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ABSTRACT 4y

This project focuses on the utlisation of Ossiomo River for water supply 1o
Abudu town i Oduonmwon Loeal Government Area of Edo State: To achieve this goal,
hydmlogieal appratsals were carmied out to determine the quantity and quality of the
water available, as well as the adequacy and dependability of the supply The data
collected and analysed mclude the hydrological data of the nver, rantall data of the study
area, and other information such as the census data of Abudu town and maps Fallowmy
a reconnmussance survey of the study area, a wansverse survey was conducted 1o
determine spot elevations along the proposed pipeline routes and the service reservair
location

Rase an the dats analysis, a share intake system, treatment plant components and
tistributien network, were designed. Cost estimates were also cormputed

e study shows that Ossiomo River is a perennial niver with the capacity 1o
st waler supply scheme for Abudu 1own and environs. The nnimum  annual
discharge of the river is 10 64m'/s, which 15 considered as the safe yield for the design ol
the scheme. With a total water requirement of 0, 138m’/s to the town, the scheme users of
the mver can sull have sufficient water In terms of the financial implications of the
project, & modest total cost of N240,000,000, has been proposed This is ijuite feasihle
wne witlun the executive scape of local and state govemments, and with possible

assistance from the federal povenmment
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CHAPTER ONE
INTRODUCTION
I.1 CGeeneral.

The mponance of adequate water supplies for the health and wellare of the
mhabitants of human setilements 15 generally recognised What s lacking 15 the
recognition that water 15 one of the locaton factors in urban and mral planning, a
particular relevant Bxctor in the developing countries, where scarcity of capital does nol
permil transporiation of water from distant sources.

The daily water demand of a human bemng vanes between 1.5 and 201, depending
on climate and  physical activity. Daily per capita in-house water uses average about 60
to 80 htres i ororal areas supplied by public wells and about 100 (o 120 hitres o
resulential districts ol wiban areas supphied by house connections (United Natons |9806)

Soeveral altempis have been made by the Federal , State and Local Governments i
MNigena to provide potable water supply in urban, semi-urban and raral towns. However,
despite several mterventigns ancluding the World Bank Financed National Water
Rehabilitanon Project in urban areas, the FGN/UNICEF Joint Programme on Rural Water
supply and Sanistieon Petrolovm T Dand (FTF), Directorate of Food, Rosds, ol
Rural Infrastructeres {DFRRI, the Natwnal Bore Hole Programme and other Extemnal
suppoit Agencies (ESAs), Non Govemmental Organisation (NGOs) and  Provate
Interventions, national Covernge of Waler Supply 15 still below 50% (Diyoke, 2001)

All over the world, a sale reliable water supply 15 vital 1o the praduction of food
and Nhres, o 1he health and well being of communities {whe need water for consumption

and smntation), 1o the production of industrial goods and services, and 1o the production



of emenry an the form of hvdroelectric power.  In Fact, water 15 the mosi importani
comon clement in environmental and development issues today.
1.2 (Yhjective amld Scope of the Project
Fhe man objectives ol this project are 1o ;
(i) Evaluate the existing waler supply scheme as well as apprasal of present and
fiture waters demand for Abudu town
{u}) Dretermine the water quality and guality, and the rebabihity of Ossiomo nver as a
source of witer supply,
() Pz a sulable waler scheme for Abudu town
The scope of this work has been Limited to the quantity and quality assessment ol
a river, and 1ts use for water supply fo a commurity, Comprehensive feasibility studies
leadmg o full Enmneernnge progect work has not been attempted because of time and

QOO N L'[!Iﬂﬁ-ll'ﬂ.i-!ﬂﬁ.
1.3 Project Jusiificaton
Ve Tact that the national coverage of water supply in Nigena s below 50%,
conprled watli the policy thrust of the imemational communities to make potable wiler
avinlabie i developing nahens of the woild, (Ovegun, 1986), the Abudu water sipply
scheme will obviously boost national coverage of water supply. Other grounds that have
been consudersd are
i) The commumty has been without potable water since the only water borehole
i sunk v the then Bendel State Government) collapsed about 15 vears apo
{n) Abudu 15 nol suly a prowang seon-urban own, but it is alse the admimistranye

Headgumiiers of Cilnonmwon Loosl Go vernment Area of Edo Seate.

Fa



{m)  The wwn also accommodates the permanent onentabion camp for the National
Youth Service Coms in Edo State.

(v} As o developing semi-urban town, 1t howoses o lot of public and prvaie
establishments amone which are schools, banks and hosmitals, A leprosanum
hospital 15 also located n this ancient town,

(v) The level ol social, economic and political activities are on the incréase bevause
of 115 nearness 1o the state capatal, Bemin City
About 0% of all diseases and one third of all death in developing nation e

cansed by contaminated witer (Mam, 1974} Lack of potable water has crented problem

i the mbabitants of Abudu lown. The water consumed by Abudu residents i

contaminaled The wols from which ranwater 15 collected are dirty, especially when

collecting the fiest rams of the year, The roofs are dirty dunng the dry season when no

il e exprerneinced, amd are o sached bafore eollecnng the water
The dug- wells (underground cement lined water storage reservorr) nsed 1o

conserve harvested rainwater and_'ﬂ[su for the procurement of water from water tinker

vehicles are not washed often.  Some stay for more than three vears wathout being
washed, and the water stored m are used for domestic purposes. Living things such as
lesras i< msects ele, lall into the reservorr and consequently contaminate thus making:

It I|'|i|| L ILH \.'l'l-'l'rlII'I'IFI‘.II:'I-H
Oceasonally there 15 no water in those reservoirrs and water froo tankers are

stered for community ase without treatment. The community undoubtedly 15 faced with

acule waier problem The wreatest problem 1s to get potable water because the few

exislimg sonrces of water are raw and contammated. ©



CHAPTER TWO

LITERATURE REVIEW
1.1 Lieneral

Whaotever sources of water 15 ublhised - lakes, nvers, spnngs or wells - the
avmiable supply depends on the nature and size of the calchments. For example, the
waler discharpge by a nver is that pant of the ramfll, which, having been procrpitated an
the catchments, 15 not completely lost by evaporation or percolation it the ground, and
i, mcludes that pant of the water that has percolated into the ground, and 15 retumed 1o
the surface by springs. In assessing the value of a source of supply, therefore ranfall
records should be compiled, and the area of the catchments should be determined as
accurately as possible, so as to estumate the probable quannity of water avanlable or where
the flow can be gauged. The gauging should be taken over a peried of several years.

In estimating the supply which, niver can afford all ttmes, the flow of the nver in
ithe doest vears should be known, Howeser, of this infrmaton s oot avalable, the
dhschmpee dunng a normal year should be determined and reduced according 1o the
relatn between the runlall of that yvear and that of the average ol the three dnest
consecutive venrs on tecord. When investizating patential water supplics it is advisable o
mspect randall records of as long as possible, up to 35 years (Esenit, |978)

2.1 Evaluation of Surface Water Resource

Whatever the method or approach taken to water resources development and
management, 1t 15 necessary fo carmy oul an nventory of available waler resources
sources, existmyg wars and chorae tera s of the water, especially guaniny, quahity and ns

spatial and temporal distnbution pattems, The hydrologic appraisal of water resources 15



a fundamental requirement for the planning, design, construction and operation of water
resource projects  Soch an appraisal involves the collection and analysis of hydrologie
data and mlormation as well as data on social-econonue condinons that impinge on water
utilisation.  The olyective of such an appraisal is 0 determine the source, extent
adequacy and dependabihity of supply and other characteristics of water, which will form
thie basas of pohicy regarding control and utilisation of winer. [ Ayoade, 1988 )

I'he evaluation of waler resources 1n a given area 15 best done withn the
framework of the hvdrologie or water balance equation isually expressed as follows

P=0)+1+AS + AG (2.1}
where I* = "recipitahion,

0} = Runoll,

E © Evapotranspiration,

AR UChonge i st lnce waler stornge

AG = Change in ground water storage.

The above equation allempts to show the vanous ways by which the precipitation
incadent i a given area s disposed of  Precipitation represents the gross waler resources
avalable oo given area These resources are, however, subject to natural losses through
procossies of evapotranspiration, 1t s the amount of ramfall less evaporation that realls
conshiutes the effective water resources of a given area.

Water resources évaluation 15 done wath the pomary objechive ol meeting the
demand lor water resources and considers both the quantity and quality of avalable water
resources and the possibility of therr development within existing technologieal and

socio-ecanomec sysiems. Evaluation ofwater resources 15 therefore not complete withoul



consufernhion ol the demands for water, wliuch are controlled by socio-econome [actors
The major abstmctive uses of water are lor imgation and wader supply for domestic mud
industnal uses. The water requirements for these purposes now and in the future must be
known m order 1o facilitate rotional planning and optimum utibisation of the avalable
el PR es
2.3 Development of Water Supply

e most imporiant thing onder water supply schemes is the selection of source ol
water, which should be relinble and have minimum nomber of impunties. Afier the
selection of source of water, the next step 15 to construct intake works o collect and
convey 1l o the treatment plant, where 1t s treated The tvpe of treatment processes
directly depends on the impunties in waler at the sowce and the quantity of water
reguited by the consumers

When the water 15 treated, it 15 stored in clear water reservoir, from where 1 s
distributed 1o the consumers, The distnbution sysiem depends on the dlevation of ¢lem
wiatter reservorr and the anng.r{lphy of distnbution area Waler directly lows under
pravity 1o the low-level areas fiom the elevated tanks. Pumping is required for Tows o
the hpeh fovel vponndds The oo dimneans of water supply systems and processes aie
shown m i 201

A water supply system capable of supplying a sufficient guantiny of potable water
15 a necessity for an urban lown. The eléments (Fig 2.2 and Table 2 2) that make up a
mioderm water supply system include
i Sourcets of supply

o} Storngee ncililes



(i) Pransimission (to reatment) faciliies
vl Trestoeen facidilies
(v) Transimission (from treatment) and immediate storase facilities,

[vid  Dhstnbution Deilifies



Water Supply Engineenng

Sorces
Surface Sources Under Ground Sources
|
Rivers, |akes Ponds Impounded Springs Woells IiaBilgeatadsry
Sireams Reservolr Cnllenes
Artesian Dug Wells Tube Infilirat

- 0or
Wells i Walle

Wells Well

Shallow
Tube wells

Intake Works (Collecton Works)

(BT
Peabige qp

[*l e Sadimentation Filtration [Msinfection
Sedimemation with
Coagulation

Miscellaneo
I regbmend

Dhstnbubion system

Crravily Pumping Dual
System Svatem System

Distnet Water Mains

Hranches a.mJ Service pipes
Consumen
Waste Water
Fig 2.1 Flow Diagram of Water Supply Scheme

{Somrce Bindie angd Bardie, 1992)



In the development of public water supply, the quantity and quality of the water are ol
parmmount imporance.  The relationship of these two factors to each of the funchional
elements is indicated in Table 2.1, As shown in Fig 2 2, not every functional element
will be incomporated in each water supply system. For example, in systems where ground
wiler 15 the sowrce ol waler suppely, storapge and transmission facilities usually are nol

reguired  In some instances, trealment facilities mav not be necessany

Source of water supply

Storage

L

ol

Tren nm;lisaitm

-

Treatment

Transmission and
Storage

>

Phastrilntion

Fig 2-2 Intervelationship of the Functional Elements of a Municipal
Water Supply System

iSource: Limsley and Franzimi, 1979)



Talile 2.1 The Functional Elements

Funetisnal
Elemeni :

Sowrce]s] ol
suply

Storage

T epmisapnns g oy

Tremment

Pransnussien and
slarage

Phstrbaition

W Public Water Supply System

Principal Cancerns in Facilities
Design |Primary/Secondary|

Description

L3yl ',H:Iﬂllt:.-'

Qruantity/Quality

Cuantity Quality

Quantity/OQuality

Chaality/OQuantity

Craantity/Quality

Surface water  sources ol
supply such as nivers, lakes
and  reservoir or pround
waler source

Faciliies used for the storage
of surface  water usually
located m or near the source
ol supply

Facilities. used to transpon
water  from  sloface 1o
treatment [acilies

Facihities used o improve o
alter the qualily of water

Faciliies used 10 transpon
treated waler to mitermediate
slorage facilities and o one
or  more  points o
distribution

Facilifies used to distribuie
wsed o distribute water 1o the
imdhividual wsers connected o
the system

{4

(Sowree:

Linsley and Franzini, 1979)



24 Woder Uises

Waler uses vanes from one area to the other, dependig on the climate
charactenstics ol the area concemed, population, industnatization, and other factors Ino
civen mien, wiler use also vanes from season 1o season, day 1o day, and hour to how
s, o planning of a water supply system the probable waler use and 115 vanialons s
be estimmted s accurately as possible.

Domesie water demand inchides the quantity of water required i the houses o
domkang bathing, cooking, washing, eic. The quantity of water required for domesnte use
mamly depends on the habis, social status, climatic conditions and customs of the
[T CL T TP | i ehinpronnge iustbioie o0 e world, the domestic cotsampiion ol wale
under normal condibions is about 135 hres/dayfcapita. In developed coumnes this figuie
may be as bigh as 350 hires/day/capiia. (Birdie and Birdie, 1992)

Commercial  butldings and  commercial centres  include oflice  buinldings,
warchouses, stores, hotels ete. The waler requirements of commercial and public places
may T gt 05 hitresdday/Capita I,LF.illdil: and Bardie, 1992)

Oty ol water vequired Tor public utility purposes such as Tor washong and
sprnkling of romls, cleaning of sewers, watenng of public parks, pardens, pubilic
lountmns ete. comes under public denand. To meet the water demand Tor public use.
provisu ol 5%e of the total consumption is made while designomg the water works lor the
cily

AL the water, which goes 1o the distnbution pipes, does not reach the consumers

Some portion of this s wasted i the pipelmes due to defective pipe-jomits, cracked and



broken pipes, ete Geaerally an allowance of 15% of the total quantity oFwaier 1= made 1o
compensate for losses, thefls and wastage of water.
2.5 Requirements of Water Supply System
A suitable water supply system, aceording 1o Birdie and Burdhe, (1992) should
safisly the [ollowmy reguiremenis:
i Ouahity of water supphicd should be satisfactory (should be free from impunties
sl boactenal
i) Water chould be available in adequate quantity
fnd Wader should be seadily avalable o the users
tiv) I should be cheap
ivi)  Teshould be readily disposed ofl after i has served its puipose
The management and design of water supply reguires o knowledge of the
guiantities of water needed wath reference 1o the desired population 1o be served, In order
that the Tad plaoned syatem docs non begome inadequate due fo populabon and
consequent demand of water supply for vanous requirements, not only the present bl
also future requirements should be considered while planming water supply works.
The followang factors are considered while planning water supply project
() Diesign Perod
Fhe design penod is the perod for which the propoesed system mcluding 115
component structure and equipment would be adequate. The penod showld neither
b oo short or oo long, Mostly water works are designed for penods of 22-30

vears, which s a Furly good perod (Henry and Heimnke, 1989)

E1



L) Popadation at the Bod ol the Desipn Poied
When the desien period s fxed, the nest step 15 1o determing the popolation af the
i o the desipn pored, sduach will ensure iliat future water
Feuuretnent of the commuomily 15 enleubued and ndeguately provided lor i the
inveril ke sk,
Lokl P oot hemnaned
Por the purpose of estimation of total gequivement of water. the demand
calenlated vn an average bisic, wlich 1s expressed i Inces/copata‘day
W2 15 the total quantity of water reguieed daily foe the population of the wwn, 1°
the per coprita demand will be
Per Capata Demuanad = Q0P { hitres/eapitadday Ipad) (2.2)
T Wbl Bsebprnntiam faoor Sy bank e -V siber Hupply
Pie quanniy of wiater that may be drawn continuously Triom a steeam or lake
’
depcits upen the ares of he wattished, the topography, vesetation, rainfall, clinate, and
mnawnl of stormee. T he maximmm guantity of water that finay b dravwn continuowsly alfier
deducing losses due to evaporation from the proposed reservoir surface, leakage el
el vl o dbani, and necessary withdenwals for reparan owners downstrenn is collsil
e piekds e estmiated sple yvield mast exceed e estimated fulae demand if o
Projrased swater sopply s 1o be adequide. The safie yield of a souree of supphy can be
exleamed only fieim the reconds ol the past. The mest ieliable information from which o

precict vreldd v a Tvdvograph of the stream foea long perisd ol v al the lovanion of the

L



proposed mtake or dam. The hydrograph should be of sufficient duration 1o include »
penod of extreme dought
To calculate yield, (Ton, ef of, 1974) it is not generally possible 1o satisfactornly
create a flow record at an intake sie from rainfall data; there 1s no substitution for o
careful examinabion of long reliable series of runof measurements at the location
cancem. Self evidently the gross yickd 15 the mimimum low on record, while the mers vicld
is simply the amount remammg afler deductions of any prescnbed residual fow from the
pross figure Where it is felt preferable 1o estimate an intake vield, the followinge
procedures wre recommended:
1 Locate a llow record of adequate lengih for the dver concemed. or for one
hydrelogrcally sinnlar.
() Adjust this record back to natural conditions, if necessary
() Locate the lowest low each year and rank the resulting senes of exireme values

lrom the smallest { rank 1) upwaids

{1} Plot these on an appropriate probability paper which will permmt steaaght line
Hr
I.;, Ty e,

interpretation, plotting the prints at -

(v) where # 15 the number of vears of record and # is the rank number

{vt)  From the chosen flow probability line read off the flow for varying risks,

(i) Transpose these to the mtake site being studicd, either by correlation or by the
vty ool the estimated mean flow of the sites concemed

(v Fhe o sformed lgures from (vin) are then plotied on a eross yield/retum penod

sraph



T Intakes

e main function of the imake works is 10 collect the waler Trom the sulicy
soee twithin iomiatiens of the water level) and then discharpe water so collected. by
means of pumps or duectly to the veatment plant Intakes are structores whicl,
essentially consist of openings, grating, or strainer through which the raw water fiom
ver or reservenr enteds, and 15 camed (o a sump well by conduits, Water fiom the sumyp
well s pumped throough the nsing mains (o the treatment plant {(Willeock, 1933)

A ovanety of imiake  svatens have  been successiully  cmployved  Thiool
classilications of the primcipal types are miake lowers, shore intakes. submernged intakes,
siphion - well intakes. Many vanations of these principal types have been used.

Intake towers are commonly employed in reservoirs and are usually located in the
deepest part of a lake or reservoir. Towers have alse been employed az pan of a fver
mitithe svatin The intake tower is located in the river channel, and water is conduciod
Frov i by LEYIDY s or tunnel o the intake i mpin_r_l stabion, Iocated on ihe shore

A shore intake system s frequently employed for barge mstallation on nvers It
nsually consists of a large concrete structure equipped with grated ports protected by
cowse bar racks. Mechanical screens are usually placed in o well behind the ports Such
itake structure generally mcludes space for raw-water pumping cquipment

Submerged mtakes may be constructed as “cribs” surrounding an uptumed, bell-
mouth inlet connected to an imiake conduit. The itake condui conveys water to the shore
shafl, which serves as o pumping suction well,

Siphon-well intakes are employed in nvers and may consist of a shore structure,

which receives water from the niver via a siphon pipe. See fig 6.1 at the appendix. The



e,

siphon pape inlet may be submerged enb equipped with a trash rack or simply a screen

section altached 1o the open pipe. Siphon-well intakes hive a record of sabisfactony

service and are generally less costly than other types of shore miakes. {Amerncan Sociely

of Cral Engineers and Amencan water works Association, |94

While selecting sites for intake works, the following pomnts should be taken o

l.""iJJIHI-'iI'L'IiIlH]I'I.

{1

T

[
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Itake should be so locaied that the best available quality of waler s laken. This
miakes punlication economical,

Existence ol heavy current at the intake site should be avoided This type

of current endangers the safety of the intake strociure

The requited quaniiny of water should be avmlable under the least discharge
comdifiong

Phe site should be easily accessibile

It1s desirable 1o have an intake from which additional water may be wvailable o
future requimements

The site should not be located in a navigational channel as this type ol waler
pulluted and comtammated (Budie snd Birdie, 1992)

The Tallowing tactors should be consider while desiening an intake:

Phe mtake sork should be capaile of resisting estemal forces caused by D
weaves and coments, impoact of foating and subimerged bodies and ice pressure

The intake work should have suflicient weight to prevent it Moating by the up

thrust of water and getling washed away of the current. This wbgective s achieved
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{1l

(iv)

iv)

[wi)

{vil}

by providing massive mansory intake structure and providing stone priehing a the
botom.

If intake work is constructed moa navigational channel, it should be protected
Frovemy thee Dlossas ool ooy g by and steamers by group of prles all asound

The foundation of intake should be taken sulficiently deep so that they may not be
undermined and current does not overturn the siracture

The mlets should have a screen to prevent large objects and fishes gettimg into the
drmwn water

e andet should be large enouph 1o allow the designed quantity of water to be
i

The posiion ol inlets should be spch that they can adont water in all seasons from
near the sunface of water, where gquality of water 1s comparatively bistter. Also the
number of nlels should be more, so that if one 18 blocked, water can be drawn
from othars. To cater for vanation in the water level, sets of mlets should e
located at different levels (Birdie and Birdie, 1992)

Intnkes in boge nvers should be so located that the parts are Ssubmernged ot oll

stages ol the river o a suflicient depth to avoid troubles with possible 1ce cakes o

Noating debis and 1o preclude the entraming of air. The ponts should also be several

centimneters above the bottom of the stieam so that sand and gravel bemng transported on

the bottom wall nol be drawn mito the intake,

ln order 1o meet these reguirements, 1115 often necessary to locate the mtake 1o the

decpest pant of the stream and away fiom the shore, particolaly if the nver 15 subject w

large Auctuation m stage. Under these conditions, the water must be conveved from the



Intake to the shore through a pipe laid i the nver bottom or through a funnel constructed
under the bottom. Pipes lmd m or on the river bottom should be securely anchored

I the river stage does aol Ructinte oo much, it is sometimes possible to constrin
the mitake on the shore of the nver (shore intake). The necessity for a tunnel or subagueos
pipeline 15 thus avoided, and the design of the intake structure 15 sunphlied, (Wilcock,
983
L Water Quality

Fhe unhity of water 15 liowted by ts quality, which may make it unsmitable: for
prtiendar nses Assessment of waler guality is therefore an important aspect of water
fesources eviluntion. As part of the water resources survey, available data on water
quahily should be collected and studied carefully. If no data on water quality is available,
waler samples should be collected and analysed.

In this modem rapidly changing world, the water engineer must therefore he
concemed with water quahity i addition to the tradional recognised evaluation ol wate

The pnoncipal features of water quality in the streams, nvers and lakes wath wlich
the water Engineer 15 most concemed may be considered in three main groups - physieal,
chemical and hiological

Water-quality standards are published by vanous agencies and are influx. The
LIS Pubhe Service (USPHS). The World Health Orgamsavon (WHO) and ihe
Environmental Protection Agency (EPA) are all orgamsations that have published
drnkimg - water standards for both raw and fimshed potable water In general, these
standards are simlar and have changed as knowledge of the health effects of vanous

water-quality parameters has increased. (Wamelista, o, of , 1984)



The Intemational  Standards  were  first published by the Waorld  Health
Crpansation (WHO) in 1958; a second edition was published m 1963 The current
edition was issoed in 1984, These standards are intended to supersede both the Furmpean
standards lor donking water and the International Standanl for donking waler The
WHO standard has preseribed the quality expected of potable water as i Table 2.2

Records of people’s desine to improve water quahity date back 1o as early as 2000
BC. Since that e, advances in water treatment have continuously been made Thiee
basie objecines of waker Boatimend o aailmy to Stee] and MeGhee d 1979 are
{e) Frodiction of water that s safe for human consumption
m} Proving sesthetically acceptable water for human consumption
() Provechng water for human consumpiion economically.

The production of biologieally and chemically safe water is the pamary goal i
the desae of water treatment plants. Anvihing less is unnccepinble. A propery designed
plant 15 not a guarantee of safety. However, skilful and alert plant operation and attention
t the santary requirements of the source of supply and the distnbution system are
equally important. The second basic objective of water treatment is the production of
water that is appesling to the consumer Ideally, appealing wader 15 one that 15 clear and
colourless, pleasant o the taste, odourless, and cool. 1t is non-siaining, neither corrosive

o seale forming, and reasonably sofl.



Table 2.2 Chemical Substances affecting Portability of Water

Subsianee

Total sohds

R T

Turbuduiy

Taste

Chlasan

fron (Fe)
Manganese {(Mn)
Copperi('u)
Linc (£}
Cnlerm (Ca)
Magnesiuim (Mg}
Sulphate (S04)
Chlonde (UL)
Fluande (F)
Mitrabe (MO
CaCos

[

Magnesiom + Sodum
Sulpliale

Phenolic substances

Carbon chloroform extract
Alky-beney sullonates
| ead

Arsemie

Seleniium

£ hrommm

Cyanide

Cadmium

Barum )

{aflier. WHO 1984)

S0 gl
75 my/l
S0 mdl
200 mg/
200 mg/]
0.5 me/
50 mpl
TO-RS
3000 mg

0001 mgl

0.2 mgl
0.5 mpl

150 mgel
200 g |
150 mp/l
404 my/l
GO0 g/l
1.5 my/l
PR rovges]
120 mg/|
0y=932
100G mp/

0002 mg/l

(5 myfl
IO mpedl
(.05 mg/l
(05
LR Y BT TER
005 mpl
02 e
0.01 mel

Maximum acceptable  Maximum allowable
concentration conceniration
SR mgsl so0mped
S umils SO s
5 unils 25 wiils
Unobjectionable
Unolyecnionable
0.3 mg |0 me
01 mgl 0.5 g/l
1.0 mg/l 1.5 mg/l

L}

1.0 mg/l

{Source: Porta, 1 998)



Fhe consumer s ponempally mterested in the gquahity of water defivered 1o the tap, not the
guality at the treatment plant. Therelore, water utihity operation should be such
guathiiy vs nod impaired as water flows from the treatmend |ﬂim| II1rm|y|| the distribution
system o the consumer Storwge and distnbution systems should be desipned md
operated o prevent bwological prowths, cormosion, and  contamination by oo
commiections  In desien and operation of both treatment plant gand distnbutien system, the
contre] pomt for the determinanon of water quality should be the consumer s tap

This Wrdd Basie alagece il upter treatmont 15 that o be aecomplishaed s
Factlities with reasonable capital and operating cosis. Vanous allematives in plant design
should be evalumted for cost eflectiveness and water quabty prodeced  Allemative
development should be based upon sound engineenng principles and under consideration
of flexibility for changing luture conditions, emergency siluabions, operting personne
capabelitica. and future expansion

U ol the great achievements of modem technology has been o drashcally
reduce the icidence of water-bome diseased such as choler and typhoid fever These
diseases are nol longer the great fsks 1o public health that they once were, The key 1o 1his
advance was the recopmtion that the contamination of pubhe water supplies by human
wastes were the mam source of mfection, and that it could be ehimmated by more
effeciive water treatment and better wastes disposal  Filisation of donkmg water was
used as early as 1802 in Pasley, Scoiland, and water rendess i London, England m
FR2E. (Wamehsta, er af | 1984)

Tuday’s water treatment plants are designed to provide swater contimpously thin

meets dinnking water stancdard at the tap. There are tour mam consideranon mvolved i



accomplishing this: source selection, protection of water quality, treatment methods 1o be
used, and prevention of re-contammation

The actual selection of weatment processes depends on the type of water source
and the deswed water quality, Fig 2.3 shows a schematic outling of a typical surface
Seibler eatieend ot

Urccasionally, rmw water with low turbidity can be teated by plam sedimentation
(e chenealz) o remove farger paricles and then Glimtion 1o emove the few particles
that fasled 1o settle out. Usually, however, particles i the raw waler are (oo small ta be
removed ma reasonably shont time thiough sedimentation and simple Gliauon sfone

Following filtration and before it Mows into the storage reservorn, the water |-

dismiected, usually with chlonne. Fluonde may also be added because of its abiliey 1o
retard toath decay. Treated water is then pumped by the water high-lifi pumps into the

distnbution system 1o serve costomers and 1o maintain water levels in SIOFAED TESErvol S
il requaired, The treatment units usually adopted in water treatment are given in Table 2 3

while the guidelines far the selection of pumps is in Table 2.4 The economic velogies

i individual suction and delivery pipe work for water supply are as given in table 2 5
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Table 2.3 TREATMENT UNIT AND APPLICATION

N _l. :_nii ar ]‘l._'urﬁsrs__ B

I Screen

(=]

Plan

3 Coapulaton and
Flocculation

I Secondary
Sedumenimion

i

I elarmtione

6 Ihsmifection

1. Aeralion

B Msinieal
Preciplalion

9. lon exchange (e.g.
FLeolie bod)

'm':'llll 115 wsed Mo

Remwval of Noating matier

Removal of fine discrete particles, whuch are sllowed
to settle under gravity and then be removed

Addimion of some chenucals o coagulate the finer and
highter Aocculent matenals, which cannot settle under
Process (2) By allowang them fo form a larper mass
iFlogs) they can now seltle.

This is the setthing tank with shon detention tme
wherg the locculent matenals that have come 1opether
i process (1) seltle down and are then removed

This is employved 10 remove very fine particles muld
collordal matters, which might have escaped from the
sedumentation tank. Some microorgamisms we alse
removed by fltration. The Glter 18 constructed of
porougs materials such as zoned praded sand and
eravel

The eMuent from the filter may sull contam some
bactenn For this reason Disinfection is necesaan,
el ctwon may be achieved by chlonnation,

L raaiiailbom or SOTNQFnne process,

Water. which has been treated by sedimentation,
Filtration and Disinfectron will be safe, but not
necessanly altrachive Aeration unite removes
odour and colowr (iron and maganese) by mixing
and exposing water 1o air. Aeration can be created
through hvdeaulic jump

Removes such chemicals in water hike iron, maganese
and hardness.

By exchange ofion, this process also aclese the
removal of hardness.

{Source: Agpunwamba , 2002)
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Table 24 Guideline for the Selection of Pumps

Om'ix No of pumps No ol pumps  Tatal pumps
working o stamd-hy required
0032 I I 2
RIS TR A A | 3
0.095-0, |89 3 I 1
U189 and above 4 2 [
# {Source. Waogu, |997)




Lable 2.5, Economic Diameter of Pumping Station Pipe-Wark and Valves

Economic diameier
Discharge of pump ol suction and Econnmic velocin
{m’/min} idelivery pipe-wark (m/min S
and valves
connected (o thai

0 TEH v 494 mimin
07 125 531
[.1 150 SR.6
[ 75 622
2.2 200 677
in 225 732
LY 250 76.9
R 30 B4 .2
jos 375 91.5
16 ds -I,“-H'_ 1025
244 525 098
4.0 T 1171
457 nya [24 4
%59 730 (356
755 25 1391
939 kbl 144.6

H,



L% Hydrologic Measwement

Hydimloeie measurement= neo mnde 1o obtain datnon hydrologae processes 1 hes
data are used w better understand  these processes and as a direct mput mto hydrologie
simulation models for design, analysis, and decision making

Hydrolopie processes vary in space and time, and are random, or probabilistg, in
character  Precipiintion is the doving force of the land phase of the hydolowe eyele, and
the random nature of preciprtation means that prediction of the resalting hydmlosic
(i e (e g, surface Now, evapornon and stream Now) al same fulare e s alwis
subject oo degree of ineertanty that 1 large in companson o predichion of the Fulore
hehaviour of sols or hinlding structures. These uncertmnies creale o reguiremen) e
hydrologie menasurement o provide observed data at or near the locatron of mierest so
that conclusion can be drawn om on-site observation.

Measurdmient of channel fow is of particular relevomce to the ol engmiced
because stream [low comprises a major component of oulput rom the drmmage basin
svstem,  In ponciple, the weasuraments are easier 10 make than those of most othe
pspects of dramage basin dynamies because the low s concentiated within the channel
a1t 15 possible (o solate the wotal volume of water dischargme from a catchment of
known area

In detml, however, the precise methods of measurement are complex and the
associsted saience of hydrometsy (Gregory and Walling, 19791 has developed mio o
spectabised disciplime  Brtsh standard practices have been developed as detaled

specifications for several types of measurement and in several other counlnes steeam



ganging manual have appeared. The major stream Row parameters that are measured o
those stape or water level, velocity and discharge;, and thewr vanation through time

Depth 15 measured by several methods, They include graduations on the wading
mrd, taes on the cable which supports the meter- and-weight assembly, or a mechamcal
milicator mtached 1o the reel on which the supporting cable 5 wound. Water surface
elevanon measurements include bath peak levels (Nood crest elevations) and stape a5 a
[unction of nme. These measurements can be made manually or amtomatically.

Contimuous records of water level are maintamed for the ealculabion of stream-
Mow rates. The level of water ina stream al any time 15 referred fo as the gauge height

Among the different methods that have been developed for the measurement of
strenm velocines, are mechamical devices, which are motated or deflected by the current,
imslimments for the conversion of velocity head mio potential head, ¢hiemmcal methodd.
and others: (Chow, 1964)

Because of the widely varving condinons of stream-flow, ranging from very low
to very high and lurl:u.tieni velocities, extremely rough cross sections, and the like, no
smgle method of velocity measurement 15 wniversally applicable  The mwtating meter
govers the greater romge of comdiinas, bl is not suitable [or velocities below about
J0mmisec, nor under condions of extreme turbulence. The methods for velociry
measurements includes, Rotating meter {(Carrent Meter), Dynamometer, Float, Chemcal

and Electncal Methods. (Chow, |96
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Discharge measurements in natural channels are usually  determuned by using the
following methods - (1) Current-meter measurements. (1} Area— velocity method
(i) Slope - Area Method () Weir measurements. (Handbook af applied Hydroles
)
Liv.  Disteibuiion of Water
After complete production, the water is stored m clear water slorape tanks from
where 108 distnbuted 1o the consumers by means of distribution SYEIE
Ihe distnbution system consist of pipes of various sizes, valves, pumps, metres.
distallmtion reservorrs, hydranis; stand post ete. A good distnbution system accordinsg o
Smgh. 1986, should satisfy the following conditions
1y Punty of water should not be affected during convevance of water o consumers
() The pressure of water at each point should be ample
tied - Reguired amount of water at each point should reach sach ot
iy The most important requirement 15 that in the event of breakdown or repair of one
line, water should reach that locality from other lines
For efficient distnbution it 15 required that water should reacl e ery COnsumer
with required rate of flow. Enough pressure is therefore needed in the pipefine to force
the water to reach every point in the system. Depending upon the method of distnbution,
the distibution svsiem is classified as follows:
i) vty sysiem,
(i} pumping system,

{e) dual system or combined gravity and pumping svsien

3



Howwever, Tor the purpose of this study, the applicability of the dual system -
discussed

[hie dual svstem is also known as combined pravity and pumping system: | he
pump 15 connecied 1o the manne as well as o an elevated reservorr I the begmmy
when demind is sowll the water 15 stored m the elevated reservoir, but when demand
mereases e Towon the distnbution system comes from botl the pumgmes station as well
wi elevated meservonr

I this swslem, waler comes [ e sources, one Tiom reservonr and e othes
from pumping stahon, hence itis called a dual system. Thas system 1s more reliable and
econonucal, because o requires iniform mte of pumping but mects the low as well s
masimuom demand. The water stored i elevated reservoir meets the requirements of
demand durmy break down of pump and fire fighting (Davis and Sorensen, 1979)

There are four main systems of water distnbution vz
(1} Dead End or Tree-System, (n) The Grd lron Svstem, (i) Circular or Ring
svelem, (iv)  Radial Sysiém

Wrter pressure i the dhstnbunion network mange from 130-260 Kpa (20-40p5i )

i the resudential areas with buildings not over four stones m height o J00-500 Kpa (60-

T5pst) m areas wail taller commercial or residential buddings (Henry and Hemke 1980
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{Sowce: Hemnry and Heinke, [989)

slorage 15 necessary in any municipal water demand, 1o provide fire provfeciomn
andd for emergency needs. Residential water demand vanies according to reasonable
predictable patterns over the day. High i pumps at the treatment plants are not nonmally
designed o meet these changes m demand. Instead, the usual practice is 1o PUImp wiler
o the distibution system at a fised rate for a given period and allow a reservoir (o
supply extra watler ol demand exceeds this e or receive water iIf demand 15 less than the
o Aty

Operatmy storage 15 used to meet vanable water demands while maintaining
adetjuate pressore on the system. Where information on water demand 15 available.

storape volome con be calculated or found graphically (liom a mass diagraim, fo



reguires that the Now in each pipe he assumed so that the pnnciple of contimwity 1=
sahisfied ot each junction,
A correction (o the assumed Mow 1s computed successively for each pipe loop i the

net work until the correction is reduced to an acceptable magnitude. 17 Ca 15 the assammed
Mo and 0 the flow i a pipe, the correction A s Q-0), and
RD={n + A (2=11)
Expressime head loss by
by = k {2-12)
the condition that the head loss around any closed loop be zero, pives
Th(Q,+AY =0 (2-13)
Expanding this summation,
VKOS b ExkAQ] 4 (-1 2ERkATQ T =0 (2-14)
I A s small, the third and all succeeding terms of the expansion may be
perlecied Hience,
RO AERKQ, Y =D T {2-15)
wihere A has been removed from the summation since 1015 the same for all pipes ol (he
loop Solvng lor A gives
A= -FRQS (2-16)
¥ixkQ,™)
In applyig Eq (2-16), The direction of Mow as well as the rale of Aow in the
circuit must be assumed. The numerator of Eg. (2-16) 15 then the algebraic sum of the
head loss i the cmewuit, with due regand for sign. The comection A must be apphied i the

same sense 1o each pipe m the leop. If the counter clockwise dircction 15 assumed

11



posthive, A1s added algebraically to lows assumed in the counter clockwise direction and
subitracted Ii'mrri flows i the clockwise direction. In By (2-12), A was given the same sigen
ol prpes. Because of this, the denominator (Eq 2-16) 15 taken as the absolule sun
without regard o the signs of the mdradual ems i the sommaton

Sice the hardy cross method assumes a constant valoe of v, usually civen as | %5
of 2. Mmor losses are generally neglected, but they can be wtroduced by substmumng i
equivatent length of pipe. (Linsely, and Franzing, 1979)

Phe system must be divided into two or more loops, such that each pipe 1 the
nebwork vs e bode v Lo e hoop Values of A are computed fise each loop, ad il
assumed Mows are mude wonl the desired accuracy is attuned

In the design of a pipe network care should be taken o ensure that proper Mow
mates are delivered where needed at adequate pressure. For most distubution system a
stanhic pressure of 100 10 S00KN/m” 15 recommended at all poims of delivery. Mowhere in
e sostem should pressure be permitted to drop to the point of where they spproach
ca il

Phere are three requirements for a pipeline, namely:
1) It must convey the quantity of water required,
mj It must resist all extemal and internal forces COMINE upon i,
tn) Imust be durable and have a longe hife

In order 1o deal with this subject in an orderly fashion it is necessary o class b
pipelines into three calegones of usage, which may be defined as follows
‘Muins*pipelines for the convevance of water over long or short distance and for the

distnbution of waters through owns, and in general, any large-sized prpeline,

1]



Services pipe'-the individual supply line 1o a house farm, or block of flats, lwd
underground from a maimn to the building,
Pluwemhing pipes - pipework within a buildin g for the distnbution of water to the vanous
appliances (Tworter al _1974)

Most water engineers will have 1o choose the size of main 1o he adopted in the
tivhmistances. some commonly held pnnciples may be guoted {as a rough purde) as

grven am Toble 2 6
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Talle 2.6 Siee of Distriladion Mains

Diameter of main

THmim

LRI

[ 50m

ST ITII T

(Adees 2000 pavel 258k}

S ane] aeeer

Uses in n distribuofion sy;.:'t'{-m' i

Suttable only for supply to self-contamed housing sste of small
o moderate size Gom which no futher mains extensions e
possible, ep very sudablbe for culs-de-sac, nol soiable fis
throughways’

A favourite distnbution pipe size, which wiall nommally pernt
of some moderate Turther extension onder good pressure
Where plenty of cross connections af oad junctions are made
Very smipble for completely binlt up howsmye meps, also
sutable for modermte lengths of ol work where no Lnpee
factornes or housimg estates are expected fo grow ap, provaded
that a ring main can be lmd instead of a spur extenswon Mot
awitable at all for bulk conveyance of water W an oea were
there isany ikelibood of growth,

Suntable for lwng along a road along which housing estate ae
developmp, provided some limit of their development can he
seen Suitable for quite long leagths of rural areas parcularly
i eimiec oo s 1o the source or From a trunk i
Sutgdle b bull. conveyanee of water o an isolaled area
provided it 15 of moderate size and unlikely 1o develop.
surtable for reinfincmyg supplies to on existing area of over-
drmws m a blt-up area Sutable for normal industnal
demands. Not switable for larpe industnal demands, fast or
large developing areas, long distance conveyance of water.

Mormally classed as a trunk mam. s particular use i the
distnbution system 15 that of a “‘remforcement” main, a kind of
leading antery i the distribubion system takmg a good Row and
oressure neght o ke heat of disinbution areas, or leading
throueh such aréas as a fng mun feeder Sudable o long
lengths of rural work, Suntable for bulk convevance of waler o
separate areas. Should normally be surtable for industial estate
and factory areas. except where mdivadual vern  laree
CUNSUMEars exisl

These me Li.jg;l:d-:_l]_n.l:1||:|_!I_l!!£ti|_|§_ -
{ Source: Twort of af, [974)
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CHAPTER THREE
THE STUDY AREA
3 Ceeneral

Mido towe s the  admanistrative  headguarters of  Odionmwen Local
Losedmment Area ol Bdo State. The Local Govemment Avea {ECA Y woes created i 0070
wnd even alier the present Uliimsode LOA, wais created oot ol the old Ohbiomnmssong
PLsA 0 P9 Al toven shilll cemmcnns the admamsteateee Beadouaner of the news
Chonmwoen loead  povennment area Other  towns are,  Urhiomapbe,  Haeo
Mivekeoiomwon, Iphanke, Bvboes, Evbuehighae, Orogcho, Ulmoghonmun N ok
Evbobemwen, Ushoko N7 Umagbae, Uphoka - N7 o, (hea - Aalnokunla, Sokponba
Evbunbhanosa, Ebuokabuas and Cean.

Chbonmwon LOA 5 stluated m the dense forest of the Ancient Benm kmgdom
in Edo Simie The LOGA hoas Boondanes with Tguesen DOGA, Ubonmrwode LOAL anal
kpoba — Okha LGA, all i Fdo State. On another side, it has boundanes with tka Souil
LGA, Ethiope East and West LGAs, and Ukuam LGA, all in Delia State. (See fig 3.1)
Ochionmiwon LOA b owerse potiical wards namely, Aibwkular T and 1 HAbuda town)
fyorba, Ulkpato, bebanke East and West, Uihomghe Nonh and Sowthe Ui, Evboes:
Uiehorkos jned Plgbeka

Cullwally, the people of Abudu and the entire Tocal povermment aren; are Fdo
speabore Culiwal  values e postioved  ther mbonied mulitienal  respect
monarchrcal mstuton. Ther mam staple foods are Coassavo, Yam sod Platam The

contned free oreps i the prea e Robher and Palng fices:

L)



41 Location

Abudu town 15 loeated between latitude 6" 41°F -6" 49°F and longitude 4" 3271
4" 36°E in the eastemn part of Edo. Since Abudu town 15 located along the Bemn - Asaba
Express highway and o is 45km. from Benin City — the capital city of Edo Siate (I
1)
1.3 Level ol Infea-Structural Development

The town 15 connected 1o the National Electricity Grid. It has a mediom level
public and private estabhishments: schools, banks, hospitals and pood earih roads All
these have impacted positively on the spcio - physical landscape of Abudu rown With
the Bl of the Edo State National Youth Service Corps (NYSC) permanent onentation
camp i Abudu, the town has witnessed noticeable increase in the tenmpo of urhanisation
and apelomeralion processes

Natural sources of water i the area include surface water, grovnd water snd
waler The area bas no surface water supply scheme, and the only srovndwater scheme
(horchole), developed by the Edo State Government in 1985 has sinee eollapsed and oul
of use for the past 15 vears The teaming population depends larvely on rommwates
Barvesting from roollops amd ontreared over water fram Ossionio mver Ploweyer, sone
lew wealthy individuals obian their witer supply from private boreholes, which they
also commercialise Discussions with the owners indicate the depths of boreholes van

freve 30m to GOm

i
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FIG.32.LOCATION OF ABUDU ALONG BENIN - ASABA TRUME ROAD.
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The Phyzical Landseape
1] Retiel

The entive Abudu area 1s on a relalively steep termain that marks the sideol’
a platean, The Easl- faemg slope that leads down Ossiomo valley is relatively
steep with average slope of 4 48", The lignite group ol meks, consisting of clavs
vnderhics the enlire area, fine- pramed sands, hemte and corbonaccous shales
clavs (ldahoss, 1986)
[R10 ] | mmnpe

Ossiomo Rover dunns the entire. Orbionmwon LGA, meludimg Al
townt, The nver nses from s source af lruekpen village in Esan West LGA of
Edo State and maks its meandenng rons thiough Abudu and Ologhbo towns
Trerfovre diclimenmm e it V8w P oy I|"i1: 1A Odacnomoe Boover o cliorpeienstseall,
deeply incesed, with meky bed and steep banks, dense forest nnd hill ranges huy
the niver banks al some sections of its run as o passes through Abudu il eangees
The watershed of Ossiomo aver basin ot Abudu is shown m Fig 3 4

It s imporant to note tha o s source, the people call it nekoma River,
while at Abwdu and i the entire Local Governmoent Aren of Ohiommwen, 1) 1
citlled Ornonmwon River. The Loval Government Area was nomes alter the s o
Because it cols across the entire Loeal Government Aren Ollicially and on 1
epagiaphoe map of Nigena, the nver was named after the willage within e
Abudu area called thasiome, where the frst leprosarium hospatal i the then

Westem Repon of Nigena = located

11
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315 Climate

The chimate of Abudu 1own 15 of the sub-equatonal type It s typical of the
chimate of the southem Nigenn The Abudu area expenences the hunmid tropical elimate,
which 15 charmctenzed with wet and drv seasons, The dry seasons which lasts between the
monthis ol November and March usually coincides with the period of high sunshine.
while the wet season which last between the months of April and October comeides with
e penod of low sun. This vanation between the seasons 1s caused by the latudial
mgrabion of the Inter-Tropical Convergence Zoane (1T C' 23 [dobosa, 1%

The v osually falls from convectional stonms hence s unevenly spread
throughout the days of the wet seasons The mean annual ramfall is estimated a1 2200
mm. The months of July and September have highest minfalls, while the months of
Decembiar and Pasioaes T i 1 unlalls e the yent F|‘|__l_ 38 shiovws lee Mawigul
runfoll from 1978 2002, while Fip 3.6 shows the mean monthly randall, The tibulated
monthly ranfall from 1978 - 2002, 15 shown in Appendix A

The mean monthiv semperature is about 27°C, while the extrenie masinm rarely
exceed HUC The months of J:I.m;nr_-.' to March expenence lugh empermure, while the
fowest tempernture 18 recorded m June and Jaly

Phe relative homidity ranges fiom 40% in the normine 1o abour 70% e
aftemoans Over most of the areas the altitwde modifies lemperature therehy elimimating:
extremes In general, the relatively flan wop of the plateau are relatively cooler, than other

s of thie Pelia

The vegelation s charactensed by trees and grasses The tees are usually



betwesn 6-12min height, strongly rooted and with Matened crowns The prasses we
oflen long reachmg up 1o 3 5m. The chimate and soil, favours the growth of dense
savannah woodland. Apart from the tropscal hard wood timbers, such as Troko, Obeche
and Apba, industial and food ¢rops imcluding the Oil Palm, Rubber, Cocon, Plantmn s
many local nmportant fruns thrive well i the forest.

The traditional method of farming, which is rotational bush fallow cultivation, has
left its mark on the vegetaton. The over cultivated abounded Relds, especially when on
poor sols, get colomsed by grasses and subsequently a new yvpe of vegelation known as
denved Savannah now replaces the onginal neher vegetation

The soil types are feinsoils on loose sandy sediments. The area is composed of
the basement complex of the Precambrian ¢, The Ossiomo River averlies detritus of
Brencel Ameke shales and sandstones with a unique toposequence { Aiboni, 1 988)

Soils are less leached and consequently retain the advantage of a good oot
depth The top soil. when freshly cleared of forest, contams ahout 5% stz matier wid
can thuos sustain good fod crops lor several years,

J.b Mo pulation

The 1991 census ligure put the population as 11,271, made up of 5482 males and

S.TRY females. However, assuming the growth mte of 3% m the hight of is fast growih

by reasons of wrbmnzation, the  population as at year 2003 s estimated 1o be phoul

20, I0HE prrirg il
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4.1

CHAPTER FOUR
HKESEARCH METHODOLOGY
Ceeneral

his work was undertaken i thiee phases. The prehmimary phase focused on ihe

collection of data from relevant public and private agencies, responsible for poblishing or

kevpaney seleyant hydmodogical data The other phase involy el reconmpssance surves

ol the stody area wath a view 1o having liest hand knowledpe of its water sitvation , m

ndidition by studying the physiogmphy and hvdmlopy of Os<iomo over basm. Phis Ted 1

e Gehd stody i winch the collection of feld data and guoasititative mieasarements ol

relevant hvdmlopie ppmmeters such ax, strenm Mow | and water quality wore conducied

The thard and hnal phase meluded dita analysis, design works and  appropinaie

recommendations o solve the perennuil problem of potable water supplv 10 Abudu

comisnnity sl ervirnns

4.2

Hydeological Data and other Information
Fhe fellowang data were obtained in the course of thes project
i Topographical Map

The 150000 topographical maps were obtmmed from Federal Survey,
I npos They showed the course of River Ossiomo (the mun waler source m e
pregedt ren - Abudu) Fom ils seace ol Thekuma village in huckpen (Ekpoma
Esan West LGA of Edo State), through the study area, tooats Gnal discharge e
Bemn Kiver The map was useful in the study of the physiographic charctensics

ol the Biver basin



{ii) Hainfall Data

The source of the nunlall data s the Department of Meteorological
Services i Bemn Ciy. (1978-2000) This was used 10 estumaie the average
et and range, and 1o find the ramfall dunng the three doest vears, vsoally
prsociled with shortage. The rmnfall data are from these reconded with o ko
cyppment mstalled o Benm Cily Aaport
{iiiy  Published Hydeological Information

Benmin-Owena River Basin Authoniy Federal Munstiy of Wale
Resonrces Yearbooks, vals (1, 11 & 1) were obtmuned {or reference purposes. All
data o respeet of hydolosie mensurements - stream Hosw dota, lor Raves
Omsiomo gt Abude gauging station were examined, and relevant data extrmetsd
I'he vearbooks covered the water siage/discharpe messurements carned om
between | 989 and 1994
(v Popuolation Census Figure

The latest (1991) F;l.!!'l-l.lllq"lllﬂll figure For Abude was obtamed Fom the
Mational  Population Commassion OfMice e Bemn City, from whach  the
population, were projected  From this, the anticipated population fisr o desien
pemsd of 25 vears, were estimated for the purposes of working oul total water

reguirements, ond other desien parmeters



4.3 Criher Information/Iata

The stale of existing water supply scheme was obtamed from Edoe Sime £l
Water Board, Benm Chy, Tles mformabon revealed the existence ol a waler supply
acheme m Abudu, winech has simee collapsed due 1o age and lack of mantenance e
scheme consists of a borchole water supply faciny, which collapsed an 1989 and oo

1 ‘ . y
overhend, 200m capacity Brathwaite tank that served as service neservon

a4 Fivld CibzervationSeasaremenis

The abjectives are o detemune the extent, and chmpeter of waler on which an
evaluation of control and wilisabon e 0 be based In pursusnce of dus, and altes
wlenfymg Ossiomo mver as a potenial and dependable source of water supply fo
Abudu communaty, the fllowing quantiative measurements were carmed oul
Rt TR T B TEN |I.|I|_'_-: TN R I T

i should be noted that stage and discharge measurements were carmed oul T
vedar 2003 The meassurenrenls were used in conjunction with previous measurements
{98 e 1994} an Ossiomo nver, as recorded by Benn Owena River Basm Authorily
1.5 Measurement of Stream Flow (Year 2003)

beothite was no official actvity in respect of the streamflow measarement ol
Ussaomio Baver for the year 2003 by the Bemn Ohwena Biver Basim Authonis the oothao
wilh the assistance of Bemn Owena River Basin Auwthoniy, conducted the measurements

Measurements werne laken o cover both the div and ainy seasons. The diy
senson medsurements were carned oul i the months of Janunry, Febrpary and March

while that Tor rmny =eason, were ken in May, June and July The measurenients were

51l



carmneed onat with 4 weeni Merer weine e Bondgee Boom miethod witls ISk g-run werp i,
(o sointalomg: weaghi) sod hapd - operated reels amd Tusom
46 Water Quality Measurements
st Biver Bas no presions records regarding ats water quality, Fhe wate

saaplinge was plonned 1o cover bath 1] dry amd cuny sedsons. Represeniative wiler
swapdes e ken o thie sl ol Lavuary -Blarch (Phy Season) omd My 1o Tuls
(R Season) The water sangle anlysis was canged om e Beame Owenn R
Basen Linaversiny of Bem, Jomt Analviieal Resemtels Laboratoay m Bemn €y
4.7 Daita Aeanly sin

Analyas of e data collected thoth from agencres amd Teons Geldd o) of the
Foallawan s

(1} Popubation progections for wates rerimien nis

e} Hydiologrenl evaluation of the Ossiome warter shed

vy Rafall dita, o obtain monthly and anal medns, and cstimoles [ e

iy vears, .

vl Streuni- flow -'Ifl-'llf-"il-!{ s obta maximum wwd s checharpes

) Water qualily soalysis for trsatiment plant desien paumelers

(vind - Vopographie analysis for distibation netwen k
1M Phecipa Wael,

lheans desiined for werg

i) Irtake systeins

nuk Freminvend wiorply

tn Pipelne distribution netvioek .



CHAPTER FIVE

RESLLTS AND MSCUSSION

5.1 Hesulis

i)

Ussiomo River - Stveam Flow Records

Extracts from published sireamflow records (Table 510 for Abuedy

Usstomo River, by Benin Owena River Basin Authonty Federal Mimsiry of

Water Resources. showed that the munimum annual water chscharge of the nver

between 1989 and 1994 was 10.64m'Ys, while the maximum discharee was

FiBm s The minimum discharge was recorded in 1990, while the AT

these hairge was i | 949

The corresponding nuinimuom and maximum waler stages were also shown

lo be 11 2m and 3 08m respectively. (Table 5.2)

Takle 5.1
Year
Mavinmm
Mean

Mii o

: e
Q5m /s

Ossiomo River-Abmdu Siation Waler Discharge

19549 T 1549

1992

4 Em's 138 mis

218m's 1929 mYs I8 14 m¥e

1428 m'is D64 m's 1108 m'fs

125 m /s
6.6 m'is

It3im/s

1993
R0 m /s
312 mis

I512m'fs

LR
;?.j'“;’:.tﬂ.l"l-
I7 8wy i

1
4.2 mi s

(Seurce: Benm Owenn Basin Dey Authonty, Hydrological Year Book, Vol 1-111)



Tale 5.2 Ossioma River- Abudu Station Water Slares

: Yoear B I'J"li"[i

1959 ENTTTH 1992 993 1944
Y aximmnm  JhSem 1492 cm W% em 295 cn 250 ¢m 247 em
AN [ 26y e 112 cm 1Y e 15 cin 124 cin 126 cin

(Souece: Benm Owena Basin Dev. Authonty, Hydrological Year Book, Vol 1-111)

Extracts from discharge measurement carmed out by the author for the dry andd

raIny seasons are a5 shown in Table 5.3, while the discharge field measurement notes e

e appeidis 1316

Fabde 5.3 Ossiomo River- Abudu Siation Water Dazcharge (year 200.3)

vy Season _Rainy Season
Jamuary | Feb, | March May June duly
MYy m'is |ms | mUs | mVs m'is
152 143 | 128 145|262 |286

i1



i) Water Qualiiy

The laboratory results of the representalive waler sample [dry and wel
seasons ) from Ossiomo River, are as shown in Table 5 4
(i) Popolation Proiection. snd Water Reguiremenis

i) Presign Population lor Abudu Town

Lhesiaen penod =25yis

Girowth rate =3%sper annum (National Population Com. Benimn)

Mopulation Figure =1 1271 (1991 {ensus)

Estmmaled population

{ vear-2003) =F1271 (L.O3) = 16070

Lstimated population for vear 2028

{2 5venrs period) =16 07001 03)™ = 33650

Hence Design population 15 approximately 34NN people

i) Total Water Requirement
Lt Water Eonsumption = 120 Litres/ Capital Day (Fdo water board
Fotal Domestic Demand = 120 % 34000 = J08hm " /day

Allowing for non-domestic consumption. 30% = | 228 m’(day

Total dom. + Non Dom = 5I08(miday)
Ackl waste/leakages 25% = 1326

Fotal Ave. Daly Demand 6334 (' iday)
Avenge daily demand = 6334 (m {day)

Lising o peak factor of 1 20%

Peak day demand = 796 1{m"/day)

& |



Table 5.4 Waler Analysis Resalis ((ssiomo River Abudu, Edo State).

ﬂl-lyl'l_:' ﬂ|_1_|} AT il Hnrl:l.'l.'-.' q.i;l;'?l'll‘l [ .H_c.i'r.lurks.-
.. Wit Walet | Woter | Water | Water Wolye f
el 2 AN 24M137 225 22000 1M WL (IS P
L i 1] i UL
T Alvmiii Al Albindn Mbudhy AT Al Standoml i ¥
‘H’:r\nml' ] i '|r=:»:|l|1i'r_u-1- LR ET TR T 1 HHIH"HlI-'I. 1 Il:ﬂ-il.ﬂ't'lnl.} ¥ ?;-"l-;l.“.l-l"l.l;- # ﬁﬂ_ﬂ.lll'h_l
Hives Maver Faver Hiver Kiver River
s I 7C IWE ISEL 350 -
N N s | hll 72 £ il i TR
phobey (NT1T) | 50 | 580 A 307 159 A <1 =
il eyl a2 TR I % a0 A5 0 LT 4140 (I
il
T 3 R0 an 345 524 58 A0y Nl
il
- Y (W] s 103 Pt (RS 1153 (b b
el Afkalinis 42 il £ 10 5100 AR full 211 3
duity i clibstishet 124001 P2 15 ®ib KT UEN 1.0k 250 [
Hian: nad T a5 T o7 | nd CTOCE 0 N (N O TS [ |
Sufphite Lo R R [ L | 83 ICT
rhl*:-ll_ll.]l_l."_ : ] l\ “ﬁ._‘_iﬁ ; -Ill'pt T '-]'H_ 2= 1I_Ei'_!_'|-_ | T | e
-.I.Itlls R S— S—— Rp— S S—— S—
FH[I!II!I_ . SR _1_#11 15 141 R{LE 11 SRR T S
Titascsirmny el B N N N N AL :
EEL 1280 ] 1603 5 1 I N T L 7 T8,
142 gz 07 5-3F S0 5 11 Ay
T 42 FERLL AT A4 AT s )
ELEMENTS .
O inIu TR E T ET nI% il il | l
TR ES TR THE] 0|4 TEL] TR T
TR 58 T S T ) 0 - 5
LA L iz 1714 A 11 4H Ha| (L I
1 TS S BT nl ITRE o
12 I i 1 EXTTE A
NI gl | N NID RIE NIy | ooes il
My Bioss Al messirenwnis
g exeepl
wlbere mlented
B - Blial ileteeqind )
Wity = Wi il Flealids U S pganesiniiog

5




Discussion
i) Rainlall

From Rainfall records, the three driest vears on record over a penod ol
pwniv - Five venrs wese 1983 D0 agngd P93, wath annunl mmfall of 1TREH
17530 and VEGTmm respectvely. Furthermore, strenm-flow measarements
Fables 5.1 - 5 3, showed that the mimmum annual stream discharge of Ossieme
river recorded in 1990 and 1993 were 10.64m s and 15 12m'/s respectively

A companzon of  the amnual ramfall of the three dnest vears on weconl
over o penod of twentysfive vears, showed that the minmuam annual stream
thegharge of Ossiomo nver recorded in 1990 and 1991 can be assocoded sath e
mnunl rwndalls of 1 7533mm and 186 1mm  for the same penod. Theretore o
s fiver discharge of 10 64mYs can be safely adopted as the minmum
discharge of Ossiomo nver over a twenty-five year penod, as the annpal ramiall
el the teeentv-live vears period, has been i the doee ol 1700000 o 2600
{i) Ossionmo River “J-:.'I'l‘ﬂg'l'.ﬁj‘ll‘l._'«?

Ossomo rver at Abudu region s Tocated on lattude 6" N1E Longiude o
E 02" and has a dramnage arca of | 230 !:u."-i;m'rl[IHJ'H]h'll., 1997y The niver 1s about
2 4T7hkm wathan the Abude area, with an averape wadth of approsimately 36 dm

The discharge hydrogiaph shown in Fig 51 shows consulerable
seasonality mois stream Now charmctensties. The hyvdmogiaph shows a peak low

i the month of September dunmg and following heavy rmnlall that reflects the

tropreal rony season ol the region. A eloser sevauny of the hyvdrograph, reveals o

Sy
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long, penod of hgh Dow that beging i May and docs oot end annl
December. In fact from avalable records, (1989 1o date) it 15 safe to assume that
about 80 o 90% of the anngal Row ocecur dunng the four months of the heavy
rn{alls mn the rmny seasons

Alse rom the waler level hydrogaph shown m Fig 5 2, the increase m
wanted level starts substantially in April and nses 10 a peak in September Finally
Prosmmn the abowve hvdrograph  analysis, e hvdropraph has oo pereonsal
continuos Now regime, in addition 1o a dependable discharge that can be possibily
hamessed i future, and treated for public use and consumpnion
i) Water Quantity

In estimating the supply n nver can afford at all nmes, the Qow of the nver
m the dnest years, or dunng periods of low stream Dow s an imporiant Fctor
From records in Tables 5.1- 53, the minimum anonual steeam discharge of
Ossiomo River, which is H0.6dm s has been adopted in this paper as tha e e
Safer Viedd ol Ossiome Rives

This quantity 15 much more than the projecied total woater requirement of
U 138m's caleulated for Abudu Community (within the desipned period of
25vrs) Therelore, (ssiomo River can be considered as a dependable source of
water supply o Abudu town;, as the water requirement of 0,1 38m /s 15 only | 3%
ol the wmmum Now<rate of the River In the penods of low Qows. downstream

e of e Cissiomo rrver wall sill bave sulTicient water Tor themr vanous uses
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fivk  Waler Quality

In the evaluations of water quality, the impunnies m the water are usually
mnalysed and the level of impunties depends on the source of the water The
labormtory results (Table 5 4) of the water sample of Ossiomo nver, have been
cross chiecked with World Tealth Organisation (WIHO) Standards, for potahle

wivler il 1t is evident that some of the parameters fall shon of the aceeptable
amdands asat alliects potable water

Consequently, thie water has 1o be treated before o will be sunable for use
and consumpuon, Screeming, Cospulavon/ Flocculabion, Sedimen tation, Filtratien
and Dhsinfection, are the main unit operations that will be msvolved m the
trealmoent processes
vl Desirn works i(Ses Appealic O1 i C17)

Presign of the amin component of the water supply system has been
carmied out based on the relevam data ansing from laboratory and field resulis as it
allects water guality andd quanhty, populaton and water use

The water supply facilines that have been designed for, consisis of
Collecton, Treatment Works, Transmission, Pumping, Storase and Disteibution
e The size of the proposed water supply project has been based an an
by Lripe daly wler per ['-ﬂﬂi L Cconsn ”II"I‘I.II'JH rale

Fhe design parameters mclude:

{a) Dresion Penod = 25y
thj Design Population - Janin
ich Total Water Requirement = Tonlm fday

LA



i)

Design Flow Rate = 0138 m's

tvid  Main Elements of Abudu Water Supply Project

Fhe main elements of the Abudu water supply works, compnses he

following

fa)

th}

]

Intake Strocture System
“The siphon well make svstem 1 be located at the shore ol
Cragiome River
-Detention time (Water Well) ST
Purnp Stahon
-Raw water pumping station located ot the shore of Ossiomo Biver
“Three pumps workmp, and one on standiny
B wanar tisamssion hine, 300mm-dia ductile iron e G
freatment works,
Treatment Plan
-Treatment works with chemical dosing Facilities The main
components arg:
{1} Coagulation/Floceulation Tank
Dretention e of 20mins
fi} Sedimentaton Tank
-Detention time for sedimentation tank is 2hes
() Rapid Sand Filter
-Flow rate of 4m'/ m-he

i Ulear Well of 2390m” capacity



Fhe Now diagram for the treatment plant 15 as shown m Fig 5 3
[cd) Instnbution
The condirons at the distnibution ends are
(i} The Service Reservinr is | Sm igh from the sround level
ad the depth of water column 15 Sm, hence the statie
pressuie head al the starting pomt A s geven by (1505 jm
20m
in) e maximum ground elevabon = 310 30 im0l
The manomum ground elevation 295 35 mood
{wi)  Pressure Head elevation al A (308 + 20)= 328 moud
The distribution system adopied is the Dl Sesoem or Combaned Grava
atirod Papeenie Nvsaenr, w0 00 D Gile lion Pipes have been used as Prpehine M
and Sulb- Mauns an ihe distribution network
The simplified diagrams of the Siphon Well Intake System are shown in
Figures 54 and 55, while Figure 5.6 shows the simplified pipeline netwark,
inchenting final designed values of lows and dircction. The Transverse Survey of

the pepelme route, along the road 1= ns contained in Appendis F(DWG 01 07)
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5. Finaneial Estimate

Phe financial estimate 15 made up of the sum of the estimated 1o1a] cost and th,
fees for the consultants and the reimbursable bill for consultants. The cost of L
acguisition has been excluded, hecause i is expecied that land use decree of 1978 will bo
mvoked by Govemment, as the provision of a water supply scheme, 15 usually seen as o
socil responsthilny of gy G oiment The main Source of power for the project |
o the public power supply (NEPA). The generators provided, acts as stand-by, incase
of power outages, low voltage supply and under lrequency penods.

The total cost of the project 15 ¥ 239,802,500 s detailed in fable 3.5, and

samimanised as ollows

Estimated Total Cost Project M 225 00000

Promse Consultant (Water Engineers:) N 5617500

Structural Engimeers - M1 265 000
Mechanmical Engineers = ™ 2 725 000
Elecirical Engimeers = N2 725000

Reimbursable Expenses:
Maximumi= 1% of ETC
Fake 0.2% of ETC for all Consultans

- Reimbursable Expenses - M 450,000

(1



Foar a relatively small town of this size, water supply scheme can be procured B
M 240,000 000 This s quite feasible and within the executive scope of Local and Siate

Governments, and with possible assistance of the Federal Government.

Lt



CHAPTER SIX
CONCLUSION AND RECOMMENDATIONS

1 Conclusion

This study showed that Ossiomo river dischargze measurements dunng penods of
low Rows, vary from 10.64m's 1o 12.Bm'/s over the six conseculive vears, for which
data 15 available

The mimimum fow rate of 10.64mYs recorded m 1990, {which fir tdesagn
purproses can be taken as the mimmum yield, dunng penods of droaghtor low Bows) can
sustam he calculated design Dow rate of 0138 m'/s for the Abudu water stipply scheme
In fac1, the surlace source ean supply the Abudu town and environs if propery hanessed,
as the water requurement for Abudu represents only 1.3% of the streamNow

A comparative amalvsis of the water quality results and WHO s stondard values,
showed that some of the water qualily parameters fall shorl of the sccepiable
mtemational standard for potable water supply, In view of this shorifall in standard, there
i a need For the treatment p]uut.w'rlh the above caleulated design parmmeters o meet with
poliable water supply standard

Ossiomo nver s a major waler resource of the Local Govemment, and the State,
which can be hamessed for domestic, industnal and agnculivral purposes
6.1 Recommendations

The Abudu water supply progects 15 to be designed 1o provide a safe reliable water
supply 1o the urban community. To achieve this pnmary objectve, and taking o
cogmizance, the datn and expenence gathered in this sudy, the following technical

wecinmmendahons are to be adopted

(1]
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Intake structure: An offshore intake structure (Siphon-Well ntake Type) s 1o be
adopted, since the nver stage does not fluctuate too much. This will remove the
necessity for a unnel or subagueous pipeline, thus simplifoing the design or the
mtake structures
Water veatment Components: Water treatment method 1o be adapted will involve
the Fallowing mam unmiie opaations, (1) Screeming, (h) Coagulahon ¢ Floceulaton
(¢} Sedmmentation (d) Filtaation and {e) Disinfechon.  Accordmply, cach
component has o be designed for, 0 a5 to achieve standard operations in (e
treitinent plant
Oihier pon-techmical  recommendstions 1© ensomre sustainglality  god elficient
functionmg of the project, are follows: -
i) Institutionalizing preventive mamtenance for water supply ot all Tevels il
minkiny budgetary provisions for operations and mamtenance (€M)
thy  Proper funding of water supply projects for Abudu and the considenaling
ol water as an economic eommodity, rather than a social sood, so s
prroper economic benehit can be denve for water sipprhy
ich Future extension of the Abudu water project 1o neighbounne commumniiies
i Ao River has the potentials (o serve other own ond villases moihe

Local Govemment Area (Oiionmwon ),
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APPENDNX O
DESH.N WORKS -MAIN ELEMENTS OF WATER SUIPPLY

[ Thesipn Pavame iers

f1) Presiem Popolatiesn For Abody Town
Design penod =25yrs
Grovadh rate = 3%per mnum (National Population Cone Benin)
Population Fugoane =11271 (1991 Census)
Estamated population
(Current vear -2(H13) =1 1271 (1 + 3/ 100)" = 16070
Estimated population for year 2028

(2 5vears pernod) 16 070(1 + 3/100)" = 33650

Hence Design population s approximately 34000 people

Peid lotal Water Requirement
Ul Water 1';:11:-;u1:ipll|.u1 |20 Latres! Capitad Dav (Edo water bomd )
Total Domestic Demand = 120 % 34000 = A080m day
Allawang i non-domeshc consumption. 30" - 1228 m (din

Total dom. + Non Dam. = 5308(m /day)

Adlel wastelleakapes 25% = 1326
Fotol Ave Daly Demand G334 I:I'III.-'l.L'I'u'l
Yvermre dmby demnnd - 6334 {m ‘dav)

Lisiig o peaking Toctor ol 12004

Peak day denand = | 2046034} = 7961 m " iday)



APPENDIX (2

Lsing | dav of | 6hrs pumpimng (6 am to 10 pm)

The peak day low rate TGl F 16

Dresign flow rate 498m M or L138m /s
P2y Intake Strucinre {Water Well)

Dresign Crilena

Flow rate {()) = 498m ‘hr
Eretentron tme = 20min
Dept ol water 4m
Shape = Rectangular (2:1)
Caleulanons:
Vol. of water = 20 % 198 = 166m’
L)) |
W iy 4.5m
8’

| = G

Lse well size of 45 x 9m x Sm (Fg6l,62)

i3) Main Components of Water Treatment Plant.
{i) Coaguolation /Floceulation Tank

Desien Critenn

Eretentwmn e o Z0mmn

Flow raie = & 3m /min

Dept of water ' Imin

Shape = " Rectongular(2°1)

43



VMTENDIN 3

Vol ol waler =

Ulse two tanks

Henee capacity of water in each tank = R3im’
W = YB3 =37m

fx
L = T 4m

lze tank sixe of

Sedimeniation Tank

Dresigen Critena

Detention =
Flow rate =

Depl of water =

Caleulations;

Vol of witer =
Llse fawr tinks

Hence capacity of each

L.et one side be same wath coagulation/ flocculation tank

[wrddth)

[.enpth= 498 =
By 5

Iise tank size ol 8mx [7.4m x 4m

84

20%x 8.3 = 166m'

dm x 8m x 1.S5m

S

sm

Zlhrs

A98%m’ M

Rectangular (2:1)

2 x4 = 9%6m"

498 m"

| 7.4m

S B

o 1

Bim



APPENDIX 4

fii) Rapid Sand Filier

Design Cnteria

Fliyw = 498 m'ihr

Filiration rate - 4 hrim®
Calculations:

Area ol bed = 4984 = 125m°

Llze two filter beds

Each = 125/2 = 62.5m" = 63Im’
Let L = fm
W ox 8 = fim’
LW 79m = 8m
Use

Em x #m Filter Bed

Filter Media:

300mm layver of anthracite mediim
250mun laver of graded gravel.

400mm layer of graded sravel

L



APPENDIX (5
it) Clear Well
Design Crtena;
Provide 30% of daily output (Linsley and Franzmy, 1974)
Flow rate = 498m M.

Fumpmng for 16hrs. daily output = ToOGEn

Shape of well Rectangular (1 2 © | 5)

Calculations:
Storage Capacity = (3100 TI6R) = 2390m’
Let dept dm

Using two tanks,

Yool for each tank 5 | 195m’
125w’ : L195m’
W - I 19575
hence W 15 Sm,
and L (RS

Lise tank size (two numbers)of = 16m x 20m x 4m

=iy



APPENDIX C6

(4] Fipre Line- Net Waork Design
Previen Iratg i v Annlviis
{1 Proportionality factor (k) =0.81 /gD’
{1} Frctional coefMicieont () =0.01

(i)  Head Loss = kQ'™

()} Correction factor for cach Loop A (s} =-X k Q"
Tk Q™Y

7



APPENINX 7

Staplificd Net Work Diagram -5 owing Initial sllocation of Flows

and Loop Identifiers. -




APPENDIX 8

Initial Allocation of Nows and Loop ldeniifiers

Pipe Pipe size Pipe length Discharge Laop
{mim) {im) illsy
A= B 00 S0 20 i)
(EhN| oo L 10
ML 30 350 i
LA 200 R0 I8
; Al 200 R 28 (11}
Ik E1RIE S00 fih
kO 200 350 I5
A 300 200 mn
Ck 200 S50 15 iy
kKl A0l R0 15
Jiz 2t 1130 |5
(& 30 R 635
(1) 20 000 5
I T it 2 AN
in 2im 450 IS
ED 300 800 0
EH T00 450 |5
HG 300 00 25 (V)
GF 200 420 [y
FE EH ) 450 15

L8]




Flow € avrections:

APPENINX 9

First Trial Corveclions

ﬂl | =54 ¢

1 Conrectnon Loapua 1
1'F|: g Vi | eschirpe —
bl P Lazingeily L} K
fni (R ]
YT I R TTTT S0 3 K
R R TR T LT
Ml M 50 - [ 11
LA | 200 | Em 14 3
ﬂl] =Wfy
1" Correcthon Loop (111 .
Pipe Mipe | Discharge |
T S | arigih i) K
1HiH) i iis
t'k T SRl i 1410
R i R0 BT Tk
I i ol | <90 154K
i 1] T R 14N

Eut

N d
P Cirtewtion = Loy (11

Pipe | Tpe e | [ischiarge '
LF Tistageidy 0 | I
frm b i i |
[ Al s [ wm [ 27s s |
[ 1k o LTI ims | am
BT fi 5 e
CA o |12 [ -al8 | dom
ﬂ- e
Ist Correctim Losp {1V ]
Fipe | Fipe Prpe | Disclumpe
N Langeidi L) k,
irmimi Lenik if e
T 21H) ey IR A
T W | T 37 % =
1l | s FE
(HE i B |- 3TR m
- N2
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APPENDIX Cl0

1™ Correction Loop (V)
Migne Ihpa M | RERTE AT
e 1enpth o
{rmi {1l tlah k
v 3 150 TRE Iird
T k) it 21 ¥
R 11T 130 T4 (15
bl i 450 19 IR EL
= ~dix

i 1 [ i | jlq:l|.||!_l-.'
St Fanpih L K
{mm) ik 1
AR T SN 157 170
IERTHTTEN L o
WA | 7w it Ix:7 1548
%]} Ik 150 3.7 14
A il R0y 218 2000
T s

Secomd Trial Correclions

]

" Cirrecibon Lm0 15

Pipe Pipwe "'I:’i-' vk

L Lyl ]
LTI ik Iy

T AL BT R | TR

BES T EITT 00

_-EJ. I|H|_ 'i':dl __“ 1

_'..:l;ﬁ Ti-ll-:l I 2 TR0

.IIE'I 2Nl

B

RET



Correetion Losp (111}

APFENDIX Cl1

1™ Correction Laop (1Y)

e | Pape Pipe | Deahmpe | o Mpe | e | el
LT | avigeth [ LS e Py | wpnesily i1 v
IRRRLILEY ik il Tk g tf s
Uk | 2 T T2 [ M ZiM1 Fi BN EEL
KJ M) SR el LT i) Xy 150 35T 255
) 2 fin 06 151K e Z0M0 dan =7 Al
T'H L TR 574 ETIT [BE 300 il It 21y
[\
AN 1] ﬂl'l 515
2" Correction Leap | V)
i Pipe | e | Dishage |
Hime | singetly i} R
. il Tk Iy
K1l 200 asn | 28 1161
It W T 174 172
G 20} A 426 | 1wl
Il ORI A5 ™ el Y 153
ﬂ - FiY I

22




Third Trial Corveclions

3 Covrection 1 g (1)

APPENDIX CI12

3™ Corvection Foonap i)

g | Fygsie [ 1 el
Ko I emrihy iy
immi imh [
Al Tl Rl eI
IR | wi T
BE T3 55 A
L% LENl] I 2k e |

Mpe o 'y (LIRS

B Lenpeth iy k

| ahidmi famh i

30 S0 @2 |1
Als o

Ry | T | 548
13

i o | naF |
k1 ;

i i1 121 ikl
||
Elﬁ L

ﬂ-wn




APPENDIX (13

3™ Corvection Loop (111)
V)
["pee Migne IMpe Twschange | K
L TPIE | engih i3
1eni| i i
L'H_ Jrn L] 1“ ] RN
KJ (M SHI) RFE ) 197
T el RTTRT 1511
Til
iy K (IRl -513 B2 L

ﬂ'l'l- =120

1l g .
3" Correction Loop

3 Correction Loop | V)

Pige | Pipe | Pipe | Drisclungs
S Ll i
L} e ITEY

121 0 | ni Rl

i iih 1541 ETTET

T T T T ohu

11 ML | Mk TEE

ﬂR = I.I-.' fy

JIEIH- = (00w

04

T Pipe Fipse i | Ischimpe

e Lasihi i)

ERLEAT iy (T k.
i1l 2 L5 75 [R1
[1is LM i | b ]

T AiE w01 KR ha e
E T 10 1.9 153
|

i'I.

| i
5

5%

=37



A'PENDIN Cl4

Final Values of Flow: -

Final Vialues (Flows in direction of pipe ldentifiers; e.g.. A— B)

Fipe 0 (lis) N = - i b iml_
Al ' Fi- T B i1
ik 26T

A, T 3.4
I hed (] 2
AL 721 ERL
L 110 4 Ll
Ik ra i) Sl ||
(] 315 50l
11l ' X1 5%
bl K4 T
1B 204 14l
<01 15 7.3
ni A b2
R B 1w 15
L .5 T%
HIEd 2810 TR

05
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4
C 5;.54.1"_._ '.bf 254 L5 = E .f#'?ff‘ F
3
i

Simplified Network Diagram - Indicating Final Values of Flows and Directions

Te



APPENTHX Clé

Caleulations of Total Heads and Pressure Heads at Nodes
The Condittons at the Distnbution ends are
() The Service Reservorris 153m hagh from the ground level and the depth
sl water solumir s o besoo the statie pressare head sl the stiitoe ponn
A grven by (1545 im = 20m
[t} The maximum ground elevation = 308m o.d
The mmmmum ground elevation = 295m o.d

tin)  Pressure Head elevaion at A = (3084 20) =328m o d

Flesatinn of Pipe Nodes: -

| Node ATBIcIDETFTGTUT[J K|
Elevation | 308 | 308 | 307 | 305 | 304 | 300 | 2095 | 297 | 300 | 305 | 306
(o) ‘ e

{Source Spot Levels carried oul by the Author)

Pressure Heads ot Nodes:-

i Maodde A

Elev. a1 A I08mo.d
Pressure Head = . 5m
Total Head = 328mo.d.

] Mode B
Elev. at B =308m o.d hi=1.1m
Pressure Head = (328 - 308 -1.1)= 189m

Teal Head = 326.9m o.d

a7



APPENDIX CI17

(i) Mode L.
Elevat L =Whemod hy =2 9m
Pressure Head = (326 9- 306 -2 9) = 18m
Tortal ead 13 mod

fivd  Mode M
Elev.m M 305 6mod  h =24m
Pressure Head = (3124 - 3056 - 2.4) = |6m
Fotal Head -321.6mo, d

%] Mol
Elev.a © 10Tm o.d. hy= 3 (m
Prossure Head = (328 - 307 -1} = 18m
Total Head =32%mod

ivi)  Node K
Elev.al K = M5mod he = 3.0m
Pressure Head = (325 - 305 - 3) 1 Tm
Total Head =312Imod

(vil)  ™ode 1D
Elevat D = 35mo.d by = 5.0m
Pressure Head = (325 - 305 -5) = |5m

Fotal Head = 320moed.

Og



(viii)

[ERY

(%)

{xi)

{xii]

APPENIMX CI18

MNode

Elew at 1 = 3hm o.d hi=5%%m
Pressure Head = (320 - 300 - 5.5)= 14 5m
Total Head =314 Smo.d,

MNude F

Elevat E J04moo.d by 3.0

Pressure Head = (320 - 304 - 31)= 1im

Total Head =31 Tmod,
Mode 11
Elev.at H = X1 Tm o.d by = 4 2mi

Priéssure Head =(314 =297 = 4.2}~ | 2. Bm

Total Head = 309 B o
Mode I
Elew.at F =101 m o.d. s 1 5m

Pressure Head = (117 -301-3.5%) = 12.5m
Fotal Head =313 5mod

Node G

Elev at G 295mo. d hy = 3.8m
Pressure Head = (3098 <295 -3.8)= | Im

Total Head = 306mo.d

99



APPENIMN C19

Pipe Line Design Summary Table

{Flow in divection of Pipe ldentifier; e g. A > B)

Final ¥V alues

i

I, ima i
A w1l
11 M

Ml

R B

11 1

g Siree
g

Ty

T

T

Tk

S0 1|

Tim

Aiieh

201

1iE

Tins

M

LERIN]

Fige ™ Fip
Lemgih i
| B

S0 3T
FETT 267
a1 191
150 ny
| 2iH1 720
330 [41.4s

1
FITEN 571
LRI 121
3R 118
Rini 15
150 75
750 249
A0 1710
i 126
]| 224

LLH

Loexs

5
55

7.5

15
T.5

1k

Nude  Elevatbn Prosaee
foew ool I Hazwal {amh
B R Tl
IR E| |4 )
L[ pran 140
s | 5 ik
W12 R RET
2R 124
0518 1] 1
243 124
20481 14,5
i2 1T
Wik |2 | Rk
2960 37 s s



ATPENDIX 20

Hemark On Design of Pipeline Sysiem:-
Un.‘":-l_]_.'_ll s sl b lony s
fi) Adequate pressure prevailed at all nodes of operation-meinin
pressure, nol less than | bar (10 2m) in the Pipe Line Net-work
t}  There s noandicabon of negative pressure at any node i the

Ptk

1111



APPENDIX N

Consulianey Fees: The New Professional Seale of Fees for Consuliants in the

Construction Industry

e © posoliamd

Cast of project.

Fees Payable a5 a Percentage af Projecis.

I.‘-|"- Les Smndbacen
Mext 10 million or part thereof
MNext 15 mullion or pant thereof
Mext 45 mullin or pant theront
Mexd 75 mulhion o pant Heareod
Mext | SO million or part thereol
Mext 2000 million or part thereol

Balonce owver 500 mullion

&4 T

4.55%

250,

1, 75%

Stage payoent for all eategones of professional are

slape. | 253%% oF Estumated total cost (ETC)
Stage 2 = S0%s Estimated wofal cost (ETC)
b ] NTL{CHR = 25% of Total construction sum {(TCS)

(Source: Federal Mimnistry of Works and ousig, 1990

02



APFPENDIX D2

Consullancy rees:  The New Professional Scale of Fees for Consuliants in ihe

Constroction Industry

Structural Engineers

Cost of project

Fees iﬁ}niﬂt_ﬁs_ n_l'rﬁénln;it_nﬁ'rnjr; I=.

Up to 5 million
Mot L0 Lo
Pt 15 mallion
| Mot 45 milbon
Mext T5 pullion or pan (hereal

Mest 130 milhaon ar pan thereal

s 2000 st lion or pan thereol”

FEalsnee owver SO0 ol lioe

3.0%
2 50My
2.25%
200,
1. 75%

| S500%n

Slape pavment for all calepones of professional ane:

Sage | 2 25% of Estimated total cost {ETC)
slage 2 S0% Edicnated total cost (ETC)
Slage 3 8% ol Dol wesvidipebom:sam [ TE5)

{Source: Federal Mimstoy of Works and Howsing, 199 )

LR




|

APPENINX 23

Consuliancy Fees: The New Professional Scale of Fees for Consultants in the

Construction Indasiry

Mechanical/Electrical Engingers

Costof Praject Fees Payable as a Pevcentage of Projecis. |

L CR T AT R e 1L99% i
Mot POl unn of pard thereof 1. 75%

|
Mot 15 million or pant thereof | 55"
Mext 45 million or pant thereol | 35%
Mext 75 nullion or pant thereol | I5%
Mext 150 million of part thereal 1.00%
Next 200 mllion or port thereo? 0 85",
Balance gver 500 oullyon 065",

Stage payment for all categones of professionai are:

Stage | = 25% of Esttmated total cost (ETC)
Super 72 501% Estrmated total cost (ETC)
b H L S 25% of Total constroction sum { T 5

{Source; Federal Ministry of Works and Housmg, 1996G)

[ (04



\PPENIMX E

EEabl ol 4 Jocpmnnibies { Abudo Waler Scheme )

BN

[3

G

H

Deseription of Hem

-h'llﬂbli;‘:ﬂ"l:m :ltl;i_d-l.'.'l_lm.fhlli-mlu.:ll ﬂ?_ﬂ"lfl'l_“
matenals and equipment

Imtnke  works, consisting  of Cival  works-

[ hillelozmg of Access Roads, Construction of

Ininke well, Pump house, elc

Woater treatment plant, consisting of Coagulation
; Floceulation units, Sedimentation units, Filter
units and Clear well storape umits.

service Reservorr ( Branthwanie ) Elevated
Storage SUtm

Supply and laying of Mpeline Network (Tronk
and Sub-mains),

Ihstnbution System
supply and Installation works — Low hit Pumps,
High Wit Pumps, Generating plants and Control

panels{Electro-Mechanical Components) and
Eleciification works

Chemical dozers and all equipment connected
with water treatment.
Chemical / Pumping cost for | year,

Construction of roads and Drninage works from
Intake o Treatmem Plant Premises.

{ontingency

Estimated total cost (ETC)

105

E:stumated Total Cost (ETC)

Aumaruni
Uit | Hate | N ' [
~ (millign)
f Im
F 15m
(8- S5
s i
105 Eihm
(R [Bm
i 8 Sm
s Hm
'8 i
LS LT
2m
i B N_225m




AFFENDIX E 2

CALCULATED CONSULTANTS FEES

Prime Consultants (Waler Engineers)

4.75% of Smillion

4.5% of 10million

4.25% of 15million

1% ol 45million

3.5% of 75million

3% of T5million
Strnciuenl Engineers

F%n ol Sm

2 5% of 10m

Z2.25% ol 1 5m

2% of 45m

| 75% of 75m

I.5% of 75m
Mechanical / Electvical Engincers

[ 95% of 5m

I 75% of 10m

| .55% of 1 5m

1. 35% ol 45m

| 15% 0l 75m

1% 0F T5m
Reinbursahle Expenses:
Maximum= 1% of ETC
Fake 0. 2% of ETC for all Consultants = 02 of 225m

Total cosi of projeci

10

N 237,500
P 450,000
M 63T 500
LN BT
M 262500
M 225000

N 150,000
B 250 000
™ IIT.500
ERETTR AL
MLINES00
ML I25000

N 97500
MOTE 000
M 232,500
M OOT 500
M R62 500
M TSO000

o o SEHHOE

N 240,000.000m



APPENDIX F(DRWG 1-7)

TRANSVERSE SURVEY DRAWINGS OF THE PIPE LINE

ROUTES

1n7
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