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Abstract

A Flocculation system for water treatment faigibtcomprises of a flocculation tank having a gityraf
baffle which divide the interior of the flocculatidank into a plurality of components. The baffte arranged to
provide inter compartmental openings between adjagpstream and downstream compartment, whichrim dte
arranged to provide a serpentine flow path throtighflocculation tank. A mechanical mixer is mouhta each
compartment for supplementing the mixing energyioled by the serpentine flow, particularly duringripd of
low water flow rates. The aim of this research wako construct a model of a flocculation tank alalp of
contributing in the water treatment process to t@womestic water supply for NDA permanent sitiee Bbjective
of construction of coagulation /flocculation chamiseto produce a settled water of low turbidityighhin turn will
allow reasonably long filter run using suitable golants type and required amount or dosage and\dnbi an

effective floc formation.

I ntroduction

Water is very important for the survival of all
living organism. It occupies almost 90% of mateyial
making up the living organism. The use of water is
increasing rapidly with our growing population. dédy
there are acute shortage of both surface and grolerd
water in many part of the countries ,careless fiotu
and contamination of the streams ,lakes ,reservahs
and other underground sources has greatly affext th
quality of available water . This pollution is asesult of
improper disposal of waste water both industriatl an
domestic. In areas where water occurs in abunidant
satisfactory provision in term of quality and qugnt
availability to users, cheapness and the effedisposal
of in excess amount is always a challenging enginge
and management problems, hence the supply of water
anywhere and for whatever purpose is always a big
project. Scientists began to recognize that specifi
diseases could be transmitted by water. Since that
discovery, treatment to eliminate diseases causicgo-
organism as dramatically reduced. Although water
treatment processes has greatly improved the yuaiid
safety of drinking water. Water can become
contaminated with these organisms through surface
runoff which contains animal waste, failure in $ept
sewer system and sewage treatment plant effludrice.
primary process in surface water treatment is cbalmi
clarification by coagulation, flocculation, and
sedimentation. Lake and reservoir water has a more
uniform year round quality and requires a lessgree
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of treatment than river water. Natural purificatic@sults

in the reduction of turbidity and coli form bacgeriand
the elimination of day-to-day variations. On théeat
hand, algal growth cause increased turbidity ang ma
produce difficult-to-remove tastes and odours. The
choice of chemicals to coagulate the water for neahof
turbidity depends on the character of the water and
economic conditions. The most popular coagulant is
alum (Alluminium sulphate). As a flocculation aithe
common auxiliary chemical is a synthetic polymer.
Activated carbon is applied to remove taste andr-odo
producing compounds. Chlorine and fluoride are post
treatment chemicals. Pre-chlorination may be used f
disinfection of the raw water only if it does nefsult in
formation of trihalo-methanes.(MIWR,2009)

Quality of Raw Water

Raw water is that which no treatment is applied
.Improvement in raw water quality is noticeable giyr
as a result of retention of water in the reservbiis is as
a result natural settling of suspended solids. Tikis
accompanied by marked reduction in pathogenic
organisms.
Water Analyses

Various types of impurities present in water can
be determined by water analyses. This analysismed
both for raw water as well as treated water or fimdti
water. The examination of raw water will unabletas
determine the outline or processes of water patito.
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Water analysis of purified water is done in ordekhow
whether the degree of purification has reached the
required standards or not. The following are theppses
of water analysis of raw water and purified water:
i. To classified the water with respect to general
level or mineral constituents
ii. T o determine the degree of clarity and ascertain
the nature of matter in suspension.
iii. T o determine the chemical and bacteriological
pollution of water.
iv. To determine the level of organic purities.
V. To set the outlines of purification process and
specify various stages in it.
The examination of water may be divided into:
(@) Physical examination and
(b) Chemical examination.
The Physical Examinations. These consist of
i. Colour test
ii. Taste and odour test
iii. Temperature test
iv. Turbidity test
v. Conductivity measurement or test.
The chemical examination: These consists of ,
i. Total solid
ii. Chlorides
iii. Hardness
iv. P"value
v. Dissolved gases.

Types of Impurities Found In Raw Water

Absolute pure water is rarely found in nature
The impurities occur in the progressively five ssg
above. Different methods of treatment as required f
their removal or reduction to acceptable limits.
Suspended Solids:.- These are solids particles which are
commonly found in running water. Running water has
the capacity to accumulate and transport solid enatt
high density than stagnant water, the high theciglmf
the running water the more particles picked up.sThi
water is at their most turbid state, because of the
increased velocity in the channels. Some example of
suspended solids particles are algae, protozoterimc
Dissolved Solids:- These are soluble substance normally
found to be associated particularly in ground wated
sometimes in surface water. They could be calcium,
magnesium, sodium, potassium, iron. These are rlgrma
combined with bicarbonates, sulphates, chloridiisata,
and other salts. Gases may be absorbed particularly
carbon dioxide, oxygen, nitrogen and ammonia.
Colloidal impurities are electrically charged. Duoethis,
the colloidal particles usually very small in simain
in constant motion and do not settle.
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Treatment Required

Treatment of water is the process by which raw
water intended for use by the public passed through
certain stages to determine areas of possible
contamination along the delivery time required hseait
provides results to prove that the water reachimg t
consumers is certified for human consumption btirtgs
through the main approved water quality process
involved in the treatment of raw water to accepabl
standard. Full treatment of water for domestic psgp
may comprise of the pre-treatment (which include
screening, pre-chlorine, aeration and water stQrage
Algae control and straining coagulation, the additdf
chemicals mixing, flocculation, settlement, filicat and
disinfection.
Coagulation and Flocculation

Flocculation is the controlled motion or
agitation of water which will assist in the fornmti of
settle-able floc formation. Finer particles must be
chemically coagulated to produce larger floc that i
removable in subsequent settling and filtrationcpsses.
Coagulation and flocculation are sensitive to fexgch
as type and nature of turbidity producing

Substances, concentration of turbidity, type of
coagulant and its dose, the rate of change of itglper
unit distance normal to a section, the pH of théewatc.
Coagulation and flocculation are clarification nmth
that works by using chemicals which course the
suspended particles to attract and stick togetbethat
the settle out of the water or stick to sand areot
granules or a granular media filter. If the susmehd
solids in the water are fine or colloidal in sizgeemicals
are often used to effect more complete removal of
suspended matter. Flocculation is widely used i@ th
treatment of water, industrial and municipal effiteeto
remove suspended solids quickly. It serves as asnef
assisting in the removal of colloidal particles dausing
them to form large aggregate through the additibn o
chemical reagents (flocculants). Flocculation may b
accomplished using a variety of means includingtbho
rotating paddles flow through over and under baffle
chamber and with the addition of a gas usually Hire
flocculants that are widely used are aluminum satiph
ferrous sulphate, and polyelectrolyte.

Common Flocculants Used

Commonly used metal coagulants in water
treatment are (1) based on aluminums such as alumin
sulphate, sodium aluminates, potash alum, and amamon
alum, and (2) based on iron such as ferric sulphate
chlorinated ferrous sulphate, and ferric chloride.
Aluminum sulphate is the most widely used coagulant
Synthetic polymers are used as coagulant aids poove
settling and toughness of floc.
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Jar tests are widely used to determine optimum a&m
Aluminum sulphate or Alum

This is the common and universal coagulant used in
water works. It chemical compositionAd,(SO,)18H,0.

It requires the presence of alkalinity in watefdom the
floc. Much water has bicarbonate alkalinity natlyrah
them. When dissolved in water, aluminum sulphatede

to hydrolyzed into aluminum hydroxide as is evident
from the following reactions:
Al5(S04)18H,0
(HCO3),=2AI(OH)5+3CasS04+18H,0+6CO,
The aluminum hydroxide formed above is insoluble in
water and is therefore a floc.

Ferrous sulphateand lime

Ferrous sulphate or copper can react with natadaluom
bicarbonate alkalinity in water, but this is veryuch a
delayed one =. Hence lime is used with ferroustmatip
FeSO,.7H,O+Ca (OH) =Fe (OH) ,+CaS0,4+7H,0

The ferrous hydroxides thus, formed, through aitiefit

floc is soon oxidized by dissolving oxygen in wagerd
ferric hydroxide is formed

4Fe (OH) ,+0,+2H,0=4Fe (OH) 3

Polyelectrolyte

Polyelectrolyte’s are high molecular weight, water
soluble polymers. They are classified as anioratipaic

and non —ionic depending upon the charge the carry.
Cationic polyelectrolyte can be used independernsly
effective coagulants while others are used as daagu

aid along with alum etc. the cationic polyelecttehare
available under certain trade name such as floccal
N,Magnifloc972, Mogul 980 etc with polyacrylamidies,

is important that the un-polymerized material dtiche
absent. The amount of a polyelectrolyte used ig ver
small in elation to the amount of the primary cdatgi

The use of a polyelectrolyte not only boarded the P
range over which satisfactory flocculation coulccwg

but may also reduce the quantity of primary coagula
required. The usual dosage is 1ppm

+3Ca

Purpose and
Flocculation

The purpose of coagulation and flocculation is
to remove particulate impurities, especially nottlse
able solids (particularly collides) and color frothe
water being treated. Non settle able particlesateware
removed by the use of coagulating chemical.

Importance Of Coagulation And

Literature Review

Long before the development of civilization,
people recognize the difference in water qualityat§y
from various sources tasted sweet, salty, bitteisowr.
Somewhere hot while other were cold.
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Lerh et ai (1980) said that migrating tribes alsew that
water at some cases ,springs or wells producedssgl
usually diarrhea. Through out the Middle East campa
censer's army had to boil water to ward off dysente
(Gass 1980) even earlier Hippocrates had warned his
colleague to filter and boil water before drinkihgSome

of worldwide plagues are epidemics were waterborne
since sanitary protection of water supply faciitiwas
practically none existent (Gass et at 1980)

Early Water Treatment

Although drinking water should be palatable
and wholesome, to be palatable, water must befifoee
color, turbidity, test and odor, to be wholesometer
must be free from diseases against poisonous sudesta
and excessive amount of minerals and organic matter
“Diseases producing organisms (pathogens) will be
transmitted by water contaminated by faeces “(Bichi
1997). The first large municipal filtration systewas
built in Poughkeepsie in New York, United statel8v1;
more sophisticated surface water treatment plamise w
constructed before world war one, using chlorinati®o
control outbreak of typhoid fever.

Modern Water Treatment

Today municipal water treatment plants use a
variety of processes which include screening, pre-
chlorination and sedimentation. “Coagulation” can
remove sediments, turbidity, color and organic eratt
.Softening reduces hardness “(Lerh et al 1980)
clarification, filtration and oxidation are all us®®
remove very fine particles and manganese (Lehr,
1980) reported that post chlorination is probably final
treatment process in most plant. He also obserkad t
fluorides may be added to some supplies to protect
children from tooth decay. There is still a widnge
among final values of certain constituents in fieid
public water supplies. To aid coagulation and impro
performance, coagulant and filters aids are usdilténs
prior to filtration or added to the filter mediaagmns. An
American water works association publication 1969
reveals that the addition polyelectrolyte as filted to
“the filter influent has the same effect as dedrenshe
grain size or pore space “ which increase the rfilte
efficiency . Other factors like the"Pand temperature
performance. The 'P value of water affects the
coagulation process which plays a major role in
filtration. The best coagulation results are usuall
obtained with alum when thé'Ralue is between 6.5 and
8.5. Until in the mid-28 century the design of treatment
plants was handled exclusively by Civil Engineensl a
emphasis was placed on the hydraulic foundation and
structural aspects of the design.
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A horizontal flow baffle channel flocculation basivas
provided to ensure efficient agitation of the rawater
after the addition of the coagulant. Although honial
flow flocculating basin required very large arealarid
(which is very expensive in urban areas),it hasesdv
advantage over mechanical flocculation in the oafse
rural areas it requires no imported equipments laodl
materials and personnel. Hence it is preferred in
developing countries. The design also favours
sedimentation basin for more efficient treatmentaofie
quantity of water .Also the scrapper helps on dicieht
disposal of sludge without much waste of water. The
simplicity in its structural design makes it fassecostly.

In order to achieve a high degree of treatmentoav sl
sand filter is provided.

Coagulation and Flocculation
Coagulation: - The process by which colloid particles
are destabilized is achieved mainly by neutralizimgjr
electric charge, the products used for this nema@bn
is called a coagulant. In this process, very fingpgnded
solids and colloidal solid and particles with didere of
less than 0.0lmm these include fine silts, for days
months or even years although individual particles
cannot be seen with the naked eye. Their combiffedte
is often seen as color turbidity in the water. Tehos
particles if not properly coagulated and flocculathey
could adversely affect the clarity of water, b iaste
and odor, as well as the effectiveness of chlorine
disinfection. Coagulation works by eliminating the
natural electric charge of the suspended partgtethat
they attract and stick to each other, the joinifighe
particles so that they will form large settle apbgticles
is called flocculation. The large formed particlase
called floc. The coagulation chemicals are added in
tank (often called a rapid mix tank or flash mixemfich
typically has rotating paddles. Inmost treatmerangs,
the mixture remains in the tank for 10 to 30 sesotud
ensure full mixing. The amount of coagulants that i
added to the water varies widely due to the differe
source of water quality. One of the most common
coagulant s used is aluminums sulphate sometiniliesica
filter alum. Aluminum sulphate reacts with waterféom
flocs as aluminum hydroxide. Coagulation with
aluminum compounds may leave a residue of aluminum
in the finished water. This is normally about 0d t
0.15mg/l. It has been theorized that aluminum ban
toxic to humans at high concentration. Iron (iijphate
or iron (iii) chloride are other common coagulariten
(iii) coagulants work over large™Prange than aluminum
sulphate but are not effective with many sourceeveat
Others benefits of iron (iii) are lower cost andsiome
cases slightly better removal of natural organic
contaminants in some water. Coagulation with iron
http: // www.ijesrt.com
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compounds typically leaves a residue of iron in the
finished water. This may impart a slight tastetlie
water ,and may cause brownish stains or porcelain
fixtures ,the trace levels of iron are not harnmtéuhuman
and indeed provide a needed trace mineral bec#use
taste and stains may lead to customer complaints,
aluminum tend to be favored over iron for coagolati
Cationic and other polymer can also be used. They a
often called coagulant aids used in conjunctionhwit
other inorganic coagulants. The long chains oftpady
charged polymers can help to strengthen the flokinga

it larger, faster settling and easier to filter.olihe main
advantages of polymer coagulants aids are that dioey
not need the water to be alkaline to work and they
produce less settled water than other coagulardchndan
reduce operating costs. The draw backs of polyraers
that they are expensive, can blind sand filters fitats
and that often have a very narrow range of effectiv
doses.

Flocculation: In flocculation, coagulants are used to
stabilize the particles. The chosen coagulantstiaamdaw
water is slowly mixed in a large tank called a
flocculation basin unlike a rapid mix tank, the
flocculation paddles turn very slowly to minimize
turbulence. If sedimentation is the intended dieation
method, the principle involved is allow as manyticés

to collide with other particles as possible geriegalarge
and robust floc particles . Generally the retentiore of

a flocculation basin is at least 30 minutes witleexp
between 0.5 feet and 1.5feet per minute (15 to 45cm
minute. Flow rates less than O0.5ft/minute coarse
undesirable floc settlement with the basin. An
increasingly popular method of the floc removedys
(DAF) dissolve air flotation. A Proportion of claed
water, typhical 5.10% of through put, is recycled air

is dissolved in it under pressure. This is injedtad the
bottom of the clarified tanks where tiny air bulsbkere
formed which attach themselves to the floc particad
float them to the surface. A sludge blanket is fedm
which is periodically removed using mechanical
scrapers. T his method is very efficient at flomoxal
and reduces loading on filters, however it is utadlée

for water source with high concentration of seditmen

Chemical Coagulants Commonly Used

TABLE 1
NAME FORMULAR
Ferric Alum Fe(SOy),.Al(SO)324H,0
Poly aluminum| Al,(OH),. 7Ck)15
chloride
Ferric Chloride FeGl6H,0O
Calcium Hydroxide | Ca(OH)
Calcium Oxide CaO
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The most commonly used coagulants are ferric alum.
However Poly Aluminums Chloride (PAC) is also used
as coagulant. The advantages of PAC are:-

i. It gets properly dispensed

ii. Itdoes not have any insoluble residue

ii. It does not affect the settling tanks

iv. Itis more effective than alum

v. It requires less space (may be about 50%)
The disadvantage of P.A.C is that it is less eifffecin
removal of color. Another common coagulant is alum
(AL(SOy)3 18H,0) which reacts with the alkalinity of
water to form aluminum hydroxide floc. According to
the following equation
AL2(504)3 18H,0 + 3Ca(HCO4)2
+2AI(OH); + 6CO, + 18H,0
Aluminum sulphate + Calcium bicarbonateCalcium
sulphate +Aluminum hydroxide+ Carbon-dioxitieater
If the water does not contain the required alkaititpay
be necessary to introduce lime (CaO) or soda ash
(Na2CO3) in addition to alum to get proper floctida.
Selection of Coagulants

Coagulation is a physical and chemical reaction

occurring between the alkanity of the water and the
coagulant added to the water, which result in the
formation of insoluble floc. The most important
consideration is the selection of the proper type a
amount of coagulants chemical to be added to therwa
to be treated. Overloading as well as under dosing
coagulants may lead to reduced solids removal
efficiency. This condition may be corrected by ¢altg
performing jar test and verifying process perforoen
after making any change in the process of the
coagulation process.
JAR Test
The jar test has been and is still the most widedgd
method employed to evaluate the coagulation process
and to aid the plant operation in optimizing the
coagulation, flocculation and clarification proceBsom
the turbidity values of the settled water, setthrgdocity
distribution curves can be drwn.These curves haenb
found to correlate well with the plant operatingadand
yield useful information in evaluating pretreatmesich
as optimizing of velocity gradient, agitation and
flocculation, P!, coagulation dosage and coagulant
solution strength. Such curves cannot be generated
are relevant in the plant for which the data haeerb
collected through the jar tests.

— 3CaS0,

Tank Description
The flocculation tank is a rectangular tank that
can be constructed of poured concrete, it con$itiree
section of all the end baffled flow each sectionswa
constructed with downward bed slope of 1:40 each
section has a vertical drop of about 4.8" so thw t
http: // www.ijesrt.com
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beginning of section one is about 14.4” higher in
elevation than the end of the third section. Tlhpeswas
installed to counter balance head loss and wasechios
an attempt to maintain a constant water depth bf al
points on the tank. A space is left at the bottdnthe
baffle in the second channel to create a scourttjan
which might help to keep particles from settlincheT
outlet to the sedimentation tank consist of simple
connection channel with no pipe or weir ,so thnmst
surface  water in both the flocculation and
sedimentation tank are the same. Lastly an acsags
divide the first and second section approximatejyad
in width, so that the operator can easily walk glthe
tank clean/adjust baffle.
Interaction with Sedimentation and Filtration

The process of coagulation and flocculation are
required to precondition or prepare non settle-able
particles present in the raw water for removal by
sedimentation and filtration. Small particles (fardarly
colloid), without proper coagulation and floccutatiare
too light to settle out and will not be trapped idgr
filtration process. Since the purpose of coagumatio
flocculation is to produce particles removal, the
effectiveness of the sedimentation and filtratiprocess
as well as overall performance ,depends upon ssitdes
coagulation =flocculation

Sludge Handling
a. Sludge characteristics

Water treatment sludge is typically alum sludge,
with solid concentration varying from 0.25 to 10%em
removed from a basin. In gravity flow sludge remova
system, the solid concentration should be limited t
about 3%. If the sludge are to be pumped, solid
concentration as high as 10% can be readily trategho
In the horizontal flow sedimentation basins precebg
coagulation and flocculation over 50% of the flodl w
settle out in the first third of the basin length.
Operationally, this must be considered when esthinlg
the frequency of the operation of sludge removal
equipment.
b. Sludge removal system.
Sludge which accumulates on the bottom of the
sedimentation basin must be removed periodicatylfe
following reason.

i. To prevent interference with the settling process
(such as re-suspension of solid due to
scouring).

ii. To prevent the sludge from becoming septic or
providing an environment for the growth of
micro-organisms that create taste and odor
problem.

(C) International Journal of Engineering Sciences & Research Technology
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iii. To prevent excessive reduction in the cross-
sectional area of the basin (reduction of
detention time)

In large —scale plants, sludge is normally remoeedin
intermittent basin with the aid of mechanical sledg
removal equipment. However, in small plants witkvlo
solid loading, manual sludge removal may be mowt co
effective. In manually cleaned basins, the sludge i
allowed to accumulate until it reduces settled wate
quality. High level of sludge reduces the detentiome
and floc carried over to the filters. The basine Hren
dewatered (drained), most of the sludge is remdwed
stationary or portable pumps, and the remainindgeus

removing with squeegees and hoses. Basin floors are

usually sloped towards a drain to help sludge reahov
The frequency of shut down for cleaning will vargrh
several months to a year or more, depending onceour
water quality (amount of suspended matter in theewa

., In large plants, a variety of mechanical devicas be
used to remove sludge including,

-Mechanical rakes

-Drag-chain and flight

-Travelling bridge

Circular or square basin is usually equipped wattating
sludge rakes. Basin floors are sloped towards émtre
and the sludge rakes progressively push the slddga
towards a centre outlet. In rectangular basins, the
simplest sludge removal mechanism in the chain and
flight system.

Safety Consideration

In the coagulation —flocculation process,

operator will be exposed to a number of hazardk asc

i. Electrical equipment

ii. Rotating mechanical equipment

iii. Water treatment chemicals

iv. Laboratory reagents(chemicals)

v. Slippery surfaces caused by certain chemicals

flooding.
Confined spaces and underground structure suchlas v
or pump vaults (toxic and explosives gases, incieffit
oxygen) strict and constant attention must be giten
safety procedures the operator must be familiah wit
general first aid practices such as mouth to mouth
resuscitation, treatment of common physical ingjrend
first aid for chemical exposure (chlorine). Thedalings
are some special safety precaution applicable @ th
coagulation —flocculation process.

1. Most dry chemicals can irritate eyes, skin and
mucous membrane —dry-chemical feeder should
be equipped with dust control equipment,
protective clothing, goggles and a respirator
should be worn when the chemicals are being
handled.
http: // www.ijesrt.com
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2. Dry alum and quicklime when mixed together
create tremendous heat, if the temperature
should reach 1, 166593°%), highly explosive
hydrogen gas will be released; these and other
chemicals should be stored and used in a
manner that will prevent improper mixing.

M ethods of Feeding Coagulants
There are two methods of feeding coagulants torwate
a. Dry feeding
b. Wet feeding
Dry feeding is the simple operation and requires
relatively less space for its work. The feeding hiaes
are also cheaper. However, control of dose isadiffi
The dosage in the wet feeding equipment can bestdju
more readily and can be easily controlled by medns
automatic devices however the chemicals which are
corrosive in nature create problem in wet
feeding.

_ ABITATING
— PLIED

L=

CONICAL
HOPPER

P TOATHED

WHEEL ORidNG
MG CHEEL

HELIGEL
—| 2GREW

i ST

r MIXIG CHATINEL

FIG1

(a)By toothed wheel
(b) By helical screw
Dry Feeding

The diagram above shows two common devices
used for dry feeding. In each case, the coagulang
powdered form is kept in the tank with hopper bmttdn
order to prevent the arching of the chemical, igita
plates are placed inside the tank
In (a) the feeding is regulated by the speed otdb¢hed
wheel which is connected to the venture devicehm t
raw water pipe.
In (b) the feeding is regulated by the helical acr&he
drive unit of the helical screw is governed by teature
device in the raw water pipe..
Wet Feeding

In the case of wet feeding, the solution of the
coagulant of the required strength is preparedsanckd
in a tank from where it is allowed to fall in theannel.
The quantity of the mixture falling in the wateracimel
is regulated in proportion to the quantity of floMdet
feeding can be done by conical plug and float. The
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solution of the coagulant is stored in a contacadhe
feeding tank. The feeding of the coagulant to raatew
channel is regulated through the conical plug whih
govern by the movement of the pulley attached ¢orti
which in turns is rotated by the rock and pinion
arrangement.

Mixing Devices

The mixing process not only mingles the
coagulant with the water but has a very great efipon
the formation of the floc. It is usual to introdutiee
chemical at some part of high turbulence in theewat
After the dose of the chemical is added to the nater,
thorough mixing is provided by the following method
1. Centrifugal Pump

In most cases, centrifugal pump is used to raise
the raw water settling tank. The required dose haf t
chemical therefore can be added to the suctiondiribe
pump. When water is fed with the coagulant passes
through the impeller of the pump, mixing is
accomplished by the agitation. However, after ttzew
comes out, some gentle agitation is required togged
result and accelerate coagulant and sedimentation.
2. Compressed Air Agitation

In this method the raw water fed with coagulant
is agitated vigorously by diffusing compressed fedm
the bottom of the mixing basins.
3. Mixing Basin Weith Baffle Walls

In the horizontal or “round type” basin, the
water flows horizontally for a short distance males
complete turn and continues back and forth arotned t
ends of the baffles. This causes turbulence andenhtire
mixing, another type, known as the vertical or “oaed
under “ type and in smaller plants has verticaiyding
baffle walls due to which are not used up and down.
Mixing basin with baffle walls are not used now aese
of high head losses and vibrations in the velagitie

S ' T

RN B

N N 7 N~ —
o Nt —

LT

OUTLET
Figure2

M ethodology/Analysis of Result
The method established for the study involved
the collection of samples from the river for thedst area
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and these sample were collected from the lowetr gfar
the river valley. Interview was carried out witheth
respective personnel of the NDA permanent site and
other close by the inhabitants regarding the
contamination rate and how it has been affected by
farming close by.

Data Collection

The necessary data obtained from the analysis
carried out on the sample is very essential in fhic
will provide the reliable results to be comparedhwi
those stipulated World Health Organization (WHO)
allowable or permissible for any water to have befo
recommendation for usage. The presentations of data
obtained from the chemical analysis are illustraied
table below.

Table2
Chemical analysis of raw war sampled from river gora
SINO | TEST RESULT
1 Turbidity 5.44NTU
2 P 7.2
3 Chloride 49.98mg/l
4 Total Alkalinity 26.00mg/|
5 Total dissolved 34.1mg/I
Solids
6 Total Iron 0.2mg/l
7 Lead -
8 Total Suspended 15.3mg/l
Solid
9 Hardness 22.52mg/l
10 Acidity 8.2mg/l

Table 3.Who Water Standards (International Standard For
Drinking Water)

S/INO | TEST PERMISSIBLE | EXCESSIVE
VALUE VALUE
1 Turbidity 5 25
2 P 7.0-8.5 <6.5 or <9.2
3 Chloride 200 600
4 Total - -
Alkalinity
5 Total 500 1500
dissolved
Solids
6 Total Iron - -
7 Lead - -
8 Total - -
Suspended
Solid
9 Hardness 30 500
10 Acidity - -
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Population Study
In population estimation of a given community, thare
various method that can be adopted, these include

i. Geometric progression, which is mostly used in

community where growth rate can be
determined through birth rate.

ii. Arithmetic means method

iii. Ratio and correlation method

iv. Comparative method
Development plan method is used in this project to
estimate the cadet expected population in the a@syét
showed that cadet’s population in NDA does notéase
geometrically but based on NDA TRAINING PLAN.
Estimate of Stabilized Population of NDA

Any water supply and distribution scheme must be
planned to serve the present as well as the futeee of
this Academy hence stabilized population of theAND
must be assessed . While designing any treatmant pl
for the population of the Nigerian Defence Acadeisy
governed by:

i. Admission pattern

ii. Staff employment pattern

iii. Deployment officer and soldier to NDA

iv. Accommodation policy.
In an institution like NDA population projection is
determined by development plan. The data collected
from various units of NDA review their present
population as follows:

Table 4. Data collected for population

Branch Population
a. Logistic

i. Soldiers 1,259

ii. Officers 211

B. Registry civilian staff 1,640

c. Cadet brigade 1,138
Total 4,248

In this project the design is based on the popratf
resident of the NDA hence, considering the size of
family to be 1x6 person by average 65% staff were n
accommodated is
1,640x6x (65/100) =6396
Total number of staff accommodateé$40-6396

=3444
Total number of soldiers1470x6=8820
Including cadet’s populatiori444+8820+1138=13402
Approximately, (4000) persons for the purpose of the
project.

It will be designed to servel400 person at the
design period dur to the fact that NDA Populatiares!
not increased geometrically; the number of regular
course cadet’s admitted into NDA within 25 yearsnir
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1980 to 2005 =1321(source NDA year book™40
Anniversary)

Discussion of Result

(). Turbidity: The value obtained from the analysis is
5.44NTU, according to the WHO standard the value
ranges between 0-5NTU the value obtained is slightl
high .What this implies, is that you will need maieim

to settle this water before any further treatnieshould

be noted however that the difference is not muahsm

it is tolerable.

(ii). P": The P'value obtained is 7.2 the standard value
ranges between 6.5-8.4. This is an indication that
water available is within the "ange that is safe and
manageable.

(i) CHLORIDE: The value of chloride obtained is
49.98 the standard tolerable is up to 250mg/|,ettoee
the value obtained is quite minimal. However the
indication of chloride in water shows faecaler569g
contamination. This from observation comes frontleat
reared around the water shed. The cattle depentisn
stream for watering and occasionally defecate direc
into the stream system. This accounts for this daec
pollution that showed slightly in the result sintas
value is negligible.

(iv) TOTAL ALKANITY: This value obtained up to
20mg/l bears out the" that this water is slightly alkaline
in nature as a a result we can conveniently satythea
water is not only safe for human consumption but ca
also be conveyed by steel pipe and its steelsthitecan
suitable for such rocky or hard ground prevalenthia
area.

(v) TOTAL DISSOLVED SOLID: The value obtained
is 32.1mg/l the total tolerable standard is up @@r8/I
this indication that, the dissolved solid is notanun the
water system. The hard water under- layer insoluble
geological formations of the area. For this reatiom
filter will be under much pressure such that itldolow
down the process of filtration.

(vi) TOTAL SUSPENDED SOLID: The value obtained
is 15.3mg/l this is equally an indication that thés no
much solids in suspension the level of suspendédsso
is responsible for the clarity of the water sample
.Chemical required for settling materials in susbem
will not be much in this case.

(vii) HARDNESS: 22.52mg/I obtained indicate that the
water is soft and not hard, in must cases surfaaemw
not passing over carbonate formation are not usuall
hard. The standard value ranges from 30-500mgrtd ha
water normally don’t form lather at once with soap.
When the sample was tested using soap it forméerat
readily with soap.

(viii) TOTAL IRON: The value obtained or total iron is
0.2mgl/l this is below the standard value which emng
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between 0.3-1.0mg/l this indicate that this wateesinot
necessararily need aeration to precipitate it dwvater.
It is safe for both domestic and industrial constiom

(ix) ACIDITY: The acidity value is first'8.2mg/l this
indication that this water is slightly acidic .Thssdue to
H+ present in the water sample. This has no effadhe
system.

Design of Inlet Pipe

(Inlet pipe)Qmax=VA but A= Qmax/V, where
A=cross-sectional area of the pipe, V=the velocity.
A= (0.0033 m%S)/ (0.65m/S)=0.0507m? .Since the pipe
is circular, the area AFD? /4, then B=4A/I1
D= (V4X5.07X10%3.142), ther efore D=2.54x10"
Flocculator Design

Assume time of flocculation 30min.(Ray and
Joseph 1972). Velocity gradient at entry in thestfir
channel G=75s', Velocity gradient in the second
channel G=35s' and Velocity gradient in the third

Water Demand Estimate
The estimate gives the total quantity of water
that will be required by the community at the dasig

period. The NDA water demand is determined by the
following factors:

a. Present population projected estimate at the end
of the design period, using population
projection.

b. Rate water demand per capital per dy the
population projected estimate carried out in the
master plan of the NDA permanent site ,the
environment consultant group(ECG) estimated
1500 people at the end of the design period. The
rate of water demand per capital per day is
approximately 205Ipcd.

Ther efor e 14000x205=2870000Ipcd.
Which is =2870m?day
=2870/24x60x60=0.0330m*/day

Material Usefor Construction

The tank can be constructed of concrete; the
baffles can be constructed out of corrugated P\gimg
materials and ¥2“ inside diameter PVC piping or wood
material of at least ¥ *“ thick. The corrugated PVC
roofing material has so many advantages which are:

a. Plastic can be acquired cheaply relative to
wood.PVC baffle were easy to construct, light
in weight and installed more easily and rapidly
than wood but plastic baffles might not be
sturdy enough.

b. Wood can be chosen for its strength and it
would be safe for drinking water application.
Wood baffles is easy to construct but difficult to
install and once installed they were sturdy
robust. But its disadvantage is that it is
relatively expensive and not readily available.
Wood would rot in time and have to be
replaced.

Design Data

The maximum flow rate (Qmax)0:0330m*/day is used
for the design.

Velocity: Velocity rate of 0.6-0.8m/s (Met caff 1982) is
employed to ensure self cleaning we assume velo€ity
0.6m/s

http: // www.ijesrt.com

channel G=15s!
Total volume of flocculator
VTzQDt
= (2870x30)/(24x60)=59.79m>
Effective width of flocculator
Wg=V/(L+H),Let depth=30m(Met caff 1982).L=6.4m
Wg =(59.79)/(6.4x3)=3.1m
Width of each section
Ws=3.1/3=1.0
For water at 20°c, U=1.01X10°K g/m/s, P=998.2kg/m*
CHANNEL ONE
G=75s""=10m
Number of bafflesin the channel
N= {(2ut)/ (Px (L.44+F)x(HLG)%(Q)}'°, where f=0.3
for resistant decay timber
= {(2x1.01x10*x10x60)/
(3x6.4x75)*/ (0.033)}
=110baffles
Spacing between baffles
S,=6.4/110=0.06m
Head lossin the flocculating system
H= (utxG?)/Pg
=(1.01x10°x10x60x 75%)998.2x9.81
=0.35m
Distance between the end wall and the baffle
Dc;=1.5x0.1=0.15m
CHANNEL TWO
G,=35s" T=10min
Number of baffles= {(2x1.01x10°x10x60)/ (998.2x
(1.44+0.3) x (3x6.4x35)%/ (0.033)}
=66baffles
Spacing between baffles
S,=6.4/66=0.09m
Head loss between the flocculating systems
H= (utxG?)/Pg
= (1.01x10°x10x60x35%)998.2x9.81
=0.08m
Distance between the end wall and the baffle
Dc,=1.5x0.09=1.14m
CHANNEL THREE
G,=15s" T=10min
Number of baffles = {(2x1.01x10°>x10x60)/ (998.2x
(1.44+0.3) x (3x6.4x15)%/ (0.033)}

(998.2x (1.44+0.3) X
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=38baffles
Spacing between baffles
S$3=6.4/38=0.17m
Head lossin the flocculating systems
H= (utxG?/Pg
= (1.01x103x10x60x15%998.2x9.81
=0.01m
Distance between the end wall and the baffle
Dc3=1.5x0.17=0.26m

Conclusion

It will be helpful to see more case studies of
actual plants, what they were designed to accomptle
condition they were designed for and an evaluatbn
their effectiveness.
Recommendation

For any meaningful design, its implementation
may entrance the level of its beneficial use. Alttio this
research is a clear guidance of what is actualpeeted
when undertaking such a vital project in the ak¥ater
in most cases when supplied free to people thetynian
to prevent wasteful usage therefore there is a need
charge water rate after construction work has been
completed. If possible the use of meter should be
adopted.
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