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ABSTRACT

A lot of the water and other environmental resources of many communities in Nigeria
are not properly utilized while such communities lack essential infrastructures which could
have been developed from those resources through proper hamessing and prudent management
by the Government and the respective communities, Oba — lle Housing Estate, Akure 15 a
typical growing modern urban community with a critical water supply problem despite the

presence of Ala River which passes through the Estate.

This project examines the water resources potentials of Oba — lle Housing Estate and
the use to which River Ala; the main water resource may be put for the improvement of the

community.

The Ala River discharges was monitored for a period of two years with a locally
fabricated staff pange at a suitable gauging station which is by the bridge linking the southern
and the northern parts of the estate, Suitable floats were timed through known displacements to
determineg the velocity of flows across predetermined segmental areas within the channel for

the accurate determination of discharges across the channel.

=
The mathematical model given by the time series y:H-Rﬂ[S}n[;—m’::%iz'ﬂ—} ]+ leas

developed for the mean staff gauges while the rating equation Q= 35.307(k-0.2378)' """ was
developed for the river discharges at the gauging site. The coefficient of correlation of the

rating equation with the observed data was +1.00,

The rating equation was used for the evaluation of the raw water vield of Ala River
which was discovered to be capable of serving Oba-lle Estate, Oba-Ile Town, Eleyowo and
part of Akure if properly harnessed. From the result of the studies, a simple water supply

scheme and a water reticulation system were designed for Oba-lle Estate.

The Ala stream corridor was discovered to present a veritable space for fish farming,

coconut and plantain plantations, dry season farming, recreation and tourism developmen.

xi



1.1

1.2

CHAPTER ONE )
INTRODUCTION
General Background

The Oba-lle Housing Estate is a typical growing modern urban community.
Established in 1979 by the Ondo State Government, it has a total of 1,205 plots, 90% of which
have been developed,

The community suffers untald hardship for potable water supply particularly during the
dry sesson when most shallow wells have dried up. The situation is unwholesome and pathetic
particularly when viewed against the background that Ala River, the main water resource
within the estate has not been developed for the use of the community.

The reticulation network of the first phase of the estate (233 plots) was constructed in
the early 80%s but the oral evidence from residents shows that over 40% of it was damaged
during the initial pressure testing and that the project was subsequently abandoned.

Successive Governments have not really improved the situation as only 5% of the estate
has been connected to public water supply ever since. In fact. only two taps receive potable
waler within the entire estate presently and only at infrequent intervals.

Water is life. 1t is the most important reguirement for human survival next only 1o air.
It is also critical for the health of humans and ecological systems. It is the focus of this thesis
to give a critical appraisal to the effective development of appropriate water supply option for

the estate.

Objectives of the Study
The specific objectives of these studies are to:

- Determine a hydrologic and hydraulic characteristics of River Ala;.

- Determine the water quality and guantity of River Ala at the desired location.;
Design a water supply scheme and a reticulation system for the Estate, and

- Propose effective water resources utilization for River Ala within its catchment areas.



1.3

SCOPES OF WORK

River Ala is an ungauged river, despite its passing through a major town, (Akure) and
several communities, with bridges and culveris across it. It becomes necessary to embark on
installing a gauge at a suitable location on the river within the Oba-lle estate 1o collect
discharge data.

Thercafier, the project becomes that of planning and design, for effective utilization of
the water resources, Water guality samples were collected at three locations in August,
considered the worst period due to heavy rain storm and sediment laden river flow.
RELEVANCE OF THE WORK

The relevance of this work derives from the need for the effective prediction of the Ala
River water discharges for both low flows in the dry season where in minimum flows are
eritical for water supply purposes as well as the peak of the raining season when high flows
and discharges with possibilities of flooding becomes critical for all hydraulic structures like
dams, spillways and bridges that may be constructed across the river.

There is also the need to explore the beneficial uses of the Ala stream corridor with its

invaluable ecosystem .
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CHAPTER TWO
LITERATURE REVIEW
Accessibility to Freshwater

The quality of life as well as life itself depends on adequate supply of freshwater
(Fredericks. 1991). Water and sanitation constitute the primary drivers of public health. Once
We can secure access 1o clean water and adequate sanitation facilities for all people irrespective
of the difference in their living conditions, a huge battle against all kinds of diseases will be
won (Lee, 2004}, The need for accessibility of all to clean potable water for domestic and
other uses can therefore not be overemphasized.

Globally, over 1.2 billion people are at risk because they lack access to safe freshwater
(Khan, 1997, UN, 1997). In the year 2000, 2.4 billion people lacked access to improved
sanitation with 81% of these in rural areas while 86% of the 1.1 billion people that lacked
access to improved water sources in the same period were rural dwellers (WHO, 2004). [t 15
also reported that only 61% of people in developing countries have access to adequite water
supply while 36% had access to sanitation facilities (WHO, 1998). Within Oba-lle Housing
Estate, the sources of raw waler are ground water, rainwater and the Ala River water. In
agreement with the position of Obatayo, 2002, the preponderance of these sources not
withstanding, drinking water is still another scarce commodity.

In Nigeria, as much as 59% of the househeolds in the rural areas depend on streams and
30.4% on private wells. In addition, 2% draw their water from boreholes. The streams and
private wells particularly stand the danger of conlamination especially during the raining
season and this exposes a large proportion of the rural population to diseases which quite ofien
reduce their productivity (The Federal Office of Statistics, 1987).

The situation of Oba-lle Housing Estate 15 even more severe as over 95% of the
Residents rely on untreated well water and rainwater, 4.5% have aceess (o boreholes while less
than (.3% have sccess to treated water. This calls for urgent actions on the issue of water

supply to the whole estate.
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2.2

Water Supply, Health and Productivity

According (o the 1948 constitution of WHO, health is defined as a state of complete
well being and not merely absence of physical, mental and social diseases (WHO, 2004). The
economic potency of any country is a direct derivative of the health status of the populace:
I'he econpmies of most advanced countries therefore take seriously the impact of preventive
measures on the Gross Mational Product (GNF) and spend a significant proporion of it in
providing clean safe drinking water {Egbo, 2002).

Cholera, typhoid fever, bacillary dysentery, grandasis, dracunculiasis, poliomyelitis and
hepatitis, are major water borne diseases. Besides, mineral contaminanis such as lead, arsenic,
cadmium, ete. could be carcinogenic and/or mutuatory thus permanently damaging human
body and ultimately causing untimely death (Idika, 2001).

Diarthea, a major water borne disease 1s responsible for 4 billion cases globally every
vear causing 3-4million deaths especially in children and infants (Olshanky et al; 1997,
USAID, 1940). WHO, 2004, quoting the UN Secretary General, Kofi Annan, stated that we
shall not finally defeat AIDS, tuberculosis, malaria or any other infectious diseases that plague
the developing world until we have also won the battle for safe dl'inkin[l__ walter, sanitation and
basic health care, A study conducted in Karachi, Pakistan, revealed that the poor living in areas
without sanitation or hygiemc education spent six times more on medical care than people
living in areas with proper sanitation and hygiene (Khan, 1997),

The UNICEF collaboration with the Federal Government on the Assisted Water and
Sanitation project between 1991 and 1995 made a landmark in the eéradication of guinea worms
in many rural communities in several states of the Federation. It certainly eradicated the
inception of cholera outbreak (Njoku, 2002).

The West African Technical Review, 1982 reports of a Nigerian town where 60% of
the 30,000 strong population was sutfering from guinea worm, installed a water pipe system in
an attempt 1o combat the disease. The result was better than anyvone had dared hoped as guinea
worm, a disease transmitted by drinking infested water was completely wiped out,

s
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2.4

In MNigeria, the increased accessibility to potable water contributed to decreasing the
incidence of water borne diseases. For example, guinea worm has virtually disappeared due to
improved supply of potable water and hygienic education (I1dika, 2003 ).

While the cost of building potable water systems and sanitation facilities is high. the
cost of not doing so can become staggering (Idika, 2003). It is therefore expedient that the
1ssue of potable water supply should be taken seriously so that potable water that is sparkling
may be produced and distributed 1o the people.  The overall effect would be better health for
all, reduction in health care delivery costs, improved living standards as well as increased

productivity by the residents.

Sources of Water

Providing potable water supply for a community invelves tapping the most suitable
source of water, ensuring that it is safe for domestic consumption and supplying it in adeguate
quantities. The viable water supply option must be carefully examined as to its completeness,
elfectiveness, :ﬂici:nl:}; and acceptability (USADIBR, 1987).

‘The main sources ol water that may be developed for Oba-lle Housing Estate are
rainwater, ground water, and surface water. Rainwater is absent during the dry season
necessitating the need for expensive storage facilities for reserve against the dry season,
Groundwater in the basement complex formation is virtually absent and when it is available it
oceurs 1n very small yield often rather difficult to locate, The feasible option for adequate
water supply in such environ is through surface water abstraction whenever such water is

present in sufficient quantity and treatable quality.

Water Quality Requirement

Schalekemp (1982) observed that the problems in the world with regards to water
supply are that either there is too little of it available or if there is sufficient it is polluted.
Adequate water supply 1s one that provides safe water in guantities sufficient for drinking and

for culinary, domestic and other houschold purposes so as to make possible the personal

-5
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hygiene of members of the household. A sufficient quantity should be available on a reliable,
year round basis near to or within the household where the water is to be used. Unfortunately
however, ¢lean water only exists briefly in nature and is immediately polluted by prevailing
environmental factors and human activities. Even rain coming from the sky picks up
contaminants such as carbon dioxide and particulate matter. The available fresh waters must
therefore be treated to achieve desirable gualities. The World Health Organization has given

the minimum water standards for potable water supply as given in Table 2.1 (Obatayo, 2002).

Hydrology

Water is one of the earth's greatest resources. Globally, the total quantity available is
essentially constant. Driven by energy from the sun, water constantly cireulates from rivers,
lakes, streams (through evaporation) by plants (through transpiration) to the aimosphere and
back to the earth {through precipitation). Salts and other impurities that may be picked either
naturally or as a result of human use are deopped in the process making it possible 10
use water indefinitely (IFredcrlck and Sedjo. 1991). However, engineering hydrology is mainly
concemned with the magnitude and risk of drought, Familiarity with low flows needs
tempering with healthy respect for floods and the potential thev have for damage
{Twaort et al, 1986); That is, one should be equally concerned with the low flow from droughts
and high flows of flood during heavy rains. Almost two billion people were affected by natural
disasters in the last decade of the 20th century, 86% of them by floods and droughts (WHO,
2004). There is thus the need to take the issue of hydrology very seriously in the new world

arder.



TABLE 2.1:

POTABLE WATER W.H.Q. STANDARD

(As reported by Obatayo, 2002)

[

SUBSTANCE MAX. ACCEPTANCE | MAX. ALLOWANCE
Total Solids 500mg/l 1 500mg/l
Colour 6 Units 50 Units
Turbidity <1 Unit 25 Units
Taste Unobjectionable -

Odour Unobjectionable -

lron (Fe) | 0. 3mp/l | 1.0mg/l
Manganese {Mn) 0. Tmg/l 0.5mg/
Copper (Cu) 1.0mg/1 1.5mg/l
Zine (Zn) 5.0mpg/l 1 5mg/l
Calcium {Ca) Timg/l 200meg/
Magnesium (Mg} 50me/] 1 50mg/i
Sulphate (S04) 200me/] 400mg/l
Chloride (CT) 200mg/] 250me/l
'PH Range 7.0 6.5109.2
Magnesium + Sodium Sulphate | 500mg/] 1000mg/l
Phenolic Substance (as Pheno) | 0,001 mg 0.02mg/l
Nitrates 45mg/l -
‘Carbon Chloroform Extract

0.2mg/l 0. 5mg/l

CCE (Organic Pollutants)

Alkyl Benzyl Sulphonents ABS. | 0.5mg/l J 1.0mg/]
Fluorides 1.0mg/| - 1. 5mg/l




2.6

2.7

Hvdraulics

The channel characteristics controlling the channel conveyance of a river includes the
cross sectional area. shape of the stream channel, the sinuosity of the stream course, the
expansion and restrictions of the channel, the stability and roughness of the stream bed and
banks, and the vegetable cover (Herschy, 1995).

The pressure on the surface of a flowing stream in an open channel is atmospheric and
the motivating force establishing flow is predominantly the gravity force component acting
parallel with the bed slope but net pressure forces may also be present (Featherstone and
Malluri, 1985).

Oher long reaches of river channels, the stream flow at vanous ponts along the stream
course may be unsteady due 10 changes in inflow flood for example. The velocity at a
particular point will not be constant under such condition but will vary with time. The flow in
any stream is rarely uniform over long reaches due 1o the wvariation of the channel
characteristics along the direction of flow.

Flows in the Ala nver channel appear tranquil during the dry season when flow

discharges are small, The flows become highly turbulent during the raining season particularly

during floods.

Flow Measurements

With the present worldwide need to betler manage our precious waler résources, an
accurate assessment of the flows of the World rivers is crucial (Herschy, 1993).

It is highly desirable to obtain the right quality of data at the right place and the right
time¢. These data are useful for water management covering water supply, pollution control,
irrigation, Nood eontrol, energy generation and industrial water use.

Ihe methods of flow measurements are velocity area methods using current meters and
floats; weirs and flumes, ultrasonic and electromagnetic methods, and dilution/dye tracing

technique (Herschy, 1995, Linsley, et, al, 1982).

o llin



2.8

2.9

2.10

Water Demand

Water demand is the expected daily rate of water use in the community. The
determination of the per capita daily demands involves estimating the population to be served
and their per capita consumption together with an analysis of the factors that may operate to
affect consumption (Steel and Meghee, 1979).

The World Health Organisation {WHO) has stipulated a per capital demand of 120 led
for rural areas. In Nigeria, this requirement is far from being met and in urban areas, it has
been shown to be lesser than WHO's rural area stipulation. For instance, Areola and Akintola,
1980 concluded that the basic per capita consumption for planned residential area of Thadan

was 89 litres per capita per day.

Stream Corridor Development

There is more to a stream corridor than a meandering water. A stream corndor or
stream valley is a complex and valuable ecosystem which includes the land, plants, animals,
and network of streams within it (FISRWG, 1998). Due recognition of the value of Ala stream
cornidor will give an insight into what has been lost through uninformed and misguided action

on Ala stream corridor and the watershed that nourishes it

Water Reticulation System

The oldest systematic method for solving the problem of steady flows in pipes is the
Hardy Cross method which is itself an early adaptation of the method of moment distribution
from structural Engineering in 1936. The method is well suited to hand computations.
However, when large network of pipes are involved, computer solution offers the best
option (Larock, et, al. 2000).

Usually, the systems of pipes are adapted by skeletonisation to reduee the large network
of pipes io manageable sizes. Engineering experience based on sound judgement is invaluable

in defining the most appropriate piping system problems to analyse.
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The design of complex water supply distribution systems requires adeguate conception,
planning and design. This can be achieved by the use of network hydraulic modelling software
that facilitates the development of functional, safe and economic pipe network (Ekenta, 2002).

Improper design of a water reticulation system may bring about insufficient pressure in
the distnbution system at some points with the possibility of the contamination and economic
logs due 1o pipe bursts resulting from excessive pressures at other pomts. Several pipe bursts

will impose serious interruptions to water supply and must theretore be prevented.

Earth Dam and Other Water Retaining Structures

When preliminary studies have confirmed the choice of a Mowing nver as the most
feasible option of water supply 10 a design population but the quantity of water required cannot
be supplied by the flowing river throughout the vear, then there is the need for a barrier like a
dam or a dyke across the river to impound enough water for the period in which the flows
would be unable to sustain demand.

For small wal:e'rl supply schemes, where cost consideration plays an important role, &
small earth dam may be adequate. For bigger schemes and in particular depending on cost,
geclogical and geophysical considerations, other types of dams like concrete gravity dams, and
cantilevered reinforced concrete dams may be more suitable.

The issue of water retaining structures should be taken seriously because of the
propensity they have for damage at failure. Zoppou and Roberts, 1999 reported that over 200
failures of dams greater than 15metres high were recorded in the Jast century while Billions of
dollars damages and a loss of more than 8000 lives were recorded. An earth dam must thus be
safe and stable during all phases of the construction and the operation of the reservoir.

The embankment, foundation, abutments and reservoir rim must be stable and must not
develop unacceptable deformation under all loading conditions. Seepage must be controlled to
avoid internal erosion while overtopping of the embankment during floods must be prevented

by the provision of adequate spillway capacity and other outlets.

=10 -
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The best and the most experienced effort is required ot the planning stage because a
well conceived project can easily be detailed whereas a poorly conceived project often requires
herculian effort to consummate. Early desipn conception must be based on the most realistic
rather than the most optimistic or pessimistic evaluation of site conditions and parameters.

The disciplines of hydrology, geology, cartography, geophysics, civil engineenng and
other technical disciplines have major roles to play in the process of planning, development,
and construction of a dam. Invariably, electrical and mechanical Engineers and other technical
personnel under them would be required if the dam would be integrated to a water supply or an
irrigation system.

Normally, an carth dam is usually constructed of an inner impervicus clay core
properly compacted at the oplimum water content, Compaction in this regard is the act of
artificially densifving the soil by pressing soil particles together into close state of contract
resulting in the expulsion of air and/or water from the soil mass thereby producing an inereased
strength of the earth structure (Singh, 1982). The outer shell which is the embankment is
constructed of more stable soils that form the pervious layver. The shell must be properly
compacted to form adequate protection for the inner clay core.

The upstream may be protected against wave action at the upstream by laving dumped
rip-rap at the upstream to specifications. The down stream embankment may be protected

against erosion by grassing.

Spillway and Bottom Outlet

Spillway 1s the component of the dam where excess water in the allotted storage is
released via the spill tail channel to the river channel.

Spillways may be gated or ungaled depending on design considerations and cost,
Maintenance of gated spillways is definitely higher. The spillway discharges must be
dissipated in the stilling basins constructed of concrete or dumped rip-raps in a safe manner

that will avoid scouring of the stilling basin bottom.

L.
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The ogee (over flow) spillways usually constructed of concrete has a control weir that
15 ogee shaped. The upper curve of the ogee spillways produces a near maximum efficiency as
the water glides over the spill weir without allowing the access of air 1o the underside of the
flowing sheet of water. Sharp crested weirs and other suitable weirs may be used for small
earth dams,

The Bottom outlet 15 used to draw out water from the impounding reservoir to reguined
level to permit maintenance and sometimes 1o release water 1o a basin downstream during the
dry season. For example, Egbe dam at the Little Osse headworks, Egbe-Ekin, releases water
via a sluice valve to Osse dam, Owo, which is lecated several kilometres down stream, at the
peak of the dry seasons when the latter's raw water requirement cannot be met without

augmentation,

=



3.1

3.2

CHAFPTER THREE
METHODOLOGY

DATA COLLECTION

T

The following data were collected:
i) Survey Data
(1) Population Data
{iii) Water use Data
{1v)  Ala River Gauge Data
(v}  Water Quality Data
The methodologies employed in the collection of the relevant data are

enumerated here under. However, the analyses of the collected data as well as the

results of the analysis are all indicated in the next chapter,

Survey Waorks

Topographical maps of Akure, Akure North East, Akure North West, Akure South
East, Akure South West and Akure Street Guide were procured from the Ondo State Ministry
of Works, Lands and Housing, Akure, while the site lavout plans of phases | and 11 of (Jha-lle
Housmg Estate were obtained from the Ondo State Property Development Corporation
(formerly Ondo State Housing Corporation). The maps and site plans were used to plan the
survey works covering the entire estale,

The reconnaissance survey of the estate was undertaken to ascertain the salient features
and complete the planning of the survey programmes. The Ala river corridor was studied in
detai] 1o determine the benchcial purposes to which it may be put. The theodolite traversing
and levelling survey of the entire estate were carried out to determine the relative positions and
elevations of the various parts for use in the design of a water supply scheme and the water
retigulation system. The levelling survey of the proposed impounding lake area was carried

oul 1o evaluate the practicable impoundment that may be achieved. The levelling survey of the
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cross section of the stream channel at the gauging station was also carried out for the

determination of the overall cross sectional area as well as the area of the component segments.

Questionnaire

(uestionnaires on water use, population, and sanitation were prepared and distributed
to fifiy (50) Residents of Oba-lle Estate ensuring a good spread. Forty (40) completed
questionnaires were returned. These were collated and analysed. A sample of the questionnaire

is shown in Appendix 1.

Ala River Gauging

Ala River being the greatest water resource in the estate was studied in detail. The flow
pattern was monitored for 2 vears (November, 2001 to November, 2003) with a locally
fabricated staff gauge. Constructed of 2mm thick flat steel sheets, the stafl gauge was 75mm by
S0mm in cross section and 4.0metres long, Tt was painted and calibrated for installation by the
bridae across Ala River which links the northern and the southern parts of the estate. The staff
gauge was properly positioned on rock to prevent dislocation by water current of the flowing
river and was chained to the 16mm plain steel reinforcement projecting from the bridge deck to
avoid disturbance by pedestrians.

Reading of the staff gauge was taken at 600Hours and 1 800Hours everyday for the two
vears duration of the studies. Functional flow meters could not be obtained for the monitoring
of the flows, However, velocities of surface floats at the respective segments across the cross
section were determined by timing the floats though known displacements. Plate 3.1 shows the
picture of the installed staff gauge at station | which is at the bridge linking the Northern and

Southern parts of the estate,

-14-
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3.6

Water Quality Tests

Raw water samples were taken during normal flows from three locations namely the
main outpour of Ala River near Fiwasaye Secondary School, Akure; the gauging station, as
well a5 the proposed impoundment location, The samples were taken between 9.00 Hours to
10.00 Hours on the 11th of August, 2003, The samples were collected during normal flows to
avoid excessive sediment loading that occur during floods. The samples were collected with
sterilized bottles earlier supplied for that purpose by the laboratory of the Ondo State Water
Cooperation. The samples were clearly marked by letters A, B and C respectively to avoid any
mix up.

These were analysed for the chemical and microbiclogical properties of the river o
determine the suitable treatment required for the water to make it potable and useful for the

COmmunity.

Reticulation System Design

The rather CLIITLIZII{.:TSD]TIE printed copies of the manually draughted layout plans of the
estate procured from the Ondo State Properly Development Corporation were redraughted on
AutoCAD and merged together as a single drawing to facilitate a proper adaptation and
application of the layout to computer aided designs (CAD).

The water reticulation system was subsequently designed through a computerized
visual basic programme (based on the Hardy Cross method) to guarantee accuracy, precision,

and economy, The resulting distribution network was draughted on the AutoCAD,
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4.1

CHAPTER FOUR
DATA ANALYSIS AND RESULTS ol :
Topographical and Geological Deseription of the Catchmen Area |

From the topographical map of Akure, Oba-lle Housing Estate was estimated to fall
between latitudes 7" 14" 30'" N and 7° 16'N and longitudes 5° 15' E and 5" 16'F and located
five {3) kilometres east of Akure, the Ondo State capital. The contours on this map revealed a
vertical interval of 1001t (30metres) and the estate was estimated to lie between elevation
L0006 {300m) O.0. and 11006t (330m) 0.D. The tops of some of the inselbergs however were
on elevations of up to 1300f (390m) O.D.

The features on the topographical map of Akure were confirmed on the topographical
maps of Akure North West, Akure North East, Akure South West and Akure South East.
However, the contours on the latter maps were drawn on 50ft (15m) vertical intervals and a
seale of 1:150,000 as against the Akure map which was on a scale of 1:250,000.

The reconnaissance survey of the estate confirmed its relative fainess and the
prevalence of igneous rock outcrops at high reliefs at the northwestern part and southwestern
parts of the estate. Two inselbergs were observed to be directly opposite the space between the
first and second entrance gates of the estate.

The top of the igneous rock at the northwestern part of the estate present a suitable base
for the proposed ground level reservoir because of the high relief which would provide enough
hydraulic head for a water reticulation system for the estate, Besides, they could sustain a
bearing pressure of up to 10,000kN/m” (Tomlinson and Boorman, 1995) thus providing the
desired stability for the base of the reservoir.

Ala River that drains the estate has a dendritic pattern, flows essentially eastwards
within the estate and discharges into Ogbesse River basin about 40 kilometres south east of the

estate.
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4.2

The watershed of River Ala is Akure. There is no inflow river outside the wown. River
Ala and other streams such as Eleghin, Omiveve and Osise that are tributaries to River Ala take
their sources within Akure town {Aduwo and Jemilugba, 2000). The topographical maps,
revealed the presence of heavy forest along the Ala River through out its course. However,
urbanization and human activities had virtually destroyed the forest along the river within
Akure town and had significantly depleted it within Oba-Ile Housing Estate.

The features of the upland course of a river generally characterized by steep slopes,
high velocity of river flows, water falls, splashing sounds and erosion were not evident along
the course of River Ala within the estate due to the flatness of the terrain. However, the
features of the middle course were observed. The presence of some ox-bow lakes were noticed
while the flooding of the banks were observed in the peak of the raining season along the flat
segments of Ala River course within the cstate.

Some rock outcrops were observed along the river channel within the estaie, These
together with the inselbergs dotting the landscape confirm the presence of the basement
complex geological formations of the southwestern Nigena.

Fig, 4.1 shows the lavout of the Oba-Ile Housing Estate as reproduced in AutoCAD
after merging the two existing plans of phases | and Il obtained from the Ondo State Property

Development Corporation.

Questionnaire Analysis

Table 4.1 shows the analysis of the data collected through the forty (40) questionnaires
returned by the residents. The mean number of persons per building is 7 with the percentages
of men: women: children being 25%: 26%: 49% respectively. 92.5% of the sampled population
wanted government to provide potable water for the estate while 77.5% wanted a separate
water supply scheme for the estate. The distribution pattern of water eloset facilities shows an
impressive figure of 3 water closets per building which translates to less than three persons per
toilet. It appears that faecal disposal within the estate is effective since all homes sampled had
water cloget facilities. The locations of the soak away pits relative to the wells may however

not be completely satisfactory.
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Table

4.1:  Analysis of the Forty (40) Completed and Returned Questionnaires on
Water Resources Utilization for Oba-lle Housing Estate, Akure.

Item Description Options Under Total | Avera ge Total
No. - Deseription Per House o
1. | Population Number of Women 67 168 | 25
Number of Men 69 1.73 26
Number of Children 130 3.25 49
Total 266 6,63 100
2. | Sources of Water Public Tap - - -
Borehole Cnly 4 (.10 [ {.0)
Borehale + Wellwater + 2 0.05 50
Rainwater
Well Water Only 28 0,70 T0.0
Well Water + Rainwater 4 (L10 10,0
Rainwater Only 2 0,05 3.0
Total 100
| 3, | How Frequent is Public tap Everyday - - -
running Once a Week 2 (.05 5
Once a Month 1 0.025 2.5
Never 33 0.825 82.5
Unaware 4 0, E ) 10,0
Total 1000
4, | Type of Tollet Pit Todlet - - -
W, C. 120 3.00 106}
Oithers . - -
Tatal 100
5, | Government to provide Yes 37 0.925 025
potable water for the Estate. | No 3 0.075 T3
Total 100
. | Separate Water Supply Yes 31 0.775 g
System For Oba-lle Housing | Mo 9 0225 ]
Estate Total 100
7. | Type of Water Supply to be Borehole 2 0.05 5.0
provided by Government. Tap Water 36 0.9 Q0.0
Well Water - . -
Any Good Water ] 0.05 5.0
Tonal 104}
g | Willing to Get Connected to Yes 39 0925 97.5
Public Water Supply Mo 1 0.025 2.5
Total 100

- 20 -




4.3

4.4

Water Quality Analysis

The results of the chemical and microbiclogical tests on the raw water samples at three
(3} different locations are shown in Table 4.2, There were no observable variations in the raw
water qualities from the 3 samples. Normally, one would have expected improvement due to
self purification process over a distance of Skilometres from Akure town, The fact that there is
no appreciable difference points to the fact that some pollution due to the effect of urbanization
must be taking place within the estate hence the need for treatment of the water 1o make it

potable.

Hyvdrozraph Analysis

The mean daily staff gauges for November, 2001 to November, 2003 {25months) are
shown in Tables 4.3 10 4.6,

The mean stall reading in the middle third of January, 2002 was practically nil as
shown in Table 4,3, This does not support the general held belief that River Ala 15 a perennial
River.

The peak mean daily staff gauge of 302.6cm was observed on the 24" of September,
2002, River Ala overflowed its banks during this period. However, there were no destructive
effects on properties located within the estate by reason of the 30metres minimum offset
enforced by Government and complied with by developers.

It was observed that the staff gauges were generally low between December, 2001 and
February, 2002 as well as December, 2002 to February, 2003, However, because of
rainfall on the 17" of February, 2003, 2 mean daily staff gauge of 70.4em was recorded on the
18" of February. This quickly reduced to 7.7cm on the third day which was the 20" of
February, 2003,

Table 4.7 shows the mean monthly staff gauges for November, 20001 1o

November , 2003 {25months).
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Table 4.2: RAW WATER PHYSICAL AND CHEMICAL ANALYSIS OF RIVER ALA

Laboratory: Ondo State Water Corporation Akure,

Sample: A-Fiwasaye, B-Bridge, C-Proposed impounding Reservoir area
Date Collected: 7™ Aug., 2003,

Collected By: Engr. D. F. Omoya

Time Collected: 9 - 10.00am

Date of Completion of Analysis:  12th Aug,, 2003,

| NOS TEST A B C
1. Appearance Brownish Brownish Brownish
2, | Colour, Hazen 70 74 76
3. | Temperature ('C) 25 25 25
3 Turbidity, NTL! 20 25 27
5 [P 6.8 7.0 6.4
. | Dissolved Solid mg/] 246 242 I 244
7. | Suspended solids, mg/] 46 SE] ( 46
8. | Total solids mg/l ' 202 286 290
9. | Total Alkalinity mg/l 195 192 174
10, | Total Hardness mg/l CaCOs 154 146 136
11, | Caleium Hardness, mp/l CaCO;y 98 05 - 117
2, | Magnesium Hardness, mg/l CaC0; 56 51 19
13. | Chloride, mg/l C1 95 6 67
14. | Nitrate, mg/| 0.75 0.74 0.74
15. | Total Iron, mg/l Fe 1.50 1.20 1.20
16, | Manganese, mg/l Mn ND ND ND
17. | Sulphate, mg/l S5O, 17.5 17 16.8
18. | Phosphate, mg/PQ, 0.5 0.4 0.45
19. | Fee Carbon Dioxide mg/l CO; 25 23 24
20, | Dissolve Oxygen mg/1 Oy 4.6 4.8 4.6
| 21. |Bio. Chem. Oxvgen Demand - - -
{(BOD} mg/L Oy
22, | Chemical Oxvgen Demand COD - - -
mg/l Oy l
23. | Silica as 50y, mg/l SOy Traces Traces Traces It
24, Organic Matter mg/] C - - - ]




Table 4.3: Staff Gauging of Ala River for November, 2001 to April, 2002 at Station |

s

Mean Daily Staff Readings (cm)
D8y ' Jovember 01 | December 01 | January 02 | February 02| March 63 | Aprl 02
{em) {em) {cm) {cm) {em) {em)
1, 11.0 6.8 50 4.0 4.5 4.0
% 12.3 8.0 2.0 8.4 53 5.0
3 12.2 7.8 1.5 6.0) 64.0 33
] 6.9 7.8 1.0 7.1 245 3.5
5. 9.0 7.3 1.0 4.1 10.5 1.5
6. 12.4 7.8 25 8.4 29.5 25
7 14.7 6.5 0.5 6.0 430 2.5
3 17.4 10.0 0.0 25.5 17.5 375
0, 18.7 6.5 0.0 17.0 9.0 25.0
10, 16.3 6.3 0.5 13.0 23.0 4.0
1L 18.5 5.7 0.0 8.5 13.5 3.
12; 32.3 53 0.0 75 24.0 3.5
13, 30.7 4.3 0.0 6.5 13.0 415
14, 285 43 0.0 f.5 13.0 60.0
15, 25.3 5.5 (.0 6.0 1.0 62.5
16. 185 53 0.0 29.0 26.5 52.5
TT: 178 48 0.0 27.0 375 15.0
18, 153 45 0.0 28.5 6.3 10.0
19, 14.0 4.8 0.0 14.0 41.0 103.00
20. 11.5 4.8 1.0 13.0 64.0 34.5
7. 11.3 6.8 34 12.0 4.5 87.5
2L 12.5 B.0 258 10.0 10.5 552
23, 15.5 7.8 3.1 9.5 6.0 35.4
24, 155 7.8 2.5 10.0 6.5 30.8
25, 11.9 7.3 20 7.0 26.5 32.6
26, 12.7 7.8 2.0 5.0 255 226
27. 10.5 6.3 5.5 5.0 12,0 20.0
20 114 10.0 4.0 8.5 10.0 15.0
29, 10.5 0.9 35 435 100 12.0
30, 1.7 8.8 45 & 43 13.5
31 - 8.3 4.5 - 5.3 -

o i




Table 4.4: Staflf Gauging of Ala River for May, 2002 to October, 2002 at Station 1

£

Mean Daily Stafll Readings (cm)

May 02 June 02 July 02 August 02 | September (2 Oictober (12

(cm) (cm) (em) (cm) (cm) (cm)
1. 14.1 55.5 14.2 85.3 65.0 5.0
2. 15.1 76.0 80.5 1379 60).1 20.1
3, 110 82.6 1133 107.7 55.2 12.7
3, 10.0 54.7 60,6 952 453 47.7
5) 9.6 140.5 52,6 90).1 39.3 50.0
6. 9.1 177.8 48.1 120.2 52.8 18.8
T 8.3 67.6 37.8 100.1 72.8 187.6
3 8.1 13.4 18.1 952 70.2 180.4
9, 6.6 9.9 10.4 72.9 90,1 0.5
10. 5.3 5.7 62.1 50.1 69.1 75.1
11, 85.3 7.2 12.6 200.5 120.0 95.4
12. 46.6 49.7 825 976 100.2 140,
13, 40.6 19.6 37.6 185.3 83.0 130.1
14, 79.6 1.6 20.7 117.6 215.0 80.2
15, 8.7 9.4 28.0 1503 2452 7.7
16. 294 1575 ' | 130.1 195.1 1553 52.8
17, 19.0 93.0 1229 102.7 92.7 25.5
18, 16.1 107.7 172.8 75.2 112.7 15.2
19, 0.8 1483 193.1 85.5 927 16.2
20, 14.3 100.2 1352 746 160.2 20.0
. 20.6 786 170.1 82.6 225.2 16.5
97 32.7 37.1 187.7 110.4 262.6 54,7
23, 37.00 229 120.4 115.1 302.5 335
24, 15.4 44.1 105.0 62.6 3026 36.5
25. 74 67.7 67.8 30.2 280.0 42.1
26. 7.6 43.0 62.7 130.0 250.1 75.1
57 50 35.1 40.4 90.5 255.2 95.4
28. 4.6 172 43.0 117.7 200.4 185.2
29, 57 13.1 578 101.6 160.2 185.1
30. 49 11.7 48.1 75.1 170.3 9.0
31. 52 = 49.1 704 165.2 51.8
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Table 4.5: Stall Gauging of Ala River for November, 2002 to April, 2003 at Station 1

Mean Daily Staff Readings {cm)

Hey November 02 | December (2 | January 03 | February 03| March 03 | Apnl 03
icm) fem) (02) (cm) {cm) {cm)
l. 12.8 1.0 0.2 52 6.5 4.0
2: 10.3 10.2 15.3 5.1 52 3.5
k% 53 10,1 20.2 50 5.2 4.0
4. 0.5 12.8 20.4 5.2 51 25
e 48.0 11.7 15.1 4.5 5.0 2.5
6. 117.6 15.3 12.8 4.0 5.0 4.5
T, 62.7 12.5 10.3 4.5 5.2 4.5
E. 40.3 11.5 15.7 5.1 5.0 3.0
9. 325 10.5 12.7 4.7 3.1 5.2
10. 3.7 12.3 10.2 4.5 .l 4.6
1. 32.8 15.5 10.2 5.1 1.7 4.0
12, 552 15.5 10.1 3.0 1.7 3.0
13. 63,1 11.9 10.2 4.6 3.0 7.7
14. 35.2 12.7 10.4 15.2 5.0 5.1
15 40.0 10.5 20.4 1.6 5.0 5.0
16, 17.9 11.8 15.1 -7 5.0 5.1
17. 12.8 12.3 10.4 17.8 5.0 12.7
[8. 15.0 12.0 7.6 70.4 0.1 12.9
19, 10.7 11.9 13.5 22,6 10.2 1.7
20, 10.5 14.5 10.2 ¥i3 2.6 252
21, 1.6 14.1 1.7 5.0 1533 22,7
22. 79 148 7.8 4.5 10.4 12,6
23, 127 12.8 7.0 4.5 10.1 7.8
24, 15.1 12.4 74 52 7.6 153
25, 17.7 10.5 T:9 5.1 a2 15.2
26, 12.7 131 1.6 3.5 5.1 fi]
27. 10.0 14.8 1.6 335 5.0 3.0
28. 12.7 12.6 18 4.5 10.6 1.6
25, 10.1 14.5 75 - 10.3 3.0
30. 12.6 13.8 92 - 10.3 4.0
3, 10.7 13.0 10.2 - 5:1 3.0

.




Table 4.6: Staff Gauging of Ala River for May, 2003 to November, 2003 at Station 1

Day Mean Daily Staff Readings (em)
May 03 June 03 | July 03 | August 03] September 03| October 03| November
{cm) {cm) {cm) (cm) {cm) (cm) 03 {¢m)
23 77 40.4 37.7 152 30.0 99.()
X 2.0 7.9 1023 428 127 252 57.2
3 1.0 7.7 7.6 62.9 17.6 275 67.7
4, 1.0 6.6 25.2 37.6 17.5 34.0 122.7
5. 4.0 5.1 20.1 202 17.7 47.0 83.1
3 30 5.0 227 27.6 15.2 51.5 50.5
7. 40 5.1 479 27.6 15.0 71.5 584
i 3.0 7.2 72.7 17.6 10.4 05.3 67.6
9, 2.5 10.2 42.7 352 17.7 162.5 527
10, 25 5.1 252 228 26.0 172.5 450
1. 10.2 5.2 40,1 10.4 20.2 1425 50.0
12. 7.6 5.1 25.3 12.6 58.2 148.2 527
13. 5.1 5.0 15.1 20.1 576 192.5 60.3
14. 5.0 5.0 54 15.3 437 2055 73.0
15, 43 17.7 35.2 i7.7 327 90.1 576
16, 4.6 12.7 22.7 73.6 311 119.5 50.1
17. 5.2 5.1 105.2 60.1 37.0 2.6 45.0
8. 5.1 53 82.7 352 426 67.6 429
14, 4.5 53 47.7 100.2 33.0 650 : 45.0
20, 110.3 12.8 72.8 51.6 53.2 135.1 40.0
21, 102.6 55.2 130.2 75.0 36.2 78.0 370
T 30.2 40.3 1552 752 40.5 107.5 R0
7, 10.2 0.3 175.3 526 30.2 B7.6 40,1
24, 52 70.4 753 37.7 20.4 70.1 400
25, 17.7 72.8 55.1 67.6 32.6 69.0 39.1
26, 7.8 379 903 50.1 54.0 57.6 39.0
2, 7.8 375 1127 37.7 50.1 58.1 329
28, 5.1 20.3 826 20.1 48.6 71.5 36.5
29. 5.0 17.9 152.6 22.6 38.5 80.1 25 |
30. 10.3 18.1 65.1 0.2 39.5 655 15.0
3 . 149 . 17.7 28.0 y >
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Table 4.7: Mean monthly staff gauges for Ala River at Station 1 for November, 2001 to
November, 2003

Maonths Mean of the Monthly Staff Gauges (cm)
November - 01 15.54
December - (1 .84
January — 02 1.69
February — 02 12.3
March — (12 20006
April — 02 26.66
May — 02 20.07
[ June — 02 58.68
July - 02 78.20
August — 02 104.02
September — (2 147.43
October - 02 T2.47
November — (12 2554
Pecember — (02 , 12.63
January — 03 11.21
February — 03 8.75
March — 03 711
April - 03 T35
May - 03 12.97
June — 03 18.11
July =03 66.10
August — 03 38.85
September — 03 32.66
Crctober — 03 89.78
Movember — 03 52.01

B



This shows a value of 6.84cm, 1.6%cm and 12 3em for December, 2001, January. 2002
and February, 2002 respectively. The figures were 12.63cm, 11.21cm, and £.73cm for
December, 2002, January, 2003 and February, 2003 respectively. This indicates a pattern ol
low flows in December of a particular year through January. to February of the following year,

In the year 2003, low mean monthly values of 7.11em, 7.35cm and 12.97cm were
observed in March, April, and May respectively. This is possibly due to the [act that year 2003
was a relatively dry year giving a peak mean monthly staff reading of 89.78cm in October of
that vear compared with a peak value of 147.43¢m in September, 2002,

Fig. 4.2 shows the graphical representation of the mean monthly staff gauges at the
gauging station for the entire gauging period. The resulting hydrograph has been fitted with &

sinusoidal curve as shown below:

y = 37-‘-5‘.5{ sin 2 i]l‘rz;:ﬂ+ E]

Where n is the number of years and t is the number of months with January to
December taking values of | to 12 respectively. The amplitude 37.88 is the mean of the mean
monthly staff gauges in the whole 25months gauging period.

The fitted curve can be used for the prediction of staff gaupes and discharges in
subsequen! vears in the absence of additional data. Besides, there is-a reasonable measure of
correlation between the actual curve and the fitted curve as given by a correlation coelTicient of
+0.74 and a coetTicient of determination of 0.35 as obtained using a Microsoft Excel Software

Programme, However, the detail of the computation is as given in appendix 1.
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4.5

4.6

Rating Curve

Fig4.3 shows the layout of the cross section of the stream channel at the gauging
station which is by the upstream side of the bridge linking the northern and southern parts of
the estate. Table 4.8 shows the computation of the discharges against the staff gauges, In the
table, surface velocity was taken as 1.2 x mean velocity as proposed by (Linsley et al, 1982).
At any gauging height, Q was obtained by multiplying the area of the respective segments with
the associated mean velocities and summung up at that level.

Fig. 4.4 shows the plot of the staft pauges versus the discharges. A smooth curve
through the plotted points gives a rating curve for River Ala at the gauging station. The

cquation of the rating curve i3 governed by the exponential function
0 =5307(h-02378) """ The development of the equation is shown is appendix I11. Table

4.9 shows the comparison of the values of the actual computed discharges and the values
obtained from the fitted curve.

The coefficient of correlation between the acteal discharges and discharges obtained
from the rating curve is +1.00 while the coefficient of determination is 1.00. This shows near
perfect fit of the equation to the observed data and guarantees the accuracy of the prediction of
discharges at various depths at the gauging station. The coefficient of correlation may be

obtained from a simple excel programme but the development is shown in appendix [V,

Ala Stream Corridor

Fig. 4.1 shows that at least 100 plots are adjacent to River Ala within the Estate. The
30 metres minimum offset given for each plot is suitable for fish pond development,
Throughout the Estate, there were only two fish ponds within the premises of an aw man. His

premises 15 always evergreen with many crops like plantain, bananas, oil palm and cocoyam.

<30
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Table 4.8: Variation of Discharges Q(m’/s) with Stall Gauges (m) at Station 1 Along Ala River.

H(m) |L(m) t(s) A (m) L Q=A*V (m's) | Q(m's)
T 1.2
74 11.6 0.230 0.53 0.12
74 11.4 0.700 0.54 0,38
74 9.9 0.840 0.62 0,52
0.4 74 10.9 0.252 057 0.14 .17
74 18.1 0.532 0.34 0.18
74 76 0.124 0.81 0.10
74 6.9 1.100 0.89 (.08
74 6.9 0.630 0.89 0.56
0.6 74 193 0.175 0.32 (.06 .58
74 12.8 1.012 0.48 0,49
74 10,9 1.640 0.57 0.53
74 10.9 1,500 0.57 (.83
74 13.5 1030 0.46 047
74 14.2 0.595 0.43 0.26
0.8 74 67.3 0.180 0.09 0.02 3.01
7.4 43.5 0.380 0.14 0.05
74 15.7 0.043 0,39 (1,39
74 13.0 1.430 0.47 (.68
74 11.9 1.800 0.52 0.98
74 10.9 1.412 (.53 BE
74 11.7 1.412 0.53 0.74
| 1.0 74 o 0.16 0,00 0.00 4.01
7.4 s 0.480 0.00 0.00
74 12.1 1.810 0.51 0.92
m 174 10,9 2,440 0.57 1.38
7.4 1.9 2,300 0.52 1.19
74 12.8 1.830 0,48 (.88
- 74 14.0 1.400 0.44 0.62
BE 74 411 0.580 0.15 0.09 508
74 16.1 0,780 0,38 0,30
74 15.1 1.800 0.4] 0.74
74 142 2330 0.43 0.97
74 12.5 2.700 0.49 1.33
74 12.5 2840 0.49 1.4
7.4 13.7 2210 0.43 0.99
i 7.4 15.7 0.880 0,30 0.35
1.4 7.4 = 0.110 0.00 0.00 6.08
74 20.4 0.430 0.21 0.09
74 15.8 1.280 0.39 0,50
74 14.0 3610 0.44 115
74 12.3 3.240 0.50 1.62
74 137 3.100 0.45 140
74 14.0 2.630 0.44 1.16
7.4 15.0 2.200 0.41 0.90
1.6 74 15.4 0,980 0.40 0.39 7.21

= 3=




Him) |L(m) t{s) A (m?) ¥ Q=A*V (m¥s) | Q(ms)
12
74 44.0 1.180) 0.14 0.17
74 15.0 2600 0.41 1.07
74 143 3.000 0.43 1.29
7.4 134 3.500 0.46 1.61
7.4 11.9 3.640 0.52 1.89
74 13.4 2.710 0.46 1.25
74 15.4 16810 0.40 0.67
7.4 15.8 0.830 0.39 0.32
T4 18.7 0.300 0.33 0.10
1.8 74 " 0.100 0.00 0.00 8.37
74 w 0.730 0.00 0.00
74 11.0 0.700 056 0.39
T4 12.3 1.230 0.50 0.62
7.4 12.3 2.080 0.50 1.04
T4 12.1 3110 0.51 1.58
7.4 9.8 1.040 0.63 0.65
7.4 12.1 3.900 0.51 1.58
74 12.8 3.400 0.48 1.64
74 14.0 3.000 0.44 1.32
2.0 74 34.3 1.380 0.18 0.25 9.49
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Discharges Q (m’/s)

Fig. 4.4: Rating Curve of Ala River at Station 1




Table 4.9: Comparison of the actual computed discharges with discharges from the fitted

exponéntial function at various heights at the gauging station.

Depth Actual Discharge Discharge From Fitted Curve
(m) (m/s) Q=5.307 (h - 0.2378) "1
(m'/s)

0.4 1.17 0.83

0.6 1.88 | 88

0.8 3. 295

1.0 4.01 4,02

1.2 5.08 5.01

1.4 608 6.19

1.6 1.21 T.28

1.8 8.37 8.37

2.0 949 | .47
Correlation Coellicient = +0.9993% = +1.00
Coefficient of Determination = 0.9986 = 1.0G

o L



According to him, he is poing to improve the ponds based on the general
encouragement of government though the provision of fingerlings at subsidized rates.

It was discovered that there were no swimming pools, recreational centres, reception,
and youth centres throughout the estate. Meanwhile, the Landlords Association was said 1o be
looking at the possibility of having a recreational centre with the support of the government.

The Ala stream corridor provides a lot of opportunities for providing land area for such
purposes. The impact of having about 50 fish ponds within the Estate will not only put more
animal protein on the tables of residents but will have a better economic, social, recreational
and employment opportunilies on the residents while providing a greener environment

especially in the dry seasons.
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5.1.1

CHAPTER FIVE

DESIGN OF WATER SUPPLY SCHEME
PROCESS DESIGN

Estimate of water demand
The total number of developed plots is 949 plots which is about %0% of the entire plots
in the estate. At an average of 7 persons/plot, total present population = 949 x 7 = 6643

persons. At an annual growth rate of 2.53% per annum, the population in the year 2024 shall be
Pags = 2,1+ 0.025)7

= ﬁﬁ43{] .1'?25}3} = 10,886 persons
Vg = 10,886x0.12 = 1306m" / day

¥ = 6643x0.12 = 797.2m" [ day

Freicni
For 8hrs of pumping day at present

0= -F“'?E'_E =99.65m' [hr

For 13hours pumping/day in 2024

0= % = 100.4m [ hr

Design discharge Q= 100m’/hr

Sedimentation Tank Design

Total inflow into sedimentation tanks Q= 100m’/hr,

Using two tanks to allow for allernate cleaning of tanks,

flow though each tank =g = 50m’ [hr

Assume L:B=2.0to 1.0 (T'wort, et al, 1985)
Detention time D. T, = 2hrs. (Twort, et al. 1985)

0

Settling velocity surface loading V= T

Where b = width of sedimentation tank
e



L. = length of sedimentation tank
¥V =1.0m/!hr (Twort, et al, 1985)

_s0
bl

1

Horizontal Velocity ¥, =% (Twort et al, 1985)
Where

d = effective depth of sedimentation tank

3 = discharge through sedimentation tank

b = width of sedimentation tank.

Wy 18 in the range 4-36m/hr (IRC, 1981)

Assume Yy = Sm'hr. for full utilization of tank.
S0
§=—
Sxil
d=20m
Assume a freeboard of 0.3m and a siudge depth of 0.5m
Height of Tank H =2.04+03+0.5

H = 28m
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5.1.3  Filter Design
For a typical local sand filter medium, sand of effective size 0.95mm and uniformity

coefficient of 1,58 could be used (Fakave and Omoya, 1984).

Where effective size Dy is the sieve size through which 10% of the material passed.

And uniformity coefficient I, = &
1]

Sand Range = 0.5 to 1.5mm (Twort et al, 1985).
And Ue = 1.5 10 2.5 (Twort et al, 1985)

For Rapid rate gravity filter,

surface loading V = %

Where () is total inflow into the filter and A is surface area of filter
Assume two filter units
v = 4m/hr. (Twort et al, 19835)

A= E =12.5m"
4

L=B=4125

L=8=35m

Water depth above filter = 1.0m
Freeboard = 0.3m

Sand bed 0.75m

Gravel bed (inclusive of filter under drains)
- (0.45m
Gravel size range = 5 — 60mm. (Henry and Heinke, 1989)

Total depth h=2.5m. This is okay (Henry and Heinke, 1989)
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514

Backwashing
Upward wash water rates = 0.5 to 6.5mm/s (Twort et al, 1985)
- (1.8 1o 23.4m/hr.)

Assuming a rate of Sm‘hr.
Area of each filter = 12.5m”
Q = 62.5m"/hr.

This ) shall be supplied by the backwashing pump.
Chlorination Chamber
Assuming a chlorine demand of 1.5mg/l and & chlorine residual of 1.0mg/1
This scheme being a small one, chlorine is to be obtained from Hypochlorite (HTH)
supplied in drums.

This containg about 60 - T0% availahle chlorne.

g = L00m’ /.
Kg = | Liwes of water treated x 2.5mg ofchlorine x _k
Day at maximum daily flow rate 1 litre Ix10"mg

(Henry and Heinke, 1989)

Taking maximum daily rate = 1.5 x average daily rate (Henry and Heinke, 1989}

Required Chorine =1306x1,5x107x 2278 %8 = 4.90kg/day
litre  1xlOmsr

At the present population, the actual quantity

2.5mg 7 kg
Witre  1=10"mg

required per day = 800x1.5%2.5x10" x

= 3kg/day
These values may be altered depending on the raw water qualities,

Total mass of hypechlorite added now
3
= =8 {Ix
.6 N
And at 2024, mass of HTH/day

B

5
=817
‘ g

=

=40 -



Q = 100m” hr.

v = QxDT.
1000 = % =33 3m’
IfTH = 2.0metres

Consider 2 tanks for ease of dosage and mamtenance.

4=323 1685
K

L=8=41665 =4.08m

Freeboard = (1.3m
Dead storage = 0.3m
H = 2403 +03 = 2bm

This unit may be optional in as much as adequate detention time of more than 20minutes would be
enhanced in the chlorination chambers.

The schematic diagram of the proposed water treatment plant is shown in fig. 5.1
5.1.7 Ground Level Reservoir

For Q= 100m'hr

For 12 hours reserve

V = 1200m’

Dimensions of proposed reservolr are:

h = 7.0m; free board = 0.5

1'-"=HI‘21'I
- I*_ - 1200
mh mx 7.0

Provide r=T7.5m

3 B



INTAKE/LOW LIFT
PUMPING STATION

IMPOUNDMENT
RESERVOIR

COAGULANT

l

RAPID MIX| FLOCCULATOR

-

Q= 50m’/hr Q = 50m’Mhr
L=235m D.T. = 30sec 5 3
B =2.5m 2 UNITS S e [ p——
= 5 H =3 0m Jd.= minuies
V = 097,050m 2 1INITS
SPILLWAY 2 UNITS
0= 15m'ls
CHLORINE AND
O FLUORIDE
SEDIMENTATION . FILTER . DISINFECTOR . DISTRIBUTION
BASIN SYSTEM
L=B=354m Q = 4.9kg/day
L=100m H=25M L=B=4.08m
B=5.0m Q= 30m’/hr | UNIT
H=28m 2 UNITS
D.T. = 2.0hrs
@ = 50m"/hr
2 UNITS

Fig. 5.1: SCHEMATIC DIAGRAM OF THE PROPOSED WATER TREATMENT PLANT.



3.2

5.2.1

3.2.2

STRUCTURAL DESIGN AND OTHER DESIGN CONSIDERATIONS
Structural Design

The structural design of the reinforced concrete reservoir and other water retaining
structures are all given in the Appendices VA and VB. Relevant references for the designs are
given in the relevant segments of the design calculations.

Radial and tangential moments were considered [or the circular reservoir roof while
ring tension and bending moments were considered for the circular reservoir wall. Shear
considerations were also taken care of in the designs.

The rectangular surface tanks were designed based on bending moments and shear
lorces imposed by hydrostatic forces from the water when the structures are full. When [ull,
the passive resistance of supporting earth was ignored. When empty, minimum reinforcement
was provided as the depth ol embedment of the tanks were relatively small without any

significant moments on the structures.

Water Reticulation S}r.stem

The pipe network analysis involves the determination of the pipe flow rates and
pressure heads which satisfy the continuity and energy conservation equations.
L) Continuity:

I=NP ()

>0,-FE=0,J=1,N (1)

=1
Where () = Flow rate in pipe 1J at junction 1

NP{I}) = No of pipes meeting at junction J
Fy = External flow rate (out How at J)

MNJ = Total no of junction in the network.

3



(i)} Energy Conservation:
J = NP(I)
Nhy b -H, =0, =1, NL
J=1
Where:
h, &F = Head loss in pipe J of loop 1
H_ . = Manometri¢ head generated by a pump in line 1.1,

These equations are non linear and are thus solved by interactive means.

The Darcy-Weisbach equation is given by:

(3

Where h, = Friction loss in metres.

L = Length of pilp-e {metres)

D = Diameter of pipe (metres)

A = Cross sectional Area of pipe (square metres)

() = Discharge in pipe {cubic metres)

Vo= Velocity of water flow in pipe (metres per second)

g = Acceleration due to gravity (metres per second squared).

f = Frictional factor and is a function of Reynolds number Re and the relative
roughness f‘{)

e = roughness of pipe.

The Colebrook-White equation is of the form

i

1 e 0.35
———=1,14 - E[“Eh:- B el ] {4) (Larock et al 2004}
L D {\RE_IU.:'}

1 (¢ 7.3434728KD
——=1.14=2l0g | = + =
.J,-u.s meﬂ +I-E‘5’j‘ ]
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Whers Re = Irf'E: 4i =1.27324 Q
v (2ud) (D)
. 64 L il
For laminar flow [ = - = 8 -—r = §1 487 —
Ll [=3 ¥D) 0

Equations (3) and (4) are solved simultaneously for Ir and [ through computer
iterations, This method of analysis based on a2 computer visual basic programme was used [or
the water reticulation system for Oba-lle estate.

The rising mains and the distribution network of pipes for Oba — Ile estate are shown in
fiz. 5.2 while the computer programme and the cutput from the computer programme are given
in appendix V1. Appendix VII shows the high lift pumps head calculation and a sample
pipeline profile is shown in Appendix V11
Raw water Requirement.

A small earth dam is required to impound water from a stream when the available water
flow from the stream is unable to sustain demand on regular basis through out the year. The
impounded raw wat::rl volume must take account of infiltration, evaporation, treatment,
transmission and other unaccounted losses as well as the dead storage.

The dead storage is to allow for siltation, of the impounding lake overtime, prevention
of mud into the intake, and the preservation of aguatic life.

A fair estimate of the raw water impoundment required is made as follows:

60days velume requirement in 2024 = 78,360m’

Losses

i Infiltration (3%) 3.918m’

ii.  Evaporation (5%) 3.918m’

iti. Treatment. transmission and other unaccounted losses (234%) 1.959%m’

iv Dead storage (10%) 7.836m’
Total raw Water Capacity required in 2024 95,991 m’

This volume may be impounded at modest flows in less than 4 days.
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The details of the computations of the impoundment capacity of the dam are shown in

Appendix [X.

524 Earth Dam Design Considerations

5.2.4.1 A dam must satisfy the stability requirement and prevent piping, seepage or leakages through it

(1

(2)

(3

4)

5.24.2

in its entire life span. The following elements are very important for the overall safety, stability

and functionality of the dam.

Impervious Clay Core: This may not be less than a width of 3.6 metres. if enough working
room is to be provided for machines and equipment. They must be considered for stable clay
compacted at optimum moisture content to the maximum dry density. A practical clay core

width for small earth dams is 6 melres.

Embankment: The upstream slope (horizontal to vertical) for envisaged materials for the dam

i5 2.5:1 and a downstream slope of 2.0:1.

Protection of Embankment: At the upstream side, dumped rip-rap well positioned, keyed in
place and of sizes 200mm to 5300mm shall be placed to protect the upstream against wave
action and erosion while the down stream embankment shall be protected by grassing to

prevent erosion,

Approach to spillways, stilling basing and dam toe: The approach to spillways, stilling basin
and the toe of the dam shall be protected by dumped rip-rap properly placed and rammed.
Geophysical Investigation and Soil Stodies: The design as well as the construction of any
dam must be preceeded by detailed peophysical and soil study. This will provide useful
information on the impervious nature of the underlying strata, presence of faults (il any) and
the possibility of the reuse of excavated materials

For earth dams, it is actually the characteristics of the soils from the site or approved
borrow pits that will determine the slope of the embankment. Besides, the outcome of the

studies is important in the derivation of the cost component of the project as haulage
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consideration significantly affect the cost of earth dams. The earth dam and spillway design
considerations are given in Appendix X.
The layout of the dam and the vertical section through the proposed earth dam and its

spillway are given in appendices X1A, XIB and XIC respectively.
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6.1

CHAPTER SIX
COST ESTIMATES E =

The total cost of the project as conceived is One Hundred and Twenty Five Million,
Eight Hundred and sixty four thousand, Four Hundred and Twenty Four Naira Sixty Five Kobo
Only, This cost appears staggering but a breakdown of the cost and the proposed phases of

exccution show the following;

1.0 Headworks 11,167,500.00
2.0 1200m’ Ground Level Reservoir 7,195,615.00
3.0 Treatment and Pumping Plant 15,000,000.00
4.0 Pipelines 717.474.500.00
Subtotal 110,837.615.00
Add Consultancy fees (3%) 3.325,12845
Subtotal 1 114,162,743.45
Contingencies {5%) 3,708,137.17
Subtotal 3 119,870, 880.62
Add VAT (5%) _ 5.993.544.03
Grand Total 125,864,424 65

Further details are shown in Appendix XII.

The above cost is for a normal contract through competitive bidding with provision for
design, supervision and reimbursable expenses. The cost of the pipelines is about 60% of the
proposed project. This is because the design assumed that water will be provided 24 hours per
day on year round basis and that the water distribution pipes would be laid to the frontage of
each building for easy connection there off. A honest direct labour implementation of the
project may bring cost down by at least 25%.

In practice, the Nigerian Government appear to lack the will to provide fund and
logistics for water supply projects to be implemented for all communities in the country on
such basis, Even when there is a better disposition, paucity of funds had always taken its toll
on the projects. The good news however, is that for Abuja and other such sensitive areas,

Government strive to make potable water available on a continuous basis.
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6.2

6.3

Possible sources of fund

The following sources of funding of the project are proposed.
(i} The Landlord Resident Association
(i) Akure North Local Government Area.
(iii)  Ondo State Water Corporation
(iv)  Ondo State Ministry of Works Lands and Housing.
(vi  Ondo State Ministry of Agriculture.
(vi)  Federal Ministry of Water Resources,

{vit) Federal Ministry of Agriculture.

Important note

In practice, more work is required before arriving at the estimated tofal cost of the
project. This is in the area of soil. peotechnical and geophysical investigations as well as
contouring. The results of these investigations more often than not affect the design and the

overall cost of the project,

.



7.1

CHAFPTER SEVEN

CONCLUSIONS AND RECOMMENDATIONS

Conclusions

1.)

)

4.

3.)

)

1)

There is & need for a separate water supply scheme based on surface water abstraction
from Ala River for Oba-Tle Housing Estate, Akure,

Ala River, if properly utilized could provide potable water supply for Oba-lle Housing
Estate, Oba-lle Community and even major parts of Akure because the raw yield in 2
months would not be less than 2,500,000m’. This is about 25 times of Oba-lle Estate
gross raw water requirement for a dry scason.

The exponential function Q = 5.307(h — 0.2378)""'® could best approximate the rating
curve of Ala River at the gauging site and as such could be used for the Mood prediction

of Ala River within the estate.

The developed series model given by the function y=3?.EE£SEHEE-M+IJ

may be used for the predication of water depths and thus the discharges of Ala River at
any desired period in the absence of additional data.

A central sewage treatment plant could be designed and constructed by Government for
the estate. This is because collection would be easy since virtually all households have
water closet systems. The sewage plant could also have an integrated biogas plant 1o
generate cooking gas for the residents.

some basic construction materials like nver sand and granite chippings could be
prospected within the estate for the works.

The Ala River comridor is useful for agriculture, fish farming ,wildlife, habitat, likes
development and the development of tourism, youth centres. recreation centres, as well as

flood prevention and erasion centrol.
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7.2

73

Recommendations

Based on these studies, it is recommended that:

i

A scparate water supply scheme based on surface water abstraction from Ala River
within the Estate should be provided for the Oba-lle Housing Estate.

The service reservoir should be founded on solid rock at-a high relief to provide the
desirable pressure head to support the reticulation system.

Further studies should be carried out on the sewage system for Oba-Ile Estate with the
tocus of developing a biogas plant to supply cooking gas for the estate.

Further works should be camied out on the soil strata of the impounding lake area to
determine its reliability for the impoundment of raw water without excessive infiltration
or deformation.

Further works should also be carried out on the stafl’ gauging of Ala River so that
enough statistical records could be available for a better prediction of the hydrological
and hydraulic characteristics of Ala River.

Dry season farming, fish ponds, coconut and oil palm plantations as well as recreational
facilities including swimming pools should be developed by Government in
collaboration with the landlord association of the estate along the Ala stream corridor.
Employment could be generated for the vouths and elderly alike while fund could also

be generated for further development and security of the estate,

Contribution to knowledge

1

- \
The mathematical model given by the time series y = ET.EELSM%LE{IIH +14T)+ I!J

developed for river Ala at the gauging location may be used to predict the staff gauges
of river Ala at desired periods of time.

The rating equation given by Q= 5.307 (h - 0.2378)""™"" developed for river Ala at the
gauging site may be used to predict flows for water supply purposes as well as for the

construction of hydraulic structures like spillway, culverts and bridges across the river,
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The studies shows that at the gauging site, River Ala may not be perennial in contrast to
the widely held belief as flows in the middle third of February, 2006 was nil.

With an average of three (3) water closets per sampled population of seven persons per
household, facael disposal within the Oba-lle Housing Estate appears effective.
However, the relative locations of the soak away systems to the wells may require

improvement to prevent contamination.
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APPENDIX I: QUESTIONNAIRE ON WATER SUPPLY/SANITARY DISPOSAL FOR OBA-

ILE HOUSING ESTATE, AKURE.

1)

i)

3.

4.

8.)

b.)

0.}

a.)

b.)

d.)

BRRREIET ovcncsarsscpnr o s P A s O P RN sy sisass comsassssammantans
Address (Nomber and SEIreet) i i i innsi s b iass esaads basiaad
Type of House

i.} Flat ii.) Duplex iii.) Face-me-face you | iv.) Others

3 Bed Room[ || NoofRooms [ ]| NoofRooms [

4 Bed Room[ ]

Population
a) Number of Women [
b.) MNumber of Men | —

e Number of Children [

Sources of Water Suppi.y

i, PublicTap ] ii. Borehole [ ] iii. Well Water [ 1
iv, Rain Water [___J v, Others (Specify) ]

How frequent is public tap running?

Everyday ] Onceaweek[ 1 Onceamonth ] Mever[ 1

Domestic Water Use

Drinking water i. Bottled water ] ii. Tap water ] iii, Well water[—____]
iv. Water in nylon packs (pure water) [

Type of Toilet

i Pit toilet [ i W.C.L—1 i, Others (Specify)y [

Mumber of Toilets ]

Type of Bathroom

i. Bath-mb 1 ii. Shower 1 iii. Others (Specify) ]
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&) Number of Shower

f.) Do you have Swimming Pool? Yes [ No [

2.} If Yes, Capacity [____]

7.0 Other Uses of Water
i. Commercial 1 i, Industrial [ 1 iii. Watering of Lawn |

iv. Gardening [ v. Poultry [ 1 vi, Piggery [__1

8)  Type of Storage
g.) Type of tank{s)
1. Owverhead ii. Underground 1i. Others (Specify)
b.) Capacity of tank
i 100gal, [—1 i, 200gal, [—1 iii. s00gal, [
iv. 1000gal. 1 v, 2000gal, 1 vi. Other (Specify) 1
c.) Make of tank

i. Plastic 1  ii. Metal, Galvanized Iron ] iii. Concrete ]
9.} Do You Want Government to Give Water? YesL 1 No T

10} Do You Want a Separate Water Supply System for Oba-lle Housing Estate?

Yes 1 Ne 1

11.)  What Type of Water Supply System Do You Want from Government?
1. Borehole ] ii. Tap Water [ iil. Well Water ]

iv, Others (Specify) [
12.) Do You Have Permanent Storage for Rainwater Yes—1 wNo [

13,0 What Tyvpe of Rool Covering is Your Building Made of?
1. Aluminium Covering[—_]  ii. Ashestos Cement ] i, Brick Tiles—1]
iv. Corrugated Iron ] v. Others {Specify) ]

-Hi -



14.}

16.}

.}

b.)

c.)

17)

18.)

Are You Willing to Pay Your Water Bill Promptly if Connected to Public Water Supply.

Yes 1 Noe [ 1

How Much Will You be Willing to Pay”

i w150 ] i, w250 1

How Do You Dispose Your Solid Wastes?

Rubbish.

i. By Subscribing to the waste Management Authority Services [ |

i, By taking to a dunghill[_____1] iii. By Burning[—1  iv, Others[—_]
Liquid wastes (Kitchen wastewaters) 1

% Released directly to the environment =7

i, Released to a soak away —1

il. Central sewage disposal system —

Faeces Disposal

i. Bushring (Pit toilet) ] il, W.C.system [ ]

iti. Is a central waste disposal unit required. ]

Are You Willing to Get Connected to a Functional Sewage Disposal System
ves L1 Ne [

Would You Pay for Such Services if Provided by the Government

Yes [ Ne [

-] -



APPENDIX 11:

COEFFICIENT OF CORRELATION OF THE MEASURED TIME SERIES VERSUS THE

FITTED CURYE
X, Y; X;-X ¥i—X X =-X)Y;-Y)| (X-X)"2 | (Y,-Y)"2
37.880 15.54 0000 -22.34 (.00 (. k0 494 ()76
18,940 6.84) -18.940 -31.04 587.898 358.724 963 482
3076 .69 -32.804 -30.19 1187177 1076.102 1309.716
o000 12.30] -37.8%0 -25.58 968.970] 1434894 634336
5.076]  20.06] -32.804 -17.82 584.567| 1076102 317.552
18.9440) 26.66) -18.940 -11,22 212.507 358.724 125,888
37.880) 2007  0.000 -17.81 0000 0,000 317.196
56.820]  s5%.68]  18.940 200,80 393.952 158.724 432 640
T0.6854 TE20] 32804 40,32 1322.657 1076102 1625.702
75.760 [04.02] 37,8850 . 14 2505.383 1434 894 4374500
70,684 [47.43] 32.804 109.55 3593.678 10761021 12001203
56,820 7247 18940 34,59 G55.135 358.724 1196468
37880 25.54 0000 -12.34 .000 LERALE] 152,276
18,940 12.63 -18.940 -25.25 478.235 358.724 637.563
5.076 11.21] -32.8504 26,67 874,883 1076, 102 711.289
00 8.75| -37.880 -29.13 103,444 1434894 B48.557
5.078 7.1 -32.804 =30, 77 [ 005,379 1076, 102 046,793
18.940 7.35] -18.940 -30.53 578.238 358,724 932 081
37880  1297]  0.000 -24.9] 0.000 0,000 620508
6820  18.11] 18940 -19:77 -374.444 358.724 3590853
70.684]  66.10] 32.804 2822 925.729]  1076.102 706368
75760  38.85] 37.880 (.97 16.744]  1434.894 (.941
T0.684 J2.66| 32804 5,22 171,237 076102 27248
36,820 8978 18940 31.90 082 986 358.724 2693.610
3T.RR0 52.01 (3,0 14.13 RATHY (000 199,657
Total Q47000 947.03 17455881 17218.186| 32775.503
Mean I7.880| 37.881
B = _Z{-"!f: _:E.}n{.l:l___i} - +H0.735
V(X - Xy« Y (¥ -x)
B = 0.540

G2




APPENDIX I (A)

DEVELOPMENT OF THE RATING EQUATION

From fig.6,

hy = 0.6m Qi= 1.88m’fs

b= 18m Q; = 837Tms

Q =Cih-a)"

Qp= (Q:Q)0.5 = (1.88*8.37)"0.5

= 3.9668m’/s

hz = 0.9%m

0.6%1.8-0.99

0.641.8-2+099

0.2378

¢, 837 (1.8-af
9 T 188 {05 a}‘

44591 = [1:8-02378)"
' (0.6-0.2378)

log4.4521
log4.314

- 1.0216

Q - {1{}!} - }1 o2
B37 = 15773

c = e = 5.307

b 0 = 5.307(h— 02378 ™"

This is the rating equation,

e



APPENDIX IIL{B)

The Development of Time Series Model
From the plotied data, a sine curve may offer a good fit. However, sine takes a maximum valie of +1
and a minimum value of -1. The fitted curve may not take negative values since the gauging station is
on rock which is most probably part of the basement complex, hence the proposed equation is of the
form y = A(Sing +1).
But 8 is time dependent, therefore B = Ct. Where C is a constant in degrees
Where A 15 the amplitude and B 15 the varying angle.

Consider time t = 1, 2, ...12 for January to December since mean monthly flows is time dependent.

For a complete cycle of 12 months & = 360" = 2

|
For each month H=36n = 30" =?_;:
i = T 1.2 3412
]—2{1 ey e 1)

To determine the amplitude A of the curve, consider a 24 months duration or any convenient multiples
of 12 since each complete season is 12 months.

Integrating the Sine equation over 24 months,

f" it = fg{.a'm(.n]}d:

a4
= A["C;“‘C’ +:} For® =30

3 T 3 +
,1[ Cos24x30" ), Cost’ ﬂ]

- Bl



5
Take ASinCt + 1 as A[L‘i'fnq—;-{l 2n+|‘+ﬂ}+IJ
Forn=10
i
Becomes A[Sinﬁ{.r +a)+ ]J

Check for February 2002, where
sinCt+ 1 = 0

Sin270" a o]

21 - ool
=3 1—2{2+a}—2?ﬂ

3460
—(24a)=270"
12{ )

1]
ﬂ=1'}l} o

a=9-2=17,

From abowve:
2
¥ = A[S!nﬁ{11n+r+?]+1J

Where A = (2h),.,
n=0,1,2,3,4,5, .. =No; of years.

t=1,2,3, ... 12 from January to December,

-B5 -



APPENDIX IV
CORRELATION OF ACTUAL DISCHARGES VERSUS DISCHARGES FROM FITTED

- 6 -

CURVE.
DEPTH | ACTUAL DISCHARGE
MSCHARGE | (FITTED CURVE)
m m3a', m’.l', m}f. ms.f_.,
Xi Yi Xi-X | Yi-¥ | (G-X)(vi-| (XX)? | (¥i-
¥) ¥y
0.4 1.17 0.83 357 | 429 17.061 15.796 | 18.426
0.6 T 1.88 326 | 324 10.576 10,657 | 10.496
0.8 3.01 2.95 213 | 217 4.639 4556 | 4.7
1.0 4.01 4.02 113 | -LID 1.247 1287 | 1.207
i) 5.08 5.01 006 | 002 0.001 0.004 | 0.000
14 6.08 6.19 0.94 | 1.07 0.959 0.875 | 1.140
1.6 7.21 7.28 207 | 2.16 4,456 4767 | 4.654
1.8 8.37 B.37 327 | 335 10.485 10404 | 10,507
20 9,49 947 432 | 435 18.890 18.884 | 15.896
¥ 46,30 40,18 41.16 | -0.86 68.354 66.730 | 70.111
Mean 5.14 446
R X xealey) +0,9993 = +1.00
V3 e -XF e 2k -7
R’ =5 0.9086 = 1.00



APPENDIX V A

STRUCTURAL DESIGN OF 1200M° REINFORCED CONCRETE GROUND LEVEL

= |4x74+16x25

w = 14.42kN/m?

ry
f ﬂ 15
4—3 50
00

1]
i
]
I
[
[
All dimensions in mm.

Fig 1: Roof plan of reservoir

RESERVOIR
REFERENCE CALCULATIONS OuUTPUT
ROOF SLAB
Dead Load D. L.
(11 Self weight of concrete
=24 x 0,235 = 5.6kN/m”
(i) Gravel = |.80kN/m*
S— Gk =7.44kN/m”
DL = 7.44N/m’
Live Load
Live Load = 1.5kN/m®
Water = 1.0kN/m’
Qk =2.5kN/m*
TLL, = 2, 5kN/m*
Design load for ultimate himit state
Tahle 2.1
w = 14Gk+1.60k
BRS110

w = 1442kN/m’

-7 -




REFERENCE | CALCULATIONS OUTPUT
Estimation of Effective Depth
Table 3.3 E = 23Smm
BSE110
¢ = 40mm, &= l6mm, t = 235mm
d = h—c—4§/2
d=235-40-8=187mm
NCP page 61 Boments in Root Slab d = 189mm

(1) Radial moment Mr = oywR

(1) Tangential moment Mt = a,wR

Where o; and o are coefficient from table 1

{'h-

For —=——=0.099 = (1

D

10.10

wh =1442 %75 =811.13

Table I: Variation of Radial and Tangential Moment at

Various Points Along the Radius of the roof

slah.

POINT - Mr o MT
{(m) (kNm) (kNm)
0.IR0.75 |- 02487 |-201.0( - 0.0496 |- 40.23
0ZR1.50 | -0.0557 |-45.15 | - 0.0684 |-55.48
0.2Z5R 1.88 | -0.0176 |- 1428 | - 0.0539 |-43.72
03R225 |+0.0081 | +6.57 |-00394 |-31.96
D4R 3.00 | +0.0391 |+31.71|-0,0153 |-12.41
0.4R 3.75 | +0.0539 | +43.72| + 0.0020 |+ 1.62
0.6R 4.50 |+ 00578 | +46.88|+0.0134 [+10.87
0.7R 5,25 | +0.0532 | +43.16| + 0.0197 |+15.98
DER 600 |+0.0416 | +33.74| +0.0218 [+17.68
09R 6.75 | +0.0237 | +19.22 | +0.0199 |+16.14
1.0R 7.50 0 0 |[+0.0145 [+11.76

R
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REFERENCE

CALCULATIONS

OUTPUT

PCA
Page 16

Mosley &
Bungey
fig. A.1
Table 3.1

BS&110

RADIAL MOMENT (Mr)
Negative Moment

Max Mr occurs at (L1R = 0.750mm from the
centre,

(1) Max Mr=-201.00KNM

This theoretical Mr is larger than actual Mr.
Therefore allow for 28% reduction
Max Mr=201.00 (1-0.28)

= 144 72KNM

d =335-40-16
2
=287Tmm

M 1447210
feubd®  25%10° x287°

K =007

o= :}.5+[G-25—~k—)1 =0.915
0.9

144.72% 10"

As= = 1260mm’
0915 460 = 0.95 = 287

Provide Y16 — 1507 {1340mm?) radial bars

on top of slab up to 0.20R (1500mm)
Al Mr =-4518 KNM
d =235-40-16/2=187mm
M 45.18x10°
- = —=0.010
Jeubd®  25%10 <187
1
la=0.5+ [n_z:: = @T = (.94
0.9
&
45,1810  Hi

S 094460 0.95x 187

Provide Y16 — 150T
(1340mm") radial
bars up to | 500mm
of the radius of the

roof slab

- 60 -




REFERENCE CALCULATIONS OUTPUT

Threlfall ) ) !

Table 3 Provide Y16 - 300T (670mm") Provide Y16-300T
radial bars up to
2.25m of rooftop.

Positive Moment
(if) Max (+ve) moment accurs at 0.6R
(= 4500mm from centre )
el Mr =46.88 x 10° KNM
Table:3 M 46,88 % 10°
== - == 0.054
fetibd 25x10" <189
1
05242
fo= u,s+[u-zs . H] _ 0.4
Table 3.1 )
BSELI1O
]
As= ASRIXLD = 61 0mm’
0.9« 460=0.95= 187
Provide Y12 - 175B (646mm’) Provide Y12 - 1758
radial bars at roof
slab bottom
(1ii) At 0.9R, Mr=19.22KNm
3 fi
M = 19._.2131[] 0.2
foubd 25x=10° « 187"
Threlfall
Table 3 la =0950
19.22 %10

;
= 248 mm-

5=
0.95x 460 x0.95 =187

Provide Min, Reinforcement
= (L0015 % 107 x 187
=281mm°

Provide Y12 - 300B (376mm"’)

=0 =

Provide Y12 - 300B
radial bars from 6000
to the edge of the
wall.




REFERENCE CALCULATIONS OUTPrUT
Tangential Moments
Max (-ve) moment at 0.2R
= -55 48KMNM
d=335-40-16—-6=273mm
= 5
__.’H' jom }5.4313-: 10 0,03
Jeubd®  25% 10 =« 287°
Threlfall la = .95
Table 3 A
s 554810 — 450
0.95x460=0.95=x273
i pr
Provide between centre and (0.4 R g{%‘;d‘n‘ 13¥12
L2, {0 to 3.00m) circumferential
2 reinforcement
Y12-200T (566mm*) o
3.0m at roof top
Max {+ve) moment at 0.8R {6.0m)
= | 7T.68KNM
d=235-40-12-6=177
&
M = 17.68=10 - 0.02
feubd?®  25%107 x177°
Threlfall la = {),.950)
Table 3
17.68x10" 3
As = = 240mm
0.95x460x 0952177
Provide min As = 0.0015 x 1000 x 187
- 2 Provide Y10 -
281mm 75R
Provide Y10 -275B (2 Eimml} circumfzrential
reinforcement at
Shear Stress Considerations roaf bottom
Drop Panel
Mosley & Bungey fig.8.2 | Length of critical perimeter

=25k (2.5 + 1.5 4 0.235) = 17.92m

Area within entical perimeter

=F =




REFERENCE

CALCULATIONS

OuTPUT

Mosley & Bungey
Table 5:1

Mosley & Bungey
Table 5.1

- %[z.su.s x0.235) = 6.39m°

Vo= 1.5% 1442 (7.675°- 6.38) =
1135.9/KN

L Vu 11359110
bd

17920 % 189

= 034N/ mm’

% As =0.44,
d= 187
{25 11 1

Y= (h K et ——
25 1.06

= (1,59N/mm°

v = (. 34N/mm* < ve = 0.59N/mm’

Column Head

Length of critical perimeter

=2 {14+ 1.5%0.335)
= 11.935m

Area within entical penmeter

%{t 4+15+0335) =
= 2.843m’

Vi=1.5x1 4.41{% «(7.675% - 2_343',1}

=952, 4KN

i % i, % — 0.43N/mm’

% As =0.44, d= 287.
ve =0.55N/mm’

v=0.43 N/'mm°< v = 0.55N/mm”

Shear stress (0K,
across drop panel

Shear stress across
column head 15 okay,

oy 18



REFERENCE

CALCULATIONS

QuTPUT

TEMPERATURE STRESSES
Ee = 21000N/mm’
t = 3530mm

£c= 0.00001 per'C

h‘::']
R
T, = 20°C  (Inside temperature) Compression
face

ic

To=357C (Outside temperature) Tension face
EcEc = 2100 x 0,00001 = 0,21

Coefficient of thermal conductivity of concrete ke
=1.5
Resistance at external face % = 0.09m (w)"'

210,0008mm®

Es

[}

Ec = 0.00001111 per %

1 (.35
0350 1.5

=10.82"C

=M, = TDEE.'EE'r£
he

= 1082 x 107 x 21 x 107 (350%)
12

= 23. 2K Nm/mrun

=




. REFERENCE CALCULATIONS OUTPUT
A= M |
0.95 fod
Reynolds &
232x=10° 5
Steedman page | = = §26.2mm"
116 0,95 130 = 300
Add to the regular tension steel AsT = 626mm°
Jey = 0.57 " evEx
= 05%x10.82x 107 x 21 x 10°
Table 11.2 . Tem fure
Mosley & = L14N/mm’ < 1.31N/mm’ sk sl
Bungey okay.

Tl



REFERENCE CALCULATIONS aouTruT
RING TENSION
Fixed base free top
Table A3.1 Ft = Coef*yHr, ¥ = 9 81KN/m’
3
B & 5337 u B 7 95m
r = 7.5m
1 = .35m
Ft = 533 4188 *Coef
d = 15.0m (diameter of reservoir)
e = 15
Ae = 350000mm’
H*2d = 10,0119

Table X1I: Variation of Ring Tension with depth of Reservoir

h h(m) Coeff Ft (KN/m)

0.0h - 0.000 -0.011 587
0.1h 0.725 (.09 52.28
0.2h 1.430 0.208 110,95
01.3h 2,175 0,323 172.29
0.4h 2,900 0.437 233.10
0.5h 3.625 0.542 289.11
{.6h 4.450 0.608 324.32
0.7h 5.075 0.580 114.18
0.8h 5.800 0.44 234.70
0.9h 6.525 0.179 95.48

Ast = 627mm’

First 3.5m, Ag=  Fifct = 233.10%1000/130 = 1793.07Tmm’

Ast+Agr =1793.08+627=  2420mm’

Provide 2Y16_150, Asp=  2680mm" one on each face

First 3.5m
Provide
2Y16- 150,
one on each
face of wall

it | o




2

=
=
s
Emu
&
&

g

Depth (m)

Fig. 8.1: Variation of Ring Tension Vs Depth of the Reinforced Ground Level Reservoir




REFERENCE

CALCULATIONS

ouTPuT

Last dm' Agy = 324.32x 100/ 130 = 2.494.769, Agy+ AST=3120.7mm|

Provide 2¥Y20 200,  Asp = 314(mm2
Al =AcHuaoe-1)As

Aty =350000 + 14 x 2680 = 378,520
: |
L L L T =
387,520

fet; = 0.06N/mm’ < 1.31N/mm*

Aty 350,000+ 14x 3140 = 393,960 mm*

fety

At,

fet, =

=324.2 % 10¢
393,960

= 0.82N/mm’
ft: = 0.82N/mm* < 1.31N/mm’
Last 1.5m

Ft=234.7

Provide 2Y16-150

Last 4m
Provide
2¥20-200,
one on each
face of wall,

Shear stress
is satisfactory

Shear stress
15 satisfactory

Provide
2Y16-150 in
the last 1.5m
depth of

| reservoir

%




REFERENCE

CALCULATIONS

OUTPUT

Table A3.3
BS 5337

BENDING MOMENT
d =350 -40-20- 6= 284mm

M = Th*3I*Coel
~ 2

e 1T o 10,0119

id  0.35X15

Table XIII : Variation of bending moment with depth
h him) vh' Coel vh3*Coel
0.1h 0.000 | 0.000 0.0000 | 0.00
0.2h 0.725° | 0.381 0.0000 | 0.00
+.3h 1.450 | 3.049 0.0001 | 0.00
0.4h 2175 [ 10.289 | 0.0004 | 0.04
(1.5h 2,900 [24.389 |0.0007 [0.17
0.6h 3.625 [47.635 | 0.001% [ 0.39
0.7h 4350 [82.313 |0.002% [2.34
0.8h 2.075 [ 130,710 | D.0028 | 3.59
0.9h 5,800 [ 195,112 | -0.0012 | -2.30
1.0k 0.925 |[277.806 | -0.0122 | -33.25

Vertical reinforcement
Max M+ =3359KN/m,

M =-33.25KN/m
g M - 3.59x10°
feubd®  25%1000 x 284
3.59% 10"

Ay = =32mm’ < Asmin
0,95 0,95 % 284 = 425

Provide min reinforcement = 0.0013 x bh
=0,0013 x 1,000 x 284 = 370mm’
2¥ 12 — 250 one on each face

As/face =452mm”
Ty
HI 100119
fd
V=Cocfx yh ~2
=0,105x7.25 x9.8]
V= 54.14KN
v Vibd = 0, 19N/mm’
Ag=15%.ve =036N/mm’

v = (L19N/mm’ <ve 0.36N/mm’

Provide
Y12-250
vertical
reinforcement
on each face of
wall.

Shear stress at
the base of
Wall 15 okay.

T




- EIL -
Bending moment (KNj

10,00

5.00 1

0.00 #+

0.000

-5.00

~10.00 +

-15.00

-20.00 4

=25.00 1

-30.00 4

35.00 1

4000 -

Depth (M)

Fig 8.2 : Variation of ring bending moment vs depth of wall of reinforced concrete ground level
reservior



REFERENCE CALCULATIONS OUTPUT
Wall Foundation
FMBM/m |r Fr
(m} RINm

1. Wall 028 x035x7.5x

24 103.28 T.875 T92.67
2 (0,165 x 0.06 x
Foundation | 0.1375)24=0.3625 | 8.7 7.49 65.16

x 24
3. Water 065 x7.25%x 981 4623 i B 331.70
Full IF= 158.21 e 1.18%9.53
Empty F = 111.98 =F= 857,83

Gk = 7.44kN/m’

Load from roof =14.42 x n x 7.85°

Load on Column = 2,791 .41kN

DL =1.4x 744 % 7.675° =613.56KN
LI S ERAEETEI = DO
B49. 18N
Load on Wall = 2791.61 - 849,18 = 194243 KN
; 1942.79
Load Carried per metre of wall = = 4028 KN m
.'1[15.35}

# ;
I resiervoir i Bl 2Fr 118953 752
Y F 15821

Fr
If reservoir empty Z——— = 35?.33 e = T 5

YF 118
o =7.25KN/m’

1.2x1

Foi o [1 + 5”] 7.25 KN m’
hi L

IIS;{E' A1+ 6x0.155)

fbuu ==

= 234.2KN/m’

- 80 -




REFERENCE!

CALCULATIONS

OUTPUT

158. Elf G ]55]

0.95 L 1.2
20.66KN/m*

fon +("I“]-Um—f'm-m}

29.66 + (0.2 + 0.35) (234.02 —29.66)
1.2

r|:5|

[

123,325KN/m’

M:II:I. éfzzi.-rn +2.|'r1-m _'E-fh'nr]

%{u.ﬁsﬂmmzs +2(234.02)-3(7.25))

40. 1 KNm
600 -40-6 = 534

M 4001100
feubd®  25%1000x554°
- 40.11x10°
T 0.95%0,95% 554 x 425

005

= 188mnr*

= 188mm® < Min. Permissible reinforcement

Min reinf=  0.0015x 10" x 554
= 831mm°

Y12 =200 (1010mm®)

I"rrr = f.‘.‘{f:t +fm.|x ul—'ﬁm.w]

= Ya (0L65) (123.3254 x 234.02 -2 (7.25))

= 111.42KEN
k]
v = HSBell 0.20N/min’
1000 x 554
v, = {]315+—-—-I:ﬂ42 0.36)
038 Ha’mm
v = 0.20N/mm? < Ve = 0.38N/mm®

Provide
Y12-200
in wall
foumdation

BT -




REFERENCE

CALCULATIONS

OUTPUT

Table 3.8
BSR40

L

If reservoir is empty e = 0.015 < E =0.02

fimax

fmin

M!‘:H

111.9% 1+ﬁ[”‘"]5J
1x1.2 1.2
100.32KN/m*

111.98 Iﬂﬁ(ﬂ'mﬁj
=12 T2

86.32KN/m*

86.32 + 0.65 (100,32 — 86.32)
.2

93.91KN/m*

A (0.65)2 (93.91 +2 (100.32)-3 (7.25)

f

A921KNm

The
reinforcement
provided is
okay.

-8 -



| REFERENCE CALCULATIONS OUTPUT
Mosley and Column
5';“3“3" ol i)  Loading on column head from roof
L W = DL =14x7675x7.44 = [l3.56
Wy = LL =16x7675x250 = 23562
B49. | BKN
i)  Weight of drop panel
W = 14x25x25x0.15x24 = 35, 50KN
iii.}  Self weight of column head
Wi = 14x24xn (0.7 -025%x03= 13.54KN
iv.) Self weight of column
Ws: = 1.4x z¢w%{:}.5}’x[?.s-u.15}= 61.74
059 96K M
Column Reinforcement
N = 0.35 fou Ac + 0.7 Asc By,
Forcolumnhead N = BR4 6BKN
At = 2 (1.4 = 1.54m’
4
Asc = 88468 x 10° - 035 x 25 x L4 x 10°
0.7 x 425
= =y
Provide min. Asc
_ I]l I (I 4}]
= 2001
mm* Provide
NYa = 2000 = 177 18 Y12
_'I 13 along
column
head

L




REFERENCE CALCULATIONS OUTPUT
For the column, N = 939 0KN
Ae = %{{:,s)’ =0.196
Ase = 9509 x 107 —0.35 %25 x 0.196 x 10°
(L6 460
= =V
Provide minimum reinforcement
1 T
= ﬁxz{u_sfxm“ = 1964mm’ Peviide 10
Y16 in
Provide 10 Y16, Asp =  2010mm? circular
column
= 10.82 % 107 x 21 x 103 (350)°
12
Wall
Minimum thickness of wall tmin
Reynolds and '
Sleedman
Table 135 b = = I
2\ fer
5 = 981 x 10°N/m’
fer = 1.3 IN/mm’
fs1 = 115N/mm?
tmin = IBIx 10N x L2 115[ S '4] Wall
2000 L3l 115 thickness is
= 342 3Imm <=350mm. okary
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REFERENCE CALCULATIONS OUTPUT
Bending moment due t restrain at the base of slab.
Reynolds and N 7258 {61
Steedman W 035x150
Table 185
K = 0.012
K: = 0.364
K = 0.62
&
Hmn:‘ ?ﬁﬂrﬁj
= 0.5x9810x7.25x 15x 0.62=330.72kw/m
height of wall.
Musx =  KiyW
= 0.012 x 9810 x (7.25)°
= per metre sum of circumference position of maximum
circumferential tension.
= Kah o= 0364 x7.25 = 2.64m from bottom reservoir
Column Foundation
MNimax 9539.96KN
Thickeness of foundation = 0,600
5
s

_.—1IIII.|1__

ARRRAAY

| t it I i - Reaction [rom
- .

7500 1 the soil

Soil bearing pressure == S00KN/m’ (rock)

959.96
A =|.92m"
= 500
Provide square foundation — 2.5 x 2.5 = 6.25m"
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REFERENCE CALCULATIONS DUTPUT
Punching shear,
g = 22 _isisaxn/m
B6.25
For fm
W, = Strip = 43060 = 144KNm’
W, = 725%x981 =  TLIZKNm®
239 06K N/m”
O —
Length of Cantilever
L = 25=0.5 = 1.0
2
d = G0 —-40 -8 = 552mm
N om Wl
2
= zm;;xm" x 10 = 119.535KNm
M 119.53x10"
feubd®  25%10° x552°
= 0.016
Ia = .95
119.53= 10"
5= -
25% 107 = 552°
= 522mm°®
Minimum reinforcement = 0.13% % 10° x 552
= 718mm’
Provide Y16 — 225 Asp = 900mm’ Provide
Y 16-225 at
Local Bond Stresses the bottom
af column
V = 139 06K N/m® foundation
: in both
For I metre widith direction
Y = 23006 x 1.0x 1.0 = 239 06K N
g = 1600 meli=223402mm

225
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REFERENCE CALCULATIONS OUTPUT ‘
Where EU/s = The sum of the perimeters of the reinforcement bars. |
5
Fhi = ot iituxll I
¥ ild 2234552
- 1.94N/mm*
bu = By feu
= 04025 =2.0N/mm’
Mosley and 1 - ]
Bungey fbg = 1.MN/mm <fbu=  2.0N/mm Hind
Table 5.2 stress is
Punching Shear in foundation within
tolerance
d = D5+3(00) = 2.3 limits
Critical perimeter x (2.3) = T.225m
Area within critical perimeter = %[2.3}" = 4.15m’
Met upward pressure = pressure on rock -pressure due to foundation
= 239.06 - 14.4 = 224 66KN/m’
1000
O |00
1OHH0
Punching Sheer
Punching Shear force V =224 .66 {2-5" - 4.155)
= 470.66KN
Punching Shear Stress (ve) = M
7225x 550
= 0.12N/mm*
L L L i ST
LO0O = 550
Voo = (0.36+0.42-0.36)x Do
0.10 Punching
Mosley and 3 Shear
- =(37N/mm ;
Bungey = 2 - 2 stress is
Table 5.7 Ve = 0.12N/mm” <V = 03T/ mm olisiy
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REFERENCE CALCULATIONS OUTPUT
Anchorage length for the dowel bars
Compression anchorage length
= (L3
L = 0.95fv¢
dfbu
fbu =0.63 (feu)™ = 0.63 (25)"° = 3.15N/mm’
anchorage
_ 095x425x16 length is
L i ‘;; i"ig"_ adequate
= 313mm
h =  H0mm is ok
Base Slab Design
Permissible bearing pressure = SOOKN/m?
W, = Self weight of slab =1.4x0.15x 24 = 5.04KN/m”
Load due to weight of water W2 =16x7.25x 98]
= 113.78KN/m?
] 18.82KN/m’
Consider floor a 2 way slab 118.82KN/m*<500KN/m’
Provide min reinforcement in 0.13% x 1000 x 150 = 195mm’
Provide
Provide Y12 - 250B 12-2508
along both
M = My = 0.062x5.04x 7675 = 1841KNm | direction
base on
| A still and d = 150-40-6 = 104mm Sob.
| Martin i
Tahle 12 M 1841x10 007

feubd®  25x1000%104°

The roof plan of the reservoir and the section through the reservoir are all indicated in Appendix VB.
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APPENDIX V (:

STRUCTURAL DESIGN OF OTHER WATER RETAINING

STRUCTURES
REFERENCE CALCULATIONS OUTPUT |
Wall Data

Rectangular Structures
Bending Moment
Crack width =102, f.= 130N/mm*
)
i 1.4pH
2
Wall Data h=200mm
c=40mm
. f= 12mm
3 fe= 130 N/mm®
. d=sh=0- f
2
=200-40-6
=154 mm
Al 2.5 metres,
F- 1.4x9.81%2.5
7
= 42 GIEN
3
\ o L
i}
_ 14x981x25"
()
= 35.7TE MM

=0} -



REFERENCE CALCULATIONS ouUTPUT
Bending Moment consideration
oo M _ 35710
fobd? 25x1000x154"
sl
f, =05+ [H.ZS— i J
0.9
!
= (.5 +[D.15 + %] ={).928
0.9
Mosley and 35.77=10 ;
; A,= =3T3mm”
Bungey 0.95%460% 0928154
Fig. 4.29
A8 Provide ¥ 12-150 Provide Y12~
150 at inner
walls.

Min. tension Reinforcement at outer side of the tanks.

ASrin ™ ——xind = 0.0015x 10" x 154

= 23lmm’
Provide Y12 - 300

Serviceability Condition

For a modular ratio of 14.8

o 148x754

b 1000x154 U2

X=03d=030x%x 154 =46.2mm

M= D.Sbaj;{d—%] =,4fo[,:;_£]

3
s M - 25.55x10°
. - ~
,-n{d-f] ?54-[|54—4'5—'2]
3 3
f,= 244 5N/mm”

This is greater than 130N/mm® allowed in Table 11.2

of Mosley and Bungey.

<.
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REFERENCE CALCULATIONS OUTPUT
- 2445 3 Provide Y16-
Minimum A= 754 =141 8mm 125 vertical on

the inner part of

Ag Y16-125 tank wall.
Ag = 1610mm”
Curtailment of vertical Reinforcement.
At 1.5m depth,

9.
M= %x 15 = 5.52KNM
Assume Y16 -250
. As _ 14.8 % R04 — 0,077

bd  1000x154
X=033d  =50.82mm -

5.52x10° Curtail

f.= 5078 remforcement

804 -[l 54— —] 1o Y12-250

3 from 1.5 depth.
= 50.IN/mm® < 130N/mm’
Distribution bars
Provide As= Ex bd
100
015 000x154 =231/mm*
[ 00
Provide Y12-

Mosley and

Bungey
Eq 6.13

Provide Y10 - 250
y. = 314mm’
Thermal and Shrinkage Cracking Control

e 143

Forn =
f, 46D
Mll‘] A; o r.:nl A..;

=0.00285

0.0028 = 1000 % 200 = 5T0mm’

La _ 067
i

_jf'; "?I_’:l]

k| 5
= 1.9 N mm
.67 0.67

250 transverse
reinforcement

on both faces
wall.
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REFERENCE CALCULATIONS OUTPUT
S .= Ju ® fy = 1.96N/mm”
1 2r
B 1.31x12
1.96x 2= i
200 10,000
ac Crack width is
I':F'Irrmm - ‘?-n ":'2“ ?l k.
|4{r?xm:m"'x15 S
This satisfies the 0.2m limat,

Shear Stress Considerations

at H =2.0

2 2
F=1.4;H _ I.4x9flx1 = 2T ATKN

b ]
= £=M=G.IEM"mm!.
A 1000x154
1004,  100x25

hd 1000154
Ve =043+ (0.51-0.43)x 1—35 = 0.54N/mm’

= (), 28%,

V= 0.18N/mm?® <V, =0.54 N'mm’

Serviceahility Condition

1 }
M= ?‘: ='5”“E:“1 =13.08KNm

M

A{d-f]

3

. 13.08%10°

Ji= 183
425‘['54_?)

§= 095 =460 =425 i
D.45x25x 1000

Sr=

= 208.01N / mm®

16.5mm

i

X i = 18.3mm
.9

Shear stress is
okay.




REFERENCE CALCULATIONS OUTPUT
. 208.01 % 460
M o SEDECTIN
0 130
= 736mm?
Provide Y12 ~ 130 both sides of wall A,,= 754,
s tu®
x5 2r
= l.Stxliﬂ = 1 06dmm
19652 % ——
1000 % 200
T=25C
S
o= s IEI
C
Table 11.2 Wi = 5, - e
Mosley and 2 A
Bungey 1064 107 =25 ~ 0133




REFERENCE

CALCULATIONS

OUTPUT

TEMPERATURE STRESSES
£. = 0.0000 IPAC , Ec=21000N/mm*

E; E. = 21000 x 0.00001 = .21

E,= 210,000N/mm®
K.=1.5

Resistance at external face ay = 0.09m({w)"

o P 1 %
1y =7~ -‘1}?

l—ﬂl ...E
ko k
T, =15 lﬂzu _92 L ge6'c
0.09+ =2 | 1.3
L5
] Jrg
M, =T E =
i
_ 8.96x0.00001x 21000220 _
12(200)
= §, 3K MNm/m run
i
M e 6.3x10 001
feubd®  25%1000x154
I, =095
&
4, Bl = 98mm”

" 0.05x 460 x 154 % 0.95
f. =05T%kE,

=0.5%8.96% 107 x 21 x 10°

=05 .



REFERENCE

CALCULATIONS

OuUTPUT

Reynolds and
Steedman
Table 126

= 0.94N/mm’ <V, = 1.31N/mm’

L 1
RS 1 S

N,= ‘?HT =9.81x2.5" = 30.66KN

M, 25.55x10°

- 833
N, 30.86x10°

h=200

d = 200—40—%=i5-1mm

N,

= 23.89KNM/m

h=200, d=12, C=40mm C, =0.2
150 —* 734

160 — * «x
150 754

160
[2mm bars at 160mm centres will suffice
he= 14.8

= 707 mm” [ m

Both tension and compression occuts across the section.

Modified Moment =25.55x10° — 30.66(154 — 100)x 10"

Temperature
stresses o.k.

Provide Y12-
160 along
both faces of

wall.
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REFERENCE CALCULATIONS aouTPUT
ad  14.8x707
L2 = = 0.068
bl 1000 =154
Mosley and 177 x14.8
H:I.I.I'IgE-'}' ﬁs&m .-"[:: = .I";: @3{“] = W = 'D.M
Fig. 4.29

A =028d=028x154=43.12mm

Actual [ =Ll[,| = My
A*{J_EEJ

2555 10°

TO7 = [] 5.4~ ij]

3
Additional steel required _ _30.66x10

0.95=x130=154
= 2mm’
Total area of steel reinforcement needed
=707 +12
= 709mm’

Provide Yi2 - 150 Ay = 754mm’

Provide Y12 -
150 along the
faces of wall




REFERENCE

CALCULATIONS

OuUTPUT

Checking crack width

32 5mm

[2]1.5mm

46Hmm

1 50mm

E;
E
Cr
acr
‘ 4Hmm
1004, 100x=754
b 107 154

d =154,

=049

0.45 foub; = 0L955A,

o 09544
T 0.45 foub
o 0.95 = 460 = 754 .
045 %25 = 1000

=08 -




REFERENCE CALCULATIONS OUTPUT
P =32.5mm
0.9 :
M
f. = 7
M 2555x10°
A{d - fJ ?54[154 - —H'SJ
3 3
= 236, 7N/mm’
ACr = 75" 246" — 6" =82mm
. f 236.7
_E..' o —— I —
E  210x10°
=(.001127
= 1673 ho1127
121.5
= (.00155
0.7bk %107
g, — DIORXIG
AL,
0,710 x200=107
= (0.00155-
754 % 236.7
= (.00078
W, = 4.5a_5,
. —C
1425 "o —min
[ h—x J
_ 4.5%82x0.00078
! S[M]
200-32.5 Crack
width 15
=0.18mm < 0.2mm okay.




APENDIX VI : WATER RETICULATION DESIGN AND OUTPUT
Option Explicit

Const ¢ As Double = 0.00n01, Viscocity As Dooble = 0.00000113 'm*2/fs
Const PI As Double =22 /7, Gravity As Dooble = 9.81, Gamma As Double = 9.81
'"KN/m"3

Dim Sum} As Double, Q) As Double, NodalPress() As Dowble, EL As Double
Dim QP{) As Double, InFio As Double, Elevation() As Double, HGL As Double,
HGL() As Double

Dim HL() As Double, PressHead() As Double, Re{) As Double, Constl As Double,
Const2 As Double

Dim NN() As Integer, PipeNodes() As Integer, N As Integer, @ As Double, NP As
Integer

Dim Mode WithFlow() As Integer, D() As Double, F() As Double, L{) As Double
Dim Counts As Integer, PipesAtNode As Integer, Skipper As Boolean, Skip As Boolean
Dim A As Double, B As Double, u As Integer, V As Integer

Dim HLp As Double, r As Double, POWER As Double

Dim Diameter As Double

Private Sub DoFileDistribution()

Open App.Path & "\Global34.rt™ For Output As #]

Open App.Path & "\Global_Input.txt” For Input As #2

Dim i, j, k, NodeLabel, No, ThisCount, PipeList(), P, PipeTreated()
Input #2, N

Input #2, NP

ReDim NodalPress(N), Q(N), PR{N, Nj. NN(N), PipeNodes(NP, 23, X(N, N),
NodeWithFlow(N), Elevation{M)

ReDim HGL({N), HL{N, N}, PressHead(N)

ReDim D(NP), F(NP), QP(N, N}, L(NP), PipeList(NP), PipeTreated{NP), Re(NP)

Fori=0TaNP-1
Input #2, PipeMNodes(i, 0}, PipeMNodes(i, 1), L{i)

Debug. Print PipeNodes(i, (), PipeNodes(i, 1), L{i)

Mext i

Fori=0ToN-1
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Input #2, NodeLabel, EL
Elevation(NodeLabel) = EL
HGL{ModeLabel) =0

Debug.Print EL

Mext i

Input #2, NodeLabel, HGL _
HGL{NodeLabel) = HGL_

'Debug.Print
'Debug.Print
‘Debug.Print HGL.

SumQ) = 0!
MNo=HN
InFlo= 100/ 3600: InFlo = InFlo / 15387

Fori=0TaN-1
NodeWithFlow{i) =1+ 1
Q(NodeWithFlow(i)) = O#

Ifi=0Then
Q(NodeWithFlow(iy) = 100 / 3600 '100m*~3/s at the Res, Intake
Else
Forj=0To NP -1
If PipeNodes(j, 03 =i+ 1 Or PipeModes(j, 1) =i+ | Then

Ifj = 0 Then
Q(NodeWithFlow(i)) = Q(NodeWithFlow(i)) + L} * InFla /2
Else
Q(NodeWithFlow(i)) = Q(NodeWithFlow(i)) + L{j) * InFlo
End If
End If
Next j
End If
SumQ = SumQ + Q{NodeWithFlow(i})
MWext i
ThisCount = 1
Counts = 1)

Fori=0To NP - |: PipeTreated(i) = |; Next i
While Counts < NP
Fori=Q0 ToNP-1
Skip = False
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Forj=0Tol
Fork=0To Counts - 1
If PipeTreated(k) = i Then

sSkip = True
Exit For
End If
MNext k

It Skip = False Then ‘the pipe has not been treated determine the no of pipes
conpected a1 this node
PipesAtMNode =0
Foru=0ToNP-1
If PipeNodes{u, ) = PipeNodes(i, j} Or PipeNodes(u, 1) = PipeNodes(i, j)
Then
PipeList{PipesAtNode) = u
PipesAtNode = PipesAtNode + |
End If
Mextu
P = PipesAtNode
sumi) =10
Foru=0ToNo- 1|
If PipeNodes(i, j) = NodeWithFlow(u) Then SumQ = Sum() -
O(Node WithFlow(u))
Mext u i
If PipesAtNode = ThisCount Then
For u =0 To PipesAtNode - |
For ¥ =0 To Counts
If PipeList{u) = PipeTreated(V) Then
Fork=0Tol
If PipeNodes(PipeTreated(V), k) = PipeNodes(i, j) Then
[f k=0 Then
Sum() = Sum(} + QP({PipeNodesi PipeTreated( V), k),
PipeNodes(PipeTreated(V), k + 1))
Else
Sum() = Sum() + QP(PipeNodes(PipeTreated(V), k),
PipeNodes(PipeTreated( V). k- 1))
End If
End If
Next k
P=P-1
End If
Next V

Mextu
If P =1 Then ' only one pipe remaining at this node

Select Case j
Case 0
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QP{PipeNodes(i, j), PipeNodes(i, j + 1)) = -Sum()
QP{PipeNodes(i, ] + 1), PipeNodes(i, j)) = -QP{PipeNodes(i, |}, PipeNodes(, |

+1))
Case |
QP PipeNodes(i, j). PipeNodes(i, j - 1)) = -Sum(}
QP(PipeNodes(i, | - 1), PipeNodes(i, j)) = -QP({PipeNodes(i, j), PipeNodes(i. j -
L
End Select

PipeTreated{Counts) = |
If Counts < NP Then Counts = Counts + |
End IT
End If
End IT
Mext j

Mext i

ThisCount = ThisCount + |

If ThisCount > 3 Then ThisCount = |

Wend

‘computed all the discharges within pipes
Close #2 “close the input hile
'now Determines the diameter and the corr, fiction factor, this is a highly iterative
procedure
Design
Design2
'pressures and HGL
PressHead({ NodelLabel) = HGL{NodeLabel) - Elevation{NodeLabel)
NodalPress{Nodelabel) = Gamma * PressHead{NodeLabel}
Counts =10
While Counts < NP
Fori=0TaNP-1
Forj=0Toel
If HGL{PipeNodes(i, j)) = 0 Then
Select Case j
Case 0
HGL{PipeNedes(i, j + 1)) = HGL{PipeNodes(i, j)) - HL{PipeMNodes{i, |), PipeNodes(i,
1+ 1)
PressHead{PipeNodes(i, j + 1)) = HGL{PipeNodes(i, j + 1)) - Elevation{PipeNodes(i,
i+ 1)
ModalPress{PipeNodes(i, j + 1)) = Gamma * PressHead(PipeNodes(i, j + 1))
Case |
HGL{PipeModes(i, j - 1)) = HGL{PipeNodes(i, 1)) - HL{PipeNodes(i, j), PipeNodesi(i,
=1
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PressHead{PipeNodes(i. | - 1)} = HGL{PipeNodesii, j - 1)) - Elevation{ PipeNodes{i. j
- 1))
NodalPress{PipeNodes(i. j - 1)) = Gamma * PressHead{PipeNodes(i, j - 1))
End Select

Counts = Counts + 1) Exit For

End If

Next j

Mext i

Wend
"Write out Results
Print#1, "WATER DEMAND CHARACTERISTICS FOR OBA - ILE™
P s e nmessemsa et
Print #1,
Print #1, "Pipe No", "Node Fro®, "Node To", "Discharge”, "Diameter”, "Length",
"F.Factor", "HeadlLoss", "Fro Eleva", "To Eleva."; "Down Press", "Up Press”

P['I““. _Ilil ] . L] -I.| i II._ L] I|I.| "LiTIE:.ll-"S"T L] {mm} ||' mw Em_} "1- m |rr L] I'm} rlI| n{m': l||. "1- I:I'ﬂ:l "1- ]
(Nm™2)", "N fm~2)"
Print #1,

Fori=0ToNP-1
Diameter = Round{D{i) * 1000, 3)
Select Case Diameter
Case Is < 100
Diameter = 100
Case Is < |50
Diameter = 150
Case Is = 150
Diameter = 200
Case |5 = 200
Diameter = 250
Case Else
Diameter = 250
End Select

Print #1, 1 + |, PipeNodes(i, ), PipeNodes(i, 1), Round{QP{PipeNodes(i, 0), PipeNodes(i,
L3y * 1000, 2), Diameter, L1}, Round(F{i}, 3). Round{HL{PipeNodes(i, ), PipeNodes(i,
133, 23, Elevation{PipeNodes(i, 0)), Elevation(PipeNodes(i, 1)},
Round{NodalPress{PipeNodes(i, 0)), 2), Round(NodalPress{PipeMNodes(i, 13), 2)

With RsWHassien
AddNew
'pipeno =1+ 1

'Nodefrom = PipeNodes(i, 0}
!Nodeto = PipeNades(i, 1)

=104 =



Discharge = Round{QP{PipeNodes(i, 0), PipeNodes(i, 1)) * 1000, 3)
'Diameter = Diameter "Round({D(i) * 1000, 3)
Length = L(1)
"FFactor = Round(F(i), 5)
"HeadLoss = Round{HL{PipeNodes(i, 0), PipeNodes{i, 1)), 3)
'FromEleva = Elevation{PipeMNodes(i, 0))
"ToEleva = Elevation({PipeMNodes{i, 1))
"DownPress = Round(NodalPress{PipeModes(i, 0)), 3)
WpPress = Round({NodalPress(PipeNodes(i, 1)), 3)
LUpdate
End With

Mext |
Clase #1
End Sub

Function log 1 0{X)
logl0= Log{X) ! Log{10)
End Function

Sub Designi) -
Dim M As Integer, cid As Double, Cons As Double, F1, D1, 8f, DW, Diff, F .i, L_, hf

Fori=0ToNP- |

)= Abs(QP{PipeNodes(i, 0), PipeNodes(i, 1)))

L= L{i)

HL(PipeNodes(i, 0), PipeNodes(i, 1)) = Abs(Elevation{PipeNodes(i, 00) -
Elevation{PipeNodes(i, 1))

HL{PipeNodes(i, 1), PipeMNodes(i, 0)) = -HL{(PipeMNodes(i, 0}, PipeNodes(i, 1))
hif = (HL{PipeModes(i, 0}, PipeNades(i, 1))

IThi= 0 Then

hi=1

End If

M=0

cid = 734347 2828 * Viscocity / Q

Cons = 0.90031632 *Q_* Sqr(L_/ (Gravity * hi))

DW = 0,001

Do
POWER = POW(DW, 2.5}

L2: 8f=Cons/ POWER

F =8f-1.14+ 24 * logle / DW + cid * DW * 8f)
M=M=+1
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If (M Mod 2} Then

Fl-=F:

D1 =DW

DW =DW + 0.0001

GoTo L2

End If

Diff=(DW-DI)*({(F_-F1)/F_)

DW=DI - Diff

Loop While ((Abs(Diff) > 0.000001) And (M < 400000))

i =DW

Fiiy = POW{POW(DW, 2.5)/ Cons, 2#)
Mext |

End Sub

Function FOW({X, Y) As Double
'On Ermor Resume Next

POW=X"Y
End Function

Private Sub Command2_Click()
DoFileDistribution
Linload Me
MsgBox " processing Completed "

End Sub

Public Sub Design2()
Dim i As Integer
Fori=0ToNP-1
HL(PipeMNodes{i, 0), PipeNodes(i, 1}) = Abs{Elevation({PipeNodes{i, 0} -
Elevation(PipeNodes(i, 1)))
HL(PipeNodes{i, 1), PipeNodes(i, 0)) = -HL{PipeNodes(i, 1), PipeNodes{i. 1))
HLp = HL{PipeNodes{i, 0], PipeNodes(i, 1)}

If HLp = 0 Then

HLp=1

End If

Q_= Abs{QP(PipeNodes(i, 0), PipeNades(i, 1))
D{i)= 0.001 'start with |mm dizameter pipe

Const] = 090031632 * Q_ * ((L{i) / (Gravity * HLp)) ~ {1/ 2))
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A =Constl / (D(i) ~ 2.5}

Const2 = 7.3434728 * Viscocity / Q_
B=1.14-2* loglQ{e/ D{i} + Const2 * D(i} * A}
While Abs(A - B) > 0.1 And D{i)<2

Dii) = D(1) + 0.0001

A = Constl / (D{i) * 2.5)

B=1.14-2* loglMe / D{i) + Const2 * D{i) * A)
Wend

Fliy=1/{A*2)"No Unit .I>in Ft
Next i

End Sub
Private Sub Command3 Click()
Formb.Show

End Sub

Private Sub Form Load()
Dim strSQL2 As String

WaterRetiDATA
Set RsWHassien = New Recordset
sir30QL2 = "Delete from whassien "

RsWHassien. Open strSQL2, ConWater, adOpenDynamic, adLockOptimistic,
adCmdText

RsWHassien.Open "WHassien", ConWater, adOpenDynamic, adLockOptimistic,
adCmdTable

End Sub
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ROIL

APPENDIX VI
NETWORK DESIGN COMPUTATIONS FOR OBA-ILE HOUSING ESTATE RETICULATION SYSTEM

PipeMO : Nodo Moda Ta: Discharge: [Hameter: Length:  FFactor: HeadLoss: FromElgva: ToElewa: DownPress; UpPress:
Litres /5 mm m m m im M im*2 M im*2
i 1 2 Zi.7TB 100 325 0,001 44 004 147 188 103,18 518.086 518.085
2 i 3 Zh.522 150 100 D.0T9EE 11.528 103,18 91,654 518,088 518,005
3 3 4 &7 262 150 BS5 0.o4ast 5213 91,654 a7 BET E18.008 o6 1687
4 a b - 099 100 110 0.04063 1.55 af BT ao.417 386167 B3B5, 776
5 4 B - 248 100 275 003261 G614 il 91.249 6 167 306187
6 E| f -1.18z2 1030 Fid 0.02a47 ¥.895 81.654 899,349 516.086 71
T 7 B A} 420 100 225 p.o3z2 7.481 Qg 349 91,6848 AT 38711
a a 8 0113 10 125 004157 G214 21.B58 91.654 711 36711
1a 2 12 24, 881 150 5 0.019:7 .08z 103.18 102088 518.085 518.085
Lkl 12 13 -0.406 100 450 0.03218 10.6 10088 112 588 518.0856 2078
12 12 14 23,911 150 100 D.01845 2AET 102088 99 981 518,085 518.088
13 14 10 -0, 354 100 425 003268 8093 iR 91.668 518.088 518.088
14 14 15 -2, 558 200 B5 L0184 0,061 Q6 551 q9.9 B18.068 518,066
15 15 16 -0.451 140 800 G373 5,384 =i N 105 284 513.088 412,452
16 1% 17 -21 Ba4 150 150 D.019E5 3,508 ao .o L e 1T B8, 058 518,088
17 17 18 -1, 585 140 200 [LO2EEZ T.635 96 394 88.759 518.088 518.086
18 18 19 -0.56% 100 &30 0005 8144 GB.T58 96.903 518.088 358.3
0 17 241 =18 736 150 125 DD18E 2.247 OF 394 94 147 518,088 518086
A 21 22 -3,433 100 &3 D418 0.746 94 147 93,401 518.066 518.086
22 22 23 -2 804 100 o7 D484 0. 868 f3.401 8$2.533 518.086 518.086
23 23 24 -2.225 100 B3 002568 2.093 82533 40,44 518.086 518,086
a4 24 25 1,444 130 100 DO2PES 1,882 an.44 AR 550 518,086 518085
5 21 26 16026 200 100 0.0E001 0.267 94147 93.88 518.086 518046
26 26 27 -0.6854 100 75 D.03054 0117 93,68 #i3.763 518.086 518.046
27 w 28 0474 100 125 D03 1EE 1.321 93.783 35,084 518086 497 188
28 28 249 -0.161 100 200 0.0av 4 853 5 084 90,431 &£82 168 492 163
| 28 ao 16,144 100 s D.02074 3245 95.50 50635 518088 18 a6
20 H N -0.383 100 285 [ 03441 204 40,635 80.431 518086 51B.085
3 k) Az -0.088 100 s DoDa312 3296 90431 BT 13% 518086 518,085
3 i3 =14 35 150 75 ooy 2249 90635 BH.386 518.085 518,085
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FlpehD ;

cbEEYBREH

41
42
43

a5
46
a7
48
458

51
52
53
54
a5

&7
i
a8
&0
81
62
B3
G4
B85

a7
Ge

Mode

sSbhtab2REeymEEN

288332228

“2882

o
= =

Hode To;

;-ﬁnnuuuuui
B R o=k O A0 O = D W

BEZBRESRRIORIBEEAGERE

o

SETER

Distharge:

Litres /s

-0.233
-0.203
0303
-1.045
-0.567
-0.203
-0.045
=1.458
-1.074
456
0271
0045
A0
-12.4B85
477
- 522
-4 374
-1.062
26504
40.74
B Ligl:]
LG
2 T1T
-2 288
-2.063
554
-0.068
-1.273
0,271
-0 546
0049
1L 181
0135
-7. 188
0,928
-3331

Diameier;
mim

100
100
100
100
00
100
100
100
oo
100
100

Lemgyth:

258
225
335
are
100
225

174
T
o
T8
100

108
1440
20d)
154
250

10

FFacior:

003515
G0AGES
03353
piliel L
Q.003068
Q03655
00445
2T
02818
0.03206
003475
0.0457
0.0358
0.02065
0.02336
002328
0.0z2340
00239
0.02454
0.03002
005427
0.03391
0.02494
0,065
0.028
0.031a
004297
0.
0.03417
Qo318
0.04106
0.03668
0.04009
0.022a7
002847
Qozny

Hexdl oss:
m

6.045
592
.34
3643
1.0849
0,995
1.634
1,244
o7
3658
4. 227
4, 264
3.6M
1031
4,229
0648
1.558
1.503
0.058
£. 5
0.eg2
2539
5537
0082
1852
L1y
1,354
3853
B.B53
B322
1,177
16

0334
0B85
Qa4
0183

FromEleva:

m

E3.404
§2.513
S0.44
B8 558
Ba515
B3.856
E3.856
B8.3585
Br12e
B, 417
BO.115
fa 343
88.417
88365
87365
83118
B3.774
82.218
80,715
80.773
Ry
#3.7M
80.773
8631
4536
84,5
84,897
i s
88,083
88.063
L.
B4 617
BT
87,355
Ba 0o
B4.001

TaElava:
mi

BT 355
R
B3.126
B B16
&3 856
B4 851
B2 218
BY 136
BE 41T
80118
04 343
B0.058
50,088
B7.355
BA.126
BITT4
2218
BO.715
BOTTA
B1T7T1
B4 663
851

Bi.31

BG.392
B4.5

Ba BT
B3.353
BH.063
b

B2 741
B 564
BIMT
B2 407
B8 001
BB E25
BB 184

CDownPress:

M im*2
516.086
518.085
S10.086
S316.086
516.086
518,086
518084
518.085
516.086
18086
445 511
362 597
518,086
316086
510.086
316086
508372
505372
505372
504 734
445413
445413
S04 234
395598
393 B89
a3 944
207 804
393 889
324.083
324007
224 083
341 Bk
324.083
S18.086
205411
H05.491

UpPress:
Nim*2

518.085
518.085
16 086
516086
518.085
A58 Bl
518,085
516085
518,086
445 511
382 547
362 597
A48 001
51B.086
18 086
505 372
BO5 A72
505372
504 734
445413
427 512
395 593
385 B4E
333 589
393 0Ag
391 B4
391 G54
324 083
324 083
124 a3
324 083
391 G
324083
RS 411
489 244
B0 B2



0Ll

PipeND -

|
Fik
T2
£
T4
75

saadd

i
42
a3

L

RMode

283

F
73
T4
7
7B
64
fa
e
7a
i
a2

b

Hoda To: Discharge:

o s g

EREEBE2BEdd8aR

Litres / s

=4 106
-1.967
SR
.58

-0
Dol
58T
0226
-2.533
S AL
1045
-1.778
D818
3271
oaTe
0. 143
0203

Demetar:

mim

100
o0
100
100
100
10
100
100
108
100
100
100
100
100
100
100
100

Length:
m

135
125
247
125
217

BEEss8SggEEt

FFaclor:

0.024

003805
0.03643
0.
0,0%534
0.05455%
0.020895
0.02513
0.0252%
0.03338
0.04581
0.02523
0.03067
0.02428
002313
003827
0.03527

HeadlLoss:

4176
2.845
5756
378
322

4 353
T.024
11.842
1814
422
QU2
0333
1.524
122387
1498
4 565
2128

FromElava:
m

GE. 184
o226
a5 HE
g5 208
91.533
BR.713
8. 184
a%.H08
92 552
dB.545
84,328
BE E48
BE.EIT
a0.40%5
dE.E81
ar.x3
87.383

ToEhava:

92 362
95 204
38.452
91.533
aa.713
92,865
95.204
83,365
0a 544
B4 375
83.364
08 861
90.405
102802
#7363
51,948
#9.511

DownFrass:

N /m*2

507.821
410.648
354.01
354,01
54,01
364.01
21.841
5401
410,844
418,648
419.844
419,849
413.315
03,414
413.315
4131315
413,315

UpFress:
M fm*2
415 B48
354.01
364.01
54,01
3R4.01
280,566
35400
400
419,848
418,843
419,848
413,315
383.414
140,185
413.315
3ATE
371.564



APPENDIX VII

HIGH LIFT PUMP HEAD CALCULATION

Mo = 107 Vs/m®
L - 3,000m
Qg = 100m? e
L = 147m
o = 8 1m {treatment arca)
L - Ly - 147-81
= Gomm
Roughness] = 0.15mm
D = 150mm
N . x{0.15)°
4
= 0.01767m’
Yoo 31;:3][# ; u.m] 767
= 1.572m/'s
VoD
Re = 72

1.572x 0,15 = 1000

0.001
= 233,800
K 013
D 150
o 0.001
A = 0.0275 (from Moody diagram)
e = gL (aialeating all infnor lossed)
- NETICCUME &l MINODT IOS5ES
Dis glecting

ot § § B



0.0275x3000x1.572°
0.15x2x9.81

ht =

69.27m
Total head required = 69.27 + 66
=13527m

Provide pump capable of delivering Q = 100m’/hr and H = 150m.
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APPENDIX IX: VOLUME CALCULATION FOR RAW WATER

IMPOUNDMENT
T B M for project area = 100,000m
Crest of dam = 81.000m
Max top water level - 80.500m
Crest of spillway = 79.000m
At0+H000, Ay 10[(0:21+027)+ 2031 +0.55+0.75+095+ 125+ 136+ 1.38 + 146+ 2226
3

+3.767 + 3.84 + 0.941 + 037+ 033 + 0.29) + 4{0.25 + 0.35 + 0.68 + 0.85 + 1.01 +1.34 + 1.37 + 1.40
+ 148 + 3132 + 4404 + 1.949 + 0.39 + (.35 0.31)]

10 [ 0.48 + 39.548 + 76.964]
3

A= 389.973m’

ALQ+ 025, Ax=10 [{0.52 +0.024) + 2(0.57 + 0.68 + 090+ 1.25 + 144 + |. T3 + 4,133 +4.53 +
3

3334)+ 4038+ 066 +0.70 + 1.22 + 1. 38 1.59 + 3.269 + 4.825 + 3.563 + 0.615)]

10 [0.544 + 38.034 + 72.808]

3

10 [111.386]

3
A:=371.287m’

At0+030, A; =10 [{1.75+ 0.10) + 2(2.31+ 2.53 + 2.76+2 BO+2.84 + 3,675 + 5.27 + 4.275+ 1.375)
3

F 4211 4242 42,55+ 278 + 2.81 + 2,965+ 4.02 + 4.93 + 3.457 + 0.20)]
10 [1.76 + 55.67 + 112.968]
3

10 [170.398]
3
As= 567.993m"

AtD+075, Aa =10 [(0.21 +0.02) + 2 (0.24 + 036 + 0.68 + 0.83 + 3.139+ 3.055+ 3386+ 0.37) +
3

4023 +0.25+ 049+ 0.81 + 100+ 3.0+ 3,51 +4.126 + 1.764 + 0.10))

10 [0.23 + 30.90 + 61.16]
3

10[92.29]

3

-114-



As=307.633m*

At0+ 100, A; =10 [(0.42 + 0.29) + 2(0.67 + 0.82 + 1.20 + 1 46 + 1.59+2.376+3.74 + 3.147+ 2,503
3
+0.70 + 0.67 0.65 + 049 + 0.38) + 4(0.54 +0.71 + 097 + 1.32 + 1.55 + 2,76 + 2.976

2976+ 4347 +2.973 + 1,035 + 0.68 + 0.66 + 0.51 + 0,41 + 0.31}]

10 [0.71 +41.786 + 87.004]
3

10 [129.500]
3

As= 431.66Tm*

ALD+ 125, Ag= 10 [(0.20 + 0.10) + 2(1.40 + 1.B0 + 2.10 + 2.40 + 2.674 + 4.149 + 3.819 + 3.255 +
3
2559+ 1,58 + 1.48 + 1.32+ 0.90 + 0.50) + 4(0.4 + 1.62+ 2,00+ 2.21 + 2.45 4+ 3.45

+4.134+4.10+3.214 + 1.684 + 1.56 + 1.42 + 1.10 + 0,90 + 0.22)]

10 [0.30+ 59.875 + 121.848]
3

10 [182.023]
3

Ag = 606.743m’
A0+ 150, A;=10[{035+ 01D+ 2111 + 1344 1.56 +2.00+ 3.709+ 3414 + 3217+ 3.099 +
3
1869+ 179+ 175+ 165+ 1 45) + {07+ 121 + 1.44 + 1,95+ 2,20+ 3.071 +
3.593 + 3.528 + 3,059+ 2.519 + 1.80 + 1.774 + 1.68 + 1.57 + 0.91)]
+1.50 + 1.655 + 3.081 + 3.416 + 2.895 + 3275 + 2.541 + 145 + 1.22 + .02 + 0.61 + 0.40)]

10 [0.599+ 50.52 + 101.532]
i

10 [152.651]
1
As = 508.850m*

At 0+ 200, Ao = 10[(0.90 + 0.90) + 2(1.2 + 1.40 + 150 + 1.61 + 1.8 + 2.383 + 3.283+3.903+2.858 +
3
2307+ 190+ 140+ 4100+ 130+ 1424 1.60+ 1,70 + 1,844 + 2.833 + 3.853 +

3.148 + 2,758 + 2,307 + 2.23 + 1.90 + 1.69 + 1.47)]
10 [1.8+51.088 + 123.932]

3

10 [176.820]

3
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A= 589.400m"*
Volume of raw water when dam is full
V=L{(A+ A2 + A+ As+ Ay + A+ AB+ Ay + Ayl

WV =25[389.973 + 589.400 + 371.287 + 567.993 + 307.663 + 431.667 + 606.743 +

-

-

601.253 + 508.850]

V =25[4B9.687 + 371.287 + 567.993 + 307.633 + 431.667 + 607.734 + 601.253 +
508.850]

V = 25[3885,104]

YV =197,127.588m"
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APPENDIX X: EARTH DAM AND SPILLWAY DESIGN
OUTPUT

CALCULATIONS

REFERENCE
Embankment Design

=  (L5m

(a)
Freeboard
For GC, GM, 5C, SM soils as the embarkment,

Front slope = 2.7
Backslope = 20:1
At 6.0m depth { overall depth up to top of riverbed)
Frontstretch = 25x6 = 150m
Backstretch = 20x6 = 12.0m
Clay core = H.0m
= 3b6m

Minimum width to allow equipment

Camberof crest = %
A cut off trench extending to the bedrock or other impervious stratum.

W = h - d

= depth of cut off trench

Where d =
h = reservoir above river bed at
h = 60m
d= l5m
W = 45m

(h) Spillway Design

Fram the developed rating curve
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REFERENCE

CALCULATIONS

OUTPUT

o0

= 33.26m’

= 3.95(h-0.2)""
= 395(4-02)™

Q = 2(2g)'/» ed LHY,

3
For L= 10metres

Featherstone and MNallri (1985) i = {

323326

- 2
22} Cal. ]

¥
2z x0.81)" Hﬂ.?xlﬂ]
= 1.37m Take 1.5m

{e) Spill Weir

=] Q=
Ijlrl:l .
r \
Hy
0
2400 2400 2400 |

p = 1000Kg/m’
Pon = 100KN/m®
§tnhilig
Pa = puh =38x98

= 37.27TKN/m’
Hy = Pah = 1.8% 3727

141.66KN/m width of wall.
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REFERENCE

CALCULATIONS

OuUTPUT

Sliding:
o LGk

2 7

1.6%9.81x3.8°
4

113.32KN

Frictional Resistance
F = w(l.0Gk + 1.OF, )
Gki = 0.8x72x24 = 138.24kN
Gk; = 1.0x1.5x 24 =36.00kN

1.5x1.4x24

=25.20kN

Gks

Vi = 24 x3x9.81 =70.63kN
Fr = 0.5(270.07) = 135.04kN/mm’
F: > F,

Overturning

L8
Overtuming moment M, = l’%
v =1.6

16x9 8138
i

143.55kNm

M, =

Resisting Moment

My = ol ':]..3': Mx72 _ 186.62

= 10%x1l5x24x19 = fi8.40)

Myy = l.4x3,51;24x3.33 = 83,97

24x3.0x98]1x6

=
a
|

=
]
i
.
:

Structure is
safe apainst
sliding.

The
structure is
safe against

overturning.
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REFERENCE

CALCULATIONS

OUTPUT

Bearing Pressures
_N _ 6M

D p
N = 270.07kN

P

- 3.312,413“9-51+]1[|.xi_5:hc24

3
-1.5x 1.4x24x% 027
= RO4T7+252-13.61

= 10]1.06kMNm
M
= 75+ 46.78
Prs = 121.79
Puow = 28.22kN
The
ﬂ _ 101 .06 - 047
N 270,07 effective
% i ? — 0.6 eccentricity
lies within
M_D the middle
N8B
third.
Reinforeement
Wall
M = 143.55kNm
M - 143.55x10°
bdzfr:u 1000 % 2300° =25
= 0.001
i 143.55%10°
095w .95= 2300 =410
= 169mm’/mmm
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REFERENCE CALCULATIONS oUTPUT
Base Slab
3
Bearing Pressure on soil = Ll L 3TEN fm®
7.2%=1.0

Assume a bearing pressure of 100kN/m’

C=40m, ¢ = l6mm

At the base ol the wall
2
= 1mx1-4;1,=:rx-4 R
Mo 288x10°
frubd®  25x1000 = 7507
= 0.02
- 288 x10°
As = =
0.95x0.95x 720410
= 1,081 mm®
Ajp = 1150mm*
e st 1150 % 100%
1000 3 750
= 0.15% Okay.
Distribution

Ay = 0.13% x bd

0131000 = 750
100

5 975

Provide
¥16-175
{ Top)

Provide
Y16-175 top
and bottom
in Base
Slab.
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APPENDIX XI1A: Layout of Earthdam



=£L]-

D eancims

f.0m i

[8.0m v 1 5.0m

Emisukmenl Toe

APPENDIX X1 (B): LONGITUDINAL SECTION THROUGH EARTHDAM
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APPENDIX XII:
BILL OF ENGINEERING MEASUREMENTS AND EVALUATION

RATE N[ AMOUNT N
ITEM DESCRIPTION UNIT QTY : K : K
1.OJHEADWORKS
I.1{Clearing m’ 100,000 15| 1,500,000.00
|.2|Unsuitable materials m’ 1000 BO0|  A00,000.00
1.3{Impervious clay core m 1200 900|  1,080,000.00
1.4|Lateritic filling in embarkment m 4,500 B50| 3.825.000.00
1.5|Concrete grade 25 m 150 17000]  2,550,000.00
1.6|Valves and pipes Lump |sum GO0, 000,00
1.7|Dumped rip rap m’ 450 20000  900,000.00
1.8|Grassing m’ 450 250 112,500.00
Headworks carried to summary. 11,167,500.00
2.0{1,200m” RESERVOIR
2.1|Clearing m’ 2000 30 60,000.00
2.2|Congrete grade 25 m’ 226.94 17000] 3,857.980.00
2.3|High vield reinforment kg 19941 135] 2,692,035.00
2.4|Formwork m’ 976 600]  585,600.00
Reservoir carried to summary 7,195,615.00
S.0]TREATMENT UNIT
Treatment house, treatment plant, pumping
3.1|plant and generator 15,000,000.00
Treatment unit carried to summary 15,000,000.00
4.0/PIPELINES
4.1|Rising Mains: 1 50mm UPVC pipes (15 bars)im 3000 S000] 15,000,000.00
4.2| Distribution:
4.2.11200mm UPVC (10 bars) m 2310 5500] 12.705,000.00
4.2.2 1 50mm UPVC (10 bars) m 4000 4500( 18,000,000.00
4.2.3 100mm UPVC (10 bars) m 9077 3500] 31,769,500.00
Pipelines carried to summary. T7.474,500.00




SUMMARY

1.0
2.0
3.0
4.0

Earth Dam

1200m” Ground Level Reservoir
Treatment and Pumping Plant
Pipelines

Subtotal 1

Add Consultancy fees (3%)
Subtotal 3

Add Contingencies (5%)
Subtotal 3

Add VAT (5%)

Grand Total

- 126 -

11,167,500.00
7.195,615.00
1 5,000,000,00
T7.474,500,00)
110,837,615.00
3,323,128.45
114,162,743.45
3,708,137.17
119,870,880.62
5.993,544.03

125.864.424.65



