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Abstract

The artificial application of water to land to aictop production has enabled man to increase hiditglib produce
food and cash crops. All — the — year round cropdorction is now possible instead of the previossrigtion to rain
fed agriculture. However, conserving water and\daly it to the fields in an efficient manner hasitimued to be a
challenge. This work seeks to take advantage @&fna ldeing constructed for water supply purposesapd, Kwara
State, Nigeria. The reservoir capacity is far tag for the water demand and therefore a large qgitardf water will
be available as excess. Incidentally, an expandertife land exists in the immediate downstrearthefdam which is
suitable for irrigation agriculture.

A detailed topographical survey was carried out agi@ther studies and a layout was prepared fordbkvery of
water to the fields by the use of irrigation chalsné&hannel parameters were established throughufe various
tested formulas found in literature and from expede. It was also concluded that the reservoir cépas adequate

for both water supply and irrigated farm.
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1.0 Introduction

Irrigation may be defined as the process of aitifiz
supplying water to soil for raising crops. It is@ence

of planning and designing an efficient, low-cost,
economic irrigation system tailored to fit natural
conditions. It is the engineering of controllingdan
harnessing the various natural sources of watethdéy
construction of dams and reservoirs, canals and
headworks and finally distributing the water to the
agricultural fields (Punmia and Pande, 2008).

From 50 to 90 percent of the weight of living
organisms is water. Hence water is indispensable to
the growth of living things. Unfortunately, wates i
available in varied quantities at different timesda
season all over the earth. This implies that watay

not be available from natural rain except abstdcte
from other means. The end result of abstractioitsis
use to irrigate crops.

All the irrigation schemes are so designed thay the
increase the food production of the country. Apart
from the increase in food, there are many indirect

benefits or advantages of irrigation, and they are:
Increase in Food Production; Protection from Famine
Cultivation of Cash Crops; Addition to the Wealth o
the Country; Increase in Prosperity of People;
Improvement in the Ground Water Storage; Aid in
Civilization; general development of the countrpda
creation of employment opportunities; etc.

The behavior of weather in Nigeria has been a stibje
of extensive research. Odekunle (2005) identiffeat t
the active lengths of growing season in Ikeja, Qndo
llorin, Kaduna and Kano are 5 months, 5 months, 4
months, 4 months and 2 months respectively. He
stated that the growing season in these states of
Nigeria was directly dependent on the number of
months of rainfall in those states. Olaniran (2082
confirmed the existence of rainfall anomalies in
Nigeria. These facts make Nigeria and preciselpdsa
an environment prone to unequal distribution of
rainfall and the need to depend on irrigation for
improved food production. Figure 1 present the
weather averages of Nigeria in graphical form.
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Lagos, MNigeria Climate Graph (Altitude: 40 m)

40 : : : : T 490
L ES e e g
= : : : : ; :
= :
5 20 T o T e i T
- - 86
L
&
[ I e )~ (SR JI D S Ry S e, S U — . p R EE,
58 _
e 84 2
EBon oo i Sy T g
= T
52 :
SE s
&= E
)
e L a0
&
b
[= B
£
& - 78
7B
dan Feh Iar Apr May  Jun aul Aug Sep Oct Mow  Dec
w—ylin Temp (720 gy Temp (°C)
Average Tem ?Cj = Precipitation {crm)
Wy'et E?a},fs =0.T mm Awerage Sunhight' Hoursd Day
m—Syarage WYind Spead (Beaufort) Doy s with Frost
Relatiwve Hurnidity (%6)
Figure 1: Nigeria Climate Graph in metric [Sourggww.climatetemp.info/Nigeria
2.0 Study Area community of 0.5 M, the dam storage will be
Isapa, a town in Ekiti Local Government Area of grossly underutilized. The inclusion of an irrigati
Kwara State, Nigeria, is located on latitud®830” facility will ensure a more judicious use of thecegs

and longitude 820'00” as shown in Figure 2. Isapa is water to be stored in the dam reservoir. Irrigdéeul

about 115 km from llorin the state capital just off represents about 18 percent
llorin — Lokoja highway. Predominantly farming tset cultivation but often produces ov

of all land under
er twice the yield

major source of livelihood of the inhabitants with non-irrigated fields. Hence the main objective lokt
livestock rearing and Fishing done on small scite work is to provide a design proposal for irrigation
community is blessed with natural flowing water purposes for the achievement of a sustained

which is being dammed for domestic water supply.  production of Crops throughou
With a dam reservoir Capacity established at 12.5 farmers in Isapa Community.
Mm® and the domestic water demand of the

t the year for the
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Figure 1: Google Map of Isapa Community in Kwara Sate

3.0 Literature Reviews

3.1 Methods of Irrigation

There are four main methods water application etd§.
These are furrow, sprinkler, basin and drip, (l8gk
irrigation (Sharma, 2007). For adoption of anygation
of the irrigation methods, the following requirenenare
essential:

=  Application is within desirable limits. Stream flow
is adequate so that the depth of wetting and hémee
stand of crop is approximately uniform. The irrigat
achieves high productivity so that during a daytslvhe
can irrigate a large hectare.

" Afford a uniform water distribution in root zone
of a crop with as small as 6cm applications fohtig
irrigation

= Allow heavy uniform application of 15 to 20cm

of water depth and under some conditions as much as

25cm per irrigation for salt leaching where such a
problem exists

] Allow use of large concentrated water flows for
reduction of conveyance losses, field channel netwo

and labour cost,

" Suitable for use with economical conveyance
structure

= Facilitate mechanized farming

] Occupy minimum land under bunds

] Inexpensive and economically justifiable

= High efficiency of water application i.e. the ratio
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of water stored in the root zone to that deliveredhe |
field should be maximum |
. Minimum wastage of water either through |
surface runoff or through deep percolation belogvritot |
zone of a crop. :
Irrigation canals which are constructed withoutfiaral |
lining on their water carrying surface are calletifiaial i
channels. Designing unlined channels depend on thel
conditions, particularly the soil formations, sedimh |
transport characteristics, operational needs arsiretk i
standards of maintenance. :

|
For erodible channels flow velocities are kept kovthat |
the channel bottom and sides are not eroded. Thei
minimum flow velocity in flows carrying a large anomt, :
of sediment should be such that the material beingi
transported is not deposited in the channel. !

X Non-Erodible (Lined) Channels

|
|
|
:
|
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In the design of a rigid-boundary channel, the dehn 3.2 Channel Design Parameters

cross section and size are selected such thatthéred

discharge is carried through the channel for thelable The design of a channel involves the selectionhahoel

head with a suitable amount of freeboard. alignment, shapes, size, and bottom slope and wheth ;
the channel should be lined to reduce seepage rated/o

Freeboard is provided to allow for unaccounteddiecin prevent, the erosion of channel sides and bottanteS

design, uncertainty in the selection of different lined channel offers less resistance to flow than a

parameters, and disturbances on the water sudtce, unlined channel.

The channel alignment is selected so that the @iann Procedures are not presently available for selgctin
length is as short, as possible and at the saneertigets optimum channel parameters directly. Typically, the
other site restrictions and requirements, such as design of a channel is done by trial and error.
accessibility, right of way, and balancing, of eutd fill

amounts. The bottom slope is usually dictated leysite Channel parameters are selected and an analysenés
topography whereas the selection of channel shade a  to verify that the operational requirements are mih
dimensions take into consideration the amountaf flo these parameters. A number of alternatives are
be carried, the ease and economy of constructidrttan considered, and their costs are compared. Thermdse

performance is selected.
A triangular channel is used for small rates otkia&ge,
and a trapezoidal cross section is generally ugethfge
flows.
3.3 Most Efficient Hydraulic Section
For structural reasons, channels excavated through

horseshoe shape. section yields the most economical channel. However

must be kept in mind that the above formulation is
Normally, the Froude number is kept low oversimplified. For example, it did not take into

(approximately up to 0.3) so that the flow surfatmees consideration the possibility of scour and erosigrich
not become rough, especially downstream of obstmst may impose restrictions on the maximum flow vehacit
and bends. Similarly, the flow velocity is selectaath ) ) )

that the lining is not eroded and any sedimentieduin The conveyance or carrying capacity of a given oBan
the flow is not deposited. section increase directly with the hydraulic rad{i.

This means it increases with decreases in the avette
Normally, these channels are designed based on the perimeter (P).

assumption of uniform flow, although in some siioias
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gradually varied flow calculations may be needed to The best hydraulic section is one that has the leaged |
|

i

i

assess the suitability of selected channel sizexteme perimeter for the same area (A). The channels is th
events. work will be designed for the best hydraulic efficcy |
practicable. The best hydraulic section may not !
Selection of type of Irrigation Channels and Salga necessarily be the most practicable. Hence the most
type of lining economical slope for a channel must simulate the!

following conditions.
The essential requirements of a satisfactory type o

Channel and Channel lining are; 1. Maximum discharge for a given cross sectional
area

i) low cost, 2. Minimum excavation and lining i.e least

)] impermeability, expenditure for the design amount of discharge

iii) hydraulic efficiency (i.e., reduction in rugosity 3. Least wetted perimeter or its equivalent

coefficient) so that there is minimum resistance of flow and

iv) durability, consequently there is optimum discharge.

V) resistance to erosion,

vii) Structural stability. best hydraulic sections.

i
i
i
i
i
i
i
i
i
i
i
;
|
vi) repair ability, and The Table below gives the geometric attributeshoée !
i
i
;
|
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Tablel: Best Hydraulic Sections

Area Wetted Hydraulic Top Hydraulic
Perimeter Radius Width Depth
Cross — sectional Shape
A P R w D
Trapezoid — half of a Hexagon 3y2 2 /3y wy 4 /3y %y
Rectangle — half of a Square 2y2 4y wy 2y y
Triangle — half of a Square y2 2./2y ¥, /2y 2y wy

[Source: Mays, 2005]

Where vy is the depth of the channel, R is the hyldra

This equation is called Chezy’s equation and itdasit

depth, S is the slope of channel and n is manning’s of M*?>S* and C = Chezy’s coefficient, others study or

coefficient for the channel lining. For a concréiteed
channel n = 0.015. For a rectangular channel, dagig
for the best hydraulic section we have: B = 2d; Rds
and A = 2d. Where B, d, P, A are the bottom width,
depth, wetted perimeter and Area of channel rebygt
Also for n = 0.015 we use equation 3.6 and 3.9rtd the
width, perimeter and area. Allowance of about 4006 o
depth of flow will be made for free board.

work of channel flow are Mannings.

1

Where a trapezoid channel is used the best hydrauli

section will have side slope of3/3 horizontal to 1
vertical. For a Trapezoidal channel, designingtifierbest

; P=2y3d; and

hydraulic section we havg =

A=+3d?

34 Flow Computation

For steady uniform flow the depth and velocity is

constant hence no acceleration.
Hence V =C+RS

1

Where C = (?JZ

2d

Table 2: Recommended Values for Manning’s “n”

B
C :i in S.1 unit 3
n
111
6 2Q2
V=R R2S 4
n
But Q=VA 5

This gives Manning's formula for uniform flow
calculations as:
2 1
3Q2
0= AR?®S 6
n
where, Q = flow in rifsec; A = Area of flow section in

m% R = Hydraulic Radius in m; S = Slope of chanriels

m/m; and n = Manning's roughness coefficient.

Recommended values for different types of chanamds
given in Table 2.

Type of Channel and Description n
Concrete Lined 0.015
Stone masonry (smooth finishing) 0.020
Unlined /formed 0.025-0.050
Natural Streams 0.040-0.050

[Source: Mays, 2005]
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4.0 Materials And Methods

4.1 Raw Water Requirement

Estimated water demand for Isapa is about 1,G@tay.
However an allocation of 500,0001s to be reserved for
water supply to cater for future requirements. A
topographical survey of the immediate downstrears wa
carried out which was used to prepare a layoutaofts

as shown in Figure 2. Gross area to be broughtrunde |

irrigation is 100 ha as per the survey. Assuming th

cultivation of three types of crops, the crop water |

requirement is estimated to be 10.96 fAmar. Total

water requirement per year for water supply and |

irrigation is thus about 12.5 Miwhich is about the
reservoir capacity of the Isapa dam.

I' I | e tpalmn
|- — -] |
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Figure 2: Field Layout of Canals for Isapa Irrigation Scheme

5.0 Hydraulic Concrete Lined
Channel
For the purpose of this work, it is reasonable gsuane
irrigation duration of 6 hrs. Based on the crop ewat
requirement and an area of 100 ha:
¢ Maximum Monthly
=36,500nYHa/Month
«  Maximum Daily Irrigation= 1,216.67%day

e Maximum Discharge/ Ha =

Designs  of

Irrigation

0.056n%/Ha/Sec
« Maximum Area Covered by Field Canal =
3.35Ha
¢ Maximum Capacity of Field Canal (Q) =
0.19m/s

The topography of the area is such that the botimpe
S,, is about 0.0004

For lined Concrete Flow Surface n = 0.015 (Table 2)
Applying Manning equation (equation 6) yields

2 ng 0.015 X 0.19
AR = —¢ = ———— = 0.1425
5 0.00040-5

2
AR3 = (4/3y)(0.5y/" = 1.0911y°
Solving for y we get:

04425 267 Then
1.0911 '

(i.e. full supply depth)

y =0.47m for the field canals

The Table 3 below shows computations of y for all i

channels as laid out in Figure 2.
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Table 3: Table of Design Parameters for Isapa Irrigtion Project

Design Parameters

Channel

TYPE D it Channel Catchment n Maximum  Hydraulic Channel
escription Section Type area (Ha) Slope S Capacity depthy
Q (m’s) (m)
Main Canal Trapezoidal ~ 51.4 0.015  0.0002 2.88 1.47
B Distributaries | 'apezoidal - 16.25 0.015  0.0004 0.91 0.68
C Field Canal Triangular 3.35 0.015  0.0004 0.19 0.47

For the distributaries Channels, the best hydradition
will have a side slope o{/§/3 horizontal to 1 vertical.
For a trapezoidal section, designing

, Iy 22X 068
Bed width,B' = — = = 0.78m

+'3 +3

From

P=2/3y =2J/3X068=285m

Also from

Table 4. Computation Model for Isapa Irrigation Project

A= /3y? = \3x068%=1.175M
Applying a free board of 40% ,d=y X 1.4

d=0.47 X1.4=0.95m

Maximum Velocity is calculated from Q = VA
v=2 =22 _ 07744m/s
4 1175
Table 4 below also gives the channel dimensions

calculated from the obtained channel depths in & &bl

Channel Dimension

Channel Channel Wetted Depthd  Bottom Top Maximum
TYPE Description Area A Perimeter P (m) WidthB  Width T Velocity V
(m? (m) (m) (m) (m/s)
Main Canal
A (Trapezoidal) 2.549 4.20 2.06 1.70 4.76 1.1299
Distributaries
B (Trapezoidal) 1.175 2.85 0.95 0.78 2.19 0.7744
Field Canal
C (Triangular) 0.221 1.939 0.658 0.94 0.8597
3.0 Conclusions crops grown in the area; computation of domestitewa

The major concern of an irrigation engineer is ustain
the provision of water to plant any time of the ryéa
guarantee food production all year round. This is
basically done by impounding water during excesspe
and then releasing and distribution through Cadattg
drought.

This work is necessitated by the fact that a daatresady
being constructed in Isapa. The dam is proposebeto
used for domestic water supply. With a dam reservoi
Capacity of 12.5Mrand a domestic water required for
the community being 0.5Minthe dam storage will be
grossly underutilized. The inclusion of an irrigetiarea
will make judicious use of the excess water stonethe
Dam.

The methodology of this work includes acquiring of
relevant Hydro-metrological data; the identificatiof

use and the hydraulic design of the Channels for
irrigation.

The design of channels with rigid boundaries which
not erode or scour was discussed. Then, equatiens w
derived for the most efficient hydraulic sectionatth
conveys the maximum discharge for a specified cross
sectional area for different cross sectional shapes

There were three categories of channels designegy T
are the Main Channels, Distributaries and Field
Channels. The adoption of this project as a basis f
further studies on irrigation systems will guarantae
economic growing of plants suited for Isapa envinent
without jeopardizing the domestic water supply neéd
the populace. The cultivation of 100 ha of landiurch a
community for all the year farming will greatly neck
unemployment and improve the lot of the people.
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