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FC     
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EXECUTIVE SUMMARY
Unkuso small-scale irrigation project is located in Oromia National Regional State, Buno Beddelle Zone, and Chora District. The headwork site is located at X-Y coordinates of 193105m-East and 934551m-North. The project is about 482km far from Addis Ababa through Nekemt, 106km from Zonal Capita Mettu and 26km from Chora. The project is accessible by four-wheel drive throughout the season.

Objective of this project is to bring the proposed area under irrigation based agricultural development to achieve the goal of food security by increasing agricultural production. 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 at the same time create job opportunity for many people living in and around the project area. 

Source of water for this irrigation project is Unkuso River, which has perennial flow. Minimum monthly flow of the river (time series) is 10 l/sec in April 2016 and maximum flow of the river is about 191lit/sec in September. Based on the given water duty of 0.87lit/sec/ha, it will be possible to irrigate about 12 hectares of land during dry season and 47 hectare of land during wet season (supplementary irrigation). The total catchment area of the watershed contributing surface flow to the project river (at weir site) is 6.70km2. The peak design flood used to design the diversion weir is 15.80m3/s, which is maximum flood expected once in 50 years of return period.

The major engineering design components of project are diversion weir with appurtenant structures, camp (residence, office, cafeteria, store, toilet, & shower), 1 night storages, drainage culverts, division box, system layout, irrigation and drainage canals profile.

The main canals are designed to serve for 24-hours, whereas secondary and field canals will serve rotationally based on the interest of the project beneficiaries. Depending up on the suitability of the irrigation area both furrow and basin methods of water application are proposed.

Total cost of the project is 6,123,554 Birr including 15% VAT and share of the community. During construction it is expected that beneficiary of the project to contribute about 13.25% of the total project cost which 705,459 Birr. The project cost per hectare is about 130,288.39 Birr.   

1 HEADWORK (DIVERSION WEIR) DESIGN
1.1 Location of the Headwork
Unkuso small-scale irrigation project is located in Oromia National Regional State, Buno Beddelle Zone, and Chora District. The headwork site is located at X-Y coordinates of 193105m-East and 934551m-North. The project is about 482km far from Addis Ababa through Nekemt, 106km from Zonal Capita Mettu and 26km from Chora. The project is accessible by four-wheel drive throughout the season.

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. The development of this project will transform the prevailing subsistence production system to high value and market oriented production system. Aim of the project is also to improve livelihood of the beneficiaries and at the same time to create job opportunity for many people living in and around the project area. With the implementation of this irrigation project in Unkuso, 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 Unkuso River, which is a perennial River source. The total catchment area of the watershed contributing surface flow to the proposed project is 6.70km2. According to the hydrology study result, the lean flow of Unkuso River at the study site during November, December, January, February and March is 18, 20, 10, 13 and 27 lit/sec respectively. On the other hand, the river flow during April, May, June, July, August, September, and October are 43, 97, 176, 147, 147, 191, and 69 lit/sec respectively.

Table 1: Lean flow time series in m3/sec
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec

	0.010
	0.013
	0.027
	0.043
	0.097
	0.176
	0.147
	0.147
	0.191
	0.069
	0.018
	0.020


From the surveyed area of 77 hectares, the net irrigable area is 47 hectares. However, in the five dry months (November to March), the beneficiary will irrigate about 12 hectares of land with 0.87l/s/ha crop water requirement. However, in the rest 7 months they can irrigate extra irrigation lands as supplementary irrigation. Due to this, the project can irrigate to total irrigation area of 47 hectares with supplementary irrigation. 
As indicated in the system layout and excel data, right main canal can irrigate maximum area of 14.50ha of land. Therefore, this canal has been designed to have carrying capacity of 15 lit/sec of flow.

There is Dabana River at just 1.50km downstream of the proposed irrigation project. The river is a Perennial with huge discharge which flow from East to West and Unkuso River is tributary of this river. Dabana River is more than enough; there is no need of releasing to the downstream users and environmental purposes from Unkuso River. There will not be any social conflict arising among the community.  

1.3.2 Tail water depth

Based on the weir site selection, topographic map, River cross-section and longitudinal profiles were taken by the surveyors. Using the river longitudinal profile, the stage discharge curve was computed and plotted as shown below.  It helps to know the tail water depth after construction of the weir and enables us to decide the arrangement of the weir and provide protective structures. From the table below, the tail water depth is 0.90m.
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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 Unkuso diversion weir site for 5, 10, 25, 50 and 100 years of return period are 10.80, 12.50, 14.50, 15.80, and 17m3/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 Unkuso irrigation project, the peak design flood once in 50 years of return period, which is 15.80m3/s has been taken.
1.4 Foundation Condition
Foundation condition 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, riverbed of the proposed headwork site is formed of Fresh basaltic bedrock.  The left bank of the river is Clayey top soil at the surface and at 1.2m is bed rock. Likewise, material at the right bank of river is formed of weathered basalt at the surface. It is recommended that intake areas on both sides are safe. However, since water in the stream is relatively small, especially at the left bank, either structure or linings of about 100m  may be required to reduce possible water loss to the maximum. Concerning bearing capacity of the foundation, generally, there is no problem of differential settlement.

Even though bed of the river is formed of fresh basaltic bedrock, to provide safety against piping failure, upstream and downstream cut-off walls are provided and checked for exit gradient.   
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Figure 2: Geological Cross section of Unkuso Weir site
1.5 Purpose of Diversion Weir
Purpose of this diversion weir is designed to raise the water level on its upstream side 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 both 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
During selecting 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 canal alignment which take water from this weir will enable to command the intended project area;

· The headwork site is easily accessible and close to the command area. To transport construction materials to the headwork site, it needs only the construction of not more than 1km new access road.;

· Construction materials such as stone, sand etc are available in large quantities in close proximity of the site (for further information, see engineering geology report);
· The headwork site should have good foundation at moderate depth (see the geology report).

The selected headwork site has fulfilled the above design criterion. 

1.6.3 Types & Shape of the Diversion weir 

Weirs differ in types and shapes, but they will be 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. 

· The skill of the local builders: A weir with a shape that cannot easily be constructed by local manpower should not be considered;
·  The availability of construction materials in close proximity;

· The financial feasibility of the project;

By considering the above criteria and other factors, broad crest stone masonry weir type is selected. The 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. Hydrostatic pressure (static water pressure of the surface water);

b. Weight of the weir body and water wedge;
c. Uplift water pressure;
d. Soil reaction at the weir base, etc.
1.6.5 Weir crest elevation 

Height of the weir crest is decided based on the head requirement of the canals’ intake. To fulfill the objective of the intake structures, the following points considered in deciding the weir crest elevation.   

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

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

a. The height of the crest affects the discharge coefficient and consequently the water head above the weir and the backwater curve;
b. The 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. Required bed level of the canal (bed level of Right main canal at 275m away from the weir) = 1856.60m
· Slope of this canal  up to 275m = 0.002
· Head loss on the canal = 0.002* 275m = 0.55m

· Required bed level of the intake canal at the weir = 1856.60+0.55 =1857.15m  
2.  Designed maximum water depth in the main canal = 0.20m
3.  Assumed head loss across head regulator = 0.10m
4.  Freeboard for the weir crest= 0.15m

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 = 1857.15 + 0.20+0.10+0.15m = 1857.60m
Height of the weir body above the riverbed level = 1857.60-1856.15m = 1.45m
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 examined, and the width at the selected weir site location is measured. It is found to be around 6m. Based on this, length of the weir crest including the under sluice gates has been fixed to be 6m.

1.6.7  Maximum Design Flood 
For small-scale irrigation project, to design the diversion weirs, design flood once in 50 years is recommended. Therefore, the proposed diversion weir has been designed with 50 years of return period of flood discharge (15.80m3/s). 

1.6.8  Discharge over the weir

The weir is designed to pass the maximum design flood flows safely to the downstream without causing any damage on the weir structures. The weir will have two under sluice gates on both right and left sides of the riverbanks i.e. near the main canal intakes. However, if incase the gates are 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 

Q = CLHe3/2

Where,

Q = Maximum design discharge = 15.80m3/s
L =length of the weir = 6m

He = height of energy line above the crest = V2/2g + Hd

C = discharge coefficient. In practice a discharge coefficient of C =1.70 (for broad crested weir) is used. 
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Figure 3 : Discharge curve over the weir crest
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Approach velocity head is calculated as:
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Where,
Q = Maximum Design discharge = 15.80m3/s
h = Height of the weir body above the upstream river bed = 1.45m
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L = length of the weir = 6m
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By trial and error the value of Hd = 1.29m
In the same way: 

Approach Velocity, 
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Head due to velocity,  
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Upstream water level = weir crest elevation + calculated over flow depth = 1857.60 + 1.29 = 1858.89m 

1.6.9  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 = (15.80m3/s)/6m =2.63m2/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 = 1858.89 –1.5*2.57 = 1855.03m
Since, the riverbed material at the proposed headwork site is found to be fresh basaltic bedrock; the bottom level of the weir body will be difficult to excavate the rock. However, to safe guard against piping, cutoff wall has been provided both at the upstream and downstream ends of the weir. Therefore, the reduced level of the weir body has been decided to be at 1855.25m.

The downstream cut-off wall at the end of the weir apron is calculated as (R.L) = HFL – 2R = 1858.89 –2*2.57 = 1853.74m.  Therefore, to safeguard the weir against piping the d/s cut-off wall is fixed at 1854.50m, which is 1.65m below the riverbed level. It is safe against piping (see1.6.13 for Khosla’s Exit Gradient).
1.6.10 section of the weir body

A gravity weir must be designed with sufficient factor of safety to resist the following three tendencies to destruction: 

1. Overturning: 

There is a tendency for a gravity weir to overturn about the downstream toe of the foundation or about the downstream edge of any horizontal section. The most critical condition for inducing overturning is, when, at the upstream face, the uplift pressure exceeds the vertical stress at the horizontal section.

2. Sliding: 

The horizontal force tends to displace the weir in a horizontal direction. The frictional and shear resistance of the masonry and the foundation will resist this tendency. The shear friction factor, which is used for the sliding stability criterion for all large weirs, should also be used for small weirs. 

3. Overstressing: 
The unit stress in the gravity weir and the foundation must be within allowable bearing values.  The basic shape is supposed as the shape stable dynamically based on height of the fixed weir (h) and water depth on the crest (Hd). There are Bligh’s formula) and Etcheverry’s formula to assume the shape.

Even though, the weir is to be constructed on impervious foundation, for safety uplift force considered to act along the bottom of the weir body. Hence, specific weight of the weir becomes (
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b. Etcheverry’s Formula; 
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 Where, 

B1= Top width of the weir body 

He= Overflow depth Hd + velocity head =1.34m  

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 = 1.45m
The bottom width of the weir

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

Note: After stability analysis of the weir body, the top and bottom widths of the weir are fixed to be 1.10m and 2.10m respectively.
1.6.11 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 = 15.80m3/6m =2.63m2/sec, 
Based on energy of flow, the hydraulic jump (pri- and post jump) occurring at the stilling basin can be calculated as follows.
Total energy level at Upstream = Total energy level at downstream ( Eo = E1
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Where, 
 Zo = Upstream bed level = 1856.15m 

  h = Weir height above the ground =1.45m
  Hd = Over flow Depth over the weir crest =1.29m
  Va = Approach velocity = 0.96m/s
  Z1 = Downstream apron level =1855.80m
  D1 = Pre-jump depth

  V1 = Velocity at the jump = q/D1, 
  Where, q= 2.63m3/s 

By substituting the value of V1, the equation will be reduced to

1856.15+1.45+1.29+0.05 = 1855.80 +D1 + (2.63/D1)2 *(1/ (2*9.81))

By trial and error the value of D1= 0.356 ( 0.36m
Pre-jump water level = 1855.80+0.36 = 1856.16m
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Froude number,  
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Where, 
D2 = Post-jump depth

V2 = Post-jump velocity

Post-jump water level = 1855.80 + 1.82 = 1857.62m   
Head loss or dissipated energy because of the jump  

[image: image20.wmf](

)

m

D

D

D

D

56

.

0

82

.

1

*

36

.

0

*

4

36

.

0

82

.

1

4

)

(

H

2

1

1

2

L

=

-

=

-

=


From the Stage discharge curve, the tail water depth D3 is 0.90m. 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 0.40m is provided at the end of the apron. 
1.6.12  Upstream apron:

An apron may be placed upstream of the weir in conjunction with one of the various types of cut-off wall. The function of the upstream apron is to increase the length of percolation path in order to avoid piping and to reduce uplift force acting over the entire base area. 
To calculate the upstream apron length and depth 
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  Where, h is weir height and C=7

Use L= 2m and thickness of the apron, t =0.50m 

Downstream apron prevents scouring effect due to the overflow 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.

1.6.13 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 5.25. 

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. While this assumption leads to an increase in the structure’s 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
H max = U/S and D/S head differential (maximum) head, m 
Lc= Total weighted creep length (m),  
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LA = Weighted creep length at point A (m)

TWL =Tail water level = 1857.10m
WLA = water level at point A = 1856.16
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 =Specific gravity of concrete = 2 to 2.4 (take
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 = 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 =1.79)
Lc  ( CHmax =8.23 (2.5*1.79= 8.23 ( 4.48, safe against piping (seepage)

Case-2 Static Case or no over flow condition (Hmax =1.40)

Lc  ( CHmax = 8.23 ( 2.5*1.40 = 8.23 (3.50, safe against piping (seepage)
Table 2: 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 = 1858.89-1857.10)
	1.79
	 
	 
	 
	 
	 

	A
	4.10
	1.90
	3.27
	1.08
	0.47
	1.44
	 

	B
	6.60
	1.90
	4.10
	0.90
	0
	0.83
	 

	C
	9.10
	1.90
	4.93
	0.72
	0
	0.67
	 

	Static Case (Hmax = 1857.60 -1856.20)
	1.4
	 
	 
	 
	 
	 

	A
	4.10
	1.90
	3.27
	0.84
	0.40
	1.16
	 

	B
	6.60
	1.90
	4.10
	0.70
	0.40
	1.02
	 

	C
	9.10
	1.90
	4.93
	0.56
	0.40
	0.89
	 


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: 1.45 ≥ 1.44m Ok (dynamic case)
Point B: 1.05 ≥ 1.02m Ok (Static case)
Point C: 0.90 ≥ 0.89m Ok (static case)
Maximum Head on the structure 

Dynamic case: head on the weir = head water level – tail water level = 1858.89-1857.10 =1.79m 

Static Case: weir crest level – river bed level = 1857.60 -1856.20 =1.40m 
1.6.14 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 = 1.79m
b = Total floor length = 12.10m (see Auto cad Drawing)
d = downstream Vertical cut-off wall = 1.30m (see Auto cad Drawing)
From the above result, it is safe against piping, since GE = 0.19 is between safe exit gradient of 0.20 to 0.17, for bed material consisting of coarse sand or gravel including sand grains. The provided cut-off wall of 1.30m is enough to safeguard against piping.
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 (9.81 KN/m3)

B2 : width of bottom of weir body (m)

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

μ : The coefficient of uplift is μ = 0.4 on rock foundation case (Ref. OIDA Technical Guideline for Design of Headwork, Page 95) 

3. 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 ≈ 0.40-0.50 (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)

4. Friction forces at the base which develop to balance the horizontal forces
5. 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.
6. 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 3: 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 = 1.10*1.80*2.40
	 
	4.75
	1.55
	7.37
	 

	2
	Self weight, W2 = 0.5*1.00*1.80*2.40
	 
	2.16
	0.67
	1.45
	 

	3
	Water pressure, P1 = 1.11*1.80*1
	2.00
	 
	0.90
	 
	1.80

	4
	Water pressure, P2 =0.50*1.80*1.53*1
	1.62
	 
	0.60
	 
	0.97

	5
	Water pressure, P3 = 0.5*1.10*1.29*1
	 
	0.71
	1.73
	1.23
	 

	5
	Water pressure, P4 = 0.5*1.10*1.82*1
	 
	0.91
	0.33
	0.30
	 

	6
	Water pressure, P5 = 0.50*1.80*1.80*1
	1.62
	 
	0.60
	0.97
	 

	8
	Silt Pressure, Pe =0.50* (1.80-1)*0.45*1.80*1.80
	0.58
	 
	0.60
	 
	0.35

	9
	Uplift pressure,U1 = 0.5*1*0.40*2.10*3.09
	 
	1.30
	1.40
	 
	1.82

	10
	Uplift pressure,U2 = 0.5*1*0.40*2.10*1.80
	 
	0.76
	0.70
	 
	0.53

	 
	Total
	2.58
	6.48
	 
	11.31
	5.47


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
(Fv = Resultant of vertical forces = Sum of all vertical forces =6.48ton
(FH = Resultant of Horizontal forces = Sum of all horizontal forces =2.58ton
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 the average (= 0.73 
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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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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Bottom width of the weir body, B = 2.10m
(M (+) = 11.31 ton.m and (M (-) = 5.47 ton.m
(Fv=6.48ton
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4. Overstressing
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According to the engineering geology report, the riverbed material is rock fragments and can support a diversion structure.  Therefore, 
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 is far less than the allowable bearing capacity of the bed materials (see the geology report).
 Since, the riverbed material is fresh basaltic bedrock; it can support more huge weight.  Therefore, 2.77ton/m2 is by far less than the allowable bearing capacity of the bed materials (see the geology report).
Figure 4: Schematic diagram showing force distribution
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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 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.

According to the Engineering Geology finding, The Right bank is made up of competent material (slightly weathered basalt) so that the slope is self-supported. However, large boulders of basalt are likely to encounter so that care should be taken during excavation process that may serve as water loss site. On Left bank, the top soil is stiff clayey soil that is least susceptible to erosion and bedrock is encountered at shallow depth. Therefore, there is no suspected stability issue on this side.  
Top level of the upstream wing walls = Weir crest elevation + over flow depth on the weir crest + freeboard =1857.60+1.29+0.50 = 1859.39m (0.50m freeboard is added)

Top level of downstream wing walls = downstream apron level + post-jump depths of flow (d2) + freeboard =1855.80 + 1.82+ 0.50 =1858.12m.
To decide bottom level of the upstream wing walls, take the following design parameters. 

High Flood level (HFL) =1858.89
Calculated normal scour depth, 
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Bottom level of the upstream and downstream wing walls, RL = HFL-1.5R = 1858.89-1.5*2.57 =1855.04m. The riverbed level is covered with fresh basaltic bedrock and this is found at 1856.15m. So, no need of deep foundation for wing walls. Therefore, the foundation of the wing walls is fixed at the weir body level, which is at 1855.25, i.e. 0.90m below the riverbed level.
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 =2.32/3 =0.77m
Where,

h= depth at which the active earth pressure is calculated =2.32m

( =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 = 2.32/1.65 =1.41, after check for stability the bed width fix 1.50m
1.8.2 Stability analysis of d/s wing wall
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Figure 5: Schematic diagram of wing wall

Table 4: 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 = 0.40*2.32*2.20
	 
	2.04
	1.3
	2.65
	 

	2
	 Self Weight, W2 = 0.50*1.10*2.32*2.20
	 
	2.81
	0.73
	2.05
	 

	3
	 Soil weight, W3 =0.50*1.10*2.32*1.80
	 
	2.30
	0.37
	0.85
	 

	4
	 Active earth pressure, Pa =½(kagsh2)=0.5*0.37*1.8*2.32*2.32
	1.79
	 
	0.77
	 
	1.38

	 
	Total
	1.79
	7.15
	 
	5.55
	1.38


Note: Density of masonry, (m = 2.2ton/m
          Density of soil, (s = 1.80 ton/m
Stability condition
1. Check against over turning 
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Where, 
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2. Check against sliding
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 =Sum of Vertical loads = 7.15 ton/m
P = horizontal Force = 1.79 ton/m
( = Coefficient of friction = 0.70 to 0.75, take the minimum value of ( = 0.70
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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= lever arm of the resultant force
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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 fresh basaltic bedrock.  Therefore, there is no bearing capacity problem for this material. 
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 of the weir 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 will be generally provided. Where, R is the depth of scour below the riverbed=2.57m, (Santosh Kumar Garg “Irrigation eng & hydraulic structures” page 510). Take the average, which is 1.75R
Therefore, Length of riprap = 1.75R =1.75*2.57 =4.50m 
1.10 Design of Intake Facility
Canal intakes are installed near the under sluice gates in order to avoid entering of silt into the main canals. Sizes of the intakes and velocities may be determined as follows. Taking in to account the headwork Topographic nature, the intakes selected for this project is concrete pipes controlled by gates. The main reason for this is that the intake canals pass through the wing walls on both right and left riverbanks. Due to this concrete is selected. 

Net irrigable areas to be irrigated by Right Main Canal (MC-1) and Left Main canal (MC-2) are 14.50ha and 32.66ha respectively. Water duty for the project is 0.87lit/sec/ha (for 24 hours) each canal need about 15lit/sec and 30lit/sec of discharge respectively. 

Concrete pipe intake (the first 10m length)
To design main canal intake concrete pipe,
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Where, 

A =flow area for pipes (m2)

h = head difference = 0.20m (required water depth in intake pipe)

g = acceleration due to gravity =9.81m/s2

c = coefficient of discharge = 0.6 to 0.7, take c=0.65
Q = maximum discharge in the left canal = 0.030m3/sec
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By the same formula, concrete pipe intake of Right main canal, 
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 d = 0.13 ≈ 0.15m
Where, 
Q = maximum discharge in the canal = 0.015m3/sec

As it can be seen from the above result, intakes of both canals require about 0.20m & 0.15m diameters of concrete pipes, which is not practical. Therefore, the size of the pipe is increased to 0.40m for ease of access during cleaning.
1.11 Intake Gate 
The type of gate is decided after considering its purpose, installation, location, ease of operation, safety, and economy of water intake. The gates are selected considering the effective usage of the water resources and operation method to reduce over diversion. The gates selected for this simple structure are gates with spindle made up of 6mm thick steel sheet. The gates will have dimension of 0.60m height and 0.60m width to regulate the flow.

1.12 Under Sluice Gates
Under Sluice Gates are 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 viewpoint of water use, 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 viewpoint of flood control 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 size/ dimension of the under sluice gates will have 0.80m width and 0.70m height. To avoid accumulation of silt around the intake gates, the level of the under sluice gates must be fixed 0.25m below the level of the intake gates. 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 sides. To avoid this, from practical point of view, the under sluice bed level fixed just 0.25m 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 investigated 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 being confined between the existing natural riverbanks. Therefore, the natural riverbanks will not need addition embankments.
2 IRRIGATION AND DRAINAGE SYSTEM DESIGN
2.1 Design Criteria
A properly designed irrigation system will make irrigation application 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 was 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, secondary, and field canals. Each canal irrigates various sizes of irrigation land. As result of this, water carrying capacity of the canals depends on the size of the area. To design the system layout AutoCAD 2008 is used.

· 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;

· Right and left main canals are design to serve for 24 irrigation hours and they will take off directly from the headwork;

· Secondary canals take directly from the main canals through division boxes;

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

[image: image63.wmf]Tertiary Canal

Field Canal

Field Drain

Tertiary Drainl

Furrows

Field Canal

Furrows

Furrows

Turn Out

Field Drain

Field Drain

Tertiary Drainl

Collector or Natural Drainage Canal

In some locations, the system layout indicated above may not

work. In this project Field canals  may directly take off from

main, secondary or Tertiary canals

Secondary Canal

Furrows

Main Canal

Acces Road

Division Box


Figure 6: Typical Canal System Lay out

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 secondary and field canals. However, in main canals the flow is continuous for 24-hours. As required, depending upon 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.
The furrow length will vary based on the farm unit size. However, on average, the length of each furrow is fixed to be about 100m and its slope ranges from 0.005 to 0.025. 
2.1.3 Hydraulic Design consideration 
The conveyance system for this irrigation project comprises of main, secondary, 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 secondary 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. Where earth channels are to be used on steep slopes, it is necessary to control the gradients and thus the velocity by construction drop structures or by building up the channel bed. 

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.

Freeboards for unlined channels vary depending up on the bed width and discharge. For canals’ bed width less than 1m and discharge less than 3m3/sec, 0.30m height of freeboard is recommended.

USBR has also proposed the following formula for estimation of freeboard, F (m) in canals (G.L Asawa “Irrigation Engineering”, page, 241).
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Where,

C is a constant varying from 0.46 (for discharges uptown 0.07m3/sec) to 0.76 (for discharges greater than 85m3/sec). Since maximum discharge on our canals is less than 0.07m3/sec, the value of C =0.46.
h = is the water depth in the canal. Maximum water depth in the canal is about 0.20m

Therefore,
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As compared to the above discharge and canal dimensions, the project canals carry maximum discharge of 15 to 30lit/sec. In the same way, maximum bed width of the canals is not more than 0.30m. Therefore, to be more economical, 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 5: Recommended canal slopes
	Canal materials
	Side slope (H:V)

	Compacted clay soil 
	1:1

	Clay soil 
	11/2:1

	Loamy Soil 
	11/2:1

	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 1:1. 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 land 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 calculated 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:

             
[image: image66.wmf])

(

..........

..........

..........

*

A

2

V

Q

=


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 is a trapezoidal section. The drainage canals consisted of Field drainage and collector drainage canals. 

2.1.5 Irrigation structures

Division Boxes are used to regulate water flow in the canals and to link main canals with secondary canals. Turnouts are used to divert water from the main and secondary canals to the field. There are also drainage culverts and four flume structures in this project. 
2.2 Design of Main Canals
As shown on the system layout, both left and right main canals are aligned as much as possible along the contours. Along these canals different farm structures such as lined canals, division boxes, and turnouts are provided depending up on the nature of the topography of the area. For further information, see the designed canal profiles.

Main canals are designed to supply irrigation water directly to secondary, and/or 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 main canals start irrigating about 200m below the diversion weir intake gates without any head problem. Beginning from the weir intakes, 10m concrete pipes with diameter of 40cm is proposed for both canals. The main reason for this is that the intake canals will pass through the wing wall and riverbanks, which needs deep cut. In addition to this, the bank soil is not stable for lined canals or earth canals. For this reason, concrete pipe is recommended. 

2.2.1 Left Main canal

Left main canal has total length of about 1.817km. It has been designed to irrigate net irrigation area of 34 hectares with designed water duty of 0.87lit/sec/ha. Because of this, the carrying capacity of the canal is about 30 lit/sec of irrigation water. It will serve for 24-hours. Topography of the land along this canal varies from place to place and its slope varies accordingly. 
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Figure 7: 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

Wetted area 
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Velocity of flow and water depth in the canal is calculated by the equation:


[image: image71.wmf]    

          

 

n

1

2

1

3

2

S

R

A

Q

V

=

=


V = Mean velocity of flow in the channel, m/s

S = Hydraulic slope

n = Roughness coefficient of the channel

Left main canal from chain age 0+000 to 1+015m has the following canal parameters:

Q =30l/s

S = 0.002
n = 0.025

b= 0.30m. 

By employing the above formula, water depth d and velocity in the canal = 0.20m and 0.30m/s respectively.
By the same equation the rest lengths of the canal has been calculated

2.2.2 Right Main canal 
Right main canal has total length of 1.121km. It has been designed to irrigate 14.50 hectare of net irrigation land with water duty of 0.87/s/ha. Consequently, carrying capacity of the canal is about 15 lit/sec. This canal will serve for 24-hours. 

Since slope of this canal, vary from place to place lining is provided along the main canal where the slope is greater than the recommended value. The most economical canal shape selected for this canal is trapezoidal section. The same to left main canal, similar design methods/criteria is followed to design this canal.

2.3 Design of Secondary Canals
2.3.1 Left Secondary canal (SC 1-1)

There are two secondary canals on the left main canals. Each canal has different lengths and irrigates different sizes of area. As result of this, discharge carrying capacities of them are also different. All secondary canals take irrigation water directly from left main canal and irrigate rotationally.

The same as main canals, the same design procedures/methods are followed to design them.
Table 6: Area irrigated by Left Secondary canals
	Canal Name
	Net Area  (ha)
	Water Duty (l/sec/ha)

	Secondary Canal (SC 2-1)
	2.65
	0.87

	Secondary Canal (SC 2-2)
	9.62
	

	Total for secondary canals
	12.27
	


2.3.2 Right Secondary canals
There is also one secondary canal on the right main canal. The length of this canal is about 332m. The can will irrigate 4.78 hectare with the given water duty. The same as main canals, the same design procedures/methods are followed to design them.
Table 7: Area irrigated by Right Secondary canals
	Canal Name
	Net Area  (ha)
	Water Duty (l/sec/ha)

	Secondary Canals (SC 1-1)
	4.78
	0.87

	Total for secondary canals
	4.78
	


2.4 Design of Field Canals
Filed Canals will take off directly either from the main or secondary 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 only one side of the canals.
There are 28 filed canals in the project, i.e. 22 on left main canal, 6 on right main canal. The field canals will get water through 28 turnouts. 
As much as possible, all field canals are aligned across the contours, ridge, or boundaries of individual lands. Due to this, almost all field canals need consecutive drop structures. However, by considering discharge of water released along the field canals, size of land to be irrigated by respective filed canals, cost of the drop structures, etc, construction of drop structures along the field canals are omitted. 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 excessive water loss due to seepage. This will happen due to the soil type existed along these canal profiles. To prevent excessive seepage loss, it requires lining with plastered masonry wall. For convenience of construction, the canals bed width should not be less than 0.30m. Since, dimensions of all lined canals are very small to follow the conventional design procedures; the bed width is fixed to be 0.35m on both left and right main canals. However, the water depth and velocity of flow in the canals is calculated by employing Manning’s equation. 

Table 8: Lining along Right Main canal (MC-1)
	Chain age
	bed slope
	bed width (m)
	 water depth  (m)
	 Free board (m)
	 side slope 
	 n 
	Q (l/s)
	V (m/s)

	0+010 to 0+100
	0.002
	0.35
	0.15
	0.25
	1:1
	0.014
	15
	0.47


Table 9: Lining along Left Main canal (MC-2)
	Chain age
	bed slope
	 bed width 
	 water depth  
	 Free board 
	 Side slope 
	 n 
	Q (l/s)
	V (m/s)

	0+010 to 0+100
	0.002
	0.35
	0.20
	0.25
	1:1
	0.014
	300
	0.47


Table 10: Lined canal on Right Secondary canal (SC 1-1)
	Chain age
	bed slope
	 bed width 
	 water depth  
	 Free board 
	 Side slope 
	 n 
	Q (l/s)
	V (m/s)

	0+000 to 0+050
	0.30
	0.35
	0.10
	0.25
	1:1
	0.014
	15
	2.55


Table 11: Lined canal on Right Secondary canal (SC 2-1)
	Chain age
	bed slope
	 bed width 
	 water depth  
	 Free board 
	 Side slope 
	 n 
	Q (l/s)
	V (m/s)

	0+000 to 0+050
	0.02
	0.35
	0.10
	0.25
	1:1
	0.014
	30
	1.33

	0+050 to 0+150
	0.01
	0.35
	0.10
	0.25
	1:1
	0.014
	30
	1.94

	0+150 to 0+215
	0.08
	0.35
	0.10
	0.25
	1:1
	0.014
	30
	2.13


Table 12: Lined canal on Right Secondary canal (SC 2-1)
	Chain age
	bed slope
	 bed width 
	 water depth  
	 Free board 
	 Side slope 
	 n 
	Q (l/s)
	V (m/s)

	0+000 to 0+025
	0.01
	0.35
	0.10
	0.25
	1:1
	0.014
	30
	1.04

	0+025 to 0+075
	0.05
	0.35
	0.10
	0.25
	1:1
	0.014
	30
	1.81

	0+075 to 0+150
	0.08
	0.35
	0.10
	0.25
	1:1
	0.014
	30
	2.13

	0+150 to 0+250
	0.10
	0.35
	0.10
	0.25
	1:1
	0.014
	30
	2.28

	0+250 to 0+370
	0.16
	0.35
	0.10
	0.25
	1:1
	0.014
	30
	2.67


Table 13: Command Area of Unkuso Small Scale Irrigation Project

	Canal Name 
	 Gross Area in  (ha) 

	Right Main Canal (MC-1)
	 

	FC 1-0-0-1
	                                                0.83 

	FC 1-0-0-2
	                                                1.86 

	FC 1-0-0-3
	                                                3.11 

	FC 1-0-0-4
	                                                3.92 

	Total
	                                                9.72 

	Secondary Canal (SC 1-1)
	 

	FC 1-1-0-1
	                                                2.62 

	FC 1-1-0-2
	                                                2.16 

	Total
	                                                4.78 

	Total on Main Canal (MC-1)
	                                              14.50 

	 Left Main Canal (MC-2)
	 

	FC 2-0-0-1
	                                                0.56 

	FC 2-0-0-2
	                                                1.30 

	FC 2-0-0-3
	                                                1.75 

	FC 2-0-0-4
	                                                1.57 

	FC 2-0-0-5
	                                                2.11 

	FC 2-0-0-6
	                                                5.72 

	FC 2-0-0-7
	                                                1.41 

	FC 2-0-0-8
	                                                0.53 

	FC 2-0-0-9
	                                                0.56 

	FC 2-0-0-10
	                                                1.55 

	FC 2-0-0-11
	                                                1.55 

	FC 2-0-0-12
	                                                1.78 

	Total
	                                              20.39 

	Secondary Canal (SC 2-1)
	 

	FC 2-1-0-1
	                                                1.13 

	FC 2-1-0-2
	                                                0.89 

	FC 2-1-0-3
	                                                0.63 

	Total
	                                                2.65 

	Secondary Canal (SC 2-2)
	 

	FC 2-2-0-1
	                                                1.57 

	FC 2-2-0-2
	                                                1.40 

	FC 2-2-0-3
	                                                1.17 

	FC 2-2-0-4
	                                                1.80 

	FC 2-2-0-5
	                                                0.76 

	FC 2-2-0-6
	                                                1.23 

	FC 2-2-0-7
	                                                1.69 

	Total
	                                                9.62 

	Total on Main Canal (MC-2)
	                                              32.66 

	Total Project Area
	                              47.16 


Note:  Net area of the project is 47.16ha
2.6 Proposed Water Distribution

The two main canals are designed to supply irrigation water for 24-hours. They irrigate on both right and left side of the headwork (existing river course). The main canals will supply the required water rationally to other canal namely secondary and field canals. Therefore, secondary and field canals function rotationally. 
2.7 Method of Water Application
As shown on the topographic map, nature or slope of the area varies from place to place. Accordingly, both furrow and basin irrigation methods are proposed. Where the place is flat in nature furrow irrigation is recommended. The furrow size of 25cm wide and 10-20 cm 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.  

In areas where the land nature is sloppy, basin irrigation method is also appropriate. The basin size will be prepared depending up on the size and slope of the irrigation land.

2.8 Drainage System
2.8.1 Introduction

Surface drainage is defined as 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, secondary, 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 Bedele Station is 77.5mm (10-year return period). This value is used to design the drainage systems.

2.8.2 Cross drainage

Small natural drainage canals cross both the right and left canals. To pass the runoff safely from upper side of the canals to the downstream river course, it is necessary to build cross drainage structures across the canals. Typical design is provided for the cross-drainage structures. In the project, two cross-drainages are proposed.
 To fix diameter of the pipe, orifice equation is used as follows. 
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Where,

A =Area of opening (m2) = πd2/4
h = head difference (water depth in the pipe)

g = acceleration due to gravity =9.81m/s2

c = coefficient = 0.6 to 0.7 take C = 0.6

Q = Peak flood of 10 years return period = 0.50m3/sec (from sample ha area)
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, d =0.56 ≈ 0.60m
2.8.3 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.

2.8.4 Design of Field Drainage canal

To design respective drainage canal, peak runoff should be calculated 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 unit 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 hydrology report indicated that the maximum gap between the consumptive use and the precipitation input become 77.50mm in 24hr. therefore, I = 77.50mm/24hr =3.23mm/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 three flumes on the MC-2 at chain age of about 0+275m, 0+750m and 1+150m respectively. In the same way, there is also one flume structure on MC-1 at approximate chainage of 0+750. 
                             Locations of Flumes

	 Location 
	Chainage
	Des

	MC-1
	0+750
	Flume No.1

	MC-2
	0+270
	Flume No.2

	MC-2
	0+750
	Flume No.3

	MC-2
	1+150
	Flume No.4


Note. Representative flume located on main canal -2 is designed as follows. The rest flume has been also designed in the same way and inlet and outlet elevation is indicated on the drawing.

As depicted above Flume No.2 is located on the Main Canal (MC-2) at about 0+ 270m away from the headwork. Its X-Y coordinates and ground elevation is shown as follows.

          Cross-Section of Flume No.2
	Point
	Easting
	Northing
	Elev
	Des

	1
	193267
	934797
	1860.65
	flume Axis

	2
	193265
	934786
	1858.65
	flume Axis

	3
	193261
	934761
	1855.97
	flume Axis

	4
	193260
	934756
	1852.37
	flume Axis

	5
	193260
	934753
	1850.07
	Gorge center

	6
	193259
	934750
	1852.70
	flume Axis

	7
	193257
	934738
	1855.69
	flume Axis

	8
	193255
	934725
	1859.32
	flume Axis

	9
	193253
	934711
	1859.90
	flume Axis


1. Design Data for the flume Section

Inlet elevation of flume =   1856.60 m
Q =30 lit/sec = 0.03m3/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 = 0.03m2

Since A = bd = 0.4d = 0.03m2 ( d = 0.075m. This dimension is very small for construction. Therefore, take b = 0.40m and d =0.30m for convenience of construction 
Add free board, Fb= 0.20m 

Therefore, total side wall height of the flume will be = 0.30m + 0.20m = 0.50m

Velocity in the flume, V2 = Q/A = 0.03/ (0.4*0.075) = 1.00m/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*0.075 = 0.55m

Hydraulic radius, R = A/P = (0.40*0.075)/0.54 = 0.056
· Slope of the flume, 
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· Friction head loss in the flume, hf = L*S = 30m*0.009 = 0.28m

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

· Drop of water surface at the inlet of flume,  (h1 = 1.5 (V22 – V21)/2g =    0.065m      

Where V1 = Velocity of water in the canal = 0.39m/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 = 0.013m

3. Elevations 

Canal bed elevation at the inlet of flume = 1856.60m
· Water surface elevation at the U/S canal = 1856.60 + d2 = 1856.80m, 

d2 = water depth in the canal = 0.20m

· Water surface elevation at the flume inlet = 1856.80 - (h1 = 1856.74m

· Invert elevation at the flume inlet = 1856.74 - d = 1856.66m (d = 0.075m, water depth in the flume)

· Invert elevation at the flume outlet = 1856.66 -  hf = 1856.38m (hf = friction head loss in the flume = 0.27m)

· Water surface elevation at the flume outlet = 1856.38+d = 1856.45m

· Water surface elevation at the D/S canal = 1856.45 +(h2 = 1856.46m

· Invert elevation at the flume D/S canal = 1856.46m – d2 = 1856.26m

· Total head loss = 1.2 (V22 – V21)/2g +hf = 0.34m

· Check water surface elevation difference between U/S and D/S canal = 1856.80 -1856.49 = 0.34m ( 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= 6m c/c interval 
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Loads on the Flume

· Dead load (side wall), w1 = (0.15*0.50*2)*(c = 360kg/m
· Live load (due to flowing water), w2 = 0.40*0.10* (w = 40kg/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*360 + 1.6*40 = 532kg/m
Maximum Bending Moment; 
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 , where l = 6
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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 = Qbfd2 ( 239,400kg.cm = 7.713kg/cm2 * 70cm * d2, d = 21.06cm, 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 
[image: image81.wmf]Þ

 239,400kg.cm = 1400kg/cm2 *22.10cm *As
As =7.74cm2
Assume the number of reinforcement bars required in the beam be = 8, 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, 
[image: image83.wmf]bd

S

S

s

=


Where,

St = total shear force across the section (design load) = Wl = 532kg/m*6m = 3192 kg
            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 ( 1.82 ( 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 = 6m

Therefore l/r =6/0.0722 = 83.102
Which is 83.10 ( 100 safe from buckling

In the same way, all flumes are designed. Their locations, inlet and outlet elevation have been indicated with the AutoCAD drawing.

2.9.2 Design of night storage 

As indicated on the topographic layout system, on the left main canal (MC-2) about 19 hectare of land will be irrigated by the night storage, which is stored in the night for 12-hours. Based on this storing capacity of the night storage will be calculated as follows.

Carrying capacity of Night storage-1 on main canal-1, 

· Discharge of the river in Nov, Dec, Jan, Feb and Mar 18, 20, 16, 13 and 27 lit/s. From this maximum discharge taken to design the night, storage is 27l/s
· Storing time = 12-hours

· Volume of water to be stored = 27 lit/sec * 12 hrs * 3600 sec/hr = 1,166,400 lit = 1166 m3
Dimension of night storage 

I. To determine dimension of night storage-1, use frustum formula

· Bed length = 30m

· Bed width = 30m
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By trial & error, the value of height, h = 1.20m 

Add free board of Fb = 0.30m

Dead storage = 0.30m

According to “Strange” for dam height above foundation up to 4.5m

Upstream slope = 2:1 (H: V)

Downstream Slope = 1.5:1 (H: V)

Top Width B = 1.5m
2.9.3 Division Boxes

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

In this project, there are 2 division boxes, which are located on the left  main canals. The structures are designed to supply water to the secondary canals. At these points, elevation of the canal and out let of the division boxes should have the same elevation. This is because; during dry months, the discharge will be very small. Therefore, to divert the required amount of water to the secondary canals, elevation of inlet and outlet should be the same. 
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Figure 8: Sample Division Box 
One sample division box, which is located on the left main canal at chain age of 0+350m (after the night storage) is designed. The rest division box located on the same canal is also designed by the same method. Their 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) = 0.030 on 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 = 0.03/ (1.7*(0.20)1.5) =0.20m, since this width is not suitable for construction, it has decided to be 0.30m
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 14: Division Boxes location and dimension
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2.9.4 Turnouts

Purpose of the turnouts 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 is totally about 28 turnouts out. As indicated in the system layout, turnouts will take off either directly from the main or secondary 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.3 on MC-2 is taken)
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Where,

H = head difference = 0.20m (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 = 0.87l/s/ha

Unit Area = 1.75ha

Maximum irrigation interval (for maize) = 10 days
Irrigation hours needed to irrigate 1ha = 8-10 hrs, take = 8hrs 
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Since the opening is controlled with gate, take L =0.20m. 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 6,123,554 Birr with VAT and including share of the community. During construction, it is expected that beneficiary of the project to contribute about 13.25% of the total project cost which is 705,459 Birr. The project cost per ha is about                                       130,288.39 Birr. Detail Bill of Quantities and cost estimation are shown in the table below. 

Table 15: Summary of Costs by Major Activities
	Description
	Total Cost
	Community Share

	Preparatory Work
	                        815,518 
	 

	Access Road construction
	                          75,000 
	 

	Head Work Structure 
	                        769,929 
	 

	Construction of Flume structures on main canal
	                        828,952 
	 

	Drainage Culvert on Right Main canal
	                          59,641 
	 

	Night Storage (Capacity =1166m3)
	                        273,444 
	 

	Division Boxes (at Night Storage)
	                          42,060 
	 

	Turn Outs on Main, Secondary & Tertiary canals (Total No = 28)
	                        114,127 
	 

	Road Crossing Culvert
	                          48,481 
	 

	Foot Bridge 
	                          22,531 
	 

	Right Main Canal (MC-1)
	                        387,279 
	 

	Left Main Canal (MC-2)
	                        422,410 
	 

	Secondary Canals
	                        759,999 
	 

	Drainage canals
	                        640,411 
	                            640,411 

	Field Canals (No=28)
	                          65,048 
	                              65,048 

	Total Engineering Cost Estimate of the project
	                     5,324,830 
	                            705,459 

	15% VAT
	                        798,724 
	 

	Total Cost
	                     6,123,554 
	 

	Community Contribution (%)
	 
	13.25

	Project Cost per Hectare 
	                   130,288.39 
	 


Table 16: Unkuso Irrigation Project Bill of Quantity and Cost estimate
	SN
	Description 
	Unit
	Qty
	 Rate 
	Total Cost
	OIDA Share 
	Comm. Share 

	1
	Preparatory Work
	 
	 
	 
	 
	 
	 

	1.1
	Mobilization for (Machineries, material, labor, etc)
	Ls
	1.00
	50,000.00
	50,000.00
	50,000.00
	 

	1.2
	Demobilization after finalizing the whole project activities
	Ls
	1.00
	50,000.00
	50,000.00
	50,000.00
	 

	1.3
	Engineering  surveying and preparation of as built drawings 
	LS
	1.00
	75,000.00
	75,000.00
	75,000.00
	 

	 
	Sub total 
	 
	 
	 
	175,000.00
	175,000.00
	 

	1.4
	Camp (Staff residence, office, Café, Kitchen, Store, Toilet & Shower) 
	 
	 
	 
	 
	 
	 

	 1.4.1 
	 Residential rooms & office 
	 
	 
	 
	 
	 
	 

	 1.4.1.1 
	 Earth Work 
	 
	 
	 
	 
	 
	 

	1.4.1.1a 
	 Clearing of site to remove top soil to a depth of 200 mm. 
	 m2 
	92.00
	                         8.54 
	785.68
	                                            785.68 
	 

	 1.4.1.1b 
	 Excavation for stone masonry foundation; 0.5m width and 0.4 m depth 
	 m3 
	27.24
	                       53.52 
	1,457.88
	                                        1,457.88 
	 

	 1.4.1.1c 
	 Cart away and deposit excavated surplus material to a distance not exceeding 1km 
	 m3 
	42.24
	                       44.89 
	1,896.15
	                                        1,896.15 
	 

	 1.4.1.1d 
	 Provide and fill hard core with hard basaltic or equivalent stone, well compacted and blinded with crushed stone to a finished thickness of  25 cm 
	 m2 
	52.20
	242.79
	12,673.64
	                                     12,673.64 
	 

	 1.4.1.2 
	 Concrete and Block Work 
	 
	0.00
	 
	0.00
	                                                         -   
	 

	 1.4.1.2a 
	 Supply and raise 500mm thick and 200mm high trachitic or equivalent stone masonry foundation wall below ground level bedded in cement mortar mix 1:3 
	 m3 
	6.46
	2093.33
	13,522.91
	                                     13,522.91 
	 

	 1.4.1.2b 
	 Supply and raise 500mm thick and 200mm high trachitic or equivalent stone masonry foundation wall above ground level bedded in cement mortar mix 1:3 
	 m3 
	6.46
	2093.33
	13,522.91
	                                     13,522.91 
	 

	 1.4.1.2c 
	 Mass concrete fill on floor slab (100mm) C-15 
	 m3 
	6.16
	                  2,850.32 
	17,557.94
	                                     17,557.94 
	 

	 1.4.1.3 
	 Carpentry and Walling 
	 
	0.00
	 
	0.00
	                                                         -   
	 

	 1.4.1.3a 
	 Supply, assemble and fix in position eucalyptus wall post  of length 3 m with span length of 1.2m 
	 No 
	66.00
	                     200.00 
	13,200.00
	                                     13,200.00 
	 

	 1.4.1.3b 
	 Supply and fix purlin in Eucalyptus  wood size 50 x 70 mm nailed into eucalyptus truss 
	 m 
	586.00
	                     100.00 
	58,600.00
	                                     58,600.00 
	 

	 1.4.1.3c 
	 Supply and fix roof cover in G-35 mm corrugated galvanized iron sheet fixed into zigba wood purlin with dome headed galvanized nails (purlin and ridge cover measured separately) 
	 m2 
	149.16
	                     355.66 
	53,049.50
	                                     53,049.50 
	 

	 1.4.1.3d 
	 Chip wood wall ceiling  
	 m2 
	255.84
	                     180.00 
	46,051.20
	                                     46,051.20 
	 

	 1.4.1.3e 
	 Supply and fix 4x5 mm ceiling buttons  
	 m 
	214.00
	                       75.00 
	16,050.00
	                                     16,050.00 
	 

	 1.4.1.4 
	 Carpentry and Roofing 
	 
	0.00
	 
	0.00
	                                                         -   
	 

	 1.4.1.4a 
	 Supply, assemble and fix in position eucalyptus roof truss of length 3m span price shall include the application of three coats and external anti-termite treatment as per the drawing 
	 No 
	21.00
	                     200.00 
	4,200.00
	                                        4,200.00 
	 

	 1.4.1.4b 
	 Supply and fix purlin in eucalyptus  wood size 50 x 70 mm nailed into eucalyptus truss including three coats of anti - termite external treatment 
	 m 
	81.00
	                     100.00 
	8,100.00
	                                        8,100.00 
	 

	 1.4.1.4c 
	 Supply and fix roof cover in G-35 mm corrugated galvanized iron sheet fixed into zigba wood  purlin with dome headed galvanized nails (purlin and ridge cover measured separately) 
	 m2 
	99.50
	                     355.66 
	35,387.67
	                                     35,387.67 
	 

	 1.4.1.4d 
	 Supply and fix CIS  windows size 1x1.2m 
	 No 
	7.00
	                     500.00 
	3,500.00
	                                        3,500.00 
	 

	 1.4.1.4e 
	 Supply and fix CIS  doors size 1.0x2.10m  
	 No 
	6.00
	                  1,000.00 
	6,000.00
	                                        6,000.00 
	 

	 1.4.1.5 
	 Finishing 
	 
	0.00
	 
	0.00
	                                                         -   
	 

	 1.4.1.5a 
	 Floor screed in cement mortar 20 mm thick (1:2 mortar) 
	 m2 
	79.00
	184.13
	14,546.27
	                                     14,546.27 
	 

	 
	Sub total 
	 
	 
	 
	320,101.76
	                      320,101.76 
	                            -   

	 1.4.2 
	 Store  
	 
	 
	 
	 
	 
	 

	 1.4.2.1 
	 Earth Work 
	 
	 
	 
	 
	 
	 

	 1.4.2.1a 
	 Clearing of site to remove top soil to a depth of 200 mm 
	 m2 
	36.00
	                         8.54 
	307.44
	                                            307.44 
	 

	 1.4.2.1b 
	 Excavation for stone masonry foundation; 0.5m width and 0.4 m depth 
	 m3 
	3.92
	                       53.52 
	209.80
	                                            209.80 
	 

	 1.4.2.1c 
	 Cart away and deposit excavated surplus material to a distance not exceeding 1km. 
	 m3 
	4.70
	                       44.89 
	211.16
	                                            211.16 
	 

	 1.4.2.1d 
	 Provide and fill hard core with hard basaltic or equivalent stone, well compacted and blinded with crushed stone to a finished thickness of  25 cm 
	 m2 
	25.00
	242.79
	6,069.75
	                                        6,069.75 
	 

	 1.4.2.2 
	 Concrete and Block Work 
	 
	 
	 
	0.00
	                                                         -   
	 

	 1.4.2.2a 
	 Supply and raise 500mm thick and 200mm high trachitic or equivalent stone masonry foundation wall below ground level bedded in cement mortar mix 1:3 
	 m3 
	2.20
	2093.33
	4,605.33
	                                        4,605.33 
	 

	 1.4.2.2b 
	 Supply and raise 500mm thick and 200mm high trachitic or equivalent stone masonry foundation wall above ground level bedded in cement mortar mix 1:3 
	 m3 
	2.20
	2093.33
	4,605.33
	                                        4,605.33 
	 

	 1.4.2.2c 
	 Mass concrete fill on floor slab (100mm), C-15 
	 m3 
	2.50
	                  2,850.31 
	7,125.78
	                                        7,125.78 
	 

	 1.4.2.3 
	 Carpentry and Walling 
	 
	 
	 
	0.00
	                                                         -   
	 

	 1.4.2.3a 
	 Supply, assemble and fix in position eucalyptus wall post  of length 3 m span  
	 No 
	20.00
	                     200.00 
	4,000.00
	                                        4,000.00 
	 

	 1.4.2.3b 
	 Supply and fix wall cover in G-35 mm corrugated galvanized iron sheet fixed into eucalyptus  wood purlin with dome headed galvanized nails 
	 m2 
	80.00
	                     350.00 
	28,000.00
	                                     28,000.00 
	 

	 1.4.2.4 
	 Carpentry and Roofing 
	 
	 
	 
	0.00
	                                                         -   
	 

	 1.4.2.4a 
	 Supply, assemble and fix in position eucalyptus roof truss 
	 No 
	5.00
	                     300.00 
	1,500.00
	                                        1,500.00 
	 

	 1.4.2.4b 
	 Supply and fix purlin in zigba wood size 50 x 70 mm nailed into eucalyptus truss  
	 m 
	56.00
	                       75.00 
	4,200.00
	                                        4,200.00 
	 

	 1.4.2.4c 
	 Supply and fix roof cover in G-35 mm corrugated galvanized iron sheet fixed into zigba wood purlin with dome headed galvanized nails 
	 m2 
	49.00
	                     355.66 
	17,427.10
	                                     17,427.10 
	 

	 1.3.2.4d 
	 Supply and fix CIS  windows size 1x1.2m 
	 No 
	1.00
	                     500.00 
	500.00
	                                            500.00 
	 

	 1.3.2.4e 
	 Supply and fix CIS  doors size 2.0x2.10m  
	 No 
	1.00
	                  1,000.00 
	1,000.00
	                                        1,000.00 
	 

	 
	Sub total 
	 
	 
	 
	79,761.67
	                        79,761.67 
	                            -   

	 1.4.3 
	 Cafe , Kitchen and Workers living room 
	 
	 
	 
	 
	 
	 

	 1.4.3.1 
	 Earth Work 
	 
	 
	 
	 
	 
	 

	 1.4.3.1a 
	 Clearing of site to remove top soil to a depth of 200 mm 
	 m2 
	23.00
	                         8.54 
	196.42
	                                            196.42 
	 

	 1.4.3.1b 
	 Excavation for stone masonry foundation; 0.5m width and .4 m depth 
	 m3 
	2.18
	                       53.52 
	116.46
	                                            116.46 
	 

	 1.4.3.1c 
	 Cart away and deposit excavated surplus material to a distance not exceeding 1km. 
	 m3 
	6.78
	                       43.89 
	297.40
	                                            297.40 
	 

	 1.4.3.1d 
	 Provide and fill hard core with hard basaltic or equivalent stone, well compacted and blinded with crushed stone to a finished thickness of  25 cm 
	 m2 
	12.50
	242.79
	3,034.88
	                                        3,034.88 
	 

	 1.4.3.2 
	 Concrete and Block Work 
	 
	 
	 
	0.00
	                                                         -   
	 

	 1.4.3.2a 
	 Supply and raise 500 mm thick and 200mm high trachitic or equivalent stone masonry foundation wall below ground level bedded in cement mortar mix 1:3 
	 m3 
	0.54
	2093.33
	1,138.77
	                                        1,138.77 
	 

	 1.4.3.2b 
	 Supply and raise 500 mm thick and 200mm high trachitic or equivalent stone masonry foundation wall above ground level bedded in cement mortar mix 1:3 
	 m3 
	0.54
	2093.33
	1,130.40
	                                        1,130.40 
	 

	 1.4.3.2c 
	 Mass concrete fill on floor slab (100mm), C-15 
	 m3 
	1.25
	                  2,850.31 
	3,562.89
	                                        3,562.89 
	 

	 1.4.3.3 
	 Carpentry and Walling 
	 
	 
	 
	0.00
	                                                         -   
	 

	 1.4.3.3a 
	 Supply, assemble and fix in position eucalyptus wall post  of length 3 m span price shall include the  external anti-termite treatment as per the drawing 
	 No 
	23.00
	                     200.00 
	4,600.00
	                                        4,600.00 
	 

	 1.4.3.3b 
	 Supply and fix roof cover in G-35 mm corrugated galvanized iron sheet fixed into zigba wood purlin with dome headed galvanized nails (purlin and ridge cover measured separately) 
	 m2 
	56.00
	                     355.66 
	19,916.68
	                                     19,916.68 
	 

	 1.4.3.4 
	 Carpentry and Roofing 
	 
	 
	 
	0.00
	                                                         -   
	 

	 1.4.3.4a 
	 Supply, assemble and fix in position eucalyptus roof truss of length 3m span price shall include the application of three coats and external anti-termite treatment as per the drawing 
	 No 
	5.00
	                     300.00 
	1,500.00
	                                        1,500.00 
	 

	 1.4.3.4b 
	 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 
	32.00
	                       75.00 
	2,400.00
	                                        2,400.00 
	 

	 1.4.3.4c 
	 Supply and fix roof cover in G-35 mm corrugated galvanized iron sheet fixed into zigba wood purlin with dome headed galvanized nails (purlin and ridge cover measured separately) 
	 m2 
	28.00
	                     355.66 
	9,958.34
	                                        9,958.34 
	 

	 1.4.3.4d 
	 Supply and fix CIS  windows size 1x1.2m 
	 No 
	1.00
	                     500.00 
	500.00
	                                            500.00 
	 

	 1.4.3.4e 
	 Supply and fix CIS  doors size 1.0x2.10m  
	 No 
	3.00
	                  1,000.00 
	3,000.00
	                                        3,000.00 
	 

	 1.4.3.4f 
	 Finishing 
	 
	 
	 
	0.00
	                                                         -   
	 

	 1.4.3.4g 
	 Floor screed in cement mortar 20 mm thick, (1:2mortar) 
	 m2 
	12.00
	184.13
	2,209.56
	                                        2,209.56 
	 

	 
	Sub total 
	 
	 
	 
	53,561.79
	                        53,561.79 
	                            -   

	 1.4.4 
	 Shower and Toilet 
	 
	 
	 
	 
	 
	 

	 1.4.4.1 
	 Earth Work 
	 
	 
	 
	 
	 
	 

	 1.4.4.1a 
	 Clearing of site to remove top soil to a depth of 15 mm 
	 m2 
	24.00
	                         8.54 
	204.96
	                                            204.96 
	 

	 1.4.4.1b 
	 Excavation for stone masonry foundation; 0.5m width and 0.4 m depth 
	 m3 
	30.00
	                       53.52 
	1,605.60
	                                        1,605.60 
	 

	 1.4.4.1c 
	 Cart away and deposit excavated surplus material to a distance not exceeding 1km. 
	 m3 
	34.80
	                       44.89 
	1,562.17
	                                        1,562.17 
	 

	 1.4.4.2 
	 Concrete and Block Work 
	 
	 
	 
	0.00
	                                                         -   
	 

	 1.4.4.2a 
	 Supply and raise 500mm thick  high trachitic or equivalent stone masonry foundation wall below ground level bedded in cement mortar mix 1:3 
	 m3 
	20.00
	2093.33
	41,866.60
	                                     41,866.60 
	 

	 1.4.4.2b 
	 Slab for the toilet including reinforcement bar , form work and concrete C-20 with 150mm thick 
	 LS 
	1.00
	                  3,146.09 
	3,146.09
	                                        3,146.09 
	 

	 1.4.4.2c 
	 Mass concrete fill on floor slab (200mm) for shower, C-15 
	 m3 
	1.80
	                  2,850.31 
	5,130.56
	                                        5,130.56 
	 

	 1.4.4.3 
	 Carpentry and Walling 
	 
	 
	 
	0.00
	                                                         -   
	 

	 1.4.4.3a 
	 Supply, assemble and fix in position eucalyptus wall post  of length 3.5 m span price shall include the  external anti-termite treatment as per the drawing 
	 No 
	16.00
	                     200.00 
	3,200.00
	                                        3,200.00 
	 

	 1.4.4.3b 
	 Supply and fix roof cover in G-35 mm corrugated galvanized iron sheet fixed into zigba wood purlin with dome headed galvanized nails (purlin and ridge cover measured separately) 
	 m2 
	52.00
	                     325.00 
	16,900.00
	                                     16,900.00 
	 

	 1.4.4.4 
	 Carpentry and Roofing 
	 
	 
	 
	0.00
	                                                         -   
	 

	 1.4.4.4a 
	 Supply, assemble and fix in position eucalyptus roof truss  price shall include the application of three coats and external anti-termite treatment as per the drawing 
	 No 
	5.00
	                     300.00 
	1,500.00
	                                        1,500.00 
	 

	 1.4.4.4b 
	 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 
	21.00
	                       75.00 
	1,575.00
	                                        1,575.00 
	 

	 1.4.4.4c 
	 Supply and fix roof cover in G-35 mm corrugated galvanized iron sheet fixed into zigba wood purlin with dome headed galvanized nails (purlin and ridge cover measured separately) 
	 m2 
	18.00
	                     355.66 
	6,401.79
	                                        6,401.79 
	 

	 1.4.4.4d 
	 Supply and fix CIS  doors size 1.0x2.10m  
	 No 
	4.00
	                  1,000.00 
	4,000.00
	                                        4,000.00 
	 

	 
	Sub total 
	 
	 
	 
	87,092.77
	                        87,092.77 
	                            -   

	 1.4.4.5 
	 Fence work with 2m  height eucalyptus post, 1.5m spacing rotated by barbed wire fixed at 0.2m interval 
	 LS 
	1.00
	              100,000.00 
	100,000.00
	                                  100,000.00 
	 

	 
	Sub total 
	 
	 
	 
	100,000.00
	                      100,000.00 
	                            -   

	 
	Total for Preparatory Work
	 
	 
	 
	815,518.00
	                      815,518.00 
	                            -   

	2
	Access and Service Road construction
	km
	1.00
	75,000.00
	75,000.00
	 
	 

	 
	Sub total 
	 
	 
	 
	75,000.00
	0.00
	0.00

	3
	Head Work 
	 
	 
	 
	 
	 
	 

	3.1
	Site clearing up to 0.15m depth
	m2
	250.00
	                         8.54 
	2,135.00
	2,135.00
	 

	3.2
	Bulk Excavation of foundation normal soil
	m3
	187.87
	                       53.52 
	10,054.67
	10,054.67
	 

	3.3
	Excavation of Hard rock to an average depth of 1.00m including cart away at 50 meter far from the site  
	m3
	126.25
	367.15
	46,350.75
	46,350.75
	 

	3.4
	Excavation of the soft rock including cart away at 50 meter far from the site  
	m3
	105.04
	120.53
	12,659.91
	12,659.91
	 

	3.5
	Compacted back fill  with materials  excavated  for foundation or  from surrounding area
	m3
	98.50
	143.44
	14,128.84
	14,128.84
	 

	3.6
	C-10 Lean Concrete under the foundation of masonry walls (0.20m thick)
	m3
	17.88
	2,759.62
	49,341.94
	49,341.94
	 

	3.7
	Masonry works of the weir wing walls in 1:4 cement mortar  
	m3
	136.36
	2093.33
	285,446.48
	285,446.48
	 

	3.8
	Concrete work with 1:2:4 mix ratio
	m3
	76.61
	3,348.82
	256,553.10
	256,553.10
	 

	3.9
	Plastering (with 1:3 mortar)
	m2
	134.00
	184.13
	24,673.42
	24,673.42
	 

	3.10
	5mm thick Sliding Gates (0.80*0.70m) including supply & installation
	No
	2.00
	10,000.00
	20,000.00
	20,000.00
	 

	3.11
	6mm thick Gates with Spindle (0.60 width* 0.60m height) including supply & installation
	No
	2.00
	17,000.00
	34,000.00
	34,000.00
	 

	3.12
	Pointing at the back side of wing walls
	m2
	57.61
	102.03
	5,877.95
	5,877.95
	 

	3.13
	Provide and place 0.50m thick stone Rip-Rap (with 1:3 mortar)
	m3
	13.50
	644.93
	8,706.56
	8,706.56
	 

	 
	Sub total 
	 
	 
	 
	769,928.62
	769,928.62
	0.00

	4
	Construction of Flume structures on main canal
	No
	4.00
	 
	 
	0.00
	 

	4.1
	Site clearance to the depth of 15cm
	m2
	1650.00
	                         8.54 
	14,091.00
	14,091.00
	 

	4.2
	Bulk Excavation of foundation of normal soil
	m3
	390.15
	                       53.52 
	20,880.83
	20,880.83
	 

	4.3
	Excavation of soft rock including cart away at 50 meter far from the site  
	m3
	52.02
	120.53
	6,269.84
	6,269.84
	 

	4.4
	Excavation of Hard rock to an average depth of 1.00m including cart away at 50 meter far from the site  
	m3
	52.02
	367.15
	19,099.10
	19,099.10
	 

	4.5
	Masonry works with 1:4 cement mortar
	m3
	17.52
	2093.33
	36,675.14
	36,675.14
	 

	4.6
	Concrete work with 1:2:4 mix ratio
	m3
	77.72
	3,348.82
	260,270.29
	260,270.29
	 

	4.7
	Plastering with 1:3 cement mortar
	m2
	698.82
	184.13
	128,673.73
	128,673.73
	 

	4.8
	Reinforcement bars (with bending)
	 
	 
	 
	0.00
	0.00
	 

	 
	8mm
	berga
	108.00
	195
	21,060.00
	21,060.00
	 

	 
	10mm
	berga
	169.00
	250
	42,250.00
	42,250.00
	 

	 
	12mm
	berga
	112.00
	325
	36,400.00
	36,400.00
	 

	 
	14mm
	berga
	118.00
	350
	41,300.00
	41,300.00
	 

	4.9
	Formwork 
	m2
	720.62
	200.77
	144,678.88
	144,678.88
	 

	4.10
	Fill and compaction (excavated or surrounding  soil)
	m3
	399.49
	143.44
	57,302.85
	57,302.85
	 

	 
	Sub total 
	 
	 
	 
	828,951.66
	828,951.66
	0.00

	5
	Drainage Culvert on Right Main canal
	No
	2.00
	 
	 
	0.00
	 

	5.1
	Site clearance to the depth of 15cm
	m2
	48.00
	                         8.54 
	409.92
	409.92
	 

	5.2
	Bulk excavation in ordinary soil 
	m3
	33.60
	                       53.52 
	1,798.27
	1,798.27
	 

	5.3
	Backfill and compaction with excavated or surrounding soil
	m3
	11.36
	143.44
	1,629.48
	1,629.48
	 

	5.4
	Masonry (with 1:4 mortar)
	m3
	14.52
	2093.33
	30,395.15
	30,395.15
	 

	5.5
	0.30m Rip-rap (with 1:3 mortar)
	m3
	2.16
	753.36
	1,627.26
	1,627.26
	 

	5.6
	Plastering  (1:3 mix ratio mortar)
	m2
	12.80
	184.13
	2,356.86
	2,356.86
	 

	5.7
	Pointing (with 1:3 ratio mortar)
	m2
	17.60
	102.03
	1,795.73
	1,795.73
	 

	5.8
	5cm Cement Screed (with 1:2 mortar)
	m2
	6.40
	252.54
	1,616.26
	1,616.26
	 

	5.9
	Concrete Pipe (Dia 0.60m) including transport & placing 
	Pcs
	8.00
	2,251.55
	18,012.40
	18,012.40
	 

	 
	Sub total 
	 
	 
	 
	59,641.33
	59,641.33
	0.00

	6
	Night Storage (Capacity =1166m3)
	 
	 
	 
	 
	0.00
	 

	6.1
	Site Clearing to the Depth of 15cm
	m2
	1386.00
	                         8.54 
	11,836.44
	11,836.44
	 

	6.2
	Bulk Excavation of normal soil   below NGL 
	m3
	1346.70
	                       53.52 
	72,075.38
	72,075.38
	 

	6.3
	Fill and compaction with selected materials  from surrounding or transposed soil
	m3
	975.32
	143.44
	139,899.90
	139,899.90
	 

	6.4
	Hard core for spillway
	m3
	4.68
	242.78
	1,136.21
	1,136.21
	 

	6.5
	Masonry for Spillway with 1:4 cement mortar
	m3
	4.16
	2093.33
	8,708.25
	8,708.25
	 

	6.6
	Plastering (with 1:3 mortar), spillway wall
	m2
	26.00
	184.13
	4,787.38
	4,787.38
	 

	6.7
	DCI Flanged Gate Valve (300mm)
	pcs
	1.00
	5000.00
	5,000.00
	5,000.00
	 

	6.8
	DCI Pipe outlet pipe (diam 300mm), including installation
	m
	12.00
	2500.00
	30,000.00
	30,000.00
	 

	 
	Sub total 
	 
	 
	 
	273,443.57
	273,443.57
	                            -   

	7
	Division Boxes (at Night Storage)
	No
	2.00
	 
	 
	0.00
	 

	7.1
	Site clearance to the depth of 15cm
	m2
	27.83
	                         8.54 
	237.64
	237.64
	 

	7.2
	Soil Excavation
	m3
	18.11
	                       53.52 
	969.23
	969.23
	 

	7.3
	Backfill and compaction with excavated or surrounding soil
	m3
	10.12
	143.44
	1,451.61
	1,451.61
	 

	7.4
	Hard Coring (25cm thick)
	m3
	3.04
	242.78
	737.97
	737.97
	 

	7.5
	Masonry works with 1:4 mortar
	m3
	10.23
	2093.33
	21,414.77
	21,414.77
	 

	7.6
	Plastering (with 1:3 mortar)
	m2
	34.20
	184.13
	6,297.06
	6,297.06
	 

	7.7
	3cm cement screed
	m2
	5.17
	184.13
	951.95
	951.95
	 

	7.8
	5mm thick double framed with angle iron Gate works supply & Installation 
	No
	4.00
	                  2,500.00 
	10,000.00
	10,000.00
	 

	 
	Sub total 
	 
	 
	 
	42,060.23
	42,060.23
	                            -   

	8
	Turn Outs on Main, Secondary & Tertiary canals
	No
	28.00
	 
	 
	0.00
	 

	8.1
	Site clearance to the depth of 15cm
	m2
	83.16
	                         8.54 
	710.21
	710.21
	 

	8.2
	Soil Excavation
	m3
	94.08
	                       53.52 
	5,035.16
	5,035.16
	 

	8.3
	Fill and compaction (excavated or surrounding  soil)
	m3
	26.88
	143.44
	3,855.67
	3,855.67
	 

	8.4
	Dry Stone pitching (hard Core)
	m3
	10.61
	242.78
	2,576.47
	2,576.47
	 

	8.5
	Concrete works (with 1:2:4)
	m3
	15.69
	3,348.82
	52,533.85
	52,533.85
	 

	8.6
	Plastering with 1:3 cement mortar
	m2
	78.62
	184.13
	14,477.04
	14,477.04
	 

	8.7
	5mm thick double framed with angle iron Gate works supply & Installation 
	No
	28.00
	1,000
	28,000.00
	28,000.00
	 

	8.8
	Form Work
	m2
	34.56
	200.77
	6,938.61
	6,938.61
	 

	 
	Sub total 
	 
	 
	 
	114,127.00
	114,127.00
	0.00

	9
	Road Crossing Culvert
	2
	 
	 
	 
	0.00
	 

	9.1
	Soil Excavation
	m3
	35.71
	                       53.52 
	1,911.43
	1,911.43
	 

	9.2
	Fill and compaction (with selected material)
	m3
	22.53
	143.44
	3,232.18
	3,232.18
	 

	9.3
	Masonry with 1:4 mortar
	m3
	5.38
	2093.33
	11,262.12
	11,262.12
	 

	9.4
	0.30m Rip-rap (with 1:4 mortar)
	m3
	2.08
	644.93
	1,341.45
	1,341.45
	 

	9.5
	Pointing (with 1:3 ratio mortar)
	m2
	10.80
	102.03
	1,101.92
	1,101.92
	 

	9.6
	Reinforced Concrete Pipe (Dia 0.60m) including transport & placing 
	No.
	16.00
	1,852.00
	29,632.00
	29,632.00
	 

	 
	Sub total 
	 
	 
	 
	48,481.10
	48,481.10
	  -   

	10
	Foot Bridge 
	No
	3.00
	 
	 
	0.00
	               -   

	10.1
	Earth Work in excavation including all lead and lifts in all type of soils complete in all respect
	m3
	6.00
	                       53.52 
	321.12
	321.12
	 

	10.2
	Earthwork in filling in 20cm layers with compaction as per specifications including all lead and lifts in all type of soils complete in all respect
	m3
	1.60
	                     143.44 
	229.50
	229.50
	 

	10.3
	Providing and laying Reinforced cement concrete in C-20 (1:1.5:3) including reinforcement bars and formworks 
	m3
	3.17
	                  3,146.09 
	9,966.81
	9,966.81
	 

	10.4
	Stone masonry in 1:4 cement sand mortar complete in all respect including all lifts
	m3
	3.75
	                  2,093.33 
	7,849.99
	7,849.99
	 

	10.5
	Providing and laying Plain cement concrete in C-10 (1:3:6) complete in all respect including shuttering.
	m3
	1.25
	                  2,759.62 
	3,449.53
	3,449.53
	 

	10.6
	Pointing the transition part of the canal
	m2
	7.00
	      102.03 
	714.21
	714.21
	 

	 
	Sub Total
	 
	 
	 
	22,531.16
	22,531.16
	               -   

	11
	Right Main Canal (MC-1)
	m
	1121.00
	 
	 
	0.00
	 

	11.1
	Concrete pipe on weir two intakes 
	m
	10.00
	 
	 
	0.00
	 

	11.1.1
	Site clearance to the depth of 15cm
	m2
	40.00
	                         8.54 
	341.60
	341.60
	 

	11.1.2
	Soil Excavation
	m3
	53.60
	                       53.52 
	2,868.67
	2,868.67
	 

	11.1.3
	Hard core under the pipe (0.25m thick * 1.10m)
	m3
	2.75
	242.78
	667.65
	667.65
	 

	11.1.4
	Cement Screed (5cm) with 1:2 mortar
	m2
	11.50
	184.13
	2,117.50
	2,117.50
	 

	11.1.5
	Fill and compaction (excavated or surrounding  soil)
	m3
	43.50
	143.44
	6,239.64
	6,239.64
	 

	11.1.6
	Concrete Pipe (0.40m Diameter), transport & placing
	m
	10.00
	1,852.00
	18,520.00
	18,520.00
	 

	11.1.7
	Masonry works with 1:4 cement mortar
	m3
	2.00
	2093.33
	4,186.66
	4,186.66
	 

	 
	Sub total 
	 
	 
	 
	34,941.71
	34,941.71
	0.00

	11.2
	Lind Canal starting from Headwork intake pipe (0+010 to 0+100)
	m
	100.00
	 
	 
	0.00
	 

	11.2.1
	Site clearance to the depth of 15cm
	m2
	225.00
	          8.54 
	1,921.50
	1,921.50
	 

	11.2.2
	Soil Excavation
	m3
	343.02
	        53.52 
	18,358.58
	18,358.58
	 

	11.2.3
	Hard Core
	m3
	16.00
	242.78
	3,884.48
	3,884.48
	 

	11.2.4
	Masonry works with 1:3 cement mortar
	m3
	42.00
	2093.33
	87,919.86
	87,919.86
	 

	11.2.5
	Plastering (with 1:3 mortar)
	m2
	170.00
	184.13
	31,302.10
	31,302.10
	 

	11.2.6
	Compacted Back fill  with surrounding excavated soil
	m3
	35.01
	143.44
	5,021.83
	5,021.83
	 

	 
	Sub total 
	 
	 
	 
	148,408.35
	148,408.35
	0.00

	11.3
	Earth Main Canal
	m
	1011.00
	 
	 
	0.00
	 

	11.3.1
	Site clearance to the depth of 15cm
	m2
	1213.20
	          8.54 
	10,360.73
	10,360.73
	 

	11.3.2
	Soil Excavation
	m3
	884.73
	        53.52 
	47,350.74
	47,350.74
	 

	11.3.3
	Fill and compaction (excavated or surrounding  soil)
	m3
	1019.37
	143.44
	146,217.86
	146,217.86
	 

	 
	Sub total 
	 
	 
	 
	203,929.33
	203,929.33
	0.00

	 
	Total on Right main Canal
	 
	 
	 
	387,279.40
	387,279.40
	 

	12
	Left Main Canal (MC-2)
	m
	1817.09
	 
	 
	0.00
	 

	12.1
	Concrete pipe on weir two intakes (15m)
	m
	10.00
	 
	 
	0.00
	 

	12.1.1
	Site clearance to the depth of 15cm
	m2
	40.00
	          8.54 
	341.60
	341.60
	 

	12.1.2
	Soil Excavation
	m3
	53.60
	        53.52 
	2,868.67
	2,868.67
	 

	12.1.3
	Hard core under the pipe (0.25m thick * 1.10m)
	m3
	2.75
	242.78
	667.65
	667.65
	 

	12.1.4
	Cement Screed (5cm) with 1:2 mortar
	m2
	11.50
	184.13
	2,117.50
	2,117.50
	 

	12.1.5
	Fill and compaction (excavated or surrounding  soil)
	m3
	43.50
	143.44
	6,239.64
	6,239.64
	 

	12.1.6
	Concrete Pipe (0.40m Diameter), transport & placing
	m
	10.00
	1,852.00
	18,520.00
	18,520.00
	 

	12.1.7
	Masonry works with 1:4 cement mortar
	m3
	2.00
	2093.33
	4,186.66
	4,186.66
	 

	 
	Sub total 
	 
	 
	 
	34,941.71
	34,941.71
	0.00

	12.2
	Lind Canal starting from Headwork intake pipe (0+010 to 0+100)
	m
	100.00
	 
	 
	0.00
	 

	12.2.1
	Site clearance to the depth of 15cm
	m2
	225.00
	           8.54 
	1,921.50
	1,921.50
	 

	12.2.2
	Soil Excavation
	m3
	343.02
	                       53.52 
	18,358.58
	18,358.58
	 

	12.2.3
	Hard Core
	m3
	16.00
	242.78
	3,884.48
	3,884.48
	 

	12.2.4
	Masonry works with 1:4 cement mortar
	m3
	42.00
	2093.33
	87,919.86
	87,919.86
	 

	12.2.5
	Plastering (with 1:3 mortar)
	m2
	170.00
	184.13
	31,302.10
	31,302.10
	 

	12.2.6
	Compacted Back fill  with surrounding excavated soil
	m3
	35.01
	143.44
	5,021.83
	5,021.83
	 

	 
	Sub total 
	 
	 
	 
	148,408.35
	148,408.35
	0.00

	12.3
	Earth Main Canal
	m
	1707.09
	 
	 
	0.00
	 

	12.3.1
	Site clearance to the depth of 15cm
	m2
	1213.20
	                         8.54 
	10,360.73
	10,360.73
	 

	12.3.2
	Soil Excavation
	m3
	1516.28
	                       53.52 
	81,151.18
	81,151.18
	 

	12.3.3
	Fill and compaction (excavated or surrounding  soil)
	m3
	1028.64
	143.44
	147,547.91
	147,547.91
	 

	 
	Sub total 
	 
	 
	 
	239,059.82
	239,059.82
	0.00

	 
	Total on Left main Canal
	 
	 
	 
	422,409.88
	422,409.88
	 

	13
	Secondary Canals
	 
	 
	 
	 
	0.00
	 

	13.1
	Secondary Canal (SC 1-1)
	m
	332.00
	 
	 
	0.00
	 

	13.1.1
	Lind Canal starting from Headwork intake pipe (0+000 to 0+050)
	m
	50.00
	 
	 
	0.00
	 

	13.1.1.1
	Site clearance to the depth of 15cm
	m2
	75.00
	                         8.54 
	640.50
	640.50
	 

	13.1.1.2
	Soil Excavation
	m3
	30.36
	                       53.52 
	1,624.87
	1,624.87
	 

	13.1.1.3
	Hard Core
	m3
	10.00
	242.78
	2,427.80
	2,427.80
	 

	13.1.1.4
	Masonry works with 1:4 cement mortar
	m3
	21.00
	2093.33
	43,959.93
	43,959.93
	 

	13.1.1.5
	Plastering (with 1:3 mortar)
	m2
	80.00
	184.13
	14,730.40
	14,730.40
	 

	13.1.1.6
	Compacted Back fill  with surrounding excavated soil
	m3
	5.00
	143.44
	717.20
	717.20
	 

	 
	Sub total 
	 
	 
	 
	64,100.70
	64,100.70
	 

	13.1.2
	Earth Canal Starting from (0+050 to 0+332)
	 
	 
	 
	 
	0.00
	 

	13.1.2.1
	Site clearance to the depth of 15cm
	m2
	480.00
	                         8.54 
	4,099.20
	4,099.20
	 

	13.1.2.2
	Soil Excavation
	m3
	101.46
	                       53.52 
	5,430.14
	5,430.14
	 

	13.1.2.3
	Fill and compaction (excavated or surrounding  soil)
	m3
	72.04
	143.44
	10,333.42
	10,333.42
	 

	 
	Sub total 
	 
	 
	 
	19,862.76
	19,862.76
	 

	13.2
	Secondary Canal (SC 2-1)
	m
	215.00
	 
	 
	0.00
	 

	13.2.1
	Site clearance to the depth of 15cm
	m2
	322.50
	                         8.54 
	2,754.15
	2,754.15
	 

	13.2.2
	Soil Excavation
	m3
	367.23
	                       53.52 
	19,654.15
	19,654.15
	 

	13.2.3
	Hard Core
	m3
	10.00
	242.78
	2,427.80
	2,427.80
	 

	13.2.4
	Masonry works with 1:4 cement mortar
	m3
	43.00
	2093.33
	90,013.19
	90,013.19
	 

	13.2.5
	Plastering (with 1:3 mortar)
	m2
	344.00
	184.13
	63,340.72
	63,340.72
	 

	13.2.6
	Compacted Back fill  with surrounding excavated soil
	m3
	10.83
	143.44
	1,553.46
	1,553.46
	 

	 
	Sub total 
	 
	 
	 
	179,743.46
	179,743.46
	 

	13.3
	 Secondary Canal (SC 2-2)
	m
	370.00
	 
	 
	0.00
	 

	13.3.1
	Site clearance to the depth of 15cm
	 
	555.50
	                         8.54 
	4,743.97
	4,743.97
	 

	13.3.2
	Soil Excavation
	 
	672.92
	                       53.52 
	36,014.68
	36,014.68
	 

	13.3.3
	Hard Core
	 
	74.00
	242.78
	17,965.72
	17,965.72
	 

	13.3.4
	Masonry works with 1:4 cement mortar
	 
	155.40
	2093.33
	325,303.48
	325,303.48
	 

	13.3.5
	Plastering (with 1:3 mortar)
	 
	592.00
	184.13
	109,004.96
	109,004.96
	 

	13.3.6
	Compacted Back fill  with surrounding excavated soil
	 
	22.72
	143.44
	3,258.96
	3,258.96
	 

	 
	Sub total 
	 
	 
	 
	496,291.77
	496,291.77
	 

	 
	Total of Secondary Canal
	 
	 
	 
	759,998.69
	759,998.69
	 

	14
	Drainage canals
	 
	 
	 
	 
	 
	 

	14.1
	Right Collector Drain (CD-1) Before Flume No.1
	m
	750.00
	 
	 
	 
	 

	14.1.1
	Site clearance to the depth of 15cm
	m2
	1125.00
	                         8.54 
	9,607.50
	 
	9,607.50

	14.1.2
	Soil Excavation
	m3
	1045.45
	                       53.52 
	55,952.48
	 
	55,952.48

	14.1.3
	Fill and compaction (excavated or surrounding  soil)
	m3
	266.51
	143.44
	38,228.19
	 
	38,228.19

	 
	Sub total 
	 
	 
	 
	103,788.18
	 
	103,788.18

	14.2
	Right Collector Drain (CD-1) After Flume No.1
	m
	717.00
	 
	 
	 
	 

	14.2.1
	Site clearance to the depth of 15cm
	m2
	1075.50
	                         8.54 
	9,184.77
	 
	9,184.77

	14.2.2
	Soil Excavation
	m3
	565.88
	                       53.52 
	30,285.90
	 
	30,285.90

	14.2.3
	Fill and compaction (excavated or surrounding  soil)
	m3
	459.28
	143.44
	65,879.12
	 
	65,879.12

	 
	Sub total 
	 
	 
	 
	105,349.79
	 
	105,349.79

	14.3
	Left Collector Drain (CD-2) Before Night Storage
	m
	984.00
	 
	 
	 
	0.00

	14.3.1
	Site clearance to the depth of 15cm
	m2
	1476.00
	                         8.54 
	12,605.04
	 
	12,605.04

	14.3.2
	Soil Excavation
	m3
	725.83
	                       53.52 
	38,846.42
	 
	38,846.42

	14.3.3
	Fill and compaction (excavated or surrounding  soil)
	m3
	2238.20
	143.44
	321,047.41
	 
	321,047.41

	 
	Sub total 
	 
	 
	 
	372,498.87
	 
	372,498.87

	14.4
	Left Collector Drain (CD-2) After URAP Road
	m
	516.00
	 
	 
	 
	0.00

	14.4.1
	Site clearance to the depth of 15cm
	m2
	774.00
	                         8.54 
	6,609.96
	 
	6,609.96

	14.4.2
	Soil Excavation
	m3
	516.10
	                       53.52 
	27,621.67
	 
	27,621.67

	14.4.3
	Fill and compaction (excavated or surrounding  soil)
	m3
	171.10
	143.44
	24,542.58
	 
	24,542.58

	 
	Sub total 
	 
	 
	 
	58,774.22
	 
	58,774.22

	 
	Total Cost for Drainage Canal
	 
	 
	 
	640,411.05
	0.00
	640,411.05

	15
	Field Canals (No=28)
	m
	3595.00
	 
	 
	                   -   
	0.00

	15.1
	Site clearance to the depth of 15cm
	m2
	2696.25
	                         8.54 
	23,025.98
	 
	23,025.98

	15.2
	Soil Excavation
	m3
	335.53
	                       53.52 
	17,957.74
	 
	17,957.74

	15.3
	Fill & compaction with excavated or surrounding soil
	m3
	167.77
	143.44
	24,064.45
	 
	24,064.45

	 
	Sub total 
	 
	 
	 
	65,048.17
	0.00
	65,048.17

	 
	Total Cost for Field Canals
	 
	 
	 
	65,048.17
	0.00
	65,048.17

	 
	Total Engineering Cost Estimate of the project
	 
	 
	 
	5,324,829.86
	4,544,370.63
	705,459.22

	 
	15% VAT
	 
	 
	 
	798,724.48
	 
	 

	 
	Grand Total
	 
	 
	 
	6,123,554.34
	 
	 


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
The total time of construction is estimated to be about one year for the entire project activities.  The schedule is depicted in the following table.

Figure 9: 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 main canal
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	Drainage Culvert on Right Main canal
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	Night Storage (Capacity =1166m3)
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	Division Boxes (at Night Storage)
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	Turn Outs on Main, Secondary & Tertiary canals (Total No = 28)
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	Road Crossing Culvert
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	Foot Bridge
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	Right Main Canal (MC-1)
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	Left Main Canal (MC-2)
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	Secondary Canals
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	Drainage canals and Field Canals (No=28)
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	


4 CONCLUSION AND RECOMMENDATION 

The design of Unkuso small-scale irrigation project was intended to irrigate about 120 hectares of land as stated in the bid document. However, according to the hydrology study result, the lean flow of Unkuso River at the study site during November, December, January, February and March is 18, 20, 16, 13 and 27 lit/sec respectively. On the other hand, the river flow during April, May, June, July, August, September, and October are 43, 97, 176, 147, 147, 191, and 69 lit/sec respectively.

In addition to this, total area of the project surveyed during feasibility study is about 77 hectares land. Out of this, 47 hectares of net irrigable area is identified. Accordingly, the project water resource can irrigate all net irrigable area of 47 hectares in 7 months of the year as supplementary irrigation. However, during dry season the area will be irrigated based on the available water resource i.e. 15 hectares of land will be irrigated.
Right main canal will irrigate maximum area of 14.50 with about 15lit/sec flow. Whereas, the Left main canal will irrigate maximum irrigation area of 32.66 hectares with 30 lit/sec flow. Hence, all canals are design with maximum flow. Moreover, one night storage is  proposed along the left main canal to store irrigation water during nighttime.
Generally, the project is suitable to produce all proposed crops by agronomist. 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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6 APPENDICES
6.1 APPENDIX i: Design of Canals
6.2 APPENDIX ii: unit rate analysis
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