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1. Background Information

1.1. General

A critical review of drought in the country shows different alternatives for mitigating the problem. One of the suggested alternatives is to develop or improve the potential of small scale irrigation schemes for enhanced productivity, as a strategic intervention to resolve food insecurity. A number of factors led to choosing the improvement of traditional irrigation schemes, of which the most prominent one is that irrigation increased the potential for producing more food, more frequently and consistently in the drought-prone and/or food insecure areas. 
The Federal Government of Ethiopia has formulated a strategy called Agricultural Development Led Industrialization and the main objectives of the strategy are: 
· Improving quality of life of rural people,
· Increasing production of food supply in order to feed not only the population of the sector but also the population of other sectors,
· Increase and diversify the production of raw materials for industry,
· Increase and diversify the production for export and 
· To make agriculture the driving force for economic development.
These objectives have been aimed to be met through the improvement of productivity of smallholder farming. Oromia Irrigation Development Authority (OIDA) has also adopted the federal agricultural development strategy and formulated similar objectives depending on the resource, social and political conditions of the region. 

In order to ensure food security and enhance the on-going socio-economic development of the region, OIDA is currently involved in the design and construction of different irrigation projects. To this effect, OIDA has signed an agreement with TERRACE Engineering PLC for consultancy services requiring Feasibility and Detail Study of Bite-Chole Small Scale Irrigation Project, which is one of the irrigation development projects that, if implemented, would contribute to significantly improving the well-being and development of the local farmers as well as the zone and the region. The project is promising project for exploiting the available natural resources of water and suitable command area. 
This Engineering Design Report is, therefore, aimed at providing detail information on the engineering aspects of the project. It describes the technical design approaches of the headwork, and irrigation and drainage infrastructures parts of the project. It also provides detail information about the Bill of Quantities and Engineering Cost Estimate, implementation schedule of construction of the project.

1.2. Project Location and Accessibility

The headwork  axis of Bite-Chole Project is located on Guder River at geographical location of 364008m Easting and 992566m Northing UTM Adiandiad Projection which is located within Gudar Town of  Oromia Regional State at about 127 km from Addis Ababa through Ambo town. The Bite watershed is situated at an altitude of about 1949 to 3360 m.a.s.l. The Bite watershed majorly embodies six Wereda’s named Ambo, Amaya, Jibat, Tikur Enchini, Toko Kutaye and Wonchi.
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Figure 1‑1 : Location Map of Bite-Chole Watershed at Selected Headwork Site/Pump Site
1.3. Objective of the Study
The main objective of the project is to develop irrigation system that enhance full benefit of farmers through a more efficient use of water resource, thereby ensuring sustainable food security, crop and income diversification that contributes for local, regional and national economic development endeavors which is planned to be achieved through irrigating 50ha of land to benefit the users in project area. 
The specific objectives of the Engineering Design study are indicated below:

· To carry out a complete and detailed engineering design of the headwork and field structures for the irrigation schemes which will seek to establish an implementing plan for the sustainable development of irrigated agriculture, which will optimally exploit the land and water resources of the project for the benefits of its inhabitants;

· To prepare detail-working drawings, BOQ, specification and tender document for execution of construction works;
· To prepare operation and maintenance manuals;

1.4. Study and Design Methodology 

· Collection and review of TOR and documents in regards of the project;
· Site visit to obtain first hand information of the existing situation. Site identification has been carried out based on information collected from:

· 1:50,000 scale top map and GIS information,
· Local farmers interview and discussion,
· Woreda Agriculture section expertise,
· Previous studies,
· On foot travel along the river channel and farm areas,
· Global-Mapper and ARC GIS software to delineate the watershed area of the project,
· Conceptualization of the project approach and to seek alternatives system components;
· Topographic survey;
· Surveying the of command area and head work area with sufficient radius to u/s and d/s reaches, using Total station and Leveling

· Flow estimation;
· Physical observation on flood mark indications and local information about high flood and base flow condition of the river,
· Measuring of flow data on field using floating method,
· Preparation of field layout based on the topographic map of the project area;
· Flow analysis;
· Analyzing the recorded rainfall data and use watershed inputs for further analysis,
· Preparation of field layout based on the topographic map of the project area;
· Preparation of design criteria;
· Selection of appropriate hydraulic, conveyance, distribution, drainage and control structures;
· Conducting hydraulic and structural analysis;
· Presenting the findings;
2. Rationale of the Project
2.1. Proposal of the Client to about the Command Area
The client has planned the project to irrigate only 50ha. However, the consultant has observed the proposed command area and found out that irrigating only the 50ha of land would have tremendous negative implications on the sustainability of the project. 

The canals and irrigation infrastructures will necessarily cross and pass through potential land that is not initially considered in the proposed 50ha of land. Nevertheless, there is sufficient amount of water that can irrigate the proposed land and additional area through which the canals and irrigation infrastructures pass through. It would be, hence, unnecessary and poor planning to ignore the farmers that would sacrifice their land but get no benefit from the project. At the same time, the area ignored initially but the infrastructures would cross is currently farmed land and has a potential to be irrigated. Farmers in this ignored area may at the later stage break the canals and divert the water to their land, which will create conflict and a competing demand on the planned volume of water. The management at the later stage would also be difficult and costly. This will, in general, affect the sustainability of the project. The project would also be violating the right of farmers to get development infrastructures. 

Therefore, the consultant has realized the problems that would occur due to the introduction of the project during the operational phase. Thus, the consultant has changed the scope of the work with due consideration of the anticipated challenges and considered the ignored areas to be included in the project study. In view of this, without any complain and claim for additional payments, a gross area of 145ha is considered in all the project study components (Topography, geotechnical investigation, soil survey, socio-economy, and Environmental Impact Assessment). The consultant understands that making such decision would have wider cost implications. However, we believe that the right of the poor farmers should not be compromised due to agreed limited scope of the study. In view of this, the consultant has made study of the 145ha (additional 95ha) of land with its own cost, which is 290% of the original agreement.
2.2. Other Projects in and around the Project Area

 The proposed project is actually related with other existing and understudy projects. These are:

· There is traditional irrigation on Chole River;
· There is a plan to develop integrated water supply project on Guder River by the Ministry of Water, Irrigation, and Energy;
· Previous study of the same project has been carried out by the client;
· There is a water supply project on Indris River by Metal and Engineering Corporation (METEC);

2.2.1. Description of the Existing Traditional Scheme

The client, OIDA, has identified this project by considering the water availability in the two rivers, Bite and Chole, and their geographical setting. As a result, the Bite or Guder River is a perennial river but it is difficult to obtain potentially irrigable area. On the other hand, the Chole River has relatively low volume of flow. However, there is large area that can potentially be irrigated. Furthermore, there is a traditional irrigation development on Chole River. 
The traditional scheme is developed on the river Chole and currently it is serving the farmers in the nearby area. It irrigates about 45ha of farmland. There are existing diversion, main canal, and other irrigation infrastructures on it. 

The client has decided at pre – feasibility study level to divert and transfer the required volume of water from the Bite River and join the water to Chole River. This alternative is assumed to irrigate the large potentially irrigable area at downstream of Chole River and changing the traditional system into modern irrigation project.
2.2.2. Integrated Water Resource Project on Upper Guder
The Ministry of Water, Irrigation, and Energy (MoWIE) has initiated an integrated water resource project development on Upper Guder River. The Pre – feasibility study phase of the project has been accomplished. The detail feasibility study phase is underway. Both phases of the study are carried out by the Federal Water Works Design and Supervision Enterprise (WWDSE).

The project on Upper Guder River is aimed at developing a multi – purpose storage Dam. It has hydropower and irrigation development components. The pre – feasibility study report of this project shows that shows that a homogenous earth fill type dam is proposed at geographic coordinates of 8O 52’ North, and 37O 40’ East. The dam is located at 19km upstream of its confluence with Indris River, adjacent to the town of Guder. The crest of this dam is proposed to be at an elevation of 2,432m on Bite River.

The command area of this project is located on the right side of Guder River, downstream of the dam site. It will have an area of 6,282ha of land potential area to be irrigated.
The general characteristics of canals of the project are summarized as below:
· The main canal is a partly lined structure that is totally 23.7km long;

· The main canal will have 33 structures, which includes siphon, cross drainage structures, and distribution structures;

· There are 15 secondary canals with a total length of 58 km;

· On the secondary canals, there will be 74 drop structures, with average drop height of 1m.

In general, the proposed Bite Chole Small Scale Irrigation (SSI) Project has some commonalities with this project on Upper Guder River. Nevertheless, even though it was not possible to find maps in shape file formats, effort is made by the consultant to assess if the head work and command area of Bite Chole overlaps with that of the Upper Guder River project.

We have thus measured the air distance of these two sites using the coordinates of their locations. Thus, the distance between the dam site of Upper Guder Project and the first headwork site on Bite River of Bite Chole SSI Project is around 12km. Besides, the dam site is about 19Km from the head of the Bite Chole Project command area. This shows that there is no overlap between the dam site of the Upper Guder Project and the Headwork site of the Bite Chole Project.

On the other hand, the length of the main canal of the Upper Guder Project is around 24Km, while that of the 15 secondary canals is 58Km. If we assume that the 15 secondary canals have relatively similar length, the average length of a secondary canal will be less than 5Km. However, the distance from the Upper Guder dam axis to Bite Chole Command area is about 19Km. Therefore, it is possible to conclude that there is less probability of overlapping of command areas of the two different projects.

Furthermore, the elevation difference between the headwork sites of the two projects is more than 400m. It will be ideal to assume that the Upper Guder Project will reach such a great deal of head.

To conclude, analyses show that there is less probability of overlap between the command areas of the Upper Guder Project and Bite Chole SSI Project. However, if the detail study of the Upper Guder Project confirmed in case an overlap, the Bite Chole project is designed by the consultant in a way there will be no loss of investment. This is further elaborated in the following sections. 

2.2.3. Previous Study of the Same Project
The client has carried out the same study that the consultant is contracted to. Nevertheless, the study was incomplete and would not lead to a robust project development. It lacks comprehensive designing approaches that avoid impacts affecting the sustainability of the project. Therefore, the consultant has disregarded this study and carried out the whole study with a new approach, totally different from the previous consideration.
2.2.4. Project on Indris River
The METEC has diverted the Indris River for irrigation and industrial application. The current project is assumed to cross this project using thoughtful engineering structures. It is also expected to avoid considering the flow of the Indris River from the current project.
2.3. Initial Design Proposals of the Client
The client had planned to irrigate 50ha of lands by diverting Guder River using weir diversion structure and then by pass the Indris River with cross drainage structure/flume and then join the Chole River using outfall structures. After travelling through the channel of Chole River for about 3.35Km, the water reaches the existing weir structure on Chole River, where the water will be diverted to the command area. 
However, after visiting the site, it was noticed that the provided option will lead to different challenges and problems that would affect sustainability of the project. Thus, thorough discussion has been made between the consultant and the client on the prevailing problems. It was, thus, agreed to perform the study for additional two options and to perform the detail design for the selected scenario, out of the three alternatives. 
Therefore, this study has made crucial efforts so as to make sound judgment on the best alternative of developing the irrigation system of the area. Thus thorough assessment of the available land and water potential, social aspect, and technical evaluation from engineering and other non-engineering points of view, was implemented by the consultant so as to make sound professional judgment. The three scenarios are described in detail in the following section.

2.3.1. Scenario One
This alternative is the first one proposed by the client. It needs to divert Guder/Bite River using weir diversion structure. This will force to bypass the Indris River with cross drainage structure/flume and join the diverted water of Guder River into Chole River using outfall structure; then once Guder and Chole are joined, the flow will be diverted from Chole River to the command area, at the existing weir on Chole River.
This scenario will necessitate constructing the following structures so as to make the whole system functional. These are:
· Huge weir diversion headwork on Bite River; 

· 3.35Km length main canal from Bite River to Chole River that run nearly parallel to contours. Excavation in rock formation for about 500m is not avoidable, which occurs before the canal route crosses the Indris River;
· Flume Structure on Indris River;
· Outfall structure on Chole River;
· Two main  road crossing structures;
· 3.3Km length Main Canal from existing Weir on Chole River to command area;
· Flume Structure on Dhumuga River;
· Distribution and farm system/structures;
However, developing the project using this scenario will have lots of problems that challenge the implementation of the system. These problems have been investigated together with the Socioeconomic Expert of the project, which are described as below.
· Social Problems: As per the socio economic study, this scenario would entail various negative impacts on people that are not within the beneficiaries of the project and inhabitants of the expanding township of Guder town. This will thus raise compensation issues, which are described below.
·  The canal route of the system needs to cross around 18 houses.  This implies that the system will bring appreciable/many negative impacts upon the people. It also needs to arrange compensation for the affected families. However, the compensation cost is not affordable to small scale level project.
· In addition to the houses, there are many types of natural and planted trees, manly fruit bearing trees. The types of trees are mango, guava, eucalyptus, mulmul, sugarcane, tid and wanza (Cordia Africana).  The destruction of these trees will lead to significant loss of annual income on the people. 
· The canal routes also need to cross Guder Campus of the Ambo University, which will affect its buildings. This requires rebuilding the walls and other structures of the university crossed by the canals, the compensation of which is again unaffordable.
· Health Problems: So long as the canal route passes through the Guder campus of the Ambo University and Guder town, there is a high degree of creating mosquito breeding environment. It can be a health threat to the town and university community, which would affect the smooth teaching – learning process of the university. Otherwise, it needs to build closed conduits of this whole canal line. But this is quite expensive in comparison to making open channels. Besides, the maintenance cost of the closed channel would be very high. However, as the canal runs nearly parallel to contours, it is difficult to make closed conduit.
· The quality of water for Irrigation would be affected: When it is difficult to build the closed channel for cost and maintenance reasons, it will necessitate making the channel open. However, as the length of the open channel is longer and also passes across the Guder town, the town inhabitants might discharge their liquid wastes to the canal ignorantly or unknowingly. This would have severe implications on the quality of water for the irrigation. It would also be a health threat when such practices are aggravated. 

· Low efficiency of the System: The canal passes through the expanding town of Guder for 3.35Km from Guder to Chole River. Besides, the diverted water needs to flow along the Chole River for 3.1Km before reaching existing weir on Chole River. Finally, water will flow through main canal for about 3.3Km before reaching the command area. Altogether, the diverted water needs to run a total length of 9.75Km from diversion point on Guder River to the command area. This will significantly reduce the efficiency of the system. This in turn will increase cost per hectare. 
In general, owing to the technical and social reasons mentioned above, this system is found to be quite unacceptable. It cannot be a best technical alternative of the project development. It is, therefore, essential to assess other alternatives.
2.3.2. Scenario Two
This scenario deals with diverting the Guder River using weir diversion structure to Indris River with outfall structure. The Indris River is being used by the Metal and Engineering Corporation (METEC). So the diverted water from Guder River will reach the head of command area and main canal using the structures previously built by the METEC.

In order to develop the whole system using this scenario, it needs to have the following structures. These are:
· Huge weir diversion headwork on Bite/Guder River; 

· 1.6Km length main canal from Guder River to Indis  River that run nearly parallel to contours. Excavation in rock formation for about 500m is not avoidable, which occurs before the canal route reaches the Indris River;
· Outfall structure on Indris River;
· One road crossing structure;
· 2.5Km long main canal, from outlet of METEC pipe system, at upstream of falling point of indris River to Guder river, to the command area; 
· Distribution and farm system/structures;
For a long period of time, the METEC has been using water by diverting Indris River, just before falling to Guder River, using simple intake. From the intake, Steel pipe main canal of 0.5mm diameter and about 3Km length is installed. This will make the steel pipe main canal to operate with full capacity. Finally, at the outlet of the steel pipe, water will be divided for the industry demand and the irrigation requirement. Therefore, technically, it is possible to divert water from Guder River to Inderis River using weir and outfall structures.

However, this scenario, like the first scenario, is not again free of challenges and problems. Thus, before proposing this alternative, the consultant has assessed the challenges of the implementation of the system. These are described below:

· High demand of water by METEC: METEC has been consulted during the study. It has indicated that it is willing for the project development using this scenario for two reasons. Firstly, it is due to its willingness to support the lives of the surrounding community through irrigation development; secondly due to its higher water demand. Currently, METEC is using only one day per week to apply the diverted water in its 120ha irrigated area. The rest six days, the diverted water is applied for the industry demand. This shows that METEC is struggling with the decreased volume of flow from the Indris River due to lots of developments on the upstream. Due to this shortage of water and higher water demand of the industry, only one – third of its agricultural land is developed during the dry time. This indicates that METEC will have dual interests while diverting water from Guder to Indris River, for Irrigation and industrial application. This could be potential source of conflict between the users and METEC. Furthermore, as the industrial demand may vary from time to time, it would be difficult to maintain the water demand for irrigating the farmers’ land. In general, from water balance perspective, the higher and dual water demand of METEC could challenge the system if implemented.
· Difficult Management System: The variation of level of demand and existing power by METEC and the community might compromise the system functionality in the designed manner. Users and community leaders have been consulted about this scenario. They have indicated that they have fear in the future that their demands might be compromised by METEC while especially there is an increase in its industrial demand. Likewise, in case of shortage of water, METEC would undoubtedly get priority due to its national importance. This would put at risk the irrigation demands of the community. In general, the majority of the management of the system could be dominated by METEC rather than the community, which in turn would affect the relationship and co-existence of the industry and the community. 
· Less Opportunity of Future Expansion: It has been confirmed from the field visit that there is a huge potentially irrigable in the area, which would more than five times the currently considered area. If this scenario is selected, it would limit the expansion of the project and avoid the right to get development infrastructures of the poor people around there. This is only because the fixed capacity of the steel pipe. It will restrict increasing volume of water required to transport to the additional areas that would be considered in the future.
In general, even though this scenario is technically possible, there are limitations on system management, demand management of METEC, fear of conflict, and restriction to future expansion. Thus, these challenges do not make this scenario a best alternative. It is, therefore, necessary to assess other alternatives.
2.3.3. Scenario Three
The third scenario deals with lifting up of water from Guder River near the command area using pump System.
In order to develop this system, it needs to construct the following Structures.

· Pump system which consist of Retaining wall, intake with approach channel, wet well, suction pipes, pump house, pumps, pressure line, discharge box and electromechanical systems;
· 3.3 Km of Main canal from discharge box to command area;
· Capacitating existing flume on Chole River;
· Flume structure on Dhumunga River;
· Distribution and farm system/structures;
The only major problem associated with this scenario is the operation and maintenance cost of the electromechanical and pumping system. However, it has various advantages over the other scenarios. 
· Electricity is available at 200m from the headwork;

· The command area and the headwork are quite nearer to the Guder town. This will reduce the challenges related to maintenance;
· The pressure line is less than 100m and the total dynamic head is less than 20m, which is desired for pump headwork;
· The presence of METEC in the area is also quite advantageous for the project and the project system. It is obvious that METEC will have different expertise specialized in electromechanical systems. The management has also ensured its willingness and commitment to support any project that will benefit the local communities. Therefore, the challenge related with electromechanical maintenance of the proposed project using the current scenario would be minimized due to the presence and willingness of METEC;

· The possibility of incorporating the existing weir in Chole River reduces the operation and maintenance cost of pumps especially during supplementary irrigation;
· It needs no compensation while developing the project, like the previous scenario, from social perspectives; 
· If the national project on Upper Guder River is implemented and in case there is an overlap, the system of main canal, distribution and farm systems for this scenario can be easily linked with the later project. Besides, the pumps and pipe systems   can be re-used for other projects in the Woreda without any loss. Therefore, it is possible to say this scenario would entail no loss of resources even under worst cases of overlap of the national and the proposed projects.

Therefore, this scenario is selected as the best alternative of developing the project components and it is considered in the design system.

3. Topographic Surveying

The topographic surveying was carried out on an area of 145ha. It is commenced starting from the headwork site and running on the right side of Guder River. The boundary of this study area is fixed based on potential command area supposed to be developed from the proposed diversion site by the consultant. 

Consecutive tasks undertaken for this surveying works include the headwork site to the command area topography and crossing drain site topographic and cross section survey works, including cross sections and profiles taken at different important sites. 

Output of this topographic survey has indicated an overview of the topographic features viz. land slope, major drainage patterns, existing access roads, existing traditional canal routes for irrigated and potential lands, etc. 
The major tasks carried out by the topographic survey are summarized as in the following manner.
Task-1: Benchmark Establishment
· Permanent benchmarks at selected headwork site from stable boulders and paints are identified and marked;
· Bench marks are set along the proposed main canal (at visible sites, from existing bedrock or other permanent structures);
· Benchmarks are established in the project command area;
Task 2: Assessment of Existing Infrastructures

· Mapping the layout (centerlines) of existing channels throughout the command area; 

· Mapping other existing infrastructures like tracks, and drains etc. by GPS;
· Delineating the boundaries of all villages and congested areas of habitation within the command boundary;
Task 3: Cross Sections and Detail Survey Works 

· Detail survey at identified headwork site within upstream, downstream and along river banks; 

· Detail survey of the river profile (100m on both sides i.e. u/s and d/s), and cross-section (100m on both sides i.e. u/s and d/s, and third cross section on weir axis including one more cross section on d/s side of the selected site);

· Identifying drainage networks, detail survey at identified crossing sites, profile from 50m upstream to 50m downstream of crossing including their section;
Task 4: Command Area Survey 

· Topographic survey of the command area (spot levels) as found important; 

· Delineation of wetlands, ponds and areas susceptible to flooding along crossing drains and the left side river bank;
4. Hydraulic Design of the Headwork
4.1. Methodologies
The following procedures are implemented by the consultant to come up with the detail design of headwork/pump on irrigation project.
· Selection of suitable type of  structures;
· Appropriate site selection made according to headwork site selection criteria;
· Topographic surveying of the headwork site and plotting to 1:200 scale maps;
· Developing rating curve: Taking a cross- section at upstream, at center and downstream of the headwork and other parameters like average river bed slope and manning’s roughness coefficient axis to calculate a tail water depth;
· Hydraulic and Structural design of the headwork structure and other structures like retaining walls, intake, approach channel, wet well, pump house, pumps, pressure line, and discharge box;

· Finally, drawing of a plan view or layout and its section of the headwork with its accompanying structures will be prepared on a headwork contour map in 1:200 scales.
4.2. Design of Intake Box and Approach Channel
The intake comprises simple approach channel and box culvert on the well of the wet well to convey water from the river to the Wet well. The approach channel and the box culvert are arranged and sized in such a way that they are capable of passing the required amount of flow or more during the minimum of river flow. As the critical situation is when the flow in the river is at the lowest level, sizing of the box has been fixed based on these data. Accordingly, the analysis is as shown below.
The parameters considered are:

· River bed level at the intake site……………………………… 2,866.700masl

· Intake sill level…………………………………………………. 2,867.70 masl

· Design Flood Level (flood of 50years return period)…………..119.09masl

· Minimum water level (in the river)...…………………..….…….2,867.04 masl

· Maximum discharge to be diverted…………………………….70 l/s,

· Assumed size of the intake box.… …………………………….1.0m x 1.0m
The flow in the intake box will be free for the assumed size. Thus, the flow is treated as flow over broad crested headwork and the flow hydraulics is governed by the well-known broad-crested formula:
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Where:

Q = Capacity of the intake box (m3/s)

C = Coefficient of discharge (1.705),

H = Available head (m).

The available head for the minimum flow level = Minimum flow level – Intake box inverted level = 0.34m.
Hence, substituting the above data in the broad – crested formula will result in a discharge magnitude of 337l/s. As the computed value of discharge exceeds the required flow magnitude of 70l/s, the assumed box size is adopted. 
The suction well is situated in such a way that the approach channel deriving flow towards the intake box has a length of 10.5m. The width and height of the RCC Concrete approach Box channel have been made 1.0m and 1.0m to satisfy the flow at the minimum water level.
4.3. Selection of Headwork Site
As it is described in the previous section, pump system is selected to lift up the water in the Guder River to discharge box, where water flows through network of canals to convey and distribute among areas in command area. After selecting the type abstraction, the next step is selecting appropriate site that helps to achieve the aim of the project, and that fulfill headwork criteria. The major criterion considered during headwork site selections are:

· Capability of supplying all available command area with minimum cost;
· Relatively Straight and narrow section of the channel; 
· Accessibility of the site; 
· Foundation conditions;
· Hydrological characteristics of the river at the point  like Bank stability and susceptibility to flooding conditions;
· Proximity to the command area: 

· Proximity of construction material and its availability…etc
Based on the assignment from the client, the headwork options are assessed so that at least it will irrigate 50ha. This was carried out both in office, using secondary data, and on the field by site observation. The information obtained from discussion made with team members of the study, beneficiaries, Woreda experts, and administrative representatives is also considered.  Based on the information gathered, an ideal location for pump site of the headwork site is selected. It is characterized by stable banks, stable bed, very near to command area, has potentially to irrigate more than 5 times the targeted area both in quantity of water and head with minimum cost, the pressure line length is less than 100m, the static delivery head is less than 15m. The only weak side of selected site is that the pump house should be protected from flood.
Geographically, the selected headwork site is located at 364008m Easting and 992566m Northing UTM Adindan Projection.
4.4. Summary of Hydrology Study Results

4.4.1. Catchment Features
Agro Ecological Classifications: Based on the traditional climatic classification, the catchment area of the project is classified into four climatic zones as moist Dega, moist Upper Deaga, Moist Weina Dega and Moist Wurch. 

Watershed Size and Longest Reach: The longest flow path has a length of 53.17Km, originated from an elevation of 2801masl and lower to 1954masl at selected headwork.
Soil Type of the Watershed: According to BCEOM, 1999 on Abbay Basin Master Plan Project soils classification, five major soils have been identified for Bite watershed; namely Fluvisols, Nitisols, Vertisols, Luvisols and Alisols. This information is shown further in the following table.
Table 4‑1: The summaries of soil type and area coverage in Km2 & %
	No
	Soil Type
	Area(Km2)
	Area (%)

	1
	Calcic Vertisols
	7.192
	1.0

	2
	Chromic Luvisols
	95.061
	13.3

	3
	Eutric Fluvisols
	178.04
	24.9

	4
	Eutric Leptosols
	1.973
	0.3

	5
	Eutric Vertisols
	40.835
	5.7

	6
	Haplic Alisols
	323.45
	45.2

	7
	Haplic Luvisols
	56.823
	7.9

	8
	Haplic Nitisols
	12.855
	1.8

	 
	Total
	716.23
	100.0


Land Use and Land Cover: Major types of the land use and land cover identified are cultivated land, Guder town, Bush land, Grassland, open woodland, homestead and afro-alpine. Of the total watershed area of 71623 ha considered for watershed management program, 55,257ha (77%) is cultivated, 12,158 ha (17%) Bush land, 259 ha (0.3%) afro-alpine, 55 ha (0.1%) homestead, 375 ha (0.4%) open woodland, 3402 ha (5%) Grassland.

Curve Number of Guder/Bite Watershed: Based on the prepared soil, land use/land cover maps and their overlay, curve number of the catchment is fixed as shown in the following table.
Table 4‑2: Curve Number of Guder/Bite Watershed
	Land Use/ Land Cover & Soil Type
	Area(Km2)
	Area (%)
	Hydro  soil group
	Curve No”CN”
	Weighted “CN”
	Sum Weighted “CN”

	
	
	
	
	
	
	

	
	
	
	
	
	
	AMC
	CN

	Calcic Vertisols-Guder town
	0.95
	0.13
	D
	93
	0.12
	II
	74.9

	Calcic Vertisols-Homestead
	0.55
	0.08
	D
	91
	0.07
	
	

	Calcic Vertisols-Moderatly cultivated
	5.69
	0.79
	D
	84
	0.67
	
	

	Chromic Luvisols-Dominantly cultivated
	0.40
	0.06
	B
	83
	0.05
	
	

	Chromic Luvisols-Grassland
	33.90
	4.73
	B
	67
	3.17
	
	

	Chromic Luvisols-Guder town
	0.21
	0.03
	B
	83
	0.02
	
	

	Chromic Luvisols-Moderatly cultivated
	60.55
	8.45
	B
	74
	6.26
	
	

	Eutric Fluvisols-Moderatly cultivated
	178.04
	24.86
	B
	74
	18.40
	
	

	Eutric Leptosols-Moderatly cultivated
	1.97
	0.28
	C
	81
	0.22
	III
	88.5

	Eutric Vertisols-Dominantly cultivated
	37.42
	5.22
	D
	84.00
	4.39
	
	

	Eutric Vertisols-Moderatly cultivated
	3.41
	0.48
	D
	79
	0.38
	
	

	Haplic Alisols-Afro alpine
	2.59
	0.36
	B
	78
	0.28
	
	

	Haplic Alisols-Bushland
	118.31
	16.52
	B
	77
	12.72
	
	

	Haplic Alisols-Moderatly cultivated
	202.55
	28.28
	B
	74
	20.93
	
	

	Haplic Luvisols-Moderatly cultivated
	56.82
	7.93
	B
	74
	5.87
	
	

	Haplic Nitisols - Moderatly cultivated
	12.86
	1.79
	B
	74
	1.33
	
	

	Total
	716.22
	100.00
	 


4.4.2. Rainfall Analysis
After filling the missing data of daily maximum Rainfall data of Gudar Station for 35 years (1980-2014) using simple arithmetic mean, frequency analysis was conducted for two distributions, normal series: Normal distribution and Extreme value – I distribution. The maximum of the two is selected as deigned peak rain fall which is summarized in the following table: 

Table 4‑3: Design Rainfall
	Return Period, T(Year)
	2
	5
	10
	25
	50
	100

	Design Rainfall of T year return Period (mm)
	53.78
	68.70
	78.58
	91.07
	100.33
	109.52


4.4.3. Peak Flow Analysis
As described in the hydrology report in detail, peak flood is analyzed using two methods: SCS method and frequency analysis. Since the measured flow data available/ and used in frequency analysis is at upstream of the pump site, it is obvious that the data transfer would be underestimated; because the area which is more near to the pump site has less infiltration so that there would be more run off than the one which is more upstream, like the one incorporated in the flow measurement at the bridge. So the result from SCS is selected as design peak flood. Even if the output of SCS looks overestimated as compared to the result obtained by frequency analysis, it is still less than the expected range of peak flow, i.e. between 1m3/s/Km2 to 3 m3/s/Km2. The final selected results: design rainfall and peak flood corresponding to different return period are summarized in the following table:
Table 4‑4: Design Peak flood of Guder River at Selected Headwork Site
	Return Period, T(Year)
	2
	5
	10
	25
	50
	100

	Design Rainfall of T year return Period(mm)
	53.78
	68.70
	78.58
	91.07
	100.33
	109.52

	Design peak Flood Corresponding to T year Return Period(m3/s)
	198
	295
	363
	454
	523
	592.92

	Design peak Flood Corresponding to T year Return Period per unit Area(m3/s/Km2)
	0.28
	0.41
	0.51
	0.63
	0.73
	0.83


4.4.4. Rating Curve

Design flood levels corresponding to different return period flood are estimated using HECRAS Software. The major input data to this analysis: the surveyed topographic data (cross section and longitudinal profile) of river at selected site, the roughness coefficient fixed during field visit based on observed formation material of bed and bank, the estimated average slope of river at selected site, and the designed peak flood estimated which is described using the following figure:
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Figure 4‑1: Rating Curve of Guder River at Selected pump site
The maximum flood level corresponding to 50 years return period is 1958.76m. This is 4.36m above the river bed which is equal to 1954.50m. 

4.5. Summary of Geological and Geotechnical Study Results
4.5.1. Geology

The geology of pump station is characterized by basaltic rock formation on the bed and banks of the river. The basaltic rock formation in the area is characterized by widely fractured, fresh and very strong rock and hard to excavate.

4.5.2. Estimation of Rock Mass Strength for Rock Section of the Proposed Weir Axis
Although the compressive strength of the intact rock is very good, the rock mass forming the foundation ground should be considered taking the joint spacing and variation in weathering. In order to consider the overall behavior of the rock mass rather than the detailed failure of the individual intact rock specimen, the main geotechnical parameters of the widely fractured and fresh basalt have been evaluated in accordance with the Hoek-Brown Criterion, 2011, using minimum values measured in situ and RocLab software developed for this purpose by Rock Science, which is summarized in the following table:

Table 4‑5: Geological parameters
	No.
	Parameters
	Values

	1.
	Sigci
	175

	2
	GSI
	70

	3
	Mi
	25

	4
	D
	1

	5
	Ei
	11900

	6
	C
	10.630 MPa

	7
	Ø
	35.25

	8
	Global rock mass strength
	41.058 MPa

	9
	Bearing capacity
	13 MPa


4.5.3. The Geotechnical Foundation Condition at Discharge Box
The foundation condition at discharge box is characterized by up to 20cm, to reddish clay soil with grass root and firm soil.  Then up to the 60cm depth, it is reddish sandy clay soil, hard and dry soil. Below this layer, there is basaltic rock formation similar to pump station site. It is, therefore, concluded that there is no foundation problem related to bearing capacity at this site. However, it is required to make lining of the bottom surface discharge box in order to reduced percolation. 

4.5.4. Landslide

One of objective of geological and geotechnical investigation is to assess geological hazards, like landslide. Accordingly, landslide assessment was carried out in the site. The bank of the river is thus very stable and other project area also very stable. In general, there is no indicator of landslide in the area.

4.5.5. Earthquake
The project site being located around 37N364408m E and 993433m N, it lies on the boundary of Ethiopia on Zone 1. Contours indicate peak ground accelerations as a fraction of g. As per the map, the site falls at contour with peak ground acceleration of 0.15g. Hence, a horizontal acceleration of 0.15g can be considered for the design.

4.6. Water Budget

The capacity of the pump is determined from the size of land, duty of the proposed cropping pattern, cropping calendar, and pumping time per day. 24 hrs duty =0.833 l/s /ha for 60% efficiency and duty is equal to 1.67l/s/ha for 12 hrs. The layout is developed for 108.8ha net irrigable area.

The proposed net command area is found to be 108.8ha. If the pumping time per days is 12hrs, the total irrigation requirement /pump capacity to irrigate the command area is determined as:

     = 1.67* 108.8ha = 181.7 l/s 
But 25l/s of the flow comes from Chole River during the dry time. So the total flow expected from Guder River using the pump system is equal to 156.7l/s.
4.7. Design of Intake and Approach Channel
The intake comprises simple approach channel and box culvert on the well of the wet well to convey water from the river to the Wet well. The approach channel and the box culvert are arranged and sized in such a way that they are capable of passing the required amount of flow or more at minimum flow, when water is at lowest level. The intake size of flow is fixed using weir formula as follows: 
· River bed level = 1954.40m
· Intake sill level= 1954.40m
· Minimum water level =1954.65m
· Maximum discharge to be diverted- 160l/s,

· Assumed size of the intake box= 1.0m x 1.0m
· Design Flood Level(Corresponding to 50years return period)= 1958.76m
The low intake is expressed using broad crested weir flow formula:
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Where:   Q = Required Capacity of the intake (m3/s)

    C = Coefficient of discharge (1.7),

 H = Available head (m).

The available head = Minimum flow level – Intake inverted level = 0.21m.

By substituting the above data in the broad – crested formula, it will result in length 0.98m.  Thus, it is adopted to make a 1.0m* 1.0m box intake level. 
4.8. Wet Well Design 
For evenly distribution of water among suction pipes, a sump or suction well is proposed and design. The suction well of a pumping station is arranged and sized in such a way that the hydraulic requirements of flow approaching the suction well are satisfied. Inappropriate arrangement and sizing of a suction/wet well may cause shallow submergence of the inlet, which results in the formation of a local vortex at the water surface. Such a situation may also arise if the volume of water in the suction well is inadequate, in which case the sudden starting of the pump lowers the water surface. Equally sudden steep velocity gradients, high velocities, sudden changes in the flow direction as water enters the inlet in the well and several pump units set in a long narrow sump with inflow from one end also aggravate the formation of vortices. 
For this project, rectangular type suction well has been proposed and designed.  Based on analysis made, the box of 1.5m* 3.0m internal dimensions are fixed. Concerning the detail of dimensions of wet well, refer the drawing album. 
4.9. Pumps Design
4.9.1. Selection of Pump Type  
To lift water from river to proposed discharge box, from where water is conveyed and distributed in command area by gravity, it requires heavy duty pumps. Efficient operation of a pump can only be obtained by selecting the correct pump, as well as the proper selection and installation of suction and discharge fittings. The pump should be evaluated on a regular basis to ensure the pump is operating properly and is still sized correctly for the system, especially after any major system modifications. 
The most commonly used pumps in irrigation are:

· Centrifugal pumps: Centrifugal pumps are a good choice to pump water from lakes, rivers, creeks or shallow wells. Horizontal centrifugal pumps are commonly used for irrigation systems that have total dynamic heads of less than 120m and suction lifts of less than 6m. 

· Turbine: Turbine pumps have the least cost in terms of construction of the pumping layout. However, the horizontal centrifugal pump has overwhelming advantage in terms of initial cost and ease of operation and maintenance.
· Submersible pumps.

For Bite - Chole project, the Centrifugal pump type pump. This decision has been made due to the following overlying reasons.
· The centrifugal pump is the most used pump type in the world to lift water from rivers like Guder;
· The principle is simple, well-described and thoroughly tested;
· The pump is robust, effective and relatively inexpensive to produce;
· There is a wide range of variations based on the principle of the centrifugal pump and consisting of the same basic hydraulic parts;
4.9.2. Pump Installations
To achieve uniform, steady, and single phase approach flow with no turns or obstructions and areas of stagnation suction well (sump) with a good intake or inlet, the suction pipe arrangement is made and designed. This will be advantageous in eliminating the following conditions:

· Asymmetric and fluctuating flow velocity profile with large scale turbulence;
· Free surface vortex formation;
· Submerged vortex formation;
· Pre-rotation of flow approaching the pump impeller;
The suction well can have different geometrical shapes. The most widely adopted suction well geometrical shapes are circular and rectangular. Rectangular suction well is recommended for this project due to its appropriateness with respect to hydraulic characteristics. 
4.9.3. Determining the Number of Pumps

Desired design of the pump system is one that operates at the lowest possible cost to give the desired flow discharge and head. The design of pump diversion system should obtain the desired operations at the lowest possible cost. The cost used to determine the pumping station design should be based on an annualized cost which should consider both first cost, operating and maintenance cost, and cost of equipment replacement over the life of the project. Generally, the lowest cost is obtained with a minimum number of pumps. However, a minimum of two pumps is recommended. Moreover, larger number of small pumps is preferred over a fewer number of large pumps. This limits the unit size and, thus, reduces the cost of repairs. In addition to that, smaller motors have a lower electrical demand charge associated with starting the pumps. Also, several smaller pumps can cover a greater number of flow points than fewer large pumps. 
For the project under consideration, the number of pumps has been determined based on the maximum discharge required, the lifting head, and the size of pumps available in the market, in line with the above recommendations. As described earlier in this report, the discharge expected from the planned pumps system is 156.7l/s. Accordingly, two pumps, each lifting a maximum discharge of 80 l/s has been proposed. This means, however, two operational pumps and one additional standby of similar characteristics are proposed.

4.9.4. Hydraulic Design of Pump System 

A. Determining Pipe Size and Accessories
i. Type and number of pipes

As described in the earlier sections, the capacity of the pump is determined based on the size of irrigable area and duty of the proposed cropping pattern and cropping calendar. This is found to be equal to 80 l/s.  
Since relatively disturbance is too high in suction side, the GS suction pipe is proposed and designed for each pumps independently. This is meant that one pipe alignment for each pump and one UPVC of relatively all pumps for transmission line.
ii. Suction Pipe design

· Diameter Determination

The factor that mainly governs the pump diameter is the velocity of flow at out let, which should be in the range of (1.2 to 2.8) m/s so as to manage the flow in the delivery sump and to give sustainable serviceability in the future use.  Fixing the velocity at out let to be 1.8 m/s, and the pipe diameter is computed using the following formula.

Q = VA

Where, Q= discharge in m3/min =0.08m3/s

                V= Velocity of flow at pipe out let = 1.8m/s

                D = Diameter of the pipe (m)

A = ПD2/4 
Therefore, d= 242mm. The next available diameter on the market is 250mm, which is fixed as   suction diameter for this system.
· Suction line Length

The pump site is fixed surface having elevation (1958m) below but near the maximum flood mark (1958.76m). In order to minimize the risk of flooding, the pump house should be protected by retaining wall. The suction line length is measured between pump axis and Safe minimum water lever fixed in wet well, which is found to be 8m.
· Total Suction Head

· The velocity head, ha = V2/2g = 0.16m

· Suction lift  head  = 3.8m    

· Total Head loss is sum of Head Loss in Pipe, Loss due to bend/ bend loss  (Strainer + valve ) loss,  and Entry loss  

Head Loss in Pipe System due to friction: Head losses in the water pipelines due to friction has been calculated using Hazen-Williams formula,
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	Where
	Hp
	=
	Head loss in pipe lines (m)

	
	V
	=
	Flow velocity ,m/s

	
	C
	=
	Hazen-Williams roughness coefficient = 110

	
	D
	=
	Diameter of pipeline ,m

	
	L
	=
	Length of pipe lines ,m


By Substitution frictional head loss = 0.13m

· Loss due to bend/ bend los: = Kb * v2/2g, Kb = 0.19,Lb = 0.03m 
· (Strainer + valve ) loss = K * v2/2g, K = 2 , Lsv = 0.31m                    

· Entry loss  = K * v2/2g, K = 0.1 , Le = 0.02m                    
Hence, total head loss (m) = Frictional loss + bend loss + (strainer +Valve) loss + Entry loss = 0.49m

Total Suction Head = Suction lift head + Total Head loss = 4.29m
· Check against cavitations 

In order to pump water at a given temperature, the Net positive sanction head available must be greater than the required net positive sanction head. i. e (NPSHa  >  NPSHR)

· Net positive sanction Head available: NPSHa =  Ha- Hs- HVp – Hf

· Ha is atmospheric pressure at the water surface it is equal to 10.37 meter  of water column at 15ºc when measured at the mean sea level. Ha reduced 0.6m per 500m altitude rise , Ha = 8.02
· Hs is Suction lift  head  =  3.80 m
· HVp is vapor pressure  =  0.238m for the temperature  of the  pump area (20oc)
· Hf is total head loss in suction pipe =0.49m

Therefore, Net positive suction Head available, NPSHa = 3.5m 

Computation of Net positive suction Head Required: Required Net positive suction head (NPSHR) is provided by the manufacture. But for the safety of the designed pump, the absolute head at the pump inlet must be calculated, which is done by the following formula: 
                                          NPSHR = Ha – HVp
                                                                                    Pg
Where: Ha = atmospheric pressure at inlet (minimum water surface)

             Pv = Vapor pressure at the give temperature ºc

             P = Specific gravity at a given temp = 0.998 for the temperature (20ºc)

            G = gravitational acceleration = 9.81

Hence, absolute head at pump inlet = (Ps–Pv)/pg   = 0.79m                                                             

Deducting the S.F (0.6m) from the value, NPSHR = 0.19m < NPSHa =3.5m. Therefore, it is safe against cavitations.
iii. Transmission Pipe design

Unlike suction pipe, the transmit ion line is designed as UPVC; single alignment is used for all pumps.
· Diameter Determination

By fixing the velocity at out let to be 1.8m/s, and the pipe diameter is computed in similar way as suction line:

Q = VA

Where, Q= discharge in m3/min =0.08m3/s

            V= Velocity of flow at pipe out let, 1.8m/s

            D = Diameter of the pipe (m)

     A = ПD2/4

Therefore, d= 337mm. The size 400mm is thus adopted to this system.
· Transmission line Length

The transmission line length is measured between pump axis and Delivery pipe axis outlet, which is equal to 98m.

· Determination of Total Delivery Head

· The velocity head, ha = V2/2g = 0.17m

· static  delivery head = 14m  

· Total Head loss is sum of cheek value loss + static frictional loss+ exit loss

· Cheek value loss = Kv * v2/2g, K = 0.8 , Lv = 0.13m                    
· Head Loss in Pipe System due to friction: Head losses in the water pipelines due to friction have been calculated using Hazen-Williams formula,
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	Where
	Hp
	=
	Head loss in pipe lines (m)

	
	V
	=
	Flow velocity ,m/s

	
	C
	=
	Hazen-Williams roughness coefficient = 110

	
	D
	=
	Diameter of pipeline ,m

	
	L
	=
	Length of pipe lines ,m


              By Substitution frictional head loss = 0.47m

· Exit loss = Ke * v2/2g, Ke = 1.0 , Le = 0.17m                    
Therefore, total head loss (m) = 0.76m

Hence, Total Delivery Head = Static head + Total Head loss 

                                            = 14.8m    

B. Total Pump Head (HDT)

Total pump head (HDT) is the sum of static discharge head, fractions inlet and exit losses.

HDT = Has + Had 

          Where: Has is total   suction head 

                        Had is total delivery head 

Hence, HDT = 19.1m, adopt 20m
C. Determination of Pump Capacity/Specification
Water horse power, WHP: The Power output (Energy per unit time) of a pump is the energy, which the pump provides to the water in the form of discharge and head:

[image: image7.wmf]75

QH

WHP

=


Where,

H = Total Pump head in the system (m)

Q = Discharge per pump (lit /s)
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Brake horse power (BHP): The actual horsepower required to be supplied by the engine for driving the pump.
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Where,

Epm =Efficiency of Coupled pump and motor, 75%
Therefore,
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Provide two pumps working in series, and one stand by pump with the following specification: WHP = 36hp and BHP = 33hp. The design is summarized in the following table: 
Table 4‑6: Summary of Pump design
	No
	Description
	Unit
	Qty

	
	
	
	

	1
	capacity of the pump for 10hrs pump time 
	l/s
	80.0

	2
	Suction Pipe design
	 
	 

	2.1
	velocity at outlet 
	m/s
	1.8

	2.2
	Area 
	m2
	0.046

	2.3
	         Diameter Determination
	Mm
	241.3

	
	Adopt Diameter
	Mm
	250.0

	2.4
	               Suction line Length
	 
	8.0

	2.5
	 Determination of Total Suction Head
	 
	 

	2.5.1
	the velocity head
	M
	0.16

	2.5.2
	Suction lift  head
	M
	3.8

	2.5.3
	Total Head loss 
	 
	 

	
	 Head Loss in Pipe System due to friction 
	m
	0.13

	
	Loss due to bend/ bend loss  
	m
	0.03

	
	 (Strainer + valve ) loss  
	m
	0.31

	
	Entry loss  
	m
	0.02

	
	Total Head loss 
	m
	0.49

	2.6
	Total Suction Head 
	m
	4.29

	2.7
	    Check against cavitations 
	 
	 

	2.71
	Net positive sanction Head available                          =  Ha- Hs- HVp – Hf
	 
	 

	
	Ha is atmospheric pressure at the water surface 
	m
	8.02

	
	Hs is Suction lift  head  
	m
	3.80

	
	HVp is vapor pressure  
	m
	0.238

	
	Hf is total head loss in suction pipe 
	m
	0.49

	
	Net positive sanction Head available, NPSHa 
	m
	3.50

	
	Net positive sanction Head Required,                                NPSHR  =(Ha – HVp)/ Pg                                                                                                   
	m
	0.79

	
	Deducting the S.F from the value
	 
	 

	
	NPSHR 
	m
	0.19

	
	NPSHR  = 0.19m < NPSHa =3.15,  so it is safe against cavitations
	 
	 

	2.8
	Transmission Pipe design
	 
	 

	2.8.1
	    Diameter Determination
	 
	 

	
	velocity at out let 
	m/s
	1.80

	
	Area 
	m2
	0.09

	
	         Diameter Determination
	mm
	337

	
	Adopt Diameter
	mm
	400.00

	2.8.2
	 Transmission line Length
	m
	98.00

	2.8.3
	Determination of Total Delivery Head
	 
	 

	
	The velocity head
	m
	0.17

	
	static  delivery head  
	m
	14.00

	
	  Cheek value loss
	m
	0.13

	
	 Head Loss in Pipe System due to friction 
	m
	0.47

	
	Exit loss
	m
	0.17

	
	total head loss(m) 
	m
	0.76

	
	Total Delivery Head
	m
	14.8

	2.9
	TOTAL PUMP HEAD (HDT), estimated
	m
	19.1

	
	TOTAL PUMP HEAD (HDT), Adopted
	m
	20.0

	2.10
	Determination of pump capacity
	 
	 

	2.10.1
	  Water horse power, WHP  
	hp
	23

	2.10.2
	Brake horse power (BHP)
	hp
	33


4.10. Energy, and Operation and Maintenance Costs

The energy requirement of the two pumps has been computed and used as an input to the financial analysis of the project. The cost computation is considered using two prevailing conditions. The first consideration looks into diesel as energy option while the second option considers hydroelectric power gridline as an option. Since the electric option is selected, the installation is included in BOQ separately, but in this section only the rate of power consumption and maintenance costs are given due attention:
Table 4‑7: Energy, and O & M costs of the pumps settings
	No
	Description and unit
	Qty

	1
	Required Data
	 

	 
	Q (m3/s)
	0.080

	 
	H (m)
	20.0

	 
	eff
	0.75

	 
	Annual Demand (m3)
	    1,270,400 

	2
	Annual Power Required
	 

	2.1
	Overall power demand (kW) = 9.81 x discharge (m3/s) x head (m) pumping plant efficiency
	21

	2.2
	Energy demand (kWh) = Peak power demand (kW) x operating time (h)
	335

	2.3
	Water energy = volume of water (m3) x head (m)/367
	69232

	2.4
	Annual energy demand (kWh) =volume of water (m3) x head (m)/367 x pumping plant efficiency
	92309

	3
	Annual Operation  & Maintenance Cost
	 

	3.1
	Annual operation Cost
	 

	3.1.1
	If the source of Energy is Electric
	 

	3.1.1.1
	Annual Cost of electricity (ETB/kWh) 
	0.8

	3.1.1.2
	Annual energy cost (ETB)= Annual energy demand (kWh) x Cost of electricity (ETB/kWh) 
	              73,847 

	3.1.2
	If the source of Energy is Diesel
	 

	3.1.2.1
	fuel consumption (l/kW) 
	0.09

	3.1.2.2
	Annual cost of fuel (ETB/l)
	18

	3.1.2.3
	Annual energy cost (ETB)= Annual energy demand (kWh) x fuel consumption (l/kW) x cost of fuel (ETB/l)
	           149,540 

	3.2
	Maintenance  Cost
	 

	3.2.1
	If it's Electric
	 

	 
	Annual Maintenance cost (ETB)
	          36,000 

	3.2.1
	If it's diesel
	 

	 
	Annual Maintenance cost (ETB)
	          45,000 

	3.4
	Annual Operation  & Maintenance Cost for  Pumps
	 

	3.4.2
	If it's Electrical (ETB)
	        109,847 

	3.4.1
	If it's Diesel (ETB)
	        194,540 

	3.6
	Overall Annual Cost (Annual Operation  & Maintenance Cost  for Pumps) per hectare 

	 
	If it's Electrical(ETB)
	       1,017.10 

	 
	If it's diesel(ETB)
	       1,801.30 


4.11. Design of Retaining Wall

Since the d/s and u/s water level are the same, the d/s and u/s retaining walls have same height. The usual practice in the design of retaining wall is to assign tentative dimensions and then check for the overall stability of the structures.

4.11.1. Dimension of the Wall

· U/s   Height = h+hd+ Fb = 4.5m, above river bed, 

· Top Width = 0.50m 

· Bottom width = 1.43m

· Foundation depth = 0.75m
4.11.2. Stability Analysis of Walls

The stability analysis of the retaining wall is done and summarized in the following table and figure:

Figure 4‑2: Forces acting on retaining wall
Table 4‑8: Magnitude and direction of forces and momentum on  Retaining Wall
	No.
	Symbol of Forces
	Direction & Magnitude of Force (KN)
	Arm Length(m)
	Moment about Toe (KN-m)

	
	
	Vertical
	Horizontal
	Vertical
	Horizontal
	MR (+)
	MO (-)

	1
	 W1
	50.63
	 
	 
	0.25
	12.66
	-

	2
	W2
	75.94
	 
	 
	1.00
	75.94
	-

	3
	W3
	33.8
	 
	 
	1.00
	33.75
	 

	4
	WS
	45
	 
	 
	1.00
	45.00
	-

	5
	Active  pressure       -FSP1
	
	26.730
	1.00
	 
	 
	26.73

	 
	
	205.31
	26.73
	 
	 
	167.34
	26.73


4.11.3. Stability against Overturning 

Factor of safety against overturning
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4.11.4. Check for Sliding

Factor of safety against sliding
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4.11.5. Check for Overstress/Tension

Factor of safety against over stress F.S, e = |Bb/2 -X average | < B/6

X average=∑Mnet/∑V  =1.22
e = 0.32 and Bb/6 = 0.33m

           e <  B/6, safe against overstress.
The structural design of other structures on headwork will be done during detail design phase.
5. DESIGN OF IRRIGATION AND DRAINAGE SYSTEMs
5.1. General
The objective of this irrigation development is to enable the farmers to use a continuous flow of irrigation water for 10hrs  in the distribution and conveyance main system that take water from  a perennial river to develop 108.8ha ha net irrigable area of land. Knowledge of the rate of water use by crops and the water retention characteristics of the soil is fundamental in the design of the water supply and scheduling of irrigation system. The pattern of crop water use, allowing for rainfall and operational losses, determines the canal capacity of the system. To achieve this aim, the following issues are very relevant. 

· The layout of canal system

· Crop water requirement

· Efficiencies of different components of canal system

It is, therefore, very essential that the different components of the canal system should be able to carry adequate discharge, which may be able to meet the needs of proposed crops under the command of individual components. Besides, since design of small scale irrigation scheme is intended to be handed over to farmers after completion, this calls for careful consideration of the operation needs and management skills of the beneficiaries.  The aim has been to provide simple, strong and sustainable irrigation and drainage systems that are easy to understand and operate. Accordingly, the project has been provided with simple water control and regulating structures that fulfill these requirements
5.2. Methodology 
The methodology followed to plan and designs the Bite – Chole project involves the following steps:

· Preparation of Topo Map: Around 145 ha was surveyed and the top map was produced using 1:1000 horizontal and 1:100 vertical scale and 0.5m contour interval to develop the layout of the system. 108.8ha of land is identified as net irrigable area;
· Preparation of Layout: The components of the irrigation system should be aligned on the ridges and that of drainage in the valleys. Between two components of irrigation system, there should be one component of drainage system. The system should comprise from main canals to field canals;
· Discharge Capacity: It is also required to fix the discharge capacities of different components such that they are able to carry adequate irrigation water to serve properly, the areas under their respective commands;
· Fixation of F.S.L: It is required to fix the full supply level (FSL) of each component such that it facilitates reaching of irrigation water to every corner of the command area by gravity flow;
· Hydraulic design of canals and Drains: Once the design discharge is fixed, it is required to complete the hydraulic design of the different components;
· Structures: Canal structures on different components are essential parts of the system; they are required for regulating, conveyance, and protective the system. It is, therefore, required to decide about the type, location, size, and number of structures and prepare their detailed designs;
5.3. Design of Canals 
5.3.1. Layout Canals System

Though there are many classifications of canal types, this project classified canals according to their purposes. The whole canals system of Bite – Chole Small Scale Irrigation Project starting from pond consists of the following components:

a. Main Canal (MC):  Off take directly from the discharge box and brings water to secondary canals. There are two main canals in this project, one from discharge box from Guder, and the second is from existing Weir on Chole River.
b. Secondary Canal (SC):-Delivers water from the main canal and distribute to tertiary canals. They are three in number.
c. Tertiary canals (TC):-Off taking from the secondary Canal and distributes water to farm/field canals. These are 11in number. On average, each TC irrigates 6.9ha and has average length of 370m.
d. Field canal: Off taking from the Tertiary Canal for serving the smallest unit of command area. 
In order to minimize loss, so that operation cost is minimized, all the main canal and part of secondary canals are proposed and designed as lined rectangular masonry section canals. On the other hand, part of secondary canals and all tertiary canals are proposed and designed as earthen trapezoidal canals. From different selected alternatives of layouts by the consultant, the one described here in detail is selected to be more economical.
The command area of each tertiary canal is further sub-divided into several segments by field canals, which supply water to the furrows. Field canals are aligned across the contour. By considering the proposed crops, furrow method of irrigation has been adopted. Accordingly, irrigation water will be applied to the farm through furrows. The average length of furrows is 100 meters. 
5.3.2. Scheme Water Requirement
The actual water requirement for the proposed cropping pattern is indicated in Agronomy Report. To arrive at actual monthly requirement and the rate of water flow at the head of main canal, 24 hr operation time is fixed and equal to 0.833l/s/ha for 60% conveyance and distribution efficiency. Though the operating time for pump system is fixed to be 12hrs, since there is high opportunity of future expansion, the canals system is designed for 10hrs duty, 2l/s/ha. Maximum water requirement is obtained by multiplying the duty by the corresponding Area. 

5.3.3. Water Availability Analysis
As described in hydrology study report, low flow analysis of Guder River was measured using floating method, during the field visit, this is found to equal to 1,020l/s for Guder and 25l/s for Chole Rivers. The maximum demand of the Bite– Chole project during dry time is about 193l/s, which is 19% of the measured minimum flow. The Chole River contributes only 25l/s (the current flow in existing canal) during the dry time for Bite- Chole Project.
5.3.4. Command Area
The topographical survey has been conducted for 145ha with the help of Total Station Method and results have been fed into computer from which topographical maps have been generated with 0.5m contour interval, 1:1,000 horizontal and 1:100 vertical scales.

The topography of the area is characterized by moderately steep slope. The final size of the command area of the project is determined based on the result of the topographic survey, hydrological study, and soil survey and land evaluation study results. After deducting non suitable areas, like stream/river, swampy area, area covered by canal and drainage, 108.8ha net irrigable area is identified for final planning and design of the irrigation system as shown in the layout.  The following table describes the net irrigable area under each of field, tertiary, secondary and main canal with their corresponding length.
Table 5‑1: Net Irrigable Area, canals length and Capacity for tertiary canals
	NO
	Canal name
	command area
	Discharge (L/S)
	Remark

	1
	MC
	108.8
	217.64
	 

	1.1
	FC Directly Off-take from MC
	 
	 
	 

	1.1.1
	FC 0-0-1
	2.72
	5.44
	 

	1.1.2
	FC 0-0-2
	1.81
	3.62
	 

	1.1.3
	FC 0-0-3
	1.80
	3.60
	 

	1.1.3
	FC 0-0-4
	2.48
	4.96
	 

	1.2
	SC 1
	28.70
	57.40
	 

	1.2.1
	SC 1-0
	8.20
	16.40
	 

	1.2.1.1
	FC 1-0-0-1
	1.07
	2.14
	 

	1.2.1.2
	FC 1-0-0-2
	0.63
	1.26
	 

	1.2.1.3
	FC 1-0-0-3
	0.61
	1.22
	 

	1.2.1.4
	FC 1-0-0-4
	1.13
	2.26
	 

	1.2.1.5
	FC 1-0-0-5
	1.22
	2.44
	 

	1.2.1.6
	FC 1-0-0-6
	1.63
	3.26
	 

	1.2.1.7
	FC 1-0-0-7
	1.91
	3.82
	 

	1.2.2
	FC 1-0-1
	1.20
	2.40
	 

	1.2.3
	FC 1-0-2
	0.73
	1.46
	 

	1.2.4
	FC 1-0-3
	0.96
	1.92
	 

	1.2.5
	FC 1-0-4
	0.98
	1.96
	 

	1.2.6
	SC 1-1
	6.98
	13.96
	 

	1.2.6.1
	TC 1-1-1
	4.83
	9.66
	 

	1.2.6.1.1
	FC 1-1-1-1
	1.51
	3.02
	 

	1.2.6.1.2
	FC 1-1-1-2
	1.01
	2.02
	 

	1.2.6.1.3
	FC 1-1-1-3
	0.97
	1.94
	 

	1.2.6.1.4
	FC 1-1-1-4
	1.34
	2.68
	 

	1.2.6.2
	TC 1-1-2
	2.15
	4.30
	 

	1.2.6.2.1
	FC 1-1-2-1
	0.78
	1.56
	 

	1.2.6.2.2
	FC 1-1-2-2
	0.78
	1.56
	 

	1.2.6.2.3
	FC 1-1-2-3
	0.59
	1.18
	 

	1.2.7
	SC 1-2
	9.65
	19.30
	 

	1.2.7.1
	TC 1-2-1
	2.70
	5.40
	 

	1.2.7.1.1
	FC 1-2-1-1
	1.15
	2.30
	 

	1.2.7.1.2
	FC 1-2-1-2
	1.55
	3.10
	 

	1.2.7.2
	TC 1-2-2
	3.64
	7.28
	 

	1.2.7.2.1
	FC 1-2-2-1
	1.63
	3.26
	 

	1.2.7.2.2
	FC 1-2-2-2
	2.01
	4.02
	 

	1.2.7.3
	TC 1-2-3
	3.31
	6.62
	 

	1.2.7.3.1
	FC 1-2-3-1
	1.28
	2.56
	 

	1.2.7.3.2
	FC 1-2-3-2
	2.03
	4.06
	 

	1.3
	TC 0-1
	11.92
	23.84
	 

	1.3.1
	TC 0-1-1
	2.62
	5.24
	 

	1.3.2
	TC 0-1-2
	2.50
	5.01
	 

	1.3.3
	TC 0-1-3
	2.38
	4.77
	 

	1.3.4
	TC 0-1-4
	2.26
	4.53
	 

	1.3.5
	TC 0-1-5
	2.15
	4.29
	 

	1.3
	SC 2
	29.19
	58.38
	 

	1.3.1
	TC 2-1
	11.17
	22.34
	 

	1.3.1.1
	FC 2-1-1
	2.27
	4.54
	 

	1.3.1.2
	FC 2-1-2
	2.43
	4.86
	 

	1.3.1.3
	FC 2-1-3
	2.66
	5.32
	 

	1.3.1.4
	FC 2-1-4
	3.81
	7.62
	 

	1.3.2
	TC 2-2
	8.45
	16.90
	 

	1.3.2.1
	FC 2-2-1
	1.41
	2.82
	 

	1.3.2.2
	FC 2-2-2
	1.33
	2.66
	 

	1.3.2.3
	FC 2-2-3
	1.40
	2.80
	 

	1.3.2.4
	FC 2-2-4
	1.73
	3.46
	 

	1.3.2.5
	FC 2-2-5
	2.58
	5.16
	 

	1.3.3
	TC 2-3
	9.57
	19.14
	 

	1.3.2.1
	FC 2-3-1
	2.05
	4.10
	 

	1.3.2.2
	FC 2-3-2
	1.96
	3.92
	 

	1.3.2.3
	FC 2-3-3
	2.41
	4.82
	 

	1.3.2.4
	FC 2-3-4
	3.15
	6.30
	 

	1.4
	SC 3
	30.20
	60.40
	 

	1.4.1
	FC 3-0-1
	1.85
	3.70
	 

	1.4.2
	FC 3-0-2
	1.92
	3.84
	 

	1.4.3
	FC 3-0-3
	1.80
	3.60
	 

	1.4.4
	FC 3-0-4
	1.79
	3.58
	 

	1.4.5
	FC 3-0-5
	1.77
	3.54
	 

	1.4.6
	FC 3-0-6
	1.50
	3.00
	 

	1.4.7
	FC 3-0-7
	1.66
	3.32
	 

	1.4.8
	TC 3-1
	7.70
	15.40
	 

	1.4.8.1
	FC 3-1-1
	3.02
	6.04
	 

	1.4.8.2
	FC 3-1-2
	2.89
	5.78
	 

	1.4.8.3
	FC 3-1-3
	1.79
	3.58
	 

	1.4.9
	TC 3-2
	10.21
	20.42
	 

	1.4.9.1
	FC 3-2-1
	3.51
	7.02
	 

	1.4.9.2
	FC 3-2-2
	3.15
	6.30
	 

	1.4.9.3
	FC 3-2-3
	3.55
	7.10
	 


5.3.5. Hydraulic Design of Canals
Canals are designed to distribute water properly in the system, which makes the project possible and efficient. Soil and crop characteristics represent basic quantities in the compatibility of the canal hydraulic parameters. Pumped water and respective command areas are important variables for designation of command statement and design capacities of canals.

5.3.6. Design of Canal Features
a) Roughness co-efficient-‘N’

Coefficient of rugosity largely depends on the type of surface. Different values are taken for different surface types. The ‘Criteria for design of lined canals and Guidance for selection of Type of Lining’ recommends the following values of ‘N’ for different surface characteristics. Based on the above recommendations, the following values of ’N’ have been adopted. 

Table 5‑2: Roughness co-efficient-‘N’ for different Surface
	Type of Surface
	Canal component
	Value of ‘N’

	Masonry lining
	Main canal and parts of Secondary canals 
	0.018

	Earthen Canal
	Parts of Secondary and Tertiary  canals
	0.025


b) Canal side Slopes 

All main and part of secondary canals are designed as rectangular for economical section (zero side slopes), and all tertiary canals are designed as trapezoidal earthen canals with side slope of 1: 1 (V: H). 

c) Free Board

Though the discharge of all canals are less than 1m3/s, by considering probability of future expansion, free board of 0.2m to 0.4m is adopted for main, secondary canals, and tertiary canals.
5.3.7. Sample Design:  Main Canal (0+ 000 – 0+266.671)
Taking into consideration the crop water requirement during peak period, and overall efficiency of the irrigation system, the design capacity of the main canal is found to be 192.64l/s for net irrigable area of 108.8 ha. The main canal is designed as lined Masonry rectangular canal and its hydraulic design has been done by using Manning formula for economical section, which is presented as follows:
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	Where
	
	
	

	
	Q
	=
	Design Discharge (m3/sec)

	
	A
	=
	cross-sectional area in (m2)

	
	V
	=
	mean velocity  (m/sec)

	
	R
	=
	Hydraulic mean depth (m)

	
	S
	=
	Slope of canal, and

	
	N
	
	Roughness co-efficient


The entire main canal is proposed to be lined with masonry and Roughness co-efficient of N = 0.017. Water surface slope of 1:1200 is used to design the canal. With the above mentioned assumption, the hydraulic parameters are as follows;

	Bed width , b (m)
	=
	0.60m

	Full Supply Depth, y (m)
	=
	0.29m

	N
	=
	0.018

	Slope , S
	=
	0.005

	Cross Sectional flow Area, A (m2)
	=
	0.175

	Wetted perimeters, P  (m)
	=
	1.184

	Mean Hydraulic Radius, R
	=
	0.172

	Velocity, V (m/sec)
	=
	0.148

	Discharge, Q 
	=
	0.193m3/s

	A free board, F
	=
	0.36


The hydraulic parameters for other main and secondary canals are presented in table 5.3 and of tertiary canals were fixed in similar way and tabulated in the following table 5.4. 

Table 5‑3: Summary of hydraulic Design of  Main & Secondary Canals
	No
	Canal Name
	Chainage(m)
	Types Of Canal
	b
	Y
	Fb
	D
	S
	m1
	b/d
	TW
	A
	P
	R
	n
	V
	Q - Design

	
	
	From 
	To
	
	(m)
	(m)
	(m)
	m
	
	(H:V)
	m
	m
	m2
	m
	m
	
	m/s
	l/s

	1
	MC
	0.000
	266.671
	Lined rectangular
	0.60
	0.29
	0.36
	0.65
	0.00500
	0.000
	2.05
	0.600
	0.175
	1.184
	0.148
	0.018
	1.10
	192.64

	2
	MC
	266.671
	1322.998
	Lined rectangular
	0.65
	0.34
	0.36
	0.70
	0.00333
	0.000
	1.89
	0.650
	0.224
	1.338
	0.167
	0.018
	0.973
	217.64

	3
	MC
	1322.998
	1373.222
	Lined rectangular
	0.65
	0.32
	0.38
	0.70
	0.00333
	0.000
	2.01
	0.650
	0.210
	1.296
	0.162
	0.018
	0.953
	200.20

	4
	MC
	1373.222
	2929.512
	Lined rectangular
	0.50
	0.25
	0.35
	0.60
	0.00667
	0.000
	1.99
	0.500
	0.126
	1.002
	0.125
	0.018
	1.136
	142.62

	5
	MC
	2929.512
	3337.018
	Lined rectangular
	0.45
	0.24
	0.31
	0.55
	0.00667
	0.000
	1.8
	0.450
	0.110
	0.937
	0.117
	0.018
	1.085
	118.78

	6
	SC 1
	0.000
	252.329
	Lined rectangular
	0.35
	0.16
	0.34
	0.50
	0.01000
	0.000
	2.2
	0.350
	0.055
	0.662
	0.082
	0.018
	1.052
	57.40

	7
	SC 1
	252.329
	768.3157
	Lined rectangular
	0.30
	0.14
	0.31
	0.45
	0.01000
	0.000
	2.1
	0.300
	0.042
	0.582
	0.073
	0.018
	0.968
	41.00

	7
	SC 1
	768.316
	1051.270
	Lined rectangular
	0.45
	0.22
	0.33
	0.55
	0.00100
	0.000
	2.0
	0.450
	0.100
	0.896
	0.112
	0.018
	0.408
	41.00

	8
	SC1
	1051.270
	1071.926
	Lined rectangular
	0.40
	0.21
	0.34
	0.55
	0.00100
	0.000
	1.9
	0.400
	0.086
	0.829
	0.104
	0.018
	0.387
	33.26

	9
	SC 1-0
	0.000
	709.802
	Earthen Trapezoidal
	0.30
	0.14
	0.31
	0.45
	0.01333
	1.000
	2.1
	1.200
	0.062
	0.699
	0.089
	0.025
	0.921
	57.40

	10
	SC 1-1
	0.000
	301.400
	Earthen Trapezoidal
	0.30
	0.14
	0.31
	0.45
	0.01333
	1.000
	2.12
	1.200
	0.062
	0.699
	0.089
	0.025
	0.921
	57.40

	11
	SC 1-2
	0.000
	335.838
	Earthen Trapezoidal
	0.30
	0.14
	0.31
	0.45
	0.01333
	1.000
	2.12
	1.200
	0.062
	0.699
	0.089
	0.025
	0.921
	57.40

	12
	SC 2
	0.000
	198.183
	Earthen Trapezoidal
	0.30
	0.15
	0.30
	0.45
	0.01333
	1.000
	2.00
	1.200
	0.068
	0.724
	0.093
	0.025
	0.949
	64.09

	13
	SC 2
	198.183
	400.261
	Earthen Trapezoidal
	0.30
	0.15
	0.30
	0.45
	0.01333
	1.000
	2.00
	1.200
	0.068
	0.724
	0.093
	0.025
	0.949
	64.09

	14
	SC 2
	400.261
	532.519
	Earthen Trapezoidal
	0.30
	0.15
	0.30
	0.45
	0.01333
	1.000
	2.00
	1.200
	0.068
	0.724
	0.093
	0.025
	0.949
	64.09

	15
	SC 3
	0.000
	560.198
	Lined rectangular
	0.35
	0.19
	0.31
	0.50
	0.00667
	0.000
	1.86
	0.350
	0.066
	0.727
	0.091
	0.018
	0.916
	60.40

	15
	SC 3
	560.198
	788.375
	Lined rectangular
	0.45
	0.23
	0.32
	0.55
	0.00200
	0.000
	1.96
	0.450
	0.104
	0.910
	0.114
	0.018
	0.583
	60.40

	16
	SC 3
	788.375
	857.877
	Lined rectangular
	0.45
	0.23
	0.32
	0.55
	0.00067
	0.000
	1.9
	0.450
	0.106
	0.920
	0.115
	0.018
	0.339
	35.82

	16
	SC 3
	857.877
	1044.902
	Earthen Trapezoidal
	0.30
	0.15
	0.30
	0.45
	0.01333
	1.000
	2.1
	1.200
	0.065
	0.711
	0.091
	0.025
	0.934
	60.40

	17
	SC 3
	1044.902
	1317.421
	Earthen Trapezoidal
	0.30
	0.15
	0.30
	0.45
	0.01333
	1.000
	2.1
	1.200
	0.065
	0.711
	0.091
	0.025
	0.934
	60.40


In similar ways, the design of earthen canals (tertiary canals) is done using Manning’s formula as shown in the following table:
Table 5‑4: Summary of hydraulic design of Tertiary canals
	No
	Canal Name
	Chainage (m)
	Types Of Canal
	b
	y
	Fb
	D
	S
	m1
	b/d
	TW
	A
	P
	R
	n
	V
	Q - Design

	
	
	From 
	To
	
	(m)
	(m)
	(m)
	m
	
	(H:V)
	m
	m
	m2
	m
	m
	
	m/s
	l/s

	1
	TC 1-1-1
	0.00
	333.38
	Earthen Trapezoidal
	0.300
	0.15
	0.35
	0.50
	0.00143
	1.000
	2.0
	1.300
	0.068
	0.724
	0.093
	0.025
	0.31
	20.98

	2
	TC 1-1-2
	0.00
	318.94
	Earthen Trapezoidal
	0.300
	0.15
	0.35
	0.50
	0.00143
	1.000
	2.0
	1.300
	0.068
	0.724
	0.093
	0.025
	0.31
	20.98

	3
	TC 1-2-1
	0.00
	174.85
	Earthen Trapezoidal
	0.300
	0.15
	0.35
	0.50
	0.00143
	1.000
	2.0
	1.300
	0.068
	0.724
	0.093
	0.025
	0.31
	20.98

	4
	TC 1-2-2
	0.00
	166.51
	Earthen Trapezoidal
	0.300
	0.15
	0.35
	0.50
	0.00333
	1.000
	2.0
	1.300
	0.068
	0.724
	0.093
	0.025
	0.47
	32.04

	5
	TC 1-2-3
	0.00
	213.00
	Earthen Trapezoidal
	0.300
	0.15
	0.35
	0.50
	0.00333
	1.000
	2.0
	1.300
	0.068
	0.724
	0.093
	0.025
	0.47
	32.04

	6
	TC 0-1
	0.00
	768.88
	Earthen Trapezoidal
	0.300
	0.15
	0.35
	0.50
	0.02000
	1.000
	2.0
	1.300
	0.068
	0.724
	0.093
	0.025
	1.16
	78.49

	7
	TC 2-1
	0.00
	459.20
	Earthen Trapezoidal
	0.300
	0.15
	0.35
	0.50
	0.00143
	1.000
	2.0
	1.300
	0.068
	0.724
	0.093
	0.025
	0.31
	20.98

	8
	TC 2-2
	0.00
	562.06
	Earthen Trapezoidal
	0.300
	0.15
	0.35
	0.50
	0.00143
	1.000
	2.0
	1.300
	0.068
	0.724
	0.093
	0.025
	0.31
	20.98

	9
	TC 2-3
	0.00
	524.18
	Earthen Trapezoidal
	0.300
	0.15
	0.35
	0.50
	0.00143
	1.000
	2.0
	1.300
	0.068
	0.724
	0.093
	0.025
	0.31
	20.98

	10
	TC 3-1
	0.00
	261.34
	Earthen Trapezoidal
	0.300
	0.15
	0.35
	0.50
	0.00143
	1.000
	2.0
	1.300
	0.068
	0.724
	0.093
	0.025
	0.31
	20.98

	11
	TC 3-2
	0.00
	280.18
	Earthen Trapezoidal
	0.300
	0.15
	0.35
	0.50
	0.00143
	1.000
	2.0
	1.300
	0.068
	0.724
	0.093
	0.025
	0.31
	20.98


5.4. Drainage System

The natural drainage available is used as the collective drains in the layout of drainage system. The design of tertiary drains are included in the project, but the construction of field drains is totally left for users since it needs to be made frequently at the beginning of seasons. Manning equation was used to design the dimension of drains. The capacities of drains are fixed using drainage module estimated in hydrology study. All drains are designed as trapezoidal earthen open ditch as shown below:

Table 5‑5: Summary of hydraulic design of Tertiary drains
	No
	Canal Name
	Chainage(m)
	Types Of Canal
	b
	y
	Fb
	D
	S
	m1
	b/d
	TW
	A
	P
	R
	n
	V
	Q - Design

	
	
	From 
	To
	
	(m)
	(m)
	(m)
	m
	
	(H:V)
	m
	m
	m2
	m
	m
	
	m/s
	l/s

	1
	TD 1-1-0
	0
	499.94
	Earthen Trapezoidal
	0.350
	0.35
	0.20
	0.55
	0.00200
	1.000
	1.01
	1.450
	0.241
	1.328
	0.181
	0.030
	0.48
	114.8

	2
	TD 1-1-1
	0
	465.94
	Earthen Trapezoidal
	0.300
	0.28
	0.22
	0.50
	0.00200
	1.000
	1.1
	1.300
	0.162
	1.090
	0.148
	0.030
	0.42
	67.6

	3
	TD 1-2-1
	0
	241.51
	Earthen Trapezoidal
	0.300
	0.21
	0.29
	0.50
	0.00200
	1.000
	1.4
	1.300
	0.105
	0.886
	0.119
	0.030
	0.36
	37.80

	4
	TD 1-2-2
	0
	210.27
	Earthen Trapezoidal
	0.300
	0.21
	0.29
	0.50
	0.00333
	1.000
	1.4
	1.300
	0.109
	0.900
	0.121
	0.030
	0.47
	51.00

	5
	TD 3-0-A
	0
	529.25
	Earthen Trapezoidal
	0.350
	0.327
	0.22
	0.55
	0.00200
	1.000
	1.1
	1.450
	0.222
	1.276
	0.174
	0.030
	0.46
	103.00

	6
	TD 2-1
	0
	641.17
	Earthen Trapezoidal
	0.400
	0.39
	0.21
	0.60
	0.00143
	1.000
	1.0
	1.600
	0.303
	1.492
	0.203
	0.030
	0.44
	132.18

	7
	TD 2-2
	0
	600.60
	Earthen Trapezoidal
	0.400
	0.37
	0.18
	0.55
	0.00143
	1.000
	1.1
	1.500
	0.280
	1.435
	0.195
	0.030
	0.42
	118.92

	8
	TD 3-0-B
	0
	352.56
	Earthen Trapezoidal
	0.300
	0.31
	0.19
	0.50
	0.00143
	1.000
	1.0
	1.300
	0.186
	1.168
	0.159
	0.030
	0.37
	69.00

	9
	TD 3-1
	0
	368.11
	Earthen Trapezoidal
	0.350
	0.34
	0.16
	0.50
	0.00200
	1.000
	1.0
	1.350
	0.230
	1.299
	0.177
	0.030
	0.47
	108.10


5.5. Design of Irrigation Structures
5.5.1. General

There are different structures on canals: division boxes, drops, off takes, flumes, foot path, etc. The detail designs of these structures are described in the following section and their drawings are described in the drawing album.

5.5.2. Division Boxes
For safe and sufficient quantity of withdrawal from the parent canal to the receiving canals, provision of appropriate structure is necessary. For this project, division boxes are proposed to divide water from the main canal to the secondary canals, and from secondary canal to tertiary canals. Off takes are also provided to divide the flow from tertiary canals to field canals. Since the flow in all canals are open channel, the division boxes are designed using broad crest flow formula by assuming the same equal discharge coefficient and sill height for all direction.

Sample design:  division box on MC to SC1 where off takes water:

Station: 1+373.222m On MC where SC1 off takes water.

Using broad crested formula, 

Q= CL(h)3/2
Where Q= discharge over rectangular weir (opening), m3/s


c= discharge coefficient, c= 1.7


L= effective length of crest form in m


h= over flow depth, m

Assuming equal discharge coefficient and sill height for the two dividing canals, the proportion becomes.

Q1= CL1 (h) 3/2
L1 = Q1/(Ch3/2)

Q1/ Q2 =L1/ L2 

L2 = L1*Q2/Q1

Where: Q1= is flow in incoming parent canal MC,
Q2 = is flow toward outgoing, MC

Q3 = is flow to ward SC1

L1= is effective crest length of weir sill across opening to MC, parent canal

L2= is effective crest length of weir sill across opening to MC, outgoing canal

L3= crest length of opening to SC1

The height of the division box, 

D= D+fb

The width of the division box, B= b+2*m*D

Where: b= base width of the incoming canal

m= side slope of the incoming canal

D= total canal depth of the incoming canal

In this Case:

Q1= 0.200m3/s

Q2=0.143m3/s

Q3 = 0.057m3/s

h = 0.323m

b =0.65m

L1= Q1 / Ch 3/2 = 0.641m, adopt L1=0.60m
L2= L1Q2/ Q1= 0.43m 

L3= L2Q3/ Q2 = 0.170m, 

Height of DB, H = D +Fb =0.9m 

Width of DB = b +2 *0.3 = 1.250m. 

The designs of other division boxes are done in similar way and tabulated in table 5.6 below and the drawing album.

5.5.3. Design of Drops
Drop is a structure constructed across a canal to permit lowering down of its water level and dissipate the surplus energy possessed by the falling water, which may otherwise scour the bed and banks of the canal. The two common types of drops constructed are vertical drop and inclined drop. For the project under consideration, vertical drops are adopted.  
Sample Design of Drop Structure: MC @ 0+170, Hr = 1.5m

Q= 0.193m3/s, V= 1.1m/s, b= 0.6m, d=0.29m, OGL = 1968.234m, CBL (Before) = 1968.15m & 1966.65m (after fall)
He= d+v2/2g = 0.354m
Stilling basin, L= 3 (He*h)1/2,
                         = 2.18m, adopt 2.20m

Width, W = 18.46* (Q)1/2/ (9.91+Q)

               = 0.802m. adopt 1.0m
Sill height, X = 0.25 (Hexh)2/3 = 0.164m, adopt 0.20m                    

For other drop structures on lined canals, the designs are made similarly and summarized in table 5.7. For drops on earthen canals, their designs are presented in annex I.
5.5.4. Design of Off take Structures

Two types off take structures are provided: Box and pipe off take structures. Fifteen USBR type pipe off take structures are provided on main and secondary canals, where the fields are directly irrigated. Besides, 32 box off take structures are provided on tertiary canals to distribute water among field canals. The location and design of all of the pipe and box off-take structures are presented in annex II and Annex III. Their drawings are also incorporated in the drawing album.
5.5.5. Flume Structures

The people of the Guder town are accustomed to using the existing structure on Dhumuga River for washing clothes. Thus, new flume structure is proposed to protect/preserve the quality of water coming from the Guder and Chole Rivers. Three span length of flume having 8.0m length each is designed to pass the main canal on Dhumuga River and presented in table 5.8. 
5.5.6. Road Crossing Structures
A number of pipe road crossing structures are found on site, which will also recommend be maintaining and using in this design also. Additional one more road crossing is proposed and designed which is presented in table 5.9.
5.5.7. Foot Bridge Structures
In order to increase protection of the system, social structures are proposed to be provided alongside the main irrigation system. To this effect, four foot path structures are included in this design. The typical drawings of the three structures are incorporated both in drawing album and BOQ; for more information see drawing album.
Table 5‑6: Design of Division Box Structures
	No
	Name of DB
	Location
	OGL
	CBL
	Q1
	Q2
	Q3
	b
	d
	Fb
	D
	L1(m)
	L2(m)
	L3(m)
	fb
	D(m)
	B(m)
	Protection

	
	
	
	M
	m
	m3/s
	m3/s
	m3/s
	m
	m
	m
	m
	Estimated
	Adopted
	Estimated
	Adopted
	Estimated
	Adopted
	m
	Estimated
	Adopted
	Estimated
	Adopted
	L(m)

	1
	DB 1
	From MC to SC 1 @ 1+373.222m Chainage
	1961.328
	1960.778
	0.200
	0.143
	0.057
	0.650
	0.323
	0.377
	0.700
	0.641
	0.600
	0.428
	0.43
	0.17
	0.17
	0.200
	0.900
	0.900
	1.250
	1.250
	 

	2
	DB 2
	From MC to TC 0-1 @ 2+929.5117m Chainage
	1920.779
	1920.436
	0.143
	0.119
	0.024
	0.500
	0.251
	0.349
	0.600
	0.667
	0.450
	0.375
	0.37
	0.08
	0.08
	0.200
	0.800
	0.800
	2.300
	2.300
	1.500

	3
	DB 3
	From MC to SC 2 & SC 3 &  @ 3+3337.018m Chainage
	1903.532
	1903.220
	0.119
	0.058
	0.060
	0.450
	0.243
	0.307
	0.550
	0.582
	0.400
	0.197
	0.20
	0.20
	0.20
	0.200
	0.750
	0.750
	1.600
	1.600
	1.500

	4
	DB 4
	From SC 1 to SC 0-1@ 0+252.329m Chainage
	2031.383
	2030.705
	0.057
	0.041
	0.016
	0.350
	0.156
	0.344
	0.500
	0.549
	0.300
	0.214
	0.21
	0.09
	0.09
	0.150
	0.650
	0.650
	1.450
	1.450
	1.500

	5
	DB 5
	From SC 1 to SC 1-1 & SC 1-2 @ 1+071.926m Chainage
	2021.521
	2021.149
	0.033
	0.014
	0.019
	0.40
	0.21
	0.34
	0.55
	0.197
	0.350
	0.147
	0.15
	0.20
	0.20
	0.150
	0.700
	0.700
	1.550
	1.550
	1.500

	7
	DB 7
	From SC 2  to TC 2-1 @ 0+198.183m Chainage
	2006.031
	2005.832
	0.058
	0.036
	0.022
	0.300
	0.150
	0.300
	0.450
	0.591
	0.250
	0.154
	0.15
	0.10
	0.10
	0.150
	0.600
	0.600
	1.350
	1.350
	1.500

	8
	DB 8
	From SC 2  to TC 2-2 @ 0+400.261m Chainage
	1999.842
	1999.689
	0.036
	0.019
	0.017
	0.30
	0.15
	0.30
	0.45
	0.365
	0.250
	0.133
	0.13
	0.12
	0.12
	0.150
	0.600
	0.600
	1.350
	1.350
	1.500

	9
	DB 9
	From SC3 to TC 3-1  @ 1+044.902m Chainage
	2028.728
	2028.395
	0.036
	0.020
	0.015
	0.300
	0.145
	0.305
	0.450
	0.381
	0.350
	0.200
	0.20
	0.2
	0.15
	0.150
	0.600
	0.600
	1.350
	1.350
	1.500


Table 5‑7: Design of Drop Structures On Lined Canals
	No
	Location of the Drop
	Incoming Canal
	Canal to be Continue 
	Drop Height
	Parent Canal
	He
	Stilling basin Length(Lb)
	Stilling basin  Width(Wb )
	Sill height(a)

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	OGL
	U/s CBL
	U/s FSL
	U/s TBL
	d/s CBL
	d/s FSL
	d/s TBL
	m
	V (m/s)
	Q (m3/s)
	B (m)
	D (m)
	Fb (m)
	D (m)
	m
	estimated
	Adopt
	estimated
	Adopt
	estimated
	Adopt

	1
	On MC @ 0+170
	1968.234
	1968.15
	1968.442
	1968.8
	1966.65
	1966.942
	1967.3
	1.500
	1.099
	0.193
	0.60
	0.29
	0.36
	0.65
	0.354
	2.185
	2.200
	0.802
	1.000
	0.164
	0.200

	2
	On MC @ 0+190
	1966.733
	1966.55
	1966.842
	1967.2
	1965.85
	1966.142
	1966.5
	0.700
	1.10
	0.19
	0.60
	0.29
	0.36
	0.65
	0.354
	1.493
	1.500
	0.802
	1.000
	0.099
	0.150

	3
	On MC @ 1+310
	1962.089
	1961.989
	1962.333
	1962.689
	1960.989
	1961.333
	1961.689
	1.000
	0.97
	0.22
	0.65
	0.34
	0.36
	0.70
	0.392
	1.879
	1.900
	0.850
	1.000
	0.134
	0.200

	4
	On MC @ 1+390
	1960.662
	1960.666
	1960.917
	1961.266
	1959.166
	1959.417
	1959.766
	1.500
	1.14
	0.14
	0.65
	0.34
	0.36
	0.70
	0.410
	2.352
	2.400
	0.693
	0.800
	0.181
	0.200

	5
	On MC @ 1+460
	1958.492
	1958.7
	1958.951
	1959.3
	1957.2
	1957.451
	1957.8
	1.500
	1.14
	0.14
	0.65
	0.34
	0.36
	0.70
	0.410
	2.352
	2.400
	0.693
	0.800
	0.181
	0.200

	6
	On MC @ 1+530
	1956.642
	1956.733
	1956.984
	1957.333
	1955.233
	1955.484
	1955.833
	1.500
	1.05
	0.06
	0.65
	0.34
	0.36
	0.70
	0.400
	2.325
	2.400
	0.444
	0.500
	0.178
	0.200

	7
	On MC @ 1+620
	1954.601
	1954.633
	1954.884
	1955.233
	1953.133
	1953.384
	1953.733
	1.500
	1.05
	0.06
	0.65
	0.34
	0.36
	0.70
	0.400
	2.325
	2.400
	0.444
	0.500
	0.178
	0.200

	8
	On MC @ 1+700
	1952.556
	1952.6
	1952.892
	1953.25
	1951.1
	1951.392
	1951.75
	1.500
	1.05
	0.06
	0.65
	0.34
	0.36
	0.70
	0.400
	2.325
	2.400
	0.444
	0.500
	0.178
	0.200

	9
	On MC @ 1+810
	1950.46
	1950.366
	1950.658
	1951.016
	1948.866
	1949.158
	1949.516
	1.500
	1.05
	0.06
	0.65
	0.34
	0.36
	0.70
	0.400
	2.325
	2.400
	0.444
	0.500
	0.178
	0.200

	10
	On MC @ 1+920
	1948.176
	1948.133
	1948.425
	1948.783
	1946.633
	1946.925
	1947.283
	1.500
	1.05
	0.06
	0.65
	0.34
	0.36
	0.70
	0.400
	2.325
	2.400
	0.444
	0.500
	0.178
	0.200

	11
	On MC @ 2+040
	1945.83
	1945.833
	1946.125
	1946.483
	1944.333
	1944.625
	1944.983
	1.500
	1.05
	0.06
	0.65
	0.34
	0.36
	0.70
	0.400
	2.325
	2.400
	0.444
	0.500
	0.178
	0.200

	12
	On MC @ 2+020
	1943.77
	1943.8
	1944.092
	1944.45
	1942.3
	1942.592
	1942.95
	1.500
	1.05
	0.06
	0.65
	0.34
	0.36
	0.70
	0.400
	2.325
	2.400
	0.444
	0.500
	0.178
	0.200

	13
	On MC @ 2+200
	1941.812
	1941.766
	1942.058
	1942.416
	1940.266
	1940.558
	1940.916
	1.500
	1.05
	0.06
	0.65
	0.34
	0.36
	0.70
	0.400
	2.325
	2.400
	0.444
	0.500
	0.178
	0.200

	14
	On MC @ 2+250
	1939.957
	1939.933
	1940.225
	1940.583
	1938.433
	1938.73
	1939.08
	1.500
	0.97
	0.04
	0.65
	0.34
	0.36
	0.70
	0.392
	2.300
	2.300
	0.376
	0.500
	0.175
	0.200

	15
	On MC @ 2+310
	1937.995
	1938.033
	1938.325
	1938.683
	1936.533
	1936.825
	1937.183
	1.500
	0.97
	0.04
	0.65
	0.34
	0.36
	0.70
	0.392
	2.300
	2.300
	0.376
	0.500
	0.175
	0.200

	16
	On MC @ 2+360
	1936.232
	1936.2
	1936.492
	1936.85
	1934.7
	1934.992
	1935.35
	1.500
	0.97
	0.04
	0.65
	0.34
	0.36
	0.70
	0.392
	2.300
	2.300
	0.376
	0.500
	0.175
	0.200

	17
	On MC @ 2+400
	1934.438
	1934.433
	1934.725
	1935.083
	1932.933
	1933.225
	1933.583
	1.500
	0.92
	0.06
	0.65
	0.34
	0.36
	0.70
	0.387
	2.287
	2.300
	0.444
	0.500
	0.174
	0.200

	18
	On MC @ 2+480
	1932.408
	1932.4
	1932.692
	1933.05
	1930.9
	1931.192
	1931.55
	1.500
	0.92
	0.06
	0.65
	0.34
	0.36
	0.70
	0.387
	2.287
	2.300
	0.444
	0.500
	0.174
	0.200

	19
	On MC @ 2+560
	1930.381
	1930.366
	1930.658
	1931.016
	1928.866
	1929.158
	1929.516
	1.500
	0.92
	0.06
	0.65
	0.34
	0.36
	0.70
	0.387
	2.287
	2.300
	0.444
	0.500
	0.174
	0.200

	20
	On MC @ 2+630
	1928.512
	1928.4
	1928.692
	1929.05
	1926.9
	1927.192
	1927.55
	1.500
	0.92
	0.06
	0.65
	0.34
	0.36
	0.70
	0.387
	2.287
	2.300
	0.444
	0.500
	0.174
	0.200

	21
	On MC @ 2+730
	1926.252
	1926.233
	1926.525
	1926.883
	1924.733
	1925.025
	1925.383
	1.500
	0.92
	0.06
	0.65
	0.34
	0.36
	0.70
	0.387
	2.287
	2.300
	0.444
	0.500
	0.174
	0.200

	22
	On MC @ 2+810
	1924.262
	1924.233
	1924.525
	1924.883
	1922.733
	1923.025
	1923.383
	1.500
	0.92
	0.06
	0.65
	0.34
	0.36
	0.70
	0.387
	2.287
	2.300
	0.444
	0.500
	0.174
	0.200

	23
	On MC @ 2+880
	1922.23
	1922.266
	1922.558
	1922.916
	1920.766
	1921.058
	1921.416
	1.500
	0.92
	0.06
	0.65
	0.34
	0.36
	0.70
	0.387
	2.287
	2.300
	0.444
	0.500
	0.174
	0.200

	24
	On MC @ 2+970
	1920.045
	1920.166
	1920.41
	1920.716
	1918.666
	1918.91
	1919.216
	1.500
	1.08
	0.12
	0.45
	0.24
	0.31
	0.55
	0.303
	2.024
	2.100
	0.634
	0.800
	0.148
	0.200

	25
	On MC @ 3+030
	1918.202
	1918.266
	1918.51
	1918.816
	1916.766
	1917.01
	1917.316
	1.500
	0.92
	0.06
	0.45
	0.24
	0.31
	0.55
	0.287
	1.967
	2.000
	0.444
	0.500
	0.142
	0.200

	26
	On MC @ 3+080
	1916.308
	1916.433
	1916.676
	1916.983
	1914.933
	1915.18
	1915.48
	1.500
	0.92
	0.06
	0.45
	0.24
	0.31
	0.55
	0.287
	1.967
	2.000
	0.444
	0.500
	0.142
	0.200

	27
	On MC @ 3+120
	1914.73
	1914.666
	1914.91
	1915.216
	1913.166
	1913.41
	1913.72
	1.500
	0.92
	0.06
	0.45
	0.24
	0.31
	0.55
	0.287
	1.967
	2.000
	0.444
	0.500
	0.142
	0.200

	28
	On MC @ 3+160
	1912.933
	1912.9
	1913.143
	1913.45
	1911.400
	1911.64
	1911.95
	1.500
	0.92
	0.06
	0.45
	0.24
	0.31
	0.55
	0.287
	1.967
	2.000
	0.444
	0.500
	0.142
	0.200

	29
	On MC @ 3+200
	1911.155
	1911.133
	1911.425
	1911.783
	1909.133
	1909.43
	1909.78
	2.000
	0.92
	0.06
	0.45
	0.24
	0.31
	0.55
	0.287
	2.271
	2.300
	0.444
	0.500
	0.173
	0.200

	30
	On MC @ 3+240
	1908.537
	1908.866
	1909.158
	1909.516
	1906.866
	1907.16
	1907.52
	2.000
	0.92
	0.06
	0.45
	0.24
	0.31
	0.55
	0.287
	2.271
	2.300
	0.444
	0.500
	0.173
	0.200

	31
	On MC @ 3+280
	1906.49
	1906.6
	1906.892
	1907.25
	1905.100
	1905.39
	1905.75
	1.500
	0.92
	0.06
	0.45
	0.24
	0.31
	0.55
	0.287
	1.967
	2.000
	0.444
	0.500
	0.142
	0.200

	32
	On MC @ 3+310
	1904.931
	1904.9
	1905.192
	1905.55
	1903.400
	1903.69
	1904.05
	1.500
	0.92
	0.06
	0.45
	0.24
	0.31
	0.55
	0.287
	1.967
	2.000
	0.444
	0.500
	0.142
	0.200

	33
	On SC1 @ 0+180
	1958.85
	1958.978
	1959.134
	1959.478
	1957.778
	1957.934
	1958.278
	1.200
	1.052
	0.057
	0.35
	0.16
	0.34
	0.50
	0.212
	1.514
	1.600
	0.444
	0.500
	0.100
	0.200

	34
	On SC1 @ 0+270
	1956.847
	1956.878
	1957.019
	1957.328
	1955.378
	1955.519
	1955.828
	1.500
	0.97
	0.04
	0.30
	0.14
	0.31
	0.45
	0.189
	1.597
	1.600
	0.376
	0.500
	0.108
	0.200

	35
	On SC1 @ 0+360
	1954.48
	1954.478
	1954.478
	1954.478
	1953.678
	1953.678
	1953.678
	0.800
	0.97
	0.04
	0.30
	0.14
	0.31
	0.45
	0.189
	1.166
	1.200
	0.376
	0.500
	0.071
	0.100

	36
	On SC1 @ 0+670
	1950.657
	1950.578
	1950.578
	1950.578
	1949.378
	1949.378
	1949.378
	1.200
	0.97
	0.04
	0.30
	0.14
	0.31
	0.45
	0.189
	1.428
	1.500
	0.376
	0.500
	0.093
	0.100

	37
	On SC3 @ 0+320
	1901.093
	1901.086
	1901.275
	1901.586
	1900.586
	1900.775
	1901.086
	0.500
	0.92
	0.06
	0.35
	0.19
	0.31
	0.50
	0.231
	1.020
	1.100
	0.455
	0.500
	0.059
	0.100

	38
	On SC3 @ 0+490
	1899.31
	1899.453
	1899.641
	1899.953
	1898.453
	1898.641
	1898.953
	1.000
	0.92
	0.06
	0.35
	0.19
	0.31
	0.50
	0.231
	1.442
	1.500
	0.455
	0.500
	0.094
	0.100


Table 5‑8: Design of Flume Structures
	1
	Description of Structure
	 

	1.1
	Location
	At 0+525.422m on MC

	1.2
	Type of Structure
	Three Span Aqueduct

	2
	Drainage Parameters
	 

	2.2
	HFD, m
	1.4

	2.3
	River Bed, m
	1961.000

	2.4
	HFL, m
	1962.4

	3
	Hydraulic Parameter of incoming canal
	 

	3.1
	Design Discharge of Canal, m3/s
	0.218

	3.2
	Bed Width of Canal, m
	0.60

	3.3
	Full Supply Depth, m
	0.292

	3.4
	Free Board, m
	0.358

	3.5
	Side Slope of Canal, (H/V m/m
	0

	3.6
	Manning's Coefficient
	0.018

	3.7
	Total Depth, m
	0.650

	3.8
	Canal Bed level (at section 4-4)
	1964.604

	3.9
	Full Supply Level, m
	1964.95

	3.10
	Top Bank Level
	1965.30

	4
	Criteria/Reason  For Selection this type Structure
	 

	4.1
	The difference between  CBL  & HFl is greater than required free board
	2.20

	4
	Flume Parameters
	 

	4.1
	Length of Flume, m
	24.00

	4.2
	Number of Barrel Sections
	1.00

	4.3
	Width of the Barrel, m
	0.50

	4.4
	Depth of  flow in Barrel, m
	0.351

	4.5
	Free Board for the Barrel, m
	0.20

	4.6
	Height of the Barrel, m
	0.55

	4.7
	Contraction Splay : 1 to
	4

	4.8
	Expansion Splay: 1 to
	5

	4.9
	Length of Contraction Transition (On Average width)
	2.00

	4.10
	Length of Expansion Transition (On Average width)
	2.00

	5
	Head loss and bed levels at different sections
	 

	5.1
	At section 4-4(D/S  canal section)
	 

	5.1.1
	Area of the Section(D/S  canal section), m2
	0.18

	5.1.2
	Velocity = Q/A, m/s
	1.24

	5.1.3
	Velocity head = v2/2g, m
	0.079

	5.1.4
	R.L. of water surface, m
	1964.896

	5.1.5
	R.L. of T.E.L, m
	1964.975

	5.1.6
	R.L. of bed, m
	1964.604

	5.2
	At section 3-3 (Rectangular barrel section at d/s side )
	 

	5.2.1
	Area of the Section, m2
	0.18

	5.2.2
	Velocity = Q/A, m/s
	1.24

	5.2.3
	Velocity head = v2/2g, m
	0.079

	5.2.4
	Loss for expansion section
	 

	5.2.4.1
	Head loss at transition (0.3*(V32-V42)/2g), m
	0.000

	5.2.4.2
	Frictional Loss at the transition, m
	0.00040

	 
	Total Loss for expansion section, m
	0.00040

	5.2.5
	R.L. of T.E.L, m
	1964.976

	5.2.6
	R.L. of water surface, m
	1964.897

	5.2.7
	R.L. of bed, m
	1964.546

	5.2.8
	Hydraulic Mean Depth (R = A/P), m
	0.146

	5.2.9
	Bed Slope in Barrel (S = V2*n2/R4/3)
	0.004531

	5.2.10
	 frictional loss in concrete barrel, m
	0.1087

	5.3
	At section 2-2 (Rectangular barrel section at U/s side )
	 

	5.3.1
	R.L. of T.E.L, m
	1965.084

	5.3.2
	R.L. of water surface, m
	1965.005

	5.3.3
	R.L. of bed, m
	1964.655

	5.4
	At section 1-1
	 

	5.4.1
	Head Loss for Contraction section
	 

	5.4.1
	Head loss at transition (0.2*(V22-V12)/2g),m
	0.0

	5.4.2.1
	Head Loss for Contraction section
	 

	5.4.2.2
	Frictional Head loss in Contraction, m
	0.00040

	 
	Total Head Loss for Contraction section, m
	0.00040

	5.4.3
	R.L. of T.E.L, m
	1965.085

	5.4.4
	R.L. of water surface, m
	1965.006

	5.4.5
	R.L. of bed, m
	1964.714

	5.5
	Total Head Loss, m
	0.110m

	6
	Foundation of the Structure
	 

	6.1
	Silt Factor(f) = 1.76(dmm)0.5
	8.97

	6.2
	Lacey's Normal Scour depth(m),  R = 1.35 (q2/f)1/3  
	0.170

	6.3
	Scour depth using  Lacey's equation(m),  D = 1.5R – HFD   
	1.00

	6.4
	Foundation level, m
	1960.000

	7
	 Abutment Design
	 

	7.1
	Top Width of abutment, m
	0.5

	7.2
	Height of abutment
	4.6

	7.3
	Slope of the inclined part (V:H)
	3

	7.4
	Bottom width of Abutment
	2.02


6. ENGINEERING COST ESTIMATE

The estimation of costs of Irrigation schemes and their component for the project requires a number of factors including the implementation time, the available infrastructural facilities, availability and cost of labor, the distance from the port, and also how and from where water is abstracted, stored and conveyed to targeted area to be irrigated. The following table shows the engineering cost estimated for implementation of Bite - Chole Small scale pump Irrigation project.

Table 6‑1: Summary of Cost
	S/No
	Description of Activities
	Total cost (Br)
	Community Share

	1
	Preparatory Work
	278,500.00
	-

	2
	Head Work Construction
	3,322,525.52
	-

	4
	Canals and Drainage System
	6,702,251.88
	909,309.65

	5
	Structures on Canals
	1,445,546.00
	48,701.00

	 
	Sub Total
	11,748,823.40
	958,010.65

	 
	Community Share (%)
	 
	8.20%

	6
	Management & Construction Supervision (5%) 
	587,441.17
	47,900.53

	 
	Total
	12,336,264.57
	1,005,911.18

	7
	Physical Contingency (10%)
	1,233,626.46
	100,591.12

	 
	Sub Total
	13,569,891.03
	1,106,502.30

	8
	VAT (15%)
	2,035,483.65
	165,975.35

	 
	Grand Total
	15,605,374.68
	1,272,477.65

	 
	Community Share (%)
	 
	8.20%


Table 6‑2: Detail Cost of  Bite-Chole SSIP
	SN
	Description 
	Unit
	Qty
	Unit cost (Br)
	Total cost(Br)
	community Share (Br)

	1
	Preparatory Work
	
	
	
	
	

	1.1
	Mobilization and Demobilization
	LS
	1.00
	20,000.00
	20,000.00
	

	
	Subtotal 1-1
	
	
	
	20,000.00
	-

	1.2
	Engineering  surveying and Preparation of as-built drawings and site plan including operation and maintenance manual
	LS
	1.00
	40,000.00
	40,000.00
	

	
	Subtotal 1-2
	
	
	
	40,000.00
	-

	1.3
	Camping
	
	
	
	
	

	1.3.1
	Construction of consultant's residence and/or office of size 4.4m*4.4m from CIS (G-32) for roof & external wall from  CI sheet (G-32), internally painted chip wood wall, and  founded on a 25cm thick hard-core , 8cm C10(1:3:6) lean concrete and 2cm screed floor. The room should be well ventilated thus equipped with window and door of same material as wall, will be done as per drawing
	Ls
	1.00
	38,000.00
	38,000.00
	

	1.3.2
	Construction of contractor's residence and/or office of size 9.65m*3m from CIS(G-32) for roof & external wall(G-32) and internally painted chip wood wall &  founded on  a 25cm thick hard-core , 8cm C10(1:3:6) lean concrete and 2cm screed floor. Two rooms each has size of 3m*3m and are well ventilated equipping them with windows and doors of same material as well as per drawing.
	Ls
	1.00
	45,000.00
	45,000.00
	

	1.3.3
	Construction of 5m*5m store for Contractor which is constructed from CIS(G-32)  wall and roof(G-32) with door and window,  founded  on  a 25cm thick hard-core , 8cm C10(1:3:6) lean concrete and 2cm screed floor as per drawing 
	Ls
	1.00
	40,000.00
	40,000.00
	

	1.3.4
	Construction of Caferia and kitchen facility size 6m*4m, constructed from CIS(G-32)  wall and roof(G-32) with door and window,  founded  on  a 25cm thick hard core, 8cm C10(1:3:6) lean concrete and 2cm screed floor as per drawing 
	Ls
	1.00
	46,000.00
	46,000.00
	

	1.3.5
	Construction of shower and toilet rooms of total size 4m*2m, constructed from CIS(G-32)  wall and roof(G-32); ventilated separate with door and window,  founded  on  a 10cm thick hardcore , 5cm C10(1:3:6) lean concrete  as per drawing 
	Ls
	1.00
	15,000.00
	15,000.00
	

	1.3.6
	Construction of guard house facility of size 2m*2m, constructed from CIS  wall and roof with door and window,  founded  on  a 25cm thick hard-core, 8cm C10(1:3:6) lean concrete and 2cm screed floor as per drawing 
	Ls
	1.00
	10,000.00
	10,000.00
	

	1.3.7
	Fence works all around the camp of area 50m*30m, 2.0m height and 15cm diameter treated timber post/eucalyptus poles with barbed wire at 20cm vertical interval & posted in a minimum of 0.6m depth backfilled with lean concrete, C10(1:3:6) 
	Ls
	1.00
	4,500.00
	4,500.00
	

	1.3.8
	Sign Post at Junction and Camp Office, with Dimension of 1.0m*1.5m of 3mm thick with 0.3m*0.3m of 2.5m angle Iron pole, 0.4m*0.4m  founded on C10(1:3:6) mass concrete of 0.5m minimum depth 
	LS
	2.00
	10,000.00
	20,000.00
	

	
	Sub-total 1-3
	
	
	
	218,500.00
	-

	
	Total for 1
	
	
	
	278,500.00
	-

	2
	Head Work Construction
	
	
	
	
	

	2.1
	Intake
	
	
	
	
	

	2.1.1
	Coffer dam for temporary diversion
	m3
	120.00
	70.00
	8,400.00
	

	2.1.2
	Site clearing to an average depth of 20 cm 
	m2
	8.00
	7.00
	56.00
	

	2.1.3
	 Soft rock excavation for the foundation
	m3
	3.20
	320.00
	1,024.00
	

	2.1.4
	Hard Rock excavation for the foundation
	m3
	5.60
	550.00
	3,080.00
	

	2.1.5
	20cm C20(1:2:4) Concrete
	m3
	4.10
	2,800.00
	11,480.00
	

	2.1.6
	Gate (1.1 X 1.1 X 0.008m), spindle Φ70mm
	No
	1.00
	10,000.00
	10,000.00
	

	
	Sub-total  2-1
	
	
	
	34,040.00
	-

	2.2
	 Retaining wall
	
	
	
	
	

	2.2.1
	Site clearing to an average depth of 20 cm 
	m2
	128.00
	7.00
	896.00
	

	2.2.2
	Excavation of normal soil
	m3
	25.60
	60.00
	1,536.00
	

	2.2.3
	 Soft rock excavation for the foundation
	m3
	38.40
	320.00
	12,288.00
	

	2.2.4
	Hard Rock excavation for the foundation
	m3
	25.60
	550.00
	14,080.00
	

	2.2.5
	Masonry wall  with1:3 mortar
	m3
	212.00
	1,150.00
	243,800.00
	

	2.2.6
	Plastering with mortar of 1:3 mix ratio, 3 coat
	m2
	160.00
	130.00
	20,800.00
	

	2.2.7
	Lean Concrete at the base, C10 (1:3:6)
	m3
	6.40
	1,750.00
	11,200.00
	

	2.2.8
	Back fill and compaction
	m3
	120.00
	70.00
	8,400.00
	

	
	Sub-total  2-2
	
	
	
	313,000.00
	-

	2.3
	Wet Well (Suction Well)
	
	
	
	
	

	2.3.1
	Excavation of normal soil
	m3
	11.62
	60.00
	696.96
	

	2.3.2
	Excavation in soft rock
	m3
	9.68
	320.00
	3,097.60
	

	2.3.3
	Hard Rock excavation for the foundation
	m3
	15.49
	550.00
	8,518.40
	

	2.3.4
	Concrete bedding (C-10) for foundation
	m3
	1.94
	2,223.78
	4,305.24
	

	2.3.5
	Masonry wall  with1:3 mortar
	m3
	16.48
	1,150.00
	18,952.00
	

	2.3.6
	Plastering with mortar of 1:3 mix ratio, 3 coat
	m2
	24.00
	130.00
	3,120.00
	

	2.3.7
	Hand rail for operation (50 mm dia GI pipe)
	m
	23.00
	120.00
	2,760.00
	

	
	Sub-total  2-3
	
	
	
	41,450.20
	-

	2.4
	Pump  and Generator House
	
	
	
	
	

	2.4.1
	Excavation in soft rock
	m3
	16.00
	320.00
	5,120.00
	

	2.4.2
	Hard Rock excavation for the foundation
	m3
	19.20
	550.00
	10,560.00
	

	2.4.3
	Masonry retaining walls and pump house foundation
	m3
	34.00
	1,150.00
	39,100.00
	

	2.4.4
	Mass concrete (C-20) for the pump sit and the pump house floor.
	m3
	6.00
	2,800.00
	16,800.00
	

	2.4.5
	Roofing and wall cladding
	
	
	
	
	

	2.4.5.1
	Roof cover of G-30 corrugated galvanized iron sheet cover fixed to Zigba purlins with dame headed galvanized nails(Roof cover measured in horizontal projection ). Price includes that of nails.
	m2
	31.00
	165.00
	5,115.00
	

	2.4.5.2
	G-28 corrugated galvanized iron sheet wall fixed to wall purlins to a minimum height of 4.0m above the foundation masonry.
	m2
	348.00
	172.00
	59,856.00
	

	2.4.5.3
	Doors fabricated from 50*70mm Zigba frames, bracing, and covered on one side with G-28 corrugated galvanized iron sheet. (The price includes all the necessary iron mongery).
	No.
	3.00
	12,000.00
	36,000.00
	

	2.4.5.4
	Wire mesh
	m2
	4.20
	300.00
	1,260.00
	

	2.4.6
	Carpentry (for both the walls and roof)
	
	
	
	
	

	2.4.6.1
	Eucalyptus tie beam with 150mm diameter
	m
	24.00
	48.00
	1,152.00
	

	2.4.6.2
	Posts (for the walls) with 120mm diameter
	m
	54.00
	36.00
	1,944.00
	

	2.4.6.3
	Rafters with 90mm diameter
	m
	23.00
	32.00
	736.00
	

	2.4.6.4
	Struts with 80mm diameter
	m
	22.00
	24.00
	528.00
	

	2.4.6.5
	Zigba purlin (for both the walls and roof) of 5*7cm cross section.
	m
	127.00
	130.00
	16,510.00
	

	2.4.7
	Plastering
	m2
	14.00
	130.00
	1,820.00
	

	2.4.8
	Back fill with surplus excavated material
	m3
	13.00
	70.00
	910.00
	

	
	Sub-Total of 2.4
	
	
	
	197,411.00
	-

	2.5
	Electromechanically Units
	
	
	
	
	

	2.5.1
	Pump unit
	
	
	
	
	

	2.5.1.1
	Pressure switch with pressure gauge, 0-6 Bar
	pcs
	2.00
	12,000.00
	24,000.00
	

	2.5.1.2
	Air release valve with isolating cock, DN80
	pcs
	2.00
	1,200.00
	2,400.00
	

	2.5.1.3
	D/FL 90° bend DN250
	pcs
	1.00
	1,500.00
	1,500.00
	

	2.5.1.4
	D/FL GS pipe DN250, L=3500 with two DN250 flanged socket welds, L=350
	pcs
	1.00
	3,600.00
	3,600.00
	

	2.5.1.5
	Blank flange DN250
	pcs
	1.00
	2,000.00
	2,000.00
	

	2.5.1.6
	D/FL GS pipe DN250, L=350
	pcs
	1.00
	1,600.00
	1,600.00
	

	2.5.1.7
	D/FL GS 90° bend DN250
	pcs
	3.00
	1,500.00
	4,500.00
	

	2.5.1.8
	D/FL GS pipe DN250, L=3500
	pcs
	3.00
	2,400.00
	7,200.00
	

	2.5.1.9
	D/FL dismantling joint DN250
	pcs
	3.00
	2,000.00
	6,000.00
	

	2.5.1.10
	D/FL gate valve DN250
	pcs
	3.00
	2,000.00
	6,000.00
	

	2.5.1.11
	D/FL check valve DN250
	pcs
	3.00
	1,800.00
	5,400.00
	

	2.5.1.12
	D/FL concentric enlarger suitable diameter
	pcs
	3.00
	1,200.00
	3,600.00
	

	2.5.1.13
	Surface centrifugal pump, Q=80 l/s, H=20mts
	pcs
	3.00
	600,000.00
	1,800,000.00
	

	2.5.1.14
	D/FL excentric reducer suitable diameter
	pcs
	3.00
	1,200.00
	3,600.00
	

	2.5.1.15
	D/FL GS pipe DN250, L=4200
	pcs
	3.00
	2,100.00
	6,300.00
	

	2.5.1.16
	D/FL GS 90° bend DN250
	pcs
	3.00
	1,600.00
	4,800.00
	

	2.5.1.17
	D/FL GS pipe DN250, L=4200
	pcs
	3.00
	1,700.00
	5,100.00
	

	2.5.1.18
	FL foot valve with strainer DN250
	pcs
	3.00
	1,300.00
	3,900.00
	

	2.5.1.19
	Delivery pipe works
	
	
	
	
	

	2.5.1.19.1
	Site clearing
	m2
	98.00
	4.00
	392.00
	

	2.5.1.19.2
	Trench Excavation (normal soil) for placing the pipe
	m3
	24.00
	73.43
	1,762.32
	

	2.5.1.19.3
	Trench Excavation (Soft rock) for placing the pipe
	m3
	7.00
	90.00
	630.00
	

	2.5.1.19.4
	Supply & install UPVC delivery pipes each DN250, PN6
	m
	98.00
	1,750.00
	171,500.00
	

	2.5.1.19.5
	Back fill with surplus excavated material
	m3
	12.00
	70.00
	840.00
	

	2.5.2
	Electrical equipment
	
	
	
	
	

	
	Power supply with all accessories connecting with electric power connection such as main switch gear including all lighting, protection, earthing, relays, metering controls, starters, panels, distribution switch gear , Transformer etc from EEPCO  
	pcs
	1.00
	320,000.00
	320,000.00
	

	2.5.3
	Stand-by diesel generator
	
	
	
	
	

	
	Supply and install diesel generator set, 50 KVA, 3 phase, 400V, 1500 RPM with all accessories
	pcs
	1.00
	350,000.00
	350,000.00
	

	
	Sub-Total of 2.5
	
	
	
	2,736,624.32
	-

	
	Total of  2
	
	
	
	3,322,525.52
	-

	3
	Canals and Drainage System
	
	
	
	
	

	3.1
	 Lined Main canal (MC), L=3338m
	
	
	
	
	

	3.1.1
	clearing up to 15m cm depth soil
	m2
	4,507.00
	7.00
	31,549.00
	31,549.00

	3.1.2
	Excavation Normal Soil
	m3
	3,061.00
	60.00
	183,660.00
	183,660.00

	3.1.3
	Masonry work with 1:3 mortar work 
	m3
	2,511.15
	1,150.00
	2,887,823.18
	

	3.1.4
	Plastering  with 1:3 mix ,3 coats  
	m2
	8,370.50
	130.00
	1,088,165.26
	

	3.1.5
	Fill and Compaction of Normal Soil
	m3
	1,968.00
	70.00
	137,760.00
	

	
	Sub Total 3-1 
	
	
	
	4,328,957.44
	215,209.00

	3.2
	 Lined Secondary canal (SC), L=1930m
	
	
	
	
	

	3.2.1
	clearing up to 15m cm depth soil
	m2
	2,126.00
	7.00
	14,882.00
	14,882.00

	3.2.2
	Excavation Normal Soil
	m3
	1,658.00
	60.00
	99,480.00
	99,480.00

	3.2.3
	Masonry work with 1:3 mortar work 
	m3
	969.60
	1,150.00
	1,115,039.30
	

	3.2.4
	Plastering  with 1:3 mix ,3 coats  
	m2
	3,232.00
	130.00
	420,159.73
	

	3.2.5
	Fill and Compaction of Normal Soil
	m3
	377.00
	70.00
	26,390.00
	

	
	Sub Total 3-1 
	
	
	
	1,675,951.03
	114,362.00

	3.3
	Earthen secondary canal (SC), L=2340m
	
	
	
	
	

	3.3.1
	clearing up to 15m cm depth soil
	m2
	2,302
	7.00
	16,110.76
	16,110.76

	3.3.2
	Excavation Normal Soil
	m3
	2,690
	60.00
	161,389.60
	161,389.60

	3.3.3
	Fill and Compaction of Normal Soil
	m3
	544
	70.00
	38,098.04
	

	
	Sub Total 3-3
	
	
	
	215,598.40
	177,500.36

	3.4
	Tertiary canals (11 in No), L=4063m
	
	
	
	
	

	3.4.1
	clearing up to 15m cm depth soil
	m2
	3,229
	7.00
	22,602.46
	22,602.46

	3.4.2
	Excavation Normal Soil
	m3
	2,333
	60.00
	139,980.69
	139,980.69

	3.4.3
	Fill and Compaction of Normal Soil
	m3
	1,102
	70.00
	77,140.00
	

	
	Sub Total 3-4
	
	
	
	239,723.15
	162,583.15

	3.5
	Tertiary Drains (21 in No), L=3909m
	
	
	
	
	

	3.5.1
	clearing up to 15m cm depth soil
	m2
	3,999.00
	7.00
	27,993.00
	27,993.00

	3.5.2
	Excavation Normal Soil
	m3
	3,528
	60.00
	211,662.14
	211,662.14

	3.5.3
	Fill and Compaction of Normal Soil
	m3
	34
	70.00
	2,366.72
	

	
	Sub Total 3-5
	
	
	
	242,021.86
	239,655.14

	
	 Total of 3
	
	
	
	6,702,251.88
	909,309.65

	4
	Structures on Canals
	
	
	
	
	

	4.1
	Division Boxes(11 in No)
	
	
	
	
	

	4.1.1
	clearing up to 15m cm depth soil
	m2
	60.00
	7.00
	420.00
	420.00

	4.1.2
	Excavation of Normal Soil
	m3
	22.00
	60.00
	1,320.00
	1,320.00

	4.1.3
	Masonry work with 1:3 mortar
	m3
	23.00
	1,150.00
	26,450.00
	

	4.1.4
	Plastering  with 1:3 mix ,3 coats
	m2
	68.00
	130.00
	8,840.00
	

	4.1.5
	Cemented Stone Pitching (1:3 ratio)
	m3
	4.50
	600.00
	2,700.00
	

	4.1.6
	C10(1:3:6), Lean Concrete
	m3
	2.80
	1,750.00
	4,900.00
	

	4.1.7
	5mm thick double framed with angle iron Gate works supply & Installation, as per drawing
	No
	11.00
	480.00
	5,280.00
	

	4.1.8
	Back fill and compaction
	m3
	7.00
	75.00
	525.00
	

	
	Sub Total 4-1
	
	
	
	50,435.00
	1,740.00

	4.2
	Box Offtake (32 in No)
	
	
	
	
	

	4.2.1
	clearing up to 15m cm depth soil
	m2
	103.00
	7.00
	721.00
	721.00

	4.2.2
	Excavation of Normal Soil
	m3
	67.00
	60.00
	4,020.00
	4,020.00

	4.2.3
	Masonry work with 1:3 mortar
	m3
	60.00
	1,150.00
	69,000.00
	

	4.2.4
	Plastering  with 1:3 mix ,3 coats
	m2
	250.00
	130.00
	32,500.00
	

	4.2.5
	Cemented Stone Pitching (1:3 ratio)
	m3
	25.00
	650.00
	16,250.00
	

	4.2.6
	C10(1:3:6), Lean Concrete
	m3
	11.00
	1,700.00
	18,700.00
	

	4.2.7
	5mm thick double framed with angle iron Gate works supply & Installation, as per drawing
	No
	32.00
	420.00
	13,440.00
	

	4.2.8
	Back fill and compaction
	m3
	55.00
	75.00
	4,125.00
	

	
	Sub Total 4-2
	
	
	
	158,756.00
	4,741.00

	4.3
	Pipe Offtake (15 in No)
	
	
	
	
	

	4.3.1
	clearing up to 15m cm depth soil
	m2
	80.00
	7.00
	560.00
	560.00

	4.3.2
	Excavation of Normal Soil
	m3
	70.00
	60.00
	4,200.00
	4,200.00

	4.3.3
	Masonry work with 1:3 mortar
	m3
	30.00
	1,150.00
	34,500.00
	

	4.3.4
	Plastering  with 1:3 mix ,3 coats
	m2
	164.00
	130.00
	21,320.00
	

	4.3.5
	C20 (1:2:4)Concrete to support and tie the pipe
	m2
	1.60
	2,800.00
	4,480.00
	

	4.3.6
	C10(1:3:6), Lean Concrete
	m3
	8.40
	1,750.00
	14,700.00
	

	4.3.7
	Cemented Stone Pitching (1:3 ratio)
	m3
	5.00
	650.00
	3,250.00
	

	4.3.8
	 100mm dia of UPVC 1.2m long each 
	No
	8.00
	180.00
	1,440.00
	

	4.3.9
	125mm dia of UPVC 1.2m long each 
	No
	7.00
	200.00
	1,400.00
	

	4.3.10
	5mm thick double framed with angle iron Gate works supply & Installation, as per drawing
	No
	15.00
	400.00
	6,000.00
	

	4.3.11
	Back fill and compaction
	m3
	32.00
	70.00
	2,240.00
	

	
	Sub Total 4-3
	
	
	
	94,090.00
	4,760.00

	4.4
	Vertical Drops on Lined Canals, 38 in No
	No
	
	
	-
	

	4.4.1
	clearing up to 15m cm depth soil
	m2
	220.00
	7.00
	1,540.00
	1,540.00

	4.4.2
	Foundation Excavation
	m3
	223.00
	60.00
	13,380.00
	13,380.00

	4.4.3
	Masonry Work with 1:3 Mortar
	m3
	258.00
	1,150.00
	296,700.00
	

	4.4.4
	Plastering with 1:3mix, 3coat
	m2
	488.00
	130.00
	63,440.00
	

	4.4.5
	C10(1:3:6), Lean Concrete
	m3
	11.00
	1,750.00
	19,250.00
	

	4.4.6
	Back fill and compaction
	m3
	150.00
	70.00
	10,500.00
	

	
	Sub Total 4-4
	
	
	
	404,810.00
	14,920.00

	4.5
	Vertical Drops on Earthen Canals, 40 in No
	
	
	
	-
	

	4.5.1
	Site clearance
	m2
	280.00
	7.00
	1,960.00
	1,960.00

	4.5.2
	Excavation for structure in soft material 
	m3
	290.00
	60.00
	17,400.00
	17,400.00

	4.5.3
	Stone Masonry bedded with 1:3 cement mortar mix
	m3
	195.00
	1,150.00
	224,250.00
	

	4.5.4
	Plastering to the external surface of masonry wall
	m2
	365.00
	130.00
	47,450.00
	

	4.5.5
	Structural back fill and compact
	m3
	174.00
	70.00
	12,180.00
	

	4.5.6
	Cemented Stone Pitching
	m3
	40.00
	650.00
	26,000.00
	

	4.4.5
	C10 (1:3:6), Lean Concrete
	m3
	9.00
	1,750.00
	15,750.00
	

	
	Sub Total 4-5
	
	
	
	344,990.00
	19,360.00

	4.6
	Capacitating existing flume on Chole River
	
	
	
	
	

	4.6.1
	Foundation Excavation of Normal Soil
	m3
	8.00
	60.00
	480.00
	480.00

	4.6.2
	Supply & install UPVC delivery pipes each DN300, PN6
	m
	8.00
	1,950.00
	15,600.00
	

	4.6.3
	C 25(1:2:3) concrete for tie the pipe
	m3
	2.00
	3,100.00
	6,200.00
	

	4.6.4
	Reinforcement Bar , 20mm diam to support UPVC Pipe
	kg
	1,395.00
	50.00
	69,750.00
	

	4.6.5
	Masonry with 1:3 mortar at the inlet and outlet of the culvert
	m3
	4.00
	1,100.00
	4,400.00
	

	4.6.6
	Plastering  with 1:3 mix ,3 coats
	m2
	6.00
	135.00
	810.00
	

	4.6.7
	Bedding concrete, C10 (1:3:6)
	m3
	0.50
	1,700.00
	850.00
	

	4.6.8
	Back fill and compaction
	m3
	5.00
	75.00
	375.00
	

	
	Sub Total 4-6
	
	
	
	98,465.00
	480.00

	4.7
	Flume on Dhumunga River
	
	
	
	
	

	4.7.1
	Foundation Excavation
	m3
	45.00
	60
	2,700
	2,700

	4.7.2
	C 25 concrete 
	m3
	21.00
	3000
	63,000
	

	4.7.3
	Reinforcement Bar , 8mm diam.
	Kg
	1,450.00
	45
	65,250
	

	4.7.4
	Masonry with 1:3 mortar
	m3
	66.00
	1150
	75,900
	

	4.7.5
	Plastering  with 1:3 mix ,3 coats
	m2
	63.00
	130
	8,190
	

	4.7.6
	Bedding concrete, C10 (1:3:6)
	m3
	2.00
	1750
	3,500
	

	4.7.7
	Back fill and compaction
	m3
	58.00
	70
	4,060
	

	4.7.8
	Stone pitching at base of abutment on Darin side
	m3
	36.00
	650
	23,400
	

	
	Sub Total 4-7
	
	
	
	246,000.00
	2,700.00

	4.8
	Social Structures
	
	
	
	
	

	4.8.1
	Foot Bridge structures  (4 in number as per drawing)
	LS
	4.00
	12,000.00
	48,000.00
	

	
	Sub Total 4-8
	
	
	
	48,000.00
	-

	
	Total 4
	
	
	
	1,445,546.00
	48,701.00

	
	Total Cost
	
	
	
	11,748,823.39
	958,010.65


7. IMPLEMENTATION SCHEDULE BY MAJOR ACTIVITIES

The project implementation should have timetable so that necessary inputs can be arranged accordingly. In view of that, Bite-Chole project is expected to be completed in one year under predicted supply conditions of material, financial availability and manpower arrangement.  The following table shows such schedule designed and presented for major activities of the project.

Table 7‑1: Indicative Implementation Schedule of the Project by Major Activities
	No
	Activity
	One  Year

	
	
	Mn1
	Mn2
	Mn3
	Mn4
	Mn5
	Mn6
	Mn7
	Mn8
	Mn9
	Mn10
	Mn11
	Mn12

	1
	Mobilization,  Demobilization & Access Road Construction 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	2
	Camp (Warehouse, Construction staff residence & Toilet) construction 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	3
	Engineering  surveys and preparation of as built drawings
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	4
	Construction of Pump & Associated Structure
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	5
	Main Canals Works
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	6
	Secondary Canal  Works
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	7
	Tertiary  Canal Works
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	8
	On-Farm Structure Works including Cross Drain Structures
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	9
	Drainage Works
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 


8. CONCLUSION

The designed Bite-Chole small scale irrigation project is intended to irrigate about 108.8 hectare net irrigable areas. This will be achieved by diverting 19% of the lean flow. The remaining 81.0% is reserved in the river for use in the downstream and for environmental or ecosystem purposes. .

Irrigation duration of 10 hours of a day is proposed for the command area. The maximum duty estimated by the agronomist is 1.67l/s/ha for 12hrs and 2l/s/ha for10hrs.
The demanded water will be lifted up using pumps from the river to the corresponding discharge box. Then it will be distributed to the canal system using gravitational flow. Accordingly, the designed source of energy will have three Coupled Surface centrifugal pumps. Besides, 250mm diameter GS pipes are proposed and designed for suction line and 400mm diameter UPVC pipes for transmission line. These all are designed for permissible velocity and other design criteria. Also the minimum flow from Chole River (25l/s) is incorporated in system from the existing weir.
Though drainage is not problematic in the project area, as command slope favors easy removal of excess water, tertiary drains are also proposed and designed to improve its efficiency and natural drains are used as collective drains.  

In general, the finding of feasibility study and detail design shows that the project is technically feasible in all engineering aspects. 
Annexes

Annex I: Design of Drop Structures on Earthen Canal
Annex II: Design of Pipe Offtake Structures

Annex III : Design of Box Offtake Structures 
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