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ABSTRACT

This study investigates the settling characteristics
of the rawwater of Kubanni Dam at the main canpus of
Ahmadu Bel l o University, Zaria. The investigation
I ncl uded plain sedinentation and sedi nentation of coagu-
| at ed wat er sanpl es usi ng al um ni um sul phate (alum as
coagul ant. Coagul ati on and fl occul ation tests were
performed by the batch nmethod i n beakers (Jar tests),
whil e the sedinentation tests were perforned using

settling colum.

The results obtained indicate that plain sedinenta-
tion is not adequate for the turbidity renmoval fromthe
raw wat er of the dam but coagul ation and fl occul ati on
processes are necessary, An optinmm al um dose of 50ngy/L
Is required to coagul ate the water during the dry season
and 70ng/L during the rainy season. An average turbidity
renoval of 85.596 was obtai ned fromthe sedinmentation of
t he coagul ated water sanples as conpared to 26% obt ai ned

fromthe plain sedinentation of the water sanples.

Data fromthe settling of the coagul ated wat er
sanpl es are used to design new sedi nentation basins and
for up-grading the existing sedinentati on basins of the
Uni versity water works. Four rectangular tank units are
suggested, each of dinensions 21Imx 5.5mw th effective
depth of 3m A so four circular tanks could be used each
of dianeter 12mand effective depth of 3m Using the
experinmental data the existing four basins (square in pl an-

8.5 x 8.5mand effective depth of 5n) are up-graded by

- Vi -
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adjusting the volunetric flow rate. Two additional

basins are reconmends to achieve turbidity renmoval of

85. 5% i nstead of the 70%renoval bei ng achi eved presently.
The structural design of the basins and the estinated

cost are al so presented.
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- Ail7 -



~

effective depth of te..clon reinforcement

tensile siress in reinforcement,

Area of steel,

Characteristic concrete cube strength.

,

-Chéraéterlstic strength of reinforcement,

width of concrete gection.
Neutral axis depth,

Lever arm L concrete sectiorn



CHAPTIER 1

JHTRODUTTICN

1.1 DESCATPTICN OF THE PROCEDS

Sedimentation ax applied to spuitary engineering
processes may be defined &z the removal of suspended solid
particleé.f;oﬁfa-ﬁv*pension through pgravlity, For tle solid
particles to settle out 1’ »y must be heavier than the medium
in wiiich they are suspended,

When the solid particles are separated from the suspend=-
ing liquid by gravitaiion and natural aggregaetion, the
process is described as plalin sedimentation, However, the
settling velocities of finely divided and ‘calloidal

particles under gravi! - alone may kLe 20 small that ordinary

gedimentation is not practical, It has therefore been

hasten aggregation of finely divided and colloldal particles *

in a suspension, the procesgs is called ceonmulation, and the

chemical used is called coagulant, i
Significantly different settling characteristics pre

assoclated with different types of suspension of seollds,

Fundamental 16 the process of scdimentation 1s the conslders-

tion of the character of ithe suspernded matier tn be removed,

The churacteristics of the particles to be considered are

not only the seitling velocities but also the guestion of

whether or not they retain their individuasliiies ws they

settie,
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Also, the character of the fluid motion including the
momentary fluctuations from the average motion at every
point in the fluid mass is an important consideration,
Besides thege ractors, all secondary motions, such as
convectiornr o displacement currents and fluctuations
which are characteristics of tirbulent flow, should be

considered if the fiuid wotion is to be completely defined,

1.2 Historical Background

Sedimentation has been used for gewerations to clarify
liquors and to concentrate sollds "2 many widely diversified
fields, It is the most commonly used probess in the field
of water and waste water treatment,

The history of sedimentation, is the history of man's
quest for pure ;ater. Ancient literature and archaeological
evidence record man's relentless search for pura water,
Man's earliest standards of waler cuality were fow =
freedom from gross turbidity, taste, and colour. While his
present criteria of purity have become more cummlex and
certainly more quantitative, the principies, methods, and
waterials for purifying water have remained remarkably
similar to that of the earliest reco,ded date of abo !

2000 B.,C., PBut except for the developments of the last few
decades, the history of water treatm:nts is largely a recorc
of empiricism and a description of an art rather than a

science, Cohen and Hamnzh (1971).
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The clarification of water by s<dimentation is a
natural proccess, and evidence of its nurposeful
utilization reaches us from antiguity, In the ancient
Egypt, the turbid flood westers of the Nile were diverted
to stilling basins and a.lowed to settle before distribu-
tion fcrfdam;;tfé use, In the ruin of carthage, the
remains of large rains water storage and settling
reservoirs, erected for public sup; y have been found.

In Rome, settling reservoirs for improvement ¢! water
guality were built before the christian era. Around
2000 B.”., the Minoans construc!.d small settling basins
in the drainage system, Hauslin and Tebbutt (1976).
Althourh the date of the earliest sedimentation tank is
unknown, it is clear that the process has long history in
treatment, -

Wnen after many centuries, watertight household
vegsels became available, waa observed that water could be
more or less clarified by storage in containers or by
filtration through porous receptacles or sand 1 .yers,
leaving the objectionable sediment tehind, After a lonse
of still many mcre centuries, wan diccovered that sedimen-
tation could be aided by eacdiig a precipitant cr coagulant.
This recognition that coagulant aided Loth sedime *ation
and filtraticon, and the use of great variety of organic
and inorganic materisls marked the beginning of modern
treatment of water, Moreover, for thne first time, man
was not constrained to accept the guality of water that
nature prov’'ded, but rather was able to nmodify it to

meet his demands for Inc.easing higher gtandards of guali.y.
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1.3 Objectives of the Study

The varied nature of gettling charscterictics of
susrensions makes continous experimenitation necessary for
new plant degisn, and improvemernit of plant operatioun.
La?ogafqrx»settling experiments - uswaliy speclfic for
a particular waier or wastewater -~ are conducted to
determine the settling characteristics of the suspenced
solid particles, and the results used v ' bhoth plant
design and improvement of plant performance,

There is no record to show that fhe cattling
characteristics of the raw water fer the Ahmadu Bello
University campus water treatment plant were determined
befure the plant was designed and broucht into operation.
The objectlves of tihis study, therefore, are: to
determine the settling characteristics of the raw water
of Ruban~i dam, which 1s the source of water for ABU water
treatment plant; to use the reswults obtain to desin new
sedimentation busins; and also Lo use the results for wie
ungradicg of 1.e gedimentation basin- of Lthe AR water

ireatment plant.
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CHAFTER 2

REVIEY OF LITERATUFL

2.1 Coagulation and Flocculation

Coagulation describes the effect produced by the
additicn of a chemical (Coagulant) on a colloidal dis-

persion result;ng.tn particle destabilization due to
reduction of the forces tending to keep the part.cles

apart, Re¢, 1d mixing is important to obtain uniform
dispersion of chemical and to increase the opportunity for
particle contact, The enlire process occursg- in a very short
time, probably less than a second,

The second stage of the formation of settleable
particles from destabilized colloidal-sized particles is
termed Iloccu]at}on. In contrast to cesgnlation, where the
primary force is electrostatic or inter-ionic, flocculation
occurgs by a chemical bridging or physical enmeshaent
mechanism, Flocculation is obtained vy gentle and prolonged
mixing which converts sub-microscopic roagulated particles
intu visible suspended particles., At this stage the
particles are large enough to settle rapidly uncer the
influence o gravity, Clark and Viessman (1565).

pH is an important variable that affects the coagula-
t.on procezs, There is a pH range for any given water with-
in which good coagulation and flocculation occurs in the
shortest time with a riven coagulunt dose, 'z extent of
the pH range is affected by the type of coagulant nsed and
by the chemical composi‘ion of the water, as well as by the

concentration of the coagulant, Vaughn (1976).
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Alum (Aluminium sulphate, AIE(SOh)3 . 18H,0) is by
far the most commonly used coegules~t, Iron calts can be
used as well and in some instances rave advantages over
alum, A significant advantage of iron salts over

H

aluminium i1s the broader p  range for good coagulation,

- L

For alum the pH range for good coagulation is fould to be
quite nar:ow, ranging from avbout 6.0 to 7.0; the ranps
for ferric sulphate is azbout 5,5 to 6,8, Cougulation
within the optimum pH range enhances economic vse of
chemical and may be reflected in the high quality of the
water treatment plant effluent, Cohen and‘Hannah (1971).

Alum is uged in this stu.iy because 1t i3 the coagulant
heing used at the Ahmadu Bello University Campus water
treatment plant, It is also readily avallablie in large
guanti.ies, and less costly compared to iron salis. One
disadvantage of 1ron salts is that they might Increase thae
iron content of the water ceing treated,

Packhanm (19562) described a method of etudying the
Coagulation of diiute mineral suspensions with sluminiunm
sulphate, which substantially reduce p various with
Coagulant dose, but which allows the pH to be varied
independently ¢f the coaguliarnt doge, The objective of
the study was Lo estanlish whaiher o not the nature orf
the suspended szollids giving rise to turbliditiy has &
significant effect if the pH is controlled, A variety
of minerals likely to be preszent in river water and
samples of suspended solids isoleted from rivers weras
studied, A& fized suspended solids concentration of SOme/1

was used, this belng of the gaue crder as the average
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sucpended colids coneentration in tne local rivers where
the study was cerried out, according to Packham, the
concentraticn of alumimium sulphate r-quired to coagulate
the SOmg/1 suspensions was clearly effected to a marked
degree by the p“. The coagulant concentrations required
were 1ea§t~iﬁ’th; neutral pH range, suggesting that the
hydrolysis procducts of alumimium have an impor*ant role,
and that the alumimium ion itself plays no direct part in
the mechanism, The results obtained were largely
independent of the nature of solids in suspension,

The settling behaviour of floc particles produced in
coagulation of colloidal suspen lon in wafer treatmnent
operation: is recognized as being substantielly dependent
upon the nature of the colloids, coagulant, pH and mixing.
However, it is impractical sometimes to adjust one or more
of these paraweters Lo obtain desir-d settling behavliour,
In such cases the application cof coapulant aids may provide
the best or only solution, Coagulant aid often promote
settling when the sedimentatiocn characteristiecs of fiocs
formed by ncrmal coeagulation procedure are poor, There
are two categories of coagulant aids, The fii.t includes
those for which substantially increase in floc size occurs
es a resull of sorption and enmeshment of particles by
long - chain polymeric molecules, The second includes
clay-type minerals that affect an increesse in the density
of floc particles, However, certain cocagulant aids, for
cxample, activated siiica, mey be inclinded in both
categoriess, and thus nc clear line of demarcntion can

actualily be drawn between ii.em Prssel . ot al (1953),
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Rirknuer and Morgan (1964) reviewed a mathematical
theory for the coagulation kinetics of colloidal suspen-
sions published by Swmolunchowskl in 1917. Kinetic
equations were presented to describe the rate of change
in Cotal pgrﬁ}c{g concentration after repulsive forces
be tween ;1milﬁrly charged dguble layers surrounding the
particles were reduced ~ufficlently so that interparticle
collisions were not hindered, According to Rirkner and
Morgan, Smoluchowski developed two kineticequations; ibe
first described the kinetic process when inéerparticle
collisions occurred through Brownian diffusion of the
individual colloidal particles, The second described
the process when a laminar shesar gradient causes particle
transport at a polnt in f£inid.

For a dilute suspension of monodispersed particles,
the initial rate of change in totel particle cencentration

in a laminar shear field was expressed as

™

- t = “';.}Nt 2a1
at

where
Ks = lLGﬂ a2

A
in which ks is the theoretic smoluncl »wski first order rate

corstant, 1s the volume fraction of the dispersed phase. and
¢ is the root - mean -~ sgquare velociiy gradient associnted
with the laminar flow.

Equation 2,1 is valid only daring the initial phase of
the florculation reaction when it can be assumed that
rarticle ¢ollislons occur betwezen pailrs of particles of the

same size. As the flocculatlon reactlon proceeds, the total
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particle concentrrtion decreases, co' :eque tly, the
assumption of collisions between particles of equal size
is no longer val.d and equation 2.1 can no longer be used
to describe the kinetic _rocess.

A number of investigators have studied the effect of
chemical - adéition times on coagulation, Nickel (1945)
gtated that in organic-colour coasgulation the addition of
lime cr some other type of alkall should be wade after ihe
addition of elum, He further stated that with coagulation
for turbidity removal, any pH adjustment should be made
well ahead of the coagulant addition in order to obtain
the most economical results.

According to Moffett (1968), 11 pll affecting
chemical, such as lime, soda ash, acil, and chlorine,
should be added Upstream from the rapid mixer to ensure
comprete dissolution and mixing., He also stat:d that the
pH -« affecting cnemicals should be balanced so that the
optimum p!l for coagulation is mainteaired after tihe
addition o7 alum,

Kawamura (1973) studiel! the effects of the sequence
of chemical addition cn both turbidily end cclour removal,
According to Kawaamura, the colloidal particles would be
stabilized if lime were added before cr with alum, This
stabilization would be the result of the adsorption of
calcium, hydroxide, and carbonate iuns on the colloidal
particles, He concluded that lime should be added betwcen

(0 co 20 seconcs after the addition of alum,
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Griffitis and Williams (1972) performed coagulation
tests with var ing diluviocn of alum. Dilutions used in
their study of water from two rivers varied from 1.5 to
14.7 percent alum. Their results indicated that dilution
did ot inhikit coapulation but actually aided it. A
general {rend toward bettew turbidity removal with more
dilute alum solutions was found, They feit that when
mixing a small flow of elum solution with a much larger
flow of rew water, a lerger stream of a dliuvte alun
solution would disperse more rapldly and uniformly than
would a small stream of concentrated alum solw “ien,

Jeftfeoat and Singley (197%) studied the effect of
alum concentration and chemical-sddition times on
coagulation, They used a synthetic turbid water which was
rade by mixiag distilled water, kaolinite suspension, ard
a nighly coloured lake water. The synthetic water was
designed 1o stimulate a typlcal surface water with an
alkalinity of SOmg/l as calcium carbonate, an organic
colour of ten units, and & turbldity ¢ " 40 Jtu. The

H

synthetic water had a p~ of 7,6. In order tou study the

effects of alum dilu.ion and sequences ¢f cherical
addition on coagulation, the optimum alum dosapge and pH
were first determined, These optivuw conditions w.re
escertained by performing a series of jJar tescs. From
thege preliminary tests the alum dosasze and pH that
produced the rest results were chosen as the optimum
conditions and used in the study. They concluded irom
the study that optimum pH for coegulation increazed when

the ajum dosage increased, Datter 1.urbidity removal
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occurred with dilute alum selutiens, an. better turbidity
removal occurred when lime was added Lefore alum,

The accurate snd precise contrcl of coagulation is
the most important step in the operstion of water treat-
rent plant, For a raw water of rapidly changing characCe
teristiésr dgggulation sontrol is also the most difficult
step in plant operation. The performance of the sedimenw
tation procesgs depends in considerable measure on the

effectiveness of the coagula.ion « Llocculat o process,

Hudson (1981). ’

2.2 Sedimentation

In 1889 Seddon was concerned about some definite
knowledge of the laws under which the sediment in suspension
passes ocut, Althougl. a number of theories to explain tie
phenomernion had heen put forward before that time, Seddon
was worried tnat no effort was made to substantiate or
validate any of them by a careful system of experiment and
observation, 1In an attempt to have a good knowledge of the
sedimentation process . carricd cut a gerles of experi-
ments and observations using muddy water in a jar, Seddon

(1889) concluded that settlement was simply due to the

F

action of gravity on the sediment. 2*—,%}
Rk
One ¢f the earliegst and most wirdely known attempts Z¢n3

W

oy V

to set up a mathematical theory of settling in a sedimen- o

v
-
Fe

-
b b
—_

tation basin was thatl wade in 1904 b Allen Hazen, The
theory devis.d by Hazen was made possible by the realiza-
tion that the processes which take place during sedimenta-

tion are extrerely complex and difficult to digcuss {:
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their entirety, iazen assumed some simplier condifions
t"an those which actually exist, thus simritifying the
complicat.d state of the problem, He dislianguished
between quiescent sud turbulent flow and restricted his
analysis to suspensions of discrete particles having e
single éégflz;g‘velocity. Hazen demonstrated that the
gextent of the basin removal of discrete particles in a
quiescent basin is dependent c¢n the surface overflow rate
aund not on the depth of the basin,

However, the validity of Hazen's analys s of sedimen-
tation in turbulent basin was guestlioned by some investi-
gators, including Cordoba-Molina et al ({?78), mainly
because it was said to be bazed on incorrect assumptions,
One of thésa agsumptions is that of Infinite turbulence
which is incompatible with the iuplicit assumption that
no sediment is picked up from the bottom of th2 busin,
Wevertheless, Hazen's paper was said to contain sometlhirg
of value toward the development of a rational theory of
gedlirentation,

Slade (1973) lLuvestigated sedimentation ir quiescent
and turbulent basins. The purpos. of the invesligatlon
was to continue Hazen's anslysis, end to revelop a work-
able theory which teker into account the varistion ia
hydruaulic velue of the constituent el -ments of the actual
sediment, a8 well ag the varistion In ince degreze of
turbulence of the hasin, JSlade preoduced a n wber of
mathematical equations two of wi..oh he considered siost
iwportant arnd conld be uced to predict how diiferent kKinds

of sediments will seitle under different tank ccnditions.
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These two equations ar. as follows:

Br = tr {Dr+1'n:‘) 2.3
in \lv'hiCh 1" = 1.2, ...,n.
n B .
Ba = 'EL_ Br(1- _a4_)+ == = @re ' Fale
r=1 krire res+1 Be

where Br = quantity of solids settling with an average
velocity, Ba = quantity of solidr remaining in suspension
at the end of time, a; Bec = quantitv ¢f solids in colloidal
ctate; a = time during which sedimentation occurs, t =
time of subsidence; s = a pumber of parts leés than n;

P = a derivaiive of Ba,

According to Slade, equation 2,3 gives the relation
between the distribution of hydraulic properties of the
sediment and its settling characteristic: in a quiescent
tank., By means of thls equation the disztribution of
hydrauiic values of a sample of glu. .2 may be determined
by observing its settling behaviour in a glass cylinder,
“or instence knowing this céistribution, itz settling
cha. acteristics in en actual tank may bLe predicted Ly
equation 2,4,

Employin~ m-dern concepts of turhulence, Dokl =3
(194L4) studied the settling of discrete particles having
single settling celocity in the presence of turl lence, He

developed an equation for transient concentration  rofile

during settling, The equation is as follows:
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in which A = concentration a* h =« 0 and t = 0; Vs =

settling velocity of particles; h = elevaticn above surface
¢f bed materiely Co = initial concentration of particles;

£ = coefficient of turbulence diffusiocn; t = time of
settling; = a constant; n = an inleger; e = base of
natural svstem of legarithms; Yn = & Iunrkion cf depth, h;
H = depth of flow in the tank,

Al though Qobbins' model is considered to be important,
it has been found to be of limited application mainly
because the equations are said to be too cumbersome and
corplicated for practicel use,

Camp (1946) extended Haze~'s rcoult fur quiescen*
settling to the case of discrete particles having a
rettling velocity distribution, He developed a mod:l that
continues to be employed when coutinuosus sed.mentation
basins are designed using quiescent settling data, Carmp
also extended the mathematical solution obtzined by
Dobbin in his moael 1o the case cf a continuous-flow
settling tank, A mocdified removal formula sccording to

the effect of eddy diffusion was deduced as follows:



2
R = 1~ 8 {VsH)" ¢ X

q(d Hn®
1 : 2.6

(VsH\E, P4 2y H-l vsH)? >7°

VsH + g S
risd ‘_-—..- + R E*:::) L
LJzE) : J[ “ %]
) . - . w P 2 \Vs
in which 1 = VSH/2L, § = -{L° + = )Eﬁvo; and 1, 2,

“soy n are successive real postiv~ roots of the

transcendental equation

2 cot = oA ;%E :
W 2,6 (a)
> -

Other pargmenters are as deflned in eguation 2,%.
EL-Baroudi (1969) ohserved that one of the ma.n
discrepancies in tank performance from the ideal
behavicur is that real flows gare .urhulent and encounter
a ceircain degree of mixing or eddy diffusion, According
to El=Bargudi, th2 mathematical expressions clLtalned by
Dobbin (19LhL) and extended by Camp (19L46), are hanc.capred
in their applications, This was Lecmze of the inavaila-
bility of the characteris..c of the mixlng coefficient for
a given tank. El-Baroundi attempted to obtain a charac-
teristic wixing coefficient from the analysis of tracer
di:persion curves of settling basins. The formala he
obtalned for the cbserved translient tracer digpersion
curve of settling tanks iIs s follows:

C(t) = Co ot(ls~vtlexiet
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He provided graphical solutieor to aprroximate this
equation bty excluding the term erfcZ2. In equation 2,7,
C¢(t) = Concentratior of tracer or particles ac given time,
t; Ls = length of settling zoue, erfc = error function;

V = velociﬁy 3{ flow; Z, and Z2 are parameters, Z1 =

(Le=vE) /2 VET + kKvEL 5 22 = t.,ﬁfzvg—.t + kViT: k =
parameter deflned as 1/LI Or VI/sm; v+ pe T = length of
in let zone; VI = volume of inlet zone; and Am = effective
or modal sectional area of the tenk ... = Q/¥n; in which

= flow rate; and Vm = effective or modal veloci- @ of
flow, o .

Coerdovo-Mnlina et al (1978) attesmpted 1o show that
despite their apparent difference in approach, t..c models
developed by Hazen (19CL), Cemp (1945), and Dotbins (1S4l.),
lead in the limit to identical results., Working oa the
basis of Dobbins' equations for transient concentraticn
profile duaring settling, they developed simplifi |
statements that were then checked by mode. testing in a

circular centre-feed clarifier. The relations develuped

are:
1 o
Ry = 1= v {Vg) dvas 2.8
1/ .
i [N ]
and
[ -]
1 ~va/vo '
Rt = = e ™ [?m F(Vs)dVg] 2.9
Y

in which Rg = fraction of particles removed during
guiecscent sett) ‘ng; Rt = fraction ¢f narticles removed
during turvulent settling; F{V¥s) = Ccomulative settling

velocity distributiony and Vo = surfuace overfliow rate,
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Cordcbo-Mclina et al (1978) found that mathematical
models for quiescent sedimentation znd for sedimentation
in the presence of turoulence provided upper and lower
beorndary lines that fit the observed data quite well. As
tne overflow rate of the system in.reased, the data closely
approached the values for the model for turbulent condi-
tions, It was concluded that the turbulent model preovided
a conservative deslgn relationship for c¢o inuous flow
settling tarks using quiescent s<tiling data.

The behaviour of discrete and flocculent suspensions
under upflow conditions was investigated by Brown and
La Motta (1971)., They used a simplified model tark which
was filled with water and aleo contained a fixed volume of
spherical particles supported at rest on a porcus plate,
An upward flow was latrowuced through the tsnk which
resulted in aa aspproach velocity. When the particles are
in suspension or imminent suspensicn the approach velocity

i1s exprressed as follows:
Va =« Vi{1-~s5) 2.10

in which S 15 the volumetric solid fraction of thne
suspension,

Rebhum and Acgemsn {1965) reported ihe results of
a tracer test study to determine the hydraulic efficiency
cl a sedimentation hasin, Th. exprrisental results show
that in basin with insgerted haffles, the effective flow
was TO% mixing and 30% plug flow. PFecause of the
similarity betlseen the flow curves they obtained and those

reported in literature, Rebhum and Argaman concluded that
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in most sedimentaticn basins, more than 60% of the flow is
composed of mixing, wund the remainder being plug flow,

On the basis of tracer studies, Clark and Viessman
(1965) contended thal in ge: :ral, long narrow rectangudar
basinsg are Eugﬁri?r to redial-flow circular besins.
Circular gasiné, according to them exhibit unstable, poorly
shaped flow waves, However, the unstable flow-wave
associated with the radiasl-flow basin may not he a valid
index of efficiency c¢f that type of rmettling vessel, they
concluded,

In a theoretical investigation, Chiu (1974), found
that a flcw separation cccurs ia the radiai-flow centre
feed clarifiers, but not in rectangular tanks, This
separation, according to him, resitits in eddy cvirrents that
reduce the efficiency in the removal of settleable solids,
In co ~arison, flow conditions in hovizontal-flow rectan-
gular tanks were considerably more stable,

One approsch for estimating the effect of currents on
the performance of a sedimentation tank is that devised by
llazen (190)) and elaborated by Fel' et al (1.71), Using
the concept of longitudingl change in treatment re .onse,
fair et al (1971) expressed the proportion of particles with
settling veliocity Vg, that will be removed in the Lasin &s

fcllows:

2,11
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in which np is the coeffici nt ti.t identifies basin
perfornance, From a mathematical analysis of lengi. dinal
mixing in settling tanks, it was found that the value of
the coefficient np could be approximated by the ratio of
the differencg‘between the mesan and modal flowing=-through
periods t; ;he‘mé;n flow-through period of the wetention
timwe distribution curve,

A detailed review of liverature vy Hansen (1967)
reveal that there were many attempts to apply the shallow
depth gedimentation prircliples recognized by Hazen as early
as 1904, It has been observe? *that the l.ck of acceptance
of tray settling in water and wastewater t%eatment systems
was due to the reluctance of design engineers to depert
from previous practice in size and shspe of basins,
According to Culp and Hsiung (1969), the attempts %o use
wide, shallow trays met with only a liwited success because
of two major problems: the unstable hydraulic conditiens
encountared with wide, shallow trays; ar i the minimum tray
spacing which was limiced by Lthc vertical clearance required
for mechanical sgludge removal equipment, 7o cvercome these
problems Culp and Hsiung used small diameter tubes which
provide theoretically excellent conditions for efficient
sedimentation, They demorstrated tnc¢ use of these small

diameter tubes and were succaessful,

- -

2.,2,1 Types of . dimentat.un

Particles settle from suspension in different ways
dependine cn the concentration of the zuspension and the

charactericstics »f the particles. Fitch (1958) identified
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four distinct types of sedimentetion which reflect the
concentration of the suspension and the flocculating
properties of the particles, They are described as

follwg:=

Type - 1 Sedimentation: This is the setiling of a

dilute sdggénzaah of discrete particles., The narticles
settle as individual entities with no sigaificant inter~
action with neighbouring particle, This type 6f sedimenta-
tion occurs when grit and sand purticies settle out of a

Ls

suspension.

Tvpe - 2 Sedimentation: This is the removal froa a
dilute suspension of flocculent partjcles; In this type of
sedlimentation, heavier particles having large settling
velocities overpake arid coalegce with smaller, lighter
particies to form still luarger ones with increased rates of
subsidence. This type of sedimentaticn can %e observed
during the settling of coagulated water, and suspended solid
particles in untreated wastewater i1 primery settling
facilities,

Type = 3 Sedimentation: This occurs i1t suspensions

of intermediate concentration where the particlec are
sufficiently cl:se together so that interpaiticle forces
are able to hold them in fixed positions relative to each
other, As a result the particles subside as a large mass
rather than as individual particles., This type of sedimen~
tation is alsc called "zone settling", and occurs in
second: y cettling facilities used in conjunction with

biological settling faecilities,



Type - L Sedimentation: This occurs when the concen=-

tration of the suspencsion is such that the particles
actually ma.e contact with each other, and a structure of
(ompacting mass results., Further settling can occur only
by conrression of the structure, This type of sedimenta-
tion is also called "compression", end usually occurs in
ithe lower layers of a deep secondary settling facilities,
and in sludge thickening facilities.

1t has been suggested thet during sedimentaticn
process, it is common to have more than one'type of
settling occuring at a given time, and it is alco pessible
to have all four types occuring at the samne time, Clark

and Viessman (1965) and Metcalf and Eddy (1979),.

2.2.2 Settlinz of Discrete Paiticles

When a discrete particle is released in a still
liquid it moves vertically downward if its densit is
rreater than that of the liqui., T e particle v 11
accelerate until the fr "~tional drag of the liquid on the
particle approaches the value of the impelling gravity,
After this talance of forces, the vertical velocity of
the particle with respec™ to the liquid at rest will be
substantially constant, This terminal velccity is known
as the settling velccity of the particle

The settling of the particle has been described by
the equations of classic mec! nics, Dy MNewton's second
law, the downward acceleration of the pacticle is given by

Webber (1672) as fcllows:



where M
v
Fy
Fp

Fp

[}

L}

1

Mdv = Fy - Fp - Fp 2.12
dt

the mass of tue particie;
settling velocity of particle; £ = Lime;

force due to gravity = (ESVP g);

welf .

bouyant force due to liquid = (& Vp 8)3

fractic.aal or drag force = (Cp Ap O Vs/2);

When the values of ¥y, Fp, a@nd Fp, are substituted in

equation 2,12, and noting that at terrinal velocity the

acceleration of the particle, (dqut), is zero, the

settling velocily oi the particle can be shown as

where

Vs

= pg( @s ~ Q) f?p; 2.13
‘p C \%p

density of particle; = density of liquid;

acceleration due to gravity; Cp = drag

coefficient; Ay = projected area of

particle in direction of motio =

( d2/), for spheres); V, = volume of
particle = ( d3/y). Thus Vp/ap = ?d/j,
where d is the diameter of the particle,
Replacing Vp/An with 2d/4 in equation .13

gives

f =0
Vg = \,% gﬁ_ (fs'zL ¢)i 2.4
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The drag coefficient Cp has been found to be a function
of Reynolds rtmber, Re, For Re = 0,5 (region of viscous
settling), CD = 24/Re, and sirce Re = Vsd/y; , the
corresponding settling velocity of the particle is given
by

- - - d‘?

Vs = g (@s = Q)
18

Equation 2,15 is known as ~toke's law, in which Al is the

2.15

absolute viscosity of the liquid.

For turbulent settling (Re 10°) the drag coefficiert
hhas been found to be approximately constant at a value of
about 0.4, Thus the corresponding settling veloci.y of the

particle is given by

Vs = 1,82 ‘(QSEI Q..]dg 5 4%

FEguation 2,16 is known as Newion's law,

Discrete particle equations assume that the particles
are spherical, But as noted by many investigators, includ-
ing Camp (1946), particles to be removed from water and
wastewater by sedimentation ar. seldom spherical and
usually gquite irregular in shape. The influence of
irregularity in shape upon the drag has been found to be

greater as the velocity increases,

2.2.3 Settling Flocculent Particles

Particles in relatively dilute suspensions do not
always behave as discrete particles, but will coales~e or
flocculate during sedimentation, Flocculation in a

settling basin is attributed to the differences in the
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settling velocities of the particles, whereby faster
settling particles overtake and coalesce with slower
particies, It is also attributed to velocity gradients
in the liquid which cause particles in a given region of

higher velocity to cuvertake those in adjacent stream p-~ths

- -, -

moving at slower velocity.

wWhen flocculation occurs, settling velocities are
sually increased, It is difficult to obtain a correlation
between the rate of change of settling velocities and the
rate of flocculation, This is becausz when particles
coalesce, size, density, and shape, are all changed, The
rate of flocculation has been found to be-a function of
the number of contacts between particles .in unit time,
Hence, the number of contacts per unit time in unit volume
is used as a measure of the rate of flucculation,

Camp (1946) and Fair et al (1971) have shown that the
number of contact N, per unit volume and time can be
estimated from the size and nuamber of spherical particles,
[f a unit volume of a liquid contains n, particles of
diameter d, and settling with velocity v4, and rp particles
of diame’ r dp, and settling with velocity v», the number

of contacts per unit volume and unit time is given as

N = nq np f- (dy +d3 )7 (v =v) 5 40

¥hen the particles have equal density and the consideration
is limited to viscous settling, equation 2,15 is substitu-
ted for the difference in settling velocities, vq - v, In

equation 2,17. Hence equation 2,17 Lecomes,



I
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1

N = nq 02 Rg (Sp - 1) (d1 + d;)>(dq - dp) 7,18
72V

where G, is the specific gravity of the particles, and V is

the settling velocitieg, thus there will be no union cof
particles.having the same settling velocity, 1t is al.o
proportional to the relative number of contact, N/n, and
therefore directly proporiional to the concentration of

particles,

2.2.4 Sedimentation in an iieal Rasin

An ideal basin has been defined as a hynothetical
settling tank in which settling iakes place as in a
qulescent settling container Camp (1946). An ideal rectan-
gular continuous - flow basin for ur.indered settling has
the characteristic that the direction of flow is horizountal
and the velocity is the same in all parts of the s~ttling
zone, In an ideal rectangular basin the paths of all
discrete particles are straight lines, and all particles
with the same settling velocity will move in a parallel
path. The settling pattern will be the same in all
longitudinal sections of the settling zone,

The ideal basin comprises of four zones as shown in
fipure 2.1, Thes: are the inlet zone, settling zone, outlet
zone, and sludge znne,

Figure 2,1 assumes a uniform dlluvie suspension flowing
into the ideal basin with a horizontal velocity Vph. All
particles having scttling velocities equal to or grester
than Vo will be removed from the suspension, Also, 11

pariicles settling with velocity Vs wiich is less than Vo
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will be removed if they enter the basin at depths equal to
or less than h<«H, The ratio of such particles that will be
removed from the suspension 1s hyy. From similar trisngles,

this removal ratio is

R =~h*="Vs = DblV¥s = Vs

where bl = As is the surface area of the settling zone

of width, b, and length, L. Q is the flcw rate, and Vo =
G/As is the overflow rate or discharge per pnit surface or
flocr area of the basin, The overfiow rate is defined as
the settling velocity of particles which .are just removed
in an ideal basin if they enter the basin at the surface,
Clark and Viessman (1965),

The efficiency of an ideal basin may be estimated by
making use of eguaticn 2,19 in conjunction with f*gure 2,2,
The concentration of all the particles in the unsettled
liquid is taken to be uni‘ty, Since all particles with
settling velorities equal to or greater than Vo will be
totally removed, the removal of such particles is 1=Co,
where Co is the portion of particles with settling
velocities less than Vo, For each size particle with a

gettling Vs&Vo, the portion removed would be VS/VU
When considering various sizes in this category, the

percentage removal of these particles will te

Co

Vo «20
0
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and the overall removal will therefore be
Co
R = (1=Co)4 1 Ji Vsde .
Ve

O
The second term in equation 2.21 is usually cetermined by

a graphical iniegrution of a settling analysis curve sucn
as given in figure 2,2, This involves the sheded portion
of the fipure,

From equation 2,19, it may be sald with respect to
settling of discrete particles in an idea basin that for
any given discharge, the mmoval of suspended particies is
a function of surface overflow rate and independent of the
depth of the basin, Also the removal c¢f particles which
settle at velocity Vs£ Vo is inversely proportional to
the surface overflow rate, Vo, In vertical flow tarks,
howrver, only particl s with setilling velocities equal to
or greater than Vo will be remcved,

For flocculent particle settling, the increasing
velocity “rought about by coalescence results in a
curvilinear settling path. The opportunity for particle
contact increases as the depth of the btasin increases, so
that the emoval of suspended particles depends not only
on the clarification rate but on the depth as well,

The removal efficiency in an ideal bacgin for a
flocculent suspension can be calculated from the
information provided in figure <.3, which is oblained fro~
Laboratnry settling & alysis, 7The smootn curves are called
the "lso-concentration curves", and repiesent the maximum

settling path for the ind.c.ated removal,
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Figure 2.3 Typical Settling Curve for
Flocculent Particles ( Webber, 1972)



Referring to figure 2.3, suppcese a tank of depth hg
has an overflow rate of Vo, A&t time 12, Vo = h5/45. A1l
particles having settling velocities equal to or greater
than Vo will be removes’ from the suspension, and particles

with smaller vglocities will be removed in proportion to

Vs/vo. Re percent of the partiecles hove had average
subsidence velocities Vo or greater, and will be completely
remaoved from suspension, The remaining particles between
PFd and Rc have sa2ttled at an average velocitg of ha/tg’ and
those between Re and Rd have setlled at an average velocity
of hp/to. An approximation for total overall removal 13

given by

R = Re + ha(Rd“Rc) + _hptRe-Rd)

2202
t2Vo t2Vo

Removals in basins with different overflow rates and depths

can be calculated in a similar manner,

2.2.5 Types of Sedimeptation Tanks

Sedimentation basins may vary from a simple
excavation in the ground to an elsaborate multi-storey
structure of steel or concrete, They may be sguare,
rectangular, or c¢ircular in plan,

There exists a congiderable variation in %he size of
sedimentation basins, The depth of basin wmay vary from 2
to 4.5m, 3.0m being a preferred value, Circular tanks are
often 30m in diarmeter, but the size moy vary between 10 and
©Om, HRectangular tanks are often constructed with & length

of 30m, ovut lengths up to 90 meters are sometimes used,
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Square tanks are generally sma.ler, a side length of 21
meters is common, The widtlh of mechanically cleaned,
rectanzular tanks is often controlled by the available
length of tl.e scrapers., Common length - to - width
ratios employe” .in design are from 3:1 to 5:1, The
diameter of mechanically rleaned, cir ular tanks is
governed by the structural requirement of the trusses
supporting the scrapers,

Except for steep - sided sludge hoppers, the bottom
of most settling tanks slopes gently, Bottom slopes may
lie close to 1% for rectangular tanks and 8% fr» circular
or square tanks, The detention time of sedimentation
bacins may vary from less than one hour to more than a
day. But since the greater part of the removal occurs
during the first portion of the perind, and since water
is to be later subjected to further treatment, basins are
desisned usually for 2 detention pericd of 3 to i hours,
Clark and Viessman (1965), Fair et 2l (1971), and Webber
(1972).
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CHAPTER 3
LABORATORY JNVEST GATION

3.1 Material

The experimental unit is shown in figure 3,1, It
consists of a cylindrical, transparent perspex column of
0.15m in diameter, The depth is 2.62m and has 0,15m deep
hopper bétgoéféna open at the top. Flve sampling ports
are provided at equally spaced intervals of 0,°m and also
an outlet at the bottom to remove setiled solids and to
drain the column, The column is supported on a wooden
base, The raw water samples were ob’2ined from the
¥ubannli dam reservoir at the main campus of Ahmadu Bello
University, Zaria, The chemical used for the coagulaticn

process was 2lum (a2luminium sulphate, n12(30h)3.1BH20).

(Other apparatu.. included the multiple stirrer jar test

AN e LINRAR y
et Bkl 6 " ~
"ARIN SERm UNIVERSITY
3.2 Method ¥ PuGERWKA,

Two series of experiments were carried out including
plain sedimentation of ihe raw water samples, and sedimen-
tation of the ¢ _.agulated and floccuiated w'ter samples,
These experiments were conducted in the Invironmental
Engineering, Ahmadu Telloe University, Zaria, ¢uring the
months of April, May and July, 1988, These were the periods
toward tae end of the dry season, the beginning of the rainy

sezegon, and the peak of tre rainy season, respectively.

3.2.1 Plain Sedimentation

The plain sedimentaticn exp riments were carried out by
mixing thne raw water samnrles in a conlainer to maintain

uniforas concentration of suspended roiid particles, The
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water samples were initlally analysed for turblidity which
was measured by the Nephelometric turbidimeter model DRTIDO,
and the results expressed in Nephelometric turbidity unit
(NTU}. The suspension was thon peured into the settling
column =ndl allowed to settlie under quiescent econditions,
Samples were ditﬁ&rawn frua the sampling ports at t7 e
intervals of 20,40,6n,80,100,120, and 150 minutes and
analysed for turbidity, A total of ten test runs were

conducted,

3.2.2 Coagulated and Flocculated Sample Settling
cxperiments

The sedimentation of the coagulated and flosculated
samples in the settling column was preceded by coagulation
and flocculation tests ’jar tests) using the multiple
stirrer Jjar test apparstus, and alum -3 coagulant, The
purpose of the _ar testslwas to determine the optimum alum
dose to be used for the coagulation ¢f the raw water samples,
and also to determine the optimum pH value for .he optimum
alum dose,

The jar tests were conducted according to a standard
method presented by Jackson and Sheiham (19u¢1). For the
determination of the optimum alum dose 1000-ml1 semples of
the raw water were measuredlinto 10C0-ml beakers and placed
on the multiple stirrer unit, The =ixnple In each beaker was
subjected to rapid stirring (100 rev./min) for one minute
and alum sclution added, The quantities of the alum
solution added were such that varied the alum concentration

in the samples between 10 mg/l and 100 mg/1 in 10 mg/1



increments, Rapid stirring was maintained after the alum
addition for another one minute, then followed Ly <low
stirring (20 rev./min) fer 15 min, The samples were then
allowed to settle for 30 win, and the svpernatant decantecd
and 2nalysed for~ tuYbidity.

To determine the optimum p” value, 1000-ml raw water
camples were measured into the 1000-ml beakers and little
quantities of calcium hydroxide (lime) and culphuric acid
added, The alkali acid additions were su-h that yaried
the firal p!! over the range between 5.5 and £.5 in 0,7 -H
ircrements, The test was repeated using the optimum alum
dose ottained from the previous test in all the beakers,
As in the previous test, after the samples had setiled for
30 min. the supernatant was decanted and analysed for
turbidity,

Having determined the cptimum al..m dose and the optimum
pH value, the ¢ agulated and flocculated sample settling
experiment was conducted, First the I itial turbidity of
the wac was determined as btefore, The optimum alum dose
cbtained from the Jjar tests was used to coz_ulate a measured
volume of the raw water, The coagulated anf flocculated
waster was poured into the settling column and allowed to
settle under quiescent conditions, &-mples were withdrawn
from the sampling ports at time intervals ¢f 20,40,60,80,
100,120 and 150 min, and analysed for turbidity. A *otal

of ten 1 st rmins were cor.ducted.,
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~“HAPTER 4
RESULTS

ly .1 ‘nalysis of Rasults

h.1.1 Plain Settling

The graphs of plain sedimentation experiments are
presented in }igLres 4.1 fa) and (b)., Th se are graphs of
settling velocity versus fraction of turbidity rewaining at
the sampling points due to particles with less than stated
velocity, The settling velocities are cocmputed by dividing
each depih by the settling times, The data used in plotting
the graphs are presented in tables 4.2 (a) and (b)_in
appendix B, |

The data obtained from the xperiments are contzined in
tables .1 (a) to {(n) in ap 2rdix A, Thesze data are the
turbidities reméining at the depths and indicated time
intervals, The average values are in tables L,1 (f) and
(m), while the average values expresced ac fracticus of the
raw water sample turbidity are in tzbles L.,1 (¢) and (n).
Data trom these tables are used for the computaticn of the
data in tables 4.2 (a) and (b) in appendix B, which are used

for the plolting of the graphs in figures .1 (2) and (b).

L.1.2 Coagulation and Flocculation Experiments

The graphs for the coagulation and flocculaticn
experi.. nts (Jartests) are presented in figures };,2 (a) to
(d)., Figures 4.2 (a) to (c) are graphs o" alum dose versus
the turbidity remaining in the water after 30 min, settling
{ime, The raw woter pH valucs as indicatad on the graphs

are 7.8, 7.9, and 7.2 respecti vely for fipgures 4.2 (a), (b)
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and (c), Figures 4.2 (d) is a graph of p!! values versus
the turbidity remaining in the water after settling time
of 30 min,.,, and is for a constant alum dose of 70 mg/l.
Tavles 4.3 (a) to (d) in appendix D éontain the data
obtaineq frog the experiments, Data in tables 4.3 (a) to
(c) are the turbidities remaining in the water after the
settling time for the differert doses of alum applied,
while data in table (d) are for different pl values.
Data in these tables are used for pletting the graphs in

figpures L1,2 (a) to (4).

h.,1.3 Coagulated and Flocculated Sample Settling
Experiments

The percentage turbidity removals obtained from the
experiments are'plottml against their respective depths
an?! settling times, and siryoth curves - the 1so=-concentra-
tion curves ~ are drawn to conrect points of equal removals,
Trhese are presented in figurc<s 4.3 (a) and (b)., Making use
of the iso-concentration curves and equation 2,22, the
data in tables L.5 (a) and (b) in aprendix F are c-mputed
for tank depth of 2.°m. Data in these tables are the
percentagze turbidily removals at different detention times
and overflow rates, Figures 4. (a) and (b) are graphs of
percentage turbidity removal as a function of detention time,
and as a functiioen of surface overflow rate, These graphs
are plotied using the data in tables 4,5 (. ) and (b) in
arper 'ix F,

The data "btained from the coagulated and flc ~ulated

sample settling experiments, and from which the above
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graphs are plotted, are contained in tables L.h (1) to (n)
in appendix E, These data =ie the turbidities remaining
at each sampling depth and the indicated time intervals,
Tables L.l (f) and (m) contain the average values, while
table 1.4 (g) ard (n) contain the percentage turbidity

removals computed using the average turbidity removals

and the raw water turbidity,

o2 Discussion of Results

o241 Flain Sedimentatlon

Calculations for percentage turbldity removal from
the curves in figure 4.1 indicate that no appreciable
turbidity vemoval is achieved from plain sedimentation
of the raw water, As an exawpie, for an overfiow rate of
1.5mr {common value used for settling tasing), the
turbidity removal is 29,%% from the curve in figure 1,1
(a), and 22% from the carve in figure N1 (b), giving
an average removal of 2&%., These removals are computed
using the curves and equation 2,21, Detalls of the cal-
culations are presented in appendix C. From these resul.s,
it is obvious that plain sedimentatirn is not adequate for
the turbidity removal from the raw water of Kubanni dam at

Ahmadu Bells University Campus, Zarls,

%.2.2 Co-guletion and Flocculation

Experiments

It was found that the optimwe alum dose increzsed
with increase in raw water turbldity, Wwhen the averapge

raw water turbidity was 2LSNTU, the oplimum alum doge



was found to be SOmg/l during the dr; season, However,
during the rainy season, the raw woter turbidity increased
to an uverage of 697 NTU and the optimum alum dose was
fourd tu be 70mg/l, ‘The optimun pH value determined at the
optimr alun’ dose of 70mg/l was found to be 7.5, which is
within the cptimum range (6.0 to 7.8) for effective alum
coapulation,

h.2.3. Coagulated and Flocculated Samples
Settling Experiments

Aralysis of the results from the coagulated and
flocculated sample settling experiments as presented in
figure L.y indicates maximum turbidity removals of 85%
during the dry season, and 86% during the rainy season,
at detention times of 110 min, and 176 min, respectively,
The corrtsponding overflow rates are 1.45m/h: and 1.m/hr,
respectively, Thus, an average of 8%,5% turbidiity removal
was achieved for an average detention time of 108 min,,
and corrraponding overflow rate of 1.4425 m/hi .

It is evident from these results that coaguiation
and flocculation processes are necesssry for .ne turbidity
removal from the raw water of Kubanni dam at Ahmadu Bello
University Campus, Zaria. For design purposes, the over-
flow rate and detention time obtaincd are incerporated

with appropriate safety factors,
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CHAFPTER &

DESTCN OF SEDIMENTATION TANKS

Based on the laboratory settlirg analysis data, it
was concluded jr chapter four that plain sediventation
will not be adéquate for the turbidity removal from the
Kubanni dam water, The design of the settling basins,
therefore, will he based on the data frem coagulated and

flocculated settling experiments,

51 Calculation of Coapgulant dosage

From the laboratory coagulation and fiocculaticn
experiments, during the dry season, optimum alum dose
ottained was -0 wg/l, and during the rainy season, it was
7D mg/l,

Daily volumetric tlow rate = 10560 m3/day

Daily alum dcsage required by the treatmens plant

during the dry season

- 10560 x 10° x X0
» 528 x 105 mg
- £28 x kg/day

One bag of alum welghs 5O kg, therefore number of

bags required
= >3
R0
= 10,56 or 11 bags per day,



Daily alum dosage require . furing the rainy
season

= 10560 x 107 x 70

= 739.2 x 106 me

= 739 kg/day.

Number of bags required

- 730
50

5e2 Design of Tanks

From the experiments, for 85,5% tu-bidity remouval

Surface overflow rate = 1..25/hr
Detention time = 108 min.

Depth ot tank = 2,5m,

Assume safety factors of 1,5 for the surface

corflow rate ard 1,75 for detlentivn time

ThereZ. re, design data become

Surface overrllow rate = 1,425/1.5
= 0,9%a/hr

PDetention time

1

108 x 1.79

= 13 hrs
Assumed daily flow rate (based on ARU water
treatment)

= 10560m-/day.
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Four units of sedimentation basins are to be
provided.
Daily flow rate per unit = Jéh?mB/day

e = Ilow rate

overflow rate

= 240
2hxr) . 35
= 116n°

Effective depth of basin = flow ratexdetention time
surface erea

= 2640 x 3
2 x 116

= 3“1 -

£.2.1 Rectangular basin

Assume length-to-width (L:b) ratio to be }:1

b {_1_[1;53* = $.39m

L b 5039 X h = 21.51”“
Use L = 2fmaadd = 5,.%m

A longitudinal slope of 3¥ from the shallow outlet
end toward the deeper inlet end is to be provided, Thus
the depth will vary frow %m =% the ocutle. end to 2,65n

at the inlet end (figure 5.1).

Volume cf basin = 21x5.5x3 + % (21x%5.5.0.65)
= 3];6.:; + 3705
= 1.8!]513
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Detention time = Vo{ume
flow rate
s 38[{, X 2!.].
261110

L 3.5 ?'BI‘S.

5.2.2 Circular basin

Diameter of basin, D = t116 x“gj%
x

" 1?m. 14
A hopper bottom with angle of slope of 12° will
be provided. Thus, the depth will vary from m at the

periphery to 4,3m at the center (figure 5.2),

2

Volune of basin = J:xQEXB@%% (62x1.3~1.5'x0.3)
- 339 + 48
3 ;
- 387w 37%;Q§
Detention time e Volume 7@.59_’52;
flow rate KN
TR
= 387 x 2 SN
NECT e
7. %
= 305 hrs. ) éé\;odif‘
2

Ge2ed Upgrading of ABU Water
Yorks Sedimentatics basins

There are four units of square sedimentation basin in
the ARBU water treatment plant, fThe sketch of the basin is
chown in figure 5,3, and t!: treatment plant Jayout is
shown in appendix G, Field analysis of the rgw and

settled water samples during this study "adicated that
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the basing provide an average efficiency of 708 turﬁidity
removal, The analysis data is presented in appendix I,
The purpcse of the upgrading is to achieve the 85.0%
turbidity removal as cbtalned from the laboratory
settling analysis using the seme source of raw water.
Since the dimensions of the hasins are fixed, the
upgrading can be achieved by using the surface overflow
rate obtained from the settllng analysis to adjust the
volumetric flow rate into the basins. Detalled design

r

parameters of the basins are as follows:

Surface area of basin = 5.5mx8,5m

Effective depth of bagin =  £,0m

Volume of basin = 385m3
Daily flow rate = EbuOmj/day
Surface overflow rale = 1,5m/hr
Detention time = 3,5 hrs
Upgrading overflow rate = 0,9m/hr
Flow rate = 8.52x0.95 = &9m3/hr

- 1656m3/day
Total flow rate = 1J560m3/dav

H

Number of basins required 10560 = 6,3

1656
S5ix basins are Lo be provided, This means trat two
new basins will be consgtucted in addition to tF-

existing four,
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Flow rate 1o each basin = 10560
N
= 1760m7/day.
Overflow rate = flow rate = 1760 = 1,0m/hr
sur face area 8.5 x2h
~ Detention time = Volume = 325x2h
flow rate 1760

5.3 “tructural desirn of Sedimentation

Tanks

Reinforcement detalling for the rectangular, circular,
and square tanks are chown in fipures 5.}, 5.5, and 6.6,
regpectively, The detailed design calculations for the

three gedimentation basins are presented in appendix H,
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CHAPTER 6

COST ANALYSIS

6.1 Materials

The . st cf any construction is made up of the cost
ci materials, plant and labour, For the consiruction of
reinforced concrete sedimentation tanks, the two basic
materials required are steel reinforcement bars and
concrete, Only the crst of these two materials are estima-
ted herein,

Unlike steel bars which can be obtained from the locn]
distributor, concrete has to be produced on site, and the
production requires some degree of contrel in corder to
obtain the derifed quality of toth fresh and hardcned

concrete,

6.1.1 Unit Cost of Concrete

The components of concre*e are coement, fine and
coarcse aggregates, and water., The volune of fully
compacted concrete is cbtained by a simple calculation
using the abeoolute volume method, which assumes that the
volume of the compacted concrete is equal tc the sum of the
absolute volumes c¢f 8ll components., 1t is usual to calcu-
late the guantities of components to prcduce une cubic
meter of concrete, Neville (1981), and Lhir and Jackson

(1980),
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Thus, if W, 01, A, and A, are the regui~ed weights of
water, cement, fine agrregate, and coarse aggregate,
recpectively, for the cubic meter of fresh ccncrete, we
have

A

4 *

Y. e,

nj=

wher> @ iz the mass cdensity of water, *ywith the appropriate
suffiz represents the specific gravitv of each material,

A = Aq+do, I = 3,15, and Ya = 2.55,

Using a minimum coarse aggregates of size 20mm,
ordinary port .and cement, and concrete mix desien of 1:2:l,
A/C1 = 6, and W/C' = 0,5, This design has been found to
give average quality concrete wlth wminisum site supervisdion.
From equation 7.1

cl - 1 - 35 kg
0.5 + 1 + 6
1000 3150 2550

Thus;
W

0.5x315 = 158 kg
Ay = 2x315 = 630 kg
%315 = 1260 kg

A2
In the local market “ w- =

Cost nf one bae (50«g) of cement = 120,00

Coct per kg of fine aggregate =N 0,02

Cost per kg of coarse aggregate = N 0,065

Total cost of cement = 315 x 20 = H126,00

50



Total cost of fine aggiegate = = 630x0.02 = N12.60
Total cost of coarse aggregate = 1262x0.065 = K81.90

Therefore, cost of one cubic meter of concrete
= N220,50
- om ™.

6.1.2 Unit Cost «f steel bars

High tensile steel bars are soi. in lengths of 12m,

the quoted unit prices are for this length,

Cost per length of 12mm steel bars = , 825,00

Cost per length of 16mm steel bars

HL42.00

Cost per length of 20mm steel bars }75.00

it

The unit costs of steel and concrete are use. for the
calculation of total cost estimates of these materials for
the rectangular, circular, and square tanks, and pregented
in tables 6,1, 5.2, and 6,3, respectively,

Table 6.1: Estimate cost of steel and concrete for
rectangular tank

HSCRTTTTON UNTT OF | quan-] unrT | ToTar
MEASURE TITY PRICE N I3
12mn stenl bars m 4178 | 25.00 8,70 .17
16mm steel bars m 3460 | Lh2.COo 12,110,00
20min steel bars m 1570 | 75.00 a,812,50
Sub-total 30,626,67
Concrete m3 100 | 220,50 | 22,050.00
Grand totzal 52,676.67
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Table 6,2: Estimate Cost of steel and concrete
for circular tank
I .
. : UNIT OUAN - TINIT TOTAL
MEASURE N H
12mm steel bars . m L8L0 25.00 | 10,083, 33
20mm steel bars m 085 75.00 1 25,531,25
Sub-total 35,614.58
Concrete m3 724, | 220.50 | 15,973.02
Grand total 51,587.60
Table 6,3: Estimate Cost of steel and concrete
for square tank
& S UNIT QUAN - UNTT TOTAL
DESCRIPTION OF TITY | PRICE
MEAZURE N N
12mm steels bars m 3860 25,00 8,041,.67
20mm steel bars m 6097 75,00 | 38,106,25
“ub=-total 16,147 .92
“oncrete m> 101.61 | 270,70 | 22,405.01

-

Grand total

68. 5'/5- a(')3




CHAPTER 7

SUMMARY AND CONCT USTON

From the study the following summary and conclusions
are drawn.

Diffenent suspensions have different settling
characteristics., Consideration of the character of the
suspendcd matter to be remcoved from a suspension is funda-
rental to the process of sedimentation,

The varied nature ¢f cettling characteristics of
suspensionr makes necessary the ccnduct of s;ttling
experiments for a particular water or wastewater for the
purpose of new plant design and improvement in the perfor-
mance of existing plants,

Results obtained from the study indicate that plain
sedimentation will net be adequate for the treatment of the
water of Kubannil dam at ABU main Campus, Zaria, Coamila-
tion and flecculation i~ necessary,

Results obtained also indicate thst =an optimum alu-
dose of 5Cmg/1 is requi=ed for the coagulation of the raw
water of Kubanni dam during the dry season of tiiz year,
70meg/1l is required furing the rainy season, Field
investigation showed that ABU water works uses an aver.ge
alum dose of 27mg/l during the dry season and an average
of 36mg/l during the rainy season,

A maximum turbidity removal of 85.5 percent was
obtained from the laboratory settling experiments at an
overflow rate »f 1.5,245m/hr and detention time of 108

minutes, Fleld investigation during the study show.a
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that the average treatment efficiency of AEU waterworks

sedimentztion basins is 70 percent turbidity remcval,
The data obtained from the study are used for the

desipn of neg.sggiqgntatinn basins and for up-grading of

the existing redimentation basgins of the Universi.; water

works,
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APPENDIX A

Table 4.1 Turbidity data for plain
sedimentation at indicated depths and
times., Dry season water samples, April, 1588,

{a) Raw water turbidity = 268 NTU

Depth Time (Min.)
(m) 20 4O 60 80 100 120 150
0,50 | 220 202 189 177 1€9 158 189
1,00 | 245 221 204 190 144 177 163
1,50 | 255 234 220 208 200 198  1¢8
2,00 | 257 243 227 217 208 200 194
2.50 | 260 252 236 225 21 205 196

(b) Raw wator turbidity = 262 NTU

Depth Time (Min)

(m) 20 LO 60 80 100 120 150

0,50 | 214y 193 177 167 158 149 140
1.00 | 235 211 194 180 171 167 188
1.50 | 249 225 209 199 180 185 175
2,00 251 232 2N 208 199 93 143
2.50 | 284 242 232 217 203 196 186




(c) Raw water turbidity = 245 NTU

Depth Time (Min)
(m) 20 4O 60 8O 100 170 150
0.50 202 184 170 158 151 136 133
1.00 2.6 200 187 169 162 1656 150
1.50 236 197 189 179 176 176 167
2.00 238 223 210 197 148 182 174
2,50 240 233 223 205 165 18, 178

{d) Raw water turbidity = 250 NTU

Depth Time (Min)
(m) 20 LO 60 80 100 120 150
0.50 210 191 181 165 160 145 142
1.00 237 209 196 178 173 165 157
1.50 23 221 205 195 190 183 179
2.00 248 234 219 206 201 191 185
2.50 28 24l 228 213 207 194 189




(e) Raw water turbiu.cy = 256 NTU

Depth Time (Min)
(m) 20 Lo 60 80 100 120 150
0,59 1 211 191 178 165 1858 143 1)
1.00 237 209 19y 178 170 165 155
1.50 247 202 20l 196 188 18 176
2,00 249 232 219 206 197 191 183
2.50 252 243 230 215 204 126 186
(f) Average raw water turbidity = 250 NTU
Depth Time (Min)
(m) 20 LO 60 B0 100 120 150
0.50 212 192 179 166 159 148 1
1.N0 236 210 189 179 172 166 156
1.50 26 223 207 197 189 18} 177
2,00 28 233 220 207 200 4192 18}
2.50 251 23 230 215 205 195 187




{g) Average turbidity as fractiun of raw water value

Depth Time (Min)

{(m) 20 40 60 80 100 120 150

0.50 u,83 0.7% 0.70 0.65 0,62 0.58 0,55
1.00) 0,92 0,82 0,76 0.70 0.7 0.65 0,61
1,501 0,96 0,87 0.81 0,77 ,74h 0,72 0,69
2,001 0,87 0.91 0.86 0.8t 0.78 0.7% 0,72

2,501 0,98 0,95 0,90 0.8 0,80 0.76 0,73

Ralny Season water samples, May, 1988

() Raw water turbidity = 680 NTU

Ilepth Time {(Mir)

() 20 1,0 60 60 100 120 150

0.50 | 600 56l ©31 517 500 h78 460
1.00 | 6650 600 EBE68 256 o2 522 501
1.50 | 663 €38 €2 585 562 551 5.2
2.00 | 670 65L 630 600 290 568 £87
2.00 | 680 €c5 BLT7 625 612 558 501




-7 =

(i) Iaw water turbidity = b65 NTU

Teoth Time (Min)

(m} 20, LD 60 8O 100 120 150

0,80 | 587 56 E23 EO6 LAg ey LhE2
1.00 | 840 584 5B1  ELB 539 512 LSO
1.50 | 655 628 604 574 8 532 BN
2.00 | 660 6L 6Bzl €96 gl k8 o4o
2,50 6ES 685 630 614 60 SHo 5€h

(j) Raw water turbidity = 668

Depth Time (Min)

()} 20 10 A0 80 100 120 150

-

0.50 | 593 553 520 E06 L84 it L52
1.00 | 62 596 559  BL8 53y S15  L9g
1.50 1 687 B30 BD3 573 556 Sht 536
2,00 { 663 643 623 596 583 541 EBQ
2,50 | 668 657 635 612 £OO 588  £68
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(.} "aw water iurbidity = 637

Depth Time {(#in)
(m)“ L20 O 60 80 130 120 15p
0,50 591 56l 521 510 487 1,63 Les
1.00 6hly 596 563 550 531 518 45O
1,50 657 630 600 576 552 ohE 36
2,00 663 oh 3 623 596 Sfok) 561 BN
2.50 673 657 637 616 €00 5G2 574

(1) Raw water turbidity = £60 NTU

Der .u Time (Min)
() 20 L0 60 80 100 120 180
0.50 586 SLO 516 502 LBO  Loh L&
1.00 635 590 560 543 99 508 1,88
1.50 647 620 595 E68 8 K35 £28
2.00 55y 630 614 590 87, 8556 Lkt
2,50 | 660 649 627 609 59, 582 €59




= T8

(m) Average raw water turbtidity = €69 NTU

Depth Time (Min)
(m)

20 L0 60 80 100 120 150

0,50 589 556 522 508 LEH 468 455
1.00 642 595 62 EB49 535 515 |95
1,50 656 627 602 575 £55 Sh2 535
2,00 662 642 622 595 582 562 549
2,50 669 656 636 615 607 559 569

{n) Average: turbidity as fraction of raw wsi>r value

1
Dep*h Time (Min)

(m) 20 LO 60 860 100 120 150

0,50 0,88 0.83 0.78 0.76 ©.,73 0,70 0,6"
1.00 0.96 0.89 0.8, 0.82 0.8 0.77 0.74
1.50 c.98 0,94 0.90 0,66 0,83 0.81 0,80
2,00 0.99 0,96 0.73 0,89 ©. 87 0.8 0,82
2.50 1.00 0,98 0,95 0,92 0.90 0.0

D
co
o
L]
oo
1l
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APPENDIX B

Table l..2: Flotting data for plain
s~ limentation

(a) Dry Season Water Samples, April, 1384

Time Settling veloclty Fraction of turbidiy

(Min.) (m/hr.) due to particles with
velocivy less than
indicated

(0.50m depth) ,
20 1.50 0.83

10 0.75 0.75
€0 0.50 L.70
8O 0,38 0.65
100 - 0.30 0,62
120 0.25 0.58
150 0.20 0.5%

(1.0m depth)

20 3.00 0,92
40 1.50 0.82
60 1.00 Q.75
a0 0.75 0,70
100 0,60 0,67
120 .50 0.65




(1.5m depth)

20 4.50 0.96
L0 2.25 0.87
60 1.50 0.81
80 1.13 0.77
100 0.90 0.7h
120 0.7% 0.72
150 0.60 0.69
(2.0m dep?h)
20 6,00 0,97
I 3,00 0.9
60 2.00 0,86
80 1.50 0.81
100 1,20 0.78
120 1,00 0.7"
150 0.80 0.72
(2.50m depth)
20 7.50 0.98
540 3.75 0.95
60 2.50 0.90
80 1.88 0. bl
100 1.50 0.80
120 1.25 0.76
150 1.00 0,73




(b) Rainy Season Water Samples, HMay, 1988

Time Settling Velocity Fraction of turbidity

(Min,) (m/hr.) due to partizles with
velocity less tlan
stated

(0.5m depth)

20 1.5C 0.88
40 0.75 0,83
60 0.50 0.78
&o 0.38 0.76
100 0,30 0.73
120 0.25 0.70
150 0,20 0.68

(1.0m dep'h)

20 3.00 0,96
Lo 1.50 0,89
€0 1.00 O.04
82 0.75 0,82
100 0.50 0.80
120 0.50 0.77

150 0,40 0.74




(1.50m deptn)

20 4.50 .48
Lo 2.25 0.7
&9 1,50 C.90
&0 1.132 0,86
100 .90 0,812
120 .75 0.81
150 ¢, 60 . 0.6
(2.Cm depth)
20 6.00 0,99
Le 3.00 0.9€
&0 2,00 0.93
80 1.50 0.89
100 1.20 .87
120 1.00 0,84
150 0,80 .82
(2.5m depth)
20 7.50 4.00
L0 3,75 0,00
60 2.500 0,95
80 1.88 0,92
100 1.50 0.50
12C 1.25 0.88
150 1.00 0.8
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APPFNDIY O

Turbtidity Removal Calculations for Plain
fedimentation

(a) Dry scason water samples
) y P

- 7

Assumed overflow rate, Vo = 1.5m/hr

Frcm fipure $.1, fraction cf turbidity, Co, with

-

Velocities Vs£ Vo is Co = 0,925,

Using eouation 3,10, the tutal removal is given

by
. ( N 3 Co
= 1 - f:G +
;3 5 Vsdce
- 4 0.“?5

(1-0.855)¥T:B ‘5 Vsdc
Q

Graphical integration of the arca under the curve

in figure 5,1 yields

OQBZJ
".sdc' . = 0.18
O
K R = (1-0.828)+ ' (0.18)

1.5
0.175 + 0,12 = 0,29C

i

= 2Q,5% removal

(v) Rainy season water samples
fssumed overflow rate, Vo = 1.5m/br
From figure 5,2, fraction cf turbidity, Co, with
Velocities Vs&LVo is Co = 0,895

Using equatior 3,10, total removal is



Co
' i
R = (1 =Co)+1 .) Vs dc
Vo g
0,895
= (1-0.895) + 1

Graphicak_integration of the zrea under the curve

in fipure 5.2 yields

C.895
j Vsde = 0,172

: B = (1-0;895)”1,;(0-179)
= 0.105 + 0,115 = 0,22

- 22% removal

Averare removal from the two calculations in

(29.5422)/2 = 25,75 or 264,



(a) Optimum alum dose for dry season water samples,

A
[

APPENETY N

Table h, 31

Jar test resultis

4prily, 988 (rew water turbidity

= 2750 NTU)

Alum dose
2 i
Turbidity .
(NTU) 220 &0 Lo 0 15 25 28 2
i

{t) Optimum alum dose for rainy season water ~amples

May, 1988 {raw water turbidity = 670 NTU)
Alum dose 1 20 30 LO 50 &0 70 80 90 100
{mg/1)
Turbidity
(W) 600 208 80 B0 LO 25 15 35 4B 50




(c) Optismum alum fase for rainy seoson water samples,
July, 1988 (raw water turbidity = 750 NTU)
Alum dose 10 20 30 BWo BC 6D 7C 8O 90 100 E
(mg/]_} 3 -
Turbidity :
(N7U) 700 Ly 100 &0 4D 35 20 30 35 s
(d) Optimum pH at optimum alum dose ~f 70mg/l fer rainy

season water samples {raw water turbidity

= 780 I'TG)

ptt 5.5 6.0 6.5 7.0 7.5 8.0 8,8
Turbidity
(NTU) 120 €0 ) 35 20 30 ho




Table L..k:

/" PENDI

L

Turbidity data for flocculent
settling at indic.ted derths and

times,

Dry season water samples, April,

1988,

(a) Raw water turbidity = 260 NTU

Denth Time (iin.)

(m) :

0.50 20 40 60 80 100 120 150
1,00 110 59 50 39 0 25 23
1.50 176 101 71 55 1,5 a7 27
2,00 192 119 81 55 52 LO 34
2.50 196 126 €8 61 cd L8 37
(b) Raw water turbidity = 259 NTU
Jemth Time (Min)

{m)

20 L0 60 50 100 120 1350

050 106 53 L5 57 20 21 21
1,00 157 83 59 L9 39 30 23
1.50 170 929 70 62 Lo 5 2l
2,00 185 116 3 66 51 3 22
2,50 189 12y 8¢ 59 56 LS 13




- HO o

(¢} Raw water turbidity = 220 NTU

Dnpth Time (¥in.)
(m) 20 540 60 80 100 120 150
050 o0h 53 L3 32 23 15 16
1.00 150 76 £ 11 30 29 47
1,50 169 9 64  hH KD 28 20
2.00 180 107 72 ) 16 W 26
5,50 185 117 80 52 L9 3™ 28
(d) Raw water turbidlity = 231 NTU
Depth
{m) 20 Lo 60 80 100 20 1D
0.50 108 Ty Ly 33 2h 19 17
1,00 163 79 eh 43 3 22 19
1.50 171 a5 6l W6 L2 29 20
2.00 187 112 77 50 W7 35 28
2.50 191 118 a2 53 ED 29 k4!
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(e) Raw water turbidity = 2055 NIU
Deptn Time (Min)
() i '
. - 2Q Lo 60 5D 100 120 150
0.50 107 56 L5 3 25 20 18
1.00 156 82 57 L6 35 26 21
1.50 171 G& 66 L8 L3 21 22
2,00 186 114 78 5L Lo a7 30
2,50 199 120 84y 55 B2 )1 31
(£) Average raw water turbidity = ZLS NTU
Depth
Time (Min)
(m)
20 L0 60 60 100 120 150
0,50 107 50 L6 39 26 21 19
1,00 1558 H4 56 'H 35 26 2%
1.0 17 97 67 49 i 32 23
2,000 186 114 7Y 83 L9 37 0
2,50 190 121 8l L) 53 12 32




(g) averase % turbidity removal

bepth Time (Min)

(m) 20 4O 60 B0 10D 12D 150

0.50 S, 76 81 86 89 91 92

1.,C0 33 65 76 31 35 89 a1
50 26 £ 71 79 81 £6 G0

2,00 20 54 €7 77 79 a8l 87

2,50 18 L8 63 76 77 B2 86

Rainy saagon water oo ples, M r, 1658

() Raw.water turbid'ty = 660 NTU

Depth Time (Min)

(m) 20 4O 60 80 100 120 150
(.50 322 12 102 70 LY 37 31
1,00 W6 213 142 111 ) 61 e
1.50 ng2 281 190 139 105 75 62
2,00 €22 300 209 8L 123 100 iun
2.55 ohe 325 197 236 T 12 86




(1)

Raw water turbidity = €41 NTU

D-pth Time (Min)

(m)

20 ho 60 8 100 12 150
0:50 e 1,0 105 73 L2 10O 31
1,00 W3 215 141 112 () €9 U0
1.50 589 276 159 133 104 72 57
2.00 523 299 205 182 125 G 70
2.50 Sh1 325 233 195 11 112 85

(3) Raw water turbidity = 636 NTU

Depth Time (Min)

(m) 20 L0 60 80 100 1290 150
0,50 32, i3 10l 70 us 39 33
1.00 Ll 212 151 109 8 &7 38
1.50 e 276 186 124 104 74 57
2.00 62l 296 206 180 120 96 70
2,50 ch2 323 232 194 140 110 8ly




- 093 =

(k) Raw water turbidlity
Depth Time (Min)

() 20 Lo 60 80 100 120 180
0,59 321 1k 101 £9 L4 38 33
1.00 W7 211 143 108 81 57 38
1.50 L9 278 185 137 102 70 ')
2,00 B21 205 207 1B0 1 a5 2
2.50 L3 321 221 193 15 1008 823

(V) Raw water turnidity = 640 NTU
Depth Time (Min)

(m) 20 ho &0 B0 100 120 1950
N, 50 3123 141 103 77 L& 11 32
1.00 s 21 12 110 82 5 9
1.50 489 27 4ABS 132 400 £9 ga
200 520 295 203 179 11 95 69
2,57 538 221 228 191 133 108 8o




(m) Average raw watser turbtidity = 64,5 NTU

Sept!
Pepth Time (Min)

(m) 20 Lo 60 80 00 420 15D

-

0.E0 323 142 103 71 L5 39 32
1.00 WS 213 1h2 110 2l 58 39
1,50 Lo 277 187 135 103 71 g8
2.00 K220 297 06 181 123 97 74

2,50 5h2 323 232 19 g2 110 il

{n) Average % turbidity removal

Depth
(m)

Time {(Min)

20 ko o0 80 100 120 150

0.50 50 78 &, 89 93 gy 9%

1,00 21 &7 78 &3 E7 91 gl
1.50 2l 57 71 79 8l H9 a1

250l 16 50 ey 70 78 83 67




APPENDIY F

Table 4.F. Tesign caleulations for 2.5 tank

(a) Dry Season water samples, April, 1342

Time % Turbi= Av,Depth Vs Vo Vs " Turtidity
(Min) dity of (w/hr) (m/ Vo Removal
Range range (m) kr)
21,2 0=20 2.50 7.08 7.03 1,00 20,00
20=20 Va®? 5.01 C.71 710
30-40 1.00 2.83 0.Lo. .00
L0O=50 0.70 1.98 0,29 2,80
EC=£0 0.50 1.2 0.20 2,00
60-70 0.30 0.85 0,12 1.20
70-80 0.15 0.2 0,06 0,60
80-90 0,05 0.1 0,02 .20
Total Nemoval 37.90
28 0=130 2,50 5.36 5,36 1,00 30.00
30-40 1.77 3.79 0.71 7.1U
L0=50 1,07 2,29 .3 h.20
50-60 0.75 1.F1 0.30 3.00
60=70 0.47 1.01 0,19 1.90
70=-20 0.23 0.49 0,05 0.80
80-90 0.08 0.17 0.03 0,30

Total [amoval 7.5




.5 O=L0 2.50 .35 .35 1.00 LO.00
110-50 1,77 ?,07 0,71 7.10
50~60 1.10 1.91 0.0 R He
~66=78 0,67 1.16 0.27 2.79
70-80 0,33 0.57 0.13 1,30
80-50 0.12 0.21 ¢.05 0.50

Total Removsl 5GL.CO

2,2 0-50 2,50 3.55 3.55 1.60 1,00
50=-60 1.77 2.52 0.71 7.10
60-70 1.03 1.4h6 0,11 fe 10
70-80 0.47 0.67 0,19 1.90
H0=90 0,1 0.24 0,07 .70

Total Removal £3,580

56 0=60 2,50 2.68 2.68 1.00 60,00
60=-70 1.%3 1.96 C.73 7.30
70-80 0.83 0.89 0.33 3.30
80-40 0,27 0.29 .11 1.10

Total Removal

71.70




b

2 -

70.8 =70 2.50 2.12 2.12 1.00 T70.00
70"80 1&33 1013 005'3 H'BO

B0-00 .40 0.43 0.6 1.60

” ) Total Remrval 71,70

112 O~80 2.50 1.3 1.3 1.00 850,00
Total Remnval 5.0

Table L.

(1)

Rainy season water samples

y Vla¥s, 1 988

Time % Turhi- Av.Depth Vg Vo V3 % Turbidity

{(Min) dity of {m/ (m/ Vo Hemoval
Range Range (m) hr)

224 0=20 2,50 5,70 6.7 1.00 20,00
20=30 1.83  L4.90 0.73 7.30
30=40 1,07 2.87 0,42 L.30
L0o-50 G.70 1.8 0.2 2.80
50-60 0.47 1.26 0.19 1.90
65070 U, 32 6.86 C.13 1.30
7080 0.20 Q.5 C. 00 0.80
80=-90 0,10 0.27 0,0 0.40

Total Removal 34,80




98 -~

28,2 0=-0 2,50 5,32 .32 1.0 20, 00
040 40 3.4 0.72 7 « 20

L 0=50 1.23 2.62 0.1 I« 90

75-ﬁc 0,73 .55 29 2.90

60=70 0.7 1.00 GC.19 1.90

70=80 0,30 0.64 0,12 1.20

J0=50 C.17 0,716 N,07 0,70

Total lemoval’ H3.,.80

M2 O-)j0 250 L,32 I, 39 1.00 10,00
L0=50 toi? 2.7% .63 6,30

50-50 1.00 1.75 0.0 00

60-70 0.60 1.05 0.2} 2.40

70-80 0,137 0.65 0.15 1.50

80=-90 Q.17 0,30 .07 0.70

Tectal Removal Ch.50

L0 0-50 2.50 2.75 3.75 1.0 50,00
50-60 1.50 2,25 0,62 6,00

60-70 0.87 y P S 0,35 3.50

7090 0,50 0.75 0.20 2.00

B30-90 0,23 0.35 .02 0.90

T+tal Removal 62 .1,0




N Crmba( 2,50 1.76 2,76 1,00 W00
6O-70 1,67 1.85 0,67 6,70

7050 Q.84 0,92 0,23 3,30

80~90 0,23 0.25 0.09 0,60

Total Removal 70,90

80 070 2.50 1,84 1,88 1,00 70.00
70-80 1,83 1,37 C0.73 0 7.30

80-50 C.73 0,58 0,29 2.90

Total Kemoval 80,20

108 C-80 ?.50 1.3 1.39 1 .00 80,00

Total Removal

8€.,00
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ABL. WATER TREAIMENT PLANT
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APFENDIY. H

Structural Design Calculations Zor

Sedimentation Tanks

Exzusure Class B, Miniuunm Cover to Steel
reirforcement = [j;Omm, Concrete grade 26, reinforcepent

strength 1425,

Rectangular Tamt

Tank dimensior: 71 x §.% x l.,65a

Average water deptnh: 2.°%m

Jending moment, L. 9,81 x 3.%° = 89 Kiin/u
Tonsider thickress cf wall. h’ = 250mm
1 -
Effective depin, d = 250-50 = 200mx
(a) Ultimate Limi* Stato
?:h ) = 1.6x% sy & n6 = 0, 09}4

1 10 . s
b d'-fcu 1000%x200 %25
B MApanp

Zfal = 0,864 (from std table)
A = 200%0, 86 = 172.8mm
o3 N Sl o D
Jﬁ.S‘l = "l‘h-— S 1.(;)’.?:’;‘}(1\! -4 1L'/d min
05787 0 B7xL25x172 .5

-~

Provide Y20-200 (157Cmm” )




(b) Serviceehility Lirmit “tate

P —

100Aeq = 100 x 1770 = 0,78
bla? 1062 x 200

y/at = 0,381 (frem std +able)
X = 0,WIx200 = 76,2mm

Reinforcement tensile stress, fs is

1
M

Asqy (d'-

fs

i

= 59){1 r}‘>
X ) o 26
k) 157n(?c=.,-.‘.§..

=
= 2159 it

2
which is greater than the 1300/ma” allowable for

a Class 2 member and steel srez must be increaze,

s
Vinimun Asq = 215x1570 = 2597mn”
120

Provide Y16-75 (2680mm“) main steel

Provide Y12-125(20%mm~) distrivution steel

Flonr

9
h' = 200mm, ' = 200-80 = 2%0mm

Floor to be civided into four panels cf 5,5x5,?
by suppcerting beams,

Weirht of zlab + water = 0,3x24+9.81x3,”

I9KNm/m

>
Over the support beam:, M1 = DAX4IK5H 3"

it

- 1G9/ m

1 1
at midespan, M 0,0Ux29x5, 1"

87kNm/m

[



(2; Ultimote Lisit Otate

At mic-span, M = 1.6x8"%10” = 0,082

5 e

"y
1000x%250° x 2%

26l - 0,872, 7 = 0.872x250 = 21B8am

Asy = Mu - 1.6x87x10° = ‘I'.“'.7".?(.-;.-'1:‘J
u.ﬁ?fy: 0,87x125%218

rrovide Y20-17% f1§nﬁmm2)

Over the beams

v 2
Asy = _31,5%x103¥10° =  226Hmm”
0.87xh25%208

" |
Provide Y20-.25 (1510mm”)

(b) Serviceability Iimit Stata

100Asq4 = _120 x 2517 = 1,0
h1d| 1000 x 250

X' = 0.418, X = 0448250 = 10k .5am

Steel stensile stress, fe = 179x10"

1.5
2610 (250 -i-)

= 202 N/ma°
which is greater than 1308/m° o lowable,
steel to be increased,
Rinimum Ary, = 202 x 2610 = 3000mm3
130
Frovide Y20-75 (1190um°)

3
“rovide Y12-12% (90Smm" ) transverse sleel,
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Cirecular Tank

Diametze of Yark =2 1™
erth of water = 3

. | o T -
Conuider n = 200mm, d = 200-50 = 150mm

2 2
H = .r 3 = '50?‘;
Lh 12 x 0.2

Hoop tension = 0,5%0,316x%.81%x12
= 66 FN.

Asq = 1,6::;'{6:{103 = C-‘_*.'!)mm"
130

Provide Y12-150 {75k’ )
Norminal reinforcement to be provided to
carry bending moment at bace of wall

Asy = 0,003x1000x200 = 600mm"
Provide Y12-175 (645mm’)

Hoanner bottom

h1 = 250ma, ¢ = 250=-50 = 200mn
Weirht of water = 9,81x3.65 = 36 Kl‘!/n‘l2

Weipht of slab = 0.25x25 = 6 KM/m"

hoon tension = 12 (36x1.38m12°+6ccs120)
2

=  6(35x1,3x0,21+6x0,98)
= 9 KR/m of sloping sidz

9 v D
Asq = 1,.6xS4x10 = 415w
1.0

“»
Provide Y20=250 (1260mm™)



Transerve steal

H|

C,005%1000%x250

-
75Cmm"”

~
Previde Y12-150 (75hmu”™),

Square Tank

Dimension: H,%x8.5x5m with hoppe bottc -

Lepth of water = 5.0m

¥Valls
At base of wall, M' = 0.08%%0,81x5"
= 102 ¥um/m

= = ' ; o
Consider h1 = 30nr, d = 0050 = 260mn

(a) Mtimate Limit State

6

Ma = 1 .iﬂ(“ﬁ_:’!‘lﬂ‘ = f_;.'}:}
vlal?scu 1000%250°%25

“/dV . 0,884, Z = 0.8954x250 = 21lmm

As1 = 1.6x102x136
0.87xl,25%214

=
Provide Y20=150 (2090mn‘)

. 2
= 2063mm

(h)  Serviceability Limit State

100As = 100 x 2050 e 0,8L
t'd’ 10CO x 250
i7a = 0,392, X = 0.392x250 = S8mm

reinforcement tencile stress

fs - 102 x 105

2000 (250~ %?)

2
= 225N/mm”
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]
whicn is ceeater than 130 N/mm® allowable

: . SR e 15 - 2
Mininmum alq = S2h ¥ 2050 = 36178
T 10

B
Frovide Y2075 (4190mn”™)

Pr¢ ide Y12-125 transverse steel

' = 300mm, a7 = 250mm

Weirtit of water and slab

= 0,3x2/,+9,81%6 85
o)
= Th KN/m™
Lt inhe Corners
1 o 3
T4 = f-. .Q.E: .
i o —'-L—"-—.}:—' A=, = S Kﬂm",m

)
12 (2.3.5 )

Free bending moment

'] —.?
= ?H X 3.5"
U

= 113 KNe/ma

Fositive bending moment at mid-span

= 113=76 = 37 Kim/m

6
u = 1,hx37x10 = 0,04
bid 2 feu 1000x250°%25

“/al = 0,947, Z = 0.947x250 = 237mm

-

As4

- -~
1, 6x37%x10° =  676mn°
C 7T xjI5%e 37

o J
Frovide Y1e 200 (20Lmm™)



the Corn

5

b d1fcu

Y
!

Proide

Uyvisar i ey
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o L

ers

6

- 1.6x7Ax10
1070x250° %25
”,i’-?‘:?. Z = 0

1.6 X 75 % 1Gﬂ

P Jade)

=i

0 BT xh25%

Y16-125 (1640mn° )

Y17 -129 lransverse s

OO7X250 =

= 0,08

Z2olnm

1hﬂ1mm?
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