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ABSTRACT

From the analysis of the field data used tor this research. the soil in the site was found to be
andy loam, with Bulk density of 1.62g/cm’. nfiltation rate of 3.7¢m/hr, Permanent wilting point of
.94%, Field capacity of 7.49%, discharge through the main canal to be 0.6m’/sec, Crop water
zquirement and Consumptive use (1'1) was also detenmimed to be 353.844¢m and 294.87mm/month.
After redesigning, the values of infiltration rate and Permanent wilting point falls within the standard
%mge ol 1.3-7.6cm/hr and 5-15%. It was also concluded that the Bulk density (BD) is influenced by the
01l structure, texture and degree of compaction ol the soil. The average monthly Irrigation frequency
wvas found {o be three (3) days and the frngation appheation tme of 0.4dhrs was redesigned. The

zconomic analysis of the project gave a cost benetit ratio of 18 indicating that the project is viable.
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CHAPTER ONE
1. INTRODUCTION

Irrigation can be used to supply water to an area where Crops are grown, so
as to reduce the lengtil and frequency of the periods where lack of soil moisture is
the limit 3 factor to plant growth (Ruthenberg, 1980). It can be total irrigation,
when all crop water requirement is supplied through irrigation or supplemental
when irrigation is applied in addition to natural precipitation or soil profile
contribution to enhance crop yield.

The importance of irrigation development for food production is no longer
an issue in Nigeria. The issue is how to sustain irrigated agriculture for the
permanent benefit of the population. In the historical and current development of
irrigation in Nigeria, it is noted that the setting up of the River Basin Development
Authorities for irrigation was proposed to put about 2 million hectares of land
under irrigation between 1980 — 1985 and beyond. To this end, substantial capital
has already been invested in development of irrigation facilities.

Surface irrigation can be broadly classified as check basin irrigation,
Border irrigation and Furrow irrigation. A surface irrigation event is composed of
advance phase, wetting phase, depletion phase and recession phase. When water is
applied to the field, it advances across the surface until the water extends over the
entire area. Then the irrigation water either runs off the field or begins to pond on
.+ surface. The interval between the end of the advance and the time the inflow is
cut off is called the wetting or ponding phase. The volume of water on the surface
begins to decline after the water is no longer being applied. It either flows from the
surface (runoff) or infiltrates into the soil. For the purpose of describing the
hydraulics of the surface flows, the drainage period is segregated into the depletion

1



phase (vertical recession) and recession phase (horizontal recession). Depletion is
the interval between cut off and the appearance of the first bare soil under the
water. Recession begins at that point and continues until the surface is drained

(Walker, 2007).

1.1 Sta}tement of Problem
Edozhigi irrigation project has been in existence since 1966. It was first
constructed during the colonial-era and reconstructed in 1980/81. Presently, most of
the water control and conveyance structures have collapsed due to lack of
.maintenance. This is an ambitious scheme designed for 1,600ha of rice production. As
an alternative, a pilot schemc was commenced near the command area since there is
good and reliable source of water to supply the entire area and the topography is also
favourable, but there has been no design plan.
Therefore, for effective performance of the scheme to guarantee large scale rice
production, there is the need to have a proper re-design plan for the project.
1.2 Objectives
The general objective of this project is to re-design an effective surface
irrigation method for large-scale rice production. The specific objectives
include:
(i)  Tore - design a check basin irrigation system for the project area.
.(i1)  To estimate the cost/benefit ratio in order to justify the feasibility of

implementation of the scheme.

1.3 Justification



The focus of this project is to re - design an effective surface irrigation method
that can be applied both now and in the future. Check basin system of surface
irrigation was selected because it is highly economical, feasible, generally easy and

cheap to install where conditions are favourable.



CHAPTER TWO
2. LITERATURE REVIEW
2_.1 Check Basin Irrigation,

In check basin irrigation, the field to be irrigated is divided into units
‘surrounded by small levees or dikes. Gated outlets, siphon tubes, spiles, and
hydrants conduct water from delivery channels or pipelines into each basin
(James., 1993). Basin may be either level or graded. In level basins, water is
introduced into the basin as rapidly as possible and then held until it infiltrates or
is drained away. High application efficiencies are possible primarily because
runoff losses are minimized (James, 1993).

Graded basins are construction with two levees parallel and two
perpendicular to field contours. Water enters graded basins along the upper
contour and flows to the lower contour until the irrigation is completed. Water is
then removed with surface drains located along the low contour levee. Graded
basins are sometimes arranged in several rows or layers placed one above the other
so that the drained water from upper basins is used to irrigate lower basins. For
paddy rice, water is usually circulated through basins throughout most of the
irrigation season. Graded check basin irrigation is sometimes called contour levee
irrigation (James, 1993).

The field to be irrigated by the basin method is divided into level
rectangular areas bounded by dikes or ridges. Water is turned in at one or more
points until the desired gross volumes has been applied to the area. The flow rate
mu. be large enough to cover the entire basin in approximately 60 to 75 percent
of the time required for the soil to absorb the desired amount of water. Water is

pounded until infiltrated (Jensen, 1993).



Check basin irrigation is the most common form of surface irrigation,
particularly in regions with layouts of small fields. There are few crops and soils
not amenable to check basin irrigation, but it is generally favoured by moderate to
slow intake soils, deep-rooted and closely spaced crops. Crops which are sensitive
to flooding and soils which form a hard crust following an irrigation can be basin
irrigated by adding furrowing or using raised bed planting. Reclamation of salt-
affected soils is easily accomplished with check basin irrigation and provision for
drainage of surface runoff is unnecessary. Of course, it is always possible to

-encounter a heavy rainfall or mistake the cut —off time by having too much water
in the basin. Consequently, some meéms of emergency surface drainage is good
design practice. Basins can be served with less command area and field water
courses than can border and furrow systems because their level nature allows
water applications from anywhere along the basin perimeter (walker, 2007).

2.2 Infiltrations

Infiltration, usually defined as the entry of water into soil profile, is a
process of great practical importance to irrigation design. It is the infiltration
capacity of the soil t:hat determines the rate at which water can be applied to the
surface without runoff. Failure to adequately consider the infiltration proce;v,s may
result in non-uniform distribution of water in the field as well as excessive water
loss due to deep percolation and runoff. Many of the soil-related factors that
control infiltration also govern soil water movement and distribution during and
after the infiltration process. Hence, an understanding of infiltration and the factors
affecting it is important to the design and operation of efficient irrigation systems.

Walker (2006) stated that infiltration is the most important process in
irrigation. It essentially controls the amount of water entering the soil reservoir, as

5



weil as the advance and recession of the overland flow. Irrigation of initially dry
soil exhibits an infiltration rate with a high initial value which decreases with time
until it becomes fairly steady, whxcn is termed the basic infiltration rate.
infiltration is a complex process that depends upon physical and hydraulic

proserties of the soil, moisture previous wetting history, structural

changes in the layers and air entrapment. In surface irrigation, infiltration rates.
changes dramatically throughout the irrigation season. The water movements alter
ize surface structure and geometry, whlch in turn affects infiltration rates. The

term ‘intake’ is often used interchas 1y with infiltration, particularly where the

geometry cf the field influences the Hon process.
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2.2.1 Infiltration function

Both the procedures for interpreting filed data and those covering surface
irrigation design require that infiltration be described mathematically. There are a
number of mathematical equations to choose from, probably none is versatile as
the Kostiakov — Lewis relationships (walker, 2006). The simplest approximation
of cumulative infiltration is written as:

Z =Kt (2.1)

Vhere:- Z = cumulative infiltration in units of volume per unit area.

t = intake opportunity time in minute

K and a = empherical constants
Equation 2.1 is simple, easy to define, and widely used. Its major disadvantage is
its inadequacy in describing infiltration over long time periods. The infiltration

rate based on Eq. 2.1 is:

[=aKt*! (2.2)

Since a is always less than unity, 1 approaches zero at infinite time. This is
a condition not typically encountered in the field, since some soils do, however,
hav = extremely small infiltration rates after a period of time Egs. 2.1 and 2.2 can
be used effectively (Walker, 2006).
2.3  Basin Sizes

Dasin sizes are normally determined by the infiltration characteristics of the
soil, the siream size and the type of soil. Relatively small basins are required on

soils * ith high infiltration capacities, such as sands, even when large stream sizes



are availablé. Basin on fine textured soils can be small or large depending on the
stream size (James, 1993).

sasins vary in size from one (1) square meter (Im x 1m) for intensive
crops such as vegetables to as much as 1 hectare for the production of rice and
other crops. Many different crops including -»iton, grains, maize, orchards, and
pastures are suited to this system of irrigation (James, 1993).

Soils with high infiltration rates, such as sands require limited basin size
cven when large flows of water are available. Basins on clay soils can be large or
small, depending on the water flow rate. Sandy loam soils with high infiltration
rates permit only small size basins (Michael, 2006). The objective in selecting the
basin size is to be able to flood the entire area in a reasonable length of time so
that the desired depth of water can be applied with a high degree of uniformity
cver the entire basin (Jensen, 1983). The basin size of 4m x 4m is to be used for
this project, base on the soil type (sandy loam) and infiltration rate as suggested by

Michael, (2006).



2.4  Irrigation efficicncy

The overall efficiency of a farm irrigation system is defined as the percent
of water supplied to the farm that is beneficially used for irrigation on the farm.
Overall system efficiency, also known as the irrigation efficiency, is defined

mathematically by (James, 1993) as:

E;=100| I+L (2.3)
: S
or '
E;=100 [S-DP— RO-0O ] (2.4)
S

Where:- E,; = Irrigation efficiency (percent)
I = Irrigation requirement
L = Leaching requirement
S = Amount of water supplied to the farm
DP = Total deep percolation on farm
RO = Total run - off from farm
O = Operational losses due to planned and accidental Spillage from open
channels and pipelines.
When evaluating the performance of a farm irrigation system, it is often useful to
examine the efficiency of each system component. This allows component s that
are not performing well to be identified. The system component include: reservoir,

and the conveyance system.



2.4.1 Reservoir Storage Efficiency
The efficiency with which water is stored in a reservoir is reduced by

evaporation and seepage losses. it is defined mathematically as:

——100[V+V]"100 |V+As l (2.5)

Where:- E,; = Reservoir storage efficiency in percent
V. = Evaporation volume from the reservoir, m’
. ¥ = Seepage volume from the reservoir, m>
V; = Inflow to the reservoir during a time interval, m’
V, = Outflow volume from the reservoir during a time interval, m’
S = Change in reservoir storage during the time interval, that is,
amount of water needed to maintain the water surface in the
reservoir at the level that existed at the beginning of the tiime
interval. (S is negative when water must be added tc the reservoir,
and positive when water must be removed).
The /S term is often neglected when long time periods are considered. This term
should not, however, be neglected for short time periods, (James, 1993).
2.4.2 Comvevance Efficiency
Water conveyance efficiency (E; ) is the ratio, in percent, of the amount of
water delivered by a canal to the amount of water delivered to the conveyance
system.
E. is computed using (James, 1993):

E. =180 Ty (2.6)




Where: E .= Conveyance efficiency in percent
Vo= Volume of water delivered by conveyance system to the field
(thatis outflow) m’

V.. = Volume of water delivery to the conveyance (that is inflow),m’

243 Water use efficiency (Ey, )

This concept has two (2) classes: -
., ‘_rop water use efficiency: -

This is the ratio of crop yield ‘Y’ to the amount of water depleted by the
¢:0p in the process of evapo-transpiration (E.T)

E, = Y (2.7)
E.T

Where: - E, = crop water use efficiency.
ii) Field water use efficiency: -

This is the ratio of crop yield ‘Y’ to the total amount of water used in the
_ field (W.R)

Ef= —— (2.8)

E.R

Where: - E; = Field water use efficiency.
2.4.4 ‘Water application efficiency

Water application efficiency for an irrigated area (E,) is the ratio, expressed
in percent, of the volume of water beneficially used by the crop to the volume of
water delivered to the field. Water application efficiency can be computed for each
ficia of the farm or f:vr the entire farm. Water application efficiency E, ;s computed
using (James, 1993):

11



E,= 100 V, { =100| I+L 7 (2.9)
V. Vo ]

Y/here:- E, = Application efficiency in percent
Ve, = Voluﬁm of water beneficially used by crop(s) in an area, m’
V,= Volu;&c of water applied in an area, m’
1 = Irrigation requirement for the area
L = Leaching requirement for the arca
The overall system efficiency is the product of the above efficiencies as

(James, 1993):

[ ] fd o

Where:- T; = Irrigation efficiency in percent

-

E, = Reservoir storage efficiency in percent
E.= Conveyance efficiency in percent
E.= Application efficiency in percent.
E, = Water usc efficiency in percent
The objective of these efficiency concepts is to show where improvements
can be made which wili result in more efficient irrigation. Such concepts include:
adequate planning of the irrigation system, proper design of the irrigation method,
adequate land preparation and efficient operation of the system.
2.5  Crop Water Requirement
Croy wrzier requirement is defined as the depth of water needed to meet the
water loss through evapo-trenspiration (ET) of a disease-free crop, growing in
«arge Gelds under noun-resiricting soil conditions including soil water and {ertility
and zchieving full production potential under the given growing environment

12



(Doorerbos and Pruitt, 1977). In the dcsién of an irrigation system,
evapotranspiration (ET) or consumptive use is the principal factor to be considered
in determining crop water requirement. Losses in storage, conveyance, in applying
water, inability to apply water uniformly and the need for soil leaching are
additional factors.

The most commonly wused empirical formulae in estimating
evapotranspiration (ET) are thé Blaney- Criddle (1950), Penman (1948),
Thornwaite (1948), Christiansen (1968) and Bleney —Morin (1942). Recently, an
evapotranspiration model which parallels that proposed earlier by Blaney - Morin
was developed for application in Nigeria by Duru (1984). The model, designated
as the Blaney-Morin- Nigeria evapotranspiration model, predicts potential
evapotranspiration with accuracy and consistency that are better than the
Penman’s mo;lel, under Nigeria conditions (Duru, 1984).

Evapotranspiration is a very complex phenomenon, as evidenced by the
wide variety of formulae used to estimate it. These formulae ranges from simple
equations, expressing ET as a function of temperature alone, to models requiring
more extensive data. The formula developed by Blaney — Cradle (1950) is an
»<ample of the former group of formulae, hereafter termed temperature-based
modeis. The Penman’s (1948) formula is an example of the latter. There is
substantial evidence, however, that temperature - bascd ET models, though simple,
are not sufficiently sensitive in areas where the temperature is relatively constant
while other meteorological factors in area that also promote evaporation vary

(Michael, 1978, Hashemi and Habibian, 1979). Duru and Yusuf (1980) have shown

this to be true under Nigerian conditions.
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The need to be able to compute ET rapidly and accurately remains
undisputed. In Nigeria, and perhaps in other developing countries, there is added
necd to compute ET from these meteorological parameters which can be easily
measured. In other words, a model that is easy to apply and requires a minimum of
the commonly available meteorological parameters is to be preferred over a more
complex and sophisticated one with comparable accuracy of prediction. A
modified form of the Blaney Morin ET model satisfies these requirements (Duru,
1984).

The modified Blaney — Morin - Nigeria (BMN) ET model was compared
with observed open water cvaporation and with the penman’s ET model,
considered by many to be the most rational one. Other commonly used ET models
were not included in the comparison because Duru and Yusuf (1980) had earlier
compared these models under Zaria, Nigeria, conditions and found the Penman
model to give superior numerical prediction of ET. The comparative analysis done
uy Duru showed that the weakness of the Blaney-Criddle model, for Nige;ia was
identified as its sole dependence on temperaturc as a variable while Blaney —
Morin model includes relative humidity, a parameter that varies over a wide range
in Nigeria, both in time and space.

From design and safety standpoints, a model that over-predicts to a lesser
degree should be preferred to one that under predicts. It is readily evident from
Durt’s (1984) finding, that the Blaney —Morin — Nigeria is & better predictor under
Nigeria conditions than the Penman model. Blaney —Morin — Nigeria model is
given as:

ET=",(0.45T+ 8) (520 —R'*") (2.11)

100
F-ere:- = Ratio of maximum possible radiation to the annual maximum.

14



T = Temperature, °C
R = Relative humidity (%)

ET.=ET,x K, (2.12)

Where: - ETc = Consumptive use for a specific crop mm/ month
ET, = potential ET or reference crop ET
K¢ = Crop co-efficient

2.6  Method of the soil conservation services (USDA, 1974)

Design equations are based on equating the volume of water applied to a
unit width of basin strip during the time period of water advance from the head to
the end of the strip, and the volume of intake plus the water in temporary surface
storage during the same period. The designer must know the cumulative intake
characteristics of the soil, must select a Manning’s roughness co-efficient (n)
appropriate for the crops to be irrigated, and must select the net application depth
1o be used as a basis for design.

2.6.1 Cumulative intake (mm)

The basis of the soil conservation service (USDA, 1974) design is to
classify soils into intake families. The equation of the intake rates for these
families is as follows:-

F=aT"+c¢ (2.13)
Where: - F = is the cumulative intake in (mm)

T = is the time water is in contact with the soil (min)

a, b, and c are constants unique to each intake family. Values of the
constants are given in Table G and the intake families are plotted in fig. G.
2.6.2 Intake opportunity time (T)

15



Intake opportunity time required for intake of the selected net application
depth can be estimated by the solution of the cumulative intake equation in the
form:

T={(F -c)/a]'® (2.14)

in which the terms are as defined earlier.
2.6.3 Advance Time (T),)

The time required for the inflow rate per unit width to advance to the far
er: i of the strip is called the advance time, T, (min). The required advance time T,
for any desired water application efficiency is determined by multiplying the net
opportunity time, T, by the efficiency advance ratio, R (Jensen, 1983).

I,=T, x R (2.15)
Where:- T, = is the net application times
R =T,/ T,= efficiency advance ratio.

2.6.4 Basin Length and Inflow Rate

The following mass balance equation can be used to estimate length of the
basin strip as a function of unit inflow rate (Q,) and advance time (T, } (Jensen,
1683):

L= : 6x10%Q,T,
aT + 7.0 +1798n*® Q, "¢ T ' (2.16)
1+ b
Where L = basin length (m)

Q, = the unit inflow rate (m?/s)

T, = the required advance time for the desired efficiency (min)
a, & b, = constants in the cumulative intake equation

n= Manning’s roughness co-efficient

16



=.6.5 Infiow Time (T,)
The inflow time, that is, the time required to apply the gross application
onto the basin strip, can be computed using the equation given by Jensen (1983):
I,= F,L (2.17)

600Q, E;
In which T, = is the inflow time (min) and other terms as previously defined.

2.6.6 iaximum depth of flow (d)

The maximum depth of flow can be estimated from the following equation
given by Jensen (1983):

d=22500"® Q, e T, (2.18)

Where: - d = is the maximum depth of flow at the inlet end of the basin strip (mm),
and cther terms as defined previously.

If advance time (T,) is greater than inflow time T,, T, is used in Eq. (2.18)
in place of T,
2.7  Walker’s Design Model (2007)

Check btasin irrigation system is somewhat simpler than either furrow or
border
Irrigation to design. Tail water is prevented from exiting the field and the slopes
are usually very small or zero. Recession and depletion are accomplished at nearly
the same time and nearly uniform over the entire basin. However, because slopes
are small or zero, the driving force on the flow is solely the hydraulic slope of the
water surface, and the uniformity of the field surface topography is critically

important.
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Water movement over the basin is assumed to occur in a single direction

like that in furrows and borders. Three further assumptions are usually made

specifically for check basin irrigation design (Walker, 2007), they are;

3.

1. The friction slope during the advance phase of the flow can be
approximated by:
Sr=d/X (2.19)

Where:- d = the depth of the flow at the basin inlet, m
X = the distance from inlet to the advancing front, m
S; = the friction slope, and
0,= nx‘5~l:7 (2.20)

Where:- Q, = is the discharge per unit width in m? /min/m, and other terms

as previously defined.

Immediately upon c?ssation of flow, the water surface assumes a horizontal
orientation and inﬁl%rates vertically, that is, the infiltrated depth at the inlet
to the basin is equ;l to the infiltration during advance, plus the average
depth. of water on:the soil surface at the time the water completes the
advance phase, pl(i's the average depth added to the basin following
completion of advaf;Ce. At the downstream end of the basin the application
is assumed to equal the average depth on the surface at the time advance is
completed plus the average depth added from this time until the time of

cutoff.

The depth of water to be applied at the downstream cnd of the basin is

equal to the required

Infiltrated volume per unit length and per unit width (Z ).
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il.

Under the above assumptions, the time of cutoff t,, for check basin
irrigation system is evaluated with X equal to L (Walker 2007)
= ZgL-0.77dL + T, (2.21)

(02 '

in which all the parameters are as previously defined. The time of cutoff

leo

must be greater than or

equal to the advance time.

As a guide to basin design, the following steps are outlined:-
Fizid stope will not be necessary because basin’s are dead level.
“he required intake opportunity time (T,) is to be determined.

The maximum unit flow should be calculated along with the associated

"depth near

(v)

the basin inlet. The maximum depth can be approximated by using Eq.
2.17, and then perhaps

increased by 10 — 20% to allow some room for post-advance basin filling.
If the computed value of d is greater than the height of the basin perimeter
dykes, then Q, needs to be reduced accordingly. The maximum unit inflow
Q. is ditficult to assess. During the initial part of the advance phase, flow
velocities will be greater than letter in advance because of the roughness
nature of the soil surface, that is, it retards water movement. As a general
guideline, it is suggested that Q, be based on the flow velocity in the basin
when the advance phase is one ninth completed (Jensen, 1983).

Select several {icld layouts that would appear to yield a well organized

field system and for each determine the length and width of the basins.

Compute the advance time, T, for each field layout, cutoff time, t,, from

Eq. (2.21)
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(if te, < T, set to, = T,) and application efficiency using Eq. 2.14.

The layout that achieves the highest efficiency while maintaining a
cenivenient configuration for the irrigator/farmer should be selected
(Walker,2007).

Water should be applied at a rate that will advance over the basin in a
fraction of the infiltration time to achieve high efficiency. The volume of
water applied must be equal to the average gross application. The intake
opportunity time at all point in the basin must be greater than or equal to
the time required for the net irrigation to enter the soil. The longest intake
opportunity time at any point on the basin area must be sufficiently short to
avoid ‘scalding and excessive deep percolation. The depth of water flow

must be contained by the basin ridges (Jensen 1983).

[\

.4 Applicability
Most crops can be irrigated with check basin irrigation. It is widely used
for «.0se-growing crops such as alfalfa and other legumes, grasses and rice. It is
used for row crops that can withstand some inundation, such as sugar beets, corn,
grain sorghum, and cotton and for other row crops. Also, it is well suited for
irrigation of tree crops such as grapes, and barriers (Jensen, 1983). This irrigation
method is the best suited to soils of moderate to low intake rate of 50mm/h or less.
It is an excellent way of applying water to soils that have a moderately high to
sigh in intake rate, but basin areas may need to be very small.
Check basin irrigation is best suited to smooth, gently, uniform land slopes.
Undu'aiing or steep slopes can be prepared for check basin irrigation, provided the

soiic ..e deep enough to permit the needed land leveling (Jensen 1983).



2.9  Advantages

High application efficiency can be obtained easily with little labour. Check
basin irrigation can be used efficiently by inexperienced workers, and can easily
be automated. When basins are leveled with laser-controlled scrapers, basins can
be as large as 16ha (Erie and Dedrick, 1979). Many different kinds of crops can be
grcw in sequence without major changes in design, layout, or operating
procedures. There is no irrigation run —off and the deep percolation loss is small, if
no excess water is applied, and maximum use can be made of rainfall. Leaching is
easy and can be done without changing the layout or operation method (Jensen,
1983).

2.10 Disadvantages

The principal disadvantage of check basin irrigation is that levees interfere
with the movement of farm equipment. The presence of levees and ditches can
also reduce the area available for crop production (James, 1993).

Accurate initial land leveling is essential and level surface must be
mairtained. Adequate basin ridge height may be difficult to maintain on sandy
soils and fine textured soils that crust or crack when dry. Prolonged ponding and
crop scalding: can occur if the system is poorly managed. In some areas special

provision must be made for surface drainage.



CHAPTER THREE

MATERIALS AND METHODS

3.1

3.1.1

General Description of the Project Site

The Project is Edozhigi pilot Irrigation scheme, located between latitude §°
4 'N and longitude 6°3'E and about 12km south-east of Bida- Kutigi —
Mokwa road and taking a laterite road by the signboard opposite Etsu
Nupe’-s farm before Wuya. The pilot scheme covers a total area of 100ha
of rice cultivation.

The arca is located in the Guinea savanna zone in the middle belt of
Nigeria where the vegetation type is a proportionate combination of trees
and grasses. It consists of trees such as locust bean and shear nut tree in a
scattered form. Grasses abound and the vegetation appears to be park land.
The climatic type is the tropical inter-land where rainfall of between 6 to
8months is enjoyed and a dry season of between 4 to 5 months usually
between November and March. The temperature is high throughout the
year and ranges between 27° C and 32° C_The rainfall pattern influences to
a great extent the agricultural practice in the study area. Most of the
farming which is rainfed is carried on during the rainy season months of
April to Oct;)ber while the irrigated agriculture takes over during the dry
seasons when watcr needs are at its critical point. The terrain is generally a
low lying area with almost all of it being a plain, that is, either level or
undulating. This makes it substantially fevourable and suitable for siting of
irrigation schemes.

Source of Water for the Project
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The water source for the proposed project is River Ejiko which is 1 km
from the field guided by a canal and located at a height in such a way that
the basins can be irrigated by gravity.

3.2 Soil Texture
Soil samples used for this experiment were taken in such away as to
represent the entire field U.S.D.A method of soil classification was used to

determine the soil textural class.

3.3  Parameters Determination
The bulk density, infiltration rates, field capacity and permanent
wilting points were determined from field as follows:.
3.3.1 Bulk Density
This was determined by the undisturbed core method as described
by vomocil (1954). In this method, twelve (12) soil samples obtained from
the field after weighing were transferred to an oven at 105°C and left there
for Z4hrs. They were weighed again to determine their oven dry weight
(ODW). Bulk density is the oven dry mass divided by the volume of the
sample. The cxpression is given by Vomocil (1954):
BD=QDW 3.1

.V

Where:- O.D.W = QOven dry weight, gm
B.D = Bulk density gm/cm’
¥ = Volume of core cylinder cm’
5.0 wnasdration Rates

This was determined by a double ring infiltrometer using the Richard (1954)

method. Double ring infiltrometer with the following dimensions was uscd for the
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experiment: diameter of the inner ring and outer ring is 35cm, and 45cm,
respect.vely, the height of each of them was 45c¢cm. The inner cylinder was first
ariven vertically downwards into the soil to depth of 15cra by the use of a wooden
hammer and then the outer cylinder to the same depth. Enough water to fill each
ring to a datum point was added and the water level in the inner ring measured at
intervals, as the water infiltrated into the soil. The water level dropped and the
time of measuring was recorded.
3.2.3 Field Capacity

:n the lab, water was added to the twelve (12) samples collected from the field
until saturation. The samples were allowed to drain freely and left for forty eight
(<. hours afier which they were transferred to the oven at 105 °C for twenty four

(24) hours. The moisture content after drainage for 48hrs is the field capacity. The

expression is given by Briggs and Shantz (1912):

FCP=WFC-ODW N (3.2)
ODW X 100%
Where F.C.P = Filed capacity percentage

W.F.C = Weight at field capacity (fresh weight ) gm

O.D.W = Oven <ry weight gm
3.2.4 Permanent Wilting Point

This was determined by the modified laboratory method of Briggs and

Sclantz (1912). 1The twelve (12) samples collected from the field were placed in
cor’iners which is open at the bottom. Water was added until saturation and free
crainage vras allowed to take place. Maize seed were selected and two (2) secds
were planted on each samplc and regularly watered until germination was attained
in itve days (5. The surface was sealed with candle wax to prevent evaporaiion.
‘ihe piant was ieil to wilt. The plants become permanently wilted at exactly
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sevenieen (17) days. The soil moisture content was determined to be the

permanent wilting percentage. The expression is given by Briggs and Shantz

(1912):
PWP=WFC-ODW 3.3)
OD.W X 100%
Where:- P.W_P = Permanent wilting point

W.P.}¥ = Weight at permanent wilting point (fresh) gh

3.4 Topographic Survey

Land leveling survey of the project arca was carried out using a leveling
instrument, tripod, staff, ranging poles, chain, measuring tape and cutlass. The
rendings obta?ned were used to plot the topographic map.
* 5 Crop Water Requirement
Climatological data for 30 years (1975 — 2004) were obtained from the
Nzzonal Cereals Research Institute (NCRI), Badeggi Meteorological station, for
the determination of crop water requirement.
3.6  Determination of Ponding Depth

Ponding was embarked upon by constructing 6 basins of 4m x 4m. Rice was
planted in the 6 basins with varied ponding water depths of 6cm, 12cm, 18cm,
24cm, 30cm and 36¢cm, in order to ascertain the depth that will give the best yield.
Pegs were fixed in each plot marked with paint to the desired depth. Water level
was maintained in each plot throughout the planting period from 1* November
2006 i 11 April 2007. The depth of water that gave the highest yield (30cm) was
taken s the reqmred ponding depth.

3.7 Basin Design Considerations



Efﬁcier}t irrigation by the basin method depends on the knowledge of the
hydraulics of flow in the basin. The hydraulics of flow in basin may be considered
to comprise of (Michael,1978):-

(1) Initial spreading of the enirance stream to cover the full width of the
basin and simultaneous advance of the irrigation stream.

(it)  Advance of the water front after the initial spreading.

(iii)  Rise of the water level after the advancing stream reaches the down
stream
end, and

(iv)  Subsidence of water after the irrigation stream is stopped.

If the check basin irrigation system is properly designed, it is possible to
apply the right amount of water nearly uniformly throughout the basin. The
problem of efﬁcient irrigation by basin consists essentially of having the right
size of basin to suit the available stream size for a particular set of soil and
crop conditions.

Other variabies to be considered in check basin irrigation design include

(Jensen, 1983)
@) Opportunity time (T,) required for intake of the selected net application
depth.
(il)  Basin length (L)
(iii)  Inflow time required (T,)
(iv)  Maximum depth of flow (d).

3.7.1 Design Assumptions

For the design, the following assumptions are made:-
(i) Good quality and sufficient quantity of water for the project
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(i)  Trrigation efficiency = 80%
(ii;  Roughnesz co-efficient (n) for excavated earth canals straight and well
maintzined =0.023 (Chow, 1960)

(iv)  Canals slope(s) = 0.001
(v)  Side slope = 1.5:1 for shallow channels using sandy loan material.

7.2 | Design Limitation

5 theory, maximum depth of flow and maximum deep percolation both

occur where water is introduced into a basin, usually considered as a “strip” of
unit width for computational purposes. For any given set of site conditions, the
depth of flow varies directly and the amount of deep percolation varies
inversely with the inflow rate per unit width of basin strip. Thus, if a limit is
ser oo flow depth, deep percolation may be reduced only by shortening the
iength of the basin strip. If limits are established for both depth of flow and
¢z zp percolation, then the design limit for length is determined (Jensen,1983).
Flow at the head end of basin strips must not exceed some practical depths
related to the construction and maintenance of basin ridges (Jensen, 1983). The
avacege deep pércolation should be, minimized. On some sites excess decp
rocolation causes acute drainage problems. In order to avoid this condition,
tn.. Cesign efficiency usually should not be less than about 80% (Jensen, 1983).
This efficiency can be obtained if the time required to cover the basin is not
more than 60 percent of the time required for the net application to infiltrate
tae soil. A design efficiency of less than 70 percent should be considered oniy
for soils having excelicdt internal drainage (Jensen, 1983) on sites where
irrization water supplies are limited or costly, where subsurface drainage
prodiems are acuie, or where crops can be damaged by proionged surface
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flooding, design efficiencies in excess of 90% are often practical. These
efficiencies are easily obtained when laser-controlled scrapers are used for land
leveling (Erie and Dedrick, 1979).

Basin strips usually are designed to be level; however, they may be
constructed with a slight grade in the direction of water flow. A slight grade in
low areas or reverse grades, which result in a slower rate of advance, reduce
efficiency, excessive deep percolation or prolonged flooding that may damage
crops. The total fall in the length of the basin strips should not be greater than
one-half the net depth of application used as a basis for design. No adjustment
is made in the design to compensate for such slight grades.

Basin ridges, or levees, should be constructed so that the top width is at
least as great as the ridge height. The settled height should be at least equal to
the greater of (a) the design gross depth of application, or (b) the design
max:mum depth of flow plus a free board of 25 percent of the maximum depth
of flow (Jensen, 1983).

3.7.3 Design Equations
(i) Channel Cross- Section:

T

4

v

b= Fig. 3.1
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Q=AV (34)
Where: Q = Discharge in m’ /sec
A = Cross sectional areas in m*
V = Velocity of flow in m/sec.
A =d(b+ zd) (3.5)
Where:- A = Cross sectional area of flow in m?
b = Bottom width of the channel in m
d = Flow depth in m
z = Side slope
P=b+2N Z°+1 (3.6)
P = Wetted perimeter in m
b,d,z as defined above

R= 4 (3:7)

p
where:- R = Hydraulic radius in m

A and P as defined above

V= 1/nR*¥s" (3.8)

Where:- V = Velocity of flow in m/s

n = The mannings roughness co-efficient

R= Hydraulic radius in m

S= Canal bed slope

D=1,25d (3.9)
D = Total depth of the channel from top to bottom, (m)

d = As previously defined

T=b+2DZ (3.10)

Where:- T = Top width of the channel, (i)
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f=D-d . 3.11)
Where:- f= Free board (m)
(i1) Design Discharge
0=gA ‘(.12
1000
Where:- Q= Basin discharge, (m*/sec)

g= Drainage co-efficient
A = Areain ha
(iii) Advance Time

I,=T,xR (3.13)
Where:- T, = Advance time minute

T, = Net application time in minute

R =T,/ T, = efficiency advance ratio from table 3.1

(iv) Infiktration Opportunity Time

T=[(F-c)ya]™ (3.14)
Whero: - T = Opportunity time required for intake of the selected net
application

depth in min

£ = The desired net application depth in m
(v)  Basin Length

L= 5x10°Q, T, (3.15)
e 0+ 1.5+ 17987 FQ, T,
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* Where:- L = Basin length in m
Q, = Unit inflow rate m*/sec
T = Required advance time for the desired efficiency in min.
n = Manning’s co-efficient

(vi) Inflow Time

T, = F,L (3.16)
" 600Q,E
Where:- T, = The inflow time for the unit flow rate in min.

F,, = Net application depth mm
L = Basin length inm

E = Efficiency in %
(vii) Maximum depth of flow

d=220n"® Q.16 Ta¥6 (.17)
Where:- d = the flow depth at the inlet end of the basin strip in m.

n,Q,T,= As defined above
3.6.4 Formulae used in the computation of soil parameters
A. Determination of soil texture

This was determined using Bouyoucos Hydrometer method of
(1951). To this end, 50gm of air-dry soil was weighed into a beaker and 50ml of
calgon (sodium hexametaphosphate) was added, stirred and left overnight. The
solution was stirred for 10 — 15min and then transferred to a 1000ml glass

cylinder. Distilled water was added to the 1000ml mark. The cylinder was inverted
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to mix the solution with the added water using hand to close the mouth of the
cylinder. The hydrometer was inserted in the cylinder and made up until it was
suspended.
The temperature T, and hydrometer reading H, were taken afier 40 sec.

The hydrometer was allowed to remain in suspension for three (3) hours after
which its reading T, and H, were taken by the use of thermometer.
(1) Percentage sand:-

=100~ [H, +0.36]T, -20°C]-2.0 ]2 (3.18)
(i)  Percentage clay:-

= H, + 0.36[T, — 20°C1 ~ 2.0] (3.19)

(iit)  Percentage silt:-

= 100 — [Percentage sand + clay] (3.20)
Where: - H, and H, are first second hydrometer readings at 40secs and 3hrs,
respectively.

T, and T, are first and second temperature readings at 40secs and

3hrs,
respectively.
Soil textural triangle (U.S.D.A, 1951) was used to know the soil
textural class.
B. AW =D, (F.C-P.W.P)/100 (cm) (3.21)
Where: - A. 7/ = Available Water
D, = Depth of the root zone, {cm)
C. F,=4AWxMD 3.27)
Where: - F,,= Net water application, {cm)

M.D = Moisture depletion usually taken as 50% Larry (1988)
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—s

= F,=N%A4 (3.23)
E,
Wie .- Fy = cross application in cm

E, = Irrigation efficiency, (%)

E T,= F, (3.24)
Where: - 7,= Iﬁrigation application time (hr)
I = Infiltration rate, ctif/{l
F. V=11h (325
Where: - ¥ = Volume of core cylinder, (m°)
r = Radius of circular base cm
h = Height of cylinder cm
G. I..F= _F, (3.26)
ET,
Y/aere: - " LF = Irrigation frequency (days)
ET, = consumptive use mm/day
H. E.T=r;(0.45T + 8) (520~ R'*') /100 (3.27)

All parameters as previously defined.

3.3 ESTIMATION OF QUANTITIES AND COSTS
3.8.1 Economiic Feasibility Assessment
Evaluation of the econoxpigrzégqgsibility of an irrigation system requires
estimating all of the costs and returns expected from the development.
These economic studies shﬁqlgl include comparisons of the costs and
returps for the vintle terhaﬁve farm irrigation and cropping systems, and

i3
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be a part of the feasibility report for an economic feasibility report for a
farm or project development. The results of an economic feasibility study
will provide the {armer with the necessary information as to the
attractiveness of proceeding with an irrigation development and for
selecting the farm irrigation and cropping system (Jensen, 1983).

To estimate the Benefit-cost ratio, it is essential to convert all
investment costs into annual costs. The capital or investment costs have to be
recovered during the project life with a certain minimum attractive rate of return.

The capital-recovery factor (CRF) is used to convert a capital investment

(CI) into an equivalent annual costs:

CRF= i(l1+1i) (3.28)
[(1+1)"-1]

Where i is the interest rate per annum, n is the estimated lifespan (years) of
the project.

Equivalent annual recovery cost (EARC) = CRF x CI 3.29)

Total annual costs (TAC) = EARC + Annual recovery (operational
maintenance cost) (3.30)

Benefit — cost ratio (B/C) = Discounted annual Benefit (3.31)

Discounted annual cost
B/C > 1, project is economical feasible

B/C < 1, project not viable

However, considering the social services/political issues of irrigated
agriculture, Benefit-cost ratio equal to or greater than 1 (B/C = 1) may be adequate
for a start.
Note: -
For irrigated project (usually), B/C > 1.5 (Anova, 2006).
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CHAPTER FOUR
4 RESULTS
4.1 Soil Physical Properties

Table 4.1: Soil textural Classification

Sample Soil depth (cm) % Sand % Silt

% Clay  Textural

Number Class
P, 0-15 70 28 2 Sandy Loam
15-30 69 24 7 »
30 -45 68 20 12 ”
45 -60 67 16 17 ”
P, 0-15 91 8 1 Sand
15-30 74 22 4 Sandy Loam
30-45 58 35 7 ”
45 - 60 42 48 10 Loam
P; 0-15 78 19 3 Sandy Loam
15-30 75 21 4 ?
30-45 72 23 5 ”
45 - 60 69 25 6 ?

Source: U.S.D.A Classification
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4.2 Bulk Density (B.D), Field Capacity (FC) and Permanent Wilting point

(PWP) are shown in table 4.2

Table 4.2: Bulk Density (B.D), Field Capacity (FC) and permanent Wilting Point

(PWP)
Sample Soil Depth Bulk Density  Field Capacity Permanent
Number (cm) (g/cm3) (Weight basis) Wilting Point
(%) (Weight basis)
: ()
P, 0-15 1.51 13.79 0.66
15-30 1.48 9.84 4.43
30 -45 1.44 5.89 7.19
45 - 60 1.40 1.94 9.30
P, 0--15 1.43 11.93 3.11
15-30 1.76 8.32 2.61
30-45 2.09 4.71 2.31
45 - 60 2.42 1.1 2.10
P, 0-15 1.72 11.90 0.26
15-30 1.56 5.45 0.14
30-45 1.40 - 0.36
45 - 60 1.24 - 0.79

Bulk density, field capacity and permanent wilting point=
1.62g/cm®,7.49% and 1.94 % respectively.
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4.3  Infiltration Rate (I)

The result of the infiltration rate experiment described in section 3.2.2 is

- given in Table

Table 4.3: Infiltration characteristic 1

Time (Min) Infiltration (cm) Cumulative Infiltration
rate
Infiltration (cm/hr)
G 0.0 - -
10 2.0 2.0 12
20 1.25 3.25 7.5
30 1.0 4.25 < 6
40 0.75 5.0 4.5
50 1.0 6.0 6
60 1.0 7.0 6
79 0.75 7.75 4.5
&0 0.75 8.5 4.5
90 0.70 9.2 4.2
100 0.70 9.9 4.2
110 0.68 10.58 4.1
120 0.65 11.23 3.9
1320 0.63 11.86 3.8
140 0.62 12.48 3.7
150 0.62 13.1 3.7
160 0.61 13.71 3.7
170 0.61 14.32 3.7
185 0.60 14.92 3.6

The value of basic infiltration rate = 3.7cmv/hr
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44  Cepth of Ponding experiment

Table 4.4: Depth of Ponding.

Plot Number Water Depth (cm) Yield
(Xg/ha)
1 6 | 6.4
2 12 16
3 18 21
4 24 23
5 30 24
6 36 20

Required depth of ponding = 30cm which gave a yield of 24Kg/ha

4.5. Construction Cost

SO Description Quantity Unit Unit Rate Amount
; N K N K

1. Survey:-
Level survey of the entire area
to produce the contour map used

for the design work

a. Surve: «ork for Sdays 2 Men 1,500.00 15,000.00
b. Chaining for 5 days 4 Men 7,00.00 14,000.00
c. Draughtsman for plotting 1 Man 4,000.00 4,000.00
d. Draugiitsman for traciing 1 Man 1,000.00 1,000.00
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gx:l

Construction:-
Canal excavation by voluine and
embankment compaction.

a. Main canal

- Area=0.3963m”and 1,300m long. 515.19 M?® 170.00 87,582.30
b Fieid Channel: -
- Area = 0.0753m’ and 400m long /one
channel _, 30.12 M’ 170.00 5,120.40
We have 6 equal number of field channels 180.7 M® 170.00 30.772.40
c. Field drain:-
- Area=0.1564m* and 1,300m long /fone  203.32 M® 170.00 34,564.40
- ior the two (2) field drains 406.64 M’ 170.00 69,128.80
istribution box:-
- Construction, labour and material 1 No Lumpsum 15,000.00
- Zor the total number of 3 we have 3 No 15,000.00 45,000.00
2 Stilling Basin:-
- Constructica, labour and material 1 No Lumpsum  50,000.00
3. Procurements:-
- Irrigation equipments
a A.c pipe of 5cm diameter for the field drains 2 No  3,500.00 7,000.00
. A.c pipe of 13.5mm diameter for the
iieid channels 10 No 8,000.00 80,600.60
¢. H.R.3 irigation pump 2 No_500,000.00 _ 1,000.000.G9
TOTAL = N1,403,433.50k
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4.6 Operation Cost

S/NO Description Quantity  Unit Unit Rate Amount
N K N K
. Crop production cost:-
a. Land preparation I ha 15,000.00 15,000.00
b. Sced for planting I ha 3.000.00 3,000.00
¢. Planting I ha 2.000.00 2.000.00
d. Weeding I ha 5,000.00 5.000.00
¢. Har.csting I b 2.000.00 3.000.00
f. Threshing I ha 3.000.00 3.000.00
£. winnowing I hia 2.000.00 2.000.00
ioeoging I ha 4.000.00 4.,000.00
; 37,000.00
lor the total land arca 100 hiy 37.000.00  3,700,000.00

2. Fertilizer:-
a. - ha s of N.P.K is required hi

transportation and handling charges
inclusive

b 2 bags of urca required, including i L
transportation & handling charges
- For the total land area 100 hey

3. Water supply to the field

a. 2 irrigators are required I day

b. one (1) pump operator 1 day

Water supply throughout the

irrigation period 162 days

4. fuel to be used for the operation

a. Tank capacity 32 lities

b. full tank throughout the irrigation period  Htimes
5. MAINTENANCE::

a. Scasonal maintcnance of the main canal

1

3.000.00

4,000.00

20.000.00

700.0
1,000.00
2.400.00

70.00
2.240.00

12.000.00

8,000.00
20,000.00

2,000,000.00

1.400.00
1,000.00

388,800.00

2.,240.00
91,840.00



seld channels, drains zad all the irrigation
stractures for 4 weeks 10 Men 760.00  210,000.00
b. pump maintenance including cost
of servicing and labour per cropping season 5 Months Lumpsum __ 34.000.00
TOTAL = 6,424,640.00

&7 Output
Description Quantity  Unit Unit Rate Amount
N K N K
i. Jicid of rices in tones per hectare
Lader nogmal circumstances
is estimated to be 2 tonnes 1 ha
(40bags)
a. Total yieid expected for the total
land area o7 160 ha = 4,000 bags
b. Cost of one Seg of unmitted rice 100 kg 3,000.00 3,000.00
¢. Cost per hectare (40 bags) 4,000 kg 3,000.00  120,000.60
4. tote! land of 150ha {4,000bags) 4,000,000 kg 3,600.00 12,090,000.GC
TOTAL= 12,068,540.09
Hquipment cost = N1,000,000.00 - Lifespan Syears
Construction cost of = N403,433.50- Lifespan 30years
“-eration and Maintenance = N6,424,640.00
Zoutpment cost.
Cagital-Recovery Factor (éRF) = i(1+i)"
[Q+i)'-1]
ClG= 0 0.18(140.138)° - 0.4118
1 +0.197 -1] 12878 = 0.3198
Capital investment (CI) = N1,000,000.00
Equivale:t anpual recovery cost (EARC) = CRF x CI
SARC=0(.3198 x N1,000,680.00 = N319,800.00

DA =N319,880.00
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ii,Construction Cost
Capital recovery factor (CRF) = 0.1813 from equation ---- [=0.18,n=
30years
Cepital investment (CI) = N403,433.50
Equivalent annual recovery cost (EARC) = CRF x CI
Therefore, EARC = 0.1813 x N403,433.50 = N73,142.49
EARC =N73,142.49 )
Total EARC (i + ii) = N319,880.00 + N73,142.49 = N392,942.49

ii. Total annual cost TAC)
TAC =EARC + Annual recurring (operation & Maintenance cost)
=N392,942.49 + N6,424,640.00
=N6,817,582.49

ili. Benefit — Cost ratio (B/C) = Discounted annual Benefit
Discounted annual cost
=N12,000.000.00 =1.76
N6,817,582.49

Since benefit — cost ratio is operation item one (1) (B/C ratio = 1.76), the project is
econciically viable.

Table 4.5 shows construction cost, 4.6 operation cost, 4.7 the output cost. From
table 4.5, the total cost of construction was N1,403,433.50, the operation cost from
table 4.6 was N6,424,040.00 and the output cost from table 4.7 was

N12,000,000.00, this lead to a cost benefit ratio of 1.76.
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4.8 SUMMARY OF DESIGNED VALUES
Summary of the designed values for the irrigation canals, field drains and

basins as obtained from the preceding calculations are as follows:

Table 4.8.1: Channel Design

Q(m’scc) D(m) d(m) bm) f(m)

T(m)
Main Canal 0.6 049 039 0.2361 0.1
1.71
Field Channell -6 0.1 0.21 0.17 0.1029 0.04
0.73

Table 4.6.2: Field drain design:

Q (m¥/sec) D(m)d(m) b(m) _f(m)

T(m)

Field drain 1 -- 2 0.25 0.31 0.245 0.1483 007

1.08

Tabie 4.8.3: Basin design for the 6 plots
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Q(m’/sec) Tymin) T, (min) T, (min)

L(m d(m)

Ficld channel 1 - 6 (Plot 1 - 6) 0.006 13 8 4.9

57 41.5

See appendix C for calculations
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CHAPTER FIVE
5.0 DISCUSSION OF RESULTS

From table 4.1 , the textural class of soil in the project site is sandy
loam, this values were in agreement with the USDA textural classification.
Appendix K. From table 4.2 above, the soil bulk density (BD) in influenced by
tho texture, structure and degree of compaction of the soil. The average value
of Bulk density was 1.62g/cm’. The values of field capacity of 7.49% fall
within the standard range of — 15 % suggested by Michael (1978).

The value of permanent wilting point obtained from the experiment was
1.94%.Though, permanent wilting point is not a soil constant or a unique soil
property. There is no single soil water content at which plant cease to withdraw
water even though wilted, plant will absorb water, but not at rates sufficient to
regain tugor (Hansen, 1983).

Table 4.4 shows value of plots, water depths (cm) and yield (kg/ha). From
the table the estimated ponding depth is 30cm with a yield of 24kg/ha, this is
the depth that produce the highest yield.

(1) The designed depth of water to apply was calculated to be
31.053cm, Inflow rate/time (T,) is 4.9min, Available water (AW) was
obtained to be 3.33cm, Net water application (F,) is 1.7cm, Gross water
application (Fy) is 2.13cm and Irrigation application time (T,) is
0.58hrs. Appendix B, and E shows detail calculations of these
parameters. These parameters were used in my design.

5.1 CONCLUSIONS AND RECOMMENDATIONS
5.1.1 Conclusions
Based on the findings in this study, the following conclusions are made:
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to

‘o

Values of Field capacity, Permanent wilting point, Bulk density, Infiltration
rate of 7.49%. 1.94%, 1.62cm cm’ and 2 7em/hr respectively, falls within
the standard limit.

With the average monthly inigation frequency obtained of three (3) days.
the monthly irrigation frequency can serve as a guide.

Wih the discm.mlc‘,d annuat cost of the project at N6.817,582.49 and
discounted annual beaefit of 101 000.000.00, the cost benefit ratio is 1:76,

that 1s, the project is viable.

5.1.2 5.1.2 Recommendations

I Since the irrigation application time was calculated to be
0.58hrs. to achiceve the desired irrigation efficiency. therefore,

the irrigator must not deviate from said time by more than

20minutes.

2. The monthly irrigation frequencey is recommended as a guide to
the irrigator.

3. With value of the cost benefit ratio of 1:76. the project viability

is recommended. heooe o quick return on investment.
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APPENDIX A

TABLE A, MEANS MONTHLY RAINFALL (MM) FROM 1975 - 2004

52

YEARS/M JAN FEB MARAPRIL MAY JUNE JULY AUG SEPT_OCT NOV DEC MEANS
1975 00 231 1.8 7.1 1222 161.2 1859 2i4.9 3435 100.8 0.0 0.0 96.71
1976 00 63 00 361 1222 259.7 2389 972 112.5 1458 9.9 0.0 85.04
1977 00 00 04 187 932 1752 879 250 196.7 94.1 0.0 0.0 57.60
1978 00 0.0 115 1304 1688 1656 263.4 281.3 2360 96.5 0.0 0.0 112.79
1579 00 00 1251 19.0 1432 174.8 174.8 1163 113.1 73.4 26.00.0 79.53
1980 00 00 00 6.3 1464 1191 3353 551.5213.0 87.3 0.0 0.0 121.58
1981 00 0.0 0.0 63 1338 166.6 281.9 147.11969 345 0.0 0.0 80.59
1982 00 23 147 331 61.0 1993 1758 22251865 97.8 0.0 0.0 8275
1983 00 00 0.0 03 171.1 174.0 170.3 14401751 00 0.0 0.0 69.57
1984 00 00 40 786 1402 198.0 1519 149.6 241.8 724 0.0 0.0 86.38
1985 0.0 001757 65 99.8 322.1 195.7 234.5 305.8 250 0.00.0 113.79
- 1986 0.0 00 199 59.7 229 245.0 140.7 145.8 182.3889 0.0 0.0 7543
1537 0.0 27280 280 1239 1032 2477 405.1 1563913 0.0 0.0 98.85
1988 186 3.823.2 1604 928 1044 103.1 1119 2862566 0.0 0.0 88.42
1989 0.0 0.0 40 1045 1024 1299 2872 2889 1367743 0.0 0.0 93.99
1990 00 4300 818 2823 1179 266.0 180.6160.0110.1 2.7 0.0 100.48
1961 0.0 0.5683 805 2059 331.5 232.0 244.7149.6 75.7 0.0 0.0 115.73
1992 0.0 0.0 0.0 141.7 136.6 1339 128.6 14842160 315 0.0 0.0 78.06
1993 00 00 61.6 89 1547 241.8 2069 308.4 240.4152.8 0.0 0.0 114.63
1994 00 0.0 00 380 1719 1514 758 4257 194.0102.1 0.0 0.0 96.58



1995 0.0 00229
1996 0.0 189 0.0
1997 0.0 00049
POTs 0.0 0.0 0.0
1994 0.0 28 98
200¢ 0.0 0.0 95
2001 0.0 0.0 00
2002 00 0005
2003 0.0 0.0 0.0
2004 0.0 0.0 0.0
MLEANS 0.0

438

12.6

539

67.1

112

13.4

62.4

449

577

2.1617.77_54.48

199.9

129.3

118.5

1159

78.0

2100

177.0

138.83 18011

SOURCE: N C RITBADEGGH

RERE

1907

2792

[ARTI

RO

1193

1350

[0 1

16 6

Y] 3075 1S2 2105612300 9183

WK 3261 170.5 413 0.0 0.0 9682

9.0 2272 14751354 7.2 0.0 10530

1307 1455 153771030 0.0 0.0 83.14

1948 1437 980 0.0 0.0 97.27

1919 2813 262.8 42.0 0.0 0.0 100.24

2159 3455 3016 66.0 0.0 0.0 104.72

1992 1999 252.0 105.721.7 0.0 8648

IR AET 1628 729 36.0 0.0 8847

PEOR 3559 1488 135.6 0.0 0.0 9845

20772232722 198.27 83.88 3.83

0.0




TABLE A; : MEAN MONTHLY TEMPERATURE IN °C FROM 1975 —
2004 : ;

YEs R8I JAN FEB _MAR_APRIL MAY JUNE JULY AUG _SEPT
QCT NOV__DEC_MEANS

1975 237 272 299 298 284 298 263 260 262 273
273 250 27.24 »

1976 252 289 30.1 305 284 270 263 260 272 269
285 247 2748

1977 263 27.6 293 313 295 273 269 203 267 276
256 246 2742

978 249 290 30.1 301 284 279 262 268 266 272
265 259 2747 '

1979 26.0 28.0 30.0 30.5 285 275 270 27.0 27.0 28.0
28.0 245 27.67

1980 26.5 28.5 305 31.5 285 1280 265 265 270 27.0
28.0 255 27.83

1981 240 27.0 300 315 29.0 275 265 27.0 27.0 28.0
26.5 25.0 2742

1982 25.0 275 2906 30.5 285 27.0 265 270 265 270
28.5 275 27.54

1983 263 -29.1 29.0 31.5 305 280 270 265 265 28.0
27.0 250 27.87

1984 23.5 275 310 305 285 275 265 265 265 280
27.0 250 2733

1955 27.0 27.0 305 300 290 265 265 27.0 205 128.0
27.5 245 27.50

1966 240 29.0 30.5 305 290 275 265 265 27.0 280
26.5 245 2742

1987 245 29.0 300 305 300 285 270 27.0 270 28.0
26,5 245 27171

1988 25.5 280 305 305 290 275 275 28.0 265 28.0
27.0 255 27.79

1989 23.0 265 300 31.0 285 275 270 27.0 270 27.0
27.5 250 27.50
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1990

1993

1994

1995

1996

1997

1G9%

1999

2000

2001

2002

2003

2004

27.5

24.5
20.5
25.5
275
25.5
29.0
24.5
28.0
25.5

SMEANS 25.5

29.0
27.71
29.5
2707
29.5
20.67
29.0
27.54
32.0
27.63
315
27.96
31.0
27.50
30.5

31.0
28.58
1.0
2792
30.0
27.67
30.5
27.50
315
27.67
31.0
27.88
31.0
27.83

27.89 (]

27.68 27.16

T ROE NC R-Ill.\l)l:(;(i—l-"

25.19

30.0

275

JON}!

RENY

32.0

30.0

330

L0

RE PN

RERY

30.5

ALY

'R0

LAY

74

TEy ()

A0

M)y S

0

1.0

27.5

7.0

17.0

270

280

8.0

[
~i
I

30.82 29.02

205

207

i)

o
3
h

27.0

28.0

27.0

27.0

27.0

27.0

[\
~i
N

27.65

27.0

25.5

27.0

27.0

)
~
h

27.0

26.0

27.0

26.5

20.5

20.0

20.5

20.89

27.0

26.0

26.0

27.0

27.0

27.5

26.0

27.5

27.0

27.0

20.5

206.5

26.0

27.0

28.0

28.0

28.0

28.5

28.0

28.0

28.0

28.0

20.74

280



ABLE A3 MEAN MONTHLY PERCENTAGE RELATIVE HUMIDITY FROM

1975 - 2004

YESRS/M JAN FEG __MAR _APRIL, MAY JUNE JULY AUG SEPT

SCT _ NOY. _ DEC MEANS

1975 550 650 600 700 770 790 87.0 723 850 820
780 590 73.28

1976 60.0 68.0 650 68.0 79.0 820 830 850 83.0 84.0
74.0 76.0 7558

1977 66.0 53.0 61.0 700 77.0 81.0 840 840 86.0 800
67.0 66.0 7292

1978 610 55.0 700 760 81.0 220 820 86.0 384.0 8120
71.0 65.0 75.58

1979 66.0 60.0 660 710 830 850 870 860 860 84.0
80.0 63.0 7642

150 68.0 56.0 63.0 69.0 81.0 820 840 860 860 84.0
78.0 63.0 75.00

1981 64.0 560 :63.0 720 820 830 850 850 86.0 82.0
69.0 67.0 74.50

1982 61.0 590 630 730 770 83.0- 850 58.0 860 820
68.0 650 73.92

1983 580 540 350 890 720 830 830 850 850 790
70.0 63.0 71.33

1984 43.0 460 61.0 620 79.0 83.0 830 83.0 820 80.0
75.0 550 6933

1935 540 270 61.0 750 76.0 850 850 86.0 84.0 80.0
71.0 56.0 70.00

05 620 680 735 750 760 820 860 850 84.0 82.0

755 79.0  75.58

19, 1.0 61.0 620 600 67.0 80.0 840 87.0 B850 78.0
72.0 64.0 71.75

1633 610 520 640 730 780 820 840 860 3840 83.0
71.0 69.0 73.92

1989 47.0 240 640 820 81.0 83.0 860 89.0 B850 B84.0

73.0 5.0 69.92
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1990

1991

1992

1993

1994

1995

1996

1997

199%

1999

2000

2001

2002

2003

2004

MEANS 5%.0 50.97

72.0
86.0
69.0
81.0
65.0
68.0
51.0
80.0
66.0
(9.0
50.0
67.0
a7.0
65.0
57.0
72.0
52.0
74.0
54.0
72.0
65.0
72.0
57.0
08.0
41.0
76.0
61.0
75.0
56.0
73.0

58.0
57.0
40.0
67.0

80 58
66.0
70.42
02.0
73.42
68.0
72.42
090
71.58
65.0
74.50
54.0
69.08
33.0
69.08

68.0

74.33
45.0
70.50
57.0
6H9.83
60.0
69.75
50.0
72.58
41.0
71.75
59.6

720

81.0

8.2.0

67.0

(9.0

(41 §)

G50

70.0

68.0

000

G50

69.0)

690

67.0

_73.0

COVRCT. N C R EIADY G

03.5

~om

RO

840

750

AR

PR

/7

80

/3

8O0

KO0 890
810 910
R0 K80
R0 87.0
Sty 8400
Y0 210
K300 86.0
800 84.0
$20 0 830
Q) K70
R0 87.0
KO0 850
RO 860
K10 8060
840 89.0
. 827 85.63

87.0

92.0

87.0

87.0

85.0

89.0

88.0

82.0

84.0

R6L0O

87.0

84.0

88.0

89.0

88.0

80.1

R7.0

§8.0

87.0

87.0

85.0

87.0

85.0

86.0

86.0

30.0

R6.0

87.0

86.0

85.37

80.0

88.0

§2.0

83.0

81.0

81.0

7.0

82.0

82.0

82.0

81.0

84.0

82.0

84.0




TABLE As: MONTHLY SOLAR RADIATION (mum) FROM 1975 - 2004

YEARS/M JAN FEB MAR APRIL MAY JUNE JULY AUG  SEPT
OCT ___NOV DEC MEANS

1975 177 146 158 A8 153 143 109 92 119 156
13.6  14.314.17

1976 126 158 169 153 149 137 119 106 126 1.7
1.4 13.513.83

1977 113 125 140 151 HiR 128 119 102 |
15.7  12.713.23

2
(3]

15.0

1978 132 164 167 148 150 1v7 98 1o 127 143
16.2 139 14.03

1979 135 167 155 to.b 1y 1o 131 1S 140 153
152 124 1418

1980 138 152 152 165 11 1y0 108 108 140 138
157 125 13.80

1981 120 152 152 165 14b 130 108 109 133 156
140 12,6 13.76

1982 116 13.6 147 149 182 12 137 148 152 169

166 152 1472

1983 124 150 182 174 1o/ 137 139 425 153 172
164 142 1524

1984 132 164 181 lod v de3y 152 150 143 162
157 133 1548

1985 13.8 149 154 152 11/ 125 125 135 142 162
170 134 1444

1980 13.6 168 154 159 148 139 116 130 142 165
156 139 1460

1987 141 169 163 174 te 111 ido 133 148 170
167 141 1540

088 122 156 173 166 150 159 (L7 100 138 172
173 135 14.68

1989 130 160 180 160 1ho 135 133 120 132 156
170 25.4 1482

1990 13.5 159 178 166 1ol 133 118 134 154 166
169 166 1549



1991

1992

1993

1994

1995

1997

1998

1999

[
-

2001

2002

2003

2004

146 17.1 167 175 150 146 125 123 168 17.1
170 135 1542
15.1 176 166 173 120 141 135 115 150 164
16.0 155 16.22
152 176 171 174 160 150 137 148 166 183
142 144 16.13
137 156 193 161 16.0 153 142 13.0 155 18.1
189.2 159 1591
14> 18,0 189 169 163 150 138 132 163 18.0
185 156 16.25
150 173 182 180 16.7 151 132 128 152 179
18.1 12.8 15.86
158 183 17.5 187 17.7 157 133 149 149 173
18.0 154 16.43
143 176 119 184 168 162 134 126 143 183
18.1 156 15.58
148 175 198 184 163 140 140 11.8 136 168
V76 15,6 1543
155 175 1w 17.6 160 151 13.1 13.7 16.0 18.1
17.7  16.0  16.33
16.0 180 199 174 17.0 16.1 132 130 160 194
193 17.0 16.86
150 184 190 174 173 165 140 135 160 140
180 17.0 16.59
153 173 18.0 164 16.0 150 140 132 145 18.0
182 16.0 1599
15,0 174 18.0 170 16.0 140 120 124 160 16.0
18.0 15.0 15.57
MEANS 14.04_16.43 17.08 16,68 15.55 1451 1281 12.51 14.61
16.68 16.86 14.54

SOURCE: N.C R.1 BADEGGI
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APPENDIX B,
TABLE B;: BLANEY - MORIN -~ NIGERIA EVAPO - TRANSPIRATION MODEL AVERAGE VALUES OF 30 YEARS
(1975 -2004) WAS USED

YEAR/MONTH  MEAN  RELATIVE RADIATION RAINFALL I r(0.45t+8)  3520-R'" ETo mm/day
1975 -2004 TEMP°C  HUMIDITY r(0.45T + 8) (520 - R
% 100
November 27.15 73.00 16.87 3.86 0.092 1.860 243.97 4.538
December 25.19 63.20 14.54 00.00 0.080 1.547 291.47 4.509
January 24.83 59.00 14.04 0.62 0.077 1.476 311.16 4.593
February 44.58 50.97 16.43 2.16 0.090 2.525 347.58 8.776
March 39.46 39.60 17.08 17.77 0.094 2.421 308.37 7.456
April 30.31 70.80 16.69 34,48 0.092 1.991 254,82 5.073
May 29.02 77.83 1561 138.83 (.086 1.811 219.8! 3.980
June 27.65 82.70 1451 180.44 (.080 1.635 192,06 3.118
July 26.86 83.07 281 207.72 0.070 1467 193.06 2.716
August 2683 86.03 2.5 13238 4G 1386 77,71 2.463
September Sl 8327 RS 1380¢ ORI CA02 RE 2.902
Tictoher B S o.Af 83 8% e L 86) o IATO
T804




APPENDIX B,

e crop co-efficient factors (Kc) value for rice production for different stages of growth is given

low:-

able B, : K¢ Values of rice

Initial Crop Mid- Maturity/Late
Stage development season season
’ Stage stage
{ype of crop Rice
Days 40 days 55days , 45 days 20days
Kc value 1.1 1.15 1.20 1.0
Kce

— Initial stage: 40 days — Nov 1 — Dec 10
1.15 — Crop development stage: 55 days — Dec 11 —Feb 5
1.20 — Mid-season stage: 45 days — Feb 6 — March 22
1.0 - Maturity/Late stage: 20 days — March 23 — April 11

Planting date is November 1

Ke

Nov=30x 1.1 +10x L.15 = 1.1
30 31

Dec=11x1.15+20x 1.20 = 1.13
30 31

Jan=1.20

Feb=5x1.15+23x1.20 = 1.20
28 28

Marc =22x1.20+9x 1.0 = 1.14

3 31
Apsil = 1.0
L= ETox K¢
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For November: - February: -

ET.~ 4.538 x 1.1 = 4.992mm/day 1T = 8.77 x 1.20 = 10.53 Imm/day
=4.992x30= 49.7()11'1111/11101111\ = 10.531 x 28 = 294.87mm/month

December: - March: -

ET.=4.509 x 1.13 = 5.095mm/day ETe=7.446 x 1.14 = 8.51 Imm/day
=5.095 x 31 = 157.95mm/month = 8511 x 31 263.84mm/month

January: - April: -

ET =4.593 x 1.20 = 5.512mm/day LT = 5073 x 1.0 = 5.073mm/day
=4.992 x 30 = 49.76mm/month = 5.073 x 30 = 152.19mm/month

The design depth for this project = the peak consumptive use (10.53 Imm/day) + required depth

of ponding which give the best yield which is 30cm.

Design depth = 10.531mm + 300mm - 31053 1num = 31.053 1em water requirement for rice for

the total area 1 x 294.87 x 120 x 10,000

10°
=1353,844m’
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APPENDIX C
MAIN CANAL DESIGN

T=17lm

<.
“«

v

DN B

D =0.49m | d=0.39m /0

<

¥ \ 4

A
v

b=0.2361m

Z=eld=15/1=15

Tan 'O =d/z=1/1.5=33.69°
B = 2d tan 6/2 = 2d tan 33.69°
=2d (0.30277)

b =0.6055d

Q=gA...cc....... 3.9)
100

Data: q = 5 L/s for flooded rice (Lambart 1983)
A =100ha

S Q=5x100= 0.5m’/sec
100

Adding 20% to cover losses, we have:
Q=05+05x02~= 0.6m*/sec

Q = 0.6m’/sec discharge to be pumped into the main canal.
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Using tria! and error method: -

Data: - Q = 0.63m/scc. A= 0.023. 5 0.001 _side slope - 1.5:1

Whend =0.3m: -

b~ 0.6055x 0.3 ~ 0.1816m

CA=03(0.1816 4 2% 0.3) = 0.2345m”

P OI816 2 x 003V 1.8 1)

R4 02345 - 0.3 01850

P 1.2633 2

|BRIIR R

IR

=1 x (123739 x (0.0001)"7 = 43478 < 10200310 1.583dmes

O = A1 = 02345 x1.5834 ~ 0.371 -

When d = 0.4m:-
b= 02422m

A 04169m°
P=1.6844
R=1.2375

V= 1.5837m/s
Q = 0.60m"/sec
When d = 0.39m:- (0.k)
b=0.2301m

A = 0.3963m’
P=1.6423

D-5/4.d 1.25x0.39

F=(D-d)=0.49 -0.39=0.1m

T+ 02361 +2x0.49%x 1.5

0.7 e

Whend o 0.0m Whend - 0.38m

hona2item b= 0.2301Im

A0 A0 A 0.3762m°

P73k P = .6002

R 1.2y R~ 1.2374

Voo 138 mdsee V =1.5836m/s

(= 0505 00" Q =0.5957m" sec
7t 374

Y 1598 30m/see

0 0.6276 = 0.6mY/sce
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VARER VL D YA B

Tan'0 - d/z = 1/1.5 = 33.69"
b= 2d tan 0/2 = 2d tan 33.69"
= 2d(0.30277)

b = 0.6055d

OF QA+ oo, (3.9)
100

FIELD CHANNEL NO. |

L 0.73m
— -
I( 0.04m
Pt g 01 7m d
/4'/ ] *

R AR RS RATT

i O

Data:- q = SL/s for flooded rice (Lambat 1955

A 16.7ha

S =5x 167 0.0835m"/scc
100

Adding 20% to cover losses, we have:-

0.0835 + 0.0835 x 0.2 - 0.1002

0 m ao

O



~

Ising |

N
7 PN ?
RG] Z= i emme
.-v\uxnp».u Lian S aA.

1=0.6055 x 2.23 =0.0484m

ion o ervor method:-

A =0.08 (0.0484 + 2 x 0.08) = 0.0167m>

i

0.0484 +2x0.02 V1.5 + 1 = 0.3368

R=A=d=00! 7=0.08=0.0496 = 1.24
2 4

BN

V=1 x(1.2)7* x {.001)"* = 43.478 x 1.1542 x 0.0316 = 1.5858m/sec

Z=A7=10.67%15358=0.0265m/sec

A = 0.-2606m>
P=1.4212

R =1.238

Y = 1.584m/s
Q = 0.04m’/sec

When d = ¢.0995m:-

b =0.0602:

A =0.0258m"

P =0.4190

R 1.2359

V = 1.5832m/sec

Q = 0.04m’/sec

When d = 0.1703:- (0.k)

b=0.1029m

A =0.0753m"
P=1.7158

R 1.2376

J =21 5337m/sec

When d = 0.09m:-

b=0.0545m
A=0.0211m*

P =0.3790
R=1.2378

V 1.5838m/s

Q = 0.0334m’/sec

When d = 0.0995m:-

b=0.1211m
A =0.1042m>

P =0.8422

R 1.237

V =1.5832m/sec
Q = 0.1650m>/sec

Q=0.1193 = 0.1m’/sec

When d = 0.099m:-

b =0.0599m

A =0.0255m’
P=0.4168
R=1.2364

V =1.5827m/s
Q= 0.04m>/sec

When d = 0.0995m:-

b = 0.0908m

A =0.0586m"
P=0.6316

R 1.2373

V =1.5834m/sec
Q = 0.0928m’/sec

D=5/4.d=125x0.17=021m
f=(D-d)=021-0.17 = 0.04m
T=0.1029 + 2 x 0.21 x 1.5 = 0.73m
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FikLD CTHIANNEL NOL 2

]

Bl

b

Zo=eld 1S5/ 1S

Tan™'0 =d/z =1/1.5 = 33.69"

b= 2d tan 0/2 = 2d tan 33.69"
2d (0.30277)

b= 0.6055d

Q qA .. RD)
100

Data:- q = 5L/s for flooded rice (Lambart 198 1

A 16.7ha

Adding 20% to cover losses. we have:

0.0835 + 0.0835 x 0.2 = 0.1002 = 0.1y

0.73m
If’ 0.04m
o | d -0 Tm d
S
03m
! I ( !

G/



i

Jsing trial and error method:-

Mhen d =0.08m;-

b = 0.6055 x 0.08 = 0.0484m

4

A =0.08 (0.0484 + 2 x 0.08) = 0.0167m?

P =0.0484 +2 x 0.08 V1.5 + 1 =0.3368

R=A4=d=0.0167=0.08 =0.0496 = 1.24

¢ P 2 13368

V=1 x(1.24)**x(0.001)'"> =43.478 x 1.1542 x 0.0316 = 1.5858m/sec

0.023

0 = A.V=0.0167 x 1.5858 = 0.0265m’/sec

Whend =0.1m:-

b =0.0606m

A = 0.-2606m’
P=1.4212
R=1.238

V =1.584m/s
Q = 0.04m’/sec

When d = 0.0995m:-

" b=0.0602m
A = 0.0258m>
P=0.4190
R 1.2369
V = 1.5832m/sce

Q = 0.04m>/sec

Whend = 0.17m:- (0.k)

L=0.1029m

A =0.0753m?
P=1.7158
R 1.237

= (0.09m:-
b=0.0545m

A =0.0211m’

P =0.3790

R =1.2378

V 1.5838m/s

Q = 0.0334m>/sec

When d = 0.0995m:-

b=0.1211m

A =0.1042m’

P =0.8422

R 1.237

V =1.5832m/sec

Q =0.1650m>/sec

When d = 0.099m:-

b=0.0599m
A =0.0255m’
P=0.4168

R =1.2364

V = 1.5827m/s
Q = 0.04m>*/sec

When d = 0.0995m:-

b =0.0908m

A = 0.0586m*
P=0.6316

R 1.2373

V = 1.5834m/sec

Q =0.0928m"/sec

D=5/4.d=125x0.17=0.21m

f=(D-d)=0.21-0.17 = 0.04m
T=0.1029 +2x 021 x 1.5=0.73m

V =1.5837m/sec
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TIELD CHANNEL
T=0.73m

N§. 3

A

v

Z=ed=15/1=15
Tan™'0 =d/z =1/1.5 = 33.69°
b = 2d tan 6/2 = 2d tan 33.69°

=2d (0.30277)

b=10.0055d

A

b=0.103m

* Data:- q = 5L/s for flooded rice (Lambart 1983)

A=16.7ha

5 Q=5x16.7=0.0835m/sec
100

Adding 20% to cover losses, we have:-

0.0835 + 0.0835 x 0.2 = 0.1002 = 0.1m*/sec

69

v



[ SON——

Using trial and crror method:-

Wihend = 0.08m:-

b = 0.6055 x 0.08 = 0.0484m
A 0.08(0.0484 1 2 x 0.08) - 0.0107m
P=0.0484+2x 008 V15741 =03368

R d- 00167 00800490 1.2
P2 13368 2 0.04

V=1 x (124 x (0.001)"2 = 43478 x 11517 5 00316~ 1 5858m/sce
0.023

Q = A1+ 0.0167 < 1.5858 = 0.026501 /see

Whend -~ C.im:-

b = 0.0600r

A = 0.-2606m’
P=14212
R=1.238

V = 1.584m/s
Q = 0.04m'see

Whend = 0.09‘)5111;—
b =0.0602n

A= 35.0258m’

P =(.4190

R 1.2369

V = 1.5832m/sec

0 0.04m'see

Whend = 0.17m:- (0.k)

b= (.1029m
A = 0.0753m”

P=1.7158
R 1.2376
Vo= 1.88 "Tn/see

When 00901
b= 0051

A 0020

P =037/

R F28 78
VA8

Q 0033 e

Whend 0.0995m:-
b= 01421 1m

A= 010427

P 084

R 1.2

Voo ER Ry sed

() 01650 Yace

When d - 0.099m:-
b= 0.0599m

A = 0.0255m°
I’=0.4108

R =1.2364

Vo= 1.5827my/s

Q - 0.04m*/sce

When d = 0.0995m:-

b = 0.0908m

A = 0.0586m’
P=0.06310

R 1.2573

V == 1.5834m/sce

O 0.0928m Ysee

o5 d 1258017 -021Im

- (b 021 017

0.04m

T 010290 2021 x 1.5 =0.73m
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FIELD CHANNEL NO. 4

b 0.73m

P __.M_._.___._____._._.’

*
Il 0.04m

Iy 0 he | d = 0.17m

h - 0.103m
YT
/o=cld=1.5/1 =15
Tan0 =diz = 1/1.5 = 33.69"
b= 2d tan 0/2 = 2d tan 33.69"
2d (0.30277)
b 0.6055d
Q=qA (3.9)

100

Data:- q = SL/s for {looded rice (Lambart 198 3
A = 106.7ha

0= 5 x16.7 = 0.0835m /see

100

Adding 20% to cover losses. we have:-

0.0835 + 0.0835x 0.2 0.1002  0.dnnee

1



Using trial and error method:-

When d = 0.08m:-

b=0.6055: .08 =0.0484m
A= 0.08 (0.0484 1 2 x 0.08)
P=0.0484 1 2x 0.08 V1.5 1 1 0.330%

R=A+=d=0.0167=0.08 =0.0490

P 2 13308

0.023

0.0167m’

24

Q = AV=0.0167 x 1.5858 = 0.0265m/scc

Whend = 0.1~
b = (.0606m

A = 0.-2606m’
P=14212
R=1.238

V= 1.584m/s

Q  0.04m /see

When d = 0.0995m:-

b =0.0602m

A =0.0258m"

P =0.4190

R 1.2369

V = 1.5832m/sec
Q  0.04m/sce

Whend = 0.17m:- (0.k)

b=0.1029m

A =0.0753m’
P=1.7158

R 1.2370

V = 1.5837m/sec

When d

b =0.0545m

A..

R -

0021 T
P=0.3790

- 1.2378

V L5838 ms

Q

Whend

0.0 0m Fae

b-0.1211m

A= 0.1012m

P = 0.842

R 1.237

Vo AR Ym/see

QO 0 16Mm e
DS d 1258047

=@ & 021

0.0%m:-

(L0995~

When d = 0.099m:-
b =0.0599m

A = 0.0255m’
P=0.4168

R =1.2364

V = 1.5827m/s

Q  0.04m"sec

When d = 0.0995m:-

b = 0.0908m

A = 0.0586m’
P=0.6316

R 1.2373

V = 1.5834m/sec
QO 0.0928m Vsee

0.21m
0.04m

T=0.102012x021 x1.5=0.73m



FIELLD CHANNEL NO. 5
1 -+0.73m

A

v

—
I = 0.04m

D0 Mm d=0.17m

— N
b 0.103m
Fip. Cy

Z=c¢ld s 13 = 1.5
Tan'0 s /15 336"
b = 2d tan /2 = 2d tan 33.69"
- 2d(0.30277)
b = 0.6055d
QO=qA . oo (3.9)
100
Data:- q = SE/s tor flooded rice (Lambart 19105
A =16.7ha

Q=R e = 0.0835m"/scc

Adding 20% to cover losses. we have:
008354 00835502 01007 0 T
Using trial and error method:-
Whend = 0.08m:-
b= 0.6055 > 0.08 = 0.0484m
A= 0.08 (0.0484 + 2 x 0.08) = 0.0167m

P 00484 +2x 008 VI.52 11+ 0.330%

R=4 d-0.0167- 0.08 = 0.0490 1.4

/3




r 2 1.3368 2

P x(.24)" < 0.001)"

0.023

0.04

AZATE s LIS o 0ni6

Q= AV=0.0167 x 1.5858 = 0.0265m ‘/scc

When d = 0.1m:-

b= 0.0600m

A = 0.-2606m’

V = 1.584m/s
Q= 0.04m%/scc

When d = 0.0995m:-
b = (1.0602m

A= 0.0258n)

P =0.4190

R 1.2369

V= 1.5832m/sce
Q= 0.04m"/scc
When d = 0.17m:- (0.k)
b=10.1029m

A =0.0753m’
P=1.7158

R 1.2376

V = 1.5837m/sec

Whend  0.09m:-
h=0.0515m

A=0.020Im’

U IR WAL N

R 1.2378

V 1.5838my7s

Q = 0.0334m Ysce

When d

b 0121

0.0995m:-

A =0 104 2m°

P 0842

R 1.237

Vo= LS8 /sec
Q = 0.1650m /see

1)~ 574 d

= & 0.2l

1.5858m/scc

When d = 0.099n:-

b= 0.0599m

A = 0.0255m’
P-=0.4108
R=1.2304

V = 1.5827my/s
(= 0.04m"/scc

When d = 0.0995m:-
b = 0.0908m

A = 0.0586m°
I"=0.6310

R 1.2373

V = 1.5834m/scc
Q= 0.0928m"/sec

125 x 047 =021m
017 ~ 0.04m

01202 x 021 x1.5=0.73m
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FHED CHANNEL NO 6

E0.73M

. S —

E S

\ [ 0.04m
\ Py o2im |d - 1.7m

d

b - 01040,
Iip
Z=¢/d - 5/1=15
Tan 'O dizo 17150 3309
b= 2d tan 0/2 ~ 2d tan 33.69"
=2d (0.30277)

b = 0.0055d

Q=qQA ceeeeieeeeieeei] (3.9)
100

Data:- q = 517 tor flooded rice (Lambagt 198
A =16.7ha

0O =5x16.7 = 0.0835m’ fsec
1000

Adding 20% to cover losses. we have -
0.0835 4 0.0835 x 0.2 = 0.1002 = 0 lm e
Using trial and crror method:-

whend = 0.08m:-

b+ 0.6055 x 0.08 - 0.0484m
A =0.08 (0.0484 + 2 x 0.08) = 0.0167m"
P=0.0484 + 2 x 0.08 V 1.57 + 1 = 0.33068

R=A=d=00167=0.08=0.0496 - 1.74

P2 1.3368 2 0.041

/5



V=1 x (1.24)**x (0.001)"” = 43.478 x 1.1542 x 0.0316 = 1.5858m/sec

G =AV =0.0167 x 1.5858 = 0.0265m’/ sec

Whend = 0.1m:-

b =0.0602m

A =0.0258m>
P=0.4190

R =1.2369

V =1.5832m/s
Q = 0.04m*/sec

When d = 0.17m:- (0.k)

b=0. 029m
A=0.0753m?
P=1.7158

R 1.2376

V = 1.5837m/sec

Q=0.1193 ~ 0.1m%/sec

When d = 0.09m

b=0.1211m
A=0.1042m?

P =0.8422

R =1.237

V = 1.5832m/sec

Q=0.1650m’

When d = 0.099m

b =0.0908m
A =0.0586m’
P=0.6316

R =12373

V =1.5834m/s

Q =0.0928m%/ sec

D=5/4.d=125%x0.17=0.2m

F=(D-d)=0.21-0.17=0.04m

T=0.1029+2x0.21 x1.5=0.73m
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FIELD DRAIN DESIGN NO. 1

"« F1.08m >
r
\ f=0.07m
D-03lm | d=0.245m d
0
e

Z=¢/d=15/1=15
Tan'0 = d/z = 1/1.5 = 33.69"
b= 2d tan6/2 = 2d tan 33.69"

=2d (0.30277)
b= 0.6055d

Q=QA oo, 3.9)
100

Data:- g = 5L/s, A = 50ha

SQ= 7 x50= 0.25m%/sec
100
Q = 0.25m"/sec

Using trial and error method:-
When d = 0.25m:-
b=0.1514m

A =0.1629m’

P =1.0528

R =1.2376

Vo= 1.5857s

Q = 0.2580m*/sce

A

|
h o 0. 148m

llg ('x

Whend - 0.23m:-
b=0.1393m
A=0.1378m’

P = 0.9686

R = 12374

V 1.5836mvs

QO 02182m /see

77
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When d = 0.24m:-
b=0.1453m

A =0.1501m’
P=1.0106
R = 1.2375
V = 1.5837m/s
Q= 0.24m*/scc




When d = 0.245m;:- (0.k)

b =0.1483m Db d 12550245 =0.31m
A = 0.1564m? oot b 030 0245+0.07m
P=1.7158 o0y 03 xS HOBm
R 1.2376

V= 1.5837m/sce
Q 0.25m see

FEEE I DI AVIN DESIGN NO 2

b 1.08m
e
I i 0.07m
Doodtm 1 d-0245m d
O
- »
b 01 18%m
g (7
Z=eld=15/1=15
Tan'0 diz 115 33.69"
b= 2d tan 0/2 = 2d tan 33.69"
=2d (0.30277)
b = 0.6066d
Q=qA . ... (3.9)

106
Dataz- 4 == 51./5, A = 50ha
50 =5x50=0.25m"/scc

100
Q = 0.25m"/sec
Using trial and error method:-
Whend = 0.25m:- Whend o 0.23m:- When d = 0.24m:-
b=0.1514m b 0.139m b=0.1453m
A =0.1629m* A= 00378m’ A= 0150 m?
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P=1.0528 Po0.068n P=1,0106

R =1.2376 PO IR A R = 1.2375
V = 1.5837m/s V L.5830mw V = 1.5837m/s
Q =0.2580m"/scc Q02182 fsee Q= 0.24m’/scc

Whend = 245m:- (0.k)

b= 0.1483m s d K 0.245 03 1m
A 0.1564m° o o 03 0245 0.07m
»=1.7158 10y s 203 < 1S5 - HO8m
R 1.2376

V = 1.5837ni/sec

O 0.25m'/see

'1()



APPENDIX D
BASIN DESIGN CALCULATIONS

The selection of intake family is done by plotting the values of cumulative infiltration rate to

time obtained from the infiltration rate experiment on Table 4.3.
The intake family is that of the curve closest to which the point fall. in this case, the points fall on the
curve 1.5 from Fig. G

Therefore, the intake family = 1.5, values of constant a = 2.284, b = 0.7799 and ¢ = 7.0 (from
Table G). Desired depth (Net) application (F,) 17 mm (See Appendix E for calculation)
Assumption:- |
Manning’s ¢ -cfficient (n) = 0.023
Efficiency (E) = 80%
Efficiency advance ratio from table D = 58
BASIN DESIGN FOR FIELD CHANNELS 1-6

Basin dcsign will be same for all the 6 field channcls since they are commanding equal arca and
will therefore have same unit inflow rate (Q,).
Intake family = 1.5
Values of a =2.284, b = 0.799, ¢ 7.0 from the table
Efficiency (E) = 80%

~ Unit flow rate (Q,) = 0.1m>/sec/sec/16.7ha = 0.006m*/scc

Desired depti (net) application (Fy) = 24.8mm
Manning co-efficient (n) = 0.023
Efficiency advance ratio = 0.58

Oopportunity time (T):-

=(17=7.00"*"" =7 min
2.248

Advance Time (T):-

= (0.58 x 60 x 0.58) =20 min
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Basin length (L):-

= (6x10%) (0.006) (20)

= (2.284 x 20)°7%°+7.0 + 1798 (0.023)**® (0.006)*'*(20)*""® min
14,7799

L=118m

Inflow time (T,):-

=17x118 = 7min
600 x 0.006 x 80

Maximum depth of flow (d):-

= 2250 (0.023)*® (0.006)™'¢ (7)*1¢ = 41 .5m.
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DESIGN AND OPERACION OF FARM IRRIGATION SYSTEM
Table D:

Ifficiency as a function of the efficienc: adsimee ration R(R = T/T))

Iicieney ctticieney advance

B ratio R(R = 1,/1,)

Percent (94) -

03 ORIE
9 0.8
.85 0.40
I fficiency (1) - 20 ()58 cmmmmmmm e Fificicney Advance Ratio
75 .80
70 108
63 o
60 1.90
5% 245
50 o 320




APPENDIX E
SIMPLE CALCULATION OF PARAMETERS

Determination of Soil Texture
0 15cm
Percentaze sand:-
100 - {1454 0.36]27--20]- 2.0} 60000
Pereentage clay: -
0.51036([27-20]- 2.0]2 +2.04
Percentage silt: -

100 - [69.96 + 2.04] =28%
P iZ=30cm
Perce stage sand: -
100 - [15.0 +0.36] 27 =207 - 2.0] 2 - 68.96%,
Percentage clay: -
34+036(27-20] -2.0]2=7.04%
Percentage silt: -
100 — [68.96 + 7.04) = 24%
P, 30 —45cm
Percentage sand: -

00 -115.5+0.36] 27 20} -2.0] 2 07.90%
vercentage clay: -
S5+030(27--20] 2.0) 212047
Percentage silt: -
100 - [67.96 + 12.04] = 20%
Py 45 - 60cm
Percentage sand: -

100-116 + 0.36]27 -201-2.0{2 - 069067
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Percentage clay: -

3-4+0.30[27 -20]--2.012  17.04%
Percentage silt: -

100 [66.96 1+ 17.04] 160",

P, G- 15cm

Percentage sand: -

100 -14.5+0.36] 26 - 201 - 2012 2nake,
Percentage clay: -

0.0+ 036127 -201 . 2.0 2 1 0d4%
Pereentage silt:

100 - [90.68 + 1.04] - 82%

P, 15 30cm

Percentage sand: -

(00 -]12.5 4036127 201-2.012  iont,
Pereentage clay: -

PSP 03627 201 20p pals
Percentage silt: -

100 -173.96 + 4.04}  22%

P 20 —-45¢m

Percenge sand: -

100 - [20.5 + 0.36]27  20]-2.0]  ~/ 96"
Percentage clay: -

54036127 -20]-2.0]12=7.04%
Pereentage silt; -

LG - 1537.96 + 04} = 35%
P, 45 — 60cm

Percentage sand: -



100 - 128.5 4+ 0.36] 27 - 20] - 2.0] 2 41.96%
Percentage silt: -

4.0-+0.36[27-20]-2.0] 2=10.04%

Py 0-15¢nm

Percentage sand: -

100 - [10.5+0.36] 27 - 20} - 2.0) 2 - 77.96%%
Percentage clay: -

1+40.36{27 -20] - T’.()l 2 = 3.04%
Percentage silt: -

100 - [77.96 + 3.04] = 19.4%

P; 15 - 30cm

Percentage sand: -

100 -112.0 + 0.36]27 - 20} -2.0]2  74.96%
Pereentage clay: -

1.5+ 0.36 [27 - 20] — 2.0} 2 = 4.04%
Percentage silt: -

100 - [74.96 + 4.04] = 21%

P 30 - 45¢m

Percentage sand: -

100 - [13.5 + 0.36] 27 - 20] - 2.0} 2 = 71.96%
Pcreentage clay: -

2.0+ 036127 -20}-2.012 -5.04%
Percentage silt: -

100 - [71.96 1 5.04] = 23.0%

Py 45--60cm

Percentage sand: -

100 - [15.0 +0.36] 27 - 20} - 2.0} 2 =- 69.906%
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G.

Pereentage clay: -

251036127 200 2012 604%

Percentage silt: -

100 - ]68.96 ¢ 6.04] - 25%

From the U.S. DAL textural triang e

Bulk Density (B1))

467.745 =1.62gm/cm’
288.67

Permanent Wilting Point (POW.1)

A

1575 142,98 x 100 194

i

142.98

calable Water (AL W)

60 (7.49 194y -3.33cm

100

Net Water Application (1)

v

ot class s sandy loam.

Moisture deficit (M.D) is taken as S0%¢ Ty (TU8K)

333 x 05 [.7¢m

Gross Application (Fy)

1.7=2.13cm

0.80

Basic Infiltration Rate (1)

3. 7cm/hr

Irrigation Application Time (1)

13cm = 0.58hr

3. 7cm/hr

Volume of Core Sampler

2
J

3142 (3.5) 2 (7.5) = 288.67m’



APPENDIX F

MONTHLY IRRIGATION FREQUENCY (LF) IN DAYS

November - 17/4.538 =4 days
Dccember - 17/4.509 =4 days
Januury - 17/4.593 =4 days
F'ebruary - 17/8.776 - 2 days
March - 17/7.446 = 2 days
April - 17/5.073 = 3 days

The average irrigation frequency = 3 days
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APPENDIX K
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Down stream face of the Dam supplying water to the project

$ . i -

Down stream face of the Dam
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Ups side of the Dam with arrow pointing v
to the takoff channel to the field.
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Take off channel overgrown with weeds.
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# =

A hanging Drop structure and takeoff of field channel with washed away
channel embankments.

T % o s

Hanging Drop structure with Palm Tree growing
inside the conveyance channel.
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11

12

Disappearing field channel with hanging
control gate.

Rice field with no trace of field channel.
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13
Re-constructed channel control gate with block resulting from communal
effort.
14

Re-constructed channel control gate.
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15

16

Rice field with arrow pomting to washed away field channel

- - "k el

Rice field with arrow indicating bare field without any sign of fie
channel.
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