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1. SOCIO-ECONOMY
1.1
INTRODUCTION

1.1.1
Background 

In the economic base of the country, agriculture is dependence on rainfall and backward technology. The economy remains extremely vulnerable to climate and environmental shocks and therefore, irrigation and water resource development is given the central policy direction to meet food security, export diversification and agro-processing as well as to serve the economy in its multi direction linkage effect.
Though the country has potential resources (water, land and labor), the irrigation development and irrigation water managements are still in its lowest stage and its management is still poor.

Similarly, traditional irrigation establishment is very poor in its operation in Borta Irrigation Project area and this traditional irrigation development, operation and maintenance by individual farmers at their own cost go back long time. However, this irrigation practices were inefficient in terms of improved irrigation infrastructure, irrigation water utilization, management, operation and maintenance.  

Accordingly, good practice of traditional irrigation is observed in the project area, Borta irrigation project was identified as a priority irrigation project to go through feasibility study. As a result socio-economic assessment has been taken as the basic part of Borta Irrigation project feasibility study. The basic intention of this socio-economic feasibility study is to assess and analyze household survey and secondary data with which social, financial and economic analysis of the project can be undertaken and to establish the acceptability of the project for funding.  

Socio-economic surveys were undertaken in the project area because; irrigation is not simply a technical task of diverting and delivering water to crops or seek developments. It is also a human activity and social undertaking where rural households operate within a larger historical, socio-cultural, economic, institutional and policy environment. Accordingly, socio-economic factors like social group, association or organization, settlement pattern, resource ownership (land, housing, livestock and farm equipment), educational level, family labor, irrigation and crop production practices etc. affect the ability of various groups to command the resources needed for irrigated farming and perhaps even their ability to get water; it has also a bearing on the willingness of users to take part in collective actions on the control and water management.
1.1.2
Study Objectives

1. 1. 2.1 General objectives

The general objectives of socioeconomic feasibility study of Borta Irrigation project is to assess the existing socioeconomic conditions of the project area, identify the administration boundaries and the beneficiary households, population, analysis the attitudes and the willingness of the community to the proposed development project and forecast the possible impact on the beneficiaries and on the surrounding communities.  
1.1.2.2 Specific objectives 

(i) To assess the existing major social, economic and institutional issues and constraints  that hinders the successful implementation of the proposed project, 
(ii) To identify potential areas for improving the livelihoods of the communities in the project areas and to identify different possible interventions for sustainable development and 
(iii) To have possible data and undertake social, financial and economic cost benefit analysis of the project which can establish the acceptability of the project for funding.
1.1.3 Scope of the Study

The socio economic study of the project deals all about socio economic and demographic features of the project area. These include assessment of population and demographic features, economic activities and livelihood basis, existing basic social infrastructure and social services, and identifying major economic and social problems, development priorities of the project area. Furthermore, the study gathers data on positive and adverse social impacts of the project, and stipulate how to strengthen the positive aspect and mitigate the possible adverse social impacts due to the project.

1.1.4 Limitation of the Study

During the feasibility study of the project, there are many limitations or constrains faced us i.e.  Shortage of logistics, lack of accurate data from the kebele, unwillingness of some households for interview, and under or over estimation of data by some sampled households.  
1.1.5 Approach and Methodology 

The socioeconomic feasibility study of Borta Irrigation project has been based on the assessment of all socioeconomic factors which could influence or be influenced by the project. In order to obtain detail socioeconomic information about the project area, different data collection approaches and methodologies were applied; these are primary and secondary data collection methods.

1.1.5.1. Primary Data Collection                 

To obtain primary data, both closed and open-ended questionnaires in which detailed household characteristics and family size, economic base and occupation, resource ownership, farm size and income for the study were developed.

To carry out the household survey, simple random sampling method was undertaken and  a sample of 40 households were selected from upper and lower streams and the household survey were carried out on face to face interview of these households.     
To supplement the primary data, personal observations of physical features, informal discussions with experienced farmers, Keble officials, DAs and experts of the project were also made.  

In this study, descriptive statistics techniques were employed to analyze the data. Descriptive statistics is used to explain the different socio-economic, institutional and other characteristics of the sample households. These include mean, percentage, sum, range, standard deviation and frequency of occurrence for the irrigation water a user and non-user farmers by using SPSS and excel software tools.
1.1.5.2
Secondary Data collection

Secondary data collection was made in the project area, district and zone level. Reviews of policies and strategies, legal frameworks and relevant documents of previously studied were also carried out. Therefore, different qualitative and quantitative information were collected to be analyzed and prepared the project feasibility study of socioeconomic report.
1.1.6 Administrative Structure

The administrative structures of Borta Irrigation Project include region, zone, district, kebeles, villages and sub-villages or development zones. The project is wholly located in Oromia regional state, Kellem Wollegga zone, Sayo District. The command area, dam and reservoir are entirely located in this District. 

[image: image5]

1.1. 6.1. Oromia Regional State 

The National Regional State of Oromia is located within 3o24’20” – 10o23’26”N latitudes and 34o07’37”- 42o58’51”E longitudes, extending for about eight degrees (8o) west to east and for about seven degrees (7o) north to south or vice versa (excluding Oromia Zones of Amhara National Regional State). As a result, the Regional has physical contacts/borderlines with all the Regional States of the Federal Democratic Republic of Ethiopia, except Tigray National Regional State. The Region has also international borderlines with Sudan (66 km) to the west and Kenya (521 km) to the south. The total boundary length of the Regional State of Oromia is about 5700 kms, its total area is 363,399.8km2, accounting for more than 34.5% of the area of Democratic Republic of Ethiopia. The Region is administratively classified into 18 zones and 304 districts (39 towns considered as districts). 

According to 2007 population and housing census draft result, total population of Oromia National Regional State was 27,158,471, accounting nearly 34.5% of the total population of the country. Of the region population 87.59% (23,788,431) are rural and the rest 12.41% (3,370,040) are urban. Similarly, 50.36% and 49.64% of the population are male and female population, respectively. 

 1.1.6.2 Kellem Wollega Zone
Kellem Wollega Zone is established independently from West Wollega zone in 2006 and has 652 km distance from Finfinnee, Capital city of Oromia regional state as well as Federal Democratic Republic of Ethiopia. It has 10 rural districts and one zonal town. This zone has 274 administrative kebeles out of these, 252 and 18 are rural and town kebeles respectively. The zone is estimated to cover 973,845 hectare of land area. The total population of the zone is estimated 913,804, out of which 474,578 male and 439, 226 female population.  It has the three of weather conditions, which is 13.5% of High land, 47.66% of Tropical Humid and 38.39% of Low land weather conditions.  Having numerous weather conditions is facilitating the zone to produce different types of crops and livestock production development. As to the others zones of Oromia Region, Kellem wollega zone can produce different cereal and cash crops.

1.1.6.4
Sayo District
Sayo District is one of the 11 Districts of Kellem Wollegga Zone. The District is administratively sub-divided into 24 rural kebeles and 1 town; its capital is Dembi Dollo town.  The District is estimated to cover 127,800 ha. The current total rural population of the District is 119,933 out of which 66,348 male and 53,589 female populations. The District is demarcated by Yemalogi Walel and Hawa Gelan Districts, Gambella Regional State, Ilu Abba Bora zone and Anfillo Districts by North, South, East and West directions respectively. According to data obtained from the District, 25% of District is High land, 35% is Tropical humid and 40% is low land area. The rural populations of Sayo District are mostly agriculturalists practicing mixed farming, dominated by crop production followed by livestock husbandry. The command area of Borta Irrigation project is totally located in Sayo District.

1.1.6. Project Rationale 

In agricultural economy, depending only on rain fed agriculture is unreliable living standard of any country. Regarding to Borta Irrigation project, the idea was first derived from the demand of communities of project area and depending on their aspiration, Kellem Wollega Water, Mine and Energy office was conducted its study.  During the feasibility study of the project, all the potential resource of Borta River were identified by all concerned disciplines and this proposed project has good opportunities  technically, socially and economically to sustain its implementation.    So, if the proposed project will be implemented, it is considered to boost income of the communities, improve living standard of communities and generally alleviate poverty. 
1.2. SOCIO-ECONOMIC PROFILS
1.2.1
Command Area Kebeles
The gross command area of the project is estimated to about 70 hectares, entirely falling in Sayo district.  It located in Kure Geyib and Walgai Bubuka kebeles and cultivated by the communities of the project area.

1. 2.2
Head Work/Reservoir Area Kebele

Head work area of Borta project is also totally located in Sayo District, in Kure Geyib kebele. It also occupied by some natural forest and cultivation of various crops. 

1.2.3
Project Beneficiaries
Any project has its own direct and indirect beneficiaries. Accordingly, direct beneficiaries of Borta small scale Irrigation Project are local farmers’ of the project and engaged in crop and livestock production, whose major livelihoods are predominantly depends on Sorghum, maize, haricot bean, Groundnut and millet cultivation through natural rain fed. Similarly, the project beneficiaries also include family members (particularly women and children), and susceptible groups including the landless, farmers with very small landholdings and women headed households. In addition to the direct beneficiaries farmers, the people of around the project also indirectly benefits from the project outputs. The total existing direct beneficiaries’ households of Borta Irrigation Project are overviewed as to 90(8 female).

1.2.4
Population Distribution

Population statistics has been said the basic necessity issues in the planning and implementation of development projects. It is very important mainly to estimate the population sizes that are expected to benefit from the intended irrigation project, their willingness and estimate the available human resource to realize the envisaged project.

 The total command and head work area of the project is within Kure Geyib and Walgai Bubbuka kebeles, thus the population of the kebeles will be considered to use directly or indirectly from the output of the project.  The total number of population of the kebales is 13,014 out of which number of male is 6,593 and the rest 6,421 are female. The total numbers of households of the Keble are 2,626 out of which, 2,398 are male and 228 are female. 

The population size of the kebeles of the project site and the surrounding is shown as follows.
Table 1.1 Population size of the kebeles of the project area. 

	No
	Description 
	No of households and population in project area

	
	
	Kure Geyib
	Walgai Bubbuka
	Total

	1
	Households 
	880
	1,746
	         2,626 

	
	Male 
	790
	1,608
	         2,398 

	
	Female 
	90
	138
	            228 

	2
	Total population 
	4,282
	8,732
	      13,014 

	
	Male 
	2,221
	4,372
	         6,593 

	
	Female 
	2,061
	4,360
	         6,421 


Source: Kure Geyib and Walgai Bubbuka kebeles administration by 2013
Taking fixed population growth rates, for different years and applying geometric progression method of population forecasting, the population projection of the village is summarized as follows:

The formula used for the population projection is:-

Pn = Po (1+r) n
Where      Pn     = Projected Population

                 Po    = Current Population

                  r     = Population growth rate

                  n    = Design period (20 years)  
     Table-1.2: Population Projections in the Command Area

	No
	Years
	Growth Rate (%)
	Projected Population

	1
	2013
	2.9
	      13,014 

	2
	2018
	2.9
	      15,014 

	3
	2023
	2.9
	      17,321 

	4
	2028
	2.9
	      19,982 

	5
	2033
	2.9
	      23,053 


According to the latest available CSA “low variant”, population growth rate varies from year to year, between rural and urban areas, and also between districts. Urban population has a higher growth rate than rural population because of migration to the towns. Rural population projections for the project area have been estimated and are presented in Table 1.2. Population projection of the project area is projected to grow 23,053 by 2033 at the end of project life. The rapidly expanding population in the area is placing increasing pressure on existing agricultural land. Similarly the increasing population will create great pressure on the existing social and institutional services. 
1.2.5 Household Characteristics  

2.5.1
Family Size
Analysis of family sizes in the project area is the basic part of socio economic feasibility study. Accordingly, household survey was conducted in the command area of kebeles. The number of households selected for conducting the survey were 40, 25 households from Kure Geyib kebele and 15 households from Walgai Bubbuka kebale depend the number of beneficiaries of the project. 

According to the survey result, all of the total selected sample households are male. The minimum and maximum age of the sample household headed is 19 and 75 years respectively. The average house hold age is 40 years. 

The respondents have 239 the total family sizes, out of which 121 are male and 118  are female.  The minimum and maximum family sizes household is 1 and 10 respectively.

    Table.1.3 Distribution of Sample HH by Age, Family members, off farm income and labor force

	No
	Items
	Range
	Minimum
	Maximum
	Sum
	Mean

	1
	Age of the house hold
	56.00
	19.00
	75.00
	___
	40.0250

	2
	Total Family members of HH
	9.00
	1.00
	10.00
	239.00
	5.9750

	3
	Male house hold members
	6.00
	1.00
	7.00
	121.00
	3.0250

	4
	Female house hold members
	5.00
	.00
	5.00
	118.00
	2.9500

	5
	Number of active labor force
	8.00
	.00
	8.00
	120.00
	3.0000

	6
	Number of none active labor force
	6.00
	.00
	6.00
	119.00
	2.9750

	7
	Off farm income
	1800.00
	.00
	1800.00
	3500.00
	87.5000


Source: HH survey result, 2013
1.2.5.2
The Existing and Future Labor Availability 
Labor is one of the basic resources and inputs that are considerably required by an irrigation project. Household sample survey revealed that, from the total family sizes, economically active family sizes is 120 and 119 is none active labor forces. And also if the project is implemented, no lobar availability problems expected. So, for the construction of this project, there is access supply of labor force around the project area within 10 km distance.
1.2.5.3
Education Level
Education is the base for any social and economic development activities. According to the household survey conducted, from the total sample households, 77.5% of sampled households are literate, 22.5% households are illiterate. This indicates that, households of the project are more educated people and they can instantly familiar with this agricultural technology and improve their living standard. 
Table .1.4 Distributions of household heads by educational status.

	No
	Items
	Numbers
	Percent (%)
	Remark

	1
	Literate
	31
	77.5
	

	2
	Illiterate
	9
	22.5
	

	
	Total
	40
	100.0
	


Source: HH survey result, 2013          
1.2.5.4
 Settlement Pattern
Kure Geyib and Walgai Bubuka kebeles are rural villages which located in Sayo district in Kellem Wollega zone. There is massive numbers of households randomly settled in the project area kebeles. As per as socio-economic study conducted, populated settlement pattern was observed in and around the project area. 

1.2.5.5
 Ethnic Groups, Language and Religion
According to the survey carried out, out of total respondents 92.5% is belonging to Oromo ethnic group, 5% is Amhara and the rest 2.5% is Tigire ethnic groups. Similar to ethnic group of the sampled household, Afan Oromo is the largest (92.5%) first language which is speaking by the respondent’s project area. The Survey result also reveals that from the total sampled household, 60% of the household heads can speak Amharic language as second language. The description of ethnic group and language of the headed household is analyzed in the table 1.5 below. 
Table.1.5. Distribution of Sampled household head by Ethnic group and languages

	No
	Items
	Numbers
	Percent (%)
	Remark

	1
	Ethnic group
	
	
	

	1.1
	Oromo
	37
	92.5
	

	1.2
	Amahara
	2
	5.0
	

	1.3
	Tigre
	1
	2.5
	

	1.4
	Others
	0
	0
	

	Total
	40
	100
	

	2
	First Language of the house hold
	
	
	

	2.1
	Afan Oromo
	37
	92.5
	

	2.2
	Amharic
	2
	5.0
	

	2.3
	Tigre
	1
	2.5
	

	2.4
	Other
	0
	0
	

	Total
	40
	100.0
	

	3
	Second language of the house hold
	
	
	

	3.1
	Afan Oromo
	2
	5.0
	

	3.2
	Amharic
	24
	60.0
	

	3.3
	Other
	1
	2.5
	

	3.4
	Households who have no second language
	13
	32.5
	

	Total
	40
	100.0
	


Source: HH survey result, 2013

Regarding to marital status, of the total respondents 95% were married and 5% were widowed. From the total respondents 47.5% is protestant, 32.5% is Orthodox and the rest 20% is Catholic religion followers. It is analyzed in the table 1.6 below. 

Table .1.6 Distributions of sample household heads by marital status and Religion.

	No
	Items
	Numbers
	Percent (%)
	Remark

	1
	Marital Status
	
	
	

	1.1
	Married
	38
	95.0
	

	1.2
	Single
	2
	5.0
	

	1.3
	Divorced
	0
	0
	

	1.4
	Widowed
	0
	0
	

	Total
	40
	100.0
	

	2
	Religion
	
	
	

	2.1
	Protestant
	19
	47.5
	

	2.2
	Catholic
	8
	20.0
	

	2.3
	Orthodox
	13
	32.5
	

	2.4
	Muslim
	0
	0
	

	
	Total
	40
	100.0
	


Source: HH survey result, 2013
1.3
RESOURCE OWNERSHIP 
1.3.1
Land access and Existing Management
Land is the vital and basic resources in the project area. It could be acquired by inheritance, contractual rent, sharecropping and formal distribution in particular for a limited number of young people. Parents are obligated to provide land plots for the matured or young married boys. Economically poor and weak households and women headed households usually give their holdings use right to financially strong individuals on contract or by share cropping arrangement. 

To alleviate the problems related to security of tenure, the Government launched new land use proclamations to define farmers’ rights more firmly, namely Proclamation 456/2005 entitled Rural Land Administration and Land Use. Based on this proclamination, Sayo woreda Land and Environmental Protection office is responsible for providing farmers with land use certificates. Land certification was completed in all kebeles of the woreda, as well as in both Peasant associations.

According to the land use pattern data obtained from Sayo Woreda, the total land area of the woreda is 127,800 hectare and  total land area of the Kure Geyib and Walgai Bubbuka kebeles is 27, 124.6 hectare. The land use pattern of the woreda and peasant associations is shown in table 1.7 below.

	Table.1.7 Land Use Pattern in the project area and in Sayo District

	No
	Land used types
	Area in Hectare 
	Area in Hectare in District

	
	
	Kure Geyib Kebele
	Walgai Bubbuka kebele
	

	1
	Cultivated land
	8,833.6
	6,124
	39,457.12

	2
	Cultivable land
	3,675
	2,043
	26,641.04

	3
	Grazing land
	450
	302
	5,619

	4
	Forest Land
	378
	128
	5,562.92

	5
	Construction land
	380
	254
	1,649.78

	6
	Community Land
	-
	-
	-

	7
	Rock, Mountain, Road & Water
	3,060
	1,497
	48,870.14

	 
	Total
	16,776.6
	10,348
	127,800


Source: Sayo District Land and Environmental protection and Kure Geyib & Walgai Bubuka kebele offices
1.3.2
Farm Size
Agricultural land is the basic asset of the rural household and farm size varies among the households. According to sample survey conducted, all the respondents (100%) have land for cultivation. 55%, 37.5% and 7.5% household heads acquired land by formal distribution by their kebele administration office, by inheritance from their family and by share cropping respectively. As to the land size analyzed, the respondents have 63.98 hectare of total land, the minimum and maximum land sizes hold by the sample households is 0.08 hectare and 4 hectare respectively. And also the average land holding of the sampled household is 1.60 hectare of land (Table.1.8)

Table.1.8 Respondents by size of land holding and how to access land 

	No
No
	Items
	Numbers
	Percent (%)
	Remark

	1
	Do you have land for cultivation?
	
	
	

	1.1
	Yes
	40
	100.0
	

	1.2
	No
	0
	00
	

	2
	How did you get land?
	
	
	

	2.1
	By inheritances
	15
	37.5
	

	2.2
	By share cropping
	3
	7.5
	

	2.3
	Formal distribution by kebele
	22
	55.0
	

	Total
	40
	100.0
	

	

	No
	Items
	Range
	Minimum
	Maximum
	Sum
	Mean

	1
	How much is the total size of the land?
	3.92
	.08
	4.00
	63.98
	1.5994

	2
	For how long have been working in irrigation?
	40.00
	.00
	40.00
	_
	14.1750

	
	
	
	
	
	
	


      Source: HH survey result, 2013

According to household survey revealed, 3.15ha (4.56%), 49.38 ha (71.41%), 5.62 ha (8.12%), 1.47(2.12%), 4.30 ha (6.22%), 5.23 ha (7.57%) are homestead, rain fed, irrigated grazing, leased in and leased out land use pattern reported by respondents respectively. The land use types by the respondents are shown in the table.1.9 below.
             Table.1.9 Respondents by land use types

	No
	Land used
	Total Holding in Ha
	Average holding
	%

	1
	Homestead
	3.15
	0.08
	4.56

	2
	Rain Fed
	49.38
	1.23
	71.41

	3
	Irrigated
	5.62
	0.14
	8.12

	4
	Grazing
	1.47
	0.04
	2.12

	5
	Leased in
	4.30
	0.11
	6.22

	6
	Leased out
	5.23
	0.14
	7.57

	Total
	69.16
	1.73
	100


Source: HH survey result, 2013

According to information obtained from Land and Environmental Protection office the District, the majority of  the sampled house hold (50%) have  land holding of below 1 hectare, 30% of the household have 1.1 to 2 hectares, 10% have 2.1to 3 hectares  and 7.76% have 3.1 to 4 hectares.
      Table.1.10 Household land holding in Sayo District
	No
	Land Size
	Number of Household
	Proportion (%)

	
	
	
	

	1
	<  1 Ha
	11,242
	50

	2
	1.1 to 2 Ha
	6,745
	30

	3
	2.1 to 3 Ha
	2,257
	10.04

	4
	3.1 to 4 Ha
	1,745
	7.76

	5
	4.1  to 5 Ha
	45
	0.20

	6
	Above 5 Ha
	450
	2

	
	Total
	22,484
	100


Source:  Sayo Land and Environmental Protection Office, 2013
1.3.3
Housing

It is obvious that house is the most important household resource next to land resource. According to the survey conducted, greater than half (65%) of the sample household had houses with iron sheet roofing and the rest 35% were reported as grass roofing. The minimum and maximum age of the sample house was 1 and 40 years respectively. The average age of houses was 6.92 years.

Table.1.11 Sample of housing condition of the house holds

	No
	Types of house
	House conditions

	
	Items
	Numbers
	 (%)
	Items
	Range
	Minimum
	Maximum
	Mean

	1
	Iron sheet roofing
	26
	65
	Year built of the house
	39
	1.00
	40.00
	6.9250

	2
	Grass roofing
	14
	35
	Number of rooms
	4
	1.00
	5.00
	2.8250

	
	Total
	40
	100
	Area of house (sq meter)
	104
	6.00
	110.
	40.5750

	
	
	
	
	
	
	
	
	


Source: HH survey result, 2013

The average house size reported by respondents was 40m2. The minimum and maximum house sizes of the respondents are 6 m2 and 110 m2 respectively. The average number of house rooms reported by them is three rooms, the minimum number rooms of house is one and the maximum number of rooms of the house is five.  

In respect of utilities, 45% of houses had an electricity connection, and it is known that electrification is proceeding rapidly in the area. From the survey result, almost all (100%) of households had a latrine. Similarly, household furniture and equipment was found to be very low, and mostly limited to beds, tables and chairs. Only about 42.5% of households had a radio and all the respondents (100%) had watering can.
  Table.1.12 Housing facilities of the sample house holds

	No
	Items
	Frequency
	Percent (%)
	Remark

	1
	Do you have toilet?
	
	
	

	
	Yes
	40
	100.00
	

	
	No
	00
	00
	

	
	Total
	40
	100.00
	

	2
	Do you have radio?
	
	
	

	
	Yes
	17
	42.5
	

	
	No
	23
	57.5
	

	
	Total
	40
	100.0
	

	3
	Do you have Watering can?
	
	
	

	
	Yes
	40
	100.0
	

	
	No
	0
	0
	

	
	Total
	40
	100.0
	

	4
	Do have access of Electric services?
	
	
	

	
	Yes
	18
	45.0
	

	
	No
	22
	55.0
	

	
	Total
	40
	100.0
	

	5
	Do you have Bed
	
	
	

	
	Yes
	31
	77.5
	

	
	No
	9
	22.5
	

	
	Total
	40
	100.0
	


            Source: HH survey result, 2013
1.3.4
 Livestock

Mixed farming is the main characteristics of farming system in the project area. Crop and livestock production are complement to each other. Accordingly, livestock are the basic resources of the household next to housing. Basically livestock are important in the farming activities, source of milk, egg, meat, hides and skins, source of income and have cultural values for the existing project beneficiaries and sampled group. According the survey, the total number of Livestock held by respondents was 310, of which 64.52% was accounted for by cattle dairy cows and calves, oxen, bullocks and heifers.  15.16%, 10.32% and 10% are the amount of sheep, goat and donkey held by the sample household respectively. The average number of livestock per household is 8.
Table.1. 13 Respondents Total size of livestock holding

	No
	Items
	Qty in number
	Average
	Percent (%)

	1
	Ox
	58
	1.45
	18.71

	2
	Cow
	53
	1.33
	17.10

	3
	Heifer
	29
	0.73
	9.35

	4
	Calf
	60
	1.50
	19.35

	5
	Sheep
	47
	1.18
	15.16

	6
	Goat
	32
	0.80
	10.32

	7
	Horse
	0
	0.00
	0

	8
	Donkey
	31
	0.78
	10

	Total
	310
	7.75
	100.00


Source: HH survey result, 2013
Similarly, expenditure on livestock inputs was very small, According to household survey conducted, ETB 8,210 was reported as total expenditure paid on livestock production and amounting to an average of only ETB 26 per livestock owning household, 80% accounted on veterinary drugs. A significant proportion of expenses on drugs appeared to be for anthrax disease control, so all expenditure on inputs related to cattle.

1.3.5
Farm equipment and transportation

Farm equipment and transportation is the basic asset to carry out the farming operation of an irrigation project. According to the survey, the most important item of equipment used on the sampled farms is the ox and plough, and the sample suggests that ox ownership is very high, with 73% of households being a pair oxen owners. Plough ownership is also similar. The oxen are regularly replaced, because all of ox owning households have oxen aged four years old or less. 

Other items of equipment are less valuable, though equally important for farming activities. Crop sprayers appear to be in short supply, because as household survey conducted, no household head has it, according to information obtained from them crop sprayers existed in PA are owned by cooperative not by individual households. The number of hand tools is large, but hand tools represent the only other mechanical resource available for agricultural activities, which are consequently highly labor intensive.
Table.1.14 Respondents Farm equipment holding

	No
	Items
	Number owned
	Average age
	Remark

	1
	Oxen
	58
	3.78
	 

	2
	Plow
	47
	3.51
	 

	3
	Hoe
	64
	2.92
	 

	4
	Sickle
	42
	2.60
	 

	5
	Shovel
	27
	4.19
	 

	6
	Slash
	53
	4.09
	 

	7
	Ch. Sprayer
	0
	0.0
	 


Source: HH survey result, 2013
Transport resources are equally scarce, though the sampled households claimed to own modern transport, no bicycles or motorcycles were reported by respondents,  but 31 donkeys was reported from the respondent, this reveals that donkey is the only means of transportation used by the community of the project area. 
1.3.6
Economic Base and Occupation

Livelihoods of the communities in the project area are mainly dependent on agricultural income i.e. crop and livestock production. As a result, mixed farming is the main sources of livelihood and occupation of the communities in the proposed project area. This mixed agriculture predominantly comprises crop and livestock production. Here, crop production complements livestock production i.e. crop enterprise deliver different crop straws and crop residues as a source feed to livestock and livestock also provides draft power and organic fertilizer for the crop enterprise. 
1.3.6.1
Irrigation and Crop Production
Crop production is the basic economic activities and occupations of the communities in the project area. The community of project area is traditionally diverting Borta River for the purpose of crop production. According to the household survey result, all the interviewed household heads have an access to traditional irrigation development and maize, tomato and potato are crops produced by sample households by this traditional irrigation. Data obtained from Sample household also showed that 92.5% of the household heads got irrigation extension services and many times in a year they can be visited by extension agents.
   Table.1.15 Distribution of sample household by irrigation situation

	No
	Items
	Frequency
	(%)
	Remark

	1
	Do you have access to irrigation?
	
	
	

	1.1
	Yes
	40
	100.0
	

	1.2
	No
	00
	00
	

	Total
	40
	100
	

	2
	Input supply for rain fed
	
	
	

	2.1
	Yes
	38
	95.0
	

	2.2
	No
	2
	5.0
	

	Total
	40
	100.0
	

	3
	Irrigation Extension service
	
	
	

	3.1
	Yes
	37
	92.5
	

	3.2
	No
	3
	7.5
	

	Total
	40
	100.0
	

	4
	Have you been ever visited by an extension agent?
	
	
	

	4.1
	Yes
	30
	75.0
	

	4.2
	No
	10
	25.0
	

	Total
	40
	100.0
	

	5
	How many times in a year?
	
	
	

	5.1
	2-3 times
	9
	22.5
	

	5.2
	3-5 times
	14
	35.0
	

	5.3
	6-8 times
	5
	12.5
	

	5.4
	More than 8 times
	2
	5.0
	

	5.5
	Missing system
	10
	25.0
	

	Total
	40
	100.0
	

	7
	Do you have demonstration area around your irrigation scheme?
	
	
	

	7.1
	Yes
	4
	10.0
	

	7.2
	No
	36
	90.0
	

	Total
	40
	100.0
	


Source: HH survey result, 2013
1.3.6.2
Livestock production
Next to crop production, livestock are the basic sources of income and economic base of the households. Livestock serves as a source of draft power, provides milk, milk products, meat, hides and skins, source of cash and serve as a social security asset. But based on the household survey result, income from livestock in the form of dairy and beef is insignificant, because on one hand there are animal diseases like anthrax can attack their cattle and there is also lack of grazing land in the project area and on the other hand the communities of the project has no the habitual of convert livestock product to cash (i.e. they used these products for only home consumption purposes).
Calf sales, culled cattle and sale of chickens also generate income. Total incomes from sales of livestock were reported as ETB 15,650 in 2013 by the sample households. Clearly animals are also held as insurance or for prestige value.

1.3.6.3
Off-farm income   

It is known that, off-farm income is one of the source of income and economic bases of any community.  But as socio-economic survey of the project area was conducted, the contribution of off-farm income is insufficient, for the reason that the communities of the project area depends more on crop production and animal rearing work.  According to household survey conducted, some households gained off-farm income from bee keeping and trade activities.   The minimum and maximum off-farm income of household is 0.00 Birr and 1,800.00 birr per year respectively and the average off-farm income of the sample household head is 344 Birr per year.

1.3.7
Household Incomes

Assessment of existing household income is the basic component of socio-economic feasibility study of the proposed project. The gross cash income by household from sales of crops and livestock was calculable from the survey data. The total gross cash income in 2013 from these sources by the 40 households sampled was ETB 474,886. The average gross cash income per household was ETB 11,872. Since household consumption was not collected in the survey, we cannot deduce net household income. 

Crop sales account for 96.7% of the total gross cash income of the sample households and the 3.30% from sale of livestock. 
1.4
SOCIAL SERVICES

1.4.1
Water Supply
Water supply in the project area is the responsibility of the Sayo Water, Mineral and Energy Office. The Existing water resources for peasant association of the project area is 14 developed spring on spot and one motorized pump with distribution and about 7,400 people benefited from these sources. 

1.4.2 Education
Education is one of the vital factors contributing to the development of any country. Regarding the proposed project area, there are eight primary schools existed in the PAs, which giving education services for about 3,069 total students, out of which 1,620 students are male and 1,449 are female students. The numbers of teachers giving educational services is 64 and all of them are male. 
   Table.1.16 Numbers of students and schools in the PAs.

	No
	Grade
	No of schools in Pas
	No of students

	
	
	Kure Geyib
	Walgai Bubuka
	Kure Geyib
	Walgai Bubuka
	Total

	
	
	
	
	Male 
	Female
	Total
	Male 
	Female
	Total
	

	1
	1-4th 
	2
	1
	132
	114
	246
	126
	142
	268
	514

	2
	1-5th 
	1
	-
	246
	199
	445
	-
	-
	-
	445

	3
	1-6th
	1
	-
	163
	108
	271
	-
	-
	-
	271

	4
	1-8th
	-
	3
	-
	-
	-
	953
	886
	1,839
	1,839

	Total
	4
	4
	541
	421
	962
	1,079
	1,028
	2,107
	3,069


Source: - Kure Geyib and Walgai Bubuka Kebele administrative offices
For further education, students of the project area can go to Kellem, Lafto or BESS High School (9-10th) and preparatory school in Dembi Dollo town, the capital of the zone as well as district office. In order to provide educational services to all societies in the district, educational curriculum is on implementation. As to the district, at present there are 38 total numbers of schools, which are giving educational services for the people in the district, out of the total number of schools seven are 1-4th, 30 are 1-8th grade, and one is 9-10th grade. Total number of schools and the total number of student population is shown as follows table. 
Table.1.17 Numbers of students and schools in the district.

	No
	Grade
	No of schools
	No of students 
	Remark

	
	
	
	Male 
	Female
	Total
	

	
	Kindergarten
	0
	-
	-
	-
	

	1
	1-4th 
	37
	9,932
	9,001
	18,933
	

	2
	5-8th 
	30
	4,851
	4,861
	9,712
	

	3
	9-10th 
	1
	445
	381
	826
	

	4
	11-12th
	-
	-
	-
	-
	

	Total
	27
	15,228
	14,243
	29,471
	


Source: - Sayo Educational District office.

In order to provide the educational services in the district, the total teachers available in the district is 544. Out of the total number of teachers, 391 are male and the rest 153 are female teachers. The total numbers of teachers who are providing educational services at present by their profession are listed as below table. 
Table.1.18 Numbers of teachers in the district by professions

	No
	Status
	Number of teachers 
	Remark

	
	
	Male 
	Female
	Total
	

	1
	TTI
	93
	33
	126
	

	2
	Diploma 
	247
	112
	359
	

	3
	Degree
	51
	8
	59
	

	Total
	391
	153
	544
	


Source: Sayo Educational District office.
1.4.3 Health

As to any other factors of development, heath services have a great contribution to the development of country. Concerning to heath situation in and around the proposed project area there is one health center and two health posts. According to data obtained from district health office, there are 36 health institutions giving services for the communities, out of which 5 are health centers, 4 clinics, 25 health posts and 2 rural drugs store. 
For further health services, the communities of  proposed project area used at Dembi Dollo Hospital which has a distance about 12 km from the project area. The major human diseases suffer the society of the project area are AFI (Acute Fibirit illness), IP (Intestine Parasite), Rheumatism, malaria, Upper respiratory tract, Gastritis, Unitary tract infection, typhoid, fever, and other diseases. As information obtained from district health office, the health coverage of the district is about 94%. 
As a whole health institutions available in the district at present are shown as below table.

Table.1.19 Number of health institutions found in the district by 2005/2013
	No
	Types of health institutions
	No of institutions
	Remark

	1
	Hospital
	-
	

	2
	Health centre
	5
	

	3
	Clinics
	4
	Private

	4
	Health post
	25
	

	5
	Rural drug store
	2
	

	Total
	36
	


Source: - Sayo District Health office.
In the district there are 116 health professionals giving health services for communities of the district. The medical staff available in the district give health service is depicted on the following table.

Table.1.20. Number of health professionals in the district by 2005/2013.

	No
	Type of Professions
	No of health professionals 
	Remark

	
	
	Male 
	Female
	Total
	

	1
	Doctor
	-
	-
	-
	

	2
	Clinical Nurse
	26
	6
	32
	

	3
	Public Nurse 
	1
	-
	1
	

	
	BSC Nurse
	3
	1
	4
	

	4
	Senior Lab. Tech.
	4
	3
	7
	

	
	BSC Lab Technician 
	-
	1
	1
	

	5
	Health Education
	-
	1
	1
	

	6
	Midwifery 
	-
	10
	10
	

	8
	H/officer
	2
	-
	2
	

	9
	Pharmacist 
	3
	2
	5
	

	10
	H/Health
	1
	1
	2
	

	11
	Health extension
	-
	51
	51
	

	Total
	40
	76
	116
	


Source: - Sayo District Health office.
1.4.4
Roads
The road is a critical factor in the study and implementation of an irrigation project. Thus, concerning to the Borta small scale irrigation project, the road takes to site is dry weather road and it is only accessible during the dry season which has distance about 12 km from  Dembi Dollo town. 
1.4.5
Electricity and Telephone

There are no electric services in and around the proposed project area. Concerned the telecommunication service, there are two wireless telephones in each kebele of the project area and there is a mobile service.
1.5. INSTITUTIONAL ASSESSMENTS 

1.5.1.    IRRIGATION ACTIVITIES

1.5.1.1.   Existing Irrigation Situation

There is practice of traditional irrigation situation in the project area. Farmers of the project area are tried to diverting Borta River traditionally to cultivate crops like maize, tomato and potato. As to house hold heads survey conducted, since 1973 some community of the project area had been cultivating the command area by traditional irrigation.  And also the survey result revealed that on average, the farmers in the project area have fourteen years irrigation experience. 
1.5.1.2   Irrigation Organization Situation (WUA's)

Regarding to organization situation, Borta traditional irrigation has poor organized irrigation activities.  It has no working committees and according to information gathered from beneficiaries the project, its management carry out by kebeles administrative leaders.  
1.5.1.3   Future Organization and implementation Plan

During the feasibility study of improved irrigation, there are several discussion was conducted with beneficiaries, local administrations and all concerned bodies. From this discussion and meeting with the users of the proposed project, a Water user Association (WUA) which has seven members was established and each of them knows and takes their responsibilities.

Besides to committee of the project, the farmers of the area including the administrative officials of the district and peasant association have good and positive attitudes towards the proposed project future plan of activities with concerns to the project implementation or construction (i.e. with the improved type of irrigation system) because it can cease the problem of traditional weir diversion by high flooding during, rainy season year by year besides saving their effort and time in general.
1.5.2   AGRICULTURAL SERVICES

1.5.2.1 Development Assistants & Extension

There are six DA workers in the kebeles of the proposed project which are giving agricultural services to the community the project area. As to information obtained from kebale administration offices, the ratio of extension worker to house hold head is 1:440. Extension worker of the PA is specialized on animal science, plant science and natural resources and on average they had four years working experiences. Regarding to office and equipment resources, each kebele has DA office but not fulfill by needed equipment resources and reference materials. There is farmers training centre and demonstration plots areas in the two kebeles of the project area.
1.5.2.2 Agricultural Development Office


Irrigation is agricultural activities and it is interdependent factor of economic development. So, during the feasibility study of the project, there were cooperative activities with agricultural development office regarding providing extension works such as input supply, facilitating credit and service providing activities and there will be sustainable works planned with each other. Regarding to Environmental protection and land administration, land surveying and registration was conducted in the project area and in the district as a whole and all farmers of the district has land certification. 
1.5.2.3   Cooperative and Marketing Organization


As to the district there is one cooperative market union which is called Sayo Agricultural Union founded in 2008 and which had been giving marketing services for farmers of the district and as well as for communities of the proposed project area.   
1.5.2.4 Marketing and Pricing 

The farmers in and around the proposed project area deliver their products to local market hold on Saturday and Wednesday  at Dembi Dollo town, which has potential markets for them. As a whole the project beneficiaries to sell their products can use all the above mentioned market. 

Price determination is a process of balancing demand and supply of the products. The price of product is relatively high if the products have high demand and the supply of products are low, but in most cases the farmers of the products are forced to sell their products at low price during the production period to cover the most inputs, taxes and when supply of products are larger than their demand.
1.5.2.5    Agro-processing

There is no any large and medium scale agro-processing and food processing industries in and around the proposed project area as well as in the district.
1.6
PROJECT BENEFITS AND IMPACTS
The major expected socioeconomic benefit and impacts of the project are probably deriving from project overall development activities and project objectives. These expected benefits and impacts of project are described in the following manner.
1.6.1
Ensuring Sustainable Food Security

In and around the project area, food insecurity is observed during the feasibility study. Inconsistence rain fall and low productivity reduces the ability to produce enough food, trapping the rural poor in a vicious circle.   Therefore, the introduction of improved and expanded irrigation farming in the area should enable farmers to produce adequate crops on smallholder farm thereby ensuring sustainable food supplies in the area and boosting household income.

1.6.2
Promoting Family Welfare

As per as to socio-economic study of the area conducted, the living standard of the communities is vulnerable to lack of income and consequently suffer considerably. Inadequate access to food leads to malnutrition and susceptibility to diseases. The proposed irrigation project can boost the production and productivities of the beneficiaries by double farming in a year effectively and effectively. Thus, the proposed project should have a positive impact by alleviating disease caused by a deficient diet. The beneficiaries should be able to satisfy their clothing needs, furnish their homes, cover medical and other related social services expenses from their enhanced incomes through increased production.
1.6.3
Employment Opportunities 

The majority of the population of the project area is under working age. Irrigated farming is labor-intensive and therefore the existing under-utilized work force or unemployed labor should obtain employment. In addition, during construction the project will require a significant, but albeit temporary work force from the surrounding area; this will be advantageous for local people. 

1.6.4
Social Services and Infrastructural Development

The proposed project should make a greater contribution to increased productivity and enhanced household income levels.  In turn, this will enable parents to send their children to school, providing their necessities and covering their expenses. There should be opportunities to expand social services and infrastructure in the project area. 

1.6.5
Agro-industrial Developments

Even though, the proposed project is Small Scale Irrigation Project, the development of this irrigated farming should create opportunities for agro-industrial development, particularly if high value cash crops are grown.
1.6.6
Income Generating for Women
It was found that limited income generating activities were one of the restricting factors for women in the project area. Hence the development and expansion of irrigation project will help women to participate in irrigation farming and increases their income.

In summary, there are several tangible and intangible (direct and indirect) benefits expected to accrue from the proposed irrigation, in addition to those mentioned above.   However, in order to ensure the accrual of all these benefits, the project has to be coordinated properly within the existing socioeconomic context. 
1.7. OPPORTUNITIES, CONSTRAINTS AND NEGATIVE IMPACTS
Based on the household and detailed discussion with the project beneficiaries, a development agents and kebeles official, the study has identified opportunities and constraints for efficient project development. The identified opportunities and constraints are described below.
1.7.1
Opportunities 

· High Project Beneficeries willingness and Participation: During houshold survey and discussion, farmers were highly interested to upgrade the existing traditional irrigation system. They are positive to describe their problem and open to propose its solution.

· Access to Markets:  The project relatively has better access to nearest markets.

· The existence of labor resources

1.7.2
Constraints

· High population pressure on the existing farm land and lack of alternative livelihoods as a result there is high level of underemployment, unemployment of youth and food insecurity constraints in the area. 

· Poor human health, low availability of Health Posts per capita, serious incidence of malaria and water born diseases and weak family planning services.

· Lack of quality water supply.
· Inadequate education services-lack of educational materials, low quality of education and high school drop out rate.

· Poor grass root level institutional capacity (primary cooperative, MFI, FTCs, Kebele administrations etc.)

· Capacity problem of farmers to access different farm implements. 

· Lack of feeder access road that links with the main road 

· Low level of women’s participation in the local level development process 

1.7.3
Negative Impacts

Any project will have its own positive and negative impacts. Benchmark assessments are needed to assess project development in terms of expected negative impacts and need for early mitigation measures. For Borta irrigation project the following are major expected problems, which will have adverse impacts unless appropriate corrective measures are incorporated into the project design.  
1.7.3.1
Malaria:

The project area is malarias area and malaria is the first of the top ten diseases prevailing currently in the project area. It is known that irrigation development will create favorable conditions for mosquitoes to breed, in the reservoir, command areas and along the main irrigation structures and, which may aggravate the situation. Serious and careful attention must be given to the design of the irrigation structures to incorporate appropriate mitigation measures.

1.7.3.2
Resources Displacement 

Borta Irrigation Project requires the construction of different irrigation structures. As a result of the head work area and different irrigation structures some household resources will therefore be displaced from the area. 

1.7.3.3. Avoidance of grazing land

As a consequence of the implementation of improved irrigation project, grazing land in command area should be cultivated and Borta River will be used for crop production, livestock get watering from this river will be decrease. Thus, the conduct of modern irrigation project has negative impact on livestock production. 
1.8. SUMMARY AND CONCLUSION 
The proposed Borta irrigation project area is located at Kure Geyib and Walgai Gudina kebeles on Borta river at the both sides of the river.   The design and planned irrigable command area is 70 hectare and expected to serve a total of 90 household beneficiaries. The project area has potential water source and suitable agro ecology for agriculture development.  The command area is used under small holder farm and the project intended to develop for small holder’s farm and management with participation of the community.  

Livelihoods of the communities in the project area are mainly dependent on agricultural income i.e. crop and livestock production. The agricultural farming system use traditional system of ox pulled plough system and those who have no ox use hand tools for farming and there is no effort for farm mechanization.  The agro climate project area is low land that characterised long rainy season. Maize, sorghum, millet, haricot bean and groundnut are the major crops have been producing in and around the project area. 
Among the constraints at the project area includes the ever increasing and unprecedented population growth and growing farming population, intensively and expanding cultivation, degrading natural environment and resources through traditional forest burning in dry season. Sustainable development, on the other hand, could be achieved with simultaneous efforts on all aspects of the socio-economic spheres that signify poverty to be fought in many directions.
Therefore, some of the conclusion and recommendation with social aspect of the project highlighted as follows;  
· Although, low irrigation experience and low awareness level and traditional farming practice of the local  community in , positive attitude observed  and consensus reached as it contributes livelihood improvement and positive for implementation of the project. 

· Working towards the promotion of market linkage with traders which would have direct effect in strengthening the interaction between the urban and rural economy. 

· Implementation and management of the project requires participatory approach where local people get job opportunity in the construction of the project and should not be limited to migrants from surrounding towns and distant places. Efforts should also be made to involve women in to the labor force and to be recruited in committee,
In general socio economic view, significant adverse social impact people displacement or other adverse social impact is no expected and socially accepted and feasible for implementation.
2.  ORGANIZATION AND MANAGEMENT
2.1 Introduction 

2.1.1 Background  

In addition to the social and other technical study, institutional issues are equally important for success or failure of small scale irrigation schemes.  Therefore, required to assess existing institutional setup and with aims to rectify proposed organization and management arrangement in line with community managed irrigation scheme development, operation and management.

Furthermore, favorable legal framework for the enforcement of equitable water distribution and provision of efficient technical support for Operation and Maintenance  and management of community organizations are among key factors for sustainable development of irrigation schemes  to  achieve the overall agricultural sector development objectives. As a result, the organization and management assessment included as main part of the feasibility study of the project. 
2.1.2 Objective 

The main objective of undertaking the organization and management assessment is to identify institutions at the project area, local or community level that will be established and formally organized to overtake the responsibility to manage, administer and operate the intended irrigation scheme. The study aimed at assessing the enabling environment through the indication of proper support system to enhance performance and management capacities of local stakeholders that are expected to result from implementation of the proposed irrigation system towards ensuring sustainable management of the scheme.

The assessment is also intended to examine the existing community organizational setups if any, identifying constraints and propose viable water management structures for the designed irrigation project so as to secure food self sufficiency & improving sufficient irrigation water to the irrigable land. 
2.1.3 Methodology 

Throughout the feasibility study of Borta small scale irrigation project specifically in community organization and management, different data types (i.e. primary) and method of data analyses were undertaken.  The data collection has mainly based on focus group discussion with potential irrigation water users, key informant interview, community meeting and conventional sample survey. Personal observation of the area.
2.2. Existing Organization and Management 

2.2.1 Administration Status of the Project Area

Functional community organization starts from clear understanding of the project area and existing community organization and administrative setup. The proposed irrigation project command site lays in Kure Gayib kebale.  

The command area and beneficiaries being located in Kure Gayib kebele. The management of the scheme have to work with kebele, different stakeholders and with political administrative, working in integration with community make the project more profitable sustainable. This should be done from project planning, community mobilization, benefit sharing, community organization and   institutional arrangement. Actually the feeling of the community during community consultation was very good and they expressed as they will do together.

 However, the existing administrative structure is well organized and farmers formed   into groups called (1 to 5) where one group leader of five members as small unit of administrative and development unit expected to contributes active community participation in implementation and management of the project. 
 2.2.2 Existing Community Organizations

The project scheme command area is anticipated to serve community of in Kure Gayib kebele and irrigation infrastructure is planned to be diverted irrigation system the river for the people living in the a fore mentioned kebele.

 2.2.3 Community Consultation and Participation
As the organization and management assessment overcomes, the farmers in the project area have less knowledge and practice on the economic importance of irrigation and rain fall dependent for their livelihood source and requires continuous to bring in good attitude for the benefit from irrigated agriculture. Consultation meeting and discussion was made as regards to importance of the project and implementation of the envisaged irrigation project as well as on their roles & responsibility during and after construction of the irrigation scheme.  
During the consultation with farmers and community at project area major outstanding issues were raised and discussed with conclusive remark given as follows;
· The beneficiaries are willing to fully participate in construction through labor, supplying materials like stone, sand and different woods and cash contribution and to take responsibility of Organization & Management of the scheme then after. 
· They are willingly agreed to establish the required Water Users Association to properly utilize the water and for sustainable operation and management of their irrigation scheme.

· Moreover, they decided to carry out required maintenance of irrigation structures such as main & secondary canals and any in-fara structures by themselves and cooperatively manage the scheme through their community organization or Association. 
2.2.4 Local Administration Support to the Scheme 

Consultation was made with Kebele Administrative office, district Irrigation Development Authority, Agricultural office, cooperative promotion office, health office, trade and market development office, education office, land and environmental protection office and district administration office.  It was realized that the local decision makers and concerned stakeholders have positive attitude towards implementation of the project.
Finally, the local authorities indicated as effort underway to increase food production and meet security at large and agreed to resolve any problems that will arise on land use, water distribution and management of command area throughout study, construction, operation and implementation of the project and planning for efficient and equitable land and water allocation. 

      2.3. Proposed Organizational Structures 

         2.3.1 General 


The proposed  institutional arrangement predict irrigation project essentially is intended to be farmer-managed and the command area farmers are expected to be fully involved in the planning, design and construction of the scheme, after which they are to own and manage as well as operate and maintain the systems on sustainable manner. With this objective, the organizational structure based on water source, settlement pattern and irrigation system structures, explicitly to the intended user community based irrigation schemes proposed with available option as follows.
 2.3.2. Proposed Organization arrangements 
The fact that the proposed project serves two kebeles and hetrogeneous ethnic character of population   ease to organize one users own management umbrella. The sustainability of scheme towards achievement of overall agricultural sector objectives should be taken in to considerations. Hence, the management style and organizational structure is to be sound for scheme which the system will supply irrigation water to serve farmers in same kebeles.

Irrigation water user association (IWUA) and irrigation water user cooperatives (IWUC) are the two organizational options for consideration in this report. As the existing experience in the country shows, water users association (WUA) is much more community based and sustained for long, but its legal status not yet recognized and draft proclamation prepared to effect legal entity and proposed with expectation to get approval. Whereas,   cooperative is already given legal entity and it is the higher stages of the farmers’ organizations below the union. Based on the management experience in the country, WUAs and IWUCs are the two available management and organization option with very similar functions and responsibilities.  With this view in mind, WUA and IWUC organizational structure options proposed based on water source, settlement pattern and hydraulic and irrigation system structures.

     2.3.2.1 Water User Association (WUA)
The expected project beneficiaries include smallholder farmers with less traditional experience to manage the irrigation water and scheme management can start with simple Water Users Associations (WUAs) and gradually develop to IWUC.  The organization setup of irrigation water users associations (IWUA) and irrigation water users cooperative (IWUC) are similar except legality and the function and role of credit and market committee under IWUC. The WUA is limited for the distribution of irrigation Water among the beneficiaries, cleaning of canals, collection of water fees and support in minor maintenance of the irrigation scheme and do not involve credit and market until given  legal ground.  

Meanwhile, the following structural option is proposed as a starting point. Nevertheless, as the time the draft proclamation on WUAs is approved, certain modifications & changes on the proposed below structure are expected as per the situation requires. The proposed institutional set-up of WUAs presented in figure that follows.  
   Figure 2.1: Proposed Organizational Structure for Water User Association (WUA)


A general Assembly which is directly elected by all members will be the highest decision making body. The executive committee to be elected by the General Assembly will carry out routine activities of the Association. Major committee and subcommittee to be established under   WUA;

· General Assembly
·  Water Management Committee 

· Control Committee

· Disputes and Conflict Resolutions Committee
· Water Distribution Committee

2.3.2.2. Irrigation Water User Cooperatives  
Irrigation water user association is a root for the foundation of irrigation water user cooperative (i.e. irrigation water user association can develop to irrigation water user cooperative). The anticipated user communities from Borta Irrigation scheme have to establish an irrigation water user cooperative which constitutes a general assembly committee, water distributer committee, dispute resolution committee, credit and marketing committee and control committee. The General Assembly has to be represented from the whole command area beneficiaries. Therefore, the proposed community organization model and structure for such irrigation system is as bellow.

 Figure.2.2: Proposed Organizational Structure for Irrigation Water User Cooperatives (IWUC) 



Water distribution committee is responsible to enable fair & equitable distribution of water, irrigation scheduling and coordinate labor mobilization and water fee collection… etc. Functions shall be devised by the management committee and must get the approval of the General Assembly before implementation.

During organization and establishment of proposed irrigation water users cooperatives’ the support from Irrigation Development Authority, Agricultural office and cooperative promotion office, Kebele Administration and DAs as well as community leaders is crucially important as front line stakeholders in the process of providing management support.

2.4. Land issue and dispute settlement approach 

Within the context of Borta irrigation project, land holding size is the same and below the minimum requirement but after the feasibility study of the project was conducted some area of land which did not cultivated under traditional irrigation was included to modern irrigation and this rain fed land holding in the area can be above the minimum requirement, for such cases efficient and equitable land use land redistribution could be effected with consent and agreement of the user community. If land redistribution made it should follow the   procedure and strategies of land proclamation. 
Rural land administration proclamation has explicitly and transparently indicated that except the irrigation land, peasant holding shall not be redistributed. With regards to redistribution of irrigation land, procedure to be followed indicated on article 14.4 of the proclamation and explicitly states;

1) A maximum holdings size of irrigation land of peasants households shall not exceed 0.5 hectare

2) The distribution and redistribution of irrigation land shall be applicable to both traditional and modern irrigation lands, but not applicable to irrigation land used by individual or group of farmers by developing springs water, diverting small rives or water harvesting on their own effort.

3) In land redistribution, land holders whose land lied in the command area shall be given priority and retain the maximum holding size of 0.5 hectare and the remaining land shall be distributed with minimum 0.25 hectare for peasants in the vicinity.  

4) A peasants whose irrigable land holding redistributed to others, shall be compensated with a reasonable rain fed land by the user of the scheme and if that not possible the land holder shall have the right to get additional 0.5 hectare from the irrigable land area.

5) Distribution and redistribution of irrigation land shall be made with the participation and decision of the community using the land.
Accordingly the beneficiaries shall decide on the irrigation land distribution and the agreement signed by all beneficiaries and in consultation with Peasant Association of the project area and district administration when it found appropriate.


2.5. Cost Recovery and Water Charge Approach 
The management of the irrigation water user association expected to work not only to maintain fair and  equitable water distribution and scheduling, but also creates awareness of cost recovery, plan and implement water charging mechanisms with consensus of the general assembly. Awareness rising should be made to water management committee and subcommittee members and each user group should clear on the purpose and use of water charge and approved by the general assembly.

The following major tasks are proposed to be undertaken as a preparation to implement organization and management and thereby to achieve cost recovery on proposed irrigation schemes; 

· Conduct wide coverage awareness creation on irrigation cost recovery for the sector offices at all level, irrigation water users and other stakeholders;

· Strengthen the management capacity of the community organization / irrigation user’s association to enable them to implement the cost recovery.

· Promote District and Kebele level support to irrigation water users on irrigation agronomy, water management and marketing of perishable products.

· Prepare cost recovery plan

2.6. Training and capacity building

It is highly important to facilitate the transfer and adaptation of modern institutional arrangement and management of small scale irrigation schemes to attain   sustainable operation of the system. In this regards training and capacity building required at different level including district staffs, development agents and farmers group that aims to 

· Conduct public consultation and awareness raising for the community   

· Special training on leadership and organization for water management committee and sub committees, team leaders 

· Strengthen technical  and management capacity of the district  and DAs to improve and upgrade organization and management  efficiency of the project

· In order to meet cost recovery, special attention needs to be given to understanding water charging methods, collection system, and cash spending and management, record keeping and reporting.

2.7. Monitoring and Evaluation 

In the context of proposed irrigation project, evaluations adopts and focus on progress towards realizing sustainable organization and management system that ensure sustainable operation and management of the schemes which is the prime objective and goal. Therefore, periodical evaluation should be undertaken by relevant stakeholders and responsible sectoral office mainly district cooperatives promotion office and district irrigation development authority office and others as required. Evaluation team should be organized from this office and undertake ongoing evaluation/Midterm evaluation, terminal and ex post evaluation of the irrigation schemes management. Implementation of cost recovery as liquidity/cash management requires special follow up and control and periodical evaluation and auditing the cash collected and expense and this should be made transparent for the community to maintain trust of the community. 
2.8. Conclusion 

From the experience of small scale irrigation project in Ethiopia, organization and management is one of the challenging areas for sustainable operation of schemes and equally important to give due attention for organization and management aspect that ensure sustainable operation of the system. In this report, project area specific features, experience, community attitude were discussed and proposed most viable organization and management arrangement.  

The proposed Borta irrigation project planned to use diversion irrigation system and net irrigable command area of 70 hectares and expected beneficiaries of about 63 households. Traditional irrigation experience of the community has developed and existing local institutional setup for irrigation management is at low stage.

Based on the experience in other areas and taking the proclamation on cooperative society organization simple and farmers’ level organization and management system proposed to establish water user association (WUA) or Irrigation water users Cooperatives (IWUC).  Water management committee, and other Subcommittee and water distributor required under the general umbrella of one water user system. 

In general, water centered agricultural development approach is government policy direction and responsible stakeholders should have in their annual plan, not only for the irrigation physical infrastructure development, but also equally for organization and management of the scheme.
The development agents and district sector office should have organization and management issues in their annual plan and monitored and evaluated in accordance of the set indicators by their report. Reports will be compiled and analyzed monthly, quarterly and yearly in the planning period to indicate the effectiveness of the performance and draw lesson for corrective measures and the future plan of action
3. SOIL
3.1 INTRODUCTION

Soil is unconsolidated material or Organic material on the immediate surface of the earth that service as a natural medium for the growth of land plants. It is the top layer of the earth in which plants grow. Soil is made of 45% minerals (sand, clay, silt) 25% water, 25% air and 5% organics. It is very essential element evolving layer of decomposing rock that covers part of the earth not by water or sand so that it covers just 10% of the earth’s surface. Soil is the foundation of all the forests since all of the life in the forest is ultimately dependent on the condition of the soil. No matter how, at these times there are a lot of problems pertaining to the maintenance of soil as it is needed to preserve the plants and animals population. All of the life in the forest is ultimately dependent on the condition of the soil. There is a fine balance of animals and vegetable life in healthy soil. This balance of life is damaged when ever soil is compacted or eroded by logging or grazing since porous soil acts like sponge, soaking up rain and snow water. When soil is compacted it cannot longer soak up water and the water runs along the surface of the ground carrying the soil to the streams. And when this soil is washed into the stream, it is called silt which too much of it kills the fish and other creatures in the streams. This top soil has most of the nutrients that the trees and other plants depends on If it is washed down the stream, it is no longer available to feed the trees and plants. For it is needed to preserve plants populations, focusing on the soil related problems is mandatory. The first one is the depletion of soil minerals. Mineral exhaustion can be brought over production. The most important minerals lost from the soil are nitrates, phosphate and potassium compounds. Soil that is badly depleted of minerals become acidic or sour, lime and fertilizer are added to correct these kinds of condition. The next problem is loss of organic matter. Normally the organic matter present in top soil decay slowly as it is acted on by bacteria and other soil organisms. However, human may disturb the natural balance by planting and harvesting agricultural crops too frequently. This will just deprive the soil of much organic matter. Sometimes wood and native grasses are even burned off in the fields before flowering. This process together with seasonal clearing fields diminishes the top soil part to the extent that much of the soil flora dies out. The next problem is soil erosion since erosion is the destructive way by which soil is lost through the action of water and wind. This occurs when the land is stripped of its natural vegetation and also when poor farming methods are applied much of land that is badly eroded today had been abandoned by the farmers who used to till it. These farmers made use of every square meter of land to the extent that they cultivated hill sides, river bottoms and other areas only to leave the area empty and denuded and thus suited for erosion. Wind erosion resulted from natural strong wind or dust storms made possible by man’s carelessness and sightedness. Three Water erosion may be of three kinds; namely, sheet, rill and gully erosion. There are soil related problems capable of being reserved; like acidification, nutrient depletion and accumulation of salts. The phenomena, acidification happens when proton donor is added to soil. This acidification may be caused by fertilizers application, removal of product from the farm which is high yielding crops, organic matter decays and leaching of nitrogen. The over use of nitrogen based fertilizer is leading to soil acidification..In many part of the world fertilizers are used to increase crop yields and have been shown to have extreme environmental consequences. Soil acidification not only impact growing yields but impacts soil erosion as well. Plants that cannot grow in acidic soil condition expose top soil to wind and water erosion. Therefore, mismanagement of fertilizers in an area will create aggressive land disasters. Soil nutrient depletion is another problem since agriculture, both crops and live stocks depletes soils of minerals nutrients because of the removal of the nutrients contained in the produced sold. Since the increase in farm productivity and   efficiency has not always resulted in the corresponding increase in the replenishment of mineral nutrients to the soil through commercially available means. This is because many growers don’t have sufficient management expertise to account for or replace all plants nutrients elements removed.  As cropping continues on mature soil and as it ages in natural systems under leaching conditions, the soil slowly become acidic. As basic elements like potassium, calcium and magnesium are lost via leaching and crop removal; acidic elements are created or released from clay minerals. There are other sources of acidity in the soil (Nitrification of ammonium nitrogen), but the loss of soil nutrients bases, without sufficient replacement by release from primary minerals which eventually leads to acidic soil.

3.2 GENERAL INFORMATION OF THE PROJECT AREA

 Borxa Irrigation Project command area is a composite landform composed of flat and                                        moderately slopping topography of slope 0-1%, 2-3%and 3-5%. The area is classified under low land                agro-climatic Zone. Generally, the soil formation of the project area is the result of long last decomposition also coarse grained sedimentary rocks (sand stones) and calcareous rocks were observed.

3.3 METHODOLOGY AND MATERIALS

General Field visit and reconnaissance had been made to classify the command area to different soil mapping units. The classification was made based on the variation of soil texture and topography. But, both soil units have got similar effective soil depth and present land use.

After classifying the soil units, composite samples were collected from each soil unit using zigzag sampling method. Using this sampling method a number of samples were collected and mixed together to form a composite sample. The samples collected were from the topsoil and sub-soil. Soil profile description and associated studies had been made using the representative soil test pits, general field visit and farmers interview. The soils units are described below.

Soil unit1: - this unit is the flat part of the command area with sloping of 0-1%. It has got sandy loam textural composition, spherical surface structure, deep effective soil depth, shallow ground water table, and excessive drainage in all season, slightly acidic soil reaction in its top soil and moderately acid in its sub soil which is 6.10 and 5.62 (PH) respectively, high organic matter content, high total nitrogen and low available phosphorus and high cat ion exchange capacity and   black and dark in color

 Soil unit 2: - This unit is the undulating land form of the command area with the gentle slopping of 3-5%. It has sandy loam textural composition, blocky like surface structure, shallow effective soil depth, and deep ground water table, excessive drainage in all season, slightly acidic soil reaction (PH), high organic matter content, high total nitrogen, low available phosphorus, high cat ion exchange capacity   and dark in color.  

Soil unit 3: - This unit is the undulating land form of the command area with gently sloping of 2-3%. It has sandy loam textural composition, granular surface structure, deep effective soil depth, and deep ground water table, excessive drainage in all season, slightly acidic soil reaction (PH),  high organic matter content, high total nitrogen, low available phosphorus, high cat ion exchange capacity, dark brown and red in color. 

Soil unit 4: - This unit is the partly flat part of the command area with the slope of 2-3%. It has sandy loam textural composition, blocky like and spherical surface structure, deep effective soil depth, shallow ground water table, excessive drainage in all season, slightly acidic soil reaction in its top soil and moderately acidic soil reaction in its sub soil which is 6.21 and 5.42 (PH) respectively, high organic matter content, high total nitrogen, low available phosphorus, high cat ion exchange capacity, dark and dark brown in color. 

Soil unit 5: - This unit is the partly flat part of the command area with the slope 2-3%. It has sandy loam textural composition, spherical structure, narrow effective soil depth, and deep ground water table, medium drainage in all season, moderately acidic soil reaction in its top soil and slightly acidic soil reaction in its sub soil which is 5.94 and 6.39 (PH) respectively, high organic matter content, medium total nitrogen, high cat ion exchange capacity, low available phosphorus and dark brown and red in color.

Soil unit 6: - This unit is the undulating land form of the command area with gently sloping 2-3%. It has sandy clay loam textural composition, spherical structure, narrow effective soil depth, and deep ground water table, medium drainage in all season, slightly acidic soil reaction (PH), high organic matter content, medium total nitrogen, high cat ion exchange capacity, low available phosphorus and dark brown and red in color.
3.4 THE STUDY RESULT


The physical and chemical (analytical) results of soil samples

	Soil  unit
	Sampe No
	Depth(cm)
	Description
	E.C

ms/cm
	PH

H2O

1:2.5
	%OM
	%TN
	CEC

(Meq/100gm soil)
	         Available
	Exchageable acidity (Al&H Meq/100 soil)
	            Exchangeable bases
	Soil textural class

	
	
	
	
	
	
	
	
	
	K(mg/kgsoil)
	P(ppm)olsen etal.,1954)
	
	K(cm olc) kg/soil
	Ca (Meq/100gm soil)
	Mg (Meq/100gm soil)
	

	1
	1
	0_30
	BMZ
	0.104
	6.10
	6.961
	0.348
	73.734
	6.622
	0.00
	0.00
	0.213
	15.853
	9.163
	SL

	
	
	30_60
	BMY
	0.078
	5.62
	3.234
	0.162
	63.667
	6.879
	2.293
	0.00
	0.094
	12.497
	8.427
	SL

	2


	2


	0_30
	BMX
	0.045
	6.47
	3.086
	0.154
	48.588
	9.519
	6.565
	0.00
	0.219
	16.302
	8.753
	SL

	
	
	30_60
	BMW
	0.129
	6.30
	5.724
	0.286
	56.25
	8.321
	2.161
	0.00
	0.128
	8.429
	6.538
	SCL

	3
	3
	0_30
	BMV
	0.091
	6.47
	2.846
	0.142
	68.166
	3.635
	0.00
	0.00
	0.140
	15.209
	6.989
	SL

	
	
	30-60
	BMT
	0.107
	6.32
	6.007
	0.300
	62.868
	5.150
	4.478
	0.00
	0.134
	12.483
	6.829
	CL

	4


	4


	0_30
	BMS
	0.094
	6.21
	5.305
	0.265
	68.364
	5.703
	0.00
	0.00
	0.316
	9.287
	7.278
	SL

	
	
	30-60
	BMR
	0.063
	5.42
	3.085
	0.154
	72.598
	5.446
	0.00
	0.00
	0.173
	9.398
	5.607
	CL

	5
	5
	0_30
	BMQ
	0.045
	5.94
	1.924
	0.096
	51.068
	5.808
	2.151
	0.00
	0.136
	12.906
	8.335
	SL

	
	
	30-60
	BMP
	0.098
	6.39
	4.652
	0.233
	56.502
	3.757
	0.00
	0.00
	0.089
	10.198
	6.816
	CL

	6
	6
	0_30
	BML
	0.107
	6.35
	2.104
	0.105
	59.448
	5.625
	0.00
	0.00
	0.222
	9.611
	6.389
	SL

	
	
	30-60
	BMK
	0.088
	6.5
	1.796
	0.090
	62.199
	6.200
	2.175
	0.00
	0.134
	10.714
	6.798
	SCL


3.5 INTERPRETATION OF ANALYTICAL DATA

3.5.1 Soil reaction (PH):- Soil unit 1 and 4 have slightly acidic soil reaction in its top soil and moderately acidic soil reaction in its sub soil which is 6.10 and 6.21 PH for top soil and 5.62 and 5.42PH for sub soil respectively. Soil unit 2,3, and 6 have both slightly acidic soil reaction in its top soil and sub soil which is 6.47,6.47 and 6.35 PH for top soil and 6.30, 6.32 and 6.52PH for sub soil respectively. Soil unit 5 has moderately acidic soil reaction in its top soil and slightly acidic soil reaction in its sub soil which is 5.94 PH and 6.39 Ph respectively.

3.5.1.2 Total Nitrogen (NT):- Soil unit one has high total nitrogen in its top soil and medium total nitrogen in its sub soil which is 0.348% and 0.162% respectively. Soil unit 2 has medium total nitrogen in its top soil and high total nitrogen in its sub soil which is 0.154% and 0.286% respectively. Soil unit 3 has low total nitrogen in its top soil and high total nitrogen in its sub soil which is 0.142% and 0.300% respectively Soil unit 4 has high total nitrogen in its top soil and medium in its sub soil which is 0.265% and 0.154 respectively. Soil unit 5 has low total nitrogen in its top soil and medium in its sub soil which is 0.096% and 0.233 respectively. Soil unit 6 has low total nitrogen in its top and sub soil which is 0.105% and 0.090% respectively 
3.5.1.3. Available phosphorus (P) :- Soil unit 1,2,3,4,5 and 6 have low available phosphorus in its top soil and sub soil which is 0.00ppm, 6.565pmm, 0.00ppm, 0.00ppm,2.151ppm,and 0.00ppm for top soil and 2.293ppm, 2.161ppm, 4.478ppm, 0.00ppm, 0.00ppm and 2.175ppm for sub soil respectively.

3.5.1.4 Exchangeable calcium:-Soil unit 1, 3, and 5 has high exchangeable calcium both in their top soil and sub soil which is (15.853, 15.209, 12.906) meq /100g of soil for top soil and (12.497, 12.483, 10.198) meq /100g of soil for sub soil respectively. Soil unit 2 has high exchangeable calcium in its top soil and medium exchangeable calcium in its sub soil which is 16.302 meq/100g of soil for top soil and 8.429 meq/100g of soil for sub soil. Soil unit 4 has medium exchangeable calcium in its top soil and medium exchangeable calcium in its sub soil which is 9.287 meq/100g of soil for top soil and 9.398 meq/100g of soil for sub soil. Soil unit 6 has medium exchangeable calcium in its top soil and high exchangeable calcium in its sub soil which is 9.611 meq/100g of soil for top soil and 10.714 meq/100g of soil for sub soil. 


3.5.1.5 Exchangeable magnesium (Mg):- Soil 1, 2,3,4,5 and 6 have high exchangeable magnesium in their top soil which are (9.163, 8.753, 6.989, 7.278, 8.335 and 6.389) meq/100g soil and high exchangeable magnesium in their sub soil which are (8.427, 6.538, 6.829, 5.607, 6.816 and 6.798) meq/100g soil.
3.5.1.6 Organic matter content% (OM):-Soil unit one has very high organic matter in its top soil and high organic matter in its sub soil which is 6.961% and 3.234% respectively. Soil unit 2 has high organic matter in its top soil and very high organic matter in its sub soil which is 3.086% and 5.724% respectively. Soil unit 3 has moderate organic matter in its top soil and very high organic matter in its sub soil which is 2.846% and 6.007% respectively. Soil unit 4 has very high organic matter in its top soil and high organic matter in its sub soil which is 5.305% and 3.085% respectively. Soil unit 5 has moderate organic matter in its top soil and high in its sub soil which is 1.924% and 4.652 respectively. Soil unit 6 has moderate organic matter both in its top and sub soil which is 2.104% and 1.796% respectively. 

3.5.1.8. Cation exchange capacity (CEC):- All soil units have very high cation exchange capacity which is >40 (Meq /100gmsoil).
3.6. SOIL PROFILE DESCRIPTION AND OTHER ASSOCIATED STUDIES
1) Vegetation: - The command area has to do partly with annual cropping like maize and sorghum also few indigenous trees are sparsely populated such as wood trees, Timbers and other shrubs around the top of the command area.

2) Flooding: - only part of command area is affected by flooding which comes from upper stream during rainy season.

3)  Pounding: - the problem of pounding is present in the top of command area.

4) Runoff: - the problem of runoff is present but slightly.

5) Soil permeability: - medium permeability.

6) Micro relief:-From field observation, there is village at the bottom of the command area. 

7) Land form:-The land form of the project area is composed flat & moderately sloping topography of slope 0-1%, 2-3% & 3-5% slope.

8) Altitude range: - The project area has an altitude range of 1000-1600m, warm semi arid which let the command area under lower kola.

9) Drainage class: - the command area is excessive drainage for soil unit 1,2,3,4 and medium drainage for soil unit 5 and 6.

10)   Effective soil depth: - The command area has deep effective soil depth.

 11)   Pores:-Soil of the site has medium sized pores.

 12) Parent materials: - The parent material of the project area is coarse grained     

                               Sedimentary rocks (sand atones).

13)   Ground water table: - The command area has shallow ground water table.

 14)   Erosion status: - the project area is partly sheet eroded.

15)   Rockiness: - There is rock found in the command area.

  16)   Color: - The soil color of the command area is dark brown.

  17) Consistence: -wet when add water.

18) Roots: - The soil units have medium sized roots.

19) Structure: - spherical structure.
3.7. INTERPRITATION OF SOIL SURVEY INFORMATION FOR LAND CAPABILITY AND IRRIGABILITY CLASSIFICATION.

Based on the field studies of the soils, soil unit 1 has been classified under capability class I and irrigability class lass I with the following characteristics: -

· Sandy loam textural composition

· Flat sloping  topography of 0-1% slope

· Deep effective soil depth.

· Excessive drainage in all seasons.

· spherical surface structure

· high organic matter content 

· high total nitrogen

· low available phosphorus

· black & dark brown in color

Based on the field studies of the soils, soil unit 2 has been classified under capability class II and irrigability class II with the following characteristics: -

· sandy  loam textural composition

· Gently sloping  topography of 3-5% slope

· Shallow effective soil depth.

· Excessive drainage in all seasons.

· Deep  ground water table

· Blocky like surface soil structure

·  high organic matter content 

·  high total nitrogen

· low available phosphorus

· dark brown in color 

Based on the field studies of the soils, soil unit 3 has been classified under capability class I and irrigability class I with the following characteristics: -

· Sandy loam textural composition

· Moderately slopping  topography of 2-3% slope

· Deep effective soil depth.

· Excessive drainage in all seasons.

· Shallow  ground water table

· Blocky like & spherical surface structure

· high organic matter content 

· high total nitrogen

· low available phosphorus

· dark & dark brown in color

Based on the field studies of the soils, soil unit 4 has been classified under capability class I and irrigability class I with the following characteristics: -

· Sandy loam textural composition

· Moderately slopping  topography of 2-3% slope

· Deep effective soil depth.

· Excessive drainage in all seasons.

· Shallow  ground water table

· Blocky like & spherical surface structure

· high organic matter content 

· high total nitrogen

· low available phosphorus

· dark brown in color

Based on the field studies of the soils, soil unit 5 has been classified under capability class I and irrigability class I with the following characteristics: -

· Sandy loam textural composition

· Moderately slopping  topography of 2-3% slope

· Narrow effective soil depth.

· Medium drainage in all seasons.

· deep  ground water table

· spherical surface structure

· high organic matter content 

· medium total nitrogen

· low available phosphorus

·  dark brown & red in color

Based on the field studies of the soils, soil unit 6 has been classified under capability class I and irrigability class I with the following characteristics: -

· Sandy clay loam textural composition

· Moderately slopping  topography of 2-3% slope

· Narrow effective soil depth.

· Medium drainage in all seasons.

· Deep  ground water table

· spherical surface structure

· high organic matter content 

· medium  total nitrogen

· low available phosphorus

· dark brown & red in color

3.8 Recommendations
 As discussed above soil unit 1 is a good fertile soil with capability class I and irrigability class I. The physical properties of the soil are satisfactory and suitable. They are the soils with deep effective soil depth, sandy loam textural composition, spherical surface structure, and excessive drainage in all season’s etc. It has got the desired amounts of primary or major plant nutrients, which is nitrogen but low in available phosphorus. It has also high organic matter content. Thus, the soil is suitable for irrigation and wide ranges of irrigation crops are suitable on this type of soil. The only limitation of soil unit one is that, it is marshy/ swampy area and when the supply water exceeds the intake rate water ponds over the area. Therefore, when irrigating, it is very important to control flow stream size as not to proceed over the intake rate of the soil and these is possible by applying low frequency of irrigation with smaller depth of water each time.
Soil unit 2 is also a good fertile soil with capability class II and irrigability class II. The physical properties of the soil are satisfactory and suitable. They are the soils with shallow effective soil depth, sandy loam textural composition, blocky like surface soil structure, and excessive drained in all seasons etc. It has got the desired amounts of primary or major plant nutrients, which is nitrogen but low in available phosphorus. It has also high organic matter content & high total nitrogen. Thus, the soil is suitable for growing varieties of crops by adopting ordinary good farming practices. The only limitation of soil unit two is that, it is gently sloping topography of 2-5% & hard bed rock area. Therefore, when irrigating, it is very important to use some easily applied special conservation practice like contour farming are to be followed for maintaining  the productivity of land.  
Soil unit 3 is also a good fertile soil with capability class I and irrigability class I. The physical properties of the soil are satisfactory and suitable. They are the soils with deep effective soil depth, sandy loam textural composition, blocky like & spherical surface soil structure, and excessive drained in all seasons etc. It has got the desired amounts of primary or major plant nutrients, which is nitrogen but low in available phosphorus. It has also high organic matter content & high total nitrogen. Thus, the soil is suitable for growing varieties of crops by adopting ordinary good farming practices. 

Soil unit 4 is also a good fertile soil with capability class I and irrigability class I. The physical properties of the soil are satisfactory and suitable. They are the soils with deep effective soil depth, sandy loam textural composition, blocky like & spherical surface soil structure, and excessive drained in all seasons etc. It has got the desired amounts of primary or major plant nutrients, which is nitrogen but low in available phosphorus. It has also high organic matter content & high total nitrogen. Thus, the soil is suitable for growing varieties of crops by adopting ordinary good farming practices.

Soil unit 5 is also a good fertile soil with capability class I and irrigability class I. The physical properties of the soil are satisfactory and suitable. They are the soils with narrow effective soil depth, sandy loam textural composition, spherical surface soil structure, and medium drained in all seasons etc. It has got the desired amounts of primary or major plant nutrients, which is nitrogen but low in available phosphorus. It has also high organic matter content & medium total nitrogen. Thus, the soil is suitable for growing varieties of crops by adopting ordinary good farming practices. 

Soil unit 6 is also a good fertile soil with capability class I and irrigability class I. The physical properties of the soil are satisfactory and suitable. They are the soils with narrow effective soil depth, sandy loam textural composition, spherical surface soil structure, and medium drained in all seasons etc. It has got the desired amounts of primary or major plant nutrients, which is nitrogen but low in available phosphorus. It has also high organic matter content & medium total nitrogen. Thus, the soil is suitable for growing varieties of crops by adopting ordinary good farming practices. 

Conclusion
All soil units are suitable for surface gravity irrigation. For sustainable and productive utilization of the soil units for surface irrigation, adopting of suitable tillage practices, soil conservation and improved agronomic practices should be implemented during the irrigation operation and rain fed agriculture.

4. AGRONOMY

4.1. Introduction


Agriculture is the basis of the rural people of Oromia like other regions in Ethiopia. It is mainly dependent on rain fed crop production during the rainy seasons. But the rain fed dependent crop production has its own problem, which is the failure of crops to give good yield. In other word the productivity of only rain fed agriculture is not kept place with the readily increasing population growth rate. This could be due to the late beginning and early offset of rain or due to the shortage/absence of rain when crops require optimum amount of water to give the required optimum yield. Therefore, irrigation is to be the main basic for a minimum base living standard for the fast growing population and is also the basic designed strategy that the farmers should have to adopt in order to increase and improve agricultural production and productivity by producing twice or more in a year, as a result the problem of food shortage will be improved or alleviated in addition to generating cash income 

Thus, to minimize the risk of only depending on rain fed agriculture, utilizing water resources for irrigation development in the dry (full and supplementary irrigation) is essential. 

Irrigation is the artificial application of water on the field to produce crops for food and other. Hence, the feasibility study of Borxa small scale irrigation development was carried out in Sayo district to develop 70 hectare of command area. 
4.2. Objectives

General objectives

· Increasing crop production and in that way to alleviate the recurring problem of food deficit in Oromia region and in the country as a whole. 
Specific objectives

· To upgrade the farmer cultural practices and the existing traditional irrigation scheme which in turn to enables the farmers for surplus production in order to generate extra cash income.

· To ensure food self sufficiency and to enhance the farmers with a balanced diet through the production of nutritional value of different crops.

4.3. Methodology

Preceding to the start of the feasibility study it is prudent to collect relevant information regarding the proposed project area from potential sources of information and by field observation. Hence, the following methodologies were used to study the existing agriculture and future proposed agriculture under irrigation system on the proposed project.
· Direct inquiries of the necessary information are from the target group.

· Gathering relevant data from the development agent of the scheme (P.A), from district office of agricultural and rural development 

· Using questionnaires collect detailed agronomic information, cultural practices farming systems both from Agricultural development office of the district, development agents and farmers. 

· Identify the major crop pests of the area and their control.

· Identify and describe the major agronomic constraints of the area by rain fed agriculture.

· Based on soils and climatologically information, identify the crops suitable for irrigable area, its cropping pattern, cropping calendar and crop rotation.
4.4 The Present State of Land Use and Farming Systems

The land use type of the proposed command area presently is cultivated land. Most of the command area which is about 50ha is cultivated by rain fed agriculture and the other part of the area which is about 20ha is cultivated by traditional irrigation.

The proposed command area is sub tropical humid in agro-climatic classification, with an altitudinal range of 1586-1551 m.asl. The topography of the command area is plain (0-2%) and gentle undulating sloping of (3-5%).

The crops produced by rain fed agriculture on the proposed command area are Pepper, Ground nut, Maize and sorghum, whereas the crops produced by traditional irrigation on the proposed command area are maize, banana, mango, potato, cabbage and tomato. Pepper, Ground nut and sorghum are the major crops considered to be the main for the livelihood of the people of the area both for consumption and to generate cash income.

The farming system practiced in and around the project area is mixed farming (both crops and animal production). Even though mixed farming is practiced, crop production occupies the largest share of the means of livelihood of the people. The people of the area are mixed peasants.

The proposed command area is found in Kure Gayib peasant association. The major land use types of the peasant association are depicted on the table below.

Table .4. 1 Major land use types of Kure Gayib and Walgai Bubuka peasant association, 2004

	No
	Land use types   
	Area in hectare (Ha)
	Area in woreda(ha)
	Proportion

     %

	
	
	Kure Geyib (PA)   
	Walgai Bubuka (PA)
	
	

	1
	Cultivable land
	3675
	2043
	26,641.04
	20.84

	2
	Cultivated land
	8833.6
	6124
	39,457.12
	30.87

	3
	Grazing land
	450
	302
	5,619
	4.39

	4
	Forest land
	378
	128
	5,562.92
	4.38

	5
	Community land
	-
	-
	-
	-

	6
	Construction land
	380
	254
	1,649.78
	1.29

	7
	Rock, Mountain,Road and water
	3060
	1479
	48,870.14
	38.23

	
	Total
	16,776.6
	10,348
	127,800
	100


Source: Kure Gayib and Walgai Bubuka Development centre

4.5 Existing Agriculture

Mixed farming is the existing agriculture in and around the project area of which, crop production is widely practiced by most of the farmers.

4.5.1 Existing Crop Production 

a. Under rain fed system and traditional irrigation

Both rain fed agriculture and traditional irrigation are practiced on different parts of the proposed command area. As already mentioned above, the crops produced by rain fed agriculture are maize (4ha),Ground nut ( 7), Pepper (9ha) and sorghum (25ha) where as the crops produced by traditional irrigation are maize (3.0ha), Potato(3ha), tomato (7ha), Banana (0.125ha), Mango(0.5) and cabbage (2).

Regarding the existing cropping pattern, even if there is a practice of growing of leguminous crops on the proposed command area it is negligible to increase the fertility of the soil. But the farmers practice growing of different cereal crops by interchanging the fields year after year to exploit the nutrients in the soil found at different depths and to avoid the buildup of diseases and pests.

4.5.2. Existing Cropping Pattern and Intensity

The existing cropping intensity on the proposed command area is only once in a year for both traditional irrigation and rain fed agriculture on dry season and main rainy season, respectively.

The existing major crops, cropping calendar and pattern in and around the project area in 2004/2005 production year are described on the table below.

Table 4.2 Existing Major crops and cropping calendar in and around command area of Kure Gayib and Walgai Bubuka project in 2004/2005 production year 

	SN
	Types of

 Crops
	Area cultivated(ha)
	Yield/ha
	                                      Operational calendar

	
	
	In CA
	Ar. CA
	In CA
	Ar. CA
	         Tillage
	Planting date
	      Weeding
	Harvesting time

	
	
	
	
	
	
	Ploughing
	Fre
	
	Weeding
	fre
	

	I
	                                                                 Rain fed agriculture

	1
	Maize
	4
	5649.504
	30
	28
	Feb_Apr
	3-4
	MiApr-Mid May
	Beg Jan
	2-3
	Dec-Jan

	2
	Sorghum
	25
	2095.064
	28
	25
	Feb-Apr
	2-3
	BegApr- Beg May
	Beg Jan
	2-3
	Jan- Feb

	3
	F/millet
	-
	88.336
	-
	20
	Mar-Jun
	3-4
	Beg Jun
	Beg July
	2
	Jan

	4
	H/Bean
	-
	44.168
	-
	7
	May- Jun
	1-2
	End Jun- BegJuly
	End July
	2
	Dec

	5
	G/nut
	7
	434.68
	18
	17
	
	
	
	
	
	

	6
	Pepper 
	9
	344
	10
	9
	Jun-July
	3-4
	Aug
	MidSep-Oct
	3
	EndNov-Dec

	7
	Teff
	
	132.504
	-
	5
	Midmay-Mid July
	4-5
	End July-Mid Aug
	MidSep-Oct
	2
	December

	II
	
Traditional irrigation

	1
	Maize
	3.0
	-
	30
	-
	Beg Nov
	3
	Mid Dec-1st Jan
	End Jan
	3
	Apr- May

	2
	Potato 
	3.2
	-
	60
	-
	Beg Nov
	3-4
	1st Dec
	End Dec
	3
	Mar- Apr

	3
	Tomato 
	7.5
	-
	80
	-
	Beg Nov
	3-4
	1st Dec
	End Dec
	3
	Mar- Apr

	5
	Cabbage 
	1.3
	-
	80
	-
	Beg Nov
	3-4
	1st Dec
	End Dec
	3
	Mar- Apr


Source:  Kure Gayib and Walgai Bubuka  Development centre

Major crops grown in and around the project area by rain fed agriculture (2002/2003 production year 


	No
	Crops
	Area

(ha)
	Average yield (qt/ha)

	
	
	
	Local seeds without fertilizers
	Local seeds with fertilizers 
	Improved seeds with fertilizers

	1
	Maize
	5653.504
	28
	30
	42

	2
	Sorghum
	2120.064
	25
	-
	-

	3
	F/millet
	88.336
	20
	-
	-

	4
	Pepper 
	353.344
	10
	
	-

	5
	G/nut
	441.68
	18
	-
	-

	6
	H/Bean
	44.168
	7
	-
	-

	7
	Teff
	132.504
	5
	7
	-

	
	Total 
	8833.6
	
	
	


Source: Kure Gayib and Walgahi Bubuka Development centre

4.5.3 Potential and Actual Average Yield

The actual average yield is the yield obtained in and around the project area under the management of farmers, where as the potential average yield is the potential of the improved varieties that can give an optimum yield under good agronomic practices such as well prepared seed bed, use of improved seeds, use of recommended rate of fertilizers and control of pests and diseases.

The actual and potential average yield of the crops proposed for the project is shown on the table below.

Table 4.3 Potential and Actual Average Yield

	No
	Types of crops
	Actual average yield/ha (Qt)
	Potential average yield/ha (Qt)

	1
	Maize
	28
	90

	2
	Tomato
	90
	200-400

	3
	Potato
	100
	180

	4
	Onion
	60-65
	200-300

	5
	Pepper
	15-20
	20-25

	6
	Cabbage
	80-85
	300-400


4.5.4 Existing Agricultural Inputs and supporting services

Agricultural inputs and supporting services play a significant role in yield increment per unit of land there by improve the living standard of the people in the country side.

The agricultural inputs used by the farmers in and around the proposed project area are fertilizers (DAP and Urea), improved seeds of Maize {(BH-660), 13 -6-83(shone)} and improved seeds of different vegetables, Herbicides such as round up, pirimagram and 2, 4-D are used for the control of different weeds.

4.5.5. Crop production constraints in and around the project area

The major crop production constraints in and around the project area are diseases, pests and weeds. They cause low crop productivity by affecting the growth of the crops. Wild animals also cause yield reduction by feeding and trampling the crop in the field.

Diseases: Diseases are any things that hamper or disturb the physiological process of green plants. Some of the crop diseases that cause low crop productivity in and the project area are Grey leaf spot, smut, and bacterial wilt. In addition to the reduction of yield, diseases reduce the quality of products and reduce its physiological beautifulness.

Pests: Termites, cut worms and stalk borer are the major insect pests which cause yield reduction in and around the project area. Weevils are other insect pests which attack crops after harvest in the store.

Weeds: Weeds are plants growing where they are not wanted. Weeds cause low crop productivity by competing with the required crops for light, moisture, nutrients and space. The common weeds in and around the project area are Guizota scabra, Snowdenia polystacheae, cynodon dactylon, Bidens pachyloma, etc. Hand weeding and chemical control are used in the area to control weeds.

Predators (wild animals) - They contribute to yield reduction by feeding and destroying the crops starting from the seedling stage until harvesting time. The common predators in the area are monkeys,hape,pig and others. Termite problem is also the serious problem in soil unit three of the command area.The control measure practiced by the farmers is protecting the crops not to be attacked by the wild animals making shelter inside the fields of the crops.

b. Live Stock Production

Live stock production is one of the means of livelihood of the people of the area next to crop production. The domestic animals found in Kure Gayib and Walgahi Baubuka peasant association, in which the proposed project is found are cattle, sheep, Goats, equines and chickens. The people rear animals to get oxen for farming, milk and milk products for feeding and sale, to get pack animals for transportation of crop products from the field to house and market places around the project area. Sheep and Goats are produced mainly for market. 

The live stock population found in Kure Gayib and Walgahi Bubuka peasant association in 2004 census is as follows.

Table 4.4 Live stock population in Kure Gayib and Walgai Bubuka P.A

	No
	Type of Animals
	Population (Number)

	1
	Ox
	1711

	2
	Cow
	2603

	3
	Heifer
	1009

	4
	Calf
	908

	5
	Dibicha
	1293

	5
	Sheep
	2091

	6
	Goats
	483

	7
	Horse
	0

	8
	Donkey
	1073

	9
	Mule 
	1

	Total
	11172.00


Source: Kure Gayib and Walgahi Bubuka Development centre

The source of feed for the animals of the area is grass on both communal and private grazing land both in dry and rainy seasons. Crop residues are other source of feed in dry area after the harvest of crops. There is a shortage of animal feed because the grazing land occupies only 0.58% of the land use types of this peasant association. Thus, some farmer’s practices cut and carry system, grow rode’s and elephant grasses to improve the feeding of the animals. In the dry season, free grazing is a common practice in the area, which allows the animals to graze over a wide area. But this has got disadvantage on traditional irrigation since animals attack the crop in the absence of the keeper.

Tryponomiases, Aba gorba, Anthrax, Black leg, Foot and mouth disease and new castle are the predominant animals’ diseases in and around the project area. In this peasant association there is animal health protection clinic and vaccination and treatment for the diseased animals is given at there.

4.6. Future Proposed Agriculture under Irrigation System 

 Selection of crops:              

                                                                                                                                                  The selection of potential crops during the feasibility study of the project has given due emphasis to the following conditions.
· Climatic conditions and adaptation of the crops to the growing conditions of the project area;

· The soil condition of the project area;

· Experience and interests of the farmers to grow;

· The length of the growing periods of the various crops;

· Yield potentials and market  potentials of the crops;

· Crop rotation and crop diversification requirements.  

Based on these conditions of the project area, the following crops are proposed for the project. These are maize, potato, onion, pepper, tomato and Cabbages. These crops are the ones which are adaptable to the given agro-climatic condition of the command area of the project. The command area has an altitude of 1586-1551m.a.s.l. and the average altitude is 1568m.a.s.l.Thus, the elevation of the command area is in the range of the given agro-climatic condition for the proposed crops for the project.

4.6.1 Proposed cropping pattern

Cropping pattern is the yearly sequence of crops grown and the spatial arrangement of them and fallows in a given area. It is formulated with a view to obtain maximum crop production under a given situation. 

Two cropping patterns, each for full irrigation and supplementary irrigation are proposed for the project to be adopted by the farmers in the project area.
	Crop
	Area
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D

	Maize
	10
	 
	 
	 
	 
	 
	 
	 
	3
	 
	 
	 
	 
	5
	 

	Potato
	18
	 
	 
	 
	 
	 
	 
	
	8
	 
	 
	 
	 
	12
	 

	Tomato
	13
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	13
	 

	Onion
	12
	 
	 
	 
	 
	 
	 
	 
	3
	 
	 
	 
	 
	7
	 

	cabbage
	2
	 
	 
	 
	 
	 
	 
	 
	1.5
	 
	 
	 
	 
	0.5
	 

	Pepper
	15
	 
	 
	 
	 
	 
	 
	 
	2
	 
	 
	 
	 
	3
	 


It is also necessary to give de consideration with regard to cultivation of different crops in order to avoid growing crops of the same species repeatedly on the same land. This helps to avoid the building up of serious soil borne pests and diseases like root knot, nematodes and wilt diseases. Thus, the crops should be grown in rotation and the possible cropping pattern for the proposed crops are as follows for the five years and continues similarly for the rest years

	Year one
	Year Two
	Year Three
	Year Four
	Year Five

	1st phase
	2nd phase
	1st phase
	2nd phase
	1st phase
	2nd phase
	1st phase
	2nd phase
	1st phase
	2nd phase

	Maize 8ha
	potato 11ha
	maize 6ha
	onion 22ha
	pepper 15ha
	maize 7ha
	
	onion 22ha
	pepper 15ha
	maize 7ha

	Potato 15ha
	onion 20ha
	potato 16ha
	Potato 11ha
	tomato 12ha
	fallow 0ha
	potato 16ha
	Potato 11ha
	tomato 12ha
	fallow 0ha

	Tomato 10ha
	cabbage 5ha
	tomato 12ha
	cabbage 5ha
	cabbage 6ha
	Cabbage 6ha
	tomato 12ha
	cabbage 5ha
	cabbage 6ha
	Cabbage 6ha

	Onion 18ha
	maize 7ha
	onion 18ha
	maize 7ha
	potato 18ha
	onion 23ha
	onion 18ha
	maize 7ha
	potato 18ha
	onion 23ha

	cabbage 5ha
	pepper 22ha
	cabbage  5ha
	Pepper 21ha
	onion 14ha
	pepper 22ha
	cabbage  5ha
	Pepper 21ha
	onion 14ha
	pepper 22ha

	Pepper 14ha
	fallow 5,ha 
	pepper 13ha
	fallow 4ha
	Maize 5ha
	potato 12ha
	pepper 13ha
	fallow 4ha
	Maize 5ha
	potato 12ha


4.6.2. Proposed cropping pattern and Intensity

The overall objective of the project is to maximize the utilization of the land and water given that the water source is not a limiting factor and that all the beneficiaries are capable of implementing the proposed program in terms of supplying the labor and other inputs required.

The cropping pattern is already mentioned above and it is desirable for the cropping intensity to approach 200% i.e. all the irrigable land is to be double cropped over one cropping calendar year.

But in those areas where rainfall plays a significant part in the year’s production cycle, farmers devote more of their efforts towards their rain fed crops which require lower labor inputs compared with their irrigated plots. Therefore in practice it is preferable to aim at lower intensity.

Hence, the cropping intensity of about 170-180% is proposed for the project in two cropping patterns over one calendar year and it is shown on the table below.

Table 4-6 proposed cropping pattern and intensity for the project

1. Full Irrigation 

	No
	Types of crop
	Year One
	Year Two
	Year Three
	Year Four
	Year Five

	
	
	1st phase
	1st phase
	1st phase
	1st phase
	1st phase

	
	
	Ha
	%
	Yield qt/ha 
	Ha
	%
	Yield qt/ha 
	Ha
	%
	Yield qt/ha 
	Ha
	%
	Yield qt/ha 
	Ha
	%
	Yield qt/ha 

	1
	Maize
	6
	10
	30
	5
	8.3
	40
	4
	6.66
	50
	6
	10
	50
	6
	10
	50

	2
	Potato
	15
	25
	70
	16
	26.6
	80
	18
	30
	100
	15
	25
	110
	16
	26.6
	120

	3
	Tomato
	10
	16.6
	85
	11
	18.5
	90
	12
	20
	100
	8
	13.4
	120
	11
	18.5
	130

	4
	Onion
	18
	30
	60
	18
	30
	65
	14
	23.5
	70
	18
	30
	75
	18
	30
	80

	5
	Cabbage
	3
	5
	80
	2
	3.2
	90
	2
	3.6
	95
	3
	5
	100
	2
	3.3
	110

	6
	Pepper 
	8
	13.4
	15
	8
	13.4
	18
	10
	16.6
	18
	10
	16.6
	20
	7
	11.6
	20

	
	Total 
	60


	100
	
	60
	100
	
	60
	100
	
	60
	100
	
	60
	100
	


2. Supplementary Irrigation

	No
	Types of crop
	Year One
	Year Two
	Year Three
	Year Four
	Year Five

	
	
	2nd phase
	2nd  phase
	2nd phase
	2nd phase
	2nd phase

	
	
	Ha
	%
	Yield qt/ha 
	Ha
	%
	Yield qt/ha 
	Ha
	%
	Yield qt/ha 
	Ha
	%
	Yield qt/ha 
	Ha
	%
	Yield qt/ha 

	1
	Maize
	7
	11.6
	30
	6
	10
	40
	6.3
	10.5
	50
	6
	10
	50
	6
	10
	50

	2
	Potato
	10
	16.6
	70
	11
	18.5
	80
	12
	20
	100
	14
	23.4
	110
	14
	23.4
	120

	3
	Onion
	12
	20
	60
	8
	13.3
	65
	10
	16.6
	70
	12
	20
	75
	12
	20
	80

	4
	Cabbage
	2
	3.2
	80
	2
	2.2
	90
	2
	3.2
	95
	2
	3.2
	100
	2
	3.2
	110

	5
	Pepper 
	11
	18.5
	15
	12
	20
	18
	12
	20
	18
	14
	23.4
	20
	14
	23.4
	20

	
	Total 
	42 
	69.9
	
	39
	64
	
	42.3
	70
	
	48
	80
	
	48
	80
	


4.6.3 Proposed yield and yield projection

The yield and yield projection (yield build up) period is related to the rate of adoption of modern agricultural inputs and improved agricultural practices and management. Based on this fact, yield build up within five years is proposed for the project. It is considered that it could be achieved through collective impacts of improved farming practices, adequate inputs supply, effective pest management and viable technical and support services. 
Yield build up pattern for the project is shown on table 4.8.

    Table 4.7 Average yields in Qt/ha under different conditions.

	No
	Crops
	Research station
	Farmers’ field

	
	
	
	

	1
	Maize
	100-120
	50-80

	2
	Potato
	200-300
	60-80

	3
	Tomato
	300-400
	80-85

	4
	Onion
	200-300
	60-65

	5
	cabbage
	300-400
	80-85

	6
	Pepper
	20-25
	15-20


Table 4.8 Yield build up pattern for the project (Qt/ha)

	No
	Crops
	Y         e     a      r

	
	
	1
	2
	3
	4
	5

	1
	Maize
	30
	40
	50
	50
	50

	2
	Potato
	70
	80
	100
	110
	120

	3
	Tomato
	85
	90
	100
	120
	130

	4
	Onion
	60
	65
	70
	75
	80

	5
	Cabbage
	80
	90
	95
	100
	110

	6
	Pepper
	15
	18
	18
	20
	20


4.6.4 Proposed agricultural inputs & supporting services

In crop husbandry, agricultural inputs play a significant role in boosting up the yield of crops per unit area. Besides the inputs, appropriate use of agronomic practices also has a great effect in crop production. Therefore these important factors should be integrated, which could be achieved through giving strong extension services for the farmers. Strong extension services should be given to the farmers by the development agents on the use of inputs, agronomic practices, water land, etc accordingly as proposed on the project. Thus, training the farmers timely based on the time of operations is very essential.

Since irrigated agriculture requires more inputs and power (labor intensive), continuous follow up by the development agents is needed to work with the farmers by initiating them timely.

The major inputs recommended for the proposed crops are improved seeds, fertilizers, and chemicals for the control of pests and diseases. The types and rates of inputs are shown on the table below.
Table 4.9 Seed rate and fertilizer rate for the proposed crops.

	No
	Types of crops
	Seed rate/ha

 (kg)
	Fertilizer rate/ha

	
	
	
	DAP

(kg)
	Urea

(kg)

	1
	Maize 
	25
	100
	50

	2
	Potato
	2000
	200
	75

	3
	Tomato
	0.25-3.0
	100
	50

	4
	Onion
	2.5-3.4
	200
	50

	5
	Cabbage
	0.3-0.4
	150
	12.5

	6
	Pepper
	0.6-0.75
	100
	50


*Half rate of urea fertilizer and full rate of phosphate fertilizer are recommended for the  

  crops because the soil study report reveals that the soil is high in total nitrogen and low in  

  available phosphorus. 

Table 4.10 Inputs required for crop protection (Rate per ha). 
	No
	Types of crops
	For diseases control
	For pests control

	
	
	Application frequency
	Helcozeb 80%
	Mancozed 80% WP
	Rova 75% WP
	Cocide
	Application frequency
	Malathione  or end osulphen 25%
	Diamacron 50%
	Malathione 50% oreendos ulphan
	Endosul phan 40%
	Simbush or carbaryl 85% WP

	1
	Maize

A) Diseases
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	
	B) Pests

a) Stalk borer 
	-
	-
	-
	-
	-
	1
	-
	-
	-
	-
	1.5kg

	
	b) Army worm
	-
	-
	-
	-
	-
	1
	1.5kg
	-
	-
	-
	-

	2
	Potato

A) Disease

a) Late blight
	1
	2kg
	-
	-
	-
	-
	-
	-
	-
	-
	-

	
	a) Early blight
	1
	2kg
	-
	-
	-
	-
	-
	-
	-
	-
	-

	
	B) Pests

a) potato tuber month
	-
	-
	-
	-
	-
	-
	1
	0.8lt
	-
	-
	-

	
	b) Aphids
	-
	-
	-
	-
	-
	-
	1
	-
	2lt
	-
	-

	3
	Tomato

A) Disease

a) Early blight
	4
	2kg
	-
	-
	-
	-
	-
	-
	-
	-
	-

	
	b)late blight
	4
	2kg
	
	
	
	
	
	
	
	
	

	
	B) Pests

a) Cut worms 
	-
	-
	-
	-
	-
	-
	-
	1
	-
	-
	2lt

	
	b) Aphids
	-
	-
	-
	-
	-
	-
	-
	1
	-
	2lt
	-

	4
	Onion

A)Diseases

1) Downny mildew
	3
	-
	-
	2kg
	-
	-
	-
	-
	-
	-
	-

	
	2) purple blotch
	3
	-
	2kg
	-
	-
	-
	-
	-
	-
	-
	-

	
	B) pests

1) thrips
	-
	-
	-
	-
	-
	1
	-
	-
	-
	-
	

	5
	Pepper

A)Disease

a) powdery mildew
	2
	-
	-
	-
	2.5lit
	-
	-
	-
	-
	-
	-

	
	B) pest

a) American boll worm
	-
	-
	-
	-
	-
	2
	-
	-
	-
	2.5lit/ha
	-

	6
	Cabbages

a) Disease
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	
	B) pests

1) aphids
	-
	-
	-
	-
	-
	1
	-
	0.8lit
	-
	-
	-

	
	2) cabbage moth
	
	
	
	
	
	1
	
	0.8lit
	-
	-
	-


Table 4.11 Labor requirement and work activities for the proposed crops per crop for one hectare.
	No
	Crop
	Unit
	Nursery
	Pre-planting operation
	Planting
	Irrigation
	Weeding
	Crop protection (disease & pest control)
	Fertilizer application
	Harvesting
	Post harvest operations

	1
	Maize
	Quantity (MD)

Frequency (day)
	-

-
	8

2
	16

1
	4

8
	30

2
	4

2
	8

1
	32

1
	40

1

	2
	Potato
	Quantity (MD)

Frequency (day)
	-
	8

4
	16

1
	3

15
	36

4
	4

2
	8

1
	32

1
	50

1

	3
	Tomato
	Quantity (MD)

Frequency (day)
	15

4
	12

4
	16

1
	2

11
	36

4
	4

10
	8

1
	20

1
	40

1

	4
	Onion 
	Quantity ( MD)

frequency
	15

4
	12

4
	16

1
	2

20
	36

4
	2

4
	8

1
	48

1
	40

1

	5
	Pepper 
	Quantity ( MD)

Frequency
	15

4
	12

4
	16

1
	2

15
	36

4
	4

4
	8

1
	20

1
	40

1

	6
	cabbages
	Quantity ( MD)

Frequency(day)
	15

4
	12

4
	16

1
	3

17
	36

4
	4

2
	8

1
	20

1
	40

1


4.6.5 Proposed crops and cropping calendar

Cropping calendar is the time in which the agricultural activities are performed sequentially starting from land preparation until harvesting time. Different crops need different cropping calendar based up on the climatic factors they need and their length of growing period. The right and an optimum cropping calendar are needed to get an optimum yield. Thus, the following cropping calendar has been prepared for the proposed crops on the project.
           Table 4.12 Cropping calendar for the proposed crops
I. First phase.
	No
	Types of

crops
	Operational calendar

	
	
	Tillage
	Date of sowing or planting
	weeding
	Harvesting

	
	
	Season of

ploughing
	Freq
	
	Start of weeding
	Freq
	

	1
	Maize
	Beg Nov 
	2-3
	Beg Jan
	Mid Feb
	2-3
	Beg Apr

	2
	Potato
	Beg Nov
	3-4
	End Nov 
	 Dec
	3-4
	Feb 

	3
	Tomato
	Beg Nov
	3-4
	End Nov 
	 Dec
	3-4
	Beg Mar

	4
	Onion 
	Beg Nov
	4
	End Nov 
	Dec
	4-5
	End Mar

	5
	Pepper 
	Oct
	3
	Dec
	Jan
	2-3
	Mar-Apr

	6
	cabbages
	Mid Oct
	3-4
	Nov 1st  
	Dec 1st 
	3-4
	Feb 30th 


 II .Second Phase
	No
	Types of crops
	Operational calendar

	
	
	Tillage
	Date of sowing or planting
	Weeding
	Harvesting

	
	
	Season of ploughing
	Freq
	
	Start weeding
	Freq
	

	1
	Maize
	End Apr-May 1st
	2-3
	Mid May
	Jun-July
	2-3
	Sep

	2
	Potato
	May
	3-4
	Jun
	Beg July
	3-4
	Aug 15th

	3
	Onion
	May
	4
	Jun
	Beg July
	4-5
	Sep

	4
	Pepper
	May
	3
	Jun
	Beg July
	2-3
	Sep

	5
	cabbages
	March 15th
	3-4
	Apr 1st
	Beg May
	3-4
	July 30th


4.7 Crop Water Requirement (Etcr)

Crop water requirement is the depth of water needed to meet the loss through evapo-transpiration of diseases free growing in large fields under non restricting soil conditions including soil water and fertility and achieving full production potential under the given growing environment.


ETcr = ETO x K.C

4.7.1 Reference Crop Evapo-Transpiration (ETO)

Reference crop evapo-transpiration is the rate of evaporation from an extensive surface of 8 to 15cm tall green grass cover of uniform height, actively growing, completely shading the ground with no shortage of water.

It is calculated by using pen man method. The ETO used for the purpose of calculating ETcr is taken from the monthly reference evapo-transpiration mm/day already calculated for Dambi Dollo station. The form of equation used in Penman method is:


ETO = [W.Rn+ (1-W). f (u) (ea-ed)

Where, ETO = reference crop evapotranspiration in mm/day;

             W = temperature related weighting factor;

             Rn = net radiation on equivalent evaporation in mm/day;

             F (u) = Wind related function;

          (Ea-ed)= difference between the saturation vapor pressure at mean air temperature 

                         and the mean actual vapor pressure of the air, both in m bar.

          C = adjustment factor to compensate for the effect of day and night weather 

                         conditions.

4.7.2 Length of crop growing stage

There are four main growing stages of a crop during its growth period where water requirements vary i.e. the seasonal use of water by plants is determined by their stage of growing.

1. The initial stage: germination and early crop growth, where the ground cover is less than 10%.

2. Crop development stage: from the end of initial stage to full ground cover usually between 70-80% of the land surface.

3. Mid season stage: from the attainment of full ground cover to the start of maturity indicated by leaf senescence or loss.

4. Late season stage: from the end of the mid season stage until harvest.

During the vegetative stage consumptive use continues to increase. Flowering occurs near and the peak of consumptive use of water. The fruiting stage is accompanied by a decrease in consumptive use until the transpiration essentially ceases during the latter part or the formation of dry fruits.

The growing stages of the proposed crops for the project are shown on the table below.

Table 4.13The length of the growing stages of the proposed crops

	No
	Types of crops
	Length of growing stages in days

	
	
	Initial
	Development
	Mid
	Late
	Total

	1
	Maize
	30
	40
	50
	30
	150

	2
	Potato
	25
	25
	30
	25
	105

	3
	Tomato
	25
	35
	40
	20
	120

	4
	Onion 
	15
	25
	60
	20
	120

	5
	Pepper 
	25
	35
	40
	20
	

	6
	Cabbages
	30
	45
	30
	15
	120


4.7.3 Crop coefficient (Kc)

The effect of crop characteristics on crop water requirement is given by the crop coefficient. It represents the relationship between reference (ETo) and crop evapo-transpiration (ETcr) or ETcr = Kc x ETo

Values of crop coefficient given are shown to vary with the crop, its stage of growth, growing season and the prevailing weather conditions.

In this project case, the crop coefficients used are taken from the table of crop coefficient (kc), Guideline on Irrigation agronomy manual, September 2011Addis Ababa, Ethiopia for the proposed crops the crop coefficients selected are shown on the table as follows.

Table 4.14 Crop Coefficients (Kc) for the Proposed Crops

	No
	Types of crop
	Crop coefficient in growing stages

	
	
	Initial
	Development
	Mid
	Late

	1
	Maize
	0.3-0.5
	0.7-0.85
	1.05-1.2
	0.8-0.95

	2
	Potato
	0.4-0.5
	0.7-0.8
	1.05-1.2
	0.85-0.95

	3
	Tomato
	0.4-0.5
	0.7-0.8
	1.05-1.25
	0.8-0.95

	4
	Onion 
	0.4-0.6
	0.7-0.8
	0.95-1.1
	0.85-0.9

	5
	Pepper 
	0.3-0.4
	0.6-0.75
	0.95-1.1
	0.85-1.0

	6
	Cabbages
	0.4-  0.5
	0.7-0.8
	0.95-1.1
	0.9-1.0


4.7.4 Effective rainfall 
Effective rainfall is the proportion of rain, which is stored in the root zone and therefore be available to the plants. Rain fall which percolates beyond the root zone or is lost to the plants through surface run off is not effective, in that it is not available for plant growth.
It is calculated using the formula;

Peff = Ptotal *0.7-10

Peff = 125+0.1 Ptotal, for Ptotal >250mm per month

Where; Peff = effective rain fall

           Ptotal = total rainfall in a month (mm per month)
4.7.5 Irrigation efficiency (E)

It is the percentage of applied irrigation water stored in the soil and available for consumptive use by the crop. Field losses consist of surface run off and deep percolation. For small schemes estimates of 50% losses are used, for larger irrigation schemes loss of 30-40% are applicable. (From irrigation agronomy manual revised version, March,1990). Thus, for the project the proposed irrigation efficiency is 50%.
4.7.6 Net and Gross irrigation requirements

a. Net irrigation requirement (N.I.R). It is a depth of water needed to bring the soil moisture level in the effective root zone to field capacity from the soil moisture. It is calculated by using the relationship between crop water requirement (ETcr) and effective rainfall.

I.e. Net irrigation requirement = ETcr – Effective rainfall

b. Gross irrigation requirement- It is the net irrigation requirement plus water application losses in the conveyance system due to seepage, evaporation, etc.

	Table -3    Crop Water Requirement/ Design Supply
	
	
	
	
	
	
	
	
	
	

	Project Name:   Borta   Zone : K/Wollega  District : Sayo
	
	
	
	
	
	
	
	

	Crop Name  : Maize    Season : 1st saeson      Date : _________
	
	
	
	
	
	
	
	
	
	

	sn
	Disgination
	Symbol
	Operation
	Unit 
	Months

	
	
	
	
	
	

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

	 
	Crop factor
	Kc
	Table  -1
	 
	0.85
	0.82
	0.75
	 
	 
	 
	 
	 
	 
	 
	0.4
	0.8

	1
	ETO
	Eto
	Mm/month
	mm/month
	135.58
	136.09
	148.48
	150.7
	120.26
	101.4
	96.44
	87.76
	106.5
	121.06
	117.05
	127.01

	3
	Crop Evapo trans.
	ET crop
	(1)*(2)
	mm/month
	115.24
	111.59
	111.36
	0
	0
	0
	0
	0
	0
	0
	46.82
	101.61

	4
	Rainfall
	P
	Metero data
	mm/month
	9.6
	15.3
	44.4
	70.25
	178.7
	235.05
	246.45
	250.55
	230.55
	114.2
	37.05
	11.45

	5
	Effective Rainfall
	Pe
	 
	mm/month
	-
	0.71
	21.09
	 
	 
	 
	 
	 
	 
	 
	15.94
	-

	6
	TNI requr.
	INT
	(3) - (5)
	mm/month
	115.24
	110.88
	53.15
	 
	 
	 
	 
	 
	 
	 
	30.88
	101.6

	7
	Project eff.
	Ep
	Cal.overall eff.
	--------
	0.5
	0.5
	0.5
	 
	 
	 
	 
	 
	 
	 
	0.5
	0.5

	8
	TGI Requ.
	Lt
	(6) / (7)
	Mm/month
	230.48
	221.76
	106.3
	 
	 
	 
	 
	 
	 
	 
	61.76
	203.2

	9
	Supply Requ./ha
	Qt
	8 / 259.2
	L/Sec
	0.88
	0.85
	0.41
	0
	0
	0
	0
	0
	0
	0
	0.23
	0.78

	10
	Irrigation Area
	A
	Crop pattern
	Ha
	10
	10
	10
	 
	 
	 
	 
	 
	 
	 
	10
	10

	11
	Supply Req’t 
	Q
	(9) * (10)
	L/sec
	8.89
	8.55
	4.10
	0
	0
	0
	0
	0
	0
	0
	2.38
	7.83

	12
	Hour of App/day
	Hr
	Given
	Hr
	12
	12
	12
	 
	 
	 
	 
	 
	 
	 
	12
	12

	13
	Supp.Requ’t 
	Q/d
	(11)*(24)/(12)
	L/sec
	17.78
	17.11
	8.20
	0
	0
	0
	0
	0
	0
	0
	4.76
	15.67

	14
	Supp.Req’t
	Q/d
	(11)*(24)/(12)/A
	L/se
	1.77
	1.71
	0.82
	0
	0
	0
	0
	0
	0
	0
	0.47
	1.56


Note: - Generally for the purpose of design, an irrigation engineer can take the maximum Duty in liter per second per hectare is 1.7 and proposed irrigation time is 12hours.  

	Table -3    Crop Water Requirement/ Design Supply
	
	
	
	
	
	
	
	
	
	

	Project Name:   Borta   Zone : K/Wollega  District : Sayo
	
	
	
	
	
	
	
	

	Crop Name  : Tomato    Season : 1st saeson      Date : _________
	
	
	
	
	
	
	
	
	
	

	SN
	Disgination
	Symbol
	Operation
	Unit
	Months

	
	
	
	
	
	

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

	1
	ETO
	Eto
	Mm/month
	mm/month
	135.58
	136.09
	148.48
	150.7
	120.26
	101.4
	96.44
	87.76
	106.5
	121.06
	117.05
	127.01

	2
	Crop factor
	Kc
	Table  -1
	---------
	0.75
	0.7
	
	
	
	
	
	
	
	
	0.45
	0.75

	3
	Crop Evapo trans.
	ET crop
	(1)*(2)
	mm/month
	101.68
	95.26
	
	
	
	
	
	
	
	
	52.67
	95.25

	4
	Rainfall
	P
	Metero data
	mm/month
	9.6
	15.3
	44.4
	70.25
	178.7
	235.05
	246.45
	250.55
	230.55
	114.2
	37.05
	11.45

	5
	Effective Rainfall
	Pe
	
	mm/month
	-
	0.71
	0
	
	
	
	
	
	
	
	15.9
	-

	6
	TNI requr.
	INT
	(3) - (5)
	mm/month
	101.68
	94.55
	
	
	
	
	
	
	
	
	36.77
	95.25

	7
	Project eff.
	Ep
	Cal.overall eff.
	--------
	0.5
	0.5
	0
	
	
	
	
	
	
	
	0.5
	0.5

	8
	TGI Requ.
	Lt
	(6) / (7)
	Mm/month
	203.37
	189.10
	
	
	
	
	
	
	
	
	18.38
	47.62

	9
	Supply Requ./ha
	Qt
	8 / 259.2
	L/Sec
	0.78
	0.72
	
	0
	0
	0
	0
	0
	0
	0
	0.07
	0.18

	10
	Irrigation Area
	A
	Crop pattern
	Ha
	13
	13
	0
	
	
	
	
	
	
	
	13
	13

	11
	Supply Req’t
	Q
	(9) * (10)
	L/sec
	10.19
	9.48
	
	0
	0
	0
	0
	0
	0
	0
	0.92
	2.38

	12
	Hourof App/day
	Hr
	Given
	Hr
	12
	12
	0
	
	
	
	
	
	
	
	12
	12

	13
	Supp.Requ’t
	Q/d
	(11)*(24)/(12)
	L/sec
	20.39
	18.96
	
	0
	0
	0
	0
	0
	0
	0
	1.84
	4.77

	14
	Supp.Req’t
	Q/d
	(11)*(24)/(12)/A
	L/se
	1.56
	1.45
	
	
	
	
	
	
	
	
	0.14
	0.36


Note:- Generally for the purpose of design, an irrigation engineer can take the maximum Duty in liter per second per hectare is 1.7 and proposed irrigation time is 12hours.  
	Table -3    Crop Water Requirement/ Design Supply
	
	
	
	
	
	
	
	
	
	

	Project Name:   Borta   Zone : K/Wollega  District : Sayo
	
	
	
	
	
	
	
	

	Crop Name  : Potato    Season : 1st saeson      Date : _________
	
	
	
	
	
	
	
	
	
	

	SN
	Designation
	Symbol
	Operation
	Unit 
	Months

	
	
	
	
	
	

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

	1
	ETO
	Eto
	Mm/month
	mm/month
	136
	136
	148.48
	150.7
	120.26
	101.4
	96.44
	87.76
	106.5
	121.06
	117
	127

	2
	Crop factor
	Kc
	Table  -1
	---------
	0.75
	0.7
	 
	 
	 
	 
	 
	 
	 
	 
	0.45
	0.75

	3
	Crop Evapo trans.
	ET crop
	(1)*(2)
	mm/month
	102
	95.3
	0
	 
	 
	 
	 
	 
	 
	 
	52.7
	95.3

	4
	Rainfall
	P
	Metero data
	mm/month
	9.6
	15.3
	44.4
	70.25
	178.7
	235.1
	246.5
	250.55
	230.55
	114.2
	37.1
	11.5

	5
	Effective Rainfall
	Pe
	 
	mm/month
	-
	0.71
	0
	 
	 
	 
	 
	 
	 
	 
	15.9
	-

	6
	TNI requr.
	INT
	(3) - (5)
	mm/month
	102
	94.6
	0
	 
	 
	 
	 
	 
	 
	 
	36.8
	95.3

	7
	Project eff.
	Ep
	Cal.overall eff.
	--------
	0.5
	0.5
	0
	 
	 
	 
	 
	 
	 
	 
	0.5
	0.5

	8
	TGI Requ.
	Lt
	(6) / (7)
	Mm/month
	203
	189
	0
	 
	 
	 
	 
	 
	 
	 
	73.5
	191

	9
	Supply Requ./ha
	Qt
	8 / 259.2
	L/Sec
	0.78
	0.73
	0
	0
	0
	0
	0
	0
	0
	0
	0.28
	0.74

	10
	Irrigation Area
	A
	Crop pattern
	Ha
	18
	18
	0
	 
	 
	 
	 
	 
	 
	 
	18
	18

	11
	Supply Req’t 
	Q
	(9) * (10)
	L/sec
	14.1
	13.1
	0
	0
	 
	0
	0
	0
	0
	0
	5.11
	13.2

	12
	Hour of App/day
	Hr
	Given
	Hr
	12
	12
	0
	 
	 
	 
	 
	 
	 
	 
	12
	12

	13
	Supp.Requ’t 
	Q/d
	(11)*(24)/(12)
	L/sec
	28.2
	26.3
	0
	0
	0
	0
	0
	0
	0
	0
	10.2
	26.5

	14
	Supp.Req’t
	Q/d
	(11)*(24)/(12)/A
	L/se
	1.57
	1.46
	0
	0
	0
	0
	0
	0
	0
	0
	0.57
	1.47


Note: - Generally for the purpose of design, an irrigation engineer can take the maximum Duty in liter per second per hectare is 1.7 and proposed irrigation time is 12hours.  

	Table -3    Crop Water Requirement/ Design Supply
	
	
	
	
	
	
	
	
	
	

	Project Name:   Borta   Zone : K/Wollega  District : Sayo
	
	
	
	
	
	
	
	

	Crop Name  : Onion    Season : 1st saeson      Date : _________
	
	
	
	
	
	
	
	
	
	

	SN
	Disgination
	Symbol
	Operation
	Unit 
	Months

	
	
	
	
	
	

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

	1
	ETO
	Eto
	Mm/month
	mm/month
	135.6
	135.7
	148.48
	150.7
	120.26
	101.4
	96.44
	87.76
	106.5
	121.06
	117.05
	127.01

	2
	Crop factor
	Kc
	Table  -1
	---------
	0.7
	0.75
	0.7
	 
	 
	 
	 
	 
	 
	 
	0.5
	0.6

	3
	Crop Evapo trans.
	ET crop
	(1)*(2)
	mm/month
	94.91
	101.78
	103.94
	 
	 
	 
	 
	 
	 
	 
	58.52
	76.20

	4
	Rainfall
	P
	Metero data
	mm/month
	9.6
	15.3
	44.4
	70.25
	178.7
	235.05
	246.45
	250.55
	230.55
	114.2
	37.05
	11.45

	5
	Effective Rainfall
	Pe
	 
	mm/month
	-
	0.99
	21.08
	 
	 
	 
	 
	 
	 
	 
	14
	-

	6
	TNI requr.
	INT
	(3) - (5)
	mm/month
	94.91
	100.79
	82.85
	 
	 
	 
	 
	 
	 
	 
	44.52
	76.20

	7
	Project eff.
	Ep
	Cal.overall eff.
	--------
	0.5
	0.5
	0.5
	 
	 
	 
	 
	 
	 
	 
	0.5
	0.5

	8
	TGI Requ.
	Lt
	(6) / (7)
	Mm/month
	189.8
	201.57
	41.42
	0
	0
	0
	0
	0
	0
	0
	22.26
	38.10

	9
	Supply Requ./ha
	Qt
	8 / 259.2
	L/Sec
	0.73
	0.77
	0.26
	0
	0
	0
	0
	0
	0
	0
	0.13
	0.23

	10
	Irrigation Area
	A
	Crop pattern
	Ha
	12
	12
	12
	 
	 
	 
	 
	 
	 
	 
	12
	12

	11
	Supply Req’t 
	Q
	(9) * (10)
	L/sec
	8.78
	9.33
	3.12
	0
	0
	0
	0
	0
	0
	0
	1.67
	2.87

	12
	Hour of App/day
	Hr
	Given
	Hr
	12
	12
	12
	 
	 
	 
	 
	 
	 
	 
	12
	12

	13
	Supp.Requ’t 
	Q/d
	(11)*(24)/(12)
	L/sec
	21.09
	18.66
	6.24
	0
	0
	0
	0
	0
	0
	0
	3.35
	5.74

	14
	Supp.Req’t
	Q/d
	(11)*(24)/(12)/A
	L/se
	1.75
	1.55
	0.52
	0
	0
	0
	0
	0
	0
	0
	0.27
	0.47


Note: - Generally for the purpose of design, an irrigation engineer can take the maximum Duty in liter per second per hectare is 1.7 and proposed irrigation time is 12hours.  

	Table -3    Crop Water Requirement/ Design Supply
	
	
	
	
	
	
	
	
	
	

	Project Name:   Borta   Zone : K/Wollega  District : Sayo
	
	
	
	
	
	
	
	

	Crop Name  : Pepper    Season : 1st saeson      Date : _________
	
	
	
	
	
	
	
	
	
	

	SN
	Disgination
	Symbol
	Operation
	Unit 
	Months

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

	1
	ETO
	Eto
	Mm/month
	mm/month
	135.58
	136.09
	148.48
	150.7
	120.26
	101.4
	96.44
	87.76
	106.5
	121.06
	117.05
	127.01

	2
	Crop factor
	Kc
	Table  -1
	---------
	0.7
	0.75
	0.7
	 
	 
	 
	 
	 
	 
	 
	0.35
	0.67

	3
	Crop Evapo trans.
	ET crop
	(1)*(2)
	mm/month
	94.90
	102.06
	103.94
	 
	 
	 
	 
	 
	 
	 
	40.96
	85.09

	4
	Rainfall
	P
	Metero data
	mm/month
	9.6
	15.3
	44.4
	70.25
	178.7
	235.05
	246.45
	250.55
	230.55
	114.2
	37.05
	11.45

	5
	Effective Rainfall
	Pe
	 
	mm/month
	-
	0.71
	21
	 
	 
	 
	 
	 
	 
	 
	15.9
	-

	6
	TNI requr.
	INT
	(3) - (5)
	mm/month
	94.90
	101.35
	82.93
	 
	 
	 
	 
	 
	 
	 
	25.06
	85.09

	7
	Project eff.
	Ep
	Cal.overall eff.
	--------
	0.5
	0.5
	0.5
	 
	 
	 
	 
	 
	 
	 
	0.5
	0.5

	8
	TGI Requ.
	Lt
	(6) / (7)
	Mm/month
	189.81
	202.71
	165.87
	 
	 
	 
	 
	 
	 
	 
	50.13
	170.19

	9
	Supply Requ./ha
	Qt
	8 / 259.2
	L/Sec
	0.73
	0.78
	0.63
	 
	0
	0
	0
	0
	0
	0
	0.19
	0.65

	10
	Irrigation Area
	A
	Crop pattern
	Ha
	15
	15
	15
	 
	 
	 
	 
	 
	 
	 
	15
	15

	11
	Supply Req’t 
	Q
	(9) * (10)
	L/sec
	10.98
	11.73
	9.59
	0
	0
	0
	0
	0
	0
	0
	2.90
	9.84

	12
	Hour of App/day
	Hr
	Given
	Hr
	12
	12
	12
	 
	 
	 
	 
	 
	 
	 
	12
	12

	13
	Supp.Requ’t 
	Q/d
	(11)*(24)/(12)
	L/sec
	21.96
	23.46
	19.19
	0
	0
	0
	0
	0
	0
	0
	5.80
	19.69

	14
	Supp.Req’t
	Q/d
	(11)*(24)/(12)/A
	L/se
	1.46
	1.56
	1.27
	 
	 
	 
	 
	 
	 
	 
	0.38
	1.31


Note: - Generally for the purpose of design, an irrigation engineer can take the maximum Duty in liter per second per hectare is 1.7 and proposed irrigation time is 12hours. 

	Table -3    Crop Water Requirement/ Design Supply
	
	
	
	
	
	
	
	
	
	

	Project Name: Borta   Zone : K/Wollega  District : Sayo
	
	
	
	
	
	
	
	

	Crop Name  : Cabbages   Season : 1st saeson      Date : _________
	
	
	
	
	
	
	
	
	
	

	SN
	Disgination
	Symbol
	Operation
	Unit 
	Months

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

	1
	ETO
	Eto
	Mm/month
	mm/month
	136
	136
	148.48
	150.7
	120.26
	101.4
	96.44
	87.76
	106.5
	121.06
	117.05
	127.01

	2
	Crop factor
	Kc
	Table  -1
	---------
	0.75
	0.7
	 
	 
	 
	 
	 
	 
	 
	 
	0.45
	0.75

	3
	Crop Evapo trans.
	ET crop
	(1)*(2)
	mm/month
	102
	95.3
	 
	 
	 
	 
	 
	 
	 
	 
	52.67
	95.25

	4
	Rainfall
	P
	Metero data
	mm/month
	9.6
	15.3
	44.4
	70.25
	178.7
	235.05
	246.45
	250.55
	230.55
	114.2
	37.05
	11.45

	5
	Effective Rainfall
	Pe
	 
	mm/month
	-
	0.71
	 
	 
	 
	 
	 
	 
	 
	 
	15.9
	-

	6
	TNI requr.
	INT
	(3) - (5)
	mm/month
	102
	94.6
	 
	 
	 
	 
	 
	 
	 
	 
	36.77
	95.25

	7
	Project eff.
	Ep
	Cal.overall eff.
	--------
	0.5
	0.5
	 
	 
	 
	 
	 
	 
	 
	 
	0.5
	0.5

	8
	TGI Requ.
	Lt
	(6) / (7)
	Mm/month
	203
	189
	 
	 
	 
	 
	 
	 
	 
	 
	73.54
	190.51

	9
	Supply Requ./ha
	Qt
	8 / 259.2
	L/Sec
	0.78
	0.73
	 
	 
	0
	0
	0
	0
	0
	0
	0.28
	0.73

	10
	Irrigation Area
	A
	Crop pattern
	Ha
	2
	2
	 
	 
	 
	 
	 
	 
	 
	 
	2
	2

	11
	Supply Req’t 
	Q
	(9) * (10)
	L/sec
	1.57
	1.46
	 
	0
	0
	0
	0
	0
	0
	0
	0.56
	1.47

	12
	Hour of App/day
	Hr
	Given
	Hr
	12
	12
	 
	 
	 
	 
	 
	 
	 
	 
	12
	12

	13
	Supp.Requ’t 
	Q/d
	(11)*(24)/(12)
	L/sec
	3.14
	2.92
	 
	0
	0
	0
	0
	0
	0
	0
	1.13
	2.94

	14
	Supp.Req’t
	Q/d
	(11)*(24)/(12)/A
	L/se
	1.57
	1.46
	 
	 
	 
	 
	 
	 
	 
	 
	0.56
	1.47


Note: - Generally for the purpose of design, an irrigation engineer can take the maximum Duty in liter per second per hectare is 1.7 and proposed irrigation time is 12hours.

Detail calculation of crop water requirement

For the growing period of the proposed crops, the maximum amount of water required will be 823.50m3/ha. From this it is possible to calculate the irrigation water required in lit/sec/ha.

The maximum growing period is 150days (5month), which is for Maize. 

Thus, within five months there are 5*30*24*60*60secnds

                                                         = 12,960,000 second

        1m3/ha=103lit/ha

823.50m3ha * y  

823.50m3ha * 103lit/ha = 1m3/ha *y

            1m3/ha                    1m3/ha 

Y=823.50*103lit/ha=823500lit/ha

For 24 hours irrigation, the amount required per second will be:-

 823.50*103lit/ha/12,960,000sec=0.63lit/sec/ha

 But the maximum possible irrigation hours per day proposed for the project is 12:00 hours. Therefore, the amount required per day will be:

            (24/12)*0.63t/sec/ha = 1.26lt/sec/ha.

When we compare this figure with the maximum irrigation requirement in the months, that is the month of January for maize, which is 230.48mm

Hence, 230.48mm = 230.48*10m3/ha per month

                              =2304.8m3/ha per month

                              = 2304.8*103lt/ha per month

                              =2304800lt/ha per month

                              = 2304800lt/ha/30*24*60*60sec = 0.88lit/sec/ha

The obtained value is for 24 hours irrigation. But the possible irrigation time proposed for the project is 12:00 hours.

Therefore, irrigation requirement for 12hours will be (24/12)*0.88 lit/sec/ha = 1.7lit/sec/ha

This duty is satisfactory for the proposed crops. 

Availability of Irrigation Water:  
The measured dry discharge of the river is 95lt/sec. The water duty is 1.7lit/sec/ha. Thus, the command area to be developed is equal to the discharge measured divided by the water duty.

 I.e. command area = Discharge/water duty



Command area = 95lit/sec/1.7lt/sec/ha = 55.88ha
But in this project, the command area is 70.0 ha. Thus, there is no enough irrigation water for the proposed command area. As result, the Engineer should be recommended the night storage/ pond for the rest part of the command area which is about 14.12ha. 
4.8 Crop System and Management

4.8.1. Crop Management of the Proposed Crops

1) Maize

-The crop grows over a wide range of climates ranging from the temperate to the tropics. It has the highest potential yield of all cereal crops.

-The recommended planting method is row planting and the recommended spacing is 75cm between rows and 25 cm between plants.

-A seeding rate of 25kg per hectare is required.

-The fertilizer rate recommended is 100kg/ha of DAP at the time of sowing and 50kg/ha urea fertilizer because the soil study report shows that the soil of command area is medium in available phosphorous.

- Maize is particularly sensitive to competition from weeds in its early stage of growth. Thus, it is very important to keep the crop weed free and a minimum of two weeding are recommended, the first when the crop is at the four leaf stage and the second when knee high.

2) Potato

-The crop is grown on ridges or on the flat. Under irrigation the crop is mainly grown on ridges.

-The recommended planting method is row planting and for planting in rows, the recommended spacing is 75cm between rows and 30 cm between plants.

-A seeding rate of 20 Qt (2000kg) per hectare is required.

-The fertilizer recommendation 200kg/ha of DAP and 75kg/ha of Urea fertilizer.

-Like many other crops, Potato during its establishment is very susceptible to competition from weeds. Therefore, weed control during the early stages of growth is essential.

3) Tomato

-The seed is generally sown in nursery plots and emergence is within 10days, seedlings are transplanted   to the field after 25 days. In the nursery the row distance is about 10cm.
-In the field a spacing of 120cm wide bed is required and seedlings will be planted in one row on this bed at a distance of 40cm between plants for indeterminate varieties. But for the determinate varieties on a bed of 120 cm wide seedlings will be planted in two rows at a distance of 50cm between rows and 25cm between plants.
-Fertilizer recommendation is 100kg/ha of DAP and 50kg/ha of Urea fertilizer.

-Depth of planting required is 4-5cm.

-The crop should be grown in rotation with other crops such as maize to reduce pests and diseases particularly nematodes.

-Area needed to prepare seedlings for one hectare is 250m2.
4) Onion

-The crop usually sown in the nursery and transplanted after 30-35 days

-A spacing of 20cm between rows and 7cm between plants on a bed of 60cm wide are recommended. Two lines on a bed and 60cmbetween beds are required.

-A seedling rate of 2.5-3.4kg/ha of seeds is required.

-Fertilizer recommendation is 200kg/ha DAP and 50kg/ha of UREA fertilizer.

-Since onion has shallow roots, weed control should be performed at the early stage.

-A planting depth required is 3-4cm.

-To prepare seedlings for one hectare the area needed is 560m 2
5) Pepper

-The seed rate required is 0.6kg/ha-0.75kg/ha.

-It is planted in double row on flat topped ridge. Double row spacing is 40cm and the spacing bed is 80cm. Spacing within the rows is 40cm.

-For planting in a single row on a bed, a bed of 60cm is required and seedlings are planted at a distance of 30cm between plants.

-Depth of planting is 4-5cm.

-Fertilizer recommendation is 100kg/ha of DAP during planting time or during bed preparation time & 50kg/ha Urea

-To prepare seedling for one hectare, the area needed is 300m.2
-Seedling of 10-12cm height is transplanted in the field after 25 to 30 days.

- The plants are sometimes topped 10days before transplanting to encourage branching.

6) Cabbages 

-Cabbage is a biennial herb with a short thickened stem surrounded by a series of overlapping expanded leaves, which form a compact head. Head shape may be pointed or rounded and leaf color and shape are variable.

-The seed rate required is 0.4kg/ha.

-Seeds can be sown on 1m x 5m nursery plots, seedling on 10cm line apart in a row.

-When the seedlings reach 8-12cm height on the nursery beds, they should be transplanted to the permanent field. The spacing for transplanted plants is 60cm and 40cm between rows and plants respectively.

Fertilizer recommendation is 150kg/ha of DAP, which is full of the normal rate and half rate of UREA12.5kg is recommended because the soil study reveals that the proposed command area is low in phosphorus (p) and high in nitrogen (N) content respectively. 
4.8.2 Cultivation and plant protection

a) Cultivation – Cultivation is for the purpose of removing weeds, which compete with the crops for water, light, and nutrients. Cultivation must be timely that is while the weeds are still small and before any seeding takes place.

1) Maize – Cultivation is for the purpose of removing weeds, to facilitate for fertilizer application, to facilitate root development, aeration and to distribute irrigation water uniformly in the field.

2) Potato- The effect of cultivation should be to earth up the ridges, to remove weeds, and to control tuber moth. Cultivation during the growing period must avoid damage to roots and tubers and the ridges are earthen up to avoid greenings of tubers.

3) Tomato- Cultivation is for the purpose of removing weeds, to move soil towards plants planted near the edge of the bed.

4) Onion –Onion do not compete with the weeds. Timely shollow cultivation to destroy weeds        while they are still young is essential for the production of good crops.

5) Pepper- cultivation to control weeds should be aimed at building up the redges.

6) Cabbages- Mostly cultivation is done to loosen the soil, for weed control and for fertilizer application.
b) Plant protection

 1) Maize

  A) Diseases

 a) Grey leaf spot (cercospora zeaemaydis)

It is a foliar disease of maize. It causes complete drying of leaves before maturity.

The control measure could be achieved by the use of resistant or tolerant varieties, crop rotation, and crop residue management.

b) Leaf blight (Helmintho porium turicicum)

It is also a foliar disease of maize. It can be controlled by using resistant varieties.

B) Pests

a) Stalk borer (Busseola fusca)

It attacks the stalk by boring the stem. Control of this pest could be achieved by destroying residues of the previous seasons maize crop because the larvae diapauses (over wintering) in the dry stalks, by the removal of plants with dead hearts during the first six weeks and their destruction. It can also be controlled by chemicals using carbaryl 85% WP at the rate of 1.5kg/ha or simbush at 1.5kg/ha

b) Cut worm (Agrofisipsilon)

It attacks the seedlings by cutting the shoots at the base. The control can be achieved by plowing the land during the dry time, seed dressing and avoiding host weeds.

c) Army worm (spodoptera exempta)

It can cause complete devastation of the seedlings. Thus, all the out breaks should be reported to the agricultural development office of the district. It can be controlled with either malathione 50% EC at the rate of 1-2lt/ha or 25% endosulphan ULV at the rate of 1.5lt/ha.

2) Potato

A) Diseases

a) Late blight (phytophtora infestans)

This is a fungus disease. The fungus causes defoliation and a very destructive rot of the plants. The first symptoms are irregular, greenish black and water soaked spots on the leaves. These spots enlarge rapidly in moist weather and sometimes show white, downy growth on the lower surface, the stems often show spots similar to those on the leaves.

Control measures are using resistant varieties, rouging out infected plants, spraying Helcozeb 80% powder at the rate of 2kg/ha mixed with 400-600 lt of water and spraying one time during growing periods.

b) Early blight (Alternaria solani

It is also a fungus disease. The fungus cause a canker and collar rot on the stem of the seedlings and young plants in the field. On the leaves, the fungus develops spots that may partly defoliate the plants and reduce the yield and quality of the crops. 

Control measures are the same as for late blight.

B) Pests

a) Potato tuber moth (Phthorimae operculella)

The caterpillars have a brown head and a triangular brown patch behind the head. Young caterpillars mine the leaves, producing brown blotches. The destruction caused by this insect is not limited to tubers in the field but it will also destroy the tubers in store by boring.  

It can be controlled by using clean seeds, field sanitation of plant residues, spraying of Diamacron 50% at the rate of 0.8lt/ha mixing with 200 lt of water.

b) Aphids (Myzus persical)

There are several kinds of aphids that feed on the potato plant. The winged aphids lay eggs on the plants that hatch out into wingless aphids and the number increases rapidly during warm dry weather.

It can be controlled by spraying malathione 50% at the rate of 2lt/ha mixing with 200 liter of water

3) Tomato
A) Diseases

a) Early blight (Alternaria solani)

It is a fungus disease. The fungus causes a canker and collar rot on the stem of seedlings and young plants in the field. In the leaves the fungus develops spots that may partly defoliate the plants and reduce the yield and quality of the fruits.

Control measures are use of resistant varieties, rouging out infected plants, spraying Helcozeb 80% at the rate of 2kg/ha and spraying four times during growing periods.

b) Late blight (phytophtora infestans)

The fungus causes defoliation and a very destructive rot of the plants. The first symptoms are irregular, greenish black and water soaked spots on the leaves. The spots enlarge rapidly in moist weather and sometimes show white, downy growth on the lower surface, the stems often show symptoms similar to those in the leaves. Fruit infection occurs near the stem end and may take place at any stage of growth. Small, grayish-green, water soaked areas develop which enlarge rapidly and may cover half of the fruit. The spots take on a dark green color, blotched with brown as the fruits become older.

 Control measures are the same as for early blight.

B) Pests

a) Nematodes - Several species of nematodes attack tomato plants. The nematodes induce the development of irregular swellings or knots on the roots. The nutrient and water up take from the soil is disturbed and the plant develops poorly.

Control measures are fumigation of seed beds, rouging of infected plants, destroying plant residues after harvest and a correct crop rotation.

b) Aphids and cut worms – They can be controlled by spraying endosulphan 40% E.C at the rate of 2 liter per hectare mixed with 200 liter of water or spraying malathione 50% EC at the rate of 2 liter per hectare mixed with 200 liter of water.

4) Onion  

A) Diseases

  a) Powdery mildew (pernospora destructor)

The fungus coats the outer surface of affected leaves and they soon turn yellow and die. 

The disease usually appears at a few points in the field and spreads rapidly under favorable condition.

It can be controlled by the use of crop rotation, use of resistance varieties, and spraying Rova 75% at the rate of 2kg/ha mixed with 400lit of water and spray three times at an interval of three days.

b) Purple blotch (Alternaria porri)

Purple blotch occurs on the leaves, stems and bulbs. It first shows on the leaves as small, sunken, white, circular or irregular spot. These spots have purple centers and increases in size to form elongated purplish blotches which may be bordered organ bands. Darkened zones consisting of masses of spores, develops in the center of the lesions. Usually the infected leaves turn yellow and die within three to four weeks. Flower stalks are often girdled and fall over; grows down the leaves into the bulb. Infected bulbs appear somewhat watery at first. Later the tissue turns yellow, then gradually dark red and finally dark brown to black.  The spores may remain viable in the soil or plants refuse for over a year.

It can be controlled by use of crop rotation, use of resistance varieties, and spraying Mancozeb 80% powder at the rate of 2kg/ha mixed with 400lit of water and spray three times at an Interval of 10days. 

B) Pests 

a) Thrips (Thrispstobasci)

They are sucking insects. They are small yellowish which attack the leave part. Central leaves curled and deformed .It is more injurious during dry period. The control measure is spraying cypermetrine 10% at the rate of 0.5lit/ha mixed with 400-600lit of water.

5) Pepper

A) Disease

a) Powdery mildew

Powdery mildew occurs both on hot pepper and sweet pepper. The symptoms are chlorotic blotches on the upper sides of the leaves and powdery blotches on the lower side.

Recommended control measure is spraying of Cocideat the rate of 2.5kg/ha mixed with 400lit of water.

b) Virus disease

Virus diseases on pepper are mainly caused by cucumber mosaic virus, tobacco mosaic virus and alfalfa mosaic virus. There are different symptoms of affected plants such as yellow spots on the leaves, dwarf growth, poor fruit setting, small fruits, extremely malformed leaves and etc. The virus is transmitted by seed, sucking insects and by the laborers during transplanting.

Control of virus diseases consists to large extent on sanitation to prevent infection, destruction of host plants near to the fields, as well as destruction of infected seedlings and using virus free seed is important control measures.

B)  Pests

a) American boll worm            

The worm attacks the plant by entering into the fruits and eating at immature stage. The control measure is spraying Endosulphan 40% at the rate of 1.5lit/ha mixed with 200lit of water.

6) Cabbages

A) Diseases

There is no significant cabbage disease observed. 

B) Pests

a) Aphids

Aphids attack the crops before its head formation. They prevent the crop from enlarging and rounding the leaves. Thus, control measure should be taken on time.

b) Cabbage moth

It affects similarly as aphids and also pierces the rounded cabbage leaves. 

The control measure for both pests (aphids and moth) is spraying Diamacron pesticide at the rate of 0.8lit/ha during the occurrence of the pests. Additional spraying should be carried out within 10-15days.

C) Cut worm

It attacks the seedlings by cutting at the base above the ground surface. The control measure is the use of plant rotation.
4.8.3 Recommended crop varieties for the proposed project

In agricultural practices, besides good soil fertility, good rainfall amount and distribution (good irrigation water), the use of proper agricultural inputs, and timely performing of agricultural operations have a significant effect to get an optimum yield or out put. All the agricultural inputs are inseparable and of these, improved seeds have a greater significant effect to increase the productivity per unit area.

The proposed varieties of the proposed crops are the improved varieties, which can give better yield than local varieties. If the availability of improved seeds (varieties) is not full filled, local varieties which can be purchased from the surrounding can be used in the project. But the yield projection for the project is done considering the improved varieties. The improved varieties proposed for the project are mentioned on the table as follows.
	No
	Crop
	Variety
	Seed rate/ha
	Fertilizer rate/ha
	Spacing b/n rows and plant

	1
	Maize
	13-G-19(Agar)

13-6-83(Shone)
	25kg/ha

25kg/ha
	100kgDAP & 50kg UREA
	75*25cm

	2
	Potato
	Tolcha

Mangasha
	2000kg/ha

Tubers
	200kgDAP&

75 UREA
	75*30

	3
	Tomato
	Marglobe

Money maker
	0.25-0.3kg/ha
	100kgDAP & 50kg UREA
	75*35cm

	4
	Onion
	Adama Red

Bombay Red
	3.5-4kg/ha
	200kgDAP & 100kg UREA
	20*10cm

	5
	Pepper
	Mareko fana

Bako local
	0.5-0.6kg/ha
	100kgDAP & 50kg UREA
	80*40cm

	6
	cabbages
	Early durum head
	0.3-0.4kg/ha
	150kgDAP & 12.5kgUREA
	60*40cm


4.8.4 Irrigation practice and Harvesting

a) Irrigation practice – Irrigation is the artificial application of water to land or the purpose of raising crops. A crop requires a certain amount of water at some fixed time interval through out its period of growth. If the water requirement of a crop is met by natural rainfall during the period of growth, there is no need of irrigation. But when there is in adequate and uneven distribution of rainfall, irrigation is necessary.
For all the proposed crops, the irrigation method recommended is surface irrigation by furrow. The amount of irrigation water applied for the crops varies depending on the growth stages of crops, climatic conditions and soil types. The recommended irrigation intervals are general and taken from the agronomy manual revised version, March1990 because the field capacity and permanent wilting point of the soil of the command area were not analyzed in the laboratory.

a) Maize – In order to obtain a satisfactory plant stand, rapid germination and root development, the root zone should be well wetted at or soon after planting.

b) Potato- Potato is relatively sensitive to water deficit. Water deficit during the period of stolonization, tuber initiation and yield formation have the greatest adverse effect on yield, where as ripening and the early vegetative periods are less sensitive.

c) Tomato- The crop is most sensitive to water deficit during and immediately after transplanting, during flowering and yield formation. Water deficit during flowering period causes flower drop. Frequent light irrigation improve the size, shape juiciness and color of the fruit, but total solids (dry matter) Content and acid content will be reduced.

d) Onion-As it is common with most vegetable crops, onion is sensitive to water stress. When the soil is kept relatively wet, root growth is reduced and this favor bulb enlargement. Irrigation should be discontinued, as the crops approaches maturity (15-25days before harvest) to allow the tops to dry out, and also to prevent a second flush of root growth.
e) Pepper-Due to the low depletion level, light irrigation applications are required.

f) Cabbages-cabbage has an extensive shallow root system. The majority of the roots are found and 100% of water is extracted by the roots from 0.4m-0.5m soil depth. Pre-irrigation should be given 1-2days before transplanting. Immediately it should be irrigated after transplanting in the field.

Summary of irrigation methods and irrigation intervals for the proposed crops is as follows.

	No
	Crops
	Irrigation method
	Irrigation intervals in days

	1
	Maize
	Furrow
	14-21

	2
	Potato
	Furrow
	7-10

	3
	Tomato
	Furrow
	7-15

	4
	Onion 
	Furrow
	5-7

	5
	Pepper 
	Furrow
	7-10

	6
	Cabbages
	Furrow
	7 -12


b) Harvesting
a). Maize – To use green maize, supervise the field every time to check whether it is matured or not to be fed green. By opening the cover, see the fruits and harvest before the fruits become strong. Not to loss its quality because of evapo-transpiration, keep the harvested maize under shade and immediately supply to the market. If it is going to be transported a long distance, keeping the cover with out removing any single cover, helps to keep its moisture as it is. While transporting not to loss its quality because of the increasing temperature due to evapo-transpiration, allow to be aerated.

b). Potato- If the leaves of healthy potato plants start to be wilted or if the leaves start to be yellow, it is the sign of maturity and thus watering should be discontinued. To make the skin of tubers strong for long distance transportation and not to be attacked easily by diseases, it is good to cut the above ground parts before harvest and keep the tubers in the soil for a week. Then, with good care, harvest the potatoes and keep under shade to avoid greenings by sun. Potatoes can also be harvested for immediate consumption in immature state, usually from the time it reaches full flowering. At this time the skin is thin and soft and the potatoes can not be stored.

c). Tomato- If they are to be used in the ripe condition, tomatoes should be picked at the earliest when they are mature green. Immature tomatoes do not ripen after harvest. Tomatoes reach the mature-green condition when they are fully rounded and have changed from dark to medium or light green and the skin develops a waxy gloss. As ripening is initiated, the fruits show a pale pink, which develops through a definite pink to full red.

Most tomatoes are harvested at the early ripening or pink stage depending on market preference and the time they take to reach the retailers. Tomatoes to be consumed immediately can be harvested when fully ripe. Proper handling during harvesting and transporting is important to reduce damage of fruits.

D) Onion-When the bulbs developing from the leaf bases of both Garlic and onions are fully formed, the leafy green tops begin to be yellow, and eventually collapse at a point a little above the top of the bulb leaving an up-right short neck. When the top go down the bulbs are ready for harvesting. When the crops reach maturity, discontinue watering (15to25days before harvesting) to allow the upper leaves to dry and to prevent the initiation of root growth for the second time. Dry the harvested onions for 5to7days in the field by covering the bulbs with the leaves of other onion. Since all the onions do not mature at the time, harvest progressively as the tops go down to store the dry onions for sale or use at latter time

E) pepper- Sweet pepper is harvested when the fruits have reached full size but are still green. However, during the later stage of the crop, fruits may be breaking color or be fully red.

Chilies are normally harvested after they have fully or partly dried on the plant. Dried chilies should be produced by sun drying on trays or mats, not on the ground. Over drying causes the fruits to become brittle and easily broken.

F) Cabbages –Depending on the varieties, early maturing varieties give low yield; whereas late maturing varieties give high yield. Matured cabbage heads become hard when pushed by hand. During harvesting, cut with sharp cutter and leave 3-4 leaves on it to help not to wilt and not to change its color. This also helps to store for some times. While transporting and storing, the head of the cabbage and the cut stem of the cabbage should not be in contact to avoid the damage of the heads and disease in the store.
4.9 Agricultural Supporting Services

4.9.1 Agricultural extension
Agricultural extension is the transfer of new improved technologies from the research centers to the users or farmers to make them benefited of the disseminated technologies. But in our case, since modern irrigated agriculture is at its newborn stage in our regions, strong and continuous contact and extension services with the farmers in order to distribute and improve new technologies with regard to integrate improve agricultural practices and system especially on how to utilized and conserve natural resources (such as soil, water and forestry) and this is nothing but for sustainable production in general. Thus, strengthening the irrigation extension with qualified development agents to give technical advices for the farmers on the use of irrigation water and the proposed improved technologies of production are very essential.
4.9.2 Supply of Agricultural inputs

There are different agricultural inputs proposed for the project to be used by the farmers. These inputs should be made available to the farmers/ beneficiaries of the project to use as proposed and to get the optimum proposed output. The inputs should be available to the farmers at their environs at time of irrigation operation with the required amount. This supply of inputs mainly expected from the district co-operatives’ office by doing with governmental and non-governmental organizations based on the felt need of the farmers requested by the extension worker working with the farmers.

4.2.1 Credits and marketing
Credit services- Even though there are interest and initiation of the farmers for irrigation development, but there is a problem of lack of money for purchases of inputs. To solve the problem of the initial capital for purchase of inputs, it needs an intervention of both governmental and non-governmental organizations. To make the farmers benefited of the credit services, short term credit services needed to be arranged and the dawn payment should also consider the capacity of the farmers.

Marketing- To initiate the farmers and to make the production sustainable and reliable, the products produced should be of good quality to sell for good prices to generate cash income for the beneficiaries. Thus, the farmers should plan as proposed cropping pattern from the beginning and should consider the market need and its accessibility. The district co-operatives office should organize the beneficiaries and give them up to date information of the market prices at different areas.
4.3 Conclusions and Recommendations

The main aim of the project is increasing production and productivity and there by achieving stable food security and farm income. It is recommended that double cropping that producing two times a year under full irrigation during dry season and the other is supplementary irrigation during the rainy season.

In general, this technical report by it self is nothing or cannot be fruit full unless and other wise further development by extension workers, beneficiaries and other concerned bodies integrally. And some suggested technical ideas and future proposed agricultural practices under irrigation systems, crop system and managements and etc should be pursued and then developed, reshaped and improved through strong sustainable practices. Besides the use of agronomic recommendations, the efficient (intensive) use of land and water as proposed in the project is very essential.

5. GEOLOGY

5.1 Methodology

The feasibility study of Borxa SSIP is carried out by collecting and gathering data from real environment of the study area. Its geology part is combination of data that were collected from vitual observation of proposed head work site, main Canal & other structures along the canal. Diffirent geological materials were used such as hammer, Gps, topographic map of the area, meters and hydro-geological map as reference. To know the status depth of of bedrock and foundation of subsurface materials of head work site two Test-pits were dug at left and right side of Borxa weir site. Similarly different Test-pits were dug along the main canal at flume and pond structure to assume sub-surface foundation materials.

5.2. Location and accessibility
· Borxa river which proposed for SSIP is found in Oromia regional state, Kellem wollega zone, specifically in Sayo district at Kure Gayib kebale. It located at 10km and 677km from zonal town, Dambi-Dollo and Capital city of Ethiopia, A.A respectively. As the project site is very nearest to Dambi-Dollo town ,the road is asphalt road from Addis Ababa to D/Dollo town has no problem and it is access for all vehicles throughout the year .But from D/Dollo asphalt joint to project site the road is gravel road and access in all weather condition. The geographic location of proposed head work of this project is at 034.808430 E and 08.484110 N at an elevation of 1587m a.s.l. or at  E-0699069 N-0938065  ele- 1591M
 or E-0699069 N-0938065 and ele-1591M
5.3. Climate and Vegetation cover
Climatically, the study area is categorized under Woina dega climatic zone of the country. As we informed from the dwellers of the area, there is enough and sufficient precipitation of annual rain fall and it is characterized by bushes, shrubs and sparsely populated big trees.
5.4. Topography
The general topography of the study area is characterized by gorges, slightly steep land forms, plain land forms and some part is undulating whereas, command land of the study area and other part is gentle to plain land features. Due to its topographical settlement, the study area cannot be exposed to run off precipitation rather it make the area to be recharge.
5.5. Local Geology

Geologically, Borxa catchment area is characterized by basement of metamorphic rock unit which is highly dominated by basaltic rock unit,  granitic- pegmatite feldspar rock & tertiary of volcanic rock is also cover the steams, Rc and edge side of the river. The main out crop that exposed to the ground surface is mostly over laid by whitish color of sandy soil and underlain by other rock unit. The out crop exposures are mostly observed at road cut, stream cut and along the river channel. This out crop that is mainly observed and detected throughout the study area is massive basalt, slightly weathered basalt and granitic pegmatite is also exposed at different distances in the project area. The boulders of volcanic rock and rounded shape of quaternary period rocks were also observed along the river. At the hand spacemen scale, the sample of rocks that are taken from real environment of field study show fine to medium grain size texture and nearly whitish color.

5.6. Hydro-geology
The main surface water found in the catchment of the study area is named as big Borxa which can contribute high recharge for GW. In addition to this, another perennial rivers and ephemeral streams were existed in the catchment Even though their discharge is less; there are numbers of springs that were emerged from hill sides. The project area is characterized by weak zone of fractured basaltic rock unit that in favor ground water occurrence and its movement by increasing secondary porosity. Not only can this but also topographically settlement of the study area be create favorable condition for high amount of recharge rather than run off precipitation. From all these evidence and other geomorphologic features of the project area, ground water table is expected at shallow depth.

5.7. Geology of head work site

Borxa head work site is covered by rock especially, right side head work is observed as steeply slope and covered by flatted rock which is hard and difficult to break it down but, left side of the head work proposed is covered by thick sandy clay loam soil and it is plain land feature as observed physically relative to the right side of head work since it is gentle to steep slope.  It is covered by thick sandy clay loam soil, marshy area and the rock is not exposed to the ground surface. From the sample that is picked and observed it shows grey color, fine size texture and foliated structure. River center (RC) and hill side of river bank is characterized by rounded shape of volcanic rocks and occupied by large and small size gravels, eroded basaltic rock, and also deposition of sandy soil. Due to erosion agent some transported materials and sand soil are deposited at left and right river banks so it must be removed to to get solid foundation. In case of its hardness, it is very hard and difficult to scratch and break it down excavated.. Two geo-pits were dug at left and right side of this proposed head work to know sub-surface foundation materials Even though their sequential order is not uniform, the geologic formation in both geo-pits is nearly similar. In both geo-pit bedded rocks is encountered at the depth of 2m-3m range.
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5.8. Geology along the Main Canal

The one main canal route of Borxa river is started from head work at right side direction by crossing silt soil horizon of plain land of command area till the downstream of command land. In the plain land of command and along the main canal of this project no litho logic unit is exposed to the ground surface except that of some weathered and eroded out crops and also there is very less exposure encountered around stream cut.

5.9. Structures along the Main Canal

· Along the main canal different structures that disconnect the leveled main canal were encountered. To overcome these problems different engineering structures were recommended along the main canal. These structures are culvert (minor), flume & pond. The drainages which need flume structure crosses or encountered at two places along the main canal aligned at different distances or flume one at GPS location E-0698999 N-0937574 ele-1590M and its width is 12m and its foundation depth is estimated to be at 2m depending on down cutting of the flood as observed physically while we make travels along the main canal aligned at about 200M. And also the second drainage which need flume structure crosses the main canal at GPS location E-069906 N-0937574 and ele-1590M .it has 10M width and its foundation depth is estimated to be at 1.8M Hard granitic pegmatite rock  which has north-south direction and 50m width  is also exposed along the main canal at GPS location E069899069 N-0937574, ele-1590M and it is recommend that necessary measurement should be taken to convey sufficient water to that side of irrigable land.

The main canal also crosses sandy clay loam soil and weathered fragmented soft rock at some distances Due to the length of command land from upper to downstream, pond structure is also recommended at a distance of 2km from the head its geographic location is at 080.847451 N and 0340.82060 E at an elevation of 1584m a.s.l. To know subsurface foundation materials of pond site, one geo-pit is dug but no good foundation materials were found hence; during implementation it needs great care. And  also two flumes crosses the main canal aligned at GPS location E-0698999 N-0937574 ele-1590M and at E- 069906 N-0937574 and ele-1590M respectively. The first flume has 12m width and its foundation depth is estimated to be at 2m depending down cutting of the flood as observed physically. The second flume has also 10m width and has estimated foundation depth at about 1.8M.
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5.10 Depth and types of foundation materials
The stability of any hydraulic structure is dependent of its foundation. It mean that the nature, strength, permeability  of the soil & rocks can determine stability of any hydraulic structure. In case of Borxa project weir site the out crops that  exposed to the ground surface can be detected in easy way. But, the country rocks that found at subsurface of weir site need more & more geophysical  examination, whether they are enough strong and impervious to offer a safe foundation for any structure that will be constructed there in order to estimate life period of that structure. Therefore, to carry out simple examination test two geo-pits were dug at right and left side of weir site that were blocked at range of 2m to 3m depth by hard rock.
5.11. Construction materials

Some construction materials such as construction rock and clay materials were available around the project area. Quality sand is found from Gembella which is 150 km distance from the project site. The construction material basaltic rock for masonry work is found at 6km from the project site at accessible road and the sand which has medium quality is found just around the head work proposed in addition to quality sand proposed at 150km from the project site 

 5.12. Conclusion

To overcome the feasibility study of Borxa SSIP, different methods and techniques were applied. Different Geo-pits were dug at different site of the study area to assume sound foundation materials of sub-surface and their engineering properties. At the most the study area is characterized by basement of basaltic rock unit which is massive and weathered fractured basalt is also encountered. Deposition of sandy soil and some transported materials were found at river bank. In contrary to other part of the study area, weir site is characterized by highly flatted and huge massive rock. The plain command land of the study area is overlain by whitish color sandy soil horizon in the form of scorecious
 5.13. Recommendation 

· The study of sub-surface sound materials of head work site and their engineering properties need more and more geophysical examination test.
· Both at pond site and other structures recommended along the main canal have no good sub-surface foundation. Hence during construction time supervisor engineer should care of it.

· Topography to the right side (canal root side) of head work site is somewhat steeply slope and overlaid by continuous flatted rock which needs some measurement to protect high runoff precipitation and flooding and erosion agent to safe & elongate life period of weir and other structure at head work.
6. Hydro-meteorology Report

6.1. Description of the Study

Borta river is located in Baro basin and Birbir sub basin where the headwork is proposed at 8.483980N and 34.808390E.  The catchment area incorporates about 50km2 widen and the climatic altitude of catchment ranges between 1550-2000m. The river nature is continuous flow throughout the year round (i.e.  Perennial).
6.2. Objective of the study

The main objective of the hydrometeorology study is to gather and analysis field and other hydro meteorological data necessary for design of the scheme to be implemented. These data include climatic data, catchment data, river flow data and study on river morphology. The analysis is aimed at determining lean flow of the river, peak flood determination and rating curve setting at weir location.

6.3. Methodology

· Using 1:50.000 topographic maps of the area

· Hand held GPS in the field assessments.

· Information and discussion with the elder groups of the locally.

· Climatic data from the meteorology station.

· Site surveying, X-section & L sections of the river

· Using guidelines & manuals related to the study.
6.4. Scope  

The scope of the study is to study the basic hydro meteorological elements related to design of Head structure, Supply canal, drainage canals & other irrigation hydraulic infrastructure as small scale irrigation.   
6.5. Climatic elements that describes the area 

The climatic element that describes the area we collected is temperature and rain fall data.

      The stations from which we have gotten these data are tabulated as below. 

	S/N
	Met. station Name
	Class
	Distance from project  (km)
	              Location
	Elevation (m)

	
	
	
	
	x
	y
	

	1
	Dambi Dolo
	A
	10
	34.80
	8.530
	1740


6.6. Review of previous studies 
This project was studied before two years by zonal experts. During this study, the project area is mainly covered by forests and small shrubs which block us to identify the upper steam catchment’s characteristics. Due to this problem, we took weir point at which site is easily visible. But now we have seen all round at upstream and downstream and we decided weir position which is easily divert water to field at previous position during identification took place. From the previous data, we took rain fall data and temperature from Dambi Dolo meteorology station. 

6.7. Some of the general information required here includes 

i. Location

Location of the project area is in Kelem Wolega Zone Sayo  District and Kure Gayib Kebele. The project site is about 10km away from the district town Dambi Dolo to west direction on the way to Karro Baha small village.

ii. Topography

When we observe this project topographically, mainly the upstream area is from steep slope to gentle slope. At upstream the land formation is mountainous and undulated landforms at downstream areas. 

iii. Vegetation cover 

Concerning vegetation cover, the river side is mainly covered by woods, sparsely populated forests and small shrubs and there is coffee plantation mainly at upstream and there coffee seedlings grown by government.

iv. Type of climate 

Climate of the area may be categorized under tropical humid to high land since its altitude ranges between 1550m to 2000m a.s.l.

v. Existing water resource development activities 

 Existing water resource development activities observed there is somewhat good in recent time due to natural resource management policy established. i.e. there is  water resource development activity observed there terracing, contour ploughing and so on.
6.8. Data Availability

The availability of the required information (hydro-meteorological data) in or around the project area is from Dambi Dolo meteorological station which is about 10km away from the project.  This data obtained are from national meteorological agency before four years. Even though these stations is not in our command area, But, it is in this catchment area. So, there climatic condition is almost the same with the project area. Some data such as water quality, sediment deposit, solar radiation duration, wind speed and relative humidity are not available here. So, we haven’t stated these data here. But, even though these data are not available, I think there is no problem concerning these missed data since there is no problem occurred on population living here until now.  

6.8.1. Climatologically parameters

The most important element of climatic data required is:-

i. Temperature: The temperature of the area is tabulated in following table.

Table.6.1. Statistical parameters of annual temperature series

	month
	Jan
	Feb
	Mar
	Apri
	May
	June
	July
	Augu
	Sep
	Oct
	Nov
	Dec

	Temperature in oc
	19.2
	21.05
	21.05
	20.4
	19.9
	18.75
	18.35
	17.9
	19
	18.35
	18.45
	17.55


ii. Rain fall
Around the project area, there is rainfall from March to October as meteorological data shows. I have tabulated it as following its mean monthly rainfall only; because of we haven’t collect daily max, daily mean precipitation data of the station with in or around the project area.
Table.6.2. Mean monthly rainfall series

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

	Average rainfall in mm
	0
	3.2
	62.4
	35.9
	348.5
	185.9
	266.9
	191.6
	109.1
	135.1
	72.3
	0


6.9. Base flow of Borta River

The measurement of base flow of this river was performed by floating method during the driest seasons of the year at March 24th, 2013. The measurement was taken at downstream of the weir site at three places.
6.9.1. Field data

	Location of reaches
	Reach

	Length  reached(m)
	21

	Time taken for float to travel(s)
	43
	45
	38

	Average time
	42

	Surface flow velocity(m/s)
	Vs=L/t= 0.5

	Average flow velocity(m/s)
	V=kVs=0.7*0.5=0.35


	station
	cumulative width
	unit depth
	average depth
	unit area
	velocity
	discharge

	No
	M
	M
	M
	M2
	m/s
	M3/s

	Do
	0
	0
	0.0125
	0.0025
	0.35
	0.000875

	D1
	0.2
	0.025
	0.0325
	0.0065
	0.35
	0.002275

	D2
	0.4
	0.04
	0.0425
	0.0085
	0.35
	0.002975

	D3
	0.6
	0.045
	0.0475
	0.0095
	0.35
	0.003325

	D4
	0.8
	0.05
	0.05
	0.01
	0.35
	0.0035

	D5
	1
	0.05
	0.05
	0.01
	0.35
	0.0035

	D6
	1.2
	0.05
	0.055
	0.011
	0.35
	0.00385

	D7
	1.4
	0.06
	0.065
	0.013
	0.35
	0.00455

	D8
	1.6
	0.07
	0.0725
	0.0145
	0.35
	0.005075

	D9
	1.8
	0.075
	0.075
	0.015
	0.35
	0.00525

	D10
	2
	0.075
	0.0775
	0.0155
	0.35
	0.005425

	D11
	2.2
	0.08
	0.085
	0.017
	0.35
	0.00595

	D12
	2.4
	0.09
	0.09
	0.018
	0.35
	0.0063

	D13
	2.6
	0.09
	0.09
	0.018
	0.35
	0.0063

	D14
	2.8
	0.09
	0.085
	0.017
	0.35
	0.00595

	D15
	3
	0.08
	0.08
	0.016
	0.35
	0.0056

	D16
	3.2
	0.08
	0.065
	0.013
	0.35
	0.00455

	D17
	3.4
	0.05
	0.025
	0.005
	0.35
	0.00175

	D18
	3.6
	0
	0
	0
	0.35
	0

	
	
	
	
	
	
	0.077


so, base flow is 77lit/sec in floating method.
6.9.2. Sediment Transport 

As we observed the morphology of the River area have high silt deposition even though there is no recorded data of the river and there is high flood concentration since this catchment area is huge. So, care should be taken in designing weir and this silt deposition may not as difficult for irrigation practice.   

6.9.3. Water Quality

Data on water quality of the probable water source is not known by laboratory test. But, as we have seen communities living around this river are using for drinking and irrigation activities.

6.9.4. Water Balance

Concerning water balance, at upstream there is around 10ha command area which can be cultivated in the future. So, water should be saved to irrigate this area and at downstream, this river is used as drinking for both Communities living around this area and their cattle. Therefore, when this project is implemented, the problem may be encountered due to scarcity of water at downstream and up stream.  So, we took 20% for downstream users and 10% for upstream and the rest 70% is for irrigation water use. I.e. we can use 50 lit/sec for irrigation purpose.
6.10 Data Compilation
6.10.1. Peak flood determination.

6.10.1.1. Statistical method

	Year
	Monthly RF (mm)
	Order No
	Probability of Exceedance

	0
	-1
	(m)
	(m/(n+1))
	(%)

	1988
	358.1
	1
	0.05
	4.76

	2013
	348.3
	2
	0.10
	9.52

	2012
	293.2
	3
	0.14
	14.29

	1987
	279.5
	4
	0.19
	19.05

	1990
	269.5
	5
	0.24
	23.81

	2000
	266.4
	6
	0.29
	28.57

	2003
	252.4
	7
	0.33
	33.33

	1992
	250.4
	8
	0.38
	38.10

	2014
	222.1
	9
	0.43
	42.86

	1999
	221.9
	10
	0.48
	47.62

	2004
	220.3
	11
	0.52
	52.38

	1998
	218.9
	12
	0.57
	57.14

	1993
	217.2
	13
	0.62
	61.90

	1994
	215.1
	14
	0.67
	66.67

	2001
	205.4
	15
	0.71
	71.43

	1989
	203.9
	16
	0.76
	76.19

	2002
	199.7
	17
	0.81
	80.95

	2006
	188.2
	18
	0.86
	85.71

	2005
	184.2
	19
	0.90
	90.48

	2007
	175.1
	20
	0.95
	95.24

	1995
	160.7
	21
	1.00
	100.00

	1991
	153.8
	22
	1.05
	104.76

	Sum
	5104.3
	 
	 
	 

	Mean
	232.0136364

	Qav2
	53830.32746

	STEDEV (ὰ
	53.88

	Yt
	3.07

	yn
	0.5236
	From table

	Sn
	1.06238
	From table
	 

	K
	2.394880001

	QT
	361.05


	
	Station
	D/Dolo

	
	
	

	 
	Year
	RF(mm)

	 
	1987
	279.5

	 
	1988
	358.1

	 
	1989
	203.9

	 
	1990
	269.5

	 
	1991
	153.8

	 
	1992
	250.4

	 
	1993
	217.2

	 
	1994
	215.1

	 
	1995
	160.7

	 
	1996
	218.9

	 
	1997
	221.9

	 
	1998
	266.4

	 
	1999
	205.4

	 
	2000
	199.7

	 
	2001
	252.4

	 
	2002
	220.3

	 
	2003
	184.2

	 
	2004
	188.2

	 
	2005
	175.1

	 
	2006
	293.2

	 
	2007
	348.3

	 
	2008
	222.1

	Mean Q
	 
	232.0

	SD
	 
	53.9

	P50
	 
	251.05


Fitting of the empirical points by Gumbel, P100=255mm 

This can be approximately used in computing the peak runoff by synthetic hydrograph method.

	6.10.1.2. Unit Hydrograph Method

	A summarized Gumble- powell’s table 

	No
	Designation /Formula/
	Symbol
	Unit
	Value

	1
	Area of the catchment measured from 1:250,000 topographic map of aerial photo
	A
	Km2
	50

	2
	Length of main water course b/n H1&H2
	L1
	M
	582

	
	Length of main water course b/n H2&H3
	L2
	M
	2240

	
	Length of main water course b/n H3&H4
	L3
	M
	1505

	
	Length of main water course b/n H4&H5
	L4
	M
	3991

	
	Length of main water course b/n H5&H6
	L5
	M
	3219

	
	Length of main water course b/n H6&H7
	L6
	M
	1163

	
	Length of main water course b/n H7&H8
	L7
	M
	757

	
	Total length
	L
	M
	13457

	3
	Level of head of main water course
	H1
	M
	2000

	
	Level of head of main water course
	H2
	M
	1950

	
	Level of head of main water course
	H3
	M
	1900

	
	Level of middle of main water course
	H4
	M
	1800

	
	Level of middle of main water course
	H5
	M
	1750

	
	Level of lower main water course 
	H6
	M
	1650

	
	Level of lower main water course 
	H7
	M
	1600

	 
	Level of lower main water course (at Diversion)
	H8
	M
	1550

	4
	Slope of main water course S1=[H1-H2]/L1
	S1
	m
	0.085911

	
	Slope of main water course S1=[H2-H3]/L2
	S2
	m
	0.022321

	
	Slope of main water course S1=[H3-H4]/L3
	S3
	m
	0.066445

	
	Slope of main water course S1=[H4-H5]/L4
	S4
	m
	0.012528

	
	Slope of main water course S1=[H5-H6]/L5
	S5
	m
	0.031066

	
	Slope of main water course S1=[H6-H7]/L6
	S6
	m
	0.042992

	
	Slope of main water course S1=[H7-H8]/L7
	S7
	m
	0.066050

	
	Average Slope of main water course S=(S1+S2+S3+S4+S5)/5
	S
	m/m
	0.04

	 
	Time of Concentration ,TC1=1/3000(L1/(S1)1/2 )0.77
	TC1
	hr
	0.12

	 
	Time of Concentration ,TC2=1/3000(L2/(S2)1/2 )0.77
	TC2
	hr
	0.55

	 
	Time of Concentration ,TC3=1/3000(L3/(S3)1/2 )0.77
	TC3
	hr
	0.26

	 
	Time of Concentration ,TC4=1/3000(L4/(S4)1/2 )0.77
	TC4
	hr
	1.07

	 
	Time of Concentration ,TC4=1/3000(L5/(S5)1/2 )0.77
	TC5
	hr
	0.64

	 
	Time of Concentration ,TC4=1/3000(L6/(S6)1/2 )0.77
	TC6
	hr
	0.26

	 
	Time of Concentration ,TC4=1/3000(L7/(S7)1/2 )0.77
	TC7
	hr
	0.16

	 
	Time of Concentration ,TC=TC1+Tc2+TC3+TC4+TC5
	TC
	hr
	2.63

	6
	Rain fall excess duration,  D= TC/6
	D
	hr
	0.44

	7
	Time to peak Tp=0.5D+0.6TC
	Tp
	hr
	1.80

	8
	Time of base of hydrograph Tb=2.67Tp
	Tb
	hr
	4.80

	9
	Lag time of Tl=0.6TC
	Tl
	hr
	1.58

	10
	Peak rate of discharge created by 1mm RF excess on whole of the catchment Qp=0.21*QA/Tp ,Qp=1mm(assumed)
	Qp
	m3/s/mm
	5.84


	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24

	Duration
	Daily point Rainfall of Return period Of 100 year
	Rain Fall Profile
	Rainfall Profile
	Area to Point Rainfall Ratio
	Areal Rainfall
	Incremental Rainfall
	Descending Order
	Rearranged Order
	Rearranged Incremental Rainfall
	Cumulative Rain fall
	Time of  Incremental unit hydrograph

	
	
	
	
	
	
	
	
	
	
	
	

	hr
	mm
	%
	mm
	%
	mm
	mm
	No
	No
	mm
	mm
	hr
	hr
	hr

	0-0.44
	255.00
	30.0
	76.50
	58.0
	44.37
	44.37
	1
	6
	13.62
	13.62
	0
	1.80
	4.80

	0.44-0.88
	255.00
	44.0
	112.20
	67.0
	75.17
	30.80
	2
	4
	15.30
	28.92
	0.44
	2.24
	5.24

	0.88-1.32
	255.00
	50.0
	127.50
	72.0
	91.80
	16.63
	3
	3
	16.63
	45.54
	0.88
	2.68
	5.68

	1.32-1.76
	255.00
	56.0
	142.80
	75.0
	107.10
	15.30
	4
	1
	44.37
	89.91
	1.32
	3.11
	6.12

	1.76-2.2
	255.00
	60.0
	153.00
	78.0
	119.34
	12.24
	5
	2
	30.80
	120.72
	1.75
	3.55
	6.56

	2.2-2.64
	255.00
	66.0
	168.30
	79.0
	132.96
	13.62
	6
	5
	12.24
	132.96
	2.19
	3.99
	6.99

	25
	26
	27
	28
	29
	30

	Land use Cover
	Area Ratio %
	Hydro  soil group
	Curve No”CN”
	Weighted “CN”
	Sum Weighted “CN”

	
	
	
	
	
	

	Wood land(Forest)
	30
	Good
	25
	8
	AMC
	CN

	Cultivated land
	60
	Good
	36
	22
	II
	30

	Pasture land
	10
	Good
	6
	1
	III
	49.3


	No
	Designation /Formula/
	Symbol
	Unit
	Magnitude/Value/

	31
	S is maximum potential difference between rainfall (P) and direct runoff(Q) which is             S=(25400/CN)-254
	S
	mm
	261.40

	32
	Relation between direct Runoff( Q) and Rainfall (P), Q=(P-0.2*S) 2/P+0.8S
	Q
	mm
	P-0.2*S

	33
	Using Q= (P-0.2*S) 2/(P+0.8*S),it is possible to define the direct run off Q,(mm)
	C=21 
	C=33
	

	
	
	
	
	

	
	
	P (mm)
	Q (mm)
	

	
	
	13.62
	6.71
	-38.66

	
	
	28.92
	2.29
	-23.36

	
	
	45.54
	0.18
	-6.74

	
	
	89.91
	4.74
	37.63

	
	
	120.72
	14.20
	68.44

	
	
	132.96
	19.03
	80.68


	34
	35
	36
	37
	38
	39

	Duration
	Cumulative
	Incremental
	Peak Runoff
	Time of beginning
	Time to peak
	Time to end
	Composite Hydrograph

	Hr
	mm
	mm
	M3/s
	Hr
	Hr
	Hr
	f(t)=Q

	0-0.44
	6.71
	6.71
	39.19
	0
	1.80
	4.80
	 

	0.44-0.88
	2.29
	-4.42
	0.00
	0.44
	2.24
	5.24
	 

	0.88-1.32
	0.18
	-2.11
	0.00
	0.88
	2.68
	5.68
	 

	1.32-1.76
	4.74
	4.56
	26.61
	1.32
	3.11
	6.12
	 

	1.76-2.2
	14.20
	9.46
	55.26
	1.75
	3.55
	6.56
	 

	2.2-2.64
	19.03
	4.83
	28.19
	2.19
	3.99
	6.99
	 


	Unit Hydrograph 

	 
	1
	2
	3
	4
	5
	6

	to
	0
	0.44
	0.88
	1.32
	1.75
	2.19

	Qo
	0
	0
	0
	0
	0
	0

	tp
	1.80
	2.24
	2.68
	3.11
	3.55
	3.99

	Qp
	39.19
	0.00
	0.00
	26.61
	55.26
	28.19

	tb
	4.80
	5.24
	5.68
	6.12
	6.56
	6.99

	Qo'
	0
	0
	0
	0
	0
	0


	Time(hr)
	Ordinate of Hydrograph(m3/s)         
	Total

	 
	1
	2
	3
	4
	5
	6
	 

	0
	0.00
	 
	 
	 
	 
	 
	0

	0.44
	9.56
	0
	 
	 
	 
	 
	10

	0.88
	19.12
	0
	0.00
	 
	 
	 
	19

	1.32
	28.67
	0
	0.00
	0.00
	 
	 
	29

	1.75
	38.23
	0
	0.00
	6.49
	0.00
	 
	45

	1.80
	39.19
	0
	0.00
	7.14
	1.35
	 
	48

	2.19
	34.04
	0
	0.00
	12.98
	13.48
	0.00
	60

	2.24
	33.46
	0
	0.00
	13.63
	14.83
	0.69
	63

	2.68
	27.74
	0
	0.00
	20.12
	28.30
	7.56
	84

	3.11
	22.02
	0
	0.00
	26.61
	41.78
	14.44
	105

	3.55
	16.3
	0
	0.00
	22.73
	55.26
	21.31
	116

	3.99
	10.6
	0
	0.0
	18.8
	47.19
	28.19
	105

	4.80
	0.0
	0
	0.0
	11.7
	32.28
	20.58
	65

	5.24
	 
	0
	0.0
	7.8
	24.21
	16.47
	48

	5.68
	 
	 
	0.0
	3.9
	16.14
	12.35
	32

	6.12
	 
	 
	 
	0.0
	8.07
	8.23
	16

	6.56
	 
	 
	 
	 
	0.00
	4.12
	4

	6.99
	 
	 
	 
	 
	 
	0.00
	0
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6.11. Conclusion

Generally, the recommended project is good enough in hydrologic point of view. For some 
Problems raised in above concerning water balance, communities living around there are agreed on this project implementation from both up stream areas and downstream areas. When we take river discharge in to consideration, the base flow measurement gained is 0.077m3/sec by using float method. And by using unit hydrograph method, the maximum discharge gained is 116m3/sec(peak flood).

7. IRRIGATION AND DRAINAGE HEADWORK AND SYSTEM DESIGN

7.1 General

Diversion structures are generally used to divert water from an existing natural water course into a water supply conveyance system. For large diversions, such as the headwork for an irrigation main canal system that normally require a head pond, the diversion structure can include a weir, sluice way, intake and etc. Provision for allowing the river to return to near natural levels in winter (i.e. in general, water is not diverted in to conveyance system during a winter period), permitting boat access, or for passing floating logs may also be required.

Hydraulic and structural design of headwork

7.2 Weir design
[image: image10.png]



                   Figure.7.1. Study area streamline versus 100m contour interval

7.3 Design data and parameters
7.3.1 Data

Design discharge=95m3/sec

Average River bed level=1590m

Canal length=4000m

Canal full supply=1594m

High flood level=1592m

Duty=1.8lit/sec/ha=0.0018m3/sec

Command area=70ha

Canal slope=0.001
 River bed slope = 0.002
Weir span from the existing situation of the river section=12m
	POINT(DISTANCE)
	ELEVATION
	REMARK

	BM
	1593
	BM

	0
	1593
	DYKE

	3
	1592.64
	DYKE

	6
	1592.6
	DYKE

	9
	1592.507
	DYKE

	12
	1592.117
	DYKE

	 15
	1591.828
	DYKE

	18
	1591.715
	DYKE

	21
	1591.616
	DYKE

	24
	1591.616
	DYKE

	27
	1591.588
	DYKE

	30
	1591.525
	DYKE

	33
	1591.49
	DYKE

	34
	1591.364
	

	35
	1591.015
	LRB

	36
	1590.885
	

	37
	1590.9
	

	38
	1590.76
	RC

	39
	1590.9
	

	40
	1591.01
	

	41
	1591.852
	

	42
	1592.205
	RSB

	43
	1592.45
	

	44
	1592.86
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	DISTANCE
	ELEVATION
	REMARK

	 BM
	1593
	 

	 0
	1591.37
	U/S

	2
	1591.263
	U/S

	4
	1591.25
	U/S

	6
	1591.162
	U/S

	8
	1591.053
	U/S

	10
	1591.01
	U/S

	12
	1591.04
	U/S

	14
	1591.01
	U/S

	16
	1590.978
	U/S

	18
	1590.855
	U/S

	20
	1590.798
	U/S

	22
	1590.9
	U/S

	24
	1590.755
	U/S

	26
	1590.753
	U/S

	28
	1590.868
	U/S

	30
	1590.925
	RC

	32
	1590.855
	D/S

	34
	1590.756
	D/S

	36
	1590.781
	D/S

	38
	1590.71
	D/S

	40
	1590.789
	D/S

	42
	1590.53
	D/S

	46
	1590.47
	D/S

	48
	1590.33
	D/S

	50
	1590.422
	D/S

	52
	1590.58
	D/S

	54
	1590.27
	D/S

	56
	1590.175
	D/S

	58
	1590.1
	D/S

	60
	1590.134
	D/S

	62
	1590.08
	D/S
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7.4 Computation of River discharge
	Elevation(m)
	Depth d(m)
	Width (m)
	Wetted area A(m2)
	Wetted Perimeter P(m)
	Hydraulic radius, R(m)
	Velocity V(m/s)
	Discharge Q/(m3/sec)

	1590.76
	0
	0
	0
	0
	0
	0
	0

	1590.885
	0.13
	3
	0.19
	6.01
	0.03
	0.127
	0.02

	1590.9
	0.14
	6
	0.26
	9.00
	0.03
	0.119
	0.03

	1590.9
	0.14
	9
	0.26
	12.00
	0.02
	0.098
	0.02

	1591.01
	0.25
	12
	1.41
	15.01
	0.09
	0.264
	0.37

	1591.015
	0.26
	15
	1.48
	18.00
	0.08
	0.241
	0.36

	1591.364
	0.60
	18
	7.24
	21.08
	0.34
	0.626
	4.53

	1591.49
	0.73
	21
	9.69
	24.01
	0.40
	0.698
	6.77

	1591.525
	0.77
	24
	10.48
	27.00
	0.39
	0.680
	7.13

	1591.588
	0.83
	27
	12.09
	30.00
	0.40
	0.697
	8.42

	1591.616
	0.86
	30
	12.88
	33.00
	0.39
	0.683
	8.80

	1591.616
	0.86
	33
	12.88
	36.00
	0.36
	0.644
	8.30

	1591.715
	0.95
	34
	16.20
	35.02
	0.46
	0.764
	12.38

	1591.828
	1.07
	35
	20.10
	36.03
	0.56
	0.866
	17.41

	1591.852
	1.09
	36
	20.95
	37.00
	0.57
	0.875
	18.32

	1592.117
	1.36
	37
	30.62
	38.13
	0.80
	1.104
	33.81

	1592.205
	1.44
	38
	33.92
	39.02
	0.87
	1.164
	39.49

	1592.45
	1.69
	39
	43.36
	40.11
	1.08
	1.346
	58.35

	1592.507
	1.75
	40
	45.61
	41.01
	1.11
	1.372
	62.56

	1592.6
	1.84
	41
	49.37
	42.02
	1.18
	1.423
	70.25

	1592.64
	1.88
	42
	51.04
	43.00
	1.19
	1.432
	73.10

	1592.86
	2.10
	43
	60.38
	44.09
	1.37
	1.576
	95.15

	1593
	2.24
	44
	66.47
	45.04
	1.48
	1.656
	110.11
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Other design Parameters

Silt factor=1

Retrogration =1

Afflux=Creep coefficient=8

Pie (∏) =3.14

G=2.24

g =Ὺ = 981

Duty =1.8Lit/sec/ha = 0.0018M3//sec

Head loss at the turn out = 0.05

Water depth required = 0.4m

Head loss at head regulator = 0.1

Canal slope = 0.001

n=0.035

7.5 Determination of the water way from lacey's perimeter
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L = 4.75*(95) = 46m

7.5.1 Determination of discharge intensity
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7.5.2 Determination of normal score depth

From 
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R =1.35*[(8) ^2/1] ^1/3 = 4.6m

Regime velocity of flow
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7.5.3 Upstream and downstream total energy level of the weir

D/s TEL = 
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U/S TEL = 
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 EMBED Equation.3 [image: image21.wmf](
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 = 1592+1 = 1593.15m

D/S HFL = 
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7.5.4 Determination of head over the crest
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  = (8/1.70)^2/3= 2.8m

Crest level = 1592.45m

Weir height = Crest level - river bed level

Weir height = 1592.45-1590 = 2.45 take 2m

7.5.5 Determination of water depth over crest
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7.5.6 Determination of approach velocity (Va)
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1/2g*Q^2*(L(h+0.5)^2 = 2.8-h

The value of (h) will be by trial and error

Therefore, h= 2.8-0.75= 2.05m
         hv = 0.15                          He =2.8

              h = 2.05
              hw = 2

                         P = 0.50

Pond level = U/S TEL +He = 1593.15+2.8 = 1595.95m

Depth of U/S and D/S pile

U/S pile = 1.5*R = 1.5*4.6 = 7 take = 3m

D/S pile depth = 2*R = 2*4.6 = 9 take = 3.5m

Maximum seepage head for the worst condition (Water level on U/S at pond level and no tail water)

Hs = Pond level- D/S bed level = 1595.95-1590 = 6

The tail water depth d3 = 2m is less than the sequent depth d2 and the jump recedes D/S  for downstream floor level of 0.3 lower than the U/S apron level. If the water surface of the jump is assumed to be 0.2m higher than the D/S water level.

EL.1 = (WL3+0.2)-d2 = (1592+0.2)-2 =1590.2 take 1589.5

The length of stilling basin is L= 4d2 = 4*3.5 = 14

Where L is length of basin(horizontal length of weir glacis+ length of D/S apron floor in m).

Experimental formula to determine the length and depth of stilling basin
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d = depth of basin(m)

h = over flow depth (m)

F = (U/S water level+ velocity) -D/S water level)

h = 2.05m

F = (1593.15+2)-1592 =3

L =3*(h*f) ^1/2 =3*(2.05*3)^0.5 =7
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Use depth 0.5 to keep it in the range from the two methods conventional methods is adopted in the design of length and depth of the stilling basin

Hence, the stilling basin is so designed for floor length of L = 7m and depth,

d = 0.5m. And transition length, L1 =4m

From economic points of view this conventional method is selected in determining the length and depth of stilling basin.

7.5.7 Total length of impervious floor

GE = 
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 = b = L-2d1-2d2, b =34.5m

L = CHs = 8*6=48m

Since (d1) and (d2) respectively are U/S pile and D/S pile depth respectively

For, 
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 b=U/S TEL-Weir crest level = 1593.15-1592.45 = 0.7
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Figure.7.2 Energy profile of the weir

7.5.8 Weir wall design

Top width (a), it can be fixed as the largest of the following similar equations

i) 
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       ii) 
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   iii) S+1, for weir with shutter

d= Maximum depth of water over the crest

G= Specific gravity of weir materials

S= Height of the shutter

i) 
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 = 0.7/2.24 = 0.46

ii) 
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  = 3*0.7/2*9.82 = 0.47
ii)  a = S+1, (S)   height of get= Pond level- weir height = 3.5 take 1m

 Therefore, 1+1= 2

7.5.9 Bottom width (B)

The base should be fixed so that the stress are within allowable limit and no tension develops in the base

For preliminary design
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 =   a+0.8H = 2+ (0.8)*(3.4) = 4.7 take= 4.5m

The actual B is taken to be the maximum value from the following three flow equations:

i) No flow condition

It is when water level on the U/S is at pond level

Test for overturning moment due to water pressure)

Mo =
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Hs = H+S

H = Height of crest above bed level

H+He = 
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H+He = 3.1, Hd, take 2

H = 3.4-He = 0.3 

Therefore, H+S = 3.8

M0 =  6.1KNm
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, but for broad crested masonry Mr is due to weight of weir and weight of U/S water so to check stability against Mo

Tension can be avoided if resultant lies within the middle 3rd of the bases (I<1/6*B)

Therefore, the value of B at which Mo=Mr will be by trial and error

For Mr = 9.81*5(2.24-1)/12(1.06) ^2+ (0.47*1.06) = 6.2

As Mo= Mr the bed width can be determined for no tension

ii) High flow condition

Here, Mo = 
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Mo = Yh
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d = h (D/S  water level at crest occurs when Mo is maximum)
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Q = 1.7*(0.7) ^3/2 = 0.7

Mr = YH
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For (Mo) to be equal with Mr (B) is computed by trial and error

Therefore, for B = 0.032

Mr = 9.81**5(2.24-1/12)*(0.032)^2+(2*0.032) = 0.7

7.5.10 Determination of length of downstream impervious floor (ld)

For weir with shutter

ld = 2.21*C
[image: image53.wmf]5
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ld = 2.21*8(6/13)^0.5 = 8

 7.5.11 Determination of length of upstream impervious floor (lU)
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L, total creep length

B, Base width

If horizontal floor length (b) is determined from exit gradient, thus (lU+B)

Lu = 48-(8+0.032+2*3+2*3.5)

7.5.12 Thickness of floor

U/S weight of water balance uplift is (1m) nominal thickness

On downstream (t) =
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 = 3.3

t = 3.3/ (2.24-1) = 2.7

7.5.13 D/S protection works

i) Concrete blocks on d/s of the impervious floor

An inverted filter is provided

Thickness be 0.50 to 0.75m

Length = 1.5*d2 = 1.5*3.5 = 5.25m

Stone (block) protection on the filter (1*1*1m cubes)

i) Launching apron on D/S protection

Thickness 1.5m in horizontal position

Length = 2*d2 = 9m

U/S Protection work

i) Concrete blocks (1*1*1m) are to be laid over the packed stone for a length of (d1) and where, d1 is up stream pile depth

ii) Launching apron U/S of block protection

Length = 2*d1 = 2*3 = 6m

Head loss in the case of flow condition

Hl = Afflux +Retrogression

Afflux = U/S TEL-D/S TEL = 1m(Recommended)

Hl = 1.5m

Cistern level = D/S TEL-Ef2
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Y1 = d2-d1 = 3.5-3 = 0.5, Jump height

Therefore,    
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7.5.14 Determination of sequent depth (D1) and (D2)
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D1 were computed through trial and error to be 7.5
The critical depth, DC
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Fraud number, Fr = 
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7.6 Design check by Khoslas's theory
Exit gradient (GE) = 
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Pressure at toe of the weir
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Residual head at A(hA)=
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Therefore the thickness of floor is safe for Khosla's theory

7.7 Stability analysis of the Weir body

Weir body material is masonry with specific weight (KN/m3 = 22

Specific weight of water (KN/m3) =10

Back fill material specific weight (KN/m3) =18

Coefficient of friction value b/n masonry and masonry or concrete range (ц) = 0.65-0.75

Angle of internal friction for the backfill soil = 30o

Unit cross section of weir (b) =1


Static case
                                                        2                      

h=0.5             H=2

Fs      Fw1                                                               3.2                                                       

Ysh             YwH                                         4         wm2


     3             wm1                            2.50

                                                0.6                    0.79       wm3         

                                      wm4      wm5       1.3          wm6       wm7

                                        1                                                1

                                         1                     4.5               0.6       1

                         YwH                 UP

	S/No
	Description
	Forces (KN)
	Lever arm 
(m)
	Moment about
toe ( KN-m)

	
	
	Vertical      
	Horizontal
	
	Clock wise
	Counter CW

	1.00
	water pressure
	 
	 
	 
	 
	 

	 
	Fw1=1/2*ᵞwA*b
	 
	-20.00
	3.67
	-73.33
	 

	2
	weight of the wier
	 
	 
	 
	 
	 

	 
	wm1 = ᵞmA*b
	176
	 
	3.50
	 
	616.00

	 
	wm2 = ᵞmA*b
	88.28
	 
	1.67
	 
	147.13

	 
	wm3 = ᵞmA*b
	43.45
	 
	1.25
	 
	54.31

	 
	wm4 = ᵞmA*b
	22.00
	 
	4.00
	 
	88.00

	 
	wm5 = ᵞmA*b
	6.60
	 
	3.30
	 
	21.78

	 
	wm6= ᵞmA*b
	6.60
	 
	1.40
	 
	9.24

	 
	wm7 = ᵞmA*b
	22.00
	 
	0.50
	 
	11.00

	3
	Uplift pressure
	 
	 
	 
	 
	 

	 
	UP=
	-45.00
	 
	3.00
	-135.00
	 

	4
	Silt pressure
	 
	 
	 
	 
	 

	 
	Psilt = 0.5* ka *h2*satur. unit wt of soil
	 
	-0.75
	3.17
	-2.38
	 

	Summation
	319.93
	-20.75
	25.45
	-210.71
	947.46

	
	
	
	
	Net Moment
	736.75


7.7.1 Foundation reaction

1. 2.10(p1+p2) = 
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å

 = 319.93

2. 2.94(p1+2p2) = 
[image: image98.wmf]M
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 = 736.75

P1+P2 = 152.35, P1= 70.27

P1+P2 = 250.6,     P2 = 23.23

Allowable bearing capacity of foundation material was taken as 10 tone/m2 silt and sand foundation is (100KN/m2) and thus it is safe

7.7.2 Overturning moments
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7.7.3 Sliding failure
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Sliding factor, SF = 
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7.7.4 Crushing or Compression failure
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 = -0.053, where the -ve sign indicates only direction

e<b/6 = 0.053,   b/6 =0.75

Therefore, e<b/6   = 0.013<0.68   ok (No crack would be found due tension)

Pmax =   
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7.7.5 Dynamic Case

                                                                                     2    Fw3

Hd=      1.2


                                          Fw2

H=        2                 h= 0.5                H=  2                                             3.2                         Fw4    

                         Fs                              Fw1                  wm10.6           4.00       wm2                                         

                           ysh             yw(Hd+H)       wm2 1.0    wm5    1.3       wm6   1    wm7         yw3

                                                                             1                  4.50           0.60         1

                                                                                                            UP1                         ywh3

                                                       3.20                         UP2     

                                                 yw(Hd+H)          1.19

	S/No
	Description
	Forces (KN)
	Lever arm 
(m)
	Moment about
toe ( KN-m)

	
	
	Vertical      
	Horizontal
	
	Clock wise
	Counter CW

	1.00
	water pressure
	 
	 
	 
	 
	 

	 
	Fw1=ᵞwA*b
	 
	-60.00
	3.62
	-217.40
	 

	 
	Fw2 = wA *b
	 
	-120.00
	2.79
	-334.80
	 

	 
	Fw3 = ᵞwA*b
	 
	72.00
	3.50
	 
	252.00

	 
	Fw4 = wA*b
	 
	24.96
	2.22
	 
	55.41

	2
	weight of the weir
	 
	 
	 
	 
	 

	 
	Wm1 = mxA *b
	528.00
	 
	3.50
	 
	1848.00

	 
	Wm2 = mxA *b
	264.83
	 
	1.67
	 
	441.38

	 
	Wm3 = mxA *b
	43.45
	 
	1.25
	 
	54.31

	 
	Wm4 = mxA *b
	66.00
	 
	4.00
	 
	264.00

	 
	Wm5 = mxA *b
	19.80
	 
	3.30
	 
	65.34

	 
	Wm6 = mxA *b
	 
	 
	 
	 
	 

	 
	Wm7 = mxA *b
	 
	 
	 
	 
	 

	3
	Uplift pressure
	 
	 
	 
	 
	 

	 
	UP1=
	-174.15
	 
	2.25
	-391.84
	 

	 
	UP2=
	-128.93
	 
	3.00
	-386.78
	 

	4
	Silt pressure
	 
	 
	 
	 
	 

	 
	Psilt = 0.5* ka *h2*sat. unit wt of soil
	 
	2.25
	0.17
	0.38
	 

	Summation
	619.00
	-80.79
	31.27
	-1330.44
	2980.44

	
	
	
	
	Net Moment
	1650.00


7.7.6 Foundation reaction

1. 2.10(p1+p2) = 
[image: image109.wmf]å

V

= 619.00

2. 2.94(p1+p2) = 
[image: image110.wmf]å

M

 = 1650.00

P1+P2 = 294.76, P1 = 22.39

P1+P2 = 561.23, P2 = 37.32earing capacity of foundation material was taken 10 ton/m2

7.7.7 Overturning failure
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7.7.8 Crushing/Compression failure
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Pmax = 
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Pmin = 
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7.8 Retaining wall design

Design head (hd) = 2

Weir height = 2m

Free board = 0.5

D3 = 2

Fixing top level of retaining structure

U/s HFL = crest level+Hd

                =1592.45+2 = 1594/45.m

Top level of U/S retaining wall= U/S HFL+fb

                                           = 1594.45+0.2

                                          = 1594.65m

Height of U/S retaining wall= Top level of U/S retain-RBL

                                                =1594.65-1590 = 4.65 take 4m

Foundation level= RBL-2(geological prediction to get stable foundation)

                             =1590-2= 1588m

Top level of D/S retaining wall = D/S HFL+fb

                                            =1593+ 0.2= 1593.2m

D/S retaining wall height = D/S top level- RBL 

                                        =1593.2-1590= 3.2 take 3m

                           0.5m                                                                 0.5 m                                                       

           4m          U/S R.W                                               3m        D/S R.W                         

            2m                                                                       2m               

                                3.5                                                                      3m

Stability analysis of retaining wall

Static case

Ὺ soil=18

Ym =23KN/M3

Yw = 10

Ps = 1/2* Ko*Ὺs*H2


                                                                                                 Wm2

                                                                                                            Wm1                        

               Ps                                                                           Wm3


	S/No.
	Description
	Forces (KN)
	Lever arm 
(m)
	Moment about
toe ( KN-m)

	
	
	Vertical      
	Horizontal
	
	Clock wise
	Counter CW

	1.00
	Ps=0.5*ka*Ýsoil*A 
	 
	-291.6
	2.2
	-641.52
	 

	2
	Ws1=1/2*A*Ýsoil
	216.00
	 
	3.17
	 
	684.00

	3
	Ws2=A*Ýsoil
	0.00
	 
	0.00
	 
	0.00

	4
	Wm1= A*Ým
	69.00
	 
	0.25
	 
	17.25

	5
	Wm2=1/2*A*Ým
	276.00
	 
	3.17
	 
	874.00

	6
	Wm3=A*Ým
	62.10
	 
	2.25
	 
	139.73

	Summation
	623.10
	-291.60
	 
	-641.52
	1714.98

	
	
	
	
	Net Moment
	1073.46


7.8.1 Over turning failure
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7.8.2 Sliding failure
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Sliding factor, 
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7.8.3 Crushing/compression failure
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Therefore, e = 0.7

b/6 = 0.83, Since e<b/6 =0.7<0.83, no crack due tension

Pmax = 337.4 KN/m2

Pmin = 125.5 KN/m2

7.9 Dyke structure

This structure is recommended for left side bank of the river U/S of the headwork so as to prevent back flow during both high flood and after construction of the diversion structure. Therefore, 35m length pure clay soil dyke should be constructed.

7.10 Design of the under sluices gate

Discharge capacity of under sluice is
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The maximum head over under sluice = H+He = 7m

7.10.1 Design of intake and scouring sluices

The intake capacity, q= 50lit/sec =0.05 m3/sec

Length of concrete pipe, Lp = 12m

Intake loss, 
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Where, ft = (Entry + friction+ exit) coefficients
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Hence, using a full pipe of diameter (0.60m), the intake loss, h is calculated as:

f= (124.6)*0.02)^2/(0.5)^1/2 =0.03

F1= (0.03*3)/0.5 = 0.2

ft =0.5+0.2+1 =1.7

But velocity of flow, 
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V =0.05/0.3 = 0.17 
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Therefore, 
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Check using orifice formula
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, where, C is orifice coefficient=0.7

Q =0.17 
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0.05 m3/sec

The intake level of intake get = Canal bed level+off-take+head losses = 1591.7m

The top level of intake pipe = Get intake level+ pipe diameter = 1592.4m
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7.11 Canal design

For launching healthy irrigation project, proper conveyance structure is so crucial if and only if design more economical, non scouring and non silted canal. The canal route to be aligned is one way, located at the right side of the head work penetrate almost in the cultivated land. The geological soil parent materials physical observation  revealed that 2300m  (chain age, 0+000 up to 0+950 and 1+ 450 up to 2+800) of the route ought to be masonry lined canal. Whereas the rest 1700m (0+950 up to 1+450 and 2+800 up to 4+000) will be earthen canal.

The total length of main canal = 4000m

Command area = 70ha

By Manning formula
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Where, Q is design discharge

n=roughness coefficient

R=Roughness coefficient
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S= Canal bed slope

A= Canal cross sectional area
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V= Average flow of water
[image: image146.wmf](

)

sec

m


Main canal(Lined)

Q= 0.05

S= 0.001

n=0.015 for masonry lining

The bed width/depth ratio (b/d) for rectangular canal

b/y = 2

b= 2y

From manning
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Q=VA, A= b*y

Q = b*y*Z, for Q = 0.05

Then find for (b) and (y) by trial and error

Therefore, for b= 0.2,     y= 0.25,   V= 1
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Canal design by (b/d) ratio

Z= 1.15
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Therefore, f =1.2

d=0.4m

Since b/d = 0.75

b= 0.3m
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Wetted perimeter (P) = b+2d = 0.3+2*0.4 = 1.1m
7.11.1 Design of earthen canal on tractive force approach/permissible velocity

The design of canal on tractive force approach is based on the fact that the actual shear stress on the beds and sides of the canal should be less than the critical (maximum allowable shear stress).
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b/d = 0.8

 Since, the permissible tractive force from table for given d50 and water load, tcr, b is= 2.4 
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Q, repose angle for the given soil = 36

Q, Side slope angle = 21.8

Cos (21.8) = 0.93

tan
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tcr = K*tcr, b =1.8

to
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tcr, t for design

to = actual bed shear stress

tcr, t = critical(allowable shear stress)

C, is correction for b/d = 0.77*exp (b/d)*0.065 = 0.1

The actual shear stress on bed, tb

tb = C*p*y*g*s = 0.42

The actual shear stress on bed, ts

ts= 0.75*tb = 0.3

Therefore, Q = 2.5 m3/sec

7.11.2 Canal on Kennedy's theory

Assume y = 0.35m

[image: image166.wmf]2

*

my

by

A

=


Assuming y= 0.35
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m, for soil =1.2 was taken as a sediment parameter, for soil around the study area is mainly sand loam and silt type

V=0.55*my = 0.23, Critical velocity

A =Q/V = 0.2 m2
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 = 0.2m

P =1.3

R= 0.16

Actual velocity =0.6 m/sec

7.11.3 Canal on Lacey's theory

d, particle size mean =1

V= 
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Silt factor, 
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                                                         Figure7.3. Earthen canal section

                                                                          B=B 

                                          y

                                                                     B

                                                       Figure .7.4. Section of lined canal

Generally, different canal theories were applied on design, however, for lined canal, b/d ratio theory is accepted as economical one. Bringing back the following canal section:
	Canal 
	Parameters

	type
	Q
	b
	y
	v
	n
	S
	R
	p
	z
	Fb

	Lined
	0.05
	0.3
	0.4
	1
	0.015
	0.001
	0.003
	1.1
	
	0.2

	Earthen
	0.05
	0.2
	0.35
	0.6
	0.035
	0.002
	0.16
	1.3
	1.2
	0.4


Whereas, earthen canal was computed by different theory and accepted Kennedy's theory
7.12 Off-take design

This structures are provided on mail canal. They are computed either by Orifice formula or Manning's equation for both submerged turn outs and submerged turn outs inlets respectively.
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, Manning’s equation

A = Wetted area in the pipe

S = Pipe longitudinal slope

n = Manning roughness coefficient

R= Hydraulic radius

C = Discharge coefficient

g = Acceleration due to gravity

h = head different b/n U/S and D/S turn outs

The amount of water to be released and hectare of land to be irrigated are presented on table 

below.

	Off-take
	Route
	Station (Km+m)
	Area (ha)
	Q (Lit/s)
	Y(m)
	(4Q/PiC) ^2/19.62
	Trial value  of  D (m)
	Remrk
	Diameter. (m)
	Canal bed level (m)
	Pipe inlet elevation (m)
	Pipe outlet (m)

	T-1
	MC
	0+125
	1.8
	5.2
	0.25
	6.2
	0.15
	1-way
	0.1
	1592.9
	1592.9
	1592.8

	T-2
	MC
	0+203
	2.4
	6.9
	0.25
	11.0
	0.15
	1-way
	0.1
	1592.8
	1592.8
	1592.7

	T-3
	MC
	0+325
	4.5
	13.0
	0.25
	38.6
	0.15
	1-way
	0.25
	1592.6
	1592.6
	1592.6

	T-4
	MC
	0+425
	3.5
	10.1
	0.25
	23.4
	0.15
	1-way
	0.1
	1592.5
	1592.5
	1592.5

	T-5
	MC
	0+500
	4.4
	12.7
	0.25
	36.9
	0.15
	1-way
	0.2
	1592.4
	1592.4
	1592.4

	T-6
	MC
	0+625
	4.2
	12.1
	0.25
	33.7
	0.15
	1-way
	0.2
	1592.3
	1592.3
	1592.2

	T-7
	MC
	0+800
	6.5
	18.7
	0.25
	80.6
	0.15
	1-way
	0.2
	1592.1
	1592.1
	1592.0

	T-8
	MC
	0+875
	2.7
	7.8
	0.25
	13.9
	0.15
	1-way
	0.1
	1592.0
	1592.0
	1591.9

	T-9
	MC
	1+000
	3.8
	10.9
	0.25
	27.5
	0.15
	1-way
	0.1
	1591.8
	1591.8
	1591.8

	T-10
	MC
	1+200
	2.5
	7.2
	0.25
	11.9
	0.15
	1-way
	0.1
	1591.6
	1591.6
	1591.6

	T-11
	MC
	1+350
	4.2
	12.1
	0.25
	33.7
	0.15
	1-way
	0.2
	1591.5
	1591.5
	1591.4

	T-12
	MC
	1+800
	5.4
	15.6
	0.25
	55.6
	0.15
	1-way
	0.25
	1591.0
	1591.0
	1591.0

	T-13
	MC
	2+300
	7
	20.2
	0.25
	93.5
	0.15
	1-way
	0.25
	1590.5
	1590.5
	1590.5

	T-14
	MC
	3+125
	9.5
	27.4
	0.25
	172.2
	0.15
	1-way
	0.3
	1589.7
	1589.7
	1589.7

	T-15
	MC
	3+775
	7.6
	21.9
	0.25
	110.2
	0.15
	1-way
	0.3
	1589.1
	1589.1
	1589.0



7.13 Design of road crossing

Road crossing of this project is used to convey canal water under road. The structure was laid at the main canal crossing the main road and field road. The maximum load assumed here in the analysis of the slab was that of Dozen D-7 which is 32 tone(32,000kg).
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i) Moment
The moment to be calculated should be considered across the canal flow

Assuming the value of (C )to be 30cm,

L = 0.72+2C = 0.72+2*0.30 = 132CM

M = Ld/4 = (32000*132)/4 = 10.56*105kg.cm

Shear stress(S) = L/2 =32000Kg/2 = 16000 kg

              P= 32tone

16 tone                        16 tone

                                            32033kg.cm

    Load diagram

16 tone

                                                   
                                                        16 tone

Figure .7.5. Shear force diagram

ii) Reinforcement (Assume t =20cm and a cover of 5cm), 

Where, t= thickness of slab
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   Where, b = the width of the road = 700cm

                 d = 0.343*(M/b) ^0.5 = (10.56*10^5/700)^0.5 

                 d = 13.3 =13

iii) Main reinforcement
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Where, M = Maximum moment

                t = Tensile stress of steel = 140 N/mm2
                 At = Area of steel

                  n = Neutral axis depth

                  d = Effective depth = 15cm

                   n = 0.39*d = 0.39*15 = 6 cm
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  = 10.56*10^5/((140*(150mm-58.5/3)) =5784.4 mm2
Single area ᴓ 16 = 
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 = 201mm2

No of bars = 5784/201 = 29

Spacing = (201/5784)*700 = 24cm
Provide 29ᴓ 16 @ 24cm/c/c at bottom

Check the resisting moment

K = m/ (m+r), r = fs/fc = 140/6 = 23.3

          = 8/ (8+23.3) = 2.2553

      j = 1-k/3 = 0.9149

( M.R = (C/2)*kxbxd2xjb
            = (0.6/2*102)*0.2553*700x152*0.9149

           = 9.46*105kg.cm<10.40*105kg.cm…..Not Ok!

For additional safety, take the negative reinforcement (on the top of the slab) to be 0.5 of the main reinforcement area.

         i.e., At = 0.5*5784.399 = 2892.2mm2
Number of bar 2892/201=14 use 14

Spacing 201/2892*700 = 48 us72cmc/c       

  Provide 14 Ф16, @ 42cm c/c at the top

For the distribution bar,

        At = 0.2*5784= 1157mm2

Number of bar:  1157/ 113 = 10   

Spacing:    113/1157 *132 = 13cm    

Therefore, Provide 10 Ф 12 @ 13cm c/c at top and bottom.

7.14 Foot path design

On the route of the Borta SSIP main canal 2m long 
RCC of 10cm thick slab, supported by 2.5cm masonry wall of the canal, should be designed to serve as animal and human crossing on the rectangular lined canal. The slope and hydraulic parameters of the box canal under the footpath is taken as similar to that of the parent canal. The place of the footbridge is therefore, at any necessary stations indicated.
7.14.1  Structural design

A two-meter long and a (bo+0.6m) wide RCC lies on a 2.5 cm thick canal wall. The RCC is reinforced by 8mm steel bar placed at 200mm interval in the tensile zone only.
                                 0. 30                                                     0. 30

                                              fb


                                                               B                         0.25

                             0.40                                                               0. 40

7.14.2 Drainage pipe Culvert
To convey safely flood from upstream of the command area under irrigation canal pipe towards downstream, culvert should be provided Culverts. The size of the pipes are fixed considering the size of the gorge in addition to collected flood from these catchments.   


Sample Design (Culvert no 1, station C-1+013)

Given data: -

· Catchment’s area, Ac= 0.01km2
· Specific Discharge, q = 0.25m3/sec/km2
· Vo = 0.2m/sec (Assumed) 

Therefore, Design Discharge, Q = Ac*q = 0.01*0.25 = 0.0025m3/sec.
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   = [0.014*0.02/(0.12/3)]2 = 0.0071

     ΔH = I*L = 0.0071*2.5 =0.017m

     d = 0.80D = 0.80*0.4 = 0.32m

7.15 Design of  Night storage

This structure is located on the main canal (MC) on the left side of MADALE at station 35. The maximum net command area after this pond is 30.00ha. Taking the duty of the command area to be 1.8lit/sec/ha, the maximum discharge of the area= 1.8x30= 54lit/sec. For the design of the canals and its structures after the pond, 45lit/sec was taken. 

A)  Assuming 12hrs irrigation time, the maximum volume of water required is:

V =54 lit/sec*12hrs*3600sec = 2332800 litres = 2332.8M3
Taking evaporation and percolation loss to be 10%, the total volume will be:

VT = (2332.8*10/100) + 2332.8) = 2566 M3

Therefore, the pond should be designed to store this much volume of water

7.15.1 Storage time

The total discharge intering the pond is 30lit/sec

30lit/sec*t =2332800sec

t=77760sec=21.6hr

7.15.2 Dead storage

The dead storage capacity for this pond was considered to be 10% of the total storage volume.

Dead storage=10%*2566m3 =256.6m3

V tot. = 2566+256.6 =  2822.6m3

Assuming the dead storage area to be 30*40m2

1/2(30+30)*H1*54 = 2822.6 m3

H1 = 1.75m

1/2(40+54)*H2*30=2822.6M3

H2=2

Hav =1/2*(H1+H2) = 1/2*(1.75+2)= 1.875 take 2m height

Then the height of the pond will be 2m

That means, the bed level of the pond should be 2m below the inlet bed level of the canal

Pond bed level = 1590-2 = 1588m
7.15.3 Storage Intake design

In order to fix the intake level of the storage, the dead storage height(h) should be known

                                           30 m    

            10m                                       10 m                     


                                                                           2m                             L=54


                                     10m

tanᴓ = 7.5/2 = 4                     

=X/h =x-h*tanᴓ
Volume of dead storage is 2822.6m3 

Therefore 2822.6 = 1/2(30+30+2x)*h*54

=(60+2x)*54h

=(60+2htanᴓ)*54h

(60+2*h*0.09)*54h=2822.6

(60+0.18h)*54h=2822.6

3240h+9.72h2-2822.6=0

h=0.87 take 0.8

If intake level is fixed at h=0.8m, the total volume will be

x= 0.8tanᴓ= 0.8*4 = 3m

2X =3= 30+3 =33m

Therefore, 1/2*(33+30)*(3-0.8)*54)

3742m3>2822.6m3.................Ok

At h= 1.75m
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0.045m3 = 0.6*3.14*d^2/4*(2*9.81*1.75)

d = 0.13m but better use, Pipe diametre of 30cm instead

Therefore,   
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   = 6*3.14*(0.3)^2*(2*9.81*1.75)^0.5 =10lit/sec

Intake  bed level = Pond level-(o.75+ᴓ/2)

Bed level= 1595-1.75 = 1593.25m

1593.25-(0.75+4/2) = 1590.5m

In order to distribute reserved water to the main canal 6m long concrete pipe should be installed sothat source water would be conveyed to the main canal from the destination division box.

7.15.4 Fence around the pond

For proper performance of the pond,  it should be surrounded by wooden fence with lean concrete foundtion being 2m away from the structure.  The maximum height of the pole is 2m provided that thory wire of 25 cm c/c spacing rounding the fence .

7.15.5 Spill way

At the net full supply level of the pond, there should be an over flow spill way, to be constructed from masonary  rectangular.

7.16 Flume

It is one of conveyance structure used to convey canal water along steep sidehill terrain, or to convey canal water over  other water ways, or natural drainage channels. Since this structure is used at location where there is ristricted right - of-way or where lack of suitablle materialas makes construction of canal banks impracticable.Therefore, flume supported above the ground with reinforced concrete is recommended at the canal route mentioned below.

7.16.1 Canal characteristics

Chainage 0+197-0+203

Discharge(Q) = 0.05m3/sec

Velocity at upstream of the canal(V1) = 1.3 m/sec

Bottom widht(b) =0.3m

Water depth Depth(d)= 0.4

Free board(fb)=0.2m

Over all canal depth(D) = 0.7m

7.16.2 Hydraulic design of flume

Flume lenght(L) = 6m

Manning roughness cofficient(n) = 0.04

Velocity at down stream of the canal (V2) =1m

A =Q/b = 0.05/0.3 = 0.55m2

P =2*(d+b) = 2*(0.56+0.3) = 1.7m

R = A/P =0.56/1.7 = 0.09m

b/d = 0.54
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For the case  of inlet open transition

Invert elevation cut off transition = 1590.22m

Water surface elevation cut off transition (Wsec) = 1590.22+0.3 = 1590.62m

Invert elevation flume inlet = 
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 =  1590.62-1.5*(1-0.014)/(2*9.81)-(0.3)  =  1590.06m

Outlet open transition

Invert elevation flume outlet(IEFO) =  1590.1-0.03 = 1590.03m

Invert elevation cut off transiton = 
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 = 1590.7m

Total head loss = (1590.62 - 1590.7) - 0.4 = 0

7.17 Unit cost analysis

	Cost of sand(M3)

	S/No
	Description
	Unit
	  Amount

	1
	Quarry distance
	Km
	150

	2
	Truck capacity
	m3
	12

	3
	Cost of 12 m3 sand including loading and unloading at quarry
	Birr
	500

	4
	Fuel consumption of truck per round trip
	Lit.
	125

	5
	Fuel consumption per Km
	Lit/Km
	1

	6
	Driver per dium per day
	Birr
	100

	7
	Assistance per dium per day
	Birr
	80

	8
	Time needed for one trip
	Day
	0.5

	9
	Per dium experience per trip
	Birr
	90

	10
	Cost of one litter of fuel
	Birr/Lit
	20

	11
	Total fuel cost per round trip
	Birr
	2500

	12
	Renting of car per trip in a day
	Birr
	750

	13
	Total cost of 12m3 sand at project site
	Birr
	3840

	14
	Cost of 1 m3 sand with 15% cost inflation
	Birr/m3
	368

	 
	Cost of stone(M3)
	 
	 

	1
	Quarry distance
	Km
	3

	2
	Truck capacity
	M3
	6

	3
	Cost of 6m3 sand including loading and unloading at quarry
	Birr
	300

	4
	Fuel consumption of truck per round trip
	Lit
	3

	5
	Fuel consumption per Km
	Lit/Km
	1

	6
	Driver per dium per day
	Birr
	100

	7
	Assistance per dium per day
	Birr
	80

	8
	Time needed for one trip
	Day
	0.25

	9
	Per dium experience per trip
	Birr
	45

	10
	Cost of one Littre of fuel
	Birr/Lit
	20

	11
	Total fuel cost per round trip
	Birr
	60

	12
	Renting of car per trip in a day
	Birr
	375

	13
	Total cost of 6m3 sand at project site
	Birr
	930

	14
	Loading
	Birr
	150

	 
	Cost of 1 m3 sand with 15% cost inflation
	Birr/m3
	178.3

	 
	Cost of cement(m3)
	 
	 

	1
	Distance from Finfine to site
	Km
	670

	2
	Truck capacity
	Quintal
	125

	3
	Cost of 125 quintals  at Addis
	Birr
	37500

	4
	Fuel consumption of truck per round trip
	Lit
	1340

	5
	Fuel consumption per trip
	Lit/Km
	1

	6
	Driver per dium per day
	Birr
	100

	7
	Assistance per dium per day
	Birr
	80

	8
	Time needed for one trip
	Days
	5

	9
	Per dium experience per trip
	Birr
	900

	10
	Cost of one litter of fuel
	Birr/lit
	20

	11
	Total fuel cost per round trip
	Birr
	26800

	12
	Renting of car per trip in a day
	Birr
	3000

	13
	Loading and unloading
	Birr
	400

	14
	Total cost of cement at project site
	Birr
	68600

	 
	Cost of 1 quintal of cement including inflation 25%
	Birr/quit
	571.7

	 
	Cost of aggregate or crushed stone(m3)
	 
	 

	1
	Quarry distance
	Km
	2

	2
	Truck capacity
	m3
	12

	3
	Cost of 12 m3 sand including loading and unloading at quarry
	Birr
	3000

	4
	Fuel consumption of truck per round trip
	Lit
	4

	5
	Fuel consumption per Km
	Lit/Km
	1

	6
	Driver per dium per day
	Birr
	100

	7
	Assistance per dium per day
	Birr
	80

	8
	Time needed for one trip
	Day
	0.06

	9
	Per dium experience per trip
	Birr
	10

	10
	Cost of one Littre of fuel
	Birr/Lit
	20

	11
	Total fuel cost per round trip
	Birr
	80

	12
	Loading and unloading
	Birr
	200

	13
	Renting of car per trip in a day
	Birr
	111.1

	14
	Total cost of aggregate at project site
	Birr
	3401

	 
	Cost of 1 m3 aggregate with 15% cost inflation
	Birr/m3
	325.94


8. Financial Analysis of Borta SSIP

8.1 Introduction

Borta Small Scale Irrigation project is proposed on the full and alternate utilization of Borta River.  Kellem Wollega Irrigation Development Authority under took the feasibility study of this project. The financial analysis is planned to assess the financial impacts on project participant. In case of this project, therefore, this analysis will seek to assess the financial effects on the existing farm household and their families, which will be involved in investing in and operating the project.

It will show the rate of return to the project, which will indicate the degree of financial viability of the project. The analysis will also indicate the net returns, which will accrue to the peasants. The magnitude of these returns will in turn; reflect the extent of incentive for them in order to adopt new and improved inputs and practices.
In making this analysis, all the relevant cost and benefit items with and without the project is identified, evaluated with appropriate prices and come up with reasonable incremental net returns and the financial viability indicators updated accordingly. 
Financial cost outflow and income inflow of the project estimated based on  crop budget, farm cost  and net returns under without  and with  project situation and  based on the unit farm model computed  gross and net incremental return of the project.  

8.2. Project Area (Location)

Borta project is located in Oromia National Regional State, Kellem Wollega Zone, and Sayyo District in a kebele named Kure Geyib. The project is also located on Borta River.
8.3. Objectives and purpose of the analysis 

The main and significant objective and purpose of this financial analysis includes:

· To Asses financial profitability of the project from the points of view of participants involved in it (i.e. farmers).

· To obtain an indication whether the expected change of income of families is equate enough to induce farmers to undertake the problem and risk in making the necessary investment and efforts to adopt innovation proposed in the project.

· To estimate the magnitude of capital investment and annual operational expenditures

· To estimate annual benefits and to assess whether the project is a worthwhile investment resources which meet the established basic feasibility criteria for financial analysis.
8.4 BASIC PRINCIPLES AND CONCEPTS

Financial Analysis: The financial analysis is concerned with the individual financial entities participate in the project. In financial analysis outflow/cost and inflow/benefit   primarily use market price. The financial analysis is more concerned investment financial   profitability to farm operators as a business entity.

8. 5. Methodology, Assumptions and Estimates 

8.5.1 Field visit and data collection 

Field visit was made with the crew to the project site where the proposed interventions are to be implemented. Assumption, parameters and estimate used are thus based on the result of observations, secondary data and discussions carried out among the beneficiaries and key informants in the project area. Generally, field observation, group and household interview, discussion with kebele, district and other governmental officials and review of secondary data are all the source of information for this analysis.
8.5.2 Crop Budget  

The financial crop budgets are designed to calculate the financial costs of production and financial gross and net returns to crops per hectares under the project. Generally the crop budgets with and without project conditions have been prepared because of the requirement of determining the incremental return which can be solely attributed to the project. Under this financial analysis crop budgets were prepared for both with and without project situation.
10.5.3 Comparison Between “With” And “Without” Project

All the relevant cost and benefit items with and without the projects are identified, valued with appropriate prices and incremental net returns with the project computed. Cash inflow and outflow, crop budget, farm cost and net returns computed for with and without the project situation based on the unit farm model and arrived at gross and net incremental return of the project. In making the analysis, incremental project costs were calculated by deducting costs of the “without” project from the “with” project condition. Similarly incremental benefits were determined by deducting the gross benefits of the “without” project situation from the gross benefits of the “with” project condition. The comparison of the financial "without” and “with” the project situation clearly stated.  Finally, net incremental benefits were calculated by deducting incremental costs from incremental benefits.

8.5.4 Prices of Inputs and Outputs 

Prices in the financial analysis for both cost and benefit streams are those, which are actually received and spent by the project at the farm site commonly called “farm-gate” prices. Prices information are one of the determinants in cost and benefit projection and used site specific as collected in and around the project area. Prices of output are that are actually received by farmers and are attributable to their crop production activities. Price information was collected for the existing and proposed crops and analyzed for appropriate price in the analysis.
Similarly input price information collected at project sites mainly cost of   fertilizer, chemicals, improved seeds, prices of tools, equipment and packing materials, wage for unskilled labor and oxen power cost assessed at the project area for consideration in the analysis.  

Prices for both cost and benefit items will be taken to be in constant. This means that prices should not vary with inflation over years, although consideration will have to be given if there is a district possibility of changes in relative prices. 

8.5.5 Project Period   

One of the indicators for the length of the project period for which analysis has to be carried out is the technical life of the major capital assets. The project life of small scale irrigation for diversion is 20-25 years; therefore for this project analysis 20 years is taken which is acceptable determined by the technical life of the major capital items of the proposed project.

8.5.6 Opportunity Cost of Capital

The opportunity cost of capital is taken to be 11 %, which is recommended 10 % to 12 % by the Ministry of Finance and Economic Development of the Federal Democratic Republic of Ethiopia. In accordance with the findings of the study on Commercial Bank of Ethiopia this cut of discount rate is 11 % and this has been accepted for financial analysis of most projects. 

8.5.7 Financial Viability Indicators and approach

Financial Net Present Value (FNPV), Internal Rate of Return (IRR) and Benefit Cost (B-C) ratio are the parameters generally used to determine the financial viability of a project. In this study, the three measures of project viability were used to determine the viability of the project.

8.5.8 Financial Viability Indicators and implications

Net present value/NPV: The NPV measures the attractiveness of a project and the decision criteria is to accept all projects where NPV positive when discounted at the opportunity cost of capital. The NPV earns back all the capital and operating costs expended upon it and pay a given percent for the use of the money in the meantime. 

Internal rate of return/IRR: The selection criterion with IRR is to accept where IRR result is   greater than the opportunity cost of capital that justifies the project earns more than its opportunity cost and worth to implement.

Benefit -Cost ratio (B/C): It is defined as the ratio of the present worth of benefits to the present worth of costs. The selection criteria in financial B/C ratio are accepting all projects where the B/C ratio is greater than discounted at the opportunity cost of capital.
8.6 THE PROJECT

8.6.1TECHNOLOGY
Depending on land topography and other considerations, project cost primarily depends on topographic nature of the area, system design and   irrigation technology options (pumps, diversion, dam sprinkler, drip). Technology type is one factor determining irrigation project cost and the project under study adopt diversion irrigation system from Borta river source. 

8.6.2 COMMAND AREA AND BENEFICIARIES

The benefits and cost flow depend on net irrigable land area and land development plan. Considering water availability and other limiting factors, 70 ha net irrigable area to be effective under irrigation system. The project expected to benefit 90 household beneficiaries. 

8.6.3 PROJECT COST

8.6.3.1 General

Financial analysis requires data on capital cost of the project as well as the yearly ‘operation & maintenance cost’. The capital cost includes cost of construction of all engineering structures and developing infrastructure required for implementation of the project, including access road to project site from the main road. 

Catchment development cost and others has not been included on the project for the purpose of financial analysis. Similarly, accruing benefits due to other economic effect have not been considered for financial analysis.

8.6.3.2 Irrigation infrastructure and system Investment Cost

The irrigation infrastructure and system development cost estimated to birr 7,565,389.63  that  includes some costs such as management and supervision cost (5%), contingency (10%) and VAT (15%). 

	Table 8. 1 Investment Cost(Irrigation Infrastructures and System Development)
	

	I
	Irrigation infrastructure and system development cost
	Estimated Cost
	Remark

	1
	Mobilization and Demobilization
	130,000.00
	 

	2
	Camping
	190,643.00
	 

	3
	Head Work
	1,075,196.10
	 

	4
	Access Road
	195,000.00
	 

	5
	Main canal
	2,125,562.30
	 

	6
	Secondary canals
	980,456.20
	 

	7
	Pond (Night storage)
	240,341.90
	 

	8
	Drainage System
	_
	 

	9
	Irrigation Structures
	 
	 

	9.1
	Dyke
	84,200.00
	 

	9.2
	Foot path, division box, turnout, road crossing and drop structure
	        674,357.80
	 

	 
	Total  Engineering cost
	5,695,757.30
	 

	II
	Management & Supervision cost (5%)
	        284,787.87 
	 

	 
	Total  including management & supervision cost
	5,980,545.17
	 

	 
	Physical Contingency (10%)
	598,054.52
	 

	 
	Total Investment with Physical Contingency 
	     6,578,599.68 
	 

	 
	Grand total Investment with VAT (15%)
	    7,565,389.63 
	 

	Source:- Engineering cost estimate/BOQ
	
	


8.6.3.3 Other farm tools/implements investment cost

With development of the irrigation system, improved farm tools and implements required.  Farm tools are estimated based on the area planned for development (sprayers 1:0.29ha ratio and others tools 5.71/ha on average and 1 motor cycle for management and supervision of the project in the period of project beginning of the project operation. Required list of farm tools and other investment cost estimated to birr 343,700 in the 1st and it should be replaced in the same amount in every five years.  
The motor cycle is for management supervision and expected to be covered by the district irrigation authority office from annual budget. With regards to other cost, farmers used to purchase farm tools for farm activities and this cost are assumed to be covered and financed by household beneficiaries.
8.6.3.4 Replacement cost 

Major irrigation structure and equipment replacement are included in maintenance cost where as farm tools are considered as replacement cost. Farm tools are estimated and assumed for replacement every five years. Motor cycle is for management and supervision activities and assumed from district budget and the other cost is part of operation and maintenance and expected to cover directly or indirectly by target beneficiaries. The summery of this cost showed in the table below. 

	Table 8.2 Summery of Replacement Cost
	

	Year
	Replacement cost

	
	10% of major structure(weir cost)
	 Other Investment cost
	Total

	3
	0
	0
	0

	4
	0
	0
	0

	5
	                                  107,519.61 
	                      343,700.00 
	451,220

	6
	0
	0
	0

	7
	 
	 
	0

	8
	0
	0
	0

	9
	0
	0
	0

	10
	                                  107,519.61 
	                      343,700.00 
	451,220

	11
	0
	0
	0

	12
	 
	 
	0

	13
	0
	0
	0

	14
	0
	0
	0

	15
	                                  107,519.61 
	                      343,700.00 
	451,220

	16
	0
	0
	0

	17
	 
	 
	0

	18
	0
	0
	0

	19
	0
	0
	0

	20
	                                  107,519.61 
	                      343,700.00 
	451,220

	21
	0
	0
	0

	22
	 
	 
	0

	Total
	                                            430,078 
	                         1,374,800.00 
	1,804,878


The replacement cost of other part of operation and maintenance cost are taken 10% of the major structure (i.e. 10% of the weir, MC or other structure).
8.6.3.5 Investment schedule

In most case small scale irrigation project are planned to complete in one year period. However, in order to be realistic some unexpected constraints taken into consideration and some few activities might complete in first quarter of the second year and land development plan assumed to reach full capacity utilization in two years period (1st year 80% and 2nd year  100%). 

8.6.3.6 Operation & Maintenance Cost

Irrigation project expected to wear and tear out and maintenance required to ensuring sustainable operation of the system. This includes replacement cost for purchase and changing major irrigation equipment. Operation cost is the other cost intended for operation and running project as stipulated in project plan and this cost includes farmers and experts/staffs training as capacity building and other running cost. Training cost is assumed for the first two years as capacity building. Maintenance cost in most project analysis assumes 2-10% of investment cost and this project considered 3% of investment cost of irrigation infrastructure assumed as maintenance cost. The detail of O & M is prepared in table 8.3. These costs are expected to incur annually and assumed to be financed by community in the form of labor and financial contribution that requires establishing strong water users association for mobilization of financial and labor contribution for smooth and sustainable service from the proposed irrigation scheme. 

	Table 8.3 Operation and Maintenance Cost
	
	

	Year
	Maintenance Cost
	Operation Cost
	Total

	
	
	Running and Training cost
	Other Miscellaneous cost
	

	0
	0
	0
	0
	0

	3
	            226,961.69 
	       166,248.00 
	0
	  393,209.69 

	4
	            226,961.69 
	       166,248.00 
	0
	  393,209.69 

	5
	            226,961.69 
	0
	0
	  226,961.69 

	6
	            226,961.69 
	0
	0
	  226,961.69 

	7
	            226,961.69 
	0
	0
	  226,961.69 

	8
	            226,961.69 
	0
	0
	  226,961.69 

	9
	            226,961.69 
	0
	0
	  226,961.69 

	10
	            226,961.69 
	0
	0
	  226,961.69 

	11
	            226,961.69 
	0
	0
	  226,961.69 

	12
	            226,961.69 
	0
	0
	  226,961.69 

	13
	            226,961.69 
	0
	0
	  226,961.69 

	14
	            226,961.69 
	0
	0
	  226,961.69 

	15
	            226,961.69 
	0
	0
	  226,961.69 

	16
	            226,961.69 
	0
	0
	  226,961.69 

	17
	            226,961.69 
	0
	0
	  226,961.69 

	18
	            226,961.69 
	0
	0
	  226,961.69 

	19
	            226,961.69 
	0
	0
	  226,961.69 

	20
	            226,961.69 
	0
	0
	  226,961.69 

	21
	            226,961.69 
	0
	0
	  226,961.69 

	22
	            226,961.69 
	0
	0
	  226,961.69 


8.6.3.7 Project Financing 

Farm tools and other replacement cost as well as operation and maintenance cost is to be covered from beneficiaries’ communities. In addition to this, the project investment is expected to be financed with participation of communities that willing to contribute labor and other local materials with total estimated amount to birr 756,539 or about 10% of the total irrigation system investment cost. The remaining project and investment costs expected to be covered and financed from government source. 
8.6.4 Operating and Working capital

8.6.4.1 Operating Capital

Cash would be required to cover temporal cash deficits of annual fixed and variable operational expenses which couldn’t be overcome by the current transaction of the initial operational 1 year period. In line with this, the cost is proposed to be covered by loan capital. Of this, the beneficiary farmers would cover their variable costs through credit arrangement. The operation and maintenance costs are proposed to be covered by the government whereas the beneficiary farmers would be responsible for the periods beyond. The total estimated operating capital for initial operational year 1 is estimated and presented in table below.

	Table 8.4 Estimated Operating Capital
	

	No
	Operating Capital 
	Operating Capital (in Birr)

	1
	Variable Costs
	 

	1.1
	Labour
	                             1,166,270 

	1.2
	Machinery
	_

	1.3
	Seeds
	                               828,398 

	1.4
	Fertilizer –DAP
	                               368,220 

	1.5
	Fertilizer –UREA
	                                 94,838 

	1.6
	Oxen power
	                               403,920 

	1.7
	Weeds controls
	                               168,943 

	1.8
	Packing Material
	                               101,020 

	1.9
	Land Tax
	                                   2,700 

	 
	Sub Total
	                            3,134,308 

	2
	Maintenance and Operation cost(Fixed)
	

	2.1
	Training and running cost (operation cost)
	332,496

	2.2
	Maintenance cost
	226,962

	    2.3
	Farm tools and Equipment cost
	343,700

	 
	Sub Total
	903,158

	 
	Total
	4,037,465.99


8.6.4.2 Working Capital

The working capital includes stocks of input and output, work in progress, accounts receivable and payable as well as cash. The magnitudes of input and output stocks are determined by considering the perishability and seasonality of what is produced. The output and the input stocks are assumed and determined at 0.20% of the output and 0.25% of the input level. Accounts payable and accounts receivables are considered to constitute 2% of output and 3% of output respectively. The real magnitudes however will be revealed during the operation stage. The cash flow of the project includes the requirement of working capital in order to ensure that it includes sufficient cash for the normal operation of the project. The incremental working capital in the final year of the project life will be negative since stocks will be exhausted and accounts settled. The estimated working capital is given in table below.

	Table 8.5 Working Capital Cost
	
	
	
	
	
	

	Year
	Stock of Out puts
	Stock of inputs
	Total Stocks
	Incremental stocks
	Accounts Receivables
	Accounts Payables
	Net Receivables
	Net Incremental Receivables
	Incremental Working Capital

	0
	_
	_
	_
	_
	_
	_
	_
	_
	_

	1
	_
	_
	_
	_
	_
	_
	_
	_
	_

	2
	_
	_
	_
	_
	_
	_
	_
	_
	_

	3
	13,545
	7,836
	21,381
	21,381
	202,125
	134,750
	67,375
	67,375
	88,756

	4
	15,640
	8,024
	23,664
	2,283
	234,600
	156,400
	78,200
	10,825
	13,108

	5
	17,244
	8,097
	25,341
	1,677
	258,660
	172,440
	86,220
	8,020
	9,697

	6
	19,027
	8,138
	27,165
	1,824
	285,405
	190,270
	95,135
	8,915
	10,739

	7
	20,856
	8,254
	29,110
	1,945
	312,840
	208,560
	104,280
	9,145
	11,090

	8
	20,856
	8,254
	29,110
	-
	312,840
	208,560
	104,280
	-
	-

	9
	20,856
	8,254
	29,110
	-
	312,840
	208,560
	104,280
	-
	-

	10
	20,856
	8,254
	29,110
	-
	312,840
	208,560
	104,280
	-
	-

	11
	20,856
	8,254
	29,110
	-
	312,840
	208,560
	104,280
	-
	-

	12
	20,856
	8,254
	29,110
	-
	312,840
	208,560
	104,280
	-
	-

	13
	20,856
	8,254
	29,110
	-
	312,840
	208,560
	104,280
	-
	-

	14
	20,856
	8,254
	29,110
	-
	312,840
	208,560
	104,280
	-
	-

	15
	20,856
	8,254
	29,110
	-
	312,840
	208,560
	104,280
	-
	-

	16
	20,856
	8,254
	29,110
	-
	312,840
	208,560
	104,280
	-
	-

	17
	20,856
	8,254
	29,110
	-
	312,840
	208,560
	104,280
	-
	-

	18
	20,856
	8,254
	29,110
	-
	312,840
	208,560
	104,280
	-
	-

	19
	20,856
	8,254
	29,110
	-
	312,840
	208,560
	104,280
	-
	-

	20
	20,856
	8,254
	29,110
	-
	312,840
	208,560
	104,280
	-
	-

	21
	20,856
	8,254
	29,110
	-
	312,840
	208,560
	104,280
	-
	-

	22
	20,856
	8,254
	29,110
	-
	312,840
	208,560
	104,280
	-
	-

	23
	0
	0
	0
	(29,110)
	-
	-
	0
	(104,280)
	(133,390)


8.6.4.3 Total Investment cost

The total investment cost considering of initial investment cost, contingency, working capital and operating capital is summarized and presented as in the following table.

	Table-8. 6 Total Estimated Investment Cost
	

	No
	Cost Classification
	Cost(ETB)

	1
	Initial Investment 
	 

	1.1
	Initial Investment Cost
	5,695,757.30

	1.2
	Management & Supervision cost (5%)
	284,787.87

	1.3
	Physical Contingency (10%)
	598,054.52

	 
	 VAT (15%)
	986,789.95

	2
	Sub Total
	7,565,389.63

	2.1
	Operating and Working Capital
	

	2.2
	Operating  Capital
	4,037,465.99

	 
	Working Capital
	133,390

	 
	Sub Total
	4,170,856.18

	
	Total
	11,736,245.81


8.6.4.4 Annual Operating Cost

The operating costs are composed of the annual variable and fixed costs. All of the annual costs to be incurred on recurring basis for production, maintenance, raw materials, manpower, and other expenses are included under the cost category of operating costs, and it is shown in the below table.

	
	Table: 8.7  Annual Fixed and Variable Operating Costs
	
	
	
	
	
	
	
	

	No
	Items
	3rd year =1
	4th year =2
	5th year =3
	6th year =4
	7th year= 5
	8th year =6
	9th year =7
	10th year =8
	11th-22th year
	Total
	

	1
	Variable Costs
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	

	1.1
	Labour
	1,166,270
	1,173,900
	1,184,610
	1,189,370
	1,215,270
	1,215,270
	1,215,270
	1,215,270
	14,583,240
	24,158,470
	

	1.2
	Seed
	828,398
	872,042
	881,382
	885,513
	892,910
	892,910
	892,910
	892,910
	10,714,920
	17,753,895
	

	1.3
	Fertilizer –DAP
	368,220
	375,440
	377,245
	381,758
	384,465
	384,465
	384,465
	384,465
	4,613,580
	7,654,103
	

	1.4
	Fertilizer –Urea
	94,838
	95,850
	96,525
	97,031
	98,550
	98,550
	98,550
	98,550
	1,182,600
	1,961,044
	

	1.5
	Pesticides
	168,943
	177,744
	177,942
	179,097
	177,942
	177,942
	177,942
	177,942
	2,135,304
	3,550,798
	

	1.6
	Oxen power
	403,920
	406,800
	411,120
	412,560
	421,200
	421,200
	421,200
	421,200
	5,054,400
	8,373,600
	

	1.7
	Sacks
	101,020
	104,980
	107,300
	107,280
	108,540
	108,540
	108,540
	108,540
	1,302,480
	2,157,220
	

	1.8
	Land Tax
	2,700
	2,720
	2,740
	2,760
	2,800
	2,800
	2,800
	2,800
	33,600
	55,720
	

	 
	Sub total
	3,134,308
	3,209,476
	3,238,864
	3,255,369
	3,301,677
	3,301,677
	3,301,677
	3,301,677
	39,620,124
	65,664,849
	

	2
	Fixed costs
	736,910
	226,961.69
	226,961.69
	226,961.69
	226,961.69
	226,961.69
	226,961.69
	226,961.69
	2,723,540
	5,049,182
	

	 
	Total
	3,871,218
	3,436,438
	3,465,826
	3,482,331
	3,528,639
	3,528,639
	3,528,639
	3,528,639
	42,343,664
	70,714,031
	

	 
	 
	 Note: 3rd year considered in operating capital
	 
	 
	 
	 
	 
	 
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	

	NB: Construction period takes two years, Operation phase will be start from 3rd year(i.e. 1st year = 3rd year, 2nd year = 4th , 3rd =5th,
	
	
	
	

	4th = 6th,…… and 20th = 22th year
	
	
	
	
	
	
	
	
	
	


8.7 Comparison of with and without project situation 

The analysis considered two situations, with and without project. The financial analysis computed by considering cropping pattern, benefit and cost flow under the two situations.

8.7.1 WITHOUT PROJECT

8.7.1.1 Cropping pattern and land allocation

The existing cropping pattern dominates by maize, sorghum, ground nut and pepper are the major crops growing in rain fed agricultural production and maize, potato, tomato and cabbage are crops growing by traditional irrigation. 

The without project of existing cropping patterns as indicated by maize, sorghum, ground nut and pepper accounts about 12%, 52%, 16% and 20% of the total irrigated land respectively by rainfall and maize, potato, cabbage and tomato accounts 15%, 25%, 10% and 50% respectively by traditional irrigation. Land development of without project is indicated in table 8.8 below.

	Table 8.8 Without project/Existing cropping Pattern (%)
	

	No
	Existing Crops
	Ha
	%

	1
	Wet Season
	
	

	1.1
	Maize
	6
	12.00

	1.2
	Sorghum
	26
	52.00

	1.3
	Ground Nut
	8
	16.00

	1.4
	Pepper
	10
	20.00

	
	Total
	50
	100

	2
	Dry Season
	
	

	2.1
	Maize
	3
	15

	2.2
	Potato
	5
	25

	2.3
	Cabbage
	2
	10

	2.4
	Tomato
	10
	50

	Source: Agronomy Data
	
	


8.7.1.2 Farm input and yield estimates

At existing condition farmers at the project area are using local seed for maize, sorghum, ground nut, pepper, potato, tomato and cabbage and also no application of commercial fertilizers except maize.  Farming system and technology is traditional hand tools and oxen plough commonly, sacks are used as packing materials and labor is used for land preparation. 

8.7.1.3 Farm cost and income

In order to estimate the incremental income which will be obtained as result of the project, it is necessary to estimate the benefit of the “without” project situations. Without project situations production estimated and the total annual farm cost estimated to be birr 517,867 and total farm income of birr 2,144,450 and the annual net return amounts   to birr 1,626,583 at the project begin and birr 189,853 at the end of the project is shown in table 8.9 below.

	
	
	

	


Table 8.9 without Project Farm Income

	Rain fed Agricultural

	Return/Ha
	Descriptions
	Unit
	Types of Crops
	

	
	
	
	Maize
	Sorghum
	Ground Nut
	Pepper
	Total

	
	Yield
	Qt
	30
	35
	21
	15
	

	
	Price
	Br/Qt
	350
	345
	3,000
	3,000
	

	
	Gross Return
	Br/Ha
	10,500
	12,075
	63,000
	45,000
	130,575

	Cost/Ha
	Total
	Br/Ha
	8,170
	4,679
	6,520
	8,365
	27,734

	Net Return/Ha
	Br/Ha
	2,330
	7,396
	56,480
	36,635
	102,841

	Total Land area
	Ha
	6
	26
	8
	10
	

	Total Return
	Br
	63,000
	313,950
	504,000
	450,000
	1,330,950

	Total Cost
	Br
	49,020
	121,654
	52,160
	83,650
	306,484

	Net Return
	Br
	13,980
	192,296
	451,840
	366,350
	1,024,466

	Traditional Irrigation
	

	Return/Ha
	Descriptions
	Unit
	Types of Crops
	

	
	
	
	Maize
	Potato
	Cabbage
	Tomato
	Total

	
	Yield
	Qt
	30
	70
	80
	85
	

	
	Price
	Br/Qt
	350
	700
	700
	500
	

	
	Gross Return
	Br/Ha
	10,500
	49,000
	56,000
	42,500
	158,000

	Cost/Ha
	Total
	Br/Ha
	5,015
	19,930
	7,169
	8,235
	40,349

	Net Return/Ha
	Br/Ha
	5,485
	29,070
	48,831
	34,265
	117,651

	Total Land area
	Ha
	3
	5
	2
	10
	

	Total Return
	Br
	31,500
	245,000
	112,000
	425,000
	813,500

	Total Cost
	Br
	15,045
	99,650
	14,338
	82,350
	211,383

	Net Return
	Br
	16,455
	145,350
	97,662
	342,650
	602,117

	Total Net Return
	
	Br
	
	
	
	
	1,626,583


8.7.2 ‘With’ the Project Situation

8.7.2.1 Cropping pattern

Wet and dry season production considered and there are diversified crops proposed with project development. Crops such as maize, potato, tomato, onion, cabbage and pepper are proposed dry season (full irrigation) and maize, potato, cabbage, onion and pepper are wet season proposed crops. 

8.7.2.2 Land Development Plan

As data obtained from agronomy report, the proposed cropping pattern and land development plan, crop coverage in each year computed in table 8.10 

	Table 8.10  PROPOSED CROPPING CALANDER (cropping intensity) 70 hectare
	
	

	Land Development Plan and Cropping(Ha)

	No
	Types of Crop
	Year 1
	Year 2
	Year 3
	Year 4
	5-20 years

	
	
	Ha
	%
	Ha
	%
	Ha
	%
	Ha
	%
	Ha
	%

	I
	Wet Season
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	1
	Potato
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	2
	Onion
	11
	17
	11
	17
	12
	18
	12
	18
	12
	17

	3
	Cabbage
	20
	31
	22
	33
	22
	33
	22
	32
	23
	33

	4
	Maize
	5
	8
	5
	8
	6
	9
	6
	9
	6
	9

	5
	Pepper 
	7
	11
	7
	11
	7
	10
	7
	10
	7
	10

	 
	Sub Total 
	22
	34
	21
	32
	20
	30
	21
	31
	22
	31

	II
	Dry Season
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	1
	Maize
	8
	11
	6
	9
	5
	7
	6
	9
	5
	7

	2
	Potato
	15
	21
	16
	23
	18
	26
	16
	23
	18
	26

	3
	Tomato
	10
	14
	12
	17
	12
	17
	12
	17
	12
	17

	4
	Onion
	18
	26
	18
	26
	14
	20
	18
	26
	14
	20

	5
	Cabbage
	5
	7
	5
	7
	6
	9
	5
	7
	6
	9

	6
	Pepper 
	14
	20
	13
	19
	15
	21
	13
	19
	15
	21

	 
	Sub Total
	70
	100
	70
	100
	70
	100
	70
	100
	70
	100

	 
	Total  
	135
	 
	136
	 
	137
	 
	138
	 
	140
	 

	 
	Cropping Intensity
	193
	 
	194
	 
	196
	 
	197
	 
	200
	 

	Source: Agronomy Data
	
	
	
	
	
	
	
	
	

	NB: Construction period takes two years, Operation phase will be start from 3rd year (i.e. 1st year = 3rd year, 2nd year = 4th, 3rd =5th,    4th =6th… and 20th =22th year.                   
	

	
	             
	
	
	
	
	
	
	
	


8.7.2.3 Input and farm cost

Development of the irrigation project expected to increase yield and productivity with optimum application of agricultural input. Farm input and cost as well as expected gross and net return under with project situation computed and shown in appendix 8.6 

8.7.2.4 Yield build up

Crop yield is mainly estimated based on the level of crop management, required practices, availability of agricultural inputs, proper extension activities, and existing climatic situations for crop production and other considerations like observation of existing yield condition, anticipated research output and etc. Considering these parameters, the following yield projection is given by the agronomist as shown in table 8.11 below.

	Table 8.11 Yield Build -up for " with " the Project 
	

	No
	Type of Crops
	Yield With Project Condition Qt/Hectare /year
	

	
	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	

	I
	 
	Dry season 
	

	1
	Maize
	30
	40
	50
	50
	50
	50
	50
	50
	50
	50
	

	2
	Potato
	70
	80
	100
	110
	120
	120
	120
	120
	120
	120
	

	3
	Tomato
	85
	90
	100
	120
	130
	130
	130
	130
	130
	130
	

	4
	Onion
	60
	65
	70
	75
	80
	80
	80
	80
	80
	80
	

	5
	Cabbage
	80
	90
	95
	100
	110
	110
	110
	110
	110
	110
	

	6
	Pepper 
	15
	18
	18
	20
	22
	22
	22
	22
	22
	22
	

	II
	 
	Wet season
	

	1
	Potato
	70
	80
	100
	110
	120
	120
	120
	120
	120
	120
	

	2
	Onion
	60
	65
	70
	75
	80
	80
	80
	80
	80
	80
	

	3
	Cabbage
	80
	90
	95
	100
	110
	110
	110
	110
	110
	110
	

	4
	Maize
	30
	40
	50
	50
	50
	50
	50
	50
	50
	50
	

	5
	Pepper 
	15
	18
	18
	20
	22
	22
	22
	22
	22
	22
	

	Source: Agronomy Data
	
	
	
	
	
	
	
	
	

	NB: Construction period takes two years, Operation phase will be start from 3rd year(i.e. 1st year = 3rd year, 

	2nd year = 4th , 3rd =5th, 4th = 6th,…… and 20th = 22th year
	
	
	
	


8.7.2.5 Price of input and output

Price used in the analysis is farm gate price that farmers receive as farm income and hence price of output used the farm gate price collected at project area. Sometimes price collected tends to reflect the retail price and in such case retail price changed to producer price by deducting 10% as market cost from the retail price.

8.7.2.6 Farm Budget and net Incremental return

Farm budget is prepared for both wet and dry seasons. The dry and wet seasons annual net return are Birr 3,603,192 Birr 4,610,524, Birr 5,383,136 and 6,258,131 starting from 1st year to 4th  year respectively and Birr 7,126,323 from 5th year to 20th year. These annual total cost, annual return and annual net return are shown table 8.12, table 8.13 and table 8.14 below.

	Table 8.12 With Project return and cost  Dry season

	No
	 Crops
	Description
	Unit
	Project Years

	
	
	
	
	Year 1
	Year 2
	Year 3
	Year 4
	Year 5-20

	1
	Maize
	Area
	Ha
	8
	6
	5
	6
	5

	
	
	Gross Return/Ha
	Br
	10,500
	14,000
	17,500
	17,500
	17,500

	
	
	Total Gross Return
	Br
	84,000
	84,000
	87,500
	105,000
	87,500

	
	
	Cost/Ha
	Br
	15,646.00
	15,646.00
	15,646.00
	15,646.00
	15,646.00

	
	
	Total Cost
	Br
	125,168
	93,876
	78,230
	93,876
	78,230

	
	
	Net Return
	Br
	(41,168)
	(9,876)
	9,270
	11,124
	9,270

	2
	Potato
	Area
	Ha
	15
	16
	18
	16
	18

	
	
	Gross Return/Ha
	Br
	49,000
	56,000
	70,000
	77,000
	84,000

	
	
	Total Gross Return
	Br
	735,000
	896,000
	1,260,000
	1,232,000
	1,512,000

	
	
	Cost/Ha
	Br
	31,115.50
	31,115.50
	31,115.50
	31,115.50
	31,115.50

	
	
	Total Cost
	Br
	466,733
	497,848
	560,079
	497,848
	560,079

	
	
	Net Return
	Br
	268,268
	398,152
	699,921
	734,152
	951,921

	3
	Tomato
	Area
	Ha
	10
	12
	12
	12
	12

	
	
	Gross Return/Ha
	Br
	42,500
	45,000
	50,000
	60,000
	65,000

	
	
	Total Gross Return
	Br
	425,000
	540,000
	600,000
	720,000
	780,000

	
	
	Cost/Ha
	Br
	32,654.00
	32,654.00
	32,654.00
	32,654.00
	32,654.00

	
	
	Total Cost
	Br
	326,540
	391,848
	391,848
	391,848
	391,848

	
	
	Net Return
	Br
	98,460
	148,152
	208,152
	328,152
	388,152

	4
	Onion
	Area
	Ha
	18
	18
	14
	18
	14

	
	
	Gross Return/Ha
	Br
	72,000
	78,000
	84,000
	90,000
	96,000

	
	
	Total Gross Return
	Br
	1,296,000
	1,404,000
	1,176,000
	1,620,000
	1,344,000

	
	
	Cost/Ha
	Br
	24,283.20
	24,283.20
	24,283.20
	24,283.20
	24,283.20

	
	
	Total Cost
	Br
	437,098
	437,098
	339,965
	437,098
	339,965

	
	
	Net Return
	Br
	858,902
	966,902
	836,035
	1,182,902
	1,004,035

	5
	Cabbage
	Area
	Ha
	5
	5
	6
	5
	6

	
	
	Gross Return/Ha
	Br
	56,000
	63,000
	66,500
	70,000
	77,000

	
	
	Total Gross Return
	Br
	280,000
	315,000
	399,000
	350,000
	462,000

	
	
	Cost/Ha
	Br
	14,777.29
	14,777.29
	14,777.29
	14,777.29
	14,777.29

	
	
	Total Cost
	Br
	73,886
	73,886
	88,664
	73,886
	88,664

	
	
	Net Return
	Br
	206,114
	241,114
	310,336
	276,114
	373,336

	6
	Pepper 
	Area
	Ha
	14
	13
	15
	13
	15

	
	
	Gross Return/Ha
	Br
	45,000
	54,000
	54,000
	60,000
	66,000

	
	
	Total Gross Return
	Br
	630,000
	702,000
	810,000
	780,000
	990,000

	
	
	Cost/Ha
	Br
	19,265.00
	19,265.00
	19,265.00
	19,265.00
	19,265.00

	
	
	Total Cost
	Br
	269,710
	250,445
	288,975
	250,445
	288,975

	
	
	Net Return
	Br
	360,290
	451,555
	521,025
	529,555
	701,025

	NB: Construction period takes two years, Operation phase will be start from 3rd year(i.e. 1st year = 3rd year, 

	2nd year = 4th , 3rd =5th, 4th = 6th,…… and 20th = 22th  year
	
	
	
	


	Table 8.13 With Project return and cost  Wet season

	No
	 Crops
	Description
	Unit
	Project Years

	
	
	
	
	Year 1
	Year 2
	Year 3
	Year 4
	Year 5-20

	1
	Maize
	Area
	Ha
	7
	7
	7
	7
	7

	
	
	Gross Return/Ha
	Br
	10,500
	14,000
	17,500
	17,500
	17,500

	
	
	Total Gross Return
	Br
	73,500
	98,000
	122,500
	122,500
	122,500

	
	
	Cost/Ha
	Br
	15,646.00
	15,646.00
	15,646.00
	15,646.00
	15,646.00

	
	
	Total Cost
	Br
	109,522
	109,522
	109,522
	109,522
	109,522

	
	
	Net Return
	Br
	(36,022)
	(11,522)
	12,978
	12,978
	12,978

	2
	Potato
	Area
	Ha
	11
	11
	12
	12
	12

	
	
	Gross Return/Ha
	Br
	49,000
	56,000
	70,000
	77,000
	84,000

	
	
	Total Gross Return
	Br
	539,000
	616,000
	840,000
	924,000
	1,008,000

	
	
	Cost/Ha
	Br
	31,115.50
	31,115.50
	31,115.50
	31,115.50
	31,115.50

	
	
	Total Cost
	Br
	342,271
	342,271
	373,386
	373,386
	373,386

	
	
	Net Return
	Br
	196,730
	273,730
	466,614
	550,614
	634,614

	3
	Onion
	Area
	Ha
	20
	22
	22
	22
	23

	
	
	Gross Return/Ha
	Br
	72,000
	78,000
	84,000
	90,000
	96,000

	
	
	Total Gross Return
	Br
	1,440,000
	1,716,000
	1,848,000
	1,980,000
	2,208,000

	
	
	Cost/Ha
	Br
	24,283.20
	24,283.20
	24,283.20
	24,283.20
	24,283.20

	
	
	Total Cost
	Br
	485,664
	534,230
	534,230
	534,230
	558,514

	
	
	Net Return
	Br
	954,336
	1,181,770
	1,313,770
	1,445,770
	1,649,486

	4
	Cabbage
	Area
	Ha
	5
	5
	6
	6
	6

	
	
	Gross Return/Ha
	Br
	49,000
	63,000
	66,500
	70,000
	77,000

	
	
	Total Gross Return
	Br
	245,000
	315,000
	399,000
	420,000
	462,000

	
	
	Cost/Ha
	Br
	14,777.45
	14,777.45
	14,777.45
	14,777.45
	14,777.45

	
	
	Total Cost
	Br
	73,887
	73,887
	88,665
	88,665
	88,665

	
	
	Net Return
	Br
	171,113
	241,113
	310,335
	331,335
	373,335

	5
	Pepper 
	Area
	Ha
	22
	21
	20
	21
	22

	
	
	Gross Return/Ha
	Br
	45,000
	54,000
	54,000
	60,000
	66,000

	
	
	Total Gross Return
	Br
	990,000
	1,134,000
	1,080,000
	1,260,000
	1,452,000

	
	
	Cost/Ha
	Br
	19,265.00
	19,265.00
	19,265.00
	19,265.00
	19,265.00

	
	
	Total Cost
	Br
	423,830
	404,565
	385,300
	404,565
	423,830

	
	
	Net Return
	Br
	566,170
	729,435
	694,700
	855,435
	1,028,170

	NB: Construction period takes two years, Operation phase will be start from 3rd year(i.e. 1st year = 3rd year, 

	2nd year = 4th , 3rd =5th, 4th = 6th,…… and 20th = 22th year
	
	
	


8.8. Incremental return

It is also important to look the incremental net return of the project. The net incremental return is the annual incremental income of the project computed by deducting without project net return from with project total net return. As conducted from with and without project situation, by calculating annual cost and return, the annual net incremental return of the proposed project are Birr 1,976,609, Birr 2,983,941, Birr 3,756,553 and Birr 4,631,548 from 1st year to 4th year respectively and Birr 5,499,740 from 5th year to 20th year.

	Table- 8.14 Summary of  Annual return and cost in both seasons

	Description
	Unit
	Project Years

	
	
	Year 1
	Year 2
	Year 3
	Year 4
	Year 5-20

	Total Return(Dry and Wet Seasons)
	Br
	6,737,500
	7,820,000
	8,622,000
	9,513,500
	10,428,000

	Total Cost (Dry and Wet Seasons)
	Br
	3,134,308
	3,209,476
	3,238,864
	3,255,369
	3,301,677

	Annual Total Net Return with project
	Br
	3,603,192
	4,610,524
	5,383,136
	6,258,131
	7,126,323

	Annual Total Net Return without project
	Br
	1,626,583
	1,626,583
	1,626,583
	1,626,583
	1,626,583

	Annual Net incremental Return
	Br
	1,976,609
	2,983,941
	3,756,553
	4,631,548
	5,499,740

	NB: Construction period takes two years, Operation phase will be start from 3rd year(i.e. 1st year = 3rd year, 

	2nd year = 4th , 3rd =5th, 4th = 6th,…… and 20th = 22th year
	
	
	


8.9. Cost Sharing

(i) Total Investment and Operating Costs: 

The total cost of the project that would be required over the entire life of the project consists of investment costs including initial, operating & working capital as well as annual operating costs (including income tax). As the project is planned to be developed for benefiting the farmers, they are in the meantime expected to cover the entire cost by themselves. However, as the magnitude of the financial requirement is very huge, full cost coverage by the beneficiary farmers alone is found to be very difficult. Unless significant portion of the cost of development is covered by others, the implementation of the project would be a difficult task due to a constraint of financial resources. The project therefore requires the availability of grant, loan as well as own financial resources of the beneficiaries. The loan capital would be recovered by the government on long term basis while the beneficiary farmers would cover mainly their annual operating expenses.

(ii). Government: 

The operation and maintenance costs which would be required in the first year of operation are proposed and will be covered by the government. Moreover, it will cover the entire investment costs for the sake of developing the national economy.

(iii) Beneficiaries: 

The beneficiaries would cover all of the annual operating fixed and variable expenses out of the income to be generated. Of this, the beneficiary farmers would cover their variable costs of year 1 through credit arrangement. Moreover, the beneficiary farmers would be responsible to cover operation and maintenance costs of the system for the periods beyond year 1. The Table below shows the share of costs among government and farmers.

	Table 8.15 Cost Sharing of the Project
	
	
	
	
	
	

	No
	Cost Classification
	Source of Finance in ETB
	Share of Financers in %

	
	
	Government
	Farmers
	Total
	Government
	Farmers
	Total

	1
	Initial Investment
	 
	 
	 
	 
	 
	 

	1.1
	Initial Investment Cost
	5,126,182
	569,576
	5,695,757
	90%
	10%
	100%

	1.2
	Management & Supervision cost (5%)
	256,309
	28,479
	284,788
	90%
	10%
	100%

	1.3
	Physical contingency (10%)
	538,249
	59,805
	598,055
	90%
	10%
	100%

	1.4
	VAT (15%)
	888,111
	98,679
	986,790
	90%
	10%
	100%

	 
	Sub Total
	6,808,851
	756,539
	7,565,390
	90%
	10%
	100%

	1.5
	Operating and Working Capital
	
	
	
	
	
	

	1.5.1
	Operating Capital
	559,458
	3,478,008
	4,037,465.99
	14%
	86%
	100%

	1.5.2
	Working Capital
	0
	133,390
	133,390
	0%
	100%
	100%

	 
	Sub Total
	559,458
	3,611,398
	4,170,856
	13%
	87%
	100%

	 
	Total
	7,368,308
	4,367,937
	11,736,246
	63%
	37%
	100%

	2
	Replacement Cost
	0
	1,804,878
	1,804,878
	0%
	100%
	100%

	3
	Annual operating Costs
	0
	66,842,813
	66,842,813
	0%
	100%
	100%

	 
	Income Tax
	0
	56,000
	56,000
	0%
	100%
	100%

	 
	Grand Total
	7,368,308
	73,071,629
	80,439,937
	9%
	91%
	100%


8.10 Financial Analysis Results

The financial analysis was carried out after developing all the available assumptions and parameters. The magnitude of the returns will also reflect the extent of incentive for the farmers. The financial analysis results are presented in Table-8.16 using NPV criterion, the project earns a net present value of ETB 18,460,866. That is, since the NPV is positive, the project is recommended for implementation. As the finding in Table -8.16 depicts, using the IRR criterion, the project earns 34%, exceed the opportunity cost of capital (11%), indicating the viability of the project. Based on the B/C ratio criterion, the project is viable to implement because 1.76 is greater than 1. 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 8.16 Financial Analysis Result

	Viability Indicators
	Unit
	Result

	FNPV
	Birr
	18,460,866

	FIRR
	%
	34%

	FBC
	Ratio
	1.76


8. 11. Sensitivity analysis

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 results of uncertainties and risks associated with the project.

 Sensitivity analysis for this project was carried out under the following major variables.

A) Increasing the investment cost of the project by 10% remaining other factors constant;

B) Decreasing the benefit of the project by 10% remaining the factors constant;

C) The simultaneous increases of investment cost by 10% and decrease of benefit by 10% remaining other factors constant.

The results show the project is still viable under the sensitivity test scenarios and meet viability requirement as the summary of sensitivity test result indicated in Table 8.17 below.
Table-8.17: Sensitivity Analysis

	Ser. No
	Conditions
	Financial analysis results

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

	1
	Base values
	18,460,866
	34%
	1.76

	2
	Investment Cost by 10% other things remain constant
	17,533,371
	31%
	1.69

	3
	Benefit by 10% other things remain constant
	12,927,417
	28%
	1.53

	4
	Investment Cost by 10% and  benefit by 10% simultaneously O. + F.R.C
	11,999,922
	26%
	1.47


8.12. Conclusion 

As it is observed from both base value and sensitivity analysis result, the project becomes viable if it is implemented. Therefore, based on financial analysis result the implementation of the project is more visible if its implementation will be carrying out.   
APPENDIXIES  
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Appendix.2 Soil Profile
Appendix.3.1. SOIL PROFILE DESCRIPTION SHEET

	LOCATION:- Kure Gayib
	MAP SHEET:-1
	FIELD No:-1

	SUTOR(S):- Marara Abera
	MAPPING UNIT:- 1
	GRIDREFERANCE:  E-034.81176

	SOIL CLASSIFICATION(FAO)
	DATE :-
	COORDINATE:-N-08.47933

	SORROUNDING LAND FORM:-moderately slopping
	PHASE:-

	PHYSIOGRAPHIC POSITION, Slope: - (2-3 %)
	ROCK OUT CROPS: present

	MICROTOPOGRAPHY: Flat 
	ELEVATION:-1574m

	VEGETATION/LAND USE:-Annual crop land 
	SLOPE:-2-3%

	PARENT MATERIALS:-Sedimentary rocks
	POUNDING :-none

	FLOODING: sheet erosion present
	SEEPAGE :-none

	PERMEABILITY: medium
	DRAINAGE :Well drained

	SURFACE STONINESS/GRAVEL:- None
	MOISTURE CONDITION  :-Moist

	EROSION/ a)at the site:- sheet erosion present    b) surrounding:- Moderate Rill erosion

	CRACK: Locally)DEPHT:-none                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              b)WIDH:-                      c) FREQUENCY: -


HORIZON DESCRIPTION

	No
	DESCRIPTION
	                                                  

	1
	HORIZON SYMBOL
	A
	B
	C

	2
	DEPTH(CM)
	0-30cm
	30-75cm
	>75cm

	3
	COLOR
	darjk
	dark brown
	reddish

	4
	MOLTING
	None
	none
	none

	5
	TEXTURE
	Sandy  Loam
	sandy loam
	

	6
	STRUCTURE
	granular
	spherical
	

	7
	CRACK
	none
	none
	

	8
	CONSISTENCE
	Dry
	not dry
	not dry
	

	
	
	Moist
	moist when add water
	not moist
	

	
	
	Wet
	not sticky
	slightly sticky
	

	9
	CEMENTATION
	None
	
	

	10
	PORES
	medium pore size
	
	

	11
	ROCK FRAGMENT
	None
	
	

	12
	MINERAL NODULES
	none
	
	

	13
	CACO3
	none
	
	

	14
	BOUNDARY
	_
	
	

	15
	PH
	-
	
	

	16
	DIAGNOSTIC HORIZONES            a)SURFACE                                                                             b) SUB SURFACE

	17
	DIAGNOSTIC PROPERTIES             a) DEPTH


Appendix 3.2 SOIL PROFILE DESCRIPTION SHEET


	LOCATION:- Kure Gayib
	MAP SHEET:- 2
	FIELD No:-2

	SUTOR(S) :- Marara Abera
	MAPPING UNIT:-2
	GRID REFERANCE:- E-034.81746

	SOIL CLASSIFICATION(FAO)
	DATE :-
	COORDINATE:-N-08.47734

	SORROUNDING LAND FORM:- moderately slopping
	PHASE:-

	PHYSIOGRAPHIC POSITION, Slope: - (2-3 %)
	ROCK OUT CROPS :-None

	MICROTOPOGRAPHY:-living house is present at the top of it 
	ELEVATION:- 1569

	VEGETATION/LAND USE:_ Annual crop land
	SLOPE:-2-3%

	PARENT MATERIALS:- Sedimentary rocks
	POUNDING :-not present

	FLOODING: None
	SEEPAGE :-none

	PERMEABILITY:-medium
	DRAINAGE : well drained

	SURFACE STONINESS/GRAVEL:_ None
	MOISTURE CONDITION :moist 

	EROSION/ a)at the site:- sheet erosion present    b) surrounding :rill erosion present 


	CRACK,  None or Locally   a)DEPHT:_                           b)WIDH:_                          c) FREQUENCY:_


HORIZON DESCRIPTION

	No
	DESCRIPTION
	                                       HORIZON SYMBOL

	
	
	
	
	

	1
	HORIZON SYMBOL
	
	
	

	2
	DEPTH(CM)
	
	
	

	3
	COLOR
	
	
	

	4
	MOLTING
	None
	
	

	5
	TEXTURE
	Sandy Clay Loam
	
	

	6
	STRUCTURE
	Medium
	
	

	7
	CRACK
	Slightly present
	
	

	8
	CONSISTENCE
	slightly hard
	slightly hard
	
	

	
	
	Friable
	Friable
	
	

	
	
	Slightly sticky
	Slightly sticky
	
	

	9
	CEMENTATION
	None
	
	

	10
	PORES
	Common
	
	

	11
	ROCK FRAGMENT
	None
	
	

	12
	MINERAL NODULES
	Fairly Present
	
	

	13
	CACO3
	Fairly visible
	
	

	14
	BOUNDARY
	_
	
	

	15
	PH
	Very moderate acidic reaction
	
	

	16
	DIAGNOSTIC HORIZONES            a)SURFACE                                                                             b) SUB SURFACE

	17
	DIAGNOSTIC PROPERTIES             a) DEPTH


Appendix.3.Bill of Quantities

Appendix 7.1 Bill of quantities

	BOQ
	Unit
	Quantities
	Unit cost
	Total Cost

	S/No
	Activities
	
	
	
	

	1
	Mobilization and demobilization
	LS
	2
	65000.0
	130000.0

	2
	Access road
	km
	 
	 
	 

	2.1
	Maintenance of access road(0.3 and 6m, depth & width respectively)
	km
	2
	10000.0
	20000.0

	2.2
	construction of field road(0.3,6m, depth and width respectively)
	km
	3
	15000.0
	45000.0

	 
	Sub total
	 
	 
	 
	195000.0

	3
	Camp construction
	 
	 
	 
	 

	3.1
	Site clearing
	m2
	60
	10.0
	600.0

	3.2
	Excavation
	m3
	20
	120.0
	2400.0

	3.3
	Masonry works(1:4 )
	m3
	20
	1296.8
	25936.7

	3.4
	Hard core
	m3
	15
	989.7
	14845.9

	3.5
	Concrete
	m3
	10
	3628.3
	36282.7

	3.6
	Cement
	Br/qtl
	120
	571.7
	68600.0

	3.7
	Walling
	m2
	81
	388.3
	31448.3

	3.8
	Roofing
	m2
	81
	130.0
	10530.0

	 
	Sub total
	 
	 
	 
	190643.5

	4
	Head work
	 
	 
	 
	 

	4.1
	Weir
	 
	 
	 
	 

	4.1.1
	Coffer Dam
	m3
	2500
	50.0
	125000.0

	4.1.2
	soft rock excavation
	m3
	60
	100.0
	6000.0

	4.1.3
	Hard rock excavation
	m3
	30
	120.0
	3600.0

	4.1.4
	Site clearing
	m2
	300
	5.0
	1500.0

	4.1.5
	Structural excavation of clay soil to a depth(Not exceeding 2.5m including  disposal up to 50cm)
	m3
	320
	100.0
	32000.0

	 
	Carting away of the excavated materials
	m3
	300
	40.0
	12000.0

	 
	Mass concrete
	m3
	 
	3628.3
	0.0

	4.1.7
	Hard core
	m3
	50
	989.7
	49486.3

	4.1.8
	Masonry work(1:3)
	m3
	250
	1296.8
	324208.3

	4.1.9
	Plastering(1:3)
	m2
	160
	226.5
	36240.4

	 
	Sub total
	 
	 
	 
	590035.0

	4.2
	Apron
	 
	 
	 
	 

	4.2.1
	Excavation
	m3
	120
	120.0
	14400.0

	4.2.2
	A gravel filter
	M3
	15
	1296.8
	19452.5

	4.2.3
	U/s Masonry
	M3
	40
	1296.8
	51873.3

	4.2.4
	D/s Masonry
	m3
	120
	1296.8
	155620.0

	4.2.5
	Plastering
	m2
	100
	226.5
	22650.3

	 
	Sub total
	 
	 
	 
	263996.1

	5
	Wing wall
	 
	 
	 
	 

	5.1
	Structural excavation of clay soil(2m depth with 50cm disposal)
	m3
	30
	120.0
	3600.0

	5.1.1
	Compacted back filling
	m3
	30
	750.0
	22500.0

	5.1.2
	Masonry works(1:3 )
	m3
	80
	1296.8
	103746.7

	5.1.3
	Plastering(1:3)
	m2
	60
	226.5
	13590.2

	 
	Sub total
	 
	 
	 
	143436.8

	5.2
	Dyke(on left side)
	 
	 
	 
	 

	5.2.1
	Site clearing
	m2
	200
	40.0
	8000.0

	5.2.2
	Excavation(removal of top soil to a depth not exceeding 0.5m)
	m3
	60
	120.0
	7200.0

	5.2.3
	filling of selected clay(transported and compacted by machinery)
	m3
	230
	300.0
	69000.0

	 
	Sub total
	 
	 
	 
	84200.0

	5.3
	Riprap
	 
	 
	 
	 

	5.3.2
	D/s  riprap
	m3
	10
	390.0
	3900.0

	5.3.3
	Backfilling the U/S compacting by selected materials
	LPS
	1
	2500.0
	2500.0

	5.3.4
	Sub total
	 
	 
	 
	6400.0

	6
	Pipe and its placing
	 
	 
	 
	 

	6.1
	Structural excavation of clay soil(1.1m with 50m disposal)
	m3
	10
	30.0
	300.0

	6.1.1
	Compacted back filling
	m3
	15
	750.0
	11250.0

	6.1.2
	Hard core
	m3
	10
	989.7
	9897.3

	6.1.3
	Concrete works(1:2:4)
	m3
	10
	3628.3
	36282.7

	6.1.4
	Concrete pipes of 40 cm( Purchasing, transporting and laying of plain)
	pcs
	3
	100.0
	300.0

	 
	Sub total
	 
	 
	 
	58030.0

	6.2
	Man hole
	 
	 
	 
	 

	6.2.1
	Structural excavation of clay soil( 1.1m depth with 50cm disposal)
	m3
	3
	50.0
	150.0

	6.2.2
	Masonry works(1:3)
	m3
	6
	1296.8
	7781.0

	6.2.3
	Concrete works(1:2:4)
	m3
	0.5
	3628.3
	1814.1

	6.2.4
	Plastering(1:3)
	m2
	4
	188.3
	753.1

	6.2.5
	Reinforcement bar of 14( Supply, cutting , bending, placing and other case of fixing the bar)
	kg
	50
	40.0
	2000.0

	6.2.6
	Soft wire
	kg
	5
	40.0
	200.0

	 
	Sub total
	 
	 
	 
	12698.2

	7
	Gate and intake gate( supply and installation of steel gate including steel works, angle iron, sliding shaft as shown in the drawing) 
	pcs
	1
	300.0
	300.0

	7.1
	Under sluice gate(Supply and installation of steel gate including steel works, angle iron and sliding shaft)
	pcs
	1
	300.0
	300.0

	 
	Sub total
	 
	 
	 
	600.0

	7.2
	Bed bar with slab
	 
	 
	 
	 

	7.2.1
	Structural excavation of soil formation including disposal
	m3
	1
	30.0
	30.0

	7.2.2
	Masonry works(1:3)
	m3
	2
	1296.8
	2593.7

	7.2.3
	Concrete works(1:2:4)
	m3
	1
	3628.3
	3628.3

	7.2.4
	Plastering(1:3)
	m2
	1.5
	188.3
	282.4

	7.2.5
	Reinforcement bar of 8( Supply, cutting , bending, placing and other case of fixing the bar)
	kg
	100
	3309.6
	330963.9

	7.2.6
	Soft wire
	kg
	15
	15.0
	225.0

	 
	Sub total
	 
	 
	 
	337723.2

	8
	Division box
	 
	 
	 
	 

	8.1
	Structural excavation of soil formation including disposal
	m3
	3
	30.0
	90.0

	8.1.1
	Masonry works(1:3)
	m3
	1.5
	1296.8
	1945.3

	8.1.2
	Plastering(1:3)
	m2
	15
	188.3
	2824.0

	 
	Sub total
	 
	 
	 
	4859.2

	9
	Turnouts
	 
	 
	 
	 

	9.1
	Structural excavation of soil formation including disposal
	m3
	25
	40.0
	1000.0

	9.1.1
	Masonry works(1:3)
	m3
	15
	1296.8
	19452.5

	9.1.2
	Plastering(1:3)
	m2
	60
	188.3
	11295.8

	9.1.3
	Pipe of 30 cm(Purchasing, transporting and laying of plastic PVC)
	pcs
	20
	75.0
	1500.0

	9.1.4
	Fixing wooden gates at pipe inlet
	pcs
	20
	25.0
	500.0

	 
	Sub total
	 
	 
	 
	33748.3

	10
	Main canal
	 
	 
	 
	 

	10.1
	Lined canal
	
	
	 
	 

	10.1.2
	Site clearing
	m2
	2300
	25.0
	57500.0

	10.1.3
	Excavation of main canal of common and non suitable materials including <50Cm disposal
	m3
	700
	75.0
	52500.0

	10.1.4
	Excavation of hard rock
	m3
	150
	100.0
	15000.0

	10.1.5
	Hard core
	m3
	100
	989.7
	98972.5

	10.1.6
	Masonry works(1:3)
	m3
	700
	1296.8
	907783.3

	10.1.7
	Plastering(1:3)
	m2
	4000
	188.3
	753056.4

	10.1.8
	Compacted fill 
	m3
	1150
	100.0
	115000.0

	 
	Sub total
	 
	 
	 
	1999812.3

	10.2
	Earthen canal
	
	
	 
	 

	10.2.1
	Excavation of main canal of common and non suitable materials including 50cm disposal
	m3
	510
	75.0
	38250.0

	10.2.2
	Excavation of hard rock
	m3
	25
	100.0
	2500.0

	10.2.3
	Compacted fill for main canal
	m3
	850
	100.0
	85000.0

	 
	Sub total
	 
	 
	 
	125750.0

	10.3
	Secondary canal
	 
	 
	 
	 

	10.3.1
	Excavation of main canal of common and non suitable materials including 50cm disposal
	m3
	1000
	75.0
	75000.0

	10.3.2
	Hard core
	m3
	150
	989.7
	148458.8

	10.3.3
	Masonry work(1:3)
	m3
	400
	1296.8
	518733.3

	10.3.4
	Plastering(1:3)
	m2
	1000
	188.3
	188264.1

	10.3.5
	Compacted fill
	m3
	500
	100.0
	50000.0

	 
	Sub total
	 
	 
	 
	980456.2

	11
	Road crossing
	 
	 
	 
	 

	11.1
	Excavation
	m3
	10
	50.0
	500.0

	11.1.1
	Masonry work(1:3)
	m3
	18
	1296.8
	23343.0

	11.1.2
	Compacted back fill
	m3
	14
	750.0
	10500.0

	11.1.3
	Concrete works(1:2:4)
	m2
	6
	3628.3
	21769.6

	11.1.4
	Plastering(1:3)
	 
	14
	188.3
	2635.7

	11.2
	Purchasing, transporting and laying of steel
	 
	 
	 
	 

	11.2.1
	ф 16mm
	kg
	120
	15.0
	1800.0

	11.2.2
	ф 12mm
	kg
	80
	10.0
	800.0

	11.2.3
	ф 10mm
	kg
	60
	10.0
	600.0

	 
	Sub total
	 
	 
	 
	61948.3

	12
	Night storage
	 
	 
	 
	 

	12.1
	2m excavation by dozer
	m3
	600
	25.0
	15000.0

	12.1.1
	Compacted embankment materials by machineries
	m3
	50
	750.0
	37500.0

	12.1.2
	Hard rock excavation
	m3
	100
	50.0
	5000.0

	12.1.3
	Masonry work(1:3)
	m3
	100
	1296.8
	129683.3

	12.1.4
	Plastering
	m2
	60
	188.3
	11295.8

	 
	Sub total
	 
	 
	 
	198479.2

	13
	Fence
	 
	 
	 
	0.0

	13.1
	Excavation by manpower
	m3
	1
	20.0
	20.0

	13.1.2
	Backfill
	m3
	2
	20.0
	40.0

	 
	Concrete works(1:2:4)
	m3
	2
	3628.3
	7256.5

	13.1.3
	Eucalyptus pole(purchasing, transporting and cutting of 10cm at each 2.5m length for fencing works)
	pcs
	130
	25.0
	3250.0

	13.1.4
	Burble wire around the fence for protection
	kg
	300
	20.0
	6000.0

	13.1.5
	Nails for construction of fence
	kg
	15
	50.0
	750.0

	 
	Sub total
	 
	 
	 
	17316.5

	13.2
	Pond inlet
	 
	 
	 
	0.0

	13.2.1
	Excavation to a depth not exceeding 1m including disposal
	m3
	1
	50.0
	50.0

	13.2.2
	Masonry work(1:3)
	m3
	2
	1296.8
	2593.7

	13.2.3
	Concrete works(1:2:4)
	m3
	1
	3628.3
	3628.3

	13.2.4
	Plastering(1:3)
	m2
	1.5
	188.3
	282.4

	13.2.5
	Gate fixing
	pcs
	1
	100.0
	100.0

	 
	Sub total
	 
	 
	 
	6654.3

	13.3
	Pond outlet
	 
	 
	 
	0.0

	13.3.1
	Excavation to a depth not exceeding 0.50m including disposal
	m3
	1
	30.0
	30.0

	13.3.2
	Compacted backfill
	m3
	2.5
	750.0
	1875.0

	13.3.3
	Masonry works(1:3)
	m3
	2
	1296.8
	2593.7

	13.3.4
	Concrete works(1:2:4)
	m3
	1
	3628.3
	3628.3

	13.3.5
	Hard core
	m3
	2
	989.7
	1979.5

	13.3.6
	Plastering(1:3)
	m2
	1
	188.3
	188.3

	13.3.7
	Pipe 20cm(purchasing, transporting and laying of plain concrete)
	m
	6
	30.0
	180.0

	13.3.8
	Supply and installation of steel gate(50cm*50cm) including steel works, angle iron, sliding shaft)
	pcs
	1
	30.0
	30.0

	 
	Sub total
	 
	 
	 
	10504.7

	13.4
	Overflow spillway
	 
	 
	 
	0.0

	13.4.1
	Excavation to depth not less than 0.50m including disposal
	m3
	5
	30.0
	150.0

	13.4.2
	Backfill
	m3
	0
	100.0
	0.0

	13.4.3
	Masonry work(1:3)
	m3
	5
	1296.8
	6484.2

	13.4.4
	Plastering(1:3)
	m2
	4
	188.3
	753.1

	 
	Sub total
	 
	 
	 
	7387.2

	14
	Flume
	 
	 
	 
	 

	14.1
	Excavation
	m3
	5
	30.0
	150.0

	14.2
	Masonry work(1:3)
	m3
	2
	1296.8
	2593.7

	14.3
	Plastering(1:3)
	m2
	12
	188.3
	2259.2

	14.4
	Concrete
	m3
	3
	3628.3
	10884.8

	14.5
	Reinforcement concrete(1:2:4)
	kg
	10
	3309.6
	33096.4

	 
	Sub total
	 
	 
	 
	48984.0

	15
	Culvert(1 in number)
	 
	 
	 
	0.0

	15.1
	Excavation
	m3
	6
	30.0
	180.0

	15.2
	Hard core
	m3
	1
	989.7
	989.7

	15.3
	Masonry work(1:3)
	m3
	14
	1296.8
	18155.7

	15.4
	Plastering 3cm thick(1:3)
	m2
	12
	188.3
	2259.2

	15.5
	RCC(1:2:4) including bars and formwork
	m3/m2
	3
	3309.6
	9928.9

	15.6
	Backfill
	m3
	4
	100.0
	400.0

	15.7
	Purchasing, transporting and laying of  plain concrete pipe
	 
	 
	 
	0.0

	15.8
	ф40cm
	pcs
	1
	20.0
	20.0

	15.9
	ф 60cm
	pcs
	1
	25.0
	25.0

	16
	ф 70cm
	pcs
	1
	30.0
	30.0

	 
	Sub total
	 
	 
	 
	31988.5

	15.8
	Foot path(3)
	 
	 
	 
	0.0

	15.8.1
	Excavation
	m3
	9
	120.0
	1080.0

	 
	Masonry work(1:3)
	m3
	12.5
	1296.8
	16210.4

	15.8.2
	Reinforcement bar( Supply, cutting, bending, placing and fixing)
	kg
	35
	3309.6
	115837.4

	15.8.3
	ф 10mm
	pcs
	90
	30.0
	2700.0

	15.8.4
	Concrete works (1:2:4)
	m3
	4
	3628.3
	14513.1

	15.8.5
	Plastering
	m2
	20
	188.3
	3765.3

	15.8.6
	Compacted backfill
	m3
	10
	100.0
	1000.0

	 
	Sub total
	 
	 
	 
	155106.2

	 
	Subtotal
	 
	 
	 
	5695757.8

	 
	VAT= 15% of sub total
	 
	 
	 
	854363.7

	 
	Subtotal
	 
	 
	 
	6550121.5

	 
	SUPERVISION COST= 5% of total
	 
	 
	 
	327506.1

	 
	Grand total= subtotal + supervision cost
	 
	 
	 
	6,877,628

	
	Summary

	S/No
	Work items
	Cost(ETB)
	%  Work volume per structures
	Community's Share
	Community %

	
	
	
	
	
	

	1
	Access road, Camping and Mobilization
	515,643.5
	9.1
	 
	 

	2
	Head work
	1,159,396.1
	20
	 
	 

	3
	Canal and other irrigation structures
	4,020,718.2
	70.6
	 
	 

	4
	Sub total
	5,695,757.8
	 
	 
	 

	5
	VAT= 15% of sub total
	854,363.7
	15
	687,762.8
	10

	6
	Subtotal including VAT
	6,550,121.5
	 
	 
	 

	7
	Supervision cost= 5% of total
	327,506.1
	5
	 
	 

	8
	Grand project cost
	6,877,628
	 
	 
	 

	9
	Cost per hectare
	98,251.8
	 
	 
	 


Appendix .4. Financial Analysis Result

	Appendix -8.1 Farm gate price of out puts/Qt

	No
	Crops 
	Unit
	Unit price in birr
	Remark

	I
	CROPS
	 
	 
	 

	1
	Maize
	Qt
	350
	Existing & Proposed crop

	2
	Potato
	,,
	700
	Existing & Proposed crop

	3
	Tomato
	,,
	500
	Existing & Proposed crop

	4
	Onion
	,,
	1,200
	Proposed crop

	5
	Cabbage
	
	700
	Existing & Proposed crop

	6
	Pepper
	,,
	3,000
	Proposed crop

	7
	Ground Nut
	,,
	3,000
	Existing  crop/rain fed

	8
	Sorghum
	,,
	345
	Existing  crop/rain fed

	Appendix -8.2  Market  price of inputs/ kg  

	No
	Inputs type
	Unit
	Unit Cost
	Remark

	I
	Crops
	 
	 
	 

	1
	Maize(shone)
	Kg
	41
	Proposed crop

	2
	Potato
	Kg
	6.6
	Proposed crop

	3
	Tomato(mornach)
	Kg
	3,388
	Proposed crop

	4
	Onion(bombe holland)
	Kg
	2,323
	Proposed crop

	5
	Cabbage
	Kg
	677.6
	Proposed crop

	6
	Pepper 
	Kg
	2,420
	Proposed crop

	7
	Sorghum
	Kg
	3.5
	Existing  crop/rain fed

	II
	FERTILIZER
	 
	
	 

	1
	DAP
	Kg
	18.05
	 

	2
	Urea
	,,
	13.50
	 

	III
	Others
	 
	
	 

	1
	Chemicals
	lit
	
	 

	1.1
	Malathione 25%/ endosulphen
	lit
	169.4
	 

	1.2
	Endosulphan 40%
	lit
	242
	 

	2
	Chemicals
	Kg
	
	 

	2.1
	Mancozeb 80%
	kg
	42.35
	 

	2.2
	Malathione 50% endosulphen 
	Kg
	121
	 

	2.3
	Simbush or carbaryl 85%
	Kg
	2,662
	 

	3
	Hired labour
	man/day
	35
	 

	4
	Oxen power (pair with Labour)
	oxen/day
	120
	 

	5
	Packing materials
	Pcs
	10
	 

	6
	Land tax 0.54 -1ha(= 1ha)
	Birr
	20
	Source from Revenue Authority office

	7
	Income tax(0.54- 1ha)=(1ha)
	Birr
	40
	

	8
	Farm implement and Hand tools
	 
	
	 

	8.1
	Plough & Accessories
	Birr
	200
	 

	8.2
	Hoe
	,,
	60
	 

	8.3
	Shovels
	,,
	80
	 

	8.4
	Spade
	 
	90
	 

	8.5
	Slash
	"
	80
	 

	8.6
	Sickle
	"
	50
	 

	8.7
	Knapsack sprayer with accessories
	"
	700
	 

	8.8
	Motor cycle
	"
	90,000
	 


	Appendix -8.3  In Put Requirement for " without the project " 
	
	
	
	
	
	

	No
	Types of Crops
	Seed Rate (Kg/ha)
	Fertilizer
	Labour
	Oxen power
	Land Tax/Ha
	Packing Material
	Remark

	
	
	
	DAP(Kg/ha)
	Urea(Kg/ha)
	Family  & Hired (MD)
	frequency
	1hec = 6 pair of oxen
	Total Qty/ha
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	I
	Rain fed. Agri.
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	1
	Maize
	30
	100
	100
	90
	2
	6
	12
	20
	30
	

	2
	Sorghum
	20
	0
	0
	80
	2
	6
	12
	20
	35
	 

	3
	Ground Nut
	60
	0
	0
	70
	2
	6
	12
	20
	21
	 

	4
	Pepper
	0.75
	0
	0
	100
	4
	6
	24
	20
	15
	 

	 
	Traditional Irrig.
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	1
	Maize
	30
	0
	0
	90
	2
	6
	12
	20
	30
	 

	2
	Potato
	2000
	0
	0
	100
	3
	6
	18
	20
	70
	 

	3
	Cabbage
	0.50
	0
	0
	110
	3
	6
	18
	20
	80
	 

	4
	Tomato
	0.40
	0
	0
	110
	3
	6
	18
	20
	85
	 

	Source: Agronomy Data
	
	
	
	
	
	
	
	
	

	
	Appendix 8.4  Production cost  (without  the project situation )
	
	
	
	
	
	
	
	
	

	Types of cultivation
	No
	Type of crops 
	Seed
	Fertilizers
	Labor
	Oxen power
	Land tax/Ha
	Packing materials
	Total Cost of  Production/Ha

	
	
	
	Seed Rate in Kg/Ha
	Seed  Cost
	DAP in Kg/Ha
	Urea in Kg/Ha
	Total Cost (DAP+ Urea)
	Qty
	Unit Cost
	Total Cost
	Required pair of Oxen/Ha
	Unit Cost
	Total Cost
	
	 Qty
	Unit price
	Total Cost
	

	
	
	
	
	Unit Price in Kg/Ha
	Total Cost
	Qty
	Unit Price
	Total Cost
	Qty
	Unit Price
	Total Cost
	
	
	
	
	
	
	
	
	
	
	
	

	Rain Fed
	1
	Maize
	30
	3.5
	105
	100
	18.05
	1,805
	100
	13.50
	1,350
	3,155
	90
	35
	3,150
	12
	120
	1,440
	20
	30
	10
	300
	8,170

	
	2
	Sorghum
	20
	3.5
	69
	0
	18.05
	-
	0
	13.50
	-
	-
	80
	35
	2,800
	12
	120
	1,440
	20
	35
	10
	350
	4,679

	
	3
	Ground Nut
	60
	40.0
	2,400
	0
	18.05
	-
	0
	13.50
	-
	-
	70
	35
	2,450
	12
	120
	1,440
	20
	21
	10
	210
	6,520

	
	4
	Pepper
	0.75
	2,420
	1,815
	0
	18.05
	-
	0
	13.50
	-
	-
	100
	35
	3,500
	24
	120
	2,880
	20
	15
	10
	150
	8,365

	Traditional Irr
	
	 Total
	
	
	4,389
	
	
	1,805
	
	
	1,350
	3,155
	
	
	11,900
	
	
	7,200
	80
	
	
	1,010
	27,734

	
	1
	Maize
	30
	3.5
	105
	0
	18.05
	-
	0
	13.50
	-
	-
	90
	35
	3,150
	12
	120
	1,440
	20
	30
	10
	300
	5,015

	
	2
	Potato
	2000
	6.6
	13,200
	0
	18.05
	-
	0
	13.50
	-
	-
	110
	35
	3,850
	18
	120
	2,160
	20
	70
	10
	700
	19,930

	
	3
	Cabbage
	0.50
	678
	339
	0
	18.05
	-
	0.0
	13.50
	-
	-
	110
	35
	3,850
	18
	120
	2,160
	20
	80
	10
	800
	7,169

	
	4
	Tomato
	0.40
	3,388
	1,355
	0
	18.05
	-
	0.0
	13.50
	-
	-
	110
	35
	3,850
	18
	120
	2,160
	20
	85
	10
	850
	8,235

	
	
	Total 
	
	
	14,999
	
	
	0
	
	
	0
	0
	
	
	14,700
	
	
	7,920
	80
	
	
	2,650
	40,349


	Applndix-8.5  Yield Build -up for " without " the Project 

	No
	Yield Without Project

	
	

	 
	Types of Crops
	Yield/Ha

	1
	Rain fed 
	 

	1.1
	Maize
	30

	1.2
	Sorghum
	35

	1.3
	Ground Nut
	21

	1.4
	Pepper
	15

	2
	Traditional Irrig.
	

	2.1
	Maize
	30

	2.2
	Potato
	70

	2.3
	Cabbage
	80

	2.4
	Tomato
	85

	Source: Agronomy Data
	


	Appendix-8.6  Input Requirement Per Hectare (With the project)
	
	
	
	
	

	No 
	Type of crops 
	Seed 
	Fertilizer 
	Chemicals
	Labour 
	Oxen power
	Land Tax/Ha
	Packing Materials(PCs) 
	Remark

	
	
	Rate (Kg/Ha)
	DAP (Kg/Ha)
	Urea (Kg/Ha)
	(Kg/Ha)
	(Lit/Ha)
	Family & Hired Labor(MD)
	Frequency
	1hec = 6 pair of oxen
	Qty Per Ha
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	I
	Dry season 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	1
	Maize
	25
	100
	50
	1.5
	1.5
	160
	3
	6
	18
	20
	50
	 

	2
	Potato
	2000
	200
	75
	6
	6.00
	224
	4
	6
	24
	20
	120
	 

	3
	Tomato
	3
	100
	50
	6
	4.00
	235
	4
	6
	24
	20
	130
	 

	4
	Onion
	3.4
	200
	50
	14
	0
	240
	4
	6
	24
	20
	80
	 

	5
	Cabbage
	0.4
	150
	12.5
	0
	0
	218
	4
	6
	24
	20
	110
	 

	6
	Pepper 
	0.75
	100
	50
	0.2
	0
	318
	5
	6
	30
	20
	22
	 

	II
	Wet season
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	1
	Potato
	2000
	200
	75
	6
	6
	224
	4
	6
	24
	20
	120
	 

	2
	Onion
	3.4
	200
	50
	14
	0.00
	240
	4
	6
	24
	20
	80
	 

	3
	Cabbage
	0.4
	150
	12.5
	0
	0
	218
	4
	6
	24
	20
	110
	 

	4
	Maize
	25
	100
	50
	1.5
	1.5
	160
	3
	6
	18
	20
	50
	 

	5
	Pepper 
	0.75
	100
	50
	0.2
	0
	318
	5
	6
	30
	20
	22
	 

	Source: Agronomy Data
	
	
	
	
	
	
	
	
	
	
	


	Appendix-8. 7 Production cost "With "the Project Condition
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Activities
	No
	Type of crops 
	Seed in Kg/Ha
	Fertilizer
	Labor(MD)
	Oxen power
	    Chemicals
	Land Tax/Ha
	Packing materials
	Total production cost/ha

	
	
	
	Seed Rate 
	Unit Cost
	Total Cost
	DAP in Kg/Ha
	Urea in Kg/Ha
	Qty
	Unit Cost
	Total Cost 
	Qty
	Unit Cost 
	Total Cost
	Kg/Ha
	Unit Cost
	Total Cost
	Lit/Ha
	Unit Cost
	Total cost
	
	Qty
	Unit Cost  
	Total Cost
	

	
	
	
	
	
	
	Qty
	Unit Price
	Total Cost
	Qty
	Unit Price
	Total Cost
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Dry season 
	1
	Maize
	25
	41
	1,025.00
	100
	18.05
	1,805
	50
	13.50
	675
	160
	35
	5,600
	18
	120
	2,160
	1.5
	2,420
	3,630
	1.5
	154
	231
	20
	50
	10
	500
	15,646

	
	2
	Potato
	2000
	6.6
	13,200.00
	200
	18.05
	3,610
	75
	13.50
	1,013
	224
	35
	7,840
	24
	120
	2,880
	6
	38.5
	231
	6.00
	187
	1,122
	20
	120
	10
	1,200
	31,116

	
	3
	Tomato
	3
	3,388
	10,164.00
	100
	18.05
	1,805
	50
	13.50
	675
	235
	35
	8,225
	24
	120
	2,880
	6
	lumsum
	6,705
	4.00
	220
	880
	20
	130
	10
	1,300
	32,654

	
	4
	Onion
	3.4
	2,323
	7,898.20
	200
	18.05
	3,610
	50
	13.50
	675
	240
	35
	8,400
	24
	120
	2,880
	14
	_
	-
	0
	_
	0
	20
	80
	10
	800
	24,283

	
	5
	Cabbage
	0.4
	678
	271.04
	150
	18.05
	2,708
	12.5
	13.50
	169
	218
	35
	7,630
	24
	120
	2,880
	0
	_
	-
	0
	_
	0
	20
	110
	10
	1,100
	14,777

	
	6
	Pepper
	0.75
	2,420
	1,815.00
	100
	18.05
	1,805
	50
	13.50
	675
	318
	35
	11,130
	30
	120
	3,600
	0.2
	_
	-
	0
	_
	0
	20
	22
	10
	220
	19,265

	
	Sub Total
	
	
	34,373.24
	
	
	15,343
	
	
	3,881
	
	
	48,825
	
	
	17,280
	
	
	10,566
	
	
	2,233
	120
	
	
	5,120
	137,741

	Wet season
	1
	Potato
	2000
	6.6
	13,200.00
	200
	18.05
	3,610
	75
	13.50
	1,013
	224
	35
	7,840
	24
	120
	2,880
	6
	39
	231
	6
	187
	1,122
	20
	120
	10
	1,200
	31,116

	
	2
	Onion
	3.4
	2,323
	7,898.20
	200
	18.05
	3,610
	50
	13.50
	675
	240
	35
	8,400
	24
	120
	2,880
	14
	_
	-
	0.00
	-
	0
	20
	80
	10
	800
	24,283

	
	3
	Cabbage
	0.4
	678
	271.20
	150
	18.05
	2,708
	12.5
	13.50
	169
	218
	35
	7,630
	24
	120
	2,880
	0
	_
	-
	0
	-
	0
	20
	110
	10
	1,100
	14,777

	
	4
	Maize
	25
	41
	1,025.00
	100
	18.05
	1,805
	50
	13.50
	675
	160
	35
	5,600
	18
	120
	2,160
	1.5
	2,420
	3,630
	1.5
	154
	231
	20
	50
	10
	500
	15,646

	
	5
	Pepper
	0.75
	2,420
	1,815.00
	100
	18.05
	1,805
	50
	13.50
	675
	318
	35
	11,130
	30
	120
	3,600
	0.2
	_
	-
	_
	-
	0
	20
	22
	10
	220
	19,265

	
	Sub Total
	
	
	24,209.40
	
	
	13,538
	
	
	3,206
	
	
	40,600
	
	
	14,400
	
	
	3,861
	
	
	1,353
	100
	
	
	3,820
	105,087

	Grand Total
	
	
	58,582.64
	
	
	28,880
	
	
	7,088
	
	
	89,425
	
	
	31,680
	
	
	14,427
	
	
	3,586
	220
	
	
	8,940
	242,828


	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	Appendix- 8.8 Revenue of crop production (with the project)
	
	
	
	
	
	

	Activity
	No
	Types of crop
	Value of crop production with the project by year

	
	
	
	Price 
	1st
	2nd
	3rd
	4th
	5th-20th

	
	
	
	Per Qut
	Area
	Yield
	Total revenue
	Area
	Yield
	Total revenue
	Area
	Yield
	Total revenue
	Area
	Yield
	Total revenue
	Area
	Yield
	Total revenue

	
	
	
	
	(Ha)
	(Quit)
	(Birr)
	(Ha)
	(Quit)
	(Birr)
	(Ha)
	(Qut)
	(Birr)
	(Ha)
	(Qut)
	(Birr)
	(Ha)
	(Qut)
	(Birr)

	Dry season 
	1
	Maize
	350
	8
	30
	84,000
	6
	40
	84,000
	5
	50
	87,500
	6
	50
	105,000
	5
	50
	87,500

	
	2
	Potato
	700
	15
	70
	735,000
	16
	80
	896,000
	18
	100
	1,260,000
	16
	110
	1,232,000
	18
	120
	1,512,000

	
	3
	Tomato
	500
	10
	85
	425,000
	12
	90
	540,000
	12
	100
	600,000
	12
	120
	720,000
	12
	130
	780,000

	
	4
	Onion
	1,200
	18
	60
	1,296,000
	18
	65
	1,404,000
	14
	70
	1,176,000
	18
	75
	1,620,000
	14
	80
	1,344,000

	
	5
	Cabbage
	700
	5
	80
	280,000
	5
	90
	315,000
	6
	95
	399,000
	5
	100
	350,000
	6
	110
	462,000

	
	6
	Pepper
	3,000
	14
	15
	630,000
	13
	18
	702,000
	15
	18
	810,000
	13
	20
	780,000
	15
	22
	990,000

	
	Sub Total
	
	70
	 
	3,450,000
	70
	 
	3,941,000
	70
	 
	4,332,500
	70
	 
	4,807,000
	70
	 
	5,175,500

	Wet season
	1
	Potato
	700
	11
	70
	539,000
	11
	80
	616,000
	12
	100
	840,000
	12
	110
	924,000
	12
	120
	1,008,000

	
	2
	Onion
	1,200
	20
	60
	1,440,000
	22
	65
	1,716,000
	22
	70
	1,848,000
	22
	75
	1,980,000
	23
	80
	2,208,000

	
	3
	Cabbage
	700
	5
	80
	280,000
	5
	90
	315,000
	6
	95
	399,000
	6
	100
	420,000
	6
	110
	462,000

	
	4
	Maize
	350
	7
	30
	73,500
	7
	40
	98,000
	7
	50
	122,500
	7
	50
	122,500
	7
	50
	122,500

	
	5
	Pepper
	3,000
	22
	15
	990,000
	21
	18
	1,134,000
	20
	18
	1,080,000
	21
	20
	1,260,000
	22
	22
	1,452,000

	
	Sub Total
	
	65
	 
	3,322,500
	66
	 
	3,879,000
	67
	 
	4,289,500
	68
	 
	4,706,500
	70
	 
	5,252,500

	Grand Total
	
	
	
	6,772,500
	 
	 
	7,820,000
	 
	 
	8,622,000
	 
	 
	9,513,500
	 
	 
	10,428,000

	NB: Construction period takes two years, Operationphase will be start from 3rd year(i.e. 1st year = 3rd year, 2nd year = 4th , 3rd =5th,
	

	4th = 6th,…… and 20th = 22th year
	
	
	
	
	
	
	
	
	
	


	Appendix -8.9 " with " the Project Other investment  Costs 
	
	
	

	No
	Cost Item 
	Unit
	Quantity in 1st years
	Unit  Cost
	Total Cost/year
	Replacement Cost every 5 years/Birr

	
	
	
	
	(Birr)
	(Birr)
	Year 3 = 5
	year 8=10
	Year 13 =15
	Year 18 =20

	 
	Other investment Costs
	 
	 
	 
	 
	 
	 
	 
	 

	1
	Farm Tools and Implements
	 
	 
	 
	 
	 
	 
	 
	 

	1.1
	Knapsack sprayer with accessories
	No
	20
	700
	14,000
	14,000
	14,000
	14,000
	14,000

	1.2
	Plough & Accessories
	No
	500
	200
	100,000
	100,000
	100,000
	100,000
	100,000

	1.3
	Hoe
	,,
	600
	60
	36,000
	36,000
	36,000
	36,000
	36,000

	1.4
	Shovels
	,,
	240
	80
	19,200
	19,200
	19,200
	19,200
	19,200

	1.5
	Spade
	,,
	600
	90
	54,000
	54,000
	54,000
	54,000
	54,000

	1.6
	Slash
	,,
	250
	80
	20,000
	20,000
	20,000
	20,000
	20,000

	1.7
	Sickle
	,,
	210
	50
	10,500
	10,500
	10,500
	10,500
	10,500

	 
	Sub Total
	 
	
	
	253,700
	253,700
	253,700
	253,700
	253,700

	2
	Motor cycle
	No
	1
	90,000
	90,000
	90,000
	90,000
	90,000
	90,000

	2.1
	Sub Total
	 
	
	
	90,000
	90,000
	90,000
	90,000
	90,000

	 
	Total
	 
	
	
	343,700
	343,700
	343,700
	343,700
	343,700

	Appendix-8.10 Replacement Cost
	
	

	No
	Description
	Investment cost
	Period of Implementation Year 

	
	
	
	0
	1=3
	2=4
	3=5
	4=6
	5,10, 15 and 20

	1
	Investment cost
	  7,565,389.63 
	  7,565,389.63 
	0
	0
	0
	0
	0

	2
	Weir Cost
	1,075,196.10
	1,075,196.10
	0
	0
	0
	0
	0

	3
	Replacement cost(10% of major structure(weir site cost)
	     107,519.61 
	 
	 
	 
	 
	 
	      430,078.44 

	
	Total
	 
	 
	 
	 
	 
	 
	430,078.44

	Appendix 8.11 Maintenance  Cost
	
	

	No
	Description
	Investment cost
	Period of Implementation Year 

	
	
	
	0
	1=3
	2=4
	3=5
	4=6
	5 to 20

	1
	Investment cost
	  7,565,389.63 
	  7,565,389.63 
	0
	0
	0
	0
	0

	2
	Weir Cost
	1,075,196.10
	1,075,196.10
	0
	0
	0
	0
	0

	3
	Maintenance cost(3% of investment cost)
	 
	 
	  226,961.69 
	   226,961.69 
	 226,961.69 
	  226,961.69 
	      226,961.69 

	 
	Total
	 
	 
	  226,961.69 
	226,961.69
	226,961.69
	226,961.69
	226,961.69

	Appendix 8.12 Training cost ( with the project case) 
	
	
	

	No
	Description
	Training
	Project Year
	Total

	
	
	
	Year 1 =3
	Year 2 =4
	

	1
	Perdium
	Perdium/day
	 
	 
	 

	1.1
	Woreda irrigation Expert(2)
	 
	 
	 
	 

	 
	(72 days each/year
	93
	       13,392 
	13,392
	26,784

	1.2
	Development  Agent (2)
	 
	 
	 
	 

	 
	(96 days each/year)
	93
	17856
	17,856
	35,712

	1.3
	Farmers (180)
	 
	 
	 
	 

	 
	(15 days/year)
	50
	     135,000 
	135,000
	270,000

	 
	Total
	 
	     166,248 
	166,248
	332,496


	Appendix 8.13 Income Tax

Year

Income tax/Ha in Birr

Total Command area in Ha

Total income Tax

3

40

70

                  2,800 

4

40

70

                  2,800 

5

40

70

                  2,800 

6

40

70

                  2,800 

7

40

70

                  2,800 

8

40

70

                  2,800 

9

40

70

                  2,800 

10

40

70

                  2,800 

11

40

70

                  2,800 

12

40

70

                  2,800 

13

40

70

                  2,800 

14

40

70

                  2,800 

15

40

70

                  2,800 

16

40

70

                  2,800 

17

40

70

                  2,800 

18

40

70

                  2,800 

19

40

70

                  2,800 

20

40

70

                  2,800 

21

40

70

                  2,800 

22

40

70

                  2,800 

Total

 

                56,000 


	
	


	Appendix- 8.14 Cost Summery
	
	
	
	
	
	

	Project Year
	 Without Project 
	 With Project 

	
	Production cost
	  Project investment cost 
	  Project annual Fixed and  Variable operating costs  
	Income Tax

	
	
	
	 Annual Variable cost 
	 Annual Fixed Costs 
	

	
	
	 Initial Investment cost 
	 Replacement Cost 
	 Total Investment Cost 
	
	 Operation and Maintenance cost 
	

	
	
	
	
	
	 Operation cost 
	 Main. Cost 
	 Total O & M Cost 
	

	0
	0
	0
	0
	0
	0
	0
	0
	0

	1
	0
	6,052,312
	0
	6,052,312
	0
	0
	0
	0

	2
	0
	1,513,078
	0
	1,513,078
	0
	0
	0
	0

	3
	517,867
	4,004,608
	0
	4,004,608
	0
	0
	0
	2,800

	4
	517,867
	166,248
	0
	166,248
	3,209,476
	226,962
	3,436,438
	2,800

	5
	517,867
	0
	451,220
	451,220
	3,238,864
	226,962
	3,465,826
	2,800

	6
	517,867
	0
	0
	0
	3,255,369
	226,962
	3,482,331
	2,800

	7
	517,867
	0
	0
	0
	3,301,677
	226,962
	3,528,639
	2,800

	8
	517,867
	0
	0
	0
	3,301,677
	226,962
	3,528,639
	2,800

	9
	517,867
	0
	0
	0
	3,301,677
	226,962
	3,528,639
	2,800

	10
	517,867
	0
	451,220
	451,220
	3,301,677
	226,962
	3,528,639
	2,800

	11
	517,867
	0
	0
	0
	3,301,677
	226,962
	3,528,639
	2,800

	12
	517,867
	0
	0
	0
	3,301,677
	226,962
	3,528,639
	2,800

	13
	517,867
	0
	0
	0
	3,301,677
	226,962
	3,528,639
	2,800

	14
	517,867
	0
	0
	0
	3,301,677
	226,962
	3,528,639
	2,800

	15
	517,867
	0
	451,220
	451,220
	3,301,677
	226,962
	3,528,639
	2,800

	16
	517,867
	0
	0
	0
	3,301,677
	226,962
	3,528,639
	2,800

	17
	517,867
	0
	0
	0
	3,301,677
	226,962
	3,528,639
	2,800

	18
	517,867
	0
	0
	0
	3,301,677
	226,962
	3,528,639
	2,800

	19
	517,867
	0
	0
	0
	3,301,677
	226,962
	3,528,639
	2,800

	20
	517,867
	0
	451,220
	451,220
	3,301,677
	226,962
	3,528,639
	2,800

	21
	517,867
	0
	0
	0
	3,301,677
	226,962
	3,528,639
	2,800

	22
	517,867
	0
	0
	0
	3,301,677
	226,962
	3,528,639
	2,800


	Appendix 8.15 Financial Analysis Result summery 
	
	
	

	Project  Year
	Without project 
	With the project 
	Increm.
	Gross value of production
	Net incr. benefit

	
	Total cost
	  Total Investment cost
	Total  Operating cost 
	Income Tax
	Total With Project Cost
	project  cost
	without Project
	with the Project 
	Increm. Benefit
	

	0
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	1
	-
	6,052,311.71
	-
	-
	6,052,312
	6,052,312
	-
	-
	-
	-6,052,312

	2
	-
	1,513,077.93
	-
	-
	1,513,078
	1,513,078
	-
	-
	-
	-1,513,078

	3
	517,867.00
	4,004,608.18
	-
	2,800.00
	4,007,408
	3,489,541
	2,144,450
	6,737,500
	4,593,050
	1,103,509

	4
	517,867.00
	166,248.00
	3,436,437.69
	2,800.00
	3,605,486
	3,087,619
	2,144,450
	7,820,000
	5,675,550
	2,587,931

	5
	517,867.00
	451,220.00
	3,465,825.69
	2,800.00
	3,919,846
	3,401,979
	2,144,450
	8,622,000
	6,477,550
	3,075,571

	6
	517,867.00
	-
	3,482,330.69
	2,800.00
	3,485,131
	2,967,264
	2,144,450
	9,513,500
	7,369,050
	4,401,786

	7
	517,867.00
	-
	3,528,638.69
	2,800.00
	3,531,439
	3,013,572
	2,144,450
	10,428,000
	8,283,550
	5,269,978

	8
	517,867.00
	-
	3,528,638.69
	2,800.00
	3,531,439
	3,013,572
	2,144,450
	10,428,000
	8,283,550
	5,269,978

	9
	517,867.00
	-
	3,528,638.69
	2,800.00
	3,531,439
	3,013,572
	2,144,450
	10,428,000
	8,283,550
	5,269,978

	10
	517,867.00
	451,220.00
	3,528,638.69
	2,800.00
	3,982,659
	3,464,792
	2,144,450
	10,428,000
	8,283,550
	4,818,758

	11
	517,867.00
	-
	3,528,638.69
	2,800.00
	3,531,439
	3,013,572
	2,144,450
	10,428,000
	8,283,550
	5,269,978

	12
	517,867.00
	-
	3,528,638.69
	2,800.00
	3,531,439
	3,013,572
	2,144,450
	10,428,000
	8,283,550
	5,269,978

	13
	517,867.00
	-
	3,528,638.69
	2,800.00
	3,531,439
	3,013,572
	2,144,450
	10,428,000
	8,283,550
	5,269,978

	14
	517,867.00
	-
	3,528,638.69
	2,800.00
	3,531,439
	3,013,572
	2,144,450
	10,428,000
	8,283,550
	5,269,978

	15
	517,867.00
	451,220.00
	3,528,638.69
	2,800.00
	3,982,659
	3,464,792
	2,144,450
	10,428,000
	8,283,550
	4,818,758

	16
	517,867.00
	-
	3,528,638.69
	2,800.00
	3,531,439
	3,013,572
	2,144,450
	10,428,000
	8,283,550
	5,269,978

	17
	517,867.00
	-
	3,528,638.69
	2,800.00
	3,531,439
	3,013,572
	2,144,450
	10,428,000
	8,283,550
	5,269,978

	18
	517,867.00
	-
	3,528,638.69
	2,800.00
	3,531,439
	3,013,572
	2,144,450
	10,428,000
	8,283,550
	5,269,978

	19
	517,867.00
	-
	3,528,638.69
	2,800.00
	3,531,439
	3,013,572
	2,144,450
	10,428,000
	8,283,550
	5,269,978

	20
	517,867.00
	451,220.00
	3,528,638.69
	2,800.00
	3,982,659
	3,464,792
	2,144,450
	10,428,000
	8,283,550
	4,818,758

	21
	517,867.00
	-
	3,528,638.69
	2,800.00
	3,531,439
	3,013,572
	2,144,450
	10,428,000
	8,283,550
	5,269,978

	22
	517,867.00
	-
	3,528,638.69
	2,800.00
	3,531,439
	3,013,572
	2,144,450
	10,428,000
	8,283,550
	5,269,978

	NPV at 11% Discount Rate  
	ETB18,460,866

	IRR   at 11% Discount Rate 
	34%

	B/C at 11% Discount Rate 
	ETB24,387,095 
	 
	ETB42,847,961 
	1.76


	
	Appendix 8.16 Sensitivity Analysis  
	
	
	
	
	
	
	

	
	Increasing Investment project cost by 10% maintain other factors constant 
	
	
	
	
	

	Project  Year
	Without project 
	With the project 
	Total With Project Cost
	Increases inv't
	BC+10% inv't cost
	Increm.
	Gross value of production
	Net incr. benefit

	
	Total cost
	  Total Investment cost
	Total  Operating cost 
	Income Tax
	
	project cost by 10%
	
	project  cost
	without Project
	with the Project 
	Increm. Benefit
	

	0
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	1
	-
	6,052,311.71
	-
	-
	6,052,312
	605,231
	6,657,543
	6,657,543
	-
	-
	-
	-6,657,543

	2
	-
	1,513,077.93
	-
	-
	1,513,078
	151,308
	1,664,386
	1,664,386
	-
	-
	-
	-1,664,386

	3
	517,867.00
	4,004,608.18
	-
	2,800.00
	4,007,408
	400,461
	4,407,869
	3,890,002
	2,144,450
	6,737,500
	4,593,050
	703,048

	4
	517,867.00
	166,248.00
	3,436,437.69
	2,800.00
	3,605,486
	16,625
	3,622,110
	3,104,243
	2,144,450
	7,820,000
	5,675,550
	2,571,307

	5
	517,867.00
	451,220.00
	3,465,825.69
	2,800.00
	3,919,846
	45,122
	3,964,968
	3,447,101
	2,144,450
	8,622,000
	6,477,550
	3,030,449

	6
	517,867.00
	-
	3,482,330.69
	2,800.00
	3,485,131
	-
	3,485,131
	2,967,264
	2,144,450
	9,513,500
	7,369,050
	4,401,786

	7
	517,867.00
	-
	3,528,638.69
	2,800.00
	3,531,439
	-
	3,531,439
	3,013,572
	2,144,450
	10,428,000
	8,283,550
	5,269,978

	8
	517,867.00
	-
	3,528,638.69
	2,800.00
	3,531,439
	-
	3,531,439
	3,013,572
	2,144,450
	10,428,000
	8,283,550
	5,269,978

	9
	517,867.00
	-
	3,528,638.69
	2,800.00
	3,531,439
	-
	3,531,439
	3,013,572
	2,144,450
	10,428,000
	8,283,550
	5,269,978

	10
	517,867.00
	451,220.00
	3,528,638.69
	2,800.00
	3,982,659
	45,122
	4,027,781
	3,509,914
	2,144,450
	10,428,000
	8,283,550
	4,773,636

	11
	517,867.00
	-
	3,528,638.69
	2,800.00
	3,531,439
	-
	3,531,439
	3,013,572
	2,144,450
	10,428,000
	8,283,550
	5,269,978

	12
	517,867.00
	-
	3,528,638.69
	2,800.00
	3,531,439
	-
	3,531,439
	3,013,572
	2,144,450
	10,428,000
	8,283,550
	5,269,978

	13
	517,867.00
	-
	3,528,638.69
	2,800.00
	3,531,439
	-
	3,531,439
	3,013,572
	2,144,450
	10,428,000
	8,283,550
	5,269,978

	14
	517,867.00
	-
	3,528,638.69
	2,800.00
	3,531,439
	-
	3,531,439
	3,013,572
	2,144,450
	10,428,000
	8,283,550
	5,269,978

	15
	517,867.00
	451,220.00
	3,528,638.69
	2,800.00
	3,982,659
	45,122
	4,027,781
	3,509,914
	2,144,450
	10,428,000
	8,283,550
	4,773,636

	16
	517,867.00
	-
	3,528,638.69
	2,800.00
	3,531,439
	-
	3,531,439
	3,013,572
	2,144,450
	10,428,000
	8,283,550
	5,269,978

	17
	517,867.00
	-
	3,528,638.69
	2,800.00
	3,531,439
	-
	3,531,439
	3,013,572
	2,144,450
	10,428,000
	8,283,550
	5,269,978

	18
	517,867.00
	-
	3,528,638.69
	2,800.00
	3,531,439
	-
	3,531,439
	3,013,572
	2,144,450
	10,428,000
	8,283,550
	5,269,978

	19
	517,867.00
	-
	3,528,638.69
	2,800.00
	3,531,439
	-
	3,531,439
	3,013,572
	2,144,450
	10,428,000
	8,283,550
	5,269,978

	20
	517,867.00
	451,220.00
	3,528,638.69
	2,800.00
	3,982,659
	45,122
	4,027,781
	3,509,914
	2,144,450
	10,428,000
	8,283,550
	4,773,636

	21
	517,867.00
	-
	3,528,638.69
	2,800.00
	3,531,439
	-
	3,531,439
	3,013,572
	2,144,450
	10,428,000
	8,283,550
	5,269,978

	22
	517,867.00
	-
	3,528,638.69
	2,800.00
	3,531,439
	-
	3,531,439
	3,013,572
	2,144,450
	10,428,000
	8,283,550
	5,269,978

	NPV at 11% Discount Rate  
	ETB 17,533,371

	IRR   at 11% Discount Rate 
	31%

	B/C at 11% Discount Rate 
	ETB25,314,589.91 
	 
	ETB42,847,960.77 
	1.69


	Appendix 8.17 Sensitivity Analysis  
	
	
	
	
	
	

	Decreasing  project benefit by 10% maintaing other factors constant 
	

	Project  Year
	Without project 
	With the project 
	Increm.
	Gross value of production
	Net incr. benefit

	
	Total cost
	  Total Investment cost
	Total  Operating cost 
	Income Tax
	Total With Project Cost
	project  cost
	without Project
	with the Project 
	Decrease proj benef. by 10%
	Increm. Benefit
	

	0
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	1
	-
	6,052,311.71
	-
	-
	6,052,312
	6,052,311.71
	-
	-
	-
	-
	(6,052,312)

	2
	-
	1,513,077.93
	-
	-
	1,513,078
	1,513,077.93
	-
	-
	-
	-
	(1,513,078)

	3
	517,867.00
	4,004,608.18
	-
	2,800.00
	4,007,408
	3,489,541.18
	2,144,450
	6,737,500
	6,063,750
	3,919,300
	429,759

	4
	517,867.00
	166,248.00
	3,436,437.69
	2,800.00
	3,605,486
	3,087,618.69
	2,144,450
	7,820,000
	7,038,000
	4,893,550
	1,805,931

	5
	517,867.00
	451,220.00
	3,465,825.69
	2,800.00
	3,919,846
	3,401,978.69
	2,144,450
	8,622,000
	7,759,800
	5,615,350
	2,213,371

	6
	517,867.00
	-
	3,482,330.69
	2,800.00
	3,485,131
	2,967,263.69
	2,144,450
	9,513,500
	8,562,150
	6,417,700
	3,450,436

	7
	517,867.00
	-
	3,528,638.69
	2,800.00
	3,531,439
	3,013,571.69
	2,144,450
	10,428,000
	9,385,200
	7,240,750
	4,227,178

	8
	517,867.00
	-
	3,528,638.69
	2,800.00
	3,531,439
	3,013,571.69
	2,144,450
	10,428,000
	9,385,200
	7,240,750
	4,227,178

	9
	517,867.00
	-
	3,528,638.69
	2,800.00
	3,531,439
	3,013,571.69
	2,144,450
	10,428,000
	9,385,200
	7,240,750
	4,227,178

	10
	517,867.00
	451,220.00
	3,528,638.69
	2,800.00
	3,982,659
	3,464,791.69
	2,144,450
	10,428,000
	9,385,200
	7,240,750
	3,775,958

	11
	517,867.00
	-
	3,528,638.69
	2,800.00
	3,531,439
	3,013,571.69
	2,144,450
	10,428,000
	9,385,200
	7,240,750
	4,227,178

	12
	517,867.00
	-
	3,528,638.69
	2,800.00
	3,531,439
	3,013,571.69
	2,144,450
	10,428,000
	9,385,200
	7,240,750
	4,227,178

	13
	517,867.00
	-
	3,528,638.69
	2,800.00
	3,531,439
	3,013,571.69
	2,144,450
	10,428,000
	9,385,200
	7,240,750
	4,227,178

	14
	517,867.00
	-
	3,528,638.69
	2,800.00
	3,531,439
	3,013,571.69
	2,144,450
	10,428,000
	9,385,200
	7,240,750
	4,227,178

	15
	517,867.00
	451,220.00
	3,528,638.69
	2,800.00
	3,982,659
	3,464,791.69
	2,144,450
	10,428,000
	9,385,200
	7,240,750
	3,775,958

	16
	517,867.00
	-
	3,528,638.69
	2,800.00
	3,531,439
	3,013,571.69
	2,144,450
	10,428,000
	9,385,200
	7,240,750
	4,227,178

	17
	517,867.00
	-
	3,528,638.69
	2,800.00
	3,531,439
	3,013,571.69
	2,144,450
	10,428,000
	9,385,200
	7,240,750
	4,227,178

	18
	517,867.00
	-
	3,528,638.69
	2,800.00
	3,531,439
	3,013,571.69
	2,144,450
	10,428,000
	9,385,200
	7,240,750
	4,227,178

	19
	517,867.00
	-
	3,528,638.69
	2,800.00
	3,531,439
	3,013,571.69
	2,144,450
	10,428,000
	9,385,200
	7,240,750
	4,227,178

	20
	517,867.00
	451,220.00
	3,528,638.69
	2,800.00
	3,982,659
	3,464,791.69
	2,144,450
	10,428,000
	9,385,200
	7,240,750
	3,775,958

	21
	517,867.00
	-
	3,528,638.69
	2,800.00
	3,531,439
	3,013,571.69
	2,144,450
	10,428,000
	9,385,200
	7,240,750
	4,227,178

	22
	517,867.00
	-
	3,528,638.69
	2,800.00
	3,531,439
	3,013,571.69
	2,144,450
	10,428,000
	9,385,200
	7,240,750
	4,227,178

	NPV at 11% Discount Rate  
	ETB 12,927,417

	IRR   at 11% Discount Rate 
	28%

	B/C at 11% Discount Rate 
	ETB24,387,095 
	 
	ETB37,314,512 
	1.53


	Appendix 8.18 Sensitivity Analysis  
	
	
	
	
	
	
	
	

	The simultaneous increase of Invn't cost by 10% and decrease of benefit by 10% maintaining other factors constant 

	Project  Year
	Without project 
	With the project 
	Increases
	BC+10% inv't cost
	Increm.
	Gross value of production
	Net incr. benefit

	
	Total cost
	  Total Investment cost
	Total  Operating cost 
	Income Tax
	Total With Project Cost
	Inv't project cost by 10%
	
	project  cost
	without Project
	with the Project 
	Decrease project benef. by 10%
	Increm. Benefit
	

	0
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	1
	-
	6,052,311.71
	-
	-
	6,052,311.71
	605,231.17
	6,657,542.88
	6,657,542.88
	-
	-
	-
	-
	(6,657,542.88)

	2
	-
	1,513,077.93
	-
	-
	1,513,077.93
	151,307.79
	1,664,385.72
	1,664,385.72
	-
	-
	-
	-
	(1,664,385.72)

	3
	517,867.00
	4,004,608.18
	-
	2,800.00
	4,007,408.18
	400,460.82
	4,407,869.00
	3,890,002.00
	2,144,450
	6,737,500
	6,063,750
	3,919,300
	29,298.00

	4
	517,867.00
	166,248.00
	3,436,437.69
	2,800.00
	3,605,485.69
	16,624.80
	3,622,110.49
	3,104,243.49
	2,144,450
	7,820,000
	7,038,000
	4,893,550
	1,789,306.51

	5
	517,867.00
	451,220.00
	3,465,825.69
	2,800.00
	3,919,845.69
	45,122.00
	3,964,967.69
	3,447,100.69
	2,144,450
	8,622,000
	7,759,800
	5,615,350
	2,168,249.31

	6
	517,867.00
	-
	3,482,330.69
	2,800.00
	3,485,130.69
	-
	3,485,130.69
	2,967,263.69
	2,144,450
	9,513,500
	8,562,150
	6,417,700
	3,450,436.31

	7
	517,867.00
	-
	3,528,638.69
	2,800.00
	3,531,438.69
	-
	3,531,438.69
	3,013,571.69
	2,144,450
	10,428,000
	9,385,200
	7,240,750
	4,227,178.31

	8
	517,867.00
	-
	3,528,638.69
	2,800.00
	3,531,438.69
	-
	3,531,438.69
	3,013,571.69
	2,144,450
	10,428,000
	9,385,200
	7,240,750
	4,227,178.31

	9
	517,867.00
	-
	3,528,638.69
	2,800.00
	3,531,438.69
	-
	3,531,438.69
	3,013,571.69
	2,144,450
	10,428,000
	9,385,200
	7,240,750
	4,227,178.31

	10
	517,867.00
	451,220.00
	3,528,638.69
	2,800.00
	3,982,658.69
	45,122.00
	4,027,780.69
	3,509,913.69
	2,144,450
	10,428,000
	9,385,200
	7,240,750
	3,730,836.31

	11
	517,867.00
	-
	3,528,638.69
	2,800.00
	3,531,438.69
	-
	3,531,438.69
	3,013,571.69
	2,144,450
	10,428,000
	9,385,200
	7,240,750
	4,227,178.31

	12
	517,867.00
	-
	3,528,638.69
	2,800.00
	3,531,438.69
	-
	3,531,438.69
	3,013,571.69
	2,144,450
	10,428,000
	9,385,200
	7,240,750
	4,227,178.31

	13
	517,867.00
	-
	3,528,638.69
	2,800.00
	3,531,438.69
	-
	3,531,438.69
	3,013,571.69
	2,144,450
	10,428,000
	9,385,200
	7,240,750
	4,227,178.31

	14
	517,867.00
	-
	3,528,638.69
	2,800.00
	3,531,438.69
	-
	3,531,438.69
	3,013,571.69
	2,144,450
	10,428,000
	9,385,200
	7,240,750
	4,227,178.31

	15
	517,867.00
	451,220.00
	3,528,638.69
	2,800.00
	3,982,658.69
	45,122.00
	4,027,780.69
	3,509,913.69
	2,144,450
	10,428,000
	9,385,200
	7,240,750
	3,730,836.31

	16
	517,867.00
	-
	3,528,638.69
	2,800.00
	3,531,438.69
	-
	3,531,438.69
	3,013,571.69
	2,144,450
	10,428,000
	9,385,200
	7,240,750
	4,227,178.31

	17
	517,867.00
	-
	3,528,638.69
	2,800.00
	3,531,438.69
	-
	3,531,438.69
	3,013,571.69
	2,144,450
	10,428,000
	9,385,200
	7,240,750
	4,227,178.31

	18
	517,867.00
	-
	3,528,638.69
	2,800.00
	3,531,438.69
	-
	3,531,438.69
	3,013,571.69
	2,144,450
	10,428,000
	9,385,200
	7,240,750
	4,227,178.31

	19
	517,867.00
	-
	3,528,638.69
	2,800.00
	3,531,438.69
	-
	3,531,438.69
	3,013,571.69
	2,144,450
	10,428,000
	9,385,200
	7,240,750
	4,227,178.31

	20
	517,867.00
	451,220.00
	3,528,638.69
	2,800.00
	3,982,658.69
	45,122.00
	4,027,780.69
	3,509,913.69
	2,144,450
	10,428,000
	9,385,200
	7,240,750
	3,730,836.31

	21
	517,867.00
	-
	3,528,638.69
	2,800.00
	3,531,438.69
	-
	3,531,438.69
	3,013,571.69
	2,144,450
	10,428,000
	9,385,200
	7,240,750
	4,227,178.31

	22
	517,867.00
	-
	3,528,638.69
	2,800.00
	3,531,438.69
	-
	3,531,438.69
	3,013,571.69
	2,144,450
	10,428,000
	9,385,200
	7,240,750
	4,227,178.31

	NPV at 11% Discount Rate  
	ETB 11,999,922

	IRR   at 11% Discount Rate 
	26%

	B/C at 11% Discount Rate 
	 
	ETB25,314,590 
	 
	ETB37,314,512 
	1.47
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Figure 1.1 Administrative Map of Borta Irrigation Project
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