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SALIENT FEATURES OF THE PROJECT

	Name of The project
	Koftu Ada’a Irrigation Project

	Region/Zone/District
	Oromia/East shoa/ Ada’a 

	Kebele
	Koftu 

	Location Coordinates
	(503552, 973843) with projection system UTM and datum ADINDAN

	Altitude at Command Area (Av.)
	1890m asl

	Average Annual Rainfall
	642mm

	Net Command Area
	75 hectares 

	Source of Water
	Ground water from 3 BH

	Well yield (assumed)
	20 l/s each, 60l/s total

	Power source
	Electricity 

	Beneficiary 
	27 youth group with 626 members

	Irrigation Duty
	0.76 liters/second/hectare for 21 hour irrigation

	Irrigated Crops


	-Onion   (52%) dry and (18%)wet     

-Tomato (7%) dry and  (17%) wet

-Cabbage (28%) dry and (40%) wet
-Chili (13%) dry and (25%)wet      

	Sprinkler operation scenario
	The system is dragline type. Flexible hose move in shift over basic design unit of 2.08ha. Irrigation interval is 12days. Each sprinkler discharges 0.57m3/hr at 25m head. 126 sprinklers operate at a time for 20l/s or 72 m3/hr flow from one BH, 2.08ha area is covered per shift. That means 6.24ha is irrigated per shift over the command area per shift. 

	 Major Activities


	· Camping, BH drilling

· pumping facility, Electric power supply

· Pipe network for sprinkler system

· Storage facility

	Main pipe line
	607 m PN10 HDPE diameter 150mm

	Sub-main pipe line
	1713m PN10 HDPE diameter 90mm

	Laterals
	15129m PN6 HDPE diameter 50mm

	Drag line/hoses (movable)
	20mm diameter flexible hoses

	Sprinklers
	500 Nozzle size 3mm, 0.57m3/hr or 3.96mm/hr

	Surface pumps
	3 in No. 30KW

	Submersible pumps
	3 in No. 50KW

	Transformers 200KVA standard
	3 in No.

	Ponds (geo-membrane lined)
	3 in No.

	Drilling cost (ETB)
	

	Pump, Pipe network and others (ETB)
	

	Total project cost (ETB)
	

	NPV, IRR and B/C ratio
	

	Investment cost per hectare (ETB)
	


ACRONYMES AND ABBREVIATIONS

AM
- Available Moisture

BH
-Borehole

BOQ
- Bill of quantity
CIS
-Corrugated Iron Sheet
DA
-Development Agent

ETB 
- Ethiopian Birr

FAO
- Food and Agricultural Organization

FSL
-Full Supply Level
GI
-Galvanized Iron
GPS  
-Geographical positioning system

HDPE
-High Density Poly Ethylene Pipe

HH
- Household

IRR
- Internal Rate of Return

IWUA
- Irrigation Water Users Association
LAT
-Lateral
LGP
-Length of Growing Period
MAD
-Maximum Allowable Deficit

ML
-Main line
NGO
-Non-Governmental Organization

NPV
- Net Present Value
OGL
-Original Ground Level

OH
-Operating head

PVC
-Poly Vinyl Chloride
RAM
- Readily Available Moisture

RCC
-Reinforced Concrete
SML
-Sub-main line

SOH
-Sprinkler Operating Head
SSIP
-Small scale irrigation project

Executive Summary

Koftu Ada’a sprinkler irrigation project is located in Oromia regional state, East Shoa zone, Ada’a district; in Koftu Kebele and target beneficiaries are residents of Koftu Kebele particularly youth groups. The area is under sub-tropical temperate class, with erratic rainfall distribution. The irrigation is a key element to increase agricultural production over the area and thus OIDA-East Shoa Zone office has undertaken the study and design of Koftu sprinkler irrigation in order to improve the livelihood of the youth group engaged in farming activity.

The project is located at 68 km from Adama. It can be accessed along Adama-Modjo-Bishoftu road traversing 57km asphalt road and about 11km all-weather road. At this level of study it could be seen that up to 80 ha of land is potentially available to be planned for development. But net area planned is 75ha. Duty per hectare assumming 21 hours of irrigation per day is 0.76l/s. Diversion requirement for the anticipated 73ha net development is thus about 60 l/s. The source of water is Ground water from 3 Borehole within the irrigable area with expected yield of 20l/s each.
The beneficiaries of the project are 27 Youth Groups with about 626 members in Koftu Kebele. In connection with this project, the youth group can diversify agricultural production (horticultural and fruit production) and integrate irrigated farming with other activities like fattening, bee keeping and the like.

The project is pressurized system with three submersible pumps and three surface pumps. The three submersible pumps supply to 3 geo-membrane lined storage ponds while the three electrical surface pumps deliver to the sprinkler network.  The soil of the area is Clay in texture and dark in color. 

The components of this scheme include pumping facility, storage facility, pipe network and other related irrigation infrastructures. The total project cost is 28,765,698.42Birr. The project is designed for 20 years life (sprinkler System) and the financial viability of the scheme was analyzed for this period. Thus the NPV and IRR were computed out as Birr 12,979.7Birr and 17.60% respectively.
INTRODUCTION

Agriculture being a key element of the national economy is challenged by variety of problems in development planning. Among these the major ones are climatic changes, topographic constraints, population pressure, ecological degradation and low level of technological advancement. For this fact, it needs good expertise to utilize the existing potentials of agricultural development. One of the mitigation to reduce the challenges related to agricultural development is introduction of irrigation technology and appropriate extension services. It is known that irrigated agriculture enhances the net outputs or benefits from the given plot of land appreciably than the rain fed agriculture. Irrigated agriculture also has the capacity to accommodate much active labor over the area.

With this respect, much has to be done to utilize the available potential resources for irrigation. Commitments in this sector are a question of feeding the ever-increasing population of the country. Irrigation, together with appropriate conservation and forestation practices can tangibly change the overall economic status and ecology of the given area. It also plays a great role in bringing about social consciousness and mutual relations among groups and local community. Diversification of agricultural production, changing habit and style of life can also be another effect of irrigation on the intervention area. Besides these many useful researches and demonstration can go hand- in-hand with the scheme introduced there.

Looking at this project area, irrigation activities is increasingly the major source of livelihood. But due to water shortage, residents of the area basically try to develop chickpea and teff with limited technologies and input to increase agricultural production. There is no promising grazing area for the cattle of the area too. Irrigation from its very nature has the capacity to solve animal feeds. The natural forest cover is also poor and much endeavor is also needed to change the ecology.

It is from this reference and communities interest that OIDA-East Shoa Zone office has focused on this area to come up with this proposal. The beneficiaries of the area are willing to contribute what they can afford for the realization of this proposal.

This report deals with detail aspects of the project study and design in each discipline namely socio-economy, watershed, environment, agriculture, soil, geology, engineering and other related elements including financial analysis that are discussed in the coming parts of this paper
1.  DESCRIPTION OF THE PROJECT AREA
1.1. Project background
The Koftu Ada’a project is part of previous Fultino irrigation scheme which has been under irrigation from water source of Belbela dam. But this time the dam storage capacity has decreased significantly that the area cannot get water from the dam. Thus ground water option was necessitated. In the future additional dam storage may be planned to supplement the system either on Belbela or Wodecha River and its tributary. This feasibility study on the site was conducted in November 2017 by multidisciplinary team.

1.2.    Location 

The site is easily accessible from Adama. It is at 68Km from Adama and 11km from Bishoftu (capital of the district). Astronomical/absolute location shows the project site is situated between 8o48'19”N to 8 o49'25”N and 39 o01'30”E to 39 o02'10”E latitude and longitude respectively and is elevated on average to 1895m a.s.l.. 
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Project location on 1:50000map

1.3. Climate 

The meteorological station that represent the area is Debrezeit at air distance of about 8 Km. The station is elevated to 1900m. The total annual prcipitation of Debrezeit staion is 864mm while the total mean reference evepotranspiration is 1416mm indicating annual mean rain is much less than reference evepotranspiration. The mean maximum and minimum temperature of the site is 26.3 oC and 11.4oC respectively while mean relative humidity is 56%.

Basic climatic parameters at Debre Zeit station 

	St. Debre zeit
	Alt.1900
	
	Lat. 8.73
	
	Lon. 39.03
	

	Month
	Min Temp
	Max Temp
	Humidity
	Wind
	Sun
	Radiation
	ETo

	 
	°C
	°C
	%
	km/day
	hours
	MJ/m²/day
	mm/day

	January
	8.7
	26.1
	54
	86
	7.9
	19.3
	3.45

	February
	11.8
	26.8
	57
	112
	8.3
	21
	4

	March
	12.8
	28.4
	51
	95
	8.5
	22.4
	4.43

	April
	12.9
	27.7
	55
	121
	8.1
	21.9
	4.47

	May
	12.9
	28.3
	48
	121
	7.7
	20.8
	4.45

	June
	12.3
	26.9
	59
	95
	6.5
	18.7
	3.8

	July
	13.3
	24.4
	69
	95
	5.4
	17.1
	3.4

	August
	13.1
	23.9
	72
	69
	5.4
	17.5
	3.34

	September
	12.4
	24.9
	71
	52
	6.3
	18.9
	3.51

	October
	9.9
	26.4
	49
	95
	8.3
	21.2
	4.02

	November
	8.6
	26.5
	46
	130
	8.9
	20.9
	4.02

	December
	8.3
	25.4
	43
	112
	8.4
	19.5
	3.65

	Average
	11.4
	26.3
	56
	99
	7.5
	19.9
	3.88


Monthly rain fall of Debre Zeit station (in mm)

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

	Rainfall (mm)
	8
	34
	52
	65
	73
	107
	178
	230
	99
	14
	3
	1
	864

	Effective

Rainfall
	7.9
	32.2
	47.7
	58.2
	64.5
	88.7
	127.3
	145.4
	83.3
	13.7
	3
	1
	672.8


1.4. Types of Soil 

The major soil type endowed is clayey in texture. Soil color is dark. Infiltration rate is 5-7mm/hr.
1.5. Water Resources 

The anticipated water source for the project is ground water from three BH. 
2. Socio-Economy Study

2.1. Project Background and Introduction

Koftu Ade'a sprinkler irrigation project is proposed that in response to the youth group demand for developing and utilizing the existing labor, land and water resources in the area. The proposed project is found in Oromia regional state, East Shoa zone of Ade'a District. The proposed site is specifically located around 68 kilometers far from Adama town which is the capital of the zone administrative. Among this distance 57 kilometers are asphalt from Adama to Bishoftu main road and the rest 11 kilometers are dry weather road to the east direction from Bishoftu town which is also the capital of the district. Ade'a district is one of the East Shoa Zone district which is irrigation development activities are mainly accomplished and also suitable for the sprinkler irrigation technology. So this sprinkler irrigation project is expected to benefit the Koftu and surrounding PAs of legally organized youth irrigation cooperative of the district.

The main water sources for irrigation activities in the district are Belbela River, Modjo River and ground water. And the main technologies adopted by irrigators are modern irrigation and pumps of various capacities. The total land of the district is about 80313 hectare. Out of which 64395 hectare is cultivated land according to administrative data obtained from the district irrigation office. From this 7284 hectare (11.3%) of the cultivated land was brought under irrigation in the district.

In which Teff, wheat, chick peas, Maize and Lentils are the major cereal crops which is produced in rain fed around the proposed area while onion, green paper, kale, tomato and cabbage are also mainly produced in irrigation water. The distribution of irrigated crops in the target area was onion 142 hectare (61.5%), head cabbage 50 hectare (21.6%), kale 35 hectare (15.2%) and green paper 4 hectare (1.7%) are organized from administrative data of PAs. The area is characterized by tropical humid climate in which irrigation development being used by supported artificial application of water to the plant through irrigation technology. The main rainy season occurs from the month of June to August. From key informant interview there was a problem of sometimes shortage of rainfall pattern for the main rainy season which occurred in the previous year especially two previous years was occurred in other time an erratic rainfall and high intensity of rainfall in the rainy season around the target area was happened. There is no problem of domestic water supply for the community of Koftu PAs. This feasibility level study was undertaken to augment the existing crop production with irrigation activity by constructing deep well irrigation system through pumping from restore.

2.2.  Project Rationale

The community of the target area is dependent on traditional agriculture and the sector determines the livelihood of the community. Crop production is taking place in the area largely using rain fed and some motor pump irrigation from ground water. It has been understood from the field observation that the wider agricultural production in the project area largely depends upon the seasonal rainfall. 

The development of modern sprinkler irrigation in the farm land of the organized youth cooperative association would contribute to improved livelihood status of the youth of the PAs. This is because, the youth groups can maximize their benefits that could be obtained from irrigated agriculture; it will enable them to generate significant income increment through the diversification and increment of crop production. Besides, such a project creates additional job opportunity for larger number of people, youths and women groups. It also leads to surplus production which could be marketed to various places. The project could also involve various stakeholders in the project area which help for sustainability of the project.  

2.3. Objective of the project of socioeconomic study

General Objective

The main objective of the proposed action is to provide and supply irrigation water for legally organized youth groups of koftu and surrounding PAs whose livelihood system depend on crop production and animal husbandry and identify socioeconomic constraints that limited the overall development and assess demand for irrigation intervention. Some target youth groups are not in a position to produce adequate production and awareness towards market become necessary instead of production for consumption only using traditional systems. Moreover the local people are unable to benefit from the land and water source more under the existing irrigation practices and demand intervention. 

Specific Objective

The socioeconomic study in particular tries to concentrate on 

· to identify major limiting factors for irrigation development of youth groups around the command area

· to determine the economic importance of irrigation development in the target area

· to assess the demand for irrigation intervention at the area in relation to the existing policies and strategies of the nation.

2.4.  Scope of the study

The scope of this detail study will emphasized to use land and water of the target area which will be used as irrigated land using the recommended technology. And also studied with in the selected site only which focused on socioeconomic aspects of the targeted group. 

2.5.  Limitation of the study

The study limited to provide sufficient information for decision makers regarding the project of youth groups and the importance of irrigation technology in alleviating rural poverty and boost up agricultural production and productivity due to lack of accesses of technology and in other cases awareness of recorded mechanism of beneficiaries status of the project.  

2.6.  Methods and approaches 

This socio economic study is used both conventional methods and participatory approaches so as to analyzed data collection from the youth groups using various data collection instrument to get reliable data.

The participatory approaches
The participatory approaches are  includes  focus group discussion , key informant interviews and field observation of the  socioeconomic set up of the command area with special emphasis to availability and access to basic social services. Secondary data on different socioeconomic issues were also generated from secondary sources which as different administrative data at district and peasant association (PA) level. Thus different qualitative and quantitative information was collected, analyzed and interpreted properly to prepare the project socioeconomic detail study.

Conventional (survey) method

At this level structured questionnaires that can assess the socioeconomic condition of the target communities at the proposed area. Number of youth groups are selected using systematic random sampling technique from list of target youth groups who participated at general meeting and out of the total  youth groups about 30% of the target group was selected.  According to this system the selected youth groups are filled the questionnaires at the selected areas. 
2.7.  Data analysis and interpretation

The socioeconomic data collected from different source were organized and analyzed using simple aggregation including frequency, standard deviation, average values; percentage distribution and other various parameters are applied and interpreted so as to generate the required results on the basis of which conclusions and recommendations are developed.

2.8.  Population and Demographic Characteristics

Population of the area

In Ade'a District rural and urban population has a total of 230249 depend on the 2007 census of Ethiopia. Rural inhabitants have account for 56.6% of the total district population. Among them female population represents 48.6 % of the total population in the district.
Table  Population of the district and Koftu Pas
	Area of residence
	2007 Census
	Projected 2017
	Proportion %

	
	Male
	Female
	Total
	Male
	Female
	Total
	Male
	Female
	Total

	Ade'a District 
	115729
	114520
	230249
	149290
	147731
	297021
	50.3
	49.7
	100

	Urban
	47860
	52068
	99928
	61739
	67168
	128907
	47.9
	52.1
	100

	Rural
	67869
	62452
	130321
	87551
	80563
	168114
	52.1
	47.9
	100

	Koftu PAs
	2278
	2073
	4351
	2939
	2674
	5613
	52.4
	47.6
	100


 Source: population and housing census of Ethiopia 2007 and projection of 2017

About 2.9% rate of population growth were considered for the projection which is determined for Oromia regional state based on the 2007 population and housing census.

Based on the above data currently there are about 5613 human people in proposed project PAs which is about 2939(52.4%) of them are male and 2674(47.6%) of them are females. However according to administrative data they obtained are about 851 households of the PAs of which 93 (%10.9) are female headed. These households are supposed to have land provided by local administration and are tax payers for the use of rural land and income generated agricultural activities. There are households who do not pay tax for the use of rural land since they are not provided by the local administration even though their livelihood is mainly based on agricultural practices in which they secure plots through inheritance, renting, share cropping and other form of land arrangement.

Settlement patterns
Koftu PAs are not scattered community but few housing units are found farther from the main settlement. This condition enabled the government and other actors in providing major social services such as education, health post service and Agriculture service around the same place. It was tried to assess the housing units of the respondents are found out that about all of the respondents families have constructed Corrugated iron Sheet housings which indicates wealthiest as considered in rural community but in the case of those PAs are not indicate the wealthiest and poverty of the population instead accessibility of the site is nearest to town, the arrangement and land distribution was fairly distributed as small town standard. Due to this and other factor most of the residence of the PAs community was constructed house using corrugated iron sheet.

Ethnic and Religion

According to the response of sample survey about the religion was 85 % of the respondents are followers of Ethiopian orthodox Christian and the rest 36.4% of the respondents are protestant and regarding the ethnic composition of the target group was all of them (100%) the selected respondents are Oromo and as the same time all the residents are speaking afan Oromo language.

Family size, Sex distribution and House hold characteristics

The average family size of the selected site was 6 people per family with SD of 1.53 which indicates that somewhat higher proportion of family size in the target site and about this target group population consisted 17.3 % are female. According to the sample population 100% of the respondents can read and write having basic or adult education in the current and previous government. Based on key informant interview there are limited or negligible people that attended tertiary education and employed either at the public sector or other sectors of the economy and hence significant number of young people dropout their formal education. 
2.9.  Existing Economic and livelihood condition 

The Agricultural Sector

The average years onwards at agricultural activities were explored and found about 2 years. Similarly minimum and maximum years at farm are estimated to be 1 and 7 years respectively. About 18.2 % of the respondents said that their livelihood system depends on both crop production and animal husbandry and the remaining 81.8 % of the respondents suggested that their livelihood solely depend on crop production. From this majority of the respondents are their economic base with different capability was depend on crop production and animal husbandry.  Both are affected by natural factor mainly rainfall. If there is no adequate rain fall households are not in a position to produce enough food crops for consumption.  As far as land holding status concerned all of youth groups have organized on or provided land from government from 1.5 hectares up to 2.5 hectares.

The settlement area and location of irrigation plot and communal pasture land are far apart each other. The settlement area of this target area is around the social service infrastructure such as school, health post, farmer training center (FTC) and local administration office. 

The respondents were also acquiring the current plot they cultivate and their responses are summarized as follow:

How the plot is acquired and organized
	
	Frequency
	Percent
	Valid percent
	Cumulative percent

	Valid
	Provided by local administration
	11
	100
	100
	100

	
	Inherited
	0
	0
	0
	100

	
	Total
	11
	100
	100
	


Source: Household survey data, December, 2017

According to the above table about all (100%) of the respondents which are the youth groups are provided the land for cultivation through local administration. 
Crop production activities

From field investigation and consultation it was known that crop production be constrained by in availability of rainfall both in amount and distribution. The administrative data organized at PAs agricultural development office suggests that in koftu 2552 hectare of land is cultivated using main rainy season that occurs from June to August. The main crops produced in such a pattern are identified to be teff and wheat that constitute main staple food as ‘Injera’ and bread for household level consumption. The distribution of crops cultivated and managed was summarized 
as follow.
	No.
	Crop Type
	Area in Hectare
	% total
	Productivity

	1
	Teff
	873
	34.2
	28

	2
	Wheat
	647
	25.4
	60

	3
	Maize
	19
	0.7
	60

	4
	Cheek peas
	605
	23.7
	38

	5
	Lentils
	380
	14.9
	38

	6
	Others
	28
	1.1
	

	
	Total
	2552
	100
	


 Source: Development Agent of the PAs

On the other hand irrigated agriculture contributes much of agricultural product in the district. Total land irrigated in the district is about 7284 hectare in which about 10101 households are beneficiaries of which 5.3 % are identified to be female irrigators. Major irrigated crops among vegetables are mainly included that tomato, onion, head cabbage, kale and Green pepper. Among them tomato and onion are classified as high value crops entailing high cost production and not affordable by the local farmers and mainly they are managed by market oriented growers. The main irrigation system predominant is modern irrigation from Belbela wedecha irrigation dam and pumping irrigation from Modjo River and ground water. Small pumps are provided through government and other non-governmental agencies for group of farmers and some motor pumps also purchased by their own. Maintenance problems are identified to one of the problems that challenged the local people in using them efficiently. There is also lack of capacity to deliver such support from the district staff. In other cases various types of crop disease and pests challenge the irrigation practice in the area according to physical observation that found one of the limiting factors through increasing cost of production. 
 Animal husbandry

Animal production is one of the enterprises of agricultural activity that is practiced by agrarian people in general. From physical observation it was identified that households manage domesticated animals such as cattle, sheep and goat, donkey and other. 

The economic importance of these animals indicate that they serve as accumulation of wealth and asset, provide milk and milk products, source of power regarding oxen and sold in case of crop failure and other emergency cases. Limited number of livestock that mainly constitute cows and shoats are maintained by households. 
From focus group discussion limited number of livestock such as a pair of oxen and milk cows are maintained by households. Oxen are the main sources of traction power and a pair of oxen is required to pull traditional farm implement. 
According to administrative data organized at local level the number and types of domestic animals found in this area was summarized as follow.
Table Domestic animals in the PAs

	Ser. no.
	Types of animal species
	Amount in number
	Percentage

	1
	Cattle
	5044
	39.7

	2
	Sheep
	1064
	8.4

	3
	Goat
	1014
	8.0

	4
	Donkey
	2515
	19.8

	5
	Horse
	73
	0.6

	6
	Mule
	11
	0.1

	7
	Poultry
	2970
	23.4

	
	Total 
	12691
	100


Source: administrative data of PAs
Major livestock species owned and managed include cattle, small ruminants such as goats and sheep, Donkey and poultry are the resource of the surroundings farmers.

2.10.  Land Use Patterns

Land was the main economic resource and it was owned individually and also in common. Communal land that serves as grazing are located around mountain areas. Otherwise most land is owned individually and its main purpose is for cultivation. The land use pattern of Koftu PAs is summarized below based on the administrative data: 
	No.
	Type of use
	Area in Hectare
	Percentage

	1
	Cultivated land
	2552
	70.9

	
	         - Rain fed land
	1739
	

	
	         - irrigated land
	813
	

	2
	Forest land
	125
	3.5

	3
	Grazing land
	2.5
	0.1

	4
	Settlement
	888
	24.7

	5
	Wet land
	28
	0.8

	
	Total
	3595.5
	100


Source: administrative data, December, 2017

As depicted on the above table about 70.9% of the total land found in the administrative unit is cultivated land and similarly of all the cultivated land about 31.9% is irrigated so far. According to the existing rules and regulation land does not belong to individuals. Individuals have use right only. Selling and long term mortgaging are prohibited. 

Based on the household survey the land holding distribution of respondents was summarized as follow: 

Size of plot owned by the family

	
	frequency
	Percent
	Valid Percent
	Cumulative Percent

	Valid
	Less than a hectare
	0
	0
	0
	0

	
	Between one and two hectares
	0
	0
	0
	0

	
	Greater than two hectares
	11
	100
	100
	100

	
	Total
	11
	100
	100
	


Source: Household survey data, December, 2017

From the above table it can be said that all (100%) of the respondents own above two hectare of land as group but some youth groups have land between one and two hectare as discuss  informally in the target area. This suggests a relative abundance of plots for cultivation compared to regional and national figures. However the main limiting factor for producing adequate output are the availability of rainfall at the required time and amount, shortage of land and lack of oxen are the main factors and hence irrigation becomes one of the intervention areas to enhance agricultural production and productivity as well as additional income increment also. 
2.11.  Gross Income

It was also tried to investigated annual income and expenditure of youth groups even though difficult to get  the actual values since there are no record keeping habits because of lack of knowledge or individuals in most cases undervalue their income and overvalue their expenses  because of tax associated reservations. Accordingly about 18.2 % of the respondents (Youth groups) earn an annual income ranging between birr 5000 and 10000 and 81.8 % of the respondent (youth groups) earn an annual income greater than ten thousand birr. This is actually the value of grains produced from a given plot of land only. On the other hand the expenditure item include clothing, inorganic fertilizer, chemicals and improved seed are the major expenses of target people so according to the response of the selected group 27.3% of the respondents are an annual expenses ranging birr 5000 and 10000 while 72.7% of the respondents are an annual expenditure greater than 10000 birr.

2.12.  Factor of production

The respondents were also asked for whether or not they produce adequate output for local market. Accordingly about 54.5% of the respondents do not produce adequate output for market level especially uneven distribution of rain fall was happened but the rest 45.5% of the respondents do have produce adequate output for local market.

Mainly the respondents were also asked which factor affects or limits agricultural activity especially crop production and the responses are as follow:

  Table which factor most limits to produce sufficient crop


	
	Frequency
	Percent
	Valid percent
	Cumulative percent

	valid
	Lack of rain fall
	3
	27.3
	27.3
	27.3

	
	Lack of RF & Shortage of land
	1
	9.1
	9.1
	36.4

	
	Lack of RF, Shortage of land & shortage of oxen
	1
	9.1
	9.1
	45.5

	
	Lack of RF, Shortage of land, shortage of oxen & shortage of labor
	2
	18.2
	18.2
	63.7

	
	Shortage of land & shortage of oxen
	2
	18.2
	18.2
	81.9

	
	Shortage of land
	2
	18.2
	18.2
	100

	
	Total
	11
	100
	100
	


     Source: Household survey data, December, 2017

According to the above table a combination of oxen shortage, inadequate rain fall pattern and access to land determine production of sufficient crop output. 

2.13. Transport and product marketing

Donkeys driven carts are the main to transport agricultural products to market center. Some irrigated outputs like onion, cabbage and tomato are transported using ISUZU trucks. The road is accessible for all weather conditions. The nearest market center is Bishoftu and Addis Ababa town.  It can be said that there is no problem of accessibility and lack of potential market for the output of the product if production is based on strategic planning and market information. But the broker is distorting market by decided farmers’ product at the farm gate with less cost of production. Due to this government and other concerned organization must be controlled the broker as well as other distortion of vegetable market actors. When doing of this farmers get fair price for their vegetable product in their surroundings.  

2.14. Power sources for tilling

Pair of oxen is used to pull traditional implement for tilling land. The soil around the command area is plough with power of oxen and as opportunity the soil texture observed in the field is heavy black color soil which is more of looks like pure clay soil. Tractor plough on rental basis was also found under adaptation.

2.15. Storage facilities

Regarding storage facilities used the response of all (100 %) of the respondents said that sacks being the major means of storage of crops produced.

2.16. Use of productivity enhancing technologies

Using production and productivity enhancing agricultural inputs and technologies significantly contribute towards increasing output per unit area. From the focus group discussion use of productivity enhancing inputs such as fertilizer was mainly common in connection with irrigation activity. Based on physical observation at irrigation activities and consultation more and more use of agrochemicals was intensified. At least close to five types of agrochemicals including inorganic fertilizer are found to be used for growing tomato, cabbage and onion managed by commercialized farmers. About 45.5 % of the respondents have used all agricultural inputs including compost and others have used one or two of the productivity enhancing agricultural inputs. While regarding awareness creation and advice 72.7 % of the respondents said that they do have get adequate support from the development workers regarding their agricultural activities. 

2.17. Gender Analysis

Gender is not a biologically determined sex but is the roles and responsibility that the society assigns for men and women. For instance, in some societies working at farm field is solely the responsibility of men while performing household duties are the responsibility of women. In most of our society women do not have the right to control over family resources. They are men usually heads of family who decide on use and utilization of resources.  In the past women do not have equal access to education and other services. 

In the project area female constitute about 17.8 % of the beneficiaries and about 82.2 % of all are men. Females in the study area usually engage in household activities than males (especially child rearing, food preparation, fuel wood collection and fetching water), resulting in poor agricultural operation and lower returns to agricultural production. 
As in most rural areas of the country, women of the project area are culturally deprived of in many important household decision making processes like access to and use of resources and its allocation. Women also participate less in important productive works and social works. 

In the contrary Sheathe (2004) asserts that most women irrigators reported increased access to cash which reduces women’s economic dependence on men and strengthens their bargaining power within the household. Similarly numerous studies evidenced that there will be an increased proactive participation of women in irrigation whenever the opportunity allows them for involvement.

In Ethiopia, efforts have been made to address women’s issues and the problem of gender in equality and gender based discrimination in the government’s other key social sector policies, program documents and legislations. 

Despite these legislatives and policy frameworks, however, the economic and social status of women  remained far from improved in the rural areas  of the country in general and the project area in particular. 

Women in the project area can be said without exaggeration, facing multi-dimensional social, economic and political constraints. Most of the problems seem to emanate from the social and cultural setting of the community itself. The following, among others, are key points of discrimination of women.

· Lack of access and control over resources in the household and community; 

· Lack of access to play roles for leadership and decision making in the community based organizations and other institutions; 

· Lack of involvement in development planning, implementation, operating, monitoring and evaluation.

2.18. Social Services

 Access to social services was one of the components to measure the level of development of that locality which is incorporated in the HDI (Human Development Index). Which is life expectancy a proxy to measured health conditions and education measured in terms of literacy rate and gross enrolment are considered in addition to per capita income to measure the level of development of a nation. Hence assessing such social services may be important to identify the existing gaps so as to suggest possible intervention areas. The settlement pattern of the communities being clustered is suitable in providing some social services like education, health, water supply and the like. 

 Education
There are one second cycle primary school (Koftu primary school 1-8 grade) and one primary school (Balchi Primary school 1-4 grade)  are found in Koftu PAs for which all community members have access. The main problems in relation to school enrolment and education system in general and specific to the study area which is generated based on key informant interviews are:

· Need for child labor for tending domesticated animals 

· Lack of awareness towards education by families

·  Underlying poverty and lower income of families so as to cover expenses related to schooling children

  Health

Health status and productivity are directly related and hence can determine poverty situation. There is one health posts in PAs of the target community whose main function is to provide health extension service.  It was established some eleven years ago. About two health extension workers are assigned in PAs of the surrounding and some of the services they provide include family planning through prenatal and post natal health care. Awareness on sanitation and hygiene is one of the health packages introduced to the community.  Health center located at Bishoftu town which is nearest to the site and is found at about eleven kilometers distance. However according to key informant’s much more skilled personnel and medical facilities are the major constraints in supplying the desired services. Typhus and Typhoid are mentioned to be predominant diseases that prevail in the area. The family members could be served at public health institutions that include health centers, hospitals free of charge once they become members of health insurance service. This is found important for rural families as there is vulnerability conditions in relation to health and in relation to considerable health cost that cannot be affordable by most rural households found at the area in particular and others in general.
 Water supply

Availability of water both in quantity and quality is directly related to human health. Hence water is life having intrinsic value.  Water is not only useful for domestic use but also all life forms are plants or animals need water for their survival. Hence in addition to human drinking, livestock drink and agricultural water demand need due emphasis. 

From physical observation at the study area and consultation currently there are enough domestic water supplies for the community and have potable water to serve the community. Major source of water supply for human as well as livestock is ground water and Modjo and Belbela River. Livestock and those families that could not afford potable water every day fetch from this river. There is also high demand of water for crop production mainly accessing it is one of the critical issue that demand existing technical capabilities. 

 Support services

According to the current government structure three development workers are expected to work on agricultural extension at every rural PAs. They are natural resource, animal production and crop production trainees. But in the case of Koftu community there are two development workers for PAs site which serve as during the field work. On the other hand the household survey data suggests that about 72.7% of the respondents are satisfied with the existing extension as they are visited by the local development actors. There is limited use of agricultural inputs such as fertilizer due to the existing risk and uncertainty conditions associated with moisture is high. However using these inputs at irrigation field to produce some cash crops like onion and tomato is considerable mainly by those commercialized farms. 

2.19. Input Supplier

 Inputs are supplied through Farmers cooperatives and Erer union which are facilitated by cooperative promotion agencies and agricultural development offices at District and zone levels.

2.20.   Project beneficiaries and Outputs

The direct beneficiaries of proposed irrigation project are members of Youth groups which is organized in irrigation land. A minimum of 27 youth groups organized with a member of 626 youths could be benefited directly after necessary irrigation project construction is made. 

Other groups can get temporary employment opportunities mainly during construction phase of the project. Based on the existing irrigation land policy that prevail in the region is not relocated the irrigation land for this youth groups because the land and the organized youth cooperative is disproportion due to shortage of land but much youths are benefited from this. Middle men who are involved in the value chain by distributing inputs and the outputs from production to consumers can benefit. 

2.21.   Conclusion and Recommendations

The implementation of Koftu ade'a sprinkler irrigation project could bring a number of socioeconomic changes that can contribute towards the overall development of the area in particular and nation in general. This can be explained in terms of increasing income of youth groups which can be confirmed by better housings, purchase of household equipments, possession of oxen and milk cows and above all we produce for market. Economic wise due to increment of output be small or large it can be also contribute towards in growth domestic product (GDP) of the country in some extent. 

In other case improving water management system through proper water scheduling and planning is also recommended to avoid water loses and damages on land. There must be strong bylaws to avoid illegal outlets. On the other hand the new intervention should take into account youth groups needs in providing off takes and similar irrigation infrastructures as experiences in similar schemes indicate youths take water their own way refusing structures provided based on design and construction. Land arrangements are allocated according to the rules of cooperative to their groups which are one of the crucial issues to be considered.
Market information, regarding what type of crop to produce and when to produce must be provided for the producers. On the other hand the producers must able to sale and benefit from their output through free market computation. Market distortions due to involvement of illegal middlemen must be controlled and restricted. Finally improving the road system was found equally important together with irrigation infrastructure.
3. Soil

3.1. Existing condition

The existing soil is part of an arable land in which agriculture is practiced and different crops are grown since along. The area (command land) is nearly flat in nature and suitable for different methods of irrigation to be applied. Different tree species such as acacia, bushes and some homestead eucalyptus are sparsely distributed. Irrigation trends are known in the nearby surroundings, and the would-be beneficiaries will utilize in the required sustainable and appropriate way of development. 

3.2. Climate & major crops

The area is classed under tropical humid climate, traditionally known as Weyinadega (Wd) under the thermal zone of T3.The main rainfall distribution is between the Months of June and early October. The Monthly mean maximum & Monthly mean minimum temperatures are 10.5oC &26.80C respectively. The highest rain fall (230mm) is registered in the Month of August and that of the lowest one (1m in December. Major crops grown are mostly cereals, pulses and horticultural crops such as cabbage, pepper, carrot, potato and the likes.

3.3. Soils in the study area

The soil is classified under vertisol group with high water holding capacity and low infiltration rate and dominated by black to dark black color. It is clayey in nature with little or weak horizon difference. Mostly it is in wet appearance (consistence) due to stagnating ground water and/or flood (run-off), during the rainy season. The blocky structure is dominantly seen throughout the profile. It swells, and sticky when wet and very hard and cracks in the drier periods. Workability is somewhat difficult in both cases, and proper water and cultivation management are needed for optimum crop production. The basic parent material of this group of soil is recent fluvial or lacustrine deposit.

3.4. Scope of the study
Basic field survey following a “Transect-Walk” and observing the major soil physical characteristics and collecting and sending selected samples for further laboratory analysis was the major task.

3.5. Objective of the study

The main objective of the study is to understand the project soil by means of physical and chemical investigation where the existing nutrient availability is sufficient or scarce for sustainable crop production, and formulate or recommend the required agronomic measures in the future production system.

3.6. Study Limitation
The study is more or less conducted by partial field investigation without Edleman auguring and some important measuring equipment like double ring infiltrometer, color chart etc. Only small construction and other materials like shovel, hoe, and plastic bags (for carrying samples), etc were utilized.
3.7. Method of study
Evaluating of the project (command) area by means of physical observation over the entire field is the selected approach of study method. Especially the “Transect-Walk” on the longitudinal and cross sectional directions is more helpful to understand and partially rating the major physical soil characteristics, such as color, depth, slope and texture of the proposed soil. Secondly, by arranging a soil pit on the selected areas within the command area and sample collection for laboratory analysis can be considered the other useful study methods in the investigation process.

3.8. Procedures for soil pit analysis

Based on the major soil physical properties of the command area, three soil pits have been selected (about 100 cm depth), and six soil samples were collected for further laboratory analysis. Apart from the laboratory analysis, the basic physical characteristics have also been evaluated as shown in the table below.

Table: 1

	S/n
	Pit

Code
	Sample

quantity
	Horizon

Difference

(cm)
	Profile description
	Remark

	1
	P1
	2
	0-40
	· Black in color

· High water holding capacity

· Low infiltration rate

· Block/Sub-angular structure

· Clayey texture

· Root are not available
	

	
	
	
	40-100
	· Dark black in color

· All the rest are the same as above
	

	2
	P2
	2
	0-40
	· Ditto
	

	
	
	
	40-100
	· Black in color

· All the rest are same as above
	

	3
	P3
	2
	0-40
	· Few roots are observed

· All other properties are same as the above
	

	
	
	
	40-100
	· Dark black in color

· All the rest are same as above
	


3.9. Summarized physical properties
According to FAO soil classification, the soil of the project area, has the following major physical characteristics, which are useful for design criteria and crop selection and their future water use.

Table: 2 Basic physical properties, units, and average values (rates)

	S/n
	Basic physical characteristics
	Units
	Descriptions
	Average ranges(Classes)

	1
	Slope
	%
	Nearly flat
	1.5-2.5

	2
	Drainage
	Observation
	Poor
	d1

	3
	Texture
	Observation
	Poor
	Clayey (low infiltration)

	4
	Color
	Observation
	Black
	Abstract for organic matter

	5
	Depth
	Meters
	Very deep
	Class-1 , (>150)

	6
	Structure
	Grade
	Moderate
	2

	7
	Pores
	%
	Medium
	30-40

	8
	Bulk density
	g/cc


	Medium-High
	1.2-1.4  (BD2)

	9
	Infiltration rate
	mm/M
	Very low-Low
	4.5-6.5 (mm/hr.)

	10
	Available water content
	mm/M
	High 
	170-180

	11
	Field capacity
	mm/M
	Nearly saturation
	220-240

	12
	Permanent wilting point
	mm/M
	Not extreme 
	50-60

	13
	Workability
	Condition
	Wet or Dry
	-

	15
	Erosion
	Observation
	Very slight
	-

	16
	Ponding
	Duration
	Severe to very severe
	3 and more than 3 days 12 hrs.

	17
	Root availability
	Abundance
	None
	O (zero)

	18
	Rockiness
	%
	
	<0.1

	19
	Consistence
	Measuring
	Very hard
	Very resistant to pressure

	20
	Mottling
	%
	Very few
	0-2

	21
	Rock out crops
	Abundance (%)
	None
	0


3.10. Chemical analysis
Chemical analysis is the other and detail measure of soil fertility. The major mineral characteristics and availabilities in the combination and interaction (fertility status) can only be described by laboratory examination. As to the proposed project condition the following basic chemical parameters are selected for further laboratory investigation.

Table: 3 Selected chemical parameters to be examined

	S/n
	Parameters
	Appropriate unit

	1
	pH
	-

	2
	E.C 
	(mmhos/m2)

	3
	Av.P
	ppm

	4
	C.E.C
	meq/100g

	5
	B.S
	%

	6
	T.N
	%

	7
	O.C
	%


3.11. Laboratory result 
The parameters investigated by laboratory method are indicated in the following table;

Table: 4 Observed lab. results

	S/n
	Pit codes
	Horizon differences (cm)
	Investigated parameters

	
	
	
	PH
	E.C
	Av.P
	T.N
	B.S
	C.E.C
	O.C

	1
	P1
	0-40
	
	
	
	
	
	
	

	
	
	40-100
	
	
	
	
	
	
	

	2
	P2
	0-40
	
	
	
	
	
	
	

	
	
	40-100
	
	
	
	
	
	
	

	3
	P3
	0-40
	
	
	
	
	
	
	

	
	
	40-100
	
	
	
	
	
	
	


3.12. Result interpretation
The chemical analysis and its interpretation will be specified as soon as the result is collected from the laboratory.

3.13. Irrigable land suitability and its Analysis
Based on the selected (major) physical & chemical and other related soil characteristics, it is possible to class the project soil status under the Five-Irrigability Classes. The major physical characteristics are identified as follows;

Table::5 Basic physical & chemical properties more emphasized to be compared in the five-classes.

Table: 5 Chemical characteristics and their places in the appropriate classes

	Basic physical & chemical properties
	Appropriate classes
	Remark

	· PH
· E.C

· Av.P

· C.E.C

· B.S

· T.N

· O.C


	
	Appropriate classes will be determine when the result of laboratory analysis is collected.


3.14. Analysis of the major physical and chemical properties
The major parameters of both chemical and physical properties of the proposed command soil are properly analyzed, as shown in the table below.

Table: 6 Analysis of basic properties
	S/n
	Basic properties
	Observation & analysis

	1
	Physical properties(major)
	

	1.1
	Depth
	The depth is very deep ,(>150 cm) and more than sufficient for crop production

	1.2
	Slope
	The topographic nature of the proposed command area is nearly flat (not exceeding 2%), and hence is very suitable for irrigation.

	1.3
	Drainage 
	The drainage status of the soil is poor (d1) due to its heavy clay nature. Unless, adequate drainage system (Physical & agronomic) measures are not taken limitation on crop production is expected.

	1.4
	Texture
	The apparent texture of the soil is clayey. It is good for high water holding capacity, but difficult for workability. As it is indicated, on (No1.3) above, its drainability is poor and is not reliable for optimum crop production. Structural amendments and other agronomic activities (proper water management) are highly required. 

	1.5
	Erosion
	As such active erosion is not observed. Only slight type on some localized water ways are seen but not obstacle for crop production.

	1.6
	Rock out crops
	Almost no rock fragments are observed on the proposed command area and this contribute a lot for smooth crop production activities.

	1.7
	Water-holding capacity
	Due to the clayey nature of the soil, its water holding capacity is very high. If used properly, a sound agricultural production can be achieved.

	2
	Chemical properties(major)
	Will be analyzed when the soil sample is collected.

	2.1
	PH
	

	2.2
	E.C
	

	2.3
	C.E.C
	

	2.4
	B.S
	

	2.5
	T.N
	

	2.6
	O.C
	


3.15. Land Suitability (FAO) Recommendation
Having all the consideration of major soil characteristics, (physical & chemical) the project soil falls between S1 & S2 recommendation classes. Land have limitations,(S2) which ,in aggregate, are moderately severe for sustainable application of a given use, the limitation will reduce productivity or benefits, and increase required inputs to the extent that the overall advantage to be gained from the use, although still attractive, will be appreciable inferior to that expected on class(S1).In the other hand due to the minor limitations that will not significantly reduce productivity or benefits and will not raise above an acceptable level,(S1).
3.16. Soil Map Unit
The soil map unit is considered based on the second major characteristics, (Soil Association point of view), but still this criterion doesn’t specify the command area, due to its small size and very identical or type of existence. However, from the basic map unit code point of view (as shown in the following parts, the map unit is identified as a small unit, with its specific land use type.

                                                         Soil map Unit               





                                                  

                            Figure: 1 major components of the Soil map Unit of the proposed project.

More specifically, this soil is developed from recent alluvial deposits. The (FAO, 2014),soil grouping system, the soil is to be Eutric Vertisol, mostly with dark colored clay soils and are deep to very deep in depth. This fact is supported by their properties defined in terms of diagnostic horizons, and morphological determination which to the greatest extent of measurable and observable conditions during the field investigation (FAO or WRB) type.  The other factor under the soil map unit system is considering of the possible Land Use Type (LUT). Land Use Type refers to the assessment of suitability of land for specific kind of use. They are selected based on the defined land use requirement (FAO, 1983 &1991). 
The overall physical suitability of land for LUT is taken from the most limiting land quality (LQ),whose rating is the worst),such as soil physicalproperties(texture,anddepth).Soil,chemicalproperties(alkalinity,salinity,sodicity).

Landterrainproperties,(slop,drainage),and,climate(temperature).Thus,theSoil Map Unit (SMU) of the proposed area can be summarized in the following table.

Table: 7 typical soil map unit of the proposed project

	SMU
	Area
	LUT
	SMU description
	Drainage 
	Depth 
	Texture
	Slope
	Salinity
	Alkalinity
	Sodality

	
	Ha
	%
	
	
	
	
	
	
	
	
	

	SMP-A
	75
	93.75
	LUT-P

(cultivation)
	Eutric- Vertisol 
	(d1) poor
	V.deep
	Clay 
	Nearly

flat
	Will be specified as soon as the lab.result is collected.


	Total proposed area
	Net Area
	Remark

	(ha)
	(%)
	(ha)
	(%)
	Reason for reduction

	80
	100
	75
	93.75
	Foot paths and related areas are not considered


Table: 8 Soil physical information sheet

	Station, Map sheet/Field no.I-C  for cultivation purpose

Classification:(FAO)

Surrounding land form; Starting from plain land to small hill tops, gorges, valleys and related land forms

Coordinates;  X                              Y                                         Z
P1           503723.17                                                                974526.09                                              1898.20      
P2       503432.62                                         97250.96                                 1894.04                

P3           503660.89                                                                973947.62                                               1892.76
Crops: Mainly cereals, pulses and small vegetables

Physiographic features; Nearly flat land with scattered distribution of acacia trees, bushes & shrubs &homestead eucalyptus trees.

Current land use system: Arable land(cultivation)

Parent material: Lacustrine deposit/Alluvial deposit

Flooding/ponding: Severe to very severe (3 and more than three days)

Permeability; Low/ Drainage; poor (d1)

Moisture condition: Almost wet consistence

Surface stoniness: Nil (0%)

Erosion: nil to slight condition

Horizon description: As indicated in the earlier parts of the report.

Horizon symbol; With in O-A types
Depth(cm): Very deep 

Compaction: Strongly compacted when dry

Roots: Nil

Climate; wet humid ,LGP>120 days
 All over opinion: With additional amendments and proper agronomic and water management practices, optimum crop production is possible on the soil.


3.17. Suggestion & Recommendation

Due to the clayey nature of the proposed soil, workability is somewhat difficult. The soil gets sticky when wet and very hard during the drier periods. This condition is not suitable for plant root development, and a stunted growth is expected. It also hinders the total crop development, unless proper utilization in the tillage practices is applied. Thus, the following mitigation measures should be done during the production period.

· Proper water management (based on the required rate & frequency following the different stages of the developing crops is needed.

· Intercropping (crops with different water needs and root structures).

· Adequate drainage system should be designed.
· Sufficient soil structural amendments using natural (organic fertilizers) should be practiced. 

· If possible use Tractors to break the soil hard pans.
· Right spacing between the rows and between the plants should be maintained.

· Remove or clear any type of crop residual or weed materials from the soil surface and aerate the irrigation field as far as possible. 
4. Agronomy 

4.1. Introduction

The government dispatched a team of experts, comprising engineers, agronomists and economists, to the project site to carry out a feasibility study. Several meetings were held in order for planners to understand the farmers’ expectations and to explain to the farmers the potential of and requirements for the proposed development. This was followed by a baseline agro-economic survey. The land chosen consisted of about 100 percent of cultivated land owned by the youth who were selected for the irrigation scheme.

The study had therefore addressed 80 ha net area within the original study boundary. The total irrigable land in the Koftu Ada’a area therefore be 75 net ha. The project sites Koftu Ada’a had been used for high value crop production by sprinkler irrigation. At this time with in this projects 75ha areas the Youth rather rain fed product legume crops they interested to product horticulture and another crops production. This field areas found in Koftu PAs in Ada’a district. The agro-ecological characteristic of Project area is of tropical type. It is sub humid pattern of rainfall.

Similarly, the released command areas without Koftu Ada’a project site are moment covered with different crops by farmers themselves. The crops cover on proposed for field areas by youth is chick pea. While the crops; Onion, Cabbage, Tomato, sun flower, Horse beans, tiff and others production by farmers. The community in and surrounding the project areas are mainly engaged in agricultural activities. These agricultural activities most depend on rain fall and traditional irrigation practice.  However they do not have; experience, knowledge and skill use of sprinkler irrigation system. The farming system of farmers in and surround projects site are dominantly mixed type of agriculture. Both rain fed and irrigated agriculture are exercised in both peasant associations.  The major crops grown in the area by both rain fed and irrigation are onion, maize, cabbage, wheat and teff.  Due to the lack of modern scheme in area irrigation water supply has limitation. The area widely cultivated by rain fed agriculture practices. 

4.2. Objective

General objectives; to supply irrigation water and utilize the released command area from rain fed to Youth for modern irrigation development. The other to adapt the modern improve irrigation water management for existing irrigation practices and access sustainable irrigation crop production. 

Specific objective;

· To supply irrigation water for sustainable irrigation crop production.  

· To utilize irrigation development,

· To Support farmers on technology transferring from non-commercial to high value crop production.

· To improve irrigation water management for existing irrigation practices 

4.3. Methodologies of data collection and planning 

The Koftu Ada’a irrigation project is located downstream of Balbala Wadecha dam and North direction of the Bishoftu Town. Koftu Ada’a irrigation project is specifically located about 11km from Bishoftu town is situated a few kilometers northeast of the Bishoftu town
Data collection and planning
 This study looked for firsthand information on the potentials, constraints and opportunities for irrigation scheme, conducted site visited and discussed with beneficiaries, District IDA office, DA and Local office and transect walked to develop knowledge in project area. 

Data collected techniques were through key informant interviews, observation, transact walks with in project area and interviewed Stakeholder consultation.
4.4. Assessment of Existing Agricultural resource 

Agro Ecological condition and climatic condition 

Agro-Ecology

The upper awash valley is part of the East African Rift Valley system in which volcanic alluvial and colluvial deposits have been laid down. These deposits include basalt, heavy clay and clay loam materials derived from volcanic sources. 

The main geomorphological soil units have been identified in the Koftu ada’a localities and these are: the recent alluvial deposits that exist in the Ada’a plat areas; the areas of residual soils overlying basaltic formations generally located upslope from the Ada’a plat and the areas of considerable heave clay accumulation derived largely from upper deposed activity.

The altitude of the Koftu ada’a sites varies from 1400 to 2000 meters above sea level. The physical feature of the proposed areas are flat land and 0.9 % slop. The agro-ecology of the proposed areas are 100% mid land (Bade Dare). 

The existing agro metrology condition intensively to improve agronomic practices crop production is considered. As it is observed during the field assessment, the existing agro-ecological characteristics of the studied project command area is moist with length of growing period (LGP) 150 days

Table . Length of Growing season

	Period
	Nr.
	Length
	Begin
	Begin
	End
	End
	T_Mean
	T_Min
	T_Max
	Precip.
	PET
	Wind Speed
	Sun fract.
	Vapor Pressure

	
	
	Days
	Date
	Day
	Date
	Day
	°C
	°C
	°C
	mm/day
	mm/day
	km/h
	%
	hPa

	Dry
	1
	222
	30-Sep
	273
	9-May
	129
	18.6
	10.5
	26.8
	0.9
	3.9
	4.3
	69.9
	10.9

	Moist + Hum.
	1
	143
	10-May
	130
	29-Sep
	272
	18.8
	12.7
	25.4
	4.7
	3.5
	3.5
	49.3
	13.9

	Humid
	1
	92
	17-Jun
	168
	16-Sep
	259
	18.4
	13
	24.5
	5.7
	3.3
	3.2
	44.9
	14.6


Table; . Koftu Ada’a Irrigation Area Mean Climate and Calculated ETo (New Loc clim; of Bishoftu meteorology station)
	Month
	Prec [mm]
	Effective Rain fall
	ETo PET mm/month
	min Tem C0
	Max tem C0
	ETo Average mm/day
	Sunshine hours
	wind m/sec

	
	
	
	
	
	
	
	
	

	January
	8
	0
	103.7
	16.58
	18.62
	3.67
	7:55
	1

	February
	34
	10.40
	108.4
	17.8
	20.2
	3.80
	8:17
	1.2

	March
	52
	21.20
	131.9
	19.12
	21.28
	4.75
	8:33
	1.1

	April
	65
	27.00
	131.2
	19.51
	21.49
	4.63
	8:07
	1.3

	May
	73
	33.40
	134.2
	19.62
	21.38
	4.80
	7:37
	1.3

	June
	107
	60.60
	111.1
	18.77
	20.43
	3.98
	6:33
	1.1

	July
	178
	117.40
	101.4
	17.25
	19.15
	3.66
	5:16
	1.1

	August
	230
	159.00
	99.4
	17.04
	19.16
	3.57
	5:26
	0.8

	September
	99
	54.20
	101.2
	17.13
	19.47
	3.61
	6:12
	0.6

	October
	14
	0
	121.3
	16.89
	19.31
	4.36
	8:13
	1.1

	November
	3
	0
	116.6
	16.13
	18.27
	4.12
	8:53
	1.5

	December
	1
	0
	109.6
	15.66
	17.94
	3.92
	8:21
	1.2

	Total/Mean
	864
	483.20
	1370
	17.63
	19.72
	4.07
	
	


Source; own date analysis and (New Loc clim; of Bishoftu meteorology station)
For Koftu Ada’a irrigation area the maximum ETO is in May, 4.8 mm/day and minimum is in December 3.45 mm/day. The mean annual ETO is 4.02 mm/day.
Rainfall
The neighboring, closely similar climate condition and elevation to the command area is Bishoftu meteorology stations. Which had potential data source collected rainfall data at different seasons that could be best mean monthly average of three years rainfall data. The pattern of the seasonality of rain in the project area has dry season from September 30 to May 9.  It has also very high rain season begin on June 17 and end on September 16 The annual rainfall of project area is 864mm. (New Loc clim; of Bishoftu meteorology station)

According to data from New Loc clim; of Bishoftu meteorology station the dry season for the given project area is ranging from September to May; while in months of May and June the rain is characterized by moderate intensity. Rainfall with high intensity is occurred in July and August. The rainfall coefficient indicates that the project area has 7 months for full irrigation agriculture interventions, while the remaining months might consider for supplementary irrigation.       
Table; .  Rainfall coefficient classification
	Month
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D
	Total

	Average Precipitation
	8
	34
	52
	65
	73
	107
	178
	230
	99
	14
	3
	1
	

	Rainfall coefficient
	0.11
	0.47
	0.72
	0.90
	1.01
	1.49
	2.47
	3.19
	1.38
	0.19
	0.04
	0.01
	


Data source: analyzed data from (New Loc clim; of Bishoftu meteorology station)
Temperature
Sprinkler irrigation efficiency is highly dependent on climatic conditions. FAO (1982) proposed the figures of farm irrigation efficiencies provided in Table 4 on the basis of climate Table 3: Farm irrigation efficiencies for Sprinkler Irrigation in different climates (the overall efficiency comprises conveyance efficiency, field canal efficiency, and field application efficiency)
Table; Farm irrigation efficiencies

	Climate/Temperature
	Farm irrigation efficiency

	Cool
	0.80

	Moderate
	0.75

	Hot
	0.70

	Desert
	0.65


Source: adapted from FAO (1982)

Sprinkler irrigation technology can support farmers to adapt to climate change by making more efficient use of their water supply. This is particularly appropriate where there is (or is expected to be) limited or irregular water supply for agricultural use. The sprinkler technology uses less water than irrigation by gravity, and provides a more even application of water to the cultivated plot. Additionally, sprinkler irrigation can reduce the risk of crops freezing due to colder than usual temperatures. More frequent and intense frosts are already impacting on crops as a result of climate change. During the night, the motion of the sprinklers and the application of rain-like water droplets can reduce the stress on crops caused by a sharp decrease in temperature (Snyder and Melo-Abreu, 2005). 

The main disadvantages associated with sprinkler systems are related to climatic conditions, water resources and cost. Even moderate winds can seriously reduce the effectiveness of sprinkler systems by altering the distribution pattern of the water droplets.  Likewise, when operating under high temperatures, water can evaporate at a fast rate reducing the effectiveness of the irrigation.  Although sprinkler irrigation can help farmers to use water resources more efficiently, this technology relies on a clean source of water and therefore may not be suited to areas where rainfall is becoming less predictable. 

Temperature data was also available from the same source of rainfall data. The temperature was one of the climate factor determine the plant growth and production. The project area estimate average monthly Mean 18.68 C0, max 19.72 C0, and min 17.63 C0 temperature (New Loc clim; of Bishoftu meteorology station).   This suitability to the potential crops production and the minimum and maximum monthly average data will be used to calculate the ETO

Wind Speed

Uniformity of application is not compromised. The Coefficient of Uniformity (CU) is a measure of the uniformity of water application. A value of 100% indicates perfect uniformity, which means that the water is applied to the same depth at each point in the field. As a rule, the selected sprinkler should have a CU of 85% or more.

Where locally manufactured sprinklers are not tested for CU determination, it is advisable to avoid using the lowest pressure since usually this is the pressure that corresponds to low CU values.

Assuming that all three spacing fit the land, the next step is to find out how the winds will affect the spacing. For this purpose, the mean wind velocity of the windiest month of the year is considered. Most designers set the maximum spacing of sprinklers based on the information of Tables 5 and 6. It should be noted also that in the rectangular pattern better distribution is obtained when the lateral is placed across the prevailing wind direction. For variable wind directions, the square pattern gives better uniformity.

Table; Maximum sprinkler spacing as related to wind velocity, rectangular pattern
	Average wind speed (km/hr.)
	Spacing as Percent of wetted Diameter (D)

	Up to 10
	40% between sprinklers

65% between laterals

	10 - 15
	40% between sprinkler

60% between laterals

	above 15
	30% between sprinklers

50% between laterals


Source FAO; Irrigation Manual (2002)

Table; Maximum sprinkler spacing as related to wind Velocity, square pattern

	Average Wind Speed (km/hr.)
	Spacing as Percent of Wetted Diameter (D)

	Up to 5
	55%

	6 - 11
	50%

	13 - 19
	45%


Source FAO; Irrigation Manual (2002)

In our Koftu Ada’a project area, where the average wind velocity in November is 1.5m/sec the wind speed: The wind speed of the project, which is average of the values, fluctuate significantly throughout the year. The highest and the lowest mean daily wind run of 1.5m/sec. and 0.6m/sec. are in November and September. 

Sprinkler irrigation is adaptable to any farmable slope, whether uniform or undulating. The lateral pipes supplying water to the sprinklers should always be laid out along the land contour whenever possible. This will minimize the pressure changes at the sprinklers and provide a uniform irrigation.
4.5. Physical observation of soil and Technology suitability in proposed project area 

Soil Characteristics and Land Suitability
Sprinklers are best suited to sandy soils with high infiltration rates although they are adaptable to most soils. The average application rate from the sprinklers (in mm/hour) is always chosen to be less than the basic infiltration rate of the soil that surface ponding and runoff can be avoided. Sprinklers are not suitable for soils which easily form a crust. If sprinkler irrigation is the only method available, then light fine sprays should be used. The larger sprinklers producing larger water droplets are to be avoided.

The selection of the correct sprinkler depends on how the best fit spacing with a certain pressure and nozzle size can provide the water at an application rate that does neither cause runoff nor damage the crop and at the best possible uniformity under the prevailing wind conditions. The selected sprinkler should fully satisfy the irrigation water requirements and the irrigation frequency.

It is therefore necessary to know the infiltration rate of the soil before we can proceed with sprinkler selection. The infiltration rate can be determined using the double ring infiltrometers. In the absence of field data, the ranges of infiltration rate presented in Table 7 or any other literature can be used.

Table; Typical basic soil infiltration rates

	Soil type
	Basic infiltration (mm/hr.)

	Clay
	1 - 7

	Clay Loam
	7 - 15

	Silt Loam
	15 - 25

	Sandy Loam
	25 - 40

	Sand
	>40


Source FAO; Irrigation Manual (2002)

It should be pointed out that in order to avoid runoff the sprinkler application rate should not exceed the basic soil infiltration rate. Hence, the basic infiltration rate of the soil is used as a guide to select a sprinkler with a precipitation rate lower than the infiltration rate.

Manufacturers' tables such as Table 5 can be used to select sprinklers and their spacing. Reference to this table will reveal that for the same nozzle an increase in pressure will result in a larger wetted radius and higher discharge. Also, for the same pressure a bigger nozzle would result in a higher discharge.

In our project design, where a precipitation rate of 0.57 mm/hr. is compatible with the soil and crop, there are nozzle size, pressure and sprinkler spacing combinations; A 3.0 mm nozzle at 25m and 12 m x 12 m spacing, gives a precipitation rate of 5.0 mm/hr. respectively.  

Soils of the command area grouped into three geomorphologic units: alluvial, deposit and residual soils. The major soils in the project area are deposit origin. They are closely followed by alluvial soils and those formed from residual material.
Soil Texture: Soils of the project area similar in texture from heave clay to clay loam. However, soils in the project area are generally characterized by high contents of clay and clay loam.

Soil Structure: similarly in soil structure are common. However, soils with similar texture do not have similar structure. The weak structures of most soils in the project area is a reflection of soil formation, with high content of organic matter and strong angular structure. 

Bulk Density: Ranging from 1.34 to 1.4 g/cm3 (averaging about 1.35 g/cm3), the bulk density of project area soils is characteristic of clay and clay loam soils. This implies that the soils of the project have high capacity for retaining soil moisture and plant nutrients. However, these soil properties do not pose a major limitation for crop production.

Infiltration: Regardless of soil texture, soils of the project area have quite low infiltration rates that from 6-7 mm/hrs. 

Technology suitability for areas  

The sprinkler irrigation system is a very suitable method for irrigation on slope lands and on shallow soils. 

· Elimination of the channels for conveyance, therefore no conveyance loss 

· Suitable to all types of soil except heavy clay 

· Suitable for irrigating crops where the plant population per unit area is very high. It is most suitable for oil seeds and other cereal and vegetable crops 

· Water saving 

· Closer control of water application convenient for giving light and frequent irrigation and higher water application efficiency 

· Increase in yield 

· Saves land as no bunds etc. are required 

· Influences greater conducive micro-climate 

· Areas located at a higher elevation than the source can be irrigated 

Land Suitability in and surrounding project area
Koftu ada’a project areas have been identified, delineated and proposed as potential areas for irrigated crops. The land evaluation methodology used in the study followed the methodology outlined in FAO Soils Bulletin No. 55, "Guidelines for Land Evaluation for Irrigated Agriculture", and others listed under references in the draft soils and land evaluation report. Two Land Utilization Types (LUTs) with respective land use requirements were considered and defined for the evaluation.

· Furrow irrigated crops production by smallholders in and surrounding project.

· Overhead irrigated practices by Debra-zayit research center.

Therefore, land evaluation was carried for the suitability of a specific area of land (land unit) for specific LUT under low to medium input level.

Exciting Farming system and field layout 
According to DA reported and our field inspection that the crop productivity of Koftu Ada’a project area were due to low irrigation water supply the area was covered by rain fed production. Based on their request irrigation water supply this study was done.  

 Similarly, this study focus on Koftu Ada’a sites. This, the study covered an area of about 75ha which included from three PA; which Koftu, kataba and Hid youth beneficiaries.  The result of this study indicate that all field dominated by clay and clay loam above 2 meter depth. Also, field area has effective soil depth. 

The agricultural practice in and around the command area is, 100% mixed farming system. The major livelihood of the community in and around the study project area also follows the same pattern as it is studied in the command area. Agricultural crop production almost experiences based on rain-fed condition. The major crops grown in the studied areas are, mainly wheat, teff, Barley, Maize, chick pea, Lentil, haricot bean, horse bean, Tomato, Onion, Cabbage and Pepper.
4.6. Experience of Input Utilization 

The existing experience of agricultural inputs used for proposed project area such as; seed, fertilizer, agrochemicals and improved seeds. These inputs increase the production and productivity of crops. The actual amount of fertilize to apply depends on soil fertility, fertilizer recovery rate and crop types. But in the studied site the utilization of inputs mention as the following tables; 

Table 3. Existing experience of Input Utilization 

	No
	Recommended  Crops
	Fertilizer (kg/ha)
	Variety 
	Seed rate (kg/ha)
	Remark

	
	
	NPS
	UREA
	
	
	

	1
	Onion
	300
	100
	Bombe red
	24
	

	2
	Tomato
	300
	100
	-
	40cup
	

	3
	Cabbage

	150
	100
	-
	5
	

	4
	Broccoli
	200
	100
	local
	80
	

	5
	Wheat
	-
	-
	local
	200
	

	6
	Maize
	100
	-
	BH543
	30
	


Table . Existing experience of crop pests’ management, controls and type of pests and agrochemical applied. 

	Crops
	Most incidence

Fungus/Diseases
	Common applied

Fungicides
	Rate of Agrochemical
	Most incidence

Insects
	Common applied

Insecticides
	Rate of Agrochemical

	Onion
	Purple Bloch /Downy mildew/ Bulb rot
	
	Lit/Kg/ha
	Lit/Kg/200lit
	Thrips/ Aphids
	
	Lit/Kg/ha
	Lit/Kg/200lit

	
	
	Ridomil Gold MZ 68 WG 
	1kg/ha
	1kg/800lit
	
	Agro-Lambacin 

Super 315 EC
	2lit/ha
	2lit/400lit

	
	
	Mancozeb 
	4kg/ha
	4kg/800lit
	
	Karate5 EC
	1lit/ha
	1lit/800lit

	
	
	Bayleton 25 WP
	1kg/ha
	1kg/800lit
	
	Helerat5% EC 
	1lit/ha
	1lit/800lit

	
	
	Matco 
	2kg/ha
	2kg/800 lit
	
	Profit72% EC 
	1lit/ha
	1lit/800lit

	Tomato
	 Early blight/ Late blight/ Powdery mildew/ Bacterial leaf spot
	Ridomil Gold MZ 68 WG 
	1kg/ha
	1kg/800lit
	Tomato Leaf Miner
	Coragen

200 SC 
	125ml/ha
	125ml/800lit

	
	
	Mancozeb 
	4kg/ha
	4kg/800lit
	
	Tracer 480 SC 
	125ml/ha
	125ml/800lit

	
	
	Bayleton 25 WP


	1kg/ha
	1kg/800lit
	African boll worm
	Karate5 EC


	1lit/ha
	1lit/800lit

	
	
	Matco 


	2kg/ha
	2kg/800lit
	
	Helerat5% EC 


	1lit/ha
	1lit/800lit

	
	
	
	
	
	
	Profit72% EC 


	1lit/ha
	1lit/800lit


4.7. Existing rain fed and irrigated Agriculture 

Now the proposed supply irrigation water project area crop production is mainly carried out by irrigation and they use unstructured scheme which is from lafessa Dam water harvest by gravity irrigation system. The major crops grown by irrigation in the surrounding area are onion, tomato, China cabbage, Broccoli and cabbage. Based on the nature of rain fall major crop production are; Teff, chick pea,  Maize, Wheat, Lentil and barley are grown by most farmers in and surround project sites. Some of them listed in the following tables.

Existing Crop production and Yield

Table. Major Crops grown by rain fed Agriculture

	No
	Major cops
	Variety
	Year 1  

	
	
	
	ha
	Average yield (Qt/ha)

	1
	Maize 
	BH540, BH543, 
	19
	60

	2
	Wheat 
	Mangudo
	647
	60

	3
	Teff
	Qunco
	873
	28

	4
	Lentil
	Alamaya 
	38
	38

	5
	Barley
	Local 
	12
	14

	6
	Chick pea 
	Hrarti, Ejere Natoli
	605
	38


Table . Major Crops grown by irrigation Agriculture

	No 
	Major cops
	Variety
	Year 1  

	
	
	
	ha
	Average yield (Qt/ha)

	1
	Onion 
	Bombe red, Adama red
	130
	60

	2
	Tomato
	Shante, cochorro, hybrid variety  
	73
	400

	3
	Ehio-cabbage
	Local 
	50
	100

	4
	Head cabbage
	Cope Hagen 
	35
	80

	5
	chili
	local
	4
	50


Cropping calendar

Table  The existing rain fed cropping calendar 

	  No
	Major Crops
	Land preparation
	Sowing/

planting  date
	Weeding 

period
	Harvesting

period
	Total growing period (days)

	1
	Maize 
	March  1st
	Jun-5
	Jul-1
	Oct-15
	195

	2
	Wheat 
	May 10
	June-20
	Jul-30
	October 15
	135

	3
	Teff
	June 15
	July 5
	August 25
	October 15
	105

	4
	Lentil 
	May 10
	June 5
	July 15
	October 15
	90

	5
	Chick pea
	May 1st
	Jul 15
	August 30
	Nov-25
	125


Existing Agricultural Practices and technology; 

In place of studied project area the existing agricultural techniques; such as farmer’s irrigation experience were well aware, an oxen-pull power is actively conducted in the ploughing practice. The major agricultural inputs are insufficiently used in rain fed crop production. Which the inputs used in area were local seed, less fertilizer application, no used crop pest controls.  But, in irrigation crop production farmers use agricultural inputs well recommendation of Ethiopia agriculture research centers.  There is well supply agricultural input, however supply and distributed time has limitation particularly in dry irrigation season. Only capable formers are utilizing the rest inputs like organic fertilizer and other agrochemicals for maximum crop yield. As mention in case of irrigation activities, the required inputs are applied by far better than rainfall farming. The crop rotation is exercised and furrowing are done normally in irrigation practices. According to the information obtained from the community in proposed project site and field observation there was lack of irrigation water supplied on proposed command area.  The other problems low drainage, heave clay, diseases and insects are seen in command areas. The common insects are Tomato Leaf Miner, Aphids and Thrips .The major diseases seen in the area are, purple blotch, early and late blight. 

In the sprinkler method of irrigation, water is sprayed into the air and allowed to fall on the ground surface somewhat resembling rainfall. The spray is developed by the flow of water under pressure through small orifices or nozzles. The pressure is usually obtained by pumping. With careful selection of nozzle sizes, operating pressure and sprinkler spacing the amount of irrigation water required to refill the crop root zone can be applied nearly uniform at the rate to suit the infiltration rate of soil. 

The uniformity of sprinkler applications can be affected by wind and water pressure. Spray from sprinklers is easily blown about by even a gentle breeze and this can seriously reduce uniformity. To reduce the effects of wind the sprinklers can be positioned more closely together. Sprinklers will only work well at the right operating pressure recommended by the manufacturer. If the pressure is above or below this then the distribution will be affected. The most common problem is when the pressure is too low. This happens when pumps and pipes wear. Friction increases and so pressure at the sprinkler reduces. The result is that the water jet does not break up and all the water tends to fall in one area towards the outside of the wetted circle. If the pressure is too high then the distribution will also be poor. A fine spray develops which falls close to the sprinkler.

Application rate; this is the average rate at which water is sprayed onto the crops and is measured in mm/hour. The application rate depends on the size of sprinkler nozzles, the operating pressure and the distance between sprinklers. When selecting a sprinkler system it is important to make sure that the average application rate is less than the basic infiltration rate of the soil. In this way all the water applied will be readily absorbed by the soil and there should be no runoff.

Sprinkler drop sizes; as water sprays from a sprinkler it breaks up into small drops between 0.5 and 4.0 mm in size. The small drops fall close to the sprinkler whereas the larger ones fall close to the edge of the wetted circle. Large drops can damage delicate crops and soils and so in such conditions it is best to use the smaller sprinklers. Drop size is also controlled by pressure and nozzle size. When the pressure is low, drops tend to be much larger as the water jet does not break up easily. So to avoid crop and soil damage use small diameter nozzles operating at or above the normal recommended operating pressure.

4.8. Livestock production in and surrounding project Area  

In the project area animal production is a main component in the mixed farming system, and main source of income and drawn from a keg power for almost all of the farmer. They play an important cultural and social role in all households in project area. On the other hand, because of the shortage rainfall and grazing lands, the income from animal husbandry is limited in quality and quantity at the present days in area. According Focus Group Discussion and data in Peasant association office, the kind and numbers of animals production in PAs; Cattle 5044, Sheep 1014, Goat 1060, Horse 78 and Donkey 2515. The diseases and insects affect animal production in area are; Black leg, Sheep & goat pox, inside & outside parasites. Incidence is always controlled by the district agricultural staffs (when cover in outbreak is seen in the area).

4.9. Major problems and Development opportunity for irrigated agriculture

Major problems in the particular area;

Identification and analyze the constraints of the agricultural production system in the project area to come-up with tangible and effective recommendations.   The constraints of agricultural production intend to be either of agronomic, social, institutional and environmental. The proposed area has experienced in irrigation agriculture, for this project it would give more focus on investigation of constraints limiting the crop production in irrigated farming system. This constant identified through randomly interview beneficiary consultation and from development agent. Most common limiting of crop production in irrigated farming in the project area are listed as follows: 

Social constraints
· Resistance of the community to product high value crops by theirs capital
· Lack of adequate knowledge of irrigation practices 

· Lack of adequate knowledge on sprinkler irrigation practices 
· Irregular level of commitment among the beneficiary 
Institutional constraints
· Poor commitment and lack of institutional capacity at PAs level to organize the beneficiaries to involve in full package crop production
· Weak institutional marketing cooperatives to manage with irrigation crop outputs 
· Weak DAs linkage between irrigation agricultural support services.
· Less attention in FTC demonstration on irrigation agronomic practices 
· Poor linkage between the farmers and potential agricultural enterprise to exchange their experience
Agronomic and environmental constraints
· Law drainage in command areas

· Less awareness of beneficiaries on sprinkler practice

· Law utilization of chemical fertilizer in command area.

· Lack of input supply in dry season especially for irrigation production  
· Continuously from time to time increasing input price 
· Pest infestation
Development opportunity for irrigated agriculture

· Land and irrigation water resource suitability
· Government irrigation development policies and strategies;
· Market infrastructure;
4.10. Proposed agricultural development plan

Crop basket determination 

The potential crops for the irrigated agriculture could be list range of crops growing in the proposed area. The crop basket not necessarily include only the list of crops currently growing in the area rather based on the agro-climatic and soil conditions all possible crops could be incorporated in the crop lists. Because there are potential and suitable crops which might not currently found in the cropping patterns of the proposed project area need to be considered in new development intervention.

Table . Crop basket

	Crop group
	Type of crops

	Cereals
	Teff, maize, barley, oats, millet, wheat,  ... etc.

	Pulses
	 Chickpea, fababean, soybean. lentil, haricot bean, filed pea, mung bean, grass pea, fenugreek, cowpea …etc.

	Oil crops
	Groundnut, Soya bean, Noug, Sun flower, Castor bean, Sesame



	Vegetables
	Shallot, Onion, Beetroot, Swiss chard, Cabbage, pepper, Potato, Water melon, Carrot, Cucumber, Okra, Sweet potato, Tomato, Lettuce, Green- beans, Sweet corn, Eggplant, Spinach ... etc.  

	Fruits 


	Avocado, Mango, Banana, Pineapple, Papaya, Lime, Grape fruit, Mandarin, Orange, Strawberry, Guava, etc.

	Fiber crops:
	Sisal, Cotton.

	Other perennials:
	Sugar cane, Rubber tree, Palm oil trees, .etc.


Source; own data collected and analyzed
4.11. Crop selection criteria and selection process

The identified suitable crops grown in the given agro-ecology, suitable for irrigation, soil characteristic and farming systems. Then screening the most appropriate crops in the existing project areas. The selection criteria should be set to make more appropriate proposed crops for sprinkler irrigation.  The selected crops are incorporated in the cropping pattern. 

Selection criteria
· Suitability of technology for selected crops

· Growers’ preference and experience
· Availability potential of improved seed

· High value crops, market accessibility and crops production potential
· Agro-climate condition 
· Soil type and characteristics of existing soil condition 
· Potential existing  soil fertility
· Proposed agricultural input 

· Seed Requirement 

4.12. Determined crop seeds and factors considered for screened

For the proposed crops selection criteria, the Suitability of technology for selected crops is one of the criteria to put forward the crops for the project.  Additionally, by referring package of horticultural production manual from Ministry of Agriculture annual booklets and research centers possible seeds could be selected.

Seasonal and annual seed required

Seasonal supply of improved seed demand would have essential role in input supply management and procurement process to make available the seeds at the required time for the farmers. Then specifying the amount of seeds for dry and wet seasons is necessary for irrigation users. 
Table . Seasonal and annual seed required

	Crop
	Area (ha)
	Seed rate (kg/ha) or seedling numbers/ha
	Seedling (numbers)
	Dry season Requirement
 ( kg) 
	Wet season requirement 
 (kg) 
	Annual seed requirement(kg)

	
	
	Hybrid
	Composite
	
	
	
	

	Onion
	39
	7.5
	7.5
	 
	292.5
	105
	30712.5

	Tomato
	5
	0.3
	0.3
	36,666
	3
	6.9
	20.7

	Cabbage 
	21
	0.4
	0.4
	 
	8.4
	10
	84

	Chilli
	10
	0.7
	0.7
	52,380
	3.5
	9.1
	31.85


Source; own data analyzed and Qoftu Ada’a Irrigation Design 


4.13. Fertilizer requirement
The crops responds well to the application of the nitrogen, particularly under irrigation. However during the period of germination the seedling should not be in contact the nitrogen fertilizer. Therefore, nitrogen fertilizer application should be given in a split application in bends next to the plants. Under Ethiopian condition a combination of N, P and S is advisable. The NPS should be applied as a basal dressing and the UREA as a top dressing. The recommended rate of fertilizes vary with crops type and different soil type the following rate fertilizer of NPS and UREA listed in the table blows.

 Table . Recommended fertilizer Utilization for the proposed dry season crops

	Crop 
	Area (ha)
	UREA (qt/ha of each crops)
	 Total UREA (qt/ha of each crops)
	Cost/qt (birr)
	NPS
(qt/ha of each crops)
	Total NPS
(qt/ha of each crops)
	Cost/qt (birr)
	UREA and NPS  (qt/ha of each crops)

	
	
	
	
	
	
	
	
	

	Onion
	39
	0.79
	30.81
	27607.6
	2.42
	94
	125742.5
	95

	chilli
	10
	0.79
	7.9
	7078.9
	2.42
	24
	32241.7
	25

	Cabbage
	21
	0.79
	16.59
	14865.6
	2.42
	51
	67707.5
	52

	Tomato
	5
	0.79
	3.95
	3539.4
	2.42
	12
	16120.8
	13

	 
	75
	 
	59.25
	53091.6
	 
	182
	241,812
	185


Source; own data analyzed and recommended 
Table . Recommended fertilizer Utilization for the proposed wet season crops

	Crop 
	Area (ha)
	UREA (qt/ha of each crops)
	Total UREA (qt/ha of each crops)
	 total Cost/qts (birr)
	NPS
(qt/ha of each crops)
	Total NPS
(qt/ha of each crops)
	 total Cost/qts (birr)
	UREA and NPS  (qt/ha of each crops)

	Onion
	14
	0.79
	11.06
	9910.4
	2.42
	33.88
	45,138.3
	45

	chilli
	23
	0.79
	18.17
	16281.4
	2.42
	55.66
	74,155.8
	74

	Cabbage
	25
	0.79
	19.75
	17697.2
	2.42
	60.5
	80,604.2
	80

	Tomato
	13
	0.79
	10.27
	9202.5
	2.42
	31.46
	41,914.2
	42

	Total
	75
	 
	59.25
	53091.6
	 
	181.5
	241,812.5
	241


Source; own data analyzed and recommended 
Table . Recommended fertilizer Utilization for the proposed annual crops productions

	Crop 
	Area (ha)
	UREA (qt/ha of each crops)
	 total Cost/qts (birr)
	NPS
(qt/ha of each crops)
	 total Cost/qts (birr)
	UREA and NPS  (qt/ha of each crops)

	
	
	
	
	
	
	

	Onion
	53
	41.9
	9912.8436
	128
	170880.8
	140

	Tomato
	33
	26.1
	16283.8302
	80
	106397.5
	99

	Cabbage
	46
	36.3
	17699.605
	111
	148311.6
	132

	Pepper
	18
	14.2
	9204.9562
	44
	58035.0
	55

	Maize
	150
	118.5
	53091.555
	182
	483624.9
	425


Source; own data analyzed and recommended 
4.14. Labor requirement for 1ha on existing irrigated crop with-out project condition 

In the exiting different crop production the labor access in existed irrigation without project area are analyzed. Different type of crops required different activities and different amount of man-day with different quantity and frequency.  According to beneficiary interviewed the labor activities, quantity and frequency without project area briefly discussed in table 5 as blow;

Table . Labor requirement as a with-out project condition

	No
	Crops
	  Activities
	Unit
	Quantity
	Frequency
	Total

	1
	Onion
	Land clearing
	MD
	12
	1
	12

	
	
	Ploughing 
	OD
	4
	4
	16

	
	
	Leveling 
	MD
	16
	1
	16

	
	
	Farrow making
	MD
	28
	1
	28

	
	
	Planting
	MD
	32
	1
	32

	
	
	Irrigation
	‘’
	4
	12
	48

	
	
	Fertilization
	“
	4
	3
	12

	
	
	Cultivation/hoeing 
	“
	28
	3
	92

	
	
	Weeding
	
	16
	1
	16

	
	
	Chemical application 
	“
	4
	12
	48

	
	
	Harvesting
	“
	24
	1
	24

	2
	Tomato
	Land clearing
	MD
	12
	1
	12

	
	
	Ploughing 
	OD
	4
	4
	16

	
	
	Leveling 
	MD
	16
	1
	16

	
	
	Ridge and farrow making
	“
	28
	1
	28

	
	
	Planting
	MD
	8
	1
	8

	
	
	Stick up raise and tin 
	MD
	40
	3
	120

	
	
	Irrigation
	“
	4
	12
	48

	
	
	Fertilization
	“
	8
	2
	16

	
	
	Cultivation/hoeing 
	“
	12
	3
	36

	
	
	Weeding 
	“
	8
	2
	16

	
	
	Chemical application 
	MD
	16
	1
	16

	
	
	Harvesting
	OD
	15
	5
	75

	3
	Cabbage
	Land clearing
	MD
	12
	1
	12

	
	
	Ploughing 
	OD
	4
	4
	16

	
	
	Leveling 
	MD
	16
	1
	16

	
	
	Ridge and farrow making
	MD
	28
	1
	28

	
	
	Planting
	MD
	16
	1
	16

	
	
	Irrigation
	‘’
	4
	12
	48

	
	
	Fertilization
	“
	4
	3
	12

	
	
	Cultivation/hoeing 
	“
	24
	3
	72

	
	
	Weeding
	
	8
	1
	8

	
	
	Chemical application 
	“
	4
	6
	24

	
	
	Harvesting
	“
	16
	4
	64

	4
	Chili
	Land clearing
	MD
	12
	1
	12

	
	
	Ploughing 
	OD
	4
	4
	16

	
	
	Leveling 
	MD
	16
	1
	16

	
	
	Ridge and farrow making
	MD
	28
	1
	28

	
	
	Planting
	MD
	16
	1
	16

	
	
	Irrigation
	‘’
	4
	12
	48

	
	
	Fertilization
	“
	4
	3
	12

	
	
	Cultivation/hoeing 
	“
	24
	3
	72

	
	
	Weeding
	
	8
	1
	8

	
	
	Chemical application 
	“
	4
	6
	24

	
	
	Harvesting
	“
	16
	4
	64


4.15. Crop yield estimated and projection

Crops selection and development of cropping pattern 

Based on the existing agricultural activities, climatic and soil condition of the proposed project area is proposed. The proposed crops can be based on Suitability of technology for crops, economic viability, food value, cultivation processes, growing period and preference of the farmers.  

Table. Cropping pattern of the recommended crops (Dry season 6-Oct - Feb-16 =143days)

	s/n
	Crops
	Ada'a site 
 (ha)
	Area Crop 
coverage (%)
	Sowing

 date
	Harvesting 

date
	Total growing period

	1
	Onion
	39
	52
	10-Oct
	15-Jan
	105

	2
	chilli
	10
	13
	1-Oct
	30-Jan
	125

	3
	Cabbage
	21
	28
	10-Oct
	30-Jan
	120

	4
	Tomato
	5
	7
	15-Jan
	25-May
	135


      Source; own data analyzed and recommended
Table. Cropping pattern of the recommended crops (wet season Feb17 - 5-Oct = 231days)

	No
	Proposed crops
	Ada'a site Area
 (ha)
	Area Crop 
       (%)
	Sowing

date
	Harvesting

date
	Total growing period

	1
	Onion
	14
	18
	10-May
	25-Aug
	105

	2
	Chili
	23
	25
	1-Jun
	5-Oct
	125

	3
	Cabbage
	25
	40
	5-Jun
	10-Oct
	120

	4
	Tomato
	13
	17
	5-Jun
	25-Oct
	135

	
	Total
	75
	
	
	
	


Source; own data collected and analyzed
Yield Projection

The yield of proposed crops build up period is essentially related to the rate of implementation or modern agricultural inputs, manage soil condition of proposed project area, existing production system, improved agricultural practice and proposed crops management in project areas. Thus, the following yield projection is projected for five years crop production in the proposed project area.

Table . Crop yield projection for the proposed project area (for 1ha of irrigable land)

	No
	Proposed crops
	Variety
	Average yield (Qt/ha)

	
	
	Composite
	Hybrid
	1st year
	2nd year
	3rd year
	4th year
	5th year

	1
	Onion
	Bombe red/ Adama red
	Red king
	290
	350
	385
	400
	410

	2
	Tomato
	Galilama or cochoro
	Galila
	460
	500
	540
	580
	600

	3
	Cabbage
	Copenmerket
	Bendangi
	220
	255
	280
	295
	300

	4
	Chili
	
	shanti
	75
	95
	110
	115
	120


      Source; own data collected and analyzed
4.16. Supporting interventions

Supporting interventions

After the construction of proposed irrigation project is over the remaining irrigation development and extension services are to be handled by the District Irrigation Development Authority, its respective district office; and the development agents to be assigned at proposed irrigation project area. Lack of efficient extension service is one of the leading factors contributing to the low productivity of the sites. The existing extension service itself has suffered from shortage of transport, poor communication media, poor accessibility and irregular and ineffective training.

In order to maintain   contact with farmers and disseminate new and improved technologies, a strong extension service with an internally well-organized supervision system and training is essential. 

Training of irrigation extension
Growing yield of irrigation agricultural products is one of the challenge of developing countries with growing population. The district is thus as part of the sites project, trainings of farmers and irrigation agricultural developmental staff should be under taken to improve the practical and attitude known-how   of improved irrigation agricultural technologies. 

4.17. Agronomic practices for selected crops grown under micro irrigation
Recommendation for proposed crops management practices.

Table. Recommendation for crops management practices

	crops
	Recommended management practices 

	Tomato
	Optimum altitude700- 2100m

Total crop water requirement: 400-600mm

Temperature; Germination, 18c0- 24c0, Development  at day time 25c0- 28c0 and at night 10c0- 15c0  

Soil requirement : light to medium texture PH 5.5-7.5

Sensitivity to salinity: moderate  

Water use efficiency for harvested yield kg/m3, % moisture: fresh fruit (80-90%) 

Seed rate: composite varieties 0.3kg/ha and Hybrid varieties 0.25-0.3kg/ha

Seedling: seedling of 12-15cm height are transplanted in the field after 28-35 days, spacing 40*60*90cm

Fertilizer: 242kg DAP and 79Kg Urea.

Cultivation/ Hoeing: the first Cultivation 15 days after transplanted, second and third in interval of 15 days practices

Weeding: two times hand weeding. 

Pest: IPM 

	Onion
	Optimum altitude 700-2200m

Required water; 380-550mm

Temperature; at day time 18c0- 24c0 and at night 10c0- 15c0  

Sensitivity to salinity: sensitive 

Water use efficiency for harvested yield kg/m3, % moisture: 8-10 bulb (55-90 Soil requirement : wide range soil  texture PH 6-6.8

Seedling: seedling of 10-20cm height or 3-4 leafs are transplanted in the field after 40-50days, spacing 5*20*40cm

Fertilizer: 242kg NPS and 79Kg Urea.

Cultivation/ Hoeing: the first Cultivation 15th -20th days after transplanted, second and third in interval of 15 days practices

Weeding: two times hand weeding. 

Pest: IPM

	Cabbage 
	Optimum altitude 1000-2000m

Temperature; at day time 10c0- 25c0 and at night 10c0- 15c0  

Rain fall; 350-500mm

Soil requirement : clay loam  soil  texture PH 6.5-6.8

Seed rate; composite varieties 0.4kg/ha and Hybrid varieties 0.4kg/ha

Seedling: seedling of 10*15cm height or 3-4 true leafs are transplanted in the field after 30-45days, spacing 30*50*60cm

Fertilizer: 242kg DAP and 79Kg Urea.

Cultivation/ Hoeing: the first Cultivation 15 days after transplanted, second and third in interval of 15 days practices

Weeding: two times hand weeding. 

Pest: IPM

	Pepper
	· Optimum altitude 1400-1900m

· Temperature; at day time 25c0- 28c0 and at night 15c0- 20c0  

· Rain fall; 350-500mm

· Soil requirement : sandy loam  soil  texture PH 5.5-7

· Seed rate; composite varieties 0.7kg/ha and Hybrid varieties 0.7kg/ha

· Seedling: seedling of 12-15cm height or after 45-60days, 

· spacing 30*50*60cm

· Fertilizer: 200kg DAP and 100Kg Urea.

· Cultivation/ Hoeing: the first Cultivation 20th, 40 th, days and before flowering third times cultivation.

· Weeding: two times hand weeding. 

· Pest: IPM


Crop Rotation

Crop rotation is the exercise of growing a series different type of crops in the same area in sequential seasons. Although Crop rotation has lost prominence in modern agriculture, there are still situations where the residual effects of some crops on succeeding crops are of practical importance. Growing the same crops in the same place for many years in a row disproportionately depilates the soil of certain nutrients. Using crop rotation farmers can keep their fields under continuous production, instead of letting them lie fallow, as well as reducing the need for artificial fertilizes both of which can be expensive. With rotation a crop that leaches the soil of one kind of nutrient is followed during the next growing season by a dissimilar crop that returns that nutrient to the soil.

The select and sequence of rotation crops depends on the nature of the soil, the climate and precipitation which together determine the type of plants that may be cultivated, other important aspects of farming such as crop marketing and economic variable must also be considered when deciding crop rotation
4.18. Crop Water Requirement

The irrigation water source must be large enough to provide sufficient water when it is needed. Because irrigation is not totally efficient, the water supply rate must exceed the rate of crop use. Water requirements depend on field areas climate, selected crop, and the amount of available soil moisture. Water use changes during the growing season and is difficult to predict. Therefore, water supply systems generally are evaluated using two criteria--seasonal water demands and daily water demands. The water supply must be sufficient to satisfy the requirements of the irrigation system and supply enough water to meet crop needs. Because stream flow and shallow groundwater sources are strongly influenced by climate, they might not provide enough water during the dry part of the year, when irrigation is needed most.
Without water crops cannot grow. Too much water is not good for many crops either. Excess water must be removed through drainage. If the crop water need mainly depends on the climate, the crop type and growth stage of the crop. The relation between the reference grass crop and the crop actually grown is given by the crop factor, Kc, as known each crop has for each crop stage its own crop factor water need different amount by different stages. The different crop types also required different water amount. The proposed crops in the command area are specified under their Total Growing Period (LGP). This Calculation is compiled based on the Modern Pen Man-Monteith Formula which is stated out on FAO-Irrigation & Drainage Paper NO 24. All the required aerodynamics factors which are relevant for crop water consumption are considered. For that matter Bishoftu meteorological station is taken as a major reference. 

The irrigation water requirement of the project was calculated based on monthly average climate parameters. The peak demand months of the project area are November, December and January where there are little or no dependable effective rainfall dependability. The maximum monthly peak net IWR of 171.76mm is estimated for December, which gives ETo about 5.73mm/day (Bishoftu meteorological station Report).
However, since the estimate based on the monthly climate data and assumes monthly irrigation, it usually underestimates the demand. The common practice is to adjust to the required irrigation periods/weeks. Therefore, assuming irrigation to be carried on average basis, a factor of 1.017 is adopted and the adjusted net daily ETo of 5.73mm/day is used in the design of sprinkler systems.

Wind Speed: The wind speed of the project, which is average of the Bishoftu meteorological station data Report values, fluctuate significantly throughout the year. The highest and the lowest mean daily wind run of 1.5m/s and 0.6m/s are in November and September respectively.

Hence the average wind run of 1.11m/s is considered in the design of the sprinkler system.

Readily Available Soil Moisture: The soil textural classes of marginally suitable sprinkler irrigation areas are clay and clay loamy soils. The average Readily Available Soil Moisture content measured for these clay soils is 42.5mm, 42.5mm, 76.5mm and 68mm, which is calculated from the measured soil moisture values, effective root depth of 0.4m, 0.5m, 0.45m and 0.6m for onion, chili, and cabbage and tomato depletion fraction factor of 0.25, 0.25, 0.45and 0.4 respectively.
Efficiency and duty

Referring the Bishoftu meteorological station and literatures, and considering the existing topography setup of the project area and the average wind speed of Bishoftu meteorological station, the sprinkler irrigation efficiency (application) of 75% is recommended.
Based on the above described parameters, gross duty and irrigation frequency, which are important for design and selecting of dragline module size, respectively are calculated and presented in Table below.
Table; sprinkler irrigation design parameters of the project

	parameters
	Units
	Values
	Remark

	ETo
	mm/days
	4.80
	

	Net IWR
	mm/days
	3.84
	

	Gross IWR
	mm/days
	5.73
	

	Wind speed
	
	
	

	Maximum
	m/sec
	1.5
	

	Average
	m/sec
	1.1
	

	Minimum
	m/sec
	0.6
	

	Readily Available soil moisture
	mm/m
	76.5
	

	Expected efficiency application
	%
	75
	

	Duty
	l/sec/ha
	0.76
	

	Maximum working time expected 
	hr. /day
	21
	


Table. Crop Water Requirement   DRY Season
	Crop Name  :Onion
	
	
	
	
	

	Planting Date:    Oct-10
	
	
	
	
	
	

	Harvesting Date: Jan-15
	
	
	
	
	
	

	Total area:39 ha
	
	
	
	
	
	

	S/N
	Designation
	Symbol
	Months
	

	
	
	
	Jan
	Oct
	Nov
	Dec
	

	1
	ETO
	Eto
	103.7
	121.3
	116.6
	109.6
	

	2
	Crop factor
	kc
	0.775
	0.5
	0.75
	1
	

	3
	Crop Evapo trans.
	ET crop
	80.37
	60.65
	87.45
	109.6
	

	4
	Rainfall
	p
	8
	14
	3
	1
	

	5
	Effective Rainfall
	pe
	0
	0
	0
	0
	

	6
	TNI requr.
	INT
	80.37
	60.65
	87.45
	109.6
	

	
	
	
	2.68
	2.02
	2.915
	3.65
	

	7
	Project eff.
	ep
	0.67
	0.67
	0.67
	0.67
	

	8
	TGI Requ.
	Lt
	119.95
	90.52
	130.52
	163.58
	

	
	
	
	4.00
	3.02
	4.35
	5.45
	

	9
	Supply Requ./ha
	Qt
	0.46
	0.35
	0.50
	0.63
	

	10
	Irrigation Area
	A
	39
	39
	39
	39
	

	11
	Supply Req’t
	Q
	18.05
	13.62
	19.64
	24.61
	

	12
	Hour of App/day
	hr
	21.0
	21.0
	21.0
	21.0
	

	13
	Supp.Requ’t
	Q/d
	20.63
	15.57
	22.44
	28.13
	

	14
	Supp.Req’t
	Q/d
	0.53
	0.40
	0.58
	0.72
	

	15
	Design Supply
	q
	
	
	
	0.72
	

	Crop Name  :Chili
	
	
	
	
	

	Planting Date:   Oct-1
	
	
	
	
	

	Harvesting Date:Jan-30
	
	
	
	
	

	Total area: 10ha
	
	
	
	
	
	

	S/N
	Designation
	Symbol
	Months

	
	
	
	Jan
	Feb
	Oct
	Nov
	Dec

	1
	ETO
	Eto
	103.7
	108.4
	121.3
	116.6
	109.6

	2
	Crop factor
	kc
	0.95
	0.9
	0.35
	0.75
	1.05

	3
	Crop Evapo trans.
	ET crop
	98.515
	97.56
	60.65
	87.45
	109.6

	4
	Rainfall
	p
	8
	34
	14
	3
	1

	5
	Effective Rainfall
	pe
	0
	10.4
	0
	0
	0

	6
	TNI requr.
	INT
	98.515
	87.16
	60.65
	87.45
	109.6

	
	
	
	3.28
	2.91
	2.02
	2.92
	3.65

	7
	Project eff.
	ep
	0.67
	0.67
	0.67
	0.67
	0.67

	8
	TGI Requ.
	Lt
	147.0
	130.1
	90.5
	130.5
	163.6

	
	
	
	4.9
	4.3
	3.0
	4.4
	5.5

	9
	Supply Requ./ha
	Qt
	0.6
	0.5
	0.3
	0.5
	0.6

	10
	Irrigation Area
	A
	10
	10
	10
	10
	10

	11
	Supply Req’t
	Q
	5.67
	5.02
	3.49
	5.04
	6.31

	12
	Hour of App/day
	hr
	21
	21
	21
	21
	21

	13
	Supp.Requ’t
	Q/d
	6.48
	5.74
	3.99
	5.75
	7.21

	14
	Supp.Req’t
	Q/d
	0.65
	0.57
	0.40
	0.58
	0.72

	15
	Design Supply
	q
	
	
	
	
	0.72

	
	
	
	
	
	
	
	

	Crop Name  :Cabbage
	
	
	
	
	

	Planting Date:   Oct-10
	
	
	
	
	

	Harvesting Date:Jan-30
	
	
	
	
	

	Total area: 21
	
	
	
	
	
	

	S/N
	Designation
	Symbol
	Months

	
	
	
	Jan
	Feb
	Oct
	Nov
	Dec

	1
	ETO
	Eto
	103.7
	108.4
	121.3
	116.6
	109.6

	2
	Crop factor
	kc
	1.025
	0.9
	0.45
	0.8
	1.05

	3
	Crop Evapo trans.
	ET crop
	106.29
	97.56
	54.59
	93.28
	115.08

	4
	Rainfall
	p
	8
	34
	14
	3
	1

	5
	Effective Rainfall
	pe
	0
	10.4
	0
	0
	0

	6
	TNI requr.
	INT
	106.29
	87.16
	54.585
	93.28
	115.1

	
	
	
	3.54
	2.91
	1.82
	3.11
	3.84

	7
	Project eff.
	ep
	0.67
	0.67
	0.67
	0.67
	0.67

	8
	TGI Requ.
	Lt
	158.65
	130.09
	81.47
	139.22
	171.76

	
	
	
	5.29
	4.34
	2.72
	4.64
	5.73

	9
	Supply Requ./ha
	Qt
	0.61
	0.50
	0.31
	0.54
	0.66

	10
	Irrigation Area
	A
	21
	21
	21
	21
	21

	11
	Supply Req’t
	Q
	12.85
	10.54
	6.60
	11.28
	13.92

	12
	Hour of App/day
	hr
	21
	21
	21
	21
	21

	13
	Supp.Requ’t
	Q/d
	14.69
	12.05
	7.54
	12.89
	15.90

	14
	Supp.Req’t
	Q/d
	0.70
	0.57
	0.36
	0.61
	0.76

	15
	Design Supply
	q
	
	
	
	
	0.76

	
	
	
	
	
	
	
	

	Crop Name  :Tomato
	
	
	
	
	

	Planting Date:   Jan-15
	
	
	
	
	

	Harvesting Date:May-25
	
	
	
	
	

	Total area: 7
	
	
	
	
	
	

	S/N
	Designation
	Symbol
	Months

	
	
	
	Jan
	Feb
	Oct
	Nov
	Dec

	1
	ETO
	Eto
	103.7
	108.4
	121.3
	116.6
	109.6

	2
	Crop factor
	kc
	1.075
	0.7
	0.4
	0.75
	1.017

	3
	Crop Evapo trans.
	ET crop
	106.29
	97.56
	54.585
	93.28
	115.1

	4
	Rainfall
	p
	8
	34
	14
	3
	1

	5
	Effective Rainfall
	pe
	0
	10.4
	0
	0
	0

	6
	TNI requr.
	INT
	98.29
	63.56
	54.59
	93.28
	115.08

	
	
	
	3.28
	2.12
	1.82
	3.11
	3.84

	7
	Project eff.
	ep
	0.67
	0.67
	0.67
	0.67
	0.67

	8
	TGI Requ.
	Lt
	146.71
	94.87
	81.47
	139.22
	171.76

	
	
	
	4.89
	3.16
	2.72
	4.64
	5.73

	9
	Supply Requ./ha
	Qt
	0.57
	0.37
	0.31
	0.54
	0.66

	10
	Irrigation Area
	A
	5
	5
	5
	5
	5

	11
	Supply Req’t
	Q
	2.83
	1.83
	1.57
	2.69
	3.31

	12
	Hour of App/day
	hr
	21
	21
	21
	21
	21

	13
	Supp.Requ’t
	Q/d
	3.23
	2.09
	1.80
	3.07
	3.79

	14
	Supp.Req’t
	Q/d
	0.65
	0.42
	0.36
	0.61
	0.76

	15
	Design Supply
	q
	
	
	
	
	0.76

	

	Zone :-East Shawa Zone
	
	
	
	
	
	

	District :Ada'a
	
	
	
	
	
	

	Crop Name  :Onion
	
	
	
	
	
	

	Planting Date: May-10
	
	
	
	
	
	

	Harvesting Date: Aug-1
	
	
	
	
	
	

	Total area: 14
	
	
	
	
	
	

	S/N
	Disgination
	Symbol
	Months
	

	
	
	
	May
	Jun
	Jul
	Aug
	

	1
	ETO
	Eto
	134.2
	111.1
	101.4
	99.4
	

	2
	Crop factor
	kc
	0.5
	0.75
	1
	0.775
	

	3
	Crop Evapo trans.
	ET crop
	67.1
	83.33
	101.4
	77.04
	

	4
	Rainfall
	p
	73
	107
	178
	230
	

	5
	Effective Rainfall
	pe
	33.4
	60.6
	117.4
	159
	

	6
	TNI requr.
	INT
	33.7
	22.73
	-16
	-81.97
	

	7
	Project eff.
	ep
	0.67
	0.67
	0.67
	0.67
	

	8
	TGI Requ.
	Lt
	50.3
	33.9
	-23.9
	-122.3
	

	9
	Supply Requ./ha
	Qt
	0.2
	0.1
	-0.1
	-0.5
	

	10
	Irrigation Area
	A
	14
	14
	14
	14
	

	11
	Supply Req’t
	Q
	2.72
	1.83
	-1.29
	-6.61
	

	12
	Hour of App/day
	hr
	21
	21
	21
	21
	

	13
	Supp.Requ’t
	Q/d
	3.10
	2.09
	-1.47
	-7.55
	

	14
	Supp.Req’t
	Q/d
	0.22
	0.15
	-0.11
	-0.54
	

	15
	Design Supply
	q
	0.22
	
	
	
	

	Crop Name  Chili
	
	
	
	
	

	Planting Date:    Jun 1
	
	
	
	
	
	

	Harvesting Date: Oct-5
	
	
	
	
	
	

	Total area:13
	
	
	
	
	
	

	S/N
	Designation
	Symbol
	Months
	

	
	
	
	Jun
	Jul
	Aug
	Sep
	

	1
	ETO
	Eto
	111.1
	101.4
	99.4
	101.2
	

	2
	Crop factor
	kc
	0.35
	0.75
	1.05
	0.95
	

	3
	Crop Evapo trans.
	ET crop
	38.89
	76.05
	104.37
	96.14
	

	4
	Rainfall
	p
	107
	178
	230
	99
	

	5
	Effective Rainfall
	pe
	60.6
	117.4
	159
	54.2
	

	6
	TNI requr.
	INT
	-21.715
	-41.35
	-54.63
	41.94
	

	7
	Project eff.
	ep
	0.67
	0.67
	0.67
	0.67
	

	8
	TGI Requ.
	Lt
	-32.4
	-61.7
	-81.5
	62.6
	

	9
	Supply Requ./ha
	Qt
	-0.1
	-0.2
	-0.3
	0.2
	

	10
	Irrigation Area
	A
	23
	23
	23
	23
	

	11
	Supply Req’t
	Q
	-2.88
	-5.48
	-7.24
	5.55
	

	12
	Hour of App/day
	hr
	21
	21
	21
	21
	

	13
	Supp.Requ’t
	Q/d
	-3.3
	-6.3
	-8.3
	6.3
	

	14
	Supp.Req’t
	Q/d
	-0.1
	-0.3
	-0.4
	0.3
	

	15
	Design Supply
	q
	
	
	
	0.28
	

	
	
	
	
	
	
	
	

	
	
	
	
	

	Planting Date:  Jun-5
	
	
	
	
	
	

	Harvesting Date: Oct. 10
	
	
	
	
	

	Total area: 25
	
	
	
	
	
	

	S/N
	Designation
	Symbol
	Months

	
	
	
	Jun
	Jul
	Aug
	Sep
	Oct

	1
	ETO
	Eto
	111.1
	101.4
	99.4
	101.2
	121.3

	2
	Crop factor
	kc
	0.45
	0.8
	1.05
	1.025
	0.9

	3
	Crop Evapo trans.
	ET crop
	50
	81.12
	104.37
	103.73
	109.17

	4
	Rainfall
	p
	107
	178
	230
	99
	14

	5
	Effective Rainfall
	pe
	60.6
	117.4
	159
	54.2
	0

	6
	TNI requr.
	INT
	-10.61
	-36.28
	-54.63
	49.53
	109.17

	7
	Project eff.
	ep
	0.67
	0.67
	0.67
	0.67
	0.67

	8
	TGI Requ.
	Lt
	-15.83
	-54.15
	-81.54
	73.93
	162.94

	9
	Supply Requ./ha
	Qt
	-0.06
	-0.21
	-0.31
	0.29
	0.63

	10
	Irrigation Area
	A
	25
	25
	25
	25
	25

	11
	Supply Req’t
	Q
	-1.53
	-5.22
	-7.86
	7.13
	15.72

	12
	Hour of App/day
	hr
	21
	21
	21
	21
	21

	13
	Supp.Requ’t
	Q/d
	-1.5
	-5.0
	-7.5
	6.8
	15.1

	14
	Supp.Req’t
	Q/d
	-0.1
	-0.2
	-0.4
	0.3
	0.7

	15
	Design Supply
	q
	
	
	
	
	0.72

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Crop Name  Tomato
	
	
	
	
	

	Planting Date:    Jun-5
	
	
	
	
	
	

	Harvesting Date: Oct-25
	
	
	
	
	
	

	Total area:13
	
	
	
	
	
	

	S/N
	Designation
	Symbol
	Months

	
	
	
	Jun
	Jul
	Aug
	Sep
	Oct

	1
	ETO
	Eto
	111.1
	101.4
	99.4
	101.2
	121.3

	2
	Crop factor
	kc
	0.4
	0.75
	1.017
	1.017
	0.7

	3
	Crop Evapo trans.
	ET crop
	44.44
	76.05
	101.09
	102.92
	84.91

	4
	Rainfall
	p
	107
	178
	230
	99
	14

	5
	Effective Rainfall
	pe
	60.6
	117.4
	159
	54.2
	0

	6
	TNI requr.
	INT
	-16.16
	-41.35
	-57.91
	48.72
	84.91

	7
	Project eff.
	ep
	0.67
	0.67
	0.67
	0.67
	0.67

	8
	TGI Requ.
	Lt
	-24.12
	-61.72
	-86.43
	72.72
	126.73

	9
	Supply Requ./ha
	Qt
	-0.09
	-0.24
	-0.33
	0.28
	0.49

	10
	Irrigation Area
	A
	13
	13
	13
	13
	13

	11
	Supply Req’t
	Q
	-1.21
	-3.10
	-4.33
	3.65
	6.36

	12
	Hour of App/day
	Hr.
	21
	21
	21
	21
	21

	13
	Supp.Requ’t
	Q/d
	-1.4
	-3.5
	-5.0
	4.2
	7.3

	14
	Supp.Req’t
	Q/d
	-0.1
	-0.3
	-0.4
	0.3
	0.6

	15
	Design Supply
	q
	
	
	
	
	0.56


4.19. Irrigation planning and irrigation scheduling

Irrigation depth (d= (p.sa)*D/Ea)

Irrigation scheduling based on crop water requirement calculation

Irrespectively of the mode (computerized or manual) to be adopted in preparing an irrigation schedule, the following parameters will be required:

· Cropping programmed

· Daily water requirements of the different crops (ETc) at the different stages of their growth

· Root zone depth at the different growth stages of each crop (RZD)

· Total available soil moisture (SMta)

· Allowable soil moisture depletion level (P)

· On-site rainfall data 

Depth of irrigation application is the depth of water that can be stored with in the root zone between the so called field capacity (Sfc) and the allowable level the soil water can be depleted for a given crop, soil and climate. 

The level of maximum soil water tension or maximum soil water depletion tolerated to maintain potential crop growth varies with type of crop. The depth of water readily available to the crop is defined as p.sa where Sa is the total available soil water (Sfc-Sw) and P is the fraction and/or growth. The value of p depends mainly on type of crop and evaporative demand. These proposed crops such as, onions, Chili, Cabbage and Tomato require relatively wet soil to produce acceptable yields.

Table; .  Proposed crops irrigation depth

	No
	Cops
	intial stage
	Crop 
development stage

	
	
	Effective root Depth(cm)
	Sa (mm/m)
	“P-value”
	P*Sa
	Ea=application efficeincy 
	Irrigation depth (mm)
	Effective root Depth(cm)
	Sa (mm/m)
	“P-value”
	P*Sa
	Ea= application efficeincy 
	Irrigation depth (mm)

	1
	Onion
	0.1
	170
	0.25
	42.5
	0.75
	6
	0.3
	170
	0.25
	42.5
	0.75
	17

	2
	Chilli
	0.2
	170
	0.35
	59.5
	0.75
	16
	0.4
	170
	0.35
	59.5
	0.75
	32

	3
	Cabbage
	0.15
	170
	0.45
	76.5
	0.75
	15
	0.35
	170
	0.45
	76.5
	0.75
	36

	4
	tomato
	0.2
	170
	0.4
	68
	0.75
	18
	0.4
	170
	0.4
	68
	0.75
	36


	No
	Cops
	mid-season

 stage
	late season

 stage

	
	
	Effective root Depth (cm)
	Sa (mm/m)
	“P-value”
	P*Sa
	Ea= application efficiency 
	Irrigation depth (mm)
	Effective root Depth(cm)
	Sa (mm/m)
	“P-value”
	P*Sa
	Ea= application efficiency 
	Irrigation depth (mm)

	1
	Onion
	0.5
	170
	0.25
	42.5
	0.75
	28.3
	0.5
	170
	0.25
	42.5
	0.75
	28

	2
	Chili
	0.6
	170
	0.35
	59.5
	0.75
	47.6
	0.6
	170
	0.35
	59.5
	0.75
	48

	3
	Cabbage
	0.6
	170
	0.45
	76.5
	0.75
	61.2
	0.6
	170
	0.45
	76.5
	0.75
	61

	4
	tomato
	0.7
	170
	0.4
	68
	0.75
	63
	0.7
	170
	0.4
	68
	0.75
	63


Source; (FAO 24.), Own data collected and Analyzed 
Irrigation interval (i= (p.Sa)*D/Eto crop)

	No
	Cops
	Initial stage
	Crop   development stage

	
	
	Effective root Depth(cm)
	Sa (mm/m)
	“P-value”
	P*Sa
	Eto mm/day
	Kc
	ETc mm/day
	Irrigation interval (days)
	Effective e root Depth(cm)
	Sa (mm/m)
	“P-value”
	P*Sa
	Eto mm/day
	Kc
	Etcr mm/dayop
	Irrigation interval (days)

	1
	Onion
	0.1
	170
	0.25
	42.5
	4.47
	0.25
	1.12
	4
	0.3
	170
	0.25
	42.5
	4.47
	0.75
	3.4
	4

	2
	Chili
	0.2
	170
	0.25
	42.5
	4.47
	0.35
	1.56
	5
	0.45
	170
	0.25
	42.5
	4.47
	0.75
	3.4
	6

	3
	Cabbage
	0.15
	170
	0.45
	76.5
	4.47
	0.45
	2.01
	6
	0.35
	170
	0.45
	76.5
	4.47
	0.75
	3.4
	8

	4
	Tomato
	0.2
	170
	0.4
	68
	4.47
	0.4
	1.79
	8
	0.4
	170
	0.4
	68
	4.47
	0.8
	3.6
	8


 Correct timing of irrigation application is of over-riding importance. Delayed irrigations particularly when the crop is sensitive to water stress, could affect yields, which cannot be compensated for by subsequent over watering. Timing of irrigation should conform to soil water deletion requirement of the crop which are shown to vary considerably with evaporative demand, rooting depth and soil type as well as with stages of crop growth. Therefore, rather than basing irrigation interval on calendar or fixed schedules, considerable flexibility in time and depth of irrigation should be maintained to accommodate distinct differences in crop water needs during the crop’s growing cycle.

Table; . Proposed crops irrigation interval

	No
	Cops
	mid-season  stage
	late season  stage

	
	
	Effective root Depth (cm)
	Sa (mm/m)
	“P-value”
	P*Sa
	Eto mm/day
	Kc
	ETc mm/day
	Irrigation interval (days)
	Effective root Depth(cm)
	Sa (mm/m)
	“P-value”
	P*Sa
	Eto mm/day
	Kc
	Etcrop mm/day
	Irrigation interval (days)

	1
	Onion
	0.5
	170
	0.25
	42.5
	4.47
	1.05
	4.69
	5
	0.5
	170
	0.3
	42.5
	4.47
	0.85
	3.80
	5

	2
	Chili
	0.6
	170
	0.25
	42.5
	4.47
	1.05
	4.69
	5
	0.6
	170
	0.3
	42.5
	4.47
	0.75
	3.35
	7

	3
	Cabbage
	0.6
	170
	0.45
	76.5
	4.47
	1.05
	4.69
	10
	0.6
	170
	0.5
	76.5
	4.47
	0.85
	3.80
	12

	4
	Tomato
	0.7
	170
	0.4
	68
	4.47
	1.05
	4.69
	10
	0.7
	170
	0.4
	68
	4.47
	0.8
	3.58
	12


For proposed crops critical period for soil water stress

Chili; flowering and pod setting period>earlier>ripening period. However, ripening period>earlier if not prior water stress. Cabbage: during head formation and enlargement. Tomatoes: when flowers are formed and fruits are rapidly enlarging.

Irrigation schedule 

This is a timetable which sat out the month and season when individual farmers may product theirs crops. It is based on the irrigation interval the number of the days between two consecutive irrigation’s and the application period of each irrigation. 

Table: 22. Production schedule pattern.

	T.N
	Production period
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec

	1
	Dry Seasons
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	2
	Wet Seasons
	
	
	
	
	
	
	
	
	
	
	
	


4.20. Recommendations

The cropping pattern is to be full intensity, and assumed to be re- designed after the first 5-Year production period, Extension work is also to be practical as per the required program and management approaches. Soil and water treatments with other related supportive activities are major during  the implementation time Agronomic measures like, strip cropping, mulching , inter cropping and crop rotation are expected to be practical properly  and the site agronomist should be awarded of that, Finally timely cultivation, properly in put provision as well as application is a critical factor for crop yield maximization.

5. Environmental Impact Assessment

5.1. Introduction

This Environmental Impact assessment study of the Koftu Adea irrigation project site which is located in Adea district of East Shoa zone is needed to identify negative and positive effect of the project due to its implementation on the area. The main purpose for the construction of an irrigation system is to enhance the productivity of farmers by ensuring the availability of water for irrigating crops and vegetables so as to enhance the livelihood of the society in the area. This environmental impact assessment examines the impacts of the implementation of Irrigation project during construction and operation stages and specifically, it examines at the environmental and social characteristics of the study areas on the existing environment, social infrastructure, other agricultural activities and services that are provided in this area. The report also suggest feasible measures that aim to avoid, reduce and mitigate negative impacts expected with this development; and recommend a comprehensive monitoring and management idea.

In this study a number of different environmental impacts have been identified which are directly caused by this irrigation project. 

These potential impacts are grouped into impact categories such as economic, socio-economic, natural resource and ecological impacts. This study had put its focus on impacts on natural resources and ecosystems which are closely related to in-field impacts on soil, water quality, hydrological issues and destruction of ecosystems due to irrigation development.

At Regional and zonal level small scale and large scale irrigation projects are planned to be implemented and this irrigation project is one of the planed Irrigation infrastructures in the district by AGP in this year. This irrigation project will contribute positively for the long plan of the regional government if it is implemented. More recently, the irrigation sector is assisted in well manner and the region has stepped up its efforts to bring additional irrigated area in the irrigation potential. 
5.2. Objectives 

Objective of the study is to identify the most possible adverse significant physical, biological and social impacts of the project by assessing possible alternatives that can help in eliminating or minimizing the most possible impacts of the project activities.

5.3. Methodologies

This environmental impact assessment report is prepared by reviewed relevant policy and strategy documents, particularly in the area of rural policy and strategy of the country, water sector policy and strategy. In addition to this field observation and public consultation with prepared questioner was able to be hold with key stakeholders at kebele level in order to know issues related to implementation of this irrigation project and their concerns in the area of irrigation development. Zonal study member also conducted field visits in order to be familiarized with the overall farming systems and socio- economic set up of the rural areas, particularly giving emphasis to the existing experience in irrigated agriculture and the impact of the system on the environment for the future. Different data are all gathered by eye observation, by asking local community which is accepted as primary data and by taking data from woreda expert and Development Agent of project site which is secondary data. 

Table 1:- Simple Checklist/Environmental screening format

	Environmental parameter
	Potential for Adverse Impacts 

	
	None 
	Low 
	Med 
	High 
	Unknown 

	Soil erosion or flooding concerns (e.g., due to highly erodible soils or steep gradients) 
	
	X
	
	
	

	Sedimentation and Siltation
	
	X
	
	
	

	Sound pollution 
	
	X
	
	
	

	Number of stream crossings or disturbances 
	X
	
	
	
	

	Air contamination/pollution during construction 
	X
	
	
	
	

	Creation of quarry sites or borrow pits 
	X
	
	
	
	

	Significant vegetation/biodiversity  removal 
	X
	
	
	
	

	Wildlife habitats or populations disturbed 
	X
	
	
	
	

	Environmentally sensitive areas disturbed 
	X
	
	
	
	

	Cultural or religious or heritage sites disturbed 
	X
	
	
	
	

	Involuntarily  resettlement  population
	X
	
	
	
	

	Economic or physical resettlement required 
	X
	
	
	
	

	New settlement pressures created 
	X
	
	
	
	

	New access (road) construction Other (specify): 
	X
	
	
	
	

	Water contamination due to concentration  of nutrients and pesticide 
	
	X
	
	
	

	Saline groundwater
	X
	
	
	
	

	Existing water sources supply/yield depletion
	
	X
	
	
	

	Natural hazards in floods
	X
	
	
	
	

	Increased Number of water users  due to improvement 
	
	
	X
	
	

	Significant aquatic removal
	X
	
	
	
	

	Increased social tension/conflict over  water allocation and user
	
	X
	
	
	

	Existing water users disturbed 
	X
	
	
	
	

	Downstream water users disturbed 
	X
	
	
	
	

	Sensitive ecosystems downstream disrupted 
	X
	
	
	
	

	Disturbance of economic activities leading to loss of property or income
	X
	
	
	
	


5.4. Policies, Legal and Administrative Frameworks

Policies

The Environmental Policy of Ethiopia (EPE, 1997), Water Resource Policy of the 1998, irrigation policy of 2003, Health Policy of 1998 and the 1998 Policy on HIV/AIDS  provides a number of guiding principles that require strong adherence to sustainable development. All this policies enhance and promote all national efforts towards efficient and optimum utilization of water resources of the country for socio-economic development on sustainable bases, govern the intended irrigation development Project, protects and promotes populations’ health and ensures friendly and healthy environment by controlling those environmental factors which are the direct and indirect causes for spread of environmental health related diseases and provides an enabling environment for the prevention and control of HIV/AIDS.

Laws

The 1995 Constitution of the Federal Republic of Ethiopia provides overriding principles and legal provisions for all legislative frameworks in the country, proclamations related to environmental protection and sustainable use of natural resources of the country, proclamation on rural land administration and land use and public health proclamation.
5.5. Description of the proposed project

The project site is selected by identifying whether it has irrigation resources such as irrigation water, irrigated land and users with their need. The selected site command area includes a group of farmers which are initially coming to gather to operate this irrigation activity. The planed command area was cultivated by rain fed and by this study it is planned to irrigate it with ground water. In the identification stage it could be approved and the area could be cultivated by irrigation system by selected irrigation system which is recommended for managing of water and applicable for the area. Before this time self-owner was used to cultivate the land to produce rain fed crops. In the past regime the irrigation structures were installed to cultivate this land. Know at this time sprinkler irrigation system with its full systems is planned on the field starting from the ground water source to pump irrigation water to designed field. Motor pump, motor house, delivery line, laterals and sub laterals and on field raisers are incorporated in this irrigation system. The contractor will construct its camp before starting construction of irrigation system to load construction material and construction will be completed within planned months. 

Offsite investments are not included in this irrigation project since access rod, raw material and other infrastructures are moderately available for constructing of this irrigation project. 

The project is found in the Northern part of Bishoftu town and south ward from Balbela Dam.

5.6. Description of the Environment (Base line data)

The studied area is in small watershed level and flow direction of the area is from northwest to south. The upstream area is largely made up of undulating and ragged with plateaus agricultural land and mountains with small grazing shrub land. The area is dominantly practicing agricultural activity with rain fed during short summer season. This activity has no effective economic change in the area because it was depending only on rain fed and animal husbandry which was not in modern way to produce high yield. The newly assumed irrigation plan has positive advantage in the environment in terms of economic income, short and long term job creation.  

Physical environment and clime 

The project area and its command topography is largely gentle slope with little undulation in the proposed command and big gully run adjacent of the command. The surrounding agricultural area is dominantly rain fed during summer season and some part of this land is irrigated by Balbala wadecha dam water source. The soil type of the area is confortable for irrigation activity in all area of this mini watershed. The climatic condition of the area is completely Bede dere/weyinadega and most of the time shortage of rain fall is not observed. Because of this sometimes farmers are attracted by rain fed agriculture with in summer and spring season. An erratic rain fall has run off during short summer season and hydrological flow is affecting upper stream by eroding to the Balbala dam, Modjo river and to surrounding gullies. In the area there are three types of crop season; early summer, late summer and winter season. 

The Northern surrounding area topography is mountainous namely gare dheka bora, Gare godino and gare yerer which is rain fed agriculture is activated on it. Water table is in shallow range which is found about 70 meter depth and this shallow well water source have not salinity problem as it is observed from symptom on filed grown vegetables and by simple physical water test. Almost all of the top soils are productive enough for irrigation purpose if full agricultural inputs are applied. Features like gullies, water ways and rivers channels are observed around the command which is starting its way from large watershed catchment and mountains like yerer. Irrigation structures of the project area are still existed partially but ﬂood protection and soil water conservation structures have been completely fallen and not observed. Before these irrigation projects, 90% of the land used to remain under fallow during winter season for a period of 7 to 8 months annually, while for the same period 10% of the land used to be irrigated by self-owners of local farmer by constructing shallow wells to deliver water by small diesel and electric motor pump and by Balbala dam water source. 
Biological environment  
Different acacia trees, shrubs on grazing and degraded land and endogenous trees such as eucalyptus, acacia, wanza, oda, Qilxu/warka, Harbu/Shola and shrubs are observed around the agricultural land, in settlement and on conserved mountain. The project plan cannot disturb any local social activity. Generally the area is out of protected area such as national parks, reserves and wetlands.

Socio-economic-cultural environment

The area population growth is increasing time to time and it has negative impact on land use of the area.  In some places sloppy lands are in use for agricultural purpose by expanding adjacent of their previous agricultural land. The society of the area have gotten a chance of different facilities and infrastructures such as health post, rural gravel roads and telecommunication access moderately and because of this morbidity, mortality, disease prevalence, nutritional status is moderately in save condition.  Potable water source is from ground and stream water. Economic income of the area is mainly agricultural and employment income trade activity is limited. Their agricultural activity have average yield which cannot pass over annual expenditure for agricultural input, house hold consumption including food and cloth.   

5.7. Stakeholder or public participation

Communication with the surrounding community was undergone and they have responded their willingness to participate in the project implementation and to resolve the issues which may arise during implementation through discussion. During discussion with beneficiaries and community their need and support during implementation was approved by their signature. 
5.8. Identification of potential Impacts and Mitigation Measures

Obviously the project has positive and negative effect on the environmental components of the study area. The protection from these negative impacts is the main objective of the study by enhancing the positive one. The intensive use of this ground water for irrigation purpose, non-manageable use of irrigation facilities on agricultural land has caused environmental impacts in the study area. Based on the objectives of the study, the identified impacts of the project on diﬀerent parameters of agriculture and environment are discussed below.

5.9. Impact assessment on agricultural land use and mitigation

General land use was largely dominated with rain fed and irrigation land using ground water and from Belbela dam is observed. The general land use was divided into different categories: settlement, wet land, agricultural land, grazing and degraded land including water ways and gullies. All these land uses are currently observed and this newly proposed irrigation project could change these land use to the intended direction by changing rain fed land to irrigation land effectively.

The total land requirement for constructing ground irrigation water source and area needed for constructing irrigation structure including pump house are permanent which can reduce agricultural land in minimum level. The construction sites will be a cause for noise, waste generation and potential pollution and all are relatively in small scale. 

5.10. Mitigation options for negative impacts

• All the contractor's facilities will require best practice management in terms of site sanitation; waste disposal etc. and social management also have to be included.

• The contractor's facilities should be completely removed before the end of the contract, unless required by the Employer, and the land restored to its previous condition or better. Note that satisfactory site restoration requires pre-planning (e.g. topsoil removal and storage) and tight contract supervision during hand over.

Impacts of Access road on agricultural land and mitigation

The contractor will need access which connects the construction site to the main roads to transport construction materials. But some of the access roads will become permanent roads as part of the project e.g. the service roads along the delivery line and O&M material transportation will remain as permanent road.

Temporary access road will be required across cultivated land, involving loss of crops where vegetables are grown and soil compaction, across the command area and up to the edge of constructed ground water point. Construction material transportation will be rock, sand and other construction material including heavy ground water drilling machine. Heavy transportation truck will cause rapid deterioration of unpaved roads if they are used for loading during and immediately after rain.

Mitigation options:

Temporary access must be negotiated with all affected individual users, and materials should be transported on dry season.

• Temporary access should not be permitted in the sensitive wetlands along the command area and elsewhere around the proposed command.

• After use, all temporary access routes on cultivated land or pasture (grassland) should be restored to their previous condition or better. This will involve the removal of all non-soil material, deep ripping to dismiss compaction; and the replacement of topsoil if this has been destroyed or removed.

5.11. Impacts of Obtaining Construction Materials from quarry site and mitigation

The contractor will require selected materials for construction, specifically stone for motor house masonry work, for irrigation structure iterance rip-rap construction and various grades of aggregates sand, gravel, crushed rock for plastering and concrete and these will have to be sourced locally.

The project will require quarries for rock and sand and this need should be sited, accessed, operated and closed so as to avoid sensitive sites by minimizing impacts on land users and avoid the creation of safety or health hazards (e.g. steep slopes, malarial ponds). The project will also require sand and possible source might be the beds of the new and old River channels, which are already in use for construction purpose. Sand mining is an important activity locally, especially for youth. However, sand mining from rivers is associated with habitat destruction due to changes in channel morphology. Note that individual borrow pits and quarries may need prior approval from the regional environmental regulator.

Mitigation options:

• Maximize the re-use of excavated materials in the works, as fill.

• Quarry sites for sand and rock should be used carefully so as to minimize impacts on existing land use.

• Strip all available topsoil from borrow pits and quarries and store it safely for use in site restoration.

• Operate quarries and borrow pits so as to avoid the creation of steep slopes hazardous to livestock and children, and keep them drained so as to avoid the creation of potentially malarial pools.

• Close all borrow pits and quarries in accordance with an approved plan to maximize their long-term biological productivity (capacity for plant growth) and minimize health and safety hazards.

5.12. Waste Management and Pollution and mitigation

The construction process of these ground water and irrigation operation will involve the creation of various solid and liquid wastes and the use of hazardous materials (fuels, oils) in and near sensitive water environments.

Construction of deep ground irrigation water source will result in the creation of various solid wastes, principally surplus earth and rock, metal scraps, plastics wrappings and containers, paper, wood, community wastes in camp, kitchen wastes, various liquid wastes including used diesel and oils, concrete washings, runoff to water and various liquid waste streams from construction will affect the surface water quality effectively. In other way irrigation activity also involves pesticides, herbicides and fertilizer chemicals as irrigation inputs. The intensively use of these irrigation inputs could contaminate water and soil. Contaminated water and soil is also injurious to plant growth and must be removed. Contamination of water is potentially more serious since pollutants may move fast and the receiving environment is highly sensitive.

Mitigation options:

• Effective waste management requires the identification of all waste streams, development of appropriate management methods such as reduce, re-use, recycle, area of the project together with the necessary worker training. On large construction projects this is done through a formal Waste Management Plan. 

• The risk of accidents involving hazardous materials such as fuel can be minimized by a standard best practice approach involving such basic protections including built impervious concrete platforms with oil and grease traps, and standard operating practices for refueling mobile equipment (motor pump, vehicles) such as a minimum 25 m from shallow well water source or any water channel. 

• Oil spill control and cleanup equipment should be kept at with a small kit in every motor house.

• Selected workers should be trained in full use of the equipment.

5.13. Conclusion and Recommendations

Agriculture still remains to be the leading sector in the national economy and this area is gifted with a wide range of natural resources such as land, irrigation potential and agro ecological favorable for the growing of various crops. However, these natural resource bases are not getting sufficient attention for the wise use and sustainable utilization in order to bring positive impact and sustainable development in the overall economic development of the project area.

Regardless of, the huge potential that the area has in terms of ground water and land availability, which are in most cases suitable for irrigation development, irrigation development is in its infancy stage and the area is not benefiting from the sub-sector accordingly. The major production constraints that impede the development of the sub- sector among others are predominantly primitive nature of the overall existing production system, shortage of agricultural inputs and low level of user’s participation in the development and management of irrigated agriculture, limited trained manpower and inadequate extension services.

However, the fact is that the importance of irrigation development, particularly at small holders’ level need prime consideration to raise production and achieve food self-sufficiency and ensure food security at household in particular and national levels at large.
6. Watershed Management

6.1. Introduction 
The selected watershed for irrigation project is found in Koftu kebele which is located in East Shewa Zone of Adea district. Past land use of the project area is largely rain fed agricultural including some little irrigation activity with Belbela wedecha dam water source.  The proposed irrigation command area was cultivated by self-owner to cultivate it with rain fed during summer season. But this command was incorporated in Belbela wedecha irrigation project design during the first lay out of irrigation structure and still there is a failed surface irrigation structure on command. The area topography is comfortable for agricultural activity except irrigation water is not sufficiently used to produce crops during winter season.  In the surrounding area population density is considered as a serious erosion and degradation problem due to marginal lands are used as agricultural land. Land degradation in the area is also caused by human activities such as inappropriate land use by agronomic practices and administration problem of communal lands in protecting and conservation that leads to degradation of forest, soil and water. Other cause of degradation in the area is expansion of agricultural lands on to forests and marginal lands, land ownership problems and inappropriate agricultural practice. 

The protection and sustainable management of watershed, particularly around areas where irrigation project structures will be installed, is not properly implemented to stabilize the physical and biotic environment for the effective functioning of the ecosystem that is needed to sustain and improve the quality of life. Watershed protection and development can increase the life span of Storage Dams, irrigation canals and other structures; improve available water for irrigation; and enhance crop yields through sustained production. The purpose of watershed management study in this irrigation project is to incorporate the promotion of soil conservation techniques; for rehabilitation of degraded sites; for development of viable agro-forestry practices; for protection of biodiversity and promotion of water conservation measures. 

6.2. Objective 
The study of watershed was under taken with the following specific objectives.

· To prevent soil erosion in catchment area and reduce sediment deposition in the irrigation scheme (irrigation canal) and in water source.

· To protect, conserve and improve the land resources (soil) for efficient and sustainable productivity.

· To prevent the irrigation command from runoff accumulation and keep out the water logging problems.

6.3. Methodology

In this study primary data was collected by transect walk throughout the watershed area to observe topography of the area, vegetation coverage, soil types, form of soil erosion observed in the area and through well designed and pre-tested interview for  male and female respondents of irrigation group members. Data was collected through situation studies, group discussions and participatory rural assessment exercises. The secondary data collected from development agents and woreda expert by using readily made questionnaires and by making discussion with the concerned experts and by asking the local people and discussing with elders. The study approaches and procedures exercised during different stages of the study include pre-field work, fieldwork, and post fieldwork activities. The study conducted mainly by primary data collection.

6.4. Policies

Environmental policy
Environmental Policy of Ethiopia improve and enhance the health and quality of life of all Ethiopians, and to promote sustainable social and economic development through the complete management and use of natural, human-made and cultural resources and the environment as a whole. In doing this present generation need is encountered without compromising the ability of future generation to meet this own needs. Soil gardening, Forest wood land, ecosystem biodiversity, water resource, energy and mineral resources issues are also section of this policy in fighting desertification. 

 Water Resource Management Policy 
Water Resource Policy addresses environmental conservation and protection as an integral part of water resources planning and project development. The overall goal of this policy is to enhance and promote all national efforts towards efficient and optimum utilization of water resources of the country for socio-economic development on sustainable bases. Of these water resource policy objectives conserving, protecting and enhancing water resources and overall aquatic environment on sustainable basis is the main one.

Rural Land Administration and Use Proclamation

Rural Land Administration and Use Proclamation came into effect to conserve and develop natural resources in rural areas of the country by promoting sustainable land use practices. In order to encourage farmers to implement measures to guard against soil erosion, the proclamation introduces rural land holding certificate, which provides a level of security of tenure. 

Part of the proclamation presents regulations relating to the use of rural land, particularly as it relates to soil and water conservation and watershed management. The proclamation also addresses environmental concerns, including non-compliance with directives on environmental protection.  

6.5.  Description of the water shed area 
Project description

Koftu Adea irrigation project and its surrounding is found in Koftu kebele of Adea woreda which has small irrigation land by small land holders and manly practiced there agricultural activity by rain fed during summer season. The project is planned for grouped members to irrigate with sprinkles irrigation system. Mostly this agricultural land remains fallow during late spring up to early summer.

Command Area

The proposed command area is prepared for grouped farmers to irrigate the land with selected irrigation to design for a total command of 80 hectare and with 75 hectare of net irrigation area. This area of land is owned by number of grouped farmers. The command has suitable topography and soil type for irrigation purpose. 

Shape and Size

Most of the time Shape and size of the project area is the main characters that define the watershed. A water shed which is long and narrow is likely to have a lower run off than one which is broad and compact. If the size of watershed is so great then run off cannot be produced easily with small rain fall but if the rain fall is heavy for a long duration such watershed can produce large run off. The proposed project area also has not large and compacted shape and it cannot produce large run off in the command. But heavy rain fall from remote mountainous area flood is collected and pass adjacent of this watershed along roads and gullies. 

Land use 

Of the total kebele geographical area cultivated land is about 3365 ha. Of the cultivated land, about 813 ha is irrigated and the remaining 2552 ha is rain fed. The bush and shrubs area is also observed in the kebele on mountains and along gully sides. Grazing and degraded land also found with this bush and shrub land. The per capital availability of land declined from time to time and is estimated to reduce further to 4-1.5 ha by this time.
	Land use types
	Hectare

	Agricultural land
	2552

	settlement
	888

	Forest
	125

	grazing
	2.5

	Wet land
	28

	Total
	3595.5


Erosion and land degradation       

Land degradation of this project area has not deteriorated in large quality of land by both water erosion and wind erosion because of the soil type is heavy clay. Today, more of the area requires special treatment to restore greatly marginal lands to maintain its productivity & profitability. Top soils are lost annually along with valuable plant nutrients such as Nitrogen, Phosphorus, Potassium and micro nutrients with sheet erosion. As a result of the loss of top soil with nutrients, agricultural production is minimized time to time. Thus, the management of basic natural resources of soil, land and water assumes special importance and plays a vital role, in improving the area economy and environment. The main type of land degradation in this area is soil erosion from agricultural and from all other land uses. 

Gullies
Adjacent of the command, pedestrian road is affected by run off coming from distant and from surrounding agriculture. In the Northern part of this mini watershed, gullies are in the formation stage which is collected from the agricultural land and mountains of the surrounding area. These gullies are as a result of surface runoff at short summer season affecting the soil material resulting in the formation of observable channels causing undulated terrain. Gullies are the first stage of excessive land dissection followed by their networking which lead to the development of eroded land in this area. 

Population 
The population density of the area has its own pressure on natural resource by extensive use of agricultural inputs, by extensive use of fish from dam water and over grazing at the mountains and on grazing land. Therefore this population density has negative impact on different natural resource such as grazing land and forest land on mountainous part and even on aquatic population of fish is affected due to consumptive use and business source in daily activity. 

6.6. Major problems of the area
The study area and its surrounding is partly affected with drought in different time with some years interval. Rain fed agriculture is highly affected with sheet erosion during rain fall season. Even if the area has a chance, Irrigational activities are limited in little agricultural land in dispersed way in this kebele area. Erosion from the remote agricultural land and from settlement is interring into the gullies with high volume of soil nutrient content which minimizes fertility of agricultural land. High cattle population density on non-protected mountains and gully margins also affecting by over grazing. Fishing activity also has its own problem on fish population since different people use different mechanism to catch fish without separating it in its size and age for consumptive purpose.      

Infrastructure and Social Issues: There is moderate access to safe potable water and most households depend upon deep ground water source and streams for drinking. The area is served by the weather and gravel road which is connecting this kebele to Bishoftu town. Primary schools, FTC and health posts are found even if their quality is not sufficient enough in service giving.

Farming Systems: Rain fed crop production is the main economic activity in addition to small level of irrigation and micro level trading including vegetables at Bishoftu Town and in the village. Major agricultural lands are cropped for rain fed agriculture each year. Teff, wheat, barley, maize, chickpea, lentil and other crops are main rain fed grown crops on the area. Oxen are very important as most primary and secondary cultivation is with ox drawn equipment. Irrigation is practiced in small scale from belbela dam water source by few pump owned farmers. They use small diesel pump to deliver water for their farm land from main canals. The main crops produced by this irrigation system are onion and tomato; in addition to this cabbage, green paper, qosxa, selaxa  and zukuni are also observed in minimum level.  

Livestock Production and Fisheries: The livestock resource in the Project area is made up of cattle. Other livestock in the area are sheep, goats, equines, and poultry. In spite of large numbers of livestock in watershed, their productivity is much lower than their potential due to poor nutrition and health problems. 

Fisheries activity in the watershed is depending on belbela river and on the dam resorvior. The production system is not in amendable since there is no limitation to collect fishes from the Lake without selection of fish’s size and their age for consumption purpose. This activity affects both fish production potential and the surrounding producers.   

Soil and water Conservation Activities: The Bureau of Agriculture promotes conservation activities in this watershed area, but the activities are not sufficient enough to protect soil erosion in the area. Agricultural lands are cultivated without any soil water conservation measures. There is no enough conservation measures introduced earlier in most of these mountainous and agricultural lands and physical structures made by the society such as stone bund, stone faced soil bund, soil bunds, fanyajo and biophysical structures such as eye brow, herring bon, half-moon and trenches are technically not sufficient to protect soil erosion and are unpopular. Mountainous parts are only protected from cattle grazing and human interferences from deforestation.

Forestry: The Bureau of Agriculture is promoting afforestation and farmers have accepted tree growing to some extent. Farmers have been involved in tree planting on the mountains and hills but protection and conservation for planted tree is not sufficient to grow and to survive completely. Naturally grown bushes and shrubs are observed on mountainous, rocky & hills, along gullies and in large agricultural land. Small number of big acacia trees, Oda, wanza, Harbu, eucalyptus and deciduous trees are dispersed and observed in the agricultural land and in the settlements. 

6.7. Topography and soil type
The land form of this water shed is even with gentle to moderate slope range. Command area and its surrounding slope with the percentage of the total area are shown in the following table. The major land form in the command area is gentle slope not greater than 1%.  Most agricultural lands in mini watershed and adjacent are dissected by gullies. The mini watershed (total koftu kebele) land slope is described as follow.

	Slope 
	Percentage of the total area

	0---5
	90%

	6---10
	8%

	10-15
	2%


6.8. Conclusion and Recommendation 

 Conclusion

Even if soil texture type is not simply vulnerable for soil erosion by rain fall and run off as light silt loam soil type, erosion is serious problem in this watershed due to strong linked with livelihoods of the community like over grazing and deforestation due to population pressure and topography of the area; resulted high amount of soil erosion. Watershed based land use planning work is not well established (developed) in the area. Physical and biological soil and water conservation structures are not well constructed. Surface water harvesting structures are almost not observed and community ponds, family ponds and other structures are not effectively functional. 

 Recommendation 
To solve the problems of soil degradation in the watershed great extension and soil water conservation technology application should be practiced. 

To solve the problem of watershed based land use planning in the area at all levels watershed principles; ways of management and its importance should be cleared and trained. 

The flood comes from upper catchment should be treated by different types of soil and water conservation structures and the excess amount of flood should be protected by constructing physical structures near the gully side in order to protect from increasing of gully sides width with public participation. 
7. Geology                             

7.1. Introduction and Background
Of all the substances that are necessary to life on the earth, water is by far the most important to sustain life. Water is abundant, yet frequently scarce and characterized by uneven spatial and temporal distribution. The study area is located in the Northeast outskirt of Bishoftu town of Ada’a district. Bishoftu town is at 42 km in the east of Finfinee, capital city of Oromia. Currently, the city and project area community use groundwater to meet their various needs such as domestic water supply, irrigation and other water demand. 

As the Area belongs to upper Awash catchment it is rich in groundwater in response to the ambient rainfall available for recharge, Bishoftu lakes are manifestation of this. Moreover, pervious works on Ad’a Becho plane groundwater potential study (WWDSE, 2008, 2012) confirmed resourcefulness of the area. Hydrogeological settings in integral with all geological condition also favor the occurrence and movement of groundwater in the area.
Rift valley and its environment are important area in the country in connection with their water resources. It is where lakes useful for agricultural production and recreation are present. Highlands adjacent to the study are important agricultural areas using both rain-fed and irrigation from closely spaced rivers and tributaries draining high altitude areas that get large annual precipitation.

In order to manage equitable distribution of water in the area, determination of total available resources is critically important. Information about the temporal and spatial distribution, as well as dynamics of the resource, is important to plan for areas of more feasible development; and the alternative uses of the available resources. 
7.2. Objectives of the Study
The principal objective of the study is to conduct hydrogeological investigations for selecting of feasible site for deep well drilling.
It is to undertake hydrogeological survey and select potential groundwater site that will serve as water for irrigation.
         Specific Objectives

To select or propose groundwater potential sources of boreholes (BHs) for small scale irrigation purpose of Korfu kebele.  

identify  groundwater potential area

 select borehole site for drilling, propose drilling method, diameter and target depth

7.3. Physical description of the project area

Location and Accessibility
Project area is part of Central Ethiopian Rift Valley catchment; located in Oromia Regional State East Shoa Zone in Adea District at a distance of 45km from Capital city of the region (finfinne) in the east direction and from the district- 20km far. 

 The study area is accessed by the all-weather gravel road of from bishoftu -potential site road after branching from the highway asphalt road from Finfinne to Bishoftu. There are also many foot paths through the study area which are concentrated in the central part. 
Generally, topographic setting of the area is extensive flat plain however the location of the study area is elevated with respect to the northeast and north sections. The topography rises locally from north to East west, in the NES dense center of scoria cones and acidic domes marks the boundary which is aligned in the NNE with respect to this specific locations. The formation of those Bishoftu 7 lakes has to do with these volcanic centers propagation as part of the famous Wonji fault trend (NNE). Notably, the area is tiny part of tectonically modified part of great Ethiopian rift system. 

The locality also fall in upper part of awash basin specifically identified as Ada’a plain which is known of best productive corner of the basin with ambient groundwater reserve. Groundwater study by WWDSE, 2008, 2009, 2012 depicted considerable volume of water which discharges is as big as 20-50l/s on average. Moreover, the concentrated 7 crater lakes around Bishoftu by itself are live witness of potential water resource of the area regardless possible site specificity where geology and tectonics determines the movement and storage.   

Except aforementioned lakes there is no perennial river flowing by as surface water; however, rainy season drainage dominantly flows toward east direction with local erratic flow. During rainy season there is the tendency of water residing on gentle plains of Ada’a. Likewise, the western boundary of this project site has an open field elongated in the north south direction which northern end is gentle slope where water stays based on rainfall duration and intensity situations.
Generally, the study area has good accessibility and it is accessible during all season.                                                                                                                                                                  In this work, all maps are referenced by Zone 37, UTM and Adindan. 
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Figure 1 Location map of the study area and appropriate site
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 Figure 1 location map of the study area with catchment
7.4. Scope of the study and water demand
   The report is to describe useful technical information regarding groundwater condition of the area based on important data gathered from desk study and field survey. Therefore this work may cover: 

· Briefly about the prevailing condition of the project area

· Important technical information with regard to existing water supply system of the study areas

· Water resource condition of the area

7.5. Initial Assessment

A team comprising all study teams (Hydro geologist, engineering and other disciplines) has made a visit to project site to collect important data. The team travelled to the study site to collect information and available data which help for the study & design. Data collected majorly include hydrogeological settings of the scenario, existing schemes conditions that is well history and surveying data as well as agronomist to generate primary data. 

7.6. Existing Water Supply System

According to the site visit and information obtained from representative of the Organizations the major water scheme is borehole. During field visit about ten wells were inventoried of which two are located in the compound the rest some distance far, it is located 1-2.5 km from the study site. 
                                

 The water supply sources of the city is listed as table below including some data’s from Bishoftu.
                                                  Location          Depth    Year     Altitude  Yield(l/s)
Local Name   Easting Nothing G.C 
Shumbra Meda          500893 973736 72.65 1988 1908 
5

         “                       500426 943847 76.6 1988 1890 
15

    Dambi                   492821 969251 116.3 2005 1905  
5.3

Source:Bishooftuu structural plan preparation project, Oromia urban planning institute, April, 2009.

7.7. Approach and Methodology of the study 
Proper methodology has been followed to investigate the water resource of the area and select site for drilling. These contextual methodologies employed include.

· Review of pervious works

· Geological/ Geomorphological survey

· Hydrogeological investigation 


· GIS and Global mapper data manipulation 

7.8. Climate and Temperature
Climatic Zones and Temperature

The climate of Ethiopia ranges from equatorial desert to hot and cool steppe, and from tropical savannah and rain forest to warm temperate, from hot lowland to cool highlands. 

The altitude is ranging from 110 meters below sea level in the Dalol depression up to 4,620 meters above sea level in Ras Dashen in the Semen Mountains Massif. Based on altitude, the climate can be classified in to five groups:
Table 1: temperature-altitude r/p of the Ethiopian climate, (empda, 1984 
	Altitude (m.a.s.l)
	Mean annual temp  (0C)
	Description
	Local name

	3,300 and above
	10 or less
	Cool
	Kur

	2,300 - 3,300
	10 – 15
	cool temperate
	Dega

	1,500 - 2,300
	15 – 20
	temperate
	Weina Dega

	500 - 1,500
	20 – 25
	Warm temperate
	Kola

	below 500
	25 and above
	Hot
	Bereha


So the study area is categorized under weina dega climate, which is elevation is above 1890m. 

 Rainfall

The spatial and temporal variation of rainfall in Ethiopia is strongly controlled by the inter-annual movement of the position of the Inter Tropical Convergence Zone (ITCZ). 
During its movement to the north and south of the equator, the ITCZ passes over Ethiopia twice a year and this migration causes the onset and withdrawal of winds from north and south. 

The ITCZ represents a low-pressure area of convergence between Tropical Easterlies and Equatorial Westerly’s along which equatorial wave disturbances take place.

When the ITCZ is located northern of Ethiopia, the northeasterly winds from southwest reach to most parts of Ethiopia. During this time, the Trade Winds from the north retreat. 
When the ITCZ is located in the south, the Trade Winds from north drifts the equatorial winds. This periodical anomaly of winds causes seasonal rainfall variability.

The big summer rains or Keremt rains occur when the ITCZ is found north of Ethiopia. During this period the whole country is under the influence of Equatorial Westerlies from South Atlantic Ocean and southerly wind from the Indian Ocean. 

When the ITCZ moves to the south, the country will be under the influence of continental air currents from north and northeast. These winds originate from North Africa and west Asia and are cold and dry. In spring (March, April, May) the ITCZ lies in the southern part and a strong cyclonic cell (low pressure area) develops over Sudan. Winds from the Gulf of Aden and the Indian Ocean (anticyclone) blow across central and southern Ethiopia and form the relatively smaller Belg rains.

Based on the annual rainfall distribution patterns, three major rainfall regimes can be identified.

· The south-western and western areas of the country which are characterized by monomodal (single peak) rainfall pattern, the length of the wet season decreasing northwards.

· The central, eastern and northeastern areas of the country experience a nearly bimodal (two peak) rainfall distribution. These are the Belg rains (February to May) and Kiremt rains (June to September).

· The southern and southeastern areas of the country are dominated by a distinctly bi-modal (two peak) rainfall pattern. Rain falls during September to November and March to May with two distinct dry periods separating the two wet seasons. Based on the rainfall distribution of the country the study area is under monodial rain fall distribution which means the rain season are belg and kiremt rains.
 Climate is one of the most crucial parameters considered in any groundwater exploitation and usage. AccordingtoTable1. Temperature-altitude relationship of the Ethiopian climate, (EMPDA, 1984) classification, most of Water supply well sites are classified in the Tropical (local name, Kola) climatic zone. The average annual rainfall of the area varies spatially from about 860mm of the study areas. The mean daily temperature also varies between 160C and 240C in different physiographic areas. 

7.9. Geomorphology 
Koftu area is rounded by mountain and gentle slopes inside of the project area. The area is easy for trench excavation and for mobilization of construction. Most of the pipe route and koftu area are mainly characterized by flat ground. 

There is one seasonal river that drains in the project area. Balballa dam which is perennial in west direction of the wells. 

On this river there is a traditional irrigation experienced supplies by pump. The Geotechnical investigation of the area is geomorphological indicates that the project area is stable and suitable for irrigation. 
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Figure 3 physiographic location of the study area.
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Figure 4: Altitudinal cross sections across the study area. 
7.10. Topography and drainage system
Topography of the study area is a flat land smooth and gently sloping towards East-west direction of project area. The project area is bounded in all direction by mountain. 
The gentle slope mountain in the north-east direction is the main recharging mountain from which several drainages are flowing to the plain land and finally drain to its downstream. 
Topographic differences gave rise to different climatic zones which correspond to the various physiographic features. The plateau areas get relatively high precipitation compared to the escarpment and the lowland areas. 

This resulted in erosion and rapid modification of the landscape with consequent transportation and deposition of the eroded sediments in the alluvial plain of study area and its surroundings. 

In addition, the highland is characterized by higher drainage density than the escarpment due differences in rock permeability, climate and slope. Generally, the high plateau on either side of the rift, the transitional escarpment and the rift floor. 

7.11. Geology and Hydrogeology of the study area

Regional Geology of the study area

As a matter of fact Bishoftu is situated in the western side of main rift region of Ethiopia. Geology of the vicinity directly attributes to the onset of tectonic activity which led outpouring of magma that comprises basic to acidic. 

Notably, quaternary ( as recent formation) sediments marks the upper part of all formations in most cases this recent sediment deposits thickness is high in the rift floor but in the project area some exits variably with 5-15m thick. Tilanhun Ageze, 2008 indicated that, “the alluvial and lacustrine deposits at Ada’a plain especially around the Bishoftu lakes and Modjo area have thickness up to 80 meters and composed of coarse sediments.” 
 The material of this recent geological unit is made up of alluvial deposits and lacustrine stratification as it is part of extensive flat plain where deposition easily takes place.

According to study of WWDSE and Tilahun Ageze, 2008 the acidic rock welded and un welded ignimbrite and rhyolites occur in certain alternative manner. In general geological tectonic structures are majorly responsible for the outcropped units discussed above.

Specifically, scoria and spatter cones, rhyolite and trachytic volcanic centers are outcropped in the southern boundary outside of the camp. Dark scoria stratification is noted with the compound. This scoria occupied the elevated hills of the study area its elevation grows toward south west. Moreover, highly weathered dark basalt is exposed on this hilly. Drilling performed and geological log obtained from that depicts these formations dominance.

Most often the geological structure of the area is concealed by the recent deposits which cover considerably extensive area in the surrounding. However, the prominent Wonji fault system signature presence is traceable. 

The Nazret group it is Miocene to Pliocene in age and consists of ignimbrite, unwelded tuff ash flows, rhyolite flows, domes and trachyte. Thick succession of welded tuff and ignimbrite with minor intercalation of basalts in Nazareth area covering wide area in MER. 

This unit is a basalt unit grouped under the intra rift complex and may constitute the upper part of Nazret Group of (Kazmin and Berhe., 1978) with respect to age constraints. Each ignimbrite layer has an average thickness of about 2 meters. This unit includes various welded and often jointed columnar ignimbrites. Basically, two types of ignimbrites have been identified: the slightly welded ignimbrite (top) and intermediately welded ignimbrite (bottom), separated by paleosoil and lacustrine deposits. Welded ignimbrite with well-developed vertical joint and fracture provide high to moderate permeability (Adane, 1999).

Bishoftu volcanic represent the most recent basic lava flow of the Bishoftu area trending in NNE direction (Tsegaye Abebe. et al., 1999), which was also reported as the younger volcanic by Grasparon et al (1993).

Local Geology of the study area

The geology of the area is a key for the evaluation of the groundwater potential of the area. The observation was carried out at the places that we can observe rock out crops along the rivers and at cliff or geological discontinuity.

Scoraceous basalt- this formation stretches in the N-S direction which passes through the area of the study area. These basalts are believed to erupt along the N-S fracture line. The basalt is scoracious and forms cinder cones giving peculiar relief of the central part of the area under consideration.

Silicic Rock- These are Ignimbrite, tuff, rhyolite and trachyte underlying the alluvial- colluvial-lacustrine and scoracious basalt formations. Silicic rocks are normally poor aquifers except highly fractured and weathered ignimbrites. Around the study area the drilled wells are drilled through fractured and weathered ignimbrites. All wells are productive.  Ignimbrite is widely observed on the Chain Mountains of yerer and Ofule Mountains and at relatively elevated uplands of wedecha village. Ignimbrite in the area is observed to be affected by weathering at low lying areas. 
Being part of the rift valley, fractures trending NNS and EW direction following the main Ethiopian Rift is observed on rock outcrops. 

Alkali basalt- these formation outcrops at the slope of the western escarpment of the area and extends under silicic rocks which underlie the upper sediment-scoracious basalt aquifer system. The thickness of this formation is estimated to be 150 to 300m and is accepted to be encountered at a depth of 350m if drilled at the area. Due to the relatively region extent of this formation and its direct exposure to atmosphere the slope of the escarpment, adequate recharging and movement of groundwater is expected to be potentially good. Moreover, the intense tectonic in the rift valley in general and local fracturing of the rock as observed on site indicates that the formation can be taken as a good aquifer system. 

Recent sediment deposit-The upper part of the study area has thin soil horizon while it is getting thick (i.e. more than 10m) as one goes downstream in the command area. 
The river course has alluvial sediment ranging in size from silt to blocks up to 5m depth including very steep black cotton clay soil. These are unconfined aquifers system covering the top part of the geologic succession. The alluvial-colluvium sediments characterized by clay, sand, gravel and boulders derived mainly from the escarpment. The lacustrine sediments & pyroclastic are covering mainly the survey site plane land, the thickness of these sediments is about 15m. 

7.12. Geological structures
In this area the earth hazardous is less. In addition that the area is near of fault area, so the designer should be care when designed it and consider geological structure. Based on the topography of the study area no landslide, earthquake etc. as observable on surface. The line of the geological structure of the study area are along the fault structure from the north to south direction.
7.13. Hydrogeology of the study Area


Hydrogeology of this area is the reflection of its geological condition and tectonic influence. Overall hydrogeology is to be seen as tiny part of western escarpment extending from the rift floor, Bishoftu somehow belongs to the gentle middle part of western escarpment. Basically, the rift floor water resource is governed by the respective western and eastern escarpments which are known to have high precipitation annually. As a matter of fact this specific area falls within part of western escarpment flow path (Seifu Kebde, et.al, 2007). Considerable groundwater and surface water is drained to east and south east as part of awash catchment (Tilahun Ageze, 2008).  Water circulation promoting geological structures defined this area with respect to the regional settings.
The geological formations which stand as unconsolidated alluvial deposits and weathered scoriaous basalt mainly behave as unconfined aquifers by that very virtue allows vertical and horizontal movement of groundwater to the lower major storing aquifer.  The welded ignimbrite unit serves as good aquifer when it is affected by secondary tectonic modifications the loose tuffaeous pumice depends on extent of consolidation due to overburden and network of binding fabrics involved during cooling. 

The hydrogeology of the study area is influenced by the geomorphology and geological conditions of the area. Mountain ranges around and in the project area which is characterized by high gradient and geological formation subjected to high degree of weathering are recharging areas. Based on the physical characteristics of the volcanic rock and alluvial deposits could be considered as having double permeability storativity system.

 Such system mostly occurred due to the presence of permeable, granular sediments and jointed blocks that form a relatively small-scale fracture network. 
The system depends on geological setting, topographical features, availability of recharge, thickness of sediments and lava flow, fractures characteristics, presence of vesicles and pore spaces, the degree and depth of weathering with in the volcanic rocks etc.

Considering the main factors that indicated above, the hydrogeological conditions of the area evaluated independently; such that

The main recharge to the selected hydrogeological area is (North-Eastern) escarpment of the main rift valley through geological conduits located (west) of the study area.
The topography of the area is gently rolling to flat. Thus, it favors the movement, distribution and storage of ground water at a depth. The thickness of quaternary superficial deposits and sediments is estimate up to 20 meters. Due to various episodes and cycles of volcanic activity, the occurrence of considerable acidic lavas nature the eruption has transported, deposited large amount of consolidated pyroclastic materials such as ignimbrites and colluvial deposits.

The volcanic aquifers are the most productive ones in the region; in the volcanic aquifers the groundwater is stored in fissures and joints of the whole thickness of lava flows. 
Silicic volcanic rocks associated with lava flows are generally porous but not very permeable because of poor sorting an abundance of fine material. Volcanic ash beds of large aerial extent may form semi-horizontal barriers to water movement.
In general the most important volcanic aquifers are ignimbrite and basalts which are highly fractured and weathered. Groundwater potential evaluation for the target area requires integrated approach. Detailed quantification of the amount of groundwater demand a detailed water balance study and defining the boundary conditions, establishment of the lateral and vertical extent of aquifers and confining beds. On the bases of the collected data it analysis the well can be drilled to a depth of 150m to penetrate the first aquifers, based on the aquifer of first, it will be continue to drill up to 300m to penetrate the second aquifer. I.e. target depth is 300m

The rift valley & adjacent areas have some of the best aquifers as a result of high degree of faulting and fracturing and the occurrence of relatively permeable, unconsolidated sediments.
Lithological log data from existing production Bore Holes in the study area has indicated that the main water bearing formations of the study area for groundwater storage and transmission are fractured vesicular basalt, scoraciuos basalt and weathered ignimbrite, sediment deposit and fractured basalt.

The aquifers of the study area is fractures due to faulting play very important role in the movement and occurrence of groundwater in the Cenozoic volcanic, particularly in the rift valley and adjacent escarpments. In the rift valley, the potential aquifers are highly fractured and jointed basalts, scoria and ignimbrites. 
The deposit consists mainly silt, very thick black cotton clayey soil in subordinate. The deposit found along the stream bed and banks are highly weathered volcanic rocks, sands, small boulders and at banks up to 3-5m black cotton clay soil at the end of the proposed site.

The joints and fractures are found frequently being open without secondary infill material and at places with secondary infill material. Such volcanic rock units with open fracture, joints and loose material due to effect of weathering would enhance recharge. Such rock unit can act as conduits to transmit water through the rock material. As clear fact in Ethiopia groundwater productivity scenario basalt, scoria and composition of them are identified as best aquifer given ambient rainfall. 
Practically in the given area also the promising water holding media is this unit even though alternating and mixed occurrence with acidic composition, somehow, halt the potential to store and allow circulation of groundwater. However, when it exists in association with scoria and fractured basalt, weathered ignimbrite tend to have remarkable yield.

As various drilling work in the surrounding area and other where manifest the scoreaous basalt, weathered ignimbrite and vesicular basalt is the good aquifer with ambient and modest quality of groundwater. Similarly, in the same place there would be sufficient thickness of the formation from where demanded amount of groundwater can be drawn. In the case of mix up occurrence of basic unit with acidic once such rhyolite groundwater availability depends on extent of fracturing and consolidation specifically for the later formation.  Generally, pervious drilling mostly indicates the first 100 meter depth represents basic volcanic which include basalt, scoria and their mixture beneath this acidic rhyolite follows. 
 When seen the groundwater potential and formation of the aquifer from well logging it give different discharges.

Water point inventory; - the groundwater point exists in the project area are drilled wells inventory has been conducted within the project area. The data was available regarding prevailing water points in the respective of Bishoftu Town Water Supply and Sanitation Project and office and private used for different investments during time of study.

 However, it is important to note that there is no full recorded data’s properly regarding history of the wells. They are found just north-east of the districts town that was drilled to the beneficiaries of the town. Recently it was found that the basaltic aquifers in Bishoftu and Debre Berehan areas gave 20 and 27 liters per second yield respectively.   
7.14. Characteristics of existing Boreholes
Source: - Different companies and Bishoftu town water supply and sanitation project Drilling and Well completion report in and around study area.
       Table -1 Existing wells data’s with depth and discharge and has different aquifers.  

	Name
	X
	Y
	Z(m
	Depth
	Well type
	Q (l/s)
	Water Bearing Formation

	VP-Group PLC
	502851
	973508
	1904
	120
	Deep well
	 8
	Fractured basalt, scoria & scoracious basalt

	“
	503034
	973410
	1905
	80
	“
	15
	“

	OLIJ-Roses Ethiopia 
	502491
	972211
	1909
	80
	-
	-
	-

	S.M.R company
	-
	-
	-
	80
	“
	5
	Ignimbrite

	Joytech company 
	501876
	971317
	1891
	80
	“
	5
	Fractured & weathered trachy basalt and basalt

	“
	501791
	971227
	1890
	110
	“
	8
	“

	Dugda Flora Culture company 
	502417
	970880
	1891
	-
	“
	-
	 Ignimbrite, basalt

	Minaye company
	-
	-
	-
	83
	“
	23.65
	Rock fragments

	Shumbura meda
	
	
	
	426
	Deep well
	15
	Fractured basalt


The main aquifers of the above wells are scoria, scoracious basalt, fractured and vesicular basalt, weathered and fractured ignimbrite, weathered trachyte and rock fragments. 
The physic-chemical analysis result of the boreholes around the study area indicates that the entire major and minor chemical constituent lies within the acceptance limits set by WHO, and there is no immediate danger in using the water. From the above data the minaye company well is far from the area.
Generally, as we have observed from the hydrogeological point of view of the project area or existed boreholes data analysis, for new proposed wells give estimate yields averagely 20-25l/sec. 
The major existing boreholes are located in Shumbura Meda and in the Dambi plain that the bishoftu city used, while there are also numbers of boreholes dispersed at different locations  in  the  city.  Then the average yield of the drilled wells for bishoftu city is 9l/s. 
7.15. Groundwater Flow System
The nature and type of the rock units, the weathering and fracture conditions, topography of the catchment area, and others are the factors governing the surface and sub-surface flow conditions of the groundwater of the area. 

Groundwater flow is in the form of vertical infiltration recharge through surface soils, flow through the aquifer under local or regional flow systems and surface discharge to streams, rivers, and springs and also as discharge on the plain topographic land mass.

Groundwater of the mountain areas percolated from precipitation is expected to follow regional flow system infiltrated through the connected fracture zones of the elevation potential areas.  In the catchment area, the surface water resource flows from northeast to southwest following the NNE-SW trending fracture zones. 

Generally groundwater table follows the topographic features and is high below ridges and low below valleys. However sometimes the topographic ridge and water table ridge may not coincide and could flow from one aquifer to the other which is a watershed leakage. The groundwater elevation generally follows the groundwater surface contours. 
7.16. Water Resource Potential  

           Surface water  

River= there is only one seasonal flow river at the end of the land proposed for irrigation and below wells located.

Rain =surface runoff harvesting is practical used in the vicinity of area during dry season for irrigation purpose from Balballa dam which was constructed in derg regime. 

    Ground Water  

The ground water potential of the area mainly attributed on, the precipitation amount, the geology of rock forming area, geological structures and surface topography of the area.  Generally the basalt and scoria rock in the area was considered as moderate to high range aquifer properties and hills are covered by highly fractured basalt, this area is an essential site, because of it is a recharging zone for the ground water. Geology of the area is undergone secondary process of weathering jointing and fracturing. 
According to a geological survey report of the Bushoftu draft master plan study, rock units of the area are classified as aquifers of moderate to high water permeability and productivity in general. Therefore, it could be concluded that there is high groundwater potential around Bishoftuu town. In pursuant to hydro geological investigation conducted, the study area is endowed with substantial ground water potential. Therefore, ground water is the feasible water supply source for IMX.  
Proposed Borehole Locations
From the hydro geological and geological investigation conducted in the study area result, three boreholes are proposed. The following table depicts the exact location of proposed wells.
Table 2.The GPS location of the selected site
	X
	Y
	Z 
	Wells
	Proposed depth

	503282
	973844
	1890
	BH-1
	300m

	503395
	974247
	1894
	BH-2
	300m

	503454
	974632
	1898
	BH-3
	300m


     Groundwater is the best option identified to be used as it is the kind of resource available when noted against spring and surface water which is non-existent in the vicinity. 

Groundwater is preferentiality is assured in terms of accessibility, proximity, and sustainability. Accordingly, three exploitable boreholes are proposed to be drilled.
7.17. pressure line 
The pressure lines will be lain in black cotton clay soil and silty clay sediment (soil) for 650m up to the end of pressure lines for each wells. All the soils are easy for excavation and pipe laying. The reservoir area is the same to the pressure line formation.
         Reservoir site
The formation at the located reservoir sites revealed all formation is formed of dark clay soil more than 3m. The reservoir site is made up of firm silty clay and black cotton clay soil of good water retaining property. 
 However it is recommended to retain the main canal line or delivery pool wall with masonry structure so as to provide safety against slope failure of pool wall during and after construction. 
The delivery pool floor has also to be constructed of masonry structure to provide safety against scouring effect of the pumped water flowing into the pool.  

7.18. Drilling Method Well Design and Construction of drilling site
Based on the area stratigraphy or lithological sequence and the methods of drilling is appropriate drilling method is Mud Rotary and DTH drilling.  

Mud rotary method is more preferable for the selected site. Installation of surface/ sanitary casing is required to block the collapsing overburden, which may extend considerable 20m of depth it depends on the site condition.

Although the well design will be perfected after the well drilling preliminary assessment is helpful in contracting out the drilling operation.

The expected amount exploited from the area is about 20-25l/s, the permanent casing/screen will be steel with 12 inches internal diameter standard wall thickness preferably API standard and other internationally acceptable standards which is believed to have sufficient tensile and compressive strength to withstand collapse pressure. For surface casing the drilling diameter is 22inches and the surface/ sanitary casing will be 20inch steel casing acceptable international standard wall thickness. The drilling bits 171/2 inch for the permanent casing diameter and installed 12”.

After casing installation, the well will be gravel packed with 6-9mm in diameter well sorted. Well grouting up to 20m & well head construction with concrete slab around the well with 1m*0.5*0.5m dimensions. All the drilling part are not constant, it may be change during drilling progress, because the works depends on the drilling lithology and yield of the wells.
7.19.  Construction material 

Assessment of construction materials has been carried out in order to identify source for sand, rock (for masonry), concrete aggregates, and water.          
Sand source 

Sand sources for the project includes fill material and are assessed in and around the project area at accessible and possible economic distance. 

Sand is actually available in and around Meki town following the river channel.

              Rocks for masonry and concrete aggregate
 Near the project area there is a quarry site like as rocks, i.e. its quality is good what ignimbrite is Rock for masonry and aggregate material is available at the immediate upstream from the weir site. The rock is trachytic, dense, water tight and ample in quantity. The owner of these 
construction materials are under Micro or IMX.
	NO
	Well ID
	Depth (m)
	Drilling dia (inch)
	Drilling Method
	Drilling  Fluid

	1
	BH#1
	0-20
	22
	Mud Rotary


	Good well stabilizing bentonities and associated thickening and thinning chemicals

	
	
	20-300
	171/2
	
	

	2
	BH#2
	0-20
	22
	Mud Rotary


	Good well stabilizing bentonities and associated thickening and thinning chemicals

	
	
	20-300
	171/2
	
	

	3
	BH#3
	0-20
	22
	Mud Rotary


	Good well stabilizing bentonities and associated thickening and thinning chemicals

	
	
	20-300
	171/2
	
	


7.20. Conclusion and Recommendations
· The groundwater system in the area is deep and it is dependent on the recharge from the eastern mountain range. 
· Geological and hydrogeological investigation results indicate that deep well at the locality under consideration is likely to yield adequate amount of water for the envisaged purpose, because of the fact that all favorable conditions for groundwater occurrence are sufficient fulfilled.

· Based on the detail groundwater potential investigations conducted in the areas under consideration the following drilling depth is recommended at the given points.

· At this drilling point with recommended depth is expecting 20-25l/s, if this discharge seems to be insufficient for intended purpose then it will be necessary to drill further to penetrate the second aquifer in alkali basalt formation to a depth of 300m. Deep borehole down to a depth of 300m is recommended
· Drilling can be stopped before reaching the recommended depth if the yield of the borehole is sufficiently enough for the envisaged purpose. Hence, close supervision by a professional Hydro geologist is a mandatory during actual drilling and well completion activities.
Existing drainage system, the hydraulic characteristics of outcropping units, and traces of fracture such as discharge data analysis along the study areas are the manifestation of potential hydro geological basin.

Groundwater potential of three potential site has been selected based on the hydro geological and geological investigation result of the study area.

Site hydro geologist should look carefully samples from the boreholes to continue drilling beyond or within the estimated depth and has to order stop drilling according to the estimated depth or continue more based up on the actual borehole samples until total penetration of the aquifer.
 It is also possible to stop drilling before the recommended depth if the encountered formation is massive, clay and the water is sufficient to cover the demand of the project.  
· Mud rotary system of drilling is strongly advised as there are various layers of basic to intermediate volcanic flows of aphanitic texture at different depths.
· The un consolidated and loose layer forming the upper most stratigraphy has to be drilled with 22” diameter rock bit and cased by 20” steel surface casing and then properly grouted with mass concrete. The production well has to be drilled by 171/2” diameter hammer bit and 12” diameter steel screen and blind production well casing shall be lowered up to the end of the drilled depth.

· Surface and production casings shall be new with threaded and couplings and equivalent of the standards set by API, ASTM, DIN and or BS.
· The surface area of the slots on screen casing must not be less than 12% of the total area. The width of each slot has to be within the range of 2mm to 2.5mm, factory slotted not by hack saw or any other mechanical methods.

· In order to fully utilize the aquifers potential yield, 6-9mm diameter well rounded, well sorted and washed river gravel of basaltic origin or quartzite equivalents has to be packed in to the granular space between production casing and borehole wall. 

· The well has to be developed for sufficient hours by different developing methods  the contractor use integrated developing method to properly develop the well such as surging, over pumping, jetting, back washing, air lifting, etc until the well and water clean and consistent discharge is obtained. Pumping test has to be conducted by most suitable pumping equipment and the operation shall include step, constant rate and recovery tests.
· For all wells
	Depth 
	Drilling diameter(inch)
	Surface casing
	Drilling method

	0-20m
	22”
	20”
	Mud rotary

	20-300
	171/2”
	12”
	


8. Engineering

8.1. The Irrigable area and Water resource

Koftu sprinkler system is to be designed on 80ha gross area and 75ha net area of land. The area has flat land scape of 1-1.5% slope. The area is elevated to an average of 1895m a.s.l. Average wind speed of the area is 99km/day or 5.4 km/hr. The soil of the area is clay soil with dark color. The source of water for the system is ground water from 3 deep wells with estimated yield of 20l/s each. The pump estimated position is about 90m below OGL and static water level assumed to be at about 25-30m from evidence obtained for well history around the project site.

The project is to be implemented in two Phases that is phase-I and Phase-II. The phase-I is the Borehole drilling and testing while the phase-II is the construction of pumping facility, pipe network and other infrastructure. Thus it can be seen that the design assumptions can be changed mainly the safe yield from the 3 wells (BH) and drawdown at the specified safe yield that in turn determine the pump position.

8.2. Proposed crop for the development

The major crops for development are onion, tomato, chili and cabbage. Onion (52%) in dry season and (18%) wet season, Tomato (7%) dry season and (17%) wet season, Cabbage (28%) dry season and (40%) wet season, Chili (13%) dry season and (25%)wet season. Duty per hectare assuming 21 hours of irrigation per day is 0.76l/s.

8.3. Selection of Types of Sprinkler System 
There are many types of sprinkler systems. However, they are broadly categorized on the basis of portability of the system components as fixed or solid set system, semi-portable or periodic move system and fully-portable or continuous move system. 

The most suitable and easily manageable system for small land holding is the semi-portable hand move sprinkler system. This system is most widely adopted and least expensive system for irrigating small to medium-sized farms as it works with a low to medium operating pressure (2.0-3.5 bars).
The dragline or drag-hose type sprinkler system is one of efficient, reliable and cost effective systems. This system was considered for Koftu Ada’a sprinkler system. The main line, sub-main line as well as the lateral pipes will be buried. The laterals will be equipped with riser pipes exposed to OGL and hydrant valves will be fixed to the riser pipes to connect drag hose based on the irrigation interval, cycle, set time and depth of application set for the system. 

8.4. Components of the Dragline Sprinkler System 
A typical dragline sprinkler irrigation system consists of pumping unit, control unit, the pipe network (mains, sub-mains/ laterals and dragline hoses), filters, and other accessories such as couplers, valves, sprinklers, hydrants, risers/stand pipe, and other fittings. 

[image: image8.emf]
Screen filter

Connectors – Flanges, couplings and nipples are used for facilitating proper connections to the pump and suction delivery pipes.
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Different types of connector fittings
8.5. Design of Sprinkler System

Necessity to Design: 

Proper planning and correct design of sprinkler irrigation system is required to obtain a system that provides satisfactorily uniform application of water with a minimum annual operation and maintainance cost. Specifically, it is essential to:

· provide sufficient flow to meet the irrigation demand, 

· ensure that the least irrigated plant receives adequate water, and 

· ensure that the water is uniformly distributed.
The Design Process:

The design of a simple semi-portable sprinkler system require the following two stage process: 

· Preliminary design steps

· Detail design steps

The step-by-step procedure in the planning and design of a sprinkler irrigation system at the two stages is enumerated below. Further, design template is prepared in spreadsheet which can be found in the accompanied CD.  
8.6. Preliminary Design of Sprinkler System:

It is an important step for system design. It is the stage of field data collection, and determination of basic design parameters that will be needed as inputs in the detail design stage.
Field Data Collection

The first step in the design of sprinkler system is to make the resource inventory of the area by document review and by having field visit, and collect basic information for design. This includes:

a) Topographic map of the area at a scale that shows all the features including the land use plan for delinating commandable area and for layout of the system. 

b) Water source (quantity, quality, period of availability). The available head, maximum available flow rate at the supply points and supply hours have to be defined. The quality of water shall be suitable for irrigation. Particularily, the level of salinity has to be defined to decide on the requirement for leaching of salts accumulated in the root zone of the soil.

c) Crops to be grown and their characterstics such as effective root zone, peak consumptive use rate and the allowable moisture deficit.

d) Soil charactrestics such as infiltration rate and water holding capacity (field capacity and permanent wilting point). The former is required to decide the maximum rate of water application by a sprinkler while the latter is required to decide the depth of application.

Determination of Basic Design Parameters

With the above mentioned data at hand, the following basic parameters to suit to the detail sprinkler system design and operation will be calculated. 

· Net depth of irrigation

· Gross depth of irrigation

· Irrigation Interval 

· Irrigation cycle

· Infiltration rate of the soil

· Preliminary system capacity

i.   Net Depth of Irrigation: It is the depth water to be applied to the soil that is readily available for the crop to abasorb. It is a function of the water holding capacity of the soil (total available water) and the root system of the selected crop. The toal available water (TAW) or  the water which is considered as available to plant is the amount between the field capacity and the wilting point. But it is only a fraction of this soil moisture is easily absorbed by the plants (without any stress that results in yield reduction). This fraction is called as the maximum permissible depletion (MAD). The net depth of irrigation application is, therefore, a product of TAW multiplied by MAD.
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---- (2.1)

Where,

	dn =
	Net depth of irrigation, mm 

	MAD =
	Maximum allowable deficit

	FC = 
	Field capacity on dry weight basis, %

	PWP = 
	Permanent wilting point on dry weight basis, %
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	Dry bulk density, g/cm3

	drz =
	The depth of rootzone, mm


The MAD value differs according to the root depth, the climatic conditions and the irrigation techniques. Values for MAD vary from 0.25 in shallow rooted sensitive crops to 0.70 in deep rooted tolerant crops. However, for most crops, it is considered that 3/4 th of their root depth is effective to  absorb 2/3rd of the available water. Thus, as a thumbs rule, the soil water which is readily available to most crops is half of the total available water. Practically, it means that for maximum result from the crop, irrigation water is recommended to apply when half of the total available water is depleted. That is, MAD is considered to have a value of 0.45. This value of MAD can also serve as a safety factor because many values (soil data, crop data, climate data, etc.) are not precisely known.
The net depth of irrigation for sprinkler system with the following crop and soil data. 
- Area to be irrigated: 25ha from one well and 75ha from three wells.

- Soil 

                       Texture: clay 



Total available water(TAW): 170mm/m

- Infiltration rate: 5mm/hr

- Crop: vegetable (small vegetables and tomato) 

- Average Root zone depth: 0.60m

- Maximum allowable depletion: 45%
  

Solution:
The net depth of irrigation is computed based on eqn. 2.1:
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ii.  Gross Depth of Irrigation, d – it is the actual depth of irrigation to apply onto the field which is obtained by considering the efficency of water application and the leaching requirement. 

Irrigation application efficiency for sprinkler system varies with climate. 
Take application efficiency of 75% for moderate climate
The leaching Requirment (LR) is the water applied in excess of the required depth to flush out salts from the root zone. Leaching is necessary if the irrigation water and/or the saturation extract of the soil contains excess salts or LR is greater than 0.1. The leaching requirement, LR 
For the project case can be taken negligible.

Thus, the gross depth of irrigation is:
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iii. Irrigation Interval, F (days) – The irrigation interval is the time period in days between two successive irrigation applications. It is expressed as:
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Where,

	F =
	Irrigation interval, days

	dn =
	net depth of irrigation,cm

	CUp = 
	Peak consumptive use, cm/day


The actual irrigation interval should be the value of F rounded to the nearest whole number of days. The net application depth will then be adjusted according to the newly adjusted value of F.
The irrigation interval, F for dn=46mm and CUP = 3.84mm/day is: 
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So, the net depth of irrigation need to be adjusted:
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Similarily, the gross depth in example 2 shall be adjusted to:
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The peak consumptive use, CUp is nearly the evapotranspiration need of the crop during the peak demand, which depends on the crop type and climate of the project area. Several methods available for determination of crop water requirment. This is covered in detail in irrigation agronomy guideline. The reader is advised to see this guide.  

iii. Irrigation Cycle, f (days) – The period in days required to complete irrigating the design command area. Irrigation cycle shall be less than or equal to the irrigation  interval. It is given by:
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---- (2.5)

Where,

	f =
	Irrigation Cycle, days

	A =
	Total command area, ha

	a = 
	Area irrigated per day, ha/day



The irrigation cycle is 12days which is taken as equal to the irrigation interval calculated above. Thus, the area to be irrigated per day is:  
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If the average land holding size of a farmer is 0.50ha, then 4 farmers can irrigate their lands simultaneously per day. 
iv. Water Intake Rate of The Soil, I – it is the rate at which water infiltrate into the soil. It is a fundamental parameter in the design and operation of irrigation systems. It indicates how fast, in mm/hr units, water infiltrates into the soil. The intake rate of the soil decreases over time during irrigation application. Table 2.2 shows the steady infiltration rate of the typical soil types. The values may be taken as a rough guideline but field tests should be done for determination of actual steady state infiltration as these are highly location specific. Various methods are used for determining the intake rate of the soil on the field. The double ring infiltrometer is a widely used method of infiltration test used in many applications. This is covered in irrigation agronomy guide. The reader is advised to see this guide.  

Table 8‑1: Typical intake rates of soil 
	Soil type 
	Steady Infiltration rate (mm/hr) 

	Clay
	1-7 represent the soil of the project area

	Clay Loam
	7-15

	Silt Loam
	15-25

	Sandy Loam
	25-40

	Sand
	>40


v. Preliminary Capacity of Sprinkler System, Qs – It is the flow rate required by the system which can be determined by:
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Where,

	Qs =
	System capacity, m3/hr

	A = 
	Design area of irrigation, ha

	d =
	gross depth of irrigation, mm 

	f =
	Irrigation frequency, days 

	Ns = 
	Number of shifts per day

	T = 
	Time of irrigation per shift, hr


Calculate the system capacity of a sprinkler system with the following data:

- Safe yield of the well (water source): 72m3/hr

- command area, A = 25ha from one well and 75ha from three wells

- gross dapth of irrigation, d = 62mm 

- Irrigation frequency, f = 12days

- Maximum working hours per day, Td = 17hrs assumed

Solution:
The maximum working hours per day is the total time taken for irrigation application which may be given as:


Ta = Number of shifts per day x the time of irrigation per shift

Therefore, the system capacity of the sprinkler system is:
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Since the available safe yield of the system is 72m3/hr, the command area has to be reduced or if the farmers on 25ha is required to be benefited, farmers should be advised to extend their working time per day. Thus, taking the second option, Ta will be:
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Since each farmer is irrigating every 12 days, it won’t be difficult to extend to this time or 18hrs.

8.7. Detail Design of Sprinkler System
After the basic design parameters are determined, the actual or detail design of sprinkler irrigation system will take place.

Detail Design Procedures
The detail design of a semi-protable sprinkler system that suits small land holdings requires:

· Selection of sprinkler and spacing

· Determination of design discharge of the system 

· Layout of the system

· Sizing of pipes

· Determination of pump capacity 
i. Selection of Sprinkler and Spacing

The selection of sprinkler nozzle and its spacing on the laterals and between laterals are a function of infiltration rate of the soil, field slope and wind conditions. 

a. Sprinkler Application Rate for Different Soils and Surface Slopes – The discharge of the sprinkler system would vary with the characterstics of the soil and its surface slope. Normally, the sprinkler application rate shall be less than the infiltration rate of the soil. Table below may be used as information to decide on water application rates for different soils and surface slopes if no information is available on the soil characterstics of the area.

Table 8‑2: Suggested maximum sprinkler application rates for average soil, slope, and tilth
	Soil texture and profile
	Slope

	
	0-5%
	5-8%
	8-12%
	12-16%

	
	Maximum Application rate

	
	mm/hr
	mm/hr
	mm/hr
	mm/hr

	Coarse sandy soil to 1.8m depth
	50
	38
	25
	13

	Coarse sandy soil over more compacted soils at shallow depthe
	38
	25
	19
	10

	Light sandy loams to 1.8m depth
	25
	20
	15
	10

	Light sandy loams over more compacted soils at shallow depth
	19
	13
	10
	8

	Silt loams to 1.8m depth
	13
	10
	8
	5

	Silt loams over more compacted soils at shallow depth
	8
	6
	4
	2.5

	Heavy textured clays or clay loams (represent the project area
	4
	2.5
	2
	1.5


Thus sprinkler application rate for the project case is near to 4mm/hr as the basic infiltartion rate of the soil is about 5mm/hr.
b. Selection of Sprinkler Nozzle – . After application rate is decided in (a), the sprinkler nozzle will be selected. There are hundreds of sprinkler designs and variations from several manufacturers. The specifications of the sprinkler nozzle shall include model of sprinkler nozzle, nozzle size, diameter of throw, application rate, and discharge of the nozzle. Manufacturers provide recommended spacings and pressures. In the absence of manufacturers or suppliers information, next table may be taken as a guide for selection of the nozzle size. 
Table 8‑3: Performance of some sprinkler nozzles
	Sprinkler specifications
	Sprinkler precipitation rate (mm/hr)

	
	Sprinkler Spacing (mxm)

	Nozzle

size (mm)
	Pressure

(m)
	Discharge

(m3/hr)
	Wetted

Dia. (m)
	9x12
	9x15
	12x12
	12x15
	12x18
	15x15
	18x18

	3.0
	25
	0.57
	25.00
	5.28
	4.22
	3.96
	 Represent prject area
	

	3.0
	30
	0.63
	25.60
	5.83
	4.67
	4.38
	
	
	
	

	3.0
	35
	0.68
	26.20
	6.30
	5.04
	4.72
	
	
	
	

	3.5
	25
	0.75
	26.85
	6.94
	5.56
	5.21
	4.17
	
	
	

	3.5
	30
	0.82
	27.60
	7.59
	6.07
	5.69
	4.56
	
	
	

	3.5
	35
	0.89
	28.35
	8.24
	6.59
	6.18
	4.94
	
	
	

	4.0
	30
	1.08
	28.60
	
	8.00
	7.50
	6.00
	5.00
	4.60
	

	4.0
	35
	1.16
	30.50
	
	8.59
	8.06
	6.44
	5.37
	5.16
	

	4.5
	30
	1.32
	30.95
	
	
	9.17
	7.33
	6.11
	5.87
	

	4.5
	35
	1.42
	32.00
	
	
	9.86
	7.89
	6.57
	6.31
	

	4.5
	40
	1.52
	33.05
	
	
	10.56
	8.44
	7.04
	7.56
	

	5.0
	30
	1.70
	33.00
	
	
	
	9.44
	7.87
	8.18
	5.25

	5.0
	35
	1.84
	34.30
	
	
	
	10.22
	8.52
	8.18
	5.68

	5.0
	40
	1.96
	35.60
	
	
	
	10.89
	9.07
	8.71
	6.05

	· Nozzle size indicates the diameter of the orifice of the nozzle

· Pressure is the sprinkler operating pressure at the nozzle

· Discharger indicates the flow rate of the sprinler at given operating pressure

· Wetted diameter is the diameter of the circular area wetted by sprinkler when opertaing at a given pressure and no wind

· The sprinkler spacing shows the pattern in which the sprinklers are laid onto the irrigated area. For example, a 12mx12m spacing implies that sprinklers are laid at a spacing of 12m along a lateral and 12m between laterals.


c. Spacing of Sprinkler – After preliminary decided the spacing for a suitable nozzle above, to achieve uniform sprinkling of water, it is necessary to overlap water spread area of sprinklers. The overlap increases with the increase in wind velocity. Next Table may be used as a guide for sprinkler spacing under different wind conditions and pattern. A square pattern is prefered if there is no defined direction of wind, and rectangular pattern, otherwise. 
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(a) Wetted pattern of a single sprinkler
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(b) Wetted pattern of overlapped sprinklers

Figure 8‑1:  Overlapping effect of sprinklers
Table 8‑4: Maximum sprinkler spacing as related to wind velocity, square pattern
	Average wind 

speed (km/hr)
	Spacing as % of

Wetted Diameter (D)

	Upto 5 
	55% between sprinklers

	6 -11 this represent project area
	50% between sprinklers

	13 -19
	45% between sprinklers


The wind speed over the area is about 5.4km/hr. Select sprinkler and lateral spacing for a sprinkler system of Koftu ada’a farm:
- Soil type: Caly (infiltration rate = 5mm/hr)

- Wind speed: 5.4 km/hr or 1.50m/s direction not known

- Slope: very flat (Average 1.25%)

- Maximum working hours: 18hrs

- Gross depth of application: 62mm
As the wind direction is not clearly known, a square pattern is preferred. Since there is no detail information about the locally available size of sprinklers, size of sprinklers and spacing will be chosen from recommendations by FAO above. 

Since the basic infiltration rate of the soil is 5mm/hr, a sprinkler with application rate less than 5mm/hr can be selected. That is:  

The maximum working hours available is 18hrs. The nozzle size that can be chosen to apply 62mm in given 18hrs is the one with application rate of  3.45mm/hr(=62/18). Since the application rate is very close to infiltration rate of the soil, it does not allows us to increase much rate of sprinkler application. From table above 3.96mm/hr maximum application rate can be selected for Koftu Ada’a sprinkler system.

From table above, a squarer pattern  with nozzle size of 3.0mm, working pressure of 25m, discharge of 0.57m3/hr and a wetting diameter of 25m is chosen. It has an application rate of 3.96mm/hr at a spacing of 12x12 m selected.

The sprinkler and lateral spacing, Sp or SL = 0.55xwetted dia. = 0.50x25 = 12.50m, take 12.00m for uncertainity of wind speed over area.
ii. Determination of Deisgn Discharge of The System 

The next step is calculation of design discharge of the system. For determination of the design discharge, the number of simultanously operating sprinklers shall be known.   

a. Number of simultaneously operating sprinklers – The number of sprinklers operating at a time is calculated as:

Application rate of sprinkler nozzles (I, cm/hr):
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Where,

	I =
	Application rate of sprinkler nozzle, cm/hr

	qs =
	Sprinkler discharge, lps

	Sp = 
	Sprinkler spacing on a lateral, m

	SL = 
	Lateral spacing on submain or main line, m


The time needed to apply the required depth of irrigation water by the sprinkler system:
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Where,

	T = 
	Time of application, hr

	dn= 
	gross depth of irrigation, cm


Number of sprinkler system shifts per day (n):
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Where,

	ns= 
	Number of sprinkler system shifts per day

	TP =
	Time of pumping, hr

	Ts =
	Time required for shfting, hr (usually 0.5hr)


Area to be irrigated per day, a1:
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Where,

	a1 =
	Area to be irrigated per day, ha

	A =
	Total area to be irrigated, ha

	f =
	Irrigation frequency, days


Irrigation frequency may be taken as one day less than the irrigation interval to consider off-day. Otherwise, it may be taken as equal to the irrigation interval. Since the system designed for small holders is to irrigate their land in turn, they have sufficient time for cultivation and other activities. Thus, the irrigation cycle can practically be taken as equal to irrigation interval.
Area to be irrigated per shift, a2:
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Where,

	a2 =
	Area to be irrigated per shift, ha

	ns =
	Number of shifts per day


Finally, the number of sprinklers per shift (operating simultanously), which is rounded to next higher integer:
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Where,

	Ns =
	Number of sprinklers operating simultaneously

	a2 =
	Area to be irrigated per shift, ha

	as =
	Area covered by each sprinkler


Compute the number of sprinklers operated simultaneously per shift with the following information:

-  SP x SL = 12mx12m

- Sprinkler nozzle discharge, qs = 0.57m3/hr or 0.1584l/s

- Gross depth of application: 62mm
First calculate the effective application rate of sprinkler, I :
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Area covered by each sprinker: 
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The time needed to apply the required depth of irrigation water by the sprinkler system:
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Number of system shifts per day (n) if the time for shifting of lateral pipes is taken as 0.5hrs:
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If the number of shifts adjusted to 1shift, the pumping time required is:
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Now, area to be irrigated per day, a1:
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Area to be irrigated per shift, a2:
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Therefore, the number of sprinklers irrigated per shift(operating simultanously), which is rounded to next higher integer:
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b. Total Discharge of Sprinkler System – The total discharge, Q (lps) is given by:
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Where,

	Q =
	System discharge per shift, m3/hr

	qs =
	Dischrge of a sprinkler, m3/hr


Thus compute the preliminary discharge of a sprinkler system if the number of sprinklers operated simultaneously are 144 and each sprinkler has a discharge of 0.57m3/hr 
The system discharge is computed as:
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Here it is important to note that the system discharge may again be adjusted to meet layout conditions. Thus it is better to limit to the anticipated water source available, that is 72m3/hr. Thus number of sprinklers operating per shift is 126 for 72l/s available flow from one well. Thus from three wells 378 sprinklers operate in one shift.
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Fig. Basic Design Unit

iii. Layout of The System

The next step is layout of the system to suit to the system discharge. For that, the topographical map at suitable scale will be prepared and the general layout will be decided upon, and the network of the system will be drawn on the map. The field layout of sprinkler system shall be developed according to topographic nature of the area, location of water sources and the scheme of movement of sprinklers per day. The layout refers to the direction of laying of main, submain, lateral and draglines or hoses. 

The general rule in layout of the system is lateral pipes should be laid across slope (along the general contour line) as far as possible to minimize pressure variation. Otherwise, it is advantageous to run laterals downhill, if possible, because the gain in energy due to elevation change will allow longer laterals. But, if the slope is too steep, pressure regulators or flow control nozzles may be desirable. It is usually not recommendable to run laterals in an uphill direction. In this case, both friction loss and elevation are working to reduce pressure toward the end of the lateral. However, for small slopes, running laterals uphill may be required to reduce the total length of the mainline pipe.

In small landholdings, the layout usually have blocks of command area, which can get water from submains called basic design unit (BDU). Access roads of 1m and 2m are provided between the subunits and BDUs, respectively. A 4m access road along the submain line. At the subunit level (submain and laterals together), the layout of the field and the pipes are shown in next figure.
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Fig. Layout plan of the project

iv. Sizing of Pipes

Next, the sizes of the pipes in the system are decided in such a way that a satisfactory discharge uniformity between all the sprinklers operating at a time are achieved while minimizing the cost of the system and its operation. This requires first a good understanding of the pipe hydraulics,  which is briefly discussed below. Then, the sizes of laterals, submains and main pipes are decided based on recommended design guides.

a. Pipe Hydraulics in Pressurized Irrigation System

When water is flowing in pipes, it loses energy from friction of water with pipe walls and other components of the irrigation system such as fittings. These frictional losses are classfied into two categories. The frictional losses which occur due to the friction of the water with the pipe walls is called as pipe friction or longitudinal friction loss, whereas losses which occur due to the turbulence of flow by other components of the system is referred as local losses. The local losses are minor losses but should be taken into account in design. 

The frictional head losses in pipes are commonly found by Hazen-William’s equation or Darcy-Weisbach equation. 

i) Hazen-William’s Equation:
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ii) Darcy-Weisbach Equation:
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(for small pipe, D<125mm) 
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(for large pipe, D>125mm) 



Where,

	J =
	The head loss gradient, m per 100m length of pipe

	L = 
	Length of pipe, m

	Q = 
	Flow rate in the pipe, m3/hr

	D =
	Internal diameter of pipe, mm

	K =
	Conversion constant = 1.131x1011

	C =
	Friction coeffiecient, which is a function of pipe material characterstics

	K1 =
	Conversion constant = 8.38x106



	K2 =
	Conversion constant =  9.19x106


Table:  Typical values of C for use in the Hazen-Williams equation
	Pipe material 
	C

	Plastic pipes
	150

	Galvanized steel pipes
	135

	Aluminum pipes
	130

	Steel pipes (new)
	130


The Hazen-Williams equation was developed for pipes larger than 75mm in diameter. For a smaller pipe or smooth-walled pipe (such as plastic pipe) Hazen-Williams equation with a C value of 150 underestimates the friction head losses. While Darcy-Weisbach equation estimates better the head loss for such pipes. Equation above for plastic pipes less than or greater than 125mm in diameter can be used accordingly. Here, the Darcy-Weisbach equation is used. Use of the above head loss equations might be tedious work unless a computer is used.  Alternatively, the reader may use head loss charts which are prepared based on Hazen-Williams and Darcy-Weisbach equations. 

Now, the reader needs to understand that flow of water through a closed /blind pipeline of a given diameter and length like the case in water supply system causes more friction loss than does flow through a pipeline with a number of equally spaced outlets which is the case in pressurized irrigation system. The reason for this reduction in friction loss is that the volume of flow decreases each time an outlet is passed. 
The general guideline for sizing of lateral pipes is to keep the friction loss in lateral lines within 20% of the sprinkler operating pressure head or to keep discharge variation between sprinklers in the system within 10% of the nominal sprinkler discharge while at the same time keep the velocity of flow in the pipe lines between 1.5 – 2.5 m/sec to prevent pipe failure due to water hammer. 

Therefore, for computing head losses in multioutlet pipes, the friction head loss is done in two steps as follows.

· First, the head loss is calculated by assuming that the pipe is plain (without considering the outlets). 

· Then, it is multiplied by a factor called Christansen correction factor, F whose value can be read from nex table for given number of outlets or can be calculated using equation below. 

Or simply, the head loss hf in a pipe with uniform spaced outlets is given by:
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For the number of outlets greater than 30, F value of 0.36 may practically be adopted. 

Table: Correction Factor, F for Friction Losses in Pipes with Multiple Outlets (Source: Keller and Blisener, 1990)
	Number

of outlets
	Plastic Laterals
	Aluminum Laterals

	
	F1
	F2
	F3
	F1
	F2
	F3

	2
	
	
	
	0.639
	
	0.520

	3
	
	
	
	0.535
	
	0.440

	4
	
	
	
	0.486
	
	0.410

	5
	0.469
	0.337
	0.410
	0.457
	0.321
	0.396

	10
	0.415
	0.350
	0.384
	0.402
	0.336
	0.371

	12
	0.406
	0.352
	0.381
	0.393
	0.338
	0.367

	15
	0.398
	0.355
	0.377
	0.385
	0.341
	0.363

	20
	0.389
	0.357
	0.373
	0.376
	0.343
	0.360

	25
	0.384
	0.358
	0.371
	0.371
	0.345
	0.358

	30
	0.381
	0.359
	0.370
	0.368
	0.346
	0.357

	40
	0.376
	0.360
	0.368
	0.363
	0.347
	0.355

	50
	0.374
	0.361
	0.367
	0.361
	0.348
	0.354

	100
	0.369
	0.362
	0.366
	0.356
	0.349
	0.352

	F1 to be used when the distance from the lateral inlet to the first outlet is the regular outlet spacing S meters

F2 to be used when the first outlet is just by the lateral inlet 

F3 to be used when the distance from the lateral inlet to the first outlet is S/2 meters (project case)


The components of the Main line, manifold (submain) and lateral operating head required:
• Sprinkler operating head (Ha)

• Friction head loss through the lateral, manifold and main pipeline including flexible dragline hose 
• Head required by the riser
• Elevation gain or loss as a result of the lateral being laid uphill or downhill, respectively

• Head loss through the head controls and other fittings

	Design of pipe network
	
	
	

	
	
	
	
	
	
	
	
	
	

	All Lines are controlled with globe valve
	
	
	
	
	<125mm
	
	
	
	
	
	>125mm

	Sprinkler operating head (m)
	25
	
	
	
	
	
	
	
	
	
	
	
	

	Hydrant Riser pipe ht (m)
	1
	
	
	
	
	
	
	
	
	
	
	
	

	Sprinkler head ht
	
	1.5
	
	
	
	
	
	
	
	
	
	
	
	

	T. Head
	
	
	27.5
	
	
	
	
	
	
	
	
	
	
	
	

	J =
	The head loss gradient, m per 100m length of pipe
	
	
	
	
	

	L =
	Length of pipe, m
	
	
	
	C =
	Friction coefficient, which is a function of pipe material characteristics, 150 for plastic pipe

	Q =
	Flow rate in the pipe, m3/hr
	
	
	
	K1 =
	Conversion constant = 8.38x106 

	D =
	Internal diameter of pipe, mm
	
	
	
	K2 =
	Conversion constant =  9.19x106

	Line
	L
	Q
	Allowable V(m/s)
	D
	Area (m2)
	Calc. V (m/s)
	hf per 100m
(J)
	hf= JL/100
	Corr hf
	Fitting loss
	ELBEG
	EL END
	Net EL (m)
	IN head
	Remark

	Hose
	30
	0.57
	<=2m/s
	20
	0.000314
	0.50
	2.07
	0.62
	0.62
	0.031
	 
	 
	0.5
	28.65
	Hose OH

	LAT1-1-3
	553
	9
	1.5-2.5m/s, PV<0.20*SOH
	43.6
	0.001492
	1.68
	6.39
	35.35
	27.86
	1.393
	1900.2
	1895.9
	-4.3
	53.60
	LAT OH

	SML1-1
	163
	36
	<=2m/s
	79.8
	0.004999
	2.00
	4.10
	6.67
	6.67
	0.334
	1900.5
	1900.2
	-0.3
	60.31
	SML OH

	ML1(RT)
	273
	72
	<=2m/s
	144.6
	0.016414
	1.22
	0.85
	2.32
	2.32
	0.116
	1898
	1900.5
	2.5
	65.25
	Pump1 

	Hose
	30
	0.57
	<=2m/s
	20
	0.000314
	0.50
	2.07
	0.62
	0.62
	0.031
	 
	 
	0.5
	28.65
	Hose OH

	LAT1-2-5
	483
	9
	1.5-2.5m/s, PV<0.20*SOH
	43.6
	0.001492
	1.68
	6.39
	30.87
	23.39
	1.169
	1902.1
	1897
	-5.1
	48.11
	LAT OH

	SML1-2
	200
	36
	<=2m/s
	79.8
	0.004999
	2.00
	4.10
	8.19
	8.19
	0.410
	1900.5
	1902
	1.5
	58.21
	SML OH

	ML1(LT)
	273
	72
	<=2m/s
	144.6
	0.016414
	1.22
	0.85
	2.32
	2.32
	0.116
	1898
	1900.5
	2.5
	63.14
	 

	Hose
	30
	0.57
	<=2m/s
	20
	0.000314
	0.50
	2.07
	0.62
	0.62
	0.031
	 
	 
	0.5
	28.65
	Hose OH

	LAT2-1-3
	411
	9
	1.5-2.5m/s, PV<0.20*SOH
	43.6
	0.001492
	1.68
	6.39
	26.27
	18.78
	0.939
	1895
	1891.8
	-3.2
	45.18
	LAT OH

	SML2-1
	150
	36
	<=2m/s
	79.8
	0.004999
	2.00
	4.10
	6.14
	6.14
	0.307
	1896
	1895
	-1
	50.62
	SML OH

	ML2(RT)
	160
	72
	<=2m/s
	144.6
	0.016414
	1.22
	0.85
	1.36
	1.36
	0.068
	1894.5
	1896
	1.5
	53.55
	Pump2

	Hose
	30
	0.57
	<=2m/s
	20
	0.000314
	0.50
	2.07
	0.62
	0.62
	0.031
	 
	 
	0.5
	28.65
	Hose OH

	LAT2-2-8
	315
	9
	1.5-2.5m/s, PV<0.20*SOH
	43.6
	0.001492
	1.68
	6.39
	20.13
	12.65
	0.632
	1895
	1893
	-2
	39.93
	LAT OH

	SML2-2
	550
	36
	<=2m/s
	79.8
	0.004999
	2.00
	4.10
	22.52
	22.52
	1.126
	1892
	1893
	1
	64.58
	SML OH

	ML2(LT)
	160
	72
	<=2m/s
	144.6
	0.016414
	1.22
	0.85
	1.36
	1.36
	0.068
	1894.5
	1896
	1.5
	67.51
	 

	Hose
	30
	0.57
	<=2m/s
	20
	0.000314
	0.50
	2.07
	0.62
	0.62
	0.031
	 
	 
	0.5
	28.65
	Hose OH

	LAT3-1-2
	397
	9
	1.5-2.5m/s, PV<0.20*SOH
	43.6
	0.001492
	1.68
	6.39
	25.37
	17.89
	0.894
	1891.5
	1889.5
	-2
	45.44
	LAT OH

	SML3-1
	100
	36
	<=2m/s
	79.8
	0.004999
	2.00
	4.10
	4.10
	4.10
	0.205
	1892
	1891.5
	-0.5
	49.24
	SML OH

	ML3(RT)
	174
	72
	<=2m/s
	144.6
	0.016414
	1.22
	0.85
	1.48
	1.48
	0.074
	1890.3
	1892
	1.7
	52.49
	Pump3 

	Hose
	30
	0.57
	<=2m/s
	20
	0.000314
	0.50
	2.07
	0.62
	0.62
	0.031
	 
	 
	0.5
	28.65
	Hose OH

	LAT3-2-12
	315
	9
	1.5-2.5m/s, PV<0.20*SOH
	43.6
	0.001492
	1.68
	6.39
	20.13
	12.65
	0.632
	1893
	1891
	-2
	39.93
	LAT OH

	SML3-2
	550
	36
	<=2m/s
	79.8
	0.004999
	2.00
	4.10
	22.52
	22.52
	1.126
	1892
	1893
	1
	64.58
	SML OH

	ML3(LT)
	174
	72
	<=2m/s
	144.6
	0.016414
	1.22
	0.85
	1.48
	1.48
	0.074
	1890.3
	1892
	1.7
	67.83
	 

	LAT1-1-1
	509
	9
	1.5-2.5m/s, PV<0.20*SOH
	43.6
	0.001492
	1.68
	6.39
	32.53
	25.05
	1.252
	1900.5
	1896
	-4.5
	50.45
	LAT OH

	LAT1-1-2
	524
	9
	1.5-2.5m/s, PV<0.20*SOH
	43.6
	0.001492
	1.68
	6.39
	33.49
	26.01
	1.300
	1900.5
	1896
	-4.5
	51.46
	LAT OH

	LAT1-2-1
	515
	9
	1.5-2.5m/s, PV<0.20*SOH
	43.6
	0.001492
	1.68
	6.39
	32.92
	25.43
	1.272
	1900.5
	1896
	-4.5
	50.85
	LAT OH

	LAT1-2-2
	487
	9
	1.5-2.5m/s, PV<0.20*SOH
	43.6
	0.001492
	1.68
	6.39
	31.13
	23.64
	1.182
	1901.5
	1896.5
	-5
	48.47
	LAT OH

	LAT1-2-3
	482
	9
	1.5-2.5m/s, PV<0.20*SOH
	43.6
	0.001492
	1.68
	6.39
	30.81
	23.32
	1.166
	1901.6
	1896.5
	-5.1
	48.04
	LAT OH

	LAT1-2-4
	483
	9
	1.5-2.5m/s, PV<0.20*SOH
	43.6
	0.001492
	1.68
	6.39
	30.87
	23.39
	1.169
	1902
	1896.5
	-5.5
	47.70
	LAT OH

	LAT1-2-5
	483
	9
	1.5-2.5m/s, PV<0.20*SOH
	43.6
	0.001492
	1.68
	6.39
	30.87
	23.39
	1.169
	1902.1
	1897
	-5.1
	48.10
	LAT OH

	LAT1-2-5-1
	289
	9
	1.5-2.5m/s, PV<0.20*SOH
	43.6
	0.001492
	1.68
	6.39
	18.47
	10.99
	0.549
	1899.5
	1897
	-2.5
	37.69
	LAT OH

	LAT1-2-5-2
	196
	9
	1.5-2.5m/s, PV<0.20*SOH
	43.6
	0.001492
	1.68
	6.39
	12.53
	5.04
	0.252
	1899
	1897
	-2
	31.94
	LAT OH

	LAT2-1-1
	408
	9
	1.5-2.5m/s, PV<0.20*SOH
	43.6
	0.001492
	1.68
	6.39
	26.08
	18.59
	0.930
	1896
	1892
	-4
	44.17
	LAT OH

	LAT2-1-2
	408
	9
	1.5-2.5m/s, PV<0.20*SOH
	43.6
	0.001492
	1.68
	6.39
	26.08
	18.59
	0.930
	1895.5
	1892
	-3.5
	44.67
	LAT OH

	LAT2-2-1
	450
	9
	1.5-2.5m/s, PV<0.20*SOH
	43.6
	0.001492
	1.68
	6.39
	28.76
	21.28
	1.064
	1896
	1892.5
	-3.5
	47.49
	LAT OH

	LAT2-2-2
	407
	9
	1.5-2.5m/s, PV<0.20*SOH
	43.6
	0.001492
	1.68
	6.39
	26.01
	18.53
	0.926
	1896
	1892.5
	-3.5
	44.60
	LAT OH

	LAT2-2-3
	405
	9
	1.5-2.5m/s, PV<0.20*SOH
	43.6
	0.001492
	1.68
	6.39
	25.89
	18.40
	0.920
	1896.5
	1892.7
	-3.8
	44.17
	LAT OH

	LAT2-2-4
	403
	9
	1.5-2.5m/s, PV<0.20*SOH
	43.6
	0.001492
	1.68
	6.39
	25.76
	18.27
	0.914
	1896.5
	1892.7
	-3.8
	44.04
	LAT OH

	LAT2-2-5
	401
	9
	1.5-2.5m/s, PV<0.20*SOH
	43.6
	0.001492
	1.68
	6.39
	25.63
	18.14
	0.907
	1896.5
	1893
	-3.5
	44.20
	LAT OH

	LAT2-2-6
	398
	9
	1.5-2.5m/s, PV<0.20*SOH
	43.6
	0.001492
	1.68
	6.39
	25.44
	17.95
	0.898
	1896.5
	1893
	-3.5
	44.00
	LAT OH

	LAT2-2-7
	396
	9
	1.5-2.5m/s, PV<0.20*SOH
	43.6
	0.001492
	1.68
	6.39
	25.31
	17.82
	0.891
	1896.5
	1893
	-3.5
	43.87
	LAT OH

	LAT2-2-8-1
	234
	9
	1.5-2.5m/s, PV<0.20*SOH
	43.6
	0.001492
	1.68
	6.39
	14.96
	7.47
	0.374
	1895
	1893
	-2
	34.49
	LAT OH

	LAT3-1-1
	395
	9
	1.5-2.5m/s, PV<0.20*SOH
	43.6
	0.001492
	1.68
	6.39
	25.25
	17.76
	0.888
	1891.5
	1889
	-2.5
	44.80
	LAT OH

	LAT3-2-1
	427
	9
	1.5-2.5m/s, PV<0.20*SOH
	43.6
	0.001492
	1.68
	6.39
	27.29
	19.81
	0.990
	1892
	1889
	-3
	46.45
	LAT OH

	LAT3-2-2
	400
	9
	1.5-2.5m/s, PV<0.20*SOH
	43.6
	0.001492
	1.68
	6.39
	25.57
	18.08
	0.904
	1892
	1889
	-3
	44.63
	LAT OH

	LAT3-2-3
	399
	9
	1.5-2.5m/s, PV<0.20*SOH
	43.6
	0.001492
	1.68
	6.39
	25.50
	18.02
	0.901
	1892
	1889
	-3
	44.57
	LAT OH

	LAT3-2-4
	398
	9
	1.5-2.5m/s, PV<0.20*SOH
	43.6
	0.001492
	1.68
	6.39
	25.44
	17.95
	0.898
	1892.5
	1889
	-3.5
	44.00
	LAT OH

	LAT3-2-5
	397
	9
	1.5-2.5m/s, PV<0.20*SOH
	43.6
	0.001492
	1.68
	6.39
	25.37
	17.89
	0.894
	1892.5
	1890
	-2.5
	44.93
	LAT OH

	LAT3-2-6
	396
	9
	1.5-2.5m/s, PV<0.20*SOH
	43.6
	0.001492
	1.68
	6.39
	25.31
	17.82
	0.891
	1892.5
	1890
	-2.5
	44.87
	LAT OH

	LAT3-2-7
	395
	9
	1.5-2.5m/s, PV<0.20*SOH
	43.6
	0.001492
	1.68
	6.39
	25.25
	17.76
	0.888
	1892.6
	1890
	-2.6
	44.70
	LAT OH

	LAT3-2-8
	394
	9
	1.5-2.5m/s, PV<0.20*SOH
	43.6
	0.001492
	1.68
	6.39
	25.18
	17.70
	0.885
	1893
	1890
	-3
	44.23
	LAT OH

	LAT3-2-9
	393
	9
	1.5-2.5m/s, PV<0.20*SOH
	43.6
	0.001492
	1.68
	6.39
	25.12
	17.63
	0.882
	1893
	1890
	-3
	44.16
	LAT OH

	LAT3-2-10
	392
	9
	1.5-2.5m/s, PV<0.20*SOH
	43.6
	0.001492
	1.68
	6.39
	25.05
	17.57
	0.878
	1893
	1890
	-3
	44.10
	LAT OH

	LAT3-2-11
	391
	9
	1.5-2.5m/s, PV<0.20*SOH
	43.6
	0.001492
	1.68
	6.39
	24.99
	17.51
	0.875
	1893
	1890
	-3
	44.03
	LAT OH


8.8. Size of pumping Unit, Centrifugal electrical pumps

Suction hose 150mm reinforced rubber pipe, area of flow=0.01766m2

Length maximum 6m

Suction velocity for 20l/s=0.02m3/s/0.01766m2=1.13m/s

Suction velocity head=0.065m

Pipe friction loss=0.05m

fitting loss:

- Loss in foot valve and strainer=K=1.80

- Loss in large smooth 90o bend=k=0.34

- Entry loss for bell mouth entry=K=0.45

Total K=2.59

Thus Fitting loss in suction=2.59*0.065=0.17m

Staic lift=2m

Total suction lift=2.29m

Total head maximum= Sprinkler delivery head+suction head= 67.83m+2.29m=say 70m

Discharge=72m3/hr or 0.02m3/s

Unit weight of water=10KN/m3

Efficiency of Motor=70%

Efficiency of Pump=70%

P=γQH/η
P=(10*0.02*70)/(0.7 x 0.7)=28.57KW Say 30KW each pump.

Net positive suction head for surface pump:

The Net Positive Suction Head Available for the given site condition can be calculated using the following formula:-

Elevation of the site = 1895 masl

Maximum ambient Temperature = 40 0c

NPSHa = hatm – hvp – hl - hs

hatm – Atmospheric pressure at elevation of 1895 masl = 8.21 m

hvp – Vapor pressure at maximum operating temperature (40 0c) = 0.76 m

hl - Suction line loss = 0.22 m

hs - Static Suction lift = 2 m

Safety margin=0.50m

NPSHa = hatm – hvp – hl - hs = 8.21– 0.76 – 0.22 - 2 -0.50= 4.73 m

The Net Positive Suction Head Available must be greater than the Net Positive Suction Head Required.

8.9. Design of pumping unit, Submersible pumps

Pump position 90m below OGL

Discharge=20l/s =72m3/hr
Unit weight of water=10KN/m3

Efficiency of Motor=70%

Efficiency of Pump=70%

P=γQH/η
Pumping head:

[image: image48.png]
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(for large pipe, D>125mm) 


---- (2.15b)

Assume riser pipe is 6inch or 150mm flanged steel pipe

Then Area of pipe=0.01766m2

Velocity in pipe=1.13m/s

Velocity head=0.065m

Pipe friction factor=130 for steel pipe

Length of pipe=122m

	K2 =
	Conversion constant =  9.19x106

	
	


Then J=per 100meter friction loss=0.71

For 122m friction loss=0.87m

Elbow loss=K*Velocity head=2*0.90*0.065=0.12m

Inlet and Exit Loss= Ki*Velocity head+ Ko*Velocity head=1.5*0.065=0.10m

Total friction and fitting loss=1.09m

Verical difference=122m

Toal Dynamic head=123.09m say 124m

P=γQH/η

Pump and motor efficiency taken 70%

P=50KW Now that we know the TDH and required/desired flow, we can select a pump from a performance curve.
Power Requirement at each well:

For Surface pump=30KW

For submersible pump=50KW

Total 50KW+30KW=80KW

Thus if power factor=0.8 then 80KW/0.8=100KVA transformer at each borehole is necessary.

Power line is 1950m long to supply the 3 borehole sites. 

Thus, the salient features of the sprinkler system are:

1. Depth of irrigation 



: 61mm

2. Irrigation interval



: 12 days
3. Sprinklers working simultaneously

: 126

4. Sprinkler nozzle size


: 3mm

5. Operating head of sprinkler

: 25m
6. Discharge of sprinkler 


: 0.57 m3/hr

7. Spacing of sprinklers on the laterals
: 12m
8. Hose diameter



: 20mm UV treated polyester flexible pipe

9. Number of sprinklers system settings
: 2 shifts per day
10. Size of lateral     



: 50mm (PN6 HDPE.)
11. size of submain pipe


: 90mm (PN6 HDPE)

12. Size of main pipe          


: 150mm (PN10 HDPE) 

13. Length of each hose  


: 30m 

14. Total length of laterals


: 15,129m 

15. Total Length of main line

            : 607m total

16. Total length of Sub-main line

: 1,713m

17. System Discharge



 : 72m3/hr

18. Total head
of surface pump

 : 70m

19. Power of the surface pump

 : 30KW
20. power of the submersible pump

 : 50KW

8.10. Pump operation

The submersible pump and surface pumps can work simultaneously or alternately. For safety two pumps were assumed to work simulataneusly. Thus Total power was considered for standard Transformer recommendation. Total power is 80KW thus to be on safe side 200KVA standard transformer is to be installed at the 3 boreholes.

8.11. Storage ponds

Three storage pond with size 30mx30 top and 22mx22m bottom with depth 2m is proposed at each borehole. Each pond capacity is 1296m3 that it can store 20l/s for 18 hour flow. The ponds are lined with geo-membrane.

8.12. Drainage and Access

The project area is already facilitaed with road and drainage network for previous surface irrigation system. The existing drainage network serves all in-field drainage. And the existing farm roads serve the as access to different parts of the area.

8.13. Fertigation

Fertilizer is assumed to be applied manually from farmers local practical condition and because if it is to be applied via fertigation units each crop field must be managed accordingly base on crop needs with each user farmer and well soluble fertilizer is needed.

8.14. Conclusion and Recommendation

The project shall be implemented in two phases. First phase is bore hole drilling and testing. This time the static water level, draw down, pump safe yield and pump positioning is known. Thus there may be need for design review based on well yield obtained and pump position. The second phase is pump installation, power supply, pipe networks and other civil works.

8.15. Equipment Specification and Bill of Quantities 
PART-I Borehole Drilling works
	 
	 Description 
	Unit
	 Qty 
	 Unit Rate 
	 Total  

	1
	General items 
	 
	 
	 
	 

	1.1
	Mobilization of man power & Equipment for drilling, construction, testing and site clearing before and after drilling works
	Ls
	      1.00 
	
	

	1.2
	Inter site Mobilization
	Ls
	      2.00 
	
	

	1.3
	Demobilization of manpower & Equipment after completing drilling, construction and testing
	Ls
	      1.00 
	
	

	1.4
	site clearance before and after all works are finish
	Ls
	      3.00 
	
	

	2
	Drilling(for three boreholes)
	 
	 
	
	

	2.1
	Drilling with 22 inches (0m - 20m) or more bit in the unconsolidated upper section
	M
	    60.00 
	
	

	2.2
	Drilling in all types of formation with 17 1/2inches  (20m - 300m)
	M
	 840.00 
	
	

	3
	Logging 
	 
	 
	
	

	3.1
	Litho logical logging
	No
	      3.00 
	
	

	3.2
	Electrical logging  (Receptivity)
	No
	      3.00 
	
	

	4
	Supply and installation of casings (for three boreholes)
	 
	 
	
	

	4.1
	Supply and installation of surface casing (20inches steel)
	M
	    60.00 
	
	

	4.2
	Supply and installation of mailed steel blind casing(12 inches)
	M
	 630.00 
	
	

	4.3
	Supply and installation of mild steel screened casing (12 inches)
	M
	 270.00 
	
	

	4.4
	Supply and installation screen steel casing  of observation pipe with  internal diameter (3/4”)
	M
	 450.00 
	
	

	5
	Well completion and sanitary protection work(for three boreholes) 
	 
	 
	
	

	5.1
	Supply and pack selected river gravel with(6mm-9mm )
	M3
	    45.00 
	
	

	5.2
	Well cleaning and development( by using different methods like back washing, surging, jetting, air lifting, over pumping etc)
	Hrs
	    45.00 
	
	

	5.3
	Supply and installation cement grout to 20m depth to top of the hole
	Ls
	      3.00 
	
	

	5.4
	Well head construction as per specification
	Ls
	      3.00 
	
	

	6
	Test pumping including result analysis( for three boreholes)
	 
	 
	
	

	6.1
	Preliminary test
	Hrs
	      6.00 
	
	

	6.1
	Step draw down tests( 4 steps for each)
	Hrs
	    24.00 
	
	

	6.2
	constant discharge test 
	Hrs 
	 216.00 
	
	

	6.3
	Monitoring of recovery 
	Hrs
	    15.00 
	
	

	7
	Supply and install well cap
	Pcs
	      3.00 
	
	

	8
	Water quality analysis (physico-chemically)
	LS
	      3.00 
	
	

	9
	Well completion reporting in 4 copies( all wells are in one)
	Ls
	      1.00 
	
	

	 
	Sum 
	 
	 
	
	

	 
	VAT 15%
	 
	 
	
	

	 
	Total with VAT
	 
	 
	
	


PART-II PUMPING FACILITY PIPE NETWORKS AND OTHER CIVIL WORKS

	No.
	Description of items
	Unit
	Qtty
	Unit Cost
	Total cost

(ETB)

	1
	Preparatory works and others
	 
	 
	 
	 

	1.1
	Mobilization and Demobilization 
	lps
	1
	
	

	1.2
	Surveying, Engineering and preparation of as built drawings 
	lps
	1
	
	

	1.3
	Camping
	 
	 
	
	

	 
	Office 3m*3m
	Pcs
	1
	
	

	 
	Store 6m *5m
	Pcs
	1
	
	

	 
	Living rooms 3mx4m
	Pcs
	4
	
	

	 
	Toilet 2m*2m
	Pcs
	1
	
	

	1.3.1
	Site clearance and trim 20cm below the OGL                                    
	m3
	80
	
	

	1.3.2
	Foundation excavation on normal soil                         
	m3
	80
	
	

	1.3.3
	carting away excavated  materials                        
	m3
	90
	
	

	1.3.4
	20cm thick hard core well blended with 1:3 mortar
	m3
	30
	
	

	1.3.5
	Masonry bedded in 1:3 mortar                                         
	m3
	35
	
	

	1.3.6
	10cm thick lean concrete 1:2:4
	m3
	25
	
	

	1.3.7
	Toilet floor, 20 cm thick C-20 RCC slab with dia 12mm R bar @ 200mm c/c bottom with formworks 
	m3
	1
	
	

	1.3.8
	CIS walling G-32 with all necessary materials
	m2
	190
	
	

	1.3.9
	CIS roofing G-32 with all necessary materials
	m2
	130.8
	
	

	1.3.10
	CIS Doors with accessories
	Pcs
	7
	
	

	 
	Sub-total 1
	 
	 
	
	

	2
	Submersible pump installation (3#)
	 
	 
	
	

	2.1
	Supply and installation of 124m head, 20l/s Discharge stainless steel submersible pump of 50KW power, Origin Italy or Germany with control board, ISO standard cables and all necessary accessories. All testing works included
	No
	3
	
	

	2.2
	Supply and installation of ISO standard 6 inch steel pipe with flange ends and special rust resistant stainless bolt and nut connection
	m
	380
	
	

	2.3
	Supply and fix 90o flange ended Elbow 
	Pcs
	6
	
	

	2.4
	Supply and fix clamp for riser pipe in boreholes
	Pcs
	3
	
	

	 
	Sub-total 2
	 
	 
	
	

	3
	Surface pump installation
	 
	 
	
	

	3.1
	Supply and installation of 70m head, 20l/s Discharge electrical surface pump of 30KW power, Origin Italy, NPSH more than 4.73m with control board, ISO standard cables and all necessary accessories. All testing works included
	Pcs
	3
	
	

	3.2
	Supply and installation of 150mm diameter flange ended steel pipe
	m
	36
	
	

	3.3
	Supply and installation of 150mm flange ended 90oelbow
	Pcs
	6
	
	

	3.4
	Supply and installation of 150mm flange ended Gate valve
	Pcs
	3
	
	

	3.5
	Supply and installation of 150mm flange ended Check valve
	Pcs
	3
	
	

	3.6
	150mm Adapter to connect flanged steel pipe and HDPE pipe
	Pcs
	3
	
	

	3.7
	Pressure gauge
	Pcs
	3
	
	

	 
	Sub-total 3
	 
	 
	
	

	4
	Pump and control board houses 
	 
	 
	 
	 

	4.1
	Site clearing to an average depth of 20 cm to remove top soil & Grubbing
	m2
	30
	
	

	4.2
	Excavation for foundation trench to a depth of not exceeding 100 cm below stripped ground level
	m3
	16
	
	

	4.3
	Placing 25cm thick basaltic or equivalent stone hard core well  rolled and consolidated & blinded with crushed stone
	m3
	13
	
	

	4.4
	Construction of 40 cm thick basaltic or equivalent  masonry foundation wall to a depth of 50 cm blow stripped level blended & joined in cement mortar of 1:3
	m3
	19.6
	
	

	4.5
	Pointing the external wall surface of the foundation  with cement mortar 1:3
	m2
	26
	
	

	4.6
	Casting 50 cm thick reinforced concrete for Generator and pump Seat  (Basement) with Grade C-20 Concrete with minimum  cement content of 320 kg / m3 cost includes supply & Installation of Re-bar and approved  anchor Bolts and Formwork fixing 
	m3
	1.2
	
	

	4.7
	Casting 10 cm thick Mass Concrete of Grade C-20, with minimum cement of  320 Kg / m3 of concrete above hard core
	m3
	1
	
	

	4.8
	Supply, Cut, Bend & fixing  Reinforcement bar DN12 mm spaced @ 250 mm   
	Kg
	20
	
	

	4.9
	Wooden Formworks
	m2
	2.5
	
	

	4.10
	G-32 CIS walling with all necessary materials
	m
	160
	
	

	4.11
	G-32 CIS Roofing with all necessary materials
	m
	80
	
	

	4.12
	"Tid or Equivalent wooden frame lockable doors made of  G-32 CGI sheets of single double leaf type 2.10 m x 1.50 m
	Pcs
	3
	
	

	4.13
	"Tid or Equivalent wooden frame lockable windows made of G-32 CGI sheets of single Leaf type 1.00  x 1.00 m
	Pcs
	3
	
	

	4.14
	supply & fix mesh wire for insect netting and  ventilation as drawing 400cmx50 cm
	lps
	1
	
	

	 
	Sub-total 4
	 
	 
	
	

	5
	Storage ponds (3#)
	 
	 
	
	

	5.1
	Site clearance and trim 20cm below the OGL                                    
	m2
	3675
	
	

	5.2
	Excavation on normal soil
	m3
	4056
	
	

	5.3
	Cart away surplus material to distance not more than 500m
	m3
	4000
	
	

	5.4
	1.2mm thick geo-membrane supply and lining to ponds
	m2
	3888
	
	

	5.5
	1:2:4 lean concrete works for suction pool at bottom level as per drawing
	m3
	4
	
	

	5.6
	Fill and compaction works
	m3
	60
	
	

	5.7
	Fencing of the storage pond with chemical treated 2.50m long eucalyptus pole of 10-12cm diameter where 50cm is below OGL, 20cm spaced barbed wire over 2m height.
	m
	480
	
	

	5.8
	2m wide entrance gate and lock from G-32 CIS, with all necessary materials
	Pcs
	3
	
	

	 
	Sub-total 5
	 
	 
	
	

	6
	Power line and transformer
	 
	 
	
	

	6.1
	3 phase high tension power line including pole, cables and other accessories
	m
	1950
	
	

	6.2
	200KVA standard transformer supply and installation
	No
	3
	
	

	 
	Sub-total 6
	 
	 
	
	

	7
	Main (607m) and sub-main pipes (1713m)
	 
	 
	
	

	7.1
	Excavation for trench on normal soil
	m3
	1300
	
	

	7.2
	150mm PN10 HDPE pipe main line
	m
	607
	
	

	7.3
	90mm PN10 HDPE pipe sub-main line
	m
	1713
	
	

	 
	Sub-total 7
	 
	 
	
	

	8
	Laterals  pipes (15129m), Hoses and sprinklers
	 
	 
	
	

	8.1
	Excavation for trench on normal soil
	m3
	8500
	
	

	8.2
	 50mm PN6 HDPE pipe lateral 
	m
	15200
	
	

	8.3
	4 inch GI pipe for lateral pipe road crossing
	m
	264
	
	

	8.4
	  20mm PN6 UV treated flexible hose 
	m
	15000
	
	

	8.5
	Sprinklers, 0.57m3/hr and 3mm dia. Nozzle
	No.
	500
	
	

	 
	Sub-total 8
	 
	 
	
	

	9
	Fittings and Accessories 
	 
	 
	
	

	9.1
	Riser pipes for sprinklers  (20mm)
	m
	1270
	
	

	9.2
	Hose quick couplers and key (20mm)
	No.
	1270
	
	

	9.3
	150mm x 90mm x 90mm HDP Tee
	No.
	3
	
	

	9.4
	90mm x 90mm x 50mm HDPE Tee
	No.
	40
	
	

	9.5
	50mm x 50mm x 20mm HDPE Tee
	No.
	1270
	
	

	9.6
	20mm Hydrant valves
	No.
	1270
	
	

	9.7
	Tripods 1.50m height 
	No.
	500
	
	

	9.8
	HDPE Union(50mm ) 
	No.
	80
	
	

	9.9
	HDPE Nipple (50mm)
	No.
	160
	
	

	9.10
	Nipple 20mm connection as per requirement
	No.
	80
	
	

	9.11
	HDPE elbow 50mm
	No
	160
	
	

	9.12
	Plastic End Cap 90mm
	No.
	6
	
	

	9.13
	Plastic End Cap 50mm
	No.
	40
	
	

	9.14
	Adapter (150mm) connection as per requirement
	No.
	3
	
	

	9.15
	Adaptor (90mm) connection as per requirement
	No.
	12
	
	

	9.16
	Adaptor (50mm) connection as per requirement
	No.
	60
	
	

	 
	Sub-total 9
	 
	 
	
	

	10
	Control heads
	 
	 
	
	

	10.1
	Ball Gate valve, 50mm
	No.
	40
	
	

	10.2
	Air Release Valve 50mm 
	No.
	40
	
	

	10.3
	Pressure Regulator 50mm  
	No.
	40
	
	

	10.4
	Plastic Screen Filter 50mm(120-mesh) 
	No.
	40
	
	

	 
	Sub-total 10
	 
	 
	
	

	11
	Installation cost including testing and trench backfills
	ha
	75
	
	

	 
	Sub-total 11
	 
	 
	
	

	 
	Total cost (birr)
	 
	 
	
	

	 
	VAT (15%)
	 
	 
	
	

	 
	Grand total (birr)
	 
	 
	
	


8.16. Installation and Testing of Sprinkler System
Installation of Pipe Lines and Fittings

A. Installation of Mains and Sub-main Pipes

Mains, sub-main and lateral pipes in sprinkler system are buried. For installation of the pipes, first make sure that the pipes, fittings and valves are free from defects impairing strength and durability and be of the best commercial quality for the purposes specified. All pipes, valves and pipe fittings shall conform to the relevant standards. As the pipes are usually buried, to protect them from farming operations and traffic hazards, the following guide may be used in their installation.
Trench Excavation 

The excavation of trenches for pipelines shall at any one time be limited to lengths approved by the design engineer. Before commencing, the alignment of the pipeline shall be pegged out and approved. 
Table 8‑5: Maximum Trench Width
	Nominal Pipe Diameter DN(mm)
	Maximum Trench Width(mm)

	Up to and including 600
	D+750

	Over 600 up to and including 825
	D+825

	Over 825 up to and including 1125
	D+1250

	Over 1125
	D+1350


Adequate dewatering system to lower the existing ground water table below the level of the trench bottom and to keep the trench dry until pipes are assembled and back filled. If during the progress of the work the trench in part or in whole becomes flooded, the contractor shall immediately stop all relevant work until the trench is dry. 

Installation 

After excavation of the trench, installation follows. Installation of pipelines includes construction of beddings and foundation, laying and jointing of pipes and fittings, manholes and other structures in the line, testing, and backfilling of trenches, surface restoration and commissioning.
Pipe Laying

For laying the pipes, first granular bedding of sand for pipes shall be placed by spreading and compacting granular bedding material over the complete width of the pipe trench. Where pipes are jointed, bell holes of ample dimensions shall be formed in the bedding to ensure that each pipe is uniformly supported throughout the length of its barrel and to enable the joint to be made and inspected during testing. After pipe laying, additional material shall be placed and compacted by hand rammer in 150mm layers equally on each side of the pipe as side support for the pipe. 
As soon as pipes have been placed on their bedding and before backfilling they shall be tested for leakage. Before any testing, the contractor shall ensure that the pipeline is anchored adequately and that thrusts from bends, branch outlets or from the pipeline ends are transmitted to solid ground or to a suitable temporary anchorage. Open ends shall be stopped with plugs, caps or blank flanges properly jointed. 
Before testing, valves shall be checked and sealed, the sections of main filled with water and the air released. After having been filled, pipelines shall be left under operating pressure for the period of not less than three (3) hours, so as to achieve conditions as stable as possible for testing. 
Filling and Protection 

After testing, the pipe must be surrounded by fill for proper protection. The minimum depth of cover for plastic pipe materials is specified in table below.
Table 8‑6: Minimum depth of cover for UPVC pipe
	Nominal Pipe Diameter DN(mm)
	Min. Cover(mm)

	DN350
	500

	DN400
	500

	DN450
	500

	DN550
	500

	DN600
	500


The minimum depth of soil cover is safe for uPVC pipe material with stiffness value of 10 bar. The pipe shall be protected with concrete encasement from live traffic loads at road crossings. 

Filling and protection to pipes shall extend fully to the sides of the excavation. The Contractor shall provide and maintain an adequate support system for upholding the ground actually encountered, and the safety of adjacent structures or utilities shall not be affected.  The trench above the so finished pipe surround shall be filled with fill and shall be compacted flush with ground level. 

a. Field Evaluation of Sprinklers

The purpose of a sprinkler system is to distribute water over the surface of the soil uniformly. Right after installation and successful testing of pipes and fittings, the uniformity of the sprinklers shall be tested. The degree of uniformity of sprinklers application rate for given set of conditions in the field can be computed from field observations of the depths of water collected in open cans placed at regular intervals within a sprinkled area. Typical catch-can spacings are 2 or 3 m on a square grid, with the sprinkler in the center. The operating time used for testing is usually 30minutes. A measurable index of the degree of uniformity for any size sprinkler operating under given conditions is known as the uniformity coefficient. It can be determined by the Christiansen uniformity coefficient which is expressed as:
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Where, 


	Cu =
	coefficient of uniformity 

	Np =
	average value of all observations, mm 

	W =
	total number of observation points (sprinklers)

	L  =
	numerical deviation of individual observations from the average observation, mm 


The difference between discharges of any two sprinklers operating simultaneously in the system should be less than 25 percent or the uniformity coefficient should be more than 75%. 
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Figure: Field Evaluation of Sprinklers
8.17. Operation and Maintenance
Appropriate operation and maintenance is not less important than proper design. It is rather the key factor for good irrigation management. Because the success or failure of any properly designed and installed system are determined by the way both the irrigation system as a whole and its component parts are operated and maintained. Efficient operation of an irrigation system depends mainly on the ability of the farmer to make the best use of it, the following is the general instruction for the farmers, and system operators with regard to the O&M of a sprinkler irrigation system.  
Operation

Operation of sprinkler system according to schedule facilitates optimal utilization of the system, efficient water use and energy saving.

When and How Long to Irrigate

The application of the exact amount of water required by the crops at the right time is the main achievement of the irrigation installation. Farmers shall strictly follow the main elements of irrigation programming, such as water discharge and rate, operating hours and irrigation frequency for equity of water allocation as well as to achieve high water use efficiency.  

Starting and Stopping the System

Starting and shutting down the system needs to be done very carefully in order to prevent surges and water hammer and to avoid air pockets in the pipelines. The opening and closing of the valves at the head of the system, the main and sub-main pipelines, should always be done slowly.
Farmers shall strictly follow the pumping operation schedules. The starting and stopping times for each pump unit shall be scheduled to match to the desired irrigation hours. There may be a need to readjust the pumping period when there would be adverse weather condition in terms of rain fall amount, distribution and intensity of solar radiation. The readjustment should be done either based on actual records or predictions of weather condition (rainfall or solar radiation) in the command areas and the surrounding environment. The farmers have to be informed and trained about the readjustment process in the irrigation system. If the measured rainfall is, for example, more than half of the daily deficit, farmers needs to be instructed to stop the pumping operation. Otherwise, in the absence of recorded rainfall data, personal judgment will govern to operate or not to operate the pump. However, to operate the pump at the delivery point, the supplier’s instructions should be followed. 
Energy cost of the system

If pump works for maximum 18hours per day, 3[80KW*18hr] =4320KWH consumption

If 7 irrigation per week, approximately 30240KWH/week

One crop season is about 4months or 4x4=16weeks

16x30240=483,840 KWH per season

1year has two seasons -------2x 483,840 KWH = 967680KWH

1KWH is about 0.50 ETB

967680KWH x 0.50ETB=483,860 Birr per year

Maintenance 

The performance of sprinkler system has to be monitored in real-time. In addition to the daily monitoring of its performance, periodic inspection of individual components should be performed. 

The following may be taken as a guide as maintenance schedules for sprinkler systems. 


Table 8‑7: Maintenance schedule for sprinkler irrigation systems 
	Monitor
	With each cycle of irrigation
	Annually

	Inspect the system for leakage
	X
	

	Check system pressure and system flow
	X
	

	Service air valves and hydrants
	
	X

	Check sprinklers for wear and replace springs, washers and nozzles where necessary
	
	X

	Flush mainlines
	
	X

	Replace rubbers at quick coupling pipes where necessary
	
	X


9. Financial Analysis

Financial analysis analyzed the cost and benefit streams of the project in terms of their financial implications to the surrounding areas and it provide a framework within which all aspects of a proposed project can be evaluated in a coordinated and systematic manner. A project carefully analyzed in the light of financial analysis has a better chance of being implemented on time and providing the required benefits. The policy makers are concerned about where scarce capital resources can best be directed to maximize economic growth and higher social and economic returns. 

9.1. Purpose of Financial Analysis

The purpose of the financial analysis of this report is to determine the extent of the viability of the project from the point of view of project implementing and operating agencies

9.2. Objective
The main objective of this financial analysis of the project is to undertake a comprehensive financial appraisal of the project in terms of its viability and to help take investment decision.

9.3. Methods of Analysis
A comprehensive financial method of analysis is indicative of resource use and efficiency has to be prepared for the project. The benefits from crop production would be in terms of additional production minus extra costs incurred by the producers. Thus, the main estimates included with respect to financial analysis are: cost structure and benefit streams, net returns from the existing and proposed crops, calculations of NPV, IRR, B/C and sensitivity analysis.

The Net Present Value (NPV) is the discounted net benefit where the net benefit is the difference between total benefit and total cost. The criteria of the NPV are as follows.

Criteria of NPV= If NPV>0, then accept the project



    If NPV<0, then reject the project



    If NPV=0, accept most of the time

Internal Rate of Return (IRR): The internal rate of return is the discounted rate that sets NPV=0, that is the interest rate that makes the present value of total benefit equal to present value of total cost. The criterion is that accept the project with rate of return greater than the opportunity cost of capital. 

Benefit Cost Ratio (B/C): The benefit cost ratio is the present value of total benefit divided by the present value of total cost. The larger B/C ratio, the more attractive is a project. In general, a B/C ratio higher than one indicates that a project is viable. Conversely, with a ratio of less than 1, a project would be uneconomic; with a ratio of close to 1, a project’s economic value would be marginal.

9.4. Market and prices of inputs and output prices
Market and prices of inputs and output prices consist of the farm inputs prices and project product prices which shall be transacted actually by the situation at the time of project operation. For financial analysis purposes the existing market prices and estimated farm gate price were used.

9.4.1. Prices of in puts

The prices of inputs are determined by the market condition of the time of application and depend upon the distance between project area and supply agents for example the fertilizer prices at Koftu multipurpose farmers cooperatives site  can be considered. The values used in the analysis are indicated in the table of cost benefits analysis. They are mainly generated from survey results and existing market condition that may need for adjustment so as to reflect farm gate prices. 

9.4.2.  Prices of out put

The prices of the out puts of the project are expected to be determined by the market condition. Demand and supply at the time of production shall determine price of agricultural outputs. There is an accessible road for transportation of output in all season. The output prices used for financial analysis are results of the local market assessment specially that of farm gate prices. 
Market

The project is located adjacent to main road Adama to Addis Ababa and nearest to main market centers such as Bishoftu and Addis Ababa. The product can also reach easily to big consumer centers such as Adama and Addis Ababa. The distribution mechanism and specially the role of middlemen in deciding prices of irrigation output is considerable. 

9.5. 'With and without ' project Comparison
The financial analysis of the project was conducted by comparing and contrasting the with and without project situations. The total target area was about 75 hectare. The following are assumed to carry out the financial analysis of Koftu Ade'a sprinkler irrigation project.

1. Cropping pattern and area allocated for each crop type is based on agronomic recommendation (types of crops and area distribution)

2. Yield levels and input levels are  recommended by the irrigation agronomist

3. With and without project farm budget analysis is made based on crop by crop basis

4. Investment cost is provided by the design engineer 

5. Twice production during dry season and wet season is assumed and the cropping intensity is 200% 

6. Maintenance of civil works was assumed to be 2% of total investment

7. The project lifespan is assumed to be 15 years

8. Taxes are considered as costs to individual farmers and hence included  in the financial analysis

9. Profit tax is considered to be 25% of net profit 

10. Constant cash flow (annuity) is assumed throughout the project life except the construction period which is year zero

11. The discount rate used is about 10%

12. Average value of chemical use was estimated to be according to the type of crop which is recommended by irrigation agronomist

13. Depreciation of farm tools per hectare on the process of production was considered  each season

14. The investment period is assumed year zero, it could be a year or more. This means that there is no investment after operation started

9.6. Results and Decisions  
The decision whether to invest or not depends on the values of discounted measures of project viability. The decision to accept project using NPV requires the value to be greater or equal to zero. At zero value we are indifferent to invest or not. In general a positive NPV value is required. The FIRR value must be greater than the cost of capital (discount rate) used in the discounting process. The value of BCR should exceed unity on the other hand. The following values are determined in case of Koftu Ade'a sprinkler  irrigation project.

Table   Measure of Project Viability

	Discounted measure of Project Worthiness
	Decision Rule
	Value determined for Koftu Ade'a sprinkler irrigation project                    (000)
	Decision

	NPV
	Accept a project if NPV≥0
	Birr 12,979.7


	feasible

	FIRR
	Accept a project if FIRR> discounted rate used
	17.6%
	feasible

	BCR
	Accept a project if BCR>1
	1.49
	feasible


The detail result of financial analysis indicates that the project is viable for implementation. The details of farm budget and financial analysis of the project are annexed to this project document. 

9.7. Sensitivity Analysis

A common problem in irrigation projects is a failure to attain potential crop yields, usually due to insufficient supply of agricultural inputs other than water, or poor market conditions which discourages farmers from maximising yields.  Reductions in the irrigated area may also occur due to technical problems such as poor design, construction or operation of irrigation infrastructure, irrigation equipment failure or serious problems with land suitability. The effect of decreased area of land will have similar impacts like the reduction of crop yield levels. The other commonly observed problem which could lead to reduction of project benefits is increment of investment and operational costs. Apart from these, the identified risks could occur simultaneously and their impacts should be tested.  

The sensitivity test is made by changing basic parameters of the analysis. The changes which are made are increasing all project costs by 10%, Decline of production by 10% and increasing all costs and Decline of Production Simultaneous by 10%. 

Under all circumstances of the base case and sensitivity tests, it is concluded that the project remain profitable despite the fact that the magnitude of variability results are changed. The results of the changed variables are compared with the result of the base case scenario. A change in any of the parameters will result in change of the IRR, NPV, and B/C Ratio. Thus the project is financially viable in both the situations even if there are unforeseen changes in the costs and benefits of the project in some reasonable limits. The summary results of the financial sensitivity analysis are presented in the following table.

Table  Results of Sensitivity Analysis 

	No.
	Variables 
	Financial Viability Results of the Koftu Ade'a sprinkler irrigation  Project

	
	
	IRR
	NPV(000)
	B/C Ratio
	Decision measure

	1
	Base Case
	17.6%
	12979.7
	1.49
	Viable

	2
	Increment of Cost by 10%
	13.09%
	5623.2 
	1.34
	Viable

	3
	Decline of production  by 10%
	10.71%
	1126.3 
	1.27
	Viable
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