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[bookmark: _Toc5702737]EXECUTIVE SUMMARY
HadhaHurbu small scale irrigation project is located in West Guji zone of Oromia regional state, Melka-sodda district. Its zonal capital named BuleHora. This town is located along Finfinne- Moyalle main highway road just at about 475 km from the center Finfinne.The selected dam site is l GPS based Zone 37 UTM location of m North Latitude and 1259m altitude.The proposed project site is located at geographical grid coordinate of 457147m East longitude, 601441m northing using UTM-Adindan projection, zone 37N; and average altitude of 1259masl.

The main objective of the project isto undertake study and design of efficient irrigation system to develop 614 ha of land to benefit the users in project area. The study and design involves, secondary data collection, review of existing work in the area, interview of local people, field visit, data collection and analysis. Hence, based on geology, hydrology, environmental, water shade and survey report hydraulic and structural designing ofonfarm system design was undertaken. Moreover, supply canal, drainage canal network lying out and its hydraulic design was done in detail. Irrigation structures designing which could help better performance of the scheme and safely bypass natural drainage were provided. Also for sustainable use of irrigation scheme social structures like, washing basin, cattle trough and foot bridgedesign were given do attention.

Finally bill of quantity estimation for development of irrigation scheme was made by gathering necessary information so as to confirm economic feasibility of the project going to be developed. Hence, the cost estimated to be covered by the government is 140,608,260 Ethiopian birr from a total of 142,694,010 project cost. However, field drain and field canal proposed to be constructed by farmer participation which costs about 2,085,750 birr covering 3.8% of project total cost detail of material used and bill of quantity for on farm stricture is described in the following table. 








1. [bookmark: _Toc507012462][bookmark: _Toc5702738]INTRODUCTION
1.1. [bookmark: _Toc507012463][bookmark: _Toc5702739]Background
Ethiopia has huge potentials of surface and subsurface water resource which accounts in the order of 122 and over 36 Billion cubic meter respectively. However, the country has been facing recurrent draught caused by the erratic nature and high spatial and temporal variability as well as low total amount of rainfall. Majorly agriculture relays on rain fadepractice which aggravates the impact of the draughts. 
To restrain food insecurity in the region; the Authority closely working with international fundersin order to increase Agricultural productivity, Commercialization of smallholder farmers and Contributes to nutritional diversity and consumption at HH level.
To achieve the above mentioned plan, the agreement was signed between Oromia Irrigation development Authority (Client) and Oromia Water Works Design and Supervision Enterprises (OWWDSSE) (the consultant) to deliver consultancy service for feasibility and detail study and design of HadhaHarbu small scale Irrigation Projects.
Hence, the consultant has applied the conventional method of study and design of Irrigation system within the scope of the agreement. The report is prepared by the participation and support of all stakeholders at regional, zonal, district, kebele and community level, so as to ensure the recognition and approval of the selected technology.   
1.2. [bookmark: _Toc507012464][bookmark: _Toc5702740]Objectives of the feasibility and detail design
Themainobjectiveofthe projectistodevelopirrigationsystemthat enhance full benefitof farmersthroughamoreefficient useofwaterresource, therebyensuringsustainablefood security,cropandincomediversificationthatcontributesforlocal,regionalandnational economicdevelopmentendeavors whichisplannedtobeachievedthroughirrigating641ha oflandto benefit theusersinprojectarea.

Thespecificobjectivesoftheon farm systemdesignstudyareindicatedbelow:

· Tocarryoutacompleteanddetailedon farm structure, drainage crossing structures and social structuresfortheirrigationschemes whichwillseektoestablishan implementingplanforthesustainable development ofirrigatedagriculture, which willoptimallyexploitthelandandwaterresourcesoftheprojectfor the benefitsofitsinhabitants;

· Topreparedetail-workingdrawings,BOQ,specificationandtenderdocument forexecution ofconstructionworks;

· Toprepareoperationandmaintenancemanuals;

2. [bookmark: _Toc507012469][bookmark: _Toc508592834][bookmark: _Toc5702741]DESCRIPTION OF THE PROJECT AREA
2.1. [bookmark: _Toc507012470][bookmark: _Toc508592835][bookmark: _Toc5702742]Location and Accessibility
HadhaHurbu small scale irrigation project is located in West Guji zone of Oromia regional state, Melka-sodda district. Its zonal capital named BuleHora. This town is located along Finfinne- Moyalle main highway road just at about 475 km from the center Finfinne. Westguji zone is established as a zone recently in which some districts including Melkasodda are administered under Bulehorazone and the others under Guji zone where the centers are at Yaballo and Negelle respectively. The capital of Melkasoda district is Melkasodda itself and it is located at about 59kms from Bulehora. The specific project is located at around 5 km from Melka soda town in a local administration called Hadhagora
HadhaHurbu Irrigation project comprises of 18 m high Homogenous Earth fill Dam on HadhaHurbu River for impounding inflows of the river during the Rainy season period. The stored water will be diverted into canal system on both the right and left bank for providing water through a network of canal system for irrigation in the command of 600 ha irrigable land .
HadhaHurboIrrigationProjectwaslaunchedbyOromiaIrrigationDevelopmentAuthority(OIDA)withtheaimofsolvingormitigatingthefoodself-sufficiencyandruralunemployment problemsofthepeopleofMelkaSedaWoredabybindingtheHadhaHurboRiveratasuitablelocationandutilizingitforirrigatedfarming.
The current study was conducted on the above stated location for the development 600 hectaresoflandatcompletion. The evaluation on the hydrology indicate that HadhaHurboRiverisanintermittentriver.



3. [bookmark: _Toc466794744][bookmark: _Toc5702743]Irrigation Design
3.1. [bookmark: _Toc337134045][bookmark: _Toc466794746][bookmark: _Toc5702744]General Description
HadhaHarbu small scale irrigation project was initially planned to irrigate a command area over 500ha of land. Accordingly, during field work detailed study and review of resource and existing experiences of the farmers were exhaustively assessed. The command area laying both right side of the river downstream of the selected dam site sloping gentle to moderately sloping towards HadhaHarbu River.The command area dissected by small to medium gullies and non- perineal rivers. Moreover, the command area is covered by shrubs and large trees. Hence, in the area there are large command area to be irrigated using the proposed head work. Despite of low experience of irrigation use both upstream and downstream of proposed head work.

3.2. [bookmark: _Toc337134044][bookmark: _Toc466794745][bookmark: _Toc5702745]Head work site selection
Selection of the site for head work is very important and was done considering various factors. By following the general diversion structure design guidelines, prior to field visit analysis of digital elevation model along the river water shade were done and possible weir site was identified. Taking those points and head work point given from the client field visit was under taken and observation was held regarding location of head work site relative to the command area, geological nature of the river at head work site, nature of river, intake conditions and equally users need was taken in to consideration. Further, to decide final location of weir site some measurements like elevation data using hand held GPS and river cross section measurement were done. Finally, detail survey for river cross section, U/S and D/S of head work was done by the use of precise Power set surveying instrument for recommended distance from the selected head work.    
[image: C:\Users\hp\Desktop\Untitled3.jpg]
[bookmark: _Toc466794801][bookmark: _Toc5702912]Figure 1ProposedDam sitesite and the demarcated command area

[bookmark: _Toc344411129]
4. [bookmark: _Toc5702746][bookmark: _Toc466794757][bookmark: _Toc209657440][bookmark: _Toc211407762]ONFARM IRRIGATION SYSTEM DESIGN

4.1. [bookmark: _Toc5702747]Methodology Used to Design on Farm Irrigation System
The methodology followed to plan and designs the on farm irrigation system of HadhaHarbu small scale irrigation project involves the following steps:
· Preparation ofTopo Map:  Around  1100 ha  was  surveyed  and  the  top  map  was produced  using  1:1000  horizontal  and  1:100  vertical  scale  and  1 m  contour interval to develop the layout of the system. Excluding gully, village, marsh area and unsuitable area 641ha of land is identified as net irrigable area;
· 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;
4.2. [bookmark: _Toc5702748]Irrigation System Selection
There are many factors to consider before selecting particular irrigation system which suit to specific irrigation project. These include water resources, topography, soils, climate, type of crops to be grown, availability and cost of capital and labour, type and appropriateness of a particular irrigation technology and its associated energy requirements, water use efficiencies, as well as socio-economic, health and environmental aspects. It is not wise to use a single criterion for selection purposes. However, there are instances when one criterion can weigh heavily in favor of a particular irrigation system. However, it is necessary to obtain all available information and data to carry out an analysis of all these factors before possibly ranking the criteria for purposes of selecting an irrigation system. In order for a project to be sustainable, the above parameters analyzed in such a way that the System chosen is technically feasible, economically viable, and socially acceptable and environmentally sound.
In HadhaHarbu small scale irrigation project surface irrigation system using corrugated furrow outperform than other type of irrigation system, as more than  92.2% of command area topography slope ranges from gentle to moderate slope (0% to 15%) slope, good experience of surface irrigation system by local farmers, infiltration capacity of the majority soil of in the study area lies around 0.8cm/hr which is in the range of optimum slope for surface irrigation system (0.7-3.5cm/hr) recommended by different authors, economy and less skill person requirement of the system. In addition surface irrigation is the most widely used method worldwide and in Ethiopia as well under farmer managed scheme. In furrow irrigation, water no longer flows over the entire soil surface but is confined to small channels (furrows) between the crop rows. It is then gradually absorbed into the bottom and sides of the furrow to wet the soil to minimize evaporation.
4.3. [bookmark: _Toc5702749]Layout of main canal
To maximize the command area for the given outlet levels, provision of regulating structure along main canaland reduce crossing of natural drainage main canal made contour canal running along ridges. As per the Geotechnical report, the main canal lay along reddish brown stiff silty clay sediment with grass root up to the depth of 0.5m and reddish brown stiff silty clay sediment with thin sandy sediment is observed between clay layers from the depth of 0.5m to 1.5m and more which favor loss of water as infiltration.  

Hence, to minimize water loss and increase overall efficiency of the system all the main canal and secondary canals are proposed and designed as lined rectangular section masonry canals. On the other hand all tertiary canals and drainage are proposed and designed as earthen trapezoidal canals.


The main canal in its 13.12km length it cross small to medium gullies, non-Perennial river large trees. Therefore, cares were taken during laying out the main canal.  Further the main canal section made rectangular shape with canal cross section of 0.5m full supply depth up to 0.95m and bed width of 0.90 up to 1.40m in its overall canal length. The main canal commence at full supply level of 1260.57m above sea level. The main canal was provided with a number of structures to perform its function efficiently and completely with minimum maintenance, ease of operation and minimum water loss.

It abstract water by gravity system from the intake structure at dam site and running both right and left side the river. 
i. As much as possible the canal should get the required head to supply to the off taking canals (secondary, tertiary and field canal) with /without acceptable filling works (minimum head loss considered is 0.15m).
ii. While aligning the canal, the type of cross-drainage work envisaged has kept in view.   The   economics   of   various   types   of   cross-drainage   works   vis-a-vis alternative alignments to be considered before deciding upon the site and type of crossing.
iii. Though  in  general  the  canal  follows  as  contour  canal,  in  certain  reaches alternative  routes due topresence of obstructions economic  consideration  such as minimum  head loss, smaller investment and/or maintenance  cost in the form of canal fill or possible cross drainage works are considered.
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4.4. [bookmark: _Toc5702750][bookmark: _Toc496531329]Layout of Distribution System
The general irrigation and drainage system layout of the command area constitutes of field, tertiary and secondary canal and drains network of field and tertiary drains. Access road was considered along main, secondary and tertiary canals and tertiary drain. Moreover, thefollowingpointswereconsideredinthealigningofthedistribution system:
· Both irrigationanddrainagewateris under free flow action bygravity system.
· Asmuchaspossiblecrossingofdrainsandirrigationcanalswas avoided.
· Irrigationanddrainagecanalsarecompletely separatedunit, thefirstconveywatertothefarmplotsandthelaterevacuateexcesswaterfrom thefield.
· Irrigatingwateris possibleonlyfromfieldcanalsoverthefarmplotstothe furrows.
· Field unit area is in the order of 0.5ha up to max. of  2.5ha,
· The length of FCs shall be in the order of 100-200m
· Tertiary and field canals were made trapezoidal earthen canal. 
Asmuchaspossiblecriteriaontertiaryunitsinclude:
· The length of TCs was in the order of 100-500m under normal condition
· Field drains are provided on both side of FCs and Tertiary drains along with TCs, 
· The tertiary unit is in the order of 2 to 6ha,        	
· The field drains possibly drain to tertiary drains, tertiary to natural drain 
· All the drainage canals are of earthen trapezoidal sections,
As much as possible secondary canal projected half way between the two natural drains if it meets the optimal size of the tertiary unit. Secondary canals are aligned following ridges, across the contour and supply to tertiary canals. Those tertiary canals are aligned mostly as contour canals. Field canals are the smallest canals which carry full supply discharge for the area it is serving. These canals are laid across the contour and most of them supply water to the field in two directions.  Most of the field canals are also aligned on ridges due to the natural topographic feature which favors to irrigate in both sides.

[image: C:\Users\hp\Desktop\Untitled4.jpg]
[bookmark: _Toc494101295][bookmark: _Toc5702913]Figure 3:  showing irrigation and drainage system layout for HadhaHarbu small scale irrigation project
Hence, following the above criteria a total of 149 distribution canal network including field canal was lied out and designed to deliver water at all spot of the command area. Summary of distribution canals were presented in the table below.
[bookmark: _Toc480882845][bookmark: _Toc494723349][bookmark: _Toc4143893]Table 1 Summary of canal length designed for farm work
	S.NO
	Canal Name
	No of Canal
	Net Area
(ha)
	Canal Length (km)

	1
	MC
	2
	614
	13.15

	2
	Sc
	7
	473.75
	3.66

	3
	TC
	47
	473.75
	21.43

	 
	Total
	23
	82.26
	38.24



4.5. [bookmark: _Toc5702751]Layout of drainage System
Soil survey result reviled that most of the soil type in the area characterized by a soil with low permeability and recommended to provide efficient drainage system which could drains excess tail water during irrigation period and surface runoff due to excess precipitation.  As the result drainage network of field drain and tertiary drain were lied to channel the excess water to natural drain. One field drain was provided for every field unit, which could drain to tertiary drain in most case and tertiary drain discharge excess flow to natural drainage system. 

Hence, a total of 104 drainage canal network including field drain was lied out and designed to drain excess water at all spot of the command area. Summary of drainage canals were presented in the table below.
[bookmark: _Toc4143894]Table 2 Summary of drainage canal length designed for farm work
	S.NO
	Drain Name
	No of Drainage Canal
	Net Area
(ha)
	Canal Length in (km)

	1
	TD
	10
	118.48
	14.14

	2
	FD
	94
	495.52
	23.50

	 
	Total
	104
	 
	37.64



4.6. [bookmark: _Toc5702752]Design of Canals
In order to determine appropriate canal section which could safely deliver the required discharge the following procedure was followed. 

4.6.1. [bookmark: _Toc5702753]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, 12hr operation time is fixed and equal to 2.60l/s/ha for 60% conveyance and distribution efficiency. Maximum water requirement is obtained by multiplying the duty by the corresponding Area.

4.6.2. [bookmark: _Toc5702754]Command Area
The topo graph of the area is characterized by moderately 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,
614hanet 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.











[bookmark: _Toc4143895]
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Table 3: Net Irrigable Area under different canal
	S.no
	Canal name
	Net ALea
	Design
 Duty
	WateL flow
 Late, Q
	S.no
	Canal name
	Net ALea
	Design
 Duty
	WateL flow
 Late, Q

	
	
	ha
	l/s/ha
	l/s
	
	
	ha
	l/s/ha
	l/s

	1
	LMC
	286.09
	2.6
	743.83
	1.20.5
	LTC-2-5
	11.04
	2.6
	28.70

	1.1
	LFC-0-0-1
	3.59
	2.60
	9.33
	1.20.5.1
	LFC-2-5-1
	2.65
	2.60
	6.89

	1.2
	LFC-0-0-2
	3.35
	2.60
	8.71
	1.20.5.2
	LFC-2-5-2
	2.40
	2.60
	6.24

	1.3
	LFC-0-0-3
	4.44
	2.60
	11.54
	1.20.5.3
	LFC-2-5-3
	3.58
	2.60
	9.31

	1.4
	LFC-0-0-4
	3.85
	2.60
	11.54
	1.20.5.4
	LFC-2-5-4
	2.41
	2.60
	6.27

	1.5
	LFC-0-0-5
	3.89
	2.60
	10.01
	1.20.6
	LTC-2-6
	22.53
	2.6
	58.58

	1.6
	LFC-0-0-6
	5.56
	2.60
	10.11
	1.20.6.1
	LFC-2-6-1
	2.08
	2.60
	5.41

	1.7
	LFC-0-0-7
	6.69
	2.60
	14.46
	1.20.6.2
	LFC-2-6-2
	1.20
	2.60
	3.12

	1.8
	LFC-0-0-8
	3.50
	2.60
	17.39
	1.20.6.3
	LFC-2-6-3&4
	8.43
	2.60
	21.92

	1.9
	LFC-0-0-9
	5.69
	2.60
	9.10
	1.20.6.4
	LFC-2-6-5
	3.46
	2.60
	9.00

	1.10
	LFC-0-0-10
	4.36
	2.60
	14.79
	1.20.6.5
	LFC-2-6-6
	7.36
	2.60
	19.14

	1.11
	LFC-0-0-11
	5.96
	2.60
	11.34
	1.21
	LFC-0-0-19
	1.53
	2.60
	3.98

	1.12
	LFC-0-0-12
	5.50
	2.60
	15.50
	1.22
	LFC-0-0-20
	1.74
	2.60
	4.52

	1.13
	LFC-0-0-13
	4.98
	2.60
	14.30
	1.23
	LFC-0-0-21
	1.96
	2.60
	5.10

	1.14
	LFC-0-0-14
	2.94
	2.60
	12.95
	1.24
	LFC-0-0-22
	4.51
	2.60
	11.73

	1.15
	LFC-0-0-15
	2.55
	2.60
	7.64
	1.25
	LFC-0-0-23
	4.64
	2.60
	12.06

	1.16
	LFC-0-0-16
	2.83
	2.60
	6.63
	1.26
	LFC-0-0-24
	2.19
	2.60
	5.69

	1.17
	LFC-0-0-17
	3.79
	2.60
	7.36
	1.27
	LSC-3
	93.04
	2.6
	241.90

	1.18
	LFC-0-0-18
	5.65
	2.60
	9.85
	1.28.1
	LTC-3-1
	9.41
	2.6
	24.47

	1.19
	LSC-1
	27.81
	2.6
	72.31
	1.28.1.1
	LFC-3-1-1
	5.91
	2.60
	15.37

	1.19.1
	LTC-1-1
	5.78
	2.6
	15.03
	1.28.1.2
	LFC-3-1-2
	3.50
	2.60
	9.10

	1.19.1.1
	LFC-1-1-1
	1.02
	2.60
	2.65
	1.28.2
	LTC-3-2
	12.21
	2.6
	31.75

	1.19.1.2
	LFC-1-1-2
	2.09
	2.60
	5.43
	1.28.2.1
	LFC-3-2-1
	2.34
	2.60
	6.08

	1.19.1.3
	LFC-1-1-3
	2.67
	2.60
	6.94
	1.28.2.2
	LFC-3-2-2
	5.33
	2.60
	13.86

	1.19.2
	LTC-1-2
	4.33
	2.6
	11.26
	1.28.2.3
	LFC-3-2-3
	4.54
	2.60
	11.80

	1.19.2.1
	LFC-1-2-1
	1.69
	2.60
	4.39
	1.28.3
	LTC-3-3
	12.67
	2.6
	32.94

	1.19.2.2
	LFC-1-2-2
	2.64
	2.60
	6.86
	1.28.3.1
	LFC-3-3-1
	1.25
	2.60
	3.25

	1.19.3
	LTC-1-3
	6.3
	2.6
	16.38
	1.28.3.2
	LFC-3-3-2
	4.84
	2.60
	12.58

	1.19.3.1
	LFC-1-3-1
	1.15
	2.60
	2.99
	1.28.3.3
	LFC-3-3-3
	6.58
	2.60
	17.11

	1.19.3.2
	LFC-1-3-2
	2.52
	2.60
	6.55
	1.28.4
	LTC-3-4
	13.24
	2.6
	34.42

	1.19.3.3
	LFC-1-3-3
	2.63
	2.60
	6.84
	1.28.4.1
	LFC-3-4-1
	4.31
	2.60
	11.21

	1.19.4
	LTC-1-4
	11.4
	2.6
	29.64
	1.28.4.2
	LFC-3-4-2
	4.50
	2.60
	11.70

	1.19.4.1
	LFC-1-4-1
	2.00
	2.60
	5.20
	1.28.4.3
	LFC-3-4-3
	2.18
	2.60
	5.67

	1.19.4.2
	LFC-1-4-2
	2.92
	2.60
	7.59
	1.28.4.4
	LFC-3-4-4
	2.25
	2.60
	5.85

	1.19.4.3
	LFC-1-4-3
	3.08
	2.60
	8.01
	1.28.5
	LTC-3-5
	12.99
	2.6
	33.77

	1.19.4.4
	LFC-1-4-4
	2.06
	2.60
	5.36
	1.28.5.1
	LFC-3-5-1
	2.24
	2.60
	5.82

	1.19.4.5
	LFC-1-4-5
	1.34
	2.60
	3.48
	1.28.5.2
	LFC-3-5-2
	2.56
	2.60
	6.66

	1.20
	LSC-2
	69.55
	2.6
	180.83
	1.28.5.3
	LFC-3-5-3
	1.60
	2.60
	4.16

	1.20.1
	LTC-2-1
	5.16
	2.6
	13.42
	1.28.5.4
	LFC-3-5-4
	2.96
	2.60
	7.70

	1.20.1.1
	LFC-2-1-1
	2.27
	2.60
	5.90
	1.28.5.5
	LFC-3-5-5
	3.63
	2.60
	9.44

	1.20.1.2
	LFC-2-1-2
	1.90
	2.60
	4.94
	1.28.6
	LTC-3-6
	9.03
	2.6
	23.48

	1.20.1.3
	LFC-2-1-3
	0.99
	2.60
	 
	1.28.6.1
	LFC-3-6-1
	3.13
	2.60
	8.14

	1.20.2
	LTC-2-2
	4.62
	2.6
	12.01
	1.28.6.2
	LFC-3-6-2
	2.63
	2.60
	6.84

	1.20.2.1
	LFC-2-2-1
	2.30
	2.60
	5.98
	1.28.6.3
	LFC-3-6-3
	3.27
	2.60
	8.50

	1.20.2.2
	LFC-2-2-2
	2.32
	2.60
	6.03
	1.28.7
	LTC-3-7
	14.56
	2.6
	37.86

	1.20.3
	LTC-2-3
	9.95
	2.6
	25.87
	1.28.7.1
	LFC-3-7-1&2
	6.36
	2.60
	16.54

	1.20.3.1
	LFC-2-3-1
	3.03
	2.60
	7.88
	1.28.7.2
	LFC-3-7-3
	5.75
	2.60
	14.95

	1.20.3.2
	LFC-2-3-2
	2.75
	2.60
	7.15
	1.28.7.3
	LFC-3-7-4
	2.45
	2.60
	6.37

	1.20.3.3
	LFC-2-3-3
	4.17
	2.60
	10.84
	1.28.8
	LTC-3-8
	8.93
	2.60
	23.22

	1.20.4
	LTC-2-4
	16.25
	2.6
	42.25
	1.28.8.1
	LFC-3-8-1
	3.50
	2.60
	9.10

	1.20.4.1
	LFC-2-4-1
	3.10
	2.60
	8.06
	1.28.8.2
	LFC-3-8-2
	2.14
	2.60
	5.56

	1.20.4.2
	LFC-2-4-2
	5.34
	2.60
	13.88
	1.28.8.3
	LFC-3-8-3
	3.29
	2.60
	8.55

	1.20.4.3
	LFC-2-4-3
	3.39
	2.60
	8.81
	 
	 
	 
	 
	 

	1.20.4.4
	LFC-2-4-4
	4.42
	2.60
	11.49
	 
	 
	 
	 
	 



Table 4: Net Irrigable Area under different canal count…
	S.no
	Canal name
	Net Area
	Design
 Duty
	Water flow
 rate, Q
	S.no
	Canal name
	Net Area
	Design
 Duty
	Water flow
 rate, Q
	S.no
	Canal name
	Net Area
	Design
 Duty
	Water flow
 rate, Q

	 
	
	ha
	l/s/ha
	l/s
	 
	
	ha
	l/s/ha
	l/s
	 
	
	ha
	l/s/ha
	l/s

	1
	RMC
	328.32
	2.60
	853.63
	1.7.1
	RTC-3-1
	8.39
	2.60
	21.81
	1.16
	RSC-4
	89.39
	2.60
	232.41

	1.1
	RFC-0-0-1
	1.24
	2.60
	3.22
	1.7.1.1
	RFC-3-1-1
	1.35
	2.60
	3.51
	1.17.1
	RTC-4-1
	7.45
	2.60
	19.37

	1.2
	RFC-0-0-2
	3.24
	2.60
	8.42
	1.7.1.2
	RFC-3-1-2
	1.05
	2.60
	2.73
	1.17.1.1
	RFC-4-1-1
	1.81
	2.60
	4.71

	1.3
	RSC-1
	24.32
	2.60
	63.23
	1.7.1.3
	RFC-3-1-3
	1.18
	2.60
	3.07
	1.17.1.2
	RFC-4-1-2
	1.58
	2.60
	24.28

	1.3.1
	RTC-1-1
	4.92
	2.60
	12.79
	1.7.1.4
	RFC-3-1-4
	1.67
	2.60
	4.34
	1.17.1.3
	RFC-4-1-3
	1.51
	2.60
	19.21

	1.3.2.1
	RFC-1-1-1
	1.83
	2.60
	4.76
	1.7.1.5
	RFC-3-1-5
	1.25
	2.60
	3.25
	1.17.1.4
	RFC-4-1-4
	2.55
	2.60
	4.78

	1.3.2.2
	RFC-1-1-2
	3.09
	2.60
	8.03
	1.7.1.6
	RFC-3-1-6
	1.89
	2.60
	4.91
	1.17.2
	RTC-4-2
	5.55
	2.60
	14.43

	1.3.3
	RTC-1-2
	5.93
	2.60
	15.42
	1.7.2
	RTC-3-2
	23.85
	2.60
	62.01
	1.17.2.1
	RFC-4-2-1
	2.07
	2.60
	5.38

	1.3.3.1
	RFC-1-2-1
	2.00
	2.60
	5.20
	1.7.2.1
	RFC-3-2-1
	1.74
	2.60
	4.52
	1.17.2.2
	RFC-4-2-2
	1.62
	2.60
	4.21

	1.3.3.2
	RFC-1-2-2
	1.68
	2.60
	4.37
	1.7.2.2
	RFC-3-2-2
	2.18
	2.60
	5.67
	1.17.2.3
	RFC-4-2-3
	1.86
	2.60
	4.84

	1.3.3.3
	RFC-1-2-3
	2.25
	2.60
	5.85
	1.7.2.3
	RFC-3-2-3
	2.12
	2.60
	5.51
	1.17.3
	RTC-4-3
	12.84
	2.60
	33.38

	1.3.4
	RTC-1-3
	4.50
	2.60
	11.70
	1.7.2.4
	RFC-3-2-4
	2.48
	2.60
	6.45
	1.17.3.1
	RFC-4-3-1
	1.95
	2.60
	5.07

	1.3.4.1
	RFC-1-3-1
	3.09
	2.60
	8.03
	1.7.2.5
	RFC-3-2-5
	7.73
	2.60
	20.10
	1.17.3.2
	RFC-4-3-2
	1.84
	2.60
	4.78

	1.3.4.2
	RFC-1-3-2
	1.41
	2.60
	3.67
	1.7.2.6
	RFC-3-2-6
	3.41
	2.60
	8.87
	1.17.3.3
	RFC-4-3-3
	4.13
	2.60
	10.74

	1.3.5
	RTC-1-4
	8.97
	2.60
	23.32
	1.7.2.7
	RFC-3-2-7
	4.19
	2.60
	10.89
	1.17.3.4
	RFC-4-3-4
	4.92
	2.60
	12.79

	1.3.5.1
	RFC-1-4-1
	2.96
	2.60
	7.70
	1.7.3
	RTC-3-3
	12.54
	2.60
	32.60
	1.17.4
	RTC-4-4
	8.29
	2.60
	21.55

	1.3.5.2
	RFC-1-4-2
	3.05
	2.60
	7.93
	1.7.3.1
	RFC-3-3-1
	1.77
	2.60
	4.60
	1.17.4.1
	RFC-4-3-1
	1.98
	2.60
	5.15

	1.3.5.3
	RFC-1-4-3
	2.96
	2.60
	7.70
	1.7.3.2
	RFC-3-3-2
	1.26
	2.60
	3.28
	1.17.4.2
	RFC-4-3-2
	3.18
	2.60
	8.27

	1.4
	RSC-2
	64.93
	2.60
	168.82
	1.7.3.3
	RFC-3-3-3
	1.58
	2.60
	4.11
	1.17.4.3
	RFC-4-3-3
	3.13
	2.60
	8.14

	1.4.1.1
	RTC-2-1
	5.66
	2.60
	14.72
	1.7.3.4
	RFC-3-3-4
	1.67
	2.60
	4.34
	1.17.5
	RTC-4-5
	14.81
	2.60
	38.51

	1.4.1.2
	RFC-2-1-1
	2.19
	2.60
	5.69
	1.7.3.5
	RFC-3-3-5
	3.21
	2.60
	8.35
	1.17.5.1
	RFC-4-5-1
	1.90
	2.60
	4.94

	1.4.1.3
	RFC-2-1-2
	1.72
	2.60
	4.47
	1.7.3.6
	RFC-3-3-6
	3.05
	2.60
	7.93
	1.17.5.2
	RFC-4-5-2
	2.42
	2.60
	6.29

	1.4.1.4
	RFC-2-1-3
	1.75
	2.60
	4.55
	1.7.4
	RTC-3-4
	15.14
	2.60
	39.36
	1.17.5.3
	RFC-4-5-3
	5.66
	2.60
	14.72

	1.4.2
	RTC-2-2
	11.43
	2.60
	29.72
	1.7.4.1
	RFC-3-4-1
	1.69
	2.60
	4.39
	1.17.5.4
	RFC-4-5-4
	4.83
	2.60
	12.56

	1.4.2.1
	RFC-2-2-1
	1.44
	2.60
	3.74
	1.7.4.2
	RFC-3-4-2
	3.10
	2.60
	8.06
	1.17.6
	RTC-4-6
	9.72
	2.60
	25.27

	1.4.2.2
	RFC-2-2-2
	2.88
	2.60
	7.49
	1.7.4.3
	RFC-3-4-3
	6.63
	2.60
	17.24
	1.17.6.1
	RFC-4-6-1
	2.53
	2.60
	6.58

	1.4.2.3
	RFC-2-2-3
	2.71
	2.60
	7.05
	1.7.4.4
	RFC-3-4-4
	3.72
	2.60
	9.67
	1.17.6.2
	RFC-4-6-2
	3.54
	2.60
	9.20

	1.4.2.4
	RFC-2-2-4
	4.40
	2.60
	11.44
	1.7.5
	RTC-3-5
	13.57
	2.60
	35.28
	1.17.6.3
	RFC-4-6-3
	3.65
	2.60
	9.49

	1.4.3
	RTC-2-3
	8.36
	2.60
	21.74
	1.7.5.1
	RFC-3-5-1
	2.47
	2.60
	6.42
	1.17.7
	RTC-4-7
	11.48
	2.60
	29.85

	1.4.3.1
	RFC-2-3-1
	2.50
	2.60
	6.50
	1.7.5.2
	RFC-3-5-2
	1.82
	2.60
	4.73
	1.17.7.1
	RFC-4-7-1
	6.24
	2.60
	16.22

	1.4.3.2
	RFC-2-3-2
	2.72
	2.60
	7.07
	1.7.5.3
	RFC-3-5-3
	3.97
	2.60
	10.32
	1.17.7.2
	RFC-4-7-2
	5.24
	2.60
	13.62

	1.4.3.3
	RFC-2-3-3
	3.14
	2.60
	8.16
	1.7.5.4
	RFC-3-5-4
	5.31
	2.60
	13.81
	1.17.8
	RTC-4-8
	9.56
	2.60
	24.86

	1.4.4
	RTC-2-4
	10.07
	2.60
	26.18
	1.7.6
	RTC-3-6
	7.29
	2.60
	18.95
	1.17.8.1
	RFC-4-8-1
	5.70
	2.60
	14.82

	1.4.4.1
	RFC-2-4-1
	2.15
	2.60
	5.59
	1.7.6.1
	RFC-3-6-1
	1.09
	2.60
	2.83
	1.17.8.2
	RFC-4-8-2
	3.86
	2.60
	10.04

	1.4.4.2
	RFC-2-4-2
	3.19
	2.60
	8.29
	1.7.6.2
	RFC-3-6-2
	2.24
	2.60
	5.82
	1.17.9
	RTC-4-9
	9.69
	2.60
	25.19

	1.4.4.3
	RFC-2-4-3
	4.73
	2.60
	12.30
	1.7.6.3
	RFC-3-6-3
	3.96
	2.60
	10.30
	1.17.9.1
	RFC-4-8-1
	3.26
	2.60
	8.48

	1.4.5
	RTC-2-5
	13.54
	2.60
	35.20
	1.7.7
	RTC-3-7
	7.27
	2.60
	18.90
	1.17.9.2
	RFC-4-8-2
	4.26
	2.60
	11.08

	1.4.5.1
	RFC-2-5-1
	4.16
	2.60
	10.82
	1.7.7.1
	RFC-3-7-1
	1.09
	2.60
	2.83
	1.17.9.3
	RFC-4-8-3
	2.17
	2.60
	5.64

	1.4.5.2
	RFC-2-5-2
	4.76
	2.60
	12.38
	1.7.7.2
	RFC-3-7-2
	1.53
	2.60
	3.98
	
	
	
	
	

	1.4.5.3
	RFC-2-5-3
	4.62
	2.60
	12.01
	1.7.7.3
	RFC-3-7-3
	4.65
	2.60
	12.09
	
	
	
	
	

	1.4.6
	RTC-2-6
	7.25
	2.60
	18.85
	1.7.8
	RTC-3-8
	8.96
	2.60
	23.30
	
	
	
	
	

	1.4.6.1
	RFC-2-6-1
	3.79
	2.60
	9.85
	1.7.8.1
	RFC-3-8-1
	4.31
	2.60
	11.21
	
	
	
	
	

	1.4.6.2
	RFC-2-6-2
	3.46
	2.60
	9.00
	1.7.8.2
	RFC-3-8-2
	4.65
	2.60
	12.09
	
	
	
	
	

	1.4.7
	RTC-2-7
	8.62
	2.60
	22.41
	1.7.9
	RTC-3-9
	7.70
	2.60
	20.02
	
	
	
	
	

	1.4.7.1
	RFC-2-7-1
	1.98
	2.60
	5.15
	1.7.9.1
	RFC-3-9-1
	2.77
	2.60
	7.20
	
	
	
	
	

	1.4.7.2
	RFC-2-7-2
	3.80
	2.60
	9.88
	1.7.9.2
	RFC-3-9-2
	3.33
	2.60
	8.66
	
	
	
	
	

	1.4.7.3
	RFC-2-7-3
	2.84
	2.60
	7.38
	1.7.9.3
	RFC-3-9-3
	1.60
	2.60
	4.16
	
	
	
	
	

	1.5
	RFC-0-0-3
	3.97
	2.60
	10.32
	1.8
	RFC-0-0-4
	2.42
	2.60
	6.29
	
	
	
	
	

	1.6
	RFC-0-0-4'
	4.24
	2.60
	11.02
	1.9
	RFC-0-0-5
	3.07
	2.60
	7.98
	
	
	
	
	

	1.7
	RSC-3
	104.71
	2.60
	272.25
	1.10
	RFC-0-0-6
	3.83
	2.60
	9.96
	
	
	
	
	

	
	
	
	
	
	1.11
	RFC-0-0-7
	3.61
	2.60
	9.39
	
	
	
	
	

	
	
	
	
	
	1.12
	RFC-0-0-8
	4.73
	2.60
	12.30
	
	
	
	
	

	
	
	
	
	
	1.13
	RFC-0-0-9
	3.84
	2.60
	9.98
	
	
	
	
	

	
	
	
	
	
	1.14
	RFC-0-0-10
	5.24
	2.60
	13.62
	
	
	
	
	

	
	
	
	
	
	1.15
	RFC-0-0-11
	5.54
	2.60
	14.40
	
	
	
	
	


4.6.3. Selection of main  canal and secondary canal cross section 
The main canal was proposed lined masonry canal in order to minimize water loss and increase irrigation efficiency taking in to consideration material availability and irrigation practice of the area.  Moreover, the canal cross section was proposed rectangular shape with vertical plastered masonry wall and 20cm hardcore canal bed lined with 5cm mass concreate.Also, general cross section layout under different condition of existing topography were proposed as shown in the figure below.[image: C:\Users\hp\Desktop\MC cross section-Model.jpg]
[bookmark: _Toc5702914]Figure 4 main canal section under different terrain condition

4.6.4. [bookmark: _Toc5702755]Hydraulic design of supply canal
HadhaHarbu small scale irrigation command area leis both left right ofHadhaHarbu river.
The design discharge of the main canal is743.83l/s for left main canal and 853.63l/s for right main canal with free board of 30cm was provided for safety purpose and for farmers to use extra flows. The Main canal is rectangular masonry canal with bed slope ranging from 0.0005 to 0.003 along its overall canal length. General formula adopted for designing of the distribution canals including main canal is Manning's formula and the procedures followed is as described below.

Procedures used in canal designing 
 Design	of Main canal and secondary canal of the project followed lined canal design procedure using continuity equation coupled with Manning’s equation considering as rigid boundary canal section. The design procedure of the canal follows a series of steps:
i. Determine the design discharge, Q  by multiplying the scheme duty with area under the canal
ii. Determine the side slope (m) based on ease of construction, hydraulic efficiency and economy for this project rectangular canal with vertical side slope was selected 
(i.e. m= 0)	
iii. Determine canal longitudinal slope which depends on topographic slope of the command and adjusted depending on permissible values
iv. Determine bedwidth to depthratio which necessary for economic point of view, the most economic section of rectangular cross section is when b/d=2 ( in this project b/d ratio of 1.5 to 2 was adopted).  
v. Determine the roughness coefficient based on the lining	material (n= 0.018 for stone masonry)
Hence, the design calculation carried out by trial and error method. For the obtained design discharge reasonable canal bed width was assumed and keeping b/d ratio canal depth obtained. Moreover,   cross sectional area, wetted perimeter and hydraulic radius of the canal was determined using equation 3.1, 3.2, and 3.3 respectively.  Finally, flow velocity was determined using mining’s formula equation 3.4 and it is checked against permissible value and using continuity equation recalculation of discharge will be made and checked against design discharge.  If calculated discharge equal to or exceeds by small amount design discharge the assumed cross section is accepted otherwise repeat the assumption of the other cross section follows up desired values obtained. Detail of main and secondary  canal section proposed from hydraulic calculation result was shown in the table below


_______________________3.2



Where:
A= canal cross sectional area
P= wetted perimeter
R= hydraulic radius
Q=Design discharge
B = canal bed width
D= canal depth
m = side slope (0 for this project)
S = longitudinal slope
n= roughness coefficient of lining material (0.018 for masonry lining)

Similarly, for the design of tertiary was performed following the same procedure described above with earthen canal side slope of 1:1. Final obtained cross section and hydraulic parameters of irrigation canals are presented in table through below. 

[bookmark: _Toc4143896]Table 5: Summary of hydraulic Design of Main& Secondary Canals
	Canal Name
	Chainage
	B
	Y
	L.S
	A
	P
	R
	n
	V
	Q
	Remark

	LMC
	0
	127.127
	1.40
	0.80
	0.0008
	1.76
	3.66
	0.48
	0.03
	0.69
	1.22
	LFC-0-0-1

	LMC
	127.127
	288.791
	1.40
	0.80
	0.0006
	1.76
	3.66
	0.48
	0.03
	0.58
	1.01
	LFC-0-0-2

	LMC
	288.791
	467.77
	1.40
	0.80
	0.0012
	1.76
	3.66
	0.48
	0.03
	0.85
	1.50
	LFC-0-0-3

	LMC
	467.77
	640.79
	1.40
	0.80
	0.0012
	1.76
	3.66
	0.48
	0.03
	0.85
	1.50
	LFC-0-0-4

	LMC
	640.79
	806.649
	1.40
	0.80
	0.0010
	1.76
	3.66
	0.48
	0.03
	0.78
	1.37
	LFC-0-0-5

	LMC
	806.649
	1089.068
	1.20
	0.70
	0.0010
	1.33
	3.18
	0.42
	0.03
	0.71
	0.94
	LFC-0-0-6

	LMC
	1089.068
	1275.134
	1.20
	0.70
	0.0010
	1.33
	3.18
	0.42
	0.03
	0.71
	0.94
	LFC-0-0-7

	LMC
	1275.134
	1383.532
	1.20
	0.70
	0.0012
	1.33
	3.18
	0.42
	0.03
	0.77
	1.03
	LFC-0-0-8

	LMC
	1383.532
	1539.501
	1.20
	0.70
	0.0016
	1.33
	3.18
	0.42
	0.03
	0.89
	1.19
	CD1

	LMC
	1539.501
	1593.325
	1.20
	0.70
	0.0016
	1.33
	3.18
	0.42
	0.03
	0.89
	1.19
	LFC-0-0-9

	LMC
	1593.325
	1723.509
	1.20
	0.70
	0.0015
	1.33
	3.18
	0.42
	0.03
	0.87
	1.15
	LFC-0-0-10

	LMC
	1723.509
	1812.019
	1.20
	0.70
	0.0025
	1.33
	3.18
	0.42
	0.03
	1.12
	1.49
	LFC-0-0-11

	LMC
	1812.019
	1848.377
	1.20
	0.70
	0.0017
	1.33
	3.18
	0.42
	0.03
	0.92
	1.23
	LFC-0-0-12

	LMC
	1848.377
	1945.115
	1.20
	0.70
	0.0028
	1.33
	3.18
	0.42
	0.03
	1.18
	1.57
	LFC-0-0-13

	LMC
	1945.115
	2105.25
	1.20
	0.70
	0.0018
	1.33
	3.18
	0.42
	0.03
	0.95
	1.26
	LFC-0-0-14

	LMC
	2105.25
	2383.791
	1.20
	0.70
	0.0017
	1.33
	3.18
	0.42
	0.03
	0.92
	1.23
	LFC-0-0-15

	LMC
	2383.791
	2400
	1.20
	0.70
	0.0022
	1.33
	3.18
	0.42
	0.03
	1.05
	1.40
	LCD2

	LMC
	2400
	2514.008
	1.20
	0.70
	0.0022
	1.33
	3.18
	0.42
	0.03
	1.05
	1.40
	CD

	LMC
	2514.008
	2627.519
	1.20
	0.70
	0.0022
	1.33
	3.18
	0.42
	0.03
	1.05
	1.40
	LFC-0-0-16

	LMC
	2627.519
	2738.877
	1.20
	0.70
	0.0008
	1.33
	3.18
	0.42
	0.03
	0.63
	0.84
	LFC-0-0-17

	LMC
	2738.877
	3099.339
	1.20
	0.70
	0.0007
	1.33
	3.18
	0.42
	0.03
	0.59
	0.79
	LFC-0-0-18

	LMC
	3099.339
	3295.736
	1.20
	0.70
	0.0009
	1.33
	3.18
	0.42
	0.03
	0.67
	0.89
	LCD3

	LMC
	3295.736
	3684.633
	1.20
	0.70
	0.0009
	1.33
	3.18
	0.42
	0.03
	0.67
	0.89
	LSC-1

	LMC
	3684.633
	3929.286
	0.90
	0.60
	0.0028
	0.90
	2.60
	0.35
	0.03
	1.04
	0.94
	LSC-2

	LMC
	3929.286
	4280
	0.90
	0.60
	0.0007
	0.90
	2.60
	0.35
	0.03
	0.52
	0.47
	LCD 4

	LMC
	4280
	4343.773
	0.90
	0.60
	0.0007
	0.90
	2.60
	0.35
	0.03
	0.52
	0.47
	LFC-0-0-19

	LMC
	4343.773
	4542.715
	0.90
	0.55
	0.0007
	0.80
	2.46
	0.32
	0.03
	0.50
	0.40
	LTFC-0-0-20

	LMC
	4542.715
	4702.326
	0.90
	0.55
	0.0007
	0.80
	2.46
	0.32
	0.03
	0.50
	0.40
	LFC-0-0-21

	LMC
	4702.326
	4785.443
	0.90
	0.50
	0.0010
	0.70
	2.31
	0.30
	0.03
	0.57
	0.40
	LFC-0-0-22

	LMC
	4785.443
	4872.806
	0.90
	0.50
	0.0010
	0.70
	2.31
	0.30
	0.03
	0.57
	0.40
	LFC-0-0-23

	LMC
	4872.806
	5025.275
	0.90
	0.50
	0.0010
	0.70
	2.31
	0.30
	0.03
	0.57
	0.40
	LFC-0-0-24

	LMC
	5025.275
	5120
	0.90
	0.50
	0.0010
	0.70
	2.31
	0.30
	0.03
	0.57
	0.40
	LCD5

	LMC
	5120
	5466.398
	0.90
	0.50
	0.0010
	0.70
	2.31
	0.30
	0.03
	0.57
	0.40
	LSC-3

	RMC
	0
	54.062
	1.29
	0.92
	0.0030
	2.03
	3.89
	0.52
	0.02
	1.97
	4.01
	RCD1

	RMC
	54.062
	187.747
	1.20
	0.86
	0.0010
	1.78
	3.64
	0.49
	0.02
	1.09
	1.93
	RFC-0-0-2

	RMC
	187.747
	479.895
	1.00
	0.80
	0.0005
	1.44
	3.26
	0.44
	0.02
	0.72
	1.04
	RSC-1

	RMC
	479.895
	1584.215
	1.00
	0.80
	0.0005
	1.44
	3.26
	0.44
	0.02
	0.72
	1.04
	RSC-2

	RMC
	1584.215
	2372.352
	1.00
	0.80
	0.0005
	1.44
	3.26
	0.44
	0.02
	0.72
	1.04
	RCD2

	RMC
	2372.352
	2710.086
	1.00
	0.80
	0.0007
	1.44
	3.26
	0.44
	0.02
	0.85
	1.23
	RFC-0-0-3

	RMC
	2710.086
	2997.263
	1.00
	0.80
	0.0005
	1.44
	3.26
	0.44
	0.02
	0.72
	1.04
	RFC-0-0-4'

	RMC
	2997.263
	3756.363
	0.66
	0.60
	0.0006
	0.76
	2.36
	0.32
	0.02
	0.64
	0.48
	SC3

	RMC
	3756.363
	5253.068
	0.63
	0.60
	0.0006
	0.74
	2.33
	0.32
	0.02
	0.63
	0.47
	RCD3

	RMC
	5253.068
	5624.777
	0.50
	0.50
	0.0024
	0.50
	1.91
	0.26
	0.02
	1.11
	0.56
	RFC-0-0-4

	RMC
	5624.777
	5840.44
	0.50
	0.50
	0.0030
	0.50
	1.91
	0.26
	0.02
	1.24
	0.62
	RFC-0-0-5

	RMC
	5840.44
	6015.729
	0.50
	0.50
	0.0013
	0.50
	1.91
	0.26
	0.02
	0.82
	0.41
	RFC-0-0-6

	RMC
	6015.729
	6170.904
	0.50
	0.50
	0.0015
	0.50
	1.91
	0.26
	0.02
	0.88
	0.44
	RFC-0-0-7

	RMC
	6170.904
	6344.701
	0.50
	0.50
	0.0016
	0.50
	1.91
	0.26
	0.02
	0.91
	0.45
	RFC-0-0-8

	RMC
	6344.701
	6504.401
	0.45
	0.50
	0.0010
	0.48
	1.86
	0.25
	0.02
	0.71
	0.34
	RFC-0-0-9

	RMC
	6504.401
	6711.28
	0.45
	0.50
	0.0010
	0.48
	1.86
	0.25
	0.02
	0.71
	0.34
	RFC-0-0-10

	RMC
	6711.28
	6884.053
	0.45
	0.50
	0.0010
	0.48
	1.86
	0.25
	0.02
	0.71
	0.34
	RFC-0-0-11

	RMC
	6884.053
	7649.012
	0.45
	0.50
	0.0015
	0.48
	1.86
	0.25
	0.02
	0.86
	0.41
	SC4




	Name of canal
	Chainage
	B
	Y
	L.S
	A
	P
	R
	n
	V
	Q
	Remark

	LSC-1
	0
	5.063
	0.40
	0.22
	0.0062
	0.14
	1.02
	0.13
	0.03
	0.82
	0.11
	LTC-1-1&2

	LSC-1
	5.063
	6.466
	0.30
	0.20
	0.0078
	0.10
	0.87
	0.12
	0.03
	0.84
	0.08
	LTC-1-3&4

	LSC-2
	0
	18.727
	0.55
	0.35
	0.00180
	0.32
	1.54
	0.20
	0.03
	0.59
	0.19
	LTC-2-1

	LSC-2
	18.727
	5.295
	0.55
	0.35
	0.00300
	0.32
	1.54
	0.20
	13.03
	0.00
	0.00
	LTC-2-2

	LSC-2
	265.295
	2.816
	0.55
	0.32
	0.00210
	0.28
	1.46
	0.19
	29.03
	0.00
	0.00
	LTC-2-3&4

	LSC-2
	542.816
	16.285
	0.50
	0.25
	0.00170
	0.19
	1.21
	0.16
	39.03
	0.00
	0.00
	LTC-2-5

	LSC-2
	736.285
	19.205
	0.40
	0.25
	0.00160
	0.16
	1.11
	0.15
	51.03
	0.00
	0.00
	LTC-2-6

	LSC-3
	0
	0.949
	0.65
	0.40
	0.00150
	0.42
	1.78
	0.24
	0.03
	0.59
	0.25
	LTC-3-1&2

	LSC-3
	0.949
	16.59
	0.60
	0.35
	0.00280
	0.33
	1.59
	0.21
	0.03
	0.75
	0.25
	LTC-3-3&4

	LSC-3
	336.59
	11.156
	0.50
	0.30
	0.00320
	0.24
	1.35
	0.18
	0.03
	0.72
	0.17
	LTC-3-5

	LSC-3
	491.156
	1.433
	0.50
	0.25
	0.00200
	0.19
	1.21
	0.16
	0.03
	0.52
	0.10
	LTC-3-6&7

	LSC-3
	561.433
	4.385
	0.30
	0.15
	0.00340
	0.07
	0.72
	0.09
	0.03
	0.48
	0.03
	LTC-3-8

	RSC-1
	0
	10.185
	0.45
	0.20
	0.00240
	0.13
	1.02
	0.13
	0.03
	0.50
	0.06
	RTC-1-1&2

	RSC-1
	10.185
	9.998
	0.30
	0.20
	0.00290
	0.10
	0.87
	0.12
	0.03
	0.51
	0.05
	RTC-1-3&4

	RSC-2
	0
	8.687
	0.60
	0.30
	0.00240
	0.27
	1.45
	0.19
	0.03
	0.64
	0.17
	RTC-2-1&2

	RSC-2
	8.687
	3.046
	0.50
	0.30
	0.00240
	0.24
	1.35
	0.18
	0.03
	0.62
	0.15
	RTC-2-3&4

	RSC-2
	183.046
	12.338
	0.45
	0.25
	0.00175
	0.18
	1.16
	0.15
	0.03
	0.47
	0.08
	RTC-2-5&6

	RSC-2
	352.338
	16.494
	0.30
	0.15
	0.00320
	0.07
	0.72
	0.09
	0.03
	0.47
	0.03
	RTC-2-7

	RSC-3
	0
	11.902
	0.70
	0.40
	0.00240
	0.44
	1.83
	0.24
	0.03
	0.76
	0.33
	RTC-3-1&2

	RSC-3
	11.902
	5.192
	0.60
	0.35
	0.00240
	0.33
	1.59
	0.21
	0.03
	0.69
	0.23
	RTC-3-3&4

	RSC-3
	145.192
	3.563
	0.55
	0.30
	0.00320
	0.26
	1.40
	0.18
	0.03
	0.73
	0.19
	RTC-3-5&6

	RSC-3
	283.563
	19.268
	0.40
	0.25
	0.00200
	0.16
	1.11
	0.15
	0.03
	0.50
	0.08
	RTC-3-7

	RSC-3
	359.268
	8.059
	0.30
	0.20
	0.00260
	0.10
	0.87
	0.12
	0.03
	0.48
	0.05
	RTC-3-8

	RSC-3
	388.059
	8.703
	0.30
	0.15
	0.00320
	0.07
	0.72
	0.09
	0.03
	0.47
	0.03
	RTC-3-9

	RSC-4
	0
	12.536
	0.65
	0.35
	0.00240
	0.35
	1.64
	0.21
	0.03
	0.70
	0.24
	RTC-4-1&2

	RSC-4
	12.536
	8.123
	0.65
	0.35
	0.00320
	0.35
	1.64
	0.21
	0.03
	0.81
	0.28
	RTC-4-3&4

	RSC-4
	168.123
	15.604
	0.50
	0.30
	0.00230
	0.24
	1.35
	0.18
	0.03
	0.61
	0.15
	RTC-4-5&6

	RSC-4
	295.604
	14.609
	0.40
	0.25
	0.00220
	0.16
	1.11
	0.15
	0.03
	0.52
	0.08
	RTC-4-7&8

	RSC-4
	454.609
	17.41
	0.30
	0.15
	0.00230
	0.07
	0.72
	0.09
	0.03
	0.39
	0.03
	RTC-4-9



[bookmark: _Toc4143897][bookmark: _Toc5702756]Table 5: Summary of hydraulic design of Tertiary canals
	Canal Name
	Ch.
	 
	Y
	B
	L.S
	A
	P
	R
	n
	V
	Q
	Remark

	LTC -1-1
	0.00
	6.06
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	LFC-1-1-1

	LTC -1-1
	6.06
	157.11
	0.15
	0.30
	0.002
	0.07
	0.72
	0.09
	0.03
	0.35
	0.02
	LFC-1-1-2

	LTC -1-1
	157.11
	318.32
	0.15
	0.30
	0.005
	0.07
	0.72
	0.09
	0.03
	0.60
	0.04
	LFC-1-1-3

	LTC -1-2
	0.00
	68.22
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	LFC-1-2-1

	LTC -1-2
	68.22
	202.27
	0.15
	0.30
	0.005
	0.07
	0.72
	0.09
	0.03
	0.58
	0.04
	LFC-1-2-2

	LTC -1-3
	0.00
	67.64
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	LFC-1-3-1

	LTC -1-3
	67.64
	157.51
	0.15
	0.30
	0.004
	0.07
	0.72
	0.09
	0.03
	0.52
	0.04
	LFC-1-3-2

	LTC -1-3
	157.51
	311.74
	0.15
	0.30
	0.003
	0.07
	0.72
	0.09
	0.03
	0.41
	0.03
	LFC-1-3-3

	LTC -1-4
	0.00
	69.59
	0.20
	0.30
	0.002
	0.10
	0.87
	0.12
	0.03
	0.38
	0.04
	LFC-1-4-1

	LTC -1-4
	69.59
	226.80
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	LFC-1-4-2

	LTC -1-4
	226.80
	391.57
	0.15
	0.30
	0.002
	0.07
	0.72
	0.09
	0.03
	0.39
	0.03
	LFC-1-4-3

	LTC -1-4
	391.57
	628.49
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	LFC-1-4-4

	LTC -1-4
	628.49
	772.61
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	LFC-1-4-5

	LTC -2-1
	0.00
	2.28
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	LFC-2-1-1

	LTC -2-1
	2.28
	170.48
	0.15
	0.30
	0.002
	0.07
	0.72
	0.09
	0.03
	0.33
	0.02
	LFC-2-1-2

	LTC -2-1
	170.48
	250.80
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	LFC-2-1-3

	LTC -2-2
	0.00
	26.64
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	LFC-2-2-1

	LTC -2-2
	26.64
	188.70
	0.15
	0.30
	0.002
	0.07
	0.72
	0.09
	0.03
	0.33
	0.02
	LFC-2-2-2

	LTC -2-3
	0.00
	39.36
	0.20
	0.30
	0.001
	0.10
	0.87
	0.12
	0.03
	0.35
	0.04
	LFC-2-3-1

	LTC -2-3
	39.36
	172.98
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	LFC-2-3-2

	LTC -2-3
	172.98
	370.68
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	LFC-2-3-3

	LTC -2-4
	0.00
	113.13
	0.20
	0.40
	0.001
	0.12
	0.97
	0.12
	0.03
	0.37
	0.04
	LFC-2-4-1

	LTC -2-4
	113.13
	233.34
	0.15
	0.30
	0.003
	0.07
	0.72
	0.09
	0.03
	0.42
	0.03
	LFC-2-4-2

	LTC -2-4
	233.34
	444.51
	0.15
	0.30
	0.005
	0.07
	0.72
	0.09
	0.03
	0.59
	0.04
	LFC-2-4-3

	LTC -2-4
	444.51
	717.33
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	LFC-2-4-4

	LTC -2-5
	0.00
	2.09
	0.20
	0.30
	0.001
	0.10
	0.87
	0.12
	0.03
	0.35
	0.04
	LFC-2-5-1

	LTC -2-5
	2.09
	79.21
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	LFC-2-5-2

	LTC -2-5
	79.21
	131.17
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	LFC-2-5-3

	LTC -2-5
	131.17
	270.51
	0.15
	0.30
	0.003
	0.07
	0.72
	0.09
	0.03
	0.41
	0.03
	LFC-2-5-4

	LTC -2-5
	270.51
	489.05
	0.15
	0.30
	0.002
	0.07
	0.72
	0.09
	0.03
	0.37
	0.02
	LFC-2-5-5

	LTC -2-6
	0.00
	0.00
	0.20
	0.40
	0.001
	0.12
	0.97
	0.12
	0.03
	0.37
	0.04
	LFC-2-6-1

	LTC -2-6
	0.00
	3.76
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	LFC-2-6-2

	LTC -2-6
	3.76
	240.00
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	LFC-2-6-3&4

	LTC -2-6
	240.00
	430.82
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	LFC-2-6-5

	LTC -3-1
	0.00
	97.42
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	LFC-3-1-1

	LTC -3-1
	97.42
	237.30
	0.15
	0.30
	0.003
	0.07
	0.72
	0.09
	0.03
	0.47
	0.03
	LFC-3-1-2

	LTC -3-2
	0.00
	22.00
	0.20
	0.30
	0.001
	0.10
	0.87
	0.12
	0.03
	0.35
	0.04
	LFC-3-2-1

	LTC -3-2
	22.00
	96.03
	0.15
	0.30
	0.005
	0.07
	0.72
	0.09
	0.03
	0.58
	0.04
	LFC-3-2-2

	LTC -3-2
	96.03
	233.88
	0.15
	0.30
	0.002
	0.07
	0.72
	0.09
	0.03
	0.39
	0.03
	LFC-3-2-3

	LTC -3-3
	0.00
	60.40
	0.20
	0.30
	0.001
	0.10
	0.87
	0.12
	0.03
	0.35
	0.04
	LFC-3-3-1

	LTC -3-3
	60.40
	155.26
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	LFC-3-3-2

	LTC -3-3
	155.26
	453.63
	0.15
	0.30
	0.002
	0.07
	0.72
	0.09
	0.03
	0.35
	0.02
	LFC-3-3-3

	LTC -3-4
	0.00
	96.40
	0.20
	0.30
	0.001
	0.10
	0.87
	0.12
	0.03
	0.35
	0.04
	LFC-3-4-1

	LTC -3-4
	96.40
	242.35
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	LFC-3-4-2

	LTC -3-4
	242.35
	371.00
	0.15
	0.30
	0.002
	0.07
	0.72
	0.09
	0.03
	0.32
	0.02
	LFC-3-4-3

	LTC -3-4
	371.00
	468.11
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	LFC-3-4-4

	LTC -3-5
	0.00
	90.55
	0.20
	0.30
	0.001
	0.10
	0.87
	0.12
	0.03
	0.35
	0.04
	LFC-3-5-1

	LTC -3-5
	90.55
	163.20
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	LFC-3-5-2

	LTC -3-5
	163.20
	320.27
	0.15
	0.30
	0.005
	0.07
	0.72
	0.09
	0.03
	0.60
	0.04
	LFC-3-5-3

	LTC -3-5
	320.27
	469.27
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	LFC-3-5-4

	LTC -3-6
	0.00
	126.19
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	LFC-3-6-1

	LTC -3-6
	126.19
	265.64
	0.15
	0.30
	0.002
	0.07
	0.72
	0.09
	0.03
	0.39
	0.03
	LFC-3-6-2

	LTC -3-6
	265.64
	546.27
	0.15
	0.30
	0.003
	0.07
	0.72
	0.09
	0.03
	0.44
	0.03
	LFC-3-6-3

	LTC -3-7
	0.00
	201.50
	0.20
	0.30
	0.004
	0.10
	0.87
	0.12
	0.03
	0.60
	0.06
	LFC-3-7-1&2

	LTC -3-7
	201.50
	476.30
	0.15
	0.30
	0.004
	0.07
	0.72
	0.09
	0.03
	0.49
	0.03
	LFC-3-7-3

	LTC -3-8
	0.00
	106.47
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	LFC-3-8-1

	LTC -3-8
	106.47
	207.55
	0.15
	0.30
	0.003
	0.07
	0.72
	0.09
	0.03
	0.43
	0.03
	LFC-3-8-2

	LTC -3-8
	207.55
	351.79
	0.15
	0.30
	0.002
	0.07
	0.72
	0.09
	0.03
	0.39
	0.03
	LFC-3-8-3
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	Canal Name
	Ch.
	 
	Y
	B
	L.S
	A
	P
	R
	n
	V
	Q
	Remark

	RTC -1-1
	0.00
	68.33
	0.15
	0.30
	0.002
	0.07
	0.72
	0.09
	0.03
	0.35
	0.02
	RFC-1-1-1

	RTC -1-1
	68.33
	224.01
	0.15
	0.30
	0.003
	0.07
	0.72
	0.09
	0.03
	0.47
	0.03
	RFC-1-1-2

	RTC -1-2
	0.00
	100.21
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	RFC-1-2-1

	RTC -1-2
	100.21
	258.05
	0.15
	0.30
	0.004
	0.07
	0.72
	0.09
	0.03
	0.49
	0.03
	RFC-1-2-2

	RTC -1-2
	258.05
	435.05
	0.15
	0.30
	0.003
	0.07
	0.72
	0.09
	0.03
	0.44
	0.03
	RFC-1-2-3

	RTC -1-3
	0.00
	79.38
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	RTC-1-3-1

	RTC -1-3
	79.38
	253.78
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	RTC-1-3-2

	RTC -1-4
	0.00
	75.48
	0.17
	0.30
	0.001
	0.08
	0.78
	0.10
	0.03
	0.33
	0.03
	RTC-1-4-1

	RTC -1-4
	75.48
	226.93
	0.15
	0.30
	0.004
	0.07
	0.72
	0.09
	0.03
	0.51
	0.03
	RTC-1-4-2

	RTC -1-4
	226.93
	406.93
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	RTC-1-4-3

	RTC -2-1
	0.00
	54.98
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	RFC-2-1-1

	RTC -2-1
	54.98
	319.96
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	RFC-2-1-2

	RTC -2-1
	319.96
	504.42
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	RFC-2-1-3

	RTC -2-2
	0.00
	50.71
	0.20
	0.30
	0.001
	0.10
	0.87
	0.12
	0.03
	0.35
	0.04
	RFC-2-2-1

	RTC -2-2
	50.71
	229.98
	0.15
	0.30
	0.002
	0.07
	0.72
	0.09
	0.03
	0.39
	0.03
	RFC-2-2-2

	RTC -2-2
	229.98
	425.74
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	RFC-2-2-3

	RTC -2-2
	425.74
	553.09
	0.15
	0.30
	0.005
	0.07
	0.72
	0.09
	0.03
	0.59
	0.04
	RFC-2-2-4

	RTC -2-3
	0.00
	108.63
	0.17
	0.30
	0.001
	0.08
	0.78
	0.10
	0.03
	0.33
	0.03
	RFC-2-3-1

	RTC -2-3
	108.63
	370.64
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	RFC-2-3-2

	RTC -2-3
	370.64
	601.80
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	RFC-2-3-3

	RTC -2-4
	0.00
	95.51
	0.20
	0.30
	0.001
	0.10
	0.87
	0.12
	0.03
	0.35
	0.04
	RFC-2-4-1

	RTC -2-4
	95.51
	241.61
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	RFC-2-4-2

	RTC -2-4
	241.61
	399.61
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	RFC-2-4-3

	RTC -2-5
	0.00
	98.50
	0.20
	0.30
	0.005
	0.10
	0.87
	0.12
	0.03
	0.69
	0.07
	RFC-2-5-1

	RTC -2-5
	98.50
	313.73
	0.15
	0.30
	0.005
	0.07
	0.72
	0.09
	0.03
	0.58
	0.04
	RFC-2-5-2

	RTC -2-5
	313.73
	626.86
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	RFC-2-5-3

	RTC -2-6
	0.00
	125.74
	0.15
	0.30
	0.005
	0.07
	0.72
	0.09
	0.03
	0.60
	0.04
	RFC-2-6-1

	RTC -2-6
	125.74
	327.60
	0.15
	0.30
	0.005
	0.07
	0.72
	0.09
	0.03
	0.60
	0.04
	RFC-2-6-2

	RTC -2-7
	0.00
	29.76
	0.17
	0.30
	0.001
	0.08
	0.78
	0.10
	0.03
	0.33
	0.03
	RFC-2-7-1

	RTC -2-7
	29.76
	193.74
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	RFC-2-7-2

	RTC -2-7
	193.74
	263.88
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	RFC-2-7-3
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	Canal Name
	Ch.
	 
	Y
	B
	L.S
	A
	P
	R
	n
	V
	Q
	Remark

	RTC -3-1
	0.00
	63.14
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	RFC-3-1-1

	RTC -3-1
	63.14
	177.44
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	RFC-3-1-2

	RTC -3-1
	177.44
	284.52
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	RFC-3-1-3

	RTC -3-1
	284.52
	374.27
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	RFC-3-1-4

	RTC -3-1
	374.27
	491.97
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	RFC-3-1-5

	RTC -3-1
	491.97
	590.30
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	RFC-3-1-6

	RTC -3-2
	0.00
	63.42
	0.25
	0.40
	0.001
	0.16
	1.11
	0.15
	0.03
	0.42
	0.07
	RFC-3-2-1

	RTC -3-2
	63.42
	238.02
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	RFC-3-2-2

	RTC -3-2
	238.02
	395.30
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	RFC-3-2-3

	RTC -3-2
	395.30
	584.27
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	RFC-3-2-4

	RTC -3-2
	584.27
	620.50
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	RFC-3-2-5

	RTC -3-2
	620.50
	774.90
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	RFC-3-2-7

	RTC -3-2
	774.90
	967.95
	0.15
	0.30
	0.003
	0.07
	0.72
	0.09
	0.03
	0.47
	0.03
	RFC-3-2-7

	RTC -3-3
	0.00
	83.66
	0.20
	0.40
	0.001
	0.12
	0.97
	0.12
	0.03
	0.37
	0.04
	RFC-3-3-1

	RTC -3-3
	83.66
	204.01
	0.15
	0.30
	0.002
	0.07
	0.72
	0.09
	0.03
	0.36
	0.02
	RFC-3-3-2

	RTC -3-3
	204.01
	332.51
	0.15
	0.30
	0.005
	0.07
	0.72
	0.09
	0.03
	0.58
	0.04
	RFC-3-3-3

	RTC -3-3
	332.51
	443.24
	0.15
	0.30
	0.002
	0.07
	0.72
	0.09
	0.03
	0.37
	0.02
	RFC-3-3-4

	RTC -3-3
	443.24
	547.47
	0.15
	0.30
	0.004
	0.07
	0.72
	0.09
	0.03
	0.51
	0.03
	RFC-3-3-5

	RTC -3-3
	547.47
	660.00
	0.15
	0.30
	0.003
	0.07
	0.72
	0.09
	0.03
	0.46
	0.03
	RFC-3-3-6

	RTC -3-4
	0.00
	77.19
	0.20
	0.40
	0.001
	0.12
	0.97
	0.12
	0.03
	0.37
	0.04
	RFC-3-4-1

	RTC -3-4
	77.19
	200.23
	0.15
	0.30
	0.003
	0.07
	0.72
	0.09
	0.03
	0.47
	0.03
	RFC-3-4-2

	RTC -3-4
	200.23
	367.40
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	RFC-3-4-3

	RTC -3-4
	367.40
	557.42
	0.15
	0.30
	0.002
	0.07
	0.72
	0.09
	0.03
	0.34
	0.02
	RFC-3-4-4

	RTC -3-5
	0.00
	95.38
	0.20
	0.30
	0.001
	0.10
	0.87
	0.12
	0.03
	0.35
	0.04
	RFC-3-5-1

	RTC -3-5
	95.38
	241.46
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	RFC-3-5-2

	RTC -3-5
	241.46
	391.76
	0.15
	0.30
	0.003
	0.07
	0.72
	0.09
	0.03
	0.44
	0.03
	RFC-3-5-3

	RTC -3-5
	391.76
	587.33
	0.15
	0.30
	0.005
	0.07
	0.72
	0.09
	0.03
	0.60
	0.04
	RFC-3-5-4

	RTC -3-6
	0.00
	70.43
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	RFC-3-6-1

	RTC -3-6
	70.43
	290.59
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	RFC-3-6-2

	RTC -3-6
	290.59
	433.35
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	RFC-3-6-3

	RTC -3-7
	0.00
	143.51
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	RFC-3-7-1

	RTC -3-7
	143.51
	339.39
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	RFC-3-7-2

	RTC -3-7
	339.39
	428.45
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	RFC-3-7-3

	RTC -3-8
	0.00
	134.38
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	RFC-3-8-1

	RTC -3-8
	134.38
	445.90
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	RFC-3-8-2

	RTC -3-9
	0.00
	123.12
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	RFC-3-9-1

	RTC -3-9
	123.12
	214.35
	0.15
	0.30
	0.005
	0.07
	0.72
	0.09
	0.03
	0.55
	0.04
	RFC-3-9-2

	RTC -3-9
	214.35
	369.31
	0.15
	0.30
	0.004
	0.07
	0.72
	0.09
	0.03
	0.53
	0.04
	RFC-3-9-3

	RTC -4-1
	0.00
	87.77
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	RFC-4-1-1

	RTC -4-1
	87.77
	311.43
	0.15
	0.30
	0.003
	0.07
	0.72
	0.09
	0.03
	0.46
	0.03
	RFC-4-1-2

	RTC -4-1
	311.43
	431.35
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	RFC-4-1-3

	RTC -4-1
	431.35
	600.98
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	RFC-4-1-4

	RTC -4-2
	0.00
	83.87
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	RFC-4-2-1

	RTC -4-2
	83.87
	204.34
	0.15
	0.30
	0.003
	0.07
	0.72
	0.09
	0.03
	0.43
	0.03
	RFC-4-2-2

	RTC -4-2
	204.34
	307.07
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	RFC-4-2-3

	RTC -4-3
	0.00
	118.48
	0.20
	0.30
	0.002
	0.10
	0.87
	0.12
	0.03
	0.37
	0.04
	RFC-4-3-1

	RTC -4-3
	118.48
	253.58
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	RFC-4-3-2

	RTC -4-3
	253.58
	422.52
	0.15
	0.30
	0.003
	0.07
	0.72
	0.09
	0.03
	0.47
	0.03
	RFC-4-3-3

	RTC -4-3
	422.52
	616.22
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	RFC-4-3-4

	RTC -4-4
	0.00
	83.70
	0.17
	0.30
	0.001
	0.08
	0.78
	0.10
	0.03
	0.33
	0.03
	RFC-4-4-1

	RTC -4-4
	83.70
	299.80
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	RFC-4-4-2

	RTC -4-4
	299.80
	492.38
	0.15
	0.30
	0.004
	0.07
	0.72
	0.09
	0.03
	0.50
	0.03
	RFC-4-4-3

	RTC -4-5
	0.00
	118.62
	0.20
	0.35
	0.001
	0.11
	0.92
	0.12
	0.03
	0.36
	0.04
	RFC-4-5-1

	RTC -4-5
	118.62
	259.04
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	RFC-4-5-2

	RTC -4-5
	259.04
	532.58
	0.15
	0.30
	0.003
	0.07
	0.72
	0.09
	0.03
	0.42
	0.03
	RFC-4-5-3

	RTC -4-5
	532.58
	598.89
	0.15
	0.30
	0.005
	0.07
	0.72
	0.09
	0.03
	0.58
	0.04
	RFC-4-5-4

	RTC -4-6
	0.00
	97.74
	0.20
	0.30
	0.001
	0.10
	0.87
	0.12
	0.03
	0.35
	0.04
	RFC-4-6-1

	RTC -4-6
	97.74
	294.15
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	RFC-4-6-2

	RTC -4-6
	294.15
	507.28
	0.15
	0.30
	0.002
	0.07
	0.72
	0.09
	0.03
	0.36
	0.02
	RFC-4-6-2

	RTC -4-7
	0.00
	111.57
	0.20
	0.30
	0.001
	0.10
	0.87
	0.12
	0.03
	0.35
	0.04
	RFC-4-7-1

	RTC -4-7
	111.57
	248.94
	0.15
	0.30
	0.005
	0.07
	0.72
	0.09
	0.03
	0.60
	0.04
	RFC-4-7-2

	RTC -4-8
	0.00
	121.21
	0.20
	0.30
	0.001
	0.10
	0.87
	0.12
	0.03
	0.35
	0.04
	RFC-4-8-1

	RTC -4-8
	121.21
	280.38
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	RFC-4-8-2

	RTC -4-8
	280.38
	346.51
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	RFC-4-8-3

	RTC -4-9
	0.00
	176.59
	0.15
	0.30
	0.001
	0.07
	0.72
	0.09
	0.03
	0.31
	0.02
	RFC-4-9-1

	RTC -4-9
	176.59
	422.48
	0.15
	0.30
	0.002
	0.07
	0.72
	0.09
	0.03
	0.35
	0.02
	RFC-4-9-2

	RTC -4-9
	422.48
	597.92
	0.15
	0.30
	0.005
	0.07
	0.72
	0.09
	0.03
	0.60
	0.04
	RFC-4-9-3





4.6.5. [bookmark: _Toc5702759]Drainagesystem
The natural drainage available is used as the collective drains in the layout of drainage system. The design of tertiary drains is 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. The cross sectional design of drainage canal is similar to that of irrigation canal hydraulic design discussed above.  All drains are designed as trapezoidal earthen open ditch as shown below:





















[bookmark: _Toc4143898]Table 6: Summary of hydraulic design of Tertiary drain
	canal Label
	Chainage
	Y
	D
	A
	P
	R
	n
	SS
	U/S
	D/S
	Remark

	
	
	(m)
	(m)
	m2
	m
	m
	
	(m)
	S.S
	S.S
	

	LTD-1-1
	0.00
	151.07
	0.15
	0.30
	0.07
	1.00
	0.07
	0.03
	0.0025
	1.00
	1.00
	LFD-1-1-1/2

	
	151.07
	326.07
	0.15
	0.30
	0.07
	1.00
	0.07
	0.03
	0.0055
	1.00
	1.00
	LFC-1-1-2/3

	LTC-1-2
	0.00
	144.23
	0.15
	0.30
	0.07
	1.00
	0.07
	0.03
	0.0020
	1.00
	1.00
	LFC-1-2-1

	
	144.23
	848.35
	0.20
	0.30
	0.07
	1.00
	0.07
	0.03
	0.0015
	1.00
	1.00
	LFC-1-2-1/2

	
	848.35
	893.80
	0.20
	0.30
	0.10
	1.05
	0.10
	0.03
	0.0055
	1.00
	1.00
	LFC-1-2-2

	LTC-2-1
	0.00
	168.44
	0.15
	0.30
	0.07
	1.00
	0.07
	0.03
	0.0055
	1.00
	1.00
	LFC-2-1-1/2

	
	168.44
	256.20
	0.15
	0.30
	0.07
	1.00
	0.07
	0.03
	0.0055
	1.00
	1.00
	LFC-2-1-2

	LTC-2-2
	0.00
	333.27
	0.15
	0.30
	0.07
	1.00
	0.07
	0.03
	0.0025
	1.00
	1.00
	LFC-2-2-1/2

	LTC-2-3
	0.00
	299.17
	0.20
	0.30
	0.10
	1.05
	0.10
	0.03
	0.0010
	1.00
	1.00
	LFC-2-3-1

	
	299.17
	485.93
	0.20
	0.30
	0.10
	1.05
	0.10
	0.03
	0.0025
	1.00
	1.00
	LFC-2-3-1/2

	
	485.93
	650.01
	0.20
	0.30
	0.10
	1.05
	0.10
	0.03
	0.0025
	1.00
	1.00
	LFC-2-3-2/3

	LTC-2-5/6
	0.00
	100.00
	0.20
	0.30
	0.07
	1.00
	0.07
	0.03
	0.0055
	1.00
	1.00
	LFC-2-5-1

	EOP
	100.00
	211.85
	0.20
	0.30
	0.10
	1.05
	0.10
	0.03
	0.0055
	1.00
	1.00
	LFC-2-5-2

	
	211.85
	335.07
	0.20
	0.30
	0.10
	1.05
	0.10
	0.03
	0.0055
	1.00
	1.00
	LFC-2-5-3

	
	335.07
	376.97
	0.15
	0.30
	0.10
	1.05
	0.10
	0.03
	0.0055
	1.00
	1.00
	LFC-2-5-4

	
	376.97
	600.44
	0.15
	0.30
	0.07
	1.00
	0.07
	0.03
	0.0055
	1.00
	1.00
	LFC-3-1-1/2

	LTD-3-2
	0.00
	344.74
	0.22
	0.30
	0.07
	1.00
	0.07
	0.03
	0.0012
	1.00
	1.00
	LFC-3-2-1/2

	
	344.74
	432.94
	0.22
	0.35
	0.13
	1.21
	0.10
	27.03
	0.0010
	1.00
	1.00
	LFC-3-2-2/3

	LTD-3-3
	0.00
	171.56
	0.20
	0.30
	0.10
	1.05
	0.10
	0.03
	0.0035
	1.00
	1.00
	LFC-3-3-1

	
	171.56
	490.77
	0.20
	0.30
	0.10
	1.05
	0.10
	0.03
	0.0055
	1.00
	1.00
	LFC-3-3-2

	
	490.77
	831.33
	0.20
	0.30
	0.10
	1.05
	0.10
	0.03
	0.0055
	1.00
	1.00
	LFC-3-3-2'

	
	143.90
	472.27
	0.22
	0.35
	0.13
	1.21
	0.10
	0.03
	0.0025
	1.00
	1.00
	LFC-3-4-1/2

	
	472.27
	665.56
	0.26
	0.35
	0.13
	1.21
	0.10
	0.03
	0.0055
	1.00
	1.00
	LFC-3-4-2/3

	
	665.56
	739.50
	0.26
	0.50
	0.20
	1.67
	0.12
	0.03
	0.0012
	1.00
	1.00
	LFC-3-4-3/4

	LTD-3-6
	0.00
	203.65
	0.15
	0.30
	0.07
	1.00
	0.07
	0.03
	0.0035
	1.00
	1.00
	LFC-3-6-1

	
	203.65
	396.90
	0.15
	0.30
	0.07
	1.00
	0.07
	13.03
	0.0040
	1.00
	1.00
	LFC-3-6-1/2

	
	396.90
	523.06
	0.15
	0.30
	0.07
	1.00
	0.07
	27.03
	0.0055
	1.00
	1.00
	LFC-3-6-2/3

	RTD-1-1
	0.00
	214.61
	0.15
	0.30
	0.07
	1.00
	0.07
	0.03
	0.0036
	1.00
	1.00
	RFC-1-1-1

	
	214.61
	376.02
	0.15
	0.30
	0.07
	1.00
	0.07
	0.03
	0.0010
	1.00
	1.00
	RFC-1-1-1/2

	RTD-1-2
	0.00
	187.22
	0.15
	0.30
	0.07
	1.00
	0.07
	0.03
	0.0010
	1.00
	1.00
	RFC-1-2-1

	
	187.22
	294.02
	0.20
	0.30
	0.07
	1.00
	0.07
	0.03
	0.0010
	1.00
	1.00
	RFC-1-2-2

	
	294.02
	499.36
	0.20
	0.30
	0.10
	1.05
	0.10
	0.03
	0.0010
	1.00
	1.00
	RFC-1-2-3

	RTD-2-1
	0.00
	236.12
	0.20
	0.30
	0.10
	1.05
	0.10
	0.03
	0.0010
	1.00
	1.00
	RFC-2-1-1

	
	236.12
	487.25
	0.25
	0.30
	0.10
	1.05
	0.10
	0.03
	0.0010
	1.00
	1.00
	RFC-2-1-1/2

	
	487.25
	711.29
	0.25
	0.40
	0.16
	1.38
	0.12
	0.03
	0.0010
	1.00
	1.00
	RFC-2-1-2/3

	
	711.29
	915.27
	0.25
	0.40
	0.16
	1.38
	0.12
	0.03
	0.0055
	1.00
	1.00
	RFC-2-1-3/3

	RTC-2-2
	0.00
	166.35
	0.25
	0.40
	0.16
	1.38
	0.12
	0.03
	0.0032
	1.00
	1.00
	RFC-2-2-1

	
	166.35
	317.54
	0.25
	0.40
	0.16
	1.38
	0.12
	0.03
	0.0010
	1.00
	1.00
	RFC-2-2-1/2

	
	317.54
	426.32
	0.30
	0.40
	0.16
	1.38
	0.12
	0.03
	0.0010
	1.00
	1.00
	RFC-2-2-2/3

	
	426.32
	477.39
	0.30
	0.45
	0.23
	1.57
	0.14
	0.03
	0.0010
	1.00
	1.00
	RFC-2-2-4

	RTC-2-3
	0.00
	261.73
	0.20
	0.30
	0.07
	1.00
	0.07
	0.03
	0.0055
	1.00
	1.00
	RFC-2-3-1

	
	261.73
	545.02
	0.20
	0.30
	0.10
	1.05
	0.10
	0.03
	0.0010
	1.00
	1.00
	RFC-2-3-1/2

	
	545.02
	846.32
	0.15
	0.30
	0.10
	1.05
	0.10
	0.03
	0.0035
	1.00
	1.00
	RFC-2-3-2/3

	RTC-2-4
	0.00
	160.81
	0.15
	0.30
	0.07
	1.00
	0.07
	0.03
	0.0048
	1.00
	1.00
	RFC-2-4-1

	
	160.81
	332.71
	0.15
	0.30
	0.07
	1.00
	0.07
	0.03
	0.0032
	1.00
	1.00
	RFC-2-4-1/2

	
	332.71
	421.05
	0.15
	0.30
	0.07
	1.00
	0.07
	0.03
	0.0055
	1.00
	1.00
	RFC-2-4-2/3

	RTC-2-6
	0.00
	151.99
	0.20
	0.30
	0.07
	1.00
	0.07
	0.03
	0.0030
	1.00
	1.00
	RFC-2-6-1

	
	151.99
	348.12
	0.20
	0.30
	0.10
	1.05
	0.10
	0.03
	0.0010
	1.00
	1.00
	RFC-2-6-2


[bookmark: _Toc4143899]

Table 7: Summary of hydraulic design of Tertiary drain

	canal Lable
	Chainage
	Y
	D
	A
	P
	R
	n
	SS
	U/S
	D/S
	Remark

	
	
	(m)
	(m)
	m2
	m
	m
	
	(m)
	S.S
	S.S
	

	RTC-3-1
	0.00
	106.09
	0.15
	0.30
	0.07
	1.00
	0.07
	0.03
	0.0030
	1.00
	1.00
	RFC-3-1-1

	
	106.09
	232.86
	0.15
	0.30
	0.07
	1.00
	0.07
	0.03
	0.0030
	1.00
	1.00
	RFC-3-1-1/2

	
	232.86
	419.51
	0.15
	0.30
	0.07
	1.00
	0.07
	0.03
	0.0030
	1.00
	1.00
	RFC-3-1-2/3

	
	419.51
	520.00
	0.20
	0.30
	0.07
	1.00
	0.07
	0.03
	0.0010
	1.00
	1.00
	RFC-3-1-3/4

	
	520.00
	635.21
	0.20
	0.30
	0.10
	1.05
	0.10
	0.03
	0.0010
	1.00
	1.00
	RFC-3-1-4/5

	
	635.21
	745.96
	0.25
	0.30
	0.10
	1.05
	0.10
	0.03
	0.0055
	1.00
	1.00
	RFC-3-1-5/6

	
	745.96
	775.21
	0.25
	0.40
	0.16
	1.38
	0.12
	0.03
	0.0010
	1.00
	1.00
	RFC-3-1-6/0-4

	RTC-3-2
	0.00
	215.98
	0.15
	0.30
	0.07
	1.00
	0.07
	0.03
	0.0020
	1.00
	1.00
	RFC-3-2-1

	
	215.98
	425.69
	0.15
	0.30
	0.07
	1.00
	0.07
	0.03
	0.0020
	1.00
	1.00
	RFC-3-2-1/2

	
	425.69
	550.90
	0.20
	0.30
	0.07
	1.00
	0.07
	5.03
	0.0020
	1.00
	1.00
	RFC-3-2-2/3

	
	550.90
	606.16
	0.25
	0.30
	0.10
	1.05
	0.10
	13.03
	0.0020
	1.00
	1.00
	RFC-3-2-3/4

	
	606.16
	729.19
	0.25
	0.40
	0.16
	1.38
	0.12
	17.03
	0.0020
	1.00
	1.00
	RFC-3-2-4/5

	RTD-3-3
	0.00
	155.75
	0.15
	0.30
	0.07
	1.00
	0.07
	0.03
	0.0010
	1.00
	1.00
	RFC-3-3-1

	
	155.75
	282.72
	0.15
	0.30
	0.07
	1.00
	0.07
	0.03
	0.0010
	1.00
	1.00
	RFC-3-3-1/2

	
	282.72
	414.07
	0.15
	0.30
	0.07
	1.00
	0.07
	0.03
	0.0055
	1.00
	1.00
	RFC-3-3-2/3

	
	414.07
	529.97
	0.20
	0.30
	0.07
	1.00
	0.07
	0.03
	0.0055
	1.00
	1.00
	RFC-3-3-3/4

	
	529.97
	735.01
	0.20
	0.30
	0.10
	1.05
	0.10
	0.03
	0.0035
	1.00
	1.00
	RFC-3-3-4/5

	RTD3-4
	0.00
	138.93
	0.15
	0.30
	0.07
	1.00
	0.07
	0.03
	0.0020
	1.00
	1.00
	RFC-3-4-1

	
	138.93
	292.19
	0.20
	0.30
	0.07
	1.00
	0.07
	0.03
	0.0020
	1.00
	1.00
	RFC-3-4-1/2

	
	292.19
	511.66
	0.20
	0.30
	0.10
	1.05
	0.10
	0.03
	0.0045
	1.00
	1.00
	RFC-3-4-2/3

	RTD-3-5
	0.00
	204.27
	0.15
	0.30
	0.07
	1.00
	0.07
	0.03
	0.0030
	1.00
	1.00
	RFC-3-5-1

	
	204.27
	377.49
	0.20
	0.30
	0.07
	1.00
	0.07
	0.03
	0.0030
	1.00
	1.00
	RFC-3-5-1/2

	
	377.49
	542.05
	0.20
	0.35
	0.11
	1.19
	0.09
	0.03
	0.0010
	1.00
	1.00
	RFC-3-5-2/3

	RTD-3-6
	0.00
	141.42
	0.15
	0.30
	0.07
	1.00
	0.07
	0.03
	0.0010
	1.00
	1.00
	RFC-3-6-1

	
	141.42
	341.67
	0.20
	0.30
	0.07
	1.00
	0.07
	0.03
	0.0010
	1.00
	1.00
	RFC-3-6-1/2

	
	341.67
	502.97
	0.20
	0.30
	0.10
	1.05
	0.10
	1.03
	0.0010
	1.00
	1.00
	RFC-3-6-2/3

	RTD-3-7
	0.00
	139.45
	0.15
	0.30
	0.07
	1.00
	0.07
	0.03
	0.0010
	1.00
	1.00
	RFC-3-7-1

	
	139.45
	326.19
	0.15
	0.30
	0.07
	1.00
	0.07
	0.03
	0.0015
	1.00
	1.00
	RFC-3-7-2

	
	326.19
	535.55
	0.15
	0.30
	0.07
	1.00
	0.07
	0.03
	0.0045
	1.00
	1.00
	RFC-3-7-3










5. [bookmark: _Toc5702760]DESIGNOF IRRIGATIONINFRA STRUCTURES
5.1. [bookmark: _Toc5702761]General
There are different structures proposed on main canal, secondary canal tertiary canal and tertiary drain. The proposed structures for HadhaHarbu small scale irrigation project are: cross drainage structure on main canal (Over chute and drainage crossing culvert), flow divide structures (division boxes, off takes, outfall structures); flow regulating structures (drops ), social structures (Foot Bridge, cattle trough, washing basin) are included. The detail designs of these structures are described in the following section and their typical drawings described in the drawing album and dimensions provided in appendix table.

5.1.1. [bookmark: _Toc5702762]Over chute design
The right main canal cross, dam spill way and two rivers in its length. The canal full supply level is bellow bed level of the natural drainage and also the rivers flow under undefined river channel like sheet flow. Hence over Chute River crossing was proposed to carry natural drainage over the canal with little characterization. In order to minimize long covered canal under natural drainage wing wall provided to concentrate the flow and appropriate drop structure has to be designed to dissipate the excess out flow from the over chute. Detail design procedure followed were described using an example of over chute design at chainage 5253 for illustration and its table of dimension for the three over chute stature also provided as bellow.















	
	input data of canal

	
	Name of project Hadhaharbu small scale irrigation project

	1
	Canal Data
	
	
	
	
	
	
	
	

	
	(i)
	Name of Canal
	
	
	
	
	RMC
	

	
	(ii)
	Chain age of CD Work
	
	
	
	
	5253.068
	m

	
	(iii)
	G.L.
	
	
	
	G.L.
	=
	1257.639
	m

	
	(iv)
	Canal Designed Discharge
	
	Qc
	=
	0.47
	Cumec

	
	(v)
	Canal Bed Level
	
	
	CBL
	=
	1256.392
	m

	
	(vi)
	Canal Full Supply Level
	
	
	FSL
	=
	1256.992
	m

	
	(vii)
	Top Bank Level of Canal
	
	
	TBL
	=
	1257.292
	m

	
	(viii)
	Canal Bed Width
	
	
	CB
	=
	0.63
	m

	
	(ix)
	Full Supply Depth in Canal
	
	
	DC
	=
	0.6000
	m

	
	(x)
	Free Board Provided in Canal
	
	FB
	=
	0.30
	m

	
	(xi)
	Canal Bed Slope
	
	
	S
	=
	1000
	

	
	(xii)
	Inner slope of Canal Section 
	
	NI
	=
	0
	

	
	(xiii)
	Outer slope of Canal Section 
	
	No
	=
	1.5
	

	
	(xiv)
	Width of Left Bank (Inspection Path)
	
	IP
	=
	1.50
	m

	
	(xv)
	Width of Right Bank (Service Road)
	
	SR
	=
	1.50
	m

	
	(xvi)
	Manning's coefficient 'n'
	
	
	
	
	0.018
	

	
	(xvii)
	velocity
	
	
	
	
	
	0.633
	m/s

	2
	Drain Data
	
	
	
	
	
	
	
	

	
	(i)
	Catchment Area
	
	
	Ad
	=
	
	Km2

	
	(ii)
	Drain Discharge
	
	
	Qd
	=
	63.00
	Cumec

	
	
	
	
	
	
	
	
	
	



Calculation of 'Q' through over chute  
	Computation of HFL :-
	
	
	
	
	
	

	Since no cross no defined section of drain is available due sheet flow nature of the river, therefore, lacey's formulae is using in design of CD structures

	
	Lacey's formulae    
	PW  = 4.75*(Q)0.5  

	
	
	Where
	P =
	Perimeter of drain

	
	
	
	Q =
	63 m3 from hydrology report


                                                                                P= 37.7m
According to Lacey's , Clear water way or bed width of drain may be varied in between 60% to 80% Hence for safety and economic point of view, 60% water way is considering for design purpose, hence 23m bed with 1.25:1 channel slope of the river was assumed. 

*D
	Where:
P=Perimeter of drain
B=Bed width of drain
D=Depth of drain

Re arranging the above equation for depth and substituting the assumed values 2.9m river depth is required to pass the de3sign discharge safely. 
Now      Therefore, Fr=0.18
Since, the value of Fr is by far below 1 the flow in the channel is subcritical
Taking roughness coefficient of 0.014
Per-meter discharge over the canal q =Q/B=2.74m/sec
Critical depth =0.91m

=3.00
=1.37
A=B*D =21m2
R= B+2dc=24.83m
[image: ]=0.000024
Invert Slope

To insure super critical flow in the flume, the invert is set on a slope of 0.0045, which is steeper than the critical slope of 0.000024 by about 200 percent

Hence, 
	required inlet depth
	do
	Esc+0.3Δhv
	

	
	do
	dc+v2/2g
	1.37175557

	Inlet bank height
	do+FB
	
	1.87175557

	chute wall height
	h1
	do+0.3
	1.67175557

	chute wall height at the end
	h2
	dc+0.3
	1.214503713


 Assume, chute length of 3m

Inlet Depth
The required inlet depth, do, is equal to the specific energy at the beginning of the chute, plus transition losses.
Thus, 

			


Inlet Bank Height
Providing 0.6m of freeboard above the inlet pool water surface, the uper bank of the draiange channel should be raised to an elevation equal to 
do+0.6m = 1.371 +.6 = 1.871m

Inlet transition
To transit the flow from the well defined natural channel to 23 m wide rectangular flume section, a brawken-back transition, simillar to the type-I transition is ideal. Similarly, warped type transition constructed out of stone masonry wall can also be used, as such facility is provided for this particular design.

Chute wall height, h1 (at inlet)
The wall height, h1, should include a minimum of 0.3m above the upsteram water surface, As the invert of the inlet transition is level,
h1 = do +0.3m = = 1.67m


Chute wall height, h2 (chute channel end)
The height of the chute wall should be equal to the maximum water depth in the chute plus a free board of 0.3m minimum. As the invert slope is steeper than critical, the maximum depth in the chute is dc, which occurs at the inlet end. Detail crossection of over chute proposed was shown in fugure bellow.
h2 =	dmax. + 0.3 = dc +0.3 = 1.21m

[image: C:\Users\Administrator\Desktop\Over chute-Layout1.jpg]
[bookmark: _Toc5702915]Figure5: schematic representation of night storage for SSIP

5.1.2. [bookmark: _Toc482093728][bookmark: _Toc5702763]Drainage crossing circular culvert
Culverts carry storm runoff or drainage water under the canal. Thorough consideration should be given to the culvert alignment, profile, conduit, inlet, and outlet, with special attention given to the hydraulic design. In this project drainage crossing was provided at five points along the left main canal. In all the five case FSL of the main canal is greater than FSL of drainage canal (run off) and the difference is less than 3m. Therefore, for such cases culvert structure is more economical. Furthermore the design discharge obtained for all crossing point is below 2.5m3/s which recommended to use of circular culver. The hydraulic design of all drainage crossing culverts and table of dimensions presented in the following table and figure respectively.

	Catchment area
	
	
	94.2
	13.82
	10.7
	15.81
	22.7

	Drainage Duty
	
	
	28
	28
	28
	28
	28

	Runoff
	
	
	2637.6
	386.96
	299.6
	442.68
	635.6

	Q/m3/s
	
	
	2.6376
	0.38696
	0.2996
	0.44268
	0.6356

	parameter
	Symbal
	unit
	CD-2
	CD-3
	CD-4
	CD-5
	CD-6

	Pipes Diameter
	D
	m
	2.160
	1.080
	1.080
	1.080
	1.220

	Design Discharg
	Q
	㎥/s
	2.638 
	0.387 
	0.300 
	0.443 
	0.636 

	Pipes Length
	L
	m
	5.1 
	5.1 
	5.7 
	5.12
	5.37

	Manning Coeffcient
	n
	 
	0.013
	0.013
	0.013
	0.013
	0.013

	Flow velocity of canal
	v
	m
	0.50
	0.50
	0.67
	0.52
	0.57

	U/s water depth
	h
	m
	1.30
	0.65
	0.65
	0.65
	0.73

	Friction Loss
	h0
	m
	0.003 
	0.003 
	0.003 
	0.003 
	0.003 

	 
	θ
	rad
	3.544 
	3.544 
	3.544 
	3.544 
	3.544 

	Flow area
	ω
	㎡
	2.296 
	0.574 
	0.574 
	0.574 
	0.732 

	Weted Perimeter
	χ
	m
	3.828 
	1.914 
	1.914 
	1.914 
	2.162 

	Hydraulic Radious
	R
	m
	0.600 
	0.300 
	0.300 
	0.300 
	0.339 

	 
	y
	 
	0.15 
	0.15 
	0.15 
	0.15 
	0.15 

	 
	C
	 
	71.357 
	64.264 
	64.264 
	64.264 
	65.470 

	Pipe Velocity
	υ
	m/s
	1.435 
	0.914 
	0.866 
	0.914 
	0.966 

	calculated Discharge
	Qcal
	㎥/s
	3.293 
	0.524 
	0.497 
	0.524 
	0.707 

	Inlet Loss
	h1
	m
	0.052 
	0.021 
	0.019 
	0.021 
	0.024 

	Outlet Loss
	h2
	m
	0.092 
	0.030 
	0.015 
	0.029 
	0.031 

	Total Loss
	h
	m
	0.148 
	0.055 
	0.038 
	0.053 
	0.058 

	Difference
	 
	m
	0.656 
	0.137 
	0.197 
	0.082 
	0.072 



[bookmark: _Toc5702916][image: C:\Users\owwdse\Desktop\clip_image001.emf]Figure 13: Showing table of dimension and typical drawing of drainage crossing culvert	
5.1.3. [bookmark: _Toc5702764]Off take Structures
The off take structures are made simple pipe off takes with a suppressed rectangular inlet part followed by a rectangular bay at the pipe inlet and a masonry guide walls at the pipe outlet. All pipes are circular reinforced concrete pipes with standard dimensions. At the upstream end gates are provided to control the flow. All the hydraulic design andtable of dimensions for main, secondary andtertiary off take was presented in the table below.

[bookmark: _Toc4143900]Table 8: Summary table of dimensionMain canal of take
	S.No
	Parameters
	Unit
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	LFC-0-0-1
	LFC-0-0-2
	LFC-0-0-3
	LFC-0-0-4
	LFC-0-0-5
	LFC-0-0-6
	LFC-0-0-7
	LFC-0-0-8
	LFC-0-0-9
	LFC-0-0-10
	LFC-0-0-11
	LFC-0-0-12

	 
	Supply canal 
	 
	127.13
	288.79
	467.77
	640.79
	806.649
	1089.068
	1275.134
	1383.532
	1593.325
	1723.509
	1812.019
	1848.377

	1
	Full Supply Level 
	m
	1259.98
	1259.89
	1259.67
	1259.46
	1259.30
	1258.92
	1258.73
	1258.60
	1258.26
	1258.07
	1257.85
	1257.79

	2
	Full Supply Depth 
	m
	0.80
	0.80
	0.80
	0.80
	0.80
	0.70
	0.70
	0.70
	0.70
	0.70
	0.70
	0.70

	3
	Free Board 
	m
	0.30
	0.30
	0.30
	0.30
	0.30
	0.30
	0.30
	0.30
	0.30
	0.30
	0.30
	0.30

	4
	Side Slope
	m/m
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	5
	Top Bank Level
	m
	1260.28
	1260.19
	1259.97
	1259.76
	1259.60
	1259.22
	1259.03
	1258.90
	1258.56
	1258.37
	1258.15
	1258.09

	6
	Top Bank Width 
	m
	0.65
	0.65
	0.65
	0.65
	0.65
	0.65
	0.65
	0.65
	0.65
	0.65
	0.65
	0.65

	 
	Off taking Canal 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	8
	Design discharge
	m3/s
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01
	0.02
	0.01
	0.01
	0.01
	0.02

	9
	Full Supply Level 
	m
	1259.83
	1259.74
	1259.52
	1259.31
	1259.15
	1258.77
	1258.58
	1258.45
	1258.11
	1257.92
	1257.70
	1257.64

	10
	Full Supply Depth 
	m
	0.15
	0.15
	0.15
	0.15
	0.15
	0.15
	0.15
	0.15
	0.15
	0.15
	0.15
	0.15

	11
	Free Board 
	m
	0.15
	0.15
	0.15
	0.15
	0.15
	0.15
	0.15
	0.15
	0.15
	0.15
	0.15
	0.15

	12
	Side Slope
	m/m
	1.50
	1.50
	1.50
	1.50
	1.50
	1.50
	1.50
	1.50
	1.50
	1.50
	1.50
	1.50

	13
	Top Bank Level
	m
	1260.13
	1260.04
	1259.82
	1259.61
	1259.45
	1259.07
	1258.88
	1258.75
	1258.41
	1258.22
	1258.00
	1257.94

	14
	Top Bank Width 
	m
	0.65
	0.65
	0.65
	0.65
	0.65
	0.65
	0.65
	0.65
	0.65
	0.65
	0.65
	0.65

	11
	Wall thickness 
	m
	0.20
	0.20
	0.20
	0.20
	0.20
	0.20
	0.20
	0.20
	0.20
	0.20
	0.20
	0.20

	12
	Width of  Head Chamber
	m
	0.70
	0.70
	0.70
	0.70
	0.70
	0.70
	0.70
	0.70
	0.70
	0.70
	0.70
	0.70

	13
	Height of Head Chamber
	m
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50

	14
	Length of Head Chamber
	m
	0.75
	0.75
	0.75
	0.75
	0.75
	0.75
	0.75
	0.75
	0.75
	0.75
	0.75
	0.75

	15
	Width 
	m
	0.70
	0.70
	0.70
	0.75
	0.70
	0.80
	0.90
	1.00
	1.10
	1.20
	1.30
	1.40

	16
	 Height 
	m
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50

	17
	Length
	m
	0.70
	0.70
	0.70
	0.75
	0.70
	0.80
	0.90
	1.00
	1.10
	1.20
	1.30
	1.40

	18
	Channel Bed Width 
	m
	0.94
	0.94
	0.94
	0.88
	0.85
	1.85
	2.85
	3.85
	4.85
	5.85
	6.85
	7.85

	19
	Exit Width (Length of Weir)
	m
	0.94
	0.94
	0.94
	0.88
	0.85
	1.85
	2.85
	3.85
	4.85
	5.85
	6.85
	7.85

	 
	Orifice turnout 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	20
	Length of Pipes
	m
	0.90
	0.90
	0.90
	0.95
	0.90
	1.90
	2.90
	3.90
	4.90
	5.90
	6.90
	7.90

	21
	Internal diameter of pipe 
	m
	0.10
	0.1
	0.10
	0.15
	0.1
	0.2
	0.3
	0.4
	0.5
	0.6
	0.7
	0.8

	23
	Width of Orifice gate
	m
	0.30
	0.30
	0.30
	0.35
	0.30
	0.40
	0.50
	0.60
	0.70
	0.80
	0.90
	1.00

	24
	Height of orifice gate
	m
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40

	25
	Elevation of top pipe
	m
	1259.18
	1259.09
	1258.87
	1258.71
	1258.50
	1258.32
	1258.23
	1258.20
	1257.96
	1257.87
	1257.75
	1257.79

	26
	Elevation of bottom pipe
	m
	1259.08
	1258.99
	1258.77
	1258.56
	1258.40
	1258.12
	1257.93
	1257.80
	1257.46
	1257.27
	1257.05
	1256.99

	27
	Elevation of turnout floor
	m
	1259.48
	1259.39
	1259.17
	1258.96
	1258.80
	1258.42
	1258.23
	1258.10
	1257.76
	1257.57
	1257.35
	1257.29

	28
	Maximum Elevation at Top 
	m
	1260.13
	1260.04
	1259.82
	1259.61
	1259.45
	1259.07
	1258.88
	1258.75
	1258.41
	1258.22
	1258.00
	1257.94

	29
	Elevation top of Pipe at Outlet Head Wall
	m
	1259.73
	1259.64
	1259.42
	1259.21
	1259.05
	1258.67
	1258.48
	1258.35
	1258.01
	1257.82
	1257.60
	1257.54

	30
	Elevation Pipe Invert at Outlet
	m
	1259.63
	1259.54
	1259.32
	1259.06
	1258.95
	1258.47
	1258.18
	1257.95
	1257.51
	1257.22
	1256.90
	1256.74



Table: 8 Summary table of dimension Main canal of take count….
	S.No
	Parameters
	Unit
	LFC-0-0-13
	LFC-0-0-14
	LFC-0-0-15
	LFC-0-0-16
	LFC-0-0-17
	LFC-0-0-18
	LSC-1

	 
	Supply canal 
	 
	1945.115
	2105.25
	2383.791
	2627.519
	2738.877
	3099.339
	3684.633

	1
	Full Supply Level 
	m
	1257.52
	1257.23
	1256.75
	1256.22
	1256.13
	1255.88
	1255.35

	2
	Full Supply Depth 
	m
	0.70
	0.70
	0.70
	0.70
	0.70
	0.70
	0.70

	3
	Free Board 
	m
	0.30
	0.30
	0.30
	0.30
	0.30
	0.30
	0.30

	4
	Side Slope
	m/m
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	5
	Top Bank Level
	m
	1257.82
	1257.53
	1257.05
	1256.52
	1256.43
	1256.18
	1255.65

	6
	Top Bank Width 
	m
	0.65
	0.65
	0.65
	0.65
	0.65
	0.65
	0.65

	7
	Minimum Earth Cover Over Precast Non Pressure Pipe 
	m
	 
	 
	 
	 
	 
	 
	 

	 
	Offtaking Canal 
	 
	 
	 
	 
	 
	 
	 
	 

	8
	Design discharge of Turnout
	m3/s
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01
	0.07

	9
	Full Supply Level 
	m
	1257.37
	1257.08
	1256.60
	1256.07
	1255.98
	1255.73
	1255.20

	10
	Full Supply Depth 
	m
	0.15
	0.15
	0.15
	0.15
	0.15
	0.15
	0.22

	11
	Free Board 
	m
	0.15
	0.15
	0.15
	0.15
	0.15
	0.15
	0.25

	12
	Side Slope
	m/m
	1.50
	1.50
	1.50
	1.50
	1.50
	1.50
	0.00

	13
	Top Bank Level
	m
	1257.67
	1257.38
	1256.90
	1256.37
	1256.28
	1256.03
	1255.67

	14
	Top Bank Width 
	m
	0.65
	0.65
	0.65
	0.65
	0.65
	0.65
	0.65

	11
	Wall thickness of precast chamber
	m
	0.20
	0.20
	0.20
	0.20
	0.20
	0.20
	0.20

	12
	Width of Cast in Situ Concrete Head Chamber
	m
	0.70
	0.70
	0.70
	0.70
	0.70
	0.70
	0.70

	13
	Internal Height of Cast in Situ Concrete Head Chamber
	m
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.67

	14
	Internal Length of Cast in Situ Caoncrete Head Chamber
	m
	0.75
	0.75
	0.75
	0.75
	0.75
	0.75
	1.01

	15
	Width of Cast in Situ Concrete D/S Chamber
	m
	1.50
	0.70
	0.71
	0.72
	0.73
	0.74
	0.75

	16
	Internal Height of Cast in Situ Concrete D/S Chamber
	m
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.67

	17
	Internal Length of Cast in Situ Caoncrete D/S Chamber
	m
	1.50
	0.70
	0.71
	0.72
	0.73
	0.74
	0.75

	18
	Bed Width of  delivery Channel
	m
	8.85
	9.85
	10.85
	11.85
	12.85
	13.85
	14.85

	19
	Exit Width (Length of Weir)
	m
	8.85
	9.85
	10.85
	11.85
	12.85
	13.85
	14.85

	 
	Orifice turnout 
	 
	 
	 
	 
	 
	 
	 
	 

	20
	Length of Pipes
	m
	8.90
	9.90
	10.90
	11.90
	12.90
	13.90
	14.90

	21
	Internal diameter of pipe 
	m
	0.9
	0.10
	0.11
	0.12
	0.13
	0.14
	0.15

	23
	Width of Orifice gate
	m
	1.10
	0.30
	0.31
	0.32
	0.33
	0.34
	0.35

	24
	Height of orifice gate
	m
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	0.57

	25
	Elevation of top pipe
	m
	1257.62
	1256.53
	1256.06
	1255.54
	1255.46
	1255.22
	1254.70

	26
	Elevation of bottom pipe
	m
	1256.72
	1256.43
	1255.95
	1255.42
	1255.33
	1255.08
	1254.55

	27
	Elevation of turnout floor
	m
	1257.02
	1256.73
	1256.25
	1255.72
	1255.63
	1255.38
	1254.78

	28
	Maximum Elevation at Top D/S Vertical Wall of D/S Chamber
	m
	1257.67
	1257.38
	1256.90
	1256.37
	1256.28
	1256.03
	1255.67

	29
	Elevation top of Pipe at Outlet Head Wall
	m
	1257.27
	1256.98
	1256.50
	1255.97
	1255.88
	1255.63
	1255.10

	30
	Elevation Pipe Invert at Outlet
	m
	1256.37
	1256.88
	1256.39
	1255.85
	1255.75
	1255.49
	1254.95



Table: 8 Summary table of dimension Main canal of take count….
	S.No
	Parameters
	Unit
	LSC-2
	LFC-0-0-19
	LTFC-0-0-20
	LFC-0-0-21
	LFC-0-0-22
	LFC-0-0-23
	LFC-0-0-24
	LSC-3

	 
	Supply canal 
	 
	3929.286
	4343.773
	4542.715
	4702.326
	4785.443
	4872.806
	5025.275
	5466.398

	1
	Full Supply Level 
	m
	1254.56
	1254.27
	1254.09
	1253.97
	1253.84
	1253.75
	1253.60
	1253.16

	2
	Full Supply Depth 
	m
	0.60
	0.60
	0.55
	0.55
	0.50
	0.50
	0.50
	0.50

	3
	Free Board 
	m
	0.30
	0.30
	0.30
	0.30
	0.30
	0.30
	0.30
	0.30

	4
	Side Slope
	m/m
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	5
	Top Bank Level
	m
	1254.86
	1254.57
	1254.39
	1254.27
	1254.14
	1254.05
	1253.90
	1253.46

	6
	Top Bank Width 
	m
	0.65
	0.65
	0.65
	0.65
	0.65
	0.65
	0.65
	0.65

	7
	Minimum Earth Cover Over Precast Non Pressure Pipe 
	m
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Offtaking Canal 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	8
	Design discharge of Turnout
	m3/s
	0.18
	0.00
	0.00
	0.01
	0.01
	0.01
	0.01
	0.24

	9
	Full Supply Level 
	m
	1254.41
	1254.12
	1253.94
	1253.82
	1253.69
	1253.60
	1253.45
	1253.01

	10
	Full Supply Depth 
	m
	0.35
	0.15
	0.15
	0.15
	0.15
	0.15
	0.15
	0.65

	11
	Free Board 
	m
	0.25
	0.15
	0.15
	0.15
	0.15
	0.15
	0.15
	0.25

	12
	Side Slope
	m/m
	0.00
	1.50
	1.50
	1.50
	1.50
	1.50
	1.50
	0.00

	13
	Top Bank Level
	m
	1255.01
	1254.42
	1254.24
	1254.12
	1253.99
	1253.90
	1253.75
	1253.91

	14
	Top Bank Width 
	m
	0.65
	0.65
	0.65
	0.65
	0.65
	0.65
	0.65
	0.65

	11
	Wall thickness of precast chamber
	m
	0.20
	0.20
	0.20
	0.20
	0.20
	0.20
	0.20
	0.20

	12
	Width of Cast in Situ Concrete Head Chamber
	m
	0.70
	0.70
	0.70
	0.70
	0.70
	0.70
	0.70
	0.70

	13
	Internal Height of Cast in Situ Concrete Head Chamber
	m
	0.80
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	1.10

	14
	Internal Length of Cast in Situ Caoncrete Head Chamber
	m
	1.20
	0.75
	0.75
	0.75
	0.75
	0.75
	0.75
	1.65

	15
	Width of Cast in Situ Concrete D/S Chamber
	m
	0.76
	0.77
	0.78
	0.79
	0.80
	0.81
	0.82
	0.83

	16
	Internal Height of Cast in Situ Concrete D/S Chamber
	m
	0.80
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	1.10

	17
	Internal Length of Cast in Situ Caoncrete D/S Chamber
	m
	0.76
	0.77
	0.78
	0.79
	0.80
	0.81
	0.82
	0.83

	18
	Bed Width of  delivery Channel
	m
	15.85
	16.85
	17.85
	18.85
	19.85
	20.85
	21.85
	22.85

	19
	Exit Width (Length of Weir)
	m
	15.85
	16.85
	17.85
	18.85
	19.85
	20.85
	21.85
	22.85

	 
	Orifice turnout 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	20
	Length of Pipes
	m
	15.90
	16.90
	17.90
	18.90
	19.90
	20.90
	21.90
	22.90

	21
	Internal diameter of pipe 
	m
	0.16
	0.17
	0.18
	0.19
	0.20
	0.21
	0.22
	0.23

	23
	Width of Orifice gate
	m
	0.36
	0.37
	0.38
	0.39
	0.40
	0.41
	0.42
	0.43

	24
	Height of orifice gate
	m
	0.70
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	1.00

	25
	Elevation of top pipe
	m
	1254.02
	1253.74
	1253.62
	1253.51
	1253.44
	1253.36
	1253.22
	1252.79

	26
	Elevation of bottom pipe
	m
	1253.86
	1253.57
	1253.44
	1253.32
	1253.24
	1253.15
	1253.00
	1252.56

	27
	Elevation of turnout floor
	m
	1253.86
	1253.77
	1253.59
	1253.47
	1253.34
	1253.25
	1253.10
	1252.16

	28
	Maximum Elevation at Top D/S Vertical Wall of D/S Chamber
	m
	1255.01
	1254.42
	1254.24
	1254.12
	1253.99
	1253.90
	1253.75
	1253.91

	29
	Elevation top of Pipe at Outlet Head Wall
	m
	1254.31
	1254.02
	1253.84
	1253.72
	1253.59
	1253.50
	1253.35
	1252.91

	30
	Elevation Pipe Invert at Outlet
	m
	1254.15
	1253.85
	1253.66
	1253.53
	1253.39
	1253.29
	1253.13
	1252.68



Table: 8 Summary table of dimension Main canal of take count….
	S.No
	Parameters
	Unit
	RFC-0-0-2
	RSC-1
	RSC-2
	RFC-0-0-3
	RFC-0-0-4'
	SC3
	RFC-0-0-4
	RFC-0-0-5

	 
	Supply canal 
	 
	187.747
	479.895
	1584.215
	2710.086
	2997.263
	3756.363
	5624.777
	5840.44

	1
	Full Supply Level 
	m
	1260.21
	1259.87
	1259.32
	1258.69
	1258.55
	1257.89
	1256.00
	1255.35

	2
	Full Supply Depth 
	m
	0.8600
	0.8000
	0.8000
	0.8000
	0.8000
	0.6000
	0.5000
	0.5000

	3
	Free Board 
	m
	0.30
	0.30
	0.30
	0.30
	0.30
	0.30
	0.30
	0.30

	4
	Side Slope
	m/m
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	5
	Top Bank Level
	m
	1260.51
	1260.17
	1259.62
	1258.99
	1258.85
	1258.19
	1256.30
	1255.65

	6
	Top Bank Width 
	m
	0.65
	0.65
	0.65
	0.65
	0.65
	0.65
	0.65
	0.65

	7
	Minimum Earth Cover Over Precast Non Pressure Pipe 
	m
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Offtaking Canal 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	8
	Design discharge of Turnout
	m3/s
	0.008
	0.063
	0.169
	0.010
	0.011
	0.272
	0.006
	0.008

	9
	Full Supply Level 
	m
	1259.88
	1259.29
	1258.97
	1258.32
	1258.38
	1257.28
	1255.82
	1254.68

	10
	Full Supply Depth 
	m
	0.15
	0.45
	0.60
	0.15
	0.15
	0.40
	0.15
	0.15

	11
	Free Board 
	m
	0.15
	0.25
	0.25
	0.15
	0.15
	0.25
	0.15
	0.15

	12
	Side Slope
	m/m
	1.50
	0.00
	0.00
	1.50
	1.50
	0.00
	1.50
	1.50

	13
	Top Bank Level
	m
	1260.18
	1259.99
	1259.82
	1258.62
	1258.68
	1257.93
	1256.12
	1254.98

	14
	Top Bank Width 
	m
	0.65
	0.65
	0.65
	0.65
	0.65
	0.65
	0.65
	0.65

	11
	Wall thickness of precast chamber
	m
	0.20
	0.20
	0.20
	0.20
	0.20
	0.20
	0.20
	0.20

	12
	Width of Cast in Situ Concrete Head Chamber
	m
	0.70
	0.70
	0.70
	0.70
	0.70
	0.70
	0.70
	0.70

	13
	Internal Height of Cast in Situ Concrete Head Chamber
	m
	0.50
	0.90
	1.05
	0.50
	0.50
	0.85
	0.50
	0.50

	14
	Internal Length of Cast in Situ Caoncrete Head Chamber
	m
	0.75
	1.35
	1.58
	0.75
	0.75
	1.28
	0.75
	0.75

	15
	Width of Cast in Situ Concrete D/S Chamber
	m
	0.85
	0.86
	0.87
	0.88
	0.89
	0.90
	0.91
	0.92

	16
	Internal Height of Cast in Situ Concrete D/S Chamber
	m
	0.50
	0.90
	1.05
	0.50
	0.50
	0.85
	0.50
	0.50

	17
	Internal Length of Cast in Situ Caoncrete D/S Chamber
	m
	0.85
	0.86
	0.87
	0.88
	0.89
	0.90
	0.91
	0.92

	18
	Bed Width of  delivery Channel
	m
	24.85
	25.85
	26.85
	27.85
	28.85
	29.85
	30.85
	31.85

	19
	Exit Width (Length of Weir)
	m
	24.85
	25.85
	26.85
	27.85
	28.85
	29.85
	30.85
	31.85

	 
	Orifice turnout 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	20
	Length of Pipes
	m
	24.90
	25.90
	26.90
	27.90
	28.90
	29.90
	30.90
	31.90

	21
	Internal diameter of pipe 
	m
	0.25
	0.26
	0.27
	0.28
	0.29
	0.30
	0.31
	0.32

	23
	Width of Orifice gate
	m
	0.45
	0.46
	0.47
	0.48
	0.49
	0.50
	0.51
	0.52

	24
	Height of orifice gate
	m
	0.40
	0.80
	0.95
	0.40
	0.40
	0.75
	0.40
	0.40

	25
	Elevation of top pipe
	m
	1259.50
	1259.23
	1258.69
	1258.07
	1257.94
	1257.49
	1255.71
	1255.07

	26
	Elevation of bottom pipe
	m
	1259.25
	1258.97
	1258.42
	1257.79
	1257.65
	1257.19
	1255.40
	1254.75

	27
	Elevation of turnout floor
	m
	1259.53
	1258.64
	1258.17
	1257.97
	1258.03
	1256.68
	1255.47
	1254.33

	28
	Maximum Elevation at Top D/S Vertical Wall of D/S Chamber
	m
	1260.18
	1259.99
	1259.82
	1258.62
	1258.68
	1257.93
	1256.12
	1254.98

	29
	Elevation top of Pipe at Outlet Head Wall
	m
	1259.78
	1259.19
	1258.87
	1258.22
	1258.28
	1257.18
	1255.72
	1254.58

	30
	Elevation Pipe Invert at Outlet
	m
	1259.53
	1258.93
	1258.60
	1257.94
	1257.99
	1256.88
	1255.41
	1254.26



Table: 8 Summary table of dimension Main canal of take count….
	S.No
	Parameters
	Unit
	RFC-0-0-6
	RFC-0-0-7
	RFC-0-0-8
	RFC-0-0-9
	RFC-0-0-10
	RFC-0-0-11
	SC4

	 
	Supply canal 
	 
	6015.729
	6170.904
	6344.701
	6504.401
	6711.28
	6884.053
	7649.012

	1
	Full Supply Level 
	m
	1255.13
	1254.89
	1254.62
	1254.46
	1254.25
	1254.08
	1252.93

	2
	Full Supply Depth 
	m
	0.5000
	0.5000
	0.5000
	0.5000
	0.5000
	0.5000
	0.5000

	3
	Free Board 
	m
	0.30
	0.30
	0.30
	0.30
	0.30
	0.30
	0.30

	4
	Side Slope
	m/m
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	5
	Top Bank Level
	m
	1255.43
	1255.19
	1254.92
	1254.76
	1254.55
	1254.38
	1253.23

	6
	Top Bank Width 
	m
	0.65
	0.65
	0.65
	0.65
	0.65
	0.65
	0.65

	7
	Minimum Earth Cover Over Precast Non Pressure Pipe 
	m
	 
	 
	 
	 
	 
	 
	 

	 
	Offtaking Canal 
	 
	 
	 
	 
	 
	 
	 
	 

	8
	Design discharge of Turnout
	m3/s
	0.010
	0.009
	0.012
	0.010
	0.014
	0.014
	0.232

	9
	Full Supply Level 
	m
	1254.71
	1254.75
	1254.46
	1254.30
	1254.07
	1253.93
	1252.77

	10
	Full Supply Depth 
	m
	0.15
	0.15
	0.15
	0.15
	0.15
	0.15
	0.35

	11
	Free Board 
	m
	0.15
	0.15
	0.15
	0.15
	0.15
	0.15
	0.25

	12
	Side Slope
	m/m
	1.50
	1.50
	1.50
	1.50
	1.50
	1.50
	0.00

	13
	Top Bank Level
	m
	1255.01
	1255.05
	1254.76
	1254.60
	1254.37
	1254.23
	1253.37

	14
	Top Bank Width 
	m
	0.65
	0.65
	0.65
	0.65
	0.65
	0.65
	0.65

	11
	Wall thickness of precast chamber
	m
	0.20
	0.20
	0.20
	0.20
	0.20
	0.20
	0.20

	12
	Width of Cast in Situ Concrete Head Chamber
	m
	0.70
	0.70
	0.70
	0.70
	0.70
	0.70
	0.70

	13
	Internal Height of Cast in Situ Concrete Head Chamber
	m
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.80

	14
	Internal Length of Cast in Situ Caoncrete Head Chamber
	m
	0.75
	0.75
	0.75
	0.75
	0.75
	0.75
	1.20

	15
	Width of Cast in Situ Concrete D/S Chamber
	m
	0.93
	0.94
	0.95
	0.96
	0.97
	0.98
	0.99

	16
	Internal Height of Cast in Situ Concrete D/S Chamber
	m
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.80

	17
	Internal Length of Cast in Situ Caoncrete D/S Chamber
	m
	0.93
	0.94
	0.95
	0.96
	0.97
	0.98
	0.99

	18
	Bed Width of  delivery Channel
	m
	32.85
	33.85
	34.85
	35.85
	36.85
	37.85
	38.85

	19
	Exit Width (Length of Weir)
	m
	32.85
	33.85
	34.85
	35.85
	36.85
	37.85
	38.85

	 
	Orifice turnout 
	 
	 
	 
	 
	 
	 
	 
	 

	20
	Length of Pipes
	m
	32.90
	33.90
	34.90
	35.90
	36.90
	37.90
	38.90

	21
	Internal diameter of pipe 
	m
	0.33
	0.34
	0.35
	0.36
	0.37
	0.38
	0.39

	23
	Width of Orifice gate
	m
	0.53
	0.54
	0.55
	0.56
	0.57
	0.58
	0.59

	24
	Height of orifice gate
	m
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	0.70

	25
	Elevation of top pipe
	m
	1254.86
	1254.63
	1254.37
	1254.22
	1254.02
	1253.86
	1252.72

	26
	Elevation of bottom pipe
	m
	1254.53
	1254.29
	1254.02
	1253.86
	1253.65
	1253.48
	1252.33

	27
	Elevation of turnout floor
	m
	1254.36
	1254.40
	1254.11
	1253.95
	1253.72
	1253.58
	1252.22

	28
	Maximum Elevation at Top D/S Vertical Wall of D/S Chamber
	m
	1255.01
	1255.05
	1254.76
	1254.60
	1254.37
	1254.23
	1253.37

	29
	Elevation top of Pipe at Outlet Head Wall
	m
	1254.61
	1254.65
	1254.36
	1254.20
	1253.97
	1253.83
	1252.67

	30
	Elevation Pipe Invert at Outlet
	m
	1254.28
	1254.31
	1254.01
	1253.84
	1253.60
	1253.45
	1252.28


[bookmark: _Toc4143901]
Table 9: Summary table of dimension Secondary canal of take
	S.No
	Parameters
	Unit
	LTC-2-1
	LTC-2-2
	LTC-2-5
	LTC-2-6
	LTC-3-5
	LTC-3-8
	RTC-2-7
	RTC-3-7
	RTC-3-8
	RTC-3-9
	RTC-4-9

	 
	Supply canal 
	 
	18.73
	265.30
	736.29
	959.205
	491.156
	884.385
	456.494
	359.268
	388.059
	488.703
	537.41

	1
	Full Supply Level 
	m
	1253.89
	1245.90
	1232.39
	1226.78
	1232.98
	1222.59
	1241.50
	1239.69
	1238.07
	1236.44
	1225.70

	2
	Full Supply Depth 
	m
	0.35
	0.35
	0.25
	0.25
	0.30
	0.150
	0.150
	0.250
	0.200
	0.150
	0.150

	3
	Free Board 
	m
	0.25
	0.25
	0.25
	0.25
	0.25
	0.25
	0.25
	0.25
	0.25
	0.25
	0.25

	4
	Side Slope
	m/m
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	5
	Top Bank Level
	m
	1254.14
	1246.15
	1232.64
	1227.03
	1233.23
	1222.84
	1241.75
	1239.94
	1238.32
	1236.69
	1225.95

	6
	Top Bank Width 
	m
	0.65
	0.65
	0.65
	0.65
	0.65
	0.65
	0.65
	0.65
	0.65
	0.65
	0.65

	 
	Offtaking Canal 
	 
	 
	 
	 
	 
	 
	
	
	
	
	
	

	8
	Design discharge of Turnout
	m3/s
	0.02
	0.02
	0.04
	0.04
	0.04
	0.02
	0.03
	0.02
	0.02
	0.02
	0.02

	9
	Full Supply Level 
	m
	1253.74
	1245.74
	1232.23
	1226.63
	1232.81
	1221.95
	1241.35
	1239.43
	1237.80
	1236.18
	1225.38

	10
	Full Supply Depth 
	m
	0.15
	0.15
	0.20
	0.20
	0.20
	0.15
	0.17
	0.15
	0.15
	0.15
	0.15

	11
	Free Board 
	m
	0.15
	0.15
	0.15
	0.15
	0.15
	0.15
	0.15
	0.15
	0.15
	0.15
	0.15

	12
	Side Slope
	m/m
	1.50
	1.50
	1.50
	1.50
	1.50
	1.50
	1.50
	1.50
	1.50
	1.50
	1.50

	13
	Top Bank Level
	m
	1253.89
	1245.89
	1232.38
	1226.78
	1232.96
	1222.10
	1241.50
	1239.58
	1237.95
	1236.33
	1225.53

	14
	Top Bank Width 
	m
	0.65
	0.65
	0.65
	0.65
	0.65
	0.65
	0.65
	0.65
	0.65
	0.65
	0.65

	11
	Wall thickness of precast chamber
	m
	0.20
	0.20
	0.20
	0.20
	0.20
	0.20
	0.20
	0.20
	0.20
	0.20
	0.20

	12
	Width of Cast in Situ Concrete Head Chamber
	m
	0.70
	0.70
	0.70
	0.70
	0.70
	0.70
	0.70
	0.70
	0.70
	0.70
	0.70

	13
	Internal Height of Cast in Situ Concrete Head Chamber
	m
	0.50
	0.50
	0.55
	0.55
	0.55
	0.50
	0.52
	0.50
	0.50
	0.50
	0.50

	14
	Internal Length of Cast in Situ Caoncrete Head Chamber
	m
	0.75
	0.75
	0.83
	0.83
	0.83
	0.75
	0.78
	0.75
	0.75
	0.75
	0.75

	15
	Width of Cast in Situ Concrete D/S Chamber
	m
	0.80
	0.80
	0.83
	0.90
	0.83
	0.75
	0.80
	0.75
	0.75
	0.75
	0.75

	16
	Internal Height of Cast in Situ Concrete D/S Chamber
	m
	0.50
	0.50
	0.55
	0.55
	0.55
	0.50
	0.52
	0.50
	0.50
	0.50
	0.50

	17
	Internal Length of Cast in Situ Caoncrete D/S Chamber
	m
	0.80
	0.80
	0.83
	0.90
	0.83
	0.75
	0.80
	0.75
	0.75
	0.75
	0.75

	18
	Bed Width of  delivery Channel
	m
	0.94
	0.94
	0.94
	0.94
	0.94
	0.94
	0.94
	0.94
	0.94
	0.94
	0.94

	19
	Exit Width (Length of Weir)
	m
	0.94
	0.94
	0.94
	0.94
	0.94
	0.94
	0.94
	0.94
	0.94
	0.94
	0.94

	 
	Orifice turnout 
	 
	 
	 
	 
	 
	 
	
	
	
	
	
	

	20
	Length of Pipes
	m
	0.90
	0.90
	0.90
	0.90
	0.90
	0.90
	0.90
	0.90
	0.90
	0.90
	0.90

	21
	Internal diameter of pipe 
	m
	0.2
	0.2
	0.225
	0.3
	0.225
	0.15
	0.2
	0.15
	0.15
	0.15
	0.15

	23
	Width of Orifice gate
	m
	0.40
	0.40
	0.43
	0.50
	0.43
	0.35
	0.40
	0.35
	0.35
	0.35
	0.35

	24
	Height of orifice gate
	m
	0.40
	0.40
	0.45
	0.45
	0.45
	0.40
	0.42
	0.40
	0.40
	0.40
	0.40

	25
	Elevation of top pipe
	m
	1253.64
	1245.65
	1232.26
	1226.73
	1232.80
	1222.49
	1241.45
	1239.49
	1237.92
	1236.34
	1225.60

	26
	Elevation of bottom pipe
	m
	1253.44
	1245.45
	1232.04
	1226.43
	1232.58
	1222.34
	1241.25
	1239.34
	1237.77
	1236.19
	1225.45

	27
	Elevation of turnout floor
	m
	1253.39
	1245.39
	1231.83
	1226.23
	1232.41
	1221.60
	1240.98
	1239.08
	1237.45
	1235.83
	1225.03

	28
	Maximum Elevation at Top D/S Vertical Wall of D/S Chamber
	m
	1253.89
	1245.89
	1232.38
	1226.78
	1232.96
	1222.10
	1241.50
	1239.58
	1237.95
	1236.33
	1225.53

	29
	Elevation top of Pipe at Outlet Head Wall
	m
	1253.64
	1245.64
	1232.13
	1226.53
	1232.71
	1221.85
	1241.25
	1239.33
	1237.70
	1236.08
	1225.28

	30
	Elevation Pipe Invert at Outlet
	m
	1253.44
	1245.44
	1231.91
	1226.23
	1232.49
	1221.70
	1241.05
	1239.18
	1237.55
	1235.93
	1225.13




5.1.4. [bookmark: _Toc482093727][bookmark: _Toc5702765]Drop Structures
The economical drop size is designed on HadhaHarbu small scale irrigation project. Since secondary canals are aligned across the contour, the numbers of drops are increased. The hydraulic design of all drops and their table of dimensions are presented in table below.

[bookmark: _Toc4143902]Table 10: Summary table of dimensionof drop structure distributing canals
	Canal
	chainage
	Drop height(m)
	Q(m3/sec.)
	B(canal)
	d(Flow)
	D(m)
	L. of stilling basin(m)
	B(m)
	sill height(m)
	L1(U/S protection)
	L2(D/S protection)

	LSC-1
	20.00
	2.00
	0.084
	0.30
	0.20
	0.30
	2.10
	0.60
	0.20
	1.50
	1.50

	LSC-1
	40.00
	2.00
	0.084
	0.30
	0.20
	0.30
	2.10
	0.60
	0.20
	1.50
	1.50

	LSC-1
	60.00
	1.50
	0.084
	0.30
	0.20
	0.30
	1.80
	0.60
	0.20
	1.50
	1.50

	LSC-1
	100.00
	1.25
	0.084
	0.30
	0.20
	0.30
	1.70
	0.60
	0.20
	1.50
	1.50

	LSC-1
	120.00
	1.25
	0.084
	0.30
	0.20
	0.30
	1.70
	0.60
	0.20
	1.50
	1.50

	LSC-2
	20.00
	1.50
	0.240
	0.55
	0.35
	0.45
	2.30
	0.90
	0.20
	1.50
	1.50

	LSC-2
	40.00
	1.50
	0.240
	0.55
	0.35
	0.45
	2.30
	0.90
	0.20
	1.50
	1.50

	LSC-2
	80.00
	1.50
	0.240
	0.55
	0.35
	0.45
	2.30
	0.90
	0.20
	1.50
	1.50

	LSC-2
	120.00
	1.75
	0.240
	0.55
	0.35
	0.45
	2.50
	0.90
	0.20
	1.50
	1.50

	LSC-2
	160.00
	1.00
	0.240
	0.55
	0.35
	0.45
	1.90
	0.90
	0.20
	1.50
	1.50

	LSC-2
	380.00
	1.00
	0.169
	0.55
	0.32
	0.42
	1.80
	0.80
	0.20
	1.50
	1.50

	LSC-2
	440.00
	1.50
	0.169
	0.55
	0.32
	0.42
	2.20
	0.80
	0.20
	1.50
	1.50

	LSC-2
	460.00
	1.25
	0.169
	0.55
	0.32
	0.42
	2.00
	0.80
	0.20
	1.50
	1.50

	LSC-2
	480.00
	1.00
	0.169
	0.55
	0.32
	0.42
	1.80
	0.80
	0.20
	1.50
	1.50

	LSC-2
	560.00
	2.00
	0.089
	0.50
	0.25
	0.35
	2.20
	0.60
	0.20
	1.50
	1.50

	LSC-2
	580.00
	1.50
	0.089
	0.50
	0.25
	0.35
	1.90
	0.60
	0.20
	1.50
	1.50

	LSC-2
	600.00
	1.75
	0.089
	0.50
	0.25
	0.35
	2.10
	0.60
	0.20
	1.50
	1.50

	LSC-2
	620.00
	1.50
	0.089
	0.50
	0.25
	0.35
	1.90
	0.60
	0.20
	1.50
	1.50

	LSC-2
	640.00
	1.00
	0.089
	0.50
	0.25
	0.35
	1.60
	0.60
	0.20
	1.50
	1.50

	LSC-2
	740.00
	1.50
	0.072
	0.40
	0.25
	0.35
	1.90
	0.50
	0.20
	1.50
	1.50

	LSC-2
	760.00
	1.50
	0.072
	0.40
	0.25
	0.35
	1.90
	0.50
	0.20
	1.50
	1.50

	LSC-2
	780.00
	1.25
	0.072
	0.40
	0.25
	0.35
	1.80
	0.50
	0.20
	1.50
	1.50

	LSC-2
	860.00
	1.00
	0.072
	0.40
	0.25
	0.35
	1.60
	0.50
	0.20
	1.50
	1.50

	LSC-3
	20.00
	2.00
	0.248
	0.60
	0.35
	0.45
	2.70
	1.00
	0.30
	1.50
	1.50

	LSC-3
	40.00
	2.00
	0.248
	0.60
	0.35
	0.45
	2.70
	1.00
	0.30
	1.50
	1.50

	LSC-3
	60.00
	2.00
	0.248
	0.60
	0.35
	0.45
	2.70
	1.00
	0.30
	1.50
	1.50

	LSC-3
	100.00
	2.00
	0.248
	0.60
	0.35
	0.45
	2.70
	1.00
	0.30
	1.50
	1.50

	LSC-3
	140.00
	1.75
	0.248
	0.60
	0.35
	0.45
	2.50
	1.00
	0.20
	1.50
	1.50

	LSC-3
	200.00
	1.75
	0.248
	0.60
	0.35
	0.45
	2.50
	1.00
	0.20
	1.50
	1.50

	LSC-3
	280.00
	1.25
	0.248
	0.60
	0.35
	0.45
	2.10
	1.00
	0.20
	1.50
	1.50

	LSC-3
	340.00
	1.50
	0.172
	0.50
	0.30
	0.40
	2.10
	0.80
	0.20
	1.50
	1.50

	LSC-3
	380.00
	1.25
	0.172
	0.50
	0.30
	0.40
	2.00
	0.80
	0.20
	1.50
	1.50

	LSC-3
	420.00
	1.25
	0.172
	0.50
	0.30
	0.40
	2.00
	0.80
	0.20
	1.50
	1.50

	LSC-3
	440.00
	1.75
	0.172
	0.50
	0.30
	0.40
	2.30
	0.80
	0.20
	1.50
	1.50

	LSC-3
	500.00
	1.75
	0.097
	0.50
	0.25
	0.35
	2.10
	0.60
	0.20
	1.50
	1.50

	LSC-3
	520.00
	1.25
	0.097
	0.50
	0.25
	0.35
	1.80
	0.60
	0.20
	1.50
	1.50

	LSC-3
	580.00
	1.50
	0.032
	0.30
	0.15
	0.25
	1.50
	0.40
	0.10
	1.50
	1.50

	LSC-3
	660.00
	1.50
	0.032
	0.30
	0.15
	0.25
	1.50
	0.40
	0.10
	1.50
	1.50

	LSC-3
	740.00
	1.50
	0.032
	0.30
	0.15
	0.25
	1.50
	0.40
	0.10
	1.50
	1.50

	LSC-3
	840.00
	1.50
	0.032
	0.30
	0.15
	0.25
	1.50
	0.40
	0.10
	1.50
	1.50




Table10: Summary table of dimension of drop structure distributing canals count…

	Canal
	chainage
	Drop height(m)
	Q(m3/sec.)
	B(canal)
	d(Flow)
	D(m)
	L. of stilling basin(m)
	B(m)
	sill height(m)
	L1(U/S protection)
	L2(D/S protection)

	RSC-1
	20.00
	1.25
	0.051
	0.30
	0.20
	0.30
	1.60
	0.50
	0.20
	1.50
	1.50

	RSC-1
	40.00
	1.25
	0.051
	0.30
	0.20
	0.30
	1.60
	0.50
	0.20
	1.50
	1.50

	RSC-1
	60.00
	1.00
	0.051
	0.30
	0.20
	0.30
	1.40
	0.50
	0.10
	1.50
	1.50

	RSC-1
	80.00
	1.25
	0.051
	0.30
	0.20
	0.30
	1.60
	0.50
	0.20
	1.50
	1.50

	RSC-1
	100.00
	1.00
	0.051
	0.30
	0.20
	0.30
	1.40
	0.50
	0.10
	1.50
	1.50

	RSC-1
	180.00
	1.25
	0.051
	0.30
	0.20
	0.30
	1.60
	0.50
	0.20
	1.50
	1.50

	RSC-2
	20.00
	1.50
	0.149
	0.50
	0.30
	0.40
	2.10
	0.80
	0.20
	1.50
	1.50

	RSC-2
	80.00
	1.50
	0.149
	0.50
	0.30
	0.40
	2.10
	0.80
	0.20
	1.50
	1.50

	RSC-2
	100.00
	1.00
	0.149
	0.50
	0.30
	0.40
	1.70
	0.80
	0.20
	1.50
	1.50

	RSC-2
	140.00
	1.25
	0.149
	0.50
	0.30
	0.40
	1.90
	0.80
	0.20
	1.50
	1.50

	RSC-2
	200.00
	1.50
	0.083
	0.45
	0.25
	0.35
	1.90
	0.60
	0.20
	1.50
	1.50

	RSC-2
	220.00
	1.50
	0.083
	0.45
	0.25
	0.35
	1.90
	0.60
	0.20
	1.50
	1.50

	RSC-2
	320.00
	1.50
	0.083
	0.45
	0.25
	0.35
	1.90
	0.60
	0.20
	1.50
	1.50

	RSC-2
	360.00
	1.75
	0.031
	0.30
	0.15
	0.25
	1.60
	0.40
	0.20
	1.50
	1.50

	RSC-2
	380.00
	1.75
	0.031
	0.30
	0.15
	0.25
	1.60
	0.40
	0.20
	1.50
	1.50

	RSC-2
	400.00
	1.50
	0.031
	0.30
	0.15
	0.25
	1.50
	0.40
	0.10
	1.50
	1.50

	RSC-2
	420.00
	1.50
	0.031
	0.30
	0.15
	0.25
	1.50
	0.40
	0.10
	1.50
	1.50

	RSC-3
	20.00
	1.50
	0.230
	0.60
	0.35
	0.45
	2.30
	0.90
	0.20
	1.50
	1.50

	RSC-3
	40.00
	1.50
	0.230
	0.60
	0.35
	0.45
	2.30
	0.90
	0.20
	1.50
	1.50

	RSC-3
	60.00
	1.25
	0.230
	0.60
	0.35
	0.45
	2.10
	0.90
	0.20
	1.50
	1.50

	RSC-3
	80.00
	1.25
	0.230
	0.60
	0.35
	0.45
	2.10
	0.90
	0.20
	1.50
	1.50

	RSC-3
	120.00
	1.25
	0.230
	0.60
	0.35
	0.45
	2.10
	0.90
	0.20
	1.50
	1.50

	RSC-3
	160.00
	1.75
	0.186
	0.55
	0.30
	0.40
	2.30
	0.80
	0.20
	1.50
	1.50

	RSC-3
	180.00
	1.25
	0.186
	0.55
	0.30
	0.40
	2.00
	0.80
	0.20
	1.50
	1.50

	RSC-3
	200.00
	1.50
	0.186
	0.55
	0.30
	0.40
	2.20
	0.80
	0.20
	1.50
	1.50

	RSC-3
	220.00
	1.50
	0.186
	0.55
	0.30
	0.40
	2.20
	0.80
	0.20
	1.50
	1.50

	RSC-3
	260.00
	1.00
	0.186
	0.55
	0.30
	0.40
	1.80
	0.80
	0.20
	1.50
	1.50

	RSC-3
	300.00
	1.50
	0.081
	0.40
	0.25
	0.35
	1.90
	0.60
	0.20
	1.50
	1.50

	RSC-3
	320.00
	1.25
	0.081
	0.40
	0.25
	0.35
	1.80
	0.60
	0.20
	1.50
	1.50

	RSC-3
	360.00
	1.50
	0.048
	0.30
	0.20
	0.30
	1.70
	0.50
	0.20
	1.50
	1.50

	RSC-3
	400.00
	1.25
	0.031
	0.30
	0.15
	0.25
	1.40
	0.40
	0.10
	1.50
	1.50

	RSC-4
	20.00
	1.50
	0.283
	0.65
	0.35
	0.45
	2.30
	1.00
	0.20
	1.50
	1.50

	RSC-4
	60.00
	1.50
	0.283
	0.65
	0.35
	0.45
	2.30
	1.00
	0.20
	1.50
	1.50

	RSC-4
	80.00
	1.50
	0.283
	0.65
	0.35
	0.45
	2.30
	1.00
	0.20
	1.50
	1.50

	RSC-4
	120.00
	1.00
	0.283
	0.65
	0.35
	0.45
	1.90
	1.00
	0.20
	1.50
	1.50

	RSC-4
	140.00
	1.00
	0.283
	0.65
	0.35
	0.45
	1.90
	1.00
	0.20
	1.50
	1.50

	RSC-4
	180.00
	1.75
	0.146
	0.50
	0.30
	0.40
	2.30
	0.80
	0.20
	1.50
	1.50

	RSC-4
	200.00
	1.50
	0.146
	0.50
	0.30
	0.40
	2.10
	0.80
	0.20
	1.50
	1.50

	RSC-4
	220.00
	1.50
	0.146
	0.50
	0.30
	0.40
	2.10
	0.80
	0.20
	1.50
	1.50

	RSC-4
	260.00
	1.50
	0.146
	0.50
	0.30
	0.40
	2.10
	0.80
	0.20
	1.50
	1.50

	RSC-4
	280.00
	1.00
	0.146
	0.50
	0.30
	0.40
	1.70
	0.80
	0.20
	1.50
	1.50

	RSC-4
	300.00
	1.00
	0.085
	0.40
	0.25
	0.35
	1.60
	0.60
	0.20
	1.50
	1.50

	RSC-4
	320.00
	1.00
	0.085
	0.40
	0.25
	0.35
	1.60
	0.60
	0.20
	1.50
	1.50

	RSC-4
	340.00
	1.25
	0.085
	0.40
	0.25
	0.35
	1.80
	0.60
	0.20
	1.50
	1.50

	RSC-4
	360.00
	1.25
	0.085
	0.40
	0.25
	0.35
	1.80
	0.60
	0.20
	1.50
	1.50

	RSC-4
	380.00
	1.00
	0.085
	0.40
	0.25
	0.35
	1.60
	0.60
	0.20
	1.50
	1.50

	RSC-4
	400.00
	1.00
	0.085
	0.40
	0.25
	0.35
	1.60
	0.60
	0.20
	1.50
	1.50

	RSC-4
	420.00
	1.00
	0.085
	0.40
	0.25
	0.35
	1.60
	0.60
	0.20
	1.50
	1.50

	RSC-4
	460.00
	1.50
	0.027
	0.30
	0.15
	0.25
	1.50
	0.40
	0.10
	1.50
	1.50

	RSC-4
	480.00
	1.25
	0.027
	0.30
	0.15
	0.25
	1.40
	0.40
	0.10
	1.50
	1.50

	RSC-4
	500.00
	1.50
	0.027
	0.30
	0.15
	0.25
	1.50
	0.40
	0.10
	1.50
	1.50





5.1.5. [bookmark: _Toc482093730]
5.1.6. [bookmark: _Toc5702766]Division Box
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 secondary canal to the tertiary canals. Off takes are also provided to divide the flow from secondary to tertiary canals and 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.Thedetail of hydraulic design of all division boxes are described as below. 

[bookmark: _Toc5702917]Figure 14: table of dimension of a division box
	Division Box
	Parent and originating canals
	Chainage(m)
	L1(m)
	L2(m)
	L3(m)
	D(m)
	B(m)
	B0(m)

	DB -01
	LSC-1 to (LTC-1-1&2)
	0+5
	0.30
	0.20
	0.25
	0.47
	0.30
	1.30

	DB -02
	LSC-1 toL (TC-1-3&4)
	0+146
	0.30
	0.00
	0.25
	0.45
	0.30
	1.20

	DB -03
	LSC-2 to (LTC-2-3&4)
	0+543
	0.10
	0.10
	0.25
	0.57
	0.30
	1.50

	DB -04
	LSC-3 to (LTC-3-1&2)
	0+1
	0.30
	0.30
	0.25
	0.65
	0.30
	1.60

	DB -05
	LSC-3 to (LTC-3-3&4)
	0+337
	0.40
	0.30
	0.25
	0.60
	0.30
	1.50

	DB -06
	LSC-3 to (LTC-3-6&7)
	0+561
	0.20
	0.10
	0.25
	0.50
	0.30
	1.30

	DB -07
	RSC-1 to (RTC-1-1&2)
	0+10
	0.20
	0.10
	0.25
	0.45
	0.30
	1.20

	DB -08
	RSC-1 to (RTC-1-3&4)
	0+190
	0.20
	0.00
	0.25
	0.45
	0.30
	1.20

	DB -09
	RSC-2 to (RTC-2-1&2)
	0+9
	0.30
	0.20
	0.25
	0.55
	0.30
	1.40

	DB -10
	RSC-2 to (RTC-2-3&4)
	0+183
	0.30
	0.20
	0.25
	0.55
	0.30
	1.40

	DB -11
	RSC-2 to (RTC-2-5&6)
	0+352
	0.20
	0.20
	0.25
	0.50
	0.30
	1.30

	DB -12
	RSC-3 to (RTC-3-1&2)
	0+12
	0.40
	0.10
	0.25
	0.65
	0.30
	1.60

	DB -13
	RSC-3 to (RTC-3-3&4)
	0+145
	0.30
	0.10
	0.25
	0.60
	0.30
	1.50

	DB -14
	RSC-3 to (RTC-3-5&6)
	0+284
	0.30
	0.10
	0.25
	0.55
	0.30
	1.40

	DB -15
	RSC-4 to (RTC-4-1&2)
	0+13
	0.30
	0.10
	0.25
	0.60
	0.30
	1.50

	DB -16
	RSC-4 to (RTC-4-3&4)
	0+168
	0.40
	0.10
	0.25
	0.60
	0.30
	1.50

	DB -17
	RSC-4 to (RTC-4-5&6)
	0+296
	0.30
	0.10
	0.25
	0.55
	0.30
	1.40

	DB -18
	RSC-4 to (RTC-4-7&8)
	0+455
	0.20
	0.10
	0.25
	0.50
	0.30
	1.30



6. 
7. [bookmark: _Toc5702767]ENGINEERING COST ESTIMATE
TheestimationofcostsofIrrigationschemesandtheircomponentfortheprojectrequires anumberoffactorsincluding theimplementationtime,theavailableinfrastructural facilities,availabilityandcostoflabor,thedistance from theport,andalsohowandfrom wherewaterisabstracted,storedandconveyed totargetedareatobeirrigated.The followingtableshowstheengineeringcostestimatedforimplementationofHadhaHarbuSmall scaleIrrigationproject. Main canal, secondary canal, tertiary anal, tertiary drain with their respective structures proposed to be constructed by government.
 The cost estimated to be covered by the government is 140,608,260 Ethiopian birr from a total of 142,694,010 project cost. However, field drain and field canal proposed to be constructed by farmer participation which costs about 2,085,750 birr covering 3.8% of project total cost detail of material used and bill of quantity for on farm stricture is described in the following table. 
[bookmark: _Toc5702918]Figure 14: summary of bill of quantity for the project
	SN  
	Description
	 Total cost(Br) 

	1
	Mobilization and Demobilization, access road construction and engineering survey
	2,570,000.00

	2
	Canals and Drainage System
	38,044,989.42

	3
	Structures on Canals
	1,554,023.26

	4
	Cross drainage 
	513,126.93

	5
	Community share
	1,668,600.00

	6
	Head work
	69,804,469

	 
	Total
	114,155,208.61

	 
	Contingency 10%
	11,415,520.86

	 
	Vat 15%
	[bookmark: _GoBack]17,123,281.29

	 
	Grand total of all work
	142,694,010.76








[bookmark: _Toc5702919]Figure 8: Description of material proposed and bill of quantity
	SN  
	Description
	Unit
	  Qty 
	 Unit cost(Br) 
	 Total cost(Br) 

	1
	General works
	 
	 
	 
	 

	1.1
	Mobilization and Demobilization
	 
	 
	 
	                            -   

	1.1.1
	Allow for mobilization (Man Power, Machineries, Equipments)
	ls
	1
	     250,000.00 
	           250,000.00 

	1.1.2
	Allow for demobilization (undertake after finalizing project & scheme takeover)
	ls
	1
	     200,000.00 
	           200,000.00 

	 
	Subtotal 1-1
	 
	 
	 
	           450,000.00 

	1.2
	Access road construction to aliong main canal
	ls
	2
	  1,000,000.00 
	        2,000,000.00 

	1.3
	Headwork site and main canal profile set out surveying works and chek any logical contradiction whether headwork hydraulics consistent with designed canal profile & approved by engineer.
	ls
	1
	        60,000.00 
	             60,000.00 

	1.4
	Sign Post at Junction from local main road to the command area and Camp Office, show all the necessary silent features of the command viz. (i) The project name, (ii)The three C’s (Client, Contractor, Consultant),Funding agent, (iii) Location & address, (iv) project cost, Net command area, Head abstraction type,# of canal, farm structures, the beneficiaries  system lay out and each block area (ha) by laser jet print /Hacked laser print/Inkjet print which is easily readable font size –using 1.5mx2.0mx1.5mm sheet metal on vertical U channel (40x80x40mm, &8mm thick, L=0.6+1.2+1.5=3.30m, 2pcs) stand post which is reinforced by angle iron (30x30x2mm) using standard bolts welded above the ground and firmly anchored in the ground using concrete trust blocks (dia=30cm, depth=70cm)to resist high wind speed (90kmph).
	no
	2
	        20,000.00 
	             40,000.00 

	1.5
	Engineering surveying and Preparation of as-built drawings and site plan including operation and maintenance manual
	ls
	1
	        20,000.00 
	             20,000.00 

	 
	Subtotal 1-2/1-5
	 
	 
	 
	       2,120,000.00 

	 
	Total for 1
	 
	 
	 
	        2,570,000.00 

	2
	Canals and Drainage System
	 
	 
	 
	                           -   

	A
	Lined Main canal (MC), L=13115m
	 
	 
	 
	                            -   

	2.1.1
	Site Clearing up to 200mm  depth soil
	m2
	  44,179.77 
	                  7.00 
	           309,258.40 

	2.1.2
	Excavation Normal Soil  including  Cart Away to a distance of 500m 
	m3
	    7,574.56 
	                60.00 
	           454,473.46 

	2.1.3
	Excavation Soft Rock
	m3
	          65.00 
	             105.00 
	                6,825.00 

	2.1.4
	Excavation Hard Rock
	m3
	          35.00 
	             130.00 
	                4,550.00 

	2.1.5
	Masonry work with 1:3 mortar work
	m3
	  10,026.77 
	          1,450.00 
	     14,538,822.82 

	2.1.6
	Mass Concrete 5cm for canal bed  (1:2:4)
	m2
	  11,870.43 
	             145.00 
	        1,721,211.94 

	2.1.7
	Hard core 25cm thick
	m2
	  22,362.76 
	             250.00 
	        5,590,688.80 

	2.1.8
	Plastering 1:2 mix to the top and internal surface of masonry wall of the canal
	m2
	  17,779.63 
	             130.00 
	        2,311,352.15 

	2.1.9
	Fill and Compaction of normal soil
	m3
	    6,370.75 
	                60.00 
	           382,244.88 

	 
	Sub Total 2-1
	 
	 
	 
	     25,319,427.46 



Figure 8: Description of material proposed and bill of quantity count…
	SN  
	Description
	Unit
	  Qty 
	 Unit cost(Br) 
	 Total cost(Br) 

	B
	Secondary Canal (LSC &RSC), L=3663m
	 
	 
	 
	                            -   

	2.2.1
	Site clearing up to 200mm  depth soil
	m2
	  14,378.11 
	                  7.00 
	           100,646.80 

	2.2.2
	Excavation Normal Soil  including  Cart Away to a distance of 5km 
	m3
	    4,952.94 
	                40.00 
	           198,117.65 

	2.2.3
	Excavation Soft Rock
	m3
	          35.00 
	             105.00 
	                3,675.00 

	2.2.4
	Excavation Hard Rock
	m3
	          21.00 
	             130.00 
	                2,730.00 

	2.2.5
	Hard core 25cm thick
	  m2  
	    4,799.67 
	             250.00 
	        1,199,916.63 

	2.2.6
	Masonry work with 1:3 mortar work
	m3
	    1,725.61 
	          1,150.00 
	        1,984,448.26 

	2.2.7
	Mass Concrete 5cm for canal bed  (1:2:4)
	m2
	    1,741.54 
	          1,700.00 
	        2,960,614.09 

	2.2.8
	Plastering 1:2 mix to the top and internal surface of masonry wall of the canal
	m2
	    3,686.07 
	             130.00 
	           479,189.54 

	2.2.9
	Fill and Compaction of Normal Soil
	m3
	    3,494.51 
	                60.00 
	           209,670.38 

	 
	Sub Total 2-2
	 
	 
	 
	       7,139,008.34 

	2.3
	Tertiary canals (94 in No), L=21433m
	 
	 
	 
	                            -   

	2.3.1
	clearing up to 200mm  depth soil
	m2
	  66,185.36 
	                  7.00 
	           463,297.49 

	2.3.2
	Excavation Normal Soil
	m3
	    2,345.00 
	                60.00 
	           140,699.98 

	2.3.3
	Fill and Compaction of Normal Soil
	m3
	  19,152.52 
	                60.00 
	        1,149,151.15 

	 
	Sub Total 2-3
	 
	 
	 
	       1,753,148.62 

	2.4
	Tertiary Drains (23 in No), L=11850m
	 
	 
	 
	 

	2.4.1
	clearing up to 20cm depth soil
	m2
	  47,889.75 
	                  7.00 
	           335,228.28 

	2.4.2
	Excavation Normal Soil
	m3
	    5,348.47 
	                60.00 
	           320,907.96 

	2.4.3
	Fill and Compaction of Normal Soil
	m3
	  52,954.48 
	                60.00 
	        3,177,268.77 

	 
	Sub Total 3-6
	 
	 
	 
	       3,833,405.01 

	 
	Total of 2
	 
	 
	 
	     38,044,989.42 

	3
	Structures on Canals
	 
	 
	 
	                            -   

	3.1
	Division Boxes(13 in No)
	 
	 
	 
	                            -   

	3.1.1
	Excavation Normal Soil
	m3
	          33.71 
	                60.00 
	                2,022.71 

	3.1.2
	Masonry work with 1:3 mortar work
	m3
	          39.22 
	          1,150.00 
	             45,098.40 

	3.1.3
	Plastering 1:2 mix to the top and internal surface of masonry wall of the canal
	m2
	          90.47 
	             130.00 
	             11,761.62 

	3.1.4
	Cemented Stone Pitching (1:3 ratio)
	m3
	          11.24 
	             600.00 
	                6,744.60 

	3.1.5
	Back fill and around structure
	m3
	          13.93 
	                75.00 
	                1,044.80 

	3.1.6
	5mm thick double framed with angle iron Gate works supply & Installation, as per drawing
	no
	          13.00 
	             480.00 
	                6,240.00 

	 
	Sub Total 3-1
	 
	 
	 
	             72,912.12 

	3.2
	Pipe Offtake (210 in No)
	 
	 
	 
	                            -   

	3.2.1
	Excavation Normal Soil
	m3
	        170.54 
	                60.00 
	             10,232.59 

	3.2.2
	Masonry work with 1:3 mortar work
	m3
	          79.44 
	          1,150.00 
	             91,357.00 

	3.2.3
	Plastering 1:2 mix to the top and internal surface of masonry wall of the canal
	m2
	        143.76 
	             130.00 
	             18,688.68 

	3.2.4
	5mm thick double framed with angle iron Gate works supply & Installation, as per drawing
	no
	          42.00 
	             400.00 
	             16,800.00 

	3.2.5
	Back fill and compaction
	m3
	            2.20 
	                70.00 
	                   154.00 

	3.2.6
	diameter of reinforced pipe
	 
	 
	 
	 

	3.2.7
	Φ100mm
	m
	        113.00 
	             735.42 
	             83,102.46 

	3.2.8
	Φ125mm
	 
	          27.00 
	             789.36 
	             21,312.72 

	3.2.9
	Φ150mm
	m
	          30.00 
	             843.30 
	             25,299.00 

	3.2.10
	Φ200mm
	m
	          13.00 
	          1,556.55 
	             20,235.15 

	3.2.11
	Φ250mm
	m
	          27.00 
	          1,757.75 
	             47,459.25 

	 
	Sub Total 3-2
	 
	 
	 
	          334,640.85 

	3.3
	Vertical Drops  55 in No
	 
	 
	 
	                            -   

	3.3.1
	Excavation Normal Soil
	m3
	    2,363.59 
	                60.00 
	           141,815.13 

	3.3.2
	Masonry work with 1:3 mortar work
	m3
	        383.27 
	          1,450.00 
	           555,744.26 

	3.3.3
	Plastering 1:2 mix to the top and internal surface of masonry wall of the canal
	m2
	        422.08 
	             130.00 
	             54,870.06 

	3.3.4
	Back fill and compaction
	m3
	    1,316.62 
	                80.00 
	           105,329.32 

	 
	Sub Total 3-4
	 
	 
	 
	          857,758.77 



Figure 8: Description of material proposed and bill of quantity count…
	SN  
	Description
	Unit
	  Qty 
	 Unit cost(Br) 
	 Total cost(Br) 

	3.4
	Social Structures
	 
	 
	 
	                            -   

	3.4.1
	Foot Bridge structures (7 in number as per drawing) on MC, SC
	no
	7
	 
	 

	3.4.2
	Excavation for foundation
	m3
	            5.88 
	                60.00 
	                   352.80 

	3.4.3
	Masonry works of mix ratio 1:3
	m3
	            2.52 
	          1,450.00 
	                3,654.00 

	3.4.4
	Rcc work of 1:2:4 with Reinforcement bar of Ø12mm and Ø10mm including cutting ,fixing transporting and laying as per drawing
	m3
	            1.26 
	          4,520.00 
	                5,695.20 

	3.4.5
	Plastering, mix ratio 1:3
	m2
	            7.56 
	             130.00 
	                   982.80 

	3.4.6
	Stone pitching
	m2
	            2.40 
	             227.66 
	                   546.38 

	 
	Sub Total 3-4
	 
	 
	 
	             11,231.18 

	4
	SotialStracture
	 
	 
	 
	 

	4.1
	Cattle Trough
	No
	4
	 
	 

	4.1.1
	Earthworks
	 
	 
	 
	 

	4.1.2
	Site clearance 
	m2
	        134.45 
	                  7.00 
	                   941.15 

	4.1.3
	Foundation excavation for structure in soft material
	m3
	          10.04 
	                60.00 
	                   602.40 

	4.1.4
	Backfill to structure with granular/murram material including compaction as specified
	m3
	            7.20 
	                80.00 
	                   576.00 

	4.1.5
	Graded gravel bed with average depth of 300mm and particle size ranging from 3 to 6mm
	m3
	          26.40 
	             125.00 
	                3,300.00 

	4.1.6
	50 mm thick C10 lean concrete under the cattle trough
	m2
	        111.36 
	             145.00 
	             16,147.20 

	4.1.7
	Cement screeding of internal and external faces of troughs with a cement mortar mix of 1:3 to 20mm thickness
	m2
	        218.08 
	             150.00 
	             32,712.00 

	4.1.8
	Supply and Install 110 mm PVC pipe and required fittings 
	m
	          48.00 
	                10.45 
	                   501.60 

	4.1.9
	Masonry works of mix ratio 1:3
	m3
	          72.00 
	          1,450.00 
	           104,400.00 

	4.2
	Sub Total 4-1
	 
	 
	 
	           159,180.35 

	4.2.1
	Washing Basin
	No
	4
	 
	 

	4.2.2
	Earthworks
	 
	 
	 
	 

	4.2.3
	Site clearance 
	m2
	          64.00 
	                  7.00 
	                   448.00 

	4.2.4
	Foundation excavation for structure in soft material
	m3
	          48.00 
	                60.00 
	                2,880.00 

	4.2.5
	Backfill to structure with granular/murram material including compaction as specified
	m3
	            6.00 
	                80.00 
	                   480.00 

	4.2.6
	Concrete and Stonework
	 
	 
	 
	 

	4.2.7
	Class C15/ Blinding concrete, 50mm thick
	m2
	          16.80 
	             160.00 
	                2,688.00 

	4.2.8
	Masonry walls washing basin as shown on the drawings
	m3
	          12.30 
	          1,450.00 
	             17,835.00 

	4.2.9
	Plastering 1:2 mix to the top and internal surface of masonry wall of the canal
	m2
	            6.00 
	             130.00 
	                   780.00 

	 
	Sub Total 4-2
	 
	 
	 
	             25,111.00 

	 
	Total 4
	 
	 
	 
	        1,460,834.28 





Figure 8: Description of material proposed and bill of quantity count…
	SN  
	Description
	Unit
	Qty
	 Unit cost(Br) 
	 Total cost(Br) 

	5
	Structures on Drains
	 
	 
	 
	 

	5.1
	Vertical Drops  8 in No
	 
	 
	 
	 

	5.1.1
	Site clearance, grabbing and removal of top soil to a max. depth of 15 cm
	m2
	 Insert 
	 Insert 
	 Insert 

	5.1.2
	Earth Work in excavation including all lead and lifts in all type of soils complete in all respect
	m3
	          26.70 
	               60.00 
	                1,602.00 

	5.1.3
	Masonry work with 1:3 mortar work
	m3
	            3.44 
	150.00 
	                3,950.25 

	5.1.4
	Plastering internal & top faces of side walls
	m2
	          32.20 
	130.00 
	                4,186.00 

	5.1.5
	Dry stone pitching 
	m3
	            1.66 
	600.00 
	 

	5.1.6
	Back fill and compaction
	m3
	          14.48 
	50.00 
	                   723.75 

	 
	Sub Total 5-1
	 
	 
	 
	             10,462.00 

	5.2
	outfall 
	 
	 
	 
	 

	5.2.1
	Masonary Wet (1:3)
	m3
	          11.52 
	1,150.00 
	             13,243.20 

	5.2.2
	Plain concrete C-10
	m3
	          26.26 
	1,784.78 
	             46,876.86 

	5.2.3
	Wet Rip Rap (1:4)
	m3
	          99.30 
	227.66 
	             22,606.92 

	 
	Sub Total 5-2
	 
	 
	 
	             82,726.98 

	 
	Total 5
	 
	 
	 
	             93,188.98 

	6
	Cross drainage 
	 
	 
	 
	 

	A
	Culvert
	 
	 
	 
	 

	6.1
	Excavation of normal soil
	m3
	        434.00 
	60.00 
	             26,040.27 

	6.1.1
	Back fill  and compactionl
	m3
	        260.40 
	50.00 
	             13,020.14 

	6.1.2
	Masonry work with 1:3 mortar work
	m3
	          49.35 
	1,450.00 
	             56,747.19 

	6.1.3
	Concrete(C-20)
	m3
	            8.53 
	2,314.88 
	             19,739.90 

	6.1.4
	formwork
	m2
	          16.37 
	100.00 
	                1,636.92 

	6.1.5
	Cemented Stone Pitching (1:3 ratio)
	m3
	        103.32 
	227.66 
	             23,522.80 

	 
	Sub Total 6-1
	 
	 
	 
	          140,707.22 

	B
	Over chute
	 
	 
	 
	 

	6.2.1
	Excavation of normal soil
	m3
	        165.00 
	60.00 
	                9,900.00 

	6.2.2
	Back fill and compaction
	m3
	        315.06 
	50.00 
	             15,753.00 

	6.2.3
	masonary work with (1:3) mortar
	m3
	        156.24 
	1,445.00 
	           225,766.80 

	6.2.4
	Concreate (C-20)
	m3
	          42.40 
	2,314.88 
	             98,150.91 

	6.2.5
	Reinforcement 
	Kgs
	        233.32 
	80.00 
	             18,665.60 

	6.2.6
	Plastering 1:2 mix to the top and internal surface of masonry wall of the canal
	m2
	          32.18 
	130.00 
	                4,183.40 

	 
	Sub Total 6-2
	 
	 
	 
	          372,419.71 

	 
	Total for 6
	 
	 
	 
	           513,126.93 

	7
	community share
	 
	 
	 
	 

	7.1
	Excavation of normal soil
	m3
	  17,510.00 
	60.00 
	        1,050,600.00 

	7.2
	Back fill and compaction
	m3
	  12,360.00 
	50.00 
	           618,000.00 

	 
	Total for 6
	 
	 
	 
	       1,668,600.00 

	 
	Total
	 
	 
	 
	  44,350,739.61 

	 
	Contingency 10%
	 
	 
	 
	     4,435,073.96 

	 
	Vat 15%
	 
	 
	 
	     6,652,610.94 

	 
	Grand total of all work
	 
	 
	 
	  55,438,424.51 
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