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SALIENT FEATURES OF THE PROJECT
	Name of The project
	BAKO IRRIGATION PROJECT

	Region/Zone/District
	Oromia/East wollega/ G/Sayyo Woreda

	PA/village
	Kejo Kebele

	Location Coordinates
	(284675, 1006352) with projection system UTM and datum ADINDAN

	Altitude at Command Area (Av.)
	1650 m asl

	Average Annual Rainfall
	1239mm

	Net Command Area
	42 hectares (32.5ha surface irrigation, 8ha sprinkler and 1.5ha drip)

	Source of Water
	Gibe River and 4Bore Holes (ground water)

	Lean flows in each month
	As indicated under hydrology report 

	Basin
	Gibe 

	Direct Beneficiary 
	Bako Agricultural Research Center and community in the vicinity

	Irrigation Duty
	1.72 liters/second/hectare for 12hr irrigation per day

	Irrigated Crops


	-Sorghum    -Millet          -Maize

-Pepper   -Tomato    -Banana   -Mango  -Avocado

	Major Activities
	· Camping, Headwork (pumping facility),pipe lines, Storage ponds, Drainage facility, Farm structures, access and inspection roads

	Surface pump supply and install
	3 for surface system and 2 for sprinkler system (small size)

	Submersible pump supply and install
	4

	Pressure line 1
	1080m

	Pressure line 2
	556m

	Pressure line 3
	654m

	Pressure line 4
	550m

	Pressure line 5
	660m

	uPVC pipe supply and install
	2918m for surface irrigation system

	HDPE pipe supply and install
	1474m for sprinkler system

	Manholes
	26 in number

	Culverts 
	4 in number

	Hydrant valves
	12.9km

	Power line and transformer 
	3 duty and 1 stand-by

	Stand by Generators
	2 in number

	Sprinkler head supply and install
	82

	Tripod supply and fix
	82

	Flexible hose for drag-line sprinkler
	1680

	Field drain collectors
	3500m

	Storage ponds (2048m3 and 722 capacity) line with geo-membrane
	2 in number

	Total project cost (ETB)
	29,163,874.62 ETB


ACRONYMES AND ABBREVIATIONS

AM
- Available Moisture

BH
-Borehole

BOQ
- Bill of quantity
CIS
-Corrugated Iron Sheet
DA
-Development Agent

ETB 
- Ethiopian Birr

FAO
- Food and Agricultural Organization

FSL
-Full Supply Level
GI
-Galvanized Iron
GPS  
-Geographical positioning system

HDPE
-High Density Poly Ethylene Pipe

HH
- Household

IRR
- Internal Rate of Return

IWUA
- Irrigation Water Users Association
LAT
-Lateral
LGP
-Length of Growing Period
MAD
-Maximum Allowable Deficit

ML
-Main line
NGO
-Non-Governmental Organization

NPV
- Net Present Value
OGL
-Original Ground Level

OH
-Operating head

PVC
-Poly Vinyl Chloride
RAM
- Readily Available Moisture

RCC
-Reinforced Concrete
SML
-Sub-main line

SOH
-Sprinkler Operating Head
SSIP
-Small scale irrigation project

Executive Summary

Bako irrigation project is located in Oromia regional state, East Wollega zone, Gobu Sayo district; in Kejo Kebele and the direct beneficiary is Bako Agricultural Research Center. The area is under sub-tropical temperate class, with erratic rainfall distribution. The irrigation is a key element to increase agricultural production over the area and thus OIDA-East Shoa Zone office has undertaken the study and design of Koftu sprinkler irrigation in order to improve the livelihood of the youth group engaged in farming activity.

The project is located at 258 km from Finfinne. It can be accessed along Finfinne-Hollota-Ambo-Bako road traversing 250km asphalt road and about 8km gravel road. At this level of study it could be seen that about 350 ha of land is potentially available to be planned for irrigation development. Net area planned is 42ha due to available water sources. 
Duty per hectare assuming 12 hours of irrigation per day is 1.72 l/s. 32.5 ha is planned for surface irrigation, 8 ha for sprinkler system and 1.5 ha for gravity drip system. The soil of the area is dominantly sandy Clay loam in texture and reddish brown in color. Diversion requirement for the anticipated 42ha is to be fulfilled from Gibe river and 4 boreholes (BH) to be drilled around the command area. The estimated yield of each BH is 4 l/s and thus in total 16 l/s is expected from the 4 wells. It should be noted that bore hole drilling and test work should be done to proceed with the other civil and electromechanical works related to the four BHs.
The project is pressurized system with 4 submersible pumps and 5 surface pumps. The 4 submersible pumps supply to 2 geo-membrane lined storage ponds while 3 (1 stand by) surface pumps are installed on Gibe river that deliver to pond and surface irrigation system and 2 (1 stand by) electrical surface pumps deliver to the sprinkler network.  
The project shall be implemented in Three parts. First part surface irrigation system from Gibe river with all civil and electromehanical works, the Second part is bore hole drilling and testing. This time the static water level, drawdown, pump safe yield and pump position is known. Thus there may be need for design review based on well yield obtained and pump position. The third part civil and electromechanical works for sprinkler and drip system that is pump installation, power supply, pipe networks, sprinkler and drip system installation.

The components of this scheme include pumping facility, storage facility, pipe network and other related irrigation infrastructures. The total project cost is 29,163,874.62Birr. The project is designed for 20 years life and the financial viability of the scheme was analyzed for this period.
INTRODUCTION

Agriculture being a key element of the national economy is challenged by variety of problems in development planning. Among these the major ones are climatic changes, topographic constraints, population pressure, ecological degradation and low level of technological advancement. For this fact, it needs good expertise to utilize the existing potentials of agricultural development. One of the mitigation to reduce the challenges related to agricultural development is introduction of irrigation technology and appropriate extension services. It is known that irrigated agriculture enhances the net outputs or benefits from the given plot of land appreciably than the rain fed agriculture. Irrigated agriculture also has the capacity to accommodate much active labor over the area.

With this respect, much has to be done to utilize the available potential resources for irrigation. Commitments in this sector are a question of feeding the ever-increasing population of the country. Irrigation, together with appropriate conservation and forestation practices can tangibly change the overall economic status and ecology of the given area. It also plays a great role in bringing about social consciousness and mutual relations among groups and local community. Diversification of agricultural production, changing habit and style of life can also be another effect of irrigation on the intervention area. Besides these many useful researches and demonstration can go hand- in-hand with the scheme introduced there.

Looking at this project, it is mainly initiated to support agricultural research activities of Bako Research Center which in turn contribute to national economy mainly by increasing agricultural production and productivity. Currently due to absence of access to irrigation, the research works are not accomplished as demanded and research findings are not released to beneficiary farmers and other sectors involved in agricultural development to required level and on time because it is solely rain based. It is from this reference and request from the research center that this proposal was necessitated.

This report deals with detail aspects of the project study and design from engineering point of view that comprises of the land and water resource issues, civil and hydraulic design considerations, BOQ, specification and cost estimates.
1.  DESCRIPTION OF THE PROJECT AREA
1.1. Project background
Bako Small scale irrigation project is planned to develop 42ha of land by surface irrigation, sprinkler irrigation and drip irrigation system. 32.5 ha is planned to be developed by surface irrigation system with lift and gravity while 8ha by sprinkler and 1.5 ha by gravity drip system. The source of water for surface irrigation system is mainly from Gibe River and also supported by Bore hole 3 and 4. Sprinkler irrigation and drip system is supplied from 4 boreholes identifies by hydro-geologic study. All irrigation methods where considered for better research options in Bako Agricultural Research Center (BARC).

1.2.    Location 

The site is easily accessible from Finfinnee. It is at 258Km from Finfinne and 8km from Bako (nearest district capital). Astronomical/absolute location shows the project site is situated at 1006352N and 284675E UTM, ADINDAN and is elevated on average to 1650m a.s.l.. 
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Figure 1 Geographic Location of project area
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Figure 2 Project location on 1:50,000 map
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Figure 3 Location of pump stations for surface and subsurface pumps on satellite imagery
1.3. Climate 

The meteorological station that represent the area is Bako it with in the project vicinity. The station is elevated to 1590m. The total annual prcipitation of Bako is 1227mm while the total mean reference evepotranspiration is 1384mm indicating annual mean rain is less than reference evepotranspiration. The mean maximum and minimum temperature of the site is 27.4 oC and 12.4oC respectively while mean relative humidity is 63%.

Table 1 Basic climatic parameters of Bako station
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Table 2 Monthly Rainfall of Bako station (in mm)
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1.4. Soil Type
Soil texture refers to the weight proportion of the soil separates (sand, clay, and silt) which   defines the fineness or coarseness of a soil. Fine textured soils generally hold more water than coarse textured soils. Medium textured soils actually have more available water for plant use than some clay soils.  Even though, sandy clay loam, sandy silt c lay loam and clay loam texture were estimated   during field observation for SU-1, SU-2 and SU-3 respectively, soil laboratory analysis showed that the textural class of surface soil were as sandy clay loam for SMU-1, sandy clay loam for SU-2 and clay loam for SU-3 sandy clay loom with the average value of sandy loam textural class that indicates, good water retention, good drainage,  and productive that is good for irrigation.

Table 3 physical analysis of the soil of the project area

	Pit No
	Code
	Depth(cm)
	% texture
	Texture class

	
	
	
	% Sand
	% Clay
	%Silt
	

	1
	BARC-1
	0-30
	50
	26
	24
	Sandy clay Loam

	
	BARC-1
	30-60
	48
	          32
	20
	Sandy clay Loam

	
	BARC-1
	60-90
	46
	32
	22
	 Sandy clay Loam

	2
	BARC-2
	0-30
	52
	30
	18
	 Sandy clay Loam

	
	BARC-2
	30-60
	42
	44
	14
	Clay

	
	BARC-2
	60-90
	40
	48
	12
	Clay 

	3
	BARC-3
	0-30
	44
	32
	24
	Clay loam

	
	BARC-3
	30-60
	40
	46
	14
	Clay

	
	    BARC-3
	60-90
	28
	14
	58
	Clay


Soil structure is the arrangement and organization of soil particles into natural units of aggregation. It influences air and water movement, root development, and nutrient supply.   The structure of both the surface and sub-surface of the soils of the study area are common to medium granular which is suitable for laughing, root penetration, water holding and movement and for many agricultural and agronomic practices.

Even though direct in situ measurement of infiltration rate was not made, it is possible to estimate the infiltration rate of this soil from its textural composition. Based on this, the representative infiltration rate of this soil is expected to be within the range 2.4cm h-1 or 24mm/hr and this type of infiltration rate is optimum for surface irrigation (Landon, 1991).

Soil Color is one of the most easily recognized soil characteristics that used as a good indicator of organic matter content, moisture availability, texture and drainage statues of the soil. <<Soil color reflects the composition as well as the past and present oxidation reduction conditions of the soil. It is generally determined by coatings of very fine particles of mummified organic matter (dark), iron oxides (yellow, brown, orange and red), manganese oxides (black) and others, or it may be due to the color of the parent rock (Guide  for soil description ,2006)Accordingly, color of surface soil is light  grey brown when dry and brown(brownish) when wet ,her as the color of sub-surface soils  is light brownish grey when dry  and more brown  grey   when wet . 

1.5. Water Resources 

The anticipated water source for the project is Bako River and ground water from 4 BH. Estimated yield from each well is about 4 l/s. Thus well yield in total is 8 l/s. Monthly flow data of Gibe River is as depicted below. February is driest month.
Table 4 Water balance study of Gibe River as concluded under hydrology report

	Description
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec

	80% Reliable l/s
	625
	442
	409
	293
	343
	972
	4133
	8731
	4759
	1797
	966
	683

	D/S release (20% of reliable)
	125
	88.4
	81.8
	58.6
	68.6
	194.4
	826.6
	1746.2
	951.8
	359.4
	193.2
	136.6

	U/S irrigation water demand (l/s for 150ha) 
	240
	344
	192
	152
	48
	0
	0
	0
	24
	152
	120
	224

	Water duty (l/s/ha)
	1.6
	1.72
	0.96
	0.76
	0.24
	0
	 0
	 0
	0.12
	0.76
	0.6
	1.12

	Total Water requirement, l/s
	365
	432.4
	273.8
	210.6
	116.6
	194.4
	826.6
	1746.2
	975.8
	511.4
	313.2
	360.6

	Water Balance (l/s)
	260
	9.6
	135.2
	82.4
	226.4
	777.6
	3306.4
	6984.8
	3783.2
	1285.6
	652.8
	322.4


2. Project Objectives

The general objective of the project is to access the research center with irrigation infrastructure and there by enable researchers conduct research activities throughout the year.
The specific objectives are:

· To facilitate research on irrigated agriculture using different water application technologies like surface (furrow or basin), sprinkler, drip and others.

· To enable researchers release research results in shorter time possible.

· To link stakeholders concerned in irrigated agriculture and the research center.

· To contribute to national economy by introducing new research results.

· To create more job opportunities for community in the vicinity 

3. Design of surface irrigation system
3.1. Irrigable area and Water Duty
The area planned for surface irrigation is net 32.50. Gross area surveyed is beyond 75ha. It is from this surveyed area that 1.5 ha is planned for gravity drip system. The water duty at maximum period is 1.72l/s/ha for 12 hour irrigation or 0.86l/s/ha for 24hr irrigation per day. The diversion requirement from the water source is 27.95l/s for 24 hour irrigation. But in lift system it is not practical to pump for 24 hours. Thus 18hours pumping is assumed with thus diversion requirement is 37.27 l/s. Thus with 2 duty pumps each shall pump 18.6 l/s. However the flow in Gibe river is not promising particularly in Month of February. Thus this has to be supported by BH-3 and BH-4 flow for more sustainable system. This is indicated under the pump design data.
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Figure 4 System Layout plan for surface irrigation system
3.2. Design of pumping facility for surface Irrigation system
Table 5 Design data and design of pumping facility for surface irrigation system

	Reservoir inlet level                     
	1669.5
	m

	Reservoir floor level                     
	1666.5
	m

	River bed level
	1588.35
	m

	Maximum Flood level
	1590.5
	m

	Minimum water level
	1588.5
	m

	pump center line level                 
	1591.5
	1m above max flood

	Pump house  floor  level              
	1591
	m

	bed of wet well (Suction pool)                           
	1587.3
	m

	Wet well water level                      
	1588.5
	m

	Elevation difference
	81
	m

	No. of pumps (small pumps are selected as flow from river in driest period is not promising)                              
	3
	2 duty and 1 stand-by

	Irrigation hours
	24
	hr

	24 hr duty of crops for surface irrigation
	0.86
	l/s/ha

	Area for surface irrigation
	32.5
	ha

	Diversion requirement for 24 hr irrigation
	27.95
	l/s/ha

	But 24hr pumping is not practical, thus consider 
	18
	hr

	Diversion requirement for 18 hr irrigation with storage facility
	37.27
	l/s

	Flow rate required per pump without flow from Bore holes                    
	0.0186
	m3/s

	6.5 l/s flow is from two boreholes 16 hrs pumping
	0.0065
	m3/s

	Design flow from Gibe river by each pump
	0.0121
	m3/s

	Consider design discharge 15 l/s by each pump
	0.0150
	m3/s

	Pipe sizing
	Diameter (D) in meter
	Area of pipe (A) in m2
	Velocity=Q/A
	Design V in m/s

	Diameter in suction pipe (steel pipe)
	0.1
	0.0079
	1.91
	1.5-2.5m/s

	Diameter in discharge pipe (main) HDPE
	0.11
	0.0095
	1.58
	1.5-2.5m/s

	Head Loss Calculation 
	
	

	Hazen Williams formula
	hf1  =  10.7 (Q/C)1.85  x  L / (D)4.87

	Coefficient of Roughness for suction pipe
	120
	C

	Coefficient of Roughness for discharge pipe
	140
	

	Pipe diameter for suction
	0.1
	D in meter

	Pipe diameter for discharge (sub-main)
	
	

	Pipe diameter for discharge (main)
	0.11
	D in meter

	Pipe length for suction
	6
	L in meter

	Pipe length for discharge (sub-main)
	
	

	Pipe length for discharge (main)
	1085
	L in meter

	Flow Rate in suction
	0.015
	Q in m3/s

	Flow Rate in discharge (sub-main)
	
	

	Flow Rate in discharge (main)
	0.015
	Q in m3/s

	Pipe friction loss in suction
	0.29
	m

	Pipe friction loss in discharge (sub-main)
	
	

	Pipe friction loss in discharge (main)
	24.47
	m

	Minor losses hm=K*hv
	
	

	Velocity head=V2/2g
	
	m

	Velocity head in suction pipe
	0.186
	

	Velocity head in discharge pipe (main)
	0.127
	


	Suction side
	
	
	
	
	
	
	

	Description
	Unit
	Qty.
	Material
	Size
	Velocity head
	Coefficient
	Dynamic Loss

	
	
	
	
	(mm)
	Hv in m
	K
	( m)

	Foot valve and strainer
	PCs
	1
	GS
	DN150
	0.186
	1.8
	0.33

	900  smooth bends
	PCs
	1
	GS
	DN150
	0.186
	0.34
	0.06

	Reducer or tapper
	PCs
	1
	GS
	DN100/150
	0.186
	0.47
	0.09

	Entry loss bell mouth
	 
	 
	 
	 
	0.186
	0.45
	0.08

	sum
	 
	 
	 
	 
	 
	 
	0.57


	Main Line
	
	
	
	
	
	
	

	Description
	Unit
	Qty.
	Material
	Size
	Velocity head
	Coefficient
	Dynamic Loss

	
	
	
	
	(mm)
	Hv in m
	K
	( m)

	Check valve
	PCs
	1
	GS
	DN150
	0.127
	1
	0.13

	Gate valve (full open)
	PCs
	1
	GS
	DN150
	0.127
	0.5
	0.06

	Elbow
	PCs
	2
	GS
	DN151
	0.127
	0.9
	0.23

	Sudden enlargements
	PCs
	1
	GS
	DN100/150
	0.127
	0.26
	0.03

	Coupling loss
	PCs
	181
	 
	 
	0.127
	0.02
	0.46

	Exit loss
	 
	 
	 
	 
	0.127
	1
	0.13

	sum
	 
	 
	 
	 
	 
	 
	1.04


	Total Head loss
	26.37
	 
	 

	Elevation difference
	81
	 
	 

	Velocity head
	0.127
	 
	Total pumping H(m)

	Total Head
	107.49
	Say 110m
	110

	 
	 
	 
	 

	Power Requirement
	 
	 
	 

	Q (m3/s)
	0.0150
	One pump
	 

	H (m)
	110
	 
	 

	γ (KN/m3)
	10
	 
	 

	Water P or Theoretical P (KW)
	16.5
	 
	 

	η of Pump
	0.7
	 
	 

	Shaft P (KW)
	23.57
	 
	 

	η of motor
	0.9
	 
	 

	Brake P (KW)
	26.19
	 
	 

	Standard nearest KW
	30
	 
	 


	Electrical Power Requirement (Transformer KVA computation) irrigation farm-1:  

 

	

	Total brake power Surface PS-1
	30
	2
	60

	Total brake power Submersible PS-3
	15
	1
	15

	Total brake  power Submersible PS-4
	15
	1
	15

	Total 
	 
	 
	90

	By assuming 20% for electric motor overload
	108
	 
	 

	Additional power requirement for:
	 
	 
	 

	Ilumination and other
	5
	 
	 

	Actual total power requirement (KW) at site 
	113
	 
	 

	The apparent power to be supplied (KVA) 
	 
	 
	 

	Power factor (pf)
	0.8
	 
	 

	(Transformer KVA or Apparent P=Real P/pf)
	141.25
	 
	 

	Nearest standard Transformer KVA
	200
	 
	 

	Stand by Generator selection (Generator KVA computation):
	 
	 

	De-rating, if the actual power requirement is 125KW then extra 16% for altitude (1% increase for each 100 above sea level), 1% for temperature increase and 5% reserve. In total 22% extra allowance for power is needed.
	 
	 
	 

	Generator KW=Actual P+0.22*Actual P
	137.86
	 
	 

	Pf
	0.8
	 
	 

	Generator KVA
	172.325
	 
	 

	Standard Generator KVA
	200
	 
	 


	Motor Starting Method

  

	For motors, with a power of more than 5.2KW star-delta starting method is proposed. 
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Current (I) =
 

	Cables Sizing and Selection 
	
	 

	Selected from standard cable catalogue 
	 
	 
	 

	V, for three phase motors
	380
	 
	 

	Power
	113
	 
	 

	Cos =Pf=0.80
	0.8
	 
	 

	Current I
	215
	A
	 

	From table for 251A carrying capacity, method F:
	 
	 
	 

	Nominal conductor sectional area, method F
	120
	mm2
	 

	Thus select 3x70mm2 + 50mm2
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Table 6 Vapor pressure at different temperatures and NPSH for surface pump on Gibe River
	Temperature oC
	Vapor pressure N/m2
	Vapor pressure in m head

	5
	871.9
	0.09

	10
	1227
	0.13

	15
	1704
	0.17

	20
	2337
	0.24

	25
	3166
	0.32

	30
	4242
	0.43

	35
	5622
	0.57

	40
	7375
	0.75

	45
	9582
	0.98

	50
	12330
	1.26

	55
	15740
	1.61

	60
	19920
	2.03

	65
	25010
	2.55

	70
	31160
	3.18

	75
	38550
	3.93

	80
	47360
	4.83

	85
	57800
	5.90

	90
	70110
	7.15

	95
	84530
	8.62

	100
	101325
	10.34

	Net Positive suction Head (NPSH):
	NPSHA = Ha + Hs - Hvap - Hf -Fs    

 

	Atmospheric pressure at site Ha ?
	1591
	m a.s.l

	at sea level atmospheric pressure
	10.13
	m

	Ha = 10.13 –[(1591/500)*0.6]   
	8.22
	m

	Static suction head Hs
	3
	m

	Vapor pressure Hvap
	0.32
	m

	Velocity head (ignored)
	0
	 

	Friction loss in suction Hf
	0.86
	m

	Factor of safety Fs
	0.5
	m

	NPSH available
	3.54
	 

	NPSH required from supplier
	less than 3.54m
	 

	Note:
	
	

	*Self-priming pump type or modified on site
	
	

	*Concrete anchor blocks at pumping station is to be provided to protect back hammer

	*Air release valve, check valve and gate valves are to be provided accordingly

	*HDPE pipe shall be PN 16 to withstand water hammer
	

	 *Pipe laying depth is 0.7m below OGL

	 * Adapter is provided to connect HDPE and flanged steel pipe
	


3.3. Design of Pipe Lines

The pipe lines are selected for better conveyance efficiency. The hydraulic calculation of the main pipe line (MPL), secondary pipe line (SPL) and tertiary pipe line (TPL) is as depicted below.
Table 7 Pipe line hydraulic design for surface irrigation system

	Canal
	Chainage
	length L(m)
	Discharge Q (m3/s)
	Pipe D (m)
	a
	C
	Le
	L+Le
	power
	A pipe
	v (m/s)
	hf
	hi
	ho
	total hl
	slope to be given
	min. slope given (m/m)

	MPL
	0-32
	32
	0.042
	0.25
	0.85
	130
	1.6
	33.6
	1.85
	0.049
	0.86
	0.11
	0.02
	0.04
	0.16
	0.0051
	0.005

	SPL1
	0-163
	163
	0.03
	0.2
	0.85
	130
	8.15
	171.15
	1.85
	0.031
	0.96
	0.86
	0.02
	0.05
	0.93
	0.0057
	0.006

	SPL2
	0-448
	448
	0.03
	0.2
	0.85
	130
	22.4
	470.4
	1.85
	0.031
	0.96
	2.35
	0.02
	0.05
	2.42
	0.0054
	0.005

	TPL1-1
	0-548
	548
	0.021
	0.2
	0.85
	130
	27.4
	575.4
	1.85
	0.031
	0.67
	1.49
	0.01
	0.02
	1.52
	0.0028
	0.003

	TPL1-2
	0-539
	539
	0.021
	0.2
	0.85
	130
	26.95
	565.95
	1.85
	0.031
	0.67
	1.46
	0.01
	0.02
	1.50
	0.0028
	0.003

	TPL2-1
	0-408
	408
	0.021
	0.2
	0.85
	130
	20.4
	428.4
	1.85
	0.031
	0.67
	1.11
	0.01
	0.02
	1.14
	0.0028
	0.003

	TPL2-2
	0-385
	385
	0.021
	0.2
	0.85
	130
	19.25
	404.25
	1.85
	0.031
	0.67
	1.05
	0.01
	0.02
	1.08
	0.0028
	0.003

	TPL2-3
	0-395
	395
	0.021
	0.2
	0.85
	130
	19.75
	414.75
	1.85
	0.031
	0.67
	1.07
	0.01
	0.02
	1.11
	0.0028
	0.003


3.4. Storage pond
Storage pond that can accommodate 30l/s flow for 18hours that is 1944 m3 was considered in the design. The dimension of the storage pond is as indicated below.  Well selected clay soil shall be used for fill works and geo-membrane is recommended to minimize seepage losses. 
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Figure 5 Storage pump for surface irrigation system
Top width of pond=38m
Bottom width=26m

Pond depth= 3m with 0.50m free board, 0,50m dead storage and 2m useful storage. The Pond is square in shape and fenced for protection of animals other safety reasons. The pond will have capacity of storing 2048m3.
3.5. Infield manholes

Infield manholes are provided to regulate and control flow to each line. Off taking manholes serve the purpose of discharging to field canal system for surface irrigation. The manholes are regulated using spindle gates provided to each line. Proper hydraulic head difference was provided at each manhole.

4. Design of Sprinkler System
4.1. The Irrigable area and Water duty
Bako sprinkler system is to be designed on 10ha gross area and 8ha net area of land. The area has moderately flat to steep land scape of 3-7% slope. The area is elevated to an average of 1625m a.s.l. Average wind speed of the area is 128 km/day or 5.33 km/hr. The soil of the area is Sandy clay loam soil brown in color. The source of water for the system is ground water from 2 shallow wells with estimated yield of 4 l/s each. The pump estimated position is about 70m below OGL and static water level assumed to be at about 30m from evidence obtained for well history around the project site.

The project from ground water source is to be implemented in two Parts that is Part-IIA and Part-IIB as indicated under BOQ and specification. The Part-IIA is the Borehole drilling and testing while the phase-IIB is the construction of pumping facility, pipe network and other infrastructure. Thus it can be seen that the design assumptions can be changed mainly due to safe yield from the 4 wells (BH) and drawdown at the specified safe yield that in turn determine the pump position.

4.2. Proposed crop for the development

The major crops for development are pepper, tomato, millet, sorghum and maize. Duty per hectare assuming 21 hours of irrigation per day is 1.00l//s in month of February. Duty of crops from agronomy report is as indicated below.
Table 8 Area allocated for sprinkler irrigation system

	Particular
	JAN
	FEB
	MAR
	APR
	MAY
	
	
	
	SEP
	OCT
	NOV
	DEC

	Irr. req. without efficiency (l/s/ha)
	0.4
	0.43
	0.24
	0.19
	0.06
	 
	 
	 
	0.03
	0.19
	0.15
	0.28

	Efficiency of sprinkler system
	75%
	75%
	75%
	75%
	75%
	 
	 
	 
	75%
	75%
	75%
	75%

	Irr. req. with efficiency
	0.53
	0.57
	0.32
	0.25
	0.08
	 
	 
	 
	0.04
	0.25
	0.2
	0.37

	for 12 hour irrigation per day
	12
	12
	12
	12
	12
	 
	 
	 
	12
	12
	12
	12

	Irri. requirement for 21 hrs.(l/s/ha)
	0.93
	1.00
	0.56
	0.44
	0.14
	 
	 
	 
	0.07
	0.44
	0.35
	0.65

	Flow available Q (l/s) from two BH
	8.00
	8.00
	8.00
	8.00
	8.00
	 
	 
	 
	8.00
	8.00
	8.00
	8.00

	Area attainable A (ha)
	9
	8
	14
	18
	57
	 
	 
	 
	114
	18
	23
	12


4.3. Selection of Types of Sprinkler System 
There are many types of sprinkler systems. However, they are broadly categorized on the basis of portability of the system components as fixed or solid set system, semi-portable or periodic move system and fully-portable or continuous move system. 

The most suitable and easily manageable system for small land holding is the semi-portable hand move sprinkler system. This system is most widely adopted and least expensive system for irrigating small to medium-sized farms as it works with a low to medium operating pressure (2.0-3.5 bars).
The dragline or drag-hose type sprinkler system is one of efficient, reliable and cost effective systems. This system was considered for Bako sprinkler system. The main line, sub-main line as well as the lateral pipes will be buried. The laterals will be equipped with riser pipes exposed to OGL and hydrant valves will be fixed to the riser pipes to connect drag hose based on the irrigation interval, cycle, set time and depth of application set for the system. 

4.4. Components of the Dragline Sprinkler System 
A typical dragline sprinkler irrigation system consists of pumping unit, control unit, the pipe network (mains, sub-mains/ laterals and dragline hoses), filters, and other accessories such as couplers, valves, sprinklers, hydrants, risers/stand pipe, and other fittings. 

Connectors – Flanges, couplings and nipples are used for facilitating proper connections to the pump and suction delivery pipes.
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Figure 6 Different types of fittings in sprinkler system
4.5. Design of Sprinkler System

Necessity to Design: 

Proper planning and correct design of sprinkler irrigation system is required to obtain a system that provides satisfactorily uniform application of water with a minimum annual operation and maintainance cost. Specifically, it is essential to:

· provide sufficient flow to meet the irrigation demand, 

· ensure that the least irrigated plant receives adequate water, and 

· ensure that the water is uniformly distributed.
The Design Process:

The design of a simple semi-portable sprinkler system require the following two stage process: 

· Preliminary design steps

· Detail design steps

The step-by-step procedure in the planning and design of a sprinkler irrigation system at the two stages is enumerated below.  
4.6. Preliminary Design of Sprinkler System:

It is an important step for system design. It is the stage of field data collection, and determination of basic design parameters that will be needed as inputs in the detail design stage.
Field Data Collection

The first step in the design of sprinkler system is to make the resource inventory of the area by document review and by having field visit, and collect basic information for design. This includes:

a) Topographic map of the area at a scale that shows all the features including the land use plan for delinating commandable area and for layout of the system. 

b) Water source (quantity, quality, period of availability). The available head, maximum available flow rate at the supply points and supply hours have to be defined. The quality of water shall be suitable for irrigation. Particularily, the level of salinity has to be defined to decide on the requirement for leaching of salts accumulated in the root zone of the soil.

c) Crops to be grown and their characterstics such as effective root zone, peak consumptive use rate and the allowable moisture deficit.

d) Soil charactrestics such as infiltration rate and water holding capacity (field capacity and permanent wilting point). The former is required to decide the maximum rate of water application by a sprinkler while the latter is required to decide the depth of application.

Determination of Basic Design Parameters

With the above mentioned data at hand, the following basic parameters to suit to the detail sprinkler system design and operation will be calculated. 

· Net depth of irrigation

· Gross depth of irrigation

· Irrigation Interval 

· Irrigation cycle

· Infiltration rate of the soil

· Preliminary system capacity

i.   Net Depth of Irrigation: It is the depth water to be applied to the soil that is readily available for the crop to abasorb. It is a function of the water holding capacity of the soil (total available water) and the root system of the selected crop. The total available water (TAW) or  the water which is considered as available to plant is the amount between the field capacity and the wilting point. But it is only a fraction of this soil moisture is easily absorbed by the plants (without any stress that results in yield reduction). This fraction is called as the maximum permissible depletion (MAD). The net depth of irrigation application is, therefore, a product of TAW multiplied by MAD.
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Where,

	dn =
	Net depth of irrigation, mm 

	MAD =
	Maximum allowable deficit

	FC = 
	Field capacity on dry weight basis, %

	PWP = 
	Permanent wilting point on dry weight basis, %
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	Dry bulk density, g/cm3
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	The depth of rootzone, mm


The MAD value differs according to the root depth, the climatic conditions and the irrigation techniques. Values for MAD vary from 0.25 in shallow rooted sensitive crops to 0.70 in deep rooted tolerant crops. However, for most crops, it is considered that 3/4 th of their root depth is effective to  absorb 2/3rd of the available water. Thus, as a thumbs rule, the soil water which is readily available to most crops is half of the total available water. Practically, it means that for maximum result from the crop, irrigation water is recommended to apply when half of the total available water is depleted. That is, MAD is considered to have a value of 0.45. This value of MAD can also serve as a safety factor because many values (soil data, crop data, climate data, etc.) are not precisely known.
The net depth of irrigation for sprinkler system with the following crop and soil data. 
- Area to be irrigated: 8ha from two wells.

- Soil 

                       Texture: Sandy clay loam


Total available water(TAW): 160mm/m

- Infiltration rate: 24mm/hr from soil report
- Crop: vegetable and stake crops 

- Average Root zone depth: 0.60m

- Maximum allowable depletion: 45%
  

Solution:
The net depth of irrigation is computed based on eqn. above:
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ii.  Gross Depth of Irrigation, d – it is the actual depth of irrigation to apply onto the field which is obtained by considering the efficency of water application and the leaching requirement. 

Irrigation application efficiency for sprinkler system varies with climate. 
Take application efficiency of 75% for moderate climate
The leaching Requirment (LR) is the water applied in excess of the required depth to flush out salts from the root zone. Leaching is necessary if the irrigation water and/or the saturation extract of the soil contains excess salts or LR is greater than 0.1. The leaching requirement, LR for this project case can be taken negligible.

Thus, the gross depth of irrigation is:
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iii. Irrigation Interval, F (days) – The irrigation interval is the time period in days between two successive irrigation applications. It is expressed as:


[image: image16.wmf]p

n

CU

d

F

=

 








Where,

	F =
	Irrigation interval, days

	dn =
	net depth of irrigation,cm

	CUp = 
	Peak consumptive use, cm/day


The actual irrigation interval should be the value of F rounded to the nearest whole number of days. The net application depth will then be adjusted according to the newly adjusted value of F.
The irrigation interval, F for dn=46mm and CUP = 3.84mm/day is: 
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So, the net depth of irrigation need to be adjusted:
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Similarily, the gross depth shall be adjusted to:
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The peak consumptive use, CUp is nearly the evapotranspiration need of the crop during the peak demand, which depends on the crop type and climate of the project area. Several methods available for determination of crop water requirment. This is covered in detail in irrigation agronomy guideline.  

iii. Irrigation Cycle, f (days) – The period in days required to complete irrigating the design command area. Irrigation cycle shall be less than or equal to the irrigation  interval. It is given by:


[image: image20.wmf]a

A

f

=

 








Where,

	f =
	Irrigation Cycle, days

	A =
	Total command area, ha

	a = 
	Area irrigated per day, ha/day



The irrigation cycle is 12days which is taken as equal to the irrigation interval calculated above. Thus, the area to be irrigated per day is:  
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iv. Water Intake Rate of The Soil, I – it is the rate at which water infiltrate into the soil. It is a fundamental parameter in the design and operation of irrigation systems. It indicates how fast, in mm/hr units, water infiltrates into the soil. The intake rate of the soil decreases over time during irrigation application. Table 2.2 shows the steady infiltration rate of the typical soil types. The values may be taken as a rough guideline but field tests should be done for determination of actual steady state infiltration as these are highly location specific. Various methods are used for determining the intake rate of the soil on the field. The double ring infiltrometer is a widely used method of infiltration test used in many applications. For sandy clay loam soil I was take 24mm/hr.  

Table 4‑9: Typical intake rates of soil 
	Soil type 
	Steady Infiltration rate (mm/hr) 

	Clay
	1-7 

	Clay Loam
	7-15

	Sandy clay loam
	15-25 represent the soil of the project area

	Sandy Loam
	25-40

	Sand
	>40


v. Preliminary Capacity of Sprinkler System, Qs – It is the flow rate required by the system which can be determined by:
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Where,

	Qs =
	System capacity, m3/hr

	A = 
	Design area of irrigation, ha

	d =
	gross depth of irrigation, mm 

	f =
	Irrigation frequency, days 

	Ns = 
	Number of shifts per day

	T = 
	Time of irrigation per shift, hr


Calculate the system capacity of a sprinkler system with the following data:

- Safe yield of the well (water source): 28.8m3/hr

- command area, A = 8ha 

- gross dapth of irrigation, d = 59.20mm 

- Irrigation frequency, f = 12days

- Maximum working hours per day, Td = 17hrs assumed

Solution:
The maximum working hours per day is the total time taken for irrigation application which may be given as:


Ta = Number of shifts per day x the time of irrigation per shift

Therefore, the system capacity of the sprinkler system is:
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Since the available safe yield of the system is 28.80m3/hr, thus the working time per day can be reduced. Thus, taking the second option, Ta will be:
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4.7. Detail Design of Sprinkler System
After the basic design parameters are determined, the actual or detail design of sprinkler irrigation system will take place.

Detail Design Procedures
The detail design of a semi-protable sprinkler system that suits small land holdings requires:

· Selection of sprinkler and spacing

· Determination of design discharge of the system 

· Layout of the system

· Sizing of pipes

· Determination of pump capacity 
i. Selection of Sprinkler and Spacing

The selection of sprinkler nozzle and its spacing on the laterals and between laterals are a function of infiltration rate of the soil, field slope and wind conditions. 

a. Sprinkler Application Rate for Different Soils and Surface Slopes – The discharge of the sprinkler system would vary with the characterstics of the soil and its surface slope. Normally, the sprinkler application rate shall be less than the infiltration rate of the soil. Table below may be used as information to decide on water application rates for different soils and surface slopes if no information is available on the soil characterstics of the area.

Table 10 Suggested maximum sprinkler application rates for average soil, slope and tilth

	Soil texture and profile
	Slope

	
	0-5%
	5-8%
	8-12%
	12-16%

	
	Maximum Application rate

	
	mm/hr
	mm/hr
	mm/hr
	mm/hr

	Coarse sandy soil to 1.8m depth
	50
	38
	25
	13

	Coarse sandy soil over more compacted soils at shallow depthe
	38
	25
	19
	10

	Light sandy loams to 1.8m depth
	25
	20
	15
	10

	Light sandy loams over more compacted soils at shallow depth (represents the site)
	19
	13
	10
	8

	Silt loams to 1.8m depth
	13
	10
	8
	5

	Silt loams over more compacted soils at shallow depth
	8
	6
	4
	2.5

	Heavy textured clays or clay loams 
	4
	2.5
	2
	1.5


Thus sprinkler application rate for the project case is near to 13mm/hr as the basic infiltartion rate of the soil is about 24mm/hr.
b. Selection of Sprinkler Nozzle – . After application rate is decided in (a), the sprinkler nozzle will be selected. There are hundreds of sprinkler designs and variations from several manufacturers. The specifications of the sprinkler nozzle shall include model of sprinkler nozzle, nozzle size, diameter of throw, application rate, and discharge of the nozzle. Manufacturers provide recommended spacings and pressures. In the absence of manufacturers or suppliers information, next table may be taken as a guide for selection of the nozzle size. 
Table 11 Performance of some sprinkler nozzles

	Sprinkler specifications
	Sprinkler precipitation rate (mm/hr)

	
	Sprinkler Spacing (mxm)

	Nozzle

size (mm)
	Pressure

(m)
	Discharge

(m3/hr)
	Wetted

Dia. (m)
	9x12
	9x15
	12x12
	12x15
	12x18
	15x15
	18x18

	3.0
	25
	0.57
	25.00
	5.28
	4.22
	3.96
	
	

	3.0
	30
	0.63
	25.60
	5.83
	4.67
	4.38
	Represent project area
	

	3.0
	35
	0.68
	26.20
	6.30
	5.04
	4.72
	
	
	
	

	3.5
	25
	0.75
	26.85
	6.94
	5.56
	5.21
	4.17
	
	
	

	3.5
	30
	0.82
	27.60
	7.59
	6.07
	5.69
	4.56
	
	
	

	3.5
	35
	0.89
	28.35
	8.24
	6.59
	6.18
	4.94
	
	
	

	4.0
	30
	1.08
	28.60
	
	8.00
	7.50
	6.00
	5.00
	4.60
	

	4.0
	35
	1.16
	30.50
	
	8.59
	8.06
	6.44
	5.37
	5.16
	

	4.5
	30
	1.32
	30.95
	
	
	9.17
	7.33
	6.11
	5.87
	

	4.5
	35
	1.42
	32.00
	
	
	9.86
	7.89
	6.57
	6.31
	

	4.5
	40
	1.52
	33.05
	
	
	10.56
	8.44
	7.04
	7.56
	

	5.0
	30
	1.70
	33.00
	
	
	
	9.44
	7.87
	8.18
	5.25

	5.0
	35
	1.84
	34.30
	
	
	
	10.22
	8.52
	8.18
	5.68

	5.0
	40
	1.96
	35.60
	
	
	
	10.89
	9.07
	8.71
	6.05

	· Nozzle size indicates the diameter of the orifice of the nozzle

· Pressure is the sprinkler operating pressure at the nozzle

· Discharger indicates the flow rate of the sprinler at given operating pressure

· Wetted diameter is the diameter of the circular area wetted by sprinkler when opertaing at a given pressure and no wind

· The sprinkler spacing shows the pattern in which the sprinklers are laid onto the irrigated area. For example, a 12mx12m spacing implies that sprinklers are laid at a spacing of 12m along a lateral and 12m between laterals.


c. Spacing of Sprinkler – After preliminary decided the spacing for a suitable nozzle above, to achieve uniform sprinkling of water, it is necessary to overlap water spread area of sprinklers. The overlap increases with the increase in wind velocity. Next Table may be used as a guide for sprinkler spacing under different wind conditions and pattern. A square pattern is prefered if there is no defined direction of wind, and rectangular pattern, otherwise. 
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(a) Wetted pattern of a single sprinkler

[image: image26.png]



(b) Wetted pattern of overlapped sprinklers

Figure 7 Overlapping effect of sprinklers
Table 12 Maximum sprinkler spacing as related to wind velocity, square pattern

	Average wind 

speed (km/hr)
	Spacing as % of

Wetted Diameter (D)

	Upto 5 
	55% between sprinklers

	6 -11 this represent project area
	50% between sprinklers

	13 -19
	45% between sprinklers


The wind speed over the area is about 5.3km/hr. Select sprinkler and lateral spacing for a sprinkler system of Bako farm:
- Soil type: Caly (infiltration rate = 24mm/hr)

- Wind speed: 5.33 km/hr or 1.48m/s direction not known

- Slope: mild (Average 5%)

- Maximum working hours: 14hrs

- Gross depth of application: 59.20mm
As the wind direction is not clearly known, a square pattern is preferred. Since there is no detail information about the locally available size of sprinklers, size of sprinklers and spacing will be chosen from recommendations by FAO above. 

Since the basic infiltration rate of the soil is 24mm/hr, a sprinkler with application rate less than 24mm/hr can be selected. That is:  

The maximum working hours available is 14hrs. The nozzle size that can be chosen to apply 59.20mm in given 14hrs is the one with application rate of  4.23mm/hr(=59.2/14).. From table above 4.38mm/hr maximum application rate can be selected for Bako sprinkler system.

From table above, a square pattern  with nozzle size of 3.0mm, working pressure of 30m, discharge of 0.63m3/hr and a wetting diameter of 25.60m is chosen. It has an application rate of 4.38mm/hr at a spacing of 12x12 m selected.

The sprinkler and lateral spacing, Sp or SL = 0.50xwetted dia. = 0.50x25.6 = 12.80m, take 12.00m for uncertainity of wind speed over area.
ii. Determination of Deisgn Discharge of The System 

The next step is calculation of design discharge of the system. For determination of the design discharge, the number of simultanously operating sprinklers shall be known.   

a. Number of simultaneously operating sprinklers – The number of sprinklers operating at a time is calculated as:

Application rate of sprinkler nozzles (I, cm/hr):
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Where,

	I =
	Application rate of sprinkler nozzle, cm/hr

	qs =
	Sprinkler discharge, lps

	Sp = 
	Sprinkler spacing on a lateral, m

	SL = 
	Lateral spacing on submain or main line, m


The time needed to apply the required depth of irrigation water by the sprinkler system:
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Where,

	T = 
	Time of application, hr

	d= 
	gross depth of irrigation, cm


Number of sprinkler system shifts per day (n):
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Where,

	ns= 
	Number of sprinkler system shifts per day

	TP =
	Time of pumping, hr

	Ts =
	Time required for shfting, hr (usually 0.5hr)


Area to be irrigated per day, a1:
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Where,

	a1 =
	Area to be irrigated per day, ha

	A =
	Total area to be irrigated, ha

	f =
	Irrigation frequency, days


Irrigation frequency may be taken as one day less than the irrigation interval to consider off-day. Otherwise, it may be taken as equal to the irrigation interval. Since the system designed for small holders is to irrigate their land in turn, they have sufficient time for cultivation and other activities. Thus, the irrigation cycle can practically be taken as equal to irrigation interval.
Area to be irrigated per shift, a2:
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Where,

	a2 =
	Area to be irrigated per shift, ha

	ns =
	Number of shifts per day


Finally, the number of sprinklers per shift (operating simultanously), which is rounded to next higher integer:
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Where,

	Ns =
	Number of sprinklers operating simultaneously

	a2 =
	Area to be irrigated per shift, ha

	as =
	Area covered by each sprinkler


Compute the number of sprinklers operated simultaneously per shift with the following information:

-  SP x SL = 12mx12m

- Sprinkler nozzle discharge, qs = 0.63m3/hr or 0.175 l/s

- Gross depth of application: 59.2mm
First calculate the effective application rate of sprinkler, I :
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Area covered by each sprinker: 
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The time needed to apply the required depth of irrigation water by the sprinkler system:
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Number of system shifts per day (n) if the time for shifting of lateral pipes is taken as 0.5hrs:
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If the number of shifts adjusted to 1shift, the pumping time required is:
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Now, area to be irrigated per day, a1:
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Area to be irrigated per shift, a2:
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Therefore, the number of sprinklers irrigated per shift(operating simultanously), which is rounded to next higher integer:
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b. Total Discharge of Sprinkler System – The total discharge, Q (lps) is given by:
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Where,

	Q =
	System discharge per shift, m3/hr

	qs =
	Dischrge of a sprinkler, m3/hr


Thus compute the preliminary discharge of a sprinkler system if the number of sprinklers operated simultaneously are 43 and each sprinkler has a discharge of 0.63m3/hr 
The system discharge is computed as:
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Here it is important to note that the system discharge may again be adjusted to meet layout conditions. Thus it is better to limit to the anticipated water source available, that is 28.8m3/hr. Thus number of sprinklers operating per shift is 46 for 28.8 m3/hr available flow.
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Figure 8 Basic design unit for sprinkler system
iii. Layout of The System

The next step is layout of the system to suit to the system discharge. For that, the topographical map at suitable scale will be prepared and the general layout will be decided upon, and the network of the system will be drawn on the map. The field layout of sprinkler system shall be developed according to topographic nature of the area, location of water sources and the scheme of movement of sprinklers per day. The layout refers to the direction of laying of main, submain, lateral and draglines or hoses. 

The general rule in layout of the system is lateral pipes should be laid across slope (along the general contour line) as far as possible to minimize pressure variation. Otherwise, it is advantageous to run laterals downhill, if possible, because the gain in energy due to elevation change will allow longer laterals. But, if the slope is too steep, pressure regulators or flow control nozzles may be desirable. It is usually not recommendable to run laterals in an uphill direction. In this case, both friction loss and elevation are working to reduce pressure toward the end of the lateral. However, for small slopes, running laterals uphill may be required to reduce the total length of the mainline pipe.

In small landholdings, the layout usually have blocks of command area, which can get water from submains called basic design unit (BDU). Access roads of 1m and 2m are provided between the subunits and BDUs, respectively. A 4m access road along the submain line. At the subunit level (submain and laterals together), the layout of the field and the pipes are shown in next figure.
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Figure 9 Layout plan of the sprinkler system
iv. Sizing of Pipes

Next, the sizes of the pipes in the system are decided in such a way that a satisfactory discharge uniformity between all the sprinklers operating at a time are achieved while minimizing the cost of the system and its operation. This requires first a good understanding of the pipe hydraulics,  which is briefly discussed below. Then, the sizes of laterals, submains and main pipes are decided based on recommended design guides.

a. Pipe Hydraulics in Pressurized Irrigation System

When water is flowing in pipes, it loses energy from friction of water with pipe walls and other components of the irrigation system such as fittings. These frictional losses are classfied into two categories. The frictional losses which occur due to the friction of the water with the pipe walls is called as pipe friction or longitudinal friction loss, whereas losses which occur due to the turbulence of flow by other components of the system is referred as local losses. The local losses are minor losses but should be taken into account in design. 

The frictional head losses in pipes are commonly found by Hazen-William’s equation or Darcy-Weisbach equation. 

i) Hazen-William’s Equation:


[image: image45.wmf]87

.

4

852

.

1

100

/

-

÷

ø

ö

ç

è

æ

=

=

D

C

Q

K

L

h

J

f

 






ii) Darcy-Weisbach Equation:


[image: image46.wmf]75

.

4

75

.

1

1

100

/

-

=

=

D

Q

K

L

h

J

f

 
(for small pipe, D<125mm) 
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(for large pipe, D>125mm) 



Where,

	J =
	The head loss gradient, m per 100m length of pipe

	L = 
	Length of pipe, m

	Q = 
	Flow rate in the pipe, m3/hr

	D =
	Internal diameter of pipe, mm

	K =
	Conversion constant = 1.131x1011

	C =
	Friction coeffiecient, which is a function of pipe material characterstics

	K1 =
	Conversion constant = 8.38x106



	K2 =
	Conversion constant =  9.19x106


Table 13 Typical values of C for use in the Hazen-Williams equation

	Description
	Common Friction Factor
	Description
	Common Friction Factor

	Asbestos Cement 
	140
	Plastic pipe 
	140

	Brass tube 
	130
	Rubber pipe
	120

	Cast-Iron tube 
	100
	PVC pipe 
	150

	Concrete tube 
	110
	General smooth pipes 
	140

	Copper tube 
	130
	Steel pipe 
	120

	Corrugated steel tube 
	60
	Steel riveted pipes 
	100

	Galvanized tubing 
	120
	Tar coated cast iron tube 
	100

	Glass tube 
	130
	Tin tubing 
	130

	Lead piping 
	130
	Wood Stave 
	110


The Hazen-Williams equation was developed for pipes larger than 75mm in diameter. For a smaller pipe or smooth-walled pipe (such as plastic pipe) Hazen-Williams equation with a C value of 150 underestimates the friction head losses. While Darcy-Weisbach equation estimates better the head loss for such pipes. Equation above for plastic pipes less than or greater than 125mm in diameter can be used accordingly. Here, the Darcy-Weisbach equation is used. Use of the above head loss equations might be tedious work unless a computer is used.  Alternatively, the reader may use head loss charts which are prepared based on Hazen-Williams and Darcy-Weisbach equations. 

Now, the reader needs to understand that flow of water through a closed /blind pipeline of a given diameter and length like the case in water supply system causes more friction loss than does flow through a pipeline with a number of equally spaced outlets which is the case in pressurized irrigation system. The reason for this reduction in friction loss is that the volume of flow decreases each time an outlet is passed. 
The general guideline for sizing of lateral pipes is to keep the friction loss in lateral lines within 20% of the sprinkler operating pressure head or to keep discharge variation between sprinklers in the system within 10% of the nominal sprinkler discharge while at the same time keep the velocity of flow in the pipe lines between 1.5 – 2.5 m/sec to prevent pipe failure due to water hammer. 

Therefore, for computing head losses in multioutlet pipes, the friction head loss is done in two steps as follows.

· First, the head loss is calculated by assuming that the pipe is plain (without considering the outlets). 

· Then, it is multiplied by a factor called Christansen correction factor, F whose value can be read from nex table for given number of outlets or can be calculated using equation below. 

Or simply, the head loss hf in a pipe with uniform spaced outlets is given by:
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For the number of outlets greater than 30, F value of 0.36 may practically be adopted.
Table 14 Correction factor, F for friction losses in pipes with multiple outlets 

	Number

of outlets
	Plastic Laterals
	Aluminum Laterals

	
	F1
	F2
	F3
	F1
	F2
	F3

	2
	
	
	
	0.639
	
	0.520

	3
	
	
	
	0.535
	
	0.440

	4
	
	
	
	0.486
	
	0.410

	5
	0.469
	0.337
	0.410
	0.457
	0.321
	0.396

	10
	0.415
	0.350
	0.384
	0.402
	0.336
	0.371

	12
	0.406
	0.352
	0.381
	0.393
	0.338
	0.367

	15
	0.398
	0.355
	0.377
	0.385
	0.341
	0.363

	20
	0.389
	0.357
	0.373
	0.376
	0.343
	0.360

	25
	0.384
	0.358
	0.371
	0.371
	0.345
	0.358

	30
	0.381
	0.359
	0.370
	0.368
	0.346
	0.357

	40
	0.376
	0.360
	0.368
	0.363
	0.347
	0.355

	50
	0.374
	0.361
	0.367
	0.361
	0.348
	0.354

	100
	0.369
	0.362
	0.366
	0.356
	0.349
	0.352

	F1 to be used when the distance from the lateral inlet to the first outlet is the regular outlet spacing S meters

F2 to be used when the first outlet is just by the lateral inlet 

F3 to be used when the distance from the lateral inlet to the first outlet is S/2 meters (project case)


Source: Keller and Blisener, 1990
The components of the Main line, manifold (submain) and lateral operating head required:
• Sprinkler operating head (Ha)

• Friction head loss through the lateral, manifold and main pipeline including flexible dragline hose 
• Head required by the riser
• Elevation gain or loss as a result of the lateral being laid uphill or downhill, respectively

• Head loss through the head controls and other fittings

Table 15 Design of pipe network in sprinkler system
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	All Lines are controlled with globe valve
	
	
	
	
	<125mm
	
	
	
	
	
	>125mm

	Sprinkler operating head (m)
	25
	
	
	
	
	
	
	
	
	
	
	
	

	Hydrant Riser pipe ht (m)
	1
	
	
	
	
	
	
	
	
	
	
	
	

	Sprinkler head ht
	
	1.5
	
	
	
	
	
	
	
	
	
	
	
	

	T. Head
	
	
	27.5
	
	
	
	
	
	
	
	
	
	
	
	

	J =
	The head loss gradient, m per 100m length of pipe
	
	
	
	
	

	L =
	Length of pipe, m
	
	
	
	C =
	Friction coefficient, which is a function of pipe material characteristics, 150 for plastic pipe

	Q =
	Flow rate in the pipe, m3/hr
	
	
	
	K1 =
	Conversion constant = 8.38x106 

	D =
	Internal diameter of pipe, mm
	
	
	
	K2 =
	Conversion constant =  9.19x106

	Line
	Length (m)
	Flow (m3/hr)
	Allowable V(m/s)
	In Dia (mm)
	Area (m2)
	Calculated V (m/s)
	hf per 100m(J)
	hf= JL/100
	Corr hf
	hfitting
	ELBEG
	ELEND
	Net EL (m)
	IN head
	Remark

	Hose
	30
	0.63
	<=2m/s
	20
	0.000314
	0.56
	2.47
	0.74
	0.74
	0.037
	 
	 
	0.5
	33.78
	Hose OH

	LAT4
	248
	14.4
	1.5-2.5m/s, PV<0.20*SOH
	50
	0.001963
	2.04
	7.59
	18.82
	9.93
	0.497
	1633.64
	1617.8
	-15.84
	28.37
	LAT OH

	ML
	348
	28.8
	<=2m/s
	75
	0.004416
	1.81
	3.72
	12.95
	12.95
	0.647
	1628
	1633.6
	5.6
	47.56
	Pump head

	Hose
	30
	0.63
	<=2m/s
	20
	0.000314
	0.56
	2.47
	0.74
	0.74
	0.037
	 
	 
	0.5
	33.78
	Hose OH

	LAT3
	248
	14.4
	1.5-2.5m/s, PV<0.20*SOH
	50
	0.001963
	2.04
	7.59
	18.82
	9.93
	0.497
	1632
	1616
	-16
	28.21
	LAT OH

	ML
	244
	28.8
	<=2m/s
	75
	0.004416
	1.81
	3.72
	9.08
	9.08
	0.454
	1628
	1632
	4
	41.74
	 

	Hose
	30
	0.63
	<=2m/s
	20
	0.000314
	0.56
	2.47
	0.74
	0.74
	0.037
	 
	 
	0.5
	33.78
	Hose OH

	LAT2
	248
	14.4
	1.5-2.5m/s, PV<0.20*SOH
	50
	0.001963
	2.04
	7.59
	18.82
	9.93
	0.497
	1630
	1614.4
	-15.6
	28.61
	LAT OH

	ML
	140
	28.8
	<=2m/s
	75
	0.004416
	1.81
	3.72
	5.21
	5.21
	0.260
	1628
	1630
	2
	36.08
	 

	Hose
	30
	0.63
	<=2m/s
	20
	0.000314
	0.56
	2.47
	0.74
	0.74
	0.037
	 
	 
	0.5
	33.78
	 

	LAT1
	248
	14.4
	1.5-2.5m/s, PV<0.20*SOH
	50
	0.001963
	2.04
	7.59
	18.82
	9.93
	0.497
	1628.7
	1613.4
	-15.3
	28.91
	LAT OH

	ML
	36
	28.8
	<=2m/s
	75
	0.004416
	1.81
	3.72
	1.34
	1.34
	0.067
	1628
	1628.7
	0.7
	31.01
	 

	Item
	L(m)
	Extra
	Total (m)
	Remark
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Total ML
	348
	34.8
	383
	wastage
	Maximum delivery lift=47.56m
	 
	 
	H
	Q (m3/s)
	γ (KN/m3)
	ηp
	ηm
	P (KW)
	Standard (KW)
	 

	Total LAT
	992
	99.2
	1091
	wastage
	Suction Lift=3.78m
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Hoses
	1380
	300
	1680
	Reserve
	Total lift Head=50.97m
	 
	say 
	52
	0.008
	10
	0.7
	0.85
	6.99
	7.5KW
	 


4.8. Size of pumping Unit  for sprinkler system, Centrifugal electrical pumps

Suction hose 75mm reinforced rubber pipe, area of flow=0.0044m2

Length maximum 6m

Suction velocity for 8l/s discharge=0.008m3/s/0.0044m2=1.81m/s

Suction velocity head=0.167m

Pipe friction loss=0.36m

Fitting loss in suction=0.51m

Staic lift=2.90m

Total suction lift=3.78m

Total head maximum= Sprinkler delivery head+suction head= 52m+3.78m=51.34 say 52m.
Table 16 pump Power computation for surface pump in sprinkler system

	Total Head
	52.00
	One pump duty

	Power Requirement
	 
	 One pump stand by

	Q (m3/s)
	0.008
	

	H (m)
	52.00
	 

	γ (KN/m3)
	10
	 

	Water P or Theoretical P (KW)
	4.16
	 

	η of Pump
	0.7
	 

	Shaft P (KW)
	5.94
	 

	η of motor
	0.85
	 

	Brake P (KW)
	6.99
	 

	Standard nearest KW
	7.5
	 


Table 17 NPSH available in surface pump for sprinkler system

	Net Positive suction Head (NPSH):
	NPSHA = Ha + Hs - Hvap - Hf -Fs    

 

	Atmospheric pressure at site Ha ?
	1628
	m a.s.l

	at sea level atmospheric pressure
	10.13
	m

	Ha = 10.13 –[(1591/500)*0.6]   
	8.18
	m

	Static suction head Hs
	2.9
	m

	Vapor pressure Hvap
	0.32
	m

	Velocity head (ignored)
	0
	 

	Friction loss in suction Hf
	0.88
	m

	Factor of safety Fs
	0.5
	m

	NPSH available
	3.58
	 

	NPSH required from supplier
	less than 3.58m
	 


4.9. Design of pumping unit, Submersible pumps for the sprinkler system
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Figure 10 Pumping head in submersible pumps
Table 18 Design of pumping unit for BH-1

	Reservoir inlet level                     
	1628
	m

	Reservoir floor level                     
	1625.5
	m

	Elevation of borehole
	1585
	m

	Total well depth 
	130
	m

	Estimated GWT
	1525
	m

	Drawdown level (assumed)
	1510
	m

	Pump position (assumed)
	1500
	m

	Dynamic water depth
	75
	m

	Elevation difference
	43
	m

	Total Static head
	118
	m

	Dynamic water depth
	1510
	m

	No. of pumps                               
	1
	

	Irrigation hours (assumed for sprinkler)
	21
	hr

	Duty of crops for sprinkler irrigation
	1
	l/s/ha

	Area for surface irrigation one well
	4
	ha

	Diversion requirement (well yield)
	4
	l/s/ha

	Flow rate of pump                     
	0.004
	m3/s


	Pipe sizing
	Diameter (D) in meter
	Area of pipe (A) in m2
	Velocity=Q/A
	Design V in m/s

	Diameter in riser/discharge pipe (main)
	0.05
	0.0020
	2.04
	2.0-2.5m/s

	Head Loss Calculation (hfl)
	 
	 

	Hazen Williams formula
	hf1  =  10.7 (Q/C)1.85  x  L / (D)4.87
	 

	Coefficient of Roughness for collector pipe
	120
	 

	Coefficient of Roughness for riser pipe
	120
	 

	Pipe diameter for discharge (main)
	0.05
	 

	Pipe length in bore hole (riser)
	75
	L in meter

	Pipe length after well (collector)
	556
	L in meter

	Flow Rate 
	0.004
	Q in m3/s

	Pipe friction loss in riser pipe
	9.07
	m

	Pipe friction loss in collector pipe
	67.27
	m

	 
	 
	 

	Minor losses hm=K*hv
	 
	 

	Velocity head=V2/2g
	 
	m

	Velocity head in discharge pipe 
	0.212
	 

	Riser pipe
	
	
	
	
	
	
	

	Description
	Unit
	Qty.
	Material
	Size
	Velocity head
	Coefficient
	Dynamic Loss

	
	
	
	
	(mm)
	Hv in m
	K
	( m)

	Inlet losses
	PCs
	1
	GS
	DN150
	0.212
	1.8
	0.38

	Coupling loss
	PCs
	13
	 
	 
	0.212
	0.02
	0.05

	sum
	 
	 
	 
	 
	 
	 
	0.43

	Collector pipe
	
	
	
	
	
	

	Description
	Unit
	Qty.
	Material
	Size
	Velocity head
	Coefficient
	Dynamic Loss

	
	
	
	
	(mm)
	Hv in m
	K
	( m)

	Check valve
	PCs
	1
	GS
	DN150
	0.212
	1
	0.21

	Gate valve (full open)
	PCs
	1
	GS
	DN150
	0.212
	0.5
	0.11

	Elbow
	PCs
	2
	GS
	DN151
	0.212
	1.5
	0.64

	Pressure gauge
	PCs
	1
	GS
	DN100/150
	0.212
	0.3
	0.06

	Adapter
	PCs
	1
	GS
	 
	0.212
	0.3
	0.06

	Coupling loss
	PCs
	93
	 
	 
	0.212
	0.02
	0.39

	Exit loss
	 
	 
	 
	 
	0.212
	1
	0.21

	sum
	 
	 
	 
	 
	 
	 
	1.68

	Total Head loss
	78.46
	 
	 

	Total static head
	118
	 
	 

	Velocity head
	0.212
	 
	Total pumping H(m)

	Total Head
	196.67
	Say 200m
	200

	 
	 
	 
	 

	Power Requirement
	 
	 
	 

	Q (m3/s)
	0.004
	One pump
	 

	H (m)
	200
	 
	 

	γ (KN/m3)
	10
	 
	 

	Water P or Theoretical P (KW)
	8
	 
	 

	η of Pump
	0.7
	 
	 

	Shaft P (KW)
	11.43
	 
	 

	η of motor
	0.85
	 
	 

	Brake P (KW)
	13.45
	 
	 

	Standard nearest KW
	15
	 
	 


Table 19 Design of pumping unit for BH-2

	Reservoir inlet level                     
	1628
	m

	Reservoir floor level                     
	1625.5
	m

	Elevation of borehole
	1588.23
	m

	Total well depth 
	130
	m

	Estimated GWT
	1528.23
	m

	Drawdown level (assumed)
	1513.23
	m

	Pump position (assumed)
	1503.23
	m

	Dynamic water depth
	75
	m

	Elevation difference
	39.77
	m

	Total Static head
	114.77
	m

	Dynamic water depth
	1513.23
	m

	No. of pumps                               
	1
	

	Irrigation hours (assumed for sprinkler)
	21
	hr

	Duty of crops for sprinkler irrigation
	1
	l/s/ha

	Area for surface irrigation one well
	4
	ha

	Diversion requirement (well yield)
	4
	l/s/ha

	Flow rate of pump                     
	0.004
	m3/s


	Pipe sizing
	Diameter (D) in meter
	Area of pipe (A) in m2
	Velocity=Q/A
	Design V in m/s

	Diameter in discharge pipe (main)
	0.05
	0.0020
	2.04
	2.0-2.5m/s

	Head Loss Calculation (hfl)
	 
	 

	Hazen Williams formula
	hf1  =  10.7 (Q/C)1.85  x  L / (D)4.87
	 

	Coefficient of Roughness for collector pipe
	120
	 

	Coefficient of Roughness for riser pipe
	120
	 

	Pipe diameter for discharge (main)
	0.05
	 

	Pipe length in bore hole (riser)
	75
	L in meter

	Pipe length after well (collector)
	556
	L in meter

	Flow Rate 
	0.004
	Q in m3/s

	Pipe friction loss in riser pipe
	9.07
	m

	Pipe friction loss in collector pipe
	67.27
	m

	Minor losses hm=K*hv
	 
	 

	Velocity head=V2/2g
	 
	m

	Velocity head in discharge pipe 
	0.212
	 

	Riser pipe
	
	
	
	
	
	
	

	Description
	Unit
	Qty.
	Material
	Size
	Velocity head
	Coefficient
	Dynamic Loss

	
	
	
	
	(mm)
	Hv in m
	K
	( m)

	Inlet losses
	PCs
	1
	GS
	DN150
	0.212
	1.8
	0.38

	Coupling loss
	PCs
	13
	 
	 
	0.212
	0.02
	0.05

	sum
	 
	 
	 
	 
	 
	 
	0.43

	Collector pipe
	
	
	
	
	
	
	

	Description
	Unit
	Qty.
	Material
	Size
	Velocity head
	Coefficient
	Dynamic Loss

	
	
	
	
	(mm)
	Hv in m
	K
	( m)

	Check valve
	PCs
	1
	GS
	DN150
	0.212
	1
	0.21

	Gate valve (full open)
	PCs
	1
	GS
	DN150
	0.212
	0.5
	0.11

	Elbow
	PCs
	2
	GS
	DN151
	0.212
	1.5
	0.64

	Pressure gauge
	PCs
	1
	GS
	DN100/150
	0.212
	0.3
	0.06

	Adapter
	PCs
	1
	GS
	 
	0.212
	0.3
	0.06

	Coupling loss
	PCs
	93
	 
	 
	0.212
	0.02
	0.39

	Exit loss
	 
	 
	 
	 
	0.212
	1
	0.21

	sum
	 
	 
	 
	 
	 
	 
	1.68


	Total Head loss
	78.46
	 
	 

	Total static head
	114.77
	 
	 

	Velocity head
	0.212
	 
	Total pumping H(m)

	Total Head
	193.44
	Say 200m
	200

	Power Requirement
	 
	 
	 

	Q (m3/s)
	0.004
	One pump
	 

	H (m)
	200
	 
	 

	γ (KN/m3)
	10
	 
	 

	Water P or Theoretical P (KW)
	8
	 
	 

	η of Pump
	0.7
	 
	 

	Shaft P (KW)
	11.43
	 
	 

	η of motor
	0.85
	 
	 

	Brake P (KW)
	13.45
	 
	 

	Standard nearest KW
	15
	 
	 


Table 20 KVA calculation for BH-1, BH-2 and PS-2

	Electrical Power Requirement (Transformer KVA computation) for Irrigation Farm 2: sprinkler system  

	Particular
	 
	No of pumps
	 Sum

	Total brake power Surface PS-2 or for sprinkler
	7.5
	1
	7.5

	Total brake power Submersible PS-1
	15
	1
	15

	Total brake  power Submersible PS-2
	15
	1
	15

	Total 
	 
	 
	37.5

	By assuming 20% for electric motor overload
	45
	 
	 

	Additional power requirement for:
	 
	 
	 

	Illumination and other
	5
	 
	 

	Actual total power requirement (KW) at site 
	50
	 
	 

	The apparent power to be supplied (KVA) 
	 
	 
	 

	Power factor (pf)
	0.8
	 
	 

	(Transformer KVA or Apparent P=Real P/pf)
	62.5
	 
	 

	Nearest standard Transformer KVA
	100
	 
	 

	Stand by Generator selection (Generator KVA computation):
	 
	 

	De-rating, if the actual power requirement is 125KW then extra 16% for altitude (1% increase for each 100 above sea level), 1% for temperature increase and 5% reserve. In total 22% extra allowance for power is needed.
	 
	 
	 

	Generator KW=Actual P+0.22*Actual P
	61
	 
	 

	Pf
	0.8
	 
	 

	Generator KVA
	76.25
	 
	 

	Standard Generator KVA
	80
	 
	 


Thus, the salient features of the sprinkler system are:

1. Depth of irrigation 



: 59.20mm

2. Irrigation interval



: 12 days
3. Sprinklers working simultaneously

: 46
4. Sprinkler nozzle size


: 3mm

5. Operating head of sprinkler

: 30m
6. Discharge of sprinkler 


: 4.38mm/hr or 0.63 m3/hr

7. Spacing of sprinklers on the laterals
: 12m
8. Hose diameter



: 20mm UV treated polyester flexible pipe

9. Number of sprinklers system settings
: 2 shifts per day
10. Size of lateral     



: 50mm (PN6 HDPE.)
11. size of submain pipe


: -
12. Size of main pipe          


: 75mm (PN10 HDPE) 

13. Length of each hose  


: 30m 

14. Total length of laterals


: 992m 

15. Total Length of main line

            : 348m total

16. Total length of Sub-main line

: -
17. System Discharge
: 28.8m3/hr surface pump, 14.4m3/hr   submersible pumps
18. Total head
of surface pump

 : 52m

19. Power of the surface pump

 : 7.5KW
20. power of the submersible pumps

 : 15KW each
4.10. Pump operation

The submersible pump and surface pumps can work simultaneously or alternately. For safety two pumps were assumed to work simulataneusly from the two wells. Thus Total power was considered for standard Transformer recommendation. Total power for sprinkler system is 62.5KW thus to be on safe side 100KVA standard transformer is to be installed at the 2 boreholes. 80 KVA stand-by generator is also proposed in absence of power.
4.11. Storage ponds

Three storage pond with size 25mx25 top and 15mx15m bottom with depth 2.5m is proposed. The pond capacity is 722m3 that it can store 8 l/s for more than 20 hours flow. The ponds are lined with geo-membrane and fenced.

4.12. Drainage and Access

The project area is already facilitaed with road and drainage network for previous rainfed system. The existing drainage network serves all in-field drainage thus shaping of these ditches is necessary. And the existing farm roads serve the as access to different parts of the area.

4.13. Fertigation

Fertilizer is assumed to be applied manually however in the future furtigation unit can be considered based on research needs. Fertigation unit needs well soluble type of fertilizer for proper application.

4.14. Flow controls

Flow controlling devices have been designed for installation at the appropriate location of the pipeline in order to control the flow amount and pressure of the irrigation water. These devices will serve to control the water flow in the pipeline for preventing pipe damage and to facilitate operational activities.

Isolating Valves
The water flow at every branching pipeline and at certain length of the main pipeline has been provided with an isolating valve. The isolating valves considered are preferably GI internal treaded valve sizes compatible to Pipes and fittings.

Hydrant Valves

These are automatic hydraulic valves that would be opened or closed when required during irrigation periods. They will be installed at every flow outlet points leading to the field laterals. At the edge of every field these valves are designed at a perpendicular distance of 50 meters.

Trust Blocks

Trust forces occur in pipe lines at different occasions; 

When the direction of the flow through the pipe is changed by bend and branch flow When the cross-sectional area of pipe is changed and at the end of pipe line
4.15. Installation and Testing of Sprinkler System
Installation of Pipe Lines and Fittings

A. Installation of Mains and Sub-main Pipes

Mains, sub-main and lateral pipes in sprinkler system are buried. For installation of the pipes, first make sure that the pipes, fittings and valves are free from defects impairing strength and durability and be of the best commercial quality for the purposes specified. All pipes, valves and pipe fittings shall conform to the relevant standards. As the pipes are usually buried, to protect them from farming operations and traffic hazards, the following guide may be used in their installation.
Trench Excavation 

The excavation of trenches for pipelines shall at any one time be limited to lengths approved by the design engineer. Before commencing, the alignment of the pipeline shall be pegged out and approved. 
Table 21 Maximum trench width for pipe laying

	Nominal Pipe Diameter DN(mm)
	Maximum Trench Width(mm)

	Up to and including 600
	D+750

	Over 600 up to and including 825
	D+825

	Over 825 up to and including 1125
	D+1250

	Over 1125
	D+1350


Adequate dewatering system to lower the existing ground water table below the level of the trench bottom and to keep the trench dry until pipes are assembled and back filled. If during the progress of the work the trench in part or in whole becomes flooded, the contractor shall immediately stop all relevant work until the trench is dry. 

Installation 

After excavation of the trench, installation follows. Installation of pipelines includes construction of beddings and foundation, laying and jointing of pipes and fittings, manholes and other structures in the line, testing, and backfilling of trenches, surface restoration and commissioning.
Pipe Laying

For laying the pipes, first granular bedding of sand for pipes shall be placed by spreading and compacting granular bedding material over the complete width of the pipe trench. Where pipes are jointed, bell holes of ample dimensions shall be formed in the bedding to ensure that each pipe is uniformly supported throughout the length of its barrel and to enable the joint to be made and inspected during testing. After pipe laying, additional material shall be placed and compacted by hand rammer in 150mm layers equally on each side of the pipe as side support for the pipe. 
As soon as pipes have been placed on their bedding and before backfilling they shall be tested for leakage. Before any testing, the contractor shall ensure that the pipeline is anchored adequately and that thrusts from bends, branch outlets or from the pipeline ends are transmitted to solid ground or to a suitable temporary anchorage. Open ends shall be stopped with plugs, caps or blank flanges properly jointed. 
Before testing, valves shall be checked and sealed, the sections of main filled with water and the air released. After having been filled, pipelines shall be left under operating pressure for the period of not less than three (3) hours, so as to achieve conditions as stable as possible for testing. 
Filling and Protection 

After testing, the pipe must be surrounded by fill for proper protection. The minimum depth of cover for plastic pipe materials is specified in table below.
Table 22 Minimum depth of cover for uPVC pipe

	Nominal Pipe Diameter DN(mm)
	Min. Cover(mm)

	DN350
	500

	DN400
	500

	DN450
	500

	DN550
	500

	DN600
	500


The minimum depth of soil cover is safe for uPVC pipe material with stiffness value of 10 bar. The pipe shall be protected with concrete encasement from live traffic loads at road crossings. 

Filling and protection to pipes shall extend fully to the sides of the excavation. The Contractor shall provide and maintain an adequate support system for upholding the ground actually encountered, and the safety of adjacent structures or utilities shall not be affected.  The trench above the so finished pipe surround shall be filled with fill and shall be compacted flush with ground level. 

a. Field Evaluation of Sprinklers

The purpose of a sprinkler system is to distribute water over the surface of the soil uniformly. Right after installation and successful testing of pipes and fittings, the uniformity of the sprinklers shall be tested. The degree of uniformity of sprinklers application rate for given set of conditions in the field can be computed from field observations of the depths of water collected in open cans placed at regular intervals within a sprinkled area. Typical catch-can spacings are 2 or 3 m on a square grid, with the sprinkler in the center. The operating time used for testing is usually 30minutes. A measurable index of the degree of uniformity for any size sprinkler operating under given conditions is known as the uniformity coefficient. It can be determined by the Christiansen uniformity coefficient which is expressed as:
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Where, 


	Cu =
	coefficient of uniformity 

	Np =
	average value of all observations, mm 

	W =
	total number of observation points (sprinklers)

	L  =
	numerical deviation of individual observations from the average observation, mm 


The difference between discharges of any two sprinklers operating simultaneously in the system should be less than 25 percent or the uniformity coefficient should be more than 75%. 
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Figure 11 Field evaluation technique for sprinklers
4.16. Operation and Maintenance of sprinkler system
Appropriate operation and maintenance is not less important than proper design. It is rather the key factor for good irrigation management. Because the success or failure of any properly designed and installed system are determined by the way both the irrigation system as a whole and its component parts are operated and maintained. Efficient operation of an irrigation system depends mainly on the ability of the farmer to make the best use of it, the following is the general instruction for the farmers, and system operators with regard to the O&M of a sprinkler irrigation system.  
Operation

Operation of sprinkler system according to schedule facilitates optimal utilization of the system, efficient water use and energy saving.

When and How Long to Irrigate

The application of the exact amount of water required by the crops at the right time is the main achievement of the irrigation installation. Farmers shall strictly follow the main elements of irrigation programming, such as water discharge and rate, operating hours and irrigation frequency for equity of water allocation as well as to achieve high water use efficiency.  

Starting and Stopping the System

Starting and shutting down the system needs to be done very carefully in order to prevent surges and water hammer and to avoid air pockets in the pipelines. The opening and closing of the valves at the head of the system, the main and sub-main pipelines, should always be done slowly.
Farmers shall strictly follow the pumping operation schedules. The starting and stopping times for each pump unit shall be scheduled to match to the desired irrigation hours. There may be a need to readjust the pumping period when there would be adverse weather condition in terms of rain fall amount, distribution and intensity of solar radiation. The readjustment should be done either based on actual records or predictions of weather condition (rainfall or solar radiation) in the command areas and the surrounding environment. The farmers have to be informed and trained about the readjustment process in the irrigation system. If the measured rainfall is, for example, more than half of the daily deficit, farmers needs to be instructed to stop the pumping operation. Otherwise, in the absence of recorded rainfall data, personal judgment will govern to operate or not to operate the pump. However, to operate the pump at the delivery point, the supplier’s instructions should be followed. 
Maintenance 

The performance of sprinkler system has to be monitored in real-time. In addition to the daily monitoring of its performance, periodic inspection of individual components should be performed. 

The following may be taken as a guide as maintenance schedules for sprinkler systems. 


Table 23 Maintenance schedule for sprinkler irrigation systems

	Monitor
	With each cycle of irrigation
	Annually

	Inspect the system for leakage
	X
	

	Check system pressure and system flow
	X
	

	Service air valves and hydrants
	
	X

	Check sprinklers for wear and replace springs, washers and nozzles where necessary
	
	X

	Flush mainlines
	
	X

	Replace rubbers at quick coupling pipes where necessary
	
	X


5. Design of Gravity Drip System

5.1. Crop selection for gravity drip irrigation

Crops were selected at the site with due considerations of adaptation, market needs and indigenous knowledge in the farming practice of the crops. Currently the selected crops are major crops produced at the site. The research center is mainly producing Maize and Sorghum from cereals and pepper and Tomato from vegetables. Though crop selection may be altered from time to time Maize, Pepper and tomato are selected as test crops for drip system.

5.2. Crop spacing

Different vegetable types need different amounts of free space to ensure healthy growth and a good crop. The following table depicts the plant-to-plant spacing, raw spacing and depth of seed recommended for proper germination of the selected crops.

Table 24 Recommended spacing of the selected crops for drip system

	Crop
	between plants (cm)
	between rows (cm)
	Depth of seed (cm)
	Area (ha)

	 Tomato
	60
	90
	1.25
	0.5

	 Pepper
	30
	60
	1.25
	0.5

	Maize
	30
	60
	3-5
	0.5

	Total
	
	
	
	1.5


Source: FAO Irrigation and drainage paper-33

5.3. Crop Calendar

Table 25 Calendar for the crops is as indicated under agronomy report

	Crop
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D

	Tomato
	
	
	
	2nd phase
	
	
	
	
	1st phase

	Pepper
	
	
	
	
	
	
	
	
	
	
	
	
	

	Maize
	
	
	
	
	
	
	
	
	
	
	
	
	


5.4. Crop demands

Table 26 Crop demand of each crop in drip system

i. Crop Water requirement of Tomato

	Month
	Decade
	Stage
	Kc
	ETc
	ETc
	Eff rain
	Irr. Req.

	 
	 
	 
	coeff
	mm/day
	mm/dec
	mm/dec
	mm/dec

	Nov
	1
	Init
	0.45
	1.62
	16.2
	4.2
	12

	Nov
	2
	Init
	0.45
	1.6
	16
	1
	15

	Nov
	3
	Init
	0.45
	1.58
	15.8
	0.7
	15.1

	Dec
	1
	Deve
	0.54
	1.89
	18.9
	0.1
	18.7

	Dec
	2
	Deve
	0.72
	2.45
	24.5
	0
	24.5

	Dec
	3
	Deve
	0.9
	3.08
	33.9
	0
	33.9

	Jan
	1
	Mid
	1.08
	3.71
	37.1
	0
	37.1

	Jan
	2
	Mid
	1.14
	3.94
	39.4
	0
	39.4

	Jan
	3
	Mid
	1.14
	4.08
	44.8
	0
	44.8

	Feb
	1
	Mid
	1.14
	4.21
	42.1
	0
	42.1

	Feb
	2
	Late
	1.14
	4.33
	43.3
	0
	43.3

	Feb
	3
	Late
	1.07
	4.2
	33.6
	0.1
	33.4

	Mar
	1
	Late
	0.98
	3.94
	39.4
	4.5
	34.9

	Mar
	2
	Late
	0.91
	3.72
	18.6
	3.4
	15.2

	 Total
	 
	 
	 
	 
	423.5
	14
	409.6

	Eff
	
	
	
	
	
	
	0.9

	Seasonal demand in mm
	
	
	
	
	
	
	455


ii. Crop Water requirement of pepper

	Month
	Decade
	Stage
	Kc
	ETc
	ETc
	Eff rain
	Irr. Req.

	 
	 
	 
	coeff
	mm/day
	mm/dec
	mm/dec
	mm/dec

	Nov
	1
	Init
	0.35
	1.26
	12.6
	4.2
	8.4

	Nov
	2
	Init
	0.35
	1.25
	12.5
	1
	11.5

	Nov
	3
	Init
	0.35
	1.23
	12.3
	0.7
	11.6

	Dec
	1
	Deve
	0.44
	1.52
	15.2
	0.1
	15

	Dec
	2
	Deve
	0.6
	2.04
	20.4
	0
	20.4

	Dec
	3
	Deve
	0.76
	2.62
	28.8
	0
	28.8

	Jan
	1
	Mid
	0.93
	3.21
	32.1
	0
	32.1

	Jan
	2
	Mid
	0.99
	3.42
	34.2
	0
	34.2

	Jan
	3
	Mid
	0.99
	3.54
	38.9
	0
	38.9

	Feb
	1
	Mid
	0.99
	3.65
	36.5
	0
	36.5

	Feb
	2
	Mid
	0.99
	3.77
	37.7
	0
	37.7

	Feb
	3
	Late
	0.98
	3.84
	30.7
	0.1
	30.5

	Mar
	1
	Late
	0.95
	3.79
	37.9
	4.5
	33.4

	Mar
	2
	Late
	0.9
	3.71
	37.1
	6.7
	30.4

	 Total
	 
	 
	 
	 
	386.8
	17.3
	369.5

	Eff
	
	
	
	
	
	
	0.90

	Seasonal Demand in mm
	
	
	
	
	
	
	411


iii. Crop Water requirement of Maize
	Month
	Decade
	Stage
	Kc
	ETc
	ETc
	Eff rain
	Irr. Req.

	 
	 
	 
	coeff
	mm/day
	mm/dec
	mm/dec
	mm/dec

	Nov
	1
	Init
	0.4
	1.44
	14.4
	4.2
	10.2

	Nov
	2
	Init
	0.4
	1.42
	14.2
	1
	13.3

	Nov
	3
	Deve
	0.48
	1.7
	17
	0.7
	16.3

	Dec
	1
	Deve
	0.64
	2.2
	22
	0.1
	21.9

	Dec
	2
	Deve
	0.79
	2.69
	26.9
	0
	26.9

	Dec
	3
	Deve
	0.95
	3.25
	35.7
	0
	35.7

	Jan
	1
	Mid
	1.07
	3.7
	37
	0
	37

	Jan
	2
	Mid
	1.08
	3.75
	37.5
	0
	37.5

	Jan
	3
	Mid
	1.08
	3.88
	42.6
	0
	42.6

	Feb
	1
	Mid
	1.08
	4.01
	40.1
	0
	40.1

	Feb
	2
	Mid
	1.08
	4.13
	41.3
	0
	41.3

	Feb
	3
	Mid
	1.08
	4.24
	33.9
	0.1
	33.8

	Mar
	1
	Late
	1.07
	4.31
	43.1
	4.5
	38.6

	Mar
	2
	Late
	1.02
	4.2
	42
	6.7
	35.2

	Mar
	3
	Late
	0.96
	3.97
	43.7
	7.5
	36.2

	Apr
	1
	Late
	0.9
	3.76
	33.8
	5.8
	27.4

	 Total
	 
	 
	 
	 
	525.2
	30.6
	493.9

	Eff
	
	
	
	
	
	
	0.90

	Seasonal Demand in mm
	
	
	
	
	
	
	549


5.5. Actual plot sizes and Total water demands 

Each crop cover 0.50ha and plot size is fixed 72mx70m for each crop. Thus in total 1.50ha is planned for gravity drip system. 3 storage tankers of capacity 10,000m3 are proposed. i.e. one at each plot of Tomato, pepper and Maize. The location main line, sub-main line and lateral arrangement is indicated on system layout plan, 
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Figure 12 Gravity drip arrangements
Table 27 Seasonal demand of crops in drip system

	Crop 
	Seasonal demand (mm)
	Seasonal demand (m)
	Area (m2)
	Volume (m3)

	Tomato
	455
	0.455
	5000
	2275

	Pepper
	411
	0.411
	5000
	2055

	Maize
	549
	0.549
	5000
	2745

	Total
	 
	 
	 
	7075


From table above total crop demand with drip system is 7075m3 or 7,075,000 litre of water. This is supplied from bore holes to be constructed with capacity 4l/s each. About 1.5l/s flow to three 10,000 liter tankers satisfies the demand. The rest 6.5 l/s from the wells directly supports the flow to storage pond for surface irrigation.

5.6. Drip emitter spacing for the proposed crops

Drip emitter spacing is related to plant spacing.  Emitter spacing commonly available on market are 20cm, 30cm, 40cm, 50cm, 60cm and above. Thus based on the soil type and crops for gravity drip irrigation sites drip emitter spacing of 30cm for pepper and maize while drip emitter spacing of 60 cm for tomato were selected.

5.7. Water Availability for Drip System
The discharge from ground water (safe yield) at the site is estimated as 4 l/s from each well. In total 16 l/s yield is expected according to the hydro-geologic study and assessment from the 4 sallow wells.

5.8. Drip system lay out

The system is gravity type drip system. Thus the 3 tankers are placed to elevated stand 1.5 to 2m height. Three stands for tankers are to be constructed on field. The plot is about 200m by 75m with total area 1.5ha. The drip system was selected in the fenced plot of the research center.
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Figure 13 Drip system layout plan
5.9. Equipment Specification and Bill of Quantities 
Table 28 BOQ, specification and cost estimates

	PART-I BOQ and Specification for Surface irrigation System
	

	Bill No
	Particular
	unit
	qtty
	rate
	price ETB

	1
	Mobilization & Demobilization
	LS
	1
	50000
	50,000.00

	 
	Sub Total for  1
	PS
	 
	 
	50,000.00

	2
	Camping
	 
	 
	 
	 

	 
	Camping in CI sheets
	 
	 
	 
	 

	 
	A. Store 1(5mx5m)
	 
	 
	 
	 

	 
	B. Guard house1 (2.5x 2m)
	 
	 
	 
	 

	 
	C. Toilet (2.5X2m)
	 
	 
	 
	 

	 
	D.Office1 (5x4m)
	 
	 
	 
	 

	 
	E. Living rooms 3(3x4m) and 1(4mx5m)
	 
	 
	 
	 

	 
	F. Fencing
	 
	 
	 
	 

	2.1
	Site clearance and trimming to depth of 20cm
	m2
	180
	36
	6480

	2.2
	Trench and other excavations
	m3
	102
	68
	6936

	2.3
	Cart away surplus excavations
	m3
	120
	46
	5520

	2.4
	Stone masonry bedded in 1:3 mortar
	m3
	48.8
	2162
	105505.6

	2.5
	20 cm hard core blended with 1:3 mortar
	m3
	43.4
	1257
	54553.8

	2.6
	10 cm lean concrete in 1:2:4
	m3
	16.7
	3543
	59168.1

	2.7
	2.5 cm thick cement screed
	m2
	180
	70
	12600

	2.8
	RCC work for toilet (Dia12@200 double R.bar and with all necessary form work
	m3
	1.5
	4551
	6826.5

	2.9
	CIS walling (G-32) with Supply, assemble and fix in position eucalyptus vertical wall post  of length 3 m at interval of 1.0m and horizontal truss fixed to 0.80m interval as per drawing details, complete carpentry works with all necessary nails.
	m2
	252
	481
	121212

	2.10
	CIS roofing (G-32) with truss members at 0.80m interval and as per drawing details, Complete carpentry works with all necessary nail and "Bonda"
	m2
	190
	481
	91390

	2.11
	Chip wood supply and fix to walls with all necessary nails, complete carpentry works
	m2
	180
	220
	39600

	2.12
	CIS doors with all accessories as per drawing
	PS
	8
	700
	5600

	2.13
	CIS windows with all accessories as per drawing
	PS
	6
	500
	3000

	2.14
	CIS double leaf gate for the fencing with all accessories
	LS
	1
	700
	700

	2.15
	Fencing in barbed wire with chemical socked wooden poles at 2m interval and wire at 0.20m interval to ht of 1.6m cast in concrete 1:2:4 mix
	m
	200
	220
	44000

	 
	Sub Total for  2
	 
	 
	 
	563,092.00

	3
	Pump House, Guide walls and Wet well
	 
	 
	 
	 

	3.1
	Site clearance and trimming to depth of 20cm at pumping station
	m2
	225
	36
	8100.00

	3.2
	Excavation on normal soil
	m3
	180
	68
	12240.00

	3.3
	Excavation on soil mixed with boulders and river gravel
	m3
	160
	118
	18880.00

	3.4
	Cart away surplus excavations
	m3
	200
	46
	9200.00

	3.5
	30 cm hard core blended with 1:3 cement mortar
	m3
	43.4
	1257
	54553.80

	3.6
	Masonry bedded in 1:3 cement mortar
	m3
	92
	2162
	198904.00

	3.7
	10 cm lean concrete in 1:2:4
	m3
	16.7
	3543
	59168.10

	3.8
	RCC work for floor and divide walls in wet well in dia 12 bars single reinforcement, pump seat, bottom grade beam and top tie beam with reinforcement as per drawing with all R, bar and form works inclusive
	m3
	20
	4551
	91020.00

	3.9
	Cement screed to 2.5 cm thickness
	m2
	88
	70
	6160

	3.10
	15cm Hollow concrete wall with 1:3 cement mortar
	m2
	67
	150
	10050

	3.11
	G-30 CIS roofing with all accessories as per drawing
	m2
	26
	480
	12480

	3.12
	Pointing in 1:3 cement mortar to HCB wall and retaining walls outer face
	m2
	160
	105
	16800

	3.13
	Stone pavement around pump house
	m2
	16
	584
	9344

	3.14
	30cm semi-circular pipe supply and fix around pavement for drainage
	m
	20
	350
	7000

	3.15
	Mesh wire to height of 0.6m and length 18m below top tie beam for pump house
	LS
	1
	5000
	5000

	3.16
	Trash rack as per drawing
	LS
	1
	7000
	7000

	3.17
	Gate as per drawing
	LS
	1
	25000
	25000

	3.18
	Double leaf door with 2.5mm sheet metal and 50x50 mm Hollow steel tube with all locks and hinges supply and fix
	LS
	1
	20000
	20000

	3.19
	Plastering to inner face of Guide walls and others
	m2
	170
	164
	27880

	3.20
	Selected back fill and compaction
	m3
	150
	50
	7500

	 
	Sub Total for 3
	 
	 
	 
	606279.90

	4
	Pumping facility for surface pumps on Gibe River
	 
	 
	 
	 

	4.1
	Supply, install and test 30KW, 15 L/s discharge, 110m head and NPSH < 3.54m electrical pumps with respective standard cables and control board. Origin Italy, Germany or Japan
	PS
	3
	450000
	1350000

	4.2
	Dia 100mm flanged standard steel suction pipe supply and fix with all necessary gasket, bolt and nut
	m
	48
	2000
	96000

	4.3
	100 mm Dia flanged Foot valve and strainer supply and fix
	PS
	3
	10000
	30000

	4.4
	100mm flanged elbow supply and fix
	PS
	12
	3000
	36000

	4.5
	100mm x 100mm flanged Tee supply and fix
	PS
	1
	2000
	2000

	4.6
	100mm dia standard flanged Gate valve supply and fix
	PS
	3
	8000
	24000

	4.7
	100mm dia standard flanged Check valve supply and fix
	PS
	3
	7000
	21000

	4.8
	Air release valves supply and fix
	PS
	3
	2000
	6000

	4.9
	PN16 Adapter to connect flanged steel pipe and PN16 HDPE
	PS
	2
	3000
	6000

	4.10
	Priming facility with 3/4 inch GI pipe and faucet
	LS
	1
	5000
	5000

	4.11
	PN16 HDPE Dia 110mm pipe supply and fix with all necessary fitting or welding
	m
	2160
	270
	583200

	4.12
	Trench and other excavations for pipe laying
	m3
	1080
	68
	73440

	4.13
	Selected back fill and compaction
	m3
	1058
	50
	52900

	 
	Sub Total for 4
	 
	 
	 
	2285540

	5
	Power supply for Pump station-1
	 
	 
	 
	 

	5.10
	200KVA standard transformer supply and fix
	No
	1
	400000
	400000

	5.10
	Power line with all poles, cables and other accessories
	m
	2980
	250
	745000

	 
	Sub Total for 5
	 
	 
	 
	1145000

	6
	Stand by Generator and Generator house
	 
	 
	 
	 

	6.1
	Supply, install and test  200KVA Generator with all necessary control board, cables and other accessories
	No
	1
	600000
	600000

	6.2
	Site clearing to an average depth of 20 cm to remove top soil & Grubbing
	m2
	60
	36
	2160

	6.3
	Excavation for foundation trench to a depth of not exceeding 100 cm below stripped ground level
	m3
	36
	68
	2448

	6.4
	Placing 25cm thick basaltic or equivalent stone hard core well  rolled and consolidated & blended with crushed stone
	m3
	12
	1257
	15084

	6.5
	Construction of 40 cm thick basaltic or equivalent  masonry foundation wall to a depth of 50 cm blow stripped level blended & joined in cement mortar of 1:3
	m3
	16
	2162
	34592

	6.6
	Pointing the external wall surface of the foundation  with cement mortar 1:3
	m2
	56
	105
	5880

	6.7
	RCC work for floor  in dia 12 bars single reinforcement, pump seat with reinforcement as per drawing with all R, bar and form works inclusive
	m3
	5
	4551
	22755.00

	6.8
	Cement screed to 2.5 cm thickness
	m2
	24
	70
	1680.00

	6.9
	G-32 CIS walling with all necessary materials
	m2
	80
	481
	38480

	6.10
	G-32 CIS Roofing with all necessary materials
	m2
	32
	481
	15392

	6.11
	"Tid or Equivalent wooden frame lockable doors made of  G-32 CGI sheets of double leaf type 2.10 m x 2.00 m
	Pcs
	1
	2000
	2000

	6.12
	"Tid or Equivalent wooden frame lockable windows made of G-32 CGI sheets of single Leaf type 1.00  x 1.00 m
	Pcs
	1
	500
	500

	6.13
	supply & fix mesh wire for insect netting and  ventilation as per drawing  50 cm width and all round the house
	lps
	1
	2000
	2000

	6.14
	Selected back fill and compaction
	m3
	30
	50
	1500

	 
	Sub Total for 6
	 
	 
	 
	744471.00

	7
	2048m3 capacity storage pond and appurtenant structures
	 
	 
	 
	 

	7.1
	Excavation on normal soil
	m3
	811
	68
	55148

	7.2
	Selected back fill and compaction under optimum moisture
	m3
	2160
	146
	315360

	7.3
	1.2mm thick geo-membrane supply and lay with all necessary materials and welding
	m2
	2209
	150
	331350

	7.4
	Fencing in barbed wire with chemical socked wooden poles at 2m interval and wire at 0.20m interval to ht of 1.6m cast in concrete 1:2:4 mix
	m
	256
	220
	56320

	7.5
	CIS double leaf gate for the fencing with all accessories
	ls
	1
	1000
	1000

	7.6
	Re-excavations for intake arrangement
	m3
	32
	68
	2176

	7.7
	Lean concrete 1:2:4 work for foundation of intake chamber
	m3
	0.5
	3543
	1771.5

	7.8
	RCC in dia 12 R bar for intake chamber walls as per drawing with all R.bar and form works included as per drawing
	m3
	0.8
	4551
	3640.8

	7.9
	Coarse and fine screen at intake as per drawing supply and fix
	ls
	1
	6000
	6000

	7.10
	250mm dia flanged steel pipe supply and lay with all necessary gasket, bolts and nuts
	m
	36
	2200
	79200

	7.11
	250mm flanged standard gate valve supply and fix
	pcs
	1
	7000
	7000

	7.12
	Selected back fill and compaction under optimum moisture
	m3
	32
	50
	1600

	 
	Sub Total for 7
	 
	 
	 
	860566.3

	8
	Main Manhole (MMH) 1 in number
	 
	 
	 
	 

	8.1
	Excavation on normal soil
	m3
	1.5
	68
	102

	8.2
	Lean concrete 1:2:4 
	m3
	0.35
	3543
	1240.05

	8.3
	Masonry bedded in 1:3 cement mortar
	m3
	1.4
	2162
	3026.8

	8.4
	Plastering to inner face in 1:3 cement mortar
	m2
	4
	164
	656

	8.5
	Pointing to outer face in 1:3 mortar 
	m2
	4
	105
	420

	8.6
	Gate of size 800mm x 300mm size and thickness 2.5mm as per drawing, antirust painted
	ls
	1
	5000
	5000

	8.7
	Manhole cover of size 1m x 0.70m with 2.5mm sheet metal as per drawing, antirust painted in 2 coats
	ls
	1
	3000
	3000

	8.8
	Selected back fill and compaction
	m3
	1
	50
	50

	 
	Sub Total for 8
	 
	 
	 
	13494.85

	9
	Secondary Manhole (SMH) 6 in number
	 
	 
	 
	 

	9.1
	Excavation on normal soil
	m3
	8
	68
	544

	9.2
	Lean concrete 1:2:4 
	m3
	2.1
	3543
	7440.3

	9.3
	Masonry bedded in 1:3 cement mortar
	m3
	8.4
	2162
	18160.8

	9.4
	Plastering to inner face in 1:3 cement mortar
	m2
	24
	164
	3936

	9.5
	Pointing to outer face in 1:3 mortar 
	m2
	24
	105
	2520

	9.6
	Gate of size 700mm x 250mm size and thickness 2.5mm as per drawing, antirust painted
	ls
	12
	5000
	60000

	9.7
	Manhole cover of size 1m x 0.70m with 2.5mm sheet metal as per drawing, antirust painted in 2 coats
	ls
	6
	3000
	18000

	9.8
	Selected back fill and compaction
	m3
	4
	50
	200

	 
	Sub Total for 9
	 
	 
	 
	110801.1

	10
	Tertiary Manhole (TMH) 19 in number
	 
	 
	 
	 

	10.1
	Excavation on normal soil
	m3
	25
	68
	1700

	10.2
	Lean concrete 1:2:4 
	m3
	6.6
	3543
	23383.8

	10.3
	Masonry bedded in 1:3 cement mortar
	m3
	26
	2162
	56212

	10.4
	Plastering to inner face in 1:3 cement mortar
	m2
	76
	164
	12464

	10.5
	Pointing to outer face in 1:3 mortar 
	m2
	76
	105
	7980

	10.6
	Gate of size 700mm x250mm size and thickness 2.5mm as per drawing, antirust painted
	ls
	19
	5000
	95000

	10.7
	Manhole cover of size 1m x 0.70m with 2.5mm sheet metal as per drawing, antirust painted in 2 coats
	ls
	19
	3000
	57000

	10.8
	1m long Dia 100mm PN6 uPVC pipe supply and fix (field offtake)
	m
	22
	300
	6600

	10.9
	Selected back fill and compaction
	m3
	13
	50
	650

	 
	Sub Total for 10
	 
	 
	 
	260989.8

	11
	Secondary pipe line (611m length)
	 
	 
	 
	 

	11.1
	Trench excavation on normal soil
	m3
	449
	68
	30532

	11.2
	PN6 dia 200mm uPVC pipe supply and lay with all necessary fitting
	m
	610
	530
	323300

	11.3
	Selected back fill and compaction
	m3
	440
	50
	22000

	 
	Sub Total for 11
	 
	 
	 
	375832

	12
	Tertiary pipe line (2275m length)
	 
	 
	 
	 

	12.1
	Trench excavation on normal soil
	m3
	1820
	68
	123760

	12.2
	PN6 dia 200mm uPVC pipe supply and lay with all necessary fitting
	m
	2275
	530
	1205750

	12.3
	Selected back fill and compaction
	m3
	1820
	50
	91000

	 
	Sub Total for 12
	 
	 
	 
	1420510

	13
	Box Culverts 4 in number
	 
	 
	 
	 

	13.1
	Excavation for foundation
	M3
	67
	68
	4556

	13.2
	Hard core well blended with 1:3 mortar
	M3
	30
	1257
	37710

	13.3
	Masonry bedded in 1:3 mortar
	M3
	68
	2162
	147016

	13.4
	Lean Concrete (1:2:4)
	M3
	1.5
	3543
	5314.5

	13.5
	RCC slab as per drawing details with all R. bars and form works
	M3
	25
	4551
	113775

	13.6
	Plastering in 1:3 mortar
	M2
	83
	164
	13612

	13.7
	Pointing to outer faces
	M2
	56
	105
	5880

	13.8
	Back fill and compaction
	M3
	50
	50
	2500

	 
	Sub Total for 13
	 
	 
	 
	330363.5

	14
	Surface Drainage system
	 
	 
	 
	 

	14.1
	Excavation on normal soil for surface drainage system
	m3
	2600
	68
	176800

	 
	Sub Total for 14
	 
	 
	 
	176800

	 
	Sum
	 
	 
	 
	8943740.45

	 
	VAT (15%)
	 
	 
	 
	1341561.07

	 
	Total PART-I
	 
	 
	 
	10285301.52


	PART-II BOQ and Specification for Sprinkler and Drip irrigation System

	A
	Bore hole drilling (Depth 130m)
	 
	 
	 
	 

	 
	Number of bore holes (Four)
	 
	 
	 
	 

	 
	Description
	Unit
	Qtty
	Rate (Birr)
	Cost (Birr)

	1
	General items 
	 
	 
	 
	 

	1.1
	Mobilization and Demobilization of man power & Equipment for drilling, construction, testing of drilling works before and after drilling
	Ls
	1
	220,000.00
	220,000.00

	1.2
	Inter Site Mobilization
	Ls
	3
	25,000.00
	75,000.00

	1.3
	site clearance before and after all works are finish
	Ls
	4
	8,000.00
	32,000.00

	2
	Drilling(for four boreholes)
	 
	 
	 
	                     -   

	2.1
	Drilling with 20 inches (0m - 20m) or more bit in the unconsolidated upper section
	M
	80
	5,200.00
	416,000.00

	2.2
	Drilling in all types of formation with 14 1/2inches  (20m - 130m)
	M
	440
	4,200.00
	1,848,000.00

	3
	Logging 
	 
	 
	 
	                     -   

	3.1
	Litho logical logging
	No
	4
	3,000.00
	12,000.00

	3.2
	Electrical logging  (Receptivity)
	No
	4
	55,000.00
	220,000.00

	4
	Supply and installation of casings (for four boreholes)
	 
	 
	 
	                     -   

	4.1
	Supply and installation of steel surface casing (17 1/2inches steel)
	M
	80
	8,600.00
	688,000.00

	4.2
	Supply and installation of mailed steel blind casing(10 1/2 inches)
	M
	364
	6,700.00
	2,438,800.00

	4.3
	Supply and installation of mild steel screened casing (10 1/2inches)
	M
	156
	7,200.00
	1,123,200.00

	4.4
	Supply and installation screen and blind steel casing  of observation pipe with  internal diameter (3/4”)
	M
	320
	350
	112,000.00

	5
	Well completion and sanitary protection work (for four boreholes) 
	 
	 
	 
	                     -   

	5.1
	Supply and pack selected river gravel with (6mm-9mm )
	M3
	8
	4,200.00
	33,600.00

	5.2
	Well cleaning and development( by using different methods like back washing, surging, jetting, air lifting, over pumping etc)
	Hrs
	8
	3,200.00
	25,600.00

	5.3
	Supply and installation cement grout to 20m depth to top of the hole
	Ls
	4
	2,500.00
	10,000.00

	5.4
	Well head construction as per specification
	Ls
	4
	8,200.00
	32,800.00

	6
	Test pumping including result analysis (for four boreholes)
	 
	 
	 
	                     -   

	6.1
	Step draw down tests (4 steps for each wells)
	Hrs
	32
	3,200.00
	102,400.00

	6.2
	Constant discharge test
	Hrs 
	288
	3,200.00
	921,600.00

	6.3
	Monitoring of recovery 
	Hrs
	20
	1,200.00
	24,000.00

	7
	Supply and install well cap
	Pcs
	4
	1,000.00
	4,000.00

	8
	Water quality analysis (Full analysis)
	LS
	4
	4,500.00
	18,000.00

	9
	Well completion reporting in 4 copies all wells in one
	Ls
	1
	6,200.00
	6,200.00

	 
	Sub total 1 to 9
	 
	 
	 
	8,363,200.00

	 
	Vat 15%
	 
	 
	 
	1,254,480.00

	 
	Total with vat for PART-II-A
	 
	 
	 
	9,617,680.00

	
	
	
	
	
	

	B
	Submersible pump installation, Power Supply and other civil works for Sprinkler and Drip system
	 
	 
	 
	 

	1
	Power supply
	 
	 
	 
	 

	1.1
	Power line, Transformer, Stand-by Generator and control room
	 
	 
	 
	 

	1.2
	Supply, install and test  80KVA Generator with all necessary control board, cables and other accessories
	No
	1
	500000
	500000

	1.3
	100KVA standard transformer supply and fix with all accessories
	No
	1
	300000
	300000

	1.4
	Power line with all poles, cables and other accessories
	m
	3042
	250
	760500

	 
	Subtotal 1
	 
	 
	 
	1560500

	2
	Generator and control room
	 
	 
	 
	 

	2.1
	Site clearing to an average depth of 20 cm to remove top soil & Grubbing
	m2
	60
	36
	2160

	2.2
	Excavation for foundation trench to a depth of not exceeding 100 cm below stripped ground level
	m3
	36
	68
	2448

	2.3
	Placing 25cm thick basaltic or equivalent stone hard core well  rolled and consolidated & blended with crushed stone
	m3
	12
	1257
	15084

	2.4
	Construction of 40 cm thick basaltic or equivalent  masonry foundation wall to a depth of 50 cm blow stripped level blended & joined in cement mortar of 1:3
	m3
	16
	2162
	34592

	2.5
	Pointing the external wall surface of the foundation  with cement mortar 1:3
	m2
	56
	105
	5880

	2.6
	RCC work for floor  in dia 12 bars single reinforcement, pump seat with reinforcement as per drawing with all R, bar and form works inclusive
	m3
	5
	4551
	22755.00

	2.7
	Cement screed to 2.5 cm thickness
	m2
	24
	70
	1680.00

	2.8
	G-32 CIS walling with all necessary materials
	m2
	80
	481
	38480

	2.9
	G-32 CIS Roofing with all necessary materials
	m2
	32
	481
	15392

	2.10
	"Tid or Equivalent wooden frame lockable doors made of  G-32 CGI sheets of double leaf type 2.10 m x 2.00 m
	Pcs
	1
	2000
	2000

	2.11
	"Tid or Equivalent wooden frame lockable windows made of G-32 CGI sheets of single Leaf type 1.00  x 1.00 m
	Pcs
	1
	500
	500

	2.12
	Supply & fix mesh wire for insect netting and  ventilation as per drawing  50 cm width and all-round the house
	lps
	1
	2000
	2000

	2.13
	Selected back fill and compaction
	m3
	30
	50
	1500

	 
	Sub Total for 2
	 
	 
	 
	144471.00

	3
	Submersible Pump and Related works
	 
	 
	 
	 

	3.1
	Supply and installation of 200m head, 4 Lit/s Discharge stainless steel submersible pump of 15KW power, Origin Italy, Japan or Germany with appropriate control board, ISO standard cables and all necessary accessories. All testing works included
	No
	3
	500000
	1500000

	3.2
	Supply and installation of 220m head, 4l/s Discharge stainless steel submersible pump of 15KW power, Origin Itally or Germany with control board, ISO standard cables and all necessary accessories. All testing works included
	No
	1
	550000
	550000

	3.3
	Supply and installation of ISO standard 50mm diameter riser steel/GI pipe supply and fix with all necessary fitting, welding or any other necessary accessories
	m
	300
	550
	165000

	3.4
	Supply and fix 50mm dia 90o flange ended Elbow 
	Pcs
	6
	1200
	7200

	3.5
	Supply and fix clamp for riser pipe in boreholes
	Pcs
	3
	3000
	9000

	 
	Sub Total for 3
	 
	 
	 
	2231200

	4
	Surface pump Installation for Sprinkler system
	 
	 
	 
	 

	4.1
	Supply and installation of 52m head, 8 l/s Discharge electrical surface pump of 7.5KW power, Origin Italy, NPSH more than 3.58m with control board, ISO standard cables and all necessary accessories. All testing works included
	Pcs
	2
	300000
	600000.00

	4.2
	Supply and installation of 75mm diameter flange ended steel pipe
	m
	24
	1500
	36000.00

	4.3
	Supply and installation of 75mm flange ended 90oelbow
	Pcs
	6
	800
	4800.00

	4.4
	Supply and installation of 75mm flange ended Gate valve
	Pcs
	3
	4500
	13500.00

	4.5
	Supply and installation of 75mm flange ended Check valve
	Pcs
	3
	3000
	9000.00

	4.6
	75mm Adapter to connect flanged steel pipe and HDPE pipe
	Pcs
	3
	3000
	9000.00

	4.7
	Pressure gauge
	Pcs
	3
	5000
	15000.00

	 
	Sub Total for 4
	 
	 
	 
	687300.00

	5
	Pump house for sprinkler System
	 
	 
	 
	 

	5.1
	Site clearing to an average depth of 20 cm to remove top soil & Grubbing
	m2
	30
	55
	1650

	5.2
	Excavation for foundation trench to a depth of not exceeding 100 cm below stripped ground level
	m3
	16
	91
	1456

	5.3
	Placing 25cm thick basaltic or equivalent stone hard core well  rolled and consolidated & blinded with crushed stone
	m3
	13
	987
	12831

	5.4
	Construction of 40 cm thick basaltic or equivalent  masonry foundation wall to a depth of 50 cm blow stripped level blended & joined in cement mortar of 1:3
	m3
	19.6
	1741
	34123.6

	5.5
	Pointing the external wall surface of the foundation  with cement mortar 1:3
	m2
	26
	81
	2106

	5.6
	Casting 50 cm thick reinforced concrete for Generator and pump Seat  (Basement) with Grade C-20 Concrete with minimum  cement content of 320 kg / m3 cost includes supply & Installation of Re-bar and approved  anchor Bolts and Formwork fixing 
	m3
	1.2
	3916
	4699.2

	5.7
	Casting 10 cm thick Mass Concrete of Grade C-20, with minimum cement of  320 Kg / m3 of concrete above hard core
	m3
	1
	2909
	2909

	5.8
	Supply, Cut, Bend & fixing  Reinforcement bar DN12 mm spaced @ 250 mm   
	Kg
	20
	50
	1000

	5.9
	Wooden Formworks
	m2
	2.5
	866
	2165

	5.10
	G-32 CIS walling with all necessary materials
	m
	160
	460
	73600

	5.11
	G-32 CIS Roofing with all necessary materials
	m
	80
	460
	36800

	5.12
	"Tid or Equivalent wooden frame lockable doors made of  G-32 CGI sheets of single double leaf type 2.10 m x 1.50 m
	Pcs
	3
	2000
	6000

	5.13
	"Tid or Equivalent wooden frame lockable windows made of G-32 CGI sheets of single Leaf type 1.00  x 1.00 m
	Pcs
	3
	500
	1500

	5.14
	supply & fix mesh wire for insect netting and  ventilation as drawing 400cmx50 cm
	lps
	1
	3000
	3000

	 
	Sub Total for 5
	 
	 
	 
	183839.80

	6
	Pressure line from the 4 bore holes
	 
	 
	 
	 

	6.1
	Trench excavation on normal soil
	m3
	1549
	68
	105332

	6.2
	50mm dia GI pipe supply and fix with all necessary fittings and other materials
	m
	2420
	500
	1210000

	6.3
	Selected back fill and compaction
	m3
	1549
	50
	77450

	 
	Sub Total for 6
	 
	 
	 
	1392782

	7
	722 m3 capacity storage pond and appurtenant structures
	 
	 
	 
	 

	7.1
	Excavation on normal soil
	m3
	860
	68
	58480

	7.2
	Selected fill and compaction under optimum moisture
	m3
	60
	146
	8760

	7.3
	1.2mm thick geo-membrane supply and lay with all necessary materials and welding
	m2
	1089
	150
	163350

	7.4
	Fencing in barbed wire with chemical socked wooden poles at 2m interval and wire at 0.20m interval to ht of 1.6m cast in concrete 1:2:4 mix
	m
	140
	220
	30800

	7.5
	CIS double leaf gate for the fencing with all accessories
	ls
	1
	1000
	1000

	 
	Sub Total for 7
	 
	 
	 
	262390

	8
	Pipe lines and related items for sprinkler System supply and installation with all necessary materials
	 
	 
	 
	 

	8.1
	Supply and installation of main Pipe line including all Fittings and all pipe Accessories complete, Air valve, isolate Valves and other fittings
	 
	 
	 
	 

	8.1.1
	PN 10 HDPE pipe for main Pipes
	 
	 
	 
	 

	 
	Dia 75
	m
	383
	190
	72770

	8.1.2
	PN10 HDPE Compression type Tee, ends compatible to standard HDPE pipes and water-tight sealing at zero bar pressures.
	 
	 
	 
	 

	 
	T-75 X 50
	Pcs
	4
	420
	1680

	8.1.3
	PN10 HDPE Compression type Reducer coupling, ends compatible to standard HDPE pipes and water-tight sealing at zero bar pressures.
	 
	 
	 
	 

	 
	R-75X50
	Pcs
	4
	350
	1400

	8.1.4
	End plugs with coupling compatible with the Supplied HDPE pipes and PN 10
	 
	 
	 
	 

	 
	Dia75
	Pcs
	1
	200
	200

	8.2
	Air Valve, Isolation Valve and accessories
	 
	 
	 
	 

	8.2.1
	PN10, GI internal treaded Isolation valve sizes compatible to Pipes and fittings
	 
	 
	 
	 

	 
	Dia 75
	Pcs
	4
	3000
	12000

	 
	Dia 50
	Pcs
	4
	2500
	10000

	 
	PN10, GI internal treaded air valve sizes compatible to Pipes and fittings
	 
	 
	 
	 

	 
	Dia 75mm
	Pcs
	1
	3000
	3000

	 
	Dia 50mm
	pcs
	4
	2500
	10000

	8.2.2
	Adapter for Supplied GI Valve to Coiled HDPE pipe compression type (one end male threaded and the other end suitable for coupling with Coiled HDPE lateral pipe) compatible to dia.
	 
	 
	 
	 

	 
	Dia 75
	Pcs
	4
	1200
	4800

	 
	Dia 50
	Pcs
	4
	900
	3600

	8.3
	Lateral pipes and in-field irrigation pipes and fittings supply and installation with all necessary materials
	 
	 
	 
	 

	8.3.1
	PN 16, 2" female threaded outlet saddle clamp with 6 bolt for water-tight connection of 2" male threaded GMS riser pipe with dia to fit the supplied pipes of dia.
	 
	 
	 
	 

	 
	50
	Pcs
	84
	600
	50400

	8.3.2
	PN 16, 3" female threaded outlet saddle clamp with 6 bolt for water-tight connection of 3" male threaded GMS riser pipe with dia to fit the supplied pipes of dia.
	 
	 
	 
	 

	 
	75
	Pcs
	4
	1200
	4800

	8.3.3
	GMS pipe 1200mm long male/male threaded
	 
	 
	 
	 

	 
	 Dia. 2"
	Pcs
	4
	1800
	7200

	8.3.4
	Hydraulic valves preset at 3 bar pressure and both ends female threaded for connection to pipe sizes and PN16, the valves should have flow control valve
	 
	 
	 
	 

	 
	Dia. 2" male BSP threaded
	Pcs
	4
	5000
	20000

	8.3.5
	GMS pipe 600mm long male/male threaded
	 
	 
	 
	 

	 
	 Dia. 2"
	Pcs
	4
	1200
	4800

	8.3.6
	GMS 90 Degree Bend f/f threaded
	 
	 
	 
	 

	 
	 Dia. 2"
	Pcs
	8
	900
	7200

	 
	 Dia. 3"
	 
	8
	1100
	8800

	8.3.7
	GMS pipe 1000mm long male/male threaded
	 
	 
	 
	 

	 
	 Dia. 2"
	Pcs
	4
	2000
	8000

	 
	 Dia. 3"
	Pcs
	4
	2500
	10000

	8.3.8
	PN10, Adapter for GMS Bend to Coiled HDPE lateral pipe compression type (one end male threaded and the other end suitable for coupling with coiled HDPE lateral pipe)
	 
	 
	 
	 

	 
	2" to 50mm
	Pcs
	4
	2000
	8000

	8.3.9
	PN10 coiled HDPE pipe for lateral pipes 
	 
	 
	 
	 

	 
	50mm
	m
	1091
	110
	120010

	8.3.10
	PN10, Compression Reducer coupling
	 
	 
	 
	 

	 
	R-75x50
	Pcs
	4
	270
	1080

	8.3.11
	End plugs  with coupling compatible to the coiled lateral pipes
	 
	 
	 
	 

	 
	50mm
	Pcs
	4
	150
	600

	8.3.12
	Sprinkler and accessories
	 
	 
	 
	 

	8.3.12.1
	PN10, 1" female threaded outlet saddle clamp with 4 bolt for water-tight connection of 1" male threaded uPVC riser pipe with dia to fit the supplied coiled HDPE pipes of dia.
	 
	 
	 
	 

	 
	50x1''
	Pcs
	84
	250
	21000

	8.3.12.2
	1" uPVC riser  pipe m/m treaded, 500mm long, with Teflon, PN10
	Pcs 
	84
	300
	25200

	8.3.12.3
	PN10, female water intake Riser valve 1" Female thread
	Pcs
	84
	280
	23520

	8.3.12.4
	PN10, Bend to hose (steel) for connecting hose and water intake valve
	Pcs
	84
	350
	29400

	8.3.12.5
	PN10, Flexible Hose pipe for 10 bar WP and 20mm dia. 30m long with 2 clamps
	Pcs
	84
	900
	75600

	
	
	
	
	
	

	8.3.12.6
	PN10, GMS riser/Tripods with supporting legs (1.5m tall 3/4" female threaded end, 2 legs movable) 
	Pcs
	84
	500
	42000

	
	
	
	
	
	

	8.3.12.7
	PN10, adaptor for connecting the supplied flexible hose and GMS riser
	Pcs
	84
	700
	58800

	
	
	
	
	
	

	8.3.12.8
	PN10, Double nozzle Plastic sprinkler head 3/4" male thread with 3mmx2.0 nozzle and full circle wetting, 4.38 mm/hr precipitation rate, and discharge of 0.57m3/hr, working pressure 3Bar.
	Pcs
	84
	320
	26880

	
	
	
	
	
	

	8.4
	Trench excavation on normal soil and back fill and compactions
	 
	 
	 
	 

	8.4.1
	Trench Excavation in ordinary soil for HDPE  pipes
	m3
	1046
	68
	71128

	8.4.2
	Fill with excavated soil for HDPE pipes
	m3
	1046
	50
	52300

	8.5
	Pipe laying cost with all necessary fittings or welding for 1091m dia 50mm HDPE and 383m dia 75mm HDPE
	lps
	1
	50000
	50000

	 
	Sub Total for 8
	 
	 
	 
	846168.00

	9
	Trust blocks 
	 
	 
	 
	 

	9.1
	Thrust block for Tees, Concrete grade C-20
	m3
	0.6
	3543
	2125.8

	9.2
	Thrust block for End Cup, Concrete grade C-20
	m3
	1.2
	3543
	4251.6

	 
	Sub Total for 9
	 
	 
	 
	6377.4

	10
	Valve Chambers
	 
	 
	 
	 

	10.1
	Ball Valve Chamber 200mmx500mm P.C pipe Concrete grade C-20. 50mm thickness with 2.5mm thick and 350mm dia. steel cup cover (Detail as per the drawing)
	Pcs
	84
	2500
	210000

	10.2
	Hydrant Valve Chamber 500mmx750mm P.C pipe Concrete Grade C-20 and 50mm thickness wall with 2.5mm thick and 650mm dia. removable steel cup. Detail as per drawing
	Pcs
	4
	8000
	32000

	10.3
	Air Valve Chamber 1000mmx1000mm P.C pipe. Concrete grade C-20. 100mm thickness with Ø6c/c 200 reinforcement steel and 60mm thick with diam 6 c/c 200mm reinforcement (detail specification as per the drawing)
	Pcs
	5
	7000
	35000

	 
	Chamber for Isolation valves in the main Pipe (4 in number)
	 
	 
	 
	 

	10.4
	Excavation on normal soil
	m3
	4
	68
	272

	10.5
	200mm thickness RCC wall as per drawing with all form work and R. bars
	m2
	4.32
	4551
	19660.32

	10.6
	50mm thickness gravel pack for bedding
	m2
	1.2
	80
	96

	10.7
	200mm lean concrete under foundation 1:2:4
	m3
	1
	3543
	3543

	10.8
	400x400x2.5mm thick Sheet metal manhole cover (detail specification as per the drawing)
	Pcs
	4
	4000
	16000

	 
	Sub Total for 10
	 
	 
	 
	316571.32

	11
	Pipe lines and related items for gravity Drip System supply and installation with all necessary materials
	 
	 
	 
	 

	 
	HDPE Pipe line before Roto tankers
	 
	 
	 
	 

	11.1
	GIS Tee 50mm supply and fix on pressure line from BH
	pcs
	1
	600
	600

	11.2
	GIS 2" Nipple supply and fix
	pcs
	2
	90
	180

	11.3
	GIS Reducer 2"x1" female-female
	pcs
	1
	250
	250

	11.4
	GIS Nipple 1"
	pcs
	3
	40
	120

	11.5
	1" GI Gate valve
	pcs
	1
	400
	400

	11.6
	Adapter to connect 1" GI fitting and1" HDPE PN10
	pcs
	1
	350
	350

	11.7
	1" or 25mm inch PN 10 HDPE pipe supply and lay with all necessary socket and solvent necessary up to Roto tankers
	m
	230
	50
	11500

	11.8
	1" PN10 HDPE elbows
	pcs
	6
	60
	360

	11.9
	1" PN10 HDPE Tee
	pcs
	6
	110
	660

	11.10
	25mm HDPE nipples
	pcs
	12
	30
	360

	11.11
	25mm ball valves for isolation
	pcs
	6
	350
	2100

	 
	HDPE pipe line after Roto Tankers
	 
	 
	 
	0

	11.12
	10000 Liter capacity Roto Tankers supply and installation
	pcs
	3
	15000
	45000

	11.13
	Supply 25mm diameter PN6 HDPE pipes
	m
	280
	35
	9800

	11.14
	Dia.25mm HDPE PN6 elbows 
	pcs
	6
	40
	240

	11.15
	Dia.25mm HDPE PN6 ball valves
	pcs
	6
	280
	1680

	11.16
	Dia.25mm HDPE PN6 Tee
	pcs
	3
	70
	210

	11.17
	Dia.25mm HDPE PN6 nipples 
	pcs
	12
	30
	360

	11.18
	Dia.25mm HDPE PN6 union
	pcs
	6
	80
	480

	11.19
	150 mesh HDPE PN6 filter Dia 25mm
	pcs
	3
	500
	1500

	11.20
	Dia 25mm HDPE PN6 ball valves
	pcs
	6
	300
	1800

	11.21
	Float valves at tankers
	pcs
	3
	600
	1800

	11.22
	Dia 25mm HDPE PN6 Adapter 
	pcs
	4
	160
	640

	11.23
	Puncher for lateral connection
	pcs
	1
	800
	800

	11.24
	25mm HDPE PN6 end plug
	pcs
	6
	40
	240

	11.25
	16 mm dia,PN4 black LDPE laterals with slotted emitters at 30cm interval
	m
	31000
	4
	124000

	11.26
	16mm dia HDPE PN4 barbed adapters
	pcs
	420
	60
	25200

	11.27
	Hose end
	pcs
	420
	25
	10500

	11.28
	Holding stakes 
	pcs
	4000
	3
	12000

	11.29
	Installation cost all drip system
	lps
	1
	20000
	20000

	 
	Roto stands 3 in number
	 
	 
	 
	 

	11.30
	Excavation on normal soil
	m3
	60
	68
	4080

	11.31
	Reinforced concrete slab as per reinforcement detail, including form work and all bar placement indicated in drawing
	m3
	9
	4551
	40959

	11.32
	Masonry bedded in 1:3 mortar
	m3
	36
	2162
	77832

	11.33
	Pointing to masonry walls
	m2
	220
	105
	23100

	11.34
	Selected fill and compaction
	m3
	45
	50
	2250

	 
	Sub Total for 11
	 
	 
	 
	421351

	 
	Sub total 1 to 11
	 
	 
	 
	8,052,950.52

	 
	Vat 15%
	 
	 
	 
	1,207,942.58

	 
	Total with vat for PART-II-B
	 
	 
	 
	9,260,893.10

	 
	Total project cost PART-I + PART-II-A+ PART-II-B
	 
	 
	 
	29163874.6


5.10. Conclusion and Recommendation

Net irrigable area is limited to only 42 ha due to uncertainity of surface water balance as well as yield of bore holes around the project area. Priority attention shall be given for surface irrigation system during implementation from cost point of view.

The project shall be implemented in Three parts. First part surface irrigation system from Gibe river with all civil and electromehanical works, the Second part is is bore hole drilling and testing. This time the static water level, draw down, pump safe yield and pump positioning is known. Thus there may be need for design review based on well yield obtained and pump position. The third part civil and electromechanical works for sprinkler and drip system that is pump installation, power supply, pipe networks and sprinkler and drip system installation.

Close supervision by geologists and engineers as well as electromechanical experts is necessary during the construction process. Design review may be needed in the sprinkler and drip system if well yield and pump position is changed during implementation.
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