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1. Project name: Ambo_Wuha diversion weir Irrigation Project
1. Name of the stream: Ambo river
1. Location of the new weir site  using  UTM at the left side
1. North: 1394870
1. East: 0385859
1. Zone: North Gondar
1. Wereda: West Belesa
1. Kebele: Filikilek
1. Got: Ambo 
1. Average Altitude: 1621 masl
1. Hydrology
1. Design rainfall: 88.63 mm
1. Catchment area: 217.39Km2
1. Longest flow path length 30.17 Km
1. Design flood: 358.192 m3/sec
1. Design Supplemental flow :186lit/se.

1. Diversion Weir
1. Weir type: Broad crest weir 
1. Height: 2.8 m
1. Gross crest length: 39 m
1. Weir crest level: 1619.513 m.a.s.l
1. U/S HFL: 1619.294 m.a.s.l
1. U/S TEL: 1619.594  m.a.s.l
1. D/s TEL: 1617.714 m.a.s.l.
1. D/s HFL: 1616.484 m.a.s.l
1. Afflux: 1.882 m

1. Under sluice
1. Sill level: 1615.013 m.a.s.l
1. Dimension: 1*1.5 m2
1. Discharge amount: 3.36 m3/sec
1. Outlet
1. Sill level: 1619.513m.a.s.l
1. Opening dimension: 0.6*0.5 m2
1. Discharge capacity: 0.252 lit/sec
1. Irrigation and drainage systems Infrastructure
1.  Net Command area: 123 ha
1. Design discharge of the main canal: 200 l/s
1. No of canals
· #1 Main canal
· #1 Secondary canals
· #7Tertiary canals 
· #four off takes from MC and More FCs
1. Canal structures
· #Pedestrian bridges
· # Division boxes
· off takes
· Turnouts
· #Flume Structures
· Escape structures combined within each gully
1.      Project 
	
	[bookmark: RANGE!A1:C10]Ambo Wuha   Small Scale Irrigation Project

	SUMMARY OF BILLS

	Bill No.
	Description 
	 Amount (Birr)  

	1
	General Items 
	                          913,610.85 

	2
	Head work (intake body, Outlet structures) 
	                       5,836,158.90 

	3
	Irrigation Infrastractures (MC,FC,Flumes,Culverts..)
	                       6,952,791.67 

	 Total
	         13,702,561.42 

	 VAT(15%)
	           2,055,384.21 

	Grand Total
	         15,757,945.63 

	Per hectare Cost  without VAT
	          111,402.94 
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[bookmark: _Toc508464718]INTRODUCTION
[bookmark: _Toc508464719]Background
In Ethiopia, under the prevalent rain-fed agricultural production system, the progressive degradation of the natural resource base, especially in highly vulnerable areas of the highlands coupled with climate variability have aggravated the incidence of poverty and food insecurity. The major source of growth for Ethiopia is still conceived to be the agriculture sector. Hence, this sector has to be insulated from drought shocks through enhanced utilization of the water resource potential of the country, (through development of small-scale irrigation, water harvesting, and on-farm diversification) coupled with strengthened linkages between agriculture and industry (agro-industry), thereby creating a demand for agricultural output. In line with the above, efforts have been made by the government to improve the situation in the country in areas of domestic water supply provision, irrigation, watershed management, etc. The Amhara Water Resources Development Bureau is playing its role in the development of small scale irrigation projects in the region. Accordingly, as part of the water sector development program, the office has initiated the study and design of a small scale irrigation scheme on Ambo River at Filikilek Kebele and signed an agreement with Amhara Design & Supervision Works Enterprise (ADSWE) for the study and design of the project.
[bookmark: _Toc435967703][bookmark: _Toc440461233][bookmark: _Toc440461597][bookmark: _Toc508464720]Description of the Project Area
 Location
This irrigation project is located mainly at Filikilek, West Belesa Wereda of North Gonder Zone in the Amhara Region. The proposed irrigation project is to be undertaken on Ambo River and the headwork structures are specifically located at an altitude of about 1617.50 masl and geographical coordinates of 1394870 N (UTM) and 0385859 E (UTM). 






[image: E:\IRRIGATION\2007\Second Report\Ambo Wenz\shapes\Image\location.jpg]
[bookmark: _Toc440460989][bookmark: _Toc508464825]Figure 1‑1: Location map of the project area
[bookmark: _Toc274570442][bookmark: _Toc307818514][bookmark: _Toc308092490]Accessibility
The headwork site is found at the total distance of 28 km from Woreda Town Arbaya. From this 28 km, the whole length is accessible by dry weather road at present times. The maintenance of the road for the last 5 km might be required.
Previous Irrigation Practices
There is traditional diversion on the remote upstream of this river using different traditional irrigation practices but as the hydrology and Hydrogeology study and respondent farmers indicated, the river has capacity of recharging as it stretches down from the source area of the river. As a result there will not be a marked reduction or fluctuation of water flows both for the already existing and the newly proposed irrigation schemes. The traditional irrigation practices are under taken by individual farmers that use the river flow to the extreme left side is with hardship. 
[bookmark: _Toc508464721][bookmark: _Toc435967704][bookmark: _Toc440461234][bookmark: _Toc440461598]Objectives of the Study
[bookmark: _Toc435967705][bookmark: _Toc440461235][bookmark: _Toc440461599][bookmark: _Toc508464722]Major Objectives 
The project area faces variability of rainfall distribution though the overall rainfall generally suffices the rain-feed agriculture. Accordingly, the rain-feed agriculture needs means of supplementing during distribution failures and further full irrigation is required to maximize the use of the potential land and water resources. 
Hence the objective of this project is to contribute a substantial share in the effort to reduce the risk of production decrease due to rainfall variability and increase the productivity of the resource in the project specific area. Specifically, the project is targeted for the following. 
· To make sustainable the rain-fed crop production and make extra production in the dry season possible for 123 ha of land through irrigation. 
· There is a general consensus that irrigation investments will achieve broader food security and poverty reduction impacts and if efforts are also geared towards up-grading existing traditional farming practices with support to enhance access to input supply, output marketing and extension to facilitate access to information and innovations. 
· This objective is to be realized by constructing diversion structures across the Ambo wuha River and diverting the river flow.
[bookmark: _Toc435967706][bookmark: _Toc440461236][bookmark: _Toc440461600][bookmark: _Toc508464723]Specific Objectives 
Other benefits that can be expected to appear with the launching of the project are: 
· Efficiency of water use improvement; 
· Improved local nutrition/food security gains; 
·  Improved management of scarce natural resources (land and water); 
·  Resilience against drought risk; 
·  Rationale for erosion control and watershed management; 
·  Rationale for the intensification and modernization of small-holder agriculture and rural lifestyles. 
The engineering study and design enables the realization of the project by the provision of engineering structures that will allow the appropriate abstraction of the river water for delivery in to the identified irrigation fields of the study area. Hence, this engineering design is specifically targeted to:

· Analyze hydrologic requirements of the project and engineering structures;
· The formulation of sound and stable structure,  with necessary provisions that allow safe, easy and low-maintenance operation in the service life of the project;
· Develop working drawings;
· Estimation of construction costs.
[bookmark: _Toc435967707][bookmark: _Toc440461237][bookmark: _Toc440461601][bookmark: _Toc508464724]Scope of the Study
· The irrigation design shall ensure reliability, equity and flexibility of water delivery to farmers. It will aim at reducing conflicts among water users and will lead to lower operation and maintenance costs. 
· Updating the existing, if available, computation of the actual evapo-transpiration, crop water requirement, irrigation demand/duty using the existing and recent agronomic, climatologic and soil data using more appropriate methodologies.
· Establish design criteria for irrigations structures to be approved by the client and to be used in the final design stage,
· Design proper irrigation system compatible with local conditions and management capabilities,
· Establish flood protection measures for the command area and canal structures and design the respective drainage system accordingly,
· Planning  and layout of the irrigation system, which include irrigation canals, drainage channels, inspection roads and alignments, canal spacing, canal length, location of structures, and water profiles along canal and drains at specified reaches, which is most economical easily manageable and aligned with topographic feature and geological investigation. 
· Determination and estimation of water application conveyance and other losses and irrigation efficiencies and consideration of those parameters in design steps. 
· Check and  test hydraulic and  structural designs of main canal considering total demand and the required capacity and the base flow availability,
· Prepare general plans and drawings for all irrigation infrastructure and irrigation systems designs, 
[bookmark: _Toc250108231][bookmark: _Toc435967708][bookmark: _Toc440461238][bookmark: _Toc440461602][bookmark: _Toc508464725]Methodology
In the study and design procedure, Designers used the following steps.
· Specific Site identification:
· Review of the reconnaissance survey conducted by the Client 
· 50,000 scale top map and GIS information
· Local farmers interview and discussion
· Wereda and Zone Agriculture section expertise
· Previous studies
· On foot travel along the river channel and farm areas.
· Topographic survey: 
· Surveying the headwork site and the Command area with sufficient radius, using Total station
· Flow estimation
· Physical observation on flood mark indications and local information about high flood and critical flow condition of the river
· Analyzing the recorded river flow data and use watershed inputs for further analysis.
· Base flow estimated during the reconnaissance field visit by floating method.
· Irrigable area identification:
· Using local information
· 50,000 Topographic map, and GIS information, GPS to see elevation
[bookmark: _Toc251113884][bookmark: _Toc251114127][bookmark: _Toc251114284][bookmark: _Toc251115483][bookmark: _Toc251227521][bookmark: _Toc251505898][bookmark: _Toc251572863][bookmark: _Toc251748544][bookmark: _Toc251750475][bookmark: _Toc251847153][bookmark: _Toc271168927][bookmark: _Toc310859866]The design report is organized in three sections. In Section I the Hydrology study is presented and in Sections II and III the Headwork and Irrigation and Drainage Systems designs are discussed respectively. In Section III, planning and design of the irrigation system after diverting the water using the weir will be dealt. The following are major areas of concern in this part.
· Study and design of the irrigation method to be adopted, 
·  Study and design of the irrigation system layout and associated structures, 
·  Design of the different conveyance canals, 
·  Planning and design of the different irrigation and drainage structures, 
·  Preparation of the longitudinal profiles of the different irrigation and drainage canals. 


[bookmark: _Toc435967709][bookmark: _Toc440461239][bookmark: _Toc440461603]








[bookmark: _Toc508464726][bookmark: _Toc160207498][bookmark: _Toc192664924][bookmark: _Toc245933094][bookmark: _Toc251113885][bookmark: _Toc251114128][bookmark: _Toc251114285][bookmark: _Toc251115484][bookmark: _Toc251227522][bookmark: _Toc251505899][bookmark: _Toc251572864][bookmark: _Toc251748545][bookmark: _Toc251750476][bookmark: _Toc251847154][bookmark: _Toc271168928]SECTION-I:  HYDROLOGY















[bookmark: _Toc508464727]HYDROLOGY 
[bookmark: _Toc440458969][bookmark: _Toc440461240][bookmark: _Toc440461441][bookmark: _Toc440461604][bookmark: _Toc445887070][bookmark: _Toc445888433][bookmark: _Toc445888519][bookmark: _Toc445955611][bookmark: _Toc445955836][bookmark: _Toc445956043][bookmark: _Toc447325757][bookmark: _Toc435967710][bookmark: _Toc440461241][bookmark: _Toc440461605][bookmark: _Toc508464728]Watershed Characteristics
The watershed consists of all land forms in slope classes. Slopes within the watershed range from flat to very steep, in excess of 15-30 percent, hill land forms. The land escape of the watershed is characterized by hill and mountain, which constitute 62.04% of the watershed area. 
[bookmark: _Toc440461123][bookmark: _Toc508464804][bookmark: _Toc426791823]Table 2‑1: The Slope Classes and Proportion of the Water Shed
	
No
	Slope


Slope Class (%)
	Area Coverage

	
	Description
	Class (%)
	Hectare (ha)
	Proportion (%)

	1
	Flat Plain
	0-3
	1056.884
	4.861653

	2
	Rolling Plain
	3-8
	3306.075
	15.2079

	3
	Undulating Plain
	8-15
	3889.353
	17.89097

	4
	Hill
	15-30
	6616.906
	30.43768

	5
	Mountain
	30-50
	5002.315
	23.01058

	
	
	>50
	1867.66
	8.591211

	Total
	21739.193
	100



Certain physical properties of watersheds significantly affect the characteristics of the runoff and sediment yield and are of great interest in hydrologic analyses. The rate and volume of runoff, and sediment yield from the watershed have much to do with shape, size, slope and other parameters of the landscape. These suggest that there should be some important relations between basin form and hydrologic performance. If the basin and hydrologic characteristics are to be related, the basin form must also be represented by quantitative descriptors. These parameters can be measured from maps. 
The watershed characteristics are analyzed and presented in the Watershed Feasibility Study Report of the project. In summary: 
· Catchment Area  = 217.39 km2
· Stream Length = 30.17 Km  
· CN(III) = 91.55
· Time of concentration (TC) = 4.8
At the selected reference point, the area of Ambo_Wuha catchment is 217.39 km2 and consists of a network of tributaries as shown in figure below. 
Ambo River at the headwork site is characterized by not well-defined channel system and considerable flows. It looks that the gradient of the river is getting low and hence there exists significant deposition of silty sand, cobbles and boulders.

[image: E:\IRRIGATION\2007\Second Report\Ambo Wenz\shapes\Image\drain.jpg]
[bookmark: _Toc440460990][bookmark: _Toc508464826]Figure 2‑1: Drainage map of Ambo_Wuha watershed
[bookmark: _Toc435967711][bookmark: _Toc440461242][bookmark: _Toc440461606][bookmark: _Toc508464729]Hydro-Metrological Data Availability
[bookmark: _Toc435967712][bookmark: _Toc440461243][bookmark: _Toc440461607][bookmark: _Toc508464730]Climate
Small scale irrigation project designers and planners are faced with lack of good data on the hydrology of the stream/river system that will be their water source and on local weather and climate conditions. Stream gauging stations are virtually non-existent in remote rural areas of Ethiopia; meteorological stations are almost rare. But in Ambo_Wuha Filikilek Kebele and in the catchment area of this project, there is meteorological station .But, there are no accurate and complete flow data for the river near the project. Therefore, data for the hydro-meteorological analysis is taken from the nearby station. Rainfall & temperature data are considered from Gondar Meteorological station. In fact, this station is close to the project area which has full and complete data than the others.
In the project area the mean daily maximum air temperature ranges between 25.1 and 32.8OC; while the mean daily minimum air temperature ranges between 12.3 and 15.6OC. The annual mean minimum and maximum air temperature of the area is 14.0 and 29.2 OC, respectively. 
The mean annual rainfall amount is more than 1026 mm (1970 - 2012data) and most of it occurs from mid-June to late August.
[bookmark: _Toc435967713][bookmark: _Toc440461244][bookmark: _Toc440461608][bookmark: _Toc508464731]Rainfall Data 
In order to compute the design flood for the Ambo_Wuha Diversion structure, the daily maximum rainfall is collected from Gondar Metrological stations with a record of 43 years. 
[bookmark: _Toc435967714][bookmark: _Toc440461245][bookmark: _Toc440461609][bookmark: _Toc508464732] River flow data
The base flow which was measured is 130 l/s. Since this base flow was measured during the dry months of the year, this figure is adopted for design. As we checked at the site in Dec.2017, there is one sSSIP constructed at the nearby tributary and the scheme is functional by irrigated the upper command area of the existing design SSIP. Hence, considerable base flow is reduced due to construction of irrigation scheme at Kora stream.
[bookmark: _Toc307818527][bookmark: _Toc308092500][bookmark: _Toc435967715][bookmark: _Toc440461246][bookmark: _Toc440461610][bookmark: _Toc508464733]Upstream & Downstream utilization
Based construction and functional of the project at the upstream of the existing design project location, the flow measured at the feasibility design is expected to be affected that is why when the quality assurance team checked the base flow, it is reduced by 20 lit/sec or it was 110 lit/sec. Hence, the upstream water balance problem is insignificant as the Kora SSIP was functioning during our measuring session.
The other upstream projects which is under construction during our field visit impact is also insignificant at dry season. There is no surface flow upstream of the existing design site and downstream of the under constructed projects during dry season as we checked from aged community member as well as we checked along the route to upstream section.
Considering the downstream, the existing project design accounted a release of 25% even if there is one big river called Mena nearby the project site that joined Ambo Wuha Stream at about 5 to 8 km of the head work site. In addition to the the irrigated main canal run parallel to the stream for about 2.1 km and excess water is drained to the stream.
[bookmark: _Toc435967716][bookmark: _Toc440461247][bookmark: _Toc440461611][bookmark: _Toc508464734]Design Flood Analysis
For the design and analysis of structures to be constructed on the Ambo River, estimation of flood magnitude is an important task. This can be done using different techniques depending on the data available. For this particular case, there are no river flow data and hence the flood estimation is done using the rainfall data and applying SCS Curve Method.
[bookmark: _Toc435967717][bookmark: _Toc440461248][bookmark: _Toc440461612][bookmark: _Toc508464735]Design Rainfall computation
Design rainfall for maximum design flood computation is used from Gondar Metrology Station including recently recorded data.
Based on the data of 24 hr peak rainfall given in Table 2.2 below the design rainfall, Rf is computed using Gumble’s Extreme Value Method in below. 
[bookmark: _Toc435967718][bookmark: _Toc440461249][bookmark: _Toc440461613][bookmark: _Toc508464736]Outlier Test
Higher Limit, ,      Kn = 2.7 for 42 Years of data. 
Lower Limit, ,       Kn = 2.7 for 42 Years of data.

[bookmark: _Toc440461124][bookmark: _Toc508464805]Table 2‑2: Outlier Test Analysis
	Sr.Nr
	Year
	RF(mm)
	SY=logXi
	Remark
	Sr.Nr
	Year
	RF(mm)
	SY=logXi
	Remark

	1
	1970
	57.1
	1.757
	 
	28
	1997
	72.30
	1.859
	 

	2
	1971
	36
	1.556
	 
	29
	1998
	40.70
	1.610
	 

	3
	1972
	59.3
	1.773
	 
	30
	1999
	48.00
	1.681
	 

	4
	1973
	53.1
	1.725
	 
	31
	2000
	58.30
	1.766
	 

	5
	1974
	69.5
	1.842
	 
	32
	2001
	41.00
	1.613
	 

	6
	1975
	65
	1.813
	 
	33
	2002
	60.20
	1.780
	 

	7
	1976
	65.4
	1.816
	 
	34
	2003
	69.40
	1.841
	 

	8
	1977
	63.5
	1.803
	 
	35
	2004
	51.10
	1.708
	 

	9
	1978
	50.3
	1.702
	 
	36
	2005
	45.30
	1.656
	 

	10
	1979
	44
	1.643
	 
	37
	2006
	70.50
	1.848
	 

	11
	1980
	54.3
	1.735
	 
	38
	2007
	73.00
	1.863
	 

	12
	1981
	30
	1.477
	 
	39
	2008
	51.20
	1.709
	 

	13
	1982
	34.3
	1.535
	 
	40
	2009
	46.00
	1.663
	 

	14
	1983
	65.4
	1.816
	 
	41
	2010
	52.00
	1.716
	 

	15
	1984
	43.9
	1.642
	 
	42
	2011
	88.10
	1.945
	 

	16
	1985
	47.8
	1.679
	 
	43
	2012
	52.80
	1.723
	 

	17
	1986
	47.1
	1.673
	 
	Total
	2269.9
	73.549
	 

	18
	1987
	41.3
	1.616
	 
	Mean
	52.1
	1.710
	 

	19
	1988
	51.3
	1.710
	 
	St. Deviation
	 
	12.56
	0.104
	 

	20
	1989
	47.90
	1.680
	Higher outlier testing
	1.994
	 

	21
	1990
	63.00
	1.799
	 
	Higher value
	98.522
	OK!

	22
	1991
	52.80
	1.723
	 
	Lower outlier testing
	1.427
	 

	23
	1992
	36.80
	1.566
	 
	Lower outlier  value
	26.752
	Ok!

	24
	1993
	54.30
	1.735
	 
	Where K=2.71 forN=43
	 
	 

	25
	1994
	40.10
	1.603
	 
	CV
	0.010
	 

	26
	1995
	30.90
	1.490
	 
	Standard error
	0.991
	OK!

	27
	1996
	45.60
	1.659
	 
	 
	 
	 
	 
	 


Higher Limit, YH = 1.994
Lower Limit, YL = 1.427
Therefore,
Upper limit of rainfall = 10^1.994 = 98.522 mm
Lower Limit of rainfall = 10^1.427 = 26.752 mm
Conclusion: There is no highest and lowest outlier value.

The design rain for Gumbel Method distribution has been selected as the best fit for this study, because it gives high rain fall result compared to other distribution methods, like Normal distribution, Gumble EVI, Log-normal distribution, Log-Pearson type III and Pearson Type III distributions. The result is given below:
The design rainfall using Gumbel Method is given as:


Where Rf  = Design rainfall
[image: ]

, T= Return period = 50 years


Yn, Sn = constant found from Gumble’s extreme value distribution table for N= 43Years
KT(Frequency factor)=(3.9-0.54)/1.14=2.949


· Point Design Rainfall = 89.14 mm 
The design rainfall at points for 50 years return period is 89.14 mm and the areal design rainfall is calculated in the following section.
[bookmark: _Toc435967719][bookmark: _Toc440461250][bookmark: _Toc440461614][bookmark: _Toc508464737][bookmark: _Toc189563608][bookmark: _Toc192664930][bookmark: _Toc250108236]Peak Discharge Determination
General
The Ambo River is not gauged river. The design flood is calculated by using SCS unit hydrograph method. Thus, it is preferred to base the flood analysis on rainfall data, which are better both in quantity and quality of data. In the hydrologic analysis for drainage structures, it must be recognized that there are many variable factors that affect floods. Some of the factors that need be recognized and considered on an individual site by site basis are; rainfall amount and storm distribution; catchment area, shape and orientation; ground cover; type of soil; slopes of terrain and stream(S); antecedent moisture condition; Storage potential (over bank, ponds, wetlands, reservoirs, channel, etc.)
[bookmark: _Toc250108237]Peak flood analysis by SCS unit hydrograph method
Design flood is calculated SCS (The United States Soil Conservation Service). This method is widely adopted and more reliable method for flood estimation. The approach considers, watershed parameters, like Area, Curve number, and time of concentration.  
[bookmark: _Toc250108238]Time of concentration (Tc)
Time of concentration has been calculated by taking the stream profile of the longest streamline and dividing it in to different elevation. Kirpich formula is adopted for computation.
[bookmark: _Toc440461125][bookmark: _Toc508464806]Table 2‑3: Determination of Time of Concentration
	FID
	longest flow km
	Elevation m
	Tc=0.948*(L^3/H) ^0.385  hr

	
	
	min
	max
	diff
	

	1
	15.910368
	1624
	1875.6
	251.6
	2.757245279

	2
	7.317061
	1875.6
	2127.2
	251.6
	1.124200056

	3
	2.901952
	2127.2
	2378.8
	251.6
	0.386315338

	4
	0.815323
	2378.8
	2630.4
	251.6
	0.089149834

	5
	3.220701
	2630.4
	2866
	235.6
	0.446893022

	Sum
	30.165405
	
	
	
	4.803803529




  The formula is,
	  
· Tc = 4.8	Since Tc >3hr., duration of excess rainfall difference, D = 1hr.
· Time to peak,
		   = 3.38 hr
· Base time,
		  = 8.016 hr
· Recession time,
		   = 9.0246 hr.
[bookmark: _Toc250108239]Curve number (CN)
Curve number (CN) is achieved based on USSCS method by watershed characterization in terms of land cover, treatment, hydrologic condition and soil group. From the watershed analysis curve number at condition II = 82.48 Since peak rainfall is found at an antecedent moisture condition III state, this value has to be changed to antecedent moisture condition III. 

· Conversion factor = 1.1099
· CN Condition (III) = (Factor from Table x CN condition II) =82.48*1.1099 = 91.55.  
[bookmark: _Toc250108240]Area Rainfall
As the area of the catchment gets larger, coincidence of all hydrological incidences becomes less and less. This can be optimized by changing the calculated point rainfall to aerial rainfall. The conversion factor is taken from standard table that relate directly with the size of watershed area and type of the gauging station. (IDD manual)
For the case of Ambo_Wuha   irrigation project, 
· Total watershed area = 217.39 Km2
· Type of gauging station = Daily rainfall (24 hr.)
· Aerial Rainfall = (Point Rainfall) x (Conversion factor)
[bookmark: _Toc250108242]Run off Analysis
[bookmark: _Toc440461126]A relationship between accumulated rainfall and accumulated runoff was derived by SCS from experimental plots for numerous soils and vegetative cover conditions. The most critical assumption of the SCS method is that the ratio of the actual retention to the potential retention is the same as the ratio of actual runoff to potential runoff, but this assumption has not been theoretically or empirically justified. The runoff curve number, CN, is then related

CN has a range from 30 to 100, and the equation is in metric unit; lower numbers indicate low runoff potential while larger numbers are for increasing runoff potential. The lower the curve number, the more permeable the soil is. Hydrologic soil cover Curve number (CN) obtained from a table against land cover, Hydrologic soil cover and the wet antecedent moistures condition III (AMC-III) is taken .if it is in AMC- II form, will be converted using the following relationship:

Conversion Formula,                                                   
The final known equation after Derivation of the various equations is as follows (Chow, 2004).

Where, R is accumulated direct runoff (mm), S is rainfall to infiltration potential ratio (Decimal), and   P is accumulated rainfall or potential maximum runoff (mm)
To come to computation of direct runoff the major input data values for Ambowuha  watershed are  Curve number at antecedent moisture condition III =91.55 and Catchment Area, A =217.39 as specified previously. Hence direct run-off, Q can be computed using the equation:

Where, p= Rearranged cumulative run-off depth (mm), S = Maximum run off potential difference,
In using this equation, Note that when P < 0.2*S, the negative squared results wrong values and hence in this case, the values will be set to zero.

Peak incremental run-off which was found in m3/s/mm can now be converted to m3/s by multiplying with incremental direct runoff; 


Design point rainfall data, P=89.10mm
Where, Qp = peak flood for each duration in m3/s, A= Catchment area (Km2), Tp=Time to peak (hr), Q = Incremental run-off (mm).
[bookmark: _Toc508464807]Table 2‑4: Design rainfall arrangement
	Time (hr)
	Design  Rainfall )
	Rainfall Profile (%)
	 Areal Rainfall Profile (mm)
	Incremental Rainfall (mm)
	Ascending Order
	Rearranged order
	Rearranged incremental Rainfall
	Rearranged R.F cumulated (mm)

	0-1.00
	89.1
	51
	45.5
	45.46
	1
	6
	0.00
	0.00

	1.00-2.00
	
	59
	52.6
	7.13
	2
	4
	7.13
	7.13

	2.00-3.00
	
	66
	58.8
	6.24
	3
	3
	6.24
	13.37

	3.00-4.00
	
	74
	66.0
	7.13
	4
	1
	45.46
	58.83

	4.00-5.00
	
	76
	67.7
	1.78
	5
	2
	7.13
	65.97

	5.00-6.00
	
	76
	67.7
	0.00
	6
	5
	1.78
	67.75

	6.00-12.00
	
	81
	72.2
	 
	 
	 
	 
	 

	12.00-24.00
	
	87
	77.6
	 
	 
	 
	 
	 

	 
	
	 
	 
	 
	 
	 
	 
	 



[bookmark: _Toc508464808]Table 2‑5 : Direct runoff Computation
	Time (Hr)
	Incremental Rain fall
	Accumulative R.F
	Direct Run off

	
	
	
	Accumulative
	Incremental
	Incremental Loss

	0-1.00
	0.00
	0.00
	0.00
	 
	0.00

	1.00-2.00
	7.13
	7.13
	0.23
	0.23
	6.90

	2.00-3.00
	6.24
	13.37
	2.34
	2.11
	4.13

	3.00-4.00
	45.46
	58.83
	37.77
	35.43
	10.03

	4.00-5.00
	7.13
	65.97
	44.31
	6.54
	0.59

	5.00-6.00
	1.78
	67.75
	45.96
	1.65
	0.13

	 
	 
	 
	 
	 
	 



Computation of peak discharge for each incremental runoff
	Time(hr)
	Incremental Run off
	Qp. for 1mm incremental run off (m3/sec)
	Qp. for incremental run off (m3/sec)
	Incremental Hydrograph

	
	
	
	
	Begin time
	Peak time
	End time

	0-1.00
	0.000
	13.50
	0
	0
	3.38
	9.03

	1.00-2.00
	0.230
	13.50
	3.10
	1
	4.38
	10.03

	2.00-3.00
	2.110
	13.50
	28.48
	2
	5.38
	11.03

	3.00-4.00
	35.430
	13.50
	478.22
	3
	6.38
	12.03

	4.00-5.00
	6.540
	13.50
	88.27
	4
	7.38
	13.03

	5.00-6.00
	1.650
	13.50
	22.27
	5
	8.38
	14.03

	 
	 
	 
	 
	 
	 
	 


[bookmark: _Toc440461127][bookmark: _Toc508464809]Table 2‑6: Hydrograph coordinates
		Hydrograph Time (hr)
	H1
	H2
	H3
	H4
	H5
	H6
	HT

	0
	0
	 
	 
	 
	 
	 
	0.00

	1
	0
	0.00
	 
	 
	 
	 
	0.00

	2
	0
	0.92
	0.00
	 
	 
	 
	0.92

	2.31
	0
	1.20
	2.61
	 
	 
	 
	3.81

	3
	0
	1.83
	8.43
	0.00
	 
	 
	10.26

	3.38
	0
	2.18
	11.63
	53.76
	 
	 
	67.58

	4
	0
	2.75
	16.85
	141.49
	0.00
	 
	161.09

	4.38
	0
	3.10
	20.05
	195.25
	9.92
	 
	228.33

	5
	0
	2.76
	25.28
	282.97
	26.12
	0.00
	337.12

	5.38
	0
	2.55
	28.48
	336.73
	36.04
	2.50
	406.31

	6
	0
	2.21
	25.36
	424.46
	52.23
	6.59
	510.84

	6.38
	0
	2.00
	23.44
	478.22
	62.15
	9.09
	574.91

	7
	 
	1.66
	20.31
	425.75
	78.35
	13.18
	539.25

	7.38
	 
	1.45
	18.40
	393.59
	88.27
	15.68
	517.39

	8
	 
	1.11
	15.27
	341.12
	78.58
	19.77
	455.86

	8.38
	 
	0.91
	13.36
	308.96
	72.65
	22.27
	418.14

	9
	 
	0.57
	10.23
	256.48
	62.96
	19.83
	350.07

	9.03
	 
	0.55
	10.08
	253.95
	62.49
	19.71
	346.78

	10
	 
	0.02
	5.19
	171.85
	47.34
	15.89
	240.29

	10.03
	 
	0.00
	5.04
	169.31
	46.87
	15.77
	237.00

	11
	 
	 
	0.15
	87.22
	31.72
	11.94
	131.04

	11.03
	 
	 
	0.00
	84.68
	31.25
	11.83
	127.76

	12
	 
	 
	 
	2.59
	16.10
	8.00
	26.69

	12.03
	 
	 
	 
	0.05
	15.63
	7.88
	23.56

	13
	 
	 
	 
	0.00
	0.48
	4.06
	4.54

	13.03
	 
	 
	 
	 
	0.01
	3.94
	3.95

	14
	 
	 
	 
	 
	 
	0.12
	0.12

	14.03
	 
	 
	 
	 
	 
	0.00
	0.00




[bookmark: _Toc440460991][bookmark: _Toc508464827]Figure 2‑2: Complex Hydrograph
From the analysis, the 50 year return period design run off is 574.91 m 3/s
[bookmark: _Toc250108243][bookmark: _Toc435967720][bookmark: _Toc440461251][bookmark: _Toc440461615][bookmark: _Toc508464738]Tail Water Depth Computation
[bookmark: _Toc440461128]Tail water depth of the river is equal to the flood depth and amount at the downstream of the proposed weir site. It is used to crosscheck peak flood estimated by the SCS unit hydrograph method with flood mark method and to see the flood feature with change of hydraulic performance as the result of the hydraulic structure construction. During field visit, the flood mark of the river at the proposed diversion site was marked based on dwellers information even if there is no concrete replied from different dwellers and physical indicative marks, however considering their reply is essential to compare and contrast within the maximum synthesized flood value. 
The data required to do stage discharge analysis has been discussed in the following section. 

[bookmark: _Toc305571121][bookmark: _Toc305823553] Stream slope analysis

River slope analysis is the first step before entering into weir design. River slope analysis can be done using various methods. Use of partial area method yield better accuracy, and hence this method is used. Both partial distance and the corresponding elevation are necessary for calculating the partial areas. 

The other method of estimation the river slope is best fitting method that is almost similar like that of partial area method. The main difference is partial area method is based on statistical analysis while best fitting method is based on graphical interpretation with by considering degree of regression coefficient.
[bookmark: _Toc508464810]Table 2‑7: River slope values for Ambowuha River using partial area method
	Sr.Nr
	Partial Distance (m)
	Elevation, H (m)
	Cumulative ht (m)
	Total Area, At (m2)

	1
	0.00
	1614.90
	0.000
	0

	2
	5.00
	1614.87
	0.030
	0.074

	3
	5.00
	1614.84
	0.058
	0.218

	4
	5.00
	1614.79
	0.109
	0.418

	5
	5.00
	1614.67
	0.226
	0.837

	6
	5.00
	1614.56
	0.342
	1.418

	7
	5.00
	1614.45
	0.452
	1.985

	8
	5.00
	1614.35
	0.552
	2.511

	9
	5.00
	1614.25
	0.651
	3.008

	10
	5.00
	1614.15
	0.751
	3.505

	11
	5.00
	1614.05
	0.850
	4.001

	12
	5.00
	1613.95
	0.949
	4.498

	13
	5.00
	1613.85
	1.049
	4.995

	14
	5.00
	1613.75
	1.148
	5.492

	15
	5.00
	1613.65
	1.247
	5.989

	16
	5.00
	1613.53
	1.366
	6.533

	 
	       5.00
	1613.495
	1.405
	6.928

	Total
	80.00
	 
	 
	52.41

	H average
	1.31025
	 
	 
	 

	I average
	0.01637813
	 
	 
	 




The average vertical height ( Hav) in m,                                                                                         
Where A=summation of partial areas=52.41, L=summation of partial distance=80.00m 

Compute average river slope in decimal =                           
[bookmark: _Toc508464739][bookmark: _Toc361378707]River Stage Discharge Analysis
Manning’s Roughness coefficient for the river bed and banks (average)

The Manning’s roughness coefficient is taken from standard table based on the river nature. The river at the headwork site has relatively U-shape feature and straight nature. The riverbanks have grasses and tree roots but on the riverbed there are out cropped rocks hence Manning’s roughness coefficient (n = 0.040) is adopted.
[bookmark: _Toc361378708][bookmark: _Toc504332863] Discharge of the river
Input data:
Manning's roughness coefficient, n = 0.04
Average river bed slope, S = 0.016

              ,  	
Where, R = Hydraulic radius = (Area/Perimeter) 


[bookmark: _Toc440461129][bookmark: _Toc508464811]Table 2‑8: Stage Discharge Analysis
	Sr.Nr
	Elevation (m)
	Water Depth (m)
	Area (m2)
	Wetted Perimeter (m)
	Hydraulics Radius (m)
	Velocity (m/sec)
	Discharge (m3/sec)
	Remark

	1
	1613.713
	0.00
	0.000
	0.000
	0.000
	0.00
	0.00
	 

	2
	1613.921
	0.21
	2.311
	15.788
	0.146
	0.88
	2.03
	 

	3
	1614.163
	0.45
	6.821
	21.669
	0.315
	1.46
	9.98
	 

	4
	1615.139
	1.43
	30.615
	27.545
	1.111
	3.39
	103.88
	 

	5
	1615.179
	1.47
	34.012
	32.173
	1.057
	3.28
	111.62
	 

	6
	1616.486
	2.77
	73.122
	37.818
	1.934
	4.91
	358.88
	 

	8
	1617.261
	3.55
	106.12
	47.43
	2.23
	5.39
	574.91
	Max. Flood

	9
	1617.41
	3.70
	112.42
	49.27
	2.282
	5.48
	616.16
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 




[bookmark: _Toc440460992][bookmark: _Toc508464828]Figure 2‑3: Rating Curve
[bookmark: _Toc250108244]From the above stage discharge table and curve the maximum flood level corresponding to the computed design peak discharge is 1617.261(3.55 m from the river bed) and it is considered as the d/s high flood level i.e. expected at the weir axis before construction of the weir.

 D/S HFL = 1617.261 masl.


























[bookmark: _Toc435967721][bookmark: _Toc440461252][bookmark: _Toc440461616][bookmark: _Toc508464740]SECTION-II: HEADWORK DESIGN













[bookmark: _Toc508464741]Headwork
[bookmark: _Toc440461253][bookmark: _Toc440461454][bookmark: _Toc440461617][bookmark: _Toc445887083][bookmark: _Toc445888446][bookmark: _Toc445888532][bookmark: _Toc445955624][bookmark: _Toc445955849][bookmark: _Toc445956056][bookmark: _Toc447325770][bookmark: _Toc435967722][bookmark: _Toc440461254][bookmark: _Toc440461618][bookmark: _Toc508464742]Headwork Site Selection 
The headwork site is situated at 1394870.573m N, 0385858.705m E and river bed elevation of 1617.04 m above sea level. It was selected at shortest length and rock formation relatively. In selecting the best head work site, it was practically important to put criteria’s such as considering the flood the channel has to accommodate , the length of the weir crest , topographic suitability for the target command area, geological formation type, availability of the command area and other selection criteria. 
[bookmark: _Toc307133825][bookmark: _Toc435967723][bookmark: _Toc440461255][bookmark: _Toc440461619][bookmark: _Toc508464743]River Geomorphology
It is a common fact that the river development tends to accommodate itself to the local geology that develops along the structurally hard foundation zones of fresh basaltic rock at the left side and left river bottom section. The drainage system of the study area is strongly influenced by geological structures and formations, the nature of the vegetation cover and climate. The nature of geological formations and structures has also strong influence on the development of the channel.
The present morphology of the Ambo River channel is a function of a number of processes and environmental conditions, including the composition of the bed and the banks (the left river bed and bank is characterized by fresh basaltic rock of relatively steep to gentle slope and small thick alluvial deposit at the right side).The left bank is exposed fresh basaltic rock and the left bank is soil formation win which it is expected that the extension of the hard rock formation is available at shallow depth.
[bookmark: _Toc307133829][bookmark: _Toc435967724][bookmark: _Toc440461256][bookmark: _Toc440461620][bookmark: _Toc508464744]River Bed condition
The river bed of the exposed left side is characterized by hard basaltic formation. The right side is characterized by silt, gravel and boulder formation. Since, the right side formation is a deposition area and its hard formation extension is expected to be found at shallow depth of the maximum 2.00 meter relative to the right portion of the river bed level. The detail geological investigation was conducted and analyzed at the laboratory during feasibility study at about 500m above this site. 
 
 (
River Bed
)[image: D:\Copied\General Contractor\Freelancer\MZ Consultant\Design Review-Irrigation Part-phase-1-IFAD\Group-1 North Gondar\Ambo Wuha  Irrigation System\Ambo Wuha Site data\Site photo\IMG_20171224_164300.jpg]

[bookmark: _Toc440460995][bookmark: _Toc508464829]Figure 3‑1: River Bed at the Proposed Weir Site
[bookmark: _Toc435967725][bookmark: _Toc440461257][bookmark: _Toc440461621][bookmark: _Toc508464745]River Bank condition
[bookmark: _Toc307133830] Right Bank
At the proposed headwork axis and along the river cuts, the right bank forms deposition of varies materials like clay silt, sand, gravel, cobbles and rock formation with depth. It is stable and can easily join to the nearby downstream gorge. The over toping of the flood water at the right side has no significance impact as there is no fertile and well cultivated land and easily joined to the gorge formation at the vicinity of the downstream section.

At the inlet of the weir, the bank should be protected by River channelizing and gabion protection by increasing the entrance cross sectional width. Generally, bank protection at both upstream and downstream of the weir up to the vicinity of the gorge area is substantial. 
 (
Left Side
) (
Right Side
)[image: D:\Copied\General Contractor\Freelancer\MZ Consultant\Design Review-Irrigation Part-phase-1-IFAD\Group-1 North Gondar\Ambo Wuha  Irrigation System\Ambo Wuha Site data\Site photo\IMG_20171224_164233.jpg]
[bookmark: _Toc508464830][bookmark: _Toc307133828]Figure 3‑2 : Right and Left River bank at the Proposed Weir Site
Left Bank
As shown at the figure above, the left bank is characterized by thick silt clay formation to sand clay formation. This is underlying by fresh basaltic rock formation as it is shown at the vicinity of the weir axis at the downstream with gentle to steep side slope. Hence bank protection work at the left side at both upstream and downstream is required to protect the cultivated land from erosion.
[bookmark: _Toc425634524]Main canal geology 
This particular project has one main canal routes where its outlet is proposed along the left sides of the river with length of around 3km. Within this length, the canals pass through nearly rock formation for about 100m and  the rest are black cotton clay soils within some fragmented basaltic rocks and land structures including different scale gullies. Regarding this, the distribution of the geological materials with respect to the canal route and their characteristics, especially permeability, stability and workability have been investigated during the field work using both visual inspection and subsurface borings implementing one test pits with depth of 1.5m .Therefore from existing geological materials and there geotechnical properties, it is better if the canal be two types. The first one is masonry canal which covers around 300m or starting from chainage 00+ 300m. From this 300m, the first 100m pass by following the river bank within rock formation and the remain 200m is along thick black cotton clay soil which allow earthen canal but due to its earth structure and slope, it should be masonry canal but since it is difficult to put structure, it needs deep cut to put structure or replace by other selective materials and generally the site is workable land structures. After chainage 00+300m, up to the end of the canal, the canal can be earthen canal where the area is dominated by uniform impervious black cotton soils that is no seepage problems where in addition to visual interpretation along this main canal, there are one relatively large gullies   other drain lines that cross the canal at the different locations. During the canal construction, the canal should pass on the gullies by different mechanisms. There are relatively one large gully at 1km distance locally called Gontie sheleko at GPS coordinate of 0386433m, 1395338mN and 1615m elevation a.s.l. The banks are formed from highly jointed basalt rocks whereas the beds are covered by some sandy gravel alluvial materials but the bed rock also exposed at somewhere along the gullies. The gully has 2.5 crest length and 3.5 to 4m rocky bank height.
  
             The laboratory result shows 
                      Permeability=1.13683E-06,
                            Maximum dry density=1.56g/cc, 
                            Optimum moisture content=25.95%, 
            Grain size analysis/Gradation
                                        Gravel (>4.75mm) =12.88%,
                                        Coarse sand (4.75mm-0.425mm) =7.55%,
                                        Fine sand (0.425mm-0.075mm) and
                                        Fines (<0.075mm) =65.43%, LL=54.77 and LL=54.77, PL=30.4
[bookmark: _Toc307133832][bookmark: _Toc435967726][bookmark: _Toc440461258][bookmark: _Toc440461622][bookmark: _Toc508464746]Sources of Construction Materials
[bookmark: _Toc307133833]Natural Construction materials such as masonry stone, coarse and fine(sand) aggregates ,canal fill materials and others are required for the constructions of various proposed structures spatially at the headwork and at the main canals routes and for others. Therefore during site investigation, this natural materials have been assessed and the possible quarry site and borrow area is identified within the vicinity of the study area close to the project site as possible concerning with quality, quantity, accessibility and ownerships .Materials required for this project is explained separately below.
[bookmark: _Toc435967727][bookmark: _Toc440461259][bookmark: _Toc440461623][bookmark: _Toc508464747]Rock for Masonry and Crushed Coarse Aggregate
[bookmark: _Toc307133834]During site investigation, this type of rocks required for masonry works and coarse aggregates were assessed starting from the main river to the whole studding and the surrounding areas. Based on the field observation of the site, the best quarry site that use to produce this type of natural construction materials are found to the north side within1.2km along dry road but accessible flat surface in the studding kebele in the Akoya Aderebuna Got at economic distance. For the simplicity, specifically, the materials can be produce at 1.2 km distance from head to north direction locates at GPS location of 0384956mE, 1396040mN, and 1659m elevation a.s.l. The rock is found in the form of in situ quarry site and field boulders exposed in the villages in the form of Medium Mountain with slightly degree of weathering. The rock is aphanitic texture basalt rock with weathered color of light gray and fresh color of dark gray and compositionally basic. The ownership of the rock quarry are people who live in that village and the material has not quality problem as far as we see the surface exposures and also it is good enough in  amount.  At this quarry site, the available rock type is massive basalt with some observable grains which is magmatic in origin and occurs in the form of angular fragments of suitable sizes. It is dark gray and fine grained volcanic rock. Naturally, this rock is strong as it is generally fresh except very thin cover of weathered zones. At the quarry site, fresh basalt rock units are found in large quantity that satisfies the requirement of the project. From this site, rock of different sizes can be produced; ranging from large boulders to coarse gravels that masonry stone and coarse aggregate can be produced easily and in the area there is also other surrounded quarry sites. 
[bookmark: _Toc435967728][bookmark: _Toc440461260][bookmark: _Toc440461624][bookmark: _Toc508464748]Fine Aggregates
[bookmark: _Toc307133835]Borrow areas for fine aggregate or natural sand have been assessed starting from the project stream itself. But Natural deposits of such materials couldn’t be found when assessed within the beds of the stream in the project area; rather very coarser sediments and rock exposures with dominate of silts are found covering almost the entire bed of the Ambowuha river stream. Seeing to this nature of the stream, other options of distant streams have been explored to identify the best source areas for fine aggregate or natural sands. This source area is called Mena River found in the studying woreda at the boundary of   Filiklek and Ashakula kebele to the south east of headwork site along semi-sloppy and unexcavated dry roads within 8km by car track measuring that requires road excavation during construction. The ADSWE Laboratory material testing result shows fines=4.44%, fine sand=16.85, coarse sand=32.96% and gravel 45.81% but the gravel amount is not expected as field visual interpretation. As seen in the field, it is not great at most 15%.according to visual observation so that the gravel amount from lab result is not expected and It is good sand and can use for this project and it was used for other projects in the areas but in truly peaking, it needs some sieving to remove existing gravels and washing to remove fines. 
[bookmark: _Toc435967729][bookmark: _Toc440461261][bookmark: _Toc440461625][bookmark: _Toc508464749]Water
Water for construction purpose can be getting from the project stream, Ambo_Wuha itself. The stream is perennial through the year within required amount of water that flow along its course. The stream water has light color that has good quality for construction
[bookmark: _Toc250108252][bookmark: _Toc435967730][bookmark: _Toc440461262][bookmark: _Toc440461626][bookmark: _Toc508464750]Headwork Type Selection 
Looking the availability of natural construction materials and considering the river features and expected flood amount, broad crest type of weir is chosen. As it is:
· Simple for construction
· There is no significant bed load (boulder effect) in the river.
[bookmark: _Toc435967731][bookmark: _Toc440461263][bookmark: _Toc440461627][bookmark: _Toc508464751]Hydraulic Design of Headwork Structure
[bookmark: _Toc250108253]Weir Height Determination
The following major factors have been reasonably assessed during the field study and the final topographic map has been investigated whether the target command area can be commanded at less weir height or not. By using necessary parameters, the weir crest elevation has been determined to satisfy the maximum command area level on the left side of the stream.
· Maximum  command area elevation =1615.50 
· Main canal idle Length (m) =340
· Main canal slope=0.001
· Head loss due to conveyance=0.34m
· Canal depth =0.50
· Head loss within the turnout=0.05
· Head regulator Losses =0.1
· Lowest Point of river center=1613.713
Therefore, Weir crest level =1613.713+0.34+0.50+0.05+0.10=1616.49
Weir height (h) = 1616.49 -1613.713=2.755 (roundup value), therefore take a weir height of 2.80m and take the revised weir crest level=2.80+1613.713=1616.513 masl
Base flow of the River
The study team has assessed that the stream is not used for irrigation along its entire course except at the proposed diversion site where farmers are using the stream for traditional SSI (Irrigation Infrastructure Report). Study team has calculated flow of the river at the weir site as 130 l/s.  Out of this 117 l/s will be required for the proposed scheme and the rest will be released for downstream. The purpose of releasing the 13 l/s to downstream is for the sake of downstream ecosystem and environmental conditions balance. Even though 117 l/s is expected to be used at driest season for irrigation, the off take gate is designed by using 130 l/s by considering the excess flow in the season where there is good flow of the river.
When the stream flow was checked at the end of December 2017, it was estimated to be 110 lit/sec. This flow was obtained or reduced due to construction of the new scheme at about 500 meter at the proposed weir site of the tributary stream. The scheme constructed at the Kora Stream has been designed to cover the command area targeted by the Ambowuha proposed scheme of the head command area.
Hence, following the factors, the head work site was shifted from its feasibility study position to downstream at about 400m distant:
· The head part of the command area has been covered by the new constructed Kora Scheme
· The idle canal length and its submergence by flood during rainy season of the proposed weir site was more
· The command area lost by the main canal and its frequency of maintenance is more.
· The command area of both the left and the right side was sustainable for submerged when the original weir site was endorsed.
· The foundation of the original  head work site was alluvial deposit and there was no significant banks
· One of the tributary streams is sustainable to change its course when the original weir site is adopted.
Based on these challenges, the weir site was shifted to the downstream location during inspection period at the end of December 2017.The geological characterization of this site was explained previously and it is better in comparison of the previous location.
Finally, the base flow of the stream is considered to be 110 lit/sec as quality assurance team with the client checked the flow at the end of Dec.2017. The downstream released flow is considered at this quantity.
Weir Dimensions
[bookmark: _Toc250108256]Flow over the Weir crest
[bookmark: _Toc250108257]       a. Crest Length
[bookmark: _Toc250108258]The crest length of the weir is fixed relative to the weir height and maximum flood condition using either the Manning’s formula or the regime formation formula. The common method for our region is Manning’s equation and we applied this equation. The estimated crest length of the weir with respect to the weir height is around 39.00m but considering the design flood level, it extends up to 45.60meter. Hence, considering the actual cross-section type, the backwater effect, the bank and the foundation of the river formation, we adopted crest length of 39.00m..Factor of contracting=actual crest length/natural width=39/45.60≈0.855 which is little contracted. Hence, the section is contracted as the result of the new proposed weir, the hydraulic performance may be changed during construction period and there should be protection works.
Considering this principle, the design accounts the left and the right bank protection to make all the hydraulic performance safely. The downstream bed protection is not required as massive basaltic formation is located at the left section of the river bed and banks. For more information about the protection detail, please refer the detail weir layout system and associated sections.
[bookmark: _Toc504332879][bookmark: _Toc435967733][bookmark: _Toc440461265][bookmark: _Toc440461629]Determination of Upstream & Downstream High flood level (HFL)  

Determination of high flood level for both u/s and d/s case of the weir is essential in determining the retaining wall height as well as for initiation of weir section determination. The determination of the downstream and upstream high flood level as well as energy level is calculated as shown below
D/S high flood level=1617.261 m asl……… (a) from rating curve corresponding to the maximum flood.
U/S HFL=U/S bed level+ weir height +Hd…………………………… (b)
Where Hd=the depth of water over the weir crest. 
The water depth is calculated using the following formula by considering broad crested weir formula. The velocity head ha is calculated as shown below. The following procedure is used for calculating the upstream high flood level.
, C=1.7 and L= 39m, Q=574.91 m3/sec 
= 4.221m.
              Where g: acceleration due to gravity = 9.81m/sec2
                                   Va is Approach velocity determined by:
                        .................... (c)
Where L=weir crest length (m) ,He=head over the weir crest  and h=Hd as shown at the figure below
From practical case, it is assumed that the weir is to be free from silt about 1.0m.The remaining depth of about 1.80 m is silted due to deposition on the upstream reach as shown in the following rough sketch.
	
[bookmark: _Toc504332991][bookmark: _Toc508464831] Figure 3‑3 : Schematic drawing of the weir profile

The approach velocity, Va      ……………………………………………. (d). Hence, by combining equation (c) and equation (d)
He-Hd =   ...............  (e), p=1.00m
2.709-HD=.Hence using equation (e), Hd is calculated using iteration and equals 3.72m and ha=4.221-3.72≈0.50m
Hd=3.72m and ha=0.50m
U/S high flood level=U/S bed level + weir height + water depth over the weir crest =1613.713+2.80+3.72=1620.238m
U/S TEL=U/S HFL + ha=1620.238+0.50=1620.738m asl
D/S TEL= D/S HFL + tail velocity head=1617.261+=1617.261+1.017=1618.741
[bookmark: _Toc504332880]Afflux determination
Afflux is the level difference between the upstream and downstream total energy level. 
Afflux = U/s TELL- D/s TEL = 1620.738m a.s.l – 1618.741 m a.s.l = 1.997m.
The afflux value seems to be a little higher than that of the permissible afflux value however, as the river slope is a little steep, the protection work is not significantly increased and the inlet and exit cross-sectional width of the weir is more. Considering this specific site, the river bank protection work at both the inlet and the exit section is also more.
[bookmark: _Toc504332881]Top and bottom width determination
Bligh’s formula can be used to approximately estimate the top and bottom width of a broad crest weir. However, the dimension values obtained by using this formula should be checked structurally in the stability section.Intially, the top and bottom width of the weir is estimated according to the elementary profile of a gravity dam by calculating the water heads and velocity head.
    Top width T in m,   =  =   2.43 m  
    Bottom width B in m,   = =5.60m                                               
 Where, h here is Height of weir (m) =2.80m
He and Hd is defined previously.	
G is specific weight of weir body (2.35 for cyclopean concrete, 2.2 for masonry and 2.4 for reinforced concrete) from safety aspects.  In selecting the specific weight of weir body, it is advisable to take lower values, since during construction, the quality may be deteriorated and hydraulic parameters may be under estimated. For our case, cyclopean concrete weir body capped with RCC is selected and the value of   specific gravity for cyclopean =2.35
The above-calculated top and bottom width seem more and it will be verified later during stability analysis. Hence, as initiation, we take a=1.50 m and B=4.00 m as the cut off depth is keyed at the hard rock and no uplift pressure is expected as shown at the figure below. The cut of depth determination is fixed according to the expected hard rock formation level by excavating the weathered rock at the left and boulders and cobbles at the right section.
The upstream impervious floor provision is considered from maintenance aspect and scouring due to dynamic impact for long term effect by considering the nominal length. 


[bookmark: _Toc508464832]Figure 3‑4 : Schematic drawing of the weir section
[bookmark: _Toc508464752]Hydraulic Jump Calculation
[bookmark: _Toc435967734][bookmark: _Toc440461266][bookmark: _Toc440461630]As discussed  with the Geologist expert and report, the riverbed is basaltic and hence downstream impervious apron as stilling basin for energy dissipation is not required at the river bed. The left side of the river has exposed rock abutment and the right bank is not exposed and the river bed extension is expected. 
Retaining walls at upstream right and left sides are mainly needed to confine the peak flood within the bank. Hence bank protection work is needed upstream of the weir site to direct the flood in to the course. 
However, protection works are required for the downstream case and a need of the jump profile is necessary. The length of protection walls is determined based on the length of Jump as well as the nature of the foundation soil. Jump is calculated as shown below.
• Weir crest length = 39m
• Weir height = H = 2.80m
• Pre-jump depth = y1
• Post -jump depth =y2


[bookmark: _Toc504332993][bookmark: _Toc508464833]Figure 3‑5: Hydraulic jump profile at the proposed weir site
From the figure above and using energy principle and neglecting head losses, the pre-jump and post jump depth computed using the following principles.
Let us assume, the riverbed is lowered by about 0.30m from the original ground level due to retrogression at week section. This means, the new river bed level=1613.713-0.3=1613.413m
Energy at the crest=energy at the jumping point+ head loss. Neglecting the head loss, Ec=Ej
Ec=0.30+2.8+4.221= ............neglecting head l   .................... (a)
=7.321=.................  (b) , q=14.74 m2/s 
7.321y12= y13+11.076...........................................(c)
From equation (c), y1=1.36 m by iteration.
-1) and. From this equation, y2= 5.059mmand f12=
Checking and Balancing
Cistern level=CL=DHFL-y2 ……………
CL=1617.261-5.059=1612.202, CL=1612.202<1613.713, ok. The variability of the cistern level shall be checked and iterated until similar/constant figure is obtained as shown at the table below.
	y1  (m)
	f12
	y2  (m)
	Y1^3-6.327*y1^2+2.928=0 (m)
	Assumed CL (m)
	CL=D/SHFL-CL (m)
	Ef1=U/STEL-CL (m)

	1.36
	8.737
	5.059
	0.00
	1612.20
	1612.202
	8.538


Based on the above iteration, the cistern level is designed to be 1612.20 due to retrogression effect.
a. The length of a hydraulic jump
The length of jump calculation for this specific site is not required as there is no riverbed protection because of rock formation. Hence, the calculation of the length of jump is used as a clue for estimation of the bank protection length at downstream part.
From this, the bank protection length on the downstream extends at least up to 5*(5.059-1.36) =118.48m.But considering of the actual site condition, the bank protection can be extended more than the above value.
As shown from the cistern value, the River bed is retrograded to nearly 1.50m; it is assured that the cut of depth should be extended up to the fresh basaltic rock.
Hence, it is fresh sound basaltic rock and it is non-retrogression, the minimum riverbed level=1612.200 masl can be considered as cistern level as it is determined from site surveying and can be properly anchored as shown at the drawing.
To compare the rating curves of the hydraulic jump and the tail water condition, different discharges which are less than or equal the maximum flood level are accounted as shown at the table below.
[bookmark: _Toc368819452][bookmark: _Toc504332883][bookmark: _Toc508464753]Comparison b/n Tail water and Post Jump curve
Even if the foundations of the rock materials are fresh basaltic rock, it is better to check the flow patterns between the tail water curve and the post jump curve. As shown in the graph, the tail water curve is less than that of the corresponding post jump curve almost for all discharges. This shows that the energy of the jump water is shooting up for more distance and the energy is not easily dissipated ,however it is not matter for this specific weir site as the river course are basalt and banks  protection are provided as shown at the drawing. 
The right banks are almost flat after the protection work and immediately join to the Fall River section. The left bank is steep and rocky is obtained at shallow depth as exposed at the surface at the vicinity downstream part. 
For more information of the tail water depth as well as the post jump depth at different discharge, it is better to refer the next table as well as the figure.
C=1.70, cistern level=1612.200, crest level=1616.513 and crest length=39.00m and River bed level=1613.713

[bookmark: _Toc504332958][bookmark: _Toc508464812]Table 3‑1 : Comparison between Tail water and Post jump depths
	Q (m3/sec)
	Hd (m)
	Ha (m)
	He (m))
	U/s HFL (m)
	U/s TEL (m)
	V (m/sec)
	h (m)
	TWD        (m)
	D/s HFL (m)
	D/S TEL (m)

	2.03
	0.10
	0.00
	0.10
	1616.613
	1616.611
	0.88
	0.039
	0.21
	1613.921
	1613.960

	9.98
	0.28
	0.005
	0.28
	1616.791
	1616.796
	1.46
	0.109
	0.45
	1614.163
	1614.272

	103.88
	1.28
	0.069
	1.35
	1617.793
	1617.862
	3.39
	0.587
	1.43
	1615.139
	1615.726

	111.62
	1.34
	0.071
	1.42
	1617.857
	1617.928
	3.28
	0.549
	1.47
	1615.179
	1615.728

	358.88
	2.78
	0.305
	3.08
	1619.291
	1619.596
	4.91
	1.228
	2.77
	1616.486
	1617.714

	574.91
	3.73
	0.495
	4.22
	1620.238
	1620.734
	5.39
	1.480
	3.55
	1617.261
	1618.741


Continued
	q(m3/s/m)
	HL(m)
	Ef1(m)
	Ef1(m)
	F1
	Y1 (m)
	V1(m/s)
	Y2 (m)
	v2 (m/s)

	0.05
	2.650
	4.411
	4.110
	37.617
	0.006
	8.973
	0.306
	0.170

	0.26
	2.524
	4.596
	4.596
	18.386
	0.027
	9.468
	0.689
	0.371

	2.66
	2.136
	5.662
	5.662
	6.463
	0.259
	10.296
	2.239
	1.190

	2.86
	2.200
	5.728
	5.728
	6.276
	0.277
	10.342
	2.322
	1.233

	9.20
	1.882
	7.396
	7.306
	3.990
	0.815
	11.285
	4.211
	2.185

	14.74
	1.992
	8.534
	8.534
	3.444
	1.232
	11.970
	5.414
	2.723




[bookmark: _Toc504332994][bookmark: _Toc508464834]Figure 3‑6: Comparison between tail water and post jump hydraulic curve
[bookmark: _Toc508464754]Impervious floor (apron)
As explained before the river bed geological materials are basaltic rock at the left side and its extension is continued to the right side. Hence, treating the weir as rock foundation using cut off trench is more cost effective than treated as alluvial deposit. Hence, nominal upstream impervious floor length and cut off is considered from maintenance aspect as well as scouring of the loos  top formation due to dynamic load. 
[bookmark: _Toc435967735][bookmark: _Toc440461267][bookmark: _Toc440461631][bookmark: _Toc508464755]Cut off Depth Calculation
U/s cut off  
Cut of Depth is designed to be keyed at the hard rock formation as shown at the left side and considering the retrogression effect of the formation. Hence, the cut of depth provided at both upstream and downstream of the weir section should be extended and keyed to the fresh basaltic rock as shown at the drawing. Considering the retrogression effect and the hydraulic jump formation, the minimum cut of depth is 1.50 meter and can be extended to more if the rock formation is not obtained at this depth.
[bookmark: _Toc435967736][bookmark: _Toc440461268][bookmark: _Toc440461632][bookmark: _Toc508464756]Stability Analysis of weir
Stability analysis is carried out to see the already determined weir section is safe against overturning, sliding, tension. The stability analysis is carried out considering the effect of the following forces. 
• Water pressure 
• Weight of the over flow weir section 
• Sediment load 


[bookmark: _Toc508464835]Figure 3‑7: Load combination of weir under Static load combination
[bookmark: _Toc440461135][bookmark: _Toc508464813]Table 3‑2: Computation of forces per unit width and momentum 
	Forces
	Leverarm                    (m)
	Momentum about pt A

	Designation
	Vertical (kN/m)
	Horizontal (KN/m)
	
	Mr
	Mo

	w1
	92.4
	 
	3.25
	300.30
	 

	W2
	77
	 
	1.67
	128.33
	 

	Pwh1
	 
	39.2
	2.133
	 
	83.63

	Pwh2
	 
	0
	0.90
	 
	0.00

	Ps
	 
	4.86
	0.60
	 
	2.92

	 
	 
	
	 
	 
	 

	 
	 
	 
	 
	 
	 

	Total
	169.4
	44.06
	 
	428.63
	86.54



∑V = 169.40KN                                ∑M(+) = 428.63KN.m
∑H=44.06KN	                   ∑M(-) = 86.54KN.m
i) Factor of safety against overturning (Fo) 

>1.5 	Safe!
ii) Factor of safety against sliding (FS)


  , >1.5   Safe!
iii) Check for tension (i.e. whether the resultant lies within the middle third)
The location of the resultant force from the toe is given by


The eccentricity (e) = |X – B/2|, B = 0.02 m
Hence, e = 2.02-5.0/2 = 0.02 m

The eccentricity (e) should be less than B/6 =, Hence the obtained e = 0.02 m < 0.67 m. 
⇒The resultant lies within the middle third                                no tension
[bookmark: _Toc435967737][bookmark: _Toc440461269][bookmark: _Toc440461633][bookmark: _Toc508464757]Design of Divide wall, Under Sluice, and Canal outlet
Divide wall is designed in order to create separation between outlet canal and natural river course. The divide wall allows safe and stable base flow to the canal outlet. Flow turbidity created by current flow impact over the weir body is reduced.
Wall height fixation of Divide Wall
The divide wall height is fixed according to the location of the divide wall site. It is located at the rock formation section of the stream. Hence at the divide wall site, the minimum rock formation level is around 1615.00m asl. The upstream flood level is 1620.238 m asl. Hence, the wall height=1620.238-1615.00=5.238m. Hence, including free board, the wall height is taken to be 5.60m.
 Load Combination and Divide wall Stability Analysis
	                                                              Divide Wall Dimensions

	height, H
	Top width, b
	Bottom Width, B
	under sluice side silt and water depth
	Weir side silt and water depth

	5.60m
	1.10m
	1.10m
	2.30m and 0.50m
	Free at the first period


[bookmark: _Toc440461137][image: ]
[bookmark: _Toc508464836]Figure 3‑8: Load combination And Divide Wall Stability Analysis
[bookmark: _Toc508464814]Table 3‑3: Computation of Forces per Unit Width and Momentum
	Forces
	Lever arm                    (m)
	Momentum about pt A

	Designation
	Vertical (kN/m)
	Horizontal (KN/m)
	
	Mr
	Mo

	w1
	129.36
	 
	0.55
	71.15
	 

	Pw
	 
	1.8
	2.40
	 
	4.320

	Pw1
	 
	13.2
	1.10
	 
	14.52

	PS
	 
	7.26
	0.733
	 
	5.324

	Total
	129.36
	22.26
	 
	71.15
	24.16

	 
	 
	 
	 
	 
	 



Factor of Safety: Against Overturning, Sliding and Tension
	Over turning = (M+ve/M-ve)    >1.5
	 
	Fo
	2.94
	>1.5
	OK

	Sliding = (µxFv/Fh),---µ=0.75    >1.5
	 
	Fs
	4.07
	>1.5
	OK

	Tension: X= (Net Moment/Sum Fv), e=x-B/2,   e<B/6
	 
	X
	0.38
	 
	 

	B/6=
	
	e
	0.17
	<B/6
	OK


Under sluice
The under sluice is mainly provided here to remove silt deposition at a result of barrier structure. Hence the sill level of the under sluice is fixed to facilitate this deposited silt to increase the efficiency of water abstracting to the main canal through the head regulator from the pocket. The sill level of this sluice is fixed to be 1.30 m higher than the minimum bed level. Hence the sill level of the under sluice = 1613.713+1.3=1615.013m. The position of the under sluice is provided at the left side as the canal outlet is located at the left side and it is aligned at the exposed hard rock formation. The stream at the upstream part may bring small boulders and logs, hence, the opening size of the under sluice provision should account the maintenance amenity during such challenges. Considering this, the opening size of the gate is  fixed using the following criteria:
· The capacity should be at least five times the canal discharge to ensure proper flushing of the pocket area
· Capacity of passing about 10% to 20% of the maximum flood discharge at high floods.
· During construction, it should be able to pass the prevailing (at least base flow) discharge of the river.
· Considering the maintenance and the incoming boulders and logs during flooding session
· Considering the gate operation and the management of the opening size by the communities

Having such above principle, the discharge passing through the under sluice is computed using the following equation for rectangular notch.
   Q=   where cd=0.62, L=1.00 m and H=1.50 m
 Q=*.Hence this discharge satisfies the design criteria. It is ok.
The provision of the under sluice dimension of 1.0m width*1.50 m height is sufficient to keep the off take canal free of silt zone and operation and maintenance purpose.
Canal outlet level 
The head regulator is provided at the left side .The sill level of this head regulator is fixed from different angle observations. The main conveyance system is 2.1 km which passes more gullies and undulating alignment. Hence this level is fixed based on the optimum route alignment and the maximum irrigated command level including minor and major losses criteria. Based on this condition, the sill level is fixed to be 1616.113 m.
          • Outlet capacity 
The minimum command area is determined by the minimum flow of the river. But the canal capacity should be determined for maximum command area and the corresponding discharge. In this case the outlet capacity is fixed considering maximum duty and command area and a flexibility factor of 20% at the first irrigation round. 
· Outlet capacity = Duty x command area x flexibility factor 
		Where, maximum duty = 1.29L/s/ha at the first irrigation round
                                    Command area = 123 ha.
· Outlet capacity = 1.29 L/s/ha x 123 ha x1.2 = 190 L/sec. This flow at the first irrigation round is easily available after releasing 25% percent of the flow as we checked at the end of December 2017 and local information including seepage flow and the maximum duty at the first irrigation round is obtained in September at which the stream flow can reach more than 250lit/sec.
2nd irrigation round:
· Outlet capacity = Duty x command area 
		Where, maximum duty = 1.8L/s/ha at the first irrigation round
                                    Command area = 123 ha.
Outlet capacity = 1.80 L/s/ha x 123 ha  = 221.40lit/sec but the available base flow after construction and function of Kora irrigation scheme is 85lit/sec considering releasing of 25% for the  downstream ecology. Hence, as there is one big stream at about 8km of the downstream and the main command area is parallel to the stream flow for about 2.2km, the released amount can be reduced to 10% and the available base flow will be 100lit/sec. This base flow irrigates about 55.56 ha at critical month. Hence the irrigated command area should be in rotation during dry season annually as the system layout is designed for 123 hectare.
Note: The Ambowuha stream at about 200 meter of the proposed head work site flows through gorge area and difficult to utilize the stream for irrigation and domestic water supply easily.
[bookmark: _Toc504332890][bookmark: _Toc508464758]Gate for the under sluice

Considering this, the opening size of the gate is 1.00m*1.5m with spindle-operated gate.
The gate for under sluice is to be vertical sheet metal of the indicated size for the closure of the opening space providing some extra dimensions for the groove insertion (60mm on each grove total =2*60mm=120mm). The grooves are to be provided on the walls using angle iron frames at the two sides of the gate opening. Therefore, The gate of the under sluice off take is to be vertical sheet metal of 1.12m x 1.56m with some 2.5mm clear spacing between the gate and the groove for easy opening and closing. For more information, please refer the working drawing.
• Outlet size 
From the orifice discharge formula, the outlet size is determined as follows
 ...... (a) Where A=area of the opening and, C=0.60, h=head difference b/n upstream and downstream of canal outlet
By assuming the opening width=0.60m and water depth 0.50m. the head difference between the upstream and downstream is considered the minimum difference=0.06m and using all these parameters is calculated at equation (a) and becomes Q=0.195m3/sec.
When using the rectangular notch formula as shown at the under sluice, Q=0.388m3/sec. Hence, the provision opening dimension is sufficient enough to abstract more water during first irrigation round when there is more stream flow.
Hence, provide an outlet size of 0.6m x 0.5m (length x height) .The gate of the off take canal is to be vertical sheet metal of 0.5m x 0.60m for the closure of the opening space. Provide some extra dimensions for groove insertion. Gross area of sheet metals for the off take canal gate will be 0.72 m x 0.55m (allowing 6cm insertion for grooves and above the weir crest level). The grooves are to be provided on the divide wall and retaining wall using angle iron frames at the two sides of the gate openings. 
Breast Wall and Operation Slab
To avoid spilling of water during HFL over the under sluice and canal regulator gate,  R.C.C wall is provided from the gate top level up to the river HFL (i.e known as breast wall). More over to operate the gates, operation slab is provided. The operation slab is made to have dimensions of 1.0m x 1.5m and to make the operator free from risk during operation; the slab is enclosed with handrails. Refer the drawing for detail.
Nominal thickness is provided for both operation and breast wall as the calculated thickness is too small when the design is accounted as cantilever wall during actual calculation because of less traffic load. Hence, the thickness provision accounts the construction capability at the ground. Considering this, it is better to have a thickness of 20cm. 
The nominal reinforcement for both breast wall and operation slab is taken as 15% of the cross-sectional area.
A steal (mm2) =0.0015*1000*200=300
Provide ∅12mm@C/C 250mm.The spacing of the reinforcement bar should be less than three times the effective depth or 450mm, which is smaller of the two.
Considering cover thickness of 50mm, effective depth= D-(50+12/2) =D-56mm.Hence, our provision spacing is less than 3* (200-56)=3*144=432mm.Hence, it is better to adopt 250mm spacing as it is.
Actual area of steal=3.142*12^2/4*1000/250=452.45mm2.Therefore the actual provided reinforcement area per meter width is 452.45mm2/m>300mm2/m. It is ok. 
The actual arrangement of angle irons, spindles, shafts and operation slab including other components is shown at the working drawing.
Retaining Walls
At the two ends of the diversion weir, walls have been provided to safeguard the structure from scour of banks at the ends .The walls are basically provided to keep the highest flood flow within the weir crest section and to safeguard areas out of the river bank from scouring and cavity. 
Upstream Retaining/wing walls Design
Upstream retaining wall is required for both left and right river section with more attention on the left side as our head regulator is aligned along the concave section at downstream. The load components of this guide wall are self-weight, backfill materials, water loads especially during flood. Hence, from hydraulic design point of view, the guide wall height=U/s HFL-hard rock foundation level + freeboard. As it is checked on geological investigation, the  minimum hard rock foundation of the abutment is 1614.503m.

Hence, retaining wall height=1620.239.1614.503=5.736m, hence take the guide wall height to be 6.00m including free board of about 0.30m
By checking all the factor of safeties using spreadsheet analysis, the dimensions of the u/s protection wall are with top width of 1.00m and bottom width 4.00m at the maximum section. The stability analysis is undertaken for critical condition and the stability checks are tabulated below. The back fill material load is considered, as it is stabilized force. The fill material specification shall be selected material to be drained easily as far as possible
Y of saturated back fill=18KN/m3
[bookmark: _Toc435967738][bookmark: _Toc440461270][bookmark: _Toc440461634]
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[bookmark: _Toc508464837]Figure 3‑9 : Load Distribution at the upstream retaining wall

[bookmark: _Toc508464815]Table 3‑4: Load Distribution at the upstream retaining wall
	Forces
	Lever
arm                    (m)
	Momentum about pt A

	Designation
	Vertical (kN/m)
	Horizontal (KN/m)
	
	Mr
	Mo

	w1
	132
	 
	0.5
	66.00
	 

	W2
	198
	 
	3.00
	594.00
	 

	W3
	57.00
	 
	4.00
	228.00
	 

	W4
	
	 
	0
	0.00
	 

	qa
	 
	20.00
	3
	 
	60.00

	Ps
	 
	114.00
	2.000
	 
	228.00

	Total
	387
	134.00
	 
	888.00
	288.00

	 
	 
	 
	 
	 
	 



Factor of safety calculation
· Against sliding==µ*==2.02 >1.5 OK!
· Against overturning==
· Tension development  checking
Xmean= 
Eccentricity=e=B/2-xmean=4/2-1.55=0.45m. Since e<B/6=0.45m<0.67m ok! Hence, the whole structure is with compression zone, no development of crack.
[bookmark: _Toc504332894]Downstream Retaining walls Design

Downstream guide wall height is fixed from the point of downstream high flood level plus freeboard. Hence, the wall height, h=D/S HFL-Cistern level=1617.261-1612.200=5.061, take h=5.40m considering 0.30m as freeboard. Considering the same approach like that of the upstream retaining wall design load, the dimensions for downstream wing wall height are fixed for technically and economically feasible sections.  The sketch is as shown below. The detail dimensions for retaining wall is shown at the design-drawing album and please refers it for more information
[image: ]
[bookmark: _Toc508464838]Figure 3‑10 : Load Distribution at the upstream retaining wall
Gabion Protection Work
Protection works material  type varied from site to site and the load intensities for strfuctures. At this area where the river section is wide and there is no direct impact of the dynamic load except sheet flow and leading the flow to the streamlined section, gabion structures are provided/ designed. The gabion structures provided location is at both upstream and down stream of the loose protection. 

The structural stablity of the gabion structures stablity are checked by considering the local gabion structures constructed. The unit weight of the gabion structures considered for analysis is 15KN/m3 and the locally available specification of the gabion bok and opening mesh sizes are considered.

[bookmark: _Toc504332895]WEIR CAPPING
In order to avoid cracking, wearing and abrasion effect and overburden load due to dynamic case, nominal thickness of 200mm thick reinforced concrete is provided with proper anchoring and capping. The nominal reinforcement for this section is taken 0.15 % of the slab concrete cross-sectional area per meter length.

Hence Area of steel=0.15/100*(200*1000) =300mm2.To satisfy this area of reinforcement provide 12 mm bar @C/C 250 mm, Hence, the actual reinforcement area per meter length=12^2/4**1000/250=452.16mm2 > Amin=300mm2.It is ok.
Covering depth of the reinforcement=50mm+/2=50+12/2=56mm. The spacing of the reinforcement bar should be less than three times of the effective depth or 450 mm, which is smaller of the two. Hence, our provision spacing is less than < 3*(200-56) =3*144=432.Hence 250 mm <432 mm, it is ok. Hence, this concrete capping detail is shown at the working drawing. Please refer it for further information.


[bookmark: _Toc508464759]Bill of Quantity and Cost Estimation
The quantities of the various items have been worked out as per the final design and final drawings prepared for the scheme. The unit rates analysis has been carried out based on the data available in the vicinity of the project area.
[bookmark: _Toc440461139][bookmark: _Toc508464816]Table 3‑5: Bill No. 1- General Items
	[bookmark: _Toc440461140]BILL No. 1 : General Items

	[bookmark: RANGE!A2:F16]Item No
	Description
	Unit
	Quantity
	Rate Birr
	Amount Birr

	1.1
	 Allow for mobilization 
	 L.S 
	         1.00 
	135,000.00
	135,000.00

	1.2
	 Allow for demobilization 
	 L.S 
	         1.00 
	107,521.23
	107,521.23

	1.3
	5*5m2, store constructed from CIS-32gauge  with doors and windows, masonry floor cement screened.
	 No 
	         1.00 
	34,472.75
	34,472.75

	1.4
	Construction of consultant's camp  and camp facilities and fencing  two  rooms of size 3m*4m of which one for living room, and one for office;  constructing from CGIS-32 and internally painted chip wood wall, masonry floor screed and well ventilated room complete with doors and windows
	 No 
	         2.00 
	40,725.76
	81,451.52

	1.5
	Allow for contractors Camp and facilities 4m*3m, living room for contractors key personnel, CIS and internally painted chip wood wall, masonry floor cement screened and well ventilated room complete with doors and windows. 
	 No 
	         5.00 
	40,725.76
	203,628.80

	1.6
	Cafeteria(4m*4m) and kitchen (3m*3m)
	 No 
	         1.00 
	56,000.00
	56,000.00

	1.7
	Shower and toilet Masonry floor cement screen=          (2*1.5)
	 No 
	         2.00 
	20,000.00
	40,000.00

	1.8
	Barbed wire fence 50*20 m and 1.5m high treated timber post complete with 3m wide gate and a CIS guard house (1.5m*2m)
	 LS 
	         1.00 
	14,648.28
	14,648.28

	1.9
	 Allow for temporary access road to the project site  by leveling the existing foot path using daily laborer 
	 km 
	         0.50 
	196,878.94
	98,439.47

	2
	Construction of toilet and shower facility for contractor and consultant staffs
	Ls
	 
	 
	0.00

	2.1
	 Dewatering of open trenches and excavations, pumps 
	 LS 
	         1.00 
	97,800.00
	97,800.00

	2.2
	 Provide project indicator post starting from the construction time 
	 LS 
	         2.00 
	9,225.90
	18,451.80

	2.3
	 Provision of as built drawings for the project 
	 LS 
	         1.00 
	26,197.00
	26,197.00

	 BILL -1 TOTAL 
	913,610.85



[bookmark: _Toc508464817]Table 3‑6: Bill No.2 Head Work 
[bookmark: _Toc342036706]
	Bill No.2 :  Head Work (weir, retaining wall, apron & gates)

	S. no
	Item of work
	Unit
	Quantity
	Unit Price (Birr)
	Total Cost (Birr)

	1
	Weir Body, impervious floor and cut off
	 
	 

	1.1
	Earth work and Rock Excavation
	 
	 
	 
	 

	1.1.1
	Site clearing to a maximum of 0.25 meter
	m2
	346
	11.56
	3999.76

	1.1.2
	Ordinary soil excavation relative to site clearing
	m3
	141.43
	77.94
	11023.0542

	1.1.3
	 Dito to 1.1.2 but weathered  rock excavation
	m3
	235.72
	536.41
	126442.0938

	1.1.4
	 Dito to 1.1.2 but hard rock excavation
	m3
	94.29
	950
	89575.5

	1.1.5
	Back fill and Compaction
	m3
	47
	90
	4230

	1.2
	Concrete  Supply,mix,pouring, viberate and curing
	 
	 
	 
	 

	1.2.1
	RCC  for  cut off, apron and weir capping  Class C-20 concrete including  oil greased plane form work
	m3
	142.355
	2666.52
	379592.4546

	1.2.2
	Cyclopean concrete(60% C-20,40% graded stone)
	m3
	328.745
	2026.58
	666228.0421

	1.3
	Mild Steel Reinforcement bar supply, cutting and installing
	 
	 
	 
	0

	1.3.1
	Ф12mm bar
	kg
	3960.57
	70
	277239.9

	 
	Summary carried to Weir body, cut off and impervious apron
	  1,558,330.80 

	2
	Under sluice Work
	 
	 
	 
	 

	2.1
	Concrete Supply, mix,Pouring, viberate and curing
	 
	 
	 
	 

	2.1.1
	Cyclopean concrete(60% C-20,40% graded stone)
	m3
	3.34
	2026.58
	        6,768.78 

	2.1.2
	 Class C-20 concrete including oil greased plane vertical formwork
	m3
	1.14
	2666.52
	        3,039.83 

	2.2
	Mild Steel Reinforcement bar supply, cutting and installing
	 
	 
	 
	 

	2.2.1
	Ф12mm bar
	kg
	40.48
	70
	        2,833.60 

	Sumary  carried to Under sluice work 
	 
	 
	 
	      12,642.21 

	3
	Divide wall
	 
	 
	 
	 

	3.1
	Masonry work 
	 
	 
	 
	 

	3.1.1
	Basaltic stone or equivalent masonry work
	m3
	41.88
	1715.13
	      71,829.64 

	3.2
	Concrete Supply, mix,pouring, viberate and curing
	 
	 
	 
	 

	3.2.1
	50 mm thick C-10 Concrete for masonry bedding
	m2
	5.94
	140
	          831.60 

	3.2.2
	C-20 concrete(1:2:3) including smooth and uniform formwork
	m3
	3.42
	2666.52
	        9,119.50 

	3.3
	Mild Steel Reinforcement bar supply, cutting and installing
	 
	 
	 
	 

	3.3.1
	Ф12mm bar
	kg
	128.13
	70
	        8,969.10 

	Summary Carried to Divide wall work
	 
	 
	 
	      90,749.84 

	4
	Protection Work
	 
	 
	 
	 

	4.1
	Upstream  Retaining wall
	 
	 
	 
	 

	4.1.1
	Earth work and Rock Excavation
	 
	 
	 
	 

	4.1.1.1
	Ordinary soil excavation including Cart away for a maximum of 200 meter
	m3
	103.84
	77.94
	        8,093.29 

	4.1.1.2
	 Dito to 4.1.1.1 but weathered  rock excavation
	m3
	62.3
	536.41
	      33,418.22 

	4.1.1.3
	 Dito to 4.1.1.1 but hard rock excavation
	m3
	41.54
	950
	      39,463.00 

	4.1.1.4
	Back fill and Compaction of the excavated selected material
	m3
	21.79
	90
	        1,961.10 

	4.1.2
	Masonry work 
	 
	 
	 
	 

	4.1.2.1
	Basaltic stone or equivalent masonry work
	m3
	158.24
	1715.13
	    271,402.17 

	4.1.2.2
	50 mm thick concrete bedding , C-10(1:3:6)
	m2
	80
	140
	      11,200.00 

	4.1.2.3
	20cm thick Water face and top surface Plastering(1:3)
	m2
	112
	132.08
	      14,792.96 

	4.1.2.4
	Pointing of external wall above OGL
	m2
	48
	110
	        5,280.00 

	4.1.3
	Gabion Structure
	 
	 
	 
	 

	4.1.3.1
	Earth work and Rock Excavation
	 
	 
	 
	 

	4.1.3.1.1
	Ordinary soil excavation including Cart away for a maximum of 200 meter
	m3
	1045.06
	77.94
	81451.9764

	4.1.3.1.2
	 Dito to 4.1.3..1 1but weathered  /soft rock excavation
	m3
	261.26
	536.41
	140141.9541

	4.1.4
	Local Gabion Supply and Installation
	 
	 
	 
	 

	4.1.4.1
	 Galivanized Gabion box weir  (80mm*100mm mesh) filled with angular stone  to a ratio of maximum to minimum rock size  1.5 to 2.00
	m3
	1361.22
	1,600.00
	2177952

	Summary carried to upstream protection work
	 
	 
	  2,785,156.67 

	4.2
	Downstream Retaining Wall
	 
	 
	 
	 

	4.2.1
	Earth work and Rock Excavation
	 
	 
	 
	 

	4.2.1.1
	Ordinary soil excavation including Cart away for a maximum of 200 meter
	m3
	83.07
	77.94
	        6,474.48 

	4.2.1.2
	 Dito to 4.2.1.1 but weathered  rock excavation
	m3
	83.07
	536.41
	      44,559.41 

	4.2.1.3
	 Dito to 4.2.1.1 but hard rock excavation
	m3
	41.54
	950
	      39,463.00 

	4.2.1.4
	Back fill and Compaction of the excavated selected material
	m3
	18.4
	90
	        1,656.00 

	4.2.2
	Masonry work 
	 
	 
	 
	 

	4.2.2.1
	Basaltic stone or equivalent masonry work
	m3
	92.75
	1715.13
	    159,078.31 

	4.2.2.2
	50 mm thick concrete bedding , C-10(1:3:6)
	m2
	24
	140
	        3,360.00 

	4.2.2.3
	25 cm thick Water face and top surface Plastering(1:3)
	m2
	77.1
	132.08
	      10,183.37 

	4.2.2.4
	Pointing of external wall above OGL
	m2
	9
	110
	          990.00 

	4.1.2.5
	100 mm dia UPVC pipe of 4 bar  installation packed at the gravel filter media  as per the drawing
	m
	24
	250
	        6,000.00 

	4.2.3
	Gabion Structure
	 
	 
	 
	 

	4.2.3.1
	Earth work and Rock Excavation
	 
	 
	 
	 

	4.2.3.1.1
	Ordinary soil excavation including Cart away for a maximum of 200 meter
	m3
	173
	77.94
	13483.62

	4.2.3.1.2
	 Dito to 4.2.3.1.1 but weathered  /soft rock excavation
	m3
	86.45
	536.41
	46372.4716

	4.2.3.1.3
	 Dito to 4.2.3.1.1 but hard rock excavation
	 
	28.82
	950
	27379

	4.2.4
	Local Gabion Supply and Installation
	 
	 
	 
	 

	4.2.4.1
	 Galivanized Gabion box weir  (80mm*100mm mesh) filled with angular stone  to a ratio of maximum to minimum rock size  1.5 to 2.00
	m3
	452.25
	1600
	723600

	4.2.5
	Downstream River Bed protection
	 
	 
	 
	 

	4.2.5.1
	Placing,arranging and compacting of dry angualr   basaltic or equivalent stone of diameter greater than 0.40m
	m3
	198.9
	1200
	    238,680.00 

	Summary carried to downstream protection work
	 
	 
	  1,321,279.66 

	5
	Breast wall  and operation slab for undersluice and canal outlet

	5.1
	Concrete Supply, mix,rumping, viberate and curing
	 
	 
	 
	 

	5.1.1
	C-20 concrete including oil greased plane vertical formwork
	m3
	2.87
	2666.52
	        7,652.91 

	5.2
	Mild steel Reinforcement bar supply, cutting and installing
	 
	 
	 
	 

	5.2.1
	 Reinf.  Φ12mm
	kg
	104.24
	70
	        7,296.80 

	5.3
	Steel Circular Hollow Section of 2mm thick hand rail as per the drawing
	m
	29
	450.00
	      13,050.00 

	Summary carried to  breastwall and operation slab
	 
	      27,999.71 

	6
	Gate fabrication, Supply and Installation and painting
	 

	6.1
	Under sluice gate as per the drawing
	No
	1
	20000
	      20,000.00 

	6.2
	Canal outlet gate as per the drawing
	No
	1
	20000
	      20,000.00 

	Summary carried to   Gate Supply and installation
	 
	 
	      40,000.00 

	Total Head Work Cost
	 
	 
	 
	  5,836,158.90 
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SECTION-III: IRRIGATION AND DRAINAGE SYSTEMS DESIGN


[bookmark: _Toc389924541][bookmark: _Toc440461642][bookmark: _Toc508464761]IRRIGATION AND DRAINAGE SYSTEMS DESIGN
[bookmark: _Toc389924542][bookmark: _Toc440461643][bookmark: _Toc508464762] Irrigable Area Description
[bookmark: _Toc389924543][bookmark: _Toc440461644][bookmark: _Toc508464763] Topography
[bookmark: _Toc371989522][bookmark: _Toc381007847][bookmark: _Toc390925931][bookmark: _Toc392656334][bookmark: _Toc392753046]Topography is an important factor for the planning of any irrigation project so long as it influences method of irrigation, drainage, erosion, costs of land development, mechanization, labor requirement and choice of crops. Topography is also the major limiting factor in setting the layout of an irrigation system. The topographic characteristics of the command area have been identified to be flat to almost flat (0-3.5% slope). With these slope gradients, the command area has suitability for surface irrigation. Laboratory result verified that the soil of the command area is identified mainly as clay to heavy clay soil & with PH value of 7.2 which is suited for surface irrigation. It is characterized by dominated clay soil where Sorghum and Maize crops are dominantly grown. This slope of the command area has been identified to be more suitable for surface irrigation. The command area has a thick layer of clay soil. There are 3 major gullies dissecting the command area. Out of the three gullies only the two are crossed by the main canal, and appropriate cross drainage structures are provided. The gullies are also proposed to discharge the flow cached by drainage canals.
3 [bookmark: _Toc438719001][bookmark: _Toc438719088][bookmark: _Toc438740217][bookmark: _Toc440461281][bookmark: _Toc440461482][bookmark: _Toc440461645][bookmark: _Toc445887111][bookmark: _Toc445888468][bookmark: _Toc445888554][bookmark: _Toc445955646][bookmark: _Toc445955871][bookmark: _Toc445956078][bookmark: _Toc447325792][bookmark: _Toc448129709][bookmark: _Toc486649430][bookmark: _Toc508459839][bookmark: _Toc508459922][bookmark: _Toc508460037][bookmark: _Toc508460171][bookmark: _Toc508464764]
4 [bookmark: _Toc440461646][bookmark: _Toc445887112][bookmark: _Toc445888469][bookmark: _Toc445888555][bookmark: _Toc445955647][bookmark: _Toc445955872][bookmark: _Toc445956079][bookmark: _Toc447325793][bookmark: _Toc448129710][bookmark: _Toc486649431][bookmark: _Toc508459840][bookmark: _Toc508459923][bookmark: _Toc508460038][bookmark: _Toc508460172][bookmark: _Toc508464765]
4.1 [bookmark: _Toc440461647][bookmark: _Toc445887113][bookmark: _Toc445888470][bookmark: _Toc445888556][bookmark: _Toc445955648][bookmark: _Toc445955873][bookmark: _Toc445956080][bookmark: _Toc447325794][bookmark: _Toc448129711][bookmark: _Toc486649432][bookmark: _Toc508459841][bookmark: _Toc508459924][bookmark: _Toc508460039][bookmark: _Toc508460173][bookmark: _Toc508464766]
[bookmark: _Toc440461648][bookmark: _Toc508464767]Irrigation/Farm Blocks
[bookmark: _Toc233521115][bookmark: _Toc233540550][bookmark: _Toc290227635][bookmark: _Toc334003147][bookmark: _Toc336055747][bookmark: _Toc336056538][bookmark: _Toc343845729][bookmark: _Toc380319567][bookmark: _Toc380456356][bookmark: _Toc381007848][bookmark: _Toc390925932][bookmark: _Toc392656335][bookmark: _Toc392753047]The minimum proposed size of irrigation unit is determined by fixing the manageable discharge by the local communities. Considering the farmers experience the minimum proposed size of irrigation unit is set by the capacity of field canals. Basically depending on the topography of the Ambo-Wuha command, the proposed irrigation blocks are named after the commands that can be irrigated by Tertiary canals and hence the blocks are said to be tertiary blocks. There are 1seven tertiary blocks in Ambo-Wuha irrigation project with existing system layout. There are no limitations of the command area at theis scheme except the minimum flow. The capacity and the size of each division box and designed tertiary canals are based on the size of the block. However the name of the block and the number of users in the given block shall be done during water users’ group formation.
5 [bookmark: _Toc438719003][bookmark: _Toc438719090][bookmark: _Toc438740219][bookmark: _Toc440461283][bookmark: _Toc440461484][bookmark: _Toc440461649][bookmark: _Toc445887115][bookmark: _Toc445888472][bookmark: _Toc445888558][bookmark: _Toc445955650][bookmark: _Toc445955875][bookmark: _Toc445956082][bookmark: _Toc447325796][bookmark: _Toc448129713][bookmark: _Toc486649434][bookmark: _Toc508459843][bookmark: _Toc508459926][bookmark: _Toc508460041][bookmark: _Toc508460175][bookmark: _Toc508464768]
5.1.1 [bookmark: _Toc438719004][bookmark: _Toc438719091][bookmark: _Toc438740220][bookmark: _Toc440461284][bookmark: _Toc440461485][bookmark: _Toc440461650][bookmark: _Toc445887116][bookmark: _Toc445888473][bookmark: _Toc445888559][bookmark: _Toc445955651][bookmark: _Toc445955876][bookmark: _Toc445956083][bookmark: _Toc447325797][bookmark: _Toc448129714][bookmark: _Toc486649435][bookmark: _Toc508459844][bookmark: _Toc508459927][bookmark: _Toc508460042][bookmark: _Toc508460176][bookmark: _Toc508464769]
5.1.2 [bookmark: _Toc438719005][bookmark: _Toc438719092][bookmark: _Toc438740221][bookmark: _Toc440461285][bookmark: _Toc440461486][bookmark: _Toc440461651][bookmark: _Toc445887117][bookmark: _Toc445888474][bookmark: _Toc445888560][bookmark: _Toc445955652][bookmark: _Toc445955877][bookmark: _Toc445956084][bookmark: _Toc447325798][bookmark: _Toc448129715][bookmark: _Toc486649436][bookmark: _Toc508459845][bookmark: _Toc508459928][bookmark: _Toc508460043][bookmark: _Toc508460177][bookmark: _Toc508464770]
[bookmark: _Toc440461652][bookmark: _Toc508464771]Irrigation Efficiency and irrigation duty
Since there is no well-organized irrigation community and the farmers have no further irrigation experience an average of 20hrs per day of irrigation time and 7 irrigation days per week were selected. Using this time input data and the crop-wat based maximum duty, the design duty has been calculated.
The area, which will be irrigated, can be calculated by knowing the total available water at the source and the overall duty for all crops required to be irrigated in different seasons of the years. The proposed cropping pattern of the project has showed a maximum irrigation water requirement (IWR) in the month of February for dry season and in the month of October for the first irrigation round. The maximum IWR has to be taken for the designing of the irrigation water application and the flows in the entire canal system. However, here for the convenience of the designing and operation of the project, from all the proposed crops the Maize, and Sorghum crop peak net irrigation water requirement (NIWR) has taken for the dry season (February), and wet season (September) irrigation project duty calculation, respectively. The Maize peak NIWR is 5.56mm/day in the months of February & and for Sorghum it is 3.98mm/day in the month of September.  
Based on this and the type of crops proposed for the project area, the design duty for Ambo-Wuha irrigation project has been determined as 1.29 l/s/ha for wet season (October) and 1.79 l/s/ha. For detail, please refer agronomist report. The gross command area is large enough available all downstream of the proposed irrigation project. The net irrigable land for the project is 123.3ha. 
[bookmark: _Toc381007849][bookmark: _Toc390925933][bookmark: _Toc392656336][bookmark: _Toc392753048][bookmark: _Toc440461653][bookmark: _Toc508464772]Irrigation Interval
Correct timing of application has a great importance for a given crop. The following relationship is used to determine the irrigation interval and schedules of the proposed crops in the scheme which can be clearly set in the operation and maintenance document. 
· Irrigation Interval: (I) = P x Sa x d
· Depth of Irrigation application (d)  =  P x Sa x D,    Ea= 60%
	Where Sa = Total available soil, mm/M soil depth   
		P = Fraction of available water
		ETC= maximum crop evapotranspiration per day
		Ea = Application efficiency, fraction
                        D= Root Depth
Since P, D, and ETC will vary over the growing season, the depth in mm and interval of irrigation in days will vary. Hence, if there is a need of irrigation application, the farmer may use hand touching and observation. 
The design of the Canal network system is designed based on governing factor of the water supply and crop water requirement of 1st irrigation and 2nd irrigation round.
Case-I: 1st Irrigation Round
· The duty at the 1st irrigation round (lit/s/ha) =1.29 for 20 hours duration per day and 7 days per week
· The available water at the stream is greater than 200lit/sec.
· The Proposed command area=123 ha
The required discharge, Qr=1.29*123*1.2=191 lit/sec.
Case -2: 2nd Irrigation Round/Full irrigation
· Duty for full irrigation of the same stated duration = 1.80lit/sec/ha
· Base flow of the stream=100 lit/sec after releasing 10% of the base flow and the seepage of  irrigation water is also more as the canal running parallel to the stream and there is one big stream at the immediate (8km) downstream of the scheme site.
· The net command area at the 2nd round=100/1.8=55.56 ha.
The project irrigation intensity is 
Hence, the governing design discharge for the main canal is the 1st irrigation round duty (1.29lit/sec/ha).
[bookmark: _Toc390925934][bookmark: _Toc392656337][bookmark: _Toc392753049][bookmark: _Toc440461654][bookmark: _Toc508464773]Irrigation & Drainage System Layout
3 [bookmark: _Toc440461655][bookmark: _Toc445887121][bookmark: _Toc445888478][bookmark: _Toc445888564][bookmark: _Toc445955656][bookmark: _Toc445955881][bookmark: _Toc445956088][bookmark: _Toc447325802][bookmark: _Toc448129719][bookmark: _Toc486649440][bookmark: _Toc508459849][bookmark: _Toc508459932][bookmark: _Toc508460047][bookmark: _Toc508460181][bookmark: _Toc508464774][bookmark: _Toc390925935][bookmark: _Toc392656338][bookmark: _Toc392753050]
4 [bookmark: _Toc440461656][bookmark: _Toc445887122][bookmark: _Toc445888479][bookmark: _Toc445888565][bookmark: _Toc445955657][bookmark: _Toc445955882][bookmark: _Toc445956089][bookmark: _Toc447325803][bookmark: _Toc448129720][bookmark: _Toc486649441][bookmark: _Toc508459850][bookmark: _Toc508459933][bookmark: _Toc508460048][bookmark: _Toc508460182][bookmark: _Toc508464775]
4.2 [bookmark: _Toc440461657][bookmark: _Toc445887123][bookmark: _Toc445888480][bookmark: _Toc445888566][bookmark: _Toc445955658][bookmark: _Toc445955883][bookmark: _Toc445956090][bookmark: _Toc447325804][bookmark: _Toc448129721][bookmark: _Toc486649442][bookmark: _Toc508459851][bookmark: _Toc508459934][bookmark: _Toc508460049][bookmark: _Toc508460183][bookmark: _Toc508464776]
[bookmark: _Toc440461658][bookmark: _Toc508464777]Canal layout
The irrigation scheme layout was prepared by considering the general topography of the land, the soil characteristics, minimizing crossing structure and slope of the canal. Several alternatives were considered for the conveyance and distribution system. The most promising and economical of these alternatives were recommended for more details. The irrigation system comprises four major components: the main canal, Secondary canal, tertiary canal and field canal system. 
The general layout system consists of one main canals, one Secondary canal, more than 7 tertiary canals and 4 field canals subtracting water from the main canal through pipe off taking turnouts. There will be additional field canals on the Tertiary Canals left to be constructed by the farmers where ever they are necessary. The layout system covers an irrigable command area of 70ha and the rest 53 ha requires topographic surveying at the ground and more than two tertiary canals will be required to satisfy the remaining command area.
Water is conveyed through the main canal from the diversion weir. The flow through the main canal and Secondary, canal is continuous type. And the flow through tertiary and field canals is on both continuous and rotational base. For easy distribution, division boxes and turnouts are provided at the head of secondary, tertiary and filed canals (which emerge from the main canal).
The Main canal has a length of 2128m. Secondary canals are designated as distribution system.  The Layout process of the distribution system has involved several steps and the parameters Topographical, Field slope and its uniformity and Sizes of the canals are determined based on the requirement in the field unit. 
The drainage system is provided for effective disposal of excess irrigation water and runoff from the area above the command during rainy season. Catch drains collect from the topo above the canals will be conveyed with drainage crossing structure and directly discharge into the river and natural Drainage system.
[bookmark: _Toc380319573][bookmark: _Toc381007878][bookmark: _Toc390925937][bookmark: _Toc392656340][bookmark: _Toc392753052][bookmark: _Toc440461659][bookmark: _Toc508464778]Selection of Canal Design Section
[bookmark: _Toc315012560][bookmark: _Toc315011933][bookmark: _Toc314930156][bookmark: _Toc311041341][bookmark: _Toc309292490][bookmark: _Toc271735284][bookmark: _Toc380319574][bookmark: _Toc381007879][bookmark: _Toc390925938][bookmark: _Toc392656341][bookmark: _Toc392753053][bookmark: _Toc440461660][bookmark: _Toc508464779]Main Canal
From the head work report it was described that, the canal outlet capacity is fixed considering optimum design supplemental and base flow.  Therefore Outlet capacity for the main canal is sized based on the available command area. The command area is more than 123.0ha irrigable, and the Main canal is designed with a Design stream flow of 200 lit/sec.
All of the command area is found in the left side. Geotechnical investigation of the canal route has been carried out in view of permeability, workability, seepage and instability. Accordingly, a number of traverses following the existing canal have been made to characterize the permeability nature of the soil in the area. The main canal has studied by considering index and engineering properties of the soil, like permeability, land sliding or stability, soil strength, grain size and etc.
Therefore, from permeability point of view the rouet is relatively thick heavy to light clay soil, so there is no need to line the canal for permeability, since clay is water tight by itself. All the deposits are easy to excavate; so, there is no any workability problem, however from maintenance aspect and increase the velocity to easily reach at the tail part, main canal lining is substantial.
The Main canal section is designed by using Manning’s equation for both masonry and earthen sections as shown below. 

                            Q =  
R = A/P
Where Q = Design discharge, m3/s
R = Hydraulic radius of the canal, m
A = Wetted cross sectional area of canal, m2
P = Wetted Perimeter, m
n = Manning’s roughness coefficient
S = Bed slope of the canal
 (
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)
 (
d
)
 (
D
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b
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[bookmark: _Toc440461002][bookmark: _Toc440486117][bookmark: _Toc508464839]Figure 4‑1: Lined Canal Section View
[bookmark: _Toc440461661][bookmark: _Toc508464780][bookmark: _Toc390925939][bookmark: _Toc392656342][bookmark: _Toc392753054]Hydraulic Design of Secondary Canal 
The command area consists of  SC-1 that takes water from the main canal. Secondary canal one, SC-1 supplies water to a command area of 47.11 ha with a design capacity of 75 lit/sec This canal is almost aligned across the contour which implies a need to provide drop structures where they are needed. The flow throughout the length of the canal is subcritical flow, and all permissible flow parameters are achieved. The Secondary canal section is designed by using Manning’s equation for masonry sections as shown below.

Q =
Where
		Q = Design discharge, m3/s
		R = Hydraulic radius of canal, m
		A = Wetted cross sectional area of canal, m2
		n = Manning’s roughness coefficient
		S = Bed slope of the canal

		R =  
Where
	b = Bed width of the canal, m
	d = Water depth of the canal, m
	Fb = free board of the canal, m
	P = wetted perimeter of the canal, m
[bookmark: _Toc440461662][bookmark: _Toc508464781]Tertiary Canal
There are 7 tertiary canals and their sections are proposed to be trapezoidal in shape all designed by using Manning’s equation at the existing system layout and additional two or more tertiary c anals expected at the new potential command area that irrigates about 53 ha command area. When the block of the tertiary canal block area is small, the adjust tertiary canals will be designed to irrigate rotationally otherwise each will be designed to irrigate continuously.                          

  Q = 
            Where Q = Design discharge, m3/s
R = Hydraulic radius of the canal, m
A = Wetted cross sectional area of canal, m2
P = Wetted Perimeter, m
n = Manning’s roughness coefficient
S = Bed slope of the canal
[image: ]
[bookmark: _Toc508464840]                             Figure 4‑2: Tertiary Canal Section
[bookmark: _Toc390925977][bookmark: _Toc392956507]The hydraulic Parameters for each variable are calculated by Iteration method with MS-EXL program for main canal& tertiary canals as shown in table below.
The Iteration was done and estimated using some rearrangement variables of manning equation as per, Ministry of water resources, Design guide line on Irrigation system, as follows.
A= (K+Z)*d2
P= [K+2(1+Z2)1/2]*d;
Where K=B/D and
B is bed width
D is total depth of the canal.
Z is side slope
For given K & Z from manning’s equation;
A=K1d2 & K1= (K+Z)
P=K2d & K2= [K+2(1+Z2)1/2]
And, R2/3=K3d2/3, K3= (k1/K2)2/3
Q=K4d2/3,       K4=K1*K3/n
Where; K1, K2, K3, and K4 rearrangement parameters.
Using the above formula the hydraulic parameters of the main, secondary and tertiary canals are computed by iteration using MS Excel 2software.
[bookmark: _Toc508464818]Table 4‑1: Hydraulic parameter
	Canal type
	Ch. (reach)
	Command (ha)
	QR (m3/s)
	Qd (m3/s)
	Total Depth, D (m)
	Water depth, d (m)
	Bed width (b), (m)
	Z=H/V
	slope, S
	Velocity (m/s)

	MC-1
	0+000 to 0+340
	123
	0.19
	0.20
	0.75
	0.56
	0.60
	0
	0.001
	0.59

	
	0+340 to 1+788
	112.57
	0.17
	0.18
	0.75
	0.52
	0.60
	0.0
	0.001
	0.58

	
	1+788 to 2+128
	53
	0.08
	0.10
	0.60
	0.40
	0.50
	0.0
	0.001
	0.50

	
SC-1

	0+000 to 0+244
	47.11
	0.07
	0.08
	0.40
	0.17
	0.300
	0
	0.025
	1.47

	
	0+244 to +0+507
	15.42
	0.02
	0.03
	0.40
	0.09
	0.300
	0
	0.022
	0.94



Where N=0.018 for masonry lining and 0.025 for earth canal
[bookmark: _Toc131539914][bookmark: _Toc131540390][bookmark: _Toc131541573][bookmark: _Toc380319577][bookmark: _Toc381007883][bookmark: _Toc390925942][bookmark: _Toc392656345][bookmark: _Toc392753057]
[bookmark: _Toc440461666][bookmark: _Toc508464782]Tertiary Canal
Almost all tertiary canals are running along the contour. Hydraulic design was made  for those canals shown at the system layout and the rest two extension tertiary canals design follows the same procedures.
The design steps of the tertiary canals are the same like that of the masonry canals that is using manning’s equation.
 (
BW
FSD
Fb
1.00
1.00
)
[bookmark: _Toc508464841]Figure 4‑3 : Typical Section of Tertiary Canal
[bookmark: _Toc438741478][bookmark: _Toc440461145][bookmark: _Toc508464819]Table 4‑2: Hydraulic Characteristics of the Tertiary Canal
	Hydraulic Parameters
	BRANCH TERCIARY CANAL  
 

	
	TC1-1
	TC 1-1-1
	T.C 1-1-2
	TC 1-1-3
	TC 1-1-4
	TC1-1-5
	TC 1-1-6

	Chainage
	0 +000-0+734
	0+000 - 0+341
	0+000-0+529
	0-000-0+513
	0+000-0+723
	0+000-0+338
	0+00-0+814

	Duty (l/s/ha) for 20hours
	1.55
	1.55
	1.55
	1.55
	1.55
	1.55
	1.55

	Command area
	10.41
	15.05
	15.05
	16.64
	16.64
	15.42
	15.42

	Q req (m3/sec)
	0.016
	0.023
	0.023
	0.026
	0.026
	0.024
	0.024

	B (m)
	0.30
	0.300
	0.30
	0.30
	0.30
	0.30
	0.30

	D (m)
	0.16
	0.18
	0.18
	0.19
	0.19
	0.18
	0.18

	Fb (m)
	0.240
	0.220
	0.170
	0.210
	0.180
	0.200
	0.200

	Side slope (m)
	1
	1
	1
	1
	1
	1
	1

	A=(B+mD)*D (m2)
	0.075
	0.087
	0.087
	0.094
	0.094
	0.088
	0.087

	P=B+2*D*(m+1)^.5(m)
	0.760
	0.812
	0.812
	0.842
	0.842
	0.817
	0.812

	R
	0.099
	0.107
	0.107
	0.112
	0.112
	0.108
	0.107

	N
	0.025
	0.025
	0.025
	0.025
	0.025
	0.025
	0.025

	S
	0.0010
	0.0010
	0.0010
	0.0010
	0.0010
	0.0010
	0.0010

	V d
	0.27
	0.29
	0.29
	0.29
	0.29
	0.29
	0.29

	Q des (m3/sec) 
	0.020
	0.025
	0.025
	0.028
	0.028
	0.025
	0.025

	Remarks
	 
	operates rotationally
	operates rotationally
	operates rotationally



[bookmark: _Toc390925943][bookmark: _Toc392656346][bookmark: _Toc392753058][bookmark: _Toc440461667][bookmark: _Toc508464783]Field Canals
Field canals supply water from tertiary canals through turnout structures. In addition to the proposed field canals that will be constructed by the farmers on tertiary canals, four field canals were also provided to subtract water from the main canal via turnouts. The field canals will be constructed by the farmers and remove while they plough the irrigation field. For the next irrigation, they can easily construct again. Except those field canals originate from the main canal, the rest field canals are constructed with the same sections of the respective tertiary canals hydraulic parameters.
[bookmark: _Toc390925944][bookmark: _Toc392656347][bookmark: _Toc392753059][bookmark: _Toc440461668][bookmark: _Toc508464784]Design of Drainage System
The main purpose of the drainage system in the command area is to remove the flood during rainy season and surplus irrigation water from the entire system. All the drains are natural ones. Collector drains takes from each field drains and empties to the natural waterways.  The field drains will be constructed by the farmers and drains are to be constructed with the same sections of the respective field canals. 
The main canal intercept drain design is not substantial as the upstream command area is irrigated command area and it can be easily treated by the farmers using collector drain and allowed to join within the nearby natural gully.
Tertiary drain and field drain layout is designed at the system layout and should be constructed by direct beneficiaries to make effective and efficient of tertiary canals.
[bookmark: _Toc433895401][bookmark: _Toc440461669][bookmark: _Toc508464785][bookmark: _Toc251730467][bookmark: _Toc268828228][bookmark: _Toc268829603][bookmark: _Toc268846729]Peak discharge determination for catch drain 
[bookmark: _Toc268828229][bookmark: _Toc268829604][bookmark: _Toc268846730][bookmark: _Toc433895402]	The discharge is computed in rational formula as:


Where:
		Qd = Design discharge, m3/s		
		C = Runoff coefficient
		 I = Rainfall intensity, mm/hr
		AC = Catchment area in ha
                          Cf = frequency factor
	The duration used for the determination of the design precipitation is equal to the time of concentration.
[bookmark: _Toc390925945][bookmark: _Toc392656348][bookmark: _Toc392753060][bookmark: _Toc440461672][bookmark: _Toc508464786]Irrigation Structures
[bookmark: _Toc390925946][bookmark: _Toc392656349][bookmark: _Toc392753061][bookmark: _Toc440461673][bookmark: _Toc508464787]Design of Division boxes and turnouts
The proportional division of water among receiver canal and delivery canal is effected by providing division box. There are 19 tertiary division structures to be developed from the secondary canals. Since all the Tertiary Canal division structures /division boxes are two sided boxes, design of two sided division box is shown. Turnouts are recommended for diverting flows from MCs (main canals) to FCs (field canals). The principle of designing of the division box an opening width is computed based on the rectangular notch weir formula as follow.


The proportionality of the division boxes is adjusted with the width of the outlet and   the head over the sill which can be the same on both canals. At each division boxes, control gates are provided. When the computed division box crust width is too small, for simplicity for small design flows as Ambo-Wuha, basin width of the division box is taken to be equal to the bed width of the main canal or reasonably constructible dimension.
The proportionality of outlet widths are illustrated by the following schematic representation. Based on the system alignment and the nature of topography, almost all division boxes are designed to supply for two tertiary canals, i.e. to the left and to the right.
Q=Cd.L.h3/2	


[bookmark: _Toc440461005][bookmark: _Toc440486120][bookmark: _Toc508464842]Figure 4‑4: Simple Division Box Proportioning Criteria
Where, Q= discharge over rectangular weir (opening), m3/s		
          		   	Cd= discharge coefficient, = 1.7
Q1/ Q2= Q2/ Q3 =L1/ L2 = L2/ L3	
Where Q1= is flow in canal 1		
           			Q2 = is flow in canal 2, and Q3 = is flow in canal 3		
           			L1= is effective crest length of weir sill across opening to canal 
           			L2= is effective crest length of weir sill across opening to canal 
           			L3 = is effective crest length of weir sill across opening to canal 
           			Q1= CL1 (h) 3/2		
          			L1 = Q1/Ch 3/2, L2 = L1*Q2/ Q1, L3 = L1*Q3/ Q1		
The depth of (height of) the division box, D= h+fb, where h= depth of flow (water depth) of the incoming canal and; D is total canal depth of the incoming canal. Using the above general relations and making some mathematical manipulations with rearrangements the hydraulic characteristics of the turnouts are determined as shown below in the table. 
[bookmark: _Toc508464820][bookmark: _Toc438741483][bookmark: _Toc440461150]Table 4‑3: Hydraulic characteristics of the Division boxes 
	Dividing  canal
	Chainage
	Q (l/s)
	Q1(l/S)
	Q2 (l/sec)
	Bo (m)
	FSD (m)
	FB (m)
	Do (m)
	L1(m)
	L2(m)
	Lb   (m)
	D1 (m)
	B1 (m)
	D2 (m)
	B2 (m)
	Ldp     (m)
	CBL1

	MC -1 & TC1-1
	0+340

	200
	180.
	20
	0.60
	0.56
	0.19
	0.75
	0.60
	0.30
	1.20
	0.75
	0.60
	0.40
	0.3
	1.35
	1615.673

	MC -1 & SC 1
	1+788
	180
	80
	90
	0.6
	52
	0.23
	0.75
	0.40
	0.30
	0.80
	0.60
	0.50
	0.40
	0.30
	0.00
	1614.225

	SC-1 & TC 1-1—1 &2
	0+002
	80.
	55
	25
	0.3
	0.17
	0.23
	0.40
	0.40
	0.30
	1.10
	0.40
	0.30
	0.40
	0.30
	1.00
	1614.175

	SC-1 & TC 1-1—3&4
	0+244
	55
	28
	27
	0.3
	0.17
	0.23
	0.40
	0.40
	0.30
	1.10
	0.40
	0.30
	0.40
	0.30
	1.00
	1608.125

	SC-1 & TC 1-1—5 &6
	0+507
	27
	27
	0.0
	0.3
	0.09
	0.31
	0.40
	0.30
	0.30
	0.80
	0.40
	0.30
	0.40
	0.30
	1.00
	1602.602



Note: All tertiary canals branched at the same location from SC-1 operates rotationally.
Off takes from Main Canal-1 designed using orifice formula. There are four off takes that operate rotational according to the command area extent under each field canal.
…………………. .(**)  as the variables defined under the previous section
	Parent canal
	Q (l/s)
	Q2 (l/S)
	Q1 (l/sec)
	B    (m)
	FSD (m)
	FB (m)
	D (m)
	Dia. (m)
	L2 (m)
	L.UPVC pipe (m)
	Lup. (m)
	Ldp. (m)
	FC. No.
	Remark

	MC-1
	180
	20
	180
	0.6
	0.52
	0.23
	0.75
	0.13
	0.33
	1
	0
	1.35
	4
	Off takes from FC1-1 to 4  operates rotational


[image: ]
[bookmark: _Toc309396807][bookmark: _Toc389838834][bookmark: _Toc390926041][bookmark: _Toc392956534][bookmark: _Toc440461006][bookmark: _Toc440486121][bookmark: _Toc508464843]Figure 4‑5: typical division box for double branched canals
[bookmark: _Toc390925947][bookmark: _Toc392656350][bookmark: _Toc392753062][bookmark: _Toc440461674][bookmark: _Toc508464788]Design of Field Canal Turnouts	
Turnouts are designed with rectangular notch weir formula with the same principle as that of the division boxes.  Field canals on the same tertiary block will receive the full design discharge of the tertiary canal for irrigation hours proportional to their hectare as possible as to manage effectively and efficiently. Based on this principle, the design discharge for field canals may not be greater than 30 lit/sec from operation and management point of view. Those tertiary canals with design capacity greater than 30 lit/sec shall be applied for two field canals simultaneously from operation and management consideration. As shown below, the design discharge capacity of all tertiary canals for existing layout is less than 30 lit/sec.
The location of the field canal layout is located on the base map. Turnouts are provided at the ridge of the field unit to irrigate on both sides of the field as far as possible. If there is any problem during construction to fit this position, it is possible to shift either to the right or to the left, which is suitable.  The spacing of the turnout point is varied because of the actual ground site condition as there is no land leveling.
During actual operation of the scheme, the operation of the field canal shown at the remark shall be properly applied.
Hydraulic Parameter of Turn outs
Q= Discharge of the Incoming Tertiary Canal
Q1=Discharge of the outgoing tertiary canal
Q2= Discharge passing through field canal
L= Width of Turn out box 
FSD= Full Supply Depth (m)
FB= Free Board (m)
Lb= Length of turnout Basin
D= Depth of Supply of Tertiary Canal + Free Board
B= Width of the incoming tertiary canal
Lup= U/S protection length
Ldp= D/s protection length
[bookmark: _Toc508464821]Table 4‑4 : Hydraulic Parameters for turnout branched from TCs
	Hydraulic parameters for turnouts

	Parent canal
	Q (l/s)
	Q2 (l/S)
	Q1 (l/s)
	B      (m)
	FSD (m)
	FB     (m)
	D (m)
	L1 (m)
	L2    (m)
	Lb   (m)
	Lup     ( m)
	Ldp       (m)
	Remark

	T.C1-1
	20
	20
	20
	0.3
	0.16
	0.24
	0.40
	0.4
	0.4
	0.80
	1.00
	1.40
	FCs operates rotational

	TC 1-1-1
	25
	25
	25
	0.3
	0.18
	0.22
	0.40
	0.4
	0.4
	0.80
	1.00
	1.40
	Two tertiary canals and Fcs within each TCs operates rotationally

	TC 1-1-2
	25
	25
	25
	0.3
	0.18
	0.22
	0.40
	0.4
	0.4
	0.80
	1.00
	1.40
	

	TC 1-1-3
	28
	28
	28
	0.3
	0.19
	0.21
	0.40
	0.4
	0.4
	0.80
	1.00
	1.40
	Two tertiary canals and Fcs within each TCs operates rotationally

	TC 1-1-4
	28
	28
	28
	0.3
	0.19
	0.21
	0.40
	0.4
	0.4
	0.80
	1.00
	1.40
	

	TC 1-1-5
	25
	25
	25
	0.3
	0.18
	0.22
	0.40
	0.4
	0.4
	0.80
	1.00
	1.40
	Two tertiary canals and Fcs within each TCs operates rotationally

	TC 1-1-6
	25
	25
	25
	0.3
	0.18
	0.22
	0.40
	0.4
	0.4
	0.80
	1.00
	1.40
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 


[bookmark: _Toc390926043][bookmark: _Toc392956536][bookmark: _Toc389838836][bookmark: _Toc440461008][bookmark: _Toc440486123]  	
[bookmark: _Toc390925949][bookmark: _Toc392656352][bookmark: _Toc392753064][bookmark: _Toc440461676][bookmark: _Toc508464789]Cross Drainage
There are two significant gullies having width shown at the drawings. Considering durability, structural and hydraulic safety, two gully crossing structures with RCC flume are provided. Sample drawings are shown below. All the structures are checked against strength and stability with excel and SAP 2000 analysis. Each abutment and retaining wall has a lean concrete of C-15 of thickness as provided on the working drawings, at the bed of the walls. 
[bookmark: _Toc380319663][bookmark: _Toc381007925][bookmark: _Toc390926044][bookmark: _Toc392956537][image: ]
[bookmark: _Toc440461009][bookmark: _Toc440486124][bookmark: _Toc508464844]Figure 4‑6: Typical Gully Crossing Plan
[bookmark: _Toc390925950][bookmark: _Toc392656353][bookmark: _Toc392753065][bookmark: _Toc440461677][bookmark: _Toc508464790]Design of Road Crossing Structures
Six road crossing structures, or footpaths are provided to cross the main canal safely. Even though the command area is far from the resident’s village, road crossing foot paths are provided to avoid the risk of canal demolishment by cattle during random crossing. The foot bridges are a concrete slab covered masonry boxes with stone pitched transition on earthen canals.
[bookmark: _Toc390925953][bookmark: _Toc392656356][bookmark: _Toc392753068][bookmark: _Toc440461678][bookmark: _Toc508464791]Bill of Quantity and Cost Estimation
[bookmark: _Toc390925985][bookmark: _Toc392956515]In this basic topic three major tasks have been conducted. The first and the most important is the preparation of quantity take off sheet. The 2nd part is summarizing the take-off sheet and preparing the Bill of quantities for each work items. 3rd activity then was estimating a unit rate specific to the project area.  Finally the engineering cost estimate for the infrastructure has been computed and summed up for procurement specification. Take off sheet will be annexed or given in softcopy.
[bookmark: _Toc438741486][bookmark: _Toc440461153][bookmark: _Toc508464822]Table 4‑5: Bill No. 3- Engineering cost estimation for Infrastructure
	[bookmark: RANGE!A1]Bill No. 3- : Bill of Quantity For Irrigation System
	 
	 

	Sr.Nr
	Item of work
	Unit
	Quantity
	Unit rate
	Amount

	1
	Main Canal (M.C-1)
	 
	 
	 
	 

	1.1
	Earth work & Rock Excavation
	 
	 
	 
	 

	1.1.1
	Ordinary soil Excavation including clearing and grubbing and cart away to a maximumum of 200 m distant 
	m3
	3825.80
	77.94
	 298,182.85 

	1.1.2
	Weathered rock Excavation and Cart away to a maximum of 200 m distant
	m3
	109.8
	536.41
	   58,919.05 

	1.1.3
	 Ditto to item No.1.1.2 but hard Rock excavation
	 
	73.2
	950
	   69,578.00 

	1.1.4
	Fill and compacting of selected materials at the side of the canal wall  with one layer thickness of 200mm and one layer at the bed of the masonry foundation when it is aligned at the heavy  clay soil texture
	m3
	1073.5
	90
	   96,614.41 

	Subtotal-1
	 
	 
	 
	     523,294.32 

	1.2
	Masonry Work
	 
	 
	 
	 

	1.2.1
	Basaltic stone or equivalent masonry work (ratio 1:3)
	m3
	2129.76
	1715.13
	  3,652,815.27 

	1.2.2
	25 mm thick Plastering of  top and water exposed surface (ratio 1:2)
	m2
	6069.200
	132.08
	 801,619.94 

	1.2.3
	Pointing of external masonry face (ratio 1:2)
	m2
	553.570
	110
	   60,892.70 

	Subtotal-2
	  4,515,327.90 

	Total amount for main canal (MC-1)
	  5,038,622.22 

	1.3
	Flume Structure (two in quantity)
	 
	 
	 
	 

	1.3.1
	Abutment
	 
	 
	 
	 

	1.3.1.1
	Ordinary soil excavation
	m3
	117.4
	77.94
	9,150.16

	1.3.1.2
	Selected backfill
	m3
	48.6
	90
	4,374.00

	1.3.1.3
	Dressed stone masonry with 30% mortar (1:3 mortar)
	m3
	47.25
	1715.13
	81,039.89

	1.3.1.4
	25 mm thick Plastering of  top and water exposed surface (ratio 1:2)
	m2
	47.7
	132.08
	6,300.22

	1.3.1.5
	Pointing non water face side of abutment (1:2 mortar) above OGL
	m3
	36
	110
	3,960.00

	1.3.1.6
	C-10 mass concrete (1:2:4)
	m3
	9
	2,500.00
	22,500.00

	1.3.2
	Pilar Wall
	 
	 
	 
	0.00

	1.3.2.1
	Ordinary soil excavation
	m3
	13.69
	77.94
	1,067.00

	1.3.2.2
	Selected backfill
	m3
	6.08
	90
	547.20

	1.3.2.3
	Class C-20 Concrete including plane vertical form work
	m3
	5.1
	2666.52
	13,599.25

	1.3.2.4
	Reinforcement bar  Diameter 12 mm supply, cutting and installing
	Kg
	176.43
	70.00
	12,350.10

	1.3.2.5
	Reinforcement bar  Diameter 6 mm supply, cutting and installing
	kg
	20.38
	70.00
	1,426.60

	1.3.3
	Flume Canal Section
	 
	 
	 
	0.00

	1.3.3.1
	Class C-20 Concrete including plane vertical form work
	m3
	62.25
	2666.52
	165,990.87

	1.3.3.2
	Reinforcement bar  Diameter 12 mm supply, cutting and installing
	kg
	443.61
	70
	31,052.70

	Total amount fort flume structure
	 
	 
	 
	353,357.99

	1.3.4
	Operation Slab for Escape structure Combined at Flume (2 in quantity)
	 
	 
	 
	 

	1.3.4.1
	Class C-20 Concrete including plane vertical form work
	m3
	1.05
	2666.52
	2,799.85

	1.3.4.2
	Reinforcement bar  Diameter 12 mm supply, cutting and installing
	Kg
	59.66
	70
	4,176.20

	1.3.4.3
	Dry Stone pitching at downstream section
	m3
	59.76
	1200
	71,712.00

	1.3.4.4
	Gate fabrication, supply and installation as per the drawing
	No
	6
	5000
	30,000.00

	Total amount for escape structures combined at the flume section
	108,688.05

	1.3.5
	Division box
	 
	 
	 
	 

	1.3.5.1
	Ordinary Soil Excavation
	m3
	9.6
	77.94
	748.22

	1.3.5.2
	Selected material bedding and compaction
	m3
	3.2
	90
	288.00

	1.3.5.3
	5cm thick Supply and cast of C-10 concrete bedding after compacting of the selected materials
	m2
	5.29
	140
	740.60

	1.3.5.4
	Basaltic or equivalent stone masonry well bedded in cement sand mortar of 1:3 mix ratio .
	m3
	6.72
	1715.13
	11,525.67

	1.3.5.5
	25 cm thick Internal and water face plastering for the masonry wall
	m2
	9.32
	132.08
	1,230.99

	1.3.5.6
	Gate fabriication, supply and installation as per the drawing
	No
	4
	5000
	20,000.00

	Total amount for division box structure
	 
	 
	34,533.48

	1.3.6
	Offtake from MC-1
	 
	 
	 
	 

	1.3.6.1
	Ordinary soil excavation
	m3
	3.64
	77.94
	283.70

	1.3.6.2
	Selected material back fill and compacted under and over the the uPVC pipe 
	m3
	1.6
	90
	144.00

	1.3.6.3
	UPVC pipe of diameter 140mm of 4 bar
	m
	5
	250
	1,250.00

	1.3.6.4
	Cemented Stone Pitching
	m3
	4.73
	1200
	5,681.78

	1.3.6.5
	Offtake gate fibrecation, Supply and installation as per the drawing
	No
	8
	5000
	40,000.00

	Total amount for off take  structures from Main Canal
	47,359.48

	2
	SECONDARY CANAL-1
	 
	 
	 
	 

	2.1
	Earth work & Rock Excavation
	 
	 
	 
	 

	2.1.1
	Ordinary soil excavation
	m3
	281.31
	77.94
	21,925.30

	2.1.2
	Excavated backfill
	m3
	44.03
	90
	3,962.70

	2.2
	Masonry Work
	 
	 
	 
	0.00

	2.2.1
	Basaltic stone or equivalent masonry work (ratio 1:3)
	m3
	329.55
	1715.13
	565,221.09

	2.2.2
	25 mm thick Plastering of  top and water exposed surface (ratio 1:2)
	m2
	963.3
	132.08
	127,232.66

	2.2.3
	Pointing of external masonry face (ratio 1:2)
	 
	92.97
	110
	10,226.70

	Total amount for  Secondary Canal(SC-1)
	     728,568.46 

	2.3
	Division Box Gates
	 
	 
	 
	 

	2.3.1
	Ordinary Soil Excavation
	m3
	8.4
	77.94
	654.696

	2.3.2
	Selected material bedding and compaction
	m3
	4.8
	90
	432

	2.3.3
	5cm thick Supply and cast of C-10 concrete bedding after compacting of the selected materials
	m2
	3.86
	140
	540.4

	2.3.4
	Basaltic or equivalent stone masonry well bedded in cement sand mortar of 1:3 mix ratio .
	m3
	8.29
	1715.13
	14218.4277

	2.3.5
	25 cm thick Internal and water face plastering for the masonry wall
	m2
	11.1
	132.08
	1466.088

	2.3.6
	Gate fabriication, supply and installation as per the drawing
	No
	9
	5000
	45000

	Total amount at  Secondary Canal(SC-1) division box
	 62,311.61 

	3
	TERTIARY CANALS (9 nine quantity)
	 
	 
	 
	 

	3.1
	Earth Work and Excavations
	 
	 
	 
	 

	3.1.1
	Ordinary soil excavation  including cartaway
	m3
	679.54
	77.94
	52,963.35

	3.1.2
	Fill and compacting of red brown  clay soil to a maximum loos height of 200mm as one layer
	m3
	1979.03
	90
	178,112.70

	3.1.3
	Gate fabriication, supply and installation as per the drawing 
	No
	60
	5000
	300,000.00

	TOTAL
	 
	 
	 
	 
	531,076.05

	4
	Foot Bridge (4 in NO)
	 
	 
	 
	 

	4.1
	Ordinary soil excavation
	m3
	6.67
	77.94
	519.86

	4.2
	Selected fill & compaction
	m3
	0.2
	90
	18.00

	4.3
	Dry Stone pitching
	m3
	2.5
	1,200.00
	3,000.00

	4.4
	Dressed Masonry 1:3
	m3
	13.21
	1715.13
	22,656.87

	4.5
	C-20 structural concrete (1:2:3)
	m3
	2.9
	2666.52
	7,732.91

	4.6
	C-10 leveling concrete (1:3:6)
	m3
	1.2
	2,500.00
	3,000.00

	4.7
	Reinforcement bar  Diameter 12 mm supply, cutting and installing
	kg
	120
	70
	8,400.00

	4.8
	Plastering 1:3 ratio
	m2
	22.31
	132.08
	2,946.70

	Total
	 
	 
	 
	 
	48,274.34

	INFRASTRUCTURE GRAND TOTAL COST
	 
	 
	6,952,791.67

	 
	 
	 
	 
	 
	 





[bookmark: _Toc334905354][bookmark: _Toc336123576][bookmark: _Toc342036731][bookmark: _Toc390925956][bookmark: _Toc392656359][bookmark: _Toc392753071][bookmark: _Toc440461679][bookmark: _Toc508464792]OPERATION AND MAINTENANCE
[bookmark: _Toc334905355][bookmark: _Toc336123577][bookmark: _Toc342036732][bookmark: _Toc390925957][bookmark: _Toc392656360][bookmark: _Toc392753072][bookmark: _Toc440461680][bookmark: _Toc508464793]General
[bookmark: _Toc309292503][bookmark: _Toc309293475][bookmark: _Toc334905356][bookmark: _Toc334905660][bookmark: _Toc335681967][bookmark: _Toc336123578][bookmark: _Toc309292504][bookmark: _Toc309293476][bookmark: _Toc334905357][bookmark: _Toc334905661][bookmark: _Toc335681968][bookmark: _Toc309292505][bookmark: _Toc309293477][bookmark: _Toc334905358][bookmark: _Toc334905662][bookmark: _Toc335681969][bookmark: _Toc309292506][bookmark: _Toc309293478][bookmark: _Toc334905359][bookmark: _Toc334905663][bookmark: _Toc335681970]The main objective of the operation and maintenance aspect of an irrigation scheme is to facilitate the timely delivery of the required irrigation water to farms and to keep the irrigation system in an optimum operating condition. This section therefore discusses the main functions of the subject matter under consideration for the scheme.
[bookmark: _Toc334905360][bookmark: _Toc336123579][bookmark: _Toc342036733][bookmark: _Toc390925958][bookmark: _Toc392656361][bookmark: _Toc392753073][bookmark: _Toc440461681][bookmark: _Toc508464794]Irrigation system operation
[bookmark: _Toc309292508][bookmark: _Toc309293480][bookmark: _Toc334905361][bookmark: _Toc334905665][bookmark: _Toc335681972][bookmark: _Toc336123580][bookmark: _Toc309292509][bookmark: _Toc309293481][bookmark: _Toc334905362][bookmark: _Toc334905666][bookmark: _Toc335681973][bookmark: _Toc309292510][bookmark: _Toc309293482][bookmark: _Toc334905363][bookmark: _Toc334905667][bookmark: _Toc335681974]The operation of the irrigation system depends mainly on the method of water delivery at farm level. Surface irrigation method is the recommended type of water distribution and application Method for Ambo-Wuha Small Scale irrigation project.
The farmers organize themselves and form groups (water user association-WUA) in order to handle the water management. The water distribution according to the design consideration or modified option would be applied within the group.  The rotational distribution is  applied of the required amount of water  to distribute  it by turn to the whole scheme according to the timely need of crop water requirement. 
For better and efficient water management, crop diversification should be avoided within the cluster irrigated area.  This would reduce the complexity of water distribution system of the scheme during one irrigation season. At farmers’ level of operation, a constant flow and variable irrigation time is advisable. 
[bookmark: _Toc508464795]Method of Operation
[bookmark: _Toc342036734][bookmark: _Toc390925959][bookmark: _Toc392656362][bookmark: _Toc392753074][bookmark: _Toc440461682]In the peak irrigation period as well as at the end of rainy season, traditional irrigation was going hardly because of lack of efficiency to abstract water from the stream and making of regular maintenance. However, the newly constructed diversion and conveyance have been designed upgrading the traditional diversion and conveyance system into a sustainable permanent structure that can safely transfer a maximum discharge of more than 250 lit/sec in both outlets. The whole system has the following components.
DIVERSTION SYSTEM, INCLUDES 
· The diversion structures , they include:
· Under sluice  and off take gates
· Under sluice approach guide 
· Steel Gates 
THE IRRIGATION SYSTEM INCLUDES
· Improving  Irrigable land extent and degradation
· Canal system
· Canal structures

[bookmark: _Toc508464796]Diversion System
[bookmark: _Toc508464797] Diversion Structures
Under Sluice and Canal outlet Gates 
The head works are designed to raise the head of water to the command area and to control overflow of the flood. High floods water entering are not allowed in to the irrigation system. Thus steel gates at the head of regulator are provided to serve this purpose. The gates are made of sheet metal having  indicated at the working drawing and vertically operated at the platform constructed on the top of the  under sluices and off take gates wall.     
In the rainfall seasons, not all the rainfalls are expected to produce peak floods. The farmers need to identify the peak flood period and remove the under sluice and close the canal outlet gates. The opening and closing schedules and operations have to be done by the farmers and the canal keeper assigned by irrigation water management committee. There should be customization to close the gate at the head regulator during non- irrigation time as well as sudden rainy period and the reverse are true for under sluice gate.
Under Sluice Approach Guide 
The under sluice gates and approach water way expected to be silted up in the main rain fall season. A temporary guide canal and removing deposited at the under sluice gates requires that have to be done by the farmers every after the high silt transporting floods are over. This meant, simply to guides the wet season flow towards the canal outlet gates. Divide wall has been adopted for the proper flow of water through the approach canal.
[bookmark: _Toc508464798]Irrigation System

The irrigation systems in the command area of  Ambowuha Diversion Weir SSIP have the following major components used in the water distribution system of the projects.
Irrigable Land
According to visual observation and laboratory result, the dominant soils of the command area are clay soil with moderately to deep soil thickness. Most part of command areas have slope 2-6% that are permissible to surface irrigation methods and properly connected to the existing drains network. There are needs to facilitate the farmers to prepare appropriate irrigation methods. Assistance from stakeholders and community developers will almost certainly be required to help farmers deal with the issues.

There are severe sheet erosion problems in the whole part of the command areas in the scheme. The runoff from surrounding hill catchment passes crossing the lands should be continued to protect soil erosion of the command area. This runoff will be increased due to the existing irrigation system as the two projects run parallel.
he existing upstream irrigated command area running parallel to this project should be applied within friendship approach at the new system with respect to excess irrigation run off and excess flow runoff to the irrigation scheme. The irrigation water user association should be organized including the existing irrigation schemes. 
As the result of irrigation scheme development, drainage networks are incorporated. At the internal command area and escape structures are associated at the main canal to easily maintained and remove the excess run off from the upstream watershed and irrigated command area. These drainage networks shall facilitate to collect runoff from the cultivated land using field drain to tertiary drains. The outfall of the entire drain network shall be properly considered during operation session to dissipate energy.
[bookmark: _Toc508464823]Table 5‑1 : Irrigable block command area under each canal type
	Parent canal
	Canal type
	Field canal

	
	
	Canal Name
	Command area (ha)

	MC1
	 
	Field Canal
	FC1-1
	0.5

	
	
	
	FC1-2
	0.88

	
	
	
	FC1-3
	0.76

	
	
	
	FC1-4
	10.43

	
	
	
	 
	 

	
	
	
	 
	 

	
	
	
	Sub Total
	12.57

	 
	TC-1
	Field Canal
	FC1-1-1
	0.63

	
	
	
	FC1-1-2
	1.13

	
	
	
	FC1-1-3
	0.92

	
	
	
	FC1-1-4
	4.24

	
	
	
	FC1-1-5
	3.49

	
	
	
	Sub Total
	10.41

	
	SC-1
	TC-1-1-1
	FC 1-1-1-1
	2.03

	
	
	
	FC 1-1-1-2
	2.61

	
	
	
	FC 1-1-1-3
	3.15

	
	
	
	Sub Total
	7.79

	
	
	
	 
	 

	
	
	TC 1-1-2
	FC 1-1-2-1
	3.27

	
	
	
	FC 1-1-2-2
	3.99

	
	
	
	Sub Total
	7.26

	
	
	 
	 
	 

	
	
	TC 1-1-3
	FC 1-1-3-1
	4.69

	
	
	
	FC 1-1-3-2
	3.35

	
	
	
	FC 1-1-3-3
	1.68

	
	
	
	Sub Total
	9.72

	
	
	
	 
	 

	
	
	TC 1-1-4
	FC 1-1-4-1
	1.68

	
	
	
	FC 1-1-4-2
	1.64

	
	
	
	FC 1-1-4-3
	3.6

	
	
	
	Sub Total
	6.92

	
	
	
	 
	 

	
	
	TC 1-1-5
	FC 1-1-5-1
	3.12

	
	
	
	FC 1-1-5-2
	3.21

	
	
	
	Sub Total
	6.33

	
	
	 
	 
	 

	
	
	TC 1-1-6
	Fc 1-1-1-6-1
	3.69

	
	
	
	Fc 1-1-1-6-2
	5.4

	
	
	
	Sub Total
	9.09

	
	
	 
	 
	 

	
	 

	 
	Total Command area for SC-1
	47.11

	Total Command area for MC-1 to existing layout
	70.09



Note: The main canal is designed to irrigate about 123.00 ha net command area as there is sufficient potential command area and stream flow for first irrigation round. Finally, the main canal divided into to two tertiary canals in which the tertiary canals can easily be constructed by local farmers. The remaining expected command area is around 53.00 ha which is not surveyed and it is expected to be surveyed either parallel to construction or before construction session.
Canal System
These are canal structures used to convey irrigation water from the source (headwork) to the command area. The canal systems in the command area of Ambo Wuha SSIP are dominantly designed to have operational driving heads.  The existing irrigation systems consist of one main canal running from the headwork to the command area. The main canal is almost running at the head of command area. From the main canal, tertiary canal, Field canals  as well as secondary canal is branched and controlled by the gate. The field canals are running across the contour. In order to arrive at a suitable operational guidance, the following operational categories are considered.
· Priming of irrigation canals
· Embankment protection
· Emergency rejection spill ways
· Capacity of irrigation canals and their operation
· Field canals and turn outs
· Irrigation methods (surface irrigation methods) 

Priming of Irrigation Canals
It is always necessary to prim field irrigation canals to run at its fully capacity. Priming is sought necessary if the canal is a newly constructed canal or if the canal has not been operational for a prolonged period of time, during which course it has lost considerable amount of its moisture or priming will be necessary during every new season as the farming interval may be.

Priming is the stage-by-stage wetting of irrigation canals, which helps to saturate the body of the canal gradually so that sudden saturation, which could result in negative pour pressure within the pore space of the soil mass, is avoided. This negative pressure could resulted in the total embankment collapse or could affect subsidence and after that sliding of portion of the canal embankment.  
Experience has shown that operating the new canal with its 25 % capacity could be a good starting. Depending on the nature of the soil, this discharge is to be run for some time. For the present area, a first stage priming time of 6 hours is recommended. There after the discharge may be increased to its 50% amount gradually and then this discharge is allowed to run for about 6 hours. Consequently, the discharge is increased gradually until the full supply discharge is passed through the canal.
Embankment Protection
Most farmers are experienced cultivate their land up to canals embankments and consider as the part of their farmlands. Due to this cultivation, the canals may expose to seepage and this may causes of water logging. The embankments are required special care to protect for damage and exposed to damage.  Hence, the embankments are recommended to have at least one meter width and to be serving as means to access the farmland and for operation activities.
Emergency Rejection Spillways
During the course of irrigation, it may sometimes be necessary to reject all or some of the water flowing through main and field canals. The reasons for rejection are: 
a) Requesting more water than required at any required interval of time
b) Delaying the opening of field canals turnout gates
c) Not informing gate operators when flow rates should be reduced etc

Capacity of Irrigation Canals and Their Operation
For proper irrigation water management, it is highly advisable to run any canal at its design capacity. In this irrigation system, field canals are provided which convey water to field. It is proposed to irrigate irrigators at the same time in  most tertiary block. The irrigation capacity of the canal system is  designed using maximum crop water demand. For this scheme, the irrigation capacities and operation of each canal are shown below. To convey more than the capacity of the canals and to serve more than the specified amount of field canals may result in breaching of the canal and inefficient water application respectively. 
[bookmark: _Toc508464824][bookmark: _Toc504332976]Table 5‑2 : Canals Capacity and Tertiary units command area sizes
	Parent canal
	Discharge capacity (lit/sec)
	FC . Number
	Operational Design Schedule

	MC-1
	200
	 
	Operates 20 hours per day and seven days per week at maximum crop water session

	T.C1-1
	20
	5
	FCs within the TC operates rotationally according to the block command area extent and cropping type.

	off takes From MC=1
	20
	4
	FCs branched from MC-1 operates rotationally according to the block command area extent and cropping type using UPVC pipe off take

	SC-1
	80
	 
	Operates 20 hours per day and seven days per week at maximum crop water session

	TC 1-1-1
	25
	3
	Tertiary canal  operates rotational and each field canal from each TC works  rotational

	TC 1-1-2
	25
	2
	

	TC 1-1-3
	28
	3
	Tertiary canal  operates rotational and each field canal from each TC works  rotational

	TC 1-1-4
	28
	3
	

	TC 1-1-5
	25
	 
	Tertiary canal  operates rotational and each field canal from each TC works  rotational

	TC 1-1-6
	25
	 
	



[bookmark: _Toc508464799]Maintenance
The maintenance tasks are categorized into two types: - routine activities, and repairs. The routine maintenance activities that are carried out periodically include:-
· Regular cleaning of sediments and weeds from canals, and drains;
· Inspection and lubrication of gates; and
· Maintenance of cracked lined canals, regulating and control structures.
Repair works include task carried out more frequently and quickly, and include those task that are generally unpredictable.  They also include emergency works.  The activities included in this category are:-
· Repairing overtopped or breached canals, drains, and flood protection dykes:
· Repairing jammed gates:
[bookmark: _Toc251503778]Regular inspection of the irrigation facilities should be carried out as part of the maintenance activities. These tasks could be carried out immediately after the end of the main rains in September and during the rainy season.  This could concentrate on the interceptor drains and the flood protection works, the main canal and the catch drains.  The inspection of the other works like the tertiary canals, and the water control and regulating structures could be carried out as part of routine operation activities.

[bookmark: _Toc440461683][bookmark: _Toc508464800][bookmark: _Toc390925960][bookmark: _Toc392656363][bookmark: _Toc392753075]CONCLUSIONS AND RECOMMENDATIONS
[bookmark: _Toc508464801]6.1 Conclusions 

The infrastructure of this project is designed to irrigate about 123.00 ha in wet season and 55.56ha in dry season (155% irrigation intensity) of land by taking its supply from Ambo-Wuha stream diversion. The maximum duty of the command area is 1.8 lit/sec/ha for 20 irrigation hr. As the dominant soil type through which the main canal runs is clay, however the main canal is designed to be masonry canal in order to reduce the irrigation maintenance frequency and to increase the velocity of water at the tail part.
Manning’s uniform flow equation was applied to design irrigation canals. The variable of the hydraulic parameters are calculated using iteration. 
Excavation of tertiary canals and compaction and fill work is considered and cost estimation is accounted and the actual construction of these canals can be hand over by direct beneficiaries.
The cost of operation and maintenance is going to be covered by the beneficiaries. The grand total cost of the whole irrigation scheme and its cost per hectare are estimated to be 15,604,628.22 ETB & 126,866.90 ETB respectively.


[bookmark: _Toc440461684][bookmark: _Toc508464802]Recommendations
The following recommendations are drown:
1. Turnouts are located on the layout, which shall be modified during actual work.
2. For better performance regular inspection and maintenance is highly required.
3. Farmers training how to operate and maintain the project as a whole and available land water resource has a paramount important.
4. The irrigation hours per day and per week should be flexible based on base flow amount of each week or month. 
5. During dry season the irrigated command area should be operated rotationally annually. 
6. As soils of the command area are predominantly clay textured; and hence water and soil management measures should be undertaken; and optimum moisture content should be maintained to improve workability of the soil during land preparation and planting time.
[bookmark: _Toc390925961][bookmark: _Toc392656364][bookmark: _Toc392753076]
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