrigation land holding size per house hold is approximately 0.5 hectares.

[bookmark: _Toc463550610]10.2.5. Production grows with our case 

Production grows constantly in the "without" project situation periods for fifteen years.


[bookmark: _Toc463550611]10.3. Guide lines  

Accumulated experience on the preparation of similar projects and the guide lines of project analysis was used.
The techniques as how to deal "with" and "without" project situations, the financial benefits, farm budgets, price of inputs and out puts, project period, on measures of financial viability and techniques of calculation and sensitivity analysis  are utilized.  Some of the basic issues are out lined below:-  

[bookmark: _Toc463550612]10.3.1 .Farm budget 

Farm budget was developed from farm activities by giving the  inflows and out flows monetary values in order to know the gross  net benefits of the "without" project conditions and the thereby estimate gross, benefit and incremental net benefits, farm budget was prepared per hectare basis first and transformed to the whole area of the envies age project.

[bookmark: _Toc463550613]10.3.2. Comparison b/n "with “and "without" project 

In making analysis incremental project costs were calculated by deducting costs of the "with” project from the "without" project condition.  Similarly incremental benefits were determined by deducting the gross benefits of the "with" project condition, i.e., net incremental benefits from incremental costs.


[bookmark: _Toc463550614]10.3.3. Price of inputs and out puts.
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 gate" price. These prices were collected in and ground the project area during the time of the base line survey; constant prices are used in estimating financial cost benefits of the project.  The logic behind using constant price is that inflation will affect input and output price equally.

[bookmark: _Toc463550615]10.3.4. Project period 
In principle project life is determined by the technical life of the major capital items of the proposed project. Any way for our case, the Robe Welteyi SSIP life is taken to be 10 years.

[bookmark: _Toc463550616]10.3.5. Opportunity cost 

The opportunity cost of capital is taken to be 10%.

[bookmark: _Toc463550617]10.4. Discounted measures of the project 

Financial Net present values (FNPV), Financial Rate of Returns (FIRR) and Benefit- cost Ratio (B/c) are used to determine the financial viability of the proposed projects.

[bookmark: _Toc463550618]10.5. Financial Analysis Result 

The financial analysis was carried out after developing all the available assumptions and guidelines. The magnitude of the returns will also reflect the extent of incentive for the farmers. 
The financial analysis results are presented in Table -21 using NPV criterion the project earns a net present value of birr 9,733,399.09.i.e, since the NPV is positive, the project is recommended for implementation. As the finding in Table-21 depict, using the IRR criterion the project earns more than the opportunity cost of capital, i.e. (89% > 10%) indication the viability of the project. Based on the B/C ratio criterion, the project is viable to implement because for every 1 Birr invested the farmers will earn additional 1.74 cents.
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 worth implementing.

Table-21 Financial Analysis Result Summary

	Pro.
	Without project
	With the project investment cost
	With the project operating cost
	 
	 
	 
	Base
	Physical
	Total with
	Incremental
	Gross value of production
	 
	 

	Year
	Tax
	Direct pro.
	Total
	Irrigation 
	Farm 
	Total inv.
	production 
	Training
	Main
	Replac.
	Salaries & pe
	Tax
	Total oper.
	cost
	conti.
	project
	project
	with out
	with the 
	Increm.
	Net Increm.

	 
	 
	cost
	cost
	structure
	tools
	cost
	cost
	cost
	cost
	cost
	rdiem cost
	 
	cost
	BC
	5% of BC
	cost
	cost
	project
	project
	Benefit
	Benefit

	1
	130
	66,465
	66,595
	2,586,945.33
	0
	2,586,945.33
	1,030,291
	32,375
	57,738.91
	258,694.53
	144,110.00
	$143.00 
	$1,523,352.44 
	$4,110,297.77 
	$205,514.89 
	$4,315,812.66 
	$4,249,217.66 
	423,925
	2,884,308
	2,460,383
	($1,788,834.66)

	2
	130
	66,465
	66,595
	0
	286,000
	286,000.00
	1,062,418
	32,375
	57,738.91
	258,694.53
	144,110.00
	$157.30 
	$1,555,493.37 
	$1,841,493.37 
	$92,074.67 
	$1,933,568.04 
	$1,866,973.04 
	423,925
	3,310,281
	2,886,356
	$1,019,382.96 

	3
	130
	66,465
	66,595
	0
	0
	0.00
	1,096,536
	32,375
	57,738.91
	258,694.53
	144,110.00
	173.03
	$1,589,627.47 
	$1,589,627.47 
	$79,481.37 
	$1,669,108.84 
	$1,602,513.84 
	423,925
	3,851,003
	3,427,078
	$1,824,564.16 

	4
	130
	66,465
	66,595
	0
	0
	0.00
	1,126,671
	32,375
	57,738.91
	258,694.53
	144,110.00
	190.33
	$1,619,779.65 
	$1,619,779.65 
	$80,988.98 
	$1,700,768.63 
	$1,634,173.63 
	423,925
	4,274,279
	3,850,354
	$2,216,180.37 

	5
	130
	66,465
	66,595
	0
	0
	0.00
	1,158,798
	32,375
	57,738.91
	258,694.53
	144,110.00
	209.37
	$1,651,925.31 
	$1,651,925.31 
	$82,596.27 
	$1,734,521.58 
	$1,667,926.58 
	423,925
	4,709,563
	4,285,638
	$2,617,711.42 

	6
	130
	66,465
	66,595
	0
	0
	0.00
	1,158,798
	32,375
	57,738.91
	258,694.53
	144,110.00
	230.3
	$1,651,946.24 
	$1,651,946.24 
	$82,597.31 
	$1,734,543.55 
	$1,667,948.55 
	423,925
	4,709,563
	4,285,638
	$2,617,689.45 

	7
	130
	66,465
	66,595
	0
	286,000
	286,000.00
	1,158,798
	32,375
	57,738.91
	258,694.53
	144,110.00
	253.33
	$1,651,969.27 
	$1,937,969.27 
	$96,898.46 
	$2,034,867.73 
	$1,968,272.73 
	423,925
	4,709,563
	4,285,638
	$2,317,365.27 

	8
	130
	66,465
	66,595
	0
	0
	0.00
	1,158,798
	32,375
	57,738.91
	258,694.53
	144,110.00
	278.67
	$1,651,994.61 
	$1,651,994.61 
	$82,599.73 
	$1,734,594.34 
	$1,667,999.34 
	423,925
	4,709,563
	4,285,638
	$2,617,638.66 

	9
	130
	66,465
	66,595
	0
	0
	0.00
	1,158,798
	32,375
	57,738.91
	258,694.53
	144,110.00
	306.53
	$1,652,022.47 
	$1,652,022.47 
	$82,601.12 
	$1,734,623.59 
	$1,668,028.59 
	423,925
	4,709,563
	4,285,638
	$2,617,609.41 

	10
	130
	66,465
	66,595
	0
	0
	0.00
	1,158,798
	32,375
	57,738.91
	258,694.53
	144,110.00
	337.19
	$1,652,053.13 
	$1,652,053.13 
	$82,602.66 
	$1,734,655.79 
	$1,668,060.79 
	423,925
	4,709,563
	4,285,638
	$2,617,577.21 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 


                                                                                 NPV=9,733,399.09      IRR= 89%      BCR =1.74
             
[bookmark: _Toc463550619]10.6. Risk and sensitivity analysis 

Risk and sensitivity analysis involves identifying the variables that most influence a projects net benefit and quantifying the extent of their influence and assessing the probable economic effects of the result of uncertainties and risks associated with the project. The sensitivity analysis was thus carried out under the following major variables, using financial values:-
· Increasing the cost of the project by 10% maintaining other factors constant.
· Decreasing the benefit of the project by 10% maintaining other factors constant and
· The simultaneous increase of cost by 10% and decrease of benefit by 10% maintaining other factors constant.


















                                                        
10.6.1 Increasing the cost of the project by 10% maintaining other factors constant
Table-22 Sensitivity Analysis
	Pro.
	Without project
	With the project investment cost
	With the project operating cost
	
	
	
	
	Base
	Physical
	Total with
	Increase
	Incremental
	Gross value of production
	
	

	Year
	Tax
	Direct pro.
	Total
	Irrigation
	Farm
	Total inv.
	production
	Training
	Main
	Replac.
	Salaries & pe
	Tax
	Total oper.
	cost
	conti.
	project
	project cost
	project
	with out
	with the
	Increm.
	Net Increm.

	
	
	cost
	cost
	structure
	tools
	cost
	cost
	cost
	cost
	cost
	rdiem cost
	
	cost
	BC
	5% of BC
	cost
	by 10%
	cost
	project
	project
	Benefit
	Benefit

	1
	130
	66,465
	66,595
	2,586,945.33
	0
	2,586,945.33
	1,030,291
	32,375
	57,738.91
	258,694.53
	144,110.00
	$143.00
	$1,523,352.44
	$4,110,297.77
	$205,514.89
	$4,315,812.66
	$4,747,393.92
	$4,680,798.92
	423,925
	2,884,308
	2,460,383
	($2,220,415.92)

	2
	130
	66,465
	66,595
	0
	286,000
	286,000.00
	1,062,418
	32,375
	57,738.91
	258,694.53
	144,110.00
	$157.30
	$1,555,493.37
	$1,841,493.37
	$92,074.67
	$1,933,568.04
	$2,126,924.84
	$2,060,329.84
	423,925
	3,310,281
	2,886,356
	$826,026.16

	3
	130
	66,465
	66,595
	0
	0
	0.00
	1,096,536
	32,375
	57,738.91
	258,694.53
	144,110.00
	173.03
	$1,589,627.47
	$1,589,627.47
	$79,481.37
	$1,669,108.84
	$1,836,019.73
	$1,769,424.73
	423,925
	3,851,003
	3,427,078
	$1,657,653.27

	4
	130
	66,465
	66,595
	0
	0
	0.00
	1,126,671
	32,375
	57,738.91
	258,694.53
	144,110.00
	190.33
	$1,619,779.65
	$1,619,779.65
	$80,988.98
	$1,700,768.63
	$1,870,845.50
	$1,804,250.50
	423,925
	4,274,279
	3,850,354
	$2,046,103.50

	5
	130
	66,465
	66,595
	0
	0
	0.00
	1,158,798
	32,375
	57,738.91
	258,694.53
	144,110.00
	209.37
	$1,651,925.31
	$1,651,925.31
	$82,596.27
	$1,734,521.58
	$1,907,973.73
	$1,841,378.73
	423,925
	4,709,563
	4,285,638
	$2,444,259.27

	6
	130
	66,465
	66,595
	0
	0
	0.00
	1,158,798
	32,375
	57,738.91
	258,694.53
	144,110.00
	230.3
	$1,651,946.24
	$1,651,946.24
	$82,597.31
	$1,734,543.55
	$1,907,997.91
	$1,841,402.91
	423,925
	4,709,563
	4,285,638
	$2,444,235.09

	7
	130
	66,465
	66,595
	0
	286,000
	286,000.00
	1,158,798
	32,375
	57,738.91
	258,694.53
	144,110.00
	253.33
	$1,651,969.27
	$1,937,969.27
	$96,898.46
	$2,034,867.73
	$2,238,354.51
	$2,171,759.51
	423,925
	4,709,563
	4,285,638
	$2,113,878.49

	8
	130
	66,465
	66,595
	0
	0
	0.00
	1,158,798
	32,375
	57,738.91
	258,694.53
	144,110.00
	278.67
	$1,651,994.61
	$1,651,994.61
	$82,599.73
	$1,734,594.34
	$1,908,053.77
	$1,841,458.77
	423,925
	4,709,563
	4,285,638
	$2,444,179.23

	9
	130
	66,465
	66,595
	0
	0
	0.00
	1,158,798
	32,375
	57,738.91
	258,694.53
	144,110.00
	306.53
	$1,652,022.47
	$1,652,022.47
	$82,601.12
	$1,734,623.59
	$1,908,085.95
	$1,841,490.95
	423,925
	4,709,563
	4,285,638
	$2,444,147.05

	10
	130
	66,465
	66,595
	0
	0
	0.00
	1,158,798
	32,375
	57,738.91
	258,694.53
	144,110.00
	337.19
	$1,652,053.13
	$1,652,053.13
	$82,602.66
	$1,734,655.79
	$1,908,121.37
	$1,841,526.37
	423,925
	4,709,563
	4,285,638
	$2,444,111.63


                                                                                NPV= 8,408,291        IRR =68%         BCR =1.55






10.6.2 Decreasing the benefit of the project by 10% maintaining other factors constant  
 Table-23 Sensitivity Analysis

	Pro.
	Without project
	With the project investment cost
	With the project operating cost
	
	
	
	Base
	Physical
	Total with
	Incremental
	Gross value of production
	
	

	Year
	Tax
	Direct pro.
	Total
	Irrigation
	Farm
	Total inv.
	production
	Training
	Main
	Replac.
	Salaries & pe
	Tax
	Total oper.
	cost
	conti.
	project
	project
	with out
	with the
	Decrease pr
	Increm.
	Net Increm.

	
	
	cost
	cost
	structure
	tools
	cost
	cost
	cost
	cost
	cost
	rdiem cost
	
	cost
	BC
	5% of BC
	cost
	cost
	project
	project
	ben. By 10%
	Benefit
	Benefit

	1
	130
	66,465
	66,595
	2,586,945.33
	0
	2,586,945.33
	1,030,291
	32,375
	57,738.91
	258,694.53
	144,110.00
	$143.00
	$1,523,352.44
	$4,110,297.77
	$205,514.89
	$4,315,812.66
	$4,249,217.66
	423,925
	2,884,308
	2,595,877
	2,171,952
	($2,077,265.46)

	2
	130
	66,465
	66,595
	0
	286,000
	286,000.00
	1,062,418
	32,375
	57,738.91
	258,694.53
	144,110.00
	$157.30
	$1,555,493.37
	$1,841,493.37
	$92,074.67
	$1,933,568.04
	$1,866,973.04
	423,925
	3,310,281
	2,979,253
	2,555,328
	$688,354.86

	3
	130
	66,465
	66,595
	0
	0
	0.00
	1,096,536
	32,375
	57,738.91
	258,694.53
	144,110.00
	173.03
	$1,589,627.47
	$1,589,627.47
	$79,481.37
	$1,669,108.84
	$1,602,513.84
	423,925
	3,851,003
	3,465,903
	3,041,978
	$1,439,463.86

	4
	130
	66,465
	66,595
	0
	0
	0.00
	1,126,671
	32,375
	57,738.91
	258,694.53
	144,110.00
	190.33
	$1,619,779.65
	$1,619,779.65
	$80,988.98
	$1,700,768.63
	$1,634,173.63
	423,925
	4,274,279
	3,846,851
	3,422,926
	$1,788,752.47

	5
	130
	66,465
	66,595
	0
	0
	0.00
	1,158,798
	32,375
	57,738.91
	258,694.53
	144,110.00
	209.37
	$1,651,925.31
	$1,651,925.31
	$82,596.27
	$1,734,521.58
	$1,667,926.58
	423,925
	4,709,563
	4,238,607
	3,814,682
	$2,146,755.12

	6
	130
	66,465
	66,595
	0
	0
	0.00
	1,158,798
	32,375
	57,738.91
	258,694.53
	144,110.00
	230.3
	$1,651,946.24
	$1,651,946.24
	$82,597.31
	$1,734,543.55
	$1,667,948.55
	423,925
	4,709,563
	4,238,607
	3,814,682
	$2,146,733.15

	7
	130
	66,465
	66,595
	0
	286,000
	286,000.00
	1,158,798
	32,375
	57,738.91
	258,694.53
	144,110.00
	253.33
	$1,651,969.27
	$1,937,969.27
	$96,898.46
	$2,034,867.73
	$1,968,272.73
	423,925
	4,709,563
	4,238,607
	3,814,682
	$1,846,408.97

	8
	130
	66,465
	66,595
	0
	0
	0.00
	1,158,798
	32,375
	57,738.91
	258,694.53
	144,110.00
	278.67
	$1,651,994.61
	$1,651,994.61
	$82,599.73
	$1,734,594.34
	$1,667,999.34
	423,925
	4,709,563
	4,238,607
	3,814,682
	$2,146,682.36

	9
	130
	66,465
	66,595
	0
	0
	0.00
	1,158,798
	32,375
	57,738.91
	258,694.53
	144,110.00
	306.53
	$1,652,022.47
	$1,652,022.47
	$82,601.12
	$1,734,623.59
	$1,668,028.59
	423,925
	4,709,563
	4,238,607
	3,814,682
	$2,146,653.11

	10
	130
	66,465
	66,595
	0
	0
	0.00
	1,158,798
	32,375
	57,738.91
	258,694.53
	144,110.00
	337.19
	$1,652,053.13
	$1,652,053.13
	$82,602.66
	$1,734,655.79
	$1,668,060.79
	423,925
	4,709,563
	4,238,607
	3,814,682
	$2,146,620.91


                                                         NPV =7,215,387.27                         IRR =63%                               BCR =1.54








10.6.3. The simultaneous increase of cost by 10% and decrease of benefit by 10% maintaining other factors constant. 
 Table-24 Sensitivity Analysis
	Pro.
	Without project
	With the project investment cost
	With the project operating cost
	
	
	
	
	Base
	Physical
	Total with
	Increase
	Incremental
	Gross value of production
	
	

	Year
	Tax
	Direct pro.
	Total
	Irrigation
	Farm
	Total inv.
	production
	Training
	Main
	Replac.
	Salaries & pe
	Tax
	Total oper.
	cost
	conti.
	project
	project cost
	project
	with out
	with the
	Decrease pr
	Increm.
	Net Increm.

	
	
	cost
	cost
	structure
	tools
	cost
	cost
	cost
	cost
	cost
	rdiem cost
	
	cost
	BC
	5% of BC
	cost
	by 10%
	cost
	project
	project
	ben. By 10%
	Benefit
	Benefit

	1
	130
	66,465
	66,595
	2,586,945.33
	0
	2,586,945.33
	1,030,291
	32,375
	57,738.91
	258,694.53
	144,110.00
	$143.00
	$1,523,352.44
	$4,110,297.77
	$205,514.89
	$4,315,812.66
	$4,747,393.92
	$4,680,798.92
	423,925
	2,884,308
	2,595,877
	2,171,952
	($2,508,846.72)

	2
	130
	66,465
	66,595
	0
	286,000
	286,000.00
	1,062,418
	32,375
	57,738.91
	258,694.53
	144,110.00
	$157.30
	$1,555,493.37
	$1,841,493.37
	$92,074.67
	$1,933,568.04
	$2,126,924.84
	$2,060,329.84
	423,925
	3,310,281
	2,979,253
	2,555,328
	$494,998.06

	3
	130
	66,465
	66,595
	0
	0
	0.00
	1,096,536
	32,375
	57,738.91
	258,694.53
	144,110.00
	173.03
	$1,589,627.47
	$1,589,627.47
	$79,481.37
	$1,669,108.84
	$1,836,019.73
	$1,769,424.73
	423,925
	3,851,003
	3,465,903
	3,041,978
	$1,272,552.97

	4
	130
	66,465
	66,595
	0
	0
	0.00
	1,126,671
	32,375
	57,738.91
	258,694.53
	144,110.00
	190.33
	$1,619,779.65
	$1,619,779.65
	$80,988.98
	$1,700,768.63
	$1,870,845.50
	$1,804,250.50
	423,925
	4,274,279
	3,846,851
	3,422,926
	$1,618,675.60

	5
	130
	66,465
	66,595
	0
	0
	0.00
	1,158,798
	32,375
	57,738.91
	258,694.53
	144,110.00
	209.37
	$1,651,925.31
	$1,651,925.31
	$82,596.27
	$1,734,521.58
	$1,907,973.73
	$1,841,378.73
	423,925
	4,709,563
	4,238,607
	3,814,682
	$1,973,302.97

	6
	130
	66,465
	66,595
	0
	0
	0.00
	1,158,798
	32,375
	57,738.91
	258,694.53
	144,110.00
	230.3
	$1,651,946.24
	$1,651,946.24
	$82,597.31
	$1,734,543.55
	$1,907,997.91
	$1,841,402.91
	423,925
	4,709,563
	4,238,607
	3,814,682
	$1,973,278.79

	7
	130
	66,465
	66,595
	0
	286,000
	286,000.00
	1,158,798
	32,375
	57,738.91
	258,694.53
	144,110.00
	253.33
	$1,651,969.27
	$1,937,969.27
	$96,898.46
	$2,034,867.73
	$2,238,354.51
	$2,171,759.51
	423,925
	4,709,563
	4,238,607
	3,814,682
	$1,642,922.19

	8
	130
	66,465
	66,595
	0
	0
	0.00
	1,158,798
	32,375
	57,738.91
	258,694.53
	144,110.00
	278.67
	$1,651,994.61
	$1,651,994.61
	$82,599.73
	$1,734,594.34
	$1,908,053.77
	$1,841,458.77
	423,925
	4,709,563
	4,238,607
	3,814,682
	$1,973,222.93

	9
	130
	66,465
	66,595
	0
	0
	0.00
	1,158,798
	32,375
	57,738.91
	258,694.53
	144,110.00
	306.53
	$1,652,022.47
	$1,652,022.47
	$82,601.12
	$1,734,623.59
	$1,908,085.95
	$1,841,490.95
	423,925
	4,709,563
	4,238,607
	3,814,682
	$1,973,190.75

	10
	130
	66,465
	66,595
	0
	0
	0.00
	1,158,798
	32,375
	57,738.91
	258,694.53
	144,110.00
	337.19
	$1,652,053.13
	$1,652,053.13
	$82,602.66
	$1,734,655.79
	$1,908,121.37
	$1,841,526.37
	423,925
	4,709,563
	4,238,607
	3,814,682
	$1,973,155.33


                                                                                     NPV =5,890,279.19     IRR =48.3%       BCR =1.38













	


	
Table-25 Final Financial Analysis Conclusion table
	Ser No
	
 Variables
	Financial

	
	
	FNPV (Birr)
	FIRR (%)
	B/C Ratio 

	1
	Base values 
	
9,733,399.09
	
89%
	
1.74

	2
	Increase cost by 10% other things remain constant
	
8,408,291
	
68%
	
1.55

	3
	Decrease benefit by 10 % other things remain constant
	
7,215,387.27
	
63%
	
1.54

	4
	Increase cost by 10% and decrease benefit by 10% simultaneously other things remains constant 
	
5,890,279.19
	
48.3%
	
1.38



Notation
The result shown in Table-25 above indicates that, the project is more sensitive to benefit decrease than cost overrun. i.e. decreasing a project benefits by 10% & above influence a project’s net benefit. Yet, a significant cost variation & reduction in benefits simultaneously by 10% make the project still financially viable.

[bookmark: _Toc463550620]10.7. Conclusions for Financial Analysis Result
The financial net present value (FNPV) and financial internal rate of return (FIRR) are used to determine the financial viability of the proposed project. Accordingly, the calculated FNPV of this project is greater than zero and the FIRR value of the project is greater than the required rate of return, which is taken as 10%. The B/C ratio is greater than unity. Therefore, it is always worth to invest on the proposed project i.e. the project is accepted from financial point of view. 
Notation:-Detail financial analysis is attached to annex. 



Financial Analysis Annex
	
	Appendix-1 Farm gate price of out puts /qt /kg
	

	No
	Crops
	unit
	Total price in birr
	Remark

	1
	Wheat
	Qt
	600
	 

	2
	Barley
	"
	550
	 

	3
	Horse Bean
	"
	700
	 

	4
	Head Cabbage
	"
	3
	per/kg

	5
	Field pea
	"
	700
	 

	6
	Lin seed
	"
	800
	 

	7
	Rape seed
	"
	600
	 

	8
	Teff 
	"
	700
	 

	9
	Chick pea
	"
	700
	 

	10
	Black cumina
	"
	300
	 

	11
	Potato
	"
	500
	 

	12
	Chilies’
	kg
	1200
	 

	13
	Tomato
	"
	700
	 

	14
	Garlic
	"
	1300
	 

	15
	Fenu Greek
	"
	250
	 

	16
	Beet Root
	"
	150
	 

	17
	Onion
	"
	950
	 

	18
	Carrot
	"
	250
	 

	19
	Lentil
	"
	500
	 



	
	


























Appendix-2 Farm gate prices of inputs/qt or kg
	

	No
	Crops
	unit
	Total price in birr
	Remark

	1
	Wheat
	Qt
	600
	 

	2
	Barley
	"
	550
	 

	3
	Horse Bean
	"
	700
	 

	4
	Head Cabbage
	"
	5
	per/kg

	5
	Field pea
	"
	700
	 

	6
	Lin seed
	"
	800
	 

	7
	Rape seed
	"
	700
	 

	8
	Teff 
	"
	800
	 

	9
	Chick pea
	"
	700
	 

	10
	Black cumina
	"
	300
	 

	11
	Potato
	"
	1200
	 

	12
	Chilies’
	kg
	15
	per/kg

	13
	Tomato
	"
	10
	per/kg

	14
	Garlic
	"
	1500
	 

	15
	Fenu Greek
	"
	250
	 

	16
	Beet Root
	"
	170
	 

	17
	Onion
	"
	1200
	 

	18
	Carrot
	"
	300
	 

	19
	Lentil
	"
	500
	 


























	
	Appendix-3 Fertilizers &  Chemicals prices
	
	

	A
	Fertilizers
	Unit
	Total price
	Remark

	1
	DAP
	"
	1100
	 

	2
	Urea
	"
	1050
	 

	B
	Chemicals
	 
	 
	 

	1
	Herbicide
	Lit/kg
	350
	 

	2
	Fungicide
	"
	350
	 

	3
	Insecticide 
	"
	350
	 

	C
	Prices of  Different Materials
	 
	 
	 

	2
	Hired labours
	Man/day
	30
	 

	3
	Draught power
	Oxen/day
	40
	 

	4
	Packing materials
	Pcs
	10
	 

	5
	Land tax
	Hectares
	55
	 

	6
	Income tax
	"
	75
	 

	7
	Land rent
	"
	30
	 

	8
	Perdium
	per/day
	70
	 

	9
	Salaries
	per /month
	1114
	 





	
	Appendix-4 Farm Tools  price S
	
	

	 
	Farm & Hand  tools
	Number
	price in Birr
	Total price

	1
	Shovel
	4
	60
	240

	2
	Hoe
	4
	100
	400

	3
	Rake
	1
	120
	120

	4
	Water cannon
	1
	60
	60

	6
	Sickle
	4
	60
	240

	7
	Wheel barrow
	1
	600
	600

	12
	Knap sack sprayer
	1
	1200
	1200

	 
	Total
	16
	 
	2860




	
	Appendix-5 Proposed Cropping calender (cropping intensity)=50 ha
	
	
	
	
	
	

	No
	Crops
	Year 1
	
	
	Year 2
	
	
	Year 3
	
	Year 4
	
	
	5-10 years
	

	
	
	Phase 1
	Phase 2
	Total
	Phase 1
	Phase 2
	Total
	phase1
	phase 2
	Total
	phase1
	Phase 2
	Total
	phase 1
	phase 2
	Total

	
	Dry season
	Dry
	Wet
	
	Dry
	Wet
	
	Dry
	Wet
	
	Dry
	Wet
	
	Dry
	Wet
	

	1
	Onion
	14
	0
	14
	14.25
	0
	14.25
	14.5
	0
	14.5
	14.75
	0
	14.75
	15
	0
	15

	2
	Potato
	9
	0
	9
	9.25
	0
	9.25
	9.5
	0
	9.5
	9.75
	0
	9.75
	10
	0
	10

	3
	Chillies
	9
	0
	9
	9.25
	0
	9.25
	9.5
	0
	9.5
	9.75
	0
	9.75
	10
	0
	10

	4
	Tamato
	6.5
	0
	6.5
	6.75
	0
	6.75
	7
	0
	7
	7.25
	0
	7.25
	7.5
	0
	7.5

	5
	Garlic
	4
	0
	4
	4.25
	0
	4.25
	4.5
	0
	4.5
	4.75
	0
	4.75
	5
	0
	5

	6
	H/cabbage
	1.5
	0
	1.5
	1.75
	0
	1.75
	2
	0
	2
	2.25
	0
	2.25
	2.5
	0
	2.5

	
	Total
	44
	0
	44
	45.5
	0
	45.5
	47
	0
	47
	48.5
	0
	48.5
	50
	0
	50

	
	Wet season
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1
	Wheat
	0
	19
	19
	0
	19.25
	19.25
	0
	19.5
	19.5
	0
	19.75
	19.75
	0
	20
	20

	2
	Barley
	0
	6.5
	6.5
	0
	6.75
	6.75
	0
	7
	7
	0
	7.25
	7.25
	0
	7.5
	7.5

	3
	Lin seed
	0
	6.5
	6.5
	0
	6.75
	6.75
	0
	7
	7
	0
	7.25
	7.25
	0
	7.5
	7.5

	4
	Horse bean
	0
	4
	4
	0
	4.25
	4.25
	0
	4.5
	4.5
	0
	4.75
	4.75
	0
	5
	5

	5
	Field pea
	0
	2
	2
	0
	2.25
	2.25
	0
	2.5
	2.5
	0
	2.75
	2.75
	0
	3
	3

	6
	Fenu greek
	0
	1.5
	1.5
	0
	1.75
	1.75
	0
	2
	2
	0
	2.25
	2.25
	0
	2.5
	2.5

	7
	Lentle
	0
	1.1
	1.1
	0
	1.2
	1.2
	0
	1.3
	1.3
	0
	1.4
	1.4
	0
	1.5
	1.5

	8
	Chick pea
	0
	1.1
	1.1
	0
	1.2
	1.2
	0
	1.3
	1.3
	0
	1.4
	1.4
	0
	1.5
	1.5

	9
	Black cumina
	0
	1.1
	1.1
	0
	1.2
	1.2
	0
	1.3
	1.3
	0
	1.4
	1.4
	0
	1.5
	1.5

	
	Total
	0
	42.8
	42.8
	0
	44.6
	44.6
	0
	46.4
	46.4
	0
	48.2
	48.2
	0
	50
	50










	
	Appendix-6 Input Requirment for "Without the project"
	
	
	
	

	No
	Types of
	Seed Rate
	Fertilizers
	 
	Labour
	 
	Packing
	Existing 
	Remark

	 
	Crops
	(kg/ha)
	DAP (qts)
	Urea(Qts)
	Family labour(MD)
	Hired labour
	Materials
	cultivated land
	 

	 
	 
	 
	 
	 
	& Hired Lab.(MD)
	(MD)  20%
	 
	 
	 

	 
	Wet season
	 
	 
	 
	 
	 
	 
	 
	 

	1
	Wheat
	150
	1
	0.5
	20
	4
	10
	20
	 

	2
	Barley
	120
	1
	0.5
	20
	4
	10
	7.5
	 

	3
	Lin seed
	100
	1
	0
	20
	4
	10
	7.5
	 

	4
	Horse bean
	80
	1
	0
	20
	4
	10
	5
	 

	5
	Field pea
	80
	1
	0
	20
	4
	10
	3
	 

	6
	Fenu greek
	100
	1
	0
	20
	4
	10
	2.5
	 

	7
	Lentle
	100
	1
	0
	20
	4
	10
	1.5
	 

	8
	Chick pea
	80
	1
	0
	20
	4
	10
	1.5
	 

	9
	Black cumina
	100
	1
	0
	20
	4
	10
	1.5
	 

	 
	Total
	 
	 
	 
	 
	 
	 
	 
	 




Appendix-7 Input Requirement Per Hectare (With the project)
	No
	Type of 
	Seed Rate
	Fertilizers
	 
	Chemicals
	Labour
	 
	Oxen powers
	Packing

	 
	Crops
	kg/ha
	DAP (qts)
	Urea
	(lit/kg/ha
	Family labour(MD)
	Hired lab.(MD)
	/Oxen days/
	Materials

	 
	 
	 
	 
	 
	 
	& Hired lab.(MD)
	20%
	 
	 

	 
	Dry season
	 
	 
	 
	 
	 
	 
	 
	 

	1
	Onion
	1300
	2
	1.5
	2.5
	64
	13
	8
	10

	2
	Potato
	1800
	1.95
	1.65
	2
	86
	17
	8
	10

	3
	Chillies
	0.6
	1.5
	1.4
	2
	156
	31
	20
	10

	4
	Tamato
	0.5
	2
	1
	2
	98
	20
	32
	10

	5
	Garlic
	800
	2
	1.5
	2.5
	64
	13
	8
	10

	6
	H/cabbage
	0.4
	2
	1.5
	0
	74
	15
	8
	10

	 
	Wet season
	 
	 
	 
	 
	 
	 
	 
	 

	1
	Wheat
	150
	1
	0.5
	1
	20
	4
	8
	10

	2
	Barley
	120
	1
	0.5
	1
	20
	4
	8
	10

	3
	Lin seed
	100
	1
	0
	1
	20
	4
	8
	10

	4
	Horse bean
	100
	1
	0
	1
	20
	4
	8
	10

	5
	Field pea
	100
	1
	0
	1
	20
	4
	8
	10

	6
	Fenu greek
	100
	1
	0
	1
	20
	4
	8
	10

	7
	Lentle
	100
	1
	0
	1
	20
	4
	8
	10

	8
	Chick pea
	100
	1
	0
	1
	20
	4
	8
	10

	9
	Black cumina
	100
	1
	0
	1
	20
	4
	8
	10

	 
	Total
	 
	 
	 
	 
	 
	 
	 
	 



	Appendix -8- Yield Build-Up for ''without & with project case''

	No
	Types of crops
	Yield without pr.
	Yield  with project condition Qt/Ha/Year
	 
	 

	 
	 
	Qt/Ha/Year
	1
	2
	3
	4
	5-10Years

	 
	Dry season
	 
	 
	 
	 
	 
	 

	1
	Onion
	80
	100
	105
	110
	115
	120

	2
	Potato
	170
	180
	190
	200
	210
	220

	3
	Chillies
	15
	20
	23
	25
	28
	30

	4
	Tamato
	100
	105
	110
	115
	120
	125

	5
	Garlic
	25
	60
	80
	115
	125
	130

	6
	H/cabbage
	25
	80
	110
	130
	180
	220

	 
	Wet season
	 
	 
	 
	 
	 
	 

	1
	Wheat
	20
	20
	25
	30
	35
	40

	2
	Barley
	18
	20
	25
	30
	35
	40

	3
	Lin seed
	6
	8
	10
	12
	14
	20

	4
	Horse bean
	10
	15
	20
	25
	30
	35

	5
	Field pea
	10
	15
	20
	25
	30
	35

	6
	Fenu greek
	5
	10
	15
	20
	25
	30

	7
	Lentle
	5
	10
	15
	20
	25
	30

	8
	Chick pea
	6
	10
	15
	20
	25
	30

	9
	Black cumina
	10
	12
	14
	16
	18
	20

	 
	Total
	 
	 
	 
	 
	 
	 





	
	Appendix -9 Production Cost ( Without the project Situation)
	
	
	
	
	
	
	

	No
	Types of crops
	seed
	
	
	Labour
	
	
	
	Oxen power
	
	Packing materils
	erials
	Total cost of

	
	
	price
	seed cost
	
	Total
	Hired
	Unit
	Total
	Total
	Unit
	Total
	Total
	Unit
	Total
	pro. /Ha

	
	
	per/kg
	Rate kg/ha
	Total
	Labour
	Labour
	Cost
	cost
	Oxen
	cost
	cost
	Qty
	price
	price
	

	
	Wet season
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1
	Wheat
	6
	150
	900
	20
	4
	30
	120
	8
	40
	320
	20
	10
	200
	1540

	2
	Barley
	5.5
	120
	660
	20
	4
	30
	120
	8
	40
	320
	18
	10
	180
	1280

	3
	Lin seed
	8
	100
	800
	20
	4
	30
	120
	8
	40
	320
	6
	10
	60
	1300

	4
	Horse bean
	7
	100
	700
	20
	4
	30
	120
	8
	40
	320
	10
	10
	100
	1240

	5
	Field pea
	7
	100
	700
	20
	4
	30
	120
	8
	40
	320
	10
	10
	100
	1240

	6
	Fenu greek
	2.5
	100
	250
	20
	4
	30
	120
	8
	40
	320
	5
	10
	50
	740

	7
	Lentle
	5
	100
	500
	20
	4
	30
	120
	8
	40
	320
	5
	10
	50
	990

	8
	Chick pea
	7
	100
	700
	20
	4
	30
	120
	8
	40
	320
	6
	10
	60
	1200

	9
	Black cumina
	3
	100
	300
	20
	4
	30
	120
	8
	40
	320
	10
	10
	100
	840

	
	Total
	
	
	
	
	
	
	
	
	
	
	
	
	
	10,370




	
	Appendix -10-Production Cost '' Without project situation''

	 
	 
	cost of prod. /Ha
	Total Direct production cost 
	 

	No
	Crop Type
	(Birr)
	Total Area (Ha)
	Cost of prod. In (Birr)

	 
	Wet season
	 
	 
	 

	1
	Wheat
	1,540
	20
	30800

	2
	Barley
	1,280
	7.5
	9600

	3
	Lin seed
	1,300
	7.5
	9750

	4
	Horse bean
	1,240
	5
	6200

	5
	Field pea
	1,240
	3
	3720

	6
	Fenu greek
	740
	2.5
	1850

	7
	Lentle
	990
	1.5
	1485

	8
	Chick pea
	1,200
	1.5
	1800

	9
	Black cumina
	840
	1.5
	1260

	 
	Total
	10,370
	 
	66,465.00



	
	Appendix -11- Value/Benefit of crop production '' without '' project situation
	

	No
	Types of crops
	Area in Hectares
	price
	Yield/ha
	Value/Benefit
	Remark

	 
	 
	 
	Birr
	Qts
	Birr
	 

	 
	Wet season
	 
	 
	 
	 
	 

	1
	Wheat
	20
	600
	20
	240000
	 

	2
	Barley
	7.5
	550
	18
	74250
	 

	3
	Lin seed
	7.5
	800
	6
	36000
	 

	4
	Horse bean
	5
	700
	10
	35000
	 

	5
	Field pea
	3
	700
	10
	21000
	 

	6
	Fenu greek
	2.5
	250
	5
	3125
	 

	7
	Lentle
	1.5
	500
	5
	3750
	 

	8
	Chick pea
	1.5
	700
	6
	6300
	 

	9
	Black cumina
	1.5
	300
	10
	4500
	 

	 
	Total
	 
	 
	 
	423,925
	 















	Appendix-12  ''With'' the project production cost

	No
	
	Seed
	
	Fertilizer
	
	
	Labor
	
	Oxen power
	Chemicals
	Packing materials
	Total cost

	
	Types of
	price
	seed
	
	DAP
	unit
	Urea
	unit
	Total
	Hired
	unit
	Totl
	Total
	unit
	Total
	Qty
	unit
	Total
	Total
	Unit
	Total
	of production

	
	crops
	per/kg
	cost
	
	Qt/Ha
	cost
	
	cost
	cost
	labor
	cost
	cost
	Oxen
	cost
	cost
	
	cost
	cost
	Qty
	price
	price
	tion  /ha

	
	
	
	R/Qt/ha
	Total
	
	
	
	
	
	
	
	
	Power
	
	
	
	
	
	
	
	
	

	
	Dry season
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1
	Onion
	12
	1300
	15600
	2
	1100
	1.5
	1050
	3775
	64
	30
	1920
	8
	40
	320
	3
	350
	875
	150
	10
	1500
	23990

	2
	Potato
	12
	1800
	21600
	1.95
	1100
	1.7
	1050
	3878
	86
	30
	2580
	8
	40
	320
	2
	350
	700
	300
	10
	3000
	32077.5

	3
	Chillies
	15
	0.6
	9
	1.5
	1100
	1.4
	1050
	3120
	156
	30
	4680
	20
	40
	800
	2
	350
	700
	30
	10
	300
	9609

	4
	Tamato
	10
	0.5
	5
	2
	1100
	1
	1050
	3250
	98
	30
	2940
	32
	40
	1280
	2
	350
	700
	300
	10
	3000
	11175

	5
	Garlic
	15
	800
	12000
	2
	1100
	1.5
	1050
	3775
	64
	30
	1920
	8
	40
	320
	3
	350
	875
	130
	10
	1300
	20190

	6
	H/cabbage
	5
	0.4
	2
	2
	1100
	1.5
	1050
	3225
	74
	30
	2220
	8
	40
	320
	0
	350
	0
	220
	10
	2200
	7967

	
	Wet season
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1
	Wheat
	6
	150
	900
	1
	1100
	0.5
	1050
	1625
	20
	30
	600
	8
	40
	320
	1
	350
	350
	20
	10
	200
	3995

	2
	Barley
	5.5
	120
	660
	1
	1100
	0.5
	1050
	1625
	20
	30
	600
	8
	40
	320
	1
	350
	350
	18
	10
	180
	3735

	3
	Lin seed
	8
	100
	800
	1
	1100
	0
	1050
	1100
	20
	30
	600
	8
	40
	320
	1
	350
	350
	6
	10
	60
	3230

	4
	Horse bean
	7
	100
	700
	1
	1100
	0
	1050
	1100
	20
	30
	600
	8
	40
	320
	1
	350
	350
	10
	10
	100
	3170

	5
	Field pea
	7
	100
	700
	1
	1100
	0
	1050
	1100
	20
	30
	600
	8
	40
	320
	1
	350
	350
	10
	10
	100
	3170

	6
	Fenu greek
	2.5
	100
	250
	1
	1100
	0
	1050
	1100
	20
	30
	600
	8
	40
	320
	1
	350
	350
	5
	10
	50
	2670

	7
	Lentle
	5
	100
	500
	1
	1100
	0
	1050
	1100
	20
	30
	600
	8
	40
	320
	1
	350
	350
	5
	10
	50
	2920

	8
	Chick pea
	7
	100
	700
	1
	1100
	0
	1050
	1100
	20
	30
	600
	8
	40
	320
	1
	350
	350
	6
	10
	60
	3130

	9
	Black cumina
	3
	100
	300
	1
	1100
	0
	1050
	1100
	20
	30
	600
	8
	40
	320
	1
	350
	350
	10
	10
	100
	2770

	
	Total
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	133,798.50



















	
Appendix -13 ''With the project ''Total Production Cost

	No
	Crop Type
	Cost of
	Total Production Cost by project years
	
	
	
	
	

	
	
	production
	1
	
	2
	
	3
	
	4
	
	
	5-10years

	
	
	(Ha)
	Area
	Cost
	Area
	cost
	Area
	cost
	Area
	cost
	Area
	Cost

	
	Dry season
	
	
	
	
	
	
	
	
	
	
	

	1
	Onion
	23,990
	14
	335,860.00
	14.25
	341857.5
	14.5
	347855
	14.75
	353852.5
	15
	359850

	2
	Potato
	32,077.50
	9
	288,697.50
	9.25
	296716.875
	9.5
	304736.25
	9.75
	312755.625
	10
	320775

	3
	Chillies
	9,609.00
	9
	86,481.00
	9.25
	88883.25
	9.5
	91285.5
	9.75
	93687.75
	10
	96090

	4
	Tamato
	11,175.00
	6.5
	72,637.50
	6.75
	75431.25
	7
	78225
	7.25
	81018.75
	7.5
	83812.5

	5
	Garlic
	20,190.00
	4
	80,760.00
	4.25
	85807.5
	4.5
	90855
	4.75
	95902.5
	5
	100950

	6
	H/cabbage
	7,967.00
	1.5
	11,950.50
	1.75
	13942.25
	2.25
	17925.75
	2.25
	17925.75
	2.5
	19917.5

	
	Wet season
	
	
	
	
	
	
	
	
	
	
	

	1
	Wheat
	3,995
	19
	75,905.00
	19.25
	76903.75
	19.5
	77902.5
	19.75
	78901.25
	20
	79900

	2
	Barley
	3,735
	6.5
	24,277.50
	6.75
	25211.25
	7
	26145
	7.25
	27078.75
	7.5
	28012.5

	3
	Lin seed
	3,230
	6.5
	20,995.00
	6.75
	21802.5
	7
	22610
	7.25
	23417.5
	7.5
	24225

	4
	Horse bean
	3,170
	4
	12,680.00
	4.25
	13472.5
	4.5
	14265
	4.75
	15057.5
	5
	15850

	5
	Field pea
	3,170
	2
	6,340.00
	2.25
	7132.5
	2.5
	7925
	2.75
	8717.5
	3
	9510

	6
	Fenu greek
	2,670
	1.5
	4,005.00
	1.75
	4672.5
	2
	5340
	2.25
	6007.5
	2.5
	6675

	7
	Lentle
	2,920
	1.1
	3,212.00
	1.2
	3504
	1.3
	3796
	1.4
	4088
	1.5
	4380

	8
	Chick pea
	3,130
	1.1
	3,443.00
	1.2
	3756
	1.3
	4069
	1.4
	4382
	1.5
	4695

	9
	Black cumina
	2,770.00
	1.1
	3,047.00
	1.2
	3324
	1.3
	3601
	1.4
	3878
	1.5
	4155

	
	Total
	
	
	1,030,291
	
	1,062,417.63
	
	1,096,536.00
	
	1,126,670.88
	
	1,158,797.50
























	

Appendix-14 Value of production ''with the project''

	
	
	Value of crop production with the project by year

	
	Types of
	Price
	1
	
	
	2
	
	
	3
	
	
	4
	
	
	5-10 years

	No.
	Crops
	per/Qt
	Area
	Yield
	Value
	Area
	Yield
	Value
	Area
	Yield
	Value
	Area
	Yield
	Value
	Area
	Yield
	Value

	
	
	per/kg
	(Ha)
	(Qt)
	(Birr)
	(Ha)
	(Qt)
	(Birr)
	(Ha)
	(Qt)
	(Birr)
	(Ha)
	(Qt)
	(Birr)
	(Ha)
	(Qt)
	(Birr)

	
	Dry season
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1
	Onion
	950
	14
	100
	1330000
	14.3
	105
	1421438
	14.5
	110
	1515250
	14.8
	115
	1611437.5
	15
	120
	1710000

	2
	Potato
	500
	9
	180
	810000
	9.25
	190
	878750
	9.5
	200
	950000
	9.75
	210
	1023750
	10
	220
	1100000

	3
	Chillies
	12
	9
	20
	2160
	9.25
	23
	2553
	9.5
	25
	2850
	9.75
	28
	3276
	10
	30
	3600

	4
	Tamato
	7
	6.5
	105
	4777.5
	6.75
	110
	5197.5
	7
	115
	5635
	7.25
	120
	6090
	7.5
	125
	6562.5

	5
	Garlic
	1300
	4
	60
	312000
	4.25
	80
	442000
	4.5
	115
	672750
	4.75
	125
	771875
	5
	130
	845000

	6
	H/cabbage
	3
	1.5
	80
	360
	1.75
	110
	577.5
	2.25
	130
	877.5
	2.25
	180
	1215
	2.5
	220
	1650

	
	Wet season
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1
	Wheat
	600
	19
	20
	228000
	19.3
	25
	288750
	19.5
	30
	351000
	19.8
	35
	414750
	20
	40
	480000

	2
	Barley
	550
	6.5
	20
	71500
	6.75
	25
	92812.5
	7
	30
	115500
	7.25
	35
	139562.5
	7.5
	40
	165000

	3
	Lin seed
	800
	6.5
	8
	41600
	6.75
	10
	54000
	7
	12
	67200
	7.25
	14
	81200
	7.5
	20
	120000

	4
	Horse bean
	700
	4
	15
	42000
	4.25
	20
	59500
	4.5
	25
	78750
	4.75
	30
	99750
	5
	35
	122500

	5
	Field pea
	700
	2
	15
	21000
	2.25
	20
	31500
	2.5
	25
	43750
	2.75
	30
	57750
	3
	35
	73500

	6
	Fenu greek
	250
	1.5
	10
	3750
	1.75
	15
	6562.5
	2
	20
	10000
	2.25
	25
	14062.5
	2.5
	30
	18750

	7
	Lentle
	500
	1.1
	10
	5500
	1.2
	15
	9000
	1.3
	20
	13000
	1.4
	25
	17500
	1.5
	30
	22500

	8
	Chick pea
	700
	1.1
	10
	7700
	1.2
	15
	12600
	1.3
	20
	18200
	1.4
	25
	24500
	1.5
	30
	31500

	9
	Black cumina
	300
	1.1
	12
	3960
	1.2
	14
	5040
	1.3
	16
	6240
	1.4
	18
	7560
	1.5
	20
	9000

	
	Total
	
	
	
	2,884,308
	
	
	3,310,281
	
	
	3,851,003
	
	
	4,274,279
	
	
	4,709,563



	Appendix-15 Investment cost ''with the project case''

	No
	Description
	Investment
	period of implementation year

	
	
	Foreign
	Local
	Total
	1
	2
	3
	4
	5 to 10

	1
	Investment cost
	0
	2,586,945.33
	2,586,945.33
	2,586,945.33
	0
	0
	0
	0

	2
	Maintenance &
	 
	 
	 
	 
	 
	 
	 
	 

	 
	replacement cost
	 
	 
	 
	 
	 
	 
	 
	 

	2
	Maintenance cost (2%)
	0
	51,738.91
	51,738.91
	 
	51,738.91
	51,738.91
	51,738.91
	51,738.91

	2
	replacement cost (10%)
	 
	 
	 
	 
	 
	 
	 
	 

	 
	of the headwork site
	0
	258,694.53
	258,694.53
	 
	258,694.53
	258,694.53
	258,694.53
	258,694.53

	 
	Total cost
	 
	2,586,945.33
	2,586,945.33
	 
	310,433.44
	310,433.44
	310,433.44
	310,433.44










	
	
Appendix-16 Other Investment costs ''with the project case''
	
	
	

	No
	Farm Tools
	Unit
	Quantity by project years
	 
	Unit price
	Total cost by project year
	Total

	
	
	
	2
	7
	(BIrr)
	2
	7
	

	
	
	No.
	 
	 
	 
	 
	 
	 

	1
	Shovel
	4
	200
	200
	60
	12,000
	12,000
	24,000

	2
	Hoe
	4
	200
	200
	100
	20,000
	20,000
	40,000

	3
	Rake
	1
	50
	50
	120
	6,000
	6,000
	12,000

	4
	Water cannon
	1
	50
	50
	60
	3,000
	3,000
	6,000

	5
	Sickle
	4
	200
	200
	60
	12,000
	12,000
	24,000

	6
	Wheel barrow
	1
	50
	50
	600
	30,000
	30,000
	60,000

	7
	Knap sack sprayer
	1
	50
	50
	1200
	60,000
	60,000
	120,000

	 
	Total
	16
	 
	 
	2200
	 
	 
	286,000



	
	Appendix-17 Training costs  by project year ''with the project case''
	
	
	

	No
	Description
	No Training days
	perdiem
	Projet year
	Total

	 
	 
	
	 
	1
	2
	3
	4
	5 to  10
	 

	1
	 2 DA  per year
	5
	70
	700
	700
	700
	700
	700
	14,000

	2
	10 Farmers per year
	5
	35
	1750
	1750
	1750
	1750
	1750
	8750

	3
	5 WUA members per year
	5
	35
	875
	875
	875
	875
	875
	4375

	4
	pump operators
	10
	35
	1050
	1050
	1050
	1050
	1050
	5250

	 
	Total
	 
	 
	 
	 
	 
	 
	 
	32,375




	
	Appendix-18 Salaries & Perdiem costs ''with the project case''
	
	
	
	
	

	No
	Description
	Salary / Perdiem
	Time spent on the Project
	project year
	 

	
	
	
	
	1
	2
	3
	4
	5-10 years
	Total

	A
	Salaries
	(Birr)
	 
	 
	 
	 
	 
	 
	 

	1
	Woreda Irrigation
	 
	 
	 
	 
	 
	 
	 
	 

	 
	expert (2)
	1114
	10%
	2674
	2674
	2674
	2674
	2674
	13,370

	2
	DA (2)
	1114
	20%
	5348
	5348
	5348
	5348
	5348
	26,740

	3
	pump operators (3)
	500
	 
	18000
	18000
	18000
	18000
	18000
	90,000

	B
	Perdiem
	 
	 
	 
	 
	 
	 
	 
	 

	1
	WUA committee (2) for 10 days
	35
	10 days per year
	700
	700
	700
	700
	700
	14,000

	 
	Total
	 
	 
	 
	 
	 
	 
	 
	144,110



	
	Appendix -19 Tax paid  without  the project
	
	

	No
	Tax Item
	Rate /Ha
	No. Hectares  or HH
	Total tax /year

	1
	Land Tax
	55
	50
	2750

	2
	Income tax
	85
	100
	8500

	 
	Total
	 
	 
	11,250



	
	Appendix -20 Tax paid with the project case
	
	

	No
	Tax Item
	Rate /Ha
	No. Hectares  or HH
	Total tax /year

	1
	Land Tax
	55
	50
	2750

	2
	Income tax
	85
	100
	8500

	 
	Total
	 
	 
	11,250



























[bookmark: _Toc463550621]Annex A. Unit Rate Analysis

Unit rate analysis is a base for project cost analysis.
After the quantities of each Engineering work of the project are determined in quantity take off sheet, it is to be multiplied by a unit cost of quantity to estimate the price of the quantified activity.  The unit costs adjusted to the current prevailing market situation & activity ratings are shown.
 
I. Material cost 
1. Stone (1m3) 
1. Quarry distance = 10km radius from project site.
1. Truck capacity = 6 m3
1. Cost of 6m3 at quarry = 750 Birr including loading cost.
1. Fuel Consumption of truck = 2 km/lit
1. One trip dumping  (1x10)/2 = 5 lit
1. Time needed for 2 trip dumping say 1/2day.
1. Cost of 1 lit fuel = 20.0 Birr  fuel cost = 5x20.00 =100.00Birr
1. Perdiem expense = 300.00 Birr for driver and assistant.
1. Oil, lubricants and simple repair = 15% fuel cost = 15 Birr
1. Tyre and other simple spare parts = 50 Birr per trip.
1. Total cost of 6 m3 stone at project site=1200.00Birr.
1. Cost of 1 m3 stone=200.00 Birr.

2. Cement (1Bag) 
1. At 295 Km from Finfine.
1. Truck capacity= 100Q
1. One trip dumping =2x295/2 =295lit
1. Time needed say 1 day.
1. Perdiem expense = 600.00 Birr
1. Fuel expense = 20.0x295 =5900.00 Birr
1. Oil, lubricant and simple repair =15%Fuel =885.00Birr
1. Tyre and other simple spare parts = 250.00Birr per trip.
1. Cost of cement at Fifine= 250.00 Birr/Qunt
1. Cost of 100Q cement = 24,000.00 Birr
1. Un-loading cost =400.00Birr
1. Total cost of 100Q cement =32035.00 Birr
1. Cost of 1 Q cement at project site = 320.00 Birr
1. 1 bag =160.00 Birr.


3. Sand (1m3)
1. Asessa at 45 km from the  project site
1. Truck capacity = 8 m3
1. Cost of 8m3 of sand @ Quarry including loading = 550.00 Birr
1. Fuel consumption = (2x45)/2 = 45 lit
1. Fuel cost = 45x20.0 = 900.00Birr
1. Time required = 1/2 day
1. Perdiem = 200.00 Birr 
1. Lubricant 15% fuel = 135.00Birr
1. Tyre and simple spare parts = 50 Birr per trip
1. Total cost of 8m3 sand 1835.00 Birr
1. Cost of 1m3 sand at project site = 230.00Birr

4. Aggregate (1m3)
1. Distance = 200 km  (Adama) from project site
1. Truck capacity = 8m3
1. Cost of 8m3 gravel at Adama= 3500.00Birr
1. Fuel = (2x200)/2 = 200lit
1. Fuel cost = 200x20.0= 4000.00 Birr
1. Lubricant 15% fuel = 600.00Birr
1. Time needed = 1 /2day
1. Perdiem = 300 Birr (driver + Assistant)  
1. Tyre and simple spare parts = 50.00 Birr per trip.
1. Total cost of 8m3 Aggregate = 8450.00 Birr
1. Cost of 1m3 Aggregate at project site =1056.00Birr

5. Gabion Construction (1m3)
1.  Distance = 295 km at Finfinne
1. Truck capacity = 270m3 gabion mesh
1.  Fuel = (2x295)/2 =295 lit
1.  Fuel cost = 295x 20= 5900.00 Birr
1.  Oil, lubricant and simple repair 15% fuel = 885.00 Birr
1.  Time needed = 1day
1.  Perdiem = 600Birr (driver + Assistant)  
1.  Tyre and simple spare parts = 100 Birr per trip.
1. Cost of 1m3 gabion mesh at Finfinne = 450.00Birr
1.   Total cost of 270m3 gabion mesh  at Finfine= 121,500.00Birr
1.   Cost of 1m3 gabion mesh at project site = 478.00Birr

6. Other Materials Cost 
1. Steel bar = 35 Birr/ kg
1. Form Work = 150 Birr/m2
1. Nails = 45 Birr/kg
1. Corrugated sheet, C15, G-32 =180 Birr/unit
1. Corrugated sheet, C15, G - 28 = 200 Birr /unit 
1. purline 5 cm x 7 cm & by 5 cm = 35 Birr/ m
1. Pole of truss Ø 12-14 = 80 Birr / m 
1. Pole of truss Ø  8 -10 = 65 Birr/ m 


	II. Material and labor requirement 	

1) Masonry (wet): 1:3 mortars 	Per 1-m3
a) Stone				75% = 1.37 m3
b) Cement				0.083 m3 = 2.3 sacks
c) Sand				0.36 m3
d) Unskilled labor			2.8 Man –days
Note: - 1m3 cement loosely packed = 28 sacks
           -The next co- efficient was used in quantity calculation.
	 No
	Material
	Particular
	Co-efficient
	Weighted co-efficient

	1
	Stone
	Shrinkage
Wastage
	1.45
1.28
	
1.86

	2
	Sand
	Shrinkage
Wastage
	1.35
1.28
	
1.72

	3
	Cement
	Shrinkage
Wastage
	1.36
1.15
	
1.57

	4
	Aggregate
	Shrinkage
Wastage
	1.35
1.28
	
1.72



2) Lean concrete (1:2:4)		per – 1m3
a) Stone Aggregate			           0.98m3
b) Sand					            0.49m3				
c) Cement 					0.224m3 = 6.28 sacks		
d) Mason					1.1 Man–day
e) Unskilled labour				3.0 Man day 

3) RCC (1:2:4)- C-15				per – 1m3
a) Aggregate					0.98m3
b) Sand 				             0.49m3
c) Cement					6.28sacks
d) Rein bar					156.8kg
e) Form work					4.0m2
f) Mason					2 Man-days
g) Unskilled labour				4 Man–day

4) Hard coring * well blinded with: 1:3 Mortars
a) Stone					85% = 1.58m3
b) Sand				             0.19m3				
c) Cement 					1.63 sacks		
d) Mason					1.20 Man –day
e) Unskilled labour				2.40 Man-day 	

5) Plastering (in 1:3 Mortar) – 3 cm thick   	per – 1m2
a) Sand					0.039 m3
b) Cement					0.33 sacks			
c) Mason					0.14man-day		
d) Unskilled labour				0.22Man–day

6) Stone pitching (in 1:3 Mortars) –                0.25M thick per – 1m2
a) Stone					 70% Area = 0.42m3
b) Sand					 0.02m3	
c) Cement 					 0.15sacks		
d) Mason					1.0Man –day
e) Unskilled labour				 1.5 Man-day 	

7) Pointing (in 1:3 Mortar) –                   0.015M3	 per – 1m2
a) Sand 					 0.02 m3
b) Cement 					 0.15 sacks			
c) Mason					 0.10 Man-days		
d) Unskilled labour				 0.20 Man –days

8) CIS Walling 				per – 1m2
a) CIS	(G-32)					½ pc
b) Truss members 				2 pcs, 7cm(Av)
c) Nail						0.25kg
d) Carpenter					0.30 Man- days
e) Un-skilled labour				0.80 man-day 

9) Cart away					per – 1m3
a) Unskilled labour				0.96 Man day

10) Site clearing 				per – 1m2
a) Unskilled labour 				0.45 man day

11) Excavation 			             Per -1m3	
a) Unskilled labour (Soft soil)     		 1.10 Man –day
(Medium soil)            			            1.65 Man –day
(Rocky hard soil)     				 2.5 Man –day
12) Fill and Compaction			Per-1m3
a) Unskilled labor   				2.00 man –day

13) Rip-rap 					Per-1 m2
a) Stone					0.46m3
b) Mason					0.25 Man day
c) Unskilled labor				0.50 Man- day

14) Gabion Works				Per 1 m3
a) Gabion Wire				1pc
b) Stone					1 m3
c) Mason					1 Man-day
d) Un-Skilled Labor				2 Man-days

15) GIP Pipe Laying per 1m
	No
	15-1 GIP PIPE LAYING PER (1m)----10”

	
	Materials/Labor
	QTY

	1
	GIP-10-11”
	1

	2
	Foam(lit)
	0.001

	3
	Plumber(M-D)
	0.002

	4
	Unskilled Labor(M-D)
	0.008




Note:             
· Salary of skilled labor = 150.00 E Birr
· Salary of Unskilled labor = 70.00 Birr
· [bookmark: _Toc287967591][bookmark: _Toc287966250][bookmark: _Toc287965811][bookmark: _Toc287965191][bookmark: _Toc287927822]Overhead cost = 30 % of total labor cost.

 Box Specification
1. To produce a 1:3 cement: sand mortar mix, a one bag Portland cement (0.035m3) is used with three box (0.40x0.30 m x 0.30 m) sand i.e. 1 bag: 3 box
2. To produce a 1:3:6 cement: sand: aggregate class 10 - concrete mix, a one bag Portland cement (0.035m3) is used with three box (0.40 m x 0.30 m x 0.30 m) sand & with six boxes (0.40 m x 0.30 m x 0.30 m each) aggregate i.e. 1 bag: 3 box: 6 box
1. To produce a 1:2:4 cement sand aggregate class – 15 concrete mix, a one bag Portland cement (0.035m3) is used with two box (0.40 m x 0.30 m x 0.30 m) sand and four (0.40m x 0.30 m x 0.30 m) box aggregate i.e. 1 bag:2 box:4 box
1. To produce a 1:2:3 cement sand aggregate class – 25 concrete mix reinforced with 2% of its volume, one bag Portland cement is used with two box (0.40 m x 0.30 m x 0.30 m) sand and three boxes (0.40 m x 0.30 m x0.30 m) aggregate etc.










	[bookmark: _Toc463550622]Annex B: Labor Cost Estimation for Robe Walta'i SSIP

	No
	Activity 
	Unit
	unskilled labor
	skilled labor
	 
	30 % over head cost
	Labor cost Birr

	
	
	
	Md/u
	Salary
	Cost(Birr)
	Ma/u
	Salary
	cost
	Total
	Birr
	

	1
	Site clearing
	M2
	0.45
	70
	31.5
	-
	-
	0
	31.5
	9.45
	40.95

	2
	Masonry
	M3 
	3
	70
	210
	1.2
	150
	180
	390
	117
	507

	3
	Concrete (1:2:4)
	M3
	3
	70
	210
	1.1
	150
	165
	375
	112.5
	487.5

	4
	Stone pitchy
	m2 
	1.5
	70
	105
	1
	150
	150
	255
	76.5
	331.5

	5
	Excavation (Soft soil)
	M3
	1.1
	70
	77
	-
	-
	0
	77
	23.1
	100.1

	6
	Excavation (Medium soil)
	M3
	1.65
	70
	115.5
	-
	-
	0
	115.5
	34.65
	150.15

	7
	Hard rock excavation
	M3
	1
	70
	70
	1.5
	150
	225
	295
	88.5
	383.5

	8
	Plastering 
	M2
	0.22
	70
	15.4
	0.14
	150
	21
	36.4
	10.92
	47.32

	9
	Back fill
	M3
	0.95
	70
	66.5
	-
	-
	0
	66.5
	19.95
	86.45

	10
	Hard core
	M2
	2
	70
	140
	0.5
	150
	75
	215
	64.5
	279.5

	11
	Cart away
	M3
	0.96
	70
	67.2
	-
	-
	0
	67.2
	20.16
	87.36

	12
	R.C.C(1:2:4)
	M3
	4
	70
	280
	2
	150
	300
	580
	174
	754

	13
	Pointing(1:3)
	M2
	0.2
	70
	14
	0.1
	150
	15
	29
	8.7
	37.7

	14
	CIS Walling /Roofing
	Pcs
	0.8
	70
	56
	0.3
	150
	45
	101
	30.3
	131.3

	15
	Rip rapping
	M2
	0.5
	70
	35
	0.25
	150
	37.5
	72.5
	21.75
	94.25

	16
	Gabion work
	M3
	2
	70
	140.0
	1
	150
	150
	290.0
	87.0
	377.0

	17
	Pipe laying--10" & 11"
	M
	0.008
	70
	0.56
	1
	150
	150
	150.56
	45.17
	195.73












	[bookmark: _Toc463550623][bookmark: RANGE!A1]Annex C: Total Unit Rate (Material & Labor Costs) For Robe Walta'i SSIP 

	No
	Item
	 
	Materials
	Qty/unit
	Cost/unit
	Cost (Birr)
	Unit material
	Labor cost (birr)
	Cost/ unit (Birr)

	
	
	
	
	
	
	
	
	
	

	1
	Masonry(1:3)
	A
	Stone
	1.37m3
	200
	274
	724.8
	507
	1231.8

	
	
	B
	Sand
	0.36m3
	230
	82.8
	
	
	

	
	
	C
	Cement
	1.15qt
	320
	368
	
	
	

	2
	Pitching(m2)
	A
	Stone
	0.34m2/m2
	200
	68
	117.3
	331.5
	448.8

	
	
	B
	Sand
	0.11m3/m2
	230
	25.3
	
	
	

	
	
	C
	Cement
	0.15sa/m2
	160
	24
	
	
	

	3
	Hard coring
	A
	Stone
	1.15 m3
	200
	230
	573.6
	279.5
	853.1

	
	
	B
	Sand
	0.36 m3
	230
	82.8
	
	
	

	
	
	C
	Cement
	1.63sack
	160
	260.8
	
	
	

	4
	plastering(m2)
	A
	Sand
	0.04 m3
	230
	9.2
	62
	47.32
	109.32

	
	
	B
	Cement
	0.33sack
	160
	52.8
	
	
	

	5
	Concrete (1:2:4)
	A
	Cement
	3.14Qt
	320
	1004.8
	2152.38
	487.5
	2639.88

	
	
	B
	Sand
	0.49m3
	230
	112.7
	
	
	

	
	
	C
	Aggregate
	0.98m3
	1056
	1034.88
	
	
	

	6
	Back Fill & compaction
	A
	Red clay/scoria
	0.95m3
	36
	34.2
	34.2
	86.45
	120.65

	7
	Back Fill & compaction
	A
	Local soil
	0.95m3
	 
	0
	0
	86.45
	86.45

	8
	R.C.C.(1:2:4)
	A
	Cement
	3.14Qt
	320
	1004.8
	8120.38
	754
	8874.38

	
	
	B
	Sand
	0.49m3
	230
	112.7
	
	
	

	
	
	C
	Aggregate
	0.98m3
	1056
	1034.88
	
	
	

	
	
	D
	Reinf. bar
	156.8kg
	35
	5488
	
	
	

	
	
	E
	Formwork
	4m2
	120
	480
	
	
	

	9
	Masonry(1:4)
	A
	Stone
	1.4m3
	200
	280
	633.3
	507
	1140.3

	
	
	B
	Sand
	0.27m3
	230
	62.1
	
	
	

	
	
	C
	Cement
	0.91qt
	320
	291.2
	
	
	

	10
	Pointing(1:3)
	A
	Sand
	0.02 m3
	230
	4.6
	28.6
	37.7
	66.3

	
	
	B
	Cement
	0.15sack
	160
	24
	
	
	

	11
	CIS Walling /Roofing
	A
	GIS-32 CIS
	0.5Pcs
	180
	90
	261.25
	131.3
	392.55

	
	
	B
	Nail
	0.25kg
	45
	11.25
	
	
	

	
	
	C
	Poles (7-12cm dia.)
	2pcs
	80
	160
	
	
	

	12
	Rip rapping
	A
	stone
	0.46m2
	200
	92
	92
	94.25
	186.25

	13
	Excavation of soft soil
	A
	 
	1m3
	 
	0
	0
	100.1
	100.1

	14
	Excavation of medium soil
	A
	 
	1m3
	 
	0
	0
	150.15
	150.15

	15
	Hard rock excavation
	A
	 
	1m3
	 
	0
	0
	383.5
	383.5

	16
	Site clearing
	A
	 
	1m2
	 
	0
	0
	40.95
	40.95

	17
	Cart away
	A
	 
	1m3
	 
	0
	0
	87.36
	87.36

	18
	Gabion work
	A
	Wire
	1m3
	478
	478
	678
	377
	1055

	
	
	B
	Stone
	1m3
	200
	200
	
	
	

	19
	Dry Hard coring
	A
	Stone
	1.15m3
	200
	230
	230
	279.5
	509.5

	20
	Pipe laying--10-11"
	A
	Pipe
	1m
	150
	150
	150
	195.73
	345.73



	[bookmark: _Toc463550624]Annex D- Bill of Quantity of Robe Walta'i SSIP

	No
	Types of work
	Unit
	Qty/No
	No
	Quantity
	Unit Cost
	Total Cost(Birr)
	Remark

	1
	General Item
	 
	 
	 
	 
	 
	 
	 

	1.1
	Mobilization & Demobilization
	Ls
	 
	 
	2
	50,000.00
	100,000.00
	 

	1.2
	Camping 
	 
	 
	 
	 
	 
	-
	 

	 
	Living Rooms & Office 3m*3m
	Pcs
	 
	 
	6
	 
	-
	 

	 
	Store 5m *5m
	"
	 
	 
	1
	 
	-
	 

	 
	Kitchen 3m*3m
	"
	 
	 
	1
	 
	-
	 

	 
	Toilet 2m*2m
	"
	 
	 
	1
	 
	-
	 

	 
	Guard House 2m*2.5m
	"
	 
	 
	1
	 
	-
	 

	 
	Fence  50m* 50m
	"
	 
	 
	1
	 
	-
	 

	1.2.1
	Site clearance                                       
	m2
	 
	 
	130
	             40.95 
	5,323.50
	 

	1.2.2
	Foundation excavation                            
	m3
	 
	 
	40
	           100.10 
	4,004.00
	 

	1.2.3
	Carting away excavated  materials                        
	m3
	 
	 
	30
	             87.36 
	2,620.80
	 

	1.2.4
	Masonry (1:4)                                         
	m3
	 
	 
	30
	        1,140.30 
	34,209.00
	 

	1.2.5
	20cm thick dry hard core
	m3
	 
	 
	25
	           509.50 
	12,737.50
	 

	1.2.6
	10cm thick lean concrete (1:2:4)
	m3
	 
	 
	10
	        2,639.88 
	26,398.80
	 

	1.2.7
	CIS waling G-32 & 12cm di. Pole @ 1m c/c
	m2
	 
	 
	310
	           392.55 
	121,690.50
	 

	1.2.8
	GIS roofing G-32 & 10cm dia. @ 1m c/c
	m2
	 
	 
	145
	           392.55 
	56,919.75
	 

	1.2.9
	Fencing 50m×50m  with barbed wire spacing is 0.25m & wooden pole 0.15m dia. * 1.8m high spacing every 1.5m.
	m
	 
	 
	200
	           100.00 
	20,000.00
	 

	1.2.10
	Preparation of as-built drawing & site plane including OM manual.
	Ls
	 
	 
	1
	      10,000.00 
	          10,000.00 
	 

	1.2.11
	Access Road
	km
	 
	 
	2
	      10,000.00 
	          20,000.00 
	will be done by community

	 
	Sub-Total A
	 
	 
	 
	 
	 
	        413,903.85 
	 

	2
	Pumps & Accessories
	 
	 
	 
	 
	 
	 
	 

	2.1
	Electrical pump with motor maintenance (pump: Model-EA100/26, power-110KW/147HP, max. head-85m, Q-82l/s, rated freq-50Hz, efficiency-75%, speed-2900RPM, origin-Italy; Electric Motor: power-112.5KW/150HP, phase-380, speed-1500, rated freq-50Hz, power factor-0.8, origin-China
	Pcs
	 
	 
	2
	 1,410,000.00 
	     2,820,000.00 
	 

	2.2
	Star Delta Control Panel Board for 112KW Pump Motor
	Pcs
	 
	 
	1
	    188,000.00 
	        188,000.00 
	 

	2.3
	Power Cable, Semi Flexible Cable (3*35+16)mm2
	m
	 
	 
	20
	        1,510.00 
	          30,200.00 
	 

	2.4
	Suction pipe (6m) with strainer & foot valve
	Pcs
	 
	 
	2
	        7,500.00 
	          15,000.00 
	 

	 
	Sub-Total B
	 
	 
	 
	 
	 
	     3,053,200.00 
	 





	No
	Types of work
	Unit
	Qty/No
	No
	Quantity
	Unit Cost
	Total Cost(Birr)
	Remark

	3
	Pump house 
	 
	 
	 
	 
	 
	
	 

	3.1
	Chiseling on concrete foundation
	m3
	 
	 
	3.78
	383.50
	1,449.63
	 

	3.2
	Concrete (1:2:4)
	m3
	 
	 
	3
	2,639.88
	7,919.64
	 

	3.3
	RCC (1:2:4)
	m3
	 
	 
	5
	8,874.38
	44,371.90
	 

	3.4
	Masonry  (1:3)                                       
	m3
	 
	 
	12
	1,231.80
	14,781.60
	 

	3.5
	Plastering with double coat (1:3)  
	m2
	 
	 
	60
	109.32
	6,559.20
	 

	3.6
	CIS roofing (G-32 with appropriate horizontal & vertical poles & trusses for walling & roofing.
	m2
	
	
	120
	392.55
	47,106.00
	 

	3.7
	Steel door (2m*2.1m)
	Pcs
	 
	 
	1
	2,500.00
	2,500.00
	 

	3.8
	wire mesh above the wall
	m2
	 
	 
	20
	300.00
	6,000.00
	 

	3.9
	Fencing with termite resistant poles of 10cm diameter with distances in between 1.5m, 2.5m height and barbed wire of 6-raws
	m
	
	
	40
	100.00
	4000.00
	

	 
	Sub-Total C
	 
	 
	 
	 
	
	134,687.97
	 

	4
	Electric power installation
	 
	 
	 
	 
	
	-
	 

	4.1
	Electric pole
	Pcs
	 
	 
	11
	1,200.00
	13,200.00
	 

	4.2
	Transformer
	Pcs
	 
	 
	1
	150,000.00
	150,000.00
	 

	 
	Sub-Total D
	 
	 
	 
	 
	
	163,200.00
	 

	5
	Guide wall
	 
	 
	 
	 
	
	-
	 

	5.1
	Foundation excavation (hard rock)                            
	m3
	 
	 
	50
	383.50
	19,175.00
	 

	5.2
	Masonry  (1:3)                                      
	m3
	 
	 
	20
	1,231.80
	24,636.00
	 

	5.3
	Concrete (1:2:4)
	m3
	 
	 
	32
	2,639.88
	84,476.16
	 

	5.4
	Plastering with double coat (1:3)  
	M2
	 
	 
	45
	109.32
	4,919.40
	 

	5.5
	Back fill & Compaction
	m3
	 
	 
	3
	86.45
	259.35
	 

	5.6
	Excavation for cofferdam
	m3
	 
	 
	60
	100.10
	6,006.00
	 

	 
	Sub-Total E
	m3
	 
	 
	 
	
	139,471.91
	 

	6
	Approach Canal  
	
	 
	 
	 
	
	
	 

	6.1
	Approach canal excavation  (hard rock)
	m3
	 
	 
	45
	383.50
	17,257.50
	 

	6.2
	Masonry (1:3)                                         
	m3
	 
	 
	20
	1,231.80
	24,636.00
	 

	6.3
	Dry Hard coring (15cm at the bed)
	m3
	 
	 
	5
	509.50
	2,547.50
	 

	6.4
	Plastering with double coat (1:3)  
	M2
	 
	 
	72
	109.32
	7,871.04
	 

	 
	Sub-Total F
	m3
	 
	 
	 
	
	52,312.04
	 

	7
	Suction pool (3mx3mx2m)
	
	 
	 
	 
	
	
	 

	7.1
	Suction pool excavation (hard rock)
	m3
	 
	 
	50
	383.50
	19,175.00
	 

	7.2
	Masonry (1:3)                                         
	m3
	 
	 
	15
	1,231.80
	18,477.00
	 

	7.3
	Dry Hard coring (15cm at the bed)
	m3
	 
	 
	3
	509.50
	1,528.50
	 

	7.4
	Plastering with double coat (1:3)  
	M2
	 
	 
	49
	109.32
	5,356.68
	 

	 
	Sub-Total G
	 
	 
	 
	 
	
	44,537.18
	 




	No
	Types of work
	Unit
	Qty/No
	No
	Quantity
	Unit Cost
	Total Cost (Birr)
	Remark

	8
	Delivery pool (5mx5mx1.5m)
	 
	 
	 
	 
	 
	                       -   
	 

	8.1
	Excavation of pool
	m3
	 
	 
	50
	100.10
	5,005.00
	 

	8.2
	Dry Hard coring (20cm at the bed)
	m3
	 
	 
	12
	509.50
	6,114.00
	 

	8.3
	10cm thick Concrete (1:3:4) for bed extending under the walls and 0.35m x 0.35m outlet piers of 1.20m
	m3
	 
	 
	3
	2,639.88
	7,919.64
	 

	8.4
	Masonry  for wall (1:3)                                      
	m3
	 
	 
	18
	1,231.80
	22,172.40
	 

	8.5
	Plastering with double coat (1:3)  
	M2
	 
	 
	66
	109.32
	7,215.12
	 

	8.6
	Fill and compaction
	m3
	 
	 
	45
	86.45
	3,890.25
	 

	8.7
	Fencing 8m×8m  with barbed wire spacing is 0.25m & wooden pole 0.15m dia. * 1.8m high spacing every 1.5m.
	m
	 
	 
	32
	100.00
	3,200.00
	 

	8.8
	3mm-thick outlet steel gate (of 50cm  X 50cm, 120cm high frame of 5mm thickness, with 40mm spindle rod) supply and proper installation
	Pcs
	 
	 
	1
	12,000.00
	12,000.00
	 

	 
	Sub-Total H
	 
	 
	 
	 
	
	55,516.41
	 

	9
	Pressure line
	 
	 
	 
	 
	
	-
	 

	9.1
	Supply & fix 11"  steel pipe  for suction side
	Pcs
	 
	 
	3
	3,500.00
	10,500.00
	 

	9.1.1
	Foot valve with strainer
	Pcs
	 
	 
	1
	1,500.00
	1,500.00
	 

	9.1.2
	Elbows 
	Pcs
	 
	 
	3
	800
	2,400.00
	 

	9.1.3
	Tee
	Pcs
	 
	 
	1
	900
	900.00
	 

	9.1.4
	Dismantling unit
	Pcs
	 
	 
	2
	1,200.00
	2,400.00
	 

	9.1.5
	Reducers
	Pcs
	 
	 
	2
	1,000.00
	2,000.00
	 

	9.1.6
	Flat gaskets for all joints
	LS
	 
	 
	1
	800
	800.00
	 

	9.2
	Supply & fix 10" UPVC Pipe of PN16  for delivery side
	m
	 
	 
	1200
	150.00
	180,000.00
	 

	9.2.1
	Elbows 
	Pcs
	 
	 
	6
	750
	4,500.00
	 

	9.2.2
	Water meter 
	Pcs
	 
	 
	1
	4,100.00
	4,100.00
	 

	9.2.3
	Gate valves 
	Pcs
	 
	 
	2
	2,050.00
	4,100.00
	 

	9.2.4
	Check valves 
	Pcs
	 
	 
	3
	2,700.00
	8,100.00
	 

	9.2.5
	Gaskets for all joints
	LS
	 
	 
	1
	3,000.00
	3,000.00
	 

	9.2.6
	Flanged GIS pipe (1m)
	Pcs
	 
	 
	1
	1,600.00
	1,600.00
	 

	9.2.7
	Dismantling unit
	Pcs
	 
	 
	2
	1,300.00
	2,600.00
	 

	9.2.8
	Tee
	Pcs
	 
	 
	1
	900
	900.00
	 

	9.2.9
	Reducer
	Pcs
	 
	 
	1
	1,500.00
	1,500.00
	 

	9.2.10
	UPVC adapter
	Pcs
	 
	 
	1
	1,600.00
	1,600.00
	 

	9.2.11
	Rubber seals for all pipes
	LS
	 
	 
	1
	1,000.00
	1,000.00
	 

	9.2.12
	Refilling line set (Of 1/2 inch GIS pipe with 2 gate valves, 2 unions, 2 elbows and other accessories)
	LS
	 
	 
	1
	2,000.00
	2,000.00
	 

	9.2.13
	Fill and compaction
	m3
	 
	 
	840
	86.45
	72,618.00
	 




	No
	Types of work
	Unit
	Qty/No
	No
	Quantity
	Unit Cost
	Total Cost(Birr)
	Remark

	9.3
	R.C. Concrete for Anquer (1:2:4)
	m3
	 
	 
	5
	        8,874.38 
	          44,371.90 
	 

	9.4
	Compacted earth fill
	m3
	 
	 
	6
	             86.45 
	               518.70 
	 

	9.5
	Trench excavation of hard rock for delivery pipe
	m3
	 
	 
	360
	           100.10 
	          36,036.00 
	 

	9.6
	Trench excavation of soil for delivery pipe
	m3
	 
	 
	36
	           383.50 
	          13,806.00 
	 

	 
	Sub-Total I
	 
	 
	 
	 
	 
	        402,850.60 
	 

	10
	Supply Canals
	 
	 
	 
	 
	 
	                       -   
	 

	10.1
	Lined rectangular shape of Main canal 
	 
	 
	 
	 
	 
	 
	 

	10.1.1
	Excavation                       
	m3
	 
	 
	1104
	           100.10 
	        110,510.40 
	 

	10.1.2
	20cm Dry Hard coring
	m3
	 
	 
	221
	           509.50 
	        112,599.50 
	 

	10.1.3
	10cm Lean concrete (1:2:4)
	m3
	 
	 
	110
	        2,639.88 
	        290,386.80 
	 

	10.1.4
	Masonry (1:3)                                         
	m3
	184
	2
	368
	        1,231.80 
	        453,302.40 
	 

	10.1.5
	Plastering with double coat (1:3)  
	m2
	
	 
	1932
	           109.32 
	        211,206.24 
	 

	10.1.6
	Compacted embankment fill
	m3
	92
	2
	184
	             86.45 
	          15,906.80 
	 

	10.2
	Lined trapezoidal shape of Secondary canal 
	 
	 
	 
	 
	 
	 
	 

	10.2.1
	Excavation                       
	m3
	 
	 
	470
	           100.10 
	          47,047.00 
	 

	10.2.2
	20cm Dry Hard coring
	m3
	 
	 
	150
	           509.50 
	          76,425.00 
	 

	10.2.3
	10cm Lean concrete (1:2:4)
	m3
	 
	 
	75
	        2,639.88 
	        197,991.00 
	 

	10.2.4
	Masonry (1:3)                                         
	m3
	141
	2
	282
	        1,231.80 
	        347,367.60 
	 

	10.2.5
	Plastering with double coat (1:3)  
	m2
	 
	 
	1700
	           109.32 
	        185,844.00 
	 

	10.2.6
	Compacted embankment fill
	m3
	40
	2
	80
	             86.45 
	            6,916.00 
	 

	10.3
	Tertiary canal excavation & shaping 
	m3
	 
	 
	1200
	           100.10 
	        120,120.00 
	will be done by community

	10.4
	Field drainage excavation
	m3
	 
	 
	1750
	           100.10 
	        175,175.00 
	will be done by community

	 
	Sub-Total J
	 
	 
	 
	 
	 
	     2,350,797.74 
	 








	No
	Types of work
	Unit
	Qty/No
	No
	Quantity
	Unit Cost
	Total Cost(Birr)
	Remark

	11
	Farm structures
	 
	 
	 
	 
	 
	                       -   
	 

	11.1
	Drops (25#)
	 
	 
	 
	 
	 
	                       -   
	 

	11.1.1
	Excavation 
	m3
	5
	25
	125
	           100.10 
	          12,512.50 
	 

	11.1.2
	Hard coring
	m3
	3
	25
	75
	           509.50 
	          38,212.50 
	 

	11.1.3
	Masonry  (1:3)                                      
	m3
	4
	25
	100
	        1,231.80 
	        123,180.00 
	 

	11.1.4
	Plastering with double coat (1:3)  
	M2
	8
	25
	200
	           109.32 
	          21,864.00 
	 

	11.1.5
	Fill and compaction
	m3
	3
	25
	75
	             86.45 
	            6,483.75 
	 

	 
	Sub-Total K
	m3
	 
	 
	 
	 
	        202,252.75 
	 

	11.2
	Turn outs (15#)
	m3
	 
	 
	 
	 
	                       -   
	 

	11.2.1
	Excavation 
	m3
	4
	15
	60
	           100.10 
	            6,006.00 
	 

	11.2.2
	Hard coring
	m3
	3
	15
	45
	           509.50 
	          22,927.50 
	 

	11.2.3
	Masonry  (1:3)                                      
	m3
	4
	15
	60
	        1,231.80 
	          73,908.00 
	 

	11.2.4
	Plastering with double coat (1:3)  
	M2
	4
	15
	60
	           109.32 
	            6,559.20 
	 

	11.2.5
	Fill and compaction
	m3
	2
	15
	30
	             86.45 
	            2,593.50 
	 

	11.2.6
	Gates (sliding in frames, 3mm thick, 40cm x 40cm) supply and installation
	Pcs
	 
	 
	24
	        2,000.00 
	          48,000.00 
	 

	 
	Sub-Total L
	 
	 
	 
	 
	 
	        111,994.20 
	 

	 
	Total
	 
	 
	 
	 
	 
	     7,124,724.65 
	 

	 
	Total community share
	 
	 
	 
	 
	 
	        315,295.00 
	 

	 
	Total w/o community share
	 
	 
	 
	 
	 
	     6,809,429.65 
	 

	 
	VAT (15%)
	 
	 
	 
	 
	 
	     1,021,414.45
	 

	 
	Total with VAT w/o community share
	 
	 
	 
	 
	 
	     7,830,844.10 
	 

	 
	Grand Total
	 
	 
	 
	 
	 
	     8,146,139.10 
	 










	Summary of Costs

	No
	Work Items
	Cost (ETB)
	% Cost
	Community Share (Birr)
	Community share %

	1
	General Item
	                   413,903.85 
	5.81
	               20,000.00 
	4.83

	2
	Pumps, Accessories, Pump house & Electric power installation
	                3,351,087.97 
	47.03
	 
	 

	3
	Guide wall, Approach canal & Suction pool
	236,321.13
	3.32
	 
	 

	4
	Delivery pool
	55,516.41
	0.78
	 
	 

	5
	Pressure line
	                   402,850.60 
	5.65
	 
	 

	6
	Supply & Drainage Canals
	2,350,797.74
	32.99
	              295,295.00 
	12.56

	7
	Farm structures
	314,246.95
	4.41
	 
	 

	 
	Total
	7,124,724.65
	 
	           315,295.00 
	 

	 
	Total cost without community share
	6,809,429.65
	 
	 
 
	 

	 
	VAT (15%)
	1,021,414.45
	 
	 
 
	 

	 
	Grand Total
	8,146,139.10
	 
	 
	3.87

	
	
	
	
	
	
	
	

	
	Cost per hectare = 8,146,139.10/50=162,923.00 ETB
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