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[bookmark: _Toc454436136]GENERAL DESCRIPTIONS AND PARAMETERS 
[bookmark: _Toc454436137]        OF ALELTU NEGEDE SMALL SCALE IRRIGATION 


· Design Flood = 32m3/s
· Design Flow Depth above average river bed level = 2.1m
· Average river bed level = 1794.05m amsl
· Average river bed slope = 0.0072
· Weir Crest length = 10m
· Weir Crest level = 1795.5m amsl
· Weir Crest height above average river bed level = 1.45m
· Total Command Area = 70ha
· Total Canal length = 5969m
· Required Flow for Irrigation = 169.05lt/sec.













[bookmark: _Toc454436138]1. HEAD WORK AND IRRIGATION INFRASTRUCTURE  
[bookmark: _Toc454436139] DESIGN
[bookmark: _Toc454436140]1.1 Head Work Design


Diversion weir is designed to raise the water level in the river to the desired level to divert the required amount of water through a regulator into the main supply canal for the development of irrigated agriculture. The hydraulic and structural aspects are taken into consideration in designing both the weir and appurtenant structures. In diversion weir design, the hydraulic condition under which it is supposed to work must be analyzed first. All the forces acting on it are calculated based on the hydraulic design. The general arrangement of the proposed weir and its main dimensions are determined based on the results of hydraulic analysis and then after the structural analysis follows.
[bookmark: _Toc262445411]
[bookmark: _Toc454436141]1.2. Construction Material and Shape of Weir
[bookmark: _Toc262445412][bookmark: _Toc454436142]1.2.1. Construction Material
The choice of construction material for the weir is usually limited to stone masonry, mass concrete, cyclopean concrete, and reinforced concrete. The suitability of the each material depends largely on the shape of the weir and locally available materials. For selecting construction material, among others the following factors are considered. 
· Type of construction materials available at or near the construction site and accessibility.
· The type and size of bed materials transported by the river during its high flood.
· The hydrological characteristics of the river. 
· Availability of skilled and unskilled labor.
· The foundation condition of the weir site.
Considering the above points and other factors, Concrete weir is adopted for this study site. As the river around the headwork site is at its middle reach, no big stones are expected to be transported during high floods. Big stones are not also seen on the river bed except small sized boulders. Availability of stone crusher sites at reasonable distance is also the other supporting factor for selecting this type of weir. 
[bookmark: _Toc262445413][bookmark: _Toc454436143]1.2.2	 Shape of the Weir Crest


Weirs differ in type and shape, but designed and constructed to serve the same purpose. The following points are considered to determine the type and shape of the weir suited to specific site.
· A weir with a shape that can easily be constructed by local manpower.
· The availability of the skilled manpower for implementing it.
A broad crest weir type is adopted for Aleltu Negede river diversion work. 

[bookmark: _Toc454436144]1.2.3 Estimation of Tail Water Depth



From the design peak discharge, the tail water surface which will be used for deciding the bottom elevation of the downstream floor is calculated. The bed formation type of AleltuNegede headwork site is silty soil alluvial deposit with basalt bed rock layer at 1m depth. The tail water surface is also used to know the downstream wing wall height. The height of the downstream wing walls are also determined considering either the jump surface or the tail water surface whichever is higher.
The Design peak flood level was calculated by using the Manning’s approach as shown below. The total water way (crest length) of the weir was lengthened to 10m (about 1.2 times the existing width of the river, 8.3m) so as to reduce the overflow depth. 
 

[bookmark: _Toc454436191]Figure 1: Cross section Along the Intended Weir Axis
 
[image: ]
a) Average River Bed Slope
 
The longitudinal profile along the River was run 198m length to the upstream and 100m length  to the downstream, and the average River bed slope was calculated which was S = 0.0072 as shown in  the following  sketch.











Sketch of the longituidinal river bed profile and the average bed slope (S) for Aleltu Negede River.



b) Discharge of the River 
	Elev.
	Depth
	Manning's C.
	Avg. B.Slope
	Area
	Perimeter
	Hydraulic
	Velocity
	Discharge

	(m)
	(m)
	(n)
	(S)
	(m2)
	(m)
	Radius, m
	(m/sec)
	(m3/sec)

	1794.05
	0
	0.04
	0.0072
	0
	0
	0
	0
	0

	1794.5
	0.45
	
	
	1.8
	5.39
	0.33
	1.02
	1.84

	1795.0
	0.95
	
	
	4.83
	7.53
	0.64
	1.58
	7.62

	1795.25
	1.2
	
	
	6.64
	8.48
	0.78
	1.80
	11.97

	1795.5
	1.45
	
	
	8.64
	9.61
	0.90
	1.98
	17.07

	1795.75
	1.7
	
	
	11.21
	14.07
	0.80
	1.82
	20.44

	1796.0
	1.95
	
	
	15.28
	20.17
	0.76
	1.76
	26.94

	1796.25
	2.2
	
	
	21.17
	28.14
	0.75
	1.75
	37.15



[bookmark: _Toc454436180]Table 1: Stage-Discharge Curve
V=1/n *R2/3*S1/2
Q=1/n *A*R2/3*S1/2 = A*V
The above table for the Stage-Discharge Curve was calculated based on the following criteria.
	- Manning’s Roughness coefficient of the River, n was assumed to be 0.04.
	- Average River bed slope as calculated earlier was 0.0072.
	- Average River bed level = 1794.05m
			



 
[bookmark: _Toc454436192]Figure 2:  Stage-Discharge Curve

From the above Stage-Discharge curve, the Design Flood of the Weir, 32m3/sec will have a stage level of 2.1m. Hence the Tail Water Depth for the design flood is assumed to be the same as the depth at the weir site before the construction of the weir.
[bookmark: _Toc262445410][bookmark: _Toc454436145]1.3 Design of Diversion Weir

[bookmark: _Toc454436146]1.3.1 Estimation of Water Depth on the Crest



a) Length of the Weir

Taking in to account of the overflow depth, 10m of the length of the overflow section has been taken.
The length of the weir crest depends on the physical features of the selected weir site. A weir with a long crest gives a small discharge per unit length and hence, the required energy dissipater per meter of the crest width is smaller than what is needed for a shorter crest length. A weir crests longer than maximum wetted river width causes formation of islands at upstream side of the weir. The formation of island upstream of the weir reduces the effective length of the crest (part of the weir less effective in passing the flood). As a general rule the crest length of the weir including scouring sluice, should be taken as the average wetted width during the flood. If possible the flow per unit width should not exceed 15m3/s/m; this will avoid a relative costly energy dissipation arrangement. Increasing the length of the weir crest to 1.2 times the river width is allowable. Accordingly, the length of the over flow part of the weir is decided to be 10 meter.



b) Determination of the Crest Level

At the location of the selected weir site, the river bed is approximately 1794.05m above mean sea level. The weir crest elevation is fixed with reference to the river bed elevation considering the following factors.
· The crest level should be set at desired height or level that enables acquiring the required driving head to safely deliver the design discharge to the main canal.
· The weir crest should be set to allow a safely passage of maximum flood discharge within designed weir crest length.
· The bed level of the under sluice should be below sill level of canal head regulator. 
· The main canal at the head reach should not be too deep in order to avoid large excavation work, to minimize construction cost and to reduce maintenance and side slopes stability problems. 

The dry period discharge of the River was found to be 160lt/sec from which the canal water depth was determined to be 0.4m.  
Manning’s equation is used to determine the canal water depth. Considering the dependable discharge of 160lt/sec, b/d ratio of 1 is taken and canal slope of 1/1000 is taken. Manning’s roughness coefficient, n, is taken to be 0.025.

Q = 1/nAR2/3S1/2
		Where Q = Discharge – m3/s
	             A = Area
			R = Hydraulic radius
			S = Slope
		           n = Roughness coefficient
Substituting the above parameters into this formula and considering trapezoidal canal section;
0.16 = (1/0.025)*2d2*(0.522d)2/3*(1/1000)1/2
By trial and error, d (water depth) is found to be 0.42m. Taking the bed width as 0.5m, water depth d will be 0.4m. 

Considering the topographical map of the command area and canal route profiles, the canal design bed level at the initial chainage of the canal was taken to be 1794.7m.

i) Pipe head Losses:
Considering 40cm plain concrete pipe having a total length of 3m, and 0.16m3/s canal discharge,
· Cross Sectional area, A = πD2/4 = 3.14x0.42/4 = 0.1257m2
· Velocity,          V = Q/A = 0.16/0.1257 = 1.273m/s
· Coefficient of roughness, n = 0.014
· Coefficient of friction loss,
	f = 124.5n2/D1/3 = 124.5x0.0142/ (0.4)1/3
                                      →       f = 0.033
· Coefficient of loss
           - Friction loss, fl= f L/D = 0.033x3/0.4 = 0.248
           - Inlet loss, fi = 0.50
           - Outlet loss, fo = 1.00
· Total coefficient of loss, fT = fi+ fl +fo
fT = 0.5+0.248+1.0
fT = 1.748
· Total pipe head loss,  h1 = (V2/2g) x fT = (1.2732/19.62)x1.68
    h1 = 0.139m
ii) Driving head (h2):

Using Orifice formula, q = CA√ (2gh), where C = 0.61, D = 40cm, and q = 160l/sec (0.16m3/s),
h2 = (0.160/(0.61*0.1257))2/(2*9.81)
h2 = 0.222m.
Total h = h1+h2 = 0.139+0.222 = 0.361m
Providing 10% extra head, total h = 0.40m

Therefore, Crest Level = Highest level of the command + water depth + h
			      = 1794.7+0.4+0.4
			      = 1795.5m 
Weir crest height = crest level - Average River bed level
H = 1795.5 - 1794.05
		H = 1.45m

c) Water depth  on the Crest, backwater and post jump profiles
As a result of construction of diversion weir across a river, the maximum flood level in the river upstream of the weir rises and it is termed as afflux. The difference between afflux and weir crest level is the depth of water over the crest. Afflux also governs the top levels of protection embankment, length and the top levels of other components of the structure. Once the weir crest elevation is fixed and the peak designed flood discharge is determined, the depth of water over the crest of the weir can be computed by the following empirical formula.  (Safe to keep afflux 1 to 1.2m)



Q = CLHe3/2, Where C = 1.70, Q = 32m3/s and L = 10m   (Q is the peak flood 50year return Period)
   32 = 1.7*10* He3/2, So He = [32/ (1.7*10)] 2/3 = 1.52m
            H =1.45m[image: ]
           Va = Q/ (L (h+P)), Where P = H
           hva = He-h = V2/2g; g = 9.81m2/s
Va2/ (2g) = He-h          

[Q/ (L (h+H)] 2*1/19.62 = He – h
[32/ (10*(h+1.45))] 2 =19.62(1.52-h)
By trial and error, h =1.46 and hence hva   = He – h = 1.52-1.46 = 0.06m

			Total energy, He = 1.52m
			 Overflow depth, h = 1.46 m
			 Velocity head, hva = 0.06m

Upstream water level     = u/s river bed level + weir height + water depth
                                       = 1794.05+1.45+1.46 = 1796.96
Downstream water level = 1794.05+2.1 = 1796.15

To calculate d/s water level before jump;
Apply continuity equation….V0 = Q/A0 and V1 = Q/A1 where V0 and V1 are velocities over the weir crest and at the toe respectively. A0 = L*Hd & A1 = L*Y1
From Bernoulli’s eqn; Z0+h+HD+V02/2g = Z1+Y1+V12/2g
H+He=Y1+Q2/ (2g*L2*Y12); 
                                   1.45+1.52= Y1+322/ (2*9.81*102*Y12)
                                   2.97= Y1+1024/ (1962*Y12)
So by trial and error Y1is found to be 0.455m.
Downstream water level = 1794.05+0.445 = 1794.5

[image: ]
        
[bookmark: _Toc454436193]Figure 3: Water depth on the Crest, backwater and post jump profiles









Check whether the flow is free (modular) or Submerged (non-modular). For the flow to be modular, i.e. not affected by submergence, the ratio H2/H1, where H1 and H2 are the u/s and d/s head above the weir crest, is less than 0.75. 
Upstream head, H1 = 1796.96- 1795.5 = 1.46m
Downstream head, H2 = 1796.15 – 1795.5 = 0.65
H2/H1 = 0.65/1.46 = 0.45 < 0.75,
Since the ratio H2/H1 is less than 0.75, the flow is free (modular) and it is not affected by submergence. If allowance for retrogression is considered tail water level will still reduce and flow will keep being modular.
Upstream total energy level (u/s TEL) = u/s water level +hv(u/s)
= 1796.96+0.06 = 1797.02
Downstream total energy level (u/s TEL) = d/s water level +hv(d/s) 
 = 1794.5+ (322/((10*2.1)2*2*9.81)
=1794.5 + 0.12 = 1794.62; without allowance for retrogression.
 Downstream total energy level (d/s TEL) = 1794.5+0.12 -0.50 = 1794.12 with 0.50m allowance for retrogression
It is essential to establish the correct stilling basin floor level. If the floor level is set above higher level, the jump will be swept off at high flows causing deep holes and severe erosion downstream. A basin that is deeper than necessary will result in a more expensive structure. The approximate depth of the stilling basin (d) is calculated using the following empirical formula.


Where, 
h = over flow depth = 1.46m
F = level difference between u/s energy and d/s energy level,
 = 1797.02-1794.62 = 2.4m


Hence, the downstream of the apron floor level is equal to (original river bed level – d) = 1794.05 -1.00 = 1793.05 meter above mean seal. The level difference between upstream total energy level and downstream apron floor level is (1797.02 - 1793.05 = 3.97).  Pre jump depth is calculated using Bernoulli’s equation as follows.  



, by trial and error, d1 = 0.4m 
Velocity at pre-jump, V1 = q/d1 = 3.2/0.4 = 8 m/s 

Froude number, F1 = 
Post-jump depth d2 can be calculated as shown below 


V2 = 3.2/2.1 = 1.52 m/s
Tail water level without considering retrogression is 1794.62 and with retrogression, it is 1794.02 above mean sea level. 
Post jump water level, 1793.05 + 2.1 = 1795.15 without considering retrogression. This reveals that the sequent depth is same as the tail water depth and the basin depth is reasonable. The Length of impervious solid apron floor beyond the point of jump is calculated as follows.
L = 6*(d2 – d1) = 6* (2.1-0.4) = 10.2m, (take 10m)
The impervious floor/apron length, L1 on the u/s side is calculated as follows;
Total required creep length LT = CHs; C is taken as 9 (from table) and Hs is potential head equal to weir height in this case (1.45m).
LT = 9*1.45 = 13m
L1 = LT - L- (B+2d1+2d2), B = 4.5m and d1 and d2 = 0.
[bookmark: _Toc262445419][bookmark: _Toc454436147]1.3.2 Freeboard
L1 = 13 -10 - 4.5 = -1.5m. (This shows that no need for u/s apron but to be safe provide an apron of length 1.5m and thickness 0.3m).


Sufficient freeboard should be provided for u/s and d/s wing walls in order to protect the walls and embankments from being overtopped by surges, splash and spray, and wave action setup by the turbulence of hydraulic jump, and not to allow high flood water to bypass the diversion weir. The following empirical formulae are used to determine the freeboard.   
Downstream freeboard Fb2 = 0.1(V1 + d2) = 0.1(8 +2.1) = 1.01 ≈ 1m
Top elevation of the downstream retaining walls = 1796.15 +1= 1797.15

Upstream freeboard Fb1 = 0.61 + 0.037*Va*(h) 1/3 = 0.61+0.037*1.09*1.461/3 = 0.66m. 
Vo is the approach velocity u/s of the weir which is;



Top elevation of upstream retaining walls and embankments = 1796.96+0.70 = 1797.6

[bookmark: _Toc262445421][bookmark: _Toc454436148]1.3.3 Basic Section of the Weir


Gravity weir must be designed to resist, with sufficient factor of safety, the three tendencies to destruction:  overturning, sliding and overstressing. The basic section of the weir can be determined using Bligh’s method as follows.

Top width of the weir (b),  ; the weir will not be submerged. 
 Where, 
b = Top width of the weir wall and is generally kept to be 1.5 to 1.8 m
He = overflow depth including approaching velocity head. 
ρ = specific gravity of the weir body (ρ = 2.0 – 2.3)

 , however to be on safe side 1.5 m is adopted
Bottom width (B) of the weir wall may be obtained by providing suitable side slopes. In this design, the upstream face is made vertical and downstream face slope of 1:1 (V: H) is adopted. The bottom width of the weir should not be less than:  


Where,
B = bottom width of the weir 
P = weir height above apron floor = 1.45
He = overflow depth including approaching velocity head = 1.52


Considering side slopes of 1:1 and top width of 1.5m, the bottom width will be 1.45*2+1.5   = 4.4m. Adopt bottom width of 4.5m.
[bookmark: _Toc262445420][bookmark: _Toc454436149]1.3.4 Depth of Scour


Properly designed stilling basin dissipates the great majority of the turbulent energy in the flow. At the outflow from the basin there remains a certain proportion of energy in the flow that scours the downstream of the basin. The scour holes so formed may progress towards the structure and results in structural failure. Such failures can be prevented by providing piles or cut-off at u/s and d/s ends of the impervious floor, much below the calculated scour level. The depth of scour can be calculated using Lacey’s equation.

Hydraulic mean depth (R), 
Where,
 R = hydraulic mean depth
 q = discharge per meter length = 3.2m3/s/m
  f = Lacey’s silt factor, assumed to be 15 or f = 1.75d1/2 where d is mean diameter of the bed material in mm. 


Bottom level of u/s cut - off = u/s HFL – 1.25R = 1796.96 - 1.25*1.2 = 1795.46
Depth of cut-off below river bed level = 1794.05 –1795.46= -1.41m. Hence, provision of upstream cut-off wall is not required. 

Bottom level of d/s cut-off = d/s HFL – 1.75R = 1796.15 – 1.75*1.2 = 1794.05
Depth of cut-off below river bed level = 1794.05 –1794.05= 0m. So, again there is no need for down steam cut-off. But as the hard formation level is very close to the river bed, it is recommended to provide a small cutoff at the downstream end of the stilling basin up to the hard formation level.

Checking for safe exit gradient;

For the given river bed material, the safe exit gradient (Ge) is taken from the table below;

	
Type of Soil
	
Safe hydraulic gradient should be less than

	Fine micaceous sand
	1/15

	Coarse grained sand
	1/12

	Sand mixed with boulders & gravel and for loam soil
	1/5 – 1/9

	Light sand and mud
	1/8



[bookmark: _Toc454436181]Table 2: Safe Exit gradient

Creep Lengh (L) = Hs/Ge
There are no cutoff and hence Bligh’s simple formula used to check the safety of the exits gradient; Ge = 2.91/ (1.5+4.5+10) = 2.91/16 = 0.18; which is safe.









[bookmark: _Toc454436150]1.3.5 Stilling Basin and Apron Thickness

The length of the stilling basin should be calculated and from this the length of the downstream wing wall can be estimated. The height of the downstream wing wall should exactly be known after comparing the conjugate depth after jump (d2) and comparing with the tail water depth (Flood mark). The bigger one is considered to be the height of the downstream wing wall.

The stilling basin length is calculated above and found to be 10m. The downstream wing wall level also calculated to be 1797.15m.


Thickness of stilling basin;

                            1



d1                                                  2                           3
             L1
                               L2	d2
                                                               L3

The rate of head loss gradient = Hs/L= 0.18
Head loss in the u/s cut off = 2d1*rate of head loss gradient
Head loss in the d/s cut off = 2d2*rate of head loss gradient
Total head loss up to pt 1 = Head loss in the u/s cut off + L1 * rate of head loss gradient
Total head loss up to pt 2 = Head loss in the u/s cut off + L2 * rate of head loss gradient
Total head loss up to pt 3 = Head loss in the u/s cut off + L3 * rate of head loss gradient

The thickness of the floor is designed by using the equation;
Thickness of floor, t = 4/3(h/ (G-1))
Where G is specific gravity of the floor material and h= length * rate of head loss gradient
Note: Provide nominal thickness of 0.3m if the calculated thickness is less than 0.3m.





[bookmark: _Toc454436182]Table 3: Apron thickness calculation, for high flood condition
Hs = 2.91, LT = 16, head loss gradient= Hs/LT = 2.91/16 = 0.18
	
Lx
	



	
Apron thickness



G = 2.3
	
Remark


	
	
	
	

	0.5
	2.8
	 
	 

	2
	2.5
	 
	 

	4
	2.2
	 
	 

	6
	1.8
	1.8
	Toe of the weir; Basalt bed rock 1m below the river bed. Provide 1.3m apron thickness.

	7
	1.6
	1.67
	 Actual apron thickness is 0.3m because of the 1m deep stilling basin.

	8
	1.46
	1.49
	 Actual apron thickness is 0.3m.

	9
	1.27
	1.31
	Actual apron thickness is 0.3m.

	10
	1.1
	1.1
	Actual apron thickness is 0.3m.

	11
	0.9
	0.93
	 Provide 0.3m thick apron.

	12
	0.7
	0.75
	Provide 0.3m thick apron.

	13
	0.54
	0.56
	Provide 0.3m thick apron.

	14
	0.36
	0.37
	Provide 0.3m thick apron.

	15
	0.18
	0.19
	Provide 0.3m thick apron.

	16
	0
	0
	Provide 0.3m thick apron.
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[bookmark: _Toc454436151]1.3.6 STABILITY ANALYSIS OF WEIR BODY




	
	
W21.45                                                                     1.5

       P1W1	W3
	P2 (no downstream tail water)
	W4	1.2

4.50
	

Pwh=½* γw*Z12 at Z1/3 from base of weir.γw = 9.81KN/m3
Uplift; Pu=η*Ah*(Z1+Z2)/2 from 2/3*b if Z2 is zero and Ah=1*b.
Self weight =γc*Av * 1; γc = 23.5KN/m3
Silt load; Ps=Ka*½* γs’* Z32 ; Z3 is silt depth, Ka=(1-SinØs)/(1+SinØs), γs’ is submerged unit weight of Silt (approx.. 15Kn/m3) and Øs is angle of friction for silt (approx.. 300), so Ka=0.333

The vertical pressure component of water flowing over the top of the spill way is not used in the analysis because most of the total head has changed to velocity.

	Description
	Moment arm (m)
	Load (static)
	moment

	
	
	V
	H
	+ve
	-Ve

	Self-Weight
W1
W2
W3
W4
Water Weight
Water pressure
PH1
W5 (uplift)
Silt pressure
	
3.5
2.25
1
2.25
4

1.2
3
0.17
	
24.67
51.23
24.67
126.9
10.30

13.1
	






41.53

0.62
	
86.35
115.27
24.67
285.53
41.2

0.1495
	






49.84
39.3
0.1

	
	
	ΣV=224.67
	ΣH =42.15
	Σ+M = 553.17
	Σ-M=89.24


[bookmark: _Toc454436183]Table 4: Stability analysis of Weir Body

Over turning    ΣM +Ve/ ΣM-Ve   = 553.17/89.24 = 6.2 ≥ 1.25 OK.

Sliding FS = Σ H/ΣV = 42.15/224.67 = 0.18< 0.75 OK 

- Eccentricity X = ΣM/ΣV = (553.17-89.24)/224.67 = 463.93/224.67 =2.06
	es = B/2-x = 4.5/2-2.06 = 0.19
	emox = B/6 = 4.5/6 = 0.75
	Sincees<emax,it is safe.
- Stress analysis

	Vertical stress Pmax/min, 

	Static case
	δzmax =(224.67/4.5) (1+6(0.19)/4.5] = 62.6KN/m2
δzmin = (224.67/4.5)(1-6(0.19)/4.5] = 37.28KN/m2
	
Safe in all cases i.e. below allowable compression resistance of masonry
[bookmark: _Toc262445435][bookmark: _Toc454436152]1.3.7 Retaining (Wing) Walls Stability Analysis


The height of wing wall is fixed at the sum of weir height, over flow depth and free board.

i.e. wing wall height = 1.45+1.46+0.7 = 3.6m
The top width is fixed to be 0.6m from construction point of view.

                                      W4

                                   W1
	                  4.6   W2                                                     PH

                                           W3

                                            2.1
Let us assume randomly the property of soil behind the wing wall used as fill material as Φ cohesive force = 0 

The top elevations of the both upstream and downstream wing walls were determined in the hydraulic design work.  The Stability analysis and structural design of the both u/s and d/s wing walls shall be carried out in this portion of the draft report. Gravity type wing walls are proposed to be constructed with stone masonry embedded in cement mortar. The main factors to be considered for designing the walls are: the masonry section of the retaining (wing) walls must have enough weight to resist the thrust due to earth pressure from its rear without overturning; the resultant force of entire weight of the wall and the external forces acting on it required to cut the base within middle third. When these conditions are satisfied, the nature of the stress acting on the masonry at its base will be compression only.  

 
[bookmark: _Toc262445436][bookmark: _Toc454436153]1.3.8	 Upstream Wing Walls



The u/s wing walls are used for guiding the river water to confine it within river width, protect u/s river banks and the provided flood protection embankments. Gravity type wing walls are proposed to be constructed with stone masonry embedded in to cement mortar and designed as a gravity walls. The stability analysis of the upstream wing walls are carried out based on the following assumptions and data.
Unit weight of the masonry ………………………………….. = 2.3t/m3
Unit weight of the saturated soil for fill...…………………….. = 2.0t/m3
Angle of repose (Ø) in all conditions………………………… = 30o
Coefficient (ka) of earth pressure using Rankine formula:



, and lateral earth pressure, 
Allowable compressive stress in masonry ……………………. = 10 kg/cm2
Allowable tensile stress in masonry ………………………….. = 1kg/cm2

Data:
Top elevation of the wing wall ……………………= 1797.65
River bed elevation ………………………………..= 1794.05
Bottom elevation of the wall ………………………= 1793.00
Height of the walls, h……………………………… = 4.60m 
Top width, b………………………………………..  = 0.60m
Bottom width, B…………………………………… = 2.1m

[bookmark: _Toc454436184]Table 5: Calculation of forces and moments of the u/s wing walls (refer section drawings)
	S/N
	Description
	Force in kg
	Lever arm (m)
	Moment in kgm

	
	
	Vertical
	Horizontal
	
	Mr
	Mo

	
1
	
W1 = b*h*2300 = 
	6348
	
	0.30
	1904.4
	

	
2
	
W2 = (B-b)*h *0.5* 2300 = 
	7935
	
	1.1
	8728.5
	

	
3
	
W4 = (B-b) *h*0.5*   2000 =
	
6900
	
	1.60
	11040
	

	
4
	
P = ka*h2*2000*0.5 = 
	
	7053.33
	1.533
	
	10812.75

	
	
Total
	21183
	7053.33
	
	21672.90
	10812.75



Note: Passive pressure is omitted

.Factor of safety against overturning: 
S.F = ∑Mr/∑Mo = 21672.90/10812.75 = 2.00>1.25 OK. The structure is safe against overturning.  
Factor of safety against sliding:
S.F = μ*∑V/∑H = 0.5*21183/7053.33 = 1.50 ≥ 1.25, OK, 

Location of Resultant(R) force from the toe



Resultant force R =, it is located at a distance of  from the toe. 

Eccentricity developed, 
The Resultant force falls outside the middle third of the base. The eccentricity must be less than B/6 = 2.1/6 = 0.35m in order to ensure that no tension is developed anywhere in the wing wall base

The maximum compressive stress Pmax, 

, this is within safe limit of the crushing strength of the masonry. 
Since the resultant falls outside the middle third, tension is developed at the heel.

This tension is within the limits that the masonry can take. Hence, the structure can be adopted as safe.
[bookmark: _Toc262445437][bookmark: _Toc454436154]1.3.9	 Downstream Wing Wall


The stability analysis of the downstream wing walls are carried out based on the following assumptions and data. 
Unit weight of the masonry ………………………………….. = 2.3t/m3
Unit weight of the saturated soil …………………………….. = 2.0t/m3
Angle of repose (Ø) in all conditions………………………… = 30o
Coefficient (ka) of earth pressure using Rankine formula:



, and lateral earth pressure, 
Allowable compressive stress in masonry ……………………. = 10 kg/cm2
Allowable tensile stress in masonry ………………………….. = 1kg/cm2

 Data:
Top elevation of the wing wall ……………………= 1797.15
River bed elevation ………………………………..= 1794.05
Bottom elevation of the wall ………………………= 1793.00
Height of the walls, h………………………………= 4.15m 
Top width, b………………………………………..= 0.50m
Bottom width, B……………………………………= 1.9m

[bookmark: _Toc454436185]Table 6: Calculation of forces and moments of the d/s wing walls (refer section drawings)
	S/N
	Description
	Force in kg
	Lever arm (m)
	Moment in kgm

	
	
	Vertical
	Horizontal
	
	Mr
	Mo

	1
	W1 = b*h*2300 = 
	4772.5
	
	0.25
	1193.1
	 

	2
	W2 = (B-b)*h *0.5* 2300 = 
	6681.5
	
	0.97
	6481.1
	 

	3
	W3 = (B-b) *h*0.5* 2000=
	5810
	
	1.43
	8308.3
	 

	4
	P = ka*h2*2000*.5 = 
	
	5740.8
	1.38
	 
	7922.3

	
	Total
	17264
	5740.8
	
	15982.5
	7922.3


Note: Passive pressure is omitted

 Factor of safety against overturning: 
S.F = ∑Mr/∑Mo = 15982.5/7922.3 = 2.02>1.25 OK. The structure is safe against overturning.  

Factor of safety against sliding:
S.F = μ*∑V/∑H = 0.5*17264/5740.8 = 1.50 ≥ 1.25, OK, 

Location of Resultant(R) force from the toe


Resultant force R =, it is located at a distance of  from the toe. 



Eccentricity developed, 
The Resultant force falls outside the middle third of the base. The eccentricity must be less than B/6 = 1.9/6 = 0.317m in order to ensure that no tension is developed anywhere in the wing wall base

The maximum compressive stress Pmax, 

, this is within safe limit of the crushing strength of the masonry. 
Since the resultant falls outside the middle third, tension is developed at the heel.

This tension is within the limits that the masonry can take. Hence, the structure can be adopted as safe.

[bookmark: _Toc454436155]1.3.10 Flood Protection Dyke Wall



The river bank on the left side of the weir has lower height than the maximum flood level. It is proposed to construct protection masonry dyke wall which has a total length of 58.74m. The top level of the dyke wall shall be equal to the level of upstream wing walls, i.e. 1797.6m amsl.

[bookmark: _Toc262445426][bookmark: _Toc454436156]1.3.11 Riprap Protection


Protective work is required the downstream of the solid apron to prevent the channel bed from being eroded by the current that leaves solid apron by dumped riprap. The length of the downstream apron is taken as 2.5d, where d is the scouring depth below channel bed. 
Length of dumped riprap = 2.5d = 2.5*1.2 = 3m.
Minimum stone size is calculated by the following formula
V = 4.915D1/2 (R.S. Varshney)
Where, 
D = mean diameter of stone in m
V = average velocity of the flow in m/s, 1.52 m/s

, to be in safe side 200mm is taken
To be on safe side 200mm size of stone is proposed for dumped riprap. 
The thickness of the riprap is taken as twice the size of stone proposed for dumped riprap and hence, the thickness becomes 200*2 = 400mm or 0.40 m. 
Stone with almost cubical in shape with minimum size of 200mm are proposed for the downstream apron.
[bookmark: _Toc262445428][bookmark: _Toc454436157]1.3.12 Design of Head Regulator




The proposed command area is located mainly on right side of the river. There is small area plot on the left side but far downstream from the weir axis. Hence it is proposed to provide one outlet on the right side of the weir and flume at downstream reach for the left side command area. 
Design data:
· Canal full supply discharge ………………	= 0.160 m3/s
· Canal bed width at head reach ………………. 	= 0.50 m
· Full supply depth at the head reach …………	= 0.40 m
· Canal bed elevation at out let ……………….	= 1794.7m 
· Full supply elevation ………………………...	= 1795.10 m 
· Side slope at head reach……………………...	= vertical

Weir data:
· Average River bed elevation ………………………	= 1794.05
· Weir crest elevation ………………………………	= 1795.50 



Where, 
Q = Discharge required for irrigation = 0.160 m3/s
C= Discharge coefficient,   C = 0.6-.7
A = cross-sectional area of the pipe = 0.4*0.4*3.1415/4 = 0.12566m2
h = head difference ………………...	= 0.20m
g = gravitational acceleration……… = 9.81m/s2


Sliding steel gate with net dimension of 0.50 m width and 0.60 m height is provided for flow regulation.
The canal outlet is proposed to take off at an angle of450 with diversion weir axis. 400mm concrete pipe is proposed to be placed and orifice formula is used to determine the pipe capacity as shown at the right end of diversion weir from where canal takes off. 


[bookmark: _Toc262445429][bookmark: _Toc454436158]1.3.13 under Sluices




Under sluices are proposed to be provided at the right end of diversion weir from where canal takes off. Since only one canal is proposed to take off from the right side of the weir, only one sluice is provided near head regulator.  Under sluice shall be aligned in line with the axis of weir. The bed elevation of the under sluices is proposed to be kept at an elevation of 1794.05. The width of the waterway of under sluices is proposed to be 1.0 m. The under sluice is provide with opening of 1.0m width by 1.0m height.

1.3.14 Discharge through under sluice

Discharge through under-sluice for the condition when the upstream water level is at crest level and no water on downstream has been calculated.  Under this condition the openings of under-sluices work as free orifice.  The discharge through free orifice is calculated as shown below. 


			 =
Where,   
Under- sluices:
Leff = effective length of under-sluices openings 
L = Total linear water way 
n = number end of contraction due to piers
d = depth of opening 
Cd = coefficient of discharge = 0.60 (approx.)
h = head over orifice

For under sluice, Leff = 1
Cd = 0.6
 d = 1.0
 h = 0.45 (=1.45-1)



V= Q/A = 1.78/ (1.0*1.00) = 1.78m/s

When upstream water level is at highest flood elevation i.e. about 1796.96 and downstream water level is also at highest flood elevation of 1796.15. Therefore, the under sluice works as free orifice and the discharge through orifice shall be obtained by the following formula 


Where,  	
Q = Discharge through under-sluices
Cd = coefficient of discharge = 0.60
Left= effective linear water way 
H = head difference between u/s and d/s water level. 
		d   = depth of under-sluices opening

		

It is proposed to provide a vertical sliding steel gate of rectangular shape supported by guiding systems which enables the gate to be operated vertically in its own plane. There should be a gap of at least 0.50m, between bottom of the operating platform and top of the gate in fully raised position. Hence, bottom elevation of the operating platform is 1797.46.

[bookmark: _Toc262445431][bookmark: _Toc454436159]1.4 Structural Design
[bookmark: _Toc262445432][bookmark: _Toc454436160]1.4.1 Design of Operating Deck

Allowable stress
σc = 70 kg/cm2
σs = 1400 kg/cm2
m = 13 (modulus of elasticity)
 τ = 2.2 kg/cm2
γc = 2.4 t/m3




Load:
Dead load 
– Weight of concrete = t*2.4 = 0.2*2.4 = 0.48 t/m2 = 480kg/m2
Live load 
– assumed to be = 0.75 t/m2 = 750 kg/m2
Total load (w) = 480 + 750 = 1230 kg/m2

Moment (M) and shear forces (S.F) 




Reinforcement:
d = t-5, where t is thickness of operating deck = 20 cm, d = 20-5 = 15 cm 
Steel bar required: 


Minimum reinforcement:

, use 3 cm2, 6 Ø8mm, 16 c/c.

1.4.2. Gate design for under sluice and intake  
1.4.2.1 under sluice 
Sliding steel gate consists of skin plate with the dimension of 1m width and 1m height is provided for flow regulation under the hydraulic design. The factor that limits the size and the configuration of the gate is the estimated maximum discharge. The thickness of the plate and the diameter of the spindle is estimate as follows. 

Maximum water level …………………………………..	= 1796.96
Bottom level of the under sluice…………………………	= 1794.05
Depth of water above sill level…………………………..	= 2.91m
Net dimension oh the gate is ……………………………. 	= 1mx1m
Depth of the water above top of the gate…………………	 = 1.91


Total horizontal load applied on the gate is: 

Where, 
	b = width of the under sluice = 1m
	γ = unit of water in N/m3
H = maximum depth of water above sill level of the under sluice
h = depth of water above top the gate = 2.9m




Gate Leaf plate thickness:

Where,
σs = allowable bending stress = 0.45*470 = 212N/mm2 = 2.12x104 N/cm2
K = non-dimensional factors
b,a = width and height of the under sluice 
S = skin plate thickness 
p = water pressure 


Therefore, leaf plate thickness is:




Some literatures recommended that the thickness of the skin plate shall not be less than 8mm, inclusive of the corrosion allowance. Hence, to be on safe side, the thickness of the skin plate for both under sluice and intake gate is decided to be 8mm. The  other recommendation is that the maximum deflection for the gate shall not 1/800 of span.  
Maximum deflection:


Since the calculated deflection is less than the limit, there is no need to provide horizontal beams.

1.4.2.1 Design of spindle or rod
The rod or spindle should have relatively sufficient thickness in order to avoid bending or buckling.  To meet the above requirement the maximum load (Pmax) should be less than (π2.E.I)/L2. 



The maximum load that can be applied on rod or spindle:
Weight of plate = 1.1*1.1*0.008*78500 = 760N
Weight of spindle = L*0.25* π*d2*78500 = 2.21*0.25* π*d2*78500 = 136254.8* d2N
Sub-total load G = 760N +184961.2675* d2N


Maximum horizontal force:)

			
Frictional force between guiding groove H = N*f = 24100*0.6 = 14460N

Total lifting force = H + G = 14460N +760N +136254.8* d2N

Total compression force = G-H = 760N +136254.8* d2N -14460N
So, from the above parameters 4 cm internal diameter rod or spindle can operate safely the sliding steel gate. This value can be used for both under sluice and intake gate. 
Total material required is;
40 mm diameter bar or rod = 60kg
8mm thick with 1.1x1.1 and 0.50x0.60 width and height respectively = 175kg
Flat metal 2*(10mmx1mx 300mm) = 2*0.001*1*0.3*7850 = 4.71kg
4 Angle irons with 6m length each 50mmx50mmx5mm= 4*6*4 = 96 kg

In addition, angle iron of 40x40x5 and 2mm thickness sheet metals are required for portable check gates in the command area. In total 5 sheet metals and 20 angle irons with 6m length each are required.

[bookmark: _Toc262445439][bookmark: _Toc454436161]2.	Irrigation System Design
[bookmark: _Toc172080706][bookmark: _Toc262445440][bookmark: _Toc454436162]2.1	Command Area and Conveyance Systems
The command area is located on both sides of the river bank and it lies between 1796 and 1783 m above mean sea level in elevation and its average slope varies from 1.5% to 2.5%. This indicates that the area is suitable for surface irrigation. The main soil Type of the command area is silty clay. The gross command area of the Project is 69.6 ha. Out of which 63 ha lies on right side of the river and 6.6 ha lie on left side of the river.
From the agronomist report the duty of the command area is 2.43l/s/ha. So, for a command area of 69.6ha, the required flow rate is 169l/s. This is slightly higher than the dry period flow of the river which is 160l/s. There is a small river that crosses SC1 with a discharge of 20l/s. This river can be joined with the canal at the crossing point and hence the irrigation system is feasible. This will help to release some surplus water at the diversion headwork for the downstream users or increase the command area if not needed. 
[bookmark: _Toc262445441][bookmark: _Toc454436163]2.2	Conveyance Systems
[bookmark: _Toc262445442][bookmark: _Toc172080716][bookmark: _Toc454436164]2.2.1    Main and Secondary Canals
The main canal takes off from the right bank of the diversion weir and runs along a contour line for 150m length. At this point, it is divided into two Secondary Canals i.e. Secondary Canal 1 (SC1) on the right side part and Secondary Canal 2 (SC2) on the left side.  Secondary Canal 1 (SC1) serves the area on right bank of the river.  Secondary Canal 2 (SC2) crosses the river and serves the command area lying on the left bank of the river. The main canal is designed for the capacity of 0.16m3/s considering the increase of future demand. The two secondary canals i.e. SC1 and SC2 are designed to carry 0.15m3/s and 0.016m3/s respectively.
The existing natural drains are very close to the canal routes on both sides of the command area boundaries and hence no drainage works are designed for the system. The structures used in the irrigation system are drops, turnouts, irrigation culverts, drainage culverts and division boxes.

The right side secondary canal (SC1) runs along a contour line and its total length is about 2927m. Existing ground elevation difference between its head at the division box and tail reach is about 1795.60 – 1792.65 = 2.95m which is about 1.008% slope. This does not need any drop structure. It supplies water for 7 tertiary canals and 1 plot intake.
The left side secondary canal takes off from the division box provided at the end of main canal.  It supplies water to the command area after crossing the river lies. It irrigates only on one side on its right bank and serves as tertiary canal as the command area is small. After crossing the river, it is nearly a contour canal. It has a total length of 917m and the elevation difference between the head and the tail is 1795.60 – 1793.70 = 1.9m. It will have 1 drop of height 0.5m.



[bookmark: _Toc262445443][bookmark: _Toc454436165]2.2.2    Tertiary Canals



The layout of the irrigation system, comprising the main, secondary and tertiary canals, has been planned on the basis of the contour map available at the required scale with contour interval of 0.25m.  As stated earlier the main and right side secondary canals are contour canals and the left side secondary canal has few drops and longer part is contour canal. Tertiary canals have been aligned along ridges perpendicular to the contour lines.  The alignments of the Tertiary canals have been marked on the 1:2000 scale contour maps. The main canal supplies water to the first Tertiary Canal (TC1) and the left side secondary canal (SC1) supplies water to 7 tertiary canals (TC2 to TC8). With regard to right side command area, as the command area is very small and of short width to the natural river, no need for tertiary canals and only plot intakes will be provided at short intervals. The spacing between 2 consecutive Tertiary canals and the area they irrigate varies depending on the topographic map. However each tertiary canal is designed for the capacity of 15 l/s to 35l/s on rotational bases. Table shows the area irrigated by each tertiary canal. 

[bookmark: _Toc454436186]Table 7: Area irrigated by each tertiary canal and required flow
	Feeder Canal
	Supply canal
	Tertiary canals
	Command area (ha)
	Required flow l/s
	Designed flow l/s

	Main canal
	Main Canal
	TC1
	1.7
	4.13
	15 l/s

	
	Right Side Secondary Canal (SC1)
	TC2
	2.38
	5.78
	15 l/s

	
	
	TC3
	3.34
	8.12
	15 l/s

	
	
	TC4
	8.63
	21
	21 l/s

	
	
	TC5
	13.02
	31.6
	32 l/s

	
	
	TC6
	12.77
	31
	32 l/s

	
	
	TC7
	14
	34
	35 l/s

	
	
	TC8
	7.2
	17.5
	       20 l/s

	Sub -Total
	
	
	63.04
	153.13
	

	Main canal
	Left Side Secondary Canal (SC2)
	
	6.55
	15.92
	16 l/s

	Grand Total
	
	
	69.59
	169.05
	


[bookmark: _Toc172080760][bookmark: _Toc262445444][bookmark: _Toc454436166]2.2.3    Hydraulic Design of Canals
[bookmark: _Toc168455460][bookmark: _Toc172080763][bookmark: _Toc262445445]2.2.3.1 Design of Unlined Irrigation Canals
The irrigation system has been planned and designed as unlined canal and the hydraulic design of the different components of irrigations system have been done accordingly.  In this context the prime consideration is that the channel should be non-silting and non-scouring i.e. the channel should be hydraulically stable.  Accordingly the average permissible velocity has been calculated by Manning’s formula


			
Where, V = Mean velocity of flow in m/sec
	 n = Manning's co-efficient
	 s = Slope of water surface
	 R= Hydraulic mean radius (R = A/P)
	 P= Wetted perimeter in meter
	 A= Cross-section of the canal in m2

	Type of Canals
	Range of Slope

	Main Canals
	1/700 – 1/1500

	Secondary Canals
	1/700 – 1/1000

	Tertiary Canals
	1/500 – 1/700

	Field Ditches
	1/300 – 1/500



b/d ratio and velocities

	Discharge (m3/s)
	b/d
	Side Slope
	Free Board
	Velocity

	0 -0.15
	1.0
	1:1
	0.30
	0.26 – 0.33

	0.15 – 0.30
	1.0
	1:1
	0.30
	0.26 – 0.33

	0.30 – 0.40
	1.2
	1:1
	0.35
	0.26 – 0.33

	0.40 – 0.50
	1.5
	1:1
	0.40
	0.26 – 0.33



For heavy clayey earth canals, the velocity may be increased up to a max of 200%. For silty earth canals, the side slope of the canals should be at least 1:1.2.
i) Manning's Co-efficient:-The value of Manning's co-efficient (which is denoted by ‘n’) varies according to physical roughness of the side and bottom of the channel and it also depends on discharging capacity of the channel.  Based on this, for all earthen channel the value of ‘n’ = 0.025 has been adopted. 
ii)  Permissible Velocity:-With a view to achieve a non-scouring & non-silting velocity and taking into consideration the prevailing sandy loam soil as bed material, a permissible velocity of 0.26 m/sec to 0.33 m/sec has been selected, based on different literatures. 
iii)  Longitudinal slope:-The longitudinal slope plays very import role in generating velocity.  The longitudinal slope of any irrigation channel will depend on the topographic features and natural slope of area. It depends also on the discharging capacity of the channel.  A longitudinal slope of 0.1 % has been adopted for all canals considering the topographical feature, soil type and flow rates.
Tertiary canals have been aligned along ridges perpendicular to the contour lines.   Since the natural slope is steep, a number of drop structures have been provided to reconcile the natural slope with designed channel bed slope. The capacity of Tertiary canals has been kept to be from 15 l/s to 35l/s but the areas are all kept to be less than 15ha.



[bookmark: _Toc454436167][bookmark: _Toc168455461][bookmark: _Toc172080764][bookmark: _Toc262445446]2.2.3.2 Canal Design Parameters and Hydraulic 
[bookmark: _Toc454436168]            Computation of Canal System

Based on the above discussion the hydraulic computation for main, secondary and tertiary canal system has been carried out and the results are tabulated in the following Tables.
[bookmark: _Toc454436187]Table 8: Canal design parameters and Hydraulic computation for main,    secondary and tertiary canals
Manning's coefficient (n = 0.025)
Side slope earthen canal (1:1)
	Canal
	Design Flow l/s
	Cumulative Length (m)
	Long. Slope (%)
	Side Slope
	Bed Width (m)
	Water Depth (m)
	Free Board (m)
	Total Depth (m)

	MC
	160
	150
	0.1
	1:1
	0.5
	0.4
	0.3
	0.7

	SC1
	150
	2927
	0.1
	1:1
	0.5
	0.4
	0.3
	0.7

	SC2
	16
	917
	0.1
	1:1
	0.3
	0.15
	0.35
	0.50

	TC1
	15
	150
	0.1
	1:1
	0.3
	0.14
	0.36
	0.50

	TC2
	15
	106
	0.1
	1:1
	0.3
	0.14
	0.36
	0.50

	TC3
	15
	156
	0.1
	1:1
	0.3
	0.14
	0.36
	0.50

	TC4
	21
	196
	0.1
	1:1
	0.3
	0.17
	0.33
	0.50

	TC5
	32
	319
	0.1
	1:1
	0.3
	0.21
	0.29
	0.50

	TC6
	32
	607
	0.1
	1:1
	0.3
	0.21
	0.29
	0.50

	TC7
	35
	215
	0.1
	1:1
	0.3
	0.22
	0.28
	0.50

	TC8
	20
	226
	0.1
	1:1
	0.3
	0.16
	0.34
	0.50


Main Canal (MC)
Manning's coefficient (n = 0.025)       Bed Width (b=0.5m)      Velocity (V=0.44m/s)
Side slope earthen canal (1:1)           Flow (Q=160l/s)	Flow Depth (F.S.D=0.4m)
	S/N
	Chainage (m)
	Canal Structure
	Bed level (m)
	Canal bank level
	Ground  level
	Canal bed slope
	Cut depth (m)
	Fill depth (m) 
	Drop height (m)

	
	
	
	Before drop
	After drop
	
	
	
	
	
	

	1
	0
	
	1794.70
	
	1795.40
	1796.44
	0.001
	1.74
	
	 

	2
	24.81
	
	1794.68
	
	1795.38
	1796.65
	0.001
	1.97
	
	 

	3
	49.77
	
	1794.65
	
	1795.35
	1796.20
	0.001
	1.55
	
	 

	4
	75.02
	DB/TC1
	1794.62
	
	1795.32
	1796.29
	0.001
	1.67
	
	 

	5
	99.02
	
	1794.60
	
	1795.30
	1796.50
	0.001
	1.9
	
	 

	6
	125.27
	
	1794.57
	
	1795.27
	1796.19
	0.001
	1.62
	
	

	7
	150.20
	DB to SC1/SC2
	1794.55
	
	1795.25
	1795.60
	0.001
	1.05
	
	





Secondary Canal 1 (SC1)
Manning's coefficient (n = 0.025) Bed Width (b=0.5m)      Velocity (V=0.42m/s)
Side slope earthen canal (1:1) Flow (Q=150l/s)	Flow Depth (F.S.D=0.4m)
	S/N
	Chainage (m)
	Canal Structure
	Bed level (m)
	Canal bank level
	Ground  level
	Canal bed slope
	Cut depth (m)
	Fill depth (m) 
	Drop height (m)

	
	
	
	Before drop
	After drop
	
	
	
	
	
	

	1
	0
	DB/SC1 & SC2
	1794.55
	
	1795.25
	1795.60
	0.001
	1.05
	
	 

	2
	25.03
	
	1794.52
	
	1795.22
	1796.19
	0.001
	1.67
	
	 

	3
	50.06
	
	1794.50
	
	1795.20
	1796.22
	0.001
	1.72
	
	 

	4
	75.19
	DB/TC2
	1794.47
	
	1795.17
	1796.18
	0.001
	1.71
	
	 

	5
	99.95
	
	1794.45
	
	1795.15
	1796.02
	0.001
	1.57
	
	 

	6
	124.78
	
	1794.43
	
	1795.13
	1795.85
	0.001
	1.42
	
	

	7
	149.59
	
	1794.40
	
	1795.10
	1795.61
	0.001
	1.21
	
	

	8
	174.77
	
	1794.38
	
	1795.08
	1795.70
	0.001
	1.32
	
	

	9
	199.65
	
	1794.35
	
	1795.05
	1796.00
	0.001
	1.65
	
	

	10
	224.34
	
	1794.33
	
	1795.03
	1796.09
	0.001
	1.76
	
	

	11
	298.52
	
	1794.25
	
	1794.95
	1795.18
	0.001
	0.93
	
	

	12
	321.29
	
	1794.23
	
	1794.93
	1795.30
	0.001
	1.07
	
	

	13
	379.90
	
	1794.17
	
	1794.87
	1795.73
	0.001
	1.56
	
	

	14
	406.77
	
	1794.14
	
	1794.84
	1795.39
	0.001
	1.25
	
	

	15
	418.05
	Culvert/Foot Path
	1794.13
	
	1794.83
	1795.75
	0.001
	1.62
	
	

	16
	432.21
	
	1794.12
	
	1794.82
	1795.07
	0.001
	0.95
	
	

	17
	483.72
	DB/TC3
	1794.07
	
	1794.77
	1795.26
	0.001
	1.19
	
	

	18
	505.71
	
	1794.04
	
	1794.74
	1795.11
	0.001
	1.07
	
	

	19
	531.95
	
	1794.02
	
	1794.72
	1794.84
	0.001
	0.82
	
	

	20
	541.75
	
	1794.01
	
	1794.71
	1794.70
	0.001
	0.69
	
	

	21
	556.33
	
	1793.99
	
	1794.69
	1794.84
	0.001
	0.85
	
	

	22
	664.02
	Culvert/Foot Path
	1793.89
	
	1794.65
	1794.70
	0.001
	0.81
	
	

	23
	684.86
	
	1793.86
	
	1794.56
	1794.78
	0.001
	0.92
	
	

	24
	803.64
	
	1793.75
	
	1794.45
	1794.67
	0.001
	0.92
	
	

	25
	828.71
	
	1793.72
	
	1794.42
	1794.60
	0.001
	0.88
	
	

	26
	880.27
	
	1793.67
	
	1794.37
	1794.59
	0.001
	0.92
	
	

	27
	904.95
	
	1793.64
	
	1794.32
	1794.58
	0.001
	0.94
	
	

	28
	957.30
	
	1793.59
	
	1794.29
	1794.48
	0.001
	0.89
	
	

	29
	969.77
	DB/TC4
	1793.58
	
	1794.28
	1794.48
	0.001
	0.9
	
	

	30
	1033.41
	
	1793.52
	
	1794.22
	1794.42
	0.001
	0.9
	
	

	31
	1110.01
	
	1793.44
	
	1794.14
	1794.39
	0.001
	0.95
	
	

	32
	1127.33
	Culvert/Foot Path
	1793.42
	
	1794.12
	1794.36
	0.001
	0.94
	
	

	33
	1385.59
	DB/TC5
	1793.16
	
	1793.86
	1794.12
	0.001
	0.96
	
	

	34
	1396.78
	Culvert/Cattle Cr.
	1793.15
	
	1793.85
	1794.10
	0.001
	0.95
	
	

	35
	1458.05
	
	1793.09
	
	1793.79
	1793.99
	0.001
	0.9
	
	

	36
	1582.88
	
	1792.97
	
	1793.67
	1793.91
	0.001
	0.94
	
	

	37
	1657.42
	
	1792.89
	
	1793.59
	1793.81
	0.001
	0.92
	
	

	38
	1744.49
	River Crossing
	1792.81
	
	1793.51
	1793.70
	0.001
	0.89
	
	

	39
	1752.69
	DB/TC6
	1792.80
	
	1793.50
	1793.74
	0.001
	0.94
	
	

	40
	1846.87
	Drainage Crossing
	1792.70
	
	1793.40
	1793.50
	0.001
	0.8
	
	

	41
	1854.83
	
	1792.69
	
	1793.39
	1793.63
	0.001
	0.94
	
	

	42
	1929.74
	
	1792.62
	
	1793.32
	1793.58
	0.001
	0.96
	
	

	43
	2008.35
	Culvert/Foot Path
	1792.54
	
	1793.24
	1793.51
	0.001
	0.97
	
	

	44
	2178.06
	
	1792.37
	
	1793.07
	1793.34
	0.001
	0.97
	
	

	45
	2303.96
	
	1792.25
	
	1792.95
	1793.26
	0.001
	1.01
	
	

	46
	2433.43
	Drainage Crossing
	1792.12
	
	1792.82
	1793.13
	0.001
	1.01
	
	

	47
	2578.88
	
	1791.97
	
	1792.67
	1793.02
	0.001
	1.05
	
	

	48
	2677.72
	DB/TC7
	1791.87
	
	1792.57
	1792.88
	0.001
	1.01
	
	

	49
	2776.89
	
	1791.77
	
	1792.47
	1792.82
	0.001
	1.05
	
	

	50
	2853.00
	
	1791.70
	
	1792.40
	1792.76
	0.001
	1.06
	
	

	51
	2914.86
	
	1791.63
	
	1792.33
	1792.25
	0.001
	0.62
	
	

	52
	2927.11
	DB/TC8
	1791.62
	
	1792.32
	1792.65
	0.001
	1.03
	
	



Secondary Canal 2 (SC2)
Manning's coefficient (n = 0.025)        Bed Width (b=0.3m)        Velocity (V=0.24m/s)
Side slope earthen canal (1:1)            Flow (Q=16l/s) Flow Depth (F.S.D=0.15m)
	S/N
	Chainage (m)
	Canal Structure
	Bed level (m)
	Canal bank level
	Ground  level
	Canal bed slope
	Cut depth (m)
	Fill depth (m) 
	Drop height (m)

	
	
	
	Before drop
	After drop
	
	
	
	
	
	

	1
	0
	DB/SC2
	1794.55
	
	1795.05
	1795.60
	0.001
	1.05
	
	 

	2
	6.83
	
	1794.54
	
	1795.04
	1795.50
	0.001
	0.96
	
	 

	3
	41.20
	
	1794.51
	
	1795.01
	1795.00
	0.001
	0.49
	
	 

	4
	129.43
	Flume u/s end
	1794.42
	
	1794.92
	1795.00
	0.001
	0.58
	
	 

	5
	132.13
	Flume d/s end
	1794.42
	
	1794.92
	1795.10
	0.001
	0.68
	
	 

	6
	190.14
	TO1
	1794.36
	
	1794.86
	1795.25
	0.001
	0.89
	
	

	7
	349.87
	TO2
	1794.20
	
	1794.70
	1795.05
	0.001
	0.85
	
	

	8
	477.47
	TO3
	1794.07
	
	1794.57
	1794.70
	0.001
	0.63
	
	

	9
	577.27
	TO4
	1793.97
	
	1794.47
	1794.48
	0.001
	0.51
	
	

	10
	698.51
	TO5
	1793.85
	
	1794.35
	1794.34
	0.001
	0.49
	
	

	11
	819.76
	TO5/Drop
	1793.73
	1793.23
	1794.23
	1794.25
	0.001
	1.02
	
	0.5

	12
	916.84
	
	1793.13
	
	1793.63
	1793.70
	0.001
	0.57
	
	





Tertiary Canal 1 (TC1)
Manning's coefficient (n = 0.025)        Bed Width (b=0.3m)        Velocity (V=0.24m/s)
Side slope earthen canal (1:1)            Flow (Q=15l/s)	 Flow Depth (F.S.D=0.14m)
	S/N
	Chainage (m)
	Canal Structure
	Bed level (m)
	Canal bank level
	Ground  level
	Canal bed slope
	Cut depth (m)
	Fill depth (m) 
	Drop height (m)

	
	
	
	Before drop
	After drop
	
	
	
	
	
	

	1
	0
	DB/TC1
	1794.62
	
	1795.12
	1796.29
	0.001
	1.67
	
	 

	2
	1.85
	
	1794.62
	
	1795.12
	1796.00
	0.001
	1.38
	
	 

	3
	5.01
	TO1
	1794.62
	
	1795.12
	1795.50
	0.001
	0.88
	
	 

	4
	34.88
	
	1794.59
	
	1795.09
	1795.70
	0.001
	1.11
	
	 

	5
	50.12
	TO2
	1794.57
	
	1795.07
	1795.50
	0.001
	0.93
	
	 

	6
	149.68
	
	1794.48
	
	1794.62
	1795.00
	0.001
	0.52
	
	


Tertiary Canal 2 (TC2) Manning's coefficient (n = 0.025)        Bed Width (b=0.3m)        Velocity (V=0.24m/s)
Side slope earthen canal (1:1)            Flow (Q =15l/s)	 Flow Depth (F.S.D = 0.14m)
	S/N
	Chainage (m)
	Canal Structure
	Bed level (m)
	Canal bank level
	Ground  level
	Canal bed slope
	Cut depth (m)
	Fill depth (m) 
	Drop height (m)

	
	
	
	Before drop
	After drop
	
	
	
	
	
	

	1
	0
	DB/TC2
	1794.47
	
	1794.97
	1796.18
	0.001
	1.71
	
	 

	2
	3.75
	
	1794.47
	
	1794.97
	1796.00
	0.001
	1.53
	
	 

	3
	14.17
	
	1794.46
	
	1794.96
	1795.50
	0.001
	1.04
	
	 

	4
	24.59
	TO1 & Drop
	1794.45
	1793.75
	1794.95
	1795.00
	0.001
	1.25
	
	0.7 

	5
	35.01
	
	1793.74
	
	1794.24
	1794.50
	0.001
	0.76
	
	 

	6
	45.34
	
	1793.73
	
	1794.23
	1794.00
	0.001
	0.27
	0.23
	

	7
	65.23
	TO2
	1793.71
	
	1794.21
	1794.00
	0.001
	0.29
	0.21
	

	8
	91.12
	
	1793.68
	
	1794.18
	1794.00
	0.001
	0.32
	0.18
	

	9
	105.87
	
	1793.67
	
	1794.17
	1794.20
	0.001
	0.53
	
	


Tertiary Canal 3 (TC3)
Manning's coefficient (n = 0.025)        Bed Width (b=0.3m)        Velocity (V=0.24m/s)
Side slope earthen canal (1:1)            Flow (Q=15l/s)	 Flow Depth (F.S.D=0.14m)
	S/N
	Chainage (m)
	Canal Structure
	Bed level (m)
	Canal bank level
	Ground  level
	Canal bed slope
	Cut depth (m)
	Fill depth (m) 
	Drop height (m)

	
	
	
	Before drop
	After drop
	
	
	
	
	
	

	1
	0
	DB/TC3
	1794.07
	
	1794.57
	1795.26
	0.001
	1.19
	
	 

	2
	3.51
	TO1 & Drop
	1794.006
	1793.366
	1794.577
	1794.58
	0.001
	1.214
	
	0.7 

	3
	7.07
	Drop
	1793.36
	1792.66
	1793.86
	1793.86
	0.001
	1.2
	0
	0.7 

	4
	11.43
	
	1792.65
	
	1793.15
	1793.00
	0.001
	0.35
	0.15
	 

	5
	33.35
	TO2 & Drop
	1792.63
	1791.93
	1793.13
	1793.00
	0.001
	1.07
	0.13
	0.7 

	6
	39.48
	
	1791.93
	
	1792.43
	1792.50
	0.001
	0.57
	
	

	7
	100.42
	TO3
	1791.87
	
	1792.37
	1792.00
	0.001
	0.13
	
	

	8
	156.13
	
	1791.81
	
	1792.31
	1792.00
	0.001
	0.19
	
	





Tertiary Canal 4 (TC4)
Manning's coefficient (n = 0.025)        Bed Width (b=0.3m)        Velocity (V=0.26m/s)
Side slope earthen canal (1:1)            Flow (Q=21l/s)	 Flow Depth (F.S.D=0.17m)
	S/N
	Chainage (m)
	Canal Structure
	Bed level (m)
	Canal bank level
	Ground  level
	Canal bed slope
	Cut depth (m)
	Fill depth (m) 
	Drop height (m)

	
	
	
	Before drop
	After drop
	
	
	
	
	
	

	1
	0
	DB/TC4
	1793.58
	
	1794.08
	1794.48
	0.001
	0.9
	
	 

	2
	3.41
	Drop
	1793.576
	1792.876
	1794.076
	1794.076
	0.001
	1.2
	0
	0.7 

	3
	9.40
	TO1 & Drop
	1792.87
	1792.17
	1793.37
	1793.37
	0.001
	1.2
	0
	0.7 

	4
	15.30
	Drop
	1792.165
	1791.465
	1792.665
	1792.665
	0.001
	1.2
	0
	0.7 

	5
	21.30
	Drop
	1791.46
	1790.76
	1791.96
	1791.96
	0.001
	1.2
	0
	0.7 

	6
	27.30
	Drop
	1790.75
	1790.05
	1791.25
	1791.25
	0.001
	1.2
	0
	0.7 

	7
	33.24
	Drop
	1790.04
	1789.35
	1790.54
	1790.54
	0.001
	1.19
	0
	0.7 

	8
	41.93
	TO2
	1789.34
	1789.77
	1789.84
	1789.50
	0.001
	0.16
	0.34
	

	9
	114.81
	
	1789.27
	
	1789.77
	1789.50
	0.001
	0.23
	0.27
	

	10
	154.46
	
	1789.18
	
	1789.68
	1789.52
	0.001
	0.34
	0.16
	


Tertiary Canal 5 (TC5)
Manning's coefficient (n = 0.025)        Bed Width (b=0.3m)        Velocity (V=0.30m/s)
Side slope earthen canal (1:1)            Flow (Q=32l/s)	 Flow Depth (F.S.D=0.21m)
	S/N
	Chainage (m)
	Canal Structure
	Bed level (m)
	Canal bank level
	Ground  level
	Canal bed slope
	Cut depth (m)
	Fill depth (m) 
	Drop height (m)

	
	
	
	Before drop
	After drop
	
	
	
	
	
	

	1
	0
	DB/TC5
	1793.16
	
	1793.66
	1794.12
	0.001
	0.96
	
	 

	2
	14.01
	TO1 & Drop
	1793.146
	1792.446
	1793.646
	1793.646
	0.001
	1.2
	0
	0.7 

	3
	35.33
	Drop
	1792.425
	1791.725
	1792.925
	1792.925
	0.001
	1.2
	0
	             0.7

	4
	47.88
	
	1791.71
	
	1792.22
	1792.50
	0.001
	0.79
	
	

	5
	57.45
	TO2 & Drop
	1791.703
	1791.003
	1792.203
	1792.203
	0.001
	1.2
	0
	0.7 

	6
	80.71
	Drop
	1790.98
	1790.28
	1791.48
	1791.48
	0.001
	1.2
	0
	0.7 

	7
	103.97
	Drop
	1790.256
	1789.556
	1790.756
	1790.756
	0.001
	1.2
	0
	0.7 

	8
	128.29
	TO3 & Drop
	1789.54
	1788.84
	1790.04
	1790.00
	0.001
	1.16
	0.04
	0.7 

	9
	152.54
	Drop
	1788.816
	1788.116
	1789.316
	1789.316
	0.001
	1.2
	0
	0.7 

	10
	180.80
	TO4
	1788.08
	
	1788.58
	1788.50
	0.001
	0.42
	0.08
	

	11
	235.54
	TO5 & Drop
	1788.033
	1787.533
	1788.533
	1788.294
	0.001
	0.761
	0.239
	0.5 

	12
	318.54
	
	1787.45
	
	1787.95
	1788.00
	0.001
	0.55
	
	




Tertiary Canal 6 (TC6)
Manning's coefficient (n = 0.025)        Bed Width (b=0.3m)        Velocity (V=0.30m/s)
Side slope earthen canal (1:1)            Flow (Q=32l/s)	 Flow Depth (F.S.D=0.21m)
	S/N
	Chainage (m)
	Canal Structure
	Bed level (m)
	Canal bank level
	Ground  level
	Canal bed slope
	Cut depth (m)
	Fill depth (m) 
	Drop height (m)

	
	
	
	Before drop
	After drop
	
	
	
	
	
	

	1
	0
	DB/TC6
	1792.80
	
	1793.30
	1793.75
	0.001
	0.95
	
	 

	2
	35.59
	TO1
	1792.76
	
	1793.26
	1793.50
	0.001
	0.74
	
	 

	3
	80.70
	TO2 & Drop
	1792.72
	1792.02
	1793.22
	1793.00
	0.001
	0.98
	0.22
	0.7 

	4
	121.14
	
	1791.98
	
	1792.48
	1792.50
	0.001
	0.52
	
	 

	5
	145.20
	TO3 & Drop
	1791.96
	1791.26
	1792.46
	1792.23
	0.001
	0.97
	0.23
	0.7 

	6
	165.53
	
	1791.23
	
	1791.73
	1792.00
	0.001
	0.77
	
	

	7
	209.84
	TO4 & Drop
	1791.19
	1790.49
	1791.69
	1792.50
	0.001
	2.01
	
	0.7

	8
	263.96
	TO5 & Drop
	1790.44
	1789.74
	1790.94
	1790.80
	0.001
	1.06
	0.14
	0.7

	9
	324.54
	TO6 & Drop
	1789.68
	1788.98
	1790.18
	1790.02
	0.001
	1.04
	0.16
	0.7

	10
	364.46
	
	1788.93
	
	1789.43
	1789.50
	0.001
	0.57
	
	

	11
	382.75
	TO7 & Drop
	1788.92
	1788.22
	1789.42
	1789.26
	0.001
	1.04
	0.16
	0.7

	12
	443.43
	TO8 & Drop
	1788.16
	1787.46
	1788.66
	1788.47
	0.001
	1.01
	0.19
	0.7

	13
	479.32
	
	1787.42
	
	1787.92
	1788.00
	0.001
	0.58
	
	

	14
	491.93
	TO9 
	1787.41
	
	1787.91
	1787.91
	0.001
	0.5
	0
	

	15
	540.43
	TO10 & Drop
	1787.36
	1786.86
	1787.86
	1787.68
	0.001
	0.82
	0.18
	0.5

	16
	608.83
	
	1786.79
	
	1787.29
	1787.30
	0.001
	0.51
	
	


Tertiary Canal 7 (TC7)
Manning's coefficient (n = 0.025)        Bed Width (b=0.3m)        Velocity (V=0.31m/s)
Side slope earthen canal (1:1)            Flow (Q=35l/s)	 Flow Depth (F.S.D=0.22m)
	S/N
	Chainage (m)
	Canal Structure
	Bed level (m)
	Canal bank level
	Ground  level
	Canal bed slope
	Cut depth (m)
	Fill depth (m) 
	Drop height (m)

	
	
	
	Before drop
	After drop
	
	
	
	
	
	

	1
	0
	DB/TC7
	1791.87
	
	1792.37
	1792.88
	0.001
	1.01
	
	

	2
	11.41
	TO1 & Drop
	1791.86
	1791.16
	1792.36
	1792.36
	0.001
	1.2
	0
	0.7 

	3
	27.07
	Drop
	1791.14
	1790.44
	1791.64
	1791.64
	0.001
	1.2
	0
	0.7 

	4
	42.74
	TO2 & Drop
	1790.43
	1789.73
	1790.93
	1790.93
	0.001
	1.2
	0
	0.7 

	5
	63.03
	Drop
	1789.71
	1789.01
	1790.21
	1790.00
	0.001
	0.99
	0.21
	0.7 

	6
	76.58
	TO3 & Drop
	1789.00
	1788.30
	1789.50
	1789.50
	0.001
	1.2
	0
	0.7 

	7
	103.14
	Drop
	1788.27
	1787.57
	1788.77
	1788.50
	0.001
	0.93
	0.27
	0.7 

	8
	126.06
	TO4 & Drop
	1787.55
	1786.85
	1788.05
	1788.05
	0.001
	1.2
	0
	0.7 

	9
	153.39
	
	1786.82
	
	1787.32
	1787.50
	0.001
	0.68
	
	

	10
	159.82
	Drop
	1786.81
	1786.11
	1787.31
	1787.31
	0.001
	1.2
	0
	0.7

	11
	184.36
	TO5 & Drop
	1786.09
	1785.59
	1786.59
	1786.59
	0.001
	1
	0
	0.5

	12
	215.02
	
	1785.56
	
	1786.06
	1785.68
	0.001
	0.12
	0.38
	




Tertiary Canal 8 (TC8)
Manning's coefficient (n = 0.025)        Bed Width (b=0.3m)        Velocity (V=0.27m/s)
Side slope earthen canal (1:1)            Flow (Q=20l/s)	 Flow Depth (F.S.D=0.16m)
	S/N
	Chainage (m)
	Canal Structure
	Bed level (m)
	Canal bank level
	Ground  level
	Canal bed slope
	Cut depth (m)
	Fill depth (m) 
	Drop height (m)

	
	
	
	Before drop
	After drop
	
	
	
	
	
	

	1
	0
	DB/TC8
	1791.62
	
	1792.12
	1792.65
	0.001
	1.03
	
	 

	2
	9.6
	TO1 & Drop
	1791.61
	1790.91
	1792.11
	1792.00
	0.001
	1.09
	0.11
	0.7 

	3
	17.09
	
	1790.90
	
	1791.40
	1791.50
	0.001
	0.6
	
	 

	4
	19.26
	Drop
	1790.90
	1790.20
	1791.40
	1791.40
	0.001
	1.2
	0
	0.7 

	5
	28.00
	
	1790.19
	
	1790.69
	1791.00
	0.001
	0.81
	
	 

	6
	45.31
	TO2 & Drop
	1790.17
	1789.47
	1790.67
	1790.67
	0.001
	1.2
	0
	0.7

	7
	81.22
	Drop
	1789.44
	1788.74
	1789.94
	1790.00
	0.001
	1.26
	
	0.7

	8
	101.53
	
	1788.72
	
	1789.22
	1789.50
	0.001
	0.78
	
	

	9
	109.55
	TO3 & Drop
	1788.71
	1788.01
	1789.21
	1789.21
	0.001
	1.2
	0
	0.7

	10
	129.50
	Drop
	1787.99
	1787.29
	1788.49
	1788.49
	0.001
	1.2
	0
	0.7

	11
	156.95
	TO4 & Drop
	1787.26
	1786.26
	1787.76
	1787.50
	0.001
	1.24
	0.26
	0.5

	12
	210.83
	TO5 & Drop
	1786.71
	1786.21
	1787.21
	1787.00
	0.001
	0.79
	0.21
	0.5

	13
	226.42
	
	1786.19
	
	1786.69
	1786.75
	0.001
	0.56
	
	




[bookmark: _Toc454436169]2.2.3.3 Furrow Lengths and Slope
Although furrows can be longer when the land slope is steeper, the maximum recommended furrow slope is 0.5% to avoid soil erosion. Furrows can also be level and are thus very similar to long narrow basins. However a minimum grade of 0.05% is recommended so that effective drainage can occur following irrigation or excessive rainfall. If the land slope is steeper than 0.5%, then furrows can be set at an angle to the main slope or even along the contour to keep furrow slopes within the recommended limits. Furrows can be set in this way when the main land slope does not exceed 3%. Beyond this there is a major risk of soil erosion following a breach in the furrow system. On steep land, terraces can also be constructed and furrows cultivated along the terraces. 





[bookmark: _Toc454436188]Table 9: PRACTICAL VALUES OF MAXIMUM FURROW LENGTHS (m) DEPENDING ON SLOPE, SOIL TYPE, STREAM SIZE AND NET IRRIGATION DEPTH
	Furrow slope (%)
	Maximum stream size (l/s) per furrow
	Clay
	Loam
	Sand

	
	
	Net irrigation depth (mm)

	
	
	50
	75
	50
	75
	50
	75

	0.0 
	3.0 
	100 
	150 
	60 
	90 
	30 
	45 

	0.1 
	3.0 
	120 
	170 
	90 
	125 
	45 
	60 

	0.2 
	2.5 
	130 
	180 
	110 
	150 
	60 
	95 

	0.3 
	2.0 
	150 
	200 
	130 
	170 
	75 
	110 

	0.5 
	1.2 
	150 
	200 
	130 
	170 
	75 
	110


[bookmark: _Toc168455462][bookmark: _Toc172080765][bookmark: _Toc262445447][bookmark: _Toc454436170]2.2.4    Canal Structures


In a nutshell, a reliable, sustainable and efficient irrigation system must be laid on the proposed command area in order to meet the aim of the project. Canal conveys the required water for irrigating the farm land. The conveyance canal and its related structures should perform their functions efficiently with minimum maintenance, ease of operation and minimum water losses. Depending on natural topography of the irrigable area, various type of canal structures are required to be built in the irrigation system to effectively and efficiently convey, regulate the flow in the canals.   Among various canal structures, conveyance (drops, chute, elevated flume) and regulating (division box, turnouts) structures are provided for the irrigation system. In general, 105 conveyance and regulating structures are provided for Aleltu Negede irrigation scheme (refer the table below). 
[bookmark: _Toc454436189]Table 10: Canal Structures
	S.No.
	Canal Type
	Length  of Canal (m)
	Type  and number of canal structures 

	
	
	
	Drops with fall height of
	Turnout
	Chute 
	Elevated Flume
	Division box
	Drainage Crossing
	Road/ footpath crossing

	
	
	
	0.70m 
	0.50m 
	
	
	
	
	
	

	1
	Main canal
	150
	
	
	
	
	
	2
	
	

	2
	SC 1
	2927
	
	
	2
	
	
	7
	3
	5

	3
	SC 2
	917
	
	1
	6
	
	1
	
	
	

	4
	TC1
	150
	
	
	2
	
	
	
	
	

	5
	TC2
	106
	1
	
	2
	
	
	
	
	

	6
	TC3
	156
	3
	
	3
	
	
	
	
	

	7
	TC4
	196
	6
	
	2
	
	
	
	
	

	8
	TC5
	319
	7
	1
	5
	
	
	
	
	

	9
	TC6
	607
	7
	1
	10
	
	
	
	
	

	10
	TC7
	215
	8
	1
	5
	
	
	
	
	

	11
	TC8
	226
	6
	2
	5
	
	
	
	
	

	Total
	5,969
	38
	6
	42
	
	1
	9
	3
	5



The longitudinal profiles of the main, secondary and tertiary canals with necessary design parameters and typical cross-sections have been prepared.
[bookmark: _Toc262445448][bookmark: _Toc454436171]2.2.5    Hydraulic Designs of Canal Structures
[bookmark: _Toc262445449][bookmark: _Toc454436172]2.2.5.1 Drops
The natural slope of the area is steeper than the longitudinal slope provided in the irrigation canals. The difference is adjusted by constructing drop structures with different intervals. The location and interval of the drops on each canal varies depending on the topography of the proposed command area and the natural slopes of the ground through which each canal is aligned.   Vertical drop structures with fall heights of 0.70 and 0.50m are adopted in this design. Checks and Turnouts are proposed to be combined together where desired. The hydraulic design of the both drops is computed separately as follows and the typical drawing is prepared for both. 
a) Vertical Drop Structure of 0.50m Fall for SC2
Data
Full supply depth ……………………………	0.15m
Bed with …………………………………….	0.30m
Design discharge…………………………….	0.016m3/s
Drop (fall) height ………………………….…	0.50m	
1. Critical Flow Hydraulics


                                                                               dc
                        d1
	
	a





Width of drop =
Unit discharge q = Q/bc = 0.016/0.3= 0.053

Critical depth =


2. Stilling Basin

Lip height 

Length 



Width, 
Protection of u/s canal before drop, length (l) =1.2 + 3/2*Q½=1.3m
                        D/s protection at least equal to L, provide 1.5m.

The typical drawing of this structure is prepared based on the above calculation and it can be used for all drops with fall height of 0.50m and with other similar dimensions.
b) Vertical Drop Structure of 0.50m fall over TC7 (has highest discharge)
Drop structures with fall height of 0.50m are designed to be constructed on tertiary canals. 

Data
U/S of the fall 
Full supply depth ……………………………	0.22m
Bed with …………………………………….	0.30m
Design discharge…………………………….	0.035m3/s
Drop (fall) height …………………………..…	0.50m	
1. Critical flow hydraulics

Width of drop =
Unit discharge q = Q/bc = 0.035/0.3 = 0.116 ≈0.12

Critical depth =
2. Stilling Basin

Lip height 

Length 



Width, 
Protection of u/s canal before drop, length (l) =1.2 + 3/2*Q½=1.5m
                        D/s protection at least equal to L, provide 1.5m.

Based on above calculation, the typical drawing is prepared. This drawing can be used for all tertiary canals.

c) Vertical Drop Structure of 0.70m fall over TC7 (has highest discharge)
Drop structures with fall height of 0.70m are designed to be constructed on tertiary canals. 
Data
U/S of the fall 
Full supply depth ……………………………	0.22m
Bed with …………………………………….	0.30m
Design discharge…………………………….	0.035m3/s
Drop (fall) height …………………………..…	0.50m	
1. Critical flow hydraulics

Width of drop =
Unit discharge q = Q/bc = 0.035/0.3 = 0.116 ≈0.12

Critical depth =
2. Stilling Basin

Lip height 

Length 



Width, 
Protection of u/s canal before drop, length (l) =1.2 + 3/2*Q½=1.5m
                        D/s protection at least equal to L, provide 1.5m
Based on above calculation, the typical drawing is prepared. This drawing can be used for all tertiary canals.
[bookmark: _Toc454436190]Table 11: DROP Structures on each canal
	Canal
	Drop No.
	Drop height
	Width of SB
	Length
	Lip height
	Discharge
	Elevation
	Depth
	Width of drop
	Chain-age

	
	
	H(m)
	B
	L
	a
	Q
	Inlet
	Out let
	d
	b
	

	SC2
	D1
	0.5
	0.3
	0.8
	0.05
	0.016
	1793.73
	1793.23
	0.15
	0.30
	819.76

	TC2
	D1
	0.7
	0.5
	1.0
	0.06
	0.015
	1794.45
	1793.75
	0.14
	0.30
	24.59

	TC3
	D1
	0.7
	0.5
	1.0
	0.06
	“
	1794.006
	1793.366
	0.14
	0.30
	3.51

	
	D2
	“
	0.5
	1.0
	0.06
	0.015
	1793.36
	1792.66
	0.14
	0.30
	7.07

	
	D3
	“
	0.5
	1.0
	0.06
	“
	1792.63
	1791.93
	0.14
	0.30
	33.35

	TC4
	D1
	“
	0.5
	1.0
	0.06
	0.21
	1793.576
	1792.876
	0.17
	0.30
	3.41

	
	D2
	“
	0.5
	1.0
	0.06
	“
	1792.87
	1792.17
	0.17
	0.30
	9.40

	
	D3
	“
	0.5
	1.0
	0.06
	“
	1792.165
	1791.465
	0.17
	0.30
	15.30

	
	D4
	“
	0.5
	1.0
	0.06
	“
	1791.46
	1790.76
	0.17
	0.30
	21.30

	
	D5
	“
	0.5
	1.0
	0.06
	“
	1790.75
	1790.05
	0.17
	0.30
	27.30

	
	D6
	“
	0.5
	1.0
	0.06
	“
	1790.04
	1789.35
	0.17
	0.30
	33.24

	TC5
	D1
	“
	0.5
	1.0
	0.06
	0.32
	1793.146
	1792.446
	0.21
	0.30
	14.01

	
	D2
	“
	0.5
	1.0
	0.06
	“
	1792.425
	1791.725
	0.21
	0.30
	35.33

	
	D3
	“
	0.5
	1.0
	0.06
	“
	1791.703
	1791.003
	0.21
	0.30
	57.45

	
	D4
	“
	0.5
	1.0
	0.06
	“
	1790.98
	1790.28
	0.21
	0.30
	80.71

	
	D5
	“
	0.5
	1.0
	0.06
	“
	1790.256
	1789.556
	0.21
	0.30
	103.97

	
	D6
	“
	0.5
	1.0
	0.06
	“
	1789.54
	1788.84
	0.21
	0.30
	128.29

	
	D7
	“
	0.5
	1.0
	0.06
	“
	1788.816
	1788.116
	0.21
	0.30
	152.54

	
	D8
	0.5
	0.5
	1.0
	0.06
	“
	1788.033
	1787.533
	0.21
	0.30
	235.54

	TC6
	D1
	0.7
	0.5
	1.0
	0.06
	0.32
	1792.72
	1792.02
	0.21
	0.30
	80.70

	
	D2
	“
	0.5
	1.0
	0.06
	“
	1791.96
	1791.26
	0.21
	0.30
	145.20

	
	D3
	“
	0.5
	1.0
	0.06
	“
	1791.19
	1790.49
	0.21
	0.30
	209.84

	
	D4
	“
	0.5
	1.0
	0.06
	“
	1790.44
	1789.74
	0.21
	0.30
	263.96

	
	D5
	“
	0.5
	1.0
	0.06
	“
	1789.68
	1788.98
	0.21
	0.30
	324.54

	
	D6
	“
	0.5
	1.0
	0.06
	“
	1788.92
	1788.22
	0.21
	0.30
	382.75

	
	D7
	“
	0.5
	1.0
	0.06
	“
	1788.16
	1787.46
	0.21
	0.30
	443.43

	
	D8
	0.5
	0.5
	1.0
	0.06
	“
	1787.36
	1786.86
	0.21
	0.30
	540.43

	TC7
	D1
	0.7
	0.5
	1.0
	0.06
	0.35
	1791.86
	1791.16
	0.22
	0.30
	11.41

	
	D2
	“
	0.5
	1.0
	0.06
	“
	1791.14
	1790.44
	0.22
	0.30
	27.07

	
	D3
	“
	0.5
	1.0
	0.06
	“
	1790.43
	1789.73
	0.22
	0.30
	42.74

	
	D4
	“
	0.5
	1.0
	0.06
	“
	1789.71
	1789.01
	0.22
	0.30
	63.03

	
	D5
	“
	0.5
	1.0
	0.06
	“
	1789.00
	1788.30
	0.22
	0.30
	76.58

	
	D6
	“
	0.5
	1.0
	0.06
	“
	1788.27
	1787.57
	0.22
	0.30
	103.14

	
	D7
	“
	0.5
	1.0
	0.06
	“
	1787.55
	1786.85
	0.22
	0.30
	126.06

	
	D8
	“
	0.5
	1.0
	0.06
	“
	1786.81
	1786.11
	0.22
	0.30
	159.82

	
	D9
	0.5
	0.5
	1.0
	0.06
	“
	1786.09
	1785.59
	0.22
	0.30
	184.36

	TC8
	D1
	0.7
	0.5
	1.0
	0.06
	0.20
	1791.61
	1790.91
	0.16
	0.30
	9.6

	
	D2
	“
	0.5
	1.0
	0.06
	“
	1790.90
	1790.20
	0.16
	0.30
	19.26

	
	D3
	“
	0.5
	1.0
	0.06
	“
	1790.17
	1789.47
	0.16
	0.30
	45.31

	
	D4
	“
	0.5
	1.0
	0.06
	“
	1789.44
	1788.74
	0.16
	0.30
	81.22

	
	D5
	“
	0.5
	1.0
	0.06
	“
	1788.71
	1788.01
	0.16
	0.30
	109.55

	
	D6
	“
	0.5
	1.0
	0.06
	“
	1787.99
	1787.29
	0.16
	0.30
	129.50

	
	D7
	0.5
	0.5
	1.0
	0.06
	“
	1787.26
	1786.76
	0.16
	0.30
	156.95

	
	D8
	0.5
	0.5
	1.0
	0.06
	“
	1786.71
	1786.21
	0.16
	0.30
	210.83


[bookmark: _Toc262445452]
[bookmark: _Toc454436173]2.2.5.2. Culverts

A. Irrigation Culvert (Pipe Culvert for Main Canal)



               EL.A                                                               EL.B                            EL.C    EL.D




 Hydraulic Calculation

a. Given data
	Discharge
Q(m3/5)
	Width
B(m)
	Depth
D(m)
	Side slope
	Velocity m/sec
	Velocity Head ”h”
	Bed slope 
I
	Roughness

	
0.160
	
0.50
	
0.40
	
1:1
	
0.44
	
0.00987
	
0.001
	
0.025




Assuming the diameter of the pip = 0.50 (2r).
H= 0.80D = 0.80*.5=0.40➾d2
H/r = 0.40/0.25= 1.6

b. Refer to table that is uniform flow in circular sections flowing partly full
H/r = 1.6




	H/r
	δß = A/r2
	p/r
	ß = R/r
	δß2/3

	2.0
1.9
1.8
1.7
1.6
1.5
	3.141
3.082
2.978
2.846
2.694
2.527
	6.283
5.38
4.996
4.692
4.428
4.188
	0.500
0.572
0.595
0.606
0.608
0.603
	1.979
2.123
2.105
2.038
1.932
1.802


          δ = A/r2 = 2.694 	           A = δR2 = 2.694*(0.25)2 = 0.1684
           p/r = 4.428                        p = 4.428r = 4.428*0.25 = 1.107
           ß=R/r = 0.608                         R = 0.608r = 0.608*0.25 = 0.152
V2 = Q/A = 0.160/0.1684 = 0.95
Hv2 = v22/2g = (0.95)2/(2*9.81) = 0.046
I2 = [nV2/R2/3]2 = [0.014*0.95/0.1522/3]2 = 0.00218
Difference in elevation between EL. B and EL.C
Hf = L*I2; taking Length of culvert as 4m.
Hf = 4*00218 = 0.00872

c. Water surface change at the us/and d/s of culvert

I, Drop of water surface at the inlet of the culvert
		∆h1 = 1.5[V22/2g-V12/2g] = 0.25[0.952/(2*9.81)- 0.442/(2*9.81)] = 0.054

II. Rise of water surface at the d/s of canal section
∆h2 = 0.30[V22/2g-V12/2g] = 0.25[0.952/(2*9.81)- 0.442/(2*9.81)] = 0.011

d.  Elevation
1. Invert elevation at u/s end = 1794.685
2. Water surface elevation at u/s canal = 1795.085
3. Water surface at the culvert inlet = 1795.031
4. Invert at the culvert inlet = (water surface at the culvert inlet) – d2 = 1794.631
5. Invert elevation at the culvert out let = (invert elevation at the culvert 
inlet)-hf = 1794.622
6. Water surface elevation at the culvert out let = (invert elevation at the  
culvert out let )+d2= 1795.022
7. Water surface elevation at the d/s canal = (water surface elevation at 
the culvert out let)+ ∆h2 = 1795.033
8. Invert elevation at d/s canal = (water surface elevation at the d/s 
canal)-d, = 94.633

Total head loss
Hr = 1.2[V22/2g-V12/2g]+hf
HT = 1.2[0.952/(2*9.81)- 0.442/(2*9.81)]+ 0.00872=0.052
Check water surface ➾ (water surface elevation at u/s canal)-water surface elevation at d/s canal section = 95.085-95.033 = 0.052…….  OK
B.  Irrigation Culvert (pipe culvert for Secondary Canal 1- SC1)
    (For chainage418.05)



              EL.A	EL.B                                      EL.C    EL.D






Hydraulic Calculation

a) Given data
	Discharge
Q(m3/5)
	Width
b(m)
	Depth
D(m)
	Side slope
	Velocity m/sec
	Velocity Head ”h”
	Bed slope 
I
	Roughness

	
0.150
	
0.50
	
0.40
	
1:1
	
0.42
	
0.00899
	
0.001
	
0.025




Assuming the diameter of the pipe = 0.50
H= 0.80D = 0.80*.5=0.40 ➾d2
H/r = 0.40/0.25= 1.6

b. Refer to table that is uniform flow in circular sections flowing partly full H/r = 1.6

	H/r
	δß = A/r2
	p/r
	ß = R/r
	δß2/3

	2.0
1.9
1.8
1.7
1.6
1.5
	3.141
3.082
2.978
2.846
2.694
2.527
	6.283
5.38
4.996
4.692
4.428
4.188
	0.500
0.572
0.595
0.606
0.608
0.603
	1.979
2.123
2.105
2.038
1.932
1.802




δ= A/r2 = 2.694 	A = δR2 = 2.694*(0.25)2 = 0.1684
p/r = 4.428             p = 4.428r = 4.428*0.25 = 1.107
ß=R/r = 0.608           R = 0.608r = 0.608*0.25 = 0.152
V2 = Q/A = 0.150/0.1684 = 0.891
Hv2 = v22/2g = (0.891)2/(2*9.81) = 0.04 
I2 = [nV2/R2/3]2 = [0.014*0.891/0.1522/3]2 = 0.00192
Difference in elevation between EL. B and EL.C
Hf = L*I2; taking Length of culvert as 4m.
Hf = 4*00192 = 0.00767


c. Water surface change at the us/and d/s of culvert
I, Drop of water surface at the inlet of the culvert
	∆h1 = 1.5[V22/2g-V12/2g] = 0.25[0.8912/(2*9.81)- 0.422/(2*9.81)] = 0.0472

II. Rise of water surface at the d/s of canal section
∆h2 = 0.30[V22/2g-V12/2g] = 0.25[0.8912/(2*9.81)- 0.422/(2*9.81)] = 0.00944

d) Elevation (at Chainage 418.05m)
1. Invert elevation at u/s and = 1794.13
2. Water surface elevation at u/s canal = 1794.53
3. Water surface at culvert inlet = 1794.483
4. Invert at the culvert inlet = (water surface at the culvert inlet) – d2
    =1794.083
5. Invert elevation at the culvert outlet = (Invert elevation at the culvert 
inlet)-hf = 1794.075
6. Water surface elevation at the culvert out let = (invert elevation at the 
culvert out let) +d2 = 1794.475
7. Water surface elevation at the d/s canal = (water surface elevation at  
the culvert out let )+∆h2 ➾ = 1794.484
8. Invert elevation at d/s canal =(water surface elevation at the d/s  
canal)-d, = 1794.084

Total head loss
Hr = 1.2[V22/2g-V12/2g]+hf
HT = 1.2[0.8912/(2*9.81)- 0.422/(2*9.81)]+ 0.00767=0.045
Check water surface difference between u/s & d/s canal
The difference = (water surface elevation at u/s canal – 
94.53-94.484= 0.046------OK

Similarly provide pipe culverts at chainages 664.02 (for foot path), 1127.33 (for foot path), 1396.78 (cattle cross) and 2008.35 (for foot path).







[bookmark: _Toc79790606][bookmark: _Toc79956469][bookmark: _Toc79956686][bookmark: _Toc79957432][bookmark: _Toc79958942][bookmark: _Toc79959127][bookmark: _Toc79960282][bookmark: _Toc79965431][bookmark: _Toc79965627][bookmark: _Toc79983179][bookmark: _Toc106634463][bookmark: _Toc106800842][bookmark: _Toc106801139][bookmark: _Toc106801318][bookmark: _Toc454436174]2.2.5.3. Division Box


Two Division Boxes are provided on the main canal; the first one at junction to Tertiary Canal 1 (chainage 75.02m), and the second one at the end of the main canal where the canal is divided to Secondary Canal 1 & Secondary canal 2 (chainage 150.2m). The remaining 7 division boxes are on Secondary Canal 1 at junctions of Tertiary Canals TC2, TC3, TC4, TC5, TC6, TC7 & TC8 at chainages 75.19m, 483.72m, 969.77m, 1385.59m, 1752.69m, 2677.72m & 2927.11m respectively.
The division boxes are designed by using broad crested weir formula.
Q = 1.7LH3/2
And the principle of equilibrium Q1 = Q2
However the openings are equipped with control gate to manage the required amount of flow in the required canal. Dimensions are given on the drawings.
[bookmark: _Toc454436175]2.2.5.4. Turn Outs


Turn Outs are designed by the method of orifice flow hydraulics through circular opening.

Q = CdA
Where
Q = discharge (m3/sec)
Cd =co-efficient of discharge = 0.62
h = head difference in v/s and d/s flow
A = area of flow x-section.
Our source of water is base flow of river. This base flow may not be constant. The discharge in the canal may fluctuate and at the same time the required water in the turn outs may vary. To manage this uncertainty all turn outs are designed to have the same dimension and controlled by gate. However, the discharge at each turn out to field ditch should not be greater than 12 lit/sec.
[bookmark: _Toc454436176]2.2.5.5. Catch Drain

Catch drain is provided on the upstream sides of Main Canal and Secondary Canal 1 to collect the flash flood during rainy seasons. The catch drain will be a contour ditch with parallel orientation to the canals with an offset of 4m center to center. The catch drain will be connected to the exiting natural drain. It will have a longitudinal slope of 0.1%, side slopes 1:1, bed width 40cm and total depth of 60cm.





[bookmark: _Toc454436177]3. BOQ, SPECIFICATIONS AND ENGINEERING COST ESTIMATES
	Aleltu Negede BOQ

	Item
	Description
	Unit
	Qty
	Unit Cost /Birr/
	Total cost /Birr/

	1
	General Works
	 
	 
	 
	 

	1.1
	Mobilization
	L.S.
	1
	50,000.00
	50,000.00

	1.2
	Demobilization
	L.S.
	1
	30,000.00
	30,000.00

	1.3
	Engineering Surveying and preparation of as- built drawings and site plan including operation and maintenance manual
	L.S.
	1
	20,000.00
	20,000.00

	1.4
	Construction of Camping
	 
	 
	 
	 

	1.4.1
	Construction of office size 3m*3m and 5 in number from CIS (G-32) for roof and wall from sheet (G-32) founded on a 25cm thick hard core ,8cm C10 (1:3:6)lean concrete and 2cm screed floor. The room should be well ventilated thus equipped with window and door of same material as wall ,will be done as per drawing 
	LS
	1
	90,000.00
	90,000.00

	1.4.2
	Construction of 5m*5m store for contractor which is constructed from CIS(G-32) wall and roof (G-32) with door and window, founded on a 25cm thick hardcore ,8cm as drawing
	LS
	1
	60,000.00
	60,000.00

	1.4.3
	Construction of toilet rooms of total size 2m*2m constructed from CIS (G-32) wall and roof (G-32) ,ventilated separate with door and window, founded on a 10cm thick hard core ,5cm C10(1:3:6) lean concorete as per drawing 
	LS
	1
	20,000.00
	20,000.00

	1.4.4
	Construction of guard house facillity of size 2m*2.5m ,constructed from CIS wall and roof as a 25cm thick hard core ,8cm C10(1:3:6) lean concrete and 2cm screed floor as per drawing 
	LS
	1
	10,000.00
	10,000.00

	1.4.5
	Fence works all around the camp of area 50m*50m,2m height and 15cm diameter treated timber post/eucluptus poles  with barbed wire at 20cm vertical interval and posted in minimum of 0.6m depth backfilled with lean concrete C10(1:3:6)
	LS
	1
	20,000.00
	20,000.00

	1.5
	Construct all weather access road 7km long and 6m wide with ditches on both sides.
	Km
	7
	30,000.00
	210,000.00

	 
	Sub-Total 1
	 
	 
	 
	510,000.00

	2
	Headwor construction(weir)
	 
	 
	 
	 

	2.1
	Earth work 
	 
	 
	 
	 

	2.1.1
	Site clearing & remove top soil to a depth not exceeding 20cm
	m2
	1200
	5
	6,000.00

	2.1.2
	Excavation for Foundation (medium formation )
	m3
	863.08
	70
	60,415.60

	2.1.3
	Excavation for Foundation soft rock
	m3
	150
	250
	37,500.00

	1.3
	Cart away excavated material to a distance not less than 100m
	m3
	1,035.88
	80
	82,870.40

	1.4
	Temporary Cover dam
	LS
	1.00
	50000
	50,000.00

	 
	Sub-Total 2.1
	 
	 
	 
	236,786.00

	2.2
	Concrete Work (C-25, 360kg/m3 cement filled into formworks and vibrated around reinforcement bars. Steel reinforcement bars and formwork measured separately)
	 
	 
	 
	 

	2..2.1
	Mass Concrete 
	 
	 
	 
	 

	2.1.1
	Under retaining walls
	m3
	15.09
	2,750.00
	41,497.50

	2.1.2
	Weir foundation, main body and aprons
	m3
	152
	2,750.00
	418,000.00

	2.2
	Reinforced Concrete 
	m3
	0.56
	2,750.00
	1,540.00

	2.3
	Reinforcement bars
	Kg
	50
	32
	1,600.00

	2.4
	Form work including scaffolding works
	m2
	4
	150
	600.00

	 
	Sub-Total 2.2
	 
	 
	 
	463,237.50

	2.3
	Stone Masonry work (Class B stone masonry works bedded in cement mortar of ratio (1:3))
	 
	 
	 
	 

	2.3.1
	Right side walls
	m3
	302.51
	1,150.00
	347,886.50

	2.3.2
	Left side walls
	m3
	299.83
	1,150.00
	344,804.50

	2.3.3
	Weir body
	m3
	120
	1,150.00
	138,000.00

	2.3.4
	Stilling basin and cutoff
	m3
	283.2
	1,150.00
	325,680.00

	2.3.5
	Protection dyke walls
	m3
	135.5
	1,150.00
	155,825.00

	2.3.6
	Dyke work for normal soil
	m3
	1251.25
	80.00
	100,100.00

	 
	Sub-Total 2.3
	 
	 
	 
	1,412,296.00

	3
	Plastering work (two coats in cement mortar ratio of 1:3)
	 
	 
	 
	 

	3.1
	Facing parts of right side walls
	m2
	268.38
	120
	32,205.60

	3.2
	Facing parts of left side walls
	m2
	378.08
	120
	45,369.60

	3.3
	For dyke walls
	m2
	135.5
	120
	16,260.00

	3.4
	Weir body part and stilling basin
	m2
	348
	120
	41,760.00

	3.5
	Fill and Compaction for retaining wall
	m3
	600
	70
	42,000.00

	 
	Sub-Total 3
	 
	 
	 
	93,835.20

	4
	Metal Works
	 
	 
	 
	 

	4.1
	Off-Takes Gate metal 1m*1m15mm thick with spindle Dia 0.9m  ,H=4.50m and double angle iron 50*50*5mm on both side s and off-take floor,with operation handle and accesssories 
	no 
	1
	25,000.00
	25,000.00

	4.2
	Off-Takes Gate metal 0.5m*0.5mx5mm with spindle Dia 0.5m  ,H=3.50m and double angle iron 50*50*5mm on both side s and off-take floor,with operation handle and accesssories 
	no
	1
	20,000.00
	20,000.00

	4.3
	Steel Hand rails around the working plate form
	m2
	10
	2500
	25,000.00

	 
	Sub-Total 4
	 
	 
	 
	70,000.00

	5
	Concrete Pipe (40cm diameter)
	m
	2
	1,150.00
	3,000.00

	6
	Stone riprap 40cm thick (Basaltic or equivalent stone)
	m3
	14.4
	250
	3,600.00

	 
	Total carried to summary of headwork
	 
	 
	 
	2,282,754.70

	7
	Canal construction
	 
	 
	 
	 

	7.1
	Main Canal(3100m)
	 
	 
	 
	 

	7.1.1
	Earth work 
	 
	 
	 
	 

	7.1.1.1
	Canal line clearing and alignment work
	m
	3,100.00
	5
	15,500.00

	7.1.1.2
	Canal excavation and spreading surplus soil over the nearby land
	m3
	4960
	70
	347,200.00

	7.1.1.3
	Masonary work mix ratio of 1:3
	m3
	2821
	1150
	3,244,150.00

	7.1.1.3
	Plastering work (two coats in cement mortar ratio of 1:3)
	m2
	7440
	200
	1,488,000.00

	7.2
	Secondary Canals (SC1 )
	 
	 
	 
	 

	7.2.1
	Secondary Canals (SC1 ) lined(100m)
	 
	 
	 
	 

	7.2.1.1
	Excavation of normal soil
	m3
	72
	70
	5,040.00

	7.2.1.2
	Soil fill in deprated area
	m3
	480
	70
	33,600.00

	7.2.1.3
	Masonary work mix ratio of 1:3
	m3
	84
	1150
	96,600.00

	7.2.1.4
	Plastering work (two coats in cement mortar ratio of 1:3)
	m2
	240
	200
	48,000.00

	7.3
	Secondary canal(SC1) 926m
	 
	 
	 
	 

	7.3.1
	Excavation and shaping
	m3
	851.92
	70
	59,634.40

	7.4
	Secondary Canals (SC2 & SC3)
	m3
	5,292.74
	Community

	7.5
	Tertiary Canals (TC1 to TC8)
	m3
	1,568.95
	Community

	7.6
	Fill Work with compaction 
	 
	 
	Community

	7.6.1
	Tertiary canals (TC1 to TC8)
	m3
	159.81
	Community

	 
	Sub-Total
	 
	 
	 
	5,337,724.40

	8
	Canal crossing Structures 
	 
	 
	 
	 

	8.1
	Flume
	No
	1
	 
	 

	8.1.1
	Excavatino of normal soil
	m3
	3.1
	70
	217.00

	8.1.2
	Masonary work mix ratio of 1:3
	m3
	9.945
	1150
	11,436.75

	8.1.3
	RCC concrete work
	m3
	5.28
	2750
	14,520.00

	8.1.4
	Formwork including scaffoldings
	m2
	15
	200
	3,000.00

	8.1.5
	Reinforcement bars for Flume work
	Kg
	90
	32
	2,880.00

	8.1.6
	Plastering work (two coats in cement mortar ratio of 1:3)
	m2
	38.4
	200
	7,680.00

	8.2
	Cattle and crossing drainage work
	No
	3
	 
	 

	8.2.1
	Excavation of normal soil
	m3
	226.8
	70
	15,876.00

	8.2.2
	Masonary work mix ratio of 1:3
	m3
	60
	1150
	69,000.00

	8.2.3
	RCC concrete work slap 
	m3
	9.24
	2750
	25,410.00

	8.3
	Foot path
	No
	7
	 
	 

	8.3.1
	Excavation of normal soil
	m3
	129.36
	70
	9,055.20

	8.3.2
	Masonary work mix ratio of 1:3
	m3
	12
	1150
	13,800.00

	8.3.3
	RCC concrete work slap 
	m3
	15.456
	2750
	42,504.00

	8.3.4
	Masonary work mix ratio of 1:3
	m3
	32
	1150
	36,800.00

	8.4
	Division box
	No
	4
	 
	 

	8.4.1
	Excavation of normal soil
	m3
	24
	70
	1,680.00

	8.4.2
	Masonary work mix ratio of 1:3
	m3
	12.5
	1150
	14,375.00

	8.4.3
	Plastering work (two coats in cement mortar ratio of 1:3)
	m2
	64
	200
	12,800.00

	8.5
	Turnout
	No
	41
	 
	 

	8.5.1
	Excavation of normal soil
	m3
	164
	70.00
	11,480.00

	8.5.2
	Masonary work mix ratio of 1:3
	m3
	102.5
	1,150.00
	117,875.00

	8.5.3
	Plastering work (two coats in cement mortar ratio of 1:3)
	m2
	246
	200.00
	49,200.00

	8.5.4
	Metal gates 20cm*60cm having handle at top
	No
	41
	500.00
	20,500.00

	8.5.5
	Pipe UPVC of 2m long of 20mm diameter
	No
	41
	60.00
	2,460.00

	8.6
	Additional stream to the main canal
	No
	1
	 
	 

	8.6.1
	Excavation of normal soil
	m3
	128
	70
	8,960.00

	8.6.2
	Masonry work of mix ratio 1:3
	m3
	42
	1150
	48,300.00

	8.6.3
	Plastering work (two coats in cement mortar ratio of 1:3)
	m2
	64
	200.00
	12,800.00

	8.7
	Drops 1m
	No
	4
	 
	 

	8.7.1
	Excavation of normal soil
	m3
	40
	70.00
	2,800.00

	8.7.2
	Masonry work of mix ratio 1:3
	m3
	24
	1,150.00
	27,600.00

	8.7.3
	Plastering work (two coats in cement mortar ratio of 1:3)
	m2
	160
	200.00
	32,000.00

	 
	Sub-Total 8
	 
	 
	 
	615,008.95

	9
	Catch drain
	 
	 
	 
	 

	9.1
	Earth work 
	 
	 
	 
	 

	9.1.1
	Drain line clearing and alignment work
	m
	1917
	Community

	9.1.2
	Catch Drain excavation and spreading surplus soil over the nearby land
	m3
	1150.2
	Community

	 
	Subtotal 9
	 
	 
	 
	0.00

	Grand Total
	11,021,642.75

	VAT 15%
	1653246.413

	Grand Total with VAT
	12,674,889.16














4. CONCLUSIONS AND RECOMMENDATIONS
4.1 CONLUSIONS
The maximum design peak discharge is the determinant factor for sizing and costing of the headwork structure. Hence, while designing the weir, provision must be made for the flood that is likely to occur during the life time of the structure. However, one can neither choose a very high nor a very low flood magnitude for the design. A very high flood may never occur during the lifetime of the structure. If such a magnitude is selected it will result in a costly structure. On the other hand, if a very low flood magnitude is chosen for the design, it will result in failure of structure. Small structures such as culvert, weirs etc can be designed for less severe floods, as their failure may not result in calamity. For this study, a peak flood discharge of 50 years return period is recommended. 
Aleltu Negede River minimum discharge (lean flow) is measured during dry season and amounted to be 0.16 m3/s or 160 l/s. The command area is located on both sides of the river bank and it lies between 1796 and 1783 m above mean sea level in elevation and its average slope varies from 1.5% to 2.5%. This indicates that the area is suitable for surface irrigation. The main soil type of the command area is silty- clay. The gross command area of the Project is 69.6 ha. Out of which 63 ha lies on right side of the river and 6.6 ha lie on left side of the river.
From the agronomist report the duty of the command area is 2.43l/s/ha. So, for a command area of 69.6ha, the required flow rate is 169l/s. This is slightly higher than the dry period flow of the river which is 160l/s. There is a small river that crosses SC1 with a discharge of 20l/s. This river can be joined with the canal at the crossing point and hence the irrigation system is feasible. This will help to release some surplus water at the diversion headwork for the downstream users or increase the command area if not needed. 
The complete design shows that AleltuNegede Small Scale Irrigation project comprises typical diversion weir, 5969m long canal systems and 105 canal structures. These canals and structures include the main canal (150m length), right (SC2) and left (SC1) secondary canals (917m and 2927m length respectively), 8 tertiary canals of total length 1975m (1 on the main canal and 7 on SC1), 44 drop structures, 42 turn outs, 9 division boxes, 3 drainage crossings, 5 road/foot path crossings and 1 elevated flume structures.
Depending on the design results and drawings, quantity determined and costs estimated based on local market prices for labor, material and machineries. Accordingly the overall cost of Aleltu Negede Small Scale Irrigation project is found to be7, 092,428.11 Birr including VAT and contingency. The construction of the head work or Diversion weir costs 3,441,193.14 Birr which is 48.52% while the canal irrigation system shares 3,651,234.97 Birr or 51.48%. This would mean that the irrigation development cost per hectare is 101,320.40 Birr.
 
[bookmark: _Toc454436178]4.2 RECOMMENDATIONS

As the dry period flow of the river a bit less than the irrigation requirement, it is strongly recommended to include the existing small river that will cross Secondary Canal 1. By doing so, a flow rate of 20l/sec will be saved on the main river for environmental flow. There is also a perennial spring on upper end of the right side command area. The farmers near this spring can be trained to make use of the excess flow from this spring for supplementary irrigation and that will help to maximize the irrigable command area.
The left side river bank above the weir axis is of low height as compared to the maximum flood level. It is proposed to construct masonry dyke work to protect the weir body from flood outflanking. There are Coffee plants near the axis of the weir and maximum care need to be taken to save the plants during construction.
Maximize community participation and involvement through continuous awareness creation in collaboration with the woreda Government stakeholders. Communities can participate in such activities like:
· Construction of access roads to the head works;
· Construction of access roads for inter-site mobilization and demobilization;
· Excavation of canals in soils and planting grasses on the sides of the canal;
· Loading and unloading of construction materials;
· Land provision site clearing for construction of residence camps and common store.
· Establishment/strengthening of WUA and generate by-laws.
· Establishment/strengthening traditional conflict management committee.
· Allocating land and clearing sites for damping construction materials.
· Provision of guarding services by assigning beneficiary households turn by turn.
     The community can also participate in: 
· Production of construction materials, like stones, crushed gravels and sands.
· Loading and unloading of the above.
· Excavation of main canals in rocky land segments through arrangement of limited incentives by making semi/partial payment basis. However, such works should be on contractual piece rate formula.
Aleltu Negede Small Scale Irrigation command area has flat slopes on the mid upstream part which may be susceptible to water logging if proper drainage and proper water application is not practiced. The farmers need to be properly informed and trained on this. 
Constructions should be managed and led by very experienced Surveyor, Supervisor, Site Engineer(s), Foremen and Masons. 
[bookmark: _Toc262445460]The proposed construction schedule is definitely tentative. A number of site variables, implementation approach and methods, the number and quality of human resource to be used and the determination of workflow (order) can highly influence the schedule. Hence, efficient usage of the schedule needs optimum flexibility and re-adjustments. More perfect and practical schedule tailored to the given environment can be applied in collaboration with the client’s technical person(s).























[bookmark: _Toc454436179]4.3.   Tentative Construction Schedule

	
Tentative Construction Schedule

	
	
	
Duration of construction in Months

	SN
	List of activities
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	1
	Appraisal, Preparation and Start Up  Activities
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	1.1
	Approve designs
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	1.2
	Assign a supervisor, surveyor and site engineer
	 
	ô
	 
	 
	 
	 
	 
	 
	 
	 
	 

	1.3
	Define camping site(s) and construct store and camping 
	 
	ô
	 
	 
	 
	 
	 
	 
	 
	 
	 

	1.4
	Select and survey proper construction material sites
	 
	ô
	 
	 
	 
	 
	 
	 
	 
	 
	 

	1.5
	Identify and mobilize construction materials 
	 
	

	 
	 
	 
	 
	 
	 
	 
	 
	 

	1.6
	Mobilize construction crew
	 
	 
	 
	º
	 
	 
	 
	 
	 
	 
	 

	2
	Head  work Construction 
	 
	 
	 
	
	
	 
	 
	 
	 
	 
	 

	2.1
	Site clearing
	
	
	
	
	
	
	
	
	
	
	

	2.2
	Foundation excavation
	
	
	
	
	
	
	
	
	
	
	

	2.3
	Weir construction
	
	
	
	
	
	
	
	
	
	
	



	
Tentative Construction Schedule

	 
	 
	
Duration of Construction in Months

	SN
	List of activities
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	
	
	
	
	
	
	
	
	
	
	
	
	

	3
	On farm construction
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	3.1
	Canal alignment survey and  Pegging
	 
	 
	 
	 
	
	
	 
	 
	 
	 
	 

	3.2
	Canal excavation
	 
	 
	 
	 
	
	
	 
	 
	 
	 
	 

	3.3
	Construction of Canal structures
	 
	 
	 
	 
	 
	
	 
	 
	 
	 
	 

	4
	Periodic trainings
	Ï
	 
	 
	Ï
	 
	 
	Ï
	 
	 
	Ï
	 

	5
	Project completion & commissioning
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	ô

	6
	Project handing over & inauguration
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	´
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