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ABSTRACT

Prior' if) 1919, borrow pits excavated into clay pans to collect
and retain rainfall and local run-off served as a mgjor water
supply source to the settled Fulanis in the Wawa bush of the

present Bauchi state, Nigeria.

Attenmpts to make them a regular water supply source in later-

years failed mainly due to lack of maintenance.

In the arid regions of Mexico, Arizona and Negev desert,they
have been wused to harvest |ocal run-off for small-sea
irrigation of food and cash crops. However,the cost of excavation
makes the wuse of Lateritic /gravel pits for road base
Construction nore attractive.

The Irrigation scheme using water fromlateri t i (-/gravel pit

at Hanwa in Zaria, N geria and the Soci o-economi c benefits of

the irrigation schenme are eval uated.

The feasibi] Lty study shows that at Least 2.53ha-m of wafer is
bei ng conserved annually and this could irrigate about 5ha of
farm land. The analysis of the water shows that it is suitable

for irrigation of nmpost crops on nobst soils.
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The econom ¢ appraisal of the irrigation scheme shows that it is
vi abl e. The benefit/cost ratio ranged from1l1l.2 to 3.7 and varied
for each farmwith an average of 1.88. It is observed that
encouragi ng the use of borrow pits to harvest, run-off for snall
scale irrigation could provide solution to the decreasing food

production in the country.
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These degradations are the result of environmental pollution
through man’s application of his technological skills which are
normally devoid of enviromnmental considerations until very

recently.

Over the years the basic problem has been the evolution of an
environmentally sustainable technology to enhance man,s
utilization of environment resources without endangering the

continuous use of it and for the overall survival of man.

Noad construction is one of such man’s activities involving the
use of his technological skills and this leads to the creation
of borrow pits, which are where suitable materials have been
excavated for road construction. These pits are found dotting
the sides of most modern highways like the Kaduna-Kano dual
carriage way.

Borrow pits may, also, be excavated as a deliberate policy for
the purpose of collecting rainfall and run-off which could be

used for agricultural as well as domestic purposes.

Prior to the 20th Century, the environmental impacts of water
resources developments were not of major concern.
Infact, some of the major environment issues of the 19th century

related to the impacts of other activities like deforestation

r3



on water resources.

During the first seven decades of the 20th century, efficiency
in water rescurces development plaved a key role in planning and
the environmental impacts of water projects received thorough
consideration only for cases in which the projects were
controversial; {(for example the damming of lletch lletchy valley

in San Francisco, U.S.A), (Ortolano, L, 1979).

The first attempts to legislate a requirement that environmental
factors be accounted for systematically were in the 1930's and
concerned inter-agency co-ordination. These attempts and the
subsequent expansion of the co-ordination requirements generally
led to the consideration of a limited number of environmental
factors in late stages of project planning. Such co-ordination
somet imes led to the addition of project features intended to

aff set adverse envirocnmental impacts.

Prior to the 1970's environmental factors received very little
svstematic consideration in the early stages of project

planning. In assessing the impacts of alternative actions,
engineering and economic factars received thorough
consideration. The National Environmental Protection Act of te
United States and the TFederal Environmental Protection adency
{FEPA) of Nigeria, established in 1970 and 1989 respectively

have the potential toc increase, substantially the attention

e



given to environmental factors in all stages of water rescurces

planning and decision making.

llowever, the prospect of attaining a long-lasting increase in
the attention given to environmental factors by water resources
depends, significantly, on the extent to which the Public
continues to place high priority on environmental quality

issues.

T Oor UDY

Dorrow pits generally, have both adverse impact (as a health
hazard by breeding mosquitos) and positive or beneficial
impact {the stored water could be exploited for small-scale

irrigation) on the local environment.

In the broadest terms, the aim of the study is tc assess the
contribution of borrow pits in the enhancement of agricultural
productivity through-small scale irrigation and the degdree to
which it impacts on the 1local environment positively or

negatively.

The specific objectives were to undertake:
- The engineering feasibility of the llanwa borrow pit in
Zaria in conserving enocugh water for irrigation

activities;
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- The cash flow analysis of the production of crops

through the irrigation scheme; and

- The review of other notable impacts of this pit on the

local environment.

STU g

The site for this study is located at Zaria in Kaduna state
of Nigeria (see fig 1.1}, It is situated between latitude
11" o06.6' and 11" 07.2' North of the Equator and
longitude 07° 41.6' East of the Greenwich Meridian. At
Zaria, it is sited between km 71 and km 72 along

Kaduna-Kano dual carriage way (Figure 1.2).
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It covers a total gross command area of 13.64ha and has a
cultivable command area of 9.15ha with a net command area

af €.8ha (see fig. 1.3},

The topography of the site is fairly representative of
surrounding plains which can be described as undulating
plain with very broad and gentle slopes lving at an
attitude of between 63lm and 653m above sea level [{(See

Figure 1.4},
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About 70% of the dry season farmers in the study area do not own
their farm land. They paid between N20.00 and N200.00 or in kind
irrespective of the farm size. Generally, the holding per farmer
varied from 0.035ha to 0.65ha. Others even had as little as

100m°. The average holding was 0.162ha.

The farming system was basically traditional except a wheat
farmer who emploved mechanization in the land preparation.
lowever. crop rotation was well understood and extensively
practiced, The irrigation of tomatoc and other vegetables was
followed by the cultivation of maize/millet as soon as rainfall

started. The cropping intensity was 100 percent.

The irrigation system was furrow for other crops but basin for
the wheat. Petrol engine pumps [(generally of 2.68285kw capacity
and either londa or Yamaha make) were used to lift water from
the pit., The water was conveved through PVC pipes or hose or
channels (where the topography permitted) to the fields and

distributed by the farmers through the use of bunds,

The major irrigated crops were tomatoc, pepper and wheat., Maize
and okra were not entirely produced by irrigation. Part of the
water requirement were met by rainfall. The average yvield per ha

of tomato, which was the dominant crop, was 22.5 tonnes. The

11
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vield is good though dry season yields of between 25 and 37
tonnes per ha had been recorded or reported in ncrthern

Nigeria, (Komolafe et.al 19851).

Africa is the only continent where per capita food producticn
continues to decrease. Experience, particularly in Nigeria, has
shown that food importation cannct be redard as a long-term

solution.

Irrigation, which the agricultural man began to practice, at
least 6,000 vears ago, even earlier than he harnessed animal
power, has plaved a major role in increasing food production by
bringing into profitable cultivation large areas of land that
would otherwise be unusable or only marginally productive,
Irrigation and its proper use and control is one of the

essential factors in the g2lobal war against hunger.

The necessity for increasing food or agricultural production in
Nigeria iz obviocus. In recognition of this, the Northern States,
in 1970 put over 10,935 hectares of arable land under
irrigation. The scheme was included in the 1970-74 National

Development Plan (Tyson, 1971}.

Formal irrigation with full water control had cnly developed in



sub-sahara Africa since the colonial period and the record of
achievement had been reported toc be very poor. In Nigeria for
instance, all the major irrigation schemes have failed to make
any appreciable impact on food or agricultural production., Tt is
more costly than in any other continent, mainly reflecting the
inexperience of the domestic construction industry and the
consequent dependence on imported materials, At the present
time, some 0.9% of the total arable land in Nigeria is

irrigated. (FAO, 19871,

Most large-scale irrigation schemes are for cash crops and other
than in the arid regions, surface water constitutes the main

supply source. Water requirements are, generally, high.

The present thinking favours small-scale, even one farmer tvpe
irrigation, which may initially be supplementarv and therefore
more easily intedrated with the existing farming svstems (FAO,

13843,

Various attempts have been made, in recent times to define
small-scale irrigation. Perhaps the best definition of a small-
scale irrigation is a scheme in which the farmers or the local
community have chosen to practise irrigation and are responsible
for its operation and management (Forster 1986).

There are two groups of small-scale irrigation: Traditional and

promoted. The traditional irriZation has been carried out in



Africa from time immemorial and has been accepted as a normal
component in agricultural practice. It includes (i) "Fadama”

irrigation in the drier parts of West and Central Africa, (ii)}
flood irrigation along major rivers and (iii) flood-spreading
'bund’ and embarkments to divert and retain flash floods in

ephemeral stream flows.

Promoted small-scale irrigation comprises developments which
have been introduced as a result or because of development
programmes and which involves changes in the existing farming
practices, Promoted small-scale irrigations, therefore, are
liable to the same hazards as larde-scale irrigations. There are
nearly 2 million hectares of small-scale irrigation in Tropical
Africa. It is therefore a significant agricultural practice,
{Forster, 198R}. A recent trend that has emerded in various
forms, throughout the drier parts of Africa is the expansion of
small-scale irrigation of food crops, fruits and vegetables for
domestic consumption and sometimes cash crops in small
quantities, (Stern 1986).

In addition, local run-off is being harnessed through the
process of rainfall harvesting on a small-scale in extensive
areas of Africa that are far removed from any permanent
stream.

Such schemes have, successfully been used for even high value
cash crops production in arid regions of Mexico, Arizona and

the Negev desert.



Borrow pits have great potential for collecting and retaining
local run-off which could be exploited on a small-scale for food

production through irrigation and livestock breeding.

The borrow pit in the study area has served these purposezs for
the past two years. This study, therefore, becomes imperative
because of the current shift in emphasis from large to small-
scale irrigation projects. The study might also provide an
impetus for a critical review or appraisal of the existing large

- scale irrigation projects in Nigeria.

The use of borrow pits to collect local run-off which could be
utilized in dry season either for irrigation or domestic
purposes is not new in Nigeria. Defore 19219, the settled TFulani
in the Wawa DBush of Gombe Emirate in the present Bauchi State
depended, especially for their dry season water, on borrow pits
excavatsd out of clay pans which were found scattered over the
area. The construction of the pits, or ponds, their maintenance
including the annual removal of silt and clav which had been
washed in, and the watering of livestock which were not allowed
to approach the edge of the ponds, was part of the work of the

slave caste, (llocking and Thamson, 1979).

llowever, after 1919 when slavery became 1illegal and new
administrative capital was set up at Gombe, the water supplies

deteriorated due to lack of maintenance.
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Dy 1936, in an attempt to make the Wawa Bush more attractive to
the existing farmers and to encourage migrant Fulanis into the
area, 31 ponds were mechanically dug. But by 1968 only 2 ponds
still held water and thus the attempt failed (llocking and
Thomson, 1979). The reasons for the failure were mainly lack of
maintenance and damage by cattle. With constantly increasing
population pressure and decreasing food production, a renewed
efforts to overcome the water supply problems of the arid and
semi-arid regions for small-scale irrigation and livestock
watering through borrow pits either intentionally excavated or

created as a result of road construction is essential.

The acceptability of such a scheme depends, to a large extent,

on the economic viability. This makes the ecoromic appraisal

of the scheme equally essential. Other benefits of borrow pits
are:

Where they are excavated into permeable formation, they serve

as an idea facility for ground water recharge.

CONCY S

International financiers and local economic planning adencies
require an economic appraisal to be include for all schemes
and projects they accept to finance. Governments alwavs want
to know how a scheme will benefit their countries overall

economy and how it will fit into developments elsewhere in the

16



country. The need for economic appraisal, the application and
implications vary with countries and the circumstances

prevailing in each country at the time. In all, the appraisal
involves an assessment of the benefits and costs of a project

to the population and the economy.

Lconomic benefits may be classified into three:
- Primary benefits;
- Secondary benefits; and

- Social benefits

While primary and secondary benefits can be quantified, social

benefits are derived from primary and secondary benefits and

cannot be valued in monetary terms.

o
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The basic Meteorological data assembled for this study were
obtained from the Meteorclogical Department of the Nigeria
College of Aviation Technology (NCAT), Zaria because of
proximity {about 1.5km from the study area). The data include
daily rainfall, sunshine hours, evaporation, incident solar
radiation, relative humidity, wind speed, maximum and minimum
temperatures, dewpoint, vapor pressure, mean sea level
pressure and station pressure obtained from the aerodrome
weather station. Since the annual variations of potential
evapotranspiration (LETp!) amounts are small compared with
rainfall variation, the station coverade providing data for the
computation of ETp using modified Pennman's method is more than
adequate for the assessment of the rainfall pattern { a maximum
of two stations per 26 km- Wilson, 1990}, The duration of data
collection was eleven years (1281 - 1991}, This is redard as
adeguate to represent the evaporation characteristics of the
site. According to Woodhead and Waweriu records of five vears
average evaporation give an estimate of long term mean {30

vears! within about 10% error. (Woodhead and Waweru, 1970}.



Infiltration may be defined as the process by which water
enters, penetrates or wets the soil.

Four methods are commonly emploved for field measurements of
infiltration:

- Cyvlinder infiltrometers;

- Ponding;

- Block recirculating infiltrometers;

- A deduction of infiltration from evaluation of the

advance phase and tail water hydrograph.

The method emploved in this study was the cylinder
infiltrometers and this would be subsequently described, but

for others see {Walker, 1989) for detailed description.

CYLINDE N METERS
The cylinder infiltrometers mayv be double or single ring.
In the case of a double ring which was used in this study, the
outer ring acts as buffer to make the infiltrating water
percolates vertically and thus preserving the integrity of the
measurements. The double ring cylinder infiltrometers, as the
name suggests, consist of two concentric cvlinders open at both
ends with one edge of both cyvlinders sharpened to an angle of
about 30" to allow for easy entry or penetration into the soil.

Doth cvlinders were 300mm high with a diameter of 220mm for the

19



outer ring and 155mm for the inner ring.

A suitable location, devoid of unusual surface distance, animal
burrows, stones that might damage the cylinders etc, was first

selected.

The cvlinders were then set in place concentrically and
pressed firmly into the soil, after which a wocden plank
was placed over the cylinders and tampered with a hammer

until the cvlinders were driven to a depth of about 150mm.

The test was conducted as follows; after the installation, the
volume of the cvlinders abave the soil surface was measured
{diameter, depth). Aguage was then fixed to the inner wall of
the inner cyvlinder s¢ that the level changes that cccurred could
be measured. Water from the borrow pit, which was the irrigation
water,was collected and poured guickly into the infiltrometers

to an approximate depth of 100m above the soil surface.

When the water surfaced had settled, the initial guage

reading and time were taken. Additional measurements were taken
at periodic intervals of § minutes for the first 4 to §
readings, expending to 20 to 60 minutes intervals after 8 or 9
readings. The measurement was continued until two consecutive
readings over one to two hours period were approximately the

same (Walker 1989).



The depth of water in the cylinders was maintained at

between 60mm and 100mm by adding more water, as quickly as
possible to return the surface to its approximate initial level,
when it had dropped about half of the depth of the cylinders

above ground surface.

The above procedurz and measurements were repeated at four other
locations within the site, selected subjectively. In all, five
replicate measurements were obtained. These are considered

adeguate for one site, (Walkers 1989 and llansen et al, 1980).

Both the procedures for interpreting field data and those
covering surface irrigation design require that infiltration
process be described mathematically. There are a number of such
mathematical equations to choose from but none is as versatile
as the twe Kostiakov-lewis relationships, {Walker 19892).
The simplest approximation of cumulative infiltration is:

z=kt’.l.lltt!ll‘D.Ollcotl..l{l.lll.l.lllll.l'lllaltzll

where

n

cumilative infilitration depth (mm)

7z

n

t intake opportunity time {min.)}
k and a = empirical constants
Equation 2.1 is simple, easy to define and widely usaed. Its

major disadvantage is its inadeqguacy in describing infiltrattion
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over long periods of time. The infiltration rate based on
equation 2.1 *is:

G = ARt i it s araaeas 2.2
Since a is always less than unity, g approaches zero at infinite
time.

This condition is not usually encountered in the field. Scils
do, however, have extremely small infiltration rates after a
long period of time, (Walker, 1989).

A more general infiltration function is the extended form of
egquaticn 2.1 given as:

z 2 Kt 4 Tt coveinvinniinnriionisenitiiiinniiaisinses 2.3
where ﬂ} = long term steady or basic infiltration rate.
Egquation 2.2 reduces to equation 2.1 if the soil intake rate at
long time approaches zero or if the infiltration event is short
compared with the time required for the infiltration to reach a
steady rate. FCquation 2.3 gives a better long term approximation
on many soils. The infiltration rate using equation 2.2
is:

a = akt®' 4 (SR U RS S PN S RS PITT S S RPE S 2 |

Decause of its obvious advantage, eqguation 2.3 was used in

evaluating the infiltration process or phenomenon is this study.

2023 ANALYSIS OF INFILTRATION DATA
The data were analysed by graphical method - logarithmatic plot
of cumulative infiltration against cumulative time. To evaluate

the infiltration function, the slope of the readings near the

ra
"3



later part of the test was taken as the basic intake rate (f, ),
while the slope of the first few data points on the
logarithmatic paper was used to define a. The intercept of the
horizontal axis at 1.0 gave the value of k. This procedure
assumes that at short times the contribution of cumulative
infiltration from the steady state term, f., in equation 2.2 is
negligible., These assumptions are better for hsavy soils than

light ones. (Walker, 1289).

SOIL SAMPLING
Soil samples were collected for the determination of the
following soil parameters:
E Specific gravity (gs);
- Silt and clay percentages;
Ivdraulic conductivity;
- Bulk density; and
Field capacity (TFC) and permanent wilt point moisture
contents.
The void ratio and porosity were computed form the values of the

bulk density, specific gravity and the unit weight of water,

thus:
Void Ratlea, 8 2 BB WE NV =~ 1 e en nirsngs s 5 soganiis » y 0D
Ws
PGI‘OSit}'. “21— ‘\'S L N L B B R T B BN R R DL 2.6
gsYwV
Where,

g€s = specific gravity



Yw = unit weight of water tg/cm”
v = volume of scoil mass (g}
Ws = dry weight of soil mass (g)

Two samples were collected for the determination of specific
gravity, silt and clay percentage and hydraulic conductivity

{K).

The specific gravity was measured by the specific gravity bottle
method in the laboratory.

Specific gravity (gs) = gt {w. - w,) cee 2.8

h-‘:'— wel - lw - W)
Where,

gt = specific gravity of distilled water

w. = weight of bottle empty (g)

Wa = weight of bottle plus dry sample (€]

w, = weight of bottle plus sample plus water
W, = weight of bottle plus water (g).

The percent silt and clay contents were determined by quick

sedimentation method in the laboratory. Thus sand percentage, s

i L 3 & _IBB . ewans g iveans s peus D59
{ LD ) 1

Silt percentage, m = (L, - L.} x 100 ...... 2,10
- IM + 1

L

Clay percentage, ¢ = 100 - 5 - m

Where,



£
=
n

initial thickness of sample in cylinder.

L
i

sample thickness after ten seconds.

sample thickness after 2 hours,

.r
"

For the hydraulic conductivity, core samplers of diameters 105mm
and height 100mm were used for the sampling and was determined
in the laboratory using the falling head method (see Lambe, 1984

for details). The hydraulic conductivity was evaluated by:

Hydraulic conductivity (K) = 2.2al Log hi_ «.vvavaaees 2,11
At hi
where,
a = cross sectional area of standpipes or tube;

L = length of s0il sample in the permeameter;
A = cross sectional area of the permeameter;

t

n

time taken for head to fall from ht to h:;
h, and h: = initial and final heads respectively.

For the determination of the field capacity and permanent
wilting point and the bulk density, nine samples were taken. One
sample from the center of the field, one each from a point 10m
from the four edges of the field along the diagonals; and one
each from the wmid-north, mid-east, mid-socuth, and mid-west
portions of the field. This is a rule of thumb used by sail
scientists, The test were carried out in TI.A.R. soil
laboratories. The bulk density was obtained by:

Pulk density = Drv weight oi 53
Volume of samples

The field capacity moisture contents were aobtained
gravimetrically after a pressure of 0.1 bar had been applied to
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2.4

the soil samples. For the permansnt wilting points, a pressure

of 12 bars was used.

ESTIMATION OF EVAPOTRANSPIRATION

Evapotranspiration is the combined loss of water from a given
area by evaporation from the soil surface and from transpiration

from plants, It is sometimes referred to as "consumptive use" of

water by crops. {(Kowal and Knabe, 1972 and Wilson, 1990).

Recause the rate of evapotranspiration varies greatly with the
ease with which water is available to crops and with the degree
of the crop cover, it is advisable to, first, consider the case
of unlimited water supply. This leads teo the concept of
potential evapotranspiration {ETp) introduced by Pennman in 195€
and defined as "the amount of water transpired in unit time by
a short green crop completely shading the ground, of uniform
height and never short of water (Kowal and Knabe, 1972). Sine
ETp is essentially determined by climatic factors, and is not
affected by plant species, it provides a means of accessing the
adequacy of water supply to «crops grown in wvarious
climatological areas. TFrom the amounts and distribution of
rainfall, periods of water surplus or deficit can be identified

and the amount of water surplus or deficit assessed,

Estimates of ETp in this study was based on Pennman formular and



computed from the climatic factors of net incident solar
radiation, mean, maximum and minimum temperatures; actual vapour
pressures relative humidity, sunshine hours and station pressure.
This method has been found suitable for a wide range of climatic
conditions., it is also considered as the best method for
estimating LETp. (DBlake, 1989). The method has been use at
various times for ETp computation in Nigeria. {Kowal and Enabe.

1972); Garnier, 1960 and Gilchrist, 19261}

It has made the most complete theoretical approach, showing that
consumptive use is inseparably connected to incoming solar
radiation.

The modified formula is given by:

ETp = _ DB (Rn ¢+ G) +__ ¥ D.Eﬁfw: + W:lﬁ! fe, te }...2,12

D+Y D+Y
where,

fay D = 33.86[0.035904(0.00738T + 0.80720I' - 0,00003420)1
in mbars/‘C.

T = mean temperature (°C)

bl ¥ = Cp P {phvschrometric constant!
(0.622X)

0.240 {Constant)

(9]
b=
"

mean atmospheric préessure as a function of altitude

Tl
i

{station pressure mbar!
p can also be estimated from:

p = 1012 - O0,1055EL {mbar)



EL

{c)

{d)

{e)

elevation (m)

latent heat of water

595.5

— 0.55T

Rn = O.T?R3 - Rb.

N =

oy

incident sclar radiation {mm/dav)

b Rbo [fa na’“u] t bl

R, = Extra terrestrial Radiation (mm/dav)

a,b empirical constants

Rb, = fa, + b_/ea) 0.2 x 107 17, + T /2

ary ty = empirical constants

Ta = mean maximum temperature {°K)

Th = mean minimum temperature {*K)

G = so0il heat flux in cal/caf/day = {Tpr - T19.1

Tpr= mean air temperature for a previous time
periocd, usually previous 2 days when daily
estimates of ETp are required.

T = mean air temperature for current time
periocd {i.e, mean air temperature of the
particular day ETp estimate is required)

e3 = saturated vapour pressure {mbar)

€a = mean actual vapour

Wiy wn = wind term coefficients; some

empirically determined values are:



W 1) Location Ref.

1.10 0.0106 Mitcheu, Nebraska alfalfa
1.78 0.0115 Kimberly, Idaho alfalfa
1.C0 0.0062 Pennman shortgrass

uy = wind speed at 2m (km/day)
When the wind speed is not measured at Z2m, Uy is estimated from:
p oA
l& = U: {2/ =3¥""
U, = wind speed at height z({m)

values of a, b, apy b. are:

! 1 T ) - m=—e——u]
a b a; | b, | Location |
- - 1 - 1
- ! . o
0.9 0.10 0.37 0,044 Mitchell, Nebraska |
1.35 -0.35 0.35 -0.046 Davis, california
i R -0.18 0.33 -0.044 Kimberly, Idaho
1.20 -0.20
1.10 -0.10 Arid-region (suggested)
1.00 -0.00 Semi-humid {suggested)
0.39 -0.05 General

For the study, the site is located within the semi-arid region
and shartdrass is a common feature of the vegetation. Based on

these, the following values of the constants have been used.

w, = 1,00 )

0.0062 ) - Pennman/shortgrass

b
-]
I
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2.5

a = 1.1¢ }
b =-0,10 } Semi-arid condition
31 = 0.39 ,

b: 0.05 } General Conditions

This gave;

ETp = D (Hn) + Y 0.26(1 + 0.0062u2) te, - &)
D+ Y D+ Y

Assume G = 0,

Ry, = Ry, [1.10¢°s/R_) - 0,10}

Ry.= (0.39 - 0.0568-/ea) 2 x 107 (T'a + T'h)/2.

es = 10C0ea
Rl

Where R.Il = Relative Humidity (%)

1 N WATER ] Y

A sample of water was collected from the borrow pit for
determination of the following standard parameters:

- FElectrical conductivity (0C);

- Tctal solids content;

- Calcium (Ca'');

- Magnesium (Mg'');

- Sodium (Na');

a0

the



- Potassium (K');

- Dicarbonate (NCO,);

- Chloride (C1 )

- Sulphate (80,);

= Boron (B'); and

~ pll Value

The procedures were as given in the standard wmethods for the
Examination of Water and Waste-waters and as per the
manufacturers’ instructions where instruments were involved.

{APHA, 1985).

The quality of irrigation water is determined by its soluble
components:

- Total salt content, which is expressed in g/1, meg/l, ppm
or by the electrical conductivity ({(mmhos) which éives an
indication of the water guality with regard to =salinity hazard;
- lonic composition: this is important with respect to:

{i} Sodium hazard which is determined by the absolute and
relative concentrations of the cations and can be evaluated
through the sodium-Adsorption-Ratioc {(SAR) by the egquation:

SAR = h:é: (A I N R BT A D R T B A B 2013

_/eatt + Mg’y 7 2
where Na', Ca'’ and Mg'' are the concentrations of the respective
ions in mg/l.

Another socurce of sodium hazard is percent sodium given byv:
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Percent Sodium = 100Na’’ L - |

ca'’ + Mg'' + Na' ¢+ K
Sodium hazard can also be evaluated through the llxzchangeable
sodium percentage (LESP) given by:

ESP =10" 006* -01 5 5 I ) 2-15
1 + (-0.0126 + 0.01475 SAR)

{ii} Dicarbonate Hazard:

A high concentration of bicarbonates in irrigation water may
lead to the precipitation of calcium and magnesium in the soil
and thus increasing the relative concentration of sodium and
sodium hazard.

Fation introduced the term "Residual sodium carbonate” given by:
RSC = (cof¥ + meo,”) - (cat ¢ Mg") mg/r L....ai...0.0 2016
Water containing more than 2.5 mg/ RSC is considered not
suitable for irrigation; water with RSC from 1.25 to 2.5 mg/l as
marginal; and water with less than 1.25 mg/l RSC as safe. (AOC,

1971 No. 9)

{iii) Chloride hazard: Chloride has, generally, no effect on the
physical properties of soil and many plants are not more
sensitive to it than to sulphate salts. llowever, excess chloride
mav be of special importance for some trees and vine crops.
Water containing wmore than 20 mg/l of chloride cannot be used
for agriculture under any management condition. [llasen et al,
1980}

Minor elements: Among the minor elements, DBoron is of special

interest in the classification of irrigation water. Doron is

2N
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extremely toxic to certain plants, but the concentration which
will damage sensitive crops is often necessary for the normal
growth of more tolerant crops. Concentration of 0.5mg/l is
regarded as safe while concentrations of 4 mg/l and over are
considered damaging.

1t must be noted that each parameter is important and no attempt
shotild be made to combine the rating into a single index. lor
example, excess boron might make a water unsuitable even though

all other factors are favourahls.
The hydrogen ion index is indicated by the pll value. pll value of
less than or egual to 8.5 means the water is saline; about 8.5

means saline-alkali and between 8.5 and 10.0 is alkali.

The results of the water sample analvsis are presented in table

Evaluation EC Na’ f SAR ]‘NaECOE | t1 | TESi“gbROR[

Rating {mm hos) % {meg/1) tt ¥ *x

~ & 0.5 w0 2 | 0.5 3 4 0.5
2 1.0 60 [ 6 1.0 6 8 1.0 !

3 2.0 70 | 9 2.0 10 16 2.0

4 3.0 80 12 3,0 15 24 2.0

5 4.0 90 13 4.0 20 az| 4.0

pet)
4%}



Where,
** = {meg/l}

1 - Excellent for agriculture
6 -~ Cannot be used for agriculture under anv management
conditions

{i.e, with values greater than those in rating §5)

Source: llausen, V., E. et al, 1980) Irrigation Principles

and Practices

Salinity of Water Salinity

{mmhos ) hazard

< 0.25 Low Suitable for most crops and
soil.

0.25 - 0.75 Medium Suitable for moderately salt
tolerant crops.

0.75 - 2.25 fligh Not suitable for low
permeable soils.

> 2.25 Vervy Generally not suitable for

high irrigation. E

Source: Civil endineer's Reference Book (1989}).

Blake, L. S. (Editor).

TCONCMIC IMPAC PRATSAL

The input data for the analvsis of primary economic benefits of
the irrigation scheme were obtained through the use of
structured questionnaire (see appendix A5) and from oral

interviews with the farmers.




The harvest of the irrigated crops was carefully monitored by
the author and where this was not possible, production figures

were obtained from the farmers.

The prices quoted were the unit prices of the produce on the

farm at the time of harvest.

The data for the estimation of the secondary economic benefits
were obtained from the Annual Abstract of Statistics of the
FTederal Office of Statistics and includes the gross domestic
product (GDP)} at current factor costs, gross domestic savings
{GDS}, <government taxation receipts, imports expenditure and
composite consumer price index which were used to compute the
following marginal propensities:
= marginal propensity to save (MPS! given by:

MPS = _GDS x 100

GDP 1

- marginal propensity to consume (MPC) given by:

MPC = 100% - MPS
- marginal propensity to tax [MPT) given by:

MPT = _Taxatio eipts x _100 ; and

GDP 1

- marginal propensity to import (MPI) given by:

MPT = Imports x 100 .
GDP 1

- The multiplier factor (m.f.) is given byv:

m.f. = 1
{MPS) ¢+ (MPT)
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fixed cost items are cost items which do not alter verv much
with small changes in the scale of an enterprise. TFor example

machinery costs.,

The value of these items depreciates or appreciates with time
depending on the prevailing economic situation at the time. The
depreciated wvalue (which is calculated on the basis of the
lending rate and the number of wvears from the time of purchase)

is used in the computation of the total cost of production.

In this study, 1989 was used as the base or future vear because
the lending rate was relatively stable throughout the vear as

compared to the year 1990 to 1992 {(the vear of studyvl.

In this study the fixed cost components were the petrol engine

water pump and farm implement (hoes and cutlasses].

- The economic life of the pumps used for the irrigation is
20 vears., {(Linksley and franzini, 19721).

- The economic life of the farm implement (hoes and
cutlasses} is § years.

- The values of the water pumps and their accessories at the
time of their purchase were converted to a common future
{1989) values at a lending rate of 30%.

Thus the future nominal value FNV = (1 + i)® x purchase

value.



Where i Lending rate

n number of vears from the time purchase to 1989.
- All fixed cost components and the future nominal values of
petrol engine water pumps and their accessories were

depreciated using the straight live approach.

Linkage coefficient is the ratio of the cost of purchasing a
basket of say tomato, in the market from marketers to the cost
of wpurchasing the same basket of tomato on the farm {(i.e,
directly from the farmer). While linkade is the income received
by the firms or households that is not passed on to other group
by buving Zoods or services directly form it {the other group in

this is the farmer)}.

2.6.2.1

The cost of one basket of tomato ex-farm was =N= 30.00 in

January to TFebruary 1992 and =N= 40.00 in the market.

This means that there was a weighted average mark-up of about

33% between farm and the market.

Therefore, there would be =N= 0.33 of extra income in the linked
activities off the farm for everv =N= 1.00 earned on the farm in
tomato production. This gave a linkage coefficient for tomato of

1.23. This figure mayv be more if the baskets of tomato were

a7



taken outside Zaria to as far south as Lagocs. The linkage

coefficients of other crops were similarly calculated.

20603 :' ] J TAC MU '
The multiplier in an economy is the ratic of the change in the
National Income to the change in the autonomous expenditure

that brought about it, (Adegeye and Dittoh, 1985}).

The wmwultiplier measures the magnitude of the swings in
equilibrium of National income that accompany shifts in

autonomous expenditure.

Mathematically, the multiplier factor is given by:

Multiplier factor (m.f) = 1
(MPS) + (MPI)

where,
MPS = marginal propensity to save assumed equal to the averade
percentage of the national income saved between 1981 and 1986,
given by Gross Domestic Savings
Gross Domestic Product.
{ie, Row2 table 5.2)

Rowl

0.134 (table 5.3)
MPI = marginal propensity to import (taken from Tederal

Government statistics for the same vear) = 0.130 {Table §5.3)



Therefore,

m.f.

= 1 = 1
0.134 + 0.130 0,264
= 3,78
SUM NS

The assumptions are:

That there is no accelerator effect, that is, no further
investment arizing in response to the increases in national
income already €iven:

That there is no opportunity cost, that is, the labour
would, otherwise, have been unemploved:

That the marginal propensity to tax and import will
continue to be as derived from Table 5.3;

That the moneyv supply expends only rapidly enocugh to allow

the real increase in production as given in Table 5.2

column 6, to be sold at constant prices.
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CIAPTER 3

PUHYSICAL CHARACTERISTICS OF THE STUDY AREA

CLIMATE

The climate is characterized bv a well-defined rainv season,
with about 952mm long term mean annual rainfall, which normally
begins in late April and ends early in October. On the average,
the rainfall is greater than or egual to the potential evapo-
transpiration {ETp) during the period from the end of June to
the end of August and in general, lack of water does not limit

production of crops this veriod.

The rate of potential evapo-traaspiration varies from 5.3mm/dav
in August ta 14.6mm/dav in TFebruary while the free water surface
evaporation varies from 2.6mm/day in August to 16.6mm/dav in

March.

The averadge total incident radiation varies from T7.4mm/dav at
the peak of rainfall in August to 9.4mm/day towards the end of

the drv season in April.

The dry season, which lasts for about five months, is severe

with low relative humidity and a drying North east Trade Wind -

the hamattan.

40



The mean dailyv temperature varies from 21.4°C in January to
29.5°C towards the end of the dry season in April with an annual
mean of 25.3%.

The temperature, evaporation and incident solar radiation vary
moderately from vear to vear with coefficients of variation
ranging from 0.01 - 0.09, 0.068 - 0.32, and 0.04 - 0.09

respectively.

The standard deviation and cosfficients of wvariation of the

three weather elements are shown in Table 3.1.

VEGE N
The site lies within the Northern guinea vedetational belt.
The vegetative cover is classified as Sudanian woodland with

abundant isoberlinia. (LRDC.VOL.T7,1981)
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HHYDROGECLOGY COF PRCJECT AREA

The geoclogy of the study area may be described as comprising of
the pre-cambrian basement complex which covers more than half of
northern Nigeria., The basement complex includes the oldest known
rock formations in Nideria and is principally composed of
metamorphic and igneous rocks, such as granites, gneiss and
migmatities, Outcrops of the underlying basement complex are
visible features on the pit bottom, up stream and eastern
portions of the site. The average depth of the overburden is of

the order of 2.5m.

Ground water occurs in the basement complex either in the
weathered mantle or in the Jjoints and fracture or fissure

svstems in the unweathered rock formations,

The presence of ground water in any area, therefore, depends on
weather sufficient thickness and the extent of decomposed
material exists to provide reservoir or weather joints and

fractures or fissures are present in the rock.

Dasement complex is generally known to form a poor source of
ground water., The decomposed mantle is often too thin te harbour
appreciable guantities of water and is alsoc usually too clavew
to be highly permeable, The averade depth of well in basement

complex is usually 37Tm. {Du Preez and Darbar 1965}
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Dut within the study site, the water-table is relatively high
about 2.90m at the lowest, which points to the existence of a
permeable formation close to the surface. The presence of the
ground water in the studv site. therefore, could be attributed
to the fissures and the weathered materials which can be

ohserved within the pit or to parched aguifers.

The build up of high-water-table gradients during rainfalls has
several important consequences for agricultural production.
First, the high water table contributes to greater surface
runcoffs and accelerated erosion: second, because of the greater
runoff, erosion, and leaching, there is considerable loss of
plant nutrient. llowever, a £reater portion of the study area is
moderately drained. Runoff is relatively pronounced about 40% of
the gross command area and at the sides of the pit. This is
evident by the presence of &a fine network of slope rills
{furrows) which link up into a channel network incised to
varyving degrees depending on the resistance of the rock

formation.

In contrast, the plains are mantled with fine detritus, which
initially absorbs much of the rainfall. From the cutset, runoff
turns to be diffused and its subsequent

contraction into linear flows is opposed by lack surface storage

and by the high sediment load.
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S0 SCRIPTICN
The study area is covered by the ferruginous tropical soils
considerad to be the zonal soils developed under the prevailing

climatic conditions.

They are highly weathered and marked laterised bv the loss of
silica. The resulting free metal oxides from the high proportion
of clay fraction often coat the guartz and crystalline clayv
particles of Kaolimite (Kowal and Knabe, 1972). Thus they mayv be

classified as cambisols.

The bulk density of the surface scil varies from l.4g/cm= to

I.Gg/cma

The water holding capacity is good and the final rate of intake

of water by the scil is moderate (see Table 3.2},

lilvdrologically, soils or soil group mayv be classified according
to the socil-cover complexes for the purpose of hvdrologic
analysis of a watershed data, Four major socil groups are
recognized for the'primary classification of watershed socils:
- Group A {low runoff votentiall

- Group D

- Group C and

- Group D (high runoff potential i{Chow, 1964)
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For detailed description of the variocus groups see Appendix B.1
From the results of the site’s soil sample analysis, the soil

can be categorized into g€roup DB.

For agricultural purposes, it may be described as sandy clay
loam. It is suitable for cereal. especially, maize and millet

production.

The land treatment may be described as straight-row farming,
that is a type of farming where ploughing, planting, cultivation
and other farm overations are carried on without regard to the

slope of the land (Chow, 1964)



3.5

TABLE: 3.2 SOIL PROPERTIES

SOTL CHARACTERISTICS MEASURED VALUE
RANGE MEAN
Specific Gravity R 2.30 - 2.58 2,44
Bulk Density {g/cm') | 1.4 - 1.8 y 1.5 |
Void Ratio te) 0.47 - 0.64 0.56
Forosity (n) 0.32 - 0,39 0.386
Ivdraulic Conductivity
{em/sec) 0.001-0.0063 0.002
Particles Size Distribution
Sand (%} 63.0
S5ilt (%) 25.9
Clay (%) 1%.1
Field Capacity 12.3 - 27.3 18.2
Permanent Wilting Point!(%) 3.4 - 9.0 5.6
Available Moisture (%) 8.6 - 19.3 12.6
Ffinal Infiltration Rate
{mm/hr}. 5.4 - 38.5 22,5

Date August 1992.

WATER-DUDGE NALYSIS:

The objective of most surface and ground water studies is to
determine how much water is available for development. The
objective can be achieved after the identifications of the
various physical features of the hyvdraulic syvstem, determination
of hydraulic properties of these features. and the understanding
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of how they are related to one another. This must be followed by
the determination of water guantities in transit in the area.
This determination is commonly refered to as water-budeget

analysis.

The establishment of the hyvdrologic balance in the soils of an
area or a country is essential for the control and manadement of

available water resources.

It is particularly important in northern Nideria, the region
within which the study area is located, for two reasons. First,
the rainfall, though moderately high, is limited to one short
season during which crops are grown and it is important to
assess the adeauacy of the rainfall of rain-fed crops: and
second, irrigation schemes are being introduced and infprmation
is reauired on the amount of water which can be controlled and

used for growing crops out of season.

Water-budget analyses are based on the premise that a balance
exist between the quantity of water entering an area, changes in
the amount of water stored in the area, and the water leaving
the area.

This balance is expressed in the equation of hvdrologic

equilibrium, which, in its simplest form is:
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I=0+" DS I I R I T R

where ,
I = Inflow
¢ = outflow
DS = Chande in storage.

1t is apparent that each of the elements in equation 3.1 mav

LA ]

include several different items. The most significant are:

{i} Inflow items:

Surface inflow:

Subsurface inflow

L}

Rainfall; and

= Imported water

{ii) Outflow items:
- Surface outflow;
- Subsurface outflow;
= Evapotranspiration: and
- Exported water
{iii) Storage items:
- Change in surface storage:
- Change in ground-water storage;

- Change in soil moisture.

Some of these items can be measured readilry

considerable accuracy; others are difficult, if not

49
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to measure. Among the easiest to measure are the imported and
exported water. In the study area there was neither exportation
nor importation of water and so the items were eliminated.

The rainfall data from NCAT weather station were used because of

proximity.

Changes in soil moisture could be measured with a fair degree of
accuracy through the use of a neutron scatter meters., Dut this
item was not measured in this studyv., llowever for a water-budget
period of approximately one vear, the storage items are not
significant and thus they were ignored {(llealth and Trainer,

1968).

No surface and subsurface outflow from the study area and thus

the items were eliminate.

The TEvapotranspiration, on the other hand, is extremely
difficult to measure and it was therefore determined by

empirical methods.

The surface and subsurface inflow represented the surface run-
off and seepade respectirely in the study area. The run-off was
computed using empirical eguation while the seepage was

estimated using Darcy’s equation using well water-table depths.



This reduce the hyvdrologic equilibrium eguation to:
R+ Q@ = ETp + Seepage lOSS sesrssnnnisnasins a12

where,

i Rainfall
Q@ = Total run-off
{surface run-off + seepage!

ETp = Evapotranspiration

3.5.1. RAINFALL
3.5.1.1. RAINFALL VARTATION

Rainfall variability is characterized mostly by the mean {x) of
the data and the standard deviation (s). The standard deviation
measures the spread or variation of individual data. The smaller

the value of, {s), the smaller the variation.

Another parameter is the coefficient of variation ({CV) given as:
OV = @ §5 5 5n & & SREG 5 § Leaend 3 & IRaEhG & § eaes el
X
The coefficient of variation measure variation as a percentage
of the mean. Values of CV less than 0.20 indicate moderate
variations and for most purposes an acceptable length of data

series.

The results of the analysis of the variation of rainfall in the

study area is presented in table 23.3.
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From the results, it is apparent that rainfall in the area is

highly variable.

2. RAINFALL FREQUENCY

DBecause the variabilitv of rainfall from vear to vear, criteria
for planning water supplies cannot be based on average rainfall;
since this would mean, in most cases, a rainfall which mayv cccur
one year out two; rather a dependable level of rainfall should
be selected (say, a rainfall that can be expected three out of

four vears or four out of five vears).

Assuming that there is no change in the factors that cause or
are causing rainfall, on the basis of available records, a
prediction is made on rainfall probability in future or depth of

rainfall that may be expected 70%, 80% or 90% of the time.

A higher level of dependable rainfall mav need to be selected
during the period that crops are germinating or are most

sensitive to water stress and yvields are severely effected.

There are several methods of computing rainfall probability in
literature., Dut the one most commonly used, especially for
classified data distribution, is the cumulative freqguency

method. The rainfall freauency, by this method, is given as:

N
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f = _100m
T e B aiaaes & @A § SEEEE 8 EROAFIRE & SgRIeRe ¥ uneeen § ke
Where,
f = Treguency or plotting position
m = Rank number of rainfall totals in a descending order
of magnitude with m = 1 for the highest value.
n = Total data number.

The rainfall is then plotted according to f position on

probability paper.

The results of the rainfall freguency analysis using the above
method is presented in Table 3.3 and the graphs are shown in

Appendix B2.1-B3.5. Appendix B2 shows the plotting positions.
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3.5.2

TOTAL RUN-OFF

The total run-off term is composed of two parts: the overland
flow and the water that has infiltrated intc the ground and move
through the zone of saturation. Thus:

Q@ =9Q, Qi

Where,

Q° = overland run-off

9 seepage or ground water discharge.

.1 OVE ND FLOW
In the study area, the overland flow mayv be divided into two
components;
- the run-off from the land surface into the pit; and
- the run-off within the pit area.

The annual run-off from the land surface into the pit was
estimated empirically by:

Qg = d.9111m)'H (Laland & Russel, 1981) .. 2.5.

where
Q;; = annual run-off (cm)
R = annual rainfall {(cm!
T, = mean annual temperature (°C)
A = area of land surface that drains into the pit fﬁm%

I'rom the hyvdrological data,

R = 95.2cm;’% = 25.3°C; and from the survey map of the area, A
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Annual run-off from land surface intoc the pit is 12.605m%

The run-off within the pit was estimated by assuming that all
the rains that fall within the pit are converted to run-off
bacause of the near impervious hottom. Thus, the run-off within
the pit was estimated by:

Q = RAp

where,

R annual rainfall (m)

Ap = surface area of the borrow pit
= 42960m’.
Therefore @, = 0.952 x 42960
= 4 m
Total overland run-off = @, + Q, =@

Q, = 40898 + 12605

= 53503m3per annum



3:8.,2.,2 SEEPAGE INFLOW INTO THE PIT
Seepade inflow is given byv:
Q; ERKIAL i osssvvvnssinnainoinsoiassenonssssnasasse 306
where,

?
Q, = seepacge inflow quantity (m'}.

K

hyvdraulic conductivity of the soil material (m/dav)

hyvdraulic gradient

pts
n

flow head
length of flow path

A = Cross-sectional area of flow measured perpendicular to
the direction of flow (m°)

t = flow time {day).

The average hyvdraulic conductivity of the soil material in the

study area is 0.002cm/sec {or 1.72m/day).

The hydraulic gradient can be cdetermined from ground water table
contours or elevations of an area. To estimate the local ground
water contours and flow directions, a minimum of three wells are

acquired. (Todd, 1980).

In the study area, however, only two wells exist. And therefore
it was not possible to estimate the local ground water contours
for the area and thus possible to estimate the hvdraulic
gradient by this means. In the alternative, the ground water
table elevations in the two wells and the distance between the
wells were used to roughly estimate the hvdraulic gradients, i,
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as follows:

where,

EL. Flevation of groundwater table in the upstream well.

o

ELy

n

Flevation of groundwater table in the downstream well

{based on the ground surface topography)

L = Distance between the wells.
EQ;= 634.5m
ELd = 630.8m

L = 221,5m
Thus,
221.5

The flow area, A, is diffused and not defined, and therefore
difficult to measure, hence it was not measured or estimated.
Thus the annual seepage inflow,

Qg = 1.728 x 0.0167 x 273

7. BBm:/uni t area.

Note: No seepade inflow was observed in March, April, and May,
hence the 272 davs.

The total annual run-off ther=fore equals 53503m3 i 7.881:1E per
unit area.

Possible storade (from contour map) equals 57888m" per annum.
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3.5.3

EFFECTIVE STORAGE
The actual pit storage is the possible storage less evaporation

and seepade outflow.

3.9.3.1 oY N

The annual amount of evaporation over the study area averages
2375.6mm. This is only 116.9mm less than evapotranspiration over
the same area. There is therefore a very close relationship
between the evaporation amount (Ep) and evapotranspiration
IETp).

The regression-correlation analysis of ETp and Ep data shows
that they are very highly caorrelated with correlation
coefficient of 0.23 and standard error of estimate of 1.27. This
gave a regression eguation of:

ETp = 4.77 + 0.52Ep +- 1.27

The arnnual evaporation locss {E:! was estimated by:

where,
A, = average surface area of the impounded water
Ep = annual evaporation
A, = 9648m"
Ep = 2.3756m,

Thus: EL = 9648 x 3,3756
= 32 Qﬁﬁm“



"

Because of the near impervious pit bottom, the seepage outflow
was assumed to be negligible, Therefore,
effective pit storage = 57888 - 32568 + seepage inflow.

= 25320m + seepage inflow or 7.88m /m°.

The summary of the water-budget analysis is presented in Table
3.4. It shows a water deficient of 2696.4mm and a water surplus
of 155.9mm. The ETp requirement is satisfied only in July and

August with surpluses.

Figure 3.2 shows the histogram of the long-term mean total
monthly rainfall and ETp which is lowest at the peak of

rainfall,
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TABLE: 3.0 NOTIONAL WATER RUBGET FORE THE PROJECT AREA
=i TOTAL ‘ WATER MEAN RAINT DAYS:
Lt haty ) ETE A% LENGTH OF RAINT FERION: 1980
(1) S R T o~ v
BEGINNING OF{END OF
RAINTY GROWING | RAINY GROW
. SEASON [ SEASON SEASGN SEA
JANUVARY 9.7 300.7 G.d 306.7 -
FEBRUARY 1a.6 412.5 0.3 412.2 -
MARCH 12:3 331.3 3.7 367.6 - X &
AFRIL 12.8 384.00 .47 S5 356.7 -
MATY .3 -~ 283.3 121.8 166.4 - %
JUNE 7:6 228.0 1128 115.8 =
JULY 6.1 139.1 224.2 = 35.1
AUGUST 5.3 164.3 285,1 - 120.8
SEFTEMBER 6.4 152.0 130.3 61.2 -
OCTUBER | B.% 275.9 36.5 235.4 -
NOVEMBER 1i.8 354.0 8.0 354.0 - *
DECEMBER 10.4 322.4 6.0 322.4 -
; TOTAL 34%2.5 $52.0 26%6.4 . 155.%

@ = Irrigation (dry farnming) season

x 0 Rainy/wet farming season.
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3.6

Sand, silt and clayv materials which are being washed intoc the
pit annually by the surface run-off in the study area pose a
serious threat to the survival of the irrigation scheme because
it results in the reduction of the pit volume. In fact, similar
schemes had failed in the past as a result of this factor

{locking and Thomson, 1979).

In the study area, the presence of deep gullies around and
within the pit indicates high erosion rate and this means high
rate of sediment deposition since most of run-off is collected

by the pit.

But during the periocd of study it was not possible to estimate

the annual amount of sediment deposited.

llowever, it is apparent that the amount of sediment deposition
is considerable and could fill up the pit and thus terminate the
irridation scheme if no measures are taken to remove the

sediment on annual basis.



4.0

CHHAPTER FOUR

N_REQUIREMEN
The calculation of gross irrigation water requirement for a
given cropping pattern and intensity includes the net irrigation
requirements, the evaluation of the water gquality, the leaching
requirement and efficiency of the

irrigation system.

The net irrigation requirements {(IR) is the amount of water
needed to satisfy the crop water requirement (ET crop). llowever,
part of ET crop is met by effective rainfall (Re), ground water
contribution (Ge) and stored soil water (Wb).

That is:

IR = ET crop - Re - Ge - Wh,

A proper assessment of the ET crop, effective rainfall (Rel,
ground water contribution IGe}, stored soil water (Wb}, leaching
requirement (LR), and the efficiency of the supply system are

essential for the computation of irrigation requirements,

A study of the save limit of salt in irrigation water and of the
conditions under which saline water mav best beé used for
irrigation is essential to complete an intellidgent utilization

of semi-arid and arid regions resocurces.



The amount and kinds of salt present in the irridation water
should be s guide to necessary management if the water is to be

used successfully.

For accurate evaluation of irrigation design, project operation
and irrigation scheduling, a knowledge of the infiltration

phenomenon is alsoc essential.

WATT ,
The results of the analysis of the irrigation or pit water in
the study area are presented in Table 4.1. The high value of the
total solids content is not unexpected since the pit water is
mainly from surface run-off which is highly loaded with

sediments.

From the result of the water znalysis and allowable limiting
values of the parameters in Table 4.1, the water can be
described a being suitable for irrigation of most crops on
most scil tyvpes. (llausen et al, 198C, FAO, No. 7, 1971, and PFAO,

No. 24, 1977).



Table 4.1 Water Sample Test Results

WATER CIHARACTERISTICS TEST
VALUE
Electrical Conductivity (EC)(mmhos/cm) 0.131
Total Solids (mg/1) 600.00
Calcium, Ca'', (mg/l) 35.42 |
Magnesium, Mg ', (mg/1) 90.84 |
Sodium, Na', (mg/1) 9.25 |
Potassium, k',({mg/1) 5.65 |
Bicarbonate, NCO" (mg/1) CaCo, 39.58 |
Chloride, C1, (mg/l) 1.53 |}
pll Value 7.8
Sulphate, SO, (mg/1) 150.0 |
Boron, B, (mg/1) 0.0
Sodium Absorption Ratio {SAR) 1.16
Exchangeable Sodium Percent (LSP) {(mg/l) 0.45
Percent Sodium (%) 6.55
Residual Sodium Carbonate RSC (mg/1) 0.0




LIMITING VALUES

Electrical Conductivity (EC) (mmhos/cm) 0.5 - 4.0
Percent Sodium (%) 40 - 90
Sodium Absorption Ratio (SAR) 3 - 13
Chloride (Cl) (mg/1) | 50 - 600 |
Exchangeable Sodium (ESP) (mg/1) 34 - 24
Boron (B) (mg/l) 0.5 - 4.0
Residual Sodium Carbonate (RSC) (mg/1) < 1.25

August 1992

4.2 CROP WATER REQUIREMENTS (ET crop)
ET crop value relates to evapotranspiration of a disease - free
crop grown in large fields under optimum soil water and
fertility conditions and achieving full production potential
under the giving growing environment.

ET crop is given by:

ET crop = KETP cevvnnineiiiiiiriininnessaases 4.1
where,
ET crop = crop water requirement (mm/dayv)
K. = crop coefficient which is a function of crop

characteristics, time of planting and stages of
crop development and the dgeneral climatic
conditions.

ETp = potential evapotranspiration.



Dooren DBos and Pruitt, (FAO, 1977 No. 24)

The water requirement for irrigations are based on LT crop. The
water requirements as determined permit optimum production under

the given growing environment.

The ET crop (mm/month! is weighted for hectarage to obtain the
total ET crop for the growing season. That is, for the study

area, ET crop total is given by:

ETcrop (total) = }1.2214 £t Tomato + 0.08 ET peppers
2.5929 2.5929
r— -1 r— -1
+| 0.€65 ET wheat +| 0,35 ET maize
2.5929 2.5929

|
‘ 0,2915 I ET okra : rounded off to the

2.5929 nearest whole number.
e )

The results are presented in Table 4.2. From the table, the

total ET crop for the growing or irrigation season is 920mm.
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- TABLE : 4.2 CROP WATER REQUIREMENT
MONTH OF ? 2 . ) . 4
MEYEAR) | e |3l 25| 8| 8x| EZ |zl 33| s |3 L8R 3| | 23 23

F| 3|87 | 5| FF| 2 |Z| 23| 22 |3 [3| 2| 2| 23| 22| =

-— M == = i s ?,w > N.m H.w = P.M hﬂm o < m U.W =

e8| o5 |eB| gB | 2| k| g8 |2 68| 68 |2 3| 83| 2| B2 BE| 2

1.2214 (0.08 (0.65ha 0.35 (0.29
ha) ha) 15ha]

JANUARY 9.7 1.25 | 12.1| 376 1.0 | 9.7 301 {1.2] 11.6 | 361 - - - - - - 277
FEBRUARY 14,6 0.65 9.5| 268 0.9 | 13.1 371 |0.2] 2.9 83 - - - - - - 159
MARCH 12.3 - - - - - - - - - 0.33.7 (155 lo0.3 |3.7 | 155 28
APRIL 12.8 - - - - - - - - - 0.6 7.7 1231 |o0.6 |7.7 |]231 57
MAY 9.3 - - - - - - - - - 1.15 10.7]332 1.1 po.2 | 316 80
JUNE 7.6 - - - - - - - - - 0.6 |4.6/138 (0.6 |[4.6 |138 34
JULY 6.1 - - = - - - = - - - - | - - - - -
AUGUST 5.3 - x = - - - - - - - -} - - - - -
SEPTEMBER 6.4 - - - 0.3 1.9 57 - - - - <1+ }= - - 2
OCTOBER 8.9 - = - 0.7 6.2 {192 - - - - -1 - - - - 6
NOVEMBER 11.8 0.3 3.5 | 105 1.1 {13.0 | 3% p.3]| 3.5 | 105 - -1 - - - - 33
DECEMBER 10.4 0.75 7.8 | 242 1.1 ]11.4 | 353 pb.s| 8.3 | 257 - =] = = - - 189
. 8391 654 806 816 800 P20

Tomato = 1.2214ha: peppers = 0.08ha; wheat = 0.65ha; Maize = 0.35ha; Okra = 0.2915ha




4.3,

ol Gl (e D \’i Nl

The effective rainfall (Re) is the amount of rainfall that is
effectively used by the growing cropi{s). Not all rainfall is
effective. Some part mav be lost by surface run-off, deep

percolation or evaporation.

Lffective rainfall is related to the mean monthly rainfall, the
mean monthly ET crop and the e?fective storage over the root
zone of the crops. A number of methods for estimation of
effective rainfall are available in literature. For this study
area it was estimated by the evapotranspiration/rainfall ratioc
method developed by U.S.D.A, 1969 {(reproduced in Table c.).
The effective storage over the root zone in the area = 125mm.
The corresponding correction factor was multiplied by the

effective rainfall to obtain the values in Table 4.3.

INDWATT NT ON e
The contribution from €round wa-er table is determined by its
depth below the root zone, the capillary properties of the soil
and the soil water content in tke root zone.
Under field conditions, very detailed experiments will be
required to determine the ground water contribution. And so it
is not considered in the computation of the gross irridation

water requirement for the study area.
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4.5

TACHING REQUIREMEN
The leaching reauirement is the minimum amount of irrigation
water supplied that must be drained through the root zone to
control soil salinity at the given specific level., For sandy
loam to clay loam scils with good drainage and where rainfall is
low, the leaching {LR) requirement can be obtained from:
For surface irrigation methods

LR =

LI I T B B A B I O DA B I I D L R I B 4.2

SEC, = EC

¥

Where
EC, = electrical conductivity of irrigation water (mmhos)
EC! = electrical conductivity of the soil saturation

extract for a given crop appropriate to the tolerable

degree of vield reduction.

For the crops in the study area, the Ece values at different

degrees of vield potential are g€iven in Table 4.4 below.



~J
L=

TABLE 4.4 CROP SALT TOLERANCE LEVELS

YIELD POTENTIAL
1007 90% 75% . 50% Max
CROP ECe ECw | ECe ‘ ECw ECa ECw ECe ECw ECe
Tomatoes 3.8 1.7 3.5 2.3 5.0 | 3.4 7.6 5.0 13
wheat . 6.0 4.0 7.4 4.9 9.5 | 6.4 13.0 8.7 20
Maize 1.7 1.1 2.5 1.7 3.8 |:2:s 5.9 3.9 10
Peppers 1.5 1.0 2.2 1.5 3.3 | 4.3 5.1 3.4 b
Okra 2.0 1.3 5.5 2.2 5.3 | 3.5 8.6 5.7 15

(See, Lal, and Ruseell, 1981)




When leaching efficiency (Le) is 100 percent, the water required
to satisfy both LT crop and LR equals

{ET crop - Rel/(1 - LR},

To compute the LR for the crops grown in the study area, the
following assumptions were made.

{a) Leaching efficiency = 70% (medium textured soil}.

{b) 9C percent vield.

From the water analysis, the electrical conductivity of the
irrigation water EC, = 0.131mm haos/cm.

Leaching Nequirement for tomato, for example, is computed as

follows:
Ec; = 0.231
Ec = at 20% vield = 3.5

[

Leaching efficiency = 0.7 = Le

LR = 0,131 X 1
5x3.5 - 0.131 0.7
= 0.01
LR = 0.01 for 90% vield of tomato.

In a similar manner LR was calculated for maize, wheat, peppers

and okra and the results are presented in Table 4.5.



TADBLE 4.5, LEACHING REQUIREMENT FOR CROPS IN THE STUDY AREA

Crop LEACHING REQUIREMENT (Lr)
- —

Tomatoes 0.010

Wheat 0.005

Maize 0.015

FPeppers 0.017

Okra 0.011

To account for losses of water incurred during convevance and

application to field, an efficiercy factor is usually included

when computing the project irrigation requirements. Project
efficiency is divided into three stages.

{a) Conveyance efficiency IEe}: - the ratio between water
received at the inlet to the fields and that released at
the project headwork.

(b} TField canal efficiency I[L): the ratio between water
received at the field inlet and that received at the inlet
of the block of fields.

{c) Field applicatiaon efficiency (Ea)l: - the ratio of water
directly available to crops to that received at the field
inlet.

Project efficiency (Ep) is Ep = La. Ib. [e.

Conveyvance and field canal efficiercies are not relevant in this

study because there is no controlled water distribution network
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in the study area. Tor the same reason, the project efficiency
was not considered.

Different value have been recommended for field application
efficiency (Ee) for different methods of water application and
soil types.

The type of irrigation practised in the study area is furrow.
For furrow irrigation, the following values of field application
efficiency have been recommended:

{i} 0.55 - 0.70 {U.S. (SCS}

(ii) 0.57 - {ICID).

Since there is no controlled water application in the study

area, field application efficizncy of 0.67 is assumed.

GROSS IRRIGATION SUPPLY REQUIRIMENT,
The gross irrigation supply requirement for a given project

hectarade is determined by:

L 10 : ALE_TCI‘Q[J "_Re -GE wb I O R 4-3

Fa 1 - LE

Where
v = gross supply volume Im%

Ea

field application efficiency
A = crop hectarage {ha)

Re

"

effective rainfall (mm/month)
Ge = ground water contribution (mm/months)
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Wb = stored water at the beginning of each perioc
(mm},

ETcrop = crop water requirement (mm)

LR = Leaching requirement, (fraction)

Wb and Ge are assumed equal to zero.

Therefore;

v=.10 = | ALET crop - Re

From previous calculations:

Crop hectarage ETcrop Re LR
{ha) {mm ) { mm }

Tomatoes 1.2214 991 - 0.010

Peppers 0.0800 1664 - 0.017

Wheat 0.6500 806 - 0.005

Maize 0.3500 816 231 0.015

Okra 0.2915 800 231 0.011

Field application efficiency = 0.37

Total hectarage = 2.592%ha

v = 10 {991 x 1.2214) + ((.664 - 114) x 0.08)
0.67 1 - 0.01 1 - 0,017

+ (80€ x 0.65) + ((816 - 231) x 0.35)
1 - 0.005 1 - €.015

+ (800 - 231} x 0.2915
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= 10 222.63 + 126.15 + 526.53 + 207.87
0.67

—

+ 167.71

v = 10 (2250.89)
0.67

v

33595.33m’

GI‘ ‘- = 3.36!’13"“.

The gross irrigation water required to satisfy ETcrop and

leaching requirement and meet the given efficiency is 3.36ha-m.

The results of the estimated actual water used by the farmers on
the field are presented graphically in table 4.6. The total
estimated volume of water used to irrigate the same area of farm
land was 13309m3:n‘1.33ha—m or about 0.5133ha-m per ha.

This gives a difference of about 2.03ha-m between the volume of
water calculated from the assumed ET crop, and LR and the

efficiency and that estimated on the field.

The high difference might be due to the assumption that the
groundwater contribution (Ge) and the stored water at the
beginning of each period (Wb) were zero. llowever, 3.36ha-m is

the peak requirement which is seldomly reached in practice.

Based on the actual water use of 0.5133ha-m/ha, about 5.0ha of
farm land could be irrigated in the study area from the stored
water.
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TABLE 4.6 FIELD ESTIMATION OF TRRIGATION WATER. Mean Pump Flow rate = 3.241/Sec. -
(1) (2) (3) (4) (5) (6) (7) (8) (9)
FARM CODE CROP CROP AREA | SUPPLY VOL. /IRR. IRR. INTER CROP BASE NO.OF IRR.|TOTAL VOL./CROP
(HA) DURATION (4?) (DAY) mmﬂ%ou (7)/(6) | SEASON(8)x(5)(M?)

AOOB2MUAT Tomalo 0.0352 3 34,992 7 105 15 524.880
BOOB2MUAT Tomato 0.0800 14 17.496 5 105 21 367.416
" " Pepper 0.0800 13 17.496 7 121 17 297.432
COO82MSUT Tomato 0.3000 34 40.824 4 105 26 1061.424
DO182MMIT Tomato 0.0583 24 29.160 7 105 15 437.400
EO182MOHT Tomato 0.1240 24 29.160 4 105 26 758.160
FO182MNT Tomato 0.0780 3 34.992 7 105 i3 524.880
GO182MUT Tomat o 0.0800 uh 52.488 7 105 15 787.320
HOOZ3MST Tomato 0.0952 34 40.824 4 105 26 1061.424
I0023MIT Tomato 0.0560 2 23.328 6 105 18 419.904
JOO23MMBT Tomato 0.1517 4 46.656 5 105 21 979.776
KOO23MAW Wheat 0.6500 12 139.968 7 105 15 2099.520
LOOT 34T Tomato 0.1080 4} 52.488 7 105 15 787.320
MOOQ7 3MDAT Tomato 0.0450 2 23.326 7 105 15 349.920
NOO75MTM Maize/

Tomato 0.3500 4} 52.488 7 105 15 787.320
POOBSMDO Okra 0.0675 3 34.992 7 60 9 314.928
Q0085 MMAD Okra 0.2240 10 116.640 4 60 - 15 1749.600
TOTAL 2.5929 13308.624




h G ON_TIUN NS
The cumulative infiltration of the project is defined by:
z = 2.7¢"7 + 0.35¢t

where t = intake time in minutes (cumulative)

z = Cumulative infiltration (mm)

7 NIFILTRATION PREDICTIO
CUMULATIVE CUMULATIVE INFILTRATION PERCENTAGE
TIME { mm } ERROR
{MIN.) (%)
MEASURED COMPUTLED

0 0 0 0.0

5 7 8.5 -21.4

10 13 13.5 -3.9

20 22 21.9 +0.5

30 29 29.3 -1.0

50 43 42.6 +0.9

70 55 54.9 +0.2

90 65 €66.6 -2.5
120 82 83.4 -0.4
180 98 115.1 -17.5
240 123 145.4 -18.2
300 152 174.7 -14.2
360 180 203.4 -13.0
420 208 231.5 -11.3
480 236 259.1 - 9.8
540 259 286.5 -10.6
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Mean deviation = 8.36%
The infiltration rate, 4, is given by:

dz =g =2.7 (0.5Tt%% 4 0.35
dt

a=1,539t7%" 4 0.35 ..... vessesess 4.5

infiltration rate (mm/min)

"

where q

!gble j,ﬂ
CUMULATIVE INFILTRATION RATE PERCENTAGE
TIME (MM/IIR) ERROR
(MIN.) (%)
MEASURED COMPUTED
0 0.0 0.0 0.0
5 84.0 67.2 +20.0
10 78.0 55.3 +29.1
20 66.0 46.5 +29.6
30 58.0 2.4 +26.9
50 51.6 as.2 +26.0
70 47.1 35.9 +23.9
90 43.3 34.3 +20.7
120 41.5 32.8 +21.0
180 32.17 30.9 #5.5
240 30.8 29.8 +3.4
300 30.6 29.0 +3.5
360 30.0 28.4 +5.3
420 29.7 27,8 +6.0
480 29.6 27.5 +6.8
540 28.8 27:2 +5.6




Mean Deviation = 15.53%

Fquation 4.4 over estimates the cumulative infiltration (2}
initially by as much as 21% but decreases to 0.4% after two
hours. On the average, the equation over estimate the cumulative
infiltration by about 8.36% which is reasonable.

On the other hand, equation 4.5 under estimates the infiltration
rate by about 30% initially but the error reduced to about 3.4%
after three hours. The estimate is good after twe hours (23 - 7

percent error!. The mean deviation equals to 15.55%.

In surface irrigation, infiltration chandge dramatically
throughout the irrigation season the water movements alter the
surface structure and geometry which in turn affect infiltration
rates., The linear slope of the cumulative infiltration curve
continue to change with time even after 24 hours and thus the
contribution to Z from the non-linear portion cannot be
eliminated, and it is difficult to wodel. The concept of
constant infiltration rate (f3), in effect, is simple
characterizing constant that must somehow be fitted into
filtration equation. Attemptirg, therefore, a precise
representation of the real field infiltration phenomenona bv a
mathematical model would be academic. It suffices, therefore, to
say that equation 4.4 and 4.5 predict cumulative infiltration
and infiltration rate respectively, for the project area

reasonably well and can be used to evaluate infiltration
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phenomena in the area.
A major challenge exists for researchers to develop more
bPractical methods of measuring soil bproperties over extensive

areas than more precise determination at a point in the soil.
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CIHIAPTER 5

5.0 [ECONOMIC IMPACT APPRATSAL

5.1

NPU 4 N ICT ! ETIN

The-major inputs required for the irrigated agriculture in the
study area, apart from labour and irrigation pump, were
seeds/seedlings or planting materials and fertilizer. A few
required chemicals. Only about 2 of the farmers obtained their
planting materials or seed from the agricultural supply at a
controlled or subsidized price. Also, only one of sixteen
farmers was able to buy fertilizer at government subsidized
price. All the other farmers (2xcept one who used preserved
seeds) bought their seeds and fertilizer from the open market at
infiltrated prices.

The consequence of this obvious. The production cost will be
high; and to remain in business the farmers would have to

increase the prices of their produce.

Considerable quantities of the irrigation products, especially
tomato, were sold ex-farm., The maize were all sold green ex-
farm. Only limited qunatities of tomato and okra were taken to
a local market about 2km from the farm. The bags of pepper and

wheat were all sold at the main market.
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5.2 "LOW AN ] 0 N CRO

9¢ ]

5.2.1 PRIMARY DENEFITS
Primary benefits may be measured in two wavs:
{a) Dy the internal rate of return; and

{b} DBy the benefit/cost ratio.

5.2.1.1 NTERN 7 OF RETURN
This is the rate of discount which, over the economic life of
the scheme, allows benefits or the return on the investment to
balance exactly the Capital invested. Tt is also called the
vield of an investment.

Mathematically, it is given as:

i IL_-_C_.,_|=O
IRR = = 11 + Ry |
t=1 *— —
where,
B. = discounted benefit in each project vear
C: = discounted cost in each project vear
n = economic life of the project in vears
R = discount (interest) rate.

The essential feature of discounted cash flow analvsis is that
a net income of say, =N= 1,000.00 ten vears from now, is not
worth =N= 1,000.00 now or at the present time. That is the net

present value (NPV) is less than =N= 1,000.00. But the cost of
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an investment which is made in a scheme today is worth =N=
1,000.00 now. If this =N= 1,000.00 were invested at 20 percent,
it would be more tham =N= 3,000.00 ten yvears from now.
Conversely, =N= 1,000.00 received ten vears from now will be
worth less than =N= 500.00 now, because =N= 500.00 invested now
would yield more than =N= 1,000.C0 ten vears from now if it were

compounded at 10 percent interest rate per annum.

If the internal rate of return on investment in a scheme is
higher than the rate of interest charged by lending agencies,

then the scheme is said to be viable economically.

If it is not, secondary or social benefits may be invoked as a

reason for undertaking the schemne.

It should be noted that in the project appraisal, it is tacitly
assume that the entrepreneur does not have idle capital; rather
that he borrows money and repays it out of earnings of the

project.

For short-term schemes, IRR cannot be used to measure the
benefits, rather it is the benefit/cost ratioc. The irrigation
scheme under investigation is a short term scheme in nature

since the investment does not last more than a vear.
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$.2.1,2 NET

The composition of a benefit/cost ratio employs the same concept
as the internal rate of return. The difference is that instead
of searching for the rate of interest given by the relationship
between future income and cost streams, these same streams are
discounted at a rate which is chosen in advance.

This rate mayv be the cost of borrowing the money to finance the
scheme. The discounted present values of future benefits are
then divided by the discounted present values of the cost
stream, and the result is a benefit/cost ratio. In short-term

projects, total income and total costs are used.

The results of the benefit/cost ratio analysis of the irrigation

scheme in the study are presen-ed graphically in Table 5.1
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TABLE: 5.1 SEASONAL PRIMARY BENEFITS FROY THE IRRIGATION SCHEME

(1) (2) (3) (4) (5) (6)
FARM CODE | NET ARABLE %é \ET
AREA (HA) = - FARM 3
2 o!% I NCOME o
3 gm - By
== 175 ] .:‘] Ty N
a ) i e
[ ¥ ] 05)!—‘ Eﬁwf“\
-] e O
[+ P | - [+ < & LN
M N N
1. | AcoB2HUAT 0.0352 400.00 724.00 P24.00 1.8
2. | Bo082 MATP | 0.1600 1115.00 4067.00 [2952.00 3.7
3. | coos2 usut | 0.3000 1766.00 5516.00 [3750.00 3.1
4 DO182 MHIT | 0.0583 498.00 1206.00 | 708.00 2.4
5. | 0182 wour | 0.1240 1765.00 2622,00 | 857.00 1.5
6. | FO182 MuT 0.0780 1253.00 1507.00 | 254.00 1.2
7. | co182 MUt 0.0900 1573.00 2324.00 | 751.00 1.5
g. | HOOZ23MST 0.0952 1657.00 2598.60 | 941.00 1.6
g. | 1002317 0.0560 1168.00 1544.00 | 376.00 1.3
10. | J00231BT 0.1517 1483.00 3335.00 [1852.00 2.3
11. | Koo23HAW 0.6500 3043.00 3960.00 | 917.00 1.3
12. | LoO73MT 0.1080 1329.00 2457.00 [1128.00 1.9
13. | MO0 73MDAT | 0.0450 783.00 1159.00 | 376.00 1.5
14. | NOO7SMTH 0.3300 1589.00 3391.00 [1802.00 2.1
15. | POOSSHDO 0.0675 366.00 460.00 | 94.00 1.3
16, | QOOBSHHMAD 0.2240 704.04 1150.00 436,00 1.6
TOTAL 2.5929 20492.00 38010.00 | 17518.00




|C J T TN
In addition to primary benefits there will be considerable

secondary benefits.

Secondary benefits are those benefits which are received or
enjoyved by persons and resources not employved on the scheme.
They comprise the transport, processing, storage and marketing
of the output of the scheme, together with the impact of
increased purchasing power on the economy at large of those who
work on or in association with the scheme in guestion. They may

be as, or more significant than the primary benefits.

The specialized agencies of the United Nations often require
consultants to put a value against these secondary benefits from

investments, though not necessarily in gquantitative terms.

The World Bank may likewise ask for them to be considered before
they grant a scheme‘ loan. The United Kingdom Overseas
Development Administration, on the other hand, generally
discourages the invocation of secondary benefits in support of
a particular scheme. They argue that secondary benefits are
normally very similar for all schemes and that they do not often

help to decide which are worth financing and which are not.

The truth probably lies somewhere in between these two points of

view,



It is useful but not always essential for governments and

international lending agencies to know the impact of an
investment in a scheme on the economy at large, even if this

impact is not used to determine priorities among schemes.

One method of attempting to quantify these secondary benefits is

shown in Table 5.2



TABLE: 5.2 SEASONAL SECONDARY BENEFITS FROM THE
TRRIGATION SCHEME

(1) (2) (3) (4) (5) (6) (7)
FARM - ‘ g E
- £y
CODE e E:E o = O S e
i (=] % ¥ E e i o
o] 0 i i 4 5 -~ 15 o
3=t = i : Ii—a :3 0 (=R
(oo = o e - 3 b -~ o o
ou E o R e g 53h4E
= h - | 0 w2 R [
wn o = b o “’EE 3 = |
£ 9 825 i Ed% | E8ES |34Rs
BE 5O 8 a8 AEx| BESC |22ES
] ]
AQDB2MUAT Tomalo 124,00 1.33 5.04 1664 .00 105.00
BOOS2HATE Tomalo 1507.00 1:3% 5.04 7595.00 218.00
" " Pepper 2560.00 1.67 6.33  |16205.00 | 465.00
O00B2HSUT | Tomato 5516.00 1.33 5.04 27801.00 798.00
DO182HMIT Tomato 1206,00 b33 5.04 6078.00 174.00
EGI182HDNHT Tomala 2622.00 133 5.04 13215.00 379.00
FOL182HMNT Tomato 1507.00 1.33 5.04 7595.00 218.00
GO182HUT Tomalo 2324.00 1.33 5.04 11713.00 336.00
HOOZ23HST Tomalo 2598.00 1.33 5.04 13094.00 376.00
I0023MIT Tomalo 1544.00 1.33 5.04 7782.00 223.00
JOO23MHBT Tomalo - 3335.00 1.33 5.04 16808.00 482.00
KOO23HAW Tomato 3960. 00 1.44 5.46 21622.00 621.00
LOO73HT TomalLo 2457.00 1.33 5.04 12383.00 355.00
HOOT7 3HDAT Tomato 1156.00 1.33 5.04 5841.00 168.00
NOO75HTH Tomato 1966, 00 1.33 5.04 9509.00 284.00
" " Maize 1425.00 2.00 7.58 10802.00 310.00
POOBSHMDO Okra 460.00 1.60 6.06 2788.00 80.00
QOOB5HHAD Okra 1140.00 1.60 6.00 6908.00 198.00
TOTAL 38010.00 01803,00 57690.00




TABLE: 5.3 THE DERIVATION OF MARGINAL (AGERAGE) PROPENSITIES

IN NIGERIA (BASIS FOR ESTIMATES

1981

1982

1983

1984

1985

Average for year
involved presumed equal
to current marginal
propensities

1.

Gross Domestic product
at Current Factor
) costs (GDP) (N'millions)

Gross Domestic Savings
(GDS) (N'Millions)

Marginal Propensity to
Save (Presumed Equal
to Average propensity
to save (2)

(Mps) (1) %

Marginal Propensity to
consume presumed Equal
to average propensity
to consume

Marginal Propensity
to Fax (Presumed
Equal to average Govt
Tax), Revenue as
Presentage of GDF

(1) (MPT)

Marginal Propensity
to import Consumer
goods (presumed Equal
to Average Propensity
to import consumer
oods) (Z) (MPT)

56602.2

9569.00

16.9

83.1

3.9

23.9

60483.14

8604.00

14.2

3.7

17.7

63293.40

8193.00

13.0

87.00

11.5

69950.25

7620.00

10.9

89.1

1.9

7.3

78775.84

10693.30

13.9

86.4

8.0

79740.44

9370.30

11.8

88.2

2.6

9.8

417 Increase [rom 15981
to 1986.

L]
L

MPS = 0.1

MPC = 0.860

MPT = 0.0287

MPI = 0.130

Source: Federal Office of

Statistics, Lagos (Fed. Govi. Statistic)



This Table shows the results of a quantification of the or the
effects of the irrigation scheme in the study site on the
Nigerian economy at large through:

- Linkage effects;

- The multiplier effect;

- Taxation receipts; and

The increase in national income.

§.2.2.1 GE 0
These are of two types:
{i) DBackward {induced); and,

(ii) Forward (stemming).

The backward linkage of a scheme arises out of its ability to
generate input from other sectors af the economy. For example,
with increased production of a certain crop arising from a
particular scheme, there may be an increase demand for
fertilizer, or herbicides or farm equipment. This has the
linkage effect of increasing the activities and incomes of those
Nigerian traders who import or sell these items. Whatever
backward linkage effect there may have been from the irrigation
scheme in the study area was iacluded in the value of production
ex-farm and backward linkage is not therefore, listed in Table

5.2 as a separate item.

Forward linkage is likely to be much more significant. With
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added tomato produc ., for instance, the forward linkage
effect the relative value of the increased activities of
thos volved in its transport, processing and marketing. The
method of calculating this forward linkage arising from tomato
production has been set out in section 2.6.2 in this report. The
figure arrived at is 1.33 for tomato. This means that for every
=N= 1,00 of additional income on the farm, there will be some 33
kobo worth of additional income in transport, processing,

marketing etc.

$5.2.2.2 g 1 iR _EFTE
The multiplier effect of a scheme is the relationship between
the initial increase and domestic income which arises from the
scheme's direct and linkage impact and the additional income
which such an increase generates., Domestic income means income
which accrues to a Niderian rather than a foreigner as a results

of imports, or capital investments or dividend export.

The calculated Nigerian multiplier is 3.79 as shown in Table 5.2
and explained in 2.6.3 of this report., This means that for every
naira's worth of income accruing to tomato farmers in Zaria,
transporters, marketers and processors taken together; a further
two naira forty-six kobo (=N= 2.46) of demand for consumer goods
and services will spread throughout the economy of Nigeria, as
those who grow, transport and market the tomato spend the income

which the earn from the scheme on domestically produced goods
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and services.

5.2:.2.:3 ICE
These will arise under the foredgoing assumptions if we take the
marginal propensity to task through the economy and multiply it
by the increase in Gross Domestic Product (GDP) arising from the

eCOnomy .

The marginal propensity to tax is derived from Table 5.2 and the
resulting calculations for taxatiosn receipts are given in Table

5.2 Column 7.

5.2.2.4 CASE G
This will arise from the linkage and multiplier effect. It is
obtained by multiplying the linkage coefficient and the
multiplier by the gross earnings on the scheme, The values is

given in column 6, Table 5.2.

In summary, the secondary benefits are:
- That between four and six naira in extra income will be
earned indirectly from the scheme for every naira earned

directly from it (Table 5.2, column 3 against column 6).

- That between four and six extra jobs will be created in the
economy at large for every job created on the irrigation

farm {assuming that the employment ratioc is the same as the
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5.2.3

money ratio given above),.

- That the additional seasonal taxes which should be
collected by the government as a result of additional
seasonal incomes from the irrigation scheme is =N= 5790.00.

CNEFITS

The social benefits arise out of the primary and secondary

benefit and are, therefore, not additional benefit to be

quantified. llowever, it should be noted that a most significant
contribution to the national well-being is derived from more
reliable employment and the resuilting income engendered by the

scheme .

0 0 'F

Many of the borrow pits along the major highwavs in this country
do not have economic value. A good number, however, retain
water, especially within the hasement complex region. Dut in
most cases, the water cannot be used for irrigation except for

watering livestock.

The reasons being that during the search suitable road
construction materials, the tos soil- he surrounding areas
were removed, thus destrovi he fertility of the soil. An
estimated average .5 ha of farm land is lost as a result of
every borrow excavated.



This effect can be mitigated by a programme of land reclamation;
that is, top s0iling the surround areas of the borrow pit after
use.

Another negative impact of borrow pit is that the retained water
provides a breeding ground for mosguitoes and other aguatic
organisms such as schistosome (swall parasitic worms! which may

lead to malaria and schistosomiasis epidemics respectively.

The greatest threat to the survival of the scheme is silt
deposition. This had been responsible for the failure of similar
schemes in the past. If the scheme is to continue for a long
time an assistance may be required from Government Agency like
the Ministry of Works or Community effort by the farmers to

remove the silt annually.
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5.3 CONCLUSION
The small scale irrigation scheme using borrowing pit water and

its socio-economic benefits had been evaluated.

With a drainage area of 5.96 ha. and a pit surface area of 4.26

ha., enocugh water could be stored to irrigate at least 5.0 ha.

+
-t

of arable land. The water, though gh in total soclid content,

-~

)
was found to be suitable for the irrigation of most crops and on

P a5 b =
most so0il LYype s,

-~ . . PR - 3 = - - . - -~ 3 3= -~ e - ] [
“t\‘-n'\} (SR} :}n-- average N |r1\1 \JF tumdtu iil tin' AL cea wf' Iy SR |
- gn wy g o o - - o~ o -~ dn u S = - ~ e e -~ TS TS > T ~ T T
tonnes/ha. [ about 120 tannes of tomato were 1,‘1'-_:\1[1\.-\*1. ili

n

addition, 160 Kg of pepper, 600 Lg of wheat, 250 Kg of maize and

620 Kg of Okra were produced from the irrigation scheme.

1
i

Considering the net command area of only 6.87 ha., this mayv be

regarded as a significant increase in food production.

The economic appraisal of the irrigation scheme shows that it is

viable. The Benefit/Cost ratio randed from 1.2 3.7 and varied
for each farm.

The contribution of the scheme to the nation economy at large

i T Rt P T B e 2 ha e T PR
was considerable. Ex¢ ep increase in the national 1income was

oy 1

about =N= 0.2 million, while expected real taxation receipt by

government was =N= 5,790.00. In additicn, between four and six
jobs (though casual) were created in the economy at large for

every Jjob created on the irrigation scheme.
'*_
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The information contained in this report will be a boost to the
re-emerging concept of rainfall harvesting. DBorrow pit,
therefore have considerably potential for harvesting or
collecting local run-off which could be used for irrigation,
watering of livestock and domestic purpose. The report, though
targeted at irrigated agriculture could be of considerable value

in fiscal developing planning.

On the negative =side, the health hazard dues to mosquito
infestation iz not likely to he critical since the nearest

dwelling house is over 200m from the pit.

ECOMMEND N

The ability of the borrow pit in the study area to retain water
is related to the geology. If the geology is well understood,
the pit could be recreated elzewhere with smaller geclogical
information for the same purpose. It is therefore recommended
that a more detailed study of the hvdrogeclogy of the area being
undertaken. This, will in addition enable the estimation of

seepage flow into the pit.

Government involvement should he limited to the digging of the
pit and removal of silt deposit and encouragement of the local
community through incentives and credit facility so that the

scheme might not be liable toc the same hazards as large scale

pad
(=]
ra



3.

irrigation schemes.

Further analysis of the impounded water is recommended to
establish its portability or otherwise since the local community
might be using the water for other purposes in addition to

irrigation.

1t has been observed that livestock feed on the water,
especially during dry season. An investigation to determine the

livestock water requirement of the area is recommended.
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APPENDIX A5
won IET NO.

7 MIN SY D tSCRI N DATE:

1. FPArm:L e s svenivnssas wms aa e A NN AR e e SN A e b ae e 5 a0

.1 [lectarage {Farm SizZe )i sns s omme s oo suens s en ensosn s vaeeinn
3 Tenant/Owner -~ DCCUDIRD vua » v aiea o g argiesiss v o gradaaishe o & oigetsia
4. Method of Land Preparation:..vscinscosnsnoisoomunmssssnias
8 Time of Plantingsessssaeiins i sseaes s 8 edeilng s & ianGiaihi & 2adiag
6. Methods Oof Planting i ..sevetsnvsnsnes s onbonsosssasressnsses

in Types of Crops Grown Area % a =

(i) ORI § ¥ VR s saaha T A TSI g, 4
FED) ¢ caeanin o s swae « +»2 s ha e s e s s ans et as s ot
15§ § U g +essha P ¥ EER R § S e § EaeR
CICF & commen & 0 o «+s s ha PP PO -
(v) Ce e ey ey +sesha s numeeen e ens sy ued

8. Sources of Seed/Planting Materials:..iceevsortnnsnnsnsnss
K. Btk o8 BrLbAna i same s e s s
10, SBuccession and Association of Crop8:.ssseeesssrmusenss vnme
.
B B w8 Wi G e o e r
N

Practice Used to Maintain 30il Fertility:i.eee oo intosonses
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14.
15,
16,
17.
18.

19.

Time and Methods of Harvesti.cveoenonscosssonsssssrsnnaes
Source of Labour (Family or Nired): .. iivinnernsnennenn
Number of Full-time Labour {(Including the Farmer):......
Number of Part-time Labour {or llired Labour!:i,.vovveensan
Sources of mcney for the Farming:.....cceovevescersveass
Principal Usés of the Money¥icseseconmasios o vomosess vosms
Sources of Credit XL any)? v ana s & swarata s v PO ERe s F sl s
Principal Uses of the: Credibtic v s ¢ vaamme o aalionss o ¢ s
Soil TYDEB I s viibnt i fdnnes s ississs idTans s povehes s s ase

Irrigation Tnterval:

Crop Type Irrigation Interval

(i) KRBIeIMTe b N SRR SRR S 8 EREEE § e e
LELY s eivaias i TS & BTN & P
[EA3) snnnnn e s simine paimm 8 FAene aan & 8 KA
(EVE o sisvawms & s OOETE R SIRARE 8 eI e
{v) e R SO ¥ & PR ¥ B R

Length of Time Water is Aprlied to the Crops:

Cro vpe TFa Size Time

L D I I B LI L L L O LI DL O L O B B
L I L Y R R I B R
LR L B I O LI T N A LN L I B
L R LU I SR LR A I T R )

117



INPUTS _OR VARTABLE COSTS

WORKSHEET No, 2

t.

8.
2.
10.

11,

Cost of Seeds:

Crop Seed Quantity

(i} Ve ES A e R RESERE  E e
o 5 T P e i saF s amiaiass wals
C333) qarovernniva sea s ileaine s eae
{iv) NS W A STe N O T T T e
(v} Wk AEVAETRIE § R L6 W GCRURANEIE B WIS

Cost of Casual Labour/Man-day:.ceseses

»

DII"TE:l.“..tlllll.....tll

Uni icel(=N=)

LT I I DI I L I U I

Cost of Fertilizer/ManuUres . somaiies o vaaiaims s s yla/saees

L

LU I I I

L B

Cost of Crop Protection (Cost of Pesticides/Chemicals for the

Past and Pisease CoNETOY Vi ¢ vowmmn o v 1w

LI T I A I I

Full-time Labour Paid {(Cost of Tull-time Worker per Man-dayv):

T L I I L O I O O

Cost of TFTamily Labour (Full-time Worker

T T O T T S R T T I U T RN T R I )

Cost of Equipment/Tools: i sssancsss
Pumping Cost or Cost of Pump llire:....
Fuel and Oil Cast:'.Ill.’..lll..lll..l

Cost of Nose/Plastic Pipes:.iov.vinin.

.

..

LR T I

Unpaid) Per man-dav:

U I I

L R Y

I I

Cost ﬂf "alllageio........-......-...-.......-.

Cast aof Repairs of the Pump/Tools/LEquipment:..
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13.

14.

16,

Taxes and InsSurancCe: csoveesoes

Cost of

Lﬂl’ld:...-..--...

LI I I

DR )

P

T O T I I T A I T )

I R L R R I T R S ]

Other Miscellaneous Variable Costs le.g. Cost of Daskets):

Cther

L

LN TR T OO T T T T T RN I BT T T R U I R

Miscellaneous Over-head Cost:...

R I I I |

I L I I

LI



WORKSHEET NGC. 3

GRESE OUTPVT

Far‘m........-..o..o LI B R A Da‘de [ T T TR T T B R R N TR TR R B T B B |

Crop llectarage (hal Yield Price {=N=)

APPENDIX D,
b1 vdrologic soll group Description {Chau, 18841
GROUP A Characterized by:
- high infiltration rate even when thorcughly wetted;
- very high proportion of sands or gravels that are deep;

- well to excessively drained;

- high rate of hydraulic conductivity or water transmission.

GROUr B Characterized by

[ \le]
o]



- moderate infiltration rate when thoroughly wetted;

- moderately deep to deep

- moderately well to well drained

- moderately fine to moderately Coarse texture;

- moderate rate water transmission.

GROUP € Characterized by:

- slow infiltration rate when thoroughly wetted;

- It is layered and this impedes downward movement of water;

- moderately fine to fine texture;

- slow rate of water transmission.

GROUP D Characterized by:

- very slow infiltration rate when thoroughly wetted;
high proportion of clay with high swelling potential;

- high permanent water-table;

- clay pan or clay at or near the éurface;

- shallow soils over nearly impervicus materials; and

- very slow rate of water transmission.



APPENDIX D2
Fitting Regression Eguation for LEvaporation (EFp! and potential
vapotranspi i :

Etp lmm} Ep {mm} mean (ETp) = 9.6mm = ETp

9.7 13.7 mean (Ep) = 9.2%mm = LEp
14.6 16.0 Standard Deviation {(S)(ETp} = 2,92
12. 16.6 Standard Deviation (Ep) = §.24
12.8 12.7 SIETP) = 1199.5
9.2 7.8 S(Ep) = 1228.03
1.8 1.8 S(ETp)(Ep) = 1226.69
6.1 3.1 Regression equation is given as
5.3 2.6 ETp = a + b Ep.
6.4 % % a = LETp - k£t Ep
8.9 113 b = SIETpMEp) - {Z(I T(E
10.4 12.3 )
115.2 111.5 S(Ep) - (S(Ep})*/n.
n =12
B & 129689 - L -

1338.02 - (111.5)°/12.

< 190 - . = 156 o0
: 1328.03 - 10236.02 i 302,01

b = 0.52

a = 92.6 - 0.52 x 9.29

a= 3,77

The Redression eguation is:
ETp = 4.77 + 0.52 Ep

122



coefficient of Correlation <« is given by:

« = b _SEp
SETp

where SEp standard deviaticn of Ep
SETp = standard deviation of ETp.

« = 0,52 X 5.24

2.92
= 0.93
« = 0,93
Standard Error of Estimate S; is
ce! = &n - 1 (S° ETR) (1 - i

n - 2

- 11 tz.92)° 11 10.92)%)
10

That is the estimate is correct within 2% 1.27

error.
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Appendix C

Table 34 Average Monthly Effective Rainfall as Related to Average Monthly
ETcrop and Mean Monthly Rainfall

(USDA (SCS), 1969)

Monthly mean 15 5 25 37.5 50 62.5 75 87.5 100 112.5 125137.5 150 162.5 175 187.5 200
rainfall nun o .
Average monthly effective rainfall in mm*®

Averasze 25 3 16 24

rmonthly 350 8 17 25 32 39 46 w

ETcrop 75 9 18 27 34 41 48 56 62 69 |

ma 100 9 19 28 25 43 52 59 66 73 80 87 9z 100 |
! 125 10 20 30 37 46 >L 62 70 76 85 92 98 107 116 120

150 10 21 31 30 ‘9 37 66 7.+ 81 89 97 104 112 119 127 133 |

: 25 11 23 32 Z2 52 61 69 78 8 95 103 111 118 125 134 141
_ 200 11 242 33 42 34, oL 73 22 91 100 109 117 125 13Z 142 130
: 225 12 25 35 47 57 63 73 37 96 106 115 124 132 141 130 159
L _ 25 13 25 38 1 72 84 -92 102 112 121 132 140 130 155 167 |

Y. Where net dopth of water that can be stored in the soil at time of irrigation is greater or

smaller than 75 mm, the correction factor to be used is:

[Vffective storage 20 25  37.5 50 62.5 75 100 125 150 175 200 |
|Storage factor .73 .77 .86 .93 .97 1.00  1.02 __1.04% 1.06 1.07* 1.0S,

EXAMPLE:

Given:

Monthly mean rainfall = 100 mm; ETecrop
Celculation:

Correction factor for eilactive storage 1.07
Effective reainfall 1.07 « 74 = mm

150 mm; effective storage = 175 mm

Source: FAO Irrigation and Drainage Paper No. 24

- ‘ PR ——



131

APPENDIX C2 INFILTROMETER READINGS

INFILTROMETER NO.1 INFILTROMETER NO.2 INFILTROMETER NO.3 INFILTROMETER NO.4  |INFILTROMETER NO.5
INITIAL M.C.= 13.2% INITIAL M.C. = 2.4% INITIAL M.C. = 19.7% INTTIAL M.C.= 2.5%  |INITIAL M.C.= 5.0%
cuM TIME|CUM INF|INF RATE | CUM TIME [CUM INF | INF RATE CUM TIME ICUM INF | INF RATE | CUM TIME [CUM INF Ts_ RATE| cuM TIME|CUM INF|CUM RAS
(MIN) (pgn) | (om/HR) | (4IN) _ J(mm) OM/HR) | (MIN) e GouER) | oax) josy  lesysR) | (MIN) OO {GM/ER
0 0 - 0 0 - - - 0 0 . 0 0 -
5 13 156.0 5 11 132.0 5 7 84.0 5 7 84.0 5 11 132.0
22 132.0 10 15 90.0 10 10 60.0 |10 13 78.0 10 21 126.0
3 29 116.0 15 17 68.0 20 13 39.6 | 20 22 66.0 20 36 108.0
10 35 105.0 20 18 54.0 30 16 32.0 | 30 29 58.0 30 46 92.0
25 40 96.0 30 19 38.0 50 21 25.2 | 50 43 51.6 50 65 78.0
35 51 7.4 40 20 30.0 70 25 21.4 | 70 35 47.1 70 82 70.3
45 59 78.7 60 21 21.0 | 90 29 19.3 | 90 65 43.3 50 93 62.0
35 &8 4.2 90 23 15.3 | 120 34 17.0 |120 83 a1.5 |120 108 54.0
75 85 68.0 120 24 12.0 | 150 37 14.8 |180 98 32.7 | 150 1264 49.6
93 101 63.8 180 28 9.3 | 210 bia 12.6 |240 123 30.8 | 210 150 42.9
125 123 59.0 | 240 30 7.5 | 270 53 11.8 |300 153 30.6 | 270 172 38.2
135 141 54.6 300 34 6.8 | 330 59 10.7 [360 180 30.0 | 330 195 35.3
183 158 51.2 360 37 6.2 | 390 65 10.0 |a20 - 208 29.7 | 390 217 33.4
215 176 49.1 420 40 5.7 | 450 71 3.5 |480 .| 236 29.5 | 450 238 31.7
275 206 50.0 480 43 5.4 | 510 77 9.1 |540 259 28.8 | 510 25% 30.5
335 236 42.3 .
395 263 40.3
4355 292 38.5




APPENDIX C3
DAY NS 4 0 C .
ry
Mean incident solar radiation Rs = 8.,1lmm/day
Extra Terrestrial Radiation RS, = 12.0mm/day
Relative llumidity = 18% or 0.18
Vapour pressure ea = 4.5mbar
Wind speed = 600.75km/day
Station pressure p = 939.8mbar

Temperature:

Mean max = 29.1%
Mean min = 13.?%
Mean daily = 21.4%

saturation vapour pressure e, = 25mbar
ta) Y = _0.24p
0.622X

mean station pressure = 939.8mbar

o
"

595.9 - 0.55¢t

e
"

595.9 - 0.55 x 21.4 584.13

Y = 0'2‘.‘ :\' 939'8 : LN I I B I R .62
0.622 x 584.13
(b} Ry, = (0.39 - 0.05/ea) 2 x 107 (Ta' + T,)'/2
Ta = 29.1 + 273 = 302,1k

T, = 13.7 + 273 = 286 .7°¢



R, = 10.39 - 0.05/4.5) 2 x 107 ((202,1)" + (286.7)")

"
'

"
(o]
(=B

b

Ry, = ((1.1(8.1/13) + (-0.10))

4-3 ‘].1 ;g:ll . 0010, = 2 d‘.
13

Rn = 077RS - b

= 0.77 x 8.1 - 2.5 = 2.7mm/day

D = 33.86 ((0.05904 (0.00738T + 0.8072) - 0.00003421)

= 1.§§
D __ = _1.56 = 0,72
DY 1.56 + 0.62
D = _0.62 = _0.28
D+Y 1.5€ + 0.62

0.261 (1.40.0062 X 600.75) (25 - 4.5}
= 25.2mm/day.
Therefore, ETp = {(0.72 x 3.7) + (0.28 x 25.2)

= 9.Tmm/day
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APPENDIX C4. ESTIMATING THE FLOW RATE QF THE PUMP
Measurement laken at different locations of the command aresa
NIMBER OF RUN 1 2 3 4 5 6 : 8 g
YVOLUME OF 0.01665 0.01665 0.01665 0.01645 0.01563 0.016635 G.01563 0.01665 0.01663
BUCKET (3)
TIME TC
FILL BUCKET
(Sec.} 5.0 4.5 5.3 5.2 5.2 5.0 5.5 5.0 5.5
FLOW RATE . .
r?/sec §.0033 0.0037 . 00303 0.0032 0.0032 0.00333 C.00303 0.00333 $.60303

MEAN FLOW RATE = 3.24x10-2 M3/8 = 3.24]1 litres/sec.
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AFPENDIX D1 VARIABLE PRODUCTION COSTS
FARM CODE SEEDS/8 FERTILIZER CROP IRRIGATION FUEL HAULAGE | REPAIRS| LABOUR LAND Thx TOTAL
SEEDLING AND & M
OIL
(K} (N) (H) (&) (W} (¥} (¥ (® (%) {¥) (&)
ADDB2HMUAT 14.39 73.00 30.00 225.00 - 24.00 - 12.80 ~ 15.00 | 3%0.0C
BOUSZMATP 1553.00 70.00 - 760.00 - 54.00 - 27.00 20.00 ] 15.00 1596G.G0
CO082ZMSUT 264,00 £30.00 - 416.00 - 133.00 - $0.00 }150.D0 1§ 15.00 }i748.00
DC182MMIT 20.00 58.60 35.00 300.00 - 40.00 - 20.00 - 15.00 | 488.00
EC182HMDHT 160.00 356.00 ¥0.00 9130.G0 - 87.00 - 50.00 105.00 15.00 1747.00
FO182HRT 25.00 308.00 73.00 600.00 - 50.00 - 175.60 - 15.00 |1235.00
GO182MUT 80.00 5935.00 105.00 - t 30.00 58.0D 50.00 135.00 }200.00 | 15.00 fL313.00
HOOZ3MST - 276.00 40.00 104G.00 - 74.00 - 100.60  1100.00 § 15.00 j1639.00
IGO23MIT 100.00 160.00 30.00 540.090 - 44,00 - 165.G0 1G0.00 15.00 [£155.00
JOO23MMET 200.00 450.00 60.00 - 220,00 95,00 48.G0 48.00 56.00 §20.00 [1191.0G
KOO23HAW 680.00 910.060 - - 144.00 30.00 53.60 [1020.00 - 25.00 [2854.00
LOO73HT 120.08 350.00 70.00 450.00 - 70.00 - 30.00 1150.00 15.00 Ji305.00
MOO735AT 50.00 139.00 6G.00 304.00 - 33.00 - 125.00 60.03 | 15.00 | 773.00
NOC75MTH 180.00 180.00 -. 600.60 - 56.00 - 540.00 - 15.00 j1571.00
POOBSHDO 50.00 45.00 - 144.00 . - 16.06 - 40.00 30.00 | 15.00 | 354.00
Q0085HMAD - 40.00 - - 42.00 23.00 50.00 300.G0 - 15.06 | 475.00
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APPENDIX D2 COMPUTATION OF FIXED PRODUCTION COSTS

T

FARM CODE PURCHASE VALUE (N) DEPRECIATED VALUE () TOTAL
TOOL/EQUIF PUWP | SPRAVER | HOSE/PIPES | TOOL/EQULP | PUNP  [SPRAYER | HOUSE/PIPES mmmmmnH&mm
(N)
AGOB2MUAT 50.00 - - : 10.00 | - - - 10.00
BOOB2MATP 80.00 a - . 16.00 | - - . 16.00
COOB2MSUT 90.00 5 5 . 18.00 . 8 = 18.00
DOO182MIT 50.00 a : . 10.00 | - . = 10.00
E£0182DHT 90.00 . - & 18.00 | - .- 2 18.00
FO182MNT 90.00 = - - 18.00 | - - - 18.00
GO182MUT 150.00  3600.00 . 1000.00 30.00 |180.00 | - 50.00 | 260.00
(1989) (1989) ,
HOO23MST 90.00 3 . . 18.00 | - . . 18.00
10023MIT 50.00 . . , 10.00 | - - B 10.00
JOO23MHBT 60.00  500.00 |200.00 200.00 12.00 |121.00 | 111.00 48.00 | 292.00
. (1983) |(1983)
KOO23MAW - 550.00 - 50.00 = 173.00 | - 16.00 189.00
(1982)
LOO7 3MT 120.00 - . - 24.00 | - - R 24.00
MOO7 3MDAT 50.00 . . - 10.00 . . * - 10.00
NOO7 SMTH 90.00 a = - 18.00 | - : = 18:00
POOBSMDO 60.00 ; . = 2.00 - 5 : 12.00
QOOBSMMAO 30.00  3250.00 | - 1200 00 CC 6.00 | 163.00| - 60.00 | 229.00

(198%)
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APPENDIX D3 YIELD/REVENUE ESTIMATES. (1Big Baskel of tomato = 33.12kg)
FARM GODE CROP HECTARAGE YIELD YIELD PRICE/KG TOTAL YIELD/HA (XG)
(HA) (BASKET) (XG) (N) (%)

AQOB2ZMUAT Tomato 0.0352 24 795 0.91 724,00 22585
BOOBZMATP Tomato 0.0800 50 1656 0.91 1507.00 20700
" " Pepper 0.0800 2ZBAGS 160 16.0 2560.00 2000
COOB2MSUT Tomato 0.3000 183 6061 0.51 5516.00 20203
DO18ZMMIT Tomato 0.0583 4c 1325 i 0891 1206.00 22727
EO182MDHT Tomato 0.1240 87 2881 - ._a.ow 2622.00 23234
FO182MNT Tomato 0.0780 50 1636 0.51 1507,00 21231
GO182ZMUT Tomato 0.0900 58 1921 .21 2324.00 21344
HOO23MST Tomato 0.0952 74 24351 1.06 2598.00 257464

- IOO23MST Tomate 0.0560 - 1457 1.06 1544.00 26018
JOO23MMBT Tomato 0.1517 95 3146 1.06 3335.00 20738
KOOZ3MAW Wheat . 0.6500 6BAGS 600 6.60 3960.00 923
LOOT73MT Tomato 0.1080 70 2318 1.06 2457.00 21463
MOO73MDAT Tomato 0.0450 33 1083 1.06 113%.00 24289
'NOG75MTH Temato 0.3500 50 1855 W w.. 06 1966.00 5300
" " Maize 0.3500 25BAGS 250 u. ©5.70 1425.00 Ti4
POO85MDO Okra [ 0.0675 23(SMALL) | 178 TT 2.38 460.00 2637
QO085MMAD Okra 0.2240 57(SMALL) | 442 2.58 1140.00 1873




