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ABSTRACT

Lhis  study examines  the  present management  and  control of
groundwater. stormwater and stream How i Government Residential Estate
Hesha Road- Akure, Ondo State. The samiples ol these walers were collected Lor
laboratory analysis o determine their level of contamination and the treastment
pecessary them o human use for domestie water supphy, The resalis ol the
laboratory unalysis were analyzed and vsed o design o treatment plant Tor water
supply for the study arca,

Incwder 10 get an elficient conveyance system lor the stormwaier How
and water supply i the study area. the topography ol the arca was studied and
the spot heights of all the roads i the area were taken and ther slopes
deternuned. The reselts of these measurements and studics were used 1o design
the dram channels and treated water piping netwaorks.

The population of the este was caleulated using the allocated plots and
assumed inhabitnts of 120 12, and 8 per plot o the high, medivm, and low
densities arcas respectively. (Nole that the “density™ here relerred to the number
of plots that makes a section ol the estate,) These information and that ol the
rainfall depth ol the garea were used o caleulute the various components ol a
treatment plant.

There are two possible means of convenient water supply o the estate;
these are the construction of a treatment plunt in the éstae or the extension of
the public water supply pipe o the estate. However the construction of o
treatment plant 15 suggested because the public water supply 15 not reliable.

Wl



I'he economic implications: ol all available systems were assessed 1w
show thewr lnancial  involvement ant  tus  shows that o0 will  cosl
Bb L4, 323 (000w provide the present system of water supply by the
inhabitants while Government will provide #6335 (0,000.00 for the proposed

treatment plaot and MN475.000,000.040) for the public-water distribution system,
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CHAPTER ONE

INTRODUCTHON

1.1 General

Wiater hus been in existence since the begiming ol creation according (o
the Holy Book, as narrated m Genesis 1)1 -9, Water is obtained Trom cainlall.
surface and ground waters, That man, u social bemg. deserves a comlortable and
habitable environment free ol any pollutant s no news at all. The main factor thal
determimes the settlement of man s water, The quality and ovatlability of water
determine levels ol public health, Tood production. the productivity ol industries,
the production ol energy and other important aspects ol the quality ol hile. All the
water available 10 man becomes wastewater alter use and therelore needs o be
properly managed: hence it becomes another problem on its vwn.

llesha Road Government Residential Estate in Akure is one of the
residential estates created by the Ondo State Government in 1990, The estale
covers an arca of about 2.75square Kilomelers, About 804 of this area is
allocated  for residential - developments while the remaining 20%  is  lor
recreational und social developments. The estate plots are bought and developed
by mdividuads, The ditlerent levels ol development have made it dillicult 1o have
& uniform data for the varous analyses, Ramnwater and groundwater are the only
source ol domestic water supply in the community. Majority ol the residents
depend on hand-dug wells while only very few could altord borcholes. The state

government has not shown any concrete evidence ol developimg any area of the
|




estate. The wastewaters generated in this estate can be clussilied as medium
strength polluted. Analysis of some samples show that they contain materials of
suspended sohids, such as food remnants, leal, ete. and some dissolved materials.
The only method of wastewater disposal and treatment presently in use i the
estate are the sepuic tanks and soakaway systems, which are individually owned,
In this study, it is proposed that stormwater should be harvested, wreated
and supphied as domestic water supply. A water treatment plant in line with the
prevatling  technology 15 envisaged o replace the existing methods,  The
collection and transportation of stormwaler will be through open channel drains
Through the provision of this treatment plant, the pollution ol the surfiace and

pround water sources will be drastically reduced and the economie. social and

environment conditions of the benefactors will considerably improve .
_ FED. Uy,
\
1
4
1.2 Project Background F
o S

| he ereation of Ondo State in 1976 brought about iJlIIllH'ul.'_‘Ilét_ﬂlﬁ;‘fTﬂ
Akure, the State capital; Establishment of Government and private or family
residential estates was part of the developmental processes ol the town, The
Hesha Road Government Residential Bstate 15 one ol the Government Bstates
Akure. The main teatures ol the Estate are Hesha Road. throegh which its name
15 derived. FUTA Road, and the Ala River wributary Nowing within i The
opoagraphical map of the Estate shows that the place 15 slopy and uneven in
landscape. The highest point of the Estate s on the southern side. shich is about

345m ubove the sea level while the lowest poant vn the northern side, 15 about

]



323m above the sca level Surface, storm and wastewaters needed o be collected.
treated and the efMluent properly disposed ol 1o eliminate any discases that may
arise from the process and o provide an envivommentally sale community, This
rescarch project is ammed at an opiumal design and construction ol a treatiment
plant that minimizes the cost and maximizes the benelits derivable by s

stakeholders.

1.3 Project Aim and Objectives

lhis research praject 1s basically aimed at providing an engineering
selution o g pressing human and environmental water problems of Government
Residential Area, llesha Road, Akure- Ondo State by assessing the water
requirement o the estate o design appropriate treatment  focilitics  Jor the

domestic water supply of the estate,

1.3.1 Specific Objectives of the Research:

I'he speciiic objectives ol the research are 1o

I determine the quality of water  Irom the maw wiler sources i the estate
ussess the level of reatment required Lo the riny waler:

i ussess the existing systems adopted in the collection and conveyanee of the
raw walers W the point ol abstraction, 1§ any;

i,  design the reatment plant lacihives, dramage network  lor raw waler
colleciion and muins pipe netwaork for portable waler distiibutions

Crovernment Residential Area, Hesha Road, Akure- Ondo State:



v,  compare the costs ol establishing the independent witer system tor the
community with that of dircet supply of potable water lrom the Stae’s
Water Corporation mains  and  Trom individual - houschold  wells and

borcholes,

1.3.2 Expected Contributions to Knowledge:
The study is expected 1o provide the technical guidelines for the
design and construction of small-scale independent water supply systems

for small communities and urban estates.

1.4 Justification

Judging lrom the cconomic. social, political and public health viewpoints,

the relevance of this project to the community can be histed as [ollows

I, O cconomie viewpoinl, i will be seen that it is more economical 1o
construct o single treatment plant than constructing hundreds of septic and
soakaway tanks. The bye product ol the treatment plant. ie. sludge can
also generate exira money i sold Tor agricultural and industrial uses.

1. Ordinarily, rainwater producing  runoll’ causes  ¢rosion ol the
landscape it not properly controlled and channeled through a network ol
drninuge channels 1s not good enough, The presence ol a water treatment
plant will improve the social status of the community and thus attract guick

development ol the estate.



i O political grounds, this kKind ol project will enhance the seli-help
philosephy of government. The Tunds Tor the construction need not conie
rom the covernment alone, the people of the community con be usked o
contribute u pereentage of the cost Lo assist the government, 1L gives them o
sense ol belonging. both i ils construction und maintenanee.

v thn public health ground. the commumiy health status will be
improved, Less effort will be exerted o obtain good and sale domesie
water supply for use. Ground water pollution or contamination during the
rams will be reduced. This project will enhance the quality of hie of the
residents:

¥ Prolessionals involved in the design, construction. operation and
maimtenance ol projects, such as Civil, Mechanmicul and - Electrical
Engmeers. and Chemists, ete. will be tasked 1o justly their prolessional

capabilinies.

e




CHAPTER TWO

LITERATURE REVIEW

2.1 Importance of Water

Muny authors have written a lot about water and they all agreed that water
15 the most important natursl resource in the world and that without 1t hife cannot
exist. Although human life can exist for many days withowt food. the absence ol
water lor only a lew days has fatal consequences, The presence of a sale and
reliable source of water 1s thus an essential prerequisite Tor the establishment ol a
stable community, It is therefore not surprising that sources ol water are olien
jealously uarded. According to Tebbuit (1998) the growth ol population in
many developing countries was such that unless strenuous ellorts W increase
wialer supply and sanitation facilities could be made. the percentage ol the
world™s population with satisfactory services would actually decrease in the years
to come. A major objective in water quality control work s to reduce the
mcidence of water-related diseases. This objective depends on the ability 1o

develop water sources to provide an ample supply of water of wholesome quality.

2.2 Establishment of Urban Estates and Residential Arcas
L:stablishment of urban estates and residential areas by various governiment
and private individuals is based on providing houses and lands for the interested

individuals or group of people who want inexpensive houses of their own,



iNewcomber, 1983} In these areas some basie lacthies, such as public or
commuinity tacilities, wlieh should be provided mclude

i@ Public facilities hke clectrienty. water supply. elecommunication,

roads and drainuges.

b. Community lacthities such us educational, health and pluces ol

worship.

Ihe Federal Government, with the i of overcoming land problems.
miroduced the Land Vse Decree No. 6 of 1978, The Decree natonalized all land:
andd the system ol convevance by Lawvers was replaced by Certilicate of
Cccupancy (U ol (1) 1o be issued by the Mimstries of Lands and Housing in

respeetive states ol the Federtion.

1.3 Population Forecast

Robuerts (1999) states that, behmd almost every plinning decision hie some
assumptions about population. The Bactors land vse planners need 1o know about
population conceny the present and the Tuture and, as @ guide, the past. The size
and composition of a population are decisive factors in deciding wbat mstiations
i Bacilities required 1o be planned, <Fhe chivaciersnics of the population of
arci-dge, sex. lumaly structore, socwo-ceonomie class, level ol cdoeaion aod
skills, cthmie charaeteristics or religious behiels — are crucial, s well as their total
numbers and geographical disteibution. A magor prodocer o duta for population

studies s the Central Governmment. Robens, (1999) listed mentioned than the




methods that can be adopied lor population forecasung as direct or indirect
approgcie tend projection and level use based projection

I direet technigue, lorecasts are based on past data and recognieed trends

.

which can be extrapolated. Indireet technigues relate Torecasts o other mdicators
which are supplicd o the model as independent predictions.

P trend projecnion exemplifics the macro approach, where it s assumed
thist past relstionships over time for the whole population will continue to hold
pood, The equation for this s

P+ e 2210

where Py = the hase populibion at time 1.

1Y, = the population aller a time itersal ol

by = constant representing annual growth,
For a palvaomial and exponential curves, the couation becomes:

P =P by, NPTy, 15 ]
where by, is the polynomial or exponential expression. A special form of this 15
U compound interest cury e equation. i

P, =Pl i oo e 08 Bl
where ris the average annual rate of prow .

I the Luud vse basod projection. the formula lor the rate ol population

change in areas unaflected by redevelopment assumes only two factors and these

vilues can vary by

2. change m numbers ol persons per houschold (household size)
I clange m numbers of household per dwellmg (multi-oceupancy ). and 1s
5



H

x 3 Py Prallh e (2.4)
I
where, 13 : the fixed number of dwellings
11412 the house fields /dwellings ratio ot the end ol the period
PA . the household size at the end ol the period
! = e initial population in the dwelling siock

The populatien techmque that 3 chosen o use lor any  particular
population study will depend on the time scale involved, the extent and nature ol
the study area and the desired end products of the study which will determing

what specilic facts need to be estimated.

24, Hydrology of Rainwater Systems

Amold and Andiran [l‘j"'.”}..fﬂl!l'lill'k that the hydrology of raanwater
collection needs 10 be approached difTerently according to whether one 15 dealing
with runodl Farming or collection of water Trom rools. With the latter projects can
he successtully initiated using very uncertain knowledge of ramfall amount, but
i runofl farming, a detailed appreciation of rainfall intensity and runoft is
essential Trom the start. Information about rainfall intensities is especially
important in the context ol soil erosion storms in which intensities exceeding

25mm/hr are very likely o couse erosion on exposed ground surfaces,



2.5 Rainfall and Runoffl

Amold and Andiran (1991 states that rainladl s 2 point i the hydrolog
cirele and when the soll inliliaton capacity s hgher than canbadl itensity,
rainwater reaching the surlace of the conh percolates into the ground 1o form
purts ol the shallow  subsurface, saturaed overhead or groundwater flows,
Raintull generation that is responsible Tor storm channel fow was Tound to be
limited o the channel and riparian arcas where saturated or nearly saturaged
condition climinate or imhibn losses, Peak runoll decreases as the catchment arca
increases due to higher tme ol concentration. Low intensity storms over long
period  contribute o ground water storage and produce relatively less runoll.
High mtensity storm area covered by it increases the runoft since the losses like
evaporation and mblraton wee reduced, Succession of storm mcreases runol T due

o iaitial wetness of the sobl due 1o raintall.

2.5.1 Flood Estimation:Many writers have denved Tormulas tor food

estimation for practical uses but the mast acceptable ones are

1] Dicken's lormula: Q= 252" "7 PR .5 1 |
whers,. 8¢ = suare miles (Mile ) and
Q= discharge, . (1 see)
i) Fuller methuod: O Dl 0 Blog Ty o 2.6)
andl Qay = €A™ veerrereeeeered 27)
where 1), e imum ood. m:"ﬂ":mu]
(T average dischurpe. (misec)

i)



| return period. {year)
A ' cicliment area. {km™) and

¢ rine T cocllicient. (dimensionless)

2.5.2 Rational Method:
The rational method has been the most popular in computing peak
runod Tor small waters sheds despite the fact that 1t s moce than o century

old: runoll is related to rmndall intensiy by the formula

D=000278C0A, 2 saasaimaseevessi {2.8)
where () = peak discharge (m'fsec, )
A = calchment area (ha)
i = vinfall intensity (mm‘hour) and
(' = runoll coethcient. (dimensionless)

The rainfall intensity duration curve is illustrated in (Fig. 2.1). while
(Table 2.1} provides typical values of runofl’ coclficients, Some
assumptions for using this method are that:
i the area covered does not change during the storm,
) the ool coeflicient does not change during the storm volume,
|
i) the frequency ol peak discliarge s the same as the frequency ol the
rutndall intensily average,
i) the tunold® is maximuwm when the caintall intensiy lusts as long as the

L ol concemtration is conskin,
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v) the rainfildl wtensity must be constant for g ome mterval e least

caqual o the e ol coneentsimum

e e ol concentration, e for small tanoral vatchments is given by

where. 1.

Fable 2.1

Surfaces Value of ¢
Asphalt or conerete o085 095
arks, Larmbond, pastores .30 — (1,30
Forested arca (depeiding on sail) 0. 20 — 0.50

Simple houscs 0. 30)
Apurtment houses { Hals) .3l
Commercial and nadustrial ) (h4)
Busiess arcas depending on densaily L T0-1L 95
Apartimend dwelling arcas LA0-0.T0
Smgle Lily area - 3=, 50
Parks and playgronnds 010,25

Paved strects
Lawns (dependinge on surtaee, slopes and  sonl | 0, 100,25

characlers )

e GOeB3 LY T8 ™ (2.9)
fengih (m) ol the longest dimeter for the catchment runoll
slope of the catchment  (dimensionless)

the tme required for the runolt (o become established and
Mow Trom the most remuote part ol the drainage area W the
pon under design {nnns),

Runell coetticient, O lin vaous surfaces,

Ior composite arcis

U B0, )

tSource: Fehobanogous 19493)



Lo, tmportance of Water Planning

Management ol water resources is i critically important human activity,
M quality and avalability of water deternnine levels ol public health, Tood
procduction, the productivity of industry. the production ol energy and other
important - aspects ol the quality  of lile,  Tehobanogous  (1993), defines
munagement ol waler W mean “people’s control of water as it passes through its
matural eyele with bolanced attention o maximizing  economics, social and
environmental  bepelits™. He also states  that  eflective water planming s
somwctines dilficult, and overcoming the problems is one of the chiel objectives

of wer planners. G (1983) report that water planming s needed among

othe e reasons lor

L siting o new waker supply reservorr or a treatment plant:

il development ol integrated. multipurpose development plans for a niver
hasin;

I development ol the best policies Tor the regulation of contamnants that are

discharged into wilerways:
Plamage Tor waler resources must also take mto account the integration ol
dilferent purposes amd anterests iF it s w be ellective. John Kennedy, a former
Presudent of LISAL s sand (o have sad. = Anybody who can solve the problems off
witle r will be worthy of two Nabel prizes - one lor peace and one lor science”

(G, F9R5).



2.7.  Data Collection and Design Criteria

The essence ol appropriate technology is that equipment and techniques
should be relevant to local resources and needs, to feasible paticrns ol
arganigation and 1o the local environment. 1L s necessary instead to think in such
a way ol collecting information opinions and innovations from the users of the
system as well (Davis and Comwell, 1985). According 1o the authors, it an
mitrodoced lechnology s o lake rool m o particular locality what 15 needed in
addition o research, 15 a dialogue with all stukeholders; and that 15 what is culled
“interaetive research”™. The technical assessment begins by seeking out formal
rainfall records Irom weather stations near the project arca. then the oral
qualitative dia base” asking people about wer and dry seasons. observing visual
mmpression ol ramlall miensity. Many development programmes fail. and much
environmental degradation and soil erosion occur because local construction

techmiques are ignored or undervalued.

L8 Water Sources

Water 15 a Timite notural resource and i the context ol global water use
since 1950 many parts ol the world are facing growing pressures on their water
resources. Brandon ( 1984), wrote that the science ol hyvdrology s concerned with
the assessment of water resources  in the hydrological cycle and  their
management for the optimum results. The carth and its surrounding atmosphere
contain laree amounts ol water and about 7 percent of the carth’s mass is made

up ol water. 93,3 percent ol this water oceurs as saline scawater, and much of the

I



remainimg Iresh water is incorporated o the polar wwecaps and glaciers. 10 s
this water which takes part in the hydreological eyele and which Fixes Hinite limits
on availability. Tle gave the various sources ol water as: Ramwaler, Spring, Tube

Wells ( Bone holes) Hod-dug wells,

20 Water Quality and Quality Control

Water is the most important natural resource n the world since without it
life connot exist and most industries could not operate. This has been emphasized
by many authors including Adebola i-ZHHi ). The importance ol sale water supply
and ellective sanitation was  recopnized  centuries ago by several ancient
civilizations. A mugor obyective in water guality control work 15 o reduce the
incidence of water-reluted discases. According (v Montegomery (1983), 1o gain a
tru understanding of the nature of a particular sample of water. it is necessary 1o
mcasure several different propertics by undertaking apalyses under the broad
headings of physical. ¢hemical and biological characteristics. The cost ol
analytical work can be considerable and thus not all characteristics would be
wvesbigated for o particalar sample. Table 2.2 gives examples of the propertics

most hikely 1o be used lor varous types ol sample tests,

20 1. Water Charactleristics

Water charsctenstics are both physical und chemical, Some ol the principal
physical charaeteristics ol water are Towl Suspended and Dissolved Solids.
Poebadiy, Colour, Fastes and Cdors,  Temperature, Blectncal Conductivity wd

| ds



Fahle 2.2 Prapertics most likely 1o be used lor various types o waler sample
o determne their quidity

Characteristics River | Drinking o NSewerage
| | Water | Water | Sewerage | Lifluent

pll * ® " ¥
Temperature . ’ .

Colour i :

lurbidny i s

Taste v

Odonr T

Total Solids ¢

Settleable Solids

suspended Solids & .
Conductivity

[Ladinactivity . ’ *
Alkaliniry * % .
Acidity » » "

Hardiess * . %

Dissolved oxygen (130)) = ’ "
Biochenucal oxygen denand (BODY) 4 * ¥
Chemicnl oxygen demand (COLD) " % *

Fostarl orgamie carbon (1OC) ? . v
YVoluule organic carbon (VOO . " *

Assuilable organic carbon (AOC) " ¥ %

Urganic nitrogen i "
Ammonii nilrogen .
Mitrile nitrogen * " %
Nitrate nitrogen * . .
Chlowade - i

Phosphate " i '
Synthetie detergent " " .
| Bacteriological counts /| .

(Source Tehobunogous and Schoreder. 1985).
Rachionetivity, The chemical charactenistics of water which are quantified in

terms of the inorganic and organic constituent are phl. Hardness, Alkalinity,

Dissolved oxyeen (130), Chemical Oxygen Demand (COD). Nitrogen, and

Chlorde. The common tests used to characterize the chemical guality of water

are swinarrzed meo Table2 3.




Table 2.3

lesi

H
hssolved cations
Calcium
Magnesium
ot assium
Sodium
Dissolved cations

Ricarbonate
Carbonate
Chioride
Hydroxide
Mitrate
Sulbate
Aldkalinity

Acidity
Carbon dioxide

Hardness

Conductivity

specilic inorganic
canstitucnls

Total organic
carbon (TOWC)
Patal organie
halogen (T0IX)
Spectlic organic
Leonstilents

Abbreviation

and delmition

Commaon analysis used 1o assess the chemical characieristics ol waler

Lise of the test results

~ Inorganic
properiics

pH = log L h/|H |

SHCO ; + Cos™

+ OH
COn

2 multivalent
cations
pmhos
(microomhos )
fem (at 257°C)

Organic
properties

Io measure the scidity or basicity of an
agueous solution.

fo  determine  the  jonie  chemical
composiiion ol water and 1o assess the
suttability ol water for most altemative
LiSCS,

l'o measure the capacity of the water 1o
neutralize acids.

To measure the amount of basic substance
required to neutralize the water,

l'o assess the corrosiveness ol water and
the dosage requirements where chemical
treatment 15 10 be used; an be used 1o
estimate.  pH il the  hicarbonate
concentration 15 known,

To measure the svap-consuming capacity
and scale-Torming tendencies of water.

To estimate the total dissolved solids or

| check on the results of a complele water

analysis Jtotal dissolved solids (TDS) in
mg/[. = 0.55 to 0.7 * conductivity value
ol sample i pmhos/em|

To assess the suitability of a water for use
as 4 public water supply

I'o measure the amount ol organic
material in a supply source

To determine the presence ol halogenated
compotnds _ :

l'o assess the suitability of o water or use
as a public water supply

* Detailed procedures tor the tests listed in this table may be found in ~Standard
Methods for the Examination of Water and Wastewater, =17 ed., American
Public Health Association, 1989, + These dissolved cations and anions are the
principal ionic species Tound in most natural waters. | g S{micro siemens)/'em in
S umits, (Salvato. 1982),

(Source; Montegomery. et ul, 1985),
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I'he inost commaon microorganisms in water are bacteria, algae. lungi and
protogoa. Clchobanogous and Schroeder. 1985), Biological characteristics of
witer, also called Microorganisms are commuonly present in surface waters, but
they are wsually absent from most groundwater because ol the fillering action of
the aguilers, The ypes of microorganism that may be found in water are
classilicd us encaryoles, eubacteria or archaebactena, depending on whether the
cell contuins i true nuclews. The primary process of surlace watler treatment s

chemicul clarlication by coagulation. sedimentation, and [iltration.

1.9.2 Water Processing

I'ie objective of munmicipal water treatment s to provide a potable supply
that is chemically and  microbiologically sale lor human consumption, For
domestic uses. heated water must be acsthetically aceeptable-lree from apparent
trbidity.  color, odor and  objectionable taste. Common  water sources ol
municipal supplics are deep wells, shallow wells, rivers. natural lakes and
reservoirs. The advantages and disadvantages ol surface and ground potable
water supplics us summarized by Allavi (1984) are detailed in Table 2.4

Phe sunplest treatment ol dismfections and Nuoridation s illustested in
Fig. 2.2, Deep well supphies wre chlormated o provide residual protection against
potential contamination 0 the water distnibution system, In the case ol shallow
wells recharged by surface waters, chlorine both disinlects the ground water and

prowides residual protection, Pollution and eutrophication are major concems in

&Y



Chlorine

I luoride

(a)

(1)

Groundwater supply from wells

()

Frisume 2.2

-)l Avcrior -

Clhilorine or potassium
PrermEngianate

[

Chlorine
and uornide

Contact |

Soda ash

Raupid mix 3 Sciting Lk
Floceulator =

Municipal water distribution svsiem

Carbon Jioxide

=

Recarbonation

Chlore and Huoride

L#
B
1

Filer p——

b

IFlowy dipgrams of typical groundwaler treatment systems.
(a) Disinlections and Nuoridation. (b) lron and manganese removal,
) Precipitation soltemng.

Source, Allavi, { 1984,
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surface water supplics. Municipal water guality control actually starts with

management of the river basin to protect the source of water supply.

Table 2.4

supplies,

Advanloges

Availabilily

' Visible
Cleanable

Law Fe and Mn
Laow |5

Low hardness

Surloee Walter

Disadvantages

Lasily polluted
Vartable quality
Hhigh color

High wrbidity
Biologieal wsie and
color,

High organics

Ciround Water

Advantages

Protection

Liow color

Losy tuebadiny
Lo corrosivity
Constant guality

ow organics

Advaniages and disadvantages of surface and ground portable water

Disadvantages

Mot cleanable
Inaccessible
Lo T
oy hardness

2.9.3.

Lo tnhalomethane
formation potential

High trihalomethane
_____ B ) IE)_rn_111li11|1 putential
Source, Allavi (1984)

Sumpling and Analysis

To obtain an accurate representation ol the composition and nature ol
wilter it is first essential 10 ensure that the sample analyzed s truly representative
of the source. (Linsley and Franzini, 1994) Having satisfied this requirement it is
then necessary 1o carry out appropriate analytical procedures suing standard
technigues which have been developed specilically Tor water and wastewaler

analyses  such  as; Sampling, Analytical methods:  Gravimetric  analysis.

Visual Instrumental

Volumetric  analysis. Colorimetric© analysis, method.
methods,  Flectrode  technigue, Automated analysis remote monitoring  and

sensing



2.10. Woater Treatment Plants Design Methods
A waler-supply system capable of supplying o sullicicnt quantiy o
e clements that make up

potable willer is o necessity lor 2 modern Cily.

maodern water supply system are detailed in Fig. 2.3,

/ FED.
Chemicul V

[Liw wasler lrom Storige

Lo ironment O

Selttler M al reated waler
Lid LiseTs,

I loceulation L
Basim

Shudge Chilorine

Figure 2.3 Lypical process low digeram af o portable weament plant,
somree, Allavi, (1984.)

Ple methonds used lor the trcabment ol waler i pelated o e

contianinants i a given water supply. Fhe principal contiumuims ol conceri i

T



must water supplics are pathogenic bacterin turbidity and suspended nuerials,
color, tastes and odors, hardness, natural and synthetic organic compounds, and
total dissolved solids, selected inorgamic constituents. These factors are related
primarily to health and aesthetics, (Pontius 19940,

In the development of public water supplies, the quantity and quality of the
water are of paramount importance. The quantity is dependent on the population
to be served, and the source where the water is 1o be harnessed. The quantity on
the other hand s contingenl upon the quality of the raw water and the level of
treatment. The range of water treatment and the unit operations and processes
involvement are illustrated in Figure 2.4 and Table 2.5, According to Australian
Academy of Technological Sciences and Engineering ( 1988.) the main problem
of” sewer maintenance is that of keeping the sewer clear of obstructions. In no
case should o workman be permitted to enter a sewer until proper tests for the

presence o dangerous gases have been made,

2.10.1. Analysis and Design of Treatment Methods
Che ol the most important parameters used in the analvsis and design ol
waker treatment plant lacihities 15 the detention time, the mean tme ol exposure
of liguid 1o the phenomenon or Iirr:.'c-.a. responsible Tor treatment. That is;
Detention time, Iy =volume / Dow rale Qe ok 2 1)
Another commaonly used parameter, which is related to the detention time,
15 the surfbee loading rate that is delined as:

Surlfoce lowding rate = Mow rate, Q / surlace arca, As R 10 1

23



Both ol these parunciers are commonly used in the design of physical operations.

Sy I

<

Pre-sedinentation basins

<

F 3

k

Mising tank

TR L

I-|nn'1.;|.||u|;ur_j

Polyelectrolyte: w aid in sedimentation ol silt
and other suspended matier

Chlorine: Tor disinfections or oxidation ol Liste
s oadar LU mHds s necessary

Activaded carbon: as necessary bor Lste and oo
contiod s color renval
Al for cosgulation,

Auxiliory  chemicals: w0 ad  codagulation  as
NECessin

I Jesccunban o

Activated carbon: as necessiaey lor taste and odor
ot

| Setthng L;||ﬂh Sedimentation

Said Niler

)

Filteativon ol non-seitled Hog.

Chlorne: w establish residual

Figure 240 Schematics of water  treanment plant e chemical-coagulation
treatment plant with special provisions foe taste and odor and for
landhing hagh webidity.  CEchobanogous and Schoreder, 1983,



Fable 2.5:
ol waler.

Linit operation

Screening

Micro screening

_l.'_'.lp:;_mi.'mn OF prog |_..‘HH*

Acration (gas transfer)

Mixing
Flocculation
Sedimentation
Filtration

Membrane Blation

Linit process
Coagulation
[hsinlection

Precipitation

lon exchange

Adsorption

Chemical oxidation

...
Linat operations and processes and thew apphcation m the treatment

— Application l

Coarse screens are used o protect pumps  lrom
Moating solids, Fine screens are used o remove
Noating and suspended materials.

Used o filter out line impurities such as algae, sil,
ele.

Used to add and remove gases that may be under- or
supersaturated with respect to the water. Air stripping
15 used for the removal of VOUCs.

lised 1o mix chemicals and gases that may be added
for treatment,

Creation of velocity gradients by gentle mixing o
promote the ageregation of particle.

Used to remove particle such as sill and sand or
flocculated suspensions.

Used to filter the residual solids that remain in water
alier settling.

Used for the removal of natural organic compounds
and 50Cs. Also used Tor water soltening,

The process ol adding and initial mixing of chemicals
used for the chemical tremtment of water by
precipitation.

Used to destroy the pathogemc organisms that may he
present in natural water,

The removal of dissolved ionic species such s
caleium  and  magnesium  (hardness) by adding
chemicals that brings ahout their precipitaion,

Used for the selection or complete removal ol the
dissolved cationic and anionic jons in selution
for the removal ol o varety nrguni:.‘l
compounds  such as those responsible o colour,
Laste, and odors.

Used 1o oxidize various compounds. thut may  be
found m water such as those responsible tor tuste and
odors.

Lsed ul

*unit operations and processes are armunged more or less in their order of

apphication in the treatment ol water.

(source: Tehobanogous, [Y93)




2.10.2, Water Distribution Systems

Extensive distribution systems are needed 1o deliver water 1o individual
consumers: - the required quantity  and under a sutislaciory  pressure, 11
lwopographie conditions are Favorable, gravity distnibution is used, which requires
a reservoir ol o sulficient elevation above the ground so that water can reach any
purt ol the distribution system with adequate pressure,  The  consumer s
principally imterested m the quality of water delivered o the tap. not the quality ut
the treatment plant, Therefore, water utility operations should be such that quality
is not impaired as water Tows from the reatment plant throueh the disiribution
svalem o the consumers. Storage and distnbution systems should be designed
and operated o prevemt biological growths, corrosion, and contamination by
cross-connections (Wagner and Shamuer, 1988), The third basic objective ol
witter treatimient is that it be accomplished using faeilities with reasonuble capital
aid operating costs. Various alternatives m plant design should be evaluated for
cost elTecuveness and water quality produced. Alematives developed should be
hased upon sound engineering principles and under consideration of Hexihility
for changing future conditions, emergency  siualions. operaing  personnel

capubilitics and future expansion.

2,10.3 Plant Siting
The selection of the purest drinking water source available should be the
liest prionty, The source, the treatment plant and the distribution system should

be thought of as a system, The better the source the less stress will be put on the

26



rest ol the systeme Cnee the supply is chosen, its protection should be a priority.
A treatment plant site close 1o power and sewerage 15 1deal, however avatlability
of land. cost of the land, and taxes that will be mcwred on land and plant often
dictate where a plant will be located (Sanks. 1980} The treatment process should
be located above high ground water, but when this 15 not practicable, the
structures must be prevented from floating by providing extra concrete, or by
providing  positive under drainage r_:r' the structures, The ground Hoor ol all
building must be located above high flood levels. and equipment and drives must

be protected from Hooding,

2.10.4 Plant Capacity and Layout

Present and futore water consumption is dependent on the population
served by the system. waler use by residents, commerciol and  industrial
estublishments. The historical population and water use trends are st addressed.
noting restrictions imposed on waler use during droughts or dry seasons. so that
the real demand on the system can be established. The treatment facility s
normally designed tor maximum 24-hr demand. so that an adequate amount ol
water will be treated and transmitted 10 the distribution’s storage system
throughout the year meluding days when usage 15 maximum. The design period
tor process and equipment 15 often 15 to 20 vears because processes do become
cutmoded and equipment wears oul. Structures are normally plunned for longer
periods. 50 the planning ol a site and of building and evil struclures olicn

involves a H to 50 year planning period (Kawamura, 1991), Room is provided at
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the site lor either replacing or adding equipment and for adding addinional
Process unils.

Fhe preliminuary design phase centers on siting the pumping and treatment
tocilities and laving out the processes and support facilities. The How ol water
through the units should be kept as dircet as possible and chemical lines should
he kept as short as possible, therefore chemical storage and leed lacilities should
be located adjicent wo the point of application. The plant should be a plensan
place o work in. The site should be plunned 1o encourage separation of stall and
visitors traffic from heavy truck movement (Meteall and Eddy Inc.. 1991). Signs
ure posted, where necessary, so that administrative staft and visitors tuke on route
o thew parking slots outside administrative arcas, while chemical delivery and
maintenance vehicles and operating stall go via another rowte for delivery of
chemicals and o menntenance and parking,

Enclosed oftices are provided lor plant managers and engineers, The
control room houses a desk and cubicles, and smenmities are provide on operating
Moors and in maintenance arcas. The plamt laboratory is designed for conducting
the routine testing and analysis necessary for controlling and monitoring the
plant, including organic and microbiological tests. Special care 15 given o the
design of counter and floor materials (Montgomery, 1985) When upgrading an
existing facility, it s important to schedule construction so that operation is not
impaired.  Close attention must be .paid to construct ability and sequence of
operation in the contract documents

Some of the items to be given proper altention are:
18



1) The design ol process structures and butlding Toundiations o alli lor
stmphicity ol excavation and foundation engineering.

i) Temporary operation of an existing plant throughow the  construction
period

iy A complete detailed cheek of the construction documents o cut down on
mdor and minor conflicts i the ficld.

ivi  The contractor requirements for temporary utiliies and  storage of
equipmeni

V) Training of the plant stafl by the engmeer and manulacturers

vil  An adequate start up period.

These items are alwavs important but they are especially important when
existing facilities are 1o be upgraded (Murfitt, 2002,)

The preliminary site plans are drawn to a reasonable scale so that the
location of process tanks, building and road can be tied down: in addition. the
plan show the drainage and landscape patterns and the location of large pipelines.
The structure and architectural drawings replicate the shape and size ol
structures: decisions on bullding materials are show. and the process/mechanicul
drawings represent decisions on types and size of equipment. The structural
dimensions of major walls and beams are determined.

1 he site plans represent several decisions, including:

1) Lhe location of access r:lmdr.' und the placement ol buildings Tor the

convenience ol stall, public visitors, chemical deliveries and

vehicular maintenance.
2p



1) Solids handling

iii}  Buffer zones, neighbors

vy Fulure expansion

v Architecture

vi}  Geotechnical/Structure elevations

vil)  Compactness ol the layout.

211 Design of Water Treatment Plant Facilities.

According to American Society of Civil Engmeers and American Water
Works Association (1990), the degree o wlhich water must be treated depends on
the raw water quality and the desired guality of the limshed water. The most
commaon treatment plamts for surface waters are rapid sand lilvation plants and
lime-soda soltening plants. For groundwater’s the most common plants are gas
stripping and chlorination plants and sollening plants, either lime-soda or 1on

exchange type. Slow sand hiltration plants are sometimes used lor surface walers,

2.1L.1. Design Flowrates and Parameters.

Water treatment plants for municipalities are usually designed for a
Nowrate that will oceur lrom 10 to 23 yvears in the future. This requires o
population projection for the design period and also an estimate ol the water
demand per capita tor the future (Cembrowice, 1976). The most accuraie way (o
determine the water demand per capita is by studying long-term water pumpage

records, In the treatment of certain surface waters, preliminary treatment such as
0



sereening, pre-sedimentation, aeration. adsorption and prechlonmation may b

required.

2112 Filter Layout, Appurtenances and Details,

The minimum number of filters required is two. however lour are
preferuble. The liliers are placed side by side v a row, and the pipe gallery,
which contains all the necessary piping. valves, and so on, runs pacallel o the
filter row, The pipe gallery and operating Hoor are always coclosed o protect
personnel and ¢quipment, A dehumidificd pipe gallery will reduce maintenanee
on controls, valves and other equipment (Walski, [984). Pressure lilers arc
usually cylindrical in shape and are prefabricated of sieel with @ maximum
digmeter of 3,05 1o 3.60m and a maximum length of 18.29m, They should be
cquipped with a slight glass Tor abservation ol the bed during backwashing und
should have an access manhole for necessary maintenance. Hydraulic removal ol

the filter media should be provided.

2.11.3. Construction and Maintenance of Sewers

There are many ways in which the actual construction ol a sewer svslem
may be accomplished, depending on the soil conditions encountercd and the
construction equipment available Tor the job; The mmportant thing 15 that the
hmshed sewer performs the function for which it is intended with a mimmum of
maintenance cost. According and whenever o workman enters a sewer, there

should be 4 sccond person at the surface that can give emergency aid il regquired,
3



2114, Pipe Metwork and Channel Analysis

Ihe Hardy-Cross method 15 a computational procedure used 1o aceurately
design a water distribution network that has many crossover points. Crossover
points or nodes illustrate that pipes can operate in more than one loop with many
draw ofl points (Peavy, et al, 1985), The first step in the desien ol o waler-
supply svstem is o estimate the requirement for water, Aller deciding on an
average per-capital requirement based on the local conditions, the future
population ol the city must be estimated 1o determine avernge total use. Pipe
network analvsis ivolves the determination ol the pipe flow rates and pressure

heads, which satisfy the continuity and energy conversation equations

il Open Channels
The Manning equation 15 used o aid in design and operation of open
channel for etfective resulis.

The Manning equation 1s

= 1 o I
Q=n" (R AS") R ORI e 1
wheren coellicient of roughness (dimensionless)
A channel arca ; {m:}
5 = slope of channel  {(dimensionless)
() - discharpe (' see)
13 AP {m)
P welted perimeter  {(m)



b.  Closed Conduits (Pipe Networks)
In water-distribution systems, the Hazen-Williams formula has been used 1o
determine pipe siees and friction loss for a given low rate.

Q = 0.849CR""S " I 7 & )
Flow rate is added 1o the Hazen-Williams Tormula when the continuity equation
15 substituted Tor velocity, The continuity equation states that {low rate is the

product ol How arca and velocity, that is.

L) = AV PR b: o & 1 )
I = AP
= xl¥ / 4xl)
x4 R RN Sl e . BT

Substituting mto the Hazen-Williams formula (2.15)

Q = 027CD MY BB AR (L b
where ¥ - avierage veloeny. {mised)

i hydraulic gradien (dimensionless)

o = hydraulic slope, (dimensionless)

Iy Irctional loss {m)

| = bength of pipe {m)

I welted perimeter. {m)

C = riction coetlicient (dimensionless)

n = coellicient of roughness  (dimensionless)

A cross-sectional arca ol the Tow. (m°)



TABLLE 2.6 Hazen — Williams™s coelhicients.

| vpe ol papwe C

TPV (plastic) ' _ ! 140
Finished wood and masonry 120)
Vitrified clay 110
Ol cast 1iron 1 (b0
Ol riveted sieel 93

2.12. Engineering Economics

lhe practice of enginecring involves many  choives among  many
alternatives designs, procedures. pi:tln. anid micthods. The available alternative
courses  of action involve different amounts of investment and  diflerent
prospective receipts and  disbursements. To be able to judge whether any
proposed  course ol action will prove o be economical in the long run as
compared to olher possible alternatives calls lor an economy study (Barhour, et
al. 1982). An cconomy study may be delined as a comparison  between
alternatives i w hich the ditferences between the aliermatives are expressed so fur

as practicable i money tenns.

2.12.1 Factors of Enginecring Economy
When engineering alternatives invaolve capital myvestiments lor equipment,
materials, ind lubor, the weehnigues of cconomic analysis may be used 1o assist in

determining the best alwernative, This is based on the comparison of the monetary
34



Table 2.7 Valugs of n o be used with the Manning equation.

Surlie : : Best | Good® Bad
Uncoated cast-iron pipl: L0012 | o013 | 0ls
Coated cast-iron pipe 0011 | 0012 | Bol3
Commerciul wrought-iron pipe galvanized 0.013 | 0014 | LO17
Vitrilied sewer pipe 0.010 | 0013 | 017 |
Cement maortar surfaces (VRIIN 0012 | 0015
Conerete-lined channels 04012 .14 U018
Cement-rubble surfuce 0017 | 0020 | 0.030
Canals and ditches
larth, straight and um lorm 0017 | G020 | 0.025
Rock cuts, smooth amnd uniforin G023 | G030 | D035 i
Rock cuts. jageed and irregular (L0353 | 0030 | L0435
Winding slussish canals 0.0225 | 0.025 U030
Dredped cacth channels | 0.025 | 0.0275 | 0.033

Canals with rough stony edges. wéeds on canh | 0025 | 0030 | 0040
hanks

Earth bottom, rubble sides
Matural-stream channels

I Clean, straight bank, full stape. no rilis o
deep pouls
Same as (1) but some weeds and stones
Winding. some pools and shoals, clean
Samue as (3), lower stages, more ineflective
slope amd sectiions
Same as (3 ) some weeds and stones
Same as (4). stony seclions
Slugeish river reaches, rather weedy or
with very dueep poails
8. Veny weedy reaches

'_F-}a,iua.-m]y used for design.  (Source: Linsley and Franzini, 1992

(028 (.30 .0k
0,025 | 00275 | 0.033
{4030 L33 1,0k

0033 | 0.035 | (L5
0,040 | 0045 | DL055

da ed |

0.035 | 0.040 | 0.050
0045 | 0.050 | 0.060
0.050 | 0.060 [ 0080

ol e

0075 | 0100 | 0130

vialues of the alematives selected lor implementation. These estimates are
obtained [rom actual cost of the components mvolved in the alternative methods
analyzed with experience from the past. and judgment. The engineering design to

accomplish o specilic test may be best possible. but if it 1s not cconomically
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competitive. the design should not be implemented. beonomie Lactors lor

comparison iy espressed in standard Jormwbas, (Cirnt, et al 1940

2122, Economic Evaluation

Feonomic evaluation 15 aimed at assessing whether the value of the hnal
products exceeds the value ol the resources used by the project, The values of the
autputs when measured moeconomic terms e called “the benelits ol the project”
and the values ol the resources used in s construction and maintenance when
measured 3 ceononue lerms: are called “the costs of the project™ (Dandy and
Warner, 1984). In the private sector, benchits und costs are measured by cash lows
o aned owt of the Tem, respectively, while tor public sector projects, benetits and
costs must be considered Tor society as a whole, that is, benelits and cost are nol

necessarily associated with cash fow

2.12.3 Discontinued Cash Flow Techniques for Project Evaluation

Ior projeets that have to be financially viable, the cost ol the project has
be recovered over o period of time, The interest rate applied 1o the project cost
will depend on the sowree of the capital. Money Trom the sharcholders” funds s
gencrally chéapest, but not always available. The interest rate applicd to the cost
ol a project may be bused on:
i) the interest vate Tor borrowed money (either a current rate or a forecast

Chld)

if



i) the rate ol returm camed by the capital already invested in the business, or
some similur criterion and a combination ol the external and internal rates
(Dandy and Warner, 1989.)

Because of mterest charges, money that becomes available in the luture 15
worth u proportion ol 18 corrent value, This money in future yvears is discounted
by a present vulue fuctor, to give the present value, This is perhaps easier o
understund Trom 1he conversion process. namely compounding.

This 15 expressed as:

V;:quul'hwcslmcmm:.-;-ur_n o 1 Bt § e o S L

The capital recovery  lactor, which indieates the rate a1 which any  major

investment can be recovered over the vear. 15 given by

CREF=1 {1+ I = 1Y i (2201
where. | - the interest rate (%)
5 = the number of time mervals — (Years. )

ir



Fable 2. 8 Standard Tactor notations

l'ey

Factor name | Standard fund | Given | Factor | Equation Formula
-':]'Ilﬂ_lh.' ] i ) IEIT 'l
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CHAPTER THREE

RESEARCH METHODOLOGY

3.1  Present Conditions of the Area’s Services

Reconnassance study of the estate shows that there are o few duplexes
and multiple rooms buildings while most the other buildings are blocks of 1at.
The rooling systems of most of these buildings are with gable roofs and very
tew-hipped rool,

Uhe main source of domestic water supply 1o most of the hotses s the
hand dug well, In the low land areas, water levels of these wells were less than
1.5m below the ground surface while in the high land arcas. the water levels are
as deep as 1Om below the ground level, Generally only very few houses pump
their wells while majority tetch directly rom their wells by bucket and rope
devices, Only few houses however use borcholes as their source of water supply
he roads in the estate have no side drams as all ol them were opened-up by the
mdividual residems using them. These roads have o be graded aller every
raining season, Lo repair eroded surfaces. The only social amenity provided by
government in the area is clectricity supplied by the National Eleciric Power

Authornty. (NEPA).
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3.2 Detailed Surveys of the Estate

A lield survey of the Estate was conducted o assess the lndscape. vpe ol
buildings and materials, shape or type ol their rools, length of conduits and
drainages and possible sites for the location of the water treatment plant. Samples
ol stormwaler and streamwater were collected and laboratory analyses carried oul
on them to determune their physical and chemical characteristics. The results
were used to estimate the level of reatment required by the raw water to be
potible, The existing system of collection and conveyance ol the raw water, from
the various houses, streets and open lands was evaluated with a view to designing
a new conveyance system to the stream. and locating the point of abstraction ol
water lor treatment.

The water requirement for the Estate was determined from population
analvsis and projection up to the design period. A water treatment plant that will
meet this requirenent and the associated sewers. drainage network and the mains
pipe network lor the Estate was then designed, To determine the economic
teasibility of the project, costs of establishing these [acilitics were estimated, and
compared with the costs of direct supply of potable water from the State’s Water
Corporation and from individual wells and boreholes.

Optimal designs ol the treatment plant, drains and conduits reguire the
topographic plan ol the area, and spot heights ol the estale roads network
Reconnaissance survey was conducted by going through the arcu occupied by the
estate (o determine the physical features, These leatures include the types ol

Fuildings and their rools, number and the depths ol hand-dug shallow wells, the
1l



types ol drainpges provided by individual landlords of any. the direcion ol their
Mow and runoll ellect on existing roads. number of developed and undeveloped
plots and the arcas aflected by the existing streams. The leveling and spot heights
ol the estate roads were carried oul to determine the direction lor the drain flow
and the best rouie for water conduits and the distribution system. The location of
the proposed treatment plant was also determined.

Other Factors which were determined include:

. The landscape of the area and all s features.

b. The physical conditions of the wells and borchales in the estate.
K Number of streams, their types and conditions.

d.  The estimated human population of the estate.

3 I'he social amenities in the area.

3.3 Survey of the Project Area

i, The reconnaissance survey ol the whole area was undertaken 1o
know the physical conditions of the area covered by the estate and
the types of structures in the Lstate,

h, Visits were paid to the responsible Ministry for the estate, that is. the
Minisiry of Lands to determine what plan it had for the Estate in
arca of water supply and storm. stream and groundwater (wells and
borcholes) treatment.

L. Existing storm, stream and groundwater (wells and  boreholes)

svalems of the area and its immediate environments were studied,
41



d. Rainfall depths for the Estate were calculated using that ol Akure
town for a period of three years.

& Spot levels on the estate roads were taken to determine their relative
heights in order to determine the direction of flows lor drainages and

the placement of the treatment plant of this study,

34 Samples Collection and Laboratory Analysis

a. Samples of groundwater (wells and boreholes) from some residence
and storm water in the estate were taken to determinge their qualities,

b, Samples were also taken from the Ala River tributary the main
stream i the area, at the upstream, midstream and downstream
during and after the rain.

i Laboratory examinations were conducted on the collected samples
e determine  some ut'. their physical, biological and chemical

properiies,

oo
o

Dt Analysis
Various data obtained from the survevs and laboratory  examinations
conducted were analyzed w obtain hgures for the desipn ol the varouos

compaonents of the proposed reatment plant.



3.6 Design ol Proposed Treatment Plant Component
ascd on the dita collected, appropriate designs were prepared for the
Fodlowy i
ab o the dramage netwark
By the rw woaler impowidment
¢l the mixing plunt
Jdy o the Hlirtion anks
el the sedimentation tanks
7 the wreated water storage Lanks
a)  the pumps. and
hy  distribution pipes.
Other components ol the treatment plant where not designed lor but
assumed o be in conformity with the normal treatment plants constructions.,
Closts analysis ol the proposed Tacilities was estimated and compared with

e current public water supply,



CHAPTER FOUR
DESCRIPTION OF 5STUDY AREA

4.1  Study Area

Akure town: the capital of Ondo State since its creation on February 3,
1976, is located in the rain torest zone ol MNigeria. [t has an annual average
raimfall ol between 2000 — 3000mm and a humid topical climate with daily
temperattre ol between 20°C and 30"C generally through out the vear, The town
lies between latitude 7" 5" and longitude 5" 13" and occupies a land area of about
23 km, Akure is densely populated with about 320,000 people according to the
[992 census data, The town has two main roads running theough it with other
smaller ones mter-connecting them from other arcas ol the wown as shown in
Fig. 4. 1. (Drawing Sheet).

Akure being ulso the headguarters ol Akure South Local Governmenl
Arca s [ast expanding towards [danre, ljoka, Oba-1le . Lju, Ogbese, Thule, Orita-

Obele, Irese, Aule and other surrounding villages.

4.2.  Hesha Road Government Residential Area.

Hesha Road Government Residential Area, shown in Fig. 4.2 (Drawing
Sheet). 15 located in the southern part of Akure town and occupies an arca of
land of approximately 2.75 km’. II.. is one of the residential estates created by the
Ondo State Government singe 1980, The estate is professionally planned to have
all the social facilities such as schools,: hospital. market place. places of worship,
ete, It is bounded by Hesha Road, where 1t got its name, FUTA Road and some

4



priviate estates. like Apatapiti. Osokiti. Alaba. ete. 1 is divided into two parts by
Awuole Road and one ol River Ala tribatary .

| Twe wopography of the estate, shown in Fig 4.3 (Drawing Sheet). is such
that the southem end is hilly. Table 4.1 shows the results of the spot-heights
carried out on the estate roads.

I'he Ala tributary lows from the east to the west and [rom the northemn 1o
the southerm part of the estate, with discharges of storm wuter along ils course.
I'his stream 1s planned to play the important role of being the main source of
raw water for this study. The estate presently has 272 low, 285 medium and 371
high density plots. This plan may change due o human and natural
considerations. Only about 70% ol the wtal plots are presently being developed.
Mo social lacilities have been provided by the authorities concerned o date:
instead the places carmarked for them are being redesigned and allocated for

residential plots.

4.3, Social Facilities to the Estale

The provision ol social Tacilities o the estute would have been zero
percent but for the presence ol electrieny and two primary schools, one of which
15 privadely owned. There are 928 residentinl plots; 65 proposed roads, as shown
in Fig 4.2 (Drawing Sheet). and yet none of these roads can be considerad
standard under whatever consideration. The estate does not have a market place.
no public schools at all levels or other social amenities hke police stabion, cle,

Public water supply system is non-existent.  The present source of water supply

15



is proundwater obtained by individuals through shallow hand-dug wells. a few

borcholes and some cases rainwater harvesting.
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4.4  General Climate Conditions

The rainlull pattern in the estate is not different from that of Akure town. Table

4.2 shows the rainfall depth for Akure town. Raining season in the estate, like in
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Akure, is between March and October while the dry season 15 between
Movember and February. Humidity ranges between 30 o 90% with an estimated
mean annual humidity o' 72%. The estate is gencrally slopy and uneven,
allowing the storm water to flow into the few streamlets which eventually
emply into Ala River tributary. the main stream in the estate.

The runofT from the estate is not properly controlled. 1t is allowed to Now
on its natural course which is eroding the road surfaces. Measurement of the

runoll yvield was tuken in catchments and the result is shown in Table 4.3,
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Fable 4.3 (Cont.)
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4.5

Water Quality

Water quality in the estate varics lrom point to poinl. General indication

of the overall water quality in the estale is based on samples collected ut some

specilic locations. Analysis ol the samples taken from the Ala steam and other

sources are shown in Tubles 4.4 10 4.6

Table 4.4 Physical and Chemical Characteristics of Water Sources in the Study Area
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Table 4.3 Physical and Chemical Characteristics of Water Sources in the Study Arca
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Tabie 4.6 Physical and Chemical Charscleristics of Water Sources im the Study Areo
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CHAPTER FIVE

RESULTS AND DESIGN
5.1  Population of the Estate
The population ol the estate was calculated to be 17,500 people
2years time with a growth rate of 3.0Ms assumed for the community. The
gronvih rate lor Akure as o state capital 15 between 2.6 and 3.0%., according 1o
the 1992 census  data.  The water consumption  rate was  luken  os

| U0 litres/capita/day.

5.2 Determination of the Treatment Level of Raw Waler

In order to determine the treatment level required lor the impounded
wiler, the results of the laboratory tests of the collected samples of all the
contributing waters lrom the study wrea were compared with the World Health
Chrganization (W.LOL) water guality standurd values. The comparison is shown
mFigs 5, 1A a3 15

I'he temperature ol the water samples are almost the same, and therefore
do not appear o be a signilicant parameter in water treatment. The climate ol
the region is such that temperature does not vary much throughout the year.

With a desirable level of $"1Hazen. water of colour level of 60, 40, 15,
and even 8'lHazen, becomes objectionable. even though the maximum
permissible level is 30" lween. The high level of colour in the tributary and

stormwalter are probably due o the leachate of decaying vegetation, and the
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croded soils being washed into them. The colour 15 associated with hagh
trbidity, and can be considerably reduced by the simple filtration process,

The element, cadmiwm is representative of the heavy metals - inorganic
pullutants. The traces probably come from the wastes disposal. hence the
relatively higher concentration lound in stream and the storm and stream waters.
Cadmium in drinking water may be lethal, but in the estate’s water supply, the
concentration is within the permissible range: and can be reduced [urther when
the sediments are removed,

Concentration ol total solids indicates the total amount of organic and
morganie contaminants dissolved in the raw water, which remains as residue
alter evaporation. Even though the value measured in the stream and storm
walers are less than the maximum permissible level, the dissolved solids need 1o
be removed as sediments by coagulating, settling and lihering. It should be
mnoted that the total solids concentration m pround water. that is. well and
borcholes. are much lower thus being an indication that the solids is assockied
with the surfacewater’s crosional activities.

Ihe level of conductivity is oo low 1o indicate any saline condition. In
any case. the uniform level moall the samples meluding the groundwaier
indicates that it is the minm that can be attained. no matter the treatment
provided.

Ihe pH value for water represents the overall balance of a series of
equilibrant existing in the solution. . All pll values measured are above 7.0,
indicating that the alkalme nature of the raw water is high, and in correlation

ke
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lron 15 present in the water in several lorms. Thewr actual lorm i the
waler samples s not delined. but the hgures obtained show that the
concentration  fall within - permissible range. Nevertheless, the  proposed
treatment system will absorb sullicient amount of oxygen through exposure 1w
the atmosphere when it is impounded belore treatment,

Any traces of sulphur can be removed by chlormation. The wirbidity s
expectedly ligh m the water samples taken rom the stream during the ran and
stormwater. 11 indicates the high level of sediment which must be removed [rom
the raw water through the process ol sedimentation and hltration. For high
turbadity, addition of alum facilitates the fast removal of the Noating substances
by allowing them to coagulate. The sediments would later be removed by

lilration.
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I general, the results from analysis of the water samples show that the
water cun be obtained from the combination ol streamwater and stormwater,
and this need only W be subjected w simple treatment [or potability, Most of the
guality parumeters lall below the maximum permissible level ol the WIHO

standurd for drinking water, while a few meet the highest desired level,

5.3 Swrmwater Collection and Raw Water lmpoundment

The total yvearly and monthly rainfull values lor Akure were used for the
estale and these are shown in Tables 3.1 and 5.2 und Figs 5.2 and 3.3
respectively, From these it can be seen that the months ol lanuary, February.
Movember und December are relatively dry, therclore the impounded water
Irom the previous months will be more relied upon in these months for supply
of raw waler 1o the treatment plant. From Table 3.2 and Fig, 5.3, it can be seen
thut the trend of the yearly ruin.!'uli vitlues in Akure and by implication, the
estate ranges between 1160 and 1853 mm. This shows that sufficient water can
be gotten Trom rain al it s well collected by impoundment for future use. The
impoundiment capacity was caleulated to be 360.000m°, o as w have the abilit
o take water that will be needed lor the required period lor the proposed
treatment plant.

Il streant. which have a sectional area of 0.72m” and flowing at «
velocity o 1.2mds will supply about 0.864m Ysee or 75.000m° per day. The
meaning ol this s that the !-;In:uml alone can supply about Tmillion m' for 186
days and thin water need of the reatment plant will be guaranteed. Stormwater,

(i



that is. munoll movement. from the estate was caleoloted (Appendix A) and
controlled through the open drainages system that bas been well arranged (Fig,
5.4) lor discharge into the stream, and then into the impoundment. The Rational
Method and Manning equation were used in the design ol runoft and drains
respectively, Raw water shall be taken from the impoundment and led by
gravity into the low-1ilt raw water hooster pump. which raises the water to the
treatment plant, The treated water then gravitates to a clear water tunk and is
then transferred by high lift-pump 1o an overhead storage reservoir. from where

the treated water is distributed by gravity o the distribution systems. (Figure

5.5)
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Table 5.1

Mean-of total monthly ruinlall value ol Akure.

[
Bdimath anwary | Vebriairy Miirch April My Jumi
Mean of toal mmthly minkell | [ | o
tmim) T.H3 36.58 .26 143.23 17194 197.68
hanth Tuly Augist | September | October | Novemiber | Deceniber
Mean of twtal monihly rinfall ¥
[ b IB9.77 | IHL5H 20,73 15223 3a 9%




Table 5.2

Total yearly raindall value of Akure.

I . "
¥er I SRR 1981 42 H943 R4 2 1983 LR
Tl wearly vl
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L4 1325200 | TA44990 | 157790 [ L5185 248 i
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Toial yearly raindall
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Siting of Proposed Treatment Plant

The proposed treatment and mmpoundment shall be sied within the estate

(sheet 2) near the stream in an area already taken over by the looding caused by

the stream runoll Nows. The area was chosen because the state povernment,

through an agency charged with taking care ol the estate. i.e the Ministry of Lands

has marked the area as unsuitable for butlding. 1t is the authors believe that, once

the water is taken care of the place will be useful Tor the proposed plant.

5.5

The Proposed Treatment Plant Components

The proposed treatment plant 15 designed for maximum Qow rate of

1.750¢cubic meter per day based on the daily demand of the state’s estimated

it




population and & 16 hour daily working operation. The operation units shall consist
ol mmpoundment. water intake, aerution system, coagulation and floceulation
tanks. sedimentation and clarification tunks. Hltration tanks, disinfection, wreated
water storage lanks, and overhead storage anks, Fhe water treatment block and the

hydraulic protile diagrams are shown in Figs. 5.4 and 3.6 respectively,

5.5.1 Intake Works

The water intake shall consist of a structure of dry chamber 1o be constructed
along Noodwall of the impoundment. The impoundment embankment on which the
intake structure shall be constructed shall be against looding, which will involve
compacted stone filling. reinforced concrete retaining structure and hand rails. The
structure shall contain low lift pump sets extending 10m into the impoundment
with bell mouth end. The pump sets shall discharge raw water through a cast ron
pipe into the treatment plant, Values used for the head losses coefficient in the

system are taken from Table. 5.3.

Table 3.3 Some minor losses of head coefficient 1o illustrate head loss in water transport

shalvin®
Ui IFicient ameTliw ks
M ke Mame K

Clheck valve ] Exin b .0
Cilowe valve 1] Citrance loss

Crate valve 02 Projecting pipe 1o
00" ek 3 Rounded 023
45" elhow 02 (L5 comtraction ihi3
22.5" elbuow . B .15 | 2K eapansion | D356

L] vl winle apen, Pantial chsaine sl be iphver. |soey salies are prosoiided by gusaislisciomens,
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5.5.2 Aeralion

Raw water lrom the intake structure shall be delivered through the
ductile iron pipes to the treatment plant. Magnetic How meter 1o monitor the
amount of raw water o be treated shall be installed before the aeration. The
aeration could be completely bypussed and water could ow directly w the
mixers. Contact time shall not be less than 1 3mins while the cascade acration

should be considered.

5.5.3 Coagulations and Flocculation

In order 1o guarantee the greatest flexibility in operations, the plant
shall split into two separate but equivalent lines. This section shall be two
successive stages, rapid mixing and slow mixing ol good Hocs formation,
The aluminum sulphate shall be dosed o rapid mixing while hydrated lime
and sodium alginate are dosed at the begmning ol slow mixing. The tanks
will be equipped with mechanical stirrers. To avoid the associated
maintenance problems, the hydraulic system for rapid and slow mixing water

with chemical for coagulation and formation of flocs should be applied

5.5.4 Clarification

The sedimentation basin construction (Fig. 5.7) which divides the
“flowing deep™ stream of water into many shallow streams [lowing
sepacating in parallel conduits has been proposed. The formed sludges are

self=clearing because of the inclination of sedimentation conduits. The

i



Noceulated water is introduced fram the lower side and it is collected as clear
water on the upper side by a channel system while the sludge will Now
inside  the ducts in the opposite direction, The clanfied water will be

collected in channels carrying it 1o the filters

5.5.5 Filtration

Filtration shall be done in rapid gravity. single media, contact rakes,
variable level filters. All filtering operations will be controlled and carried
oul from the operating gallery, see Fig. 3.9 for filters section. All control
vialves shall be operated b}'lpuuujlmliu powered actustors and shall be
equipped with manual control Tor emergencies. Filter backwashing shall be
by wir blown by blowers and by water pumping by centrifugal horizontal
pumps. A backwashing flow meter of the magnetic type shall be mstulled on
the outlet side of the backwashing pumps o control the amount of
backwashing water. After filiering and having been dosed with chlorine the
water shall be conveyed to hliers and for preparing the reagents as well as

tor distribution W the teatment plant network and by high il pumps o the

2 h’-"’ "f:,:,
reservoir and distribution networks. / * \

*
Chemical Dosage ks A
o
Aluminum Sulphute, hydrates lime and sodium alginawe are the main

chemicals o be used in this proposed treatment plant. See Fig, 310 for the

dosing Now diagram.
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5.6.1 Aluminum Sulphate (Alum) - The alum soluton shall be
prepared in two separate stages. that is. dissolving the reagent in easily
aceessible tanks o produce 10-20 percent solution strength by means of
recyeling pumps and the same reeyelng pumps. suitably connected. The
alum shall be dosed in proportion o the How ol water to be treated. The
tanks shall be constructed and equipped with bottom outlet, overflow and

level indicator alarm.

5.6.2 Hydrated Lime: the hydrated lime slurry shall be prepared in
steel tanks equipped with stirrers and a bottom outlet, overllow and level
indicator alarm and a dust exhaust fan. The dosage system shall consist of

metering pumps operating on a signal from a pH meter.
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5.6.3 Sodinm Alguaie, Sodiuns algimate dosige 15 Toreseen
o lacihitae Hoceulation and hence separation ol any suspended
matter. Posage shall be done in proportion to the low of water 1o
be weated by means ol metering pumps which shall Tunction

continually,

5.6.4 Chlorination: The chlorination plant shall consist ol
pre-chlorination and post-chlorinuion m the pipe existing from the
Nltration section. The per-chlormuation will be used when necessary

to control algae growth, cic.

5.7 Design of the Proposed Treatment Plant Components

Ihe design of the main component parts of the proposed treatment
planmt ( Luble 54) were carried out using the established methods 1o
determine the components” sizes and quantities required. The components
interconnecting the pipes shall be of cast iron pipes. The summary results
are shown in Appendix A and B. Other aspects of the treatment plant are
descriptively applied lor the convenience ol this work. Pipes of 300mm,
200mm, and H0Omm diameter were selected for the design ol the conduits
tor which the discharge of eacl pipe was deternined (Equation 2013},
Using the results in Appendix C, low density area of the estate are 1o be
serviced with 300mm diameter pipes. medium density area with 200mm
diameter papes, und THmm dimeter pipes for the high density area, ‘The

choiee ol the different diameters 15 o mamntain Fairly uniform pressure,
17



since the low density areas is nearer the reservoir, and the same large

pipes must convey waler to the higher density areas. This is in conformity

with the distances from the overhead storage tank which is (o be located

i the low density area,

Table 3.4 Summary results of designed treatment plant components
Component name Size Quantity | Capacity
 Raw water | 4.3m x 200m x 400m 1| 380.000m’ é

impoundment
Mixing tank 6.0m x 5.0m x 3.5m [ Lim®
Sedimentation tank | 20.0m x 10.0m x 3.5m 2 T00m™
Filtration tanks 70.0m x 19.0m x 3.5m 2 2.660m’

Treated water tanks | 30.0m x 22.0m x 3.0m : S 7.875m’

Low lifl pumps - I ~400KW |
High lift pumps " 2

5.8 Distribution Network

AOOK W

The open channel drainage system is adopted for transporting the

stormwaler or runofl to the stream and impoundment for pre-treatment

storage while the treated water distributions will be done through the

conduit piping. From the known discharge and slope for ache drain, the

hydraulic section, that is, flow area, 15 calculated using the Manning's

Equation.

The concentration times of catchment were calculated using Eq.2.9

For catchment Al

Concentration time, Tc =

T8

0.0663 x 150 "7/ 0.0472 "¥



= 1.1 8mins,
bor the quantity of runofi on the catchment, equation 2.8 wis used
that is Q¢ - DT x 16.500% 0.5 % 154.9] « 10~
- 0.355m fsee,

this procedure was used for all other catchments and their results are
shown in Appendix 3,
To determine the sectional d imensions of the drains,
Let the drain width = b and the depth = 1.5k

Arca of drain, A = b % | Sbhin = 1.5b°

Where the drain is % full

Wetted perimeter of drain, P = (2 x ¥ of 1.5b)+ b

(2.25b) + Iy

= 3.25h
AlP = R = 1573258
= .46k
“ I3 13 “_4ﬁlﬂ h!.-.l
“.ﬁ“hll"l_
AR = 1567 x 06067 = (opt
= | gigpet

Substituling into equation 2,12
0 n" AR g

NN 0.0y BTy g1

b = 2667V 0n/0.9y s

il n - 0,011 (table 2.7) then.
7%



h = 2667V 00110/ 0.9x 8" Ry Ut SO 3 |
Fg. 5.1 was used 1o caleulate the sectional dimensions of the drains and
the results are shown in Appendix C. The ) value ol the largest
contributing catchment drains and the slopiness of the road were used for
the calculations of the drains.

For the distribution mains, to determine the pipe dimension, L.

218 was used. as shown:

Q = 0278CD st

AV = Q = 0278CD s
Va4 = 0278CD s "

S T 4% 0.278C S "/ vn
D = dRes Mg
D = L12C8% ) vr

W' C = 100 (table 2.6) and V = 1.0m/sec.

D™ =  1112x1008"Y 1 xn

D™ = 128"y

DDM == 35_45.".!4

D = (6373545 T T,

Fquation 5.2 was used to design for the whole conduit and the
results are shown in Appendix D. Distribution pipelines are sized 1o
deliver the peak daily demand. Dual-tap standpipes will be connected
dircetly 1o o pipe laid according to the slopiness of the roads ( Table 5.3),
There will be inspection chambers at every change in dircction of pipes.

so it taudts cun casily be deteeted and corrected,
kil



lahle 5.3 Value of caleulation of Spot Heighten on Estate Roads.
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3.9

Economic Evaluation ol Existing Water System

The ceonomic value ol the existing systems ol waler supply

was studied. There are 919 houses using hand-dug wells and 9 houses

using boreholes. Their estimated cost is given in Table 5.6,

Table 5.6:  Estimated values of present system of waler supply in the
eslate,
ltem Hm;ﬂ;ﬂuﬁ Huand-dug wells
(Ead
Boring or excavation 400, 000,00 40,000.00
Ringing - 4, 000,00
© Watertank 3000000 | 3000000
Tank wall 43, 000.00) 45,000,000
5 Piping 30,000.00 | 30.000.00
Miscelluncous 10, 000,00 3,000.00
© Towlperplot | 51500000 | 15200000
[ Towl forestate | 4.635.000.00 139.688.000.00
~ General Total ) 144,323, 000.00
e i w0

5.9.1 Proposed System (Treatment Plant and Distribution)

Estimates of the proposed treatment plant and other alternative

source of water supply system were prepared as shown in Table 5.7

There are three methods available for cost estimation, these are:

(a)
(h)

concepl cost estimating;

detatled cost estimating — based on Bill of Quantity:




(¢)  comparison cost estimating - bused on past experience

The comparison cost estimating method was used for the costing ol items
m this project because construction and maintenance ol these ilems are
always the same; the only items that change are the sizes. numbers ol
these dtems and their prices. The estimated values ol the proposed
treatment plunt and the public water system supply o the estate are given
in Table 3.7, Forms of payment and charges on annoal basis o the
consumers can be estimated using the interest lactors summarized in
Table 2.8.

The variation in the cost ol the common wems s due W the
difference in the quantity of the items used for the various allermatives,
Where only two overbead storage tanks are provided for the proposed
treatment plant. three cach s provided for the other alternatives. The
public water distribution is more expensive because the whole water
distribution systems have to be upgraded from the dam (o the consumer’s

point of service.
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Table 5.7
Lhe estale.

ltem

Dramages

Raw Water Impoundment

—

Acration Struclure

Mixing ank
Sedimentation Tanks

Filtrution Tanks

Proposcd
treatment plant

120,000,000.00

Lstimated values of all altermatives water supply sources Lo

i"uhliu ;walu.:r
distribution
M)

600, 000, G000

20,000, 000,00

 20.000.000.00
A0.000.000.00

OO0

20N L (H)

sServices

Treated Water Tanks 0000 00000

Lifi [;umps - :‘-.{_Ji[.]lil,i}u-ﬂ.m}

Piping U, L L. O

L:levated storage tank/s SOOI ORD
Supplementary Structures l{]li.{‘}{}{].mrﬁ.ﬂﬂ-
C Tewl | 635.000.00000

Muaintenance and General 69.000.000.00

1200, CChe) (O

130, 000, 0000
2005, (00, (00 (1)

E YRRV TVRVEVRYIY

ELRUEARA RN
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CHAPTER 51X

CONCLUSIONS AND RECOMMENDATIONS

6.1  Conclusion

he Government Residunt.iul Estate in lesha Road is expecied to
develop rapidly as a result of its nearness o establishments ol important
institutions such as the Federal University ol Technology. Akure. the Local
Crovernment Secretariat and major roads like the Hesha and Ondo roads.
Pherefore, there is an urgent need o develop the much needed infrastructure,
especially water supply, There is presently no public water supply in the
project area. As a result most people in the area rely on water from well,
streams and ramwalter |1:Ir'l-'l..'.5|.'ll'l.g-. All the wells are privately owned, Water
lrom the stream is unsale lor human consumption, Thus, the provision of
adequate and potable water based on this project will alleviate the problem.

Estimates of water requirement ol the project arca are base on the
daily per capita demand of 1,750 Vday. -Population forecast is based on an
annual growth rate of 3.0 percent

Geologically, the area is situated i the Precambrian  basement
complex as bedrocks are found on the surface or at shallow depths, the
yuantity ol ground water 15 relatively small, and commot be considered as o

mjor sowree ol water Tor the proposed scheme, Storm water combined with
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stredm wanler is o more dependable source of the raw water lor the proposed
project,

Ihe components of the pn'nlpnm:ui treatment plunt are arcanged in such
aoway that maximum use ol space s ensured, with cusy movement of men
and materials. lntiad pre-treament. that is. settlement in the impoundment,
consisting of chemical congulation, Hoceulaon and sedimentation has been
considered tor use, The proposed treatment plant 15 designed tor maximum
Now rate of 1,750 mY/day based on 16h daily operation. The operation
consist ol water mibahe, acration system.  coagulation and  Hocculation,
sedimentation and clari lcation, Glstion, and disinfections

lhe water intabe consists ol o structure of dry chamber o0 be
constructed along Noodwall of the storage loke, The impoundment on which
the antuke structure is 1o be constructed w prevent Nooding, consists ol
compacted stone lilling, reinforced concrete retaining structure and hand
rails. The structure will also have a low lift pump sets extending | Ometers
into the lake with bell mouth end. The pump sets shall discharge nto a
ductile iron pipe as close us possible w the treatment plant,

Raw water lrom the intoke stucture will be delivered through the
ductile iron pipes 1o the reatment plant. Mugnetie Now meter o monitor the
amount of raw water to be treated shall be mstalled betore the acration. The
acration could be completely bypassed and water could Mow directly w the
mixers, contuet e shall not be less than DBoinutes while the cuscade

geration should be considered.
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In order 10 guaraniee the preatest Nexibility in operations, the plant
will be split into two separate but equivalent lines. This section shall be two
successive stages, rapid mixing and slow mixing of good tlocs formation.
The aluminum sulphate s feed into the rapid mixing while hydrated lime
and sodium algimate are dosed al the begmning of slow mixing. The tanks
will be equipped with mechanical stirers. To avoid  the associated
maintenanee problems, the hydrauhic system tor rapid and slow mixing
wiler with chemical o coagulation and formation ol ocs should be
apphied

Sedimentation will be ui.lu|.1lml because it provides Tor sedimentation-
bisin construction which wall divide the “Mowing deep™ strcam ol water into
mny shallow streams Howing sepurate i parallel conduits. The formed
sludges are sell=clearmge because ol the  inclination ol sedimemtation
conduits. The Nocculated water 5 introduced from the lower side and it s
collected as clear water on the upper side by a channel system while the
sludge will Now mside the ducts in the opposite direction. The clarified
wiler will be collected m L'l]..'lunui;; carrymg it o the Hilters,

Filtrution will be done in rapid gravity, single media. contact rates,
viriable fevel Blers, Al Blenng operations will be controlled and carried
out from the operating pallery. All control valves shall be operated by
prueumatic powered actutors and shall be equipped with manual control for
cmergencics. Filter backwashing shall be by air blown by air blowers and by

waler pumping by centeilugal horiaomtal pumps. A backwashing low meter
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ol the magnetic tvpe shall be installed on the outlet side ol the backwashing
pumps 10 control the wmount of backwashing water. Alter [ihering and
having been dosed witle chilorine the water shall be conveved 1o illers and
for prepuring the reagents us well as Tor distribution o the treatment plant
network and by high Ll pumps w the reservorr and distribution networks.

All chemical dospgee of alum solution, hydrated lime slurry, sodium
alpinate. cle. shall be prepared in their respective ratios and added to the
wiler at their respective required stages in the treatment line. The
chlorination plant shall eansist pre-chlorimation and post-chlorination in the
pipre existing from the Diltition section.

Distribution pipelines are sized 1w deliver the peak daily demand.
Duial-tap standpipes will be connected directly o a pipe on both sides ol the
roads o save consumers from having o cross the roads. The transmission
minin sizes were selected o minimize total costs, which include the pipe and
power costs. The pipelinwe should be lmd where they will be accessible,
where excavation is sinple, and where construction will not interfere with
trallic. The looped networks distribution system will be adopted because of
s preater reliability ol service, chimination of dead ends, and improve Now
condition durmg periods ol high local demand.

The govermment can either take a loan to sponsor the project or handle

it with budgeted maoney
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6,20 RECOMMEMLIATIUNS:

Ihe State Government should as o matter o urgency  start  the
construction of waler supply treatment plant and other social amenities in
general o Hesha Road Government Housing Estate, Akure and other arcas
ol the state Jacking such lacilities, It is advisable to start the project on time
since the value of money depreciates constantly in the Country,

lFurther detailed studies should be carried on all the aspects touched in
this work before the realization ol this project. Changes that might have
tuken place between the time of this study and its implementation time could
result in higher prices than those mentioned in this study. In particular, a
detailed pipe distribution analysis should be undertaken to confirm the sizes

ol suggested commercial pipes of 300mm, 200mm and 100mm diameter.

4



REFERENCES

Adobola, k. Ln (20001 “Croundwater Quality m orin Township: An
LEnvironmental Review™, African Journal of Environmental Studies
Vol. 2, No 2 pp.4 7.

Alluvi, Mo AL 1984 “Urban Water Supply Situation and Management™,
Procecdings ol the  International  Seminar on Waler  Resources
Management Practices. Horin, Nigena. Vol 7, Nod, pp. 7 - 8.

American  Society ol Civil Engineers  and  American Water Works
Association. ( 1990); Water reatment Plant Design, (Second Ldition)
MoeCiraw=Hill Publishing Company. New York.

Amold P and Adrian O, (1991), R water Harvesting — The Collection ol
Raintall and Runoll in Rural Areas, Intermediate  Technology
Publications, London,

Australian Academy ol Technological Sciences And Engineering ( 198%).
Lirban Water Supplics, Australian Science And Technology, Heritage
Center, Canberr, Australia

Barbwur. N, K, Peters, U and Numbi, L (1982). Provision and Management
of Urban Utilities. Repart No 897, WEDC, Loughborouh. U K. pp. 2-
3

Brandon, |, W, (19Y84). Witer [hstnibution System. Institute ol Wanler

lingineers and Scientists, London. Vol 3, No. 2. pp. 9.

il



Cembrowice K. G. (1976), Least Cost Design of Water Distribution
Metworks, Proceedings, Seconds World Congress, International Water
Resources Association, New Delhe Vol 1O, No. 3, pp. 7 -9,

Dandy, G. Cand Waener, R F CE989) Planning and Design of Engimeering
Systems, Unwin Hyman I.Iimiln._'d. London,

Davis. M. L.oand 1D AL Cornwell. T985: Introduction e Environmental
Engineering,” PWS I'fngim;;crin_l-__r.- uston,

Grant 1. Lugene L. W, und Leavenworth, Ko 50 (1990} Principles of
Engineering Feonomy, Second edition — John Wiley and Sons, Inc.
MNagapuore

Federal University of Technology., Akure (2003). Metrological Record
Book, Depaciment of Metrology, Federal Umiversity ol Technology,
Akure

Friedlere, 15 (1996); Domestic Water Closet Usage Patterns, An International
Joumal of Building Science and its Applications. Vaol. 31, No. 4, pp.
385 = 392,

Goulter, 1. C, and Mogan, D.R. {1985} An Integrated Approach m the
Layout and Design ol Water Distribution Networks. Civil Engineering
Systems, vol. 2. pp. 18 - 20,

Grge, N5 (1985 Water Kesources Plunning, McGraw—Hill Inc.. New
Y ork.

Rawamiwa S5 01991 Ddegrated Design ol Water Treatment Facilities, John

Wiley Ine. New York,

l.II



L, L, 10 M (1988) Morphological Factors Affecting Overland Flow on
Slope. PUDOC, Wegeningen

Linsely, R, K. and Franzinic B, ), (1994); Water Resources Engineering,
MeCiraw=Hill, Inc., New York,

Muetealland LEddy Ine. (1991) Wastewater Engineering: Treatment, Disposal,
Reuse, Third edition. MeGraw-111l Ine. New York,

Montpomery, 1. M. Consulting Engineers Inc. (1985) ~Water Treatment
IPrinciples and Desipn®™ Wiley-Interscience, New York,

Murlit, 5 K. (2002). Water  Supply  and  Sanitary  Project.,
FUTACISOEPYWaorkd Bank, 2001 - 2002, pp 12,

Meweomber, V. /4 (1983) Housing policies for Ibadan, Environmentul
Focus a Journal published by the College of Environmental Studies,
Ramat Polytechnic, Madugur. No. 6, pp, 8 - 4

Peave, 115 D0 ) Rowe, and Go Tehobanoglous: (1985 Environmental
Vngineering, MeGraw 1111 Inc. New York.

Pomtiug, . W, (19890), “Water Quality and Treatment™; Forth Ldition,
Fechnicul Edition, American Water Works Associution: MeGiraw-Hill
ublishing Company New ‘I“r'urk_

Rercals Muagaret (1999), An introduction 1o Town Planning Technigues, 1)
International 1T, Padstow, Comwall. Pages 191 - 219

Sunks, 1. 1. (1980). Water Treatment Plant Design, Ann Arbor, MI: Science

[rublislers,

I.""I



Tebbutt. T. H. Y. (1998) Principles of Water Quality Control, Fifth Edition,
Butterworth Heinemann.

Techobanoglous, G. (1993). Wasiewater Engineering: Treatment, Disposal,
Reuse, Second Edition. McGraw—Hill Inc. New York.

Tchobanogious, G. and E. . Schoreder: (1985 Water Quality:
Characteristics. Modelling. Moditication, Addison-Wesly, Reading
Mass,

Wagner 1. M. Shamier, U. and Marks 1. H. (1988); ~Water Distribution
Reliability:  Analytical Methods”™, Joumal of Water Resources
Planning and Management ASCE Vol. 114, No. 3, pp 10 - 13,

Walski. 1. M. (1984); Analysis of Water Distribution Systems, Van
Muostrand Reinhold, New York,

World Bank (1993). Restoring Urban Nigeria: A Strategy in Restoring
Urban Infrastructure and  Serviees in Nigerin, World  Bank

Washington, 13.C.

93



Appendix A

hesign sheet |

T CALCULATION
_ POPULATION ESTIMATION

Assuming @ populstan of 120 12 wnd 8 people per plut e high.
i and Josw densiy plogs respectivels

Phereiore popiilatison o s estaie will T

igh deasity wrew 2702

5 i |1.;n|_|'-l|,:

Scdiion densaly mdci Lr SN

= 3ATH penple
Loy iy ans = 3T H - 2908 peuple
Fomul popuiaiaon WA T people

ot L ke oF 3% akopaod e populotiven iereise in Tilygeprs
L R N RTTHIE T
Pkl puapualavism 17 A8 S pappde

Fustitl propraatiam Do disign ETA00 gl

CALCULATION OF REQUUREL WATER YVOLUNME

WOk peguiirennet of s persns = O0Rrescapy iy

Fherciure reguingd solume of wiler. = 17500 10
= [, T50ARHR s das

I.75tculag mvlery day

BESIGHN OF RAWWATER IMPOHINDVIENT

hesigning for i fnsilbis Hi:.'_l'l_:].:l}! cupeity hnpmimndnient
= L7350 K 186 = 325.500m" cp
audipn ol of T30.000m " capavity
Adogt o depih ol 4:53m

Area o imposndment © volumcmgth JAAN IS
TEITTEm
Ackopt arca = Uiy % Ml S
Waddumie ol impouidmen. = 45w JUHE % 4t
LRI
Flereniin bnms 1 L
T TR I T
O, 57

i)

|

RESLLT

Foikatl propruabtson fasr

disiagny = LTS peiphy

Waeguirid violume of wite
b, PR i ek

Widmie of impoundiseg

i), LMy

Phetentiom dima, Ly =

ity




Design sheet 2

TREF

Seetivnul area of impoamdment ~ 4.5 x 200

P hverl oy rste, 1

T CALCULATION

Wil
Vinluvie! A
el EHHE S 400 % 2 &l

< TR ks

TRESULT |

e losy ra,

.
= 2R i s

DESIGHN FOR MINING TANK

I hesignbing for a thnee days capheity ik

Ahopn w deteintion i, 1

Wl e ool tunk

Al i Lk depth ol 3, 5m

vy dehe o imisdng ks sde ol

Klixeng Gk seae ol

Lantaal wodupimse ool Bamk

< 1A s A
5.250m " vapuin

Athins
0121y
fl.z_'ll” LR TR
[T

I8 m' ' 1im

Al
Dby Siim s Eam
HiEm
I bihn' ik

BESIGN FOR SEDIMENTATION TANK

Aeidiapil wlum dvessige ol g

[eiqubred comieris

LR

Surlaws loswding rsle. |

o e kg mte

iiHmy m'
diii s 3251

Mikmg'm’

Al
AT 7 g

S RITTTEETEY

Fob remasye st s odor add e80! 18 m " ol sctis sed carbon

Aderpd o detiidaoi Bime, 1

Wil depal ol 3,3m

Siva W okamedepih

Prwide o sedinsentition tink e ol

Filmiss
L 24800
fr W24 FR2AG

TIHV A%

R

Jikin s D w303

Tidam

oy ide o mvixing tank

capavity vl = 5,250’

| Bepentam s, 1,
Mimins = DRy
Prowide o mising bk

iy of [15m'

Provoadie o mising kinks

I o’

0. ”"-'-""P

. A
T4
Al wapierh 15 i -
s - .

i mgm!

Pranyinhe fosading raie

8 Ehigisee

Prowcadie & sedineniigyan

fuikh s ol Tinnn'

0s



Iesign sheet 3

REF

DESIGN FOR FILTRATHON TANK

At Filtraon rate of 100w /oy min
Azl bwiek ki pale O lEAEalisa nste
A2A00 % U Lk
- S25AMMM ] <=lin

b’
Avdopi vidyse ol Gink ATm
I hnaish riike an WP per W ik s 470 2

“13HTEm 7 i
[huckwashing mee in peroentage = [5LETS 10
< s
Aokl i il lime, L Illlmun
Li 24V

V34 5525

s

Vsl vl Lnk = |2 % 2S00 2
= Lhlim'

Adopt 2aunil tunks of LaXsm' 2 = L312E m'

Aot Lkl depih ol 3 5m
Area = Vilurme degals
* LI1LAS
= AT5m°
Prowide (iliration tanks siee of = 19m s Mim « 3. 5m
= 1330
Prowide Zaunit [ilination tanks siee of = 1.330m" 5 2

2 hddim'

Filtration Azgregutes

Ackogi coarse-toe e madia oo eover e depihe of T, Provide o
I T bl guroed laver swilh grsin stz ol 3w, 23w of silics sasd

with grain siee of (Ldmm. and 63mm o coal witl grain sice ol oo

iy

RESULT
1 Herativon pate ol

B’ Sme i

Madipl o abetengsom mme. Ly

| Zhowrs

Wanluanie ool bikk

*pam

Frowbde X-unit
Tt ks sies ol
< 3 il

Aabopl cogirse-la- g

meidia




hesipn sheet 4

CREE

T CRLCULATION

ke imad ko ©aapgeni

Ao 2 Fkpdday chlorine and residual after fSmins contiscl of
LE 2 5mig
Dumips o [iRERE2S

ik Fngim'

(O T YRR T ST TR T | L1 S | e

Il ?[h|1g-‘|i|"

P tde chllonine ¥ ik T

THEATED WATER STORALE TANKS

Al s brteniion b, 1, iy
LK 24N
M LR el
Vieluire of Lank s 323024
1R
kgt it Lk el O T |

2% g witly alepoidy ol 3,0k

A Wadupmeddegaly T ndSRA
[FET TN
v b a i Link sisgal = 22m s W s Lk 2adim'

LAV LIFT PLine

e b pumping A Dssiig s il el condition

Beate of wvper Hlama LW T A2 b bl 4l
(Tt ENER
Dibpmate ol pigse ELETIHTET
b b wquiiinn 208 T e suscrionn i, 4
(1,278 s
CL2THU LY by A

T 02TRCIF M) where U
Baible 2ot wsingg oibid casd brvsd
119 N CTTmC IS TTTTINTIE R T N B
iy 41
[4.30

i waqumion 20 for U suclisn braed, )
(i /7 R

wi

(LR TNETES

RESULT

P ddae clalowrime
(TR [T

I Iceniice time, 1,

Albors

Audopi F-unil tank
TETAm cach,

Rt ol swader hosy =

i FRm e

s




Dhesign sheet 5

HEF

CALUTEATIONN

[TR¥]

LEATROIE " il 1)

iy OATROEY " whiene O JUHE g sce tubde
Ih ||-|.i|:|;g_ alad cuasd i
thy A1 L TR I, i, 2y
Ay 40
! 14

Smction slibe of pumgy:
|at ] (LT
h Fews |20
It
ising prasfeeting phpses.c b LA (s talile 581
Iy = I.lhﬂ.l?l" iR ]|
S PR TA TS
Lhsimg J-mumiber prasjecting pipes ILEHIds 3
T 2w
st o sbanalarnd S b pipae el ol ko U see Labke 3.8)
i 11,8 sUL2H 2an
ALLHI i
Pavfual hucaaad [oesss asm e snctiven sishe ol puagag
P2 AR 0 nesk] 2

FEXAnl din

Pelivery slabe of pranags
Fhsmg eopation TH bor fhae suchicin i, 4
IR
T il L
hy PO L Mty
vl 4 B pee able 200 st ofd st i amd |- TS
(TR0 2R st s '
b
Pladng progecting pipgss ol b DTGl 580
lig FHsn2y - Ul
i

D vk siilve ol b K1 uiblbe 3.4

Iy Holl skl 2R 2 K
(IRTERT
i paie valve of b U2 ke 540
Iy (TR e AL ] |

IERNTNIREAET

O

Fomnl  hewd  loss o the

suclion sishe ol puamjs

142000 3 m

1



Presipn sheet 6

HET

CALCULATIERN

s whack valve o b KA nslale 5.4
I RTINS
TEERRITY

i gl vulveed b L2 inlile 540

Iy o o o 2RI

RN ETT]
I s o standaind elluss pipe bk d b A
Iy T N e SR 1
Wi 2o
Foabail Biasnd Birss oo el deBinery siohe ol o

AT & A0 a0 (hARE v gp D)2
| Eim

[£2000 0 0,11
3 EXm

Wortarl Bk bicss on Ehe system, 11

1w o capachive
I Lepel | AT ARl b s 14302
. A 2aw
PRk W,
T EELVET s

0K

HESULT

Tanlal  Jecsd
delivery sidke of punp

I Im

Lol T hoss cm Pl

saalom = 14501 2m

P capucity = 4H0EW

Prerivid For amipang O Bl wpwber ol comdition

foate ol soater o UKL T sl bl p
1 Ihm e
ISty gl pips Mikhrm
Suetiom shile al pamgy
b lsiirg cvquiion 28 bor fhee socbion i 4
Tk 3 PR S
i ad

ITHU B il )

thyn g IL2THLY A
where € Tk Csew vkl 2000 wiing old cisp e
Uy ™™ (LRI TH LRl T 2
by 18 154 4,14
I4.21
Pt b Lim
i (5% Bl

G4

AP 3

Rawe of soer o

11 28m ise

lowis ) ghw




Desipn sheet 7

[ REF TCALCULATION

= 3m
= iLiiHm
Ulsng @ stumdand S0 elbow pipe bemd of b 03 psee table 380

ot haziad Boss v the ssctian siske ol puamp
FU3 o EkAML v ChAMDE b kM| 2

Tim

Dielivery side of pump
| lsking woquution 28 fw the sectbon besd. L)
. T} TH il
= B ITHCT bt "
h = Lo ™ Lwc Pty
awhere O = LM (s e 286 asing ofd cast ironband 1= 15m
0T 2 i o' oty
(FERTLY
Elsag projecting pipes of k- Lk juiblc 5.8)
hy Lo s AL2H 0 3nRl
= LM
Ulsing chisck vislve of k= B0 (lable 34§

he = B 28 280
i3 m
I ufing o stancurd 907 el pipe beind o k i3
hy TRERThr S IUN

= LAnb2m
Fertinl bzmd Dose o the delivery side ol pamp
0 O W R e W SR E R

|4 Tm_
Putal Treeald Bass on ihe susieim. 1 A0 14T
204470
Pamp caghwity:
Iy Legl | TR TR 2 R (1T TR Y )
ARUARFIW
ANR W
[ aeh

I (RN F Rk Sl IR TR |
TLAER] 2m
Llsing g vabve ol k= 002 (able L4 b 0.2 % fSxihd’
Pl 1
LR T

RESULT

Powad hesd oy o tha
suction sl ol praasp

Xim

Posin]l hewd  boss op i
debivery:side of mimp
I ATm

Tolal Biad luss o the

swndem = X hab AT

P coprcity = B




AFPPEHDIX B

Sheet 1: Catchments characteristies and drains values of the estate
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Sheet 2:

Catehment™s characleristics and drains values of the estate.

| [ ! Comcentration | HumslT Rl Arca | Cadchmenis Mumber o Conmlributing | Contribused Fliwing
Lides | Lenpth | !'ili!rg.' . Time | Iensiny | CoclTicsend ! L uaniiy Lalchmen [raine Luamirn Llunmiy
3 LU Draing

e . wi wres (e | w' s iy ' ey oy

A | W | 217 : .3 TRy U3 732 1. C1LR 2 1520 1.233 (LAHE
A3 4 L§7 | P 7154 ih:3 e A V2 . 3 2122 .2t LIRS
Al St 108 ! 873 i 03 £.344 | LLI%D 24 x . irin
AZS | 8D | 1M | &R 7147 .3 a6d | 46T 23 - U 17
A2 BE 169 : B35 25 ] 7635 0077 26 = 0.7
AT 1 | 435 | 1260 7378 DE | 15860 | e 7 1326 0144 0. B
A28 U5 I 21 B73 T262 0.5 15,950 LERL ) - (U
AN | 2 | 298 PR FEET T E3%0 | 0.0K4 9 519 EC U873
A | W | 28 B35 251 0.5 7380 0,074 o 2729 e 1255
A3l | S | A0 L 26 | us 108748 1.0 b 3 CHERE 284 6394
4320 i 797 T3 | S 1450 | 7T 32 = - 77
AXl | W 2H9 .3 EEE L GRI2 | e 33 3 4457 4.1%6
AH 180 444 1151 743 | 03 8300 [L187 34 1334 kT I.364
AdD i H B : b7 714 k3 3.HK) i 032 35 28,34 1325 1,337
Al6 | 110 1uz | Bl 7358 L5 LR 0.0 3 3569 4.IxK7 4,047
AT Ll 14 7.38 7221 0.3 DBl CRUSIE 7 a3 5451 5549
LB Ik m | 18 7354 1.5 LA (M0 I8 LS ] (1.2 L1652
TH T B e T TIRY | OF 5.5 hN5S ] - - eI
L] 11 S 18 T35 B 21 AmRi 1314 4 4542 01:333 0547
134 4 F2Am [ T3HF 05 | 24HU 226 41 = S 220
15 e | 273 | Y62 72.RM 0.3 | 1) ALY 42 5 3 107
e | I3 | A8 1303 T892 0.5 [ 34040 (1.350 43 x = L350
BT | 200 4.BF | IL.57 377 U 20 HER 0,207 4 - = 1207
EH] ! LU 232 | w2l T265 ({5 Y ARHI 0] 45 44 0207 29

102




Sheet 3:

Calchments characteristies and drains values of the estate

| Conceniration | Hunoff Rl Area | Catchments | Mumbice Coniributed Flowing
CUndes | Lemgth | Slope | Timg Imiensmy | LoefTicsen Lhunntis of Catchiments | Uoniribusing Cluamiin Lunmiity
1 {L | | [esins [Hrair=

nr | ATIY o fanagr | nyr nr sec nr PR T J1|r.'|'ﬂ.'

(1LY 1y A 1132 T3. 70 (L5 I 1K 464 118y 4 i 189
ELIdE 4% 273 454 Tl b5 4,3 LERE R 47 43 A= 11 Tty LE R

| Bil 3 203 107 7112 5 3.240 AnE2 4H 47.44 i5T3 L5373
. Ail 1nan AR5 E.23 TL.50 5 I 10, 1K) o, 44 01, F{E2
TTE 1081 7 Rl .30 T2.51 11,5 I o, 201 0,053 =0 T 0093
B4 111 EN. - T250 0.4 1.0k ikl 51 - 011l
RIS | e | 188 5% 448 T 14256 | 0148 53 4553 0517 i1.663
Bila 224 & (KR T4.14 .5 212E0 02y L] - {1398
BI7T | 90 | 2™ [EE T2 T 2350 | 0.086 5 . 0196
LK F4 LT 11,34 Ti435 (.3 b e 2 - 35 52 01,65 LR
i 5l 2,9 i 7158 §h3 L83 ) MR 5t 5503 1223 B ]
2y il | 2493 b L TET] {3 R LEA LIRS 57 LS50 {1214 w3z
21 13 298 (%l 7283 s fLif T | 1% 58 - 048
B 150 R 10,89 1327 L5 177041 | 1 IRk 3 57.58 (L 38D 0, 5460
k] lou 248 L 1266 L% 4200 13,014 % [l UL Bk L7
B4 %3 14 L3535 407 (1 B 2,255 fal 0465
B3 250 Tt 1253 FEN i3 21 50 0,241 fl (463

| B2 2 24p] 9l T U5 g ns il (.231
BIT | 40 | 1% Ixe 7344 TE 13330 | w.4b X f26 TEET? 456

- HIE ef 11 bl ] 1345 7404 . (1.5 EENTH 346 K] iLblE
(W3 | T0 | 2mM | 82 7235 T 2,550 i1.026 an 1059
B30 g | 302 | BES Taoh | (hS G_0{K) XN 67 - TEITE
B3l 240} i, [l 11.33 T4 . ik3 11080 L [r) it G167 0.8 34 ID&a3
B2 LE 184 R 7T M3 {9800 | D99 h BT 2351 2,450

|13




Sheet 4. Catchments charactenstics and drains values of the estate.
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Sheet 5:

Catchment’s characteristics and drains values of the estate.
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Catchments characteristics and drains values of the estate
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Sheet 7: Catchments characteristics and drains values of the estate.

Cuanceniralion | Runafl Cachmenis Lomirbaiesd Flwing

Codes | Length | Slope l'imse Infcrsaty Rl s Cpuaming Mumher Cparriuimg CJiiantin {lumiils
Al EI0F S e mm badre | Coeflielent | ey ' ver ol Catehments [yrains P P
353 2 152 LIRs | 7208 03 Ta 00 D:-:?H - (L00s
[¥34 137 14.78 1223 | &l 0.l 18318 0184 143 - (.114
D3 73 279 .16 1215 03 T4 TITE 144 142143 0119 THEE
D36 1l 317 9890 T8 0.3 H320 (L4pS 1 145 44 fh124 175
D37 | ™ | 275 763 T30 i3 12640 | 76 Hb - . T
BEY & 27 732 1232 3 For LIEIES 147 40, 148 0,22 01,158
IREL 11K it 813 7244 (3 TP {4 148 - = .04
(] 132 ER | B3 7244 0.3 (LT 11,0453 14% - - 0.063
4L | 131 | 409 10,20 7306 b 10721 | 0063 150 = T 00,045
(k82 1ig 174 415 F2.78 0.l 1. IRl (LK 151 147.149 [ {1304
a3 [T 37T w07 1247 03 CE 142 153 150 153 i), (% TNEL]
M3+ il ) £.43 | T253 (.3 | &al LN 153 {2l
(2 b 1410 4.14 Ik 15 1505 (.3 20, T 0.175 154 - 175
I_HTIE- [ B 274 T.73 o (3 1 (MK WL ELL] 155 152,154 {305 341
[W_n‘ [ 283 7.70 7231 K BT 1042 156 145 i 0217
| D4 2713 HR0 el 1] 7141 i3 T.E40) LEEFEE 5 135,136 (0.33% 1 fin
49 7 282 729 7119 K I 1120 158 - 01,0129
1350 T AT | 745 T3.H 0.3 T8l LERTIHE] 154 151157 04 0.9}
1150 i33 4.13 2.7 393 i 7581 | LENEE LY ik Il e 0518 .634

pE | 30 | 21 13.14 73.54 03 TLUK | 43R 161 TSATE 0034 U471
51 R 224 Baa 2.0 0.3 | 4.7 0,07 162 - 0 (20
k54 ) 1.1 BX7 TL4AR 0.3 Tih LIHIE 163 (05
k55 11k ENE | RTT T3 0.3 T840 ST 164 - ity

107




APPENDIX C

Sheer 1: haracieristics of Drains for the Estate.
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Sheet X Characteristivs of Dranns for e Estate.
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APPENDIX D

Sheet |: Characteristics of Conduits for the Estate.
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