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ACRONYMS

FC     


Field Canal

HFL  


High Flood Level

MC   


Main Canal 

OGL 


Original Ground Level

PA    

 
Peasant Association
Q      


Discharge 

q     

 
Discharge per meter length

RL    

 
Reduced level

SC    

 
Secondary Canal

TC   

  
Tertiary Canal

TDS  

 
Total soluble salts 

TWL 


Tail Water Level 

UCS  


Unconfined Compressive Strength 

WLA  

 
Water Level at Point A

EXECUTIVE SUMMARY
Meti Small-Scale Irrigation Project is located in Oromia National Regional State, Kelem Wellega Zone and Sayo District. The headwork site is located at X-Y coordinates of 700584m-East and 949228m-North. The project can be accessed along the asphalt road that runs from Addis Ababa to Denbi Dolo towns. The project is about 655km from Addis Ababa and just 9km from the woreda and Zone Capita Denbi Dolo. From the indicated 9km, 6km is asphalt road and the rest 3km is URRAP constructed road. During project construction, it needs only 1km new access road.

Objective of the feasibility study is to bring the proposed area under irrigation based agricultural development to achieve the goal of food security by increasing agricultural production and productivity in the area. The development of this project will transform the prevailing subsistence production system to high value and market oriented production system. The project will also improve livelihood of the project beneficiaries and create job opportunity for several people living in and around the project area. 

Source of water for this irrigation project is Meti River, which has perennial flow. Minimum flow of the river is 520 l/s in February 2018 and maximum flow of the river is about 2290 l/sec in July.  Based on the given water duty of 1.10 lit/sec/ha and 2.20 l/s/ha for 24 hours and 12 hours of irrigation and identified irrigable area from surveyed, it will be possible to irrigate about 107 hectares of land during dry season. Right and left canal each can irrigate 74 and 33 hectares of land respectively.
The total catchment area of the watershed contributing surface flow to the project river (at weir site) is 139.30km2. The peak design flood used to design the diversion weir is 164.20m3/s, which is maximum flood expected once in 50 years of return period.

The major engineering design components of the project are diversion weir with appurtenant structures, camp (residence, office, cafeteria, store, toilet, & shower), 2 flumes, division box, turn out, foot slab bridge, system layout, irrigation, and drainage canals profile.

Even though, the irrigation hours proposed by the agronomist is 12 hours, the main canals are designed to serve for 24-hours, whereas tertiary and field canals will serve rotationally. 
Total cost of the project is Birr 25,018,486.43 with VAT but without community share. During construction it is expected that beneficiary of the project to contribute about 5.12% of the total project cost which Birr 1,279,892.74. The project cost per hectare is about Birr 362,586.76. 
1 HEADWORK (DIVERSION WEIR) DESIGN
1.1 Location of the Headwork
Meti Small-Scale Irrigation Project is located in Oromia National Regional State, Kelem Wellega Zone and Sayo District. The headwork site is located at X-Y coordinates of 700584m-East and 949228m-North. The project can be accessed along the asphalt road that runs from Addis Ababa to Denbi Dolo towns. The project is about 655km from Addis Ababa and just 9km from the woreda and Zone Capita Denbi Dolo. From the indicated 9km, 6km is asphalt road and the rest 3km is URRAP constructed road. During project construction, it needs only 1km new access road.
1.2 Objective of the Project
The overall objective of the project is to bring the proposed area under irrigation based agricultural development to achieve the goal of food security by increasing agricultural production and productivity. The development of this project will transform the prevailing subsistence production system to high value and market oriented production system. The project improves livelihood of the beneficiaries and create job opportunity for many people living in and around the project area. With the implementation of this irrigation project in Meti, living standard of the people residing in and around the project area will be improved. To achieve this objective, Oromia Irrigation Development Authority has studied the project for implementation.
1.3 Water Resource
1.3.1 Water Balance

Source of water for this project is Meti River, which is a perennial River source. The total catchment area of the watershed contributing surface flow to the proposed project is 164.20km2. According to the hydrology study result, the minimum and maximum lean flow of Meti River at the study site is 520 and 2290 l/s in February and July respectively. 

As indicated in the system layout and excel data, the right main canal can irrigate maximum area of 74ha of land. Therefore, this canal has been designed to have carrying capacity of 163 lit/sec of flow.

Even though, there is no traditional irrigation development practice at the downstream of the intended project area, the remaining flow from the project, which is more than 55%, which is 285l/s, will be released to the downstream. This discharge is more than enough for the proposed irrigation project, downstream users and environmental purposes. Due to this, there will not be any social conflict arising among the community.  

1.3.2 Tail water depth

On the selected weir site, topographic map, River cross-section and longitudinal profiles has been taken. Using the river longitudinal profile, the stage discharge curve is computed and plotted as shown below. Accordingly, the tail water depth is known and it enables us to decide the arrangement of the weir and provide protective structures. From the table below, the tail water depth is 1.88m.
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Figure 1: Stage discharge curve

1.3.3 Design Flood
Result of the hydrology study shows that the peak design flood at Meti diversion weir site for 5, 10, 25, 50 and 100 years of return period are 92.50, 113, 141.90, 164.20 and 186.70m3/sec respectively. For the design of small-scale irrigation projects (diversion weirs), it is recommended that the peak design flood once in 50 years should be used and for the design of drainage structure, the flood once in 10-20 years should be used.   
Hence, to design the proposed diversion weir of Meti irrigation project, the peak design flood once in 50 years of return period, which is 164.20m3/s has been taken.
1.4 Foundation Condition
Foundation material type of the headwork is the main criteria to design the diversion weir. The foundation material should provide sufficient resistance to seepage to prevent excessive loss of water. If the foundation materials are silt and clay, seepage is not the main problem but bearing failure often creates the serious problem. Such kind of foundation material needs treatment i.e. removal of topsoil and filling with selected materials.
To determine foundation bearing capacity and water tightness, Geotechnical investigation was carried out at the headwork site. The finding indicated that, the foundation material at the diversion weir axis is competent material, which is basaltic intact rock with prominent and firm foundation; excavation is likely to encounter bedrock. See figure 2: Geological Cross section of the weir site.

This riverbed material has no bearing capacity problem. Due to this, there is no problem of differential settlement. The riverbed material is watertight. However, to provide safety against piping failure, upstream and downstream cut-off walls has been provided and checked for exit gradient.   
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Figure 2: Geological Cross section of the weir site
1.5 Diversion Weir
Purpose of this diversion weir is designed to raise the water level on its upstream side of the diversion weir and to create the needed head, so that the desired irrigation water will be diverted in to the canals through the intakes, which are located at the upstream end of the weir on the right and left side banks. The weir crest is also designed to function properly as a spillway for the flood flows. 
1.6 Design Considerations
1.6.1 General 

Diversion weir must be designed in the same way as all structures carrying normal dead and live loads as well as other loads under the most severe conditions that may exist. A weir structure often continuously acted on by the erosive action of flowing water, and since the structure is frequently placed under adverse condition; adequate safety factor should be considered.
1.6.2 Selection of the headwork
To select the headwork location, the following important criterions were taken in to consideration.

· The selected weir axis has narrow river cross-section, straight reach  and the reach has central flow without tendency of scouring or silting;

· The both canals on the right and left side of the head work can irrigate the intended project area;

· To transport construction materials to the headwork site, it needs the construction of 1km road. 

· Construction materials such as stone, sand etc are available in large quantities in close proximity of the site i.e. sand 120km from site, stone and concrete aggregate is 3km from the project site. (for further information, see engineering geology report);
· The headwork site has good foundation at moderate depth (see the geology report).

Therefore, the selected headwork site has fulfilled the above design criterion. 
1.6.3 Types & Shape of the Diversion weir 
Diversion Weirs differ in types and shapes, but they are designed and constructed to serve the same purpose. Compromise must not be made on the stability of the structure. In deciding, the type and shape of the weir, the following points are considered. 

· Low over flow depth on the weir crest; 

· The availability of construction materials in close proximity;

· The financial feasibility of the project;

As indicated in the hydrology report, peak discharge of the river for 50-years return period is 164.20m3/s, which is too huge discharge. If we adopt broad crested weir, the over flow depth (Hd) will be around 2.60m and if we adopt ogee crested weir Hd will be 2.05m. The first option requires long wing wall at the left side to anchor with the bank.

Therefore, by considering the above points, to reduce height of overflow depth on the weir crest, Ogee weir type is adopted for this project. Moreover, it demands low construction cost or materials and it can be constructed on rocky foundation.  The wing wall will be stone masonry embedded in cement mortar will be constructed on the lean-concert (C-10)   below weir body. 
1.6.4 Consideration of forces acting on the diversion weir
The main forces acting on the weir are:
a. Static water pressure of the surface water;

b. Uplift water pressure;

c. Self Weight (of the weir body) and water wedge;
d. Soil reaction at the weir base; 
e. Dynamic Force- Negligible. etc.

1.6.5 Weir crest elevation 

Height of the weir crest is decided based on the head requirement of the intake canals, maximum flood expected once in 50 years return period and banks of the river. To fulfill the objective of the intake structures, the following points are considered in deciding the weir crest elevation.   

· The weir crest level is set that the water head required to deliver water to the main canals with the design discharge;

· During dry season, the required flow of the river (low flows) will be diverted into the main canals and the weir crest elevation set at a level so that the ponded water gives the required head supply  to the canals with the design flow;
· The maximum upstream water surface elevation is also considered in selecting the crest elevation. 
The weir crest elevation affects the water profile in two ways: 

a. Height of the crest affects the discharge coefficient and consequently the water head over the weir crest and the backwater curve;
b. Height of the weir affects the shape and location of the jump and the design of the basin.

To decide the weir crest elevation, the following parameters are taken in to consideration.
1. Bed level of the main canal at 375m away from the weir  (first turnout) = 1571.42m
· Slope of this canal  up to 375m = 0.001
· Head loss on the canal = 0.001* 375m =0.375m

· Required bed level of the intake canal at the weir = 1571.42+0.375m =1571.79m 
2.   Designed water depth in the main canal = 0.30m
3.  Assumed head loss across head regulator = 0.10m
4.  Freeboard for the weir crest= 0.10m

Based on this, elevation of the weir crest is determined by the following equation: 
Elevation of the weir Crest = intake Canal bed level + designed water depth in the intake canal + head loss across regulator + Freeboard = 1571.79+0.30+0.10+0.10m =1572.29m
Height of the weir body above the riverbed level = 1572.29-1571.29 =1.00m. since the peak flood once in 50 years return period is 164.2m3/s, the over flow depth will be very high. Therefore, to reduce height of the flood over flow depth, it requires only a weir crest with short height (1.00m).  
1.6.6 Length of the weir crest 
Length of the weir crest depends on the physical features (width) of the river at the headwork site. The effect of the weir length on the upstream water head and sedimentation behind the weir must be understood.
· A weir with a longer crest gives a small discharge per unit length and hence the required energy dissipation per meter of the crest is smaller than what is needed for a shorter crest length; 

· Constructing a weir longer than the river width causes formation of islands at the upstream side of the weir. As a result, the canal’s inlet can become cut-off from the river flow. The formation of the islands upstream of the weir reduces the effective length of the crest.

Generally, the crest length should be taken as the average wetted width during the flood season. During feasibility study, the upstream and downstream of the river cross-section has been observed, and the width at the selected weir site location is measured. It is found to be around 20m. Based on this, length of the weir crest including the under sluice gates has been fixed to be 20m.
1.6.7  Maximum Design Flood 
To design the diversion weirs, design flood once in 50 years is recommended for small-scale irrigation project. Therefore, the proposed diversion weir has been designed with 50 years of return period of flood discharge (164.20m3/s). 

1.6.8  Discharge over the weir

The weir is designed to pass peak flood flows safely to the downstream without causing any damage on the weir structures. The weir will have two under sluice gate on the right and left sides of the riverbanks i.e. near the main canals intakes. However, if incase the gate is closed, the weir should pass the entire maximum flood safely without causing any damage to structures and as well as the land located upstream of the river reach.

Discharge over the weir is generally expressed as 
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Where,

Q = Maximum design discharge = 164.20m3/s
L = Length of the weir = 20m
He = Height of energy line above the crest = V2/2g + Hd

C = Discharge coefficient. There are two conditions for which the value of C is determined 

i. h/Hd > 1.33. for this case the velocity head is negligible and C = 2.225

ii. h/Hd < 1.33

Where 

h = Height of the weir body above the upstream river bed = 1.00m 

Hd = design head excluding the approaching velocity head (Over flow depth without velocity head).

Assume that the water level does not exceed 3m from the bottom level of the river 
First assume that the velocity head ha  can be neglected, therefore C= 2.2.25
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Approach velocity head is calculated as:
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Head due to velocity,  
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Hd = He -ha =2.39-0.38 =2.01 
h = 3-2.01 = 0.99 ≈ 1.00m
h/Hd = 0.99/2.01 = 0.49 ≈0.50 <1.33: therefore, the velocity should not be neglected 
           For h/Hd =0.50 and He/Hd = 2.39/2.01 =1.19 ≈ 1.20 from curve graph 
           C/Cd =0.98, the corrected C = 0.98*2.225 = 2.18
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Therefore, repeat the procedure
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Hd = He -ha =2.422-0.37 =2.05, 
He/Hd =2.42/2.05 = 1.18
h/Hd =1/2.05 =0.59 ≈ 0.50 from the curve 

C/Cd =0.98, C = 0.98*2.225 = 2.18, not changed 

Therefore, Hd = 2.05m and the crest level should be at 1571.29+1= 1572.29m

Shape of the weir 
Xn = KaHdn-1Y
For vertical upstream face Ka =2 and n =1.85. The formula of the weir geometry becomes
X 1.85 = 2Hd0.85*Y,    Hd = 2.05
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Figure 3 : Discharge Curve over the Weir Crest
1.6.9 Determination of backwater curve 

Water profile upstream of weir needs to be known for the two purposes
a. To determine the height of the river banks upstream of the weir and

b. To find out whether the water surface is high enough to deliver the required discharge to the off take canals.
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Y= (XS-2∆o) 2/4∆o
Y=Water rise, at distance X u/s of the weir above the normal water depth
X=Distance from the crest to the point Y is required to be determined
S= Slope of the river bed =0.0155

∆o= Rise of water above the normal depth at the weir site(X=0), ∆o= (h+Hd)-normal water depth = (1.00+2.05)-1.88=1.17
Approximate Method (Rozgar Baban)
Given Data
	S. no.
	Description
	Symbol
	Formula
	 Result 
	unit
	Remark

	             1.00 
	Peak Discharge
	Qp
	 
	164.2
	m3/s
	From hydrology 

	             2.00 
	D/s water depth
	 
	 
	1.88
	m
	From hydrology 

	             3.00 
	Weir hieght
	h
	 
	1.00
	m
	(above the ground)

	             4.00 
	River bed slope
	S
	 
	0.0155
	 
	 

	             5.00 
	Weir length
	L
	 
	20
	m
	 

	             6.00 
	 
	He
	(Q/(1.7*L))2/3
	2.42
	m
	He=Hd+V2/2g=2.42


	Assume ,X 
	Determine , Y

	0
	1.17

	10
	1.02

	20
	0.88

	30
	0.75

	40
	0.63

	50
	0.52

	60
	0.42

	70
	0.34

	80
	0.26

	90
	0.19

	100
	0.13

	110
	0.09

	120
	0.05

	130
	0.02

	140
	0.01

	150
	0.00


From the above table it is indicated that during peak flood time, the backwater curve of river reaches up to 150m with the riverbed slope of 0.0155.
1.6.10 Bottom level of the weir body

Vertical cut-off or sheet piles are always provided at the upstream and downstream ends of the weir to safeguard against scouring and piping effects at the downstream end. Providing intermediate cut-off walls at the ends of upstream and/or the downstream slopes of the impervious floor are useful in holding the main structure, i.e. the weir. The depth of cut-off walls should be such that its bottom is lower than the level of possible flood scour at that section. The downstream cut-off, in addition, should also be sufficient to reduce the exit gradient within safe limits, which is decided by the sub-surface conditions. 

The normal scour depth below Highest Flood Level (HFL), R is given by the equation.
By Regime scour depth method, 
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Where,

 R = hydraulic mean depth

 q = Discharge per meter length= Q/L = (164.2m3/s)/20m =8.21m2/s

  f = is Lacey’s silt factor, and usually taken as f=1  
Reduced level of bottom of the weir body (R.L) = upstream high flood level -1.5R = 1574.34–1.5*5.49 = 1566.10m Take R.L =1569.79m (1.50m below the river bed level)
Since, the riverbed material at the proposed headwork site is basaltic intact rock with prominent and firm foundation; it will need no cut-off walls at the upstream and downstream ends of the weir to safe guard against piping. However, after checking the exit gradient, cut off wall has been provided as shown on the drawing.
The downstream cut-off wall at the end of the weir apron is calculated as (R.L) = HFL – 2R = 1574.34-2*5.49 =1566.11m. To safeguard the weir against piping the d/s cut-off wall is fixed at 1570.29m, which 1.00m below the riverbed level (After checking the exit gradient). It is safe against piping (see1.6.13 for Khosla’s Exit Gradient)

1.6.11 section of the weir body

Top Width of weir
a. Bligh’s Formula
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c. Etcheverry’s Formula
               B1 = 
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 Where, 

B1= Top width of the weir body 

He= Overflow depth Hd + velocity head =2.05m  

ρ = Specific weight of the weir body or concrete (ρ = 2 – 2.4), take ρ = 2.4

h = Height of the weir body above the upstream river bed = 1.00m

The bottom width of the weir

  a. Bligh’s Formula; 
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Where L: Bottom width of the weir (m) 

Note: After checking the stability analysis of the weir body, the top and bottom widths of the weir body decided to be 0.50m and 4.00m respectively.
1.6.12 Bed level of the stilling basin (apron)
Building a weir elevates the total energy line upstream of the structure. The difference between the upstream and downstream energy grade line becomes very high. Therefore, the energy must be dissipated before it reaches the natural river course; otherwise, it causes damage to the banks and downstream of the apron. The flow over the weir is in a supercritical state. For this reason, the energy tends to dissipate through a hydraulic jump downstream of the weir. To control the location of the jump, the apron and stilling basin are designed to suit a range of the river discharge. 

Hydraulic jump on the horizontal surface
To estimate hydraulic jump on the downstream horizontal apron of the weir, the following equation is used.
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Where, 
q = Discharge per meter width = 164.2m3/20m =8.21m2/sec, 
Based on energy of flow, the hydraulic jump (pri- and post jump) occurring at the stilling basin can be calculated as follows.
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Total energy level at Upstream = Total energy level at downstream ( Eo = E1
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Where, 
 Zo = Upstream bed level = 1571.29m 

  h = Weir height above the ground =1.00m
  Hd = Over flow Depth over the weir crest =2.05m
  ha = Approach velocity head = 0.37m/s
  Z1 = Downstream apron level =1570.79m
  D1 = Pre-jump depth

  V1 = Velocity at the jump = q/D1 
By substituting the value of V1, the equation will be reduced to

1571.29+1.00+2.05+0.37 = 1570.79 +D1 + (8.21/D1)2 *(1/ (2*9.81))
By trial and error the value of D1= 1.105 ( 1.11m
Pre-jump water level = 1570.79+1.11 = 1571.90m
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Froude number,  
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Where, 
D2 = Post-jump depth

V2 = Post-jump velocity

Post-jump water level = 1570.79 + 3.02 = 1573.81m
Head loss or dissipated energy because of the jump  
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From the Stage discharge curve, the tail water depth D3 is 1.88m. D3 is less than the post jump level D2. Therefore, the jump will recede downstream to a point where the flow condition allows the jump to occur. In order to make the jump to occur in the apron, energy dissipater of 0.50m is provided at the end of the apron. 
1.6.13 Upstream Apron

The Functions of an upstream apron are to protect the upstream riverbed from being eroded by the approaching velocity and to increase the length of percolation path in order to avoid piping and to reduce uplift force acting over the entire base area.
The downward water pressure is always higher than the uplift pressure in the region of the upstream side of the weir. The thickness of the upstream apron can be based on the practice of the construction and the perfection of leakage proofing. 0.50m thick is usually sufficient.

1.6.14 Downstream apron:

Downstream apron prevent scouring of downstream of the weir due to the overflowing water. Downstream apron has two main functions. The first is to lengthen the path of percolation and the second is to dissipate energy. Therefore, the properly designed stilling basin and energy dissipater must be provided at the downstream end of the weir.

Length of Stilling Basin (downstream apron)
The jump length is a function of Froude number of the incoming flow (F1), and flow depth, d1. The length of the downstream horizontal floor should be such that the entire jump is confined only to the floor. This will ensure that the stone protection provided on the downstream of the floor is not affected adversely by the jump. Hence, the length of the downstream horizontal floor is kept equal to the length of the jump, which is equal to 5 to 6 times the height of the jump i.e. 5 to 6 (d2-d1). Here d1 and d2 are pre-jump and post-jump depths of flow. Take 5.5, which is the average of 5 and 6. 

Therefore, the length of the downstream apron can be calculated using hydraulic jump method. 
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 (Ref. G.L. Asawa “Irrig. Eng.” page 405 and Bharat Singh “Fundamentals of irrigation engineering” ninth edition page 330)
Thus,
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When F1 lies between 2.5 to 4.5, as in the case of weirs and barrages, the jump is trouble-some and oscillating, which gives rise to heavy waves on the surface. Wave suppressors (energy dissipaters) may be needed in this range (Irr. Eng. & Hydraulic Structure-GARG page 1142). If 1.7<=Fr<=2.5 is fulfilled safe jump is created. This shows only horizontal basin is provided without any accessories like baffle blocks or energy dissipater (manual of headwork design, page 19).

Thickness of downstream apron
There are two approaches to determine the apron thickness. The first assumes that the apron consists of individual unit volumes, which are structurally not linked, and the weight of each individual unit balances the uplift pressure. This assumption leads to an increase in the structures cost, the computations involved are very easy and result in a structure with a high safety factor. 
The second approach to design the apron is by considering the whole structure as one unit and determining the bending moment and shear force at the critical section, which is at the toe of the weir.

To determine the thickness of the apron both dynamic and static case should be considered. The lower parts of the apron will generally require larger thickness when static case is selected, but the upper part of the apron (the toe section) will have larger thickness when dynamic case is considered. Therefore, the thickness at any point say A, B and C is calculated from 
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Where, 
t = thickness of apron at any point (m)
f = factor of safety = 1.3

Hmax = U/S and D/S head differential (maximum) head, m 
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Lc= weighted creep length total (m),  
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LA = Weighted creep length at point A (m)
TWL =Tail water level = 1573.17m
WLA = water level at point A 

[image: image24.wmf]m
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 =Specific gravity of concrete = 2.4 
C = Percolation coefficient (Lane’s creep ratio), the value of C for Rocks with Cobble stone and gravel =2.50 (OIDA Technical guideline for design of head work, page 58) 

Case-1 Dynamic Case or high flood condition (Hmax =1.17m)
Lc  ( CHmax =9.93(2.5*1.17 = 9.93 ( 2.93, safe against piping (seepage)

Case-2 Static Case or no over flow condition (Hmax =1.00m)

Lc  ( CHmax =9.93 ( 2.5*1.00 = 9.93 (2.50, safe against piping (seepage)
Table 1: Thickness of downstream apron floor
	Point
	Weighted creep length
	Hmax(1-LA/LC)
	 
	t*f/(m-1)
	Remark

	 
	LH
	LV
	Lc
	
	0.50(TWL-WLA)
	
	

	Dynamic Case (Hmax = 1574.34-1573.17=1.17m)
	1.17
	 
	 
	 
	 
	 

	A
	6.50
	3.50
	5.67
	0.50
	0.63
	1.06
	 

	B
	10.00
	3.50
	6.83
	0.36
	0
	0.34
	 

	C
	13.50
	3.50
	8.00
	0.23
	0
	0.21
	 

	Static Case (Hmax = 1572.29-1571.29  =1.00m
	1.00
	 
	 
	 
	 
	 

	A
	6.50
	3.50
	5.67
	0.43
	0.50
	0.86
	 

	B
	10.00
	3.50
	6.83
	0.31
	0.50
	0.75
	 

	C
	13.50
	3.50
	8.00
	0.19
	0.50
	0.64
	 


At the toe of the weir, the term (TWL-WLA) should be reduced by 50% and becomes
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Check the thickness of each point 
Point A 1.50 ( 1.06m Ok (dynamic case)
Point B 0.80 ( 0.75m Ok (Static case)
Point C 0.70 ( 0.64m Ok (static case)
Maximum Head on the structure 
Dynamic case: head on the weir = head water level (upstream high flood level) – tail water level = 1574.34-1573.17=1.17m 

Static Case: weir crest level – river bed level = 1572.29-1571.29 =1.00m 
1.6.15 Khosla’s Exit Gradient (GE) 
If the upward thrust exceeds a certain value at the exit, piping will occur. It has been determined that for a standard form consisting of floor length b and vertical cutoff of d, the exit gradient at the downstream end is given by, (Khosla’s Method).
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Where, 
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Hmax = head difference between u/s water level and tail water level (maximum) head = 1.17m
b = Total floor length = 17.50m (see Auto cad Drawing)
d = downstream Vertical cut-off wall = 0.50m or 1.00 including rip-rap depth is sufficient to safeguard against piping for the material of shingle (see Auto cad Drawing)
From the above result, it is safe against piping, since GE = 0.205 is between safe exit gradient of 0.25 to 0.20.  on the surface of  the river bed at the end of the downstream apron is a mixture of coarse sand. Therefore, Safe exit gradient is taken 0.20 to 0.17.  
1.7 Structural Analysis of the Weir Body
Acting forces on the Weir
All external forces acting on the weir are the result of flowing water in the river on which the structure is constructed. A typical force system of a weir consists of the following components.
1. Static water pressure of the surface water: Its value can be easily calculated if the effect of changing the static pressure upstream to the dynamic one downstream is neglected. Usually in structural analysis of a weir, the dynamic force is neglected.
2. Uplift water pressure: Uplift pressure caused by water percolating under or along the sides of hydraulic structures reduces the effective weight of a structure and is therefore particularly significant in the stability analysis. Stilling basin floor, for example, is subjected to the uplift pressure.   
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Where 

wo: unit weight of water (9.8 KN/m3)

B2: width of bottom of weir body (m)

h1, h2: water depths of upstream and downstream (m)

            μ: uplift coefficient

1. Earth Pressure due to sediment
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Where,

W1: unit weight of deposited silt (18 KN/m3)

w0: unit weight of water (9.8 KN/m3= 1tom/m3)

 C0: coefficient of earth pressure ≈ 0.4-0.5 (Ref. OIDA Technical Guideline for Design of Headwork, Page 95) 

he: height of deposited silt (in principle it is treated to be deposited on the crest)

2. Friction forces at the base which develop to balance the horizontal forces
3. Weight of the weir and water wedges: Weight of the weir is calculated simply by multiplying unit weight of the weir by its volume. Weight of the water wedges present the weight of water that is on the weir body and act either against or in favour of the weir stability, it depends on the slope of the weir and the water surface at downstream.
4. Soil reaction at the weir base: As this weir is to be constructed monolithically (as one integrated unit with the apron), the structure is more stable and it would not fail because of unbalanced moments. However, the stability analysis is done as follows.
See the schematic diagram showing the condition of stability (Figure-2)
Table 2: Stability Analysis
	No.
	Types of forces
	Forces (ton)/meter
	Arm length (m)
	Moment about D (ton.m)

	
	
	Horizontal
	Vertical
	
	Positive
	Negative

	1
	Self weight, W1 = 0.50*1.50*2.40
	 
	1.80
	3.75
	6.75
	 

	2
	Self weight, W2 = 0.5*3.5*1.50*2.40
	 
	6.30
	2.33
	14.70
	 

	3
	Water pressure, P1 = 1.50*2.05*1
	3.08
	 
	0.75
	 
	2.31

	4
	Water pressure, P2 =0.50*1.50*1.50*1
	1.13
	 
	0.50
	 
	0.56

	5
	Water pressure, P3 = 0.5*0.50*2.05*1
	 
	0.51
	3.83
	1.96
	 

	5
	Water pressure, P4 = 0.5*3.5*3.02*1
	 
	5.29
	1.17
	6.17
	 

	6
	Water pressure, P5 = 0.50*1.50*1.50*1
	1.13
	 
	0.50
	0.56
	 

	8
	Silt Pressure, Pe = 0.5*0.45*(1.8-1)*1.50*1.50
	0.41
	 
	0.5
	 
	0.20

	9
	Uplift pressure,U1 = 0.5*1*0.40*4.00*3.55
	 
	2.84
	2.67
	 
	7.57

	10
	Uplift pressure,U2 = 0.5*1*0.40*4.00*3.02
	 
	2.42
	1.33
	 
	3.22

	 
	Total
	3.48
	8.64
	 
	30.14
	13.87


Take 

Density of concrete, (c = 2.4 ton/m3 (for apron and weir body)

Density of water (w = 1 ton/m3

μ: The coefficient of uplift is μ = 0.4 

Unit weight of deposited silt (18 KN/m3 = 1.80tom/ m3.)
Co: Coefficient of silt pressure, = 0.40-0.50

Check for
1. Sliding
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  , safe from sliding
Where, ( is coefficient of friction between two surfaces (foundation and concrete), (= friction coefficient = 0.70～0.75, (Ref. OIDA Technical Guideline for Design of Headwork, Page 97). Take (= 0.70 

(Fv = Resultant of vertical forces = Sum of all vertical forces =8.64ton

(FH = Resultant of Horizontal forces = Sum of all horizontal forces =3.48ton
2. Over-turning

If the resultant of all forces acting on the weir body at any of its section passes outside the toe, the weir shall rotate and over turn about the toe. The ratio of the righting moments about the toe (anti-clock wise) to the over turning moments about the toe (clock-wise) should be greater than 1.5.
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 , safe against over turning 
3. Tension 
To avoid tension at the base, the forces must pass through the middle third of the structure base. Therefore, the following condition should be satisfied.
Eccentricity, 
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Where, e = eccentricity of the resultant force from the center of the base

Therefore, 
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Where, 
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Total weir width, B = 4.00m 
(M (+) = 30.14 ton. m and (M (-) = 13.87 ton. m
(Fv=8.64ton
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Safe from tension 
4. Overstressing
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According to the engineering geology report, both banks of the stream along the intended weir axis have no stability issues. Therefore, 
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is far less than the allowable bearing capacity of the bed materials (see the geology report).
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Figure 4: Schematic diagram showing force distribution

1.8  Wing Walls  
The main functions of the wing walls are to anchor the weir body into the riverbanks and to prevent lateral seepage through the banks, which might occur due to the difference in water level between upstream and downstream of the structure. 

The wing walls will have the same length to that of diversion structure and it will be fixed with anchorage in the riverbanks. The wing walls have at least a freeboard of 0.50m over the level of the maximum flood discharge for which the diversion structure has been calculated. 

Wing walls of the diversion weirs can be constructed from masonry, gabion, or reinforced concrete. The Engineering Geology finding indicated that at both banks of the stream, the underlying material is basaltic bedrock and it is strong and firm to safely support the intended diversion engineering structures.
Therefore, the retaining walls foundation should be placed on the underlining materials i.e. basaltic bedrock. The wing walls selected for this headwork is masonry wall. The analysis and design of the wing walls will be done the same like retaining wall design.

Top level of the upstream wing walls = Weir crest elevation + over flow depth on the weir crest + freeboard =1572.29+2.05+0.50=1574.84m (0.50m freeboard is added)

Top level of downstream wing walls = downstream apron level + post-jump depth of flow (d2) + freeboard =1570.79+ 3.02+0.50 =1574.31m.
To decide bottom level of the upstream wing walls, take the following design parameters. 

High Flood level (HFL) =1574.34m
Calculated normal scour depth, 
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Bottom level of the upstream and downstream wing walls, RL = HFL-1.5R = 1574.34-1.5*5.49=1566.11m. Since, the underlain material of both riverbanks is basaltic bedrock, the bottom level of both u/s and d/s wing walls fixed equal to the weir body level i.e. 1569.79m. 
1.8.1 Active Earth Pressure against vertical walls

By Rankine’s theory

Intensity of Active Earth Pressure is given as follows

Pa = Ka(h

Total earth pressure on the retaining wall 
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The pressure p is acting at the height of h/3 above the apron =3.52/3 =1.17m
Where,

h= depth at which the active earth pressure is calculated =3.52m

( = specific weight of backfill soil = 1.80, bulk density of soil =1.80mg/cm3 =1800kg/m3
ka = coefficient of active earth pressure, 
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( = angle of internal friction of the soil (angle of repose), for saturated soil =270
The base width of the wing walls (b) is taken as 1/2.5 to 1/1.5 times the height of retaining wall. 
Take b = 3.52/1.56 =2.26 ≈ 2.25m (the dimension is fixed after stability Ananlysis)
1.8.2 Stability analysis of wing wall
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Figure 5: Schematic diagram of wing wall

Table 3: Force analysis of wing wall
	S.No.
	Type Force
	Forces (Ton)
	Arm Length (M)
	 
	Moment About A

	 
	 
	Horizontal
	Vertical
	 
	Positive
	Negative

	1
	 Self Weight, W1 = 0.5*3.52*2.2
	 
	3.87
	0.25
	0.97
	 

	2
	 Self Weight, W2  0.50*1.75*3.52*2.20
	 
	6.78
	1.08
	7.32
	 

	3
	 Soil weight, W3 =0.50*1.75*3.52*1.80
	 
	5.54
	1.67
	9.26
	 

	4
	 Active earth pressure, Pa =½(kagsh2) =0.5*0.37*1.8*3.52*3.52
	4.13
	 
	1.17
	 
	4.83

	 
	Total
	4.13
	16.19
	 
	17.54
	4.83


Note: Density of masonry, (m = 2.2ton/m
          Density of soil, (s = 1.80 ton/m
Stability condition
1. Check against sliding
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 = Sum of Vertical loads = 16.19 ton/m

P = horizontal Force = 4.13 ton/m

( = Coefficient of friction = 0.70 to 0.75, take the minimum value of ( = 0.70
2. Check against over turning 
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Where, 
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3. Check against base pressure (over stressing)
After finding out the eccentric e, the maximum and minimum normal stress intensities at the two ends (toe & heel) can be calculated from the following formula (Irrigation Eng. & Hydraulic Structures, page 101-104)
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Eccentricity, 
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e = eccentricity of the resultant force

Where
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Where,
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Normal stress at the toe of the retaining wall is given by 
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. 
The underlain material of both riverbanks is basaltic bedrock, therefore no bearing problem. 
Normal stress at the heel of the retaining wall is given by 
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1.9 Design of Protection Works (Riprap Protection)
Riprap is provided at the downstream end of the weir apron where there is fear of scouring would be caused on the riverbed taking into account the condition of the riverbed material and flow condition of the river. Therefore, riprap is provided continuously on the downstream apron to prevent the scouring of the riverbed, because it is apparent the scouring is caused due to removal of deposited silt or riverbed materials.

Just after the end of the concrete floor, riprap of 1.5 to 2R long is generally provided. Where, R is the depth of scour below the riverbed=5.49m, (Santosh Kumar Garg “Irrigation eng & hydraulic structures” page 510). Take the average, which is 1.75R
Therefore, Length of riprap = 1.75R =1.75*5.49 =9.60  ( 9.75m 
1.10 Design of Intake Facility
Canal intake is installed near the under sluice gates in order to avoid enterce of silt into the main canals. Size of the intakes and velocities may be determined as follows. Taking in to account the headwork Topographic nature, the intake selected for this project is concrete pipes controlled by gate. This is because the intake canal will pass through the wing wall on the right and left sides of the riverbank. Due to this concrete pipe is selected. 

Net irrigable area to be irrigated by Right Main canal (MC-1) is 74ha. Based on the given water duty which is 2.20 lit/sec/ha (for 12 hours) the canal carrying capacity is about 163lit/sec. 

Concrete pipe intake (the first 15m length)
To design main canal intake (concrete pipe)
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Where, 

A =flow area for pipes (m2)

h = head difference = 0.20m 
g = acceleration due to gravity =9.81m/s2

c = coefficient of discharge = 0.6 to 0.7

Q = maximum discharge in the canal = 0.163m3/sec
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The intake canal require about 0.40m diameter of concrete pipes. But for convenience of cleaning the pipe the diameter is increased 0.50m.
1.11 Intake Gate 
The type of gate is chosen after considering its purpose, installation, location, ease of operation, safety, and economy of water intake. The gate is selected considering the effective usage of the water resource and operation method to reduce over diversion. The gate selected for this simple structure is gate with spindle made up of 5mm thick steel sheet. The gate will have dimension of 0.60m height and 0.65m width to regulate the flow.
1.12 Under Sluice Gates
Under Sluice Gate is one of the most useful facilities to control both water utilization and flood. The gate structure must be watertight to ensure stable water intake and firm enough against several external forces such as flowing water, steady and smooth operational workability is also required for its function.

Above all, under sluice helps to allow the removal of silt deposited near the canal intake. This is designed to ensure sufficient scouring capacity in order to dispose of the peak flood.

The following conditions shall be fulfilled for the purpose of water use and flood control. From the water use point of view, the conditions required are:

1. To keep water level constant and to control intake level and discharge; and 
2. Water tightness. 
On the other hand, conditions required from the flood control point of view are:

1. Capability of being operated quickly and smoothly so as to release water safely; 
2. To remain workable without accumulation of materials carried by water; and

3. Structural stability and endurability are also required.
The scouring sluice should dispose of about 10% off the peak flood and the discharge through the under sluice can be decided by broad crested weir formula as follows 

Q=Cd* L* Hd 3/2

Q = discharge through the under sluice = 10% of peak flood = 164.20*0.10 =16.42m3/s 

Cd = coefficient of discharge = 1.7

L= Length of under sluice section, m

Hd= water depth above the crest of the under sluice during high flood = h+Hd= 1.00+2.05 = 3.05m

 Where, h is height from under sluice bed up to weir crest = 1.00m and Hd is designed head (over flow depth =2.05m)

16.42 m3/s = 1.70*3.053/2*L

L =1.81m

Since there are two irrigation canals on both right and left sides of the headwork, it needs two under sluices. Length of each under sluice will be 1.00m. Based on this, discharge that can pass through the under sluice will be as follows.

Q = 1.70*3.05* (2*1)3/2 = 20.740m3/s

 This will be 
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The size/ dimension of the under sluice gates will have 1m width and 1m height. To avoid accumulation of silt around the intake gates, the level of the under sluice gate must be fixed 0.40m below the level of the intake gate. For small-scale irrigation project, the under sluice gate should not be lowered up to riverbed (apron) level. This is because small discharge of the river, especially during dry season will be lost by seepage through the gate side. To avoid this, from practical point of view, the under sluice bed level fixed just 0.40m below the intake gates.
1.13   River Bank Protection
The purpose of riverbank protection /training is:

· To provide a safe passage to flood discharge without overflowing of the banks for protection of cultivated or inhabited area;
· To prevent outflanking of a weir constructed across the river and to bring the river on to the work in a straight non-tortuous (meandering) approach;
· To deflect the river away from a bank which  it might be attacking;

· To provide minimum depth of flow. 
As it has been observed during feasibility study and from topographic contour map, the river course needs no bank protection or river training. The floodwater, even during high flood time will not be out of its natural way. The floodwater will flow in the existing natural river course. Therefore, the natural riverbanks will not need addition embankments.
2 IRRIGATION AND DRAINAGE SYSTEM DESIGN
2.1 Design Criteria
The designed irrigation system makes irrigation water distribution easy and more efficient. Irrigation farm structures, layout, and drainage system are integral parts of the whole irrigation system. The methods/ criteria used to design the entire irrigation and drainage system are discussed below.

2.1.1 Field layout System
Layout of the canal networks has been prepared on the Topographic map by taking the existing physical features of the area into consideration. As indicated on the topographic map, canals of the project are divided into main, tertiary, and field canals. Each canal irrigates different sizes of irrigation land. As result of this, water carrying capacity of the canals depends on the size of the area. 

· The whole irrigation canals are designed to irrigate by gravity flow system. Topography of the area is suitable for this purpose. The irrigation land has sufficient slope, on both along and across the contours;

· Main canal is design to serve for 24 irrigation hours and it will take off directly from the headwork;

· Tertiary canal take directly from the main canal through division box;

· In the same way, field canals will take water either from main or tertiary canals based on the size and suitability of the irrigation lands. Turnouts are provided on the main and tertiary canals to divert water to field canals;

· To design all open canals Manning formula is used to calculate the canal dimensions (parameters);

The shape of open canals preferred in this project is trapezoidal with side slopes of 1:1.

To prevent excess seepage in the canals (for identified soil types on main), lining is recommended by the geologist;

Irrigation canals are aligned as much as possible on ridges, so that water can reach to the intended irrigation land without any head problem.  
2.1.2 Water distribution

The size of field unit and the furrow lengths are determined based on suitability of topography of the project. 
Water distribution will be rotational in the case of tertiary and field canals. Even though the agronomist proposed 12 irrigation hours, in the main canal the flow is continuous for 24-hours. As required, depending upon on the size of each irrigation area, entire flow of the canal may be allowed to the farmer(s) for his /their allocated time. The time allocation will be in proportion to the land size of each farmer. The farmers themselves will manage internal distribution of water. To do this all beneficiaries will establish Water Users Associations voluntarily.
2.1.3 Hydraulic Design consideration 

The conveyance system for this irrigation project comprises of main, tertiary, and field canals. Some of the factors affecting the canal discharge are Canal gradient or longitudinal slope of the canal, Canal roughness, Canal shape and Side slope. 

The hydraulic design considers calculation of Velocity of flow in the canals, determining canal cross-sections, determining of longitudinal slope, freeboard, roughness coefficient and side slope of canals. All these parameters are discussed as below.

The canal design should fulfill the following requirements :

· It should deliver reliable water from head to tail for each tertiary and field canals;

· The canals should be designed with economical section, velocities within prescribed limits. The section should be non-silting as well as non-scouring;

· The canals must be with minimum seepage losses;

· The canals should be operated easily and require minimum maintenance cost;

· The embankment section shall be structurally stable;

· Through these canals, available water is used to get maximum irrigation efficiency and benefits. 

a. Cross-section of Canal
Canals with the same cross-sectional area, longitudinal slope, and roughness, but with different shapes, will carry different discharges because of different wetted perimeters and hydraulic radii. The most efficient geometry is when the wetted perimeter is minimal for a given discharge. The semi-circle is the canal section that has the lowest wetted perimeter for a given cross sectional area, but semi-circular canals are difficult to construct. The closest canal section to a semi-circle is the trapezoid section. This is a quite common cross-section as it is relatively easy to construct.

Therefore, a typical and most desired section of the canals preferred is trapezoidal section. This section should be partly in cutting and partly in filling to balance the quantity of earthwork in excavation with that of in filling. When natural surface level is above the top of the bank, the entire section will have to be in cutting. Similarly, when natural surface level is lower than the bed level of the canal, the entire section will have to be built in fill.

Trapezoidal section of earth canal has been provided where the land formation is soil, no seepage problem; there is no problem of excavation, and no stability problem. In the same way, trapezoidal section is also selected for lined canals. However, rectangular section can be provided in the area where the land formation is unstable, unconsolidated, steep slope area to control erosion. 

A change in the direction of the channel should be brought about by smooth curves and not abruptly. Similarly, when the cross-section is changed, the change should also be gradual.

b. Permissible longitudinal slope of Canals
Steeper slopes could result in such high velocities that the flow would be super-critical. It would then be difficult, for example, to siphon water out of the canal, since an obstruction in a canal where super-critical flow occurs tends to cause a lot of turbulence, which could result in the overtopping of the canal. 

The deciding factor in determining the canal bed slope is usually the natural slope of the land. The steeper the channel, the more will be the velocity and more the discharge for the same cross-section. However, excessive gradients produce very high velocities, which cause erosion. Normally, a channel should slope about 0.001. Silting may take place in the channel if the slope is less than 0.0005. The recommended slope of the canal should be non-erosive and non-silting.

c. Velocity of flow in the canals

The steeper the slope, the faster the water will flow and the greater the discharge will be. Velocity increases with an increase in gradient or longitudinal slope. It therefore follows that a canal with a steeper gradient but with the same cross-section can discharge more water than a canal with a smaller gradient. To determine bed slopes of channels, the velocities are checked and the maximum grade designed so that the velocities do not exceed the limits. 

When the velocity of water flowing in the canal is such that none silting or scouring is taking place then the velocity is said to be critical. Critical velocity for canals made of earth is 0.30 to 0.60m/sec. (irrigation eng. & hydraulic structures, page 136). 

Higher velocities can be safely used in lined canals. To avoid damage to the lining, maximum velocity in the masonry-lined canal should be in the range of 2 to 2.5m/sec. (Irr. Eng & hydraulic structure Page 192).

d. Roughness Coefficient

The canal roughness, as depicted by the Manning roughness coefficient, influences the amount of water that passes through a canal. Unlined canals with silt deposits and weed growth and lined canals with a rough finish tend to slow down the water velocity, thus reducing the discharge compared to that of a clean canal with a smooth finish. Canals that slow down the movement of water have a high n. It should be understood that the lower the roughness coefficient n, the higher the ability of the canal to transport water, hence the smaller the required cross-sectional area for a given discharge.

This coefficient is mainly a function of grain size of bed and bank materials, bed shear stress, and depth of water in the channels. In addition to grain size, it depends on the size of ripples formed on the bed of the channels.

The value of n for straight earth canals is 0.025 (Irr.eng. & hydraulic structures, page 138).

For different types of linings, the value of n varies, in general practice, for lined canal made up of dressed stone and plaster with mortar, the value of n can be taken as 0.014. 
e. Free board  

Freeboard is the vertical distance between the highest water level anticipated in the design and the top of the canal banks. It provides the margin of safety against overtopping of the banks due to sudden rise in the water surface of channel on account of improper operation of gates at the head regulator, accidents in operation, landslides and inflow during heavy rainfall. The excessive growth of vegetation or accumulation of sediment deposits may also result in the gradual rise of water surface levels above the design levels. 

Design of channels should provide adequate freeboards to prevent overtopping of bank during sudden rises in water surface. Adequate freeboard would depend on dimensions of the flow section, flow condition, bank material, method of construction of banks and resulting damage due to failure of banks.

According to OIDA “Design of Irrigation Canal & Related Structures”, page 164 freeboards for non-lining canals 

Fb = 0.05d + β × hv + hw   

Fb = 0.05*0.45+ 0.75*0.011 +0.15 =0.18m

Where,

Fb: Freeboard (m)

d: Water depth corresponding to design discharge, in the earth canal (m) =0.45m

hv: Velocity head (m)= v2/2g =(0.46)2/(2*9.81) = 0.011

β: Conversion factor from velocity head to static head, ranging 0.5 - 1.0, take 0.75

hw: Freeboard for water surface vibration (m), taken 0.15 (page 165)
Therefore, to be more safe, for each canal the freeboard is fixed to be 0.25m.

f. Side Slope of canals

For earth canals, if the side slopes are very steep (low horizontal/vertical ratio) there is high risk of banks collapsing, especially after heavy rainfall. Earth canals should be built with stable side slopes and with banks strong enough to carry the required flow of water safely. They should have ample capacity to carry the designed discharge at non-erosive velocities. Side slopes should be flat enough so that the banks will neither cave in nor slide when they are saturated with water. Permanent irrigation canals should not have side slopes steeper than 1 ½ horizontal to 1 vertical.

The side slope of the canal depends on the properties of material through which the canal is to pass. Side slope for canals passing through sound rock is nearly vertical. The recommended values of the side slopes for canals excavated through different types of materials are given as follows.

Table 4: Recommended canal slopes
	Canal materials
	Side slope (H:V)

	Compacted clay soil 
	1:1

	Clay soil 
	1.5:1

	Loamy Soil 
	1.5:1

	Sandy loam & black cotton soil
	1:1 to 1.5:1 (in cutting)

	Sandy Soil
	3:1

	Sound rock
	1/8:1 (in cutting)

	Poor rock
	½:1 )in cutting)


For concrete or masonry-lined canals, there are no strict rules for the side slopes of the canals. A major consideration is ease of construction and the fact that the concrete should stay in place during construction, thus the side slope should not be too steep. Side slopes of around 60º should be easy to construct. However, in our design, side slope for masonry-lined canal is taken to be 0:0 Because, canal size of the project is very small and for convenience of construction trapezoidal canal cross-section is selected.

2.1.4 Drainage system 

Drainage systems are also provided to protect canals and irrigation area from damage, which would result from uncontrolled excess flow of irrigation water and surface runoff caused due to rainfall. Rainwater and excess irrigation water should be removed safely from the irrigation land by different drainage systems. Finally, the collected drainage water must enter in to the natural drainage system. 

Cross-section of the drainage canals are estimated based on the maximum expected runoff from respective catchment’s area. Since the amount of the flood increases towards the end, the size of the drain canals should also be increased towards the outlet.

The cross-sectional area of the drain is calculated using the following formula:
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Where, 

A = Cross-sectional area of the drain

Q = Maximum runoff rate and

 V = velocity of flow

Shape of the cross-section of the drainage canal selected for this project is a trapezoidal section. The drainage canals consisted of Field drainage and collector drainage canals. 

2.1.5 Irrigation structures

Division Box is used to regulate water flow in the canals and to link main canal with tertiary canal. Turnouts are used to take water from the main and tertiary canals to the field. In this project, there are two small flume structures along the main canal at chaiange of about 1+975m and 2+450m to cross gulley. In addition to this, there are also foot slap bridge along the main canals.
2.2 Design of Main Canals
Both right and left main canals are aligned as much as possible along the contours. Along these canals different farm structures such as lined canal, Flume, division boxes, foot slap bridge and turnouts are provided. For further information, see the designed canal profiles.

Main canal is designed to supply irrigation water directly to tertiary and field canals depending upon suitability and size of irrigation land/blocks. Manning’s formula is used to design the canal system.

The water distribution systems (canals) are designed to make irrigation operation easy and efficient. Greater attention is given to make all the canals section design economical, with less excavation, less water loss along the line, high discharge with fewer cross-sections, easy for operation & maintenance.

The right main canal starts irrigating about 350m below the diversion headwork intake without any head problem. Beginning from the weir intake, 15m concrete pipes having diameter of 50cm is proposed on both canals. The main reason for this is that the intake canals will pass through the wing wall and riverbank, which needs deep cut. 

All the canal alignment is made to maximize the command area as much as possible. The necessary farm structures are provided at suitable locations.
2.2.1 Main canals
Right Main canal has total length of 3.86km. It has been designed to irrigate net irrigation area of 74heactars with designed water duty of 2.20lit/sec/ha (12 hours of irrigation). Because of this, carrying capacity of the canal is about 163lit/sec of irrigation water. It will serve for 24-hours. Slope of the canal almost similar through of its length, which is 0.001.  

Left Main canal has total length of 2.878km. It has been designed to irrigate net irrigation area of 33heactars with designed water duty of 2.20lit/sec/ha (12 hours of irrigation). Because of this, carrying capacity of the canal is about 73lit/sec of irrigation water. It will serve for 24-hours. Slope of the canal almost similar through of its length, which is 0.001

[image: image60.wmf]0.40

0.40

0.40

0.60

0.25

1.40

0.10

0.05

0.75

0.30

1.50

0.10

0.50

0.25

0.25

0.15

0.15


Figure 6: Cross-Section of a canal

Where,  

T = Top width of the canal

B = Width of water surface when the water depth is at depth y 

b = Bottom width

D = Depth of canal after free board is added

F = Freeboard 

Z = Side slope of the canal

Y = Water depth in the canal
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Velocity of flow and water depth in the canal is calculated by the equation:
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V = Mean velocity of flow in the channel, m/s

S = Hydraulic slope

n = Roughness coefficient of the channel

Right Main canal (earthen canal) from chain age 0.200 to 3.86km has the following canal parameters:

Q =163 l/s

S = 0.001

n = 0.014
b= 0.40m. 

By employing the above formula, water depth d in the canal = 0.45m

By the same equation the left lengths of the canal has been calculated

2.3 Design of Tertiary Canal(TC 1-0-1)
There is only one Tertiary canal in the project that takes water from the right main canal. The length of this canal is about 1.395km. This canal will irrigate total area of about 17 hectare of land. Discharge carrying capacity of the canal will be 37 l/sec. This canal will take water from the right main canal; it has been design with maximum discharge of 37 l/sec. 

2.4 Design of Field Canals
Filed Canals will take off directly either from the main or tertiary canals based on the size and suitability of the irrigation land. All field canals should be aligned along boundaries of individual land holdings. Due to this, during construction, locations of field canals are subjected for modification and should not follow what is shown on the layout. Turnouts are provided to supply water to all field canals. These canals are expected to be constructed by the beneficiaries themselves.

Capacity of field canals will be determined based on the irrigation interval and duration of irrigation hours, size of the area irrigated by respective field canals and designed water duty. Most of the filed canals in the project will irrigate on one side of the canals.

There are 61 filed canals in the project, i.e. 31 on the right main canal, 20 on the left main canal and 10 on the right tertiary canal. The field canals will get water through 61 turnouts. 
As much as possible, all field canals are aligned across the contours, ridge, or boundaries of individual lands. All field canals are proposed to be constructed and managed by the farmers themselves.
2.5 Design of Lined Canal
Lined canals save a considerable amount of water loss due to seepage. As identified during feasibility study, on limited lengths along the main canals, there will be water loss due to seepage. This will happen due to the soil type existed along these canal profiles. To prevent seepage loss, it requires lining with plastered masonry wall. The bed width of lined canal is fixed to be 0.40m on for convenience of construction. However, the water depth and velocity of flow in the canals is calculated by employing Manning’s equation. 

Table 5: Lining along Main canal (MC-1)
	Canals 
	Chain age
	bed slope
	bed width (m)
	 water depth  (m)
	 Free board (m)
	 side slope 
	 n 
	Q (l/s)
	V (m/s)

	Right M. Canal
	0+002 to 3+863
	0.001
	0.40
	0.35
	0.25
	0:0
	0.014
	163
	0.71

	Left M. Canal
	0+002 to 2+878
	0.001
	0.40
	0.25
	0.25
	0:0
	0.014
	73
	0.57

	Right Secondary
	0+000 to 0+050
	0.12
	0.40
	0.05
	0.25
	0:0
	0.014
	37
	2.42

	Right Secondary
	0+050to 0+136
	0.045
	0.40
	0.05
	0.25
	0:0
	0.014
	37
	1.75


Table 6: Irrigation area of Meti Irrigation Project

	Canal Name 
	Net  Area in  (ha) 

	Right Main Canal (MC-1)
	 

	FC 1-0-0-1
	                                                1.07 

	FC 1-0-0-2
	                                                1.19 

	FC 1-0-0-3
	                                                1.66 

	FC 1-0-0-4
	                                                1.38 

	FC 1-0-0-5
	                                                1.02 

	FC 1-0-0-6
	                                                1.32 

	FC 1-0-0-7
	                                                1.41 

	FC 1-0-0-8
	                                                1.88 

	FC 1-0-0-9
	                                                1.87 

	FC 1-0-0-10
	                                                1.65 

	FC 1-0-0-11
	                                                1.57 

	FC 1-0-0-12
	                                                1.95 

	FC 1-0-0-13
	                                                1.85 

	FC 1-0-0-14
	                                                1.84 

	FC 1-0-0-15
	                                                1.44 

	FC 1-0-0-16
	                                                2.17 

	FC 1-0-0-17
	                                                2.31 

	FC 1-0-0-18
	                                                2.33 

	FC 1-0-0-19
	                                                2.69 

	FC 1-0-0-20
	                                                1.47 

	FC 1-0-0-21
	                                                0.98 

	FC 1-0-0-22
	                                                1.05 

	FC 1-0-0-23
	                                                1.40 

	FC 1-0-0-24
	                                                1.93 

	FC 1-0-0-25
	                                                2.50 

	FC 1-0-0-26
	                                                2.90 

	FC 1-0-0-27
	                                                3.53 

	FC 1-0-0-28
	                                                3.23 

	FC 1-0-0-29
	                                                2.69 

	FC 1-0-0-30
	                                                1.58 

	FC 1-0-0-31
	                                                1.45 

	Sub-Total
	                                              57.31 

	Tertiary Canal (TC 1-0-1)
	 

	FC 1-0-1-1
	                                                1.64 

	FC 1-0-1-2
	                                                1.54 

	FC 1-0-1-3
	                                                1.06 

	FC 1-0-1-4
	                                                1.68 

	FC 1-0-1-5
	                                                2.89 

	FC 1-0-1-6
	                                                1.06 

	FC 1-0-1-7
	                                                0.94 

	FC 1-0-1-8
	                                                1.06 

	FC 1-0-1-9
	                                                1.89 

	FC 1-0-1-10
	                                                3.05 

	Sub-Total
	                                              16.81 

	Total Area on MC-1
	                                              74.12 

	Left Main Canal (MC-2)
	 

	FC 2-0-0-1
	                                                1.59 

	FC 2-0-0-2
	                                                1.55 

	FC 2-0-0-3
	                                                1.49 

	FC 2-0-0-4
	                                                1.33 

	FC 2-0-0-5
	                                                1.57 

	FC 2-0-0-6
	                                                1.95 

	FC 2-0-0-7
	                                                1.69 

	FC 2-0-0-8
	                                                1.70 

	FC 2-0-0-9
	                                                1.65 

	FC 2-0-0-10
	                                                1.70 

	FC 2-0-0-11
	                                                1.65 

	FC 2-0-0-12
	                                                1.71 

	FC 2-0-0-13
	                                                1.29 

	FC 2-0-0-14
	                                                1.16 

	FC 2-0-0-15
	                                                1.65 

	FC 2-0-0-16
	                                                1.82 

	FC 2-0-0-17
	                                                2.21 

	FC 2-0-0-18
	                                                2.22 

	FC 2-0-0-19
	                                                1.89 

	FC 2-0-0-20
	                                                1.32 

	Sub-Total
	                                              33.14 

	Total Project Area
	                            107.26 


Note: Gross surveyed area is 302ha and out of this, net irrigation area of the project is about 107ha. 

2.6 Proposed Water Distribution
The main canals will supply the required water rationally to other canal namely tertiary and field canals. Therefore, tertiary and field canals function rotationally. The inter farm irrigation water distribution can be decided by the water users association to be established during project implementation.

2.7 Method of Water Application
As shown on the topographic map, nature or slope of the area is almost flat. Accordingly, furrow irrigation method is proposed. The furrow size of 25cm wide and 10-20cm deep can be used depending on the crop growing stage. Furrow spacing varies with the type of crops grown in the project. However, spacing of 0.5-1m is common for most row crops. Length of a furrow is approximately 100m.  
2.8 Drainage System
2.8.1 Introduction

Surface drainage is the diversion or orderly removal of excess water from the surface of land by means of improved natural or constructed channels. Drainage system is integral part of the irrigation system.

Drainage system protects the irrigation system such as main, tertiary and field canals, and irrigation land from damage, which would result from uncontrolled excess flow of irrigation water and surface runoff caused due to rainfall. Rain and excess irrigation water must be controlled to avoid erosion and damage of the irrigation land and irrigation system. Excess water should be removed safely from the irrigation land by different drainage systems. Finally, the collected drainage water should enter the natural drainage system. 

During feasibility study, major drainage lines were identified in the command area. Drainage network of field and collector drainage system is provided to remove excess irrigation water and rainwater from the fields. According to the hydrology report, 24hours Maximum Daily Rainfall at the project area is 50.3mm (5 year of return period). This value is used to design the drainage systems.

2.8.2 Field Drainage canals 

Surface drainage is applied primarily on flat lands where slow infiltration, low permeability, or prevent the ready absorption of high intensity rainfall. The drainage system is therefore intended to eliminate ponding and prevent prolonged saturation by accelerating flow to an outlet without causing siltation, soil erosion, and damage to the irrigation systems. Surface water can be removed safely from the irrigation land by constructing of open drains to the main outlet in order to meet the requirements of surface drainage.

2.8.3 Design of Field Drainage canal

To design respective drainage canal, peak runoff should be estimated based on drainage area and rainfall intensity. The length of farm boundaries determines the length of the field drains. It is often decided to place the field drains at right angles to the collectors. The length of a collector is restricted either by a field boundary or by the available slope

The field drainage system is generally designed on a model basis for a sample area. This can be a single farm of less than one hectare or an area of more than one hectare. The design is only a guideline, which can be adjusted for each single farm to incorporate specific circumstances.

Peak Runoff, (Q)

The Rational Method is used to calculate peak runoff in the irrigation fields as follows. Application of the rational method is normally limited to watershed of less than 0.5km2. 
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Where,

Q = Design Peak Discharge (m3/sec)

C = runoff coefficient, which indicates the proportion of the design rainfall that actually discharges rapidly from the basin and which contributes to the peak discharge. It is assumed that for the cultivated and flat land (slope less than 5%) and soil of medium infiltration, the value of C=0.50.

A = Area to be drained, ha 

I = Rainfall intensity in mm/h for the design return period and for a duration equal to the “time of concentration” of the watershed. The maximum gap between the consumptive use and the precipitation input become 50.3mm in 24hr. therefore, I = 50.3mm/24hr =2.10mm/hr. 

Peak runoff from the drainage catchments areas (for field and collector drain) can be calculated with the application of the following formula.
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2.9 Irrigation Structures
2.9.1 Design of Flumes

There are two flumes along the right main canal at chain age of about 1+975m and 2+450m away for the head work. The location is indicated in the table below.
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Right Main Cana
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Flume No.2

1+975


1. Design Data for the flume Section

Inlet elevation of flume =   1569.34m
Q =102 lit/sec = 0.163m3/sec 

Length of Flume is about, L =30m

Coefficient of roughness, n =0.014 (for smooth plastered surface) 

Shape of flume is rectangular 

Assume b= 0.40m and v = 1m/sec

A = Q/V = 0.163m2

Since A = bd = 0.4d = 0.163m2 ( d = 0.41 ≈ 0.40m. This dimension is very small for construction. Therefore, take b = 0.40m and d =0.40m for convenience of construction 

Add free board, Fb= 0.25m 

Therefore, total side wall height of the flume will be = 0.40m + 0.25m = 0.65m

Velocity in the flume, V2 = Q/A = 0.163/ (0.4*0.40) = 1.00 m/sec

Froude number,
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Where,

g is acceleration due to gravity which is = 9.81m/s2

Wetted perimeter, P= b+2d = 0.40+2*0.40 = 1.22m

Hydraulic radius, R = A/P = (0.40*0.40)/1.22 = 0.13
· Slope of the flume, 
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· Friction head loss in the flume, hf = L*S = 30m*0.003 = 0.09m

3. Water surface Change at upstream & downstream of the flume

· Drop of water surface at the inlet of flume,  (h1 = 1.5 (V22 – V21)/2g =    0.06m      

         Where,

         V1 = Velocity of water in the canal = 0.46m/s & V2= velocity of water in the flume = 1.00m/s

· Rise of water surface at the D/S canal (h2 = 0.3(V22 – V21)/2g = 0.012m

4. Elevations 

· Canal bed elevation at the inlet of flume = 1569.34m

· Water surface elevation at the U/S canal = 1569.34 + d2 = 1569.79m, 

d2 = water depth in the canal = 0.45m

· Water surface elevation at the flume inlet = 1569.79 - (h1 = 1569.73m

· Invert elevation at the flume inlet = 1569.73 - d = 1569.33m (d = 0.40m, water depth in the flume)

· Invert elevation at the flume outlet = 1569.33 - hf = 1569.24m (hf = friction head loss in the flume = 0.09m)

· Water surface elevation at the flume outlet = 1569.24+d = 1569.64m

· Water surface elevation at the D/S canal = 1569.64 +(h2 = 1569.66m

· Invert elevation at the flume D/S canal = 1569.66m – d2 = 1569.21m

· Total head loss = 1.2 (V22 – V21)/2g +hf = 0.13m

· Check water surface elevation difference between U/S and D/S canal = 1569.79 -1569..66 = 0.13m ( ok

4. Stability analysis of the flume

· To design the flume bottom slab, consider the flume bed as a beam with continuous lateral supports and assume effective depth of the beam to be = d

· Take thickness of side wall of the flume = 0.15m

· Total width of the flume (beam) bf = 0.40+ 2*0.15m = 0.70m

· Let the beam to be supported at each, l = 5.00m c/c interval 

[image: image70.wmf]
Loads on the Flume

· Dead load (side walls), W1 = (0.15*0.65*2)*(c = 468kg/m
· Live load (due to flowing water), W2 = 0.40*0.40* (w = 160kg/m

Where

 (c and (w are unit weights of reinforced concrete and water respectively. i.e. 2400kg/m3 and 1000kg/m3

According to Ethiopian Standard Code of practice for Loading, combination of forces, which produces the most unfavorable effect (ultimate limit state), has been used in this design.

Therefore, dead and live loads combination for the ultimate limit state expressed as follows:

W = 1.3W1+1.6W2 = 1.3*468 + 1.6*160 = 864.4kg/m
Maximum Bending Moment; 
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 , where l = 5.00m
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Where 

C = Permissible Compressive Stress in concrete = 50kg/cm2

          
t = permissible tensile stress in steel = 1400kg/cm2

                
Es = modulus of elasticity of steel = 21*105kg/cm2
                
Ec = modulus of elasticity of concrete =1.4*105kg/cm2

           
m = modular ratio = Es/Ec = 15

           
N = constant of neutral axis 

           
j = lever arm constant 

          
Q = resisting moment constant 

           
j = 1-N/3 = 0.884
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Now find depth (thickness) of the beam, d from 

B.M = Q*bf *d2 ( 270125.cm = 7.713kg/cm2 * 70cm * d2, d = 22.37m, take d= 25cm

Find lever arm, a = jd =0.884*25cm = 22.10cm

Area of steel (X-section) calculated from 

B.M = t*a*As 
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 270125kg.cm = 1400kg/cm2 *22.10cm *As
As =8.73cm2
Assume the number of reinforcement bars required in the beam be = 10, then diameter of the bar D from
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Take, D = 14mm diameter of reinforcement bar for safety

Check for shear

Shear stress at any section, 
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Where,

St = total shear force across the section (design load) = Wl = 864.4kg/m*5.00m = 4322kg

            b = breadth of the beam = 70cm

            d = effective depth of the beam = 25cm
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When the nominal shear stress S exceeds the permissible shear stress Sp (from the Table) shear reinforcement shall be provided. From the table for 
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For m 150 grade of concrete Sp = 3.18
Since S ( Sp ( 2.47 ( 3.18, there is no need of shear reinforcement. To tie the main reinforcement bars use 8mm diameter stirrups bar with spacing of 30cmm c/c.

Check for slenderness ratio l/r

r = radius of gyration 
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l = effective length = 5.00m

Therefore l/r =5.00/0.072 = 69.44
Which is 69.44 ( 100 safe from buckling
2.9.2 Division Box

Division Box is used  to  divide  the  flow  from  the canal among  two  or more canals or  pipes. The flow through the division box may be directed through the various outlets with gates or stop logs. Division Box is gate operated as the farmers practically use rotational irrigation. 

In this project, there is 1 division box, which is located at bout 2+500m away from the headwork. It has been proposed to divert water from the main canal to the tertiary canal. At this point, elevation of the canal and out let of the division box should have the same elevation. This is because to divert the required amount of water to the canal, elevation of inlet and outlet should be the same. 
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Figure 7:  Sample Division Box

The design parameters (dimensions) are given in the table with the AutoCAD drawing. 
The design is done using broad crested weir formula with the following equation. 
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 Where,

           Q = Discharge (in m3/s) = 0.037 for MC-1

           C = Coefficient of discharge = 1.7
           H = Driving head (m) = 0.20m (flow depth over the crest)
           L = Width of division box openings (effective length of the crest)   

L = Q/Ch3/2 = 0.037/ (1.7*(0.20)1.5) =0.24m, since this width is not suitable for construction, it has decided to be 0.40m
The  side walls  should  have  a top  elevation  equal  to  the  elevation  of  the normal  canal water  surface plus free board. In the same way, water depth in the division box inlet and out let will have the same depth to that of the canal.
Table 7: Division Boxes location and dimension
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2.9.3 Turnouts

Purpose of the turnout is to divert water from a supply canals to a smaller channel (field canals in our case). The  structure  will  usually consist  of  an  inlet,  a  conduit  or  a means  of conveying  water  through  the  bank  of  the supply  channel  and, where  required,  an  outlet transition.  Gates are generally used in the inlet to control the flow.  

To divert irrigation water to the irrigation fields, turnouts are proposed at appropriate locations. There are totally about 61 turnouts out of which 31 are on the right main canal,  20 are on the left main canal and 10 are on right tertiary canal.  As indicated on the system layout, turnouts will take off either directly from the main or tertiary canals based on the size of irrigation area. See the AutoCAD drawing for location and dimension of the turnouts.
Opening of the turnouts proposed to have rectangular shape and to be regulated with gates. Area of the opening is obtained from the following equation. (One typical Turnout No.8 on MC-1 is taken)
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Where,

H = head difference = 0.45m (water depth over the crest)

C= coefficient of discharge = 1.70
L = Crest length of opening across the off take (m)  

Q = maximum discharge in the turnout (m3/sec)
The discharge (Q) in the turnout gate can be calculated based on the water demand of the unit area and the given water duty.
Water duty = 2.20 l/s/ha (for 12 hours of irrigation)
Unit Area = 1.88ha

Maximum irrigation interval (for maize) = 10days
Irrigation hours needed to irrigate 1ha = 8-10 hrs, take = 8hrs 

[image: image83.wmf])

(

(days)

 

interval

 

Irrigation

 

X

 

(hrs)

 

12

 

X

 

(ha)

 

Area

 

Crop

 

X

 

(l/s/ha)

duty 

Water 

 

Q

 

demand,

 

Peak water

hrs

area

given

the

irrigate

to

needed

Hours

Irrigation

=



[image: image84.wmf]m3/sec

062

.

0

/

62

8

10day 

 

X

12hrs/day 

 

X

 

a)X1.88ha

2.20(l/s/h

=

=

=

s

l

hrs

Q


From 
[image: image85.wmf]m

CH

Q

L

CLH

Q

/

12

.

0

,

2

/

3

2

3

=

=

=


Since the opening is controlled with gate, take L =0.30m. The same equation is applied to design all turnouts. 

2.10 Bill of Quantities & Cost Estimation
Quantity of each activity has been taken from the design drawings. Cost estimation of all activities has been done based on the unit rates obtained from the market. Total cost of the project is          25,018,486.43 Birr with VAT. During construction, it is expected that beneficiary of the project to contribute about 5.12% of the total project cost which is 1,279,892.74 Birr. The project cost per ha is about 362,586.76 Birr. Detail Bill of Quantities and cost estimation are shown in the table below. 

Table 8: Bill of Quantity and Cost estimate
	Item No.
	 Description of works
	Unit
	 Quantity 
	  Unit cost  
	  Total cost  

	1
	General works
	 
	 
	 
	 

	1.1
	Mobilization (Manpower, machinery, material, work commencement to be paid on his work schedule submission)
	Ls
	1.00
	         65,000.00 
	                            65,000.00 

	1.2
	Demobilization is to be paid after taking over of the project
	Ls
	1.00
	65,000.00 
	                      65,000.00 

	1.3
	Furniture and office equipment for the site supervisor (these are considered as the property of the client and formally to be handed over)
	 
	 
	 
	 

	1.4
	Supply standard single drawer table with chair;
	Set
	1
	 35,000.00 
	35,000.00

	1.5
	Supply standard 90cm width and 16cm thick single sponge mattress, a pair of pillow, a pair of bed sheet (250cm), and Blanket;
	Set
	1
	         25,000.00 
	25,000.00

	1.6
	Supply 90cm wide folding iron bed
	No
	1
	   7,500.00 
	7,500.00

	1.7
	 Supply a Motorcycle or Equivalent; Engine 2-Stroke, Single-Cylinder, air cooled; Fuel capacity: 13 liters; 200cc: Seat Height: 835mm; Height: 1150mm with all accessories.
	No
	1
	       200,000.00 
	200,000.00

	1.8
	Camping (3m x 13.85m office & bed room, 4m x 6m  kitchen & Cafeteria, 5m x 5m store, 4mx2m Toilet & Shower, 2m x 2m guard house 
	 
	 
	 
	 

	1.8.1
	Site clearing
	m2
	175.00
	8.69
	1520.75

	1.8.2
	Excavation
	m3
	63.34
	53.70
	3401.14

	1.8.3
	Cart away all excess excavated material for safe place with a radius of more than 500m
	m3
	88.52
	65.58
	5805.14

	1.8.4
	25cm thick hard core
	m3
	89.70
	309.70
	27780.09

	1.8.5
	Masonry work with 1:3 mortar mix 
	m3
	38.40
	2564.81
	98498.96

	1.8.6
	5cm thick mass concrete (1:2:4 mix ratio)
	m3
	12.71
	3407.10
	43304.24

	1.8.7
	2cm cement screed
	m2
	91.00
	240.70
	21903.70

	1.8.8
	CIS walling G-32
	m2
	337.00
	350.00
	117950.00

	1.8.9
	CIS roofing G-32
	m2
	194.50
	355.66
	69174.90

	1.8.10
	Chip wood wall ceiling
	m2
	256.00
	180.00
	46080.00

	1.8.11
	Supply, assemble and fix in position eucalyptus wall post  of length 3 m with span length of 1.2m
	No
	161.00
	209.20
	33681.20

	1.8.12
	Supply and fix purlin in Eucalyptus  wood size 50 x 70 mm nailed into eucalyptus truss
	m
	586.00
	100.00
	58600.00

	1.8.13
	 Supply, assemble and fix in position eucalyptus roof truss 
	 No 
	36.00
	241.67
	8700.12

	1.8.14
	 Supply and fix purlin in zigba wood size 50 x 70 mm nailed into eucalyptus truss including three coats of anti - termite external treatment 
	 m 
	190.00
	94.92
	18035.00

	1.8.15
	 Supply and fix CIS  doors size 1.0x2.10m  
	 No 
	14.00
	1500.00
	21000.00

	1.8.16
	 Supply and fix CIS  windows size 1x1.2m 
	 No 
	9.00
	500.00
	4500.00

	1.8.17
	Fence 2.0m height & 15cm φ eucalyptus poles placed every 2m with barbed wire at 20cm vertical interval & erected in 0.6m depth  embedded with concrete
	 LS 
	           1.00 
	         90,000.00 
	                            90,000.00 

	1.9
	Access Road with average width of 5m and as per required depth of cut & fill to let vehicle access to it.
	Ls
	1
	       550,000.00 
	                          550,000.00 

	1.10
	Headwork site and main canal profile set out surveying works & check any logical contradiction whether headwork hydraulics consistent with designed canal profile & approved by engineer
	LS
	1.00
	         45,000.00 
	                            45,000.00 

	1.11
	Dewatering
	LS
	1.00
	 75,000.00 
	                     75,000.00 

	1.12
	Dyke/Coffer dam work (temporary diversion) to be paid 50% for construction, 50% for demolition or returning to natural condition.
	m3
	98.45
	              155.53 
	                            15,312.32 

	1.13
	Sign post at junction and camp office, with dimension of 1m *1.5m of 2mm thick with 2.5m height angle iron pole founded on C-10 (1:3:6) mass concrete of 0.5m minimum depth
	LS
	2
	      45,000.00 
	                            90,000.00 

	1.14
	Preparation of as-built drawings and site plan including operation and maintenance manual
	Ls
	1.00
	         45,000.00 
	                            45,000.00 

	 
	                                        Sub Total
	 
	 
	 
	                 1,887,747.57 

	2
	Head Works
	 
	 
	 
	 

	2.1
	Earthworks
	 
	 
	 
	 

	2.1.1
	Site clearance & grubbing                                   
	m2
	1998
	          8.84 
	                      17,662.32 

	2.1.2
	Excavation of ordinary soil
	m3
	494.17
	        53.87 
	                      26,620.96 

	2.1.3
	Excavation of Hard rock 
	m3
	123.54
	      373.19 
	                     46,104.87 

	2.1.4
	Excavation of soft rock
	m3
	205.90
	    125.18 
	                       25,775.11 

	2.1.5
	Placing compacted selected material
	m3
	 
	 
	 

	2.1.6
	Backfill with compaction
	m3
	244.12
	      155.53 
	                    37,967.98 

	2.1.7
	Cart away all excess excavated material for safe place with a radius of more than 500m
	m3
	679.50
	                65.85 
	                            44,745.08 

	2.2
	Concrete works
	 
	 
	 
	 

	2.2.1
	Form Work
	m2
	      93.04 
	     200.77 
	                  18,679.64 

	2.2.2
	Lean/plain concrete C-10 (1:3:6)
	m3
	36.66
	    3,583.58 
	                    131,383.00 

	2.2.3
	Mass concrete C-20 (1:2:4)
	m3
	395.15
	  3,685.31 
	                 1,456,235.51 

	2.3
	Masonry Works
	 
	 
	 
	 

	2.3.1
	Masonry work with 1:3 mortar mix 
	m3
	444.42
	  2,783.89 
	             1,237,216.39 

	2.3.2
	Provide and place 0.50m thick stone Rip-Rap (with 1:3 mortar)
	m3
	92.5
	   1,023.76 
	                       94,697.80 

	2.3.3
	Plastering, mix ratio 1:3
	m2
	249.93
	      266.43 
	                       66,588.85 

	2.3.4
	Pointing of back side of wing walls
	m2
	83.40
	      103.75 
	                       8,652.75 

	2.4
	Gate Structures
	 
	 
	 
	 

	2.4.1
	Supply & installation of steel intake gate with Spindle , 5mm thick (60cm*65cm) including steel works, angle iron, sliding shaft as shown in the Drawing
	pcs
	2
	         37,000.00 
	                            74,000.00 

	2.4.2
	Supply & installation of steel sluice gate, 5mm thick (1m*0.80m) including steel works, angle iron, sliding shaft as shown in the Drawing
	pcs
	2
	         45,000.00 
	                            90,000.00 

	2.4.3
	Metal Ladder & safety protection for gates operation
	No
	2.00
	 10,000.00 
	                  20,000.00 

	2.4.4
	Purchasing, transporting, and laying of plain concrete pipes(Ø50cm)
	m
	          4.00 
	         3,500.00 
	                          14,000.00 

	 
	                                        Sub Total
	 
	 
	 
	                3,410,330.27 

	3
	Canals
	 
	 
	 
	 

	3.1
	Lined Main Canal (s) (Total L= 6741m)
	 
	 
	 
	 

	3.1.1
	Site clearance & grubbing                                   
	m2
	16,842.39
	        8.84 
	                 148,886.71 

	3.1.2
	Excavation of ordinary soil
	m3
	9,989.38
	         53.87 
	                538,127.65 

	3.1.3
	Excavation of soft rock
	m3
	203.52
	      125.18 
	                   25,476.47 

	3.1.4
	Excavation of hard rock
	m3
	135.68
	       373.19 
	                  50,634.09 

	3.1.5
	Hardcore well blinded (25cm thick)
	m3
	2,363.35
	       309.70 
	                 731,929.50 

	3.1.6
	1*0.80*0.15m reinforced Concrete slab (with 1:2:4)
	pcs
	40.00
	       657.18 
	                   26,287.31 

	3.1.7
	Masonry work with 1:3 mortar mix 
	m3
	3,126.16
	    2,855.35 
	             8,926,280.96 

	3.1.8
	Mass concrete, 5cm thick (1:2:4) for canal bed
	m3
	337.05
	   3,685.31 
	              1,242,133.74 

	3.1.9
	3cm cement screed with 1:3 cement mortal
	m2
	3,370.50
	      343.47 
	             1,157,665.64 

	3.1.10
	Plastering with 1:3 mix ratio, 3 coats 
	m2
	7,755.40
	      266.43 
	              2,066,271.22 

	3.1.11
	Backfill and compaction of normal soil
	m3
	1,290.31
	       155.53 
	                 200,682.60 

	3.2
	Lined Secondary Canal (s) (Total L = 136m)
	 
	 
	 
	 

	3.2.1
	Site clearance & grubbing                                   
	m2
	272.87
	         8.84 
	                    2,412.19 

	3.2.2
	Excavation of ordinary soil
	m3
	201.72
	        53.87 
	                   11,747.24 

	3.2.3
	Excavation of soft rock
	m3
	10.90
	       125.18 
	                    1,364.46 

	3.2.4
	Excavation of hard rock
	m3
	5.45
	       373.19 
	                     2,033.89 

	3.2.5
	Hardcore well blinded (25cm thick)
	m3
	51.16
	375.80
	19,227.24

	3.2.6
	Masonry work with 1:3 mortar mix 
	m3
	54.57
	2855.35
	155,829.01

	3.2.7
	Mass concrete, 5cm thick (1:2:4) for canal bed
	m3
	3.40
	 3,685.31 
	12,530.05

	3.2.8
	3cm cement screed with 1:3 cement mortal
	m2
	54.40
	      343.47 
	18,684.77

	3.2.9
	Plastering with 1:3 mix ratio, 3 coats 
	m2
	245.58
	266.43
	65,431.16

	3.2.10
	Backfill and compaction of normal soil
	m3
	4.52
	155.53
	702.38

	 
	                                        Sub Total
	 
	 
	 
	               15,404,338.25 

	3.3
	Earthen Tertiary Canals (Total L =1259m )
	 
	 
	 
	 

	3.3.1
	Site clearance & grubbing                                   
	m2
	2203.2
	8.84
	 Community 

	3.3.2
	Excavation of ordinary soil
	m3
	272.10
	        53.87 
	 Community 

	3.3.3
	Fill and compaction of normal soil
	m3
	       234.29 
	155.53
	 Community 

	3.4
	Earthen Tertiary Drains (Total L=1444m )
	 
	 
	 
	 

	3.4.1
	Site clearance & grubbing                                   
	m2
	1804.79
	8.84
	 Community 

	3.4.2
	Excavation of ordinary soil
	m3
	488.69
	         53.87 
	 Community 

	3.4.3
	Fill and compaction of normal soil
	m3
	310.52
	155.53
	 Community 

	3.5
	Earthen Catch Drain (Total L =6879.89m )
	 
	 
	 
	 

	3.5.1
	Site clearance & grubbing                                   
	m2
	23,594.60
	         8.84 
	 Community 

	3.5.2
	Excavation of ordinary soil
	m3
	4,694.16
	        53.87 
	 Community 

	3.5.3
	Fill and compaction of normal soil
	m3
	4,226.16
	    155.53 
	 Community 

	4
	Farm Infrastructures 
	 
	 
	 
	 

	4.1
	Flume, F1, F2 & F3 (L= 45m)
	 
	 
	 
	 

	4.1.1
	Site clearance & grubbing                                   
	m2
	360
	8.84
	3,182.40

	4.1.2
	Excavation of ordinary soil
	m3
	45.00
	        53.87 
	2,424.15

	4.1.3
	Excavation of soft rock
	m3
	9.34
	125.18
	1,168.68

	4.1.4
	Excavation of hard rock
	m3
	6.22
	    370.17 
	                    2,303.94 

	4.1.5
	Reinforced Concrete C-20 (1:1.5:3)
	m3
	22.53
	3685.31
	83,011.61

	4.1.6
	Masonry work with 1:3 mortar mix 
	m3
	7.14
	2855.35
	20,375.78

	4.1.7
	Plastering with 1:3 mix ratio, 3 coats 
	m2
	214.26
	266.43
	57,084.45

	4.1.8
	supply & preparing of 50mm thick timber for form working
	m2
	151.00
	200.77
	30,316.27

	4.1.9
	Purchasing, transporting, and cutting of Eucalyptus pole of  Ø10cm at each 10m length for form working
	pcs
	91.00
	              120.00 
	                          10,920.00 

	4.1.10
	Purchasing, transporting, and cutting of Eucalyptus pole of  Ø5cm at each 10m length for form working
	pcs
	114.00
	                85.00 
	                            9,690.00 

	4.1.11
	Supply, cutting, bending, placing, & any other fixing of reinforcement bar :
	 
	 
	 
	 

	a
	                                        -Ø8
	"
	161.07
	       94.66 
	                 15,247.26 

	b
	                                        -Ø10
	"
	387.38
	        94.23 
	                  36,502.82 

	c
	                                        -Ø12
	"
	231.61
	        90.33 
	                  20,921.41 

	d
	                                        -Ø14
	"
	668.06
	        89.80 
	                  59,991.64 

	e
	                                        -Soft Wire (10% of a)
	"
	25.00
	        50.63 
	                     1,265.75 

	f
	                                        - Nails
	"
	40.00
	         75.00 
	                    3,000.00 

	4.1.12
	Fill and compaction (excavated or surrounding  soil)
	m3
	57.95
	155.53
	9,012.57

	 
	                                        Sub Total
	 
	 
	 
	                   366,418.72 

	4.2
	Turnouts (#)
	No
	61
	 
	 

	4.2.1
	Ordinary soil excavation
	m3
	204.96
	        53.87 
	11,041.20

	4.2.2
	Hardcore well blinded (25cm thick)
	m3
	22.88
	375.80
	8,598.30

	4.2.3
	Mass concrete, 5cm thick (1:2:4) 
	m3
	29.05
	3685.31
	107,058.26

	4.2.4
	Masonry work with 1:3 mortar mix 
	m3
	5.13
	2855.35
	14,647.95

	4.2.5
	Plastering with 1:3 mix ratio, 3 coats 
	m2
	171.29
	266.43
	45,636.26

	4.2.6
	Cemented stone pitching (thickness 30cm)
	m3
	23.12
	375.80
	8,688.42

	4.2.7
	Purchasing, transporting, and laying of plain concrete/DCI/DN pipes
	pcs
	30.00
	         10,000.00 
	300,000.00

	4.2.8
	5mm thick double framed with angle iron Gate works supply & Installation 
	No
	61.00
	1,500
	91,500.00

	4.2.9
	Fill and compaction (excavated or surrounding  soil)
	m3
	58.56
	155.53
	9107.8368

	 
	                                        Sub Total
	 
	 
	 
	                    596,278.22 

	4.3
	Division Boxes (#)
	No
	2
	 
	 

	4.3.1
	Site clearance to the depth of 15cm
	m2
	27.83
	8.84
	                           245.98 

	4.3.2
	Ordinary soil excavation
	m3
	18.11
	        53.87 
	                           975.57 

	4.3.3
	Hardcore well blinded (25cm thick)
	m3
	3.04
	375.80
	                        1,142.31 

	4.3.4
	Masonry work with 1:3 mortar mix 
	m3
	10.23
	2855.35
	                      29,210.23 

	4.3.5
	Plastering with 1:3 mix ratio, 3 coats 
	m2
	34.20
	266.43
	                        9,111.64 

	4.3.6
	5cm cement screed (1:2) (Bed of Division Box)
	m2
	5.17
	343.47
	                        1,775.74 

	4.3.7
	5mm thick double framed with angle iron Gate works supply & Installation (only for 2 Division Boxes on MC-1& MC-2)
	No
	2.00
	           3,500.00 
	                              7,000.00 

	4.3.8
	Fill and compaction (excavated or surrounding  soil)
	m3
	10.12
	155.53
	                        1,573.96 

	 
	                                        Sub Total
	 
	 
	 
	                       51,035.43 

	5
	Social Structures (#)
	 
	 
	 
	 

	5.1
	Foot Bridge structures  (as per the drawing) (# =4)
	No
	4.00
	  9,764.28 
	                  39,057.13 

	 
	                                        Sub Total
	 
	 
	 
	                      39,057.13 

	 
	Total
	 
	 
	 
	                21,755,205.59 

	 
	VAT (15%)
	 
	 
	 
	                 3,263,280.84 

	 
	Grand Total
	 
	 
	 
	                25,018,486.43 


Note: community share =Birr 1,279,892.74 = 4.79% of the total cost
3 PROJECT IMPLEMENTATION

3.1 Implementation Approach
After completion of tender documents, tendering and selection of contractors can be made. Most of the preparatory activities are expected to be carried out during the rainy season.The project can be implemented with local contractors. The duration of construction can be about one year. 
3.2 Construction Schedule
For the entire project activities, the total time of construction is estimated to be about one year.  The schedule is depicted in the following table.

Figure 8: Construction schedule
	Activities
	M1
	M2
	M3
	M4
	M5
	M6
	M7
	M8
	M9
	M10
	M11
	M12

	Preparatory Work
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	Access Road construction
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	Headwork Structure 
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	Construction of Flume structures on Right main canal
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	Division Box, Turn Outs & Foot Slab Bridge
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	Right & Left Main Canals
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	Secondary, Tertiary and Drainage Canals and Sign Post 
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	Field Canals & Field Drainage Canals
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	


4 CONCLUSION AND RECOMMENDATION 

The design of Meti small-scale irrigation project was intended to irrigate about 34 hectares of land as stated in the bid document/ inception report. However, the study has revealed that minimum discharge of the source river is 542 lit/sec in the months of February and the maximum discharge 1810 l/sec in the month of July. 

Based on the available river flow and from the gross surveyed area of 248 hectares, 69 hectares of net irrigation area can be irrigated. The project water resource can irrigate all the area in dry season and therefore there is no need of night storage in the project.  
The project has two main canals in the right and left sides of the river with maximum carrying capacity of 102 and 26l/s respectively. Each canal can irrigate 55 and 14 hectares of land respectively with the given water duty of 1.86 l/s/ha for 12 hours of irrigation. Along these canals, there are 2 flume structures, 2 road crossing culvert, 1 division box, turn outs etc.  . 

Generally, the project is suitable to produce all the proposed crops. Therefore, this irrigation project is crucial for the community residing in the area, as its implementation will improve crop production and productivity of the area. In addition to this, it will improve food security situation of the project beneficiaries.
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