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ABSTRACT

This project focuses on the utilisation of Ossiomo River for water supply to

Abudu town ill Orh ionrnwon Local Govemment Area of Edo State. To achieve this goal,

hydrological appraisals were carried 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 include the hydrological data of the river, rainfall data of the study

area, and other information such as the census data of Abudu town and maps. Following

a reconnaissance survey of the study area, a transverse survey was conducted to

determine spot elevations along the proposed pipeline routes and the service reservoir

location.

Base on the data analysis, a share intake system, treatment plant components and

distribution network. were designed. Cost estimates were also computed.

~'
The study shows that Oss)01110 River is a perennial river with the capacity to

sustain water supply scheme for Abudu town and environs. The minimum annual

discharge of the river is IO.64m~/s, which is considered :-IS the safe yield for the design or

the scheme. With a total water requirementofO.138m3/s to the town, the scheme users at"

the river can still have sufficient water.In terms of the financial implications of the

project, a modest total cost ofN240,OOO,OOO, has been proposed. This is quite feasible

and within !he executive scoIt' of I()C<l1 and state governments, and with possible

assistance from the federal government.
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CHAPTER ONE

INTRODUCTION

1.1 Cenernl,

The importance of adequate water supplies for the health and welfare of the

inhabitants of human settlements is generally recognised. What is lacking is the

recognition that water is one of the location factors in urban and rural planning, a

particular relevant factor in the developing countries, where scarcity of capital does not

permit transportation ofwater from distant sources.

The daily water demand ofa human being varies between l.5 and 20L depending

on climate and physical activity. Daily per capita in-house water uses average about 60

to 80 litres in rural areas supplied by public wells and about 100 to 120 litres in

residential districts of urban areas supplied by house connections. {United Nations 1986).

Several attempts have been made by the Federal, State and Local Governments ill

Nigeria to provide potable water supply in urban, semi-urban and rural towns. However,

despite several interventions including the World Bank Financed National Water

Rehabilitation Project in urban areas, the FGN/UNICEF Joint Programme on Rural Water

Supply and Sanitation Petroleum '1111:1 Fund (PTF), Directorate of Food, Roads, and

Rural Infrastructures (DFRRI), the National Bore Hole Programme and other External

Support Agencies (ESAs), Non Governmental Organisation (NGOs) and Private

Interventions, national Coverage of Water Supply is still below 50% (Diyoke, 200 I).

All over the world, a safe reliable water supply is vital to the production of food

and fibres, to the health and well being of communities (who need water for consumption

and sanitation), to the production of industrial goods and services, and to the production
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of el1L'lgy ill the form of hydroelectric power. In fact, water is the mostimportant

common clement in environmental and development issues today.

1.2 Objective and Scope of the Project

The main objectives of this project are to:

(i) Evaluate the existing water supply scheme as well as appraisal of present and

future waters demand for Abudu town.

[ii) Determine the water quality and quality, and the reliability ofOssiomo river as a

source of water supply.

(iii ) Design a suitable water scheme for Abudu town.

The scope of this work has been limited to the quantity and quality assessment of

a river, and its use for water supply to a community. Comprehensive feasibility studies

leading to full Engineering project work has not been attempted because of time and

economic constraints.

1.3 Project .lustification

,
The fact that the national ~overage of water supply in Nigeria is below 50%,

coupled with the policy thrust of the international communities to make potable water

.availab!e ill developing nations of the world,(Oyegun, 1986), the Abudu water supply

scheme will obviously boost national coverage of water supply. Other grounds that have

been considered arc:

(i) The community has been without potable water since the only water borehole

(sunk by the then Bendel State Government) collapsed about15 years ago

(ii ) Abudu is not Oldy a growIng semi-urban town, but it is also the administrative

Headquarters ofOrhionmwon Local Govern~nent Area ofEdo State.

2



(iii) The town also accommodates the permanent orientation camp for the National

Youth Service Corps in Edo State.

(iv) As a developing semi-urban town, it houses a lot of public and private

establishments among which are schools, banks and hospitals. A leprosarium

hospital IS also located in this ancient town.

(v) The level of social, economic and political activities are on the increase because

of' its nearness to the state capital, Benin City.

About HO% of all diseases and one third ofall death in developing nation arc

caused by contaminated water. (Mara, 1(74). Lack ofpotable water has created problem

(0 t! c inhabitants of Abudu town. The water consumed by Abudu residents i~

contaminated. The roofs from which rainwater is collected are dirty, especially when

collecting the first rains of the year. The roofs are dirty during the dry season when no

The dug- wells (underground cement lined water storage reservoir) used to

conserve harvested rainwa er and also for the procurement of water from water tanker

vehicles are not washed often. Some stay for more than three years without being

washed, and the water stored in are used for d rnest.c purposes. Living things such as

lizards. rats, insects etc., fall into the reservoir and consequently contaminate thus making

it unfit t~)· consumption.

Occasionally there IS no water in those reservoirs and water from tankers are

stored for community .rse without treatment. The community undoubtedly is faced with

acute water problem The greatest problem is to get potable water because the Iew

existing sources of water are raw and contaminated ..



CIIAPTER T\VO

LITERATURE REVIEW

2.1 Gencral

Whatever sources of water is utilised - lakes, rivers, spnngs or wells - the

available supply depends on the nature and size of the catchments. For example, the

water discharge by a river is that part of the rainfall, which, having been precipitated on

the catchments, is not completely lost by evaporation or percolation into the ground, and

it, includes that part of the water that has percolated into the ground, and is returned to

the surface by springs. III assessing the value ofa source of supply, therefore rainfall

records should be compiled, and the area of the catchments should be determined as

accurately as possible, so as to estimate the probable quantity of water available or where

the flow can be gauged. The gauging should be taken over a period of several years.

In estimating the supply which, river can afford all times, the flow of the river in

the driest years should be known. Ilowever, if this information is not available, the
/

discharge during a normal year 'should be determined and reduced according to the

relation between the rain rail or that year and that of the average of the three driest

consecutive years on record. When investigating potential water supplies it is advisable to

inspect rainfall records of as long as possible, up to 35 years (Escritt, Ieos).

2.2 Evaluation of Surface Water Resource

Whatever the method or approach taken to water resources development and

management, it is necessary to carry out an inventory of available water resources -

sources, existing use') and chaia,','.1 .st« -;of the water, especially quantity, quality and its

spatial and temporal distribution pattems. The hydrologic appraisal of water resources is



a fundamental requirement for the planning, design, construction and operation of water

resource projects. Such an appraisal involves the collection and analysis of hydrologic

data and information as well as data on social-economic conditions that impinge on water

utilisation. The objective of such an appraisal is to determine the source, extent.

adequacy anddcpcudability of supply and other characteristics of water, which will form

the basis of policy regarding control and utilisation of water. ( Ayoade, 1988. )

The evaluation of water resources in a given area is best done within the

framework ofthe hydrologic or water balance equation usually expressed as follows:

P=Q+E±L\S ± ilG (2.1)

where P = Precipitation,

Q = Runoff,

E = Evapotranspiration,

AS <. 'I (Ill gc iII SUI liKc v.atcr sto rage.

tlG = Change in ground water storage.

-'
The above equation attempts to show the various ways by which the precipitation

incident in a given area is disposed of. Precipitation represents the gross water resources

available in a given area. These resources are, however, subject to natural losses through

processes of evapotranspiration. It is the amount of rainfall less evaporation that really

constitutes the effective water resources of a given area.

Water resources evaluation is done with the primary objective of meeting the

demand for water resources and considers both the quantity and quality of available water

resources and the possibility of their development within existing technological and

socio-economic systems. Evaluation ofwater resources is therefore not complete without
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consideration of the demands for water, which are controlled by socio-economic factors

The major abstractive uses of water are for irrigation and water supply for domestic and

industrial uses. The water requirements for these purposes now and in the future must be

known in order to facilitate rational planning and optimum utilisation of the available

water resources.

2.3 Development of WaterSupply

The most important thing under water supply schemes is the selection of source or

water, which should be reliable and have minimum number of impurities. After the

selection of source of water, the next step is to construct intake works to collect and

convey it to the treatment plant, where it is treated. The type of treatment processes

directly depends on the impurities ill water at the source and the quantity ofwater

req u ired by the con sumers.

When the water is treated, it is stored in clear water reservoir. from where itIS

distributed to the consumers. The distribution system depends on the elevation of clear

water reservoir and the topography of distribution area. Water directly flows under

gravity to the low-level areas from the elevated tanks. Pumping is required for flows to

the high level ~~I~lIll1ds The ( {'\\ di:I"':lI11S of water supply systems and processes all'

shown in Fig 2. I

i\ water supply system capable of supplying a sufficient quantity of potable water

is a necessity for an urban town. The elements (Fig 2.2 and Table 2.2) that make up a

modern water supply system include.

(i) SOllrce(s) of supply

(ii ) Storage facilities



(iii) Transmission (to treatment) facilities

(iv) Treatment facilities

(v) Transmission (from treatment) and immediate storage facilities.

(vi) Distribution facilities.

7
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__________ -. 1 _

surfacJsources Under GrOLd Sources

I ~r-------r---- ---I r------1-1
Lakes Ponds Impounded Springs Wells Infiltration

Reservoir 1r------.I---'L
1

Gallo"os I
Artesian Dug Wells Tube Infiltration
Wells or Wells Wclls

Draw Wells I

I
Rivers,
Streams

1
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Tube wells
Deep

tube \\cll

Intake Works (Collection Works)

__ ---.--- __ 1__ --.-- __ -.--------

l. . I. F" I. .. fi I . IIIPlain Sedimentation ·1 tration Disin ecuon Misce ancous
Sedimentation with Treatment

Coagulation

"
"D' ib .1istn uuon system

I
G

I. . I,
ravity Pumping Dua

System System System

1'----.-.-+--1 -. _I
District Water Mains

Branches anJ Service pipes

I
Consumer

waste/water

Fig 2.1 Flow Diagram ofWatt"J" Supply Scheme

(Source Birdie and Birdie, 1992)
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In the development of public water supply, the quantity and quality of the water are01'

paramount importance. The relationship of these two factors to each of the functional

elements is indicated in Table 2.1. As shown in Fig 2.2, not every functional element

will be incorporated in each water supply system. For example, in systems where ground

water is the SOUICC or water supply, storage and transmission facilities usually are not

required. In some instances, treatment facilities may not be necessary.

SOlll'CC of water supply

-<'\I- I I
Storage I
.. ..•.. •..

Transmission I
•.. ...•

" Treatment I ..•...

Transmission and
Storage

I ~

Distribution

Fig 2-2 Inte rr elationship of the Functional Elements of a Municipal

Water' Supply System

(Source: Linsley and Franzini, 1979)



Table 2.1 The Functional Elements of Public Water Supply System

Functional
Elemcnt

Pr'incipal COIlCt'nlS in Facilities
Design IPdmal"y/Sccondal"YI

Descriptiou

Sourcets) or
supply

Surface water
supply such as
and reservoi r
water source

sources or
rivers. lakes
or ground

Storage Quantity/Quality Facilities used for the storage
of surface water usually
located at or near the source
of supply

T r;lJl:--lll issron Quantity/Quali ty Facilities used to transport
water from storage 10

treatment facilities

Treatment Quantity/Quality facilities used to improve or
alter the quality of water .

Transmission and
storage

Quali ty/Quan tity Facilities used to transport
treated water to intermediate
storage facilities and to one

or more points for
distribution.

Distribution Quan tity/Qual ity Facilities used to distribute
used to distribute water to the
individual users connected to
the system.

(Source: Linsley and Franzini, 1979)
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2.4 Wat('1' Uses

Water uses varies from one area to the other, depending on the climate.

characteristics of the area concerned, population, industrialisation, and other factors. In a

given area, water use also varies from season to season, day to day, and hour to hour.

Thus. in planning ora water supply system the probable water use and its variations must

be estimated as accurately as possible.

Domestic water demand includes the quantity of water required in the houses for

drinking bathing, cooking, washing, etc. The quantity of water required for domestic use

mainly depends on the habits, social status, climatic conditions and customs of the

people III 11HlS\dl'\ l'1()Plll!:~ 11(llli'll-'; \ I tile world, the domestic consumption or \\a!L'1

under normal conditions is about 135 litres/day/capita. In developed countries this figure

may be as high as 350 litres/day/capita. (Birdie and Birdie, 1992).

Commercial buildings and commercial centres include office buildings,

warehouses, stores, hotels etc. The water requirements of commercial and public places

may he lip In 45 litres/day/capita (Birdie and Birdie, 1992)

Quantity of water required for public utility purposes such as far washing and

sprink hug or roads, cleaning of sewers, watering of public parks, gardens, publrc

fountains etc. comes under public demand. To meet the water demand for public use,

provision ofS<Jo of the tutal consumption is made while designing the water works for the

city

All the water, which goes to the distribution pipes, does not reach the consumers.

Some portion of this is wasted in the pipelines due to defective pipe-joints, cracked and

II



broken pipes, etc. Generally an allowance of 15% of the total quantity ofwater is made to

compensate for losses, thefts and wastage of water.

2.5 Requirements of Water Supply System

A suitable water supply system, according to Birdie and Birdie, (1992) should

satisfy the following requirements:

(i) Quality of water supplied should be satisfactory (should be free from impurities

and bacteria)

(ii) Water should be available in adequate quantity

(ii r) Water should be readily available to the users

(iv) It should be cheap

(vi) It should be readily disposed ofTafter it has served its purpose.

The management and design of water supply requires a knowledge of the

quantities of water needed with reference to the desired population to be served. In order

that the laid/planned system d·.h"111)( become inadequate due to population and

consequent demand of water supply for various requirements, not only the present but

also future requirements should be considered while planning water supply works.

The following factors are considered while planning water supply project:

(i) Design Period

Tile design period is the period for which the proposed system including its

component structure and equipment would be adequate. The period should neither

be too short or too long. Mostly water works are designed for periods of 22-30

years, which is a fairly good period (Henry and Heinke, 1989).

12



,ii) l'opulation at the Eud of theIksipl I'e icd

When the design period is fixed, tile next step is to(ll'!clmillc the population at the

end ofthe de:,ign period, which vv ill ensure that future water

rcquu cmcnt or tile couuuunity is calculated and adequately providedfor ill the

over. Ihk:.;igll wot ks

For the pU'IJOse of' estimation of total requirement of water. the demand IS

calculated 011all average basic, which is expressed ill Iitrcs/capu.v'day

IrQ is the total quantity ofwat r required daily for the population ofthe tOWIl, P.

the per capita dL'I11;1!Id will be:

Pl'I ('apila Demand = (.?/P (lil res/capita/day: lpcd) (2.2)

"' lie quruuity or water that may be drawn continuousty from a stream or lake

/

depends upon thearp,! ofthe watershed, the topography, vegetation, rainfall, climate, and

(J1110111l1 of storage. The maximum quantity of water that may be drawncontinuously after

deducting losses due toevaporation Iiom the proposed reservoirSLlI face, leakage through

ancl IIiHkl ,hlll~, .md necessary wilhdrav als for reparian owners dowustrcam is called

"l/(e ) ul.l l lic cstunatc.l safe yield mI. t exceed llJ,," estimated future demand If' a

proposc d water supply is (;)lie adequate. Tile safe yield or a source of supply can be

esu.narcd ~lId) 1'10111the records of theI'(lst. The most reliable infonuatiou Irom which 10

predict yield is a hydrograph ofthe stream for a long period ofyears at the location ofthe

1\



proposed intake or dam. The hydrograph should be of sufficient duration to include a

period of extreme drought.

To calculate yield, (Tort, et al, 1974) it is not generally possible to satisfactorily

create a flow record at an intake site from rainfall data; there is no substitution for a

careful examination of long reliable series of runoff measurements at the location

concern. Self evidently thegross yield is the minimum flow on record, while thenet yield

is simply the amount remaining after deductions of any prescribed residual flow from the

gross figure Where it is felt preferable to estimate an intake yield, the following

procedures are recommended:

(i) Locate a flow record of adequate length for the nver concerned, or for one

hydrologically similar.

(ii) Adjust this record back to natural conditions, ifnecessary

(iii) Locate the lowest flow each year andrank the resulting seriesof extreme values

from the smallest (rank I) upwards.

""
(i) Plot these on an appropriate probability paper which will permit straight line

III

(7iIl) x Inno
"

interpretation, plotting the prints at :-

(v) where n is the number of years of record andf11 is the rank number.

(vi) From the chosen flow probability line read off the flow for varying risks,

(vii) Transpose these to the intake site being studied, either by correlation or by the

ratio ofthe estimated mean flowofthe sites concemed.

(viii ) The transformed figures from (vii) are thenplotted on a gross yield/return period

graph

14



2.7 In ta kcs

The main function of the intake works is to collect the waterfrom the surface

source (within limitations of the water level) and then discharge water so collected, by

means of pumps or directly to the treatment plant. Intakes are structures, which

essentially consist or openings, grating, or strainer through which the raw water from

river or reservoir enters, and is carried to a sump well by conduits. Water from the sump

well is pumped through the rising mains to the treatment plant (Willcock, 1983).

i\ vat ictv or intak'.' ',v::\('m - have been successfully employed. Bload

classifications or the princip al types arc intake towers, shore intakes, submerged intakes,

siphon - well intakes. Many variations 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 also been employed as part of a river

intake svstcrn The intake tower is located in the river channel, and water is conducted

from it by gravity pipes or tunnel to the intake pumping station, located on the shore.
,

1\ shore intake system is frequently employed for large installation on rivers.II

usually consists of a large concrete structure equipped with grated ports protected by

coarse bar racks. Mechanical screens are usually placed in a well behind the ports Such

intake structure generally includes space for raw-water pumping equipment

Submerged intakes may be constructed as "cribs" surrounding an upturned, bell-

mouth inlet connected to an intake conduit. The intake conduit conveys water to the shore

shan, which serves as a pumping suction well.

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

which receives water from the river via a siphon pipe. See fig G.I at the appendix The

15
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~siphon pipe inlet may be submerged crib equipped with a trash rack or simply a screen

section attached to the open pipe. Siphon-well intakes have a record of satisfactorv

service and are generally less costly than other types of shore intakes. (American Society

of Civil Engineers and American water works Association, 1990)

While selecting sites for intake works, the following points should be taken into

consideration:

(i) Intake should be so located that the best available quality of water is taken. This

makes purification economical.

(u ) Existence of heavy current at the intake site should be avoided This type

of current endangers the safety of the intake structure.

(iii) The required quantity of water should be available under the least discharge

conditions.

(iv] The site should be easily accessible

(v) It is desirable to have an intake frorn which additional water may be available101

f' . ,;
uture requrrernenrs

(vi) The site should not be located in a navigational channel as this type of water is

polluted and contaminated.(Birdie and Birdie,J992)

The following factors should be consider while designing an intake:

(i ) The intak c vvor l: should he ,;lILih\c of resisting external forces causedby 1ll';I\\"

waves and currents, impact or floating and submerged bodies and ice pressure.

(ii) The intake work should have sufficient weight to prevent it floating by the up

thrust of water and getting washed away of the current This objective is achieved



by providing massive mansory intake structure and providing stone pitching at the

bottom.

(iii) If intake work is constructed in a navigational channel, it should be protected

fio m thc hlp\\s ofmovin-; "hip, 'II d steamers by group ofpiles all around.

(iv) The foundation of ill take should be taken sufficiently deep so that they may not be

undermined and current does not overturn the structure.

(v) The inlets should have a screen to prevent large objects and fishes getting into the

drawn water.

(VI) lh e inlet should be large enough to allow the designed quantity of water to be

drawn.

(vii) The position of inlets should be such that they can admit water in all seasons fro11 I

near the surface of water, where quality of water is comparatively better. Also the

number or inlets should be more, so that if one is blocked, water call be drawn

from others. To cater for variation in the water level, sets of inlets should be

,
located at different levels.I Birdie and Birdie,1992)

Intakes in large rivers should be so located that the parts are submerged at all

stages of the river to a sufficient depth to avoid troubles with possible ice cakes or

floating debris and to preclude the entraining of air. The ports should also be several

centimeters above the bottom of the stream so that sand and gravel being transported on

the bottom will not be drawn into the intake.

In order to meet these requirements, it is often necessary to locate the intake in the

deepest part of the stream and away from the shore, particularly if the river is subject to

large fluctuation in stage. Under these conditions, the water must be conveyed from the
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Intake to the shore through a pipe laid in the river bottom or through a funnel constructed

under the bottom. Pipes laid in or on the river bottom should be securely anchored.

If the river stage does not fluctuate too much, it is sometimes possible to construct

the intake on the shore of the river (shore intake). The necessity for a tunnel or subaqueos

pipeline is thus avoided, and the design of the intake structure is simplified. (Wilcock,

1983 ).

2.8 Water' Quality

The utility of water is limited by its quality, which may make it unsuitable for

particular uses. Assessment of water quality is thereforeall important aspect of water

resources evaluation. As part of the water resources survey, available data on water

quality should be collected and studied carefully. Ifno data on water quality is available,

water samples should be collected and analysed.

III this modern rapidly changing world, the water engineer must therefore be

concerned with water qual ity in addition to the traditional recognised evaluation of water
,

The principal features of water quality in the streams, rivers and lakes with which

the water Engineer is most concerned may be considered in three main groups - physical,

chemical and biological.

Water-quality standards are published by various agencies and are influx. The

U.S. Public Service (US PHS), The World Health Organisation (WIlO) and the

Environmental Protection Agency (EPA) are all organisations that have published

drinking - water standards for both raw and finished potable water. In general, these

standards are similar and have changed as knowledge of the health effects of various

.
water-quality parameters has increased. (Wanielista,ct. al., 1984)
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The International Standards were first published by the World Health

Organisation (WHO) in 1958; a second edition was published in 1963. The current

edition was issued in 1984. These standards are intended to supersede both the European

standards for drinking water and the International Standard for drinking water. The

WI-IO standard has prescribed the quality expected of potable water as in Table 2.2.

Records of people's desire to improve water quality date back to as early as 2000

uc. Since that time, advances in water treatment have continuously been made. Three

baSICobjccuvcs, oiw atcr trl'al!11CI1I<il'l'f'aling to Steel and 1\1cGhee,(1979) are:

(i) Production of water that is safe for human consumption

(ii) Proving aesthetically acceptable water for human consumption

(iii) Providing water for human consumption economically.

The production of biologically and chemically safe water is the primary goal in

the cll'"i!:'11of water treatment plants. Anything less is unacceptable. A properly designed

plant is not a guarantee of safety. However, skilful and alert plant operation and attention

/

to the sanitary requirements ofthe source of supply and the distribution system alc

equally important. The second basic objective of water treatment is the production or

water that is appealing to the consumer. Ideally, appealing water is one that is clear and

colourless, pleasant to the taste, odourless, and cool. It is non-staining, neither corrosive

nor scale forming, and reasonably soft.
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Tahir- 2.2 Chcmicnl Substancesalleetiug Portability of Water

(after, WUO 1984)

Substance Maximum acceptable
cuncentration------

580 mg/I
5 units
5 units

Unobjectionable
Unobjectionable

0.3 I11g/1
0.1 rng/I
1.0 mg/I
5.0 I11g/1
75 mg/I
50 mg/I

200 mg/l
200 mg/l
05 mg/I
50 rng/I

Total solids
Colour
Turbidity
Taste
Odour
Iron (Fe)
Manganese (Mil)
Copper (Cu)
Zinc (Zn)
Calcium (Ca)
Magnesium (Mg)
Sulphate (S04)
Chloride (CL)
Fluoride (F)
Nitrate (NO.,)
eaCO.1

pH
Magnesium + Sodium
Sulphate
Phenolic substances

7.0 - 8.5
500. mg/l

0.00 I rng/I

0.2 mg/I
0.5 IIIg/1

Carbon chloroform extract
Alky-benzy sulfonates
Lead
Arscn ic

Selenium
Chromi um
Cyanide
Cadmium
Barium

M aximum allowable
concentration

500 mg/I
50 units
25 WI! Is

I.0 mg/I
0.5 mg/I
1.5 mg/l
J5.0mgl
200 mg/I
150 mg/I
400 mg/I
600 lllg/l
l. 5 mg/l

100 mg/l
120 Illg/1 .
6.5 - 9.2

100 mg/

0.002 mg/I

0.5 mg/I
I 0 I1lg/1

0.05 Illg/1

0.05 mg/l
0.0 I Illg/1

0,05 I11g/1

0.02 mg/I
O.Oll11g/1
1.0 rng/l

20
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The consumer is principally interested in the quality of water delivered to the tap, not the

quality at the treatment plant.. Therefore, waterutility operation should be such that

quality is not impaired as water flows from the treatment plant through the distribution

system 10 the consumer. Storage and distribution systems should be designed and

operated to prevent biological growths, corrosion, and contamination byCIWoo,-

connections. In design and operation of both treatment plant and distribution system, the

control point for the determination of water quality should be the consumer's tap

facilities with reasonable capital and operating costs. Various alternatives in plant design

should be evaluated for cost effectiveness and water quality produced. Alternative

development should be based upon sound engineering principles and under consideration

of flexibility for changing future conditions, emergency situations, operating personnel

canahiluics <l11c1future expansion.

One of' the great achievements of modem technology has been todrasticallx

",
reduce the incidence ofwater-borne diseased such as cholera and typhoid fever These

diseases are not longer the great risks to public health that they once were The key to this

advance was the recognition that the contamination of public water suppliesby human

wastes were the main source of infection, and that it could be eliminated by more

effective water treatment and better wastes disposal. Filtration of drinking water was

used as early as 1802 in Paisley, Scotland, and water renders in London, Englund ill

1828. (Wanielista, CI. al., 1984)

-Iodays water treatment plants are designed to provide water continuously that

meets drinking water standard at the tap. There are tour main consideration involved ill
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accomplishing this: source selection, protection of water quality, treatment methods to be

used, and prevention of re-contamination.

The actual selection of treatment processes depends onthe type of water source

and the desired water quality. Fig2.3 shows a schematic outline of a typical surface

wa In IIf.~atlncn t PIant

Occasionally, raw water with low turbidity can be treated by plain sedimentation

(110 chemicals) to remove larger particles and then filtration to remove the few particles

that failed to settle out. Usually, however, particles in the raw water are too small to be

removed ill a reasonably short time through sedimentation and simple filtration alone.

Following filtration and before it flows into the storage reservoir, the water is

disinfected, usually with chlorine. Fluoride may also be added because of its ability to

retard tooth decay. Treated water is then pumped by the water high-lilt pumps into the

distribution system to serve customers and to maintain water levels in storage reservoirs

ifrequired The treatment units usually adopted in water treatment are given in Table 23,
;"

while the guidelines for the selection of pumps is in Table 2.4. The economic velocities

in individual suction and delivery pipe work for water supply are as given in table 2.5.
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Table 2.3 TREATMENT lJNIT ANI) APPLICATION

lJnit 0" Processes
~

What it is used for

Removal of floating matterScreen

2 Plain

3 Coagulation and
Floccul arion

4 Secondary
Sed imentation

"i. Filtration

6. Disinfection

7. Aeration

g Chemica]
Plecipitation

9. Ion exchange (e.g.
Zeolite bed)

Removal offine discrete particles, which are allowed
to settle under gravity and then be removed.

Addition of some chemicals to coagulate the finer and
lighter flocculent materials, which cannot settle under

Process (2). By allowing them to form a larger mass
(Floes) theyC;Ul now settle.

This is the settling tank with short detention time
where the flocculent materials that have come together
in process (3) settle down and are then removed

This is employed to remove very fine panicles and
colloidal matters, which might have escaped from the
sedimentation tank. Some microorganisms arc also
removed by filtration. The filter is constructed of
porous materials such as zoned graded sand and
gravel.

The effluent from the filter may still contain some
bacteria For this reason Disinfection is necessary
1)";lId(('ll01l may be achieved by chlorination.
Ozouauon or sonozone process.

Water, which has been treated by sedimentation,
Filtration and Disinfection will be safe, but not

necessarily attractive. Aeration unite removes
odour and colour (iron and maganese) by mixing
and exposing water to air. Aeration can be created
through hydraulic jump.

Removes such chemicals in water like iron. rnaganese
and hardness.

By exchange of ion, this process also achieve the
removal of hardness.

(Source: Agunwamba, 2002)



Table 2.4 Guideline [ur the Selection of Pumps

" ._ ... _-_.._-- -----_ .._-----------------_ .._-----_._-----_._-_._-------_. __ .._----_._-

() JII ,j Is No of pumps No of pumps

on stand-by

Total pumps

rcqui rr-tl

0032

OU32-0(J9'i

0.095-0.189 3

4 2o 189 and above

-----------_._----

25
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3

4

6

(Source: Wogu, 1997)



Table 2.5, Economic Diameter of Pumping Station Pipe-Work and Valves

Oischal'ge of JHlIIIP

(mJ/min)

0.7

1.1

15

22

3.0

3.9

6.0

10.5

166

24.4

34.0

45.7

59.5

75.5

93q

-
Economic diameter

of suction and
delivery pipe-work

and valves
connected to that

_~Jl_U_1Ilp (Ill m)

Economic velocitj
(m/min)S

100 111111

125

150

175

200

225

250

300

375

,
450

525

600

675

750

825

49.4 rn/min

53.1

58.6

62.2

67.7

73.2

76.9

84.2

91.5

102.5

109.8

117.1

124.4

133.6

139.\

144.6
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2.9 lIydrologic Measurement

data are used to better understand these processes and as a direct input into hydrologic

simulation models for design, analysis, and decision making.

Hydrologic processes vary in space and time, and are random, or probabilistic, in

character. Precipitation is the driving force of the land phase of the hydrologic cycle, and

the Iall do III nature ofprecipitation means that prediction of the resulting hydrologic

processes (c g., surface flow, evaporation and stream flow) at same future time is alwa. <.,

subject to a degree of uncertainty that is large in comparison to prediction of the future

behaviour of soils or building structures. These uncertainties create a requirement fo r

hydrologic measurement to provide observed data at or near the location01' interest so

that conclusion can be drawn from on-site observation.

Measurement of channel flow is of particular relevance to the civil engineer

because stream now comprises a major component of output from the drainage basin

system. In principle, the measurements are easier to make than those of most other

aspects of drainage basin dynamics because the flow is concentrated within the channel

and it is possible to isolate the total volume of water discharging from a catchment or

known area.

In detail, however, the precise methods of measurement are complex and the

associated science of hydrometry (Gregory and Walling,1(79) has developed into a

spccialised disci pi inc. British standard practices have been developed as detailed

specifications for several types of measurement and in several other countries stream
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ganging manual have appeared. The major stream flow parameters that are measured arc

those stage or water level, velocity and discharge, and theirvariation through time.

Depth is measured by several methods. They include graduations011 the wading

rod, tags on the cable which supports the meter- and-weight assembly, or a mechanical

indicator attached to the reel on which the supporting cable is wound. Water surface

elevation measurements include both peak levels (flood crest elevations) and stage as a

function of time. These measurements can be made manually or automatically.

Continuous records of water level are maintained for the calculation of stream-

flow rates. The level of water in a stream at any time is referred to as the gauge height

Among the different methods that have been developed for the measurement of'

stream velocities, are mechanical devices, which are rotated or deflected by the current,

instruments for the conversion of velocity head into potential head, chemical methods.

and others. (Chow, 1964)

Because of the widely varying conditions of stream-flow, ranging from very low

,,-'
to very high and turbulent velocities. extremely rough cross sections, and the like, no

single method of velocity measurement is universally applicable. The rotating meter

covers the greater rangeUl'cOI dillllll\, hut is not suitable for velocities below about

30mm/sec, nor under conditions of extreme turbulence. The methods for velocity

measurements includes; Rotating meter (Current Meter), Dynamometer, Float, Chemical

and Electrical Methods. (Chow, 1964)
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Discharge measurements in natural channels are usually determined by using the

following methods :-(i) Current-meter measurements.(ii) Area - velocity method.

(iii) Slope - Area Method (iv] Weir measurements. (Handbook of appliedHydraulics

1979)

2.10. Distribution of\Vatu

After complete production, the water is stored in clear water storage tanks from

where it is distributed to the consumers by means of distribution system.

The distribution system consist of pipes of various sizes, valves, pumps, metres,

distrihuuon reservoirs, hydrants, stand post etc. A good distribution system according\0

Singh, 1986, should satisfy the following conditions:

(i) Purity of water should not be affected during conveyance of water to consumers

(ii) The pressure of water at each point should be ample.

(iii) Required amount of water at each point should reach each point

(iv) The most important requirement is that in the event of breakdown or repair ofone

line, water should reach that locality from other lines.

For efficient distribution it is required that water should reach every consumer

with required rate of flow. Enough pressureis therefore needed in the pipeline to force

the water to reach every point in the system. Depending upon the method of distribution,

the distribution system is classified as follows:

(i) gravity system,

(ii) pumpi ng system,

(iii) dual system or combined gravity and pumping system
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l lowcvcr, for the purpose of this study, the applicability of the dualsystem IS

discussed.

The dual system is also known as combined gravity and pumping systemTill:'

pump is connected to the marine as well as to an elevated reservoir. In the beginning

when demand is small, the water is stored in the elevated reservoir, but when demand

mcrcascs the[lo w ill the distribution system comes from both the pumping stationas well

as elevated reservoir.

In this system, water comes from two sources, one from reservoir and the other,

from pumping station, hence it is called a dual system. This system is more reliable and

economical, because it requires uniform rate of pumping but meets the low as well as

maximum demand. The water stored in elevated reservoir meets the requirements or

demand during breakdown of pump and fire fighting (Davis and Sorensen, 1979)

There are four main systems of water distribution: viz

(i) Dead End or Tree-System, (ii) The Grid Iron System, (iii) Circular or Ring

System. (iv) Radial System.

Water pressure in the distribution network range11'0111 IJO-260 Kpa (20-40ps;)

illfhe residential areas with buildings not over four stories in height to400-)00 Kpa (W-

75psi) in areas with taller commercial or residential buildings.(l lenry and l Icinke 198\))



Distribution Main ch

Flo~-jN

3rail ch

Grid Pattern

Fig.2.6. Distribution System Configuration

(Source: I lenry and Ileinke, J 989)

Storage is necessary in any municipal water demand, to providefire protection.

and for emergency needs. Residential water demand varies according to reasonable

predictable patterns over th[day. High lift pumps at the treatment plants are not normally

designed to meet these changes in demand. Instead, the usual practice is to pump water

into the distribution system at a fixed rate for a given period and allow a reservoir to

supply extra water if' demand exceeds this rate or receive waterif demand is less than the

pumping rate.

Operating storage IS used to meet variable water demands while maintaining

adequate pressure011 the system. Where information 011 water demand is available,

storage volume call be calculated or round graphically (from a mass diagram. for

.j t



requires that the flow in each pipe be assumed so that the principle of continuity is

satisfied at each junction.

A correction to the assumed flow is computed successively for each pipe loop in the

net work until the correction is reduced to an acceptable magnitude. lfQa is the assumed

flow and Q the flow in a pipe, the correction ~ isQ-Qa ,and

Q = Qa + ~ (2-1 I)

Expressing head loss by

lu = k QX (2-12)

the condition that the head loss around any closed loop be zero, gives

L: k to,+~ r = 0 (2-13)

Expanding this summation,

x x-I 2 x-Z
L:kQ a + L:xk~Qa + (x-I )\ 2L:xk~ Q, +-----=0 (2-14 )

If 6. is small, the third and all succeeding terms of the expansion may be.

neglected. l Icnce,

" k ()' \" kQ x-I 0L., ~ Va I I L.,X a = (2-15)

where 6. has been removed from the summation since it is the same for all pipes oflite

loop Solving for 6. gives:

6.= - L:kQa"
-----

L(xkQax
-
l
)

(2-16)

In applying Eq (2-16), The direction of flow as well as the rate of flow in the

circuit must be assumed. The numerator of Eq. (2-16) is then the algebraicSUIll of the

head loss in the circuit, with due regard for sign. The correction 6. must be applied ill the

same sense to each pipe in the loop. III'the counter clockwise direction is assumed



positive, ~ is added algebraically to flows assumed in the counterclockwise direction and

subtracted from flows in the clockwise direction.In Eq (2-12), ~ was given the same sign

ill all pipes. Because of this, the denominator (Eq2-16) is taken as the absoluteSlIlll

without regard to the signs of the individual items in the summation.

Since the hardy cross method assumesa constant value of'.r, usually given as I g-;

or 2. Minor losses are generally neglected, but they call be introduced by substituting;111

equivalent length of pipe. (Linsely, and Franzini, 1979)

The system must be divided into two or more loops, such that each pipe in the

nctwo rk i<.; Illlllldcd ill :11kil'-I "'1\' 1(, 'I' Values of L.\ are computed fur each loop, an dIII"

assumed flows are made until the desired accuracy is attained.

In the design of a pipe network care should be taken to ensure that proper flow

rates are delivered where needed at adequate pressure. For most distribution system a

static pressure of 400 to 500KN/m2 is recommended at all points of delivery Nowhere in

the <;\ stern should pressure be permitted to drop to the point of where they approach,
cavitation

There are three requirements for a pipeline, namely:

(i) It must convey the quantity of water required;

(ii) It must resist all external and internal forces coming upon it;

(ii i) It must be durable and have a long life.

In order to deal with this subject in an orderly fashion it is necessary to classify

pipelines into three categories of usage, which may be defined as follows

'i"'1tlill.\"'-pipelines for the conveyance of water over long or short distance and lor the

.
distribution of waters through towns, andin general, any large-sized pipeline



'Service .••pipe'-t11e individual supply line to a house farm, or block of flats, laid

underground from a main to the building.

'Plumbing pipes '-pipework within a building for the distribution of water to thevarious

appliances (Twort.cr. 01,1974)

Most water engineers will have to choose the size of main to be adopted in the

circlInlstallces~ some commonly held principles maybe quoted (as a rough guide) as

given in Table 26
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Tahle 2.6 SiZ(' of Uisll"ihuliolJ Mains

Diameter of main Uses in a distribution system

Suitable only for supply to self-contained housing site of small
75mm or moderate size from which no further mains extensions arc

possible, ego vel)' suitable for culs-de-sac, not suitable for
t IJrough ways'.

A favourite distribution pipe size. which will normally permit
of some moderate further extension under good pressure
Where plenty of cross connections at road junctions are made.

100111111 Very suitable for completely builtlip housing areas; also
suitable for moderate lengths of rural work where 110 large
factories or housing estates are expected to growlip. provided
that a ring main can be laid instead or a spur extension. Not
suitable at all for bulk conveyance of water to an area were
there is any likelihood of growth

Suitable for laying along a road along which housing estate are
developing, provided some limit of their development can be

l'iOmrn seen. Suitable for quite long lengths of rural areas particularly
if c(lrlltl'(i'd ;in' main to the source or from a trunk main
SUII<ble lor bulk conveyance of water to an isolated area
provided it is of moderate size and unlikely to develop.
Suitable for reinforcing supplies to an existing area of over-
draws in a built-up area. Suitable for normal industrial
demands. Not suitable for large industrial demands, fast or
large developing areas long distance conveyance of water.

Normally classed as a trunk main. Its particular use in the
distribution system is that of a 'rein forcernent' main, a kind or

22 "lI1n1 leading artery in the distribution system taking a good flow and
(i\lso 20() and :25111111ll) :'ressure right into the heart of distribution areas, or leading

through such areas as a ring main feeder. Suitable for long
lengths of rural work. Suitable for bulk conveyance or water to
separate areas. Should normally be suitable lor industrial estate
and factory areas, except where individual very large
consumers exist.

30011I111<U1dover These arc_regar~C'd as trunk mains.
(Source:Tworl,clal,1974)



CIIAPTER TIJREE

TilE STUDY AREA

3.\ General

.vhudu (own is the administrative headquarters of Orhionmwon Loed

GO\'CilIlH'l1t Area of Edo State. The Local Government Area (LGJ\) was cleated 1111(>7(,

and even alter tile present Uh nmwodc LGA, was created outor the old Orh ioumv.cuu:

L(JA in I ()<)!, Abudu !OWl! s ill remains tile administrative headquarter ofthe ncvv

Orhionmx on local govcnunent area. Other 10W11S are, Urhionigbe, Ugo

Niyck corluo mwou, lgbankc, Evboesi, Evbuehighae, Orogho. Umoghunmun - ·okll().

Evbobemwen.Tlgboko v-N' Umagbae, Ugboko - N' lro,Oza - Aibiokunla. Sokponba.

Evbuobanosa, Ebuok abua and Ogan

Orhiornnwon LGA is situated ill the dense forest of the Ancient Benin kingdom

III [do State. The LGA \13S boundaries with Igucbcn LGA, Uhuu mwo de LGA, and

Ikpoba -- Okha LGJ\, all in Edo State. On another side, it has boundaries with lkaSouth

;"

LGA, Ethiopc East and West LG~s, and Ukuani LGA, all in Delta State. (See fig 3.1)

Orl.ionmwon UJ'\ h:0, .wci-:e i olitical wards namely, Aibio kular I and l lt Abudu tovvn ).

lyob a, Ukpato. Igbankc Last and "Vest, lJ:honigbc North and So utl). UgII, b bocsi.

Ugboko and Ugbcka.

Culuually, the people of Abudu and the entue local goveuuucnt area, are 1-:<1\)

monarclucul institution. Their main staple foods are Cassava, Yam and Plantain. lhc

CO"l111l0!1 tree crops ill the area are Ru her ::lIid P.lln: nces .
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3.2 Location

Abudu town is located between latitude6\1 41'E _6°49'E and longitude 4° 32T-

4° 36 'E in the eastern part of Edo. Since Abudu town is located along the Benin - Asaba

Express highway and it is 4Skrn. from Benin City - the capital city of Edo State.-(Fig

3.2)

3.3 Level of Infra-Structural Development

The tOW11 is connected to the National Electricity Grid. It has a medium level

public and private establishments: schools, banks, hospitals and good earth roads. All

these have impacted positively on the socio - physical landscape ofAbudu town With

the bn th of the Edo State National Youth Service Corps (NYSC) permanent orientation

camp in Abudu, the town has witnesseclnoticeable increase in the tempoof urbanisation

and agglomeration processes.

Natural sources of water inthe area include surface water, ground water and 1';1111

water .The area has no surface water supply scheme, and the only groundwaterscheme

(borehole), developed by1he Edo State Governmentin 1985 has since collapsed and out

of use for the past I ~ years The teaming population depends largelvOil rainwatci

harvesting Iro m rooftops and untrc.ucd river water from Ossiomo river However, SOIl1C

few wealthy in lividuals obtam their water supply from private boreholes, which they

also comrnercialise. Discussions with the owners indicate the depths of boreholes vary

from 30m to 60111.
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3.4 The Physical Landscape

(i) Relief

The entire Abudu area is on a relatively steep terrain that marks the sideof

a plateau. The East- facing slope that leads down Ossiomo valley is relatively

steep with average slope of4".48'. The lignite group of rocks, consisting of clays

under lies the entire area, fine- grained sands, lignite andcarbonaceous shaky

clays. (I clahosa, I 9R(,)

(Ii) Drainage:

Ossiorno River drains the entire Orhionmwon LGA, incfucling Abudu

tOWIl. The river rises from its source at lruekpen village in Esan West LGAor

Edo State and maks its meandering runs through Abudu and Ologbo to\\/I1S

before dl"~ h;llging 'lll(~ I~ IIi;, 1'1\ cr. (Fig3.3). Ossiomo River is clwractclislic;dh

deeply incised, with rocky bed and steep banks, dense forest and hill rangeshug

the river banks at some sections of its run as it passes through Abudu hill ranges.

-,'
The watershed ofOssiorno river basin at Abudu is shown in Fig.J 4.

It is important to note thai! at its source, the people call it lbiekuma River:

vvhi lc at Abudu and in the entire Local Govenuucnt Area of Orhioumwon, it is

called Orhionmwon River. The Local Government Area was II<IIIIcd after the ,i\l'i

because it cuts across the entire Local Government Area. Oflicially andOil the

topographic map of Nigeria, the river was named after the village within the

Abudu area called o.H;OI1l(}, where the first leprosarium hospital ill the then

Western Region of Nigeria is located.
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3.5 Climate

The climate of Abudu town is of the sub-equatorial type. It is typical of the

climate or the southern Nigeria. The Abudu area experiences the humid tropical climate,

which is characterized with wet and dry seasons. The dry seasons which lasts between the

months or November and March usually coincides with the period of high sunshine.

while the wet season which last between the months or April and October coincides with

the period of' low SUI!. This variation between the seasons is caused by the latitudiua]

migration of the Inter-Tropical Convergence Zone (I TC 7) (ldahosa, 199h)

The rain usually falls from convectional storms hence is unevenly spread

throughout the days ofthe wet seasons The mean annual rainfall is estimated at 2200

mrn. The months of July and September have highest rainfalls, while the months or

December ,!lId .! 11111:11\ hJ\i_' fl" I",' .: t .ainfalls in the year. Fig 3 ..":-;1101\'<; the ;\I\II\I;l!

rainfall from 1978 --2002 , while Fig 3.6 shows the mean monthly rainfall The tabulated

monthly rainfall frorn 1978 - 2002, is shown in Appendix A

The mean monthlv zemperature is about rrc; while the extreme maximum rarely

exceed 40lle The months of January to March experience high temperature, while the

lowest temperature is recorded in June and July.

Till' relative humidity ranges from 40% III the morning to about 70o,() In till'

afternoons Over most of the areas the altitude modifies temperature thereby elinunauug

extremes. In general. the relatively Oat top of the plateau are relatively cooler, than other

parts or the Delta

The vegetation is charactcrised by trees and grasses The trees are usually
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between (,-12m in height, strongly rooted and with flattened crowns. The grasses arc

often long reaching up to 3.5m. The climate and soil, favours the growth of dense

savannah woodland. Apart from the tropical hard wood timbers, such as Iroko, Obeche

and Agb a, industrial and food crops including the Oil Palm, Rubber, Cocoa, Plantain an d

many local important fruits thrive well in the forest.

The traditioual method of farming. which is rotational bush fallow cultivation, has

left its mark on the vegetation. The over cultivated abounded fields, especially when011

poor soils, get colonised by grasses and subsequently a new type of vegetation known as

derived Savannah now replaces the original richer vegetation.

The soil types arc fcrrisoils on loose sandy sediments. The area is composed or

the basement complex of the Precambrian era. The Ossiomo River overlies detritus of

Bendel Ameki shales and sandstones with a unique toposequence (Aiboni, 1988)

Soils are less leached and consequently retain the advantage of a good rooting

depth The top soil, when freshly cleared of forest, contains about 5% organ«: matter and

,;

can thus sustain good food crops f.or several years

3.6 Population

Th e 199 I cen sus figure pu t the popul arion as I 1,271 , made up0 f 5,482 malesalld

5,789 females. However, assuming the growth rate of 3% in the lightor its fast growth

by reasons of urbanization, the population as at year 2003 is estimated to be about

20,000 people

•
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CHAPTER FOUR

RESF:ARCII 1\1ETIIO()OLOGY

4.t Grlll'I'at

This work was undertaken in three phases, Thepreliminary phase focused on the

collection ofdata 1'1'0111 relevant public and private agencies, responsible for publishing or

keeplllg Il'!eV;1I11 hydrolo gi cul data. The other phase involved rcconnuissancc survey

or the study area with a view to having first hand knowledge of its water situation, in

addition to studying the physiography and hydrology ofOssiomo river basin. This led to

the field <tudy in which the collection of field data and quantitative mensurcmcn ts ot

relevant hydrologic parameters such as, stream now, andwater quality were conducted

The third and final phase included data analysis, design works and appropriate

recommendations to solve the perennial problem of potable water supply to Abudu

communi tv and r-nvi rons

4.2 1I)I(h'ological Uata anti other Information

The following data ,vere obtained in the course of this project

(i) Topographical Map

The I :50,000 topographical maps were obtained from Federal Survey,

Lagos They showed the course of RiverOssiorno (the main water source in the

proj cct area - Abudu) fro m its source at lbiekurna village in lruek pen ,(Ekpollla

ball West LGA of Edo State), through the study area, to its final discharge into

Benin River.The map was useful in the study of tile physiographic characteristics

of the River basin.

<IX



(ii) Rainfall Data

The source of the rainfall data is the Department of Meteorological

Services in Benin City. (1978-2000). This was used to estimate the average

,;,illf;dl an d range, and to find the rainfall during the three driest years, usuallv

associated with shortage The rainfall data are from these recorded with a rada:

equipment installed at Benin City Airport.

(iii) Published lIydrological Infor-mation

Beniu-Owena River Basin Authority - Federal Ministrv of Wutc:

Resources Yearbooks, vols. (I, II& III) were obtained for reference purposes. /\11

data ill respect or hydrologic measurements --stream flow data, for River

Ossiorno at Abudu gauging station were examined, and relevant data extracted

The yearbooks covered the water stage/discharge measurements carried out

between 1989 and 1994

(iv) Population Census Figure

The latest (1991) Population figure for Abudu was obtained from the

National Population Commission Office in Benin City, from which the

population, were projected. From this, the anticipated population lor a design

period of 25 years, were estimated for the purposes of working out total water

req UIremen Is, and other design pararneters.
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4.3 Other Iuformation/Data

The state of existing water supply scheme was obtained froml.do State UrO,1I1

Water Board, Benin City This information revealed the existence of a water supply

scheme in Abudu. which has since collapsed due to age and lack of maintenance. The

scheme consists of a borehole water supply facility, which collapsed in1989, and all

overhead, 200111'1 capacity Braithwaite tank that served as service reservoir.

4.4 Field Observation/Measurements

The objectives are to determine the extent, and character orwale: (111 which ;\11

evaluation 01" control and utilisation are to be based.III pursuance or this, and after

identifying Ossiomo river as a potential and dependable source or water supply for

Abudu community, the following quantitative measurements were carriedout:

(i) Stage (II) IJI~ch;lIgl' (II,) \\';IIL! (,1l1,iI:t".

It should be noted that stage and discharge measurements were carried out for

year 2003. The measurements were used in conjunction with previous measurements

(1989 to 1994) 011 Ossrorno river, as recorded by Benin Owena River Basin Authority.

4.5 Measurement of Streamflow (Y(,~II'2003)

\. till'le was 110 ofTicial activity in respect of the streamflow measurement ol

OSSt()lllO River for the year 2003 by the Bellin Owena Rivet Basin Autho utv, theauthor.

with the assistance of Benin Owcna River Basin Authority, conducted the measurements

1\lcasuremcnts were taken to cover both the dry and rainy seasons The dry

season measurements were carried out ill the months of January, February and Marcil,

while that for rain-, season, were taken illMay, June and July The measurements were
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canicd out with {'lI/ll'1I1 ~d;.;kr. W'!lll~ the Blidgc lIoo m method witl: 2."kg··iroll \\l'iL~h1.

(as sounding \ 'cigltl) and 11, lld -- OPCllI!I.'J reels and boom.

4.6 "'akl" ()Ilali() "1(~SHn2'l1l'lIts

OSSiUIIIl) River has no previous records regarding its water quality. The \ atcr

S'l'll!lllil.t~ was planned to cover b<)lh th,_' dry and r.tiny seasons. Representative water

~~\llll)k', \\"1" (:11,('11 ill the months or };Hlll;lJS-!\ anh (I)I\' SC:ISOII) ,lilt! I lay tp .Ill"

(IZ'Jlm SC:t;OIl) The vater sample :Jnalysi' \ ';1') cauicd oul ;It the Ikllill-{)\VCI1<l l'l\l'l

UasiJl/lilllVl'r~,jlv o l Hcniu, Junu Aualvtica] Research LahclI<tlory in Benin Clly.

-1.7 !JaIn ,\,wlysis

Analysis of' the data collected (both from agencies and (10111 field) consi st o l' the

()lIo\villgs:

(i ) I'opul.uron projections ({If water rcquileJ1)~'nls

(ii) Hydro logical evnlu at io n of the Ossiomo water shed

( iri ) l\.;lIllElli data, to obtain monthly and annual means, andestimates f()I the

dry yeals. ..,'

(i\') Strcam-rlow analvsis 10 obtain maximum and minimuu: dischalges

(\) Water quality analysis for treatment plant design par.:Ulletcr<;

(\ ii) /'opugraplilc analysis ()( disu iburion nctwo: k

IlcIIIS dl'si~;lIcd for were:

(I) lntake systcins

(u ) TrC;llll1CIlI work«

(u i ) PilWlillc distril1ution 1l~.~IW()1k

<,/



CHAPTER FIVE

RESULTS AND DISCUSSION

5.1 Results

(i) Ossiomo Rivet' - Stream Flow Records

Extracts from published streamflow records Crable 5.1) for Abudu

Ossiomo River, by Benin Owena River Basin Authority Federal Ministry or

Water Resources. showed that the minimum annual water discharge or the river

between 1989 and 1994 was 10.64111·'/s, while the maximum discharge was

I J 8 III ~/s The minimum discharge was recorded in 1990, while the maximum

discharge was in 1991.

The corresponding minimum and maximum water stages were also shown

to be 1.12m and 3.08m respectively. Crable 5.2)

Table 5.1 Ossioun, HivCI"-Abudll Station Water Discharge

--------- --------
Year 1989 1990 1991 1992 1993 1994

Maximum 95nf'/s 41.8 m31s 138 mJ/s 125 11131s 80 IT/Is 77.7~-

Mean 22.1 8 1l1~/s 19.29 111~/S28.14 111~/S 36.6 n//s 32.74 m~/s 37.14 III 'Is

Minimum 14.28 m'/s 10.64 m'ls 1 1.08 mJ/s 1 1.3 /11'/s 15.12 111'Is 142 /11
3/s

(Source Beilin Owena Basin Dev. Authority, Hydrological Year Book, VoL 1_11I.)
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Table 5.2 Ossiomo River- Abudu Station Water Stages

Veal' 1989 1990 1991 1992 1993 1994
------- .- .--- ..-- .-- _ ..._--_.__ ._--------::-

MaximullI 265clll 192 em JOR ern 295 ern 250 em 247 em

Minimum 126 em 112 em 114 ern I I 5 em 124 ern 126cIll

(Source Benin Owena Basin Dev. Authority, Hydrological Year Book, Vol. I_III)

Extracts Iro m discharge measurement carried out by the author for the dry and

rainy seasons are as shown in Table5.3, while the discharge field measurement notes are

ill appendix B (I-C)

Table 5.3 Ossinmo River- Abudu Station Water Discharge (yea!' 2003),----
J 0,')' Season Rainy Season- -- - ----._- -- ._-----.Ianua ry Feb. l\1al'ch May June .July

1\1J/s J
11'-'/s mJ"/s I1I

J
/S n?/sIII Is

15.2 -143"1128 19.5 26.2 28.6
I

5.1



(ii) Wate.· Quality

The laboratory results of the representative water sample (dry and wet

seasons) from Ossiomo River, are as shown in Table 5.4.

(iii) Population Prnjer-tinn, :111d 'Vate.· Requirements

(a) Design l'opul auou lor Abudu Town

Design period =25yrs

Growth rate =3%per annum (National Population Corn. Benin)

Population Figure

Estimated population

=11271 (1991 Census)

( year -2003) =11271 (1.03)12=16070

Esti mated population for year 2028

(25years period) = 16 070( 1.03)25 = 33650

lienee Design population is approximately 34000 people

(b) Total Water Requirement

Unit Water €'onslfmption == 120 Litres/ Capital Day (Edo water board)

Total Domestic Demand = 120 x 34000 = 4080rn-'/day

Allowing for non-domestic consumption 30% = 1228 m"/day

Total dorn. + Non Dom. = 5308(m'/day)

Add waste/leakages 25% 1326

Total Avg. Daily Demand 6334 (m'/day)

: .Aveiage daily demand 6334 (nJ'/day)

Using a peak factor of 120%

:. Peak day demand 796 I (nf'/day)
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5.2 Discussion

(i) Rainfall

From Rainfall records, the three driest years on record over a period of

t wcutv-Ii v (' Yl'<lrs \ ell' I <)g 1, 11)<l(),and 1993, with annual ruiufalls (If' 1X~OIIl:II,

1753111111and 1R611111ll respectively, furthermore, stream-now measurements III

Tables 5,I - 53, showed that the minimum annual stream dischargeof Ossiomo

nver recorded in J 990 and 1993 were J 0.64111'/s and 15.J 2111"/s respectively.

J\ comparison of the annual rainfall of the three driest years on record

0\ er a period of twenty-five years, showed that the minimum annual stream

dIscharge ofOssiomo river recorded in 1990 and 1993 can beassociated with lite

annual rainfalls of 1753mrn and 1861111m for tile same period Therefore"

minimum river discharge of 10.64111"/s call be safely adopted as the min im u m

discharge of Ossiomo river over a twenty-five year period, as the annual rainfall

within the twenty-five years period, has been in the range of 1700mlll to 26001ll1ll

(ii ) Ossiomo River l lydrographs

Ossiorno river at Abudu region is located on latitude6",N 18( I Longitude 6"

E oil and has a drainage area of 123065km2 (BORDA, 1997) The river is about

2.47klll within the Abudu .irea, with an average width of approximately 36.4111.

The discharge hydrograph shown in Fig 5.1 shows considerable

seasonality in its stream now characteristics. The hydro graph shows a peak flow

in the month of September duringand following heavy rainfall that reflects the

tropical rainy season of the region.J\ closer SC"fUI;iIY of the hydrograph, reveals a
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long period of high now that begins in May and docs not end until

December. In fact from avai lable records, (1989 to date) it is safe to assume that

about 80 to 90% of the annual flow occur during the four months of the heavy

rainfalls in the rainy seasons

Also from the water level hydrogaph shown in Fig 5.2, the increase in

w atc: level starts substantially in April and rises to a peak in September Finalh

fro m the above hydrograph analysis, the hydrograph has a perennial and

continuos /low regime, in addition to a dependable discharge that can be possibly

harnessed ill future, and treated for public use and consumption.

(iii) Watl"" Quantity

In estimating the supply a river can afford at all times, the Ilow of the river

111the driest years, or during periods of low stream flow is an important factor

From records in Tables 5.1- 5.3, the minimum annual stream discharge or

Ossiorno River, which is 10.6./11/ s. has been adopted in this parer as theJ]csiJ!,1I

Sufe Yield ofOssiomo River.

This quantity is much more than the projected total water requirement of

0.1381ll'/s calculated for Abudu Community (within the designed period of

25yrs). Therefore, Ossiorno River can be considered as a dependable source01'

water supply to Abudu town; as the water requirement ofO. I 38m\/s is only 1.300

of the minimum flow-rate ofthe River. In the periods of low flows. downstream

users ofthe Ossiomo river will still have sufficient water for their various uses.
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(iv) W~tCI' Quality

III the evaluations of water quality, the impurities in the water are usually

analysed and the level of impurities depends on the source of the water. The

laboratory results (Table 5.4) of the water sample of Ossiomo river, have been

ClOSS checked with World Health Organisation (WIIO) Standards, for potable

water. and it is evident thatsome of the parameters rail short or the acceptable

standards as it affects potable water.

Consequently, the water has to be treated before it willbe suitable for use

and consumption. Screening, Coagulation/ Flocculation,Sedimentation, Filuation

and Disinfection, arc the main unit operations that will be involved in the

treatment processes

tv) f)('s'gn nOI'I{s (S('(,' ;\ PI!!" rlj x Ct to C17)

Design or the mam component of the water supply system has been

carried out based on the relevant data arisingfrom laboratory and field results as it
,

affects water quality andquantity, population and water use.

The water supply facilities that have been designed for, consists or

Collection, Treatment Works, Transmission, Pumping, Storage and Distribution

~'yslenl. The size or the proposed water supply project hasbecu based 011 all

average daily water per capita consumption rate.

The design parameters include:

(a) Design Period 25yrs.

(b) Design Population 34000

(c) 7961 ml/dayTotal Water Requirement



(eI) Design Flow Rate 0.138 m~/s

(vi) Main Elements of Abudu Water Supply Project

The main elements of the Abudu water supply works, comprises the

10 I J o wi ng

(a) Intake Structure System

-Thc siphon well intake systeru > to be located at the shore (\1'

Ossiomo Ri ver.

-Detention time (Water Well)

(b) Pump Station

-Raw water pumping station locatedat the shore of Ossiorno River.

2011lin.

-Three pumps working, and one on standby.

-I\.;I\V water 11;l!l<'lllissioll line, 300nllll-dia. ductile iron pipe to

treatment works.

(c) Treatment Plant

-Treafment works with chemical dosing facilities. The main

components are:

(i) Coagulation/I:locculation Tank

-Detention time of 20m ins.

(ii) Sedimentation Tank

-Detention time for sedimentation tank is 2IlTS.

(iii) Rapid Sand Filter

-Flow rate of '-lnr;/ rn2-hr

(iv) Clear Well of2390m~ capacity



The flow diagram for the treatment plant is as shown in FigS3

(d) Distribution

The condi lions at the distribution ends are:

(i) The Service Reservoir is 15m high from the ground level

and the depth of water column is 5111, hence thestatic

pressure head at the starting point A isgi ven by (15+5)111

20m.

(ii) The maximum ground elevation = 3 10.3,1 III o.d

The minimum ground elevation = 295.35 III o.d

(iii) Pressure (lead elevation at A = (308 + 20) = 328 III o.d

The distribution system adopted is the/)/(01 System orCombined Gravity

(/11<1 f'IIII'/'IIl!~ ,\".\11'111 ..•d. I,.' 1)(1 ulc Iron Pipes have been used asPrpcliuc I\\;UII:-;

and Sub- Mains in the distribution network.

The simplified diagrams or the Siphon Well Intake System are shown111
,.

Figures 5.4 and 5.5, white Figure 5.6 shows the simplified pipeline network,

indicating final designed values offlows and direction. The Transverse Surveyor

tll!~ pipeline route, along the road is as contained ill Appendix F (DWG. 01 -(7)



l1-

\

I 1
I\'\

1~"
} I

\ I n
\ F- U (o"~

\ / -c:--
\1 ~ ~.;?~L '( \LO" LIfT
\ ,,' i ••l<E PUMP
I \ STRUCTURE

\. (SHORE INT AKE>,

o-
VJ

I CHEMICAL
SiORAGE

FIG ;:,,3

CHLG~I.~£

AluM

-------"l--------- I~ ----, --- i

I I( . I! <jl- cP l ! :

IT~Jd ~'n\ )-1~V",="~ !4J SEDIMENTAnDN I~l~~"~U U U I
:' MEDIA I

I

COAGULATIDN/FLOCCUIA TlON HlCiH LIfT
~UMP

/
SLUDG:: \JITHDf<AI,./ AL I ? ~---- I'UNDER DRAIN r - - - - 1 -; J

/
CLEAR VELL

FIL TE.~ UNITS STORACiE

TO DISTRlilUTlCN
SYSTEM

fILTERED VATER
F'LA.'!E;:

FLDV DIAGRAM OF ~ATER TRlATMENT PLANT



r-··----.---·--- .

I
1

1

\

I·
I

\
I

1

\
I

\

I.

I
I

I
\
I'

I
\ ..

I.

-'
.J
.\-,

I·

~
1,1
n.
)-

1-

<II
\1

C:::::J
II
\1

C'l.~ I. ) IC) .

l
-'I(r:»)-- ':1 .-'I -- ---.--

-.J' ., -.
.' . . .. ":.:.:L_- __~.J
__... ._--'".:.------ ...M------ ----" --~

,.,
~.i:.!

I C :J

. \

\ ON
k~

/~
CJ,,..
,.<
<r.
();

1.1
(') ~

V) "'~
() .
:- {\.I

:-:'
u. --:

\

(....- _:"'=-'JJ-,- }-.- --" - ---- -

\

\

<f

CL
..••.....-

../

Z
<t......J

CL

\--

~
C]
)-

<I
_...J

r>.

W
Y
<[
1-
Z
1--1

>-
W
I-
e/)
>-
(/)

<[
1-'-

.~L/'

I-I

__ I
_J
Ld----......>

!-I

v)

\

I
",

i

I
. \

\

I
\
1

----. - . -_ .._--- ..------ --- ..- -- ----



-. 225 Mr'l R. C. 'w'AL..L

1 -, n n.>( ( 11./ ' \/tJ'I",U L,,·r':_.~r l ..... Ii' 'II' \,,,,,u,-,," ;.,:, SForF'" IT:--;:'.>~ 1 I\ -\I/Jf - -"'--OJ ..'_.3 I..L.-c-r-\fi-I _~~--,-c--~

'II ~~,I I I II

FLJ"\\~ I U
o 15GO

,.,'1". ,I I /'."
L

'",:'., ' ". ~.. '!" • '. • .• ' '. .~ • •

• '/.' ""' .. ·... 4·. I...'. '..' ,;==.:= _:". I , I
)== I [ -' ~~~.:

BACK VENT SEPERA TI~G \.tALL
AT vALL END iN SUMP

H=~:==j:~TAL
P:":~'~

t.••'

ii-
I/-

SUeT!C"
PIPE

.- I -: :::,.5
L.. , -'.• }.-

SIPhON wELL

REVOL VING SCREEN

!-2:GH VATEr:( L[V;::i_

-~-
---

\.i~.T:::F. LEVEL (MINr:<Jt-l \.'pER LEv.EU .ri.ov

""/u~'//

": .: " :~-----------
lJ RIVER S::JUR:E

--- ~

A-A

SYSTEM (SHDRF
CROSS "'SECTION

INTAKE
INT AKE)

- .~.---- --------

- ~----.--------
-----._-_.- _." ... --.--_.-- - .- - .-



Elcv~dioll or Pipe Nodes: --

l. r\ I
3WJ 2%.1
.12 -;

J K
209 301.

.X 1 21

(Suurce: Transverse survey by lhc(r;utl\l~:r)

Fjg.~,d. Simplified Net Work .Dillgrnm -Illtiicnting "';11111VlllHfS

of Jil(Hl!i SInd njrc((ion~.

66



5.3 Financial Estimate

The financial estimate is made up of the sum of the estimated total cost and till'

fees for the consultants and the reimbursable bill for consultants. The cost0(' land

acquisition has been excluded, because it is expected that land use decree of 1978 will be

invoked by Government, as the provision of a water supply scheme, is usually seen as a

social rcspon sibilirv of ;IllY (;m ("IlI11["'iI The main source of power 1'01' the project I',

from the public power supply (NEPA). The generators provided, acts as stand-by, incase

of power outages, low voltage supply and under frequency periods.

The total cost of the project is ~ 239,802,500 as detailed111 table 3.5, and

surnmariser] as follows:

Estimated Total Cost Project

Prime Consultant (Water Engineers)=

~ 225,000,000

~ 5,637,500

N 3,265,000

N2,725,000

~ 2,725,000

Structural Engineers

Mechanical Engineers

Electrical Engineers

neimbu,"sable Expenses:

Maxirnum= I% of ETC

Take 0.2% of ETC for all Consultants

.: Reimbursable Expenses ~450,000



For a relatively small town of this size, water supply scheme callbe procured Ior

N 240,000,000 This is quite feasible and within the executive scope of Local and State

Governments, and with possible assistance of the Federal Government.



CIIAPTER SIX

CONCLlJSION AND RECOMMENDATIONS

6.1 Conclusion

This study showed that Ossiomo river discharge measurements during periods of

low flows, vary from I0.64m·'/s to 12.8111"'/sover the six consecutive years, for which

data is available.

The minimum now rate of I0.64m~/s recorded in 1990, (which for design

purpose" call be taken as the minimum yield, during periods of drought or low flows) call

sustain the calculated design flow rate of 0.138 m3/s for the Abudu water supply scheme.

In fact, the surface source can supply the Abudu town and environs ifproperly harnessed,

as the water requirement for Abudu represents only 1.3% of the streamflow.

A comparative analysis of the water quality results and WHO's standard values,

showed that some of the water quality parameters fall short of the acceptable

international standard fo.; potable water supply.In view of this shortfall ill standard, there

is a need for the treatment plant with the above calculated design parameters to meet with

potable water supply standard.

Ossiorno river is a major water resource of the Local Government, and the State,

which can be harnessed for domestic, industrial and agricultural purposes.

6.2 Recommendafions

The Abudu water supply projects is to be designed to provide a safe reliable water

supply to the urban community. To achieve this primary objective, and taking into

cognizance, the data and experience gathered i.n this study, the following technical

rccommendatious are to be adopted:



./
(i) Intake structure: An offshore intake structure (Siphon-Well lntake Type) is to lw

adopted, since the river stage does not fluctuate too much. This will remove the

(ii) necessity for a tunnel or subaqueous pipeline, thus silllpli(ying the design or till'

intake structures.

(iii) Water treatment Components: Water treatment method to be adopted will involve

the following main unite operations, (a) Screening, (b) Coagulation / Hocculauou

(c) Sedimentation (d) filtration and (e) Disinfection. Accordingly, each

component has to be designed lor, so as to achieve standard operations in the

treatment plant.

(iii) Other non-technical rcconuncndntions to ensure sustainability and efficient

functioning of the project, are follows:-

(3) Institutionalizing preventive maintenance for water supply atall levels aud

making budgetary provisions for operations and maintenance (Q/i\.l)

(b) Proper funding of water supply projects forAbudu and tile cousidcrarion

,
or water as an ec(:nomic commodity, rather thana social good, so that

proper economic benefit can be derivefor water supply

(c) Future extension of the Abudu water project to neighbouring communities

as OSSlO1110Rive: has till' potentials to serve other tOWIland \ illages ill the

Local Government Area (Oihionmwon),

70
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RI\' ER: Ossiomo

IIIS( '1!.\ Re I': I\IJo:Slll{lo~I\II'~NT NOTES- (YEAR 20tl3)

PEl{ 1(1): Dry Season
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J)('pth No. of No. of
(m) obscrvatio R e v,

n (m)

() 0

1----:---.- ---- ....-f-.----- ----.-
2 o.vs 0.6 40

---~._---- ------- ------
n 10 7.11 o .RXI) O.RR') 7.5 (, (,(,X

--.-
OBSTl{l'( TION BY BRIDGE I'lEn

--
45 10 4.5 0513 0513 ').5 -l.X7·1

76 10 7.6 0.114

1.52

1----
1

-
2

---'---1-<)-'-r---O~(-:-'---r-·----:-::---

14 0.22.0

_._._._- ---- ..- ...._--_ .. -'-- --_. ---.--
o.s 15 10 1 .5 1..10 0.707 cl.O

-----------~~-I__-~--i__~~-_+-~-4-~_:__:__+-__c-_:_~I__-----~---i__-------
1(, I () 0.2 102 10 10.2 1.163

~-t---:-::___+-::_---.-------- ----- ..-.... -- ..-.
OR 30 10 3 (1.\42 0.7525 6.0

--.----..- -.----_.._.._-_._------11-------+ ----- 1---.--'--'-,--- -- --- ----- ...

__ I X ~~ ._0 ..'C'2 II__-'):-8c---t--.,.I(-::-)-+----:-')-8-~-:~-1 1_.1_ ._.___ _ _
O.X 1·1 10 1.4 15(,,1 OXI') RO

-_._-_..-.-._----.-.-.----_._-_._-+--_._-- . ..----- --- .--. -_._-
2:1 7.3 D.2 68 10 6R 0775

1,712

I
I,

- I1----- - - ------ ------,---+---,---- ..,---1--- --.------.-- --.--
O.R 14 ID 1.4 I) 1(,0 !l ..11,75 1·1 I,

",
'>1

.-.- -'--
10 9.1 1.0·1

.------
10 3.0 (1..142 0.(,') I D.O X ')X,I

-- -~-------
10 8.5 o.n

--- -------_.
10 1.1 0.125 0548 5.-1 2')5')

._---- ---- --- - --- .-

10 ')5 1.0R

22 ('.5 112

1-------I-----~·-·-----~·~--t-~c:__..,·-~-1__
(I.R 3D

f-·----::-:---+----=2C"':.7::----+1 -~-.~
24 0.2 I 85

O.R 11

1---"--".-----. .- - ..--- ..--- -.-.- .
2£1 I \: n 2 "1)

f--_-_-_-_-__-_- __ -·_·--+- + (_)_X__ i__--
2-"---1---·-'-(_)=~+---2-·()--·f .-__-_...-_()._2_.l_-_-·~~-~ ±- -' ; ..1

30m _

Thne Start: ...'),30am .. Finish: ..10.45al1l

1\Iethud: ..... , !lridJ:!-c .. Boom

12 X III \ S ..............•..

APPENDIX B~
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nrv ER: Osxionro

DISCIIAH.GE i\IEASURE;\IENT NOTES-(YEAR 2003)

Depth

(Ill)

0.6

lJistancl' from

initial poin I

i_-"-(n""I)'--_--J _
2

4

1.24

Nfl. of N
ohservati I

~~.---
0(,

1.95

t:--------'------ -----.

PERIOD: Wet Season

LOCATION: Ahudu

OI:i~: .. ,<m/s) __
,\ ,·t'a Divchn rgl'

1\Iean ill (11I2) (11")

vertical---- --_ .._-
0.M;4 1.24 (Ui4R

--- -----
0 ..H2 9.75 2.7X

n.587

-r------------- --- -'--

I ).of T'ime Vl'1
{l'''' (S,-c·.) Rl'v./S At

CC. l!.0~11--
60 10 6.0 (1.(,84

..---- ..

25 10 2.5 On5

_____ -------r-- ..--..,-.-.-,-:<::...) I:.:.J:..:S..:cT..:cI{.:.:I::...1<.:.,·...;·lr·I::.:.O:.:..N.'-:-c'I::...n::...·......:;B..:..R:.:I::.:.J):..:(~;cJ:.:.~,I:....).:.:Il,\I.:.::-'{-:-_ ~_ .. ..__ ,---.,...,--::--,-- .. __ . __ .. . __
12 2() 0(, 9."1 In 9 ..~ 1.0(,0 102(, 10.0 10(,0

.....

:;.,

0.8
----~-_,_.,----1-----t---,- ......,-:----- ..--1------ - ..·-----1
20 1.0 2.0 O(i27 n.627 9.3 5.R311

~- ..--- -------.-- ---...-.- ..-- ----- ------1--- ----- ------ ----- ----- ..-
14 3.4 0.2 6.1 10 6.3

1-- ..._ .... ..- .-.-..- ---.- _-_._----_.._-__--1-----1--._----- ----- --.---..--.-------- - .
0.8 .'0 I() J.O OSlO OS7 (,8 .1.(,(/.j

-------.- ..-- ..- ----..- ..---t------I---.--- -+----1-.----- ...-1------.---1---.--.- ....- ..-
1(' 5.1 0.2 70 10 7.0

'1-------- ..- ..-.- ..--....----1---.---- .------1------1------1--.--_ ----- ....-----..-1------- ..--..--
o.s 30 10 .~.O 0.55') {)(;27 11).2 5.71/18

1----.-- ..- - - - ----- ---c--::----t-------~-------~-- ---..-.---- -----.. ---.-.. 1- .
18 70 0,2 80 10 8.0

~----- -·---..- --t-----+---,---- ----- ---- .- -..--+------
0.8 30 I 0 .~.O 0(,7') 0587

11---._--- ----- --- ---.--- ..~....-- ..-_I---+-- ..----..- .----- .-- ....-. -- ..-...--
20 9.4 02 58 10 5.8

!--- ..----J------.+--- --1------1--.- --- .._-- -----f---------- - ..-.-1--------- -.-..
O.R 95 10 9.5 0872 0.741 nu~ 163')4

0.8

10

10

111

7.5

7.8

(d)

0587

1·1(1 't..77X

9.627

I.....

n -+- ·-_----ilX- ----25..-..-- _-._-_-._'_0_-I._7_._5_+-_(_}._4_8_5 .... OA8S--~10-X- ," ~~~x-"__-j'
,r ..-1---- ..- ..------1 -- - -- ~.

02 9026

30111

.>.1 10 9.0

'------------ '---_ .._. ._---L -.1.. ... _.. -L- __ .__ ~ _'_ _

'liruc St a rt: I I .un . Finish: .. 12 n oon

.\J"'lwd:.. Jllldi2'-' BootlJ
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APPENDIX 85

DISCHARGE i\IEASlIREl\lENT NOTES-{YEAR 2(03)

HI\'I(H: Ossiomo

DATE: 22/0(,"03

PERIOD: Wet Season

LOCATIO;\!": Abudu

r-----------~------_.------_,---------T------_,------._------------------,-----------·---- -

.\11

Rl'v.lS \'c1,,{:~. (1II/s1____ ,\ 1'l':J

ec, At point !\Il"an in (111)2

vertlcal

I)is.·" a rg('

(lid

10

-------- ------.---- --·_·1--------1-·_------+-------+-:----- ----------+-:------.--- ---- .--.----------.-

-~212~---F--\.-)-x-)--()-)-- ==:=(;_)-:'.-,-22-o====,=:=()=o======::-:-1o. -t-

9

..,..-:c

0

__ -t __

I

_.C..,.12-:-(_,_ _t---:--=-c-:-----. ---- --~"I ~() 40 III 4.0 () ,1:;(, 0.741 1'1.10

-:-:---+--:--:c---+-,,·--c-·-I---------- --.-. --
60 10 6.0 ()(,XI 1.1(>7

1---------,------ -.:-----11-::--:------\--:-:-----1--::--:----1-:-::--:--:- --/----------.- ----- - .--- -
(J.8 25 10 2.5 fU85 OA85 17.8

o

12 10

OBSTI·H'CTION BY BRIIJGE PIER

1.026

1.32
I

60 10 6.0 0.684 0.68-1 1.32 I.I-I'!

------ -------------
.~() 10 3.0 0324 0342 2.3

1----.-.
1
----- ----I (-)1\--' (j--(,-'-, -----t----::-c:--------i_-:-:------t--.,--,----j--·

8.0 0.912

05R7

11.0

(•.510

156

25 10 11.52

I

'--- ----' 1 J _. _

'Iime Start: .. 1I.00mn .. Finish: .. 12.00 noon.

Method: Bridgc Hoom .

\hightllsNJ: .. 25kg ...

Disdllll·gt·: ..2( t .2 111'Is ...

I----~-,-----t---:----:-----t----:------t----------+---:-,------+---:-----+-:--:-c----+----------/-----+-~--:--------
14 .>5 02 «o 10 6.0 0.684 92_1

1--------I------I---,--:----1---:c---+-:~--I----,--+--:--:--,----r-:--:-~---~_,_-,--------
0.8 40 10 4.0 0.456 0.57 7.0

Distnncc from

initial point

(m)

Dep th

(Ill)

No. or
obscrvat
ion (III)

9.0 1.1)26

2.8 (U19

80 10

80

1\o, or
Rev.

Tirlll"

(Sec.)

10 0.<) 12

/-------2-6-----~1---3-.-8-_I---i-(-)-2-----~-'}-:-5------4-~1(~)----4-(~~.~5---t----:-1.-:-0~8~3---+----------4------t'~5-:-.1-:-9-:c6------
,

2

2.20 0(, <)0

1(, 5.8 0.2

8.0

2.5 ()(,84

0.2 7S 10

/---------- ---- - ..--.-- - ---- -. - .--f----\-------I------

0.285

_. I .-i ~ _L .~ _J ._.._

18 7.8

0.8 28

0.2



--· '"'12=--------'--- X~5-----I--(:-J.-::2·--.--(-,,(.,-)---,----,1(-,)---,--:-6-:.0,---,--o.r.X -- - -------
~-----~-----r-~---,.,--4_-~C-~-~-+_-~~---~~-+_--~:_---------- ---

0)\ 33 10 33 0.17(, O.52!! 17.5 <) 21

l

APPENDIX B6

J)ISClI;\IHa: I\\ESIIHFI\IENT NOTES-(YL\H 2(03)

H 1\- EH: Ossionio PERIOI): Wet Season

1),\'1'1': 22/07'03 I.OCATION: Abudu

----- ---- --------------~-

No, HI' No. of Tim" I{".',!S _~~•.•ncitU~L ___ .\!'I'a
OhSt~1"at Hl'\'. (Sl'C.) <'C. I\t puint i\ It-an in (111)2

ion (Ill) vcrfical

o.« (,0 10 60 (J.M~·I O,(,X--I 1.(,X

------ ------- ----------------- -_._---1-------+----------
14 5.2 02 RO 10

lOA

10 15

R.O
------- .._---_.-----_.

(,5 I ()

O.6R·~

20

22

0.57O.X 50

---
2( )I).X

I
r- -. ..~------f----

.- __ 2_() J__ : ::: ::
Tim" Stal't : .. I O.OOmn. _Finish : .. 1 1.00 a 111

;\1",/1 •••1:.. .Hridge .. \loOlll ...

Ilisd,argl':. 2X,C. III ':'s ...

81

17.S



APPENIHX CI

Dl!:SIGN worucs -J\li\IN ELEMENTS OF WATEI{ SUPPLY

(I) Or-sil!ll Pnrnmcters

(i ) Design Population forAbudu Town

Design period =25yrs

Growth rate =3%per annum (National Population COIl1. Benin)

Population Figure =11271 (1991 Census)

Estimated population

(Current year -2003) =11271 (1+3/100)12=16070

Estimated population for year 2028

(25years period) = 16 070( 1+ 3/1 00)'2 = 33650

Ilence Design population is approximately 34000 people

(Ii) Total Water Zequiremellt

Un it Water Consumption == 120 Litres/ Capital Day \Edo water board)

Total Domestic Demand = 120 x 34000= 4080nr'/day

Allow.u], for n I -dornestic consumption 30'% ~ 1228 III \/d,\\

Total dorn. f Non Dorn. = 5308(m~hiay)

Add waste/leakages 25%

Total A vg. Daily Demand

1326

6334 (rn'/day)

63~4 (n/lday)

Using a peaking factor 01 120%

: .Pcak day demand = 1.20 ~6634) = 796 t (1II
3/day)
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APPENDIX C2

Using I day of 16hrs pumping (6 am to 10 pm)

The peak day flow rate 7961/16

: .Design flow rate

(2) Intake Structure (Water Well)

Design Criteria:

Flow rate (Q)

Detention time 20min.

Dept of water 4m

Shape Rectangular (2:I)

Calculations:

Vol. of water 20 x l~&'= 166m2

60 1

= >/166

8
= 4.5m\V

-'
:.L = 9m.

Use well size of 4.5 x 9m x 5m (Fig6.1,62)

(3) Main Components of Water Treatment Plant.

[i) Coagulation /Ftocculation Tank

Design Criteria:

Detentiou urue 20min.

Flow rate 8.Jm'/min

Dept of water Jmin

Shape • Rectangular (2: I)

83



.,

Vol of water

Use two tanks

\I'PENnlX C3

20 x 8.3 = I66m:-

Hence capacity of water in each tank 83m~

w

L

Use tank size of

(ii) Sedimentation Tank

Design Criteria:

Detention

Flow rate

Dept of water

Cale ulations;

Vol. of water

Use two tanks.

'l/f,3 =3.7m

6

7.4111.

I lence capacity of each

4m x 8m x 3.5m

8m 8m

§++4m .1 1 ++ t- :]
2hrs

498m',lH

Rectangular (2: I)

2 x 4 = 996111
1

498m1

Let one side be same with coagulation/ flocculation tank=8111

(width)

Length= 498_
8x 3.6

17.4m

Use tank size of 8m x 17.4m x4111

84
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8m x 8m Filter Bed

APPENDIX C4

(iii ) Rapid Sand Eilte r

Design Criteria:

Flow

F iI trati on rate

Calculations:

Area of bed

Use two filter beds.

.. Each

Let L

W x 8

:.W

Use

Fillet" Media:

500mm layer of anthracite medium

250mm layer of graded gravel.

4001ll1ll layer of graded gravel

85

4 98m'/h r

498/4 125m2

125/2

8111

63rn2

7.9111 ::::; 8111



.,

APPENDIX C5

[i] Clear Well

Design Criteria:

Provide 30% of daily output (Linsley and Franzini, 1979)

Flow rate 498rn
1
1lH.

Pumping for 16hrs. daily output 7968/11\

Shape of well Rectangular (I 2 : 15)

Calculations:

(30/100 )(7968) 2390111\Storage Capacity

Let dept 4111

Using two tanks,

Yol. for each tank 11951ll~

2
W I 195/5

,
hence W

and 194111.L

Use tank size (two numbers) of --16m x 20m x 4rn.

86
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APPENDIX C6

(4) Pipe Line- Net Work Design

(i)

(i i)

(i ii)

(iv)

I )t:<:i!~11 Data fiT ~<:!"",[lI! vnalysis

Proportionality factor (k) =0.8\fl/gD5

Frictional coefficient (f) =0.0 I

Head Loss = kQ1.85

. \
Correction factor for each Loop ~ ( I/s)= - L: k ~

L:(x k Q X-I)

87
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AP."I~NIHX C7

Simplified Net Werk Diagram -SJlOwing Initial allocation of Flows

and I..•oop Identifiers. -



t\ PPF:N[)IX C8

Initial Allocation of flows and Loop Ideutifiers

IPipe

--

Pipe size Pipe length Discharge Loop
(rnrn) (111) Q (lis)

r A> B 300 500 20 (I )
I

13M 300 600 10
l\IL 300 350 10
LA 200 800 28

------

I, AI. 200 800 28 ( I I )
LK 300 500 10
KC 200 550 15
CA 300 200 70

Jf-------- - ---. __. "-- - -'--- .._---- .

I
('K 200 550 15 (I I I ) I
KJ J( )O 580 15
JD 200 600 15
DC 300 1000 65

DJ 200 600 15
.111 ! 7(10 7':-0 20 \ I\') I

ill: l ()O 450 15
ED JOO 800 40

--------------

EH 700 450 15
HG 300 500 25 (V)
GF 200 420 10
FE 300 450 15

89
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APPENOIX C9

Flow Corrections.

Fir's' Tjia] Cor'rectious

I" L\IIICcli(111 ·.C l.oop (I)

-.----.-- -------- ---r-------- --~---
l'ipc Pipl' Pipe I )ist:hargc

Si/l' Length ( ) K

(11l1lJ ) (1lJ ) lis

I\Il .H)() 5( )O 29 170

----- 1---._-- ----
IlM 3(lO (,(Il) I' ) 154X

ML :W{) 350 -I 119

LA 200 ROO -I<) 20(,4

,

61=()/s

I" Co rrcction Loop (I II)

Pipe Pi pe Discharge -1

Pipc Sizc Length <.> K

(111111) (Ill) (lis)

l'k ,: I) lJ .'i." 0 12 1,1 19

.--K.I \/)() 5RO 204 1<)17

-.II) 200 (,00 - 9G 154X

I)C 3l )() 1000 - 5<)6 340

------

6 I = 5.,1/ s

90

I'" Correct i(11I= 1.001'(I I)

1'iP~
----- r-------- --------

Pipe 1''111' Uischargc

Si:l.c I,CIlg.1h ()

II11Tll) (Ill) (/11 ,
i

1--------- .._--- -----. ------

I1\1. 2()O XOO 27.5

._--- -_. ._- ---
ILK :WO 5()() I X.5

KC 20() 55() - 6.5

CI\ .WO 120(l - GI5

_ ...

.--.~ --I

/711

f1=. R.5 lis

I st Correction LOlli' (I V)

Pipe Pipe Pipe Discharge

Sizc Length () K

(nun) (11I ) (/ s}

-
1).1 2(l() (.00 II X I ',,1.

1-----_. 1------_. --- ._----- _._------
.III II ro 7~O 22 2 .~" "

- - ---
HE 200 450 - 12.X 11(.

.-
E!) IO() xoo - :17 X 272

---



APPENDIX CJO

---
I'il'e Pipe Pipe I I)ischargc

Si".e l.cngth <.)

(n1l11) (rn) (l:~) /(

--
1,'11 200 450 8_8 1 I (d

II( i JOO ROO 21 272

----
( j f.' 2()() 420 -14 IOWI

-----
I:I~ JOO 450 -19 15_\

I

I'· Cor-rection LOOJl (V)

IJI = -4 Is

Second Trial Corrections

2"" ('nn.-dioll Lonp (II

--- -, ---
Pipe Pipe I'ipe Ik;char!:,_c

,;
Si"e I,mglh <) K

(1l11l1) (Ill ) Is

An Jon 50() 3:"17 170

----- --131\.1 7tH) (,00 23.7 1548

- . --- --
lvii, 3(H~ J5() -37 1 1 <)

------" .
LA 2O() ROO -22.8 20(,<1

I

~2 = 4.7 lis

91

2NIl Cur rcctiun LHO!, (II ).

y--------
Pipe Pipe Pipe I)i,ciI;1I ilC

Sivc I.cll!:!th <)

(111111) (Ill ) Is

AI. 2()O XOO 28 <I 21

LK JOO 50!) 2<1.1 I

~--- 1----- I-- ----- I-- ---
KC 2()() 55(1 -(I () I

I

---- -- - - -- ---- ---- :
CA JOO I 211t) -7 -)') -I

1
IJ 2 S(, I:~

)(··1

70

II"

f)X
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APPENDIX CI t

2",1 Cnr rccfion LIH'II (1111

r Pipe Pipe Pipe Discharge

Sivc I,Cllp,11l ( ) K,

(111111) (111 )
i II" I

+------- ------- -----
CK 2( )() 550 14.2 1419

KJ 300 5RlJ 22(, 1917

.II) 2()() (,00 -9(, 154R

""J
I)C 30 1000 - 57.4

---- -------_._----

x

----_.-
Pipe Pipe Pipe I)ischar~L'

SilT lcnuth () f~

I

( 111111 ) (111 ) II \I

f---- ------ -------- ---
J)J 200 (,( ro I 1.1 1)·1.

-- - -

.Ill 300 750 210.7 255

.
III ~ 200 ·150 - 7.3 I I t, I

-I---
1-:1) 300 XOO - 3(,3 272

-----------

.: .'. I \

2"1l Correction Loop ( V)

I'ipe Pipe Pipe Discharge

Size Length o K

, t 111111) tm) I, s

._-_._----- -------- ---------- /--- --.-
I':!! 2()O " 50 7.5 I I (, I

II(i 300 ROO 22.4 272

~- 1----._-

(W 200 420 -12(, 10l:'3

FE 300 450 -17(. 153

tJ = + O,R Is

92



APPENDIX CI2

Third T.-ial Corrections

3.-.1 Corn'cfion ',ooll (I)

Pipe Pipe Pipe Discharge
Si/c Length () K

(111m) (111) Is
,

:\00 SO( ) 29.2 170
AB

:WO (,O() 26.7 IS 'lR
15M---~--. ---- ...--~* -.-----~ ---------

.100 .ISO 07 I 1<)

ML /

I 71111 Xoo 32 <) 20(,,1

_~,,-J______
(j~-=, Is

93

3"1 Cor-rection Loop (11)

Pipe Pipe Pipe Discluu gl'
Size Length () K

(mill) (111) Is

-- ----- ---AI, 700 X( )O 3(,7 20(

f---.

IX 300 500 279 17

f-------- -- 1--------------- -
KC 7()O 5S0 lOA 1·11

(';\ . I0() I :'.(II) 72,1 ,III

---'--- ---------- ..
,

,-1
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APPENOIX CI3

3'"" Currectinn Loop (111) 3"d Correction Loop
(IV)

,..... ._-_._----
Pipe Pipe Pipe Discharge K

Sill: Length ()
(mill) (Ill) (/ s)

CK 2()() 5,)0 10(, 141<)

K.I .1()() 5XO 22.X 1917

.II) (,() () - 10.9 154X
700

CD .100 1070 - 51.5 .140

Is, = () 2.1 I s

------ ----- ~--.~-.- ~-.-.-'-
Pipe Pipe Pipc I Jisch.u FL'

Sill: Lcnuth ()

( 111Ill) (111 ) (f s)

-- f---
1).1 200 «oo 12.1 I.

--
.III 300 750 .10(, :2

-- ,-III ~ 200 450 - (,')

-- --
EI) 100 XOO - 2lJ.4 2

I\. i

I
~IX \

I
551

I (,I 1

72

3"d Correction Loop ( V)

-- ---------
Pipe Pipe Pipe 1)ischarge

Size Length Q
(mill) (m ) (l s) I\.

._-_..-- ------- ---
I~I I 200 450 7.5 I \(,\

- -.
Ii< j .' ()() XI)() 28.1 272

( iI: 20ll 420 6.9 I{l8.1

1-"1'; .100 450 I I. 9 15.1

I i-_. .-

!J.J = 0.6ls

94
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APPENDIX CI4

Final Values of Flow: -

Final Values (Flows in direction of pipe Ideutifiers; e.g .. A~ 8)

Q (I/s)Pipe

2').2
--- _._------

I I

HM 2(i.7 ) ..•

t\L 36.7 2.<)

I .M 0.8

t\c 72.1

('I( I ().O

IX 27.9

<..'1) 51.5

1).1 12.1

K.I 28.5

/)/.: 29.4

1':11 7.5

.III 30.6

1-:1'- 11.9

Hi 0.9

I/U 28.1

2.<1

.\ .0

.\.0

2.1l

5. ()

5.5

7.5

3()

7.2

<1.2

.'.5

7.5

.I.x

-----------_._._._--- ._--------_..-._._._------ ----- -

95



APPENDIX CIS

Simplified Network Diagram - Indicating Final Values of Flows and Directions
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APPENDIX Cl6

Calculations of Total lie ads and Pressure Heads at Nodes

The Conditions at the Distribution ends are:

(i) The Service Reservoir is 15m high from the ground level and the depth

o lw atcr col umn I:,; 'ill !lr.~1! (' tile static pressure head atthe staruug po uu

J\ is given by (15+5)111 = 20m.

(i i) The maximum ground elevation = 308m o.d

The minimum ground elevation = 295m o.d

(iii) Pressure Head elevation at A = (308 + 20) = 328m o.d

Elevation of Pipe Nodes:-

A B C D
.-

308 308 307 30
;=r~r-;G~~I~-,j~~K-
~_LL1~95 297 _~oo __=-1~06

(Source: Spot Levels carried out by the Author) .

P"esSUI"e Heads at.Nndesr-

(i) Node A

Elev. at A = 308m o.d

Pressure Head = 20.5m

Total Head = 328m o.d.

(ii) Node B

Elev. at B =308m o.d. hI. = I. l rn

Pressure Head =(328-308-1.I)= 18.9111

Total Head = 326.9m o.d
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(iii) Node L

Elev.at L = 306 m o.d. 11,,= 2.9m

Pressure Head= (326.9- 306 -2.9)= 18111

Total Head = 324 m o.d.

(iv) Node 1\1

Elev.at M = 305.6m o.d. hI. =2.4111

Pressure Head= (324 - 305.6 - 2.4) = 16m

Total Head = 321.6m o. d

Elev.at C = 307m o.d. 11,.=3.0111

Pressure Head== (328 - 307 - 3) ""18m

Total Head = 325m o.d.
,

(vi) Node K

Elev.at K = 305m o.d. hr. = .1.0m

Pressure Head= (325 - 305 - 3) = 17m.

Total Head = 322m o.d.

(vii) Node D

Elev.at D = 305m o.d. hI. = 5.0m

Pressure Head= (325 - 305 -5)= 15111

Total Head = 320m o.d ..
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(viii) Node J

Elev.at J = 300m o.d. h,.= 5.5m

Pressure Head = (320 - 300 - 5.5)= 14.5111

Total Head = 314.5111 o.d.

Elev.at E = 304m o.d. 111.=3.0

Pressure Head = (320 - 304 - 3) = 13m

Total Head = 3 17111o.d.

(x) Node II

Elev.at H = 297m o.d. h,. = 42111

Pressure Head= (314 - 297 - 4.2) "'"' I 2.8m

Total Head :::;:309.8111 o.d.

/'

(xi) Node F

Elev.at F =30 Im o.d. ,h,. = 35m

Prcssurellead=(317-301-3.))= 12)111

Total Head = 313.5111o.d.

(xii) Node G

Elev.at G = 295m o. d. h,. = 3.8m

Pressure Head= (309.8 - 295 - 3.8)= I l rn

Total Head = 306m o.d.
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Pipe Line Design Summary Table

(Flow in direction of Pipe Identifier; e g. A~ B)

Fina I Values---------_ ..__._--------"----------- ------------"--------------
Pil'l- Pipe Size Pipe Flow lIead Nodc Ell-' at inn Pressure

Linc t m) (111m) Lcn~th Q(I/s) Loss (m o.d) Head (Ill)

------- ----_._. (m) (m) -_._._--_.__._----------
/\ --~ I ~ .~00 500 36.7 I. I /\ :l12 ..\X 2( )

1~ Tv! .' ilO (,()O 26.7 2.2 Il 311)1.1 I X ')

/\1. 200 XOO 29.2 2.9 C 302.·IR I XO

L M :100 .150 07 2.4 l) :105.12 15.0

/\ C :1(10 I 20() 72.1 3.0 1-: .~(l2.IX uo

C K 200 550 I o.() :II) F 29X.45 12.X

L /( <O( 1 ,1\( ) , - .. 2.5 (i 2()5 ..15 I 1.11

C I) 100 1000 57.2 5.0 II 29R.1.1 12.R

I) .r 200 (,( )O 12.1 5.5 J 299.R I 14.5

K .I .1(JO 5XO 22.R 7.5 K 301.21 170

1"

D I': 300 ROO :15.1 :1.0 I. :10').12 IX.O

1~ II 2()() 450 7.5 7.2 M 2%.:17 16.0

.I II .IIHI 750 24.9 4.2

1-: I- .1011 450 17.6 .1.5

I: li 2\)() 420 12.G 7.5

II (J 300 ROO 22.4 .l.R
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Remark On Design of Pipeline System:-

Design issausfacrory SllIce.-

(i ) Adequate pressure prevailed at all nodes of'operatioll-m;lIimulII

pressure, not less than I bar (I 0.2m) in the Pipe Line Net-work.

(ii ) There is no indication of negative pressure at any node in the

Network.
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Consultancy Fees: The New Professional Scale of Fees fur Consultants III the

Coustruction Industry

P"ill\{' Consultant

Fees Pa)';li~i("~s;i)·~/"c~-lIt;-geof Prnjer ts. i
1----------.---------4 -------.----- - -- .- I

Up to 5million 4.75% i

Cost of project.

Next 10 million or part thereof 455%

Next 15 million or part thereof 4.25%

Next 45 million or part thereof 4.0%

Next 75 million or part thereof 3.5%

Next 150 million or part thereof 3%

Next 200 million or part thereof, 2.5%

Balance over 500 million 1.75%

Stage payment for all categories of professional are:

Stage 25% of Estimated lotal cost (ETC)

Stage 2 50% Estimated total cost (ETC)

Stage 3 25% of To tal construction sum (TCS)

(Source: Federal Ministry of Works and Housing, 1996)
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COHsuitCUH'), 1'{'t'S; The New Professional Scaleof Fees for Consultants III the

Coustrur tinn Industry

Structurnl Engineers

-------------.,----------------- --.
Cost of project Fees Payable:IS a Percentage of Projects.

_.

Up to 5 million 3.0%

Next 10 million 2.50°0

Next 15 million 2.25%

Next 45 miltio-i 20%

Next 75 mill ion or part thereof 1.75%

Next 1')0 mill ion or part thereof 50%

,
Ncx: 2()() milliou or part thereof. .2Y~.~

Balance over 500million 1.0%

Stage payment for all categories ofprofessional are:

Stage

Stage 2

Stage -'

25% of Estimated total cost (ETC)

5C'l~ Es~i'-ilated total cost (ETC)

(Source: FederalMinistry of Works and l Iousing, 19%)
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Consultancy Fees: The New Professional Scale of Fees for' Consultants in the

Construction Indust ry

Mechauicnl/Elec nical Engineer's

---------.---:::c----~,---:-------_. ---.--------------.------
Cost of Project Fees Payable as aPercentageof Projects.

Up 105 million .95%

Next I (J million or parI thereof .75%

Next! < million or part thereof 1.5YYo

Next 45 million or part thereof 1.3~%

Next 75 million or part thereof 1.15%

Next 150 million or part thereof 1.00%

Next 200 million or p art thereof 0.85%

Balance over SOU Illillion, 0.(15'%

Stage payment for all categories of professional are:

Stage

Stagf'
,

Stage ~

25% of Estimated total cost (ETC)

50% Estimated total cost (ETC)

2~% of Total construction sum(TeS)

(Source: Federal Ministry of Works and Housing,1(96)
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__'I\'P!:NDIX E I
Bill of ()lIa II II lit,S (Abudu Wale,' Scheme)

Estimated Total Cost mTC

SINo Descr'iption of Item Unit Rate N
(million

J\

11

c

D

F

G

Mobilisation and demobilisation of men,
materials and equipment. JJ S

Intake works, consisting or Civil works-
bulldozing of Access Roads, Construction of

I

lntake well, Pump house, etc. IJ S

Water treatment plant, consisting of Coagulation
/ Flocculation un its, Sedi men tation un its, Fi Iter
units and Clear well storage units. US

I

Service Reservoir (Braithwaite) Elevated
Storage 300111

1
US

Supply and laying of Pipeline Network (Trunk
and Sub-mains), JJ S

Distribution System. JJ S

Supply and Installation works - Low lift Pumps,
High lift Pumps, Generating plants and Control
panels,(Electro-Mechanical Components) andJJ S
Electrification works.

3m

3 ~III

80m

18m

5111

H Chemical dozers andall equipment connected
with water treatment US 8111

I Chemical/Pumping cost for I year. US 6m

J Construction of roads and Drainage works from
Intake to Treatment Plant Premises. US 10m

K Contingency 2m

]05

f---_-+~-tim-a--t-e-::d-t-o-ta-:,:-c-o-s-:t-,(=E:-=T:o-::c:-:-)---~----l __ -~=_-=~N225m ~

'-----'------------------------------ -.-------------.-------- --_.__ ._-_.



APPENDIX E 2

C'ALC'lILATED CONSllL TANTS FEES

Prime Consultants (Water Engineers)

4.75%. of 5million

4.5% of IOmillion

4.25fyo of 15million

-t'1.. of 45million

J.5% of75million

J% of 75million

Structural Engineers

3%ofSm

2S% of 10m

2.25% of ISm

2%of45m

175% of75111

1.5% of75rn

Mechanical! Electrical Engineers

1.95% ofSm

1.75% of 10m"

1.55% of 15m

1.35%of45m

1.15% of7Srn

1% of7SIll

Reinbursa hie Ex jl('JISCS:

Maximum=l% ofETC

Take 0.2~..o of ETC for all Consultants = 0.2 of 225m

Total cost of project

106

N 237,500

N450,000

N637,500

No 1800,000

No2,62S00

No 225000(J

W 150,000

W 250,000

W 337,500

N 90,000

W 1,312,500

W 1125000

W 97,500

W 175,000

W 232,500

W 607,500

W 862,500

W 750000

W450000

~4(),Onn,()()() JI)



APPENDIX F (DRWG 1-7)

TRANSVERSE SURVEY DRAWINGS OF TilE PIPE LINE

ROUTES
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