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Executive summary

The project site is located at 390 04’ East longitudes, 70 58’ North latitude in Arsi zone of Oromiya regional state. It is 30km distance North West of Asella and 7km far from junction town Arata chuffaa. It has altitude of 1780m asl.

The project objective mainly composed of upgrading of the existing traditional irrigation with introduction of improved irrigation infrastructure which enables the community to utilize the water resource efficiently to produce cash crops and food. The Caffe Misoma PA residents of 71HH are interested and willing to participate in the construction of the project and initiated during the study for any improvement in the scheme development.

The source of water is commonly known as Burqa Guddaa, now stated as Burkitu Chafé spring that has been found to be 63l/s flow by estimation of float method during the study.

Subsistence farming and animal husbandry are the significant income source and dependency on rain fall agriculture mainly characterizes the economy.

So the introduction of intensive irrigation system would enhance the production of crops, income and create employment of the young group and the elderly.

 The major components of the project are irrigation of 20ha of land with the newly design diversion structure, main canal, and secondary canals, turn out structure drops and culverts. The tertiary canal farm ditches and drainage canals are left for the community to development according to the design guidance and in their own way.

Project design life is taken as twelve year with initial construction cost of Birr 1,545,801.47 to be funded by AGP.

Financial analysis indicates that IRR to be 32% and BCR of 2.21.

1. Socio-Economy

1.1 Introduction

The available land and water from spring in the area has enabled the farmers in Chafee Misooma PA to divert the spring in traditional way and irrigate crops of diverse variety in small scale level. But the system lacks in full utilization of the water resource and fall short of the demand of the farmers for maximum production output. This is due to absence of updated system of water diversion use, distribution, some inherent degradation of resources, low extension service and with social and ecological problems.

This feasibility report is based on indication of Arsi Zone WRO, East Shoa WRO and collaboration of FAO special programs me for crop diversification and marketing development. The origin of the micro scheme is by the farmers themselves that had gone traditionally operational since the time of the Dergue regime. And it was found to construct it to efficient level as the attention for irrigation is growing and the income and land holding diminishes at present stage.

According to the aerial observation the area is known to its perennial springs used for irrigation like Bosha-01 and Bosha-02, and the downstream most of recent expansion study of Burqitu chose SSI project. To arrive at certain conclusion and attain the feasibility status, the same team of profession as in Burkitu chose are involved in social, agriculture and watershed part of the document. Hydrology, geology and Engineering aspect are included to raise the technical feasibility of the scheme for funding and implementation.

1.2 Back ground 

1.2.1. The economy

Agriculture is the mainstay of economy and family labor is employed in this sector. Irrigated agriculture is the source of income for the community and contributes to variety of source of food. And this irrigated land diminishing as population of the area increase and necessary to improve the traditional schemes to maximize the water use efficiency and land development.

The project is characterized by cattle rising in surrounding community which advocates for preservation of wetland grasses for animal feed in dry time. Swamps, poor drainage and conflict of interest of the community limited the downstream expansion of the irrigated agriculture. There’s also limited supply of water for existing traditional dry land irrigation area due to system of abstraction and well organized water management.

1.2.2. Agriculture 

   Mixed farming system, dominantly crop production with animal husbandry is practiced near and around the project area. Rain-fed crop production with small scale traditional irrigation schemes are widely used in development of crop production. External input like fertilizer sand herbicides are used in limited amount in crop production. Output of production and crop yields are low. In irrigation sector about 7 ha of land are cropped with maize Potato, pepper and Onion mainly. Crops varieties are prioritized according local market need and the nearby city Asela (37km from site)

Wet season land use correspondingly is dominated by wheat, teff and maize.

1.2.3. Existing Irrigation development 

   As far as the community effort, the traditional scheme has been operational since the dergne   time with naturally conducive agro-ecological setting. And now it is expanded to volunteer landless young men of the community form chaffee Misooma PA to the present situation. Individual farmers are commonly using pumps from Bosha River for irrigation while the expansion of the specific scheme is also limited by swampy area and the capacity of the water from spring.

In the specific Chaffe Burkitu area, the spring is diverted using many soil filled sacks to block and direct it towards the main canal. The canal takes a contour course through 700m route. Water availability and usage are not compatible when the present status of flow in the spring is considered. Mainly the diversion has not been constructed to convert the water in to main canal flow and the distribution is not wisely constructed.

There is social and environmental impact, if the water is used beyond the existing canal system and extension down ward to the marsh.

1.2.4. Income distribution and poverty

There are landless young group of the community who are unemployed and wants to organize themselves in the development this micro- scheme. In addition to reducing poverty by income generation, could also be source of food supply for surrounding.

Construction of this scheme would enhance the organization and management of land, water and labor together to bring about benefit for the stakeholders particularly the community.

This study was not preceded by the reconnaissance report especially about the source of water the spring and its quality for irrigation use. However, the funding agency is well experienced in irrigation development in the surrounding area like Bosha o1 and the new scheme.

1.3. Methodology

The following PRA system of methodologies is used in this small scale irrigation of Chafee project.  The basic PRA system of approach of depends on the following points:-

1) Data collected from concerned official Agr. Office of district, Arsi Zone WRO, Health center Education office of the Tiyo District office)

2) Discussion made with PA administrative leader and elders around the project

3) Discussion (meeting) handle with targeted group/beneficiaries/ and interview with selected farmers.

4) Visual observation and information gathered from the assigned DA of the PA

5) Data collected directly from the local market of the surrounding area information from the (beneficiaries) Farmers and market assessment.

6) From existing farm input of the supplying agents and station.

7) Recommendation of the agronomist and Engineering data.

1.4. Project Area

1.4.1. The Economic base (general)

As far as it is known in most parts of our country mixed farming system is the main economic dependence of the area. For which rain fed farming is basically emphasized crop production predominantly characterized the major source of food and income where as animals production and its products supplement this source of livelihood of the community. About 57.6% the total area PA is expected to be economically centralized and potentially available for agricultural production mainly crop production while 10.2% laid fallow for the grazing purpose and 0.47% of the areas covered indigenous trees and others.

1.4.2. Location and Accessibility

Caffe Burkitu small scale irrigation project is located at Arsi zone-Tiyo district in the Chafe Misoma PA which is 37Km from Asela town and 105 KM from Adama  on the way to Ziwayi Dugda district 30 Km up to Arata Chufa farmers villages to the left side 7 Km dry weather road to the project site

1.4.3. Population

The total population of the PA association in which the project found is about 3192 with1430 male and 1762 female – out of which the beneficiaries’ households are about 71 H.Ho with total population of 350 with average family size of 5pep/H/H. From the total PAS registered members 700 pay land tax while others 123 are land less which the construction of this project will support them to get job opportunity and few of them can get farm land through distribution of irrigable land. The majority of the populations living in the areas are ethically Oromo and speaking Oromifaa and their religion is Islamic and few of them are Christians. 

1.4.4. Land Use and Land Tenure

According to the data obtained from Tiyo agricultural office and Chafe Misoma DA Station the total area of the PA is 1583.5 ha. The present hand use pattern of the Chafe Misoma peasant association is categorized fragmented peasant farm land which accounts 57.6% total area.  The grazing land forest land construction area flooded and wasted area which totally amount of 32.17% of the total area and 8.7% of the grazing area is flood land.  Farm land in the PA is owned by private as distributed by Dergue regime in the past government which is common property of the government. Thus, the farmers have only the right to use and inherit to their own plot of land under their holdings to their children.

The average land holding of the Kebele under this prevailing condition is 1.5-2 ha which privately utilized as well as common grazing area for individual.

Table 8-1 Land Use Pattern

	
	Land use 
	Area in ha
	Coverage %

	1
	Cultivated     land
	912
	57.6

	2
	Grazing            “
	138
	8.7

	3
	Forest               “
	6.5
	0.47

	4
	Social service   “
	365
	23 

	5
	Un used            “
	162
	10.2

	                 Total     Land
	1583-5
	100%


1.4.5. Crop Production

The major crops grown in the project area are mainly produced with rainfed. The main rainfed crops grown are mainly cereals with 99% of the cultivated land and oil crops 1%. According data from the Chafe Misoma DA station Office 912 ha of the total area of the cereals production is covered by in this area.  Wheat is main food source and income generating of the most farmers and few of the farmers used improved seed and fertilizer in the PA.

1.4.6. Traditional Irrigation Experience
Most of the farmers are using this spring by traditional diversion since a few year ago they developed  by their own effort and they do have an interest about the modern irrigation project from their neighbor PA such as Arata Chufa as  well as in their PA from Bosha 1,2 Projects. Due to this they tried a lot to use this water but technical it is beyond their capacity to construct properly because of this mostly they can’t get enough water ever for this small area. Limiting the area with the capacity of water diverted.

1.4.7. Pasture Land

Pasture land in this PA is mostly common area and very few privately around their plot of form land.

1.4.8. Livestock Production

Livestock and livestock production especially cattle play an important role in their economy of the farmers for the presence of enough grazing land in the dry season and available water and food for their animal after harvesting crop residues. There is a good cross breeding animal husbandry extension introduction for a long time since CADU hand been established around Asela town. Sometimes a different type of animal disease such as Black leg Anthrax Shipbay lumb, skin internal and external parasite can be seen but they can be easily controlled by animal health center around office.

Table 8.2 Livestock Population

	
	Type of Livestock
	Population No
	H.Hs pe/hold

	1
	Oxen
	1302
	

	2
	Cow
	616
	

	3
	Heifer
	456
	

	4
	Steer
	426
	

	5
	Calve
	414
	

	6
	Sheep
	950
	

	7
	Goat
	790
	

	8
	Donkey
	950
	

	9
	Mule
	10
	

	10
	Poultry
	
	


1.4.9. Labour Supply And Demand
According to our assessment and information from the community dwellers the attitude and the interest of the targeted group towards the irrigation development, expect that the beneficiaries’ community will cover most of the unskilled labor requirement during the implementation of the project.  In addition to this it is possible to get necessary labor power from and around the PA village like Arata Chufa PA and other etc.  For the skill labor power such as masons and carpenter it is possible to get from Arata as well as from Asela town during the implementation of the project.  

1.5. Social Infrastructures
1.5.1. Health

In the district of Tiyo one hospital and one health center in Asella and three clinics and 12 health posts of which one health post is functioning in Chafee Misoma PA of the project site. For further treatment Asela Hospital is 35KM away which is possible to go easily throughout the year.

Due to the construction of this project the Malaria Vectors and water borne diseases can  increase, because of this it is necessary to give attention to water management to avoid Malaria expansion and solution of get potable water. For water borne diseases it is possible to discuss with concerned office of water supply.

1.5.2. Education

There is Chufa primary school which is established for a long time for school age children in beneficiary villages of the proposed PA project site and the branch of this school is on construction 1-4 grade particularly on the project site by community and government the old school is at the upper site of the PA, during the implementation of the project.

The awareness of the community towards education is very good. Most of the beneficiaries (targeted group) are youngster and they attend primary school.

1.5.3. Market

The feasibility study on Burkitu Chafee irrigation revealed the market of agricultural products would be determined by accessibility of the area and demand from surrounding area. As it is observed during the market survey there is no problem in both ways, because of Chafee PA is near to the all weather road Asela to Ogolchoo to Meki-Mojo to Addis.  If there is surplus production even though if there is shortage of transportation there is short foot path by animal to Asela and Ogolcho which is not more than 10KM from all constructed project of irrigation in Tiyo District this one is the nearest of all to Asela town.

1.5.4. Price 

According to the information gathered the price of farm inputs are determined by the distance between the supply agents and the demand area while the price of agricultural products are determined by the demand and supply and the time of products marketing and the year of supply. Because of the price of  input  depends upon the international market situation, therefore the price of farm input cannot be fixed at present with the existing market situation for our calculation of financial Analysis of the project and assumption  have been taken with existing market price.

Table 8-4 Price of main crops

	No
	Type of Crop


	           Price Of Market Area

	
	
	K.level
	At Asela Town

	1
	Wheat
	280
	300

	2
	Maize
	180
	200

	3
	Teff
	450
	480

	4
	Sorghum
	100
	150

	5
	Potato
	80
	180

	6
	onion
	200
	280

	7
	Tomato
	(Bay)35
	75

	8
	Sugar cane
	
	


1.6. The Project

The name of the project is Chaffe Burkitu Small Scale Irrigation which is located in Chafe Misoma PA. Burkitu spring is under the kebele and Chilaloo Mountains chain at Rift Valley which crosses in between Asela and Ziway Dugida district.

The command area is estimated 20 ha for a time being as the volume of spring determined the area according to the justification of hydrologist assumption.

The project area is found in Woinadega at the Alt.1780 which is more to semi arid zone in the rift valley region where as some times shortage of rain fall can be happen.

1.7. Project Objective
The objective of the project are derived from the interest of farmers on irrigation farm and the question raised for a long time from the beneficiaries farmers to Water Resource office at Tiyo District basically the question of the farmers motivation is from the constructed modern irrigation in the PA such as Bohsa 01and 02 as well as from the Arata Chufa which plays big role in the changing life of the community members. Those who are using this project understand the advantage of irrigation easily also practically from year to year for a long time. This forces them to raise the question of irrigation development again and again to the concerned office and NGO.

In general from the existing of food shortage problem and same time drought occurrence, poverty of the community for more income generating and potential resource utilization in the area are as special criteria accordingly the major objective of the implementation of the project area.

1. To supplement the shortage of seasonal rain fed product

2. To improve the agricultural production through improved productivity and nutritional importance crops as far as possible

3. To increase in come generation by introducing cash crop production.

4. To utilize the existing potential resource to reduces the effects of drought problem in the area.

5. To increase per/ha production by effective utilization (natural) of resource water spring and climate.

6. To apply the shortage of poverty reduction of the government in securing food self sufficiency.

1.8. Constraints in Crop Production

The main and clearly identified constraints are associated with factors that affect development.

1. The land cannot be fully developed with naturally available rainfall because of it is in the rift valley region sometimes drought prone and influenced by climatic change.

2. The existing water source cannot be simply used for the whole development thus the only possible to use irrigation as additional for production.

3. The absence of enough agricultural extension service/improved agricultural technology/

4. Epidemic out breaks sometimes pests, rodents and stock borers.

1.1 Constraints in livestock production

Chafe Misoma passes a number of livestock populations this animal population is associated with an influencing environment factors.

1. The climatic condition in this area favors the development of animal disease for which  no sort of enough health facilities are found

2. Even if there is a good beginning of improved breed extension can be seen still it is poor breeding system in the area.

3. In addition to this poor feeding and management system no enough extension support for their animal feeding and improved breeds.

1.9. Areas of Intervention

Areas of intervention here can be classified in two ways.

Technological Way: - weir construction which is beyond the capacity of the community as modern structure for water management.

1.10. Anticipated Benefit
 Improved the food security and self sufficiency ,one of the major objectives of the project is to secure the food requirement at least to certain degree, food self sufficiency cannot be achieved with 20ha of irrigable land in this area but  all exists to certain amount if the project is effectively utilized.

The project introduces the way to improve the food security and self sufficiency. In addition to this the project introduces and teaches new agricultural production system through application of irrigation extension which helps the community to produce short time planting vegetables.

1.11. Organizational and Management

The Oromia irrigation development authority branch office established with in every district and zonal office level to carry out this responsibility to facilitate technically necessary producers concerning irrigation projects.  Thus, extension and water management and community participation and promotion team at zonal level branch office by this time at a woreda level are formed for our all control and technical follow up to the projects. for this concern Tiyo District irrigation development office shall be responsible after implementation of Chaffe Burkitu small scale irrigation may be this manage mental follow up can be improved by the new governmental structure of BPR – system.  As it’s obviously known on all projects extension agents shall be assigned directly in Chafe Misoma PA level. The technical upper structure (District zonal branch) office can give assistance and facilities the way in which the community by themselves is organized to manage and to guide their own project.  The future organizational structure of the water users association shall be arranged by the responsible office co-operatives services at district according to the technical and social aspects of the project will be functional through their association by the elected committees. In this case, teaching, training, field observation shall be provided by extension and community service at district office and head office of the OWRB or funding agents.  The community (target group) has their own water users association (WUA), community members shall function through WUA with full involvement and collaboration with beneficiaries they do have enough back ground system management form their traditional experience.

1.12. Financial Analysis
1.12.1 Price

Comprises the farm input prices and project product prices which shall be determined by the situation of the time of project operation for financial analysis purposes  the existing market price(estimate farm gate price)are used.

1.12.2 Prices of Inputs

The prices of input are determined by the market condition at the time of application and the supply agents for example the fertilizer prices at Asela and Chafe Misoma PA no. different the estimated which are used in the analyzing are indicated in the table of cost benefit analysis the input price are obtained from the PA assigned DA at development station.

1.12.3 Price Of Out Put

The prices of the output of the project are expected to be determined by the market condition demand and supply at the time of production.  If there shall be transport facility to the site use are expect that the producer shall have good demand on form and the product are to be sold easily with a good market price the output prices used for financial analysis are results of the local market assessment
1.12.4 Market
The markets for this project depends on the accessibility and transport rout to the site the market around the project are such as Asela is major place can be simply reached without problem through all weather road from Ziway Dugida to Asela the whole year as well as possible on pack animal by short foot path road from Chafee Misoma to Asela which is not for more than 8-10km from project site.

2. COMMUNITY PARTICIPATION
The methodology and techniques to approach and to know their willingness;.

In most case to identify community willingness and decision on the proposed project preferably by PRA system of approach should be used 

· Discussion made with local administrative leader

· Discussion made with PA leaders and elders of the community

· Interviewing individual beneficiaries  by   questionnaires and discussion

· By calling general meeting with most of the targeted group

In addition to this to convenience and develop their interest more we used:- 

· Rural sociological approach

· Rural  extension approach

· Even personal approach of the  organizing system of  the back ground experience which is very important 

2.1 Governmental Development Focusing Programme   

· To avoid famine

·  To create sustainable economic development 

· on the basis of this approach the altitude of the beneficiaries towards irrigation development is good. 

·  In addition to this :

· There is a more than two modern  project in this PA as well as  at the vicinity

· Secondly they tried for themselves traditional irrigation farm many times, they understood very well the advantages   of irrigation farm specially   for income generating as well as for home consumption.

· Even if they use animal production & products in different way for their income generating it is not enough for their need.

Also their interest is more developed after the discussion made with the study crew team and with raising questions and given justification to them.

 Lastly they agree to take participation on:-

· To distribute their command area of land according to the new proclamation of rural land area on irrigation site No 56/1994 is mentioned.

· They agree to take participation by labor power 10 % of the cost of project budgets.

· Also they agree to organize themselves by WUA and select committee   starting from today to handle the project management after its implementation without problem.

In general with closer water management and extension, if the government should implement this project it will contribute to create a sustainable economic development for the community around the site.
2.2 The PA Population and Beneficiaries Population

	District name
	PA name
	Population no
	Project name
	Population number

	
	
	
	
	HH
	M
	F
	Total

	Tiyo Assela
	Chaffe missoma
	3192
	Chaffe Burkitu 
	71
	
	
	350

	Total
	
	3192
	
	71
	
	
	350


All the necessary data and documents attached with this

· Beneficiary members 

· Supporting letter from district office of Tiyo

· Minutes  of the general meeting and decision as  well as WUA leaders 

3. AGRONOMY STUDY OF CHEFE BURKITU
3.1. Project Back ground and justification

Tiyo District with an area of 650 sq.km2 located in Oromia region Arsi Zone shares boundary lines of Digeluna Tijo, Hetosa, Ziway Dugda, Ticho, Doddota sire and Muneessa Districts.  Undulating plains, rift valleys, hills and mountains characterize the district.

Subsistence Agriculture and animal husbandry is the significant source of income for their livelihood of the target population.  Crop production is the major agricultural activity and almost all is rain fed.  Maize, wheat, and teff are the major crops on rain fed Agriculture.  Though there is good irrigation potential in the project area, only small area of land that is 7 hectare cultivated by irrigation to date with different vegetable crops such as potato, shallot, beetroot, pepper & tomato by diverting “Burka Gudda” spring.  This is due to the shortage of money and experience.

The main problem is that, the traditional farming system that relies on rain fed agricultural production which are currently being used have proven to be in sufficient to bring the production to levels that could fulfill the house hold food requirements.  Feeding its members all the year round is very difficult for a household.  Despite abundant water resource and potential of the programme area, the technological backwardness coupled with the dependency on rainfall agriculture mainly production of food crops has made the life of the farmers vulnerable. For these reason adopt or improve irrigation system is a must.

3.2. Agro Ecology

The ecological coverage of the area is almost semi-arid (dry woinadega).

The average altitude, annual rainfall and annual temperature of the area is 1780 metre, 800-900 and about 22.5c respectively.  The rain fall pattern is unimodal and lies between May-September.  Although the change is recent uneven distribution of rain fall is the main problem related to rainfall as the main reason for expansion of traditional irrigation.

3.3. Methodology

The main methodologies adopted for conducting detail agronomic study of Chaffe Burkitu small scale irrigation project are as follows:-

· Proper field observation of the command area.

· Discussions with farmers and development agents

· Review of available relevant literature or documents

· Briefings to woreda agricultural and rural development offices on the objectives of the project.

· Data gathered from Agricultural and Rural development office.

3.4. Objectives of the study

· To determine crop management system

· To determine crop water requirement and design supply

· To determine the proposed irrigation agriculture

· To show the existing farming system and land use patter.

3.5. Land use pattern and crop production

3.5.1. Land use program

The “PA” has 58% cultivated land, 0.4% forest, 9% grazing and 33% village and bush land.  The detail land use pattern information of the district and the project area is listed below.

Table 1 Land use program 

	No
	Land Pattern
	PA
	District
	Remark

	
	
	Ha
	%
	ha
	%
	

	1
	Cultivated land
	912
	58
	25060
	38.5
	

	2
	Forest land
	6.5
	0.4
	3959
	6
	

	3
	Grazing land
	138
	9
	9682.5
	15
	

	4
	Village
	365
	23
	6011
	9
	

	5
	Bush & shrubs
	162
	10
	9750
	15
	

	6
	Others
	-
	-
	10537.5
	16
	

	
	Total
	1588.5
	100
	65000
	100
	


Source –District Agricultural office

3.5.2. Crop Production

Agriculture is the dominant sector in Chefe Misoma “PA” and provides the livelihood for more than 90% of the population.  Majority of the farmers had been predominantly practicing subsistence farm with an average holding size of around 1.1 hectare.  In addition, crop account over 58% of the gross value of agricultural production while livestock is providing less than crop production the average land holding per house hold is estimated to be 0.75-1.1 hectare.  In addition to food crops the target community is also involved in traditional livestock production. in this case, it is estimated that 85 % of them possess various types of livestock.  Most of them own less than two oxen.  Whatever little income they get comes from the sales of crop and ruminant in some cases these may be supplemented by sell of fire wood and charcoal and engaging in petty trading.

Selling of fire wood and charcoal aggravates soil degradation and fasten desertification in the project area these contribute for the reduction of land or yield productivity the average food crops production of the target area per year per house hold is estimated to be 7 to 8 quintals, which can not much with the consumption of households .in the target area Wheat, Maize, Teff and sorghum are the major food crops and source of income for the community.  Area coverage, crop type and average yield obtained under rain fed & Irrigation summarized below:-

Table 2 Existing cropping pattern on rain fed & Irrigation

	No
	Crop Type
	Area coverage & yield Qt/ha

	
	
	District
	PA
	Project area

	
	
	Area

(ha)
	Yield

Qt/ha
	%
	Area

(ha)
	Yield

Qt/ha
	%
	Area (ha)
	Yield Qt/ha
	%

	I
	Rain Fed
	
	
	
	
	
	
	
	
	

	1
	Wheat
	11378
	32
	45
	555
	38
	61
	-
	-
	-

	2
	Maize
	815
	35
	3
	165
	40
	18
	-
	-
	-

	3
	Teff
	1343
	36
	5
	90
	17
	10
	-
	-
	-

	4
	Sorghum
	695
	32
	3
	80
	28
	9
	-
	-
	-

	5
	Haricot bean
	46
	18
	0.18
	10
	16
	1
	-
	-
	-

	6
	Pea
	1522
	22
	6
	6
	22
	66
	-
	-
	-

	7
	Barely
	6979
	15
	28
	5
	20
	2
	-
	-
	-

	8
	Lin seed
	183
	9
	1
	1
	80
	0.11
	-
	-
	-

	9
	Lentils
	8
	8
	0.03
	-
	-
	-
	-
	-
	-

	10
	Faba bean
	1430
	25
	6
	-
	-
	-
	-
	-
	-

	11
	Rye
	488
	30
	2
	-
	-
	-
	-
	-
	-

	12
	Rapeseed
	169
	12
	1
	-
	-
	-
	-
	-
	-

	13
	Niger seen
	4
	16
	2
	-
	-
	-
	-
	-
	-

	
	Sub Total
	25060
	22
	100
	912
	33
	167
	-
	-
	-

	II
	Irrigation
	
	
	
	
	
	
	
	
	

	1
	Potato
	451.50
	168
	57.5
	75
	180
	49.6
	17.0
	180
	63

	2
	Onion
	232.00
	119
	29.5
	30
	110
	19.8
	2
	110
	7

	3
	Tomato

	23.60
	180
	3.0
	26.5
	180
	17.5
	3
	180
	11

	4
	Haricot bean
	12.01
	15
	1.5
	-
	-
	-
	-
	-
	-

	5
	Pepper
	5.30
	49
	0.7
	3.0
	100
	1.9
	4
	100
	15

	6
	Beet root
	-
	-
	-
	-
	-
	-
	1
	170
	4

	7
	Banana
	8.70
	80
	1.1
	4.0
	80
	2.6
	-
	-
	-

	8
	Sugar cane
	50.70
	266
	6.4
	12.7
	266
	8.4
	-
	-
	-

	
	Sub total
	784
	125
	100
	151.2
	153
	100
	27
	
	100

	
	Total
	25844
	74
	100
	1063
	93
	100
	37
	
	100


Source: District Agricultural & irrigation development office

3.5.3. Existing crop calendar of the area

The on time irrigation starts is from end of October and ends in March, so in this area a chance of growing crops three times per year is may be difficult.  For the reason the rainy period and cropping calendar extends for six months starting from March up to half of October.  A balanced cropping program me, a sound rotation system and strict plant protection measures are expected from higher cropping intensity and production potential for crops under irrigation than for crops under dry land farming.

The existing cropping calendar of the PA is classified in to three main parts, as land preparation, sowing date and harvesting date.  The detail information is listed below.

Table 4 Existing cropping calendar for major crops 

	No
	Crop type
	Land preparation 
	Planting date
	Weeding date
	Harvesting date

	I
	Rain fed

	1
	Wheat
	April -June 10th 
	June 10th-July 25th
	Sept.1st-30th
	Nov15th.- Dec 30th

	2
	Barely
	April 1st-June 5th
	June 5th-July 30th
	August 1st-30th
	Sept 1st-oct.30th

	3
	Maize
	March 1st-April 10th
	April 20th – May 1 st
	May 15th-July30h
	Aug. 20th-sep.10th

	4
	Sorghum
	March 1st-May 15th
	May 5th-June 25th
	July – Aug 15th
	Dec.1st-30th

	5
	Teff
	April 1st-June 5th
	July 5th – July 30th
	August.1st-30th
	Nov. – Dec.15th

	6
	H/bean
	April 1st-June 5th
	June 5th-July 30th
	Sept.1st-30th
	Oct.15th-Nov.15th

	II
	Irrigation
	
	
	
	

	1
	Tomato
	Sep.1st-30th
	Oct. 15th – Nov. 15th
	Nov.10th-30th
	March – April

	2
	Onion
	Sep.1st-30th
	Oct. 15th – Nov. 30th
	Nov.10th-30th
	March – April

	3
	Chillies
	Sep.1st-30th
	Oct. 15th – Nov. 15th
	Nov.10th-30th
	March - April

	4
	Beet Root
	Sep.1st-30th
	Oct. 15th – Nov. 15th
	Nov.10th-30th
	March - April


Source: - Woreda Agri. Office, DA and Interviewed farmers
3.6. Agricultural Techniques

One of the common tillage practices used in the project area in Ox-plowing.

 Maize and potato are the only two main crops used for crop rotation.  The main source of agricultural inputs for the surrounding area are semen –Asella farmers union which is founds “Itaya” , Tiyo district agricultural development office which is supplied for extension package program & individual merchants but the farmers are not using the proper recommendation rate as the cost of inputs is higher and also input provision is insufficient.  The common agricultural inputs utilized by the farmers are fertilizer like DAP & Urea, Herbicide 24D and U-46.  Improved seed varieties mostly wheat and Barley are used as supplied vegetable seed like shallot and potato are purchased from Huruta town and neighbor kebele.  But local varieties used by the beneficiaries have large coverage which contributes for low yield.  The common types of crop disease found in the project area are Rust, Smut, Blotch, Scald, Blight and also cut worms, Aphids, Potato tuber moth are the common insect pests.  Bermuda grass, Oats, Broad Leaf weeds are also contribute for yield reduction but because of unavailability and unaffordability of chemical prices, farmers only used cultural practices as a controlling mechanisms of disease, pest and weeds.

Generally the summarized main constraints of crop production of the target areas are the following:-

· Lack of appropriate technology like poor storage facilities and inappropriate water management practices.  Because of these the tradition of storing grains and vegetables for longer period of time is not practiced.

· Crop disease, pests & weeds are also one of the hindering factors for crop production.

· Shortage and unavailability of sufficient agricultural inputs on time also contribute for yield reduction.

· Flooding, water logging & deforestation are the identified major problems that contribute for yield reduction.

So to alleviate the above mentioned critical problems strong extension service with appropriate credit supply should be taken as decisive measures.

3.7. Livestock production

In addition to food crops the target community is involved in traditional livestock production the community uses them oxen for ploughing Donkey, Mules and Horses for traction power and transport (packing) purpose.  Others used for family food consumption that is for meat, Milk , egg and they get income from the sales of cattle’s, small ruminant and poultry and their bi-product, providing day- to- day labor.

The main production constraints of livestock sub-sector in the area are animal disease like Black leg, Anthrax, render pest, sheep & Goat pox, death recorded in year 2006. On the other hand unavailability of veterinary clinic, shortage of animal feed or grazing land, lack of awareness also contributed for low yield cattle production of the area the following information listed on the table is an indicator of livestock population of the district and PA (project area) on type and quantitatively.

Table 4 Livestock population

	No
	Type
	Livestock population /No

	
	
	              District
	                PA
	Average livestock population

per H H of PA

	
	
	Quantity
	%
	Quantity
	%
	

	1
	Oxen
	27842
	4
	1302
	13
	1.58

	2
	Cow
	21188
	3
	616
	6
	0.75

	3
	Heifer
	1183
	0.18
	456
	5
	0.55

	4
	Steer
	11207
	2
	423
	4
	0.51

	5
	Calves
	10117
	2
	414
	4
	0.50

	6
	Sheep
	512925
	79
	950
	10
	1.15

	7
	Goat
	11479
	2
	790
	8
	0.96

	8
	Horse
	6575
	1
	5
	0.05
	0.0061

	9
	Donkey
	15157
	2
	950
	10
	1.15

	10
	Mule
	329
	0.05
	10
	0.01
	0.01

	11
	Chicken
	35155
	5
	3800
	39
	4.62

	
	Total
	653157
	100
	9716
	100
	11.81

	
	Beehive
	
	
	206
	100
	0.25

	
	Modern
	-
	-
	4
	2
	0.0049

	
	Traditional
	-
	-
	202
	98
	0.24


Source: - District Agricultural office and DA

Note. HH Heads of PA are M 612 F 211 Total 823
         . Members    “   “     “M 1430 F 1762 Total 3192

3.8  Labor Supply

The existing traditional irrigation is about 20 ha of land.  Labor requirements need to produced crops per hectare of land under rain fed and irrigation in the project area is listed below.

     Table 5 Labor Requirement (Mondays/Months) for “West season crops”
	No
	Crop type
	Area (ha)
	Average yield Qt/ha
	Remark

	1
	Maize
	6
	40
	

	2
	Wheat
	9
	38
	

	3
	Cabbage
	4
	95
	

	4
	Carrot
	1
	75
	

	
	Total
	20
	62
	


Table 6 Breakdown of labor requirement Mondays/Months

	No
	Crop type
	Activities
	Unit
	Frequency
	Quantity
	Remark

	1
	Maize
	Disposal
	-
	-
	-
	

	
	
	Ploughing
	OD
	2
	4
	

	
	
	Sowing
	OD
	1
	4
	

	
	
	Weeding
	MD
	1
	8
	

	
	
	Protection
	MD
	1
	4
	

	
	
	Harvesting
	MD
	1
	20
	

	
	
	Transport
	MD
	1
	20
	

	2
	Haricot bean
	Disposal
	-
	-
	-
	

	
	
	Ploughing
	OD
	4
	4
	

	
	
	Sowing
	OD
	4
	1
	

	
	
	Weeding
	MD
	4
	3
	

	
	
	Protection
	MD
	4
	1
	

	
	
	Harvesting
	MD
	4
	3
	

	
	
	Transport
	MD
	4
	2
	

	3
	Vegetables
	Disposal
	-
	-
	-
	

	
	
	Ploughing
	OD
	4
	4
	

	
	
	Sowing
	OD
	1
	16
	

	
	
	Weeding
	MD
	2
	15
	

	
	
	Protection
	MD
	2
	3
	

	
	
	Harvesting
	MD
	2
	15
	

	
	
	Transport
	MD
	2
	15
	


3.9 Proposed cropping pattern and their management

3.9.1 Proposed crops patterns

A cropping pattern is proposed to grow in wet season (rain fed) as supplementary and in dry season under full irrigation.  The crops to be selected are suitable to grow in the rainy period to resist the incoming flood providing source of income and meeting the food demand.  The cropping pattern has to be proposed taking into consideration the following factors.

· Area adoptability of the crop or Agro climatic base

· Productivity of the crop and soil fertility of the area with crop rotation

· Subsistence and income generating possibilities

· Marketing possibilities and demand of crops

· Farmers’ preference, experience and tradition or food habit.

The proposed or selected crops are classified in to two groups.  The vegetable group includes Potato, Tomato, Onion, Pepper, Haricot bean, Cabbage, Beet root, Carrot and Maize which are used to beneficiaries for income and household food security where as the fruit groups like papaya and Avocado are used for wind break and high economic demand for the community.  Generally the proposed crops are listed below:-

Table 7 Proposed Cropping Pattern for five consecutive production years.

	No
	Selected crops
	1st year
	2nd year
	3rd year
	4th year
	5th year

	
	
	(ha)
	(%)
	(ha)
	(%)
	(ha)
	(%)
	(ha)
	(%)
	(ha)
	(%)

	1
	Potato
	5
	25
	6
	30
	4
	20
	7
	35
	5
	25

	2
	Onion
	3
	15
	2
	10
	6
	30
	3
	15
	4
	20

	3
	Beet root
	3
	15
	3
	15
	2
	10
	1
	5
	3
	15

	4
	Tomato
	3
	15
	4
	20
	3
	15
	4
	20
	3
	15

	5
	Pepper
	4
	20
	3
	15
	3
	15
	3
	15
	3
	15

	6
	Guava
	2
	10
	2
	10
	2
	10
	2
	10
	2
	10

	
	Total
	20
	100
	20
	100
	20
	100
	20
	100
	20
	100


3.9.2 Crop Management

Agronomic measures, intensive water management, irrigation methods are some of the activities that should be under taken in the project area.

Agronomic measures optimizing crop yield are appropriate variety selection proper spacing and input utilization crop protection, weeding, cultivation, mulching, intercropping and proper time of planting.

Regarding intensive water management and irrigation system, furrow and boarder methods are more preferable for proposed vegetables and fruit crops.

Crop disease and pest is one of the limiting factors that contribute for yield reduction. The detail information illustrate as follows:-

Table 8 Disease and pest management of proposed crops

	No
	Selected crops
	Susceptible disease
	Preventing or controlling mechanism
	Susceptible pests
	Preventing of controlling mechanism

	1
	potato
	Blight
	· Crop rotation

· Use resistance variety

· Maneb or zineb chemicals
	Potato aphids 

Potato moth
	Chemicals

	2
	Onion
	Downy mildew

Root rob

Purple blotch
	· Good drainage

· Field sanitation

· Proper water management

· Fungicide 
	Cut worms onion trips Nematodes
	· Field sanitation

· Proper tillage

· pesticide

	3
	Beet root
	Black rot (damping off)
	· Avoid flooding

· Avoid poor drainage

· Crop rotation


	-
	-

	4
	Tomato
	Late Blight (phytophathora infestans)
	· Removal of infected residues

· Use weed free field & clean seed

· Use crop rotation

· Use maneb & ridomile
	· Nematodes

· Cut worms

· Potato tuber moths

· Africa ball worms

· whitefly
	· Crop rotation

· Field sanitation 

· Cypermetrine 10%

	5
	Pepper
	Powdery mildew

Bacterial blight

Bacterial soft rot 

Root rot
	· Sterilization of trimming knives

· Proper water management

· Crop rotation


	· Ball worms

· Leaf worms
	· Crop rotation

· Field sanitation

· Spraying Endosulfan at 0.25% 

	6
	Guava
	-
	-
	Fruit files
	· Crop rotation

· Field sanitation

· Destroy the larvae


Appropriate rotational possibilities of proposed crops in the project area are:-

· First phase – vegetables

· Second phase :- Maize/pulses/ leaf vegetables

Table 9 Recommended inputs with proper spacing & irrigation methods

	No
	Crop type
	Fertilizer kg/ha
	Seed rate kg/ha
	Spacing/cm
	Recommended  variety
	Irrigation method
	Furrow length (mts)

	
	
	DAP
	Urea
	
	b/n rows
	b/n plants
	
	
	

	
	
	
	
	
	
	
	
	
	

	1
	potato
	200
	150
	1800
	75
	30
	Awash, Tolcha Chiro, Alem- 624
	Furrow
	Max .15

	2
	Onion
	200
	100
	4.0
	4.0
	20
	
	Furrow
	Max .15

	3
	B/root
	200
	-
	12
	50
	8
	
	Furrow
	Max .15

	4
	Tomato
	200
	100
	0.5
	70
	30
	
	Furrow
	Max .15

	5
	Pepper
	150
	140
	0.6
	80
	40
	
	Furrow
	Max .15

	6
	Guava
	600
	100
	1100 
	300
	300
	
	Apple Guava
	


Table 10 required agricultural inputs for proposed crops

	No
	Crop type
	Chemical (lt.kg/ha)
	Fertilizers (kg/ha)

	
	
	P.cide
	H.cide
	DAP
	Urea
	Manure

	
	
	1-3 yr.
	4-5 yr.
	1-3 yr.
	4-5 yr.
	1-3 yr.
	4-5 yr.
	1-3 yr.
	4-5 yr.
	4-5 yr.

	1
	Potato
	2.0
	2.0
	2.0
	2.0
	200
	200
	150
	100
	

	2
	Onion
	2.0
	2.0
	2.0
	2.0
	200
	200
	100
	100
	

	3
	Beet root
	2.0
	2.0
	2.0
	2.0
	200
	200
	-
	-
	

	4
	Tomato
	2.5
	2.5
	2.0
	2.0
	200
	200
	100
	100
	

	5
	Pepper
	2.0
	2.0
	2.0
	2.0
	150
	150
	140
	140
	

	6
	Guava
	3.0
	3.0
	3.0
	3.0
	600
	600
	100
	100
	


3.10 Labor supply and demand

Skilled and unskilled labor required for the production of crops are found near to Arata Chufa small town and during off season time of the farmers.  This will help to reducing UN necessary cost that will be paid for man power .detail information that will tell or indicate the direct labor supply or requirement for hectare of land is listed in the following table

.Table 11 Labor Requirements for proposed crops
	No
	Proposed crops
	Activities
	Unit
	Frequency
	Quantity
	Remark

	1
	    Potato
	Pre planting
	OD
	4
	4
	

	
	
	Planting
	OD
	1
	4
	

	
	
	Irrigation
	MD
	8
	4
	

	
	
	Cultivation
	MD
	2
	14
	

	
	
	Fertilizing
	MD
	2
	4
	

	
	
	Crop protection
	MD
	1
	20
	

	
	
	Harvesting
	MD
	1
	22
	

	
	
	transportation
	MD
	1
	22
	

	2
	Onion
	Pre planting
	OD
	4
	4
	

	
	
	Planting
	OD
	1
	4
	

	
	
	Irrigation
	MD
	9
	4
	

	
	
	Cultivation
	MD
	2
	14
	

	
	
	Fertilizing
	MD
	2
	4
	

	
	
	Crop protection
	MD
	1
	2
	

	
	
	Harvesting
	MD
	1
	20
	

	
	
	transportation
	MD
	1
	20
	

	3
	Beet root
	Pre planting
	OD
	4
	4
	

	
	
	Planting
	OD
	1
	4
	

	
	
	Irrigation
	MD
	8
	4
	

	
	
	Cultivation
	MD
	2
	14
	

	
	
	Fertilizing
	MD
	2
	4
	

	
	
	Crop protection
	MD
	1
	20
	

	
	
	Harvesting
	MD
	1
	22
	

	
	
	transportation
	MD
	1
	22
	

	4
	Tomato
	Pre planting
	OD
	4
	4
	

	
	
	Planting
	OD
	4
	2
	

	
	
	Irrigation
	MD
	7
	3
	

	
	
	Cultivation
	MD
	5
	4
	

	
	
	Fertilizing
	MD
	3
	4
	

	
	
	Crop protection
	MD
	5
	4
	

	
	
	Harvesting
	MD
	5
	4
	

	
	
	transportation
	MD
	3
	3
	

	5
	Pepper
	Pre planting
	OD
	4
	4
	

	
	
	Planting
	OD
	1
	4
	

	
	
	Irrigation
	MD
	8
	4
	

	
	
	Cultivation
	MD
	2
	14
	

	
	
	Fertilizing
	MD
	2
	4
	

	
	
	Crop protection
	MD
	2
	22
	

	
	
	Harvesting
	MD
	1
	22
	

	
	
	transportation
	MD
	1
	22
	

	6
	Guava
	Pre planting
	OD
	3
	4
	

	
	
	Planting
	OD
	1
	4
	

	
	
	Irrigation
	MD
	21
	4
	

	
	
	Cultivation
	MD
	3
	20
	

	
	
	Fertilizing
	MD
	8
	10
	

	
	
	Crop protection
	MD
	8
	40
	

	
	
	Harvesting
	MD
	8
	40
	

	
	
	transportation
	MD
	8
	40
	


3.11 Proposed cropping calendar
The land proposed for irrigation for the first year is 20 hectare.  However, since the land is irrigated twice a year, the actual land utilized for irrigation is 40 hectare by 77 beneficiaries.  The cropping season described in the following table.

Table 12 proposed cropping calendar for Dry season

	No
	Crop type
	        Area covered
	Base-period(days)
	Sowing date
	Harvesting date

	
	
	(ha)
	(%)
	
	
	

	1
	Potato
	5
	25
	140
	Nov.10
	March30

	2
	Onion
	3
	15
	140
	Nov.10
	March 30

	3
	Beet root
	3
	15
	110
	Nov.30
	March 20

	4
	Tomato
	3
	15
	140
	Nov.10
	March 30

	5
	Pepper
	4
	20
	120
	Nov.20
	March 20

	6
	Guava
	2
	10
	360+
	June    1
	-

	
	Total
	20
	100
	
	
	


Table 13 proposed cropping calendar for “wet season crops”

	No
	Crop type
	Area covered
	Base-period (days)
	Sowing date
	Harvesting date

	
	
	(ha)
	(%)
	
	
	

	1
	Maize
	6
	30
	155
	May 1-10
	October 1-15

	2
	wheat
	9
	45
	90
	July 1-10
	October  1-20

	3
	Cabbage
	4
	20
	110
	June 5-15
	October 5

	4
	carrot
	1
	5
	110
	June 5-15
	October 5

	Total
	
	20
	100
	
	
	


3.12 Yield Potential
Based on the appropriate crop management, agronomic measures and water management utilization of the proposed target area, the following estimated average yields are expected from one hectare of land from the consecutive five production years.

Table 14 Potential average yield Qt/ha

	No
	Crop type
	1st year
	2nd year
	3rd year
	4th year
	5th year

	1
	Potato 
	175
	185
	200
	225
	250

	2
	Onion
	125
	130
	135
	140
	150

	3
	Beet root
	170
	180
	190
	200
	220

	4
	Tomato
	155
	170
	190
	200
	240

	5
	Pepper
	55
	65
	75
	80
	85

	6
	Guava
	620
	650
	670
	700
	725


3.13 Extension and credit services   

The proposed out puts should be realized through activity implementing activities during the project life time by the beneficiaries and all stakeholders just to ensure food security at house hold levels.  However lack of efficient extension service such as lack of appropriate technology, lack of better management, crop insect pests and disease, shortage and timely un availability of inputs, poor agronomies practices, occurrence of flood and water logging during summer deforestation and poor conservation practices are some of the leading factors contributing to the low productivity of crops yield and also it’s a good indicator for poor extension services given in the project area.  The existing extension service itself has also suffered from shortage of transport poor communication media poor accessibility and irregular and ineffective training.

Even though the existing extension serves embedded on suffering problems the target area is accessible to major towns like Asalla, Adama, A.A, Awasa, Ziway, Ogolcho and Arata Chufa.  Hence near as the main road it is easy to transport inputs and outputs to and from the area if we maintain the SKM Junction farm road and also the existence of fertile soil is comfortable for different crops because of alluvial deposits from the upcoming floods in the upstream catchments and deep soil and flat land feature of the area the above opportunity is best for the community to be productive with  a strong extension service with an internally well organized supervision system and training so with a 5 years irrigation development implementation programmed, the irrigation extension component is expected to play a major role in bringing a sustainable change in production or to disseminate new and improved technologies.  The government line offices especially the zonal and district agriculture office and co-operative bureau in collaboration with irrigation office should provide technical and material support further more among irrigation experts co-operative promoters DAS and water users strong work relationship is a must training of farmers and agricultural development staff should be undertaken to improve the practical and theoretical knowhow of improved agricultural technologies.  

3.14 Project Crop water requirement

This is calculated based on the improved penman – monteith equation stated out on FAO -24 crop wat-mannual. The required metrological data is taken from Asella metrology station which is far about 30+7 Km from the project site.  The calculations tabulated based on the following climatic data. 

Table 15 Climate data computer retrieve (Asella station)

	No
	Items
	M O N T H S

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

	1
	Max.T (oc)
	26.2
	26.6
	27.4
	28.5
	28.6
	27.0
	24.6
	24.2
	24.4
	26.2
	25.5
	26.2
	26.3

	2
	Min.T (oc)
	10.3
	12.1
	12.9
	13.2
	12.8
	13.4
	14.3
	14.1
	13.1
	12.4
	10.3
	8.8
	12.3

	3
	R.H.(%)
	60
	54
	56
	57
	60
	69
	81
	8.4
	84
	71
	56
	57
	66

	4
	W/ speed (km/day)
	112
	86
	86
	69
	78
	130
	95
	8.6
	60
	69
	104
	78
	88

	5
	S/ shin (9hrs)
	9.7
	9.3
	8.4
	7.7
	7.6
	7.6
	5.1
	5.8
	5.3
	8.4
	9.3
	9.0
	7.8

	6
	S/radiation (MJ/m2/day)
	21.9
	22.6
	22.3
	21.3
	20.6
	20.2
	16.6
	18.1
	17.5
	21.5
	21.6
	20.4
	20.4

	7
	Eto (mm/day)
	4.1
	4.2
	4.4
	4.2
	4.2
	4.2
	3.3
	3.4
	3.3
	3.9
	4.1
	3.7
	14.29


Source:- Asella Metrology station which is compiled by FAO
Table 16 KC value for dry season (Complementary Irrigation)

	No
	Crop Type
	Base period(days)
	                 KC Value
	Remark

	
	
	
	Initial stage
	Crop dev’t stage
	Hid season stage
	Late season stage
	

	1
	potato
	140
	0.45
	0.85
	1.25
	0.95
	

	2
	Onion
	140
	0.45
	0.70
	0.91
	0.59
	

	3
	Beet root
	140
	0.47
	0.75
	1.00
	0.80
	

	4
	Tomato
	140
	0.45
	0.75
	0.98
	0.62
	

	5
	Pepper
	120
	0.4
	0.70
	0.91
	0.59
	

	6
	Guava
	360+
	0.9
	0.9
	0.9
	0.9
	Perennial crop


Source: - FAO Irrigation and drainage pepper 24

Table 17 Base period in each development stage

	No
	Crop type
	Base period (days)
	Development stages (days)

	
	
	
	Initial stage (days)
	Crop dev’t stage (days)
	Hid season (days)
	Late season (days)

	1
	Potato
	140
	30
	35
	45
	30

	2
	Onion
	140
	20
	30
	50
	40

	3
	Beet root
	140
	25
	40
	45
	30

	4
	Tomato
	140
	30
	40
	40
	30

	5
	Pepper
	120
	25
	30
	35
	30

	6
	Guava
	360+
	90
	90
	90
	90


3.14.1 Effective rain fall
The rain fall data for the project area is taken from Asella meteorology station.  The effective rainfall is computed from the following formula.

A. Pe = 0.8 P-25 if P>75mm/month

B. Pe = 0.6P-10 if P<75mm/month

Where Pe= effective rainfall (mm/month)
Table 18 Effective rain fall

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

	P(mm)
	30
	55
	102
	107
	116
	147
	238
	245
	171
	61
	20
	6

	Pe(mm)
	8
	23
	56.6
	60.6
	67.8
	92.6
	165.4
	171
	111.8
	26.2
	2
	0


3.14.2 Irrigation Efficiency
The project efficiency is the ratio between the water made directly available to the crops that released at the head works. It determined by the canal system, skill of beneficiaries’ climate and soil condition.  Based on this factor, the project efficiency or peak irrigation requirement is determined as follows

Table 19 Irrigation Efficiency

	Efficiencies
	Range
	Remark

	Conveyance (EC)
	0.85
	

	Field canal distribution (ED)
	0.70
	

	Project efficiency (EP)
	0.70
	

	Irrigation efficiency
	0.42
	0.85*0.8*0.70=0.42.


A Proposed calendar and area taken with efficiency (0.42)
	NO
	Crops
	Total Growing (days)
	Sowing date
	Harvesting date
	Area covered (ha)
	Remark

	1
	Potato
	140
	Nov.10
	March30
	5
	

	2
	Onion
	140
	Nov.10
	March 30
	3
	

	3
	Beet Root
	140
	Nov.30
	March 20
	3
	

	4
	Tomato
	140
	Nov.10
	March 30
	3
	

	5
	Pepper
	120
	Nov.20
	March 20
	4
	

	6
	Guava
	360+
	June    1
	-
	2
	

	
	Total
	-
	-
	-
	20
	


 Detail crops water requirement for each of the above six crops

   Crop- Potato

   Sowing date-Nov.10

   Harvesting date-March 30th

   Total area-5 ha  

Table 1.Crop Water Requirement/ Design Supply in dry season      A
	S/N

 
	Designation

 
	Symbol

 
	Operation

 
	Unit

 
	Months

	
	
	
	
	
	Nov.
	Dec.
	Janu.
	Febru.
	March.

	1
	ETO
	ETO
	station
	mm/month
	105
	99
	105
	111
	114

	2
	Crop factor
	Kc
	
	 
	0.45
	0.75
	0.85
	1.23
	0.95

	3
	Crop Evap. 
	ETC
	1x2
	mm/month
	47.25
	74.25
	89.25
	136.53
	108.3

	4
	Rain fall
	P
	station
	mm/month
	20
	6
	30
	55
	102

	5
	Effec. Rainfall
	Pe
	station
	mm/month
	2
	0
	8
	23
	56.6

	6
	Effec. Rainfall
	Pe
	0.8p-25/0.6p-10
	mm/month
	2
	0
	8
	23
	56.6

	7
	TNI Req’t
	INT
	3 - 6
	mm/month
	45.25
	74.25
	81.25
	113.53
	51.7

	8
	Project eff
	EP
	Calc overall eff
	 
	0.42
	0.42
	0.42
	0.42
	0.42

	9
	TGI Req’t
	Lt
	7/8
	mm/month
	107.73
	176.78
	193.45
	270.30
	123.09

	10
	sup req/ha
	Qt
	9/259.2
	L/s
	0.41
	0.68
	0.74
	1.04
	0.47

	11
	Irri area 
	A
	Crop pattern
	Ha
	5
	5
	5
	5
	5

	12
	 supp Reqt
	Q
	10x11
	L/s
	2.07
	3.41
	3.73
	5.21
	2.37

	13
	Hr app/d
	Hr
	Given
	Hour
	10
	10
	10
	10
	10

	14
	sup req’t
	Q/d
	(12)*(24/(13)
	L/s
	4.96
	8.18
	8.95
	12.50
	5.70

	15
	sup req’t
	Q/d
	(12)*(24/(13)/A
	L/s/ha
	0.99
	1.63
	1.79
	2.5
	1.14

	16
	Des. supp
	q
	Max (15)/A
	L/s/ha
	                                              2.5


   Crop- Onion

   Sowing date-Nov.10

   Harvesting date-March 30

   Total area-3 ha  

   Table 2.Crop Water Requirement/ Design Supply in dry season   B

	S/N

 
	Designation

 
	Symbol

 
	Operation

 
	Unit

 
	Months

	
	
	
	
	
	Nov.
	Dec.
	Janu.
	Febru.
	March.

	1
	ETO
	ETO
	station
	mm/month
	105
	99
	105
	111
	114

	2
	Crop factor
	Kc
	
	 
	0.45
	0.70
	0.91
	  0.85
	  0.59

	3
	Crop Evap. 
	ETC
	1x2
	mm/month
	47.25
	69.3
	95.55
	94.35
	67.26

	4
	Rain fall
	P
	station
	mm/month
	20
	6
	30
	55
	102

	5
	Effec. Rainfall
	Pe
	station
	mm/month
	2
	0
	8
	23
	56.6

	6
	Effec. Rainfall
	Pe
	0.8p-25/0.6p-10
	mm/month
	2
	0
	8
	23
	56.6

	7
	TNI Req’t
	INT
	3 - 6
	mm/month
	45.25
	69.3
	87.55
	71.35
	10.66

	8
	Project eff
	EP
	Calc overall eff
	 
	0.42
	0.42
	0.42
	0.42
	0.42

	9
	TGI Req’t
	Lt
	7/8
	mm/month
	107.73
	165
	208.45
	169.88
	25.38

	10
	sup req/ha
	Qt
	9/259.2
	L/s
	0.41
	0.63
	0.80
	0.65
	0.09

	11
	Irri area 
	A
	Crop pattern
	Ha
	3
	3
	3
	3
	3

	12
	 supp Reqt
	Q
	10x11
	L/s
	1.24
	1.90
	2.4
	1.96
	0.29

	13
	Hr app/d
	Hr
	Given
	Hour
	10
	10
	10
	10
	10

	14
	sup req’t
	Q/d
	(12)*(24/(13)
	L/s
	2.99
	4.58
	5.76
	4.71
	0.70

	15
	sup req’t
	Q/d
	(12)*(24/(13)/A
	L/s/ha
	0.99
	1.52
	1.92
	1.57
	0.23

	16
	Des. supp
	q
	Max (15)/A
	L/s/ha
	                               1.92




 Crop- Beet Root

   Sowing date-Nov.10th

   Harvesting date-March 30th

   Total area-3 ha  

  Table 3.Crop Water Requirement/ Design Supply in dry season       C

	S/N

 
	Designation

 
	Symbol

 
	Operation

 
	Unit

 
	Months

	
	
	
	
	
	Nov.
	Dec.
	Janu.
	Febru.
	March.

	1
	ETO
	ETO
	station
	mm/month
	105
	99
	105
	111
	114

	2
	Crop factor
	Kc
	
	 
	0.47
	0.75
	1.0
	1.0
	0.80

	3
	Crop Evap. 
	ETC
	1x2
	mm/month
	49.35
	74.25
	105
	111
	91.2

	4
	Rain fall
	P
	station
	mm/month
	20
	6
	30
	55
	102

	5
	Effec. Rainfall
	Pe
	station
	mm/month
	2
	0
	8
	23
	56.6

	6
	Effec. Rainfall
	Pe
	0.8p-25/0.6p-10
	mm/month
	2
	0
	8
	23
	56.6

	7
	TNI Req’t
	INT
	3 - 6
	mm/month
	47.35
	68.25
	97
	88
	34.6

	8
	Project eff
	EP
	Calc overall eff
	 
	0.42
	0.42
	0.42
	0.42
	0.42

	9
	TGI Req’t
	Lt
	7/8
	mm/month
	112.73
	162.5
	230.95
	209.52
	82.38

	10
	sup req/ha
	Qt
	9/259.2
	L/s
	0.43
	0.62
	0.89
	0.80
	0.31

	11
	Irri area 
	A
	Crop pattern
	Ha
	3
	3
	3
	3
	3

	12
	 supp Reqt
	Q
	10x11
	L/s
	1.30
	1.88
	2.67
	2.42
	0.95

	13
	Hr app/d
	Hr
	Given
	Hour
	10
	10
	10
	10
	10

	14
	sup req’t
	Q/d
	(12)*(24/(13)
	L/s
	3.13
	4.51
	6.41
	5.82
	2.28

	15
	sup req’t
	Q/d
	(12)*(24/(13)/A
	L/s/ha
	1.04
	1.50
	2.13
	1.94
	0.76

	16
	Des. supp
	q
	Max (15)/A
	L/s/ha
	                                2.13


Crop- Tomato

Sowing date-Nov.10

Harvesting date-March 30

Total area-3 ha

Table 4.Crop Water Requirement/ Design Supply in dry season         D

	S/N


	Designation


	Symbol


	Operation


	Unit


	Months

	
	
	
	
	
	Nov.
	Dec.
	Janu.
	Febru.
	March.

	1
	ETO
	ETO
	station
	mm/month
	105
	99
	105
	111
	114

	2
	Crop factor
	Kc
	
	
	0.45
	0.75
	1.05
	0.80
	0.60

	3
	Crop Evap.
	ETC
	1x2
	mm/month
	47.25
	74.25
	110.25
	88.8
	68.4

	4
	Rain fall
	P
	station
	mm/month
	20
	6
	30
	55
	102

	5
	Effec. Rainfall
	Pe
	station
	mm/month
	2
	0
	8
	23
	56.6

	6
	Effec. Rainfall
	Pe
	0.8p-25/0.6p-10
	mm/month
	2
	0
	8
	23
	56.6

	7
	TNI Req’t
	INT
	3 - 6
	mm/month
	45.25
	74.25
	102.25
	65.8
	11.8

	8
	Project eff
	EP
	Calc overall eff
	
	0.42
	0.42
	0.42
	0.42
	0.42

	9
	TGI Req’t
	Lt
	7/8
	mm/month
	107.73
	176.78
	243.45
	156.66
	28.09

	10
	sup req/ha
	Qt
	9/259.2
	L/s
	0.41
	0.68
	0.93
	0.60
	0.10

	11
	Irri area
	A
	Crop pattern
	Ha
	3
	3
	3
	3
	3

	12
	supp Reqt
	Q
	10x11
	L/s
	1.24
	2.04
	2.81
	1.81
	0.32

	13
	Hr app/d
	Hr
	Given
	Hour
	10
	10
	10
	10
	10

	14
	sup req’t
	Q/d
	(12)*(24/(13)
	L/s
	2.99
	4.91
	6.76
	4.35
	0.78

	15
	sup req’t
	Q/d
	(12)*(24/(13)/A
	L/s/ha
	0.99
	1.64
	2.25
	1.45
	0.26

	16
	Des. supp
	q
	Max (15)/A
	L/s/ha
	                              2.25


Crop- Pepper

Sowing date-Nov.10

Harvesting date-March 30

Total area-4ha  

Table 5.Crop Water Requirement/ Design Supply in dry season        E

	S/N


	Designation


	Symbol


	Operation


	Unit


	Months

	
	
	
	
	
	Nov.
	Dec.
	Janu.
	Febru.
	March.

	1
	ETO
	ETO
	station
	mm/month
	105
	99
	105
	111
	114

	2
	Crop factor
	Kc
	
	
	0.40
	0.70
	0.91
	0.85
	0.60

	3
	Crop Evap.
	ETC
	1x2
	mm/month
	42
	69.3
	95.55
	94.35
	68.4

	4
	Rain fall
	P
	station
	mm/month
	20
	6
	30
	55
	102

	5
	Effec. Rainfall
	Pe
	station
	mm/month
	2
	0
	8
	23
	56.6

	6
	Effec. Rainfall
	Pe
	0.8p-25/0.6p-10
	mm/month
	2
	0
	8
	23
	56.6

	7
	TNI Req’t
	INT
	3 - 6
	mm/month
	40
	69.3
	87.55
	71.35
	11.8

	8
	Project eff
	EP
	Calc overall eff
	
	0.42
	0.42
	0.42
	0.42
	0.42

	9
	TGI Req’t
	Lt
	7/8
	mm/month
	95.23
	165
	208.45
	169.88
	28.09

	10
	sup req/ha
	Qt
	9/259.2
	L/s
	0.36
	0.63
	0.80
	0.65
	0.10

	11
	Irri area
	A
	Crop pattern
	Ha
	4
	4
	4
	4
	4

	12
	supp Reqt
	Q
	10x11
	L/s
	1.46
	2.54
	3.21
	2.62
	0.43

	13
	Hr app/d
	Hr
	Given
	Hour
	10
	10
	10
	10
	10

	14
	sup req’t
	Q/d
	(12)*(24/(13)
	L/s
	3.52
	6.11
	7.72
	6.29
	1.04

	15
	sup req’t
	Q/d
	(12)*(24/(13)/A
	L/s/ha
	0.88
	1.52
	1.93
	1.57
	0.26

	16
	Des. supp
	q
	Max (15)/A
	L/s/ha
	                              1.93


Crop- Guava

Sowing date-June 1

Harvesting date--

Total area-2 ha   

Table 6.Crop Water Requirement/ Design Supply in dry season        

	S/N


	Designation


	Operation


	Unit


	Months

	
	
	
	
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	Nov.
	Dec.

	1
	ETO
	station
	mm/month
	105
	111
	114
	111
	114
	117
	90
	93
	87
	105
	105
	99

	2
	Crop factor
	
	
	0.45
	0.45
	0.45
	0.80
	0.85
	0.85
	0.9
	0.9
	0.9
	0.78
	0.78
	0.78

	3
	Crop Evap.
	1x2
	mm/month
	47.25
	49.95
	51.3
	88.8
	96.9
	99.45
	81
	83.7
	78.3
	81.9
	81.9
	77.22

	4
	Rain fall
	station
	mm/month
	30
	55
	102
	107
	116
	147
	238
	245
	171
	61
	20
	6

	5
	Effec. R.fall
	station
	mm/month
	8
	23
	56.6
	25
	67.8
	92.6
	165.4
	171
	111.8
	26.6
	2
	0

	6
	Effec. R.fal
	0.8p-25/0.6p-10
	mm/month
	8
	23
	56.6
	25
	67.8
	92.6
	165.4
	171
	111.8
	26.6
	2
	0

	7
	TNI Req’t
	3 - 6
	mm/month
	39.25
	26.95
	-5.3
	63.8
	29.1
	6.85
	-84.4
	-87.3
	-33.5
	55.3
	79.9
	77.22

	8
	Project eff
	Calc overall eff
	
	0.42
	0.42
	0.42
	0.42
	0.42
	0.42
	0.42
	0.42
	0.42
	0.42
	0.42
	0.42

	9
	TGI Req’t
	7/8
	mm/month
	93.45
	64.16
	-12.61
	151.90
	69.28
	16.30
	-200.95
	-207.85


	-79.76


	131.66


	190.23


	183.85



	10
	sup req/ha
	9/259.2
	L/s
	0.36
	0.24
	-0.04
	0.58
	0.26
	0.06
	-0.77
	-0.80
	-0.30
	0.50
	0.73
	0.71

	11
	Irri area
	Crop pattern
	Ha
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	  2
	2

	12
	supp Reqt
	10x11
	L/s
	0.72
	0.49
	-0.09
	1.17
	0.53
	0.12
	-1.55
	-1.60
	-0.61
	1.01
	1.46
	1.42

	13
	Hr app/d
	Given
	Hour
	10
	10
	10
	10
	10
	10
	10
	10
	10
	10
	10
	10

	14
	sup req’t
	(12)*(24/(13)
	L/s
	1.73
	1.18
	-0.23
	2.81
	1.28
	0.30
	-3.72
	-3.84
	-1.47
	2.43
	3.52
	3.40

	15
	sup req’t
	(12)*(24/(13)/A
	L/s/ha
	0.86
	0.59
	-0.11
	1.40
	0.64
	0.15
	-1.86
	-1.92
	-0.74
	1.22
	1.76
	1.70

	16
	Des. supp
	Max (15)/A
	L/s/ha
	                                                                                                                                                     1.76


              Table 7 Summery of Water Requirement/ Design Supply

	Crop
	ha
	Operation
	Unit
	Months
	Max.Indiv Duty (l/s/ha)

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

	potato
	5
	[12]
	l/s
	1.79
	2.50
	1.14
	
	
	
	
	
	
	
	0.99
	1.63
	2.50

	Onion
	3
	[12]
	l/s
	1.92
	1.57
	0.23
	
	
	
	
	
	
	
	0.99
	1.52
	1.92

	Beet Root
	3
	[12]
	l/s
	2.13
	1.94
	0.76
	
	
	
	
	
	
	
	1.04
	1.50
	2.13

	Tomato
	3
	[12]
	l/s
	2.25
	1.45
	0.26
	
	
	
	
	
	
	
	0.99
	1.64
	2.25

	Pepper
	4
	[12]
	l/s
	1.93
	1.57
	0.26
	
	
	
	
	
	
	
	0.88
	1.52
	1.93

	Guava
	2
	[12]
	l/s
	0.86
	0.59
	-0.11
	1.40
	0.64
	0.15
	-1.86
	
-1.92
	-0.74
	1.22
	1.76
	1.70
	1.76

	Hr app/d
	Hr
	Given
	Hrs
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	q
	(Max(1)*24/(2)/A)
	L/s/ha
	2.50
	
	
	
	
	
	
	
	
	
	
	
	


3.14.3 Water Duty of the Project Area 
Calculated irrigation water requirement (water duty) is the bases for system capacity determination

 Therefore the maximum individual water duty calculated for potato intended for the month of January from the mentioned data is 2.50 l/s/ha, while the maximum design supply is 2.50 lit x 20 hectare = 50 l/s
3.14.4 Depth of irrigation Application and irrigation interval

As per the definition of FAO irrigation and drainage paper No.24 depth of irrigation application (d) is equal to readily available soil water (p.sa) over the root zone (D). An application (Ea) should be added to account for the un even Application over the field. the detail listed below.

3.14.4.1 Irrigation depth d (mm/m)

To calculate irrigation depth the following points are considered based on the formula illustrated below:-
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Where D   = Effective Root depth

      P   = fraction of available soil water

     Sa = Available soil water in mm/m soil depth
                Ea = Application (Irrigation) efficiency factor in fraction.
The Irrigation depth of the project area obtained by using the above formula ranges from 27 to 84 mm/meters. The detail is described on the table below. 

3.14.4.2 Irrigation Interval (scheduling)

To calculate irrigation intervals and depth of application rooting depth of full grown crop, fraction of available soil water (P) and readily available soil water (P.sa) are required.
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irrigation interval 

Where P= the fraction of the total available soil water which can be used by the crop without affecting its evaporation and growth/depiction level./

Sa= the total available water (mm/m)

D= effective root depth (m)

I=Irrigation Interval (days)

ET crop= Maximum crop water requirement in mm/day

The Irrigation interval of the project area summarized from the following table by using the above formula ranges from 5 to 17 days.

Table 20 Dry season irrigation interval and Depth of application
	No
	Crops
	Effective Root depth(D) (mt)
	‘P’

factor
	‘Sa’ (mm/m)
	P.sa (mm/m)
	Ea
	Maximum Etcrop (mm/day)
	Calculated Irriga.Interval /

(days)
	Corresponding Irriga.Interval/days


	Depth of application(D) (mm)

	1
	Potato
	0.50
	0.45
	140
	63
	0.7
	4.55
	6.92
	6
	45

	2
	Onion
	0.30
	0.45
	140
	63
	0.7
	3.18
	5.94
	5
	27

	3
	B/root
	0.35
	0.50
	140
	70
	0.7
	3.7
	7.56
	7
	40

	4
	Tomato
	0.40
	0.45
	140
	63
	0.7
	3.67
	6.86
	6
	36

	5
	Pepper
	0.40
	0.45
	140
	63
	0.7
	3.18
	7.70
	7
	35

	6
	Guava
	0.70
	0.60
	140
	84
	0.7
	3.31
	17.76
	17
	84


3.14.5 Method Of Irrigation
Recommended irrigation Method for proposed vegetable crops and other row planting is Furrow irrigation
3.14.6 Conclusion and recommendation. 

The project is seen as feasible when we look into the beneficiaries attempt and the crop water requirement demand, which can be satisfied by the existing discharge as, can be observed during field visit. However modernizing the project will further enhance the water management practice and thus add to area of irrigable land. The water management is the main points to be considered if it is going to be implemented.

         4 SOIL REPORT 
4.1. General

Chaffe Burkitu small scale Irrigation project is found in West Arsi Zone, Tiyo District Chafe Misoma “PA” of Oromia Regional state at 31km distance from North West of Assela and 5km far from nearby small town of Arata Chufa from the junction point with an altitude of 1780 m.a,s,l.  Flat lands, deep soil and alluvial deposit are the main feature of the project area.  The overall slope of the command area is around 5%. The basic physical characteristics of the soil assessed in the area are 60% brown and 40% black color of the soil, sufficient depth of high water holding capacity, medium to low drainage capacity and sandy loam textural class.

Generally the productivity of the soil is good in and around most part of the project area and also suitable for different crops.  This is because of the alluvial deposits from the upcoming floods in the upstream catchments.

4.2. Methodology

The following methodologies are considered for conducting detail soil study of the project area.

· Field observation of the command area

· Discussion with farmers, DA’S and crew members

· Transect walk method

· Dug a soil pit up to 150 cm

· By taking soil samples under take soil laboratory analysis

4.3. Objectives of the study

· To evaluate the physical and chemical property of the soil for proposed irrigation development

· To determine the fertilizer ratio required for proposed crops

· To determine the suitability of soil for crop production

4.4. Physical properties of the soils

The soil is complex medium in which physical, chemical and biological activities are continuously proceeding and interacting. These activities influence the soil to a great extent.  The physical properties of soil largely determine the way in which it can be used most effectively.  The physical properties are those responsible for the transport of air, heat, water and solutes through the soil.  Those that influence soil fertility of the project area are texture, structure, porosity, bulk density, temperature, air, moisture, rooting depth and color.

Some of the physical properties of the soils of the project area described below

4.4.1 Soil texture

Soil texture is an important soil characteristic because it affects the infiltration and retention of water, soil aeration, adsorptions of nutrients, microbial activities tillage and irrigation.  According to the laboratory result the textural class of the soil of the project area is sandy loam which is easy to till but has little inherent fertility and easily loses plant nutrients with rapidly drained water. However, because of alluvial deposits from the upcoming floods in the upstream catchments the soil is more productive for different crops.

4.4.2 Soil Structure

Structure refers to the arrangement, size and stability of the soil aggregates (or peds).  The development of soil structure involves two processes, the cementing of soil particles to form aggregates and the shaping of the aggregates, granular and crumb types of soil structure are found in the project area this type of aggregates are imperfect spheres, usually about sand-sized. Granular aggregates are less porous than crumb peds. Soil structure together with texture and organic matter content, is responsible for the water holding properties and aeration of soils.  Granular soils have a rapid infiltration rate.  A soil is said to be good structure when the air and water move through it at the desired rate.

4.4.3 Soil color

The soil color at the head and middle of the command area is almost black and it comprises 40% but at the bottom of the command the color of the soil is brown and have sufficient depth for different agricultural crops

It has an average depth of 150cms alluvial deposit of the command area makes it the soil more productive but because of the flatness of the area and upcoming floods, at the head, middle and bottom of the command area sever water logging is a critical problem. Due to this case surface or underground drainage can alleviate the problem.

Table 1 soil pit allocation and observed samples

	Pit code
	Sample number
	Profile Depth/cm
	Textural class
	Remarks

	P.1
	1/1
	>1.50
	Heavy clay
	Head of command

	P.2
	2/1
	0-85
	Sandy loam
	Middle of

Command

	
	2/2
	>.85
	Clay loam
	

	P.3
	3/1
	0-35
	Silty loam
	Bottom of

command

	
	3/2
	35-150
	Silty clay loam
	


N.B all samples are taken from pocket cultivated land of maize and teff.

Table 2 profile description

	Physical Observation
	P-1
	P-2
	P-3
	Remark

	
	Observed Result
	Observed Result
	Observed Result
	

	Pit position
	Head of command
	Middle of command
	Bottom of command
	

	Land form
	Level land
	Level land
	Level land
	

	Land use
	Annual field cropping
	Annual field cropping
	Annual field copping
	

	Slope range
	Gently wide ranging (2-5%)
	Flat (0-2%)
	Flat (0-2%)
	

	Effective soil depth
	Deep (100-150cm)
	Deep (100-150cm)
	Deep(100-150)0cm)
	

	Structure type
	Granular
	Granular
	Granular
	

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

	Flooding
	None
	Common(every year)
	Common every year
	

	Erosion grade
	Slight
	Slight
	Slight
	

	Mater logging status
	Moderate(E2)
	Moderate(E2)
	Moderate(E2)
	

	Drainage class
	Imperfect
	Imperfect
	Imperfect
	

	Permeability
	Slow
	Moderate
	Moderate
	

	Consistence
	Sticky
	None sticky
	None sticky
	

	Parent material
	Airuvium(fluvial)
	Alluvium
	alluvium
	


N.B Ground water table classes of P1-P3 profile code is seasonal deep ground water i.e. 1-2 meter deep

4.5 Chemical properties of the soil

The chemical properties of a soil affect mineral solubility and nutrient availability to crop plants.  Properties that influence soil fertility are soil reaction (PH), cat ion exchange, soil colloids, and plant nutrients organic matter (carbon) content, buffering capacity or cat ion exchange capacity and others.

The chemical properties of the soil of the project area are unknown, because till now the laboratory result did not come. However from the physical point of view since the soil is alluvial it is promising for agriculture.  

4.6 Recommendation and conclusion
By using additional in organic fertilizer (DAP and urea), plant residues, incorporated manure and organic wastes and crop rotation with legumes sustainable agricultural crop production is possible in the project area. The soil of the command area has good texture, structure, water holding capacity workability and good fertility status, because of these reasons it’s promising for production and irrigation development.

5. WATERSHED MANAGEMENT STUDY
Basic and General catchments features of the project area such as Location, Climate, forest, soil, Siltation, land use and major problems and mitigate measures of the area are stated. 

5.1 Methodology

The methodologies used to carry out the watershed management study on “Burkitu Chefa” small scale irrigation project are as follows.

· Transact walks

· Direct Observation of sub- catchments

· Local stories, portraits and case studies

· Using 1:50,00 topographic maps

· Traditional practices and beliefs.

5.2 Objectives of the study

· To protect, conserve and improve irrigation command area from runoff accumulation

· To protect moderate floods and reduces silting up of irrigation structure

· To provide biomass for economic use of communities and their animals like fodder, straw fiber, fruit, etc
5.3 Water Shed Description

5.3.1 Geographic location 

The project site is located at 39 04 ‘ East longitude and 70 58 ’ North Latitude in west Arsi Zone of Oromia Region state; Tiyo district, inside Chefe  Misoma peasant Association in an average latitude of 1780 M.a.S.L with shares boundary lines of seven intervention woredas  as in Digelu  Tijo, Hetosa .Ziway dugda, Ticho,Dodota Siree and munessa. It is at 31km distance north west of Asella and 5km far from the nearby small town of Arata Chufa from the Junction point towards east direction in a farm road which needs maintenance.

5.3.2 Climate

The Agro ecological class of the project area is located in semi arid agro climatic Zone, with mean annual rain fall of 800-900mm. The rainy season is unimodal and lies between May- September. Although the change is recent uneven distribution of rain fall is the main problem related to rain fall as the main reason for expansion of traditional irrigation. The average annual Temperatures is about 22.5 0 c.

5.3.3 Soil and Topography of watershed area

The soil type is predominantly brown sandy loam soil. The productivity at the top of soil is good in and around most part of the project area and also suitable for different crops because of the alluvial deposit from the upcoming floods in the upstream catchments.

Flat lands and deep soil are the main features of the project area. The land formation is dominantly valley type with steep slopes along the river course and flat plains in the farm lands’ but there is a soil degradation problem due to deforestation in the upstream catchments and downstream flooding as observed from site and has been informed from the farmers . There is severe erosion problem, which needs immediate treatment.

5.3.4 Catchments condition and erosion

The catchments area as found from 1:50,000 scale topographic map is 188.5 km2.The flood originates from maximum elevation of 3880 metre above sea level That is from Chilaalo and Gaalama (Boqoji) basin.

The overall slop is around 5%.The existing watershed is very wide and in a very poor condition and also there is an even distribution of rain fall with some un predictable occurrences and a problem of “sheet erosion. But no soil and water conservation activities exist in the area except traditional contour ploughing in the farm lands. So attention needs to be paid by the concerned bodies and communities themselves as can be seen in the field.

5.3.5 Physiograpy

The land farms of the command area are characterized by dominantly valley type with steep slopes along the river course and flat plains in the farm lands.

Majority of the farmers had been predominantly practicing subsistence farm with diversified crops in addition to livestock production.

5.3.6 Drainage

The topographic nature of the irrigable area is flat subject to water logging problems as observed from downstream swampy areas. Therefore care in implementing the proper schedules and water management practices may result in reduction of the problem of drainage in the area.

5.3.7 Forest Development

The area upstream and downstream of the diversion point along the side walls of the river course has a forest with low density and scattered trees in the farm land and homesteads. The area was covered with natural forest in the past. Currently the forest has been persistently declining due to human settlement and sells of charcoal and firewood by the inhabitants. On the other hand, there are no significant re-forestation activities under taken by the government of local communities. Some tree species observed around the command area are Acacia Abyssinia, cordial Africana, Orton macrostachyus, Ficus.Vasta, syzygium guineense, Ricinus communis.podocarpus grcilior and piliostigma thonningii.

5.3.8 Land use

 The Land use of the project area is not systematically arranged. The total land coverage of the district and the peasant Association are 65,000 and 1583.3 hectares respectively. Of the total land coverage of “PA”, 58%covered with cultivated land, 0.4% forest land, 9% Grazing land 33% village, Bush and others land.

High Livestock number and population growth in the target area contributed for the expansion of cultivated land and cause of deforestation, erosion and shortage of grazing land.

The land use program of the district and the PA indicated below.

 Table 1. Land use
	No
	 Land pattern
	     District
	        PA
	Remark

	
	
	        Ha
	%
	      Ha
	%
	

	1
	Cultivated land
	20060
	38.5
	912
	58
	

	2
	Forest land
	3959
	6
	6.5
	0.4
	

	3
	Grazing
	9682.5
	15
	138
	9
	

	4
	Village
	6011
	19
	365
	23
	

	5
	Bush and Shrubs
	9750
	15
	162
	10
	

	6
	Others
	10537.5
	16
	-
	-
	

	
	Total
	65000
	100
	1583.5
	100
	


Source: District Agricultural office

5.3.9 Economic Aspect

Agriculture is the dominant sector in chefe misoma peasant association and provides the livelihood for more than 90% of the population majority of the farmers had been predominantly practicing subsistence farm with an average holding size of around 1.1 hectare. In addition to crop production, traditional irrigation and live stock production, is estimated to be 7-8 quintals per hectares, which can not much with consumption of house hold. This can feed for 7-9 months  only .The other problem that affects the productivity of the area, population  mainly depends on rain fed agriculture which rains once perineum, erratic and unreliable rain fall to produce and fulfill the house hold food demand in the PA. On the other hand the “PA” has potential irrigable lands, although little works has been done to utilize this potential which might enabled the PA to overcome the existing food shortage. Traditional irrigation and live.

Regarding livestock production, poor management system, shortage of grazing land and some common animal discus like Black leg, anthrax and others have a great influence on livestock productivity.

Table 2. Livestock production

	No
	 Livestock
	District
	PA
	Remark

	1
	Cattle
	71537
	3211
	

	2
	Sheep
	512925
	950
	

	3
	Poultry
	35155
	3800
	

	4
	Equines
	22061
	965
	Horse, donkey,  & much

	5
	Goats
	11479
	790
	

	6
	Total
	653157
	9716
	

	7
	Behaves
	-
	206
	Traditional &  wooden


Source:-Tiyo District Agricultural office

5.3.10 Major problems of the area.

· Soil degradation problems due to deforestation, for human settlement, Expansion of Agriculture sells of charcoal and fire wood and downstream flooding and severe erosion which needs immediate treatment.

· Due to the flatness of the project area, water logging is serious problem. Improper application of water also the main problem observed in the site.

· Lack of improved cultural practices.

· Shortage of grazing land for cattle’s.

· No re-a forestation activities and nursery sites.

· Poor extension service regarding conservation activity and reforestation are some of the potential problems that accelerate the existing water shed management.

5.3.11 Mitigate Measures

According to the topographic nature of the area and different land use patterns of the watershed area the   following conservation measures are proposed.

8.1. On cultivated land of the project area the following Agronomic measures should be applied practically.

A. Contour cropping:- is the most efficient agronomic measures for reducing the runoff and soil erosion from gentle land slopes of the target area. The tillage practices or mechanical treatments that should perform nearly on the contour of the area applied across the land slop are tillage, planting & inter culture. Based on 5% average land slope of the project area the maximum slope length of the contour should be 90 meter.

B. Strip cropping:-are placed normal to the prevailing wind direction for wind erosion control. According to the different soil types, cropping is varying from 6 to 105 meter.

C. mulching:-to cover the top soil surface for conserving the soil moisture, reducing the runoff  and to control soil erosion, checking weed growth, protecting from cold climate, improving of the soil to meet the needs of seeds for their good germination and better growth of seedlings, much tillage is the proposed option in the project area.

D. Soil Management practices:-tillage practices, application of manures, fertilizers, crop rotation, inter cropping; improved varieties and fallowing are some of the practices involve which help to maintain the soil infiltration rate at high level to reduce the run off to a negligible amount and help in safe disposal of runoff from the field.

E. Grass Strips:- A ribbon like band of grass laid out on cultivated land along the contour usually within 1 meter wide and spaced at 1 meter vertical intervals is recommended for the soil types of targeted area.

The other physical conservation measures like water ways, cut of drain, bench terraces are also proposed according to the slope of the project area.

As I have mentioned earlier the land use pattern of the project area is not systematically arranged.  However to alleviate the shortage of grazing land, the farmers should improve their plot of land that have been used as a grazing land on different techniques.  Expansion of Agro-forestry site, enriching tree species like fruits are also the recommended conservation practices on the upper stream of the catchments forest land.

Regarding extension service, on the establishment of  nursery site and tree planting programme, better water management, provision of appropriate drainage technology like BBM (Broad Bed Maker) improved seeds and cultural practices  with strong extension work is a must.

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

Table 3 Quantity of Physical soil & water conservation Activities

	No
	Type of Activities
	Unit
	Amount
	Remarks

	1
	Bench terrace construction
	km
	3
	

	2
	Check dam construction
	km
	1
	

	3
	Cut off drain construction
	km
	2
	

	4
	Water way construction
	km
	0.38
	

	5


	Training of farmers on 

Conservation of soil and water
	No
	30
	

	6
	fallowing
	ha
	20
	

	7


	Production & distribution of 

different seedlings
	No
	300,000
	


Table 4 Cost break downs of Physical soil & water Conservation Activities

	No
	Activities
	Work norm
	Unit
	Quantity
	Total labor
	Cost
	Remark

	1
	Bench terrace construction
	500pd/km
	km
	3
	1500
	37500
	

	2
	Maintenance
	15pd/km
	km
	1
	15
	375
	

	3
	planting
	20pd/km
	km
	3
	60
	1500
	

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

	5
	Maintenance
	86pd/km
	km
	1
	86
	1720
	

	6
	Check dam construction
	100pd/km
	km
	1
	100
	5000
	

	7
	Maintenance
	100pd/km
	km
	1
	100
	2500
	

	8
	Grass strip establishment
	16pd/km
	km
	3
	48
	1200
	

	9
	Alley cropping
	80pd/ha
	ha
	3.0
	240
	6000
	

	10
	Area closure
	ha
	ha
	2
	400
	10000
	

	11
	Grass seed multiplication center
	
	
	
	
	
	

	11.1
	Running
	700pd/ha/yr
	No
	1.0
	700
	17500
	

	12
	New nursery site 
	
	ha
	0.5
	
	100,000
	

	13
	Conservation forestry
	
	
	
	
	0
	

	13.1
	Seed collection/purchase
	100pd/kg
	kg
	75
	25
	1875
	

	13.2
	Seedling production
	10pd/1000pt
	0
	1200
	12
	300
	

	13.3
	Pitting and re-pitting
	50pd/100pt
	0
	1200
	600
	15,000
	

	13.4
	Micro basin construction
	5pd/100bs
	0
	1100
	55
	1375
	

	13.5
	Seedling planting
	6pd/1000pt
	0
	1200
	7.2
	180
	

	13.6
	Weeding and cultivation
	Day’s work
	0
	1200
	120
	3000
	

	13.7
	Re-planting
	6pd/100pt
	0
	360
	21.6
	540
	


Continued…………………………..

	No
	Activities
	Work norm
	Unit
	Quantity
	Total labor
	Cost
	Remark

	14
	Training
	
	
	
	
	0
	

	
	Staff training
	500 B/train
	No
	10
	
	5000
	

	
	Community group leaders
	250 Birr/farmer
	No
	30
	
	7500
	

	15
	Purchase of materials and equipment
	Is
	
	
	
	50,000
	

	16
	Office equipment
	
	
	
	
	10,000
	

	
	Grand Total
	
	
	
	
	298,065
	


** Unit rate cost for Manday is Birr.25.00 
5.3.12 Conclusion and recommendation

According to the topographic nature of the water shed area, slight sheet erosion, water logging, flooding, deforestation, poor water management and extension services are the main problems observed in the site

So if the above mitigate measures that have been quantified are practically applied on the site, no doubt to sustain the agricultural development in the project area.

6 ENVIRONMENTAL IMPACT ASSESSMENT
6.1 Introduction 

 Environmental Impacts Assessment (EIA) has become a burning issue and it includes all living and non-living things as well as the physical chemical process, the socio economic facts and the interaction b/n living and non-living things in an ecosystem.
The study has thus focused on the positive and negative impacts that would occur due to the implementation of the project in the area. These include disease, salinization, and deforestation, impacts on flora and fauna in the area and those on the living condition of the community description of the proposed irrigation project.
6.2 Project Impacts

6.2.1 Positive Impacts

-Improvement of health through eating vegetables, fruits etc.

-Increment in productivity of animal husbandry through using residues as animals feed.

-Income generation 

-Creation of job opportunities

-Decrease in deforestation activities

6.2.2 Negative Impacts

-The water table is shallow thus the chance of water logging due to inefficient use of irrigation water would aggravate the rate of salinization.
-The use of agro-chemicals like nitrogen, phosphorus and potassium fertilizations and spray of pesticide would cause pollution of the environment. The pollutants from the agro-chemicals would pollute the ground water.

-Since the project is in semi-arid (dry woyna dega) agro-ecological zone, poor water management and drainage system may lead to the breeding of malaria.
6.3 Conclusion and Recommendation
-Appropriate drainage work and using organic manure instead of agro-chemicals would mitigate the impact of salinization.

-Clearing canals to avoid water ponding so as to discourage mosquitoes breeding shall mitigate the impact of malaria aggravation.

-Well designed system and strong bondage of extension services generally avoid risks of the negative impact stated highly encouraged the positive impact of the area.
Therefore all these indicates that there can be practical if some of the mitigation measures will be realistic accordingly and hence the project is feasible from the environmental point of view.

7. GEOLOGY
7.1 Objective

The basic objective of Geological study is to assert an optimum structural suitability of the diversion site, the main canal route base condition and provide information on the availability of construction material.

7.2  Methodology
Reading of the topography map, site observation of general geological setup, pit along the main canal and intake of the spring and searching and asking the availability of construction material near the site.

7.3  General geological setup

The project area is characterized with the eastern escarpment of the rift valley the site of the spring lies on the foot of continuous mountains ridge which is formed of recent basaltic rocks. The spring is an exposure of the shallow subsurface flow from the opposite facing ridge or the out crop subsurface reservoir from the surrounding ground water.

7.4  Engineering Geology

7.4.1 Spring Diversion Site

The original spring eye is very deep and cannot be protected easily. Therefore it seems necessary to make a diversion at place downward from the where it flows as running water. 

The spring water way is formed of peat soil composed of the partly decomposed swamp tall grass underlain with black clay soil.

7.4.2 The main canal route

The main canal route has been observed by digging four pits from intake to already existing traditional canal. Accordingly the first three pits have shown that there’s subsurface water across the intake below one meter depth from the surface. The rest of the canal is formed of black clay soil which is water tight and suitable.

7.4.3 Conclusion and recommendation 

It’s found difficult to protect the spring eye which out flow to surface from at least 6m depth. No suitable structure is capable to project and prevent from changing the direction of the water with such depth. Therefore, it is recommended to divert the water along the running course with suitable structure. The depth of the foundation and material of the river course is not suitable to put heavy structure like concrete and masonry is suggested. But pervious foundation with course graveled land over lain by masonry protection and guide it with intake constructed on the left side of spring water way.

The swamp extends on either side of the course of the spring flow which needs the limitation of the depth and diversion wall length. Careful selection of the foundation material and construction structure is necessary to divert the spring at suitable depth.
7.4.4 Availability of construction material 

Construction rock is available at Kulumsa 30km from the site and sad can be bought from    river sand 40km from the site. The quality of the materials like rock for masonry is very good.
8   HYDROLOGY 
8.1 Objective 

The purpose of hydro meteorological study is to assess water availability for irrigation development and planning the existing water resource among the target groups and downstream users. In doing so, the 80% dependable lean flow is determined for water balance analysis.
To Asses the basic climatic situation of the area and to provide certain information on the water source (the spring), its time of distribution to satisfy the irrigation demand in the local situation is essential for the project 

8.2 Methodology 

Reconnaissance report consultation, to know the rainfall, temperature and other parameter of climatic which was used to analyses the crop water requirement and hydraulic discharge of Bosha-river ( the project in the immediate vicinity )

· discussion with the community 

· direct measurement of the spring discharge & observation 

8.3 Climatic 

The project is located in semi arid agro climatic zone, with mean annual rainfall 850mm. The rainy season is between May-September. The recent expansion of traditional irrigation is due to an even distribution of rain fall and favorable dry season before the main rainfall season and supplementary during Belg. The meteorological station referred that of Kulumsa town near Assela which is 8km air distance from the project site is the best metrological station which describe both the catchments or watershed and the command area.  

8.4 The spring

The spring is formed due to the natural out flow of ground water at the earth’s surface. Of the three general conditions of geologic formations of the spring formations; Burkitu spring is formed under gravity spring which is formed when the ground water table rises high and the water overflows through the sides of a natural valley. Even if the flow from such spring (gravity spring) is variable with the rise or fall of water table, as we got information from elders Burkitu spring doesn’t decrease from its current base flow. 
The spring as water source for irrigation is widely familiarly in Chaffe Burkitu project and the surrounding. There are two spring schemes in the upstream of the project following the mountains ridge which surround the area.

Swamps and wet lands are exhibited in the downstream of the scheme with water logging problem. These wetlands could be drained to the river Bosha if some aspect of drainage solution is designed.

But the swampy area has some value of cattle source of forage for surrounding people. Therefore the wide area of land which could be extended to cultivable by appropriate drainage to the river if there is no conflict of interest.

The water table is as high as to be about 2.5m below the surface in the project command and  are getting higher as we go to wet lands.

The water sources as ground water can be adopted by individual farmers with small tridle pump technology for irrigation use.

8.5 Water source characteristics
Spring Burkitu 

At-spring eye = 6m deep from the surface.

· Spring whose initial source and eye difficult to identify

· Difficult to decide  upon which point is convent to measure and protect, stone or other material                

· Recently (at) increasing it size and the swamp area is extended down ward.

· There’s diversion by Soil bund traditional obstruction and irrigated about – 5ha.

· The location of the division might be due to attain maximum flow (where the spring eyes may have different location as we go downward) or to get the head necessary to guide to the field with possible small depth.

· Measurement is possible at

 1) Diversion point

2) In middle where deep reaches

3) Up stream starting

- The marsh extends up ward during rainy time and the spring starting point may mislead us due to increase in water table.
- Other alternative with best option could be shallow well pumps (triddle pumps) as water availability is high and the amount of recharge of the spring cannot be simulated with the demand area the period of the project irrigation season. However, estimates of the present flow have been carried out and the dependable size of flow assumed.

8.6 The base flow

There is no reconnaissance study as to the time series of flow over the year months and season. But discussion from the elders, the size of the spring does not decrease much but slight variations of flow are evident

Measurement using float method has been done at proposed diversion site and downstream below the marsh. Accordingly the variation of flow is significant temporarily. This is due to clearing of the bush at proposed site which makes temporary increase in flow and the measurements at this particular position is fairly accurate enough to represent the discharge.

.Base flow calculation

L=2m, Depth average=0.25m, Width average=0.88m

Time recorde, t1=5sec,t2=4.5sec, t3=5.1sec,  tave=4.87sec

Velocity=L/t=2/4.87=0.41m/s

Corrected velocity=0.7*v=0.29m/s

Area=0.25*0.88=0.22m2
Q=V*A=0.0638m3/s

Take Q=64 l/s

Therefore from the above spring flow 20% of the flow is left for the d/s users (i.e. 13 l/s).  In addition to this for the d/s users there are other springs. Therefore for our design we take the base flow 50l/s.
8.7 Water Quality and sedimentation 

There is over land surface follow from the adjoining ridge towards the irrigation which cause surface flooding during rainy season and while crusting over the clay soil. Thus, to safeguard main canal and others structures, cutoff drain of length 780m, depth 0.70m, bed width 0.50m and side slope 1:1 will be excavated by the beneficiaries at 30m up side of the main canal. 
The Quality of the spring water for salinity, and sodicity is not tested. However the soil chemical analysis has been done to ascertain the soil suitability for irrigation and if there is some salinization over the soil it requires good drainage, high leaching and application of gypsum for proper irrigation.
9 IRRIGATION AND DRAINAGE SYSTEM DEVELOPMENT
9.1 Introduction:-

The land feature, topography map out of 33ha, agronomic and pedological situation of the command area 20 ha land is considered in developing the layout of the scheme, canals and the irrigation infrastructure are constructed to construct the Chafe Burkitu spring in Chaffe Misoma PA. The main source of irrigation water, the spring is measured by flow method with certain accuracy to be 63l/s. The main masonry structure of spring diversion is designed considering the required head at intake raising only 30cm from spring center and the swampy water way is observed throughout the length of the structure. while main canal, secondary canal are incorporated in development of the upgrading and the field ditches, tertiary canals and drainage canals are left to farmers to guide it in their on the way.

The designs included are x-section of main canal, secondary canals, spring diversion structure, off take and turnout, drop structure, culverts, and aqueducts.

The diversion point is selected to be upstream of the traditional weir constructed by soil filled sacks. The traditional practice, the available water and soil characteristic is considered in laying out the system.

9.2 Intake and spring diversion structure 

Minimum head of the surveyed spring center and foundation depth of about 1m has been kept for the safety of the structure and not to change the course of flow.  Guide wall of 1.2m height with flush gate and intake lined canal for distance of 500m in order to join the existing canal.  Flood analysis and other conventional methods to analyze a wear are found not necessary in the design of diversion. But static case of stability analysis is found enough to determine the section of the structure. This is only protection and guide wall which leads to the existing canal protected from swamp by lined canal and 9m retaining wall.

9.2.1 Design of Retaining wall Stability analysis in static case (worst condition)

Earth pressure at rest was considered

Drainage silt clay back fill was considered

Maximum retaining wall height=1.5m

Υm=23KN/m3                   Υw=10KN/m3                 Υs=18 KN/m3
Drainage angle of internal friction was taken 30 0 

Top width = 0.4m
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	Forces
	Part
	Forces
	Sum of Forces
	Arm
	Moment
	Sum of Moment Force

	Weight of wall
	Wm1
	11.04
	V=43.8
	0.2
	(+)2.21
	   (+)29.26

	
	Wm2
	6.9
	
	0.567
	(+)3.93
	

	
	Wm3
	9.66
	
	0.7
	  (+)6.76
	

	Weight of soil
	Ws1
	5.4
	
	0.73
	  (+)3.94
	

	
	Ws2
	10.8
	
	1.15
	 (+)12.42
	

	
	Ps1
	10.13
	H=10.13
	0.5
	   (_)5.06
	(_)5.06


Ps= ½ ko Υs (H+h)2     where ko=1-sinθ

Safety against overturning = ΣM+/ ΣM- >1.5    i.e 29.26/5.06=5.78>1.5 ok!
Safety against sliding = ΣH/ ΣV <0.65    
i.e 10.13/43.8= 0.23<0.65 ok!
Location of resultant (middle-third-rule)

X= ΣM/ ΣV                    i.e X=24.2/43.8=0.55
e=|(B/2)-X|                    i.e |(1.4/2)-0.55|=0.15
a= B/6                           i.e 1.4/6=0.23
e<a


 i.e 0.15<0.23 ok!
	Table of Moment

	Part
	Vertical Force (V) KN
	Horizontal Force (H) KN
	Arm length (m)
	Moment about Toe (KNM)
	Condition

	Wm1
	11.04 (+)
	    _
	0.2
	2.21(+) 
	Resisting

	Wm2
	6.9 (+)
	    _
	0.57
	3.93 (+)
	Resisting

	Wm3
	9.66 (+)
	     _
	0.7
	6.76 (+)
	Resisting

	Ws1
	5.4 (+)
	    _
	0.73
	3.94 (+)
	Resisting

	Ws2
	10.8(+)
	    _
	1.15
	12.42 (+)
	Resisting

	Ps1
	    -
	10.13 ( _ )
	0.5
	5.06 ( _ )
	Over turning

	 ΣH  
	    -
	10.13 ( _ )
	 
	 
	 

	 ΣV  
	43.8 (+)
	    
	 
	 
	 

	 ΣM+ 
	 
	 
	 
	29.26 (+)
	 

	 ΣM- 
	 
	 
	 
	5.06 ( _ )
	 

	 ΣM  
	 
	 
	 
	24.20  (+)
	 


Stability against overturning   ΣM+ / ΣM- >=1.5         5.78>1.5 ok!
Stability against sliding   ΣH / ΣV<0.75           10.13/43.8=0.23 <0.75 ok!
Stability against over stress   X= ΣM / ΣV          0.55<2/3(B)    i.e 0.55<0.93 ok!
B/2=1.4/2=0.7M           a=B/6=1.4/6=0.23m

e= (B/2)-X=0.7-0.55=0.15
Since e<a i.e. 0.15<0.23m is safe
Stability against compression

δc toe= (ΣV/B)*(1+6e/B) = (43.8/1.4)*[(1+6(0.15)/1.4)] = 51.4t/m2

Since the allowable compressive strength of masonry extends to 100 t/ m2.The calculated value of compressive strength i.e. 51.4t/m2 is safe.

Stability against Buoyancy

ΣU=1/2(0.9*1.2)*10=5.4KN/m
ΣWm/ ΣU > 1.0 that is 27.6/5.4 = 5.1 > 1.0 is ok!
9.3 Irrigation field layout

Based on the topographic survey traditional practice of SSI, with introduction of the field drainage condition the secondary canals are distributed every 150m along the main canal, the secondary branches to tertiary by turnout every 45m and in the some way the furrow length is limited to 30 to 45m from branching tertiary to field ditches.  The field layout of more than 20 ha of land is indicated 0n the topographic map and some canals are stretched beyond the capacity of the water which may be used in varying intensity of irrigation cover as practiced in the traditional system.

 Canal Nomenclature and Checklist

The notations: MC, SC, TC, and FC are to mean a main canal, secondary canal, tertiary canal, and the Field canal respectively. 

Division box, Farm Bridge, tertiary drains, secondary drainage, field drainage, off take and turnout are denoted by DB,FBr, TD, SD, FD, OT and TO respectively. For detail, refer legend on the layout map.

	No
	Description
	Supply Canals
	Drainage canals
	
	

	
	
	MC
	SC
	TC
	FC
	FD
	TD
	SD

	0
	No of
	1
	5
	30
	-
	34
	-
	2

	1
	Total length (m)
	900
	1080
	2217
	-
	-
	-
	

	2
	Total drops

	-
	22
	-
	-
	-
	-
	-

	3
	Total off takes
	5
	-
	-
	-
	-
	
	-

	4
	Total turnouts 
	5
	12
	-
	-
	-
	-
	-

	5
	Total foot bridges
	2
	-
	-
	-
	-
	-
	-


Remark

MC = Main canal,     SC= Secondary canal

TC= Tertiary canal,   FC= Field canal

FD= Field ditch,       SD=Secondary drain, TD = Tertiary drains

Main canal alignment

The main canal for 900m aligned along the contour. Considering supplementary irrigation, the main canal carries about 50 l/s of discharge. 

Alignment of Secondary Canals

All secondary canals (SC1, SC2, SC3, SC4 and SC5) are aligned across the contour on the ridge that they feed on their left and right sides. The capacity of each secondary canal is 25l/s.
Alignment of Tertiary canals

Tertiary canals are aligned almost on along the contours to the right and left side command on the slope 2% to 5%.  On the average, tertiary canal irrigates 1ha of land with average capacity of 12.5 l/s.

Note that in aligning the MC, SC and TC sharp curves and sharp bends are avoided using smooth curves.

Alignment of the feeder canals

Many feeder canals are aligned down with the average slope of 1% to 5%. Average length of the field canals is 100m to command 1ha. The furrow direction is along the contour of the land.

Since the velocities (0.4m/s) and the discharge (2.2 l/s) of the field canals are too small; erosion hazard is minimized under proper water management.

9.4 Canals

Irrigation canals are completed based on the available water, the maximum demand of the soil in rotational application, and the soil type and construction standards. 
9.4.1 Design information
-Range of the design velocities
- From 0.25m/s to 0.94m/s for earthen supply canals

- Up to 2.5m/s for masonry lined canals

-For velocities greater than 2.5m/s, concrete bedding with some energy dissipating mechanisms must be applied.

The mining’s coefficient:

 -Is used to be 0.025 for supply canals under proper irrigation canals management. That is the canals should not to grow grasses & weeds that may result in increasing the Manning’s coefficient.

-0.014 for lined canals & 0.04 for waterways or drainage canal

Side slopes: The side slopes of canals are 1:1 

Field irrigation method:

-It is furrow type for most crops.

-Average irrigation interval is 10 hr (agronomy report)

-Average irrigation depth=55mm/m
Canal Cross section:

 Dimensions of the canals are taken based on practicability & ease of construction. The minimum canal bed width and total depth is 0.30m each.

9.4.2 Design of canal Sections

Main canal (0-500m) Rectangular Lined

Irrigable Area: A= 20ha considering Supplementary irrigation
Water duty, q= 0.0025m3/s/ha (source: agronomy report)
Q=A*q=20ha*0.0025m3/s/ha
Q= 0.05 m3/s = 50 l/s

Take flow velocity, V= 0.45 m/s

A= Q/V= 0.11 m2

[image: image1]
Assume b= 0.48 m, d=A/b= 0.24 m


    P= 2 *d + b=0.96m

             R= A/p = 0.12m


   Slope, I = [(n*v/ R 2/3)]2,  n= 0.017 


              I=0.001

 Free board Fb= 0.16m, D = d+ Fb=0.4m

Main canal (500-900m)-trapezoidal earthen

Irrigable Area: A= 20ha

Water duty, q= 0.0025m3/s/ha (source: agronomy report) 

Q= A*q= 20*0.0025=0.05m3/s = 50 l/s

Flow velocity: V= 0.4m/s, (0.25< 0.94m/s) 


[image: image2]
Water Area, A= Q/V= 0.125m2, Assume b= 0.35m

The water depth, d= [-b+[b2+[4x m x A)]1/2]/(2x m) 

Where m= 1 m, and n= 0.025, Therefore, d= 0.26m

The water perimeter, P= b+2*d*(1+m2)1/2, P=1.08 m

The hydraulic radius, R= A/p= 0.12m, 

The canal bed slope, I= (nxV/R2/3)2
For n= 0.025 & V = 0.4 m/s, R= 0.12m, I= 0.002
Using free board, fb= 0.24m, 

The total embankment depth, D= d+ fb= 0.50m

The top width, T= b+2xmxD= 1.35m

The rest section of earthen canals (all SC and all TC) are similarly designed 

Summary of supply canals 

	Canals
	Q(m3/sec)
	V(m/s)
	B(m)
	Y(m)
	FB(M)
	D(m)
	S
	m
	n

	Main canal (lined)
	0.050
	0.45
	0.48
	0.24
	0.16
	0.40
	0.001
	-
	0.017

	Main canal
	0.050
	0.40
	0.35
	0.26
	0.24
	0.50
	0.001
	1
	0.025

	Secondary canal
	0.025
	0.37
	0.30
	0.17
	0.33
	0.50
	0.002
	1
	0.025

	Tertiary canal
	0.0125
	0.37
	0.30
	0.15
	0.35
	0.50
	0.002
	1
	0.025


9.5 Drop structures

As the secondary canals are aligned on across the slope and more than the slope of the canal it laid on, U5BR type of drop of 0.5m used to protect from erosion and the parameters are determined as the following

Drop width = 0.734/h1.5                               

= 0.26

q=Q/b=0.0955 m3/sc/m

Hc=(q2 /g)1/3       

=0.098m

Basin width= 18.46Q1/2

                         Q+9.99

                   = 0.30m

Basin length h= (2.5 + 1-1(hc/z) + (hc/z)3)(zhc)0.5

                                        = 0.60m

Lip height = 0.05 = hc/2

H1=0.17

Q=0.025m3/sec

Y1=0.37m/sec

9.6 Aqueduct on main canal

Q=0.118m3/sec-drainage

Pipe diameter is determined using orfice formula for full flow condition and for head of 10 cm

Q=CAsqrt 2gh

A=Q/c*sqrt2gh

    D=0.41 take =0.5m

Q=0.118 m3/sec

C=.62

H=0.1m

9.7 Culvert

For partially full flow the diameter and elevation difference between inlet and outlet is analyzed.  Accordingly, the diameter is computed to be 0.40m

H=0.8

D=0.4

A=0.16m2


P=1.09m
R=0.17m

V=Q/A=0.31m/sc which is less than the flow v=0.45 m/se

Q=0.05m3/sec

There is no significant change in velocity; therefore to avoid siltation and keep the flow smooth 0.02 differences of elevation b/n the inlet and outlet is kept

Therefore provide 0.02 head difference

9.7.1 Pipe Culvert (Road Crossing)
Culvert dia = 0.4m.
               A=0.16m2
H/D = 0.8 
             P=1.09m
H = 0.80 D = 0.8 * 0.4 = 0.32m =d2        V=Q/A=0.31m/s
Q = 0.05m3/sec. 

Hydraulic calculation 

A/ given data 

Table 1:- Hydraulic characteristics of the canal 

	Discharge Q (m3/s)
	Width b(m) 
	Depth   d (m) 
	Side slope m
	Velocity head, hv
	Bed slop 

I
	Roughness n

	0.05
	0.35
	0.26
	1
	0.31
	0.001
	0.025
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	        A=171784.096
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B/ Flow hydraulics of barrel
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Pipe dia = 0.4m 

H = 0.8D = 0.8 * 0.4 = 0.32 = d2 

H/r = 0.32/0.2 = 1.6               r = 0.4/2 =0.2

Table 2:- Uniform flow in circular section flowing partly full 

	H/r
	α = A/r2 
	P/r
	β = R/r
	α β 2/3

	1.6
	2.694
	4.428
	0.608
	1.932


α = A/r2 =2.694(A = α r2 = 0.1078
P/r = 4.428 ( p = 4.428r = 0.886
β = R/r = 0.608(R =0.608r = 0.122
V2 =Q/A = 0.05/0.1078 = 0.464m/s

hv2 = V2 2/28 = 0.4642 = 0.011
                        2(9.81)

I2 = (nv /R2/3)2 = (0.025 * 0.464 /(0.122) 2/3 )2 =( 0.0116/0.246)2= 0.0022
Difference in elvn   EL B & EL C

Hf = L * I2 = 6 * 0.0022 = 0.013m 

C/ Water surface change at the u/s & d/s of culvert 

i. Rise of water surface at in let of culvert 

            ∆ h1 = 0.3 (0.4642 – 0.312)     = 0.0018m   
                           2(9.81)                 

ii. Drop  of water surface at the d/s of canal section 

      ∆ h2 = 1.5 (0.4642 - 0.312)        = 0.0091m
                               2(9.81)              

D/  Invert elvn at u/s canal = 1784.096 
Water surface elvn at u/s canal = 1784.096 + 0.26 = 1784.356
Water surface at culvert inlet = 1784.356 + 0.0018 = 1784.358
Invert el elvn   at the culvert inlet = 1784.358 – 0.32 = 1784.038
Invert elvn  at the culvert out let = 1784.038 – 0.013 = 1784.025
Water surface elvn   at the culvert out let = (Invert elvn at culvert out let) + d2 = 1784.025 + 0.32 = 1784.345
Water surface  elvn   at the d/s canal = 1784.345 - 0.0091 = 1784.336
Invert elvn  at d/s canal = 1784.336 – d1 

                                       = 1784.336 -0.26 = 1784.076

E/ Total head loss 

HT = 0.5 ∆hv + hf + 0.7 ∆hv = 1.2∆hv + hf = 1.2 (V2 2 - V12) +hf

                                                                                 2g

     = 1.2 {(0.464)2 – (0.31)2} + 0.013
                       2 * 9.81 
     = 0.02m 

Check water surface difference b/n u/s & d/s canal 

The difference = (Water surface elvn    at u/s canal) – (Water surface elvn   at d/s canal = 1784.356 – 1784.336 = 0.02m   Ok!
F/ Canal elvn    at each section  

	Section
	Location
	Water depth (m)
	Change in water level
	           Elev n  of

	
	
	
	
	Canal bed
	Water surface

	A
	U/S canal
	0.26
	-
	-
	1784.096
	1784.356

	B
	Barrel
	0.32
	Rise
	0.0018
	1784.038
	1784.358

	C
	Barrel
	0.32
	Rise
	0.013
	1784.025
	1784.371

	D
	D/S canal
	0.26
	Drop
	0.0091
	1784.076
	1784.362


9.7.2 Structural design of pipe culvert 

a) Given data

Depth of soil, H = 1m

Unit wt of soil σs = 1.9 ton/m3
Load of vehicle D = 5.6 ton

b) Load 
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	Distribution of Load
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	


i. Dead load 

                      Soil: - W1 = σs H = (1.90) (1.0) = 1.900 ton/m2 
ii. Live Load

E = 0.20 + 1.75H = 0.2 + 1.75 (1.0) = 1.95m
F = 2.25 + 1.75H = 2.25 + 1.75(1.0) = 4.00m
W2 = (2p) (1 + i) =        2 (5.6)        (1 + (0.0)) = 1.436 ton/m2
                EF                  (1.95) (4. 00)

Where I = impact factor which is = 0 for over 0.9m of depth of soil 

iii. Total load

W = W1 + W2 = 1.900 + 1 .436 = 3.336 ton/m
C.  Moment 

I. Maximum bending moment 

R = 0.5 (D + t) = 0.5 (0.40 + 0.05) = 0.225

M = kWR2 = (0.314) (3.336) (0.225)2 = 0.053
Where: - W = Uniform load (ton/m2

             R = radius of culvert (m)

              T = Wall thickness (m)

              K = Load coefficient due to bedding 

II. Minimum resisting moment 

A1 = πD2 = 3.14 * (0.4)2 = 0.1256m2 

                      4                 4

           A2 = π (D + 2t)2= 3.14 * (0.4 + 2 (0.05))2 = 0.196m2

4                                   4

Wc = (A2 – A1) rc = (0.196 – 0.1256) * 2.3 = 0.162 ton/m 

Mr = 0.318 QR + 0.23p WcR =

     = 0.318 Q (0.225) + 0.239 (0.162) (0.225)

     = 0.072 Q + 0.0087 

Where: - rc = unit wt of culvert (ton/m3)

               Q = reqd supporting strength (ton/m3 

                Wc = wt of culvert (ton/m)

D. Required supporting strength 

           Mr = ƒm

Whereƒ= factor of satiety (1.5) 

Mr = m

0.072 Q + 0.0087 = 1.5 (0.053)

0.072 Q = 0.0795 – 0.0087

           Q = 0.0708 = 0.983 ton/m 




0.072

Concrete pipe with extra quality usually shows the strength of 2,380 kg/m. 

However in Ethiopia the pipe is made of cement plus sand which may have less strength. It is therefore, very common to strengthen the pipe by bonding 10 cm thick cement mortar conterminally. It can be assumed that the strength of the pipe is the same as that of concrete pipe. For this 
Q = 983 kg/m < 2380 kg/m Ok
E. Design of bedding 
Concrete bedding 

M = 0.455p’              &     d = (26.4 mc)1/2
         bÇo                                 ( bÇc)1/2
Where P’ = 2/3p (Safety factor =4) 

            Mc = p’/4 (r + t) sinά+ H (r + t) (1 – Cosά) + Hd/2

             H = 0.455 p’

Where:-  H = horizontal stress (ton/m) 

               Çc = allowable stress of concrete (30kg/cm2)

                r = inside radius (cm)

                t = wall thickness (cm)

                ά = angle of bedding (degree) 

                d = thickness of bedding (cm) 

               Ço = allowable tangential stress of concrete) 3kg/cm2) 

              b = limit length = 100cm

               P = 3.336 ton/m

               r = 20 cm

                t = 5cm

                P’ = 2/3 p = 2/3 (3.336) = 2.224 ton/m

                H = 0.455 p’         0.455 (2.224) =1.012 ton/m

                 M = H/ bÇo = 1.012/100 * 3 = 3.37 use 5cm 

Mc = 2,224 (20 + 5) sin 900 + 1012 (20 + 5) (1 – cos 900) + 1,012d
4 4

          = 556 (25) + 25,300 + 506d

         = 39,200 + 506d (kg/cm)

d = [26.4 (39,200 + 506d)]1/2
             [100 (30)] 1/2
d = [344.96 + 4.453d] 1/2
d 2 = 344.96 + 4.453d

d2 - 4.453d – 344.96 =0 

Using d = -b + [ b2 -4ac] 1/2
                          (2a) 1/2
d = 21cm         use 30 cm
	

	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


9.8   Drainage

The drainage canals are designed by empirical formula which accounts catchment’s area intensity of rain fall and return period of 5 years

Q=A ICF

        360

Q= Design discharge

A= Area of catchment 20 ha for main drain, 5ha for secondary drain, 2ha for tertiary drain

Intensity of rainfall for Tc =33.33 minute

I= 63.13mm/hr

Tc= distance to remote point
                    60 Xv

V=Velocity from table according to slope and topography distance taken 600m

C= Coefficient=0.35(for cultivated area)

F= area reduction factor=1

Q Md =1.18m3/se

QSdt=0.3 m3/se

QTd= 0.118 m3/sec

Summary of Drainage canal
	Canals
	Q(m3/sec)
	V(m/s)
	B(m)
	Y(m)
	FB(M)
	D(m)
	S
	m
	n

	Main drain
	1.18
	0.9
	0.8
	0.63
	0.07
	0.70
	0.002
	2
	0.025

	Secondary drain
	0.3
	0.515
	0.47
	0.37
	0.30
	0.67
	0.002
	2
	0.025

	Tertiary drain
	0.118
	0.51
	0.35
	0.27
	0.30
	0.57
	0.002
	2
	0.025


9.9 Drainage and water logging

Adequate drainage layout is provided for specific dry land which naturally drain nowhere put accumulates in low lying area during the rainy season. During irrigation time and other rainy period the downstream areas is swampy and effort to drain part of it for irrigation use is not supported by the community.  In this design main drainage of the command is provided to be excavated by the community at the lowest elevation of the field towards the river 

.

Likewise secondary and tertiary drainage are also indicated on   the topo map. And water losses are minimized through the application of appropriate water in the respective furrows with good practice of furrow length, discharge are and irrigation time with respective slope of the field.

9.10 Unit irrigation flow

Project flow=Duty*Area

Q=2.5*20=50l/s

Soil Type – sandy clay loam to clay loam

Field capacity = 200 mm/mm

Wilting point = 100 mm/m

Depletion (management allowable) =0.5

Root depth = 0.9

The amount of water (irrigation depth) replenished = 0.5(200-100) =45mm

Factor of distribution uniformity and efficiency=50%

Gross applied depth = 90mm

Unit irrigation flow (q) in 10 hr=90x10x1000

                                                 10x60x60

                                             = 25l/s/ha/day

This discharge is taken as flow in secondary while for 0.5 ha for every field plot the territory are designed 12.5 l/s in both way.

9.11 Proposed water distribution

As we can see earlier the soil needs deep application with 50% operational losses. Therefore these operational losses can be reduced by adjusting the operation according the date of the farmer turn on rotational basis. Therefore the canal system could be flexible if adequately designed with more capacity than discharge derived from duty for every plot.  The flow of 50l/s is distributed for the two secondary in case of maximum needs and 4 tertiary canals and likewise to field ditches. For simplicity of operation and command the maximum requirement, the capacity of the canal system can also be adjusted to the average requirement according the irrigation experts or development agents know how.

9.12 Operation and Maintenance

 Objective: Timely and optimum delivery of water to farmers.
1. Introduction

Good management of irrigation scheme is becoming increasingly recognized as an essential means to achieve successful irrigated agriculture. Now a day, there is growing interest to studying the existing irrigation schemes in order to learn where the improvement needs can be made in their operation and maintenance.

Thanks to the development of science in the irrigation sector and the introduction of different software, study and design of the irrigation system is improving significantly. This can be explained in terms of the quality designs being prepared and their design times shortened due to these soft ware’s are in use.

However, the major problem in the irrigation sector these days is efficient utilization of irrigation water, the lack of strong operation and maintenance skill that will manage the scheme and help in the attainment of its implementation objectives.

Therefore, in order to help the stakeholders who are involved in the operation and maintenance /O & M/ of the irrigation system it is very necessary to know the way these activities are performed in safe and effective way to get the irrigation system sustainable and effective.
9.12.1 Operation of irrigation Scheme

9.12.1.1 General 

It is a concerning issues of these days that the performance of many irrigation schemes has fallen short of expectations. Among the many reasons that can be enumerated, lack of proper operation and maintenance is an overriding cause for the malfunctioning of irrigation schemes. In most of the irrigation projects design, little consideration and attention is given to scheme operation and maintenance.
The objectives of operation of an irrigation scheme are:- 

· To provide water in the correct quality in respect of quantity, rate and duration

· To provide water at the correct time to suit crop needs

· To provide water securely and reliably

· To provide water fairly or equitably

· To provide water efficiently in terms of water use, cost, labor and energy

· Estimating future water supply and demand  
· Matching supply and demand

· Restricting measures to march supply and demand

· Accumulation of the irrigation water with in pond and estimating the capacity of the pond

There could be three fundamental causes for the poor operation of an irrigation system:

i. Lack of technical skills in planning, implementing and monitoring the system,

ii. Poor man-management 

iii. Technical deficiencies in the physical system

In this context, the technical skills necessary for suitable operation of an irrigation scheme will be treated. Scheme operation analyses the different water distribution methods with their advantages and disadvantages.

Operation of the irrigation system involves the following major activities:

· Planning of irrigation water and water accumulation system
· Planning of the cropping and the irrigation demand

· Daily decisions on sudden water allocation to match demands

· Monitoring of water abstraction with in irrigation system 
· Evaluation of scheme performance

· Planning of  irrigation water with available command area

The farmers carry some of these activities out, some jointly by irrigation water supply and drainage teams and farmers.

The operation of the system should aim to keep the soil moisture deficit in each plot below the easily allowable soil moisture limit to ensure optimum crop production. Water supplies will have to be determined and aggregated up the system to determine the division of water at the various control structures and at intake from the water source.

Irrigation Planning and Scheduling through operation of irrigation system
· Irrigation schedule in the scheme, such as starting and closing date and hours of irrigation and rotation schedule of water distribution shall be discussed and decided in the general meeting.

· The Water Resources Office may advise WUA to adopt a rotational irrigation, dividing the commanding area into several irrigation blocks, which are headed by block leaders.

· The members of WUA shall follow the rules and regulation of water distribution. the water distributions schedule is advised to be notices to all the members

· In transplanting periods, when irrigation demand for crops could be at its peak, the WUA committee shall apply a flexible water distribution schedule.

   9.12.1.2 Water planning

 Water planning is a wise use of water among different stakeholders in the upstream and downstream and the project area. It is simply balancing the water budget for safe use without causing conflicts among different beneficiaries especially during peak water demand periods. 

In Chaffe Burkitu Irrigation project, the water balance is not complex as there is no irrigation scheme at the downstream and downstream along the Burkitu spring.
Water Distribution

· The irrigation water shall be distributed to each farm plot according to the schedule

· The leaders of each block are responsible for the water distribution
Identification of Irrigation Defects

· Whenever the WUA members observe any farm plots with irrigation difficulties, the WUA committee shall report to Water Resources Office of Woreda.

9.12.1.3  System of Irrigation   

Irrigation system of Chaffe Burkitu scheme is gravity forced and its delivery of irrigation water to the farm is furrow system depending on field ditch/canal capacity and unit irrigation flow. So, in this system field ditch capacity and unit irrigation flow are very important in carrying out of operation of equitable water distribution throughout the irrigation system. 

From practice, a single farmer can manage two to four furrows at a time on flat land like our project area. Then the average value three is taken for design purpose and two farmers are assumed to irrigate at a time from a single field ditch. To fulfill this assumption each field ditch is designed to carry 6.25 liter/sec.

Each tertiary canals intern is designed to feed a minimum of three field ditches at a time.

Proposed water distribution and scheduling

The water distribution system for Chaffe Burkitu irrigation project is rotational supply system. There is only a continuous flow in the Main canal up to secondary canal 2, the other gets water by rotation system. 
9.12.1.4 Main sites of operation
1. Operation of irrigation system on Division Box, Off take and Turn out    Gates

· The operator shall keep an operation records of the gates

· In the case that the facilities areas damaged seriously, the WUA shall inform the accident to the Chairman /Secretary of WUA. The committee members of WUA shall report to the Water Resources Office of Woreda.
 2.  Operation of the irrigation system on Spring Diversion      
During high flood the sluice gate must be opened and the intake gate may be closed when there is no irrigation.

· The upstream and downstream of the diversion should be free from silt & it should be frequently cleaned after rainy season. 

· Grasses should be grown on the banks of the river as well as the main canal to avoid serious erosion.

3. Operation of the irrigation system & Drainage on the SC, TC and FC.
· Unless practically made by the farmer themselves (based on their need of irrigation time) the flow is made discontinuous, the design throughout 20 ha of command area is assumed continuous flow over 10 hours of irrigation per day.

· At every end of field ditches, the tail water is made to flow into the natural water way beneath, left and right the command area or to enter stream or simply drain to the SD that are artificially excavated . 

· The field off take pipe is safely designed & they can give out water about the designed capacity for the determined hectares of command area. The water users association & the irrigation DA may help the farms in rational distribution of water among each tertiary block.
9.12.2 Maintenance of Irrigation system

Maintenance Activity

· Structures & canals are exposed to damage if not properly maintained. Frequent maintenance of irrigation system is needed to prolong the life of irrigation scheme. Problems such as the growth of weeds & grasses, siltation may hinder the proper operation of irrigation scheme. Therefore, WUA committee must carry out timely inspection & regular maintenance by taking any necessary technical assistance from the irrigation DA. 

The major maintenance work on Chaffe Burkitu SSIP

· In Irrigation project, the canals embankment & canals body might be damaged due to cattle over run. Therefore, care should be given to the construction of adequate farm bridges & footbridges as per the design to avoid such problems.

· Silt should be removed from the canals frequently.

· The threads of all gates should regularly be greased.

Maintenance of Irrigation Canals and structures
· The WUA member shall conduct maintenance works for the irrigation canals, including grass cutting, silt removal, reshaping canal, and so on.

· The cross section of the earthen canals are kept trapezoid to reduce leakage of water from the canals.

· The committee members shall decide the schedule of the irrigation facilities maintenance taking into consideration the report by the gate operator, who shall carry out a patrol regularly to check the condition and effectiveness of the irrigation system.

· The chairman inform the members the date of   maintenance work.
· It is advised that the regular maintenance of the irrigation facilities is carried out monthly at the minimum requirements.

· The committee members shall make a caution against those who do not attend the maintenance works

· In accordance with the regulation of by-law, the penalty can be imposed to violator.
· Maintenance works which is beyond WUA due to technical and machinery need should be reported to woreda Water Resources Office as soon as possible before large damage is revealed. 
9.13 SPECIFICATION 

MATERIAL

All materials to be used in the work shall be in confirmed with the requirement laid down in this chapter. If any special material not covered here is required to be used, it shall be confirmed or specified by the construction Engineer or Supervision Engineer.

1. Cement is transported directly from Assela to Chaffe Burkitu site storage. Care should be given while transportation. That is it should be transported under complete damp proof covers and stored in damp proof storage in which it can be stored about 1.0m high from the ground and not greater than 2.5 staking height. During allowable storing time (maximum 6 months), the cement should be kept away from moisture.

2. Aggregate- should be a crushed stone from quality quarry or buying the aggregate from other places.

· Size: 20 mm to 40 mm &Shape: cubical

· Location: 40-50km from the site (maximum distance, as indicated in unit rate analysis and construction material location map in geology part)

3. Sand:  quality sand (clean, hard, strong, durable, uncoated, free from injurious) should be transported from sand quarry. 

a. Size ranges between 0.2mm to 5mm in diameter.

b. Allowable impurity = 5% (shale, clay, humus, mica, silt etc)

     4. Reinforcement bar (steel)- A clean steel bar as confirmed by ASTMA-15-65, and free from rust is transported from Finfinne/Adama or Assela towns (if any) to Chaffe Burkitu. On the site, the bars are made bent cold as indicated in the design. Weight per meter of steel bar is equal to square of the bar diameter in mm times 0.006165 in kg.

  5. Water- the water that can be used for concrete & mortar should be free from organic matters, oils, acids, bases and salts etc.

-Use spring water for concrete & mortar mixing

-The turbidity of water for such purpose should not exceed 1000 ppm (of suspended solid)

     6. Boulder or rubble stone – can be granite & basalt of high quality

-Size length to width ratio should not exceed 2 

-Volume size 30 cm by 15 cm by 10 cm with allowable variation of 10% on either side.

-The quality of stone–free from defects like cracks, holes, flows, veins, patches etc

-Allowable water absorption percentage =5%

-Free from crystalline silicon & mica

-Minimum crushing strength should not be less than 100 kg/m2 and 400 kg / cm2 for granite & basalt respectively

7 Compacted fill -The canals body and the pond should be well compacted and filled with the clay material, which probably excavated from the mother canal. The efficiency of compaction shall not be less than 130%.
    8. Earth work

    8.1. Excavation

Canals- The center line and the top width (considering berms) of the canal is marked on the ground at interval of 20m in straight reach & 10m on curves.

The excavated soil should carefully make a bit away from the most top periphery of the canal at OGL. This is because, to avoid the excavated soil not to slid in to the canal again.

8.2 Backfill:

   - A back fill soil should be free from rocks, boulders, roots etc

   -In Chaffe Burkitu irrigation, the soil used for back fill can be brought from that carted away from canal shaping and structures foundation excavation. Hence, no needs of borrow area for back fill materials.

   -The depth of the back fill varies from structure to structure. 

   -During compacted earth fill main canal & all secondary & tertiary the compaction efficiency is not less than 130%

-Finally, on the embankment that resulted from compacted fill, soil should be placed on it to a thickness of about 15 to 20 cm & grass (artificial) should made to be grown on it to make the embankment very stable.

-Earth fill material should be within optimum moisture content of ± 2 to 1 % before compaction 

-There is no compaction equipment at the branch level up to now. Therefore, this could get solution very soon. Since, then tamping can be used as a temporary solution.

-For mechanical fills a 2% height must be left for settlement.

9. Stone pitching – this is used at Guide wall & main canals where necessary.

-Pitching should have average thickness = 20cm

It should be bedded in 7.5cm in depth on 2.5cm aggregate.

It should be made from rough dressed durable stones.

Mortar grouting should be applied between the stones as indicated on the drawing.

Then the pitched stone is to be cured starting from 24 hr after completion up to at least for consecutive 14 days.

10. Plastering – plastering work has to be done in two phases. The first coat (1.5cm thick) is with mortar ratio of 1:3 and the final finish work is with mortar ratio of 1:2 (1.5 cm thick) of plastering.

-On all structures, where the water is expected to reach (water depth plus free board) should be plastered.

11. Concrete

In Chaffe Burkitu irrigation project, the class of concrete used is C-15.

Either type of mixing concrete is possible, but as Chaffe Burkitu site is concerned, a mixer machine can be used. After placing the concrete in appropriate place as per the design (drawings), it should be compacted thoroughly and uniformly.

At the surface of the concrete, sufficient mortar should be available for finishing work. The concrete should be cured for at least 21 days after 24 hrs from placing

Before placing new concrete over the old one, the previous concrete should be chiseled & the surface should be washed and construction joints should be, kept wet for at least 27 hours before placing new concrete. Strong (undeflectable) form-work should be used to support concrete moreover, the form-work should be flat, clean, tight & smooth on the side placed to the concrete face.

After concrete work is accomplished, the work area must be well cleaned

All places or structures required to be concrete are clearly indicated on all drawings.

12. Mortar -the ratio used is 1:3; the allowable moisture of sand is 20 to 27 %

-No need of using mortars that stayed a long since mixed

-Cement sand mortared masonry should be watered frequently for at least a week after 24 hr of construction

13. Masonry- stone used for masonry should be from quality quarry

-It should be well jointed

-Where needed, it should be well back filled 

-All structures need to be masonry is clearly shown on all drawings.

14. Pipes for off take & Turn Outs – G.I pipe are selected to take off water from Main canal, secondary & Tertiary canals to the farm plot. A pipe standard length 6m is bought from Finfinne or any nearby towns (if any) and made cut in to the required lengths as clearly indicated on a typical off take & turn out design drawing dimension table.

-All transitions of pipe off take and turnout have to be protected by constructing masonry as per the design

-Sill is provided at every turnout & off takes.

-In absence of appropriate size of GI pipe on current market; concrete pipes of the same size can be used.

15. Gates – Gates are required at division boxes, turn outs, off takes in different thickness of sheet metals.

The gates of turn outs & off takes have to be provided with a chain & water regulation holes at different heights. The gates should be welded & prepared as per the IDD design. The gates have to have a lock

16. Cut-off drain

     To safeguard main canal and others channels structures, cut-off drain of length 780.0m, depth 0.70m, bed width0.50m and side slope 1:1 will be excavated by communities.

17. Drainage

               To drain excess water from the command:

1. Field drainages of total length 2130m,depth 0.40m bed width 0.20m and side slope 1:1   is excavated by beneficiaries.

2. Secondary drainage of total length 1065m, depth 0.50m bed width 0.47m and side slope 1:1 is excavated by beneficiaries. 

3. Main drainages of total length 360m, depth 0.70m bed width 0.80m and side slope 1:1  is excavated by beneficiaries.

9.13.1 Box Specification

1. To produce a 1:3 cement: sand mortar mix, a one bag Portland cement (0.035m3) is used with three box (0.40x0.30 m x 0.30 m) sand i.e. 1 bag: 3 box

2. To produce a 1:3:6 cement: sand: aggregate class 10 - concrete mix, a one bag Portland cement (0.035m3) is used with three box (0.40 m x 0.30 m x 0.30 m) sand & with six boxes (0.40 m x 0.30 m x 0.30 m each) aggregate i.e. 1 bag: 3 box: 6 boxes

3. To produce a 1:2:4 cement sand aggregate class – 15 concrete mix, a one bag Portland cement (0.035m3) is used with two box (0.40 m x 0.30 m x 0.30 m) sand and four (0.40m x 0.30 m x 0.30 m) box aggregate 

4. To produce a 1:2:3 cement sand aggregate class – 25 concrete mix reinforced with 2% of its volume, one bag Portland cement is used with two box (0.40 m x 0.30 m x 0.30 m) sand and three boxes (0.40 m x 0.30 m x0.30 m) aggregate etc.

	Annex 1: Financial Analysis & Discounted Measures of Project Worth for Chafe Burkitu



	Year
	Production with no Project(000'Birr)
	Production with the project(000'Birr)
	Incremental (N2-N1)

	
	Benefits
	Costs
	Net1
	Benefits
	Costs
	Net2
	

	0
	 
	 
	0.00
	 
	452.15
	-452.15
	-452.15

	1
	189.768
	87.632
	102.14
	364.74
	113.26
	251.49
	149.35

	2
	189.768
	87.632
	102.14
	364.74
	113.26
	251.49
	149.35

	3
	189.768
	87.632
	102.14
	364.74
	113.26
	251.49
	149.35

	4
	189.768
	87.632
	102.14
	364.74
	113.26
	251.49
	149.35

	5
	189.768
	87.632
	102.14
	364.74
	113.26
	251.49
	149.35

	6
	189.768
	87.632
	102.14
	364.74
	113.26
	251.49
	149.35

	7
	189.768
	87.632
	102.14
	364.74
	113.26
	251.49
	149.35

	8
	189.768
	87.632
	102.14
	364.74
	113.26
	251.49
	149.35

	9
	189.768
	87.632
	102.14
	364.74
	113.26
	251.49
	149.35

	10
	189.768
	87.632
	102.14
	364.74
	113.26
	251.49
	149.35

	11
	189.768
	87.632
	102.14
	364.74
	113.26
	251.49
	149.35

	12
	189.768
	87.632
	102.14
	364.74
	113.26
	251.49
	149.35

	
	
	
	
	2,368.05Birr 

1,069.77Birr 
	

	
	
	
	
	NPV at 11% discount rate
	
	420.01Birr 

	
	
	
	
	IRR at 11% discount rate
	
	32%



  BCR                                           2.21

	Annex 2: Labor Cost Estimation for Cheffe Burkitu Upgrading Scheme

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

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

	1
	Site clearing
	M2
	0.45
	20
	9
	-
	-
	0
	9
	2.7
	11.7

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

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

	4
	Stone pitchy
	m2 
	1.5
	60
	90
	1
	150
	150
	240
	72
	312

	5
	Excavation (Soft soil)
	M3
	1.1
	60
	66
	-
	-
	0
	66
	19.8
	85.8

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

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

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

	9
	Back fill
	M3
	0.95
	60
	57
	-
	-
	0
	57
	17.1
	74.1

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

	11
	Cart away
	M3
	0.96
	40
	38.4
	-
	-
	0
	38.4
	11.52
	49.92

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

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

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

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

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


	Annex 3: Total Unit Rate (Material & Labor Costs) For Cheffe Burkitu SSIP 

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

	
	
	
	
	
	
	
	
	
	

	1
	Masonry(1:3)
	A
	Stone
	1.37m3
	155
	212.35
	643.75
	507
	1150.75

	
	
	B
	Sand
	0.36m3
	240
	86.4
	
	
	

	
	
	C
	Cement
	1.15qt
	300
	345
	
	
	

	2
	Pitching(m2)
	A
	Stone
	0.34m2/m2
	155
	52.7
	101.6
	312
	413.6

	
	
	B
	Sand
	0.11m3/m2
	240
	26.4
	
	
	

	
	
	C
	Cement
	0.15sa/m2
	150
	22.5
	
	
	

	3
	Hard coring
	A
	Stone
	1.15 m3
	155
	178.25
	509.15
	279.5
	788.65

	
	
	B
	Sand
	0.36 m3
	240
	86.4
	
	
	

	
	
	C
	Cement
	1.63sack
	150
	244.5
	
	
	

	4
	Plastering(m2)
	A
	Sand
	0.04 m3
	240
	9.6
	59.1
	47.32
	106.42

	
	
	B
	Cement
	0.33sack
	150
	49.5
	
	
	

	5
	Concrete (1:2:4)
	A
	Cement
	3.14Qt
	300
	942
	1794.6
	487.5
	2282.1

	
	
	B
	Sand
	0.49m3
	240
	117.6
	
	
	

	
	
	C
	Aggregate
	0.98m3
	750
	735
	
	
	

	6
	Back Fill & compaction
	A
	Red clay/scoria
	0.95m3
	36
	34.2
	34.2
	74.1
	108.3

	7
	Back Fill & compaction
	A
	Local soil
	0.95m3
	 
	0
	0
	74.1
	74.1

	8
	R.C.C.(1:2:4)
	A
	Cement
	3.14Qt
	300
	942
	7762.6
	754
	8516.6

	
	
	B
	Sand
	0.49m3
	240
	117.6
	
	
	

	
	
	C
	Aggregate
	0.98m3
	750
	735
	
	
	

	
	
	D
	Reinf. bar
	156.8kg
	35
	5488
	
	
	

	
	
	E
	Formwork
	4m2
	120
	480
	
	
	

	9
	Masonry(1:4)
	A
	Stone
	1.4m3
	155
	217
	554.8
	507
	1061.8

	
	
	B
	Sand
	0.27m3
	240
	64.8
	
	
	

	
	
	C
	Cement
	0.91qt
	300
	273
	
	
	

	10
	Pointing(1:3)
	A
	Sand
	0.02 m3
	240
	4.8
	27.3
	37.7
	65

	
	
	B
	Cement
	0.15sack
	150
	22.5
	
	
	

	11
	CIS Walling /Roofing
	A
	GIS-32 CIS
	0.5Pcs
	180
	90
	191.25
	131.3
	322.55

	
	
	B
	Nail
	0.25kg
	45
	11.25
	
	
	

	
	
	C
	Poles (7-12cm dia.)
	2pcs
	45
	90
	
	
	

	12
	Rip rapping
	A
	stone
	0.46m2
	155
	71.3
	71.3
	94.25
	165.55

	13
	Excavation of soft soil
	A
	 
	1m3
	 
	0
	0
	85.8
	85.8

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

	15
	Hard rock excavation
	A
	 
	1m3
	 
	0
	0
	383.5
	383.5

	16
	Site clearing
	A
	 
	1m2
	 
	0
	0
	11.7
	11.7

	17
	Cart away
	A
	 
	1m3
	 
	0
	0
	49.92
	49.92

	18
	Gabion work
	A
	Wire
	1m3
	472
	472
	627
	377
	1004

	
	
	B
	Stone
	1m3
	155
	155
	
	
	

	19
	Dry Hard coring
	A
	Stone
	1.15m3
	155
	178.25
	178.25
	279.5
	457.75

	Annex 4: Bill of Quantity of Cheffe Burkitu Upgrading SSIP

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

	1
	General Item
	 
	 
	 
	 
	 
	 
	 

	1.1
	Mobilization & demobilization
	ls
	 
	 
	2
	    40,000.00 
	           80,000.00 
	 

	 
	Sub-Total A
	 
	 
	 
	 
	 
	           80,000.00 
	 

	2
	Spring Diversion structure
	 
	 
	 
	 
	 
	 
	 

	2.1
	Pumping
	hr
	
	
	120
	50
	6,000.00
	Variation is not acceptable

	2.2
	Cofferdam excavation
	m3
	
	
	100
	85.8
	8,580.00
	

	2.3
	Guide wall construction
	
	
	
	
	
	-
	

	2.3.1
	Clearing
	m2
	
	
	117
	11.7
	1,368.90
	

	2.3.2
	Excavation
	m3
	
	
	164.7
	85.8
	14,131.26
	

	2.3.3
	Hard Coring
	m3
	
	
	32.94
	457.75
	15,078.29
	

	2.3.4
	Masonry (1:3)
	m3
	
	
	41.04
	1150.75
	47,226.78
	

	2.3.5
	Cart away
	m3
	
	
	123.53
	49.92
	6,166.62
	

	2.3.6
	Plastering (1:3) with double coat
	m2
	
	
	167.4
	106.42
	17,814.71
	

	2.3.7
	Backfill & compaction
	m3
	
	
	123.54
	74.10
	9,154.31
	

	2.3.8
	Stone pitching
	m2
	
	
	45
	413.60
	18,612.00
	

	2.3.9
	Intake gate operated by spindle & shaft 5mm thick plate (1200x400mm) & 6mm thick angle iron fixing as per drawing.                                
	No
	 
	 
	1
	    15,000.00 
	           15,000.00 
	 

	2.3.10
	Manually lifted sluice gate  (1200*500mm) 5mm thick plate 6mm thick angle iron frame fixing  as per drawing fixing                                
	No
	 
	 
	1
	    15,000.00 
	           15,000.00 
	 

	 
	Sub-Total B
	 
	 
	 
	 
	 
	         174,132.86 
	 

	3
	Main canal
	 
	 
	 
	 
	 
	                        -   
	 

	3.1
	Lined canal (0+000 to 0+500)
	 
	 
	 
	 
	 
	                        -   
	 

	3.1.1
	Excavation
	m3
	 
	 
	662.54
	           85.80 
	           56,845.93 
	 

	3.1.2
	Hard core
	m3
	 
	 
	120
	         457.75 
	           54,930.00 
	 

	3.1.3
	10cm Lean concrete (1:2:4)
	m3
	 
	 
	60
	      2,282.10 
	         136,926.00 
	 

	3.1.4
	Masonry (1:3)
	m3
	 
	 
	160
	      1,150.75 
	         184,120.00 
	 

	3.1.5
	Plastering (1:3) with double coat
	m2
	 
	 
	1050
	         106.42 
	         111,741.00 
	 

	3.1.6
	Backfill & compaction
	m3
	 
	 
	160
	           74.10 
	           11,856.00 
	 


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

	3.2
	Earth canal (0+500 to 0+900)
	 
	 
	 
	 
	 
	                        -   
	 

	3.2.1
	Excavation and Shaping
	m3
	 
	 
	275
	85.80
	23,595.00
	 

	 
	Sub-Total C
	 
	 
	 
	 
	
	580,013.93
	 

	4
	Secondary canal (#5) =1080m
	 
	 
	 
	 
	
	-
	 

	4.1
	Excavation and Shaping
	m3
	 
	 
	507.2
	85.80
	43,517.76
	 

	 
	Sub-Total D
	 
	 
	 
	 
	
	43,517.76
	 

	5
	Field Structures
	 
	 
	 
	 
	
	-
	 

	5.1
	Off take& Turnout  #5
	 
	 
	 
	 
	
	-
	 

	5.1.1
	Excavation
	m3
	4.5
	5
	22.5
	85.80
	1,930.50
	 

	5.1.2
	Hard core
	m3
	0.5
	5
	2.5
	457.75
	1,144.38
	 

	5.1.3
	Masonry (1:3)
	m3
	3
	5
	15
	1,150.75
	17,261.25
	 

	5.1.4
	Plastering (1:3) with double coat
	m2
	3
	5
	15
	106.42
	1,596.30
	 

	5.1.5
	Backfill & compaction
	m3
	1.5
	5
	7.5
	74.10
	555.75
	 

	5.1.6
	PVC pipe 1.5m, D=20cm
	Pcs
	1
	5
	5
	350.00
	1,750.00
	 

	5.1.7
	Gates 3mm thick plate
	No
	2
	5
	10
	2,500.00
	25,000.00
	 

	 
	Sub-Total E
	 
	 
	 
	 
	
	49,238.18
	 

	5.2
	Turn out #12
	 
	 
	 
	 
	
	-
	 

	5.2.1
	Excavation
	m3
	3.5
	12
	42
	85.80
	3,603.60
	 

	5.2.2
	Hardcore
	m3
	1.5
	12
	18
	457.75
	8,239.50
	 

	5.2.3
	Masonry (1:3)
	m3
	3.5
	12
	42
	1,150.75
	48,331.50
	 

	5.2.4
	Plastering (1:3) with double coat
	m2
	3.5
	12
	42
	106.42
	4,469.64
	 

	5.2.5
	Backfill & compaction
	m3
	2
	12
	24
	74.10
	1,778.40
	 

	5.2.6
	Gate 3mm thick plate
	No
	2
	12
	24
	2,500.00
	60,000.00
	 

	 
	Sub-Total F
	 
	 
	 
	 
	
	126,422.64
	 

	5.3
	Drop structure on SC#22
	 
	 
	 
	 
	
	-
	 

	5.3.1
	Excavation
	m3
	7.5
	22
	165
	85.8
	14,157.00
	 

	5.3.2
	Hard coring
	m3
	2.5
	22
	55
	457.75
	25,176.25
	 

	5.3.3
	Lean concrete (1:2:4)
	m3
	0.5
	22
	11
	2282.1
	25,103.10
	 

	5.3.4
	Masonry (1:3)
	m3
	4.56
	22
	100.32
	1150.75
	115,443.24
	 

	5.3.5
	Plastering (1:3) with double coat
	m2
	11
	22
	242
	106.42
	25,753.64
	 

	5.3.6
	Backfill & compaction
	m3
	3
	22
	66
	74.1
	4,890.60
	 

	 
	Sub-Total G
	 
	 
	 
	 
	
	         210,523.83 
	 


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

	5.4
	Aqueduct HC #5
	 
	 
	 
	 
	 
	                        -   
	 

	5.4.1
	Excavation
	m3
	6
	5
	30
	85.8
	2,574.00
	 

	5.4.2
	Hardcore
	m3
	2.7
	5
	13.5
	457.75
	6,179.63
	 

	5.4.3
	Masonry (1:3)
	m3
	1.5
	5
	7.5
	1150.75
	8,630.63
	 

	5.4.4
	Plastering (1:3) with double coat
	m2
	5
	5
	25
	106.42
	2,660.50
	 

	5.4.5
	Backfill & compaction
	m3
	2
	5
	10
	74.10
	741.00
	 

	5.4.6
	Concrete Pipe (0.5m dia)
	Pcs
	2
	5
	10
	3500
	35,000.00
	 

	 
	Sub-Total H
	 
	 
	 
	 
	 
	55,785.75
	 

	5.5
	Pipe Culvert #2
	 
	 
	 
	 
	 
	-
	 

	5.5.1
	Excavation
	m3
	6.25
	2
	12.5
	85.8
	1,072.50
	 

	5.5.2
	Hard core
	m3
	2.4
	2
	4.8
	457.75
	2,197.20
	 

	5.5.3
	Masonry (1:3)
	m3
	3.1
	2
	6.2
	1150.75
	7,134.65
	 

	5.5.4
	Plastering (1:3) with double coat
	m2
	7.25
	2
	14.5
	106.42
	1,543.09
	 

	5.5.5
	Backfill & compaction
	m3
	4
	2
	8
	74.1
	592.80
	 

	5.5.6
	Concrete Pipe (0.4m dia.)
	pcs
	6
	2
	12
	3500
	42,000.00
	 

	 
	Sub-Total I
	 
	 
	 
	 
	 
	54,540.24
	 

	6
	Work done by communities
	 
	 
	 
	 
	 
	-
	 

	6.1
	Tertiary canal excavation
	m3
	 
	 
	532.08
	85.8
	45,652.46
	 

	6.2
	Cut-off drain excavation
	m3
	 
	 
	655.2
	85.8
	56,216.16
	 

	6.3
	Field drain excavation
	m3
	 
	 
	511
	85.8
	43,843.80
	 

	6.4
	Secondary drain excavation
	m3
	 
	 
	517
	85.8
	44,358.60
	 

	6.5
	Main drain excavation
	m3
	 
	 
	378
	85.8
	32,432.40
	 

	 
	Sub-Total J
	 
	 
	 
	 
	 
	222,503.42
	 

	 
	Total
	 
	 
	 
	 
	 
	1,596,678.62
	 

	 
	Total community share
	 
	 
	 
	 
	 
	222,503.42
	 

	 
	Total w/o community share
	 
	 
	 
	 
	 
	1,374,175.19
	 

	 
	VAT (15%)
	 
	 
	 
	 
	 
	206,126.28
	 

	 
	Total with VAT w/o community share
	 
	 
	 
	 
	 
	1,580,301.47
	 

	 
	Grand Total
	 
	 
	 
	 
	 
	1,802,804.89
	 


D = (P.sa)D…………………(days)
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